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CHRONOLOGICAL LIST OF SESSIONS
CONTINUED FROM SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 10, PART 1

(see page vii for Thematic List o f Sessions.)

Session
Number and Title Page

SATURDAY— CONT.

Poster Sessions— 1:00 p m

202. Invertebrate neurotransmitters II (cont. from Part 1) 689
203. Neurotransmitters, modulators: coexistence of 

transmitters  692
204. Neurotransmitters, modulators: interactions between 

transmitters II  697
205. Basal ganglia: cellular studies....................................  701
206. Respiratory regulation.................................................  706
207. Cardiovascular regulation: central transmitters II . . .  710
208. Cardiovascular regulation: hypertension and stress 714
209. Adrenal medulla............................................................. 720
210. Neural control of immune system..............................  723
211. Visual cortex: cortico-cortical and cortico-subcorti

cal relationships  727
212. Acetylcholine receptors: nicotinic receptors.............  732
213. Sensorimotor integration I I ........................................  735
214. Cortex.............................................................................. 737
215. Spinal cord and brainstem I I ...................................... 740
216. Spinal cord and brainstem III...................................... 745
217. Cerebellum I I ................................................................  749
218. Circuitry and pattern generation I I ..............................  754
219. Identified cells I I ........................................................... 757
220. Cell surface macromolecules...................................... 759
221. Functions of glia 1......................................................... 764
222. Development and plasticity: autonomic nervous 

system   767
223. Development and plasticity: transmitter phenotypic 

plasticity I I   770
224. Aging I V ........................................................................  772
225. Muscle and muscle afferents...................................... 777
226. Muscle I .....................  780
227. M u sc le ll........................................................................  784

Special Lectures—5:15 p m

229. A recombinant DNA approach to Huntington’s dis
ease. J. G u se l l a   No abstract

230. Ionic channels of excitable cells: function and evo
lution. B. H il l e   No abstract

SUNDAY

Symposia— 8:30 a m

231. Development of CNS function in utero. Chaired 
by: C. J. Shatz and G. M. Shepherd   786

232. Mechanisms of transmitter release. Chaired by: 
J. P. T rem blay   786

Session
Number and Title Page

Slide Sessions—8:30 am
233. Development and plasticity: cell lineage and differ

entiation I   787
234. Blood brain barrier 1.....................................................  790
235. Neurobiology of conditioning in mammals...............  793
236. Pain: central pathways I I .............................................  796
237. Visual cortex: striate area I I I ...................................... 799
238. Control of posture and movement I I ......................... 801
239. Neuromodulators I ......................................................... 804
240. Acetylcholine I . ............................................................  807
241. Peptides: physiological effects I ................................  810
242. Diseases of nervous system I ...................................... 813
243. Regulation of pituitary function IV............................  816

Poster Sessions—8:30 am
244. Pineal g la n d ..................................................................  819
245. Hormonal control of behavior I ..................................  822
246. Hormonal control of behavior I I ................................  825
247. Regulation of autonomic function..............................  829
248. Retina III ........................................................................ 835
249. Subcortical auditory pathway II..................................  841
250. Subcortical organization...............................................  845
251. EEG and ERP................................................................  846
252. Regional neuropharmacology...................................... 851
253. Comparative neuroanatomy.......................................... 853
254. Chemical sensory systems I I ...................................... 857
255. Action potentials and ion channels I II ....................... 863
256. Action potentials and ion channels IV ....................... 866
257. Action potentials and ion channels V......................... 871
258. Catecholamines: biochemical characterization I —  875
259. Catecholamines: biochemical characterization II—  879
260. Cellular aspects of d isease.......................................... 884
261. Transmitters and receptors in disease I I ...................  888
262. Transmitters and receptors in disease III...................  891
263. Cyclic nucleotides I ..................................................... 895
264. Spinal cord and brainstem IV...................................... 900
265. Disorders of motor systems: neural prostheses........ 904
266. Oculomotor system II...................................................  909
267. Development and plasticity: spinal cord, motor

neurons, and muscles...............................................  913
268. Synaptic structure and function II..............................  916

Symposia— 1:00 pm
269. A cholinergic neuron in the retina. Chaired by:

K. Krnjević..............................................................  922
270. The many roles of the muscle spindle in motor

control. Chaired by: D. G. Stuart....................... 922

v



Session
Number and Title Page

Slide Sessions— 1:00 pm
271. Synaptogenesis II........................................................... 923
272. Endocrine control of development I I ......................... 926
273. Opiates, endorphins, and enkephalins: physiologi

cal effects I   928
274. Extrastriate visual areas II............................................ 931
275. Acetylcholine receptors: general topics.....................  934
276. Action potentials and ion channels V I....................... 937
277. Neurotoxicity I ............................................................... 941
278. Central somatosensory system....................................  944
279. Functions of glia I I .......................................................  947
280. Catecholamines: physiological effects I I I .................  950

Poster Sessions— 1:00 pm
281. Developmental disorders.............................................  953
282. Characterization of purine, peptide, and amino acid 

receptors  957
283. Alcohol and barbiturates I I .......................................... 959
284. Alcohol and barbiturates I I I ........................................  964
285. GABA and benzodiazepines: binding I I ...................  969
286. GABA and benzodiazepines: biochemistry...............  972
287. Neural plasticity in adult animals I I ..........................  976
288. Brain transplants........................................................... 980
289. Malnutrition and brain development........................... 983
290. Oculomotor system III .................................................  986
291. Transmitters in sensory system s................................  990
292. Diseases of nervous system I I ....................................  994
293. Brain metabolism I I .....................................................  1001
294. Feeding and drinking: cues for need state I I ...........  1007
295. Angiotensin and drinking...........................................  1010
296. Feeding and drinking: central mechanisms II...........  1012
297. Sprouting and sprouting mechanisms......................... 1017
298. Regeneration II..............................................................  1022
299. Regeneration III............................................................. 1029
300. Invertebrate development and plasticity..................... 1032
301. Specificity of synaptic connections............................  1033
302. Biochemical and pharmacological correlates of de

velopment I  1037
303. Biochemical and pharmacological correlates of de

velopment I I   1040
304. Development and plasticity: cell lineage and differ

entiation I I   1044
305. Limbic system ..............................................................  1046
306. Development and plasticity: trophic agents I I .........  1049
307. Development and plasticity: trophic interactions II 1055
308. Protein and nucleic acid regulation............................  1061
309. Behavioral pharmacology 1.......................................... 1065
310. Behavioral pharmacology I I ........................................ 1069
311. CNS neurons I I ............................................................  1073

MONDAY

Symposium— 8:30 am
312. Acetylcholine receptor function. Chaired by: 

P. Ad a m s   No abstract

Workshop— 8:30 am
313. The subfornical organ as a model of neurohumoral inte

gration. Chaired by: P. M. G ross  No abstract

Session
Number and Title Page

Slide Sessions—8:30 am
314. Development and plasticity: geniculo-cortical 

pathways  1077
315. Neuronal death: synapse elimination and

competition................................................................  1080
316. Regeneration IV ............................................................. 1083
317. Axonal transport I I .......................................................  1086
318. Action potentials and ion channels V II.....................  1088
319. Transmitters and receptors in disease IV...................  1091
320. Behavioral pharmacology I I I ......................................  1094
321. Peripheral autonomic nervous system I I ...................  1097
322. Cyclic nucleotides II.....................................................  1099

Poster Sessions—8:30 am
323. Opiate effects on behavior.......................................... 1102
324. Opiates, endorphins, and enkephalins: physiologi

cal effects I I   1107
325. Opiates, endorphins, and enkephalins: physiologi

cal effects I I I   1112
326. Peptides: physiological effects II................................  1116
327. Peptides: physiological effects III ..............................  1121
328. Neuromodulators I I .......................................................  1125
329. Receptor modulation I I ...............................................  1130
330. Receptor modulation III...............................................  1135
331. Evoked potentials and E E G ........................................ 1139
332. Structure and function: cortico-cortical and cortico- 

subcortical relationships I I   1144
333. Subcortical auditory pathway III ................................  1147
334. Vestibular system I I .....................................................  1151
335. Sensory system development I I ..................................  1155
336. Blood brain barrier I I ...................................................  1161
337. Monoamines and behavior: dopamine....................... 1165
338. Monoamines and behavior: serotonin......................... 1170
339. Monoamines and behavior: acetylcholine and 

norepinephrine  1173
340. Membrane structure and function..............................  1178
341. Acetylcholine I I ..........................................................  1181
342. Acetylcholine I I I .........................................................  1185
343. Neurotoxicity I I ..........................................................  1190
344. Neurotoxicity I I I .........................................................  1192
345. Neurotoxicity I V .........................................................  1197
346. Neurotoxicology............................................................. 1199
347. Other drugs of ab u se ...................................................  1205
348. Regulation of pituitary function V ............................  1210

Sessions end at 12:45 pm, Monday, October 15.

vi



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

Theme A: Development and Plasticity

Session
Number Session Title Type

Day and 
Time

82. Aging I Slide Fri a m

131. Aging II Poster Fri p m

132. Aging III Poster Fri p m

302. Biochemical and pharmacological correlates of development I Poster Sun p m

303. Biochemical and pharmacological correlates of development II Poster Sun p m

288. Brain transplants Poster Sun p m

186. Cell death, neuronal competition and synapse elimination: gan
glia and motoneurons Poster Sat a m

2 2 2 . Development and plasticity: autonomic nervous system Poster Sat p m

233. Development and plasticity: cell lineage and differentiation I Slide Sun a m

304. Development and plasticity: cell lineage and differentiation II Poster Sun p m

98. Development and plasticity: descending pathways and cere
bellum Poster Fri a m

314. Development and plasticity: geniculo-cortical pathways Slide Mon a m

136. Development and plasticity: retinal and tectal systems Poster Fri p m

267. Development and plasticity: spinal cord, motor neurons, and 
muscles Poster Sun a m

43. Development and plasticity: synaptic connections Slide Thu p m

8. Development and plasticity: transmitter phenotypic plasticity I Slide Thu A M

223. Development and plasticity: transmitter phenotypic plasticity II Poster Sat p m

111. Development and plasticity: trophic agents I Slide Fri p m

306. Development and plasticity: trophic agents II Poster Sun p m

194. Development and plasticity: trophic interactions I Slide Sat p m

307. Development and plasticity: trophic interactions II Poster Sun p m

196. Development and plasticity: visual pathways Slide Sat p m

281. Developmental disorders Poster Sun p m

231. Development of CNS function in utero Symp. Sun a m

133. Endocrine control of development I Poster Fri pm
2 7 2 . E n d o c r i n e  control of development II Slide Sun p m

300. Invertebrate development and plasticity Poster Sun p m

152. Invertebrate neurodevelopment Slide Sat a m

305. Limbic system Poster Sun p m

26. Long term potentiation Poster Thu A M
289. Malnutrition and brain development Poster Sun p m

17. Morphogenesis and pattern formation Poster Thu A M
3. Naturally occurring neuronal death in vertebrates Symp. Thu AM

195. Neural plasticity in adult animals I Slide Sat p m

287. Neural plasticity in adult animals II Poster Sun p m

25. Neural plasticity in adult animals: spinal cord and motoneurons Poster Thu A M
315. Neuronal death: synapse elimination and competition Slide Mon a m

277. Neurotoxicity I Slide Sun p m

343. Neurotoxicity II Poster Mon a m

344. Neurotoxicity III Poster Mon a m

345. Neurotoxicity IV Poster Mon a m

73. Perinatal treatments and brain development Poster Thu p m

149. Principles and mechanisms of neuronal migration Symp. Sat a m

vii



16. Process outgrowth and guidance mechanisms I Poster Thu A M

42. Process outgrowth and guidance mechanisms 11 Slide Thu p m

112. Process outgrowth and guidance mechanisms III Slide Fri p m

85. Regeneration I Slide Fri a m

298. Regeneration II Poster Sun p m

299. Regeneration III Poster Sun p m

316. Regeneration IV Slide Mon a m

158. Sensory system development I Slide Sat a m

335. Sensory system development II Poster Mon a m

301. Specificity of synaptic connections Poster Sun p m

297. Sprouting and sprouting mechanisms Poster Sun p m

135. Synapse elimination, competition and neuronal death retina and 
brain Poster Fri p m

171. Synaptogenesis I Poster Sat a m

271. Synaptogenesis II Slide Sun p m

77. The role of extracellular matrix in the function, develop
ment, and regeneration of the peripheral nervous system Symp. Fri a m

137. Visual cortex: development and plasticity Poster Fri p m

19. Visual system: geniculo-cortical pathway development and plas
ticity Poster Thu A M

Theme B: Cell Biology

Session
Number Session Title Type

Day and 
Time

106. Axonal transport I Poster Fri a m

317. Axonal transport II Slide Mon a m

234. Blood brain barrier I Slide Sun a m

336. Blood brain barrier II Poster Mon a m

260. Cellular aspects of disease Poster Sun a m

15. Cellular localization of receptors Poster Thu A M

221. Functions of glia I Poster Sat p m

279. Functions of glia II Slide Sun p m

40. Gene expression in the nervous system Symp. Thu p m

12. Identified cells I Slide Thu A M

219. Identified cells II Poster Sat p m

27. Lipids and myelin Poster Thu A M

340. Membrane structure and function Poster Mon a m

35. Metabolic studies Poster Thu A M

107. Molecular biology of gene expression I Poster Fri a m

113. Molecular biology of gene expression II Slide Fri p m

50. Morphology of neurons and glia I Slide Thu p m

127. Morphology of neurons and glia II Poster Fri p m

126. Neuroanatomical methods Poster Fri p m

308. Protein and nucleic acid regulation Poster Sun p m

62. Structure and function of neuroendocrine cells Poster Thu p m

Theme C: Excitable Membranes, Transduction, and Synaptic Transmission

Session
Number Session Title Type

Day and 
Time

312. Acetylcholine receptor function Symp. Mon a m

44. Action potentials and ion channels I Slide Thu p m

157. Action potentials and ion channels II Slide Sat a m

viii



255. Action potentials and ion channels III Poster Sun a m

256. Action potentials and ion channels IV Poster Sun a m

257. Action potentials and ion channels V Poster Sun a m

276. Action potentials and ion channels VI Slide Sun p m

318. Action potentials and ion channels VII Slide Mon a m

193. CNS neurons I Slide Sat p m

311. CNS neurons II Poster Sun p m

167. Drug effects on receptors Poster Sat a m

232. Mechanisms of transmitter release Symp. Sun a m

7. Membrane biophysics I Slide Thu A M

71. Membrane biophysics II Poster Thu p m

83. Pharmacology of synaptic transmission I Slide Fri a m

125. Pharmacology of synaptic transmission II Poster Fri p m

5. Postsynaptic mechanisms I Slide Thu A M

61. Postsynaptic mechanisms II Poster Thu p m

59. Presynaptic mechanisms I Poster Thu p m

60. Presynaptic mechanisms II Poster Thu p m

166. Receptor desensitization Poster Sat a m

181. Sensory transduction Poster Sat a m

163. Synaptic structure and function I Slide Sat a m

268. Synaptic structure and function II Poster Sun a m

Theme D: Neurotransmitters, Modulators, and Receptors

Session
Number Session Title Type

Day and 
Time

269. A cholinergic neuron in the retina Symp. Sun p m

240. Acetylcholine I Slide Sun a m

341. Acetylcholine II Poster Mon a m

342. Acetylcholine III Poster Mon a m

275. Acetylcholine receptors: general topics Slide Sun p m

212. Acetylcholine receptors: nicotinic receptors Poster Sat p m

284. Alcohol and barbiturates III Poster Sun p m

41. Autoreceptors and modulation of neurotransmitter release Symp. Thu p m

309. Behavioral pharmacology I Poster Sun p m

310. Behavioral pharmacology II Poster Sun p m

320. Behavioral pharmacology III Slide Mon a m

65. Biogenic amines I Poster Thu p m

66. Biogenic amines II Poster Thu p m

22. Catecholamines: anatomical localization Poster Thu A M

258. Catecholamines: biochemical characterization I Poster Sun a m

259. Catecholamines: biochemical characterization II Poster Sun a m

23. Catecholamines: physiological effects I Poster Thu A M

24. Catecholamines: physiological effects II Poster Thu A M

280. Catecholamines: physiological effects III Slide Sun p m

84. Catecholamines: receptors I Slide Fri a m

69. Catecholamines: receptors II Poster Thu p m

70. Catecholamines: receptors III Poster Thu p m

220. Cell surface macromolecules Poster Sat p m

282. Characterization of purine, peptide, and amino acid receptors Poster Sun p m

ix



168. Cholinergic receptors: muscarinic receptors Poster Sat a m

263. Cyclic nucleotides I Poster Sun a m

322. Cyclic nucleotides II Slide Mon a m

67. Excitatory amino acids: binding and localization Poster Thu pm

68. Excitatory amino acids: electrophysiology and release Poster Thu pm

11. Excitatory amino acids: glutamate and glutamate analogs Slide Thu AM
188. GABA and benzodiazepines: behavior Poster Sat a m

117. GABA and benzodiazepines: binding I Slide Fri pm

285. GABA and benzodiazepines: binding II Poster Sun pm

286. GABA and benzodiazepines: biochemistry Poster Sun pm

187. GABA and benzodiazepines: electrophysiology and localization Poster Sat a m

109. How calcium acts as a second messenger in neurons Symp. Fri p m

46. Invertebrate neurotransmitters I Slide Thu pm

202. Invertebrate neurotransmitters II Poster Sat pm

190. Modulation of ion channels by intracellular messengers Symp. Sat p m

239. Neuromodulators I Slide Sun a m

328. Neuromodulators II Poster Mon a m

203. Neurotransmitters, modulators: coexistence of transmitters Poster Sat pm

160. Neurotransmitters, modulators: interactions between trans
mitters I Slide Sat a m

204. Neurotransmitters, modulators: interactions between trans
mitters II Poster Sat pm

200. Neurotransmitters, modulators: metabolism of transmitters and 
modulators Poster Sat pm

173. Opiates, endorphins, and enkephalins: anatomical localization Poster Sat a m

174. Opiates, endorphins, and enkephalins: biochemical characteriza
tion Poster Sat a m

273. Opiates, endorphins, and enkephalins: physiological effects I Slide Sun pm

324. Opiates, endorphins, and enkephalins: physiological effects II Poster Mon a m

325. Opiates, endorphins, and enkephalins: physiological effects III Poster Mon a m

154. Opiates, endorphins, and enkephalins: receptors I Slide Sat a m

172. Opiates, endorphins, and enkephalins: receptors II Poster Sat a m

47. Peptides: anatomical localization I Slide Thu pm

128. Peptides: anatomical localization II Poster Fri pm

129. Peptides: anatomical localization III Poster Fri pm

175. Peptides: biochemical characterization Poster Sat a m

86. Peptides: biosynthesis and metabolism I Slide Fri a m

201. Peptides: biosynthesis and metabolism II Poster Sat pm

241. Peptides: physiological effects I Slide Sun a m

326. Peptides: physiological effects 11 Poster Mon a m

327. Peptides: physiological effects III Poster Mon a m

63. Peptides: receptors I Poster Thu pm

64. Peptides: receptors II Poster Thu pm

114. Peptides: receptors III Slide Fri pm

2. Receptor binding radioautography: techniques, limitations, 
and recent data Symp. Thu AM

197. Receptor modulation I Slide Sat pm

329. Receptor modulation II Poster Mon a m

330. Receptor modulation III Poster Mon a m

115. Regional localization of receptors Slide Fri pm

165. Regional localization of receptors and transmitters Poster Sat a m

130. Transmitter cytochemistry and immunohistochemistry Poster Fri pm

88. Transmitters and receptors in disease I Slide Fri a m

261. Transmitters and receptors in disease II Poster Sun a m

262. Transmitters and receptors in disease III Poster Sun a m

319. Transmitters and receptors in disease IV Slide Mon a m

108. Uptake storage and secretion Poster Fri a m

X



Theme E: Endocrine and Autonomic Regulation

Session
Number Session Title Type

Day and 
Time

209. Adrenal medulla Poster Sat p m

91. Cardiovascular regulation: central transmitters I Slide Fri a m

207. Cardiovascular regulation: central transmitters 11 Poster Sat p m

14. Cardiovascular regulation: functional aspects I Slide Thu A M

51. Cardiovascular regulation: functional aspects 11 Slide Thu p m

180. Cardiovascular regulation: functional aspects III Poster Sat a m

208. Cardiovascular regulation: hypertension and stress Poster Sat p m

178. Cardiovascular regulation: morphological aspects Poster Sat a m

140. Endocrine control Poster Fri p m

245. Hormonal control of behavior I Poster Sun a m

246. Hormonal control of behavior II Poster Sun a m

210. Neural control of immune system Poster Sat p m

177. Peripheral autonomic nervous system I Poster Sat a m

321. Peripheral autonomic nervous system II Slide Mon a m

244. Pineal gland Poster Sun a m

110. Recent developments on the medullary, hypothalamic, and 
spinal control of autonomic function: characterization of 
“ transmitter-specific” pathways Wksh. Fri p m

247. Regulation of autonomic function Poster Sun a m

206. Respiratory regulation Poster Sat p m

313. The subfornical organ as a model of neurohumoral 
integration Wksh. Mon a m

Theme F: Sensory Systems

Session
Number Session Title Type

Day and 
Time

72. Auditory cortex Poster Thu p m

58. Auditory sensory organs Poster Thu p m

192. Chemical sensory systems I Slide Sat p m

254. Chemical sensory systems II Poster Sun a m

150. Comparative neural mechanisms of sound localization in 
vertebrates Symp. Sat a m

34. Evoked potentials Poster Thu A M

139. Extrastriate visual areas I Poster Fri p m

274. Extrastriate visual areas II Slide Sun p m

80. Multimodal maps in the superior colliculus Symp. Fri a m

31. Pain modulation I Poster Thu A M

32. Pain modulation II Poster Thu A M

198. Pain modulation III Slide Sat p m

143. Pain: central pathways I Poster Fri p m

236. Pain: central pathways II Slide Sun a m

134. Retina and retinofugal projections Poster Fri p m

10. Retina I Slide Thu A M

99. Retina II Poster Fri a m

248. Retina III Poster Sun a m

33. Somatic afferents Poster Thu A M

142. Spinal cord Poster Fri p m

30. Stress, hormones, and the autonomic nervous system Poster Thu A M

xi



119. Subcortical auditory pathway I Slide Fri pm

249. Subcortical auditory pathway II Poster Sun a m

333. Subcortical auditory pathway III Poster Mon a m

141. Subcortical somatosensory pathways Poster Fri pm

20. Subcortical visual pathways I Poster Thu AM
90. Subcortical visual pathways II Slide Fri a m

170. Subcortical visual pathways III Poster Sat a m

291. Transmitters in sensory systems Poster Sun pm

211. Visual cortex: cortico-cortical and cortico-subcortical relation
ships Poster Sat pm

138. Visual cortex: striate area I Poster Fri pm

155. Visual cortex: striate area II Slide Sat a m

237. Visual cortex: striate area III Slide Sun a m

Theme G: Systems and Sensorimotor Integration

Session Day and
Number Session Title Type Time

6. Basal ganglia: anatomy and physiology I Slide Thu AM
56. Basal ganglia: anatomy and physiology II Poster Thu pm

153. Basal ganglia: anatomy and physiology III Slide Sat a m

124. Basal ganglia: behavior and pharmacology Poster Fri pm

205. Basal ganglia: cellular studies Poster Sat pm

105. Basal ganglia: physiology Poster Fri a m

161. Cerebellum I Slide Sat a m

217. Cerebellum II Poster Sat pm

103. Control of limb movements Poster Fri a m

185. Control of posture and movement I Poster Sat a m

238. Control of posture and movement II Slide Sun a m

214. Cortex Poster Sat pm

265. Disorders of motor systems: neural prostheses Poster Sun a m

182. Invertebrate motor function and behavior Poster Sat a m

101. Limb movement I Poster Fri a m

102. Limb movement II Poster Fri a m

183. Locomotion I Poster Sat a m

184. Locomotion II Poster Sat a m

225. Muscle and muscle afferents Poster Sat pm

226. Muscle I Poster Sat pm

227. Muscle II Poster Sat pm

118. Oculomotor system I Slide Fri pm

266. Oculomotor system 11 Poster Sun a m

290. Oculomotor system III Poster Sun pm

100. Reflex function Poster Fri a m

48. Sensorimotor integration I Slide Thu pm

213. Sensorimotor integration II Poster Sat pm

13. Spinal cord and brainstem I Slide Thu AM
215. Spinal cord and brainstem II Poster Sat pm

216. Spinal cord and brainstem III Poster Sat pm

264. Spinal cord and brainstem IV Poster Sun a m

270. The many roles of the muscle spindle in motor control Symp. Sun p m

49. Vestibular system I Slide Thu pm

334. Vestibular system II Poster Mon a m

21. Visuomotor integration Poster Thu AM

xii



Theme H: Structure and Function of the CNS

Session Day and
Number Session Title Type Time

162. Brain metabolism I Slide Sat a m

293. Brain metabolism II Poster Sun p m

253. Comparative neuroanatomy Poster Sun a m

242. Diseases of nervous system I Slide Sun a m

292. Diseases of nervous system II Poster Sun p m

251. EEG and ERP Poster Sun a m

4. Epilepsy I Slide Thu A M

57. Epilepsy II Poster Thu p m

104. Epilepsy kindling Poster Fri a m

123. Epilepsy kindling: peptides and mutants Poster Fri p m

164. Epilepsy: fits and slices Poster Sat a m

331. Evoked potentials and EEG Poster Mon a m

18. Evolution of the nervous system Poster Thu A M

179. Limbic system and hypothalamus Poster Sat a m

176. Limbic system: hippocampus and amygdala Poster Sat a m

252. Regional neuropharmacology Poster Sun a m

28. Regulation of pituitary function I Poster Thu A M

29. Regulation of pituitary function II Poster Thu A M

199. Regulation of pituitary function III Slide Sat p m

243. Regulation of pituitary function IV Slide Sun a m

348. Regulation of pituitary function V Poster Mon a m

189. Senile dementia and Alzheimer’s disease Symp. Sat p m

87. Structure and function: cortico-cortical and cortico-subcortical 
relationships I Slide Fri a m

332. Structure and function: cortico-cortical and cortico-subcortical 
relationships II Poster Mon a m

250. Subcortical organization Poster Sun a m

Theme I: Neural Basis of Behavior

Session Day and
Number Session Title Type Time

224. Aging IV Poster Sat p m

169. Alcohol and barbiturates I Poster Sat a m

283. Alcohol and barbiturates II Poster Sun p m

116. Anatomy of memory in human and nonhuman primates Slide Fri p m

295. Angiotensin and drinking Poster Sun p m

89. Biological rhythms I Slide Fri a m

146. Biological rhythms II Poster Fri p m

278. Central somatosensory system Slide Sun p m

45. Circuitry and pattern generation I Slide Thu p m

218. Circuitry and pattern generation II Poster Sat p m

95. Emotion and motivation Poster Fri a m

94. Emotion and motivation: intracranial self-stimulation Poster Fri a m

191. Feeding and drinking: central mechanisms I Slide Sat p m

296. Feeding and drinking: central mechanisms II Poster Sun p m

159. Feeding and drinking: cues for need state I Slide Sat a m

294. Feeding and drinking: cues for need state II Poster Sun p m

92. Feeding and drinking: neuropharmacology I Poster Fri a m

93. Feeding and drinking: neuropharmacology II Poster Fri a m

97. Human neuropsychology and behavioral neurobiology I Poster Fri a m
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156. Human neuropsychology and behavioral neurobiology II Slide Sat a m

96. Interhemispheric relations Poster Fri a m

81. Invertebrate learning and behavior I Slide Fri a m

151. Invertebrate learning and behavior II Slide Sat a m

38. Learning and memory: anatomy I Poster Thu AM
39. Learning and memory: anatomy II Poster Thu AM
75. Learning and memory: cholinergic pharmacology Poster Thu p m

74. Learning and memory: pharmacology Poster Thu p m

36. Learning and memory: physiology I Poster Thu AM
37. Learning and memory: physiology II Poster Thu AM

339. Monoamines and behavior: acetylcholine and norepinephrine Poster Mon a m

337. Monoamines and behavior: dopamine Poster Mon a m

338. Monoamines and behavior: serotonin Poster Mon a m

235. Neurobiology of conditioning in mammals Slide Sun a m

120. Neuroethology I Poster Fri p m

121. Neuroethology II Poster Fri p m

122. Neuroethology III Poster Fri p m

52. Neuropeptides and behavior I Poster Thu p m

53. Neuropeptides and behavior II Poster Thu p m

54. Neuropeptides and behavior III Poster Thu p m

55. Neuropeptides and behavior IV Poster Thu p m

346. Neurotoxicology Poster Mon a m

323. Opiate effects on behavior Poster Mon a m

347. Other drugs of abuse Poster Mon a m

9. Psychotherapeutic drugs Slide Thu AM
77. Psychotherapeutic drugs: antipsychotics Poster Thu p m

76. Psychotherapeutic drugs: anxiolytics and antidepressants Poster Thu p m

147. Sleep Poster Fri p m

144. Somatosensory cortex and thalamocortical relationships I Poster Fri p m

145. Somatosensory cortex and thalamocortical relationships II Poster Fri p m
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202.5 A s p a r ta te  as  a  c a n d id a te  t r a n s m i t t e r  in  th e  L im ulus neu ro 
m u scu la r p r e p a r a t io n .  S.G. Rane* & G.A. Wyse, D ep t. o f  
Z oology, U n iv e r s i ty  o f  M a s sa c h u se tts , A m herst, MA 01003

G lu tam ate (GLU) i s  co n s id e re d  th e  b e s t  i f  n o t th e  o n ly  
e x c i ta to r y  t r a n s m i t t e r  c a n d id a te  f o r  l o b s t e r ,  c r a y f i s h  and 
lo c u s t  n eu rom uscu lar ju n c t io n s .  A s p a r ta te  (ASP) i s  n o t 
g e n e ra l ly  c o n s id e re d  to  be a  l i k e ly  t r a n s m i t t e r  c a n d id a te  
a l th o u g h  i t  i s  a weak a g o n is t  a t  th e s e  ju n c t io n s .  For t h i s  
s tu d y  b o th  ASP and GLU were exam ined as  e x c i ta to r y  t r a n s 
m i t t e r  c a n d id a te s  f o r  th e  t i b i a  f le x o r  m uscle o f  th e  
c h e l ic e r a te  a r th ro p d , Lim ulus polyphem us.

Bath a p p l ic a t io n  o f  ASP o r  GLU caused  d o se-dependen t de
p o la r iz a t io n s  o f  Lim ulus m uscle f ib e r s  and c o n t r a c t io n s  o f  
th e  w hole m uscle . GLU had a low er th re s h o ld  c o n c e n tra t io n  
th a n  d id  ASP (0 .01  v s . 0 .1  mM) and GLU caused  la r g e r  depo
l a r i z a t i o n s  a t  a l l  c o n c e n tra t io n s  t e s t e d  (up to  3 mM). 
At o r  above 1 mM, how ever, ASP gave s tr o n g e r ,  more p ro lo n g 
ed c o n t r a c t io n s  th a n  d id  GLU. Both th e  e x c i ta to r y  p o s tsy n 
a p t i c  p o t e n t i a l  (EPSP) and ASP and GLU d e p o la r iz a t io n s  were 
a s s o c ia te d  w ith  conduc tance  in c r e a s e s  i n  m uscle f i b e r s .  
ASP d e p o la r iz a t io n s  w ere a b o lis h e d  in  s a l i n e  in  w hich TRIS 
re p la c e d  Na+ w h ile  GLU d e p o la r iz a t io n s  were e i t h e r  s l i g h t l y  
reduced  o r  u n a f fe c te d .  ASP c o n t r a c t io n s  w ere a b o lis h e d  b u t 
GLU c o n t r a c t io n s  w ere augm ented in  s a l i n e  in  w hich su c ro se  
re p la c e d  Na+ . The io n ic  b a s is  o f th e  L im ulus EPSP cou ld  
n o t be e x p e rim e n ta lly  exam ined, b u t EPSPs in  o th e r  a r t h r o 
pods a re  due m ain ly  to  a  tra n s m it te r -d e p e n d e n t  in c re a s e  in  
Na+ cond u c tan ce .

H igh-perfo rm ance l i q u id  chrom atography w ith  f lu o re sc e n c e  
d e te c t io n  (O PA /ethanet h i o l  d e r iv a t i z a t i o n )  showed th a t  
m otor axon s t im u la t io n  caused  in c r e a s e  in  r e s t i n g  l e v e ls  o f  
ASP (110±40%), GLU (240±135%) and 8 o th e r  amino a c id s  in  
f l u i d  b a th in g  th e  Lim ulus neu rom uscu lar p r e p a ra t io n  (N=8 ). 
P e n to b a rb i ta l  (PB) a t  0 .5  mM reduced  EPSPs and m uscle con
t r a c t i o n s  by 70-80%. PB a l s o  a b o lis h e d  s tim u lu s - in d u c e d  
in c r e a s e s  in  GLU and 5 o f  8 o th e r  amino a c id s ,  b u t i t  d id  
n o t a f f e c t  in c r e a s e s  i n  ASP o r  th e  o th e r  3 amino a c id s  
(N=p .  I n c re a s e s  in  a l l  amino a c id s  w ere a b o lis h e d  by z e ro -  
Ca+2 s a l i n e  (N=7). These r e s u l t s  su g g e s t th a t  p o s ts y n a p tic  
b lockade o f  m uscle a c t i v i t y  by PB was s u f f i c i e n t  to  e l im i
n a te  e f f l u x  from th e  p r e p a ra t io n  o f GLU and 5 o f  8 o th e r  
amino a c id s ;  b u t t h a t  e f f l u x  o f  ASP and 3 o th e r  amino a c id s  
was dependen t on m otor axon s t im u la t io n  a lo n e . Of th i s  
l a t t e r  group o n ly  ASP was p h y s io lo g ic a l ly  a c t iv e .

Based on i t s  s t im u lu s - in d u c e d  r e l e a s e  b e h a v io r  and th e  
io n ic  b a s is  o f  i t s  d e p o la r iz a t io n ,  ASP i s  a b e t t e r  c a n d i
d a te  th a n  GLU f o r  th e  L im ulus neurom uscu lar t r a n s m i t t e r .

202 6 LIMULUS CARDIOEXCITATORY PEPTIDE. W. Whi t e.* W.H. Watson. 
Zoology Dept., UNH, Durham, NH 03824.

The heart  of the horseshoe crab, Limulus polyphemus, is 
neurogenic. Compounds which modulate heart  a c tiv ity  can 
act a t  a variety  of s ite s . For i nstance, catecholamines 
i nfluence the pacemaker c e lls , follower ce lls , and cardiac 
muscle (Watson & Augustine, Peptides 3, 485-492, 1982), 
while the pept i de proct o l i n only affec ts  cardiac muscle 
(Watson e t  a l ., J.E.B. 103, 55-73, 1983). We now re p o rt 
the i solation of another cardioactive peptide from the 
brain of the horseshoe crab. it s  primary e ffe c t i s to  
Increase the heart  ra te  by acting d irec tly  on the cardiac 
ganglion.

The in itia l separation of th is  peptide was carried  out 
using gel f i l t r a t io n  chromatography. Brains from 200 
horseshoe crabs were boiled, homogenized, centrifuged, 
f ilte re d , and applied to  a Sephadex G-25 column. Fractions 
were dried, diluted with seawater, and assayed on Limulus 
hearts. Cardioexc i t at ory ac tiv ity  was present i n frac tions 
elu ting  j ust a f te r  the void volume, indicating a molecular 
weight of approximately 5000. A sim ilar estim ate of M.W. 
was obtained using a G-50 column.

The peptide was fu rther purified  using reversed phase 
HPLC. Active material eluted a t  a concentration of 38% 
ac e to n itr ile  on two successive HPLC runs, indicating it  
probably contains several hydrophobic amino acid residues. 
Incubation of p a rtia lly  purified  frac tions with e ith e r  
pronase or trypsin  destroyed bi oact i v ity , confirming th a t 
the active substance i s a peptide.

The primary e ffec t of th is  peptide i s to  cause a long
lasting  i ncrease i n heart  ra te . Pulse application of 5 
brain equivalents of the peptide caused a 100% increase in 
heart  ra te  tha t gradually decreased to  control levels 
during a I hr wash. Comparable e ffe c ts  on ra te  are 
observed when the peptide i s applied to  i solated cardiac 
ganglia. in addition to  it s  chronotropic e ffe c ts  on the 
Limulus heart , th is  peptide causes relaxation  of the 
Limulus gut (like FMRFamide) and moderate activation  of 
the ventila tory  central pattern generator i n the ventral 
nerve cord. it  also has FMRFami de-l i ke actions on the 
Busycon radula p rotractor muscle. Thus, i t  may represent a 
4t h FMRFami d e-l i ke peptide i n Limulus.

We would like to  thank Jim Groome, Tom O’Donohue, and 
John Bishop for th e ir  assistance on many aspects of th is  
study. This work was supported by NINCDS grant 19053-01.

202.7 5 ,7-DIHYDROXYTRYPTAMINE (5 ,7-diH T) EFFECTS ON AN 
IDENTIFIED SEROTONERGIC NEURON IN HELISOMA TRIVOLVIS.

D. G a d o t t i , K .L . L u k o w ia k * , L.G . B a u c e *  a n d  A.G.M. 
B u l lo c h . D e p t. o f  M e d ic a l P h y s io lo g y ,  U n iv e r s i t y  o f  
C a lg a ry , C a lg a ry , A lb e r ta . ,  Canada T2N 4N1.

5-7-diH T  i s  a to x ic  s e ro to n in  ana logue used  to  d e p le te  
s e r o t o n i n  c o n t e n t ,  t h o u g h t  t o  a c t  v i a  a x o to m y  o f  
s e r o t o n e r g i c  p a th w a y s  . We t e s t e d  th e  f e a s i b i l i t y  o f 
s e l e c t i v e l y  ax o to m iz in g  s e ro to n e rg ic  neurons in  th e  s n a i l  
H e lis o m a  t r i v o l v i s . The s tu d y  fo c u s e d  on an  i d e n t i f i e d  
n e u r o n ,  C l ,  i n  t h e  c e r e b r a l  g a n g l i o n  w h o se  a x o n  
c o n t r i b u t e s  th e  o n ly  s e r o t o n e r g i c  i n p u t  to  th e  b u c c a l  
g a n g l io n , th e  fu n c t io n  o f t h i s  in p u t in  fe e d in g  b eh a v io r 
hav ing  been d e f in e d .

S n a i l s  w ere  i n j e c t e d  w i th  5 ,7 -d iH T  (1 -5  mM i n i t i a l  
b lo o d  c o n c e n t r a t i o n )  and th e  a n im a l s  d i s s e c t e d  2 to  15 
days l a t e r .  HPLC a n a ly s is  f o r  c a tech o lam in e  and indo lam ine  
c o n te n t in  th e  g a n g l ia  showed a s u b s t a n t i a l  and s p e c i f i c  
d e c r e a s e  (55-85% ) o f  s e r o t o n i n  c o n t e n t  in  th e  b u c c a l  
g a n g l ia  th a t  r e p r e s e n t s  th e  s e ro to n in  p re s e n t  in  th e  axons 
and  t e r m i n a l s  o f  C l. I n  c o n t r a s t ,  a m in im a l d e c r e a s e  o f 
s e r o t o n i n  o c c u r r e d  in  th e  c e r e b r a l  g a n g l io n  w here  th e  
s e ro to n e rg ic  c e l l  bod ies  a re  lo c a te d ; no changes o ccu rred  
in  c o n t r o l  a n im a ls  i n j e c t e d  w i th  c a r r i e r  s o l u t i o n  and 
c o n te n ts  o f o th e r  in d o la ra in es  and c a te c h o la m in e s  w ere a ls o  
u n a f f e c te d .

G ly o x y lic  a c id  h is to f lu o re s c e n c e  was em ployed to  o b ta in  
a q u a l i t a t i v e  e s t i m a t e  o f  c o n t e n t  in  c a t e c h o l -  and 
in d o la m in e s ; th e  h i s t o f lu o re sc e n c e  was m arkedly  dec re a sed  
in  th e  b u c c a l  g a n g l i a  o f  e x p e r i m e n t a l  a n im a l s .  The 
m o r p h o lo g y  o f  C l a x o n s  w as s t u d i e d  by s t a i n i n g  
p r e p a r a t i o n s  w i th  a f l u o r e s c e i n - c o n j u g a t e d  s e r o to n i n  
a n t ib o d y  ( Im m u n o n u c le a r , S t i l l w a t e r  MN) w h ic h  i s  m ore 
s e n s i t i v e  th a n  g l y o x y l i c  a c id .  T h is  m ethod  show ed th e  
ax o n a l m orphology o f Cl in  drug t r e a te d  an im a ls  no t to  be 
d i f f e r e n t  from c o n t r o ls .  The axona l i n t e g r i t y  of Cl was 
a l s o  in v e s t ig a t e d  w ith  i n t r a c e l l u l a r  i n j e c t io n s  o f th e  dye 
L u c i f e r  Y e llo w  CH and  t h e r e  was no d i f f e r e n c e  in  th e  
a x o n a l  b ra n c h in g  p a t t e r n  in  s e r o t o n i n - d e p l e t e d  s n a i l s  
v e r s u s  c o n t r o l s .  E l e c t r o p h y s i o l o g i c a l  s t u d i e s  a r e  in  
p ro g re s s .

I n  c o n c lu s io n ,  o u r  d a t a  show t h a t  5 ,7 -d iH T  i s  a 
s p e c i f i c  to o l  as s e ro to n in  d e p le to r ,  b u t ,  in  our m o lluscan  
m o d e l, i t s  a c t i o n  i s  n o t  a c c o m p lis h e d  v i a  a x o to m y
(S u p p o r te d  by A lb e r t a  H e r i t a g e  F o u n d a tio n  f o r  M e d ic a l 
R esea rc h , & MRC, Canada).

202.8 IDENTIFICATION OF SEROTONIN CONTAINING NEURONS IN GASTROPOD 
MOLLUSKS USING COBALT BACKFILL, FORMALDEHYDE-INDUCED 
FLUORESCENCE, AND ANTIBODY TECHNIQUES. R. D. Longley* and A. 
J .  L ong ley . P a c i f i c  S c ie n ces  I n s t i t u t e  and F rid ay  H arbor 
L a b o ra to r ie s ,  F rid ay  H arbo r, WA 98250.

The axon pathway of th e  g ia n t  c e re b ra l  neuron (GCN) in  
th e  bucca l g a n g lia  of T r i to n ia  diom edea was exam ined u s in g  
c o b a lt  b a c k f i l l s  of th e  c e re b ro b u c c a l c o n n e c tiv e s , 
fo rm a ldehyde-induced  f lu o re s c e n c e  of f r e e z e  d r ie d  m a te r i a l ,  
and a n t i - s e r o to n i n  a n t ib o d ie s .  GCN axons in  th e  b uccal 
g a n g l ia  were id e n t i f e d  in  c o b a lt  b a c k f i l l s  by t h e i r  unique 
b ranch ing  p a t te r n  in  th e  b uccal n e rv e s . The m ajor branch of 
th e  GCN axon e n t e r s  th e  g a n g lio n  v e n t r a l l y  from th e  
p o s te r io r  p a r t  of th e  co n n e c tiv e  and ascen d s  l a t e r a l l y  to  
th e  d o r s a l  p a r t  of th e  n e u ro p il  where i t  th e n  p a sse s  th rough  
th e  com missure and d o r s a l  p a r t  of th e  c o n t r a l a t e r a l  g a n g lio n  
n e u r o p i l .  C obalt b a c k f i l l s  of bo th  c o n n e c tiv e s  in  th e  same 
p r e p a ra t io n  showed th e  l e f t  and r i g h t  GCN axons p a r a l l e l i n g  
one a n o th e r  th rough  th e  b u cc a l com missure and th e  n e u ro p il  
o f th e  g a n g l ia ,  u s u a l ly  w ith in  one axon d ia m e te r . 
Form aldehyde-in d u c ed  f lu o re s c e n c e  of th e  s e ro to n e rg ic  GCN 
axons in  th e  bucca l n e rv es  was c o n s is te n t  w ith  th e  r e s u l t s  
o f th e  c o b a lt  te c h n iq u e . In  th e  g a s tro e so p h a g e a l g a n g lia  
f lu o re sc e n c e  was l im ite d  to  axons p a s s in g  th rough  th e  
g a n g l ia .  Two b i l a t e r a l l y  sym m etric p a i r s  of n eu ro n s , more 
f lu o re s c e n t  th a n  th e  s e ro to n e rg ic  ax o n s , were lo c a te d  
r e l a t i v e  to  o th e r  i d e n t i f i e d  neu rons in  th e  b u cca l g a n g l ia .

R e s u lts  w ith  a n t i - s e r o to n i n  an tib o d y  u s in g  th e  method of 
B e ltz  and K rav itz  ( J .  N eu ro sc i. 3 :5 8 5 -602 ) were c o n s is te n t  
w ith  th o se  of th e  methods above f o r  th e  GCN ax o n s. These 
axons, w ith  t h e i r  b ranch ing  in  th e  bucca l g an g lio n  n e u ro p i l ,  
cou ld  be c l e a r ly  i d e n t i f i e d  in  w holem ounts. Sm all p ro c e sse s  
from  th e se  b ranches  were a s s o c ia te d  w ith  neuron som ata and , 
in  many c a s e s , passed  between th e  som ata and th e  buccal 
g an g lio n  s h e a th . In  p a r a f f in  s e c io n s  of th e  la r g e r  buccal 
g an g lio n  n eu ro n s , s e ro to n in  im m uno-reac tive  p ro c e s s e s  cou ld  
be seen  in  in v a g in a t io n s  of th e  axon h i l lo c k  a d ja c e n t  to  th e  
n u c le u s . S e ro to n in  im m u n o -reac tiv ity  was n o t seen  in  neuron 
som ata of th e  b uccal and g a s tro e so p h a g e a l g a n g lia  o r in  
p e r ip h e r a l  neurons a s s o c ia te d  w ith  th e  s a l i v a r y  d u c t .

S p e c i f i c i ty  of th e  a n tib o d y  was t e s t e d  on s e r i a l  s e c t io n s  
o f T r i to n ia  GCN som ata. A ntibody b ind ing  in  th e  GCN was 
e l im in a te d  by p re in c u b a tio n  w ith  s e r o to n in ,  but was un
a f f e c te d  by octopam ine o r BSA (each  a t  1 m g/m l). A d d itio n a l 
t e s t s  on bucca l g a n g lia  in  o th e r  s p e c ie s  and on th e  dopamine 
c o n ta in in g  neuron in  Lymnaea RPdG in d ic a te d  th e  s p e c i f i c i t y  
o f  th e  a n tib o d y  f o r  s e ro to n in  in  m o llu scan  n eu ro n s .
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2 0 2 .9  MEASUREMENT AND CONTROL Of DOPAMINE AND SEROTONIN RELEASE 
FROM LIMAX GANGLIA IN VITRO.  S. J. Wieland, E. Jahn* and 
A. Gelperin.  Dept. Anatomy, Hahnemann Univ., Philadelphia, 
PA 19102, Dept. Biology, Princeton Univ., Princeton, NJ 
08544, and AT&T Bell Labs., Murray Hill, NJ 07974.

Dopamine and serotonin are present in the cerebral and 
buccal ganglia of the slug Limax maximus, structures which 
are required for the generation and modulation of the feed
ing motor program (FMP) in response to sensory stimuli. 
Addition of exogenous dopamine in vitro can trigger FMP 
while addition of serotonin in vitro modifies the intensity 
of FMP (Wieland and Gelperin, J. Neurosci. 3: 1735, 1983). 
We wish to examine the roles of endogenous dopamine and 
serotonin in the modulation of the feeding response.

The release of endogenous dopamine and serotonin from 
individual cerebral ganglion-buccal ganglion preparations 
in vitro was detected and measured by high performance 
liquid chromatography followed by electrochemical detection. 
The connective tissue sheath surrounding the ganglia appear
ed to bind dopamine but not serotonin in vitro, thus acting 
as a dopamine-selective “buffer." Basal release of dopamine 
(0.2–0.7 pmol/30 min) was detected from sheathed ganglia; 
no release was detected from desheathed ganglia. On the 
other hand, in response to 50 mM K+, desheathed ganglia 
released larger amounts of dopamine (5 pmol/30 min) than 
sheathed ganglia (approx. 1.5 pmol/30 min). Basal release 
of serotonin was not detectable from either sheathed or 
desheathed ganglia over 30 min in vitro. The potassium- 
induced release of serotonin was not strongly affected by 
the presence or absence of the sheath, being approximately 
2.5 pmol/30 min in 50 mM K+. Release of both dopamine and 
serotonin was blocked in low Ca2+ in the presence of 5 mM 
Co2+: dopamine release was reduced by 75%, serotonin 
release was reduced by more than 90%.

Following high K+ treatment for 5 to 15 min spontaneous 
activity recorded from buccal nerve roots was suppressed 
for 15 to 30 min and the FMP response to lip stimulation 
was suppressed for at least 45 min. However, the ganglia 
could recover from several exposures to high K+ indicating 
that this treatment did not permanently damage the in vitro 
system. This will allow studies of general as well as 
selective transmitter depletion in vitro.  (Supported by 
NIH Grant MH-39160.)

202.10 genetic influences on neur o t ra n s m it t e r content of identi
fied NEURONS OF LYMNAEA STAGNALIS.  G. Audesirk, T, Audesirk, 
R. McCaman, J. Ono.  Biol. Dept., Univ. of Colorado-Denver, 
1100 14th St., Denver, CO 80202; Beckman Research Institute 
of The City of Hope, Duarte, CA 91010.

Variability in the behavior of an individual organism, 
while partially attributable to environmental variables, is 
also influenced by factors under direct genetic control, 
including neural connectivity and neural metabolism. For 
example, correlations have been reported between the genetic 
background of mice, their behavior in a passive-avoidance 
task, and their total brain content of specific transmitters 
(Donovick et al., 1981). The large, individually identifi
able single neurons of the gastropod brain have been suc
cessfully subjected to microchemical transmitter analysis 
(McCaman et al. , 1979 , 1984). We have applied these tech
niques to identified neurons of two laboratory-raised 
populations of Lymnaea stagnalis, a self-fertilizing her
maphroditic freshwater gastropod. One group (wild-type) was 
the offspring of a genetically mixed population. The second 
(inbred) was a strain resulting from six generations of in- 
breeding; each generation produced by self-fertilization of 
a single individual from the previous generation.

Neurotransmitter content was measured in two identified 
giant neurons in inbred and wild-type populations. The 
paired serotonergic cerebral giant neurons (LC1 and RC1) 
have significantly higher transmitter levels and less vari
ability in inbred animals than in wild-type animals. The 
transmitter content of the unpaired dopaminergic right pedal 
giant neuron (RPeDl) does not differ between inbred and wild- 
type animals in either level or variability. It is proposed 
that serotonin content of the cerebral giant neurons is under 
partial genetic control, and that animals of the wild-type 
population possess a number of different alleles for the 
genes influencing serotonin levels. The wild-type population 
is probably already isogenic for genes influencing dopamine 
content in the right pedal giant neuron.

The finding that inbreeding results in greater homogeneity 
of transmitter content should facilitate comparison of trans
mitter content in groups of animals exposed to differing 
treatments in vivo.

202.11  Release Of 3H-Glycine From Aplysia Neuron R14 Is Dependent 
On Both Frequency Of Firing And Duration Of Action 
Potentials.  A.R. Rittenhouse & C.H. Price.  Department of 
Biology, Boston University, Boston, MA 02215.

Identified neuron R14, located on the dorsal surface of 
the parietovisceral ganglion (PVG), uses free glycine as a 
neuromodulator to potentiate contraction of vascular smooth 
muscle. Previously, we showed that electrical stimulation 
of R14 axons preloaded with 3H-glycine ( 3H-G) and chemical 
stimulation of its soma both resulted in increases in 3H-G 
released from R14 terminals in the anterior aorta (Ritten
house & Price, Neurosci. Abstr., 9: 301, 1983). Electro- 
physiological tracing of R14 demonstrated its axons are 
present in the genital and pericardial nerves and terminate 
in the sheath of the digestive gland (DGS). In this study, 
we report that increased duration or frequency of firing of 
R14, preloaded with 3h-G, elicit parallel increases in 3H-G 
release from R14 terminals in the DGS.

The PVG, nerves, and DGS were dissected out and pinned 
such that the DGS occupied one chamber and the PVG another. 
The genital and pericardial nerves were passed through a 
water-tight barrier, dividing the two chambers. The PVG 
incubated in 3H-G (50 or 100 µCi/ml) for 16-24 hr and the 
DGS was superfused with seawater medium. The incubation 
period allowed time for R14 to take up the 3h-G , axonally 
transport it, and load up terminal regions in the DGS. Label 
was removed from the PVG chamber and both compartments were 
rinsed repeatedly to wash off extracellular 3H-G. A sampling 
schedule was established so that the medium bathing the DGS 
was collected every 5 min for scintillation counting. Elec
trical activity in R14 was monitored with an intracellular 
electrode.

Bath application of 5 mM histidine onto R14 soma caused 
an immediate, 3-fold increase in firing rate (0.4–1.3 Hz) & 
a concomitant doubling of AP duration. The amount of 3H-G 
collected from the DGS chamber rose 240% over control 
periods (N = 4), but returned to baseline within one sam
pling period. Application of 25 mM TEA doubled the duration 
of R14's spike, but did not alter its frequency. Lengthening 
only the duration of the spike resulted in a 150% increase 
in 3H-G levels above control levels; a return to prestimula
tion levels occured within 5 min after TEA removal (N = 5). 
Thus, increasing both frequency and duration of R14 firing 
by histidine elicits 60% greater release of 3H-G than re
lease induced by duration alone with 25 mM TEA.

202.12  PEPTIDERGIC MODULATION OF a NEUROMUSCULAR JUNCTION IN THE 
MOLLUSC APLYSIA.  J.E. Richmond*, A.G.M. Bulloch and K.L. 
Lukowiak*  (Sponsor: A.D. Murphy). Dept. Physiology, 
University of Calgary, Calgary, Alberta., Canada T2N 4N1.

A variety of recent work has demonstrated peptidergic 
modulation of neurotransmission in the molluscan nervous 
system. For instance, the tetrapeptide FMRFamide 
potentiates the gill withdrawal reflex and gut 
contractions in Aplysia, whereas both of these are 
inhibited by arginine vasotocin (AVT). The purpose of the 
present study was to examine the cellular basis of the 
action of these peptides by utilizing a muscle preparation 
amenable to intracellular recording.

The preparation consisted of a buccal muscle of Aplysia 
with its attached nerve trunk. This was either pinned out 
at its insertion points for intracellular recording, or 
pinned at one insertion point and attached to an isotonic 
tension transducer. Single twitches were evoked by 
electrical shocks of the nerve trunk at once a minute.

The amplitude of stimulated contractions of the buccal 
muscle was markedly potentiated by FMRFamide. At 
concentrations of 10-6M, twitch size was increased by 4 to 
6 fold, with no change in baseline tension. This 
potentiation of contraction was rapidly reversible, and 
was dose-dependent, being measurable at concentrations as 
low at 10- 1 2M. In contrast, AVT inhibited these 
stimulated contractions and relaxed baseline tension, but 
was ineffective at concentrations less than 10-6M.

The FMRFamide potentiated muscle twitches exhibited a 
decrease of rise time as well as the increase of 
amplitude. Although the amplitude of sub-maximal 
contractions could also be increased by increasing 
stimulus strength, such an increase is accompanied by an 
increase of rise time. It is unlikely, therefore, that 
FMRFamide acts upon inactive neuromuscular junctions. 
Peptides were also applied to the muscle during intra
cellular recording from individual muscle fibres. The 
amplitude of the evoked excitatory junction potential 
(EJP) was increased when the preparation was perfused with 
FMRFamide at concentrations of 10-9-10-6M, this also being 
accompanied by a decreased rise time.

In conclusion, FMRFamide and AVT modulate the neuro
muscular junctions of Aplysia buccal muscle. The pre-and 
post-synaptic action of these peptides is currently under 
investigation. (Supported by MRC, Canada, & Alberta 
Heritage Foundation for Medical Research.
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202.13 EVIDENCE FOR OPIOID MECHANISM IN APLYSIA CEREBRAL GANGLIA,  
M. K. Leung, A. F, Hall*, G. B. Stefano, A. Chapman* and 
D. 0. Carpenter  Depts. of Chemistry and Biological 
Sciences, SUNY/Old Westbury, Old Westbury, NY 11568 and 
NYS Dept. of Health, Albany, NY 12201.

Leu-enkephalin was applied by pressure injection onto A 
and B cells of Aplysia cerebral ganglia. Changes were re
corded by voltage-clamp and current-clamp. The results 
showed increases in Na+, K+ and Cl- conductance. Late de
polarization responses appeared to associate with a conduc
tance decrease. Receptor desensitization responses appeared 
to associate with membrane conductance increases. However, 
these responses were not abolished by high concentration of 
noxolane. Thus, a delta receptor or a novel opioid receptor 
may be involved. Acid extract from the cerebral ganglia 
was analyzed by HPLC with a reverse-phase column using 
10mM NH4 acetate pH 4.0 and a gradient of 5- 2 5 % 2-propanol 
in 30 min. The results showed the presence of peptide peak 
with Rt same as Met-enkephalin. The peptide from this peak 
was purified by HPLC under isocratic condition. Displace
ment analysis showed the isolated peptide displaced 3H-D- 
Ala2-Met5-enkephalinamide in a similar manner as authentic 
Met-enkephalin. These results suggested the presence of 
any opioid mechanism in Aplysia cerebral ganglia.
(Supported by NIH Grants MBRS RR08180 and MH17138)

202.14  IMMUNOCYTOCHEMICAL MAPPING OF THE NEURAL CONTROL SYSTEM FOR 
FEEDING IN LIMAX MAXIMUS.  I. Cooke and A. Gelperin.  
Molecular Biophysics Research Dept., AT&T Bell Labs, Murray 
Hill, NJ 07974 and Dept. Biology, Princeton University, 
Princeton, NJ 08544.

The terrestrial slug Limax maximus shows rapid and reli
able conditioning of both aversive and appetitive responses 
to food odors (reviewed in Gelperin, 1983). One-trial food 
aversion learning is obtained when novel, very attractive 
food odors are paired with noxious or toxic stimuli. The 
neural substrate of food ingestion, termed feeding motor 
program, can be studied in the isolated cerebral and buccal 
ganglia. These ganglia also show one form of food aversion 
learning. The basic pattern of feeding motor program can 
be generated by the buccal ganglia alone, however, normally 
the generation of feeding motor program involves interaction 
between cerebral and buccal ganglia. We are seeking to 
identify neurons in the cerebral and buccal ganglia that may 
be involved in the control and modulation of feeding beha
viour as part of a search for the locus and mechanism of 
food aversion learning. Using the whole mount techniques 
of Beltz and Kravitz (J. Neurosci. 3: 585-602, 1983) we have 
demonstrated the presence of FMRF amide-like immunoreactiv
ity (FLI) in the cerebral and buccal ganglia of Limax. Two 
clusters of small somata exhibiting FLI were found in each 
buccal ganglion. Other small somata with FLI were scat
tered through the buccal and cerebral ganglia. In addition, 
cell B1, a large identified buccal neuron known to inner
vate a variety of targets also showed FLI. Nerve fibres 
with FLI were observed in the buccal nerve roots, the 
cerebrobuccal connectives and some cerebral nerve roots. 
The outer sheath surrounding the cerebral ganglion also 
exhibited strong FLI. Experiments to determine the effect 
of FMRF-amide on the feeding system of Limax are in pro
gress.

Preliminary experiments have indicated that α-amino- 
butyric acid (GABA) exerts a powerful inhibitory effect 
on the feeding system of Limax. We have found GABA-like 
immunoreactive nerve fibres in the CNS and are proceeding 
to localize the somata and terminal projections of these 
neurons.
Gelperin, A. 1983. Neuroethological studies of associa
tive learning in feeding control systems. In: F. Huber & 
H. Markl, eds. Neuroethology and Behavioral Physiology, 
Springer-Verlag, Berlin, pp. 189-205.
(Supported by NIH Grant MH 39160.)

202 15  IDENTIFICATION OF FMRF-AMIDE IMMUNOREACTIVE NEURONS IN 
THE ABDOMINAL GANGLION OF APLYSIA.  R. O. Brownt, A. I. 
Basbaum†§, and E. Mayerl†#.  Depts. of †Physiology and 
§Anatomy, University of California, San Francisco, CA 
94143 and #Dept. of Basic Sciences, California College 
of Podiatric Medicine, San Francisco, CA 94115.

We are studying the possibility that the molluscan 
cardioexcitatory peptide Phe-Met-Arg-Phe-amide (FMRFa) 
functions as a neurotransmitter in the abdominal ganglion 
of Aplysia californica. Previous studies have shown that 
FMRFa has widespread excitatory and inhibitory activities 
on abdominal ganglion neurons (Stone et al., Soc. Nsci. 
Abstr. 7:636), and that authentic FMRFa can be purified 
from abdominal ganglion extracts (B. Rothman et al., in 
prep.). In this study we used physiological and fluores- 
cence-immunocytochemical techniques to identify neurons 
containing immunoreactive- (IR-) FMRFa.

Abdominal ganglia from 400-800 gram animals were fixed 
by perfusion with 4% paraformaldehyde. FMRFa antiserum, 
obtained from Dr. Eckard Weber, was used at 1:4000. 
Individual cells were identified electrophysiologically 
and filled with Lucifer Yellow by pressure injection.

The abdominal ganglion contained large amounts of IR- 
FMRFa. Preabsorption of the antiserum with 100 μ M 
FMRFa eliminated the labelling. The neuropil was densely 
packed with IR-FMRFa fibers. Labelled fibers with beaded 
varicosities were also seen throughout the sheath overly
ing the ganglion; some fibers appeared to envelop certain 
neuronal somata.

A large number of cell bodies contained IR-FMRFa with 
varying intensities of labelling. Positively identified 
(Lucifer-filled) neurons labelling for FMRFa were L2, L3 , 
L4 , L5, L6 , R2 and a previously unidentified cluster of 
7-10 medium-sized white cells on the ventral surface of 
the right lower quadrant. Two other large cells, tenta
tively identified as L 12 and L13, were immunoreactive for 
FMRFa. IR-FMRFa was also seen in numerous small cells, 
often in clusters, throughout the ganglion. L1, L2 , L10  
L 11  R 3 - 1 3  R 1 4 , r 1 5 , and the bag cells did not label for 
FMRFa.

The giant cholinergic neurons, LP1 in the left pleural 
ganglion and R2, both contain IR-FMRFa; this suggests 
that these two cells may use both acetylcholine and an 
FMRFa-like peptide as neurotransmitters.
Supported by NIH Grants NS10246, NS14627, and NS16033.

202.16  ATRIAL GLAND CELLS PRODUCE AND RELEASE AN IDENTIFIED FAMILY 
OF EGG-LAYING PEPTIDES IN APLYSIA.  G.T. Nagle, S.D. Painter 
and J.E. Blankenship.  Marine Biomedical Institute, Univer
sity of Texas Medical Branch, Galveston, Texas 77550

The atrial gland of Aplysia californica is an exocrine 
organ in the large hermaphroditic duct of the reproductive 
tract that produces peptides that can induce egg laying when 
injected into another animal. To define the major biosynthe
tic products, atrial glands were labelled in vitro by ex
posure to a mixture of H-amino acids for 18h, extracted in 
acid in the presence of peptidase inhibitors, purified by 
Sephadex G-50 gel filtration, and the 2-10kD peptides iso- 
focused. Scintillation counting of sequential 1mm gel slices 
reveals a complex but highly reproducible pattern of radio- 
labelled peptide peaks. A surprisingly large number of these 
peaks induce apparently normal egg laying when eluted and 
injected into intact animals. Each active peak was further 
screened in a bag cell discharge neuroassay (for peptide A- 
and B-like activity) and by injection into bag cell-less 
Aplysia (for egg-laying hormone (ELH)-like activity). The 
active peaks were classified into one of three categories: 
those containing (1) ELH-like activity, (2) peptide A- and 
B-like activity, or (3) egg-releasing hormone (ERH)-like 
activity. Peaks with ERH-like activity are active in both 
assays. Each peak was assessed for homogeneity on an SDS- 
PAGE system that separates low molecular weight peptides 
with high resolution.

Interestingly, 18h-labelled atrial glands rapidly and 
spontaneously release their peptide products in vitro, 
whether chased in normal or low Ca++-high Mg++ seawater 
containing peptidase inhibitors. When the releasate is 
analyzed following gel filtration and isofocusing, the 
pattern of released 2-10kD radiolabelled peptides is very 
similar to that seen in freshly labelled 18h glands. Further
more, the releasate, like the labelled glands, contains 
peaks with ELH-like, peptide A- and B-like, as well as ERH- 
like activities. It is conceivable, however, that the rapid, 
quantitative peptide release observed in vitro does not 
accurately reflect the normal functioning of the atrial 
gland in intact Aplysia; we are investigating whether this 
spontaneous release is the result of removing an otherwise 
quiescent gland from some form of tonic inhibition in vivo. 
Supported by NIH NS 07025(GTN), NS 07010(SDP), NS 11255 and 
NSF PCM 82 15185(JEB).
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202.17  SPECIES SPECIFICITY OF MONOCLONAL ANTIBODIES PRODUCED 
AGAINST BIOLOGICALLY ACTIVE PEPTIDES FROM THE ATRIAL GLAND 
OF APLYSIA CALIFORNIOA. S.D. Painter, V.K. Kalman*, G.T.
Nagle and J.E. Blankenship. Marine Biomedical Institute, 
Univ. of Tex. Med. Br., Galveston, TX. 77550

The atrial gland of the sea hare Aplysia californica is an 
exocrine organ in the large hermaphroditic duct of the repro
ductive tract. Aqueous extracts of this organ induce egg lay
ing when injected into A. californica, A. dactylomela or A. 
brasiliana. Aqueous extracts of the A. brasiliana and A. 
dactylomela ducts also induce egg laying when injected into 
A. californica, suggesting that the active factors must be 
similar in the three species. We have localized the egg- 
laying activity in the A. dactylomela and A. brasiliana ducts 
by dissection and bioassay: activity is restricted to the 
atrial gland in A. dactylomela and to a narrow glandular re
gion bordering the red hemiduct in A. brasiliana. Both A. 
dactylomela and A. brasiliana have a prominent pea-shaped 
gland in the anterior large hermaphroditic duct; it does not 
contain egg-laying activity in either species.

The active areas of the A. brasiliana and A. dactylomela 
ducts are morphologically very similar to the atrial gland of 
A. californica, although the area is never as elaborated in 
A. brasiliana as in the other two species. Each area is a 
stratified epithelium composed of non-ciliated columnar 
epithelial cells overlaid by ciliated capping cells, which 
cover most of the lumenal surface. The columnar cells have 
basal nuclei and large (l-2µm in diameter) secretory gran
ules. Some cells have large blue (H & E) or pink (cresyl 
violet) pools filling the apical portion of the cell. A third 
type of columnar cell is recognizable in the A. dactylomela 
atrial gland (cresyl violet): these cells have distinctive 
deep purple granules and appear to be actively secreting into 
the lumen of the duct.

We have produced polyclonal and monoclonal antibodies 
against the biologically active atrial gland peptides of A. 
californica. The mouse polyclonal antibodies selectively 
stain the large secretory granules of the atrial gland 
columnar epithelial cells, but do not stain the atrial gland 
capping cells nor other parts of the duct. A monoclonal line, 
FW-6G8, retains these staining characteristics in A. calif
ornica. When tested on A. brasiliana and A. dactylomela large 
hermaphroditic ducts, the polyclonal serum stains large sec
retory granules in the columnar epithelial cells of the ac
tive regions. The monoclonal line, in contrast, does not 
stain any structures in either duct. Supported by NIH NS 
07010(SDP), NS 07025(GTN), NS 11255 and NSF PCM 82 15185(JEB).
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203 1 COEXISTENCE OF PROCTOLIN WITH TRH AND 5-HT IN THE RAT CNS.
V.R. Holets1 , T. Hökfelt 1*, J. Ude2*, M. Eckert2 * and 
S. Hansen3 * . †Department of Histology, Karolinska Institu
tet, 104 01 Stockholm, Sweden; 2Dereich Tierphysiologie der 
Sektion Biologie, Friedrich-Schiller-Universität, Jena, 
DDR; and 3 Department of Psychology, Göteborgs Universitet, 
400 20 Göteborg, Sweden.

The pentapeptide proctolin has been localized in the CNS 
of many arthropods, as well as in the leech, lobster and 
crayfish CNS. Proctolin has been shown to be co-contained 
with a monoamine in cells in the grasshopper and cricket. 
Using the indirect immunofluorescence technique, the dis
tribution of proctolin-like immunoreactivity (PLI) in the 
rat CNS was investigated using a specific polyclonal rab
bit antiserum raised against proctolin. Normal and colchi
cine-treated rats (120 µg/20 µl saline; lateral ventricle) 
were perfusion fixed with a modified Zamboni fixative. 
Serial 5-14 µm sections were cut through the hypothalamus, 
raphe nucleus and all levels of the spinal cord. Adjacent 
sections were used for the localization of TRH-like and 
5-HT-like immunoreactivity. Specificity of the proctolin 
antiserum was determined by RIA and by preabsorbing the 
antiserum with 10-100 µg/ml of proctolin or TRH. No de
crease in the intensity of staining was observed with the 
addition of TRH, but 10 µg/ml of proctolin completely 
absorbed all the staining observed with the proctolin 
antiserum. PLI was localized in cell bodies in the para
ventricular nucleus of the hypothalamus (PVN), nucleus 
raphe obscurus (NRO) and nucleus raphe pallidus (NRP). The 
PLI was found to coexist with TRH in a select population of 
neurons in the PVN, and to coexist with TRH and 5-HT in the 
NRO and NRP. The majority of neurons which contained PLI 
also contained TRH in the PVN, and TRH and 5-HT in the NRP 
and NRO, but not all TRH or 5-HT immunoreactive neurons 
contained PLI. Fibers containing PLI were localized to the 
PVN, the median eminence and the nucleus solitarius. In the 
spinal cord, PLI was found in fibers in the lateral horn of 
the thoracic level, surrounding the central canal and in 
the ventral horn at all levels of the spinal cord, follow
ing the distribution of TRH fibers in the spinal cord. No 
PLI was observed in the dorsal horn at any spinal cord 
level. The role of proctolin coexistent with TRH and 5-HT 
in the spinal cord and its role in sexual behavior are 
presently being investigated. Supported by a Fogarty 
Fellowship from the SMRC (V.R.H.) and SMRC Grant 04X-2887 
(T.H.).

203.2 CHOLECYSTOKININ (CCK) IN RAT PITUITARY NEUROINTERMEDIATE 
LOBE (NIL) DURING THE ESTROUS CYCLE. S. Goldman*, O. Van 
Reeth*, S. Schiffmann*, F. Lotstra* and J.J. Vanderhae- 
ghen. Neuropath. Neuropept. Res. Lab., Hopital Erasme, 
Université Libre de Bruxelles, Fondation Médicale Reine 
Elisabeth. 1 J.J. Crocq Ave, B-1020, Brussels, Belgium.

Coexistence of CCK and oxytocin has been shown in 
several nerve cell bodies of rat and bovine paraventricu
lar and supraoptic nuclei. (Vanderhaeghen et al., Proc. 
Natl. Acad. Sci. USA, 77, 1190-1194, 1980; Cell Tiss. 
Res., 221, 227-231, 1981). Lower CCK content in the NIL 
has been demonstrated in some conditions associated with 
oxytocin secretion (Beinfeld et al, Nature, 288, 376-378, 
1980). Compared with the male, a lower NIL CCK content 
with a wider distribution has been demonstrated in the 
female rat (Deschepper et al., Life Sci., 32, 2571-2577, 
1983). We here report a significant fluctuation of CCK in 
the NIL during the various stages of the estrous cycle. 
Vaginal smears were taken in 40 Wistar female rats to de
termine the estrous stage (rats with 5 consecutive 4-day 
estrus cycle were used). The rats were sacrified by deca
pitation, the NIL was immediately dissected and then 
homogenized and boiled in distilled water. After 
centrifugation, supernatants were used for determination 
of CCK content by RIA.

Stage of estrous cycle CCK content in pmol/g n P < 
wet weight ±  s.e.m.

Proestrus and estrus 602 ±  21 17
Metestrus and diestrus 494 ±  30 14 0.005*

0.01 +
Proestrus 589±  36 8
Estrus 614 ±  26 9
Metestrus 512±  27 6 0.05*
Diestrus 480 ±  49 8 0.05*

0.05+

*P value when compared to proestrus and estrus. +P value 
when compared to estrus (U-Mann-Withney test).

The variation of neurohypophyseal CCK content reported 
here during the estrous cycle is similar to the one 
already reported for oxytocin. Our results point to a 
common influence of sexual steroids on oxytocin and CCK in 
the hypothalamo-neurohypophyseal axis. Supported by 
FRSM(3.451.82-85), FNRS, FMRE, ANAH and Fondation Erasme 
1983-84.
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203.3  PUTATIVE ROLE OF ˠ 1 MSH AT CNS LEVEL IN RAT. W. Fratta, 
H.-Y.T. Yang and E. Costa. Lab. Preclin. Pharmacol., NIMH, 
St. Elizabeths Hosp., Washington, D.C. 20032.

Processing of proopiomelanocortin (POMC) leads to the for
mation of three distinct families of regulatory neuropep
tides, namely endorphins, ACTH, α - and ˠ -MSH peptides, in 
pituitary and brain structures. Thus, POMC containing neu
rons could offer an interesting model of, at least, triple 
coexistence of neuromodulators. Among the wide spectrum of 
possible neurophysiological roles proposed for the ACTH-MSH 
like peptides, several lines of independent evidence have 
suggested that these peptides could act as endogenous opiate 
antagonists. Very little is known on the biological proper
ties and possible physiological role of the ˠ -MSH peptide 
family. Here, we show that ˠ1-MSH, the endogenous amidated 
product of ˠ -MSH, has a biological profile which resemble 
that of an opiate agonist. In fact, we found that ˠ1-MSH 
inhibits the electrically induced contractions in the guinea 
pig ileum myenteric plexus-longitudinal muscle (IC50=10-5M). 
This effect was-7reversed by naloxone in a dose dependent 
manner (IC50=10-7M). Furthermore ˠ1-MSH potentiated the 
depressant Effect of either β -endorphin or leu-enkephalin in 
this system. Either ACTH1-24 or α-MSH or ACTH1-10 failed-to 
have opiate agonist action up to a concentration of 10-5M. 
However, ACTH1-24 added in bath either before or after ˠ1-MSH 
inhibited in close related manner the depressant effect of ˠ1- 
MSH (complete inhibition at equimolar concentrations). α -MSH 
and ACTH4-10 displayed the same antagonistic activity but 
with less potency, indicating that the amino acidic sequence
4-10 of the ACTH which is contained also in α - and β-MSH seems 
to be essential for this action as well as for most of the 
central effects of ACTH. In rat brain membranes 1ɣ,-MSH 
specifically displaced 3 H-dihydromorphine, 3H-ethylKeto- 
cyclazocine a n d  3H-D-Ala2-D -Leu5  enkephalin binding with IC50 
ranging from 10-7 to 5x10-7M. Intracerebroventricular injec
tions of 5 or 10  µ g of 1ɣ-MSH hardly affected the tail-flick 
response in rats and produced barrel rotations as reported 
also after dynorphin injections. Furthermore, the most 
characteristic central effects of ACTH, namely stretching
yawning syndrome, were antagonized by the concomitant injec
tion of ˠ1-MSH. On the basis of these results the possibility 
emerges that ˠ1-MSH may function as antagonist of nonhormonal 
central actions of ACTH and as a synergist of the opioid-like 
action of endorphins. All these data taken together suggest 
that the β -endorphin antagonist action of ACTH may be related 
to its interaction with ˠ1-MSH, thus the coexisting three 
neuropeptides could interact with each other, functionally.

203.4  VIP DECREASES ACETYL CHOLINE TURNOVER IN SALIVARY GLAND.
Eva* and J. L. Meek (SPON: S. Stine). Lab. Preclin. 
Pharmacol., NIMH, St. Elizabeths Hosp., Washington D.C. 
20032.

Acetylcholine (ACh) and vasoactive intestinal peptide 
(VIP) probably coexist in cholinergic neurons of salivary 
glands. VIP like immunoreactive nerve fibers occur in choli
nergic fibers around blood vessels and secretory elements in 
this tissue. In cat salivary glands, cholinergic drugs regu
late both ACh and VIP release from parasympathetic nerve 
endings, presumably via a feedback loop. In this work, we 
investigated whether VIP could modulate the metabolism of ACh 
in mouse submandibular gland cholinergic neurons using the 
ACh turnover rate as a parameter. The TRACH was measured by 
3H-choline incorporation into ACh during constant rate infu
sion (lμACi/min, 80μ Ci/mmol). Mice were microwaved after 
different infusion times and tissues were prepared by preci
pitation of amines with Reineckate salt. Choline and ACh 
were separated by reverse phase HPLC, and detected electro
chemical ly using an enzyme loaded post-column reactor. Frac
tions collected from the HPLC eluate were used for the deter
mination of Ch and ACh specific activities. We calculated 
that the TRACH was about 3.1 mmol/mg prot/hr. Pilocarpine, a 
muscarinic agonist, decreased the TRACH about 3 folds, while 
atropine, a muscarinic antagonist caused a large increase in 
turnover. Turnover therefore appears to be regulated by a 
feedback mechanism triggered by occupancy of postsynaptic 
receptors. VIP, infused intravenously (30μ g/kg/min) 
decreased the TRACH These results show that VIP, a putative 
cotransmitter with ACh in the salivary gland, is able to 
control the ACh metabolism in cholinergic neurons. This sug
gests that by changing postsynaptic receptor function, VIP 
participates in the feedback regulation of ACh metabolism.

203. 5  PEPTIDE-LIKE IMMUNOREACTIVITY COEXISTS WITH 
GLUTAMIC ACID DECARBOXYLASE IMMUNOREACTIVITY 
IN NEURONS OF CAT AND MONKEY CEREBRAL CORTEX. 
S.H.C. Hendry, J . DeFelipe* and E.G. Jones, Washington 
University School of Medicine, St. Louis, MO 63110 and 
University of California, Irvine, CA 92717.

Neurons in the cat and monkey (Macaca fascicularis) 
cerebral cortex (sensory-motor, parietal and visual areas) 
displaying immunoreactivity for somatostatin (SRIF), 
neuropeptide Y (NPY), cholecystokinin octapeptide (CCK) and 
glutamic acid decarboxylase (GAD) were examined light and 
electron microscopically. Neurons stained for each of the four 
substances are non-pyramidal cells. Using methods for 
sequential or simultaneous localization of two antigens, we 
determined: (1) All neurons displaying CCK-like, SRIF-like or 
NPY-like immunoreactivity in cat cortex and the vast majority 
in monkey cortex are also GAD-positive; (2) At least one- 
quarter of the to ta l population of SRIF- and NPY-positive cells 
are immunoreactive for both peptides; (3) No CCK-positive 
cell was found to be SRIF- or NPY-positive; (4) The number of 
GAD-positive neurons displaying immunoreactivity for 
CCK,SRIF or NPY is small in comparison with those that are 
GAD-positive alone. Most CCK-positive axon terminals form 
symmetric synapses onto cell bodies and proximal dendrites of 
unlabeled cells mainly in the superficial layers while most 
SRIF- or NPY-positive axon term inals form symmetric synapses 
onto small dendrites or dendritic spines. GAD-positive 
term inals form symmetric synapses at all of these and a t many 
other sites, including the cell bodies and proximal dendrites of 
cells in the deep layers and the initial segments of pyramidal 
cell axons. This implies that large basket cells and chandelier 
cells, though GAD-positive, are not immunoreactive for any of 
the three peptides. We conclude tha t GAD-positive neurons in 
cat and monkey cortex include a t least three separate 
populations -  one that is also CCK-positive and makes 
synapses on cell bodies and proximal dendrites of some 
neurons, a second that is also SRIF- and NPY-positive and 
makes synapses on small dendrites and dendritic spines, and a 
third in which CCK-, SRIF- and NPY-like immunoreactivity 
are not detectable and tha t make synapses on many different 
neuronal elements.

Supported by NIH Grant NS10526.

203.6  CHOLECYSTOKININ ANTAGONISTS BLOCK THE POTENTIATION OF 
DOPAMINE-INDUCED HYPERLOCOMOTION BY CHOLECYSTOKININ IN THE 
NUCLEUS ACCUMBENS. J.A. Stivers* and J.N. Crawley. 
Clinical Neuroscience Branch, National Institute of Mental 
Health, Bethesda, MD 20205.

Cholecystokinin co-exists with dopamine in mesolimbic 
neurons in rat brain. When injected directly into the 
nucleus accumbens, CCK8 potentiated dopamine-induced 
hyperlocomotion and apomorphine-induced stereotypy, over a 
dose range of 20 pg - 200 ng. Unsulfated CCK8 was 
ineffective over a wide dose range. CCK administered 
alone had no effect on locomotion or stereotypy, 
suggesting that CCK is primarily a modulator of 
dopamine-mediated behaviors in the mesolimbic system. CCK 
did not potentiate apomorphine-induced stereotypy when 
injected into the caudate nucleus, where CCK and dopamine 
are located in different neurons, suggesting that the 
potentiation effect is specific to the 
neuromodulator-neurotransmitter co-existence phenomenon.

To test the pharmacological specificity of the 
CCK-induced potentiation of dopamine-induced 
hyperlocomotion in the nucleus accumbens, specific 
antagonists of CCK were injected into the nucleus 
accumbens prior to administration of saline, dopamine 20 
µg/side ± saline, or dopamine 20 µg/side ± sulfated CCK8 
200 pg/side. Proglumide, 20 µg/side, had no effect on 
locomotion when administered alone, or in conjunction with 
dopamine, but effectively blocked the potentiation by CCK 
when administered in conjunction with dopamine ± CCK. 
Benzotript, 10 µg/side, also effectively blocked the 
potentiation by CCK. Rabbit antibodies raised against 
sulfated CCK8 (gift of Dr. M.C. Beinfeld, Department of 
Pharmacology, St. Louis University School of Medicine, St. 
Louis, M0), similarly blocked the CCK-induced potentiation 
of dopamine-induced hyperlocomotion without affecting 
locomotion when given alone or prior to dopamine 
administration. Preimmune serum was not active in 
blocking these behavioral effects of CCK.

These data show that the modulatory effects of CCK on 
dopamine-mediated behavior, at a site of co-existence in 
the rat brain, can be blocked by specific antagonists of 
the CCK receptor.
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203 7  CHOLECYSTOKININ SELF-INJECTION IN THE NUCLEUS ACCUMBENS AND 
BLOCK WITH PROGLUMIDE. B.G. Hoebel and E. A u lls l. Dept. 
Psychology, P rinceton  U n iv ., P rinceton , NJ 08544

Eight r a t s  w ith cannulas in  th e  nucleus accumbens 
responded on th e  ap p ro p ria te  one of two le v e rs  fo r  65±15
n l, u n i la te r a l  in je c tio n s  of 0 .4  ug/n l s u lfa ted  
cho lecystok in in  (CCK) a t  a mean r a te  of 21 p resses  per hour 
during  4 -h r sess io n s . This r a te  approxim ately doubled when 
th e  co n cen tra tio n  was halved or when 0.8 ng/n l of the  CCK 
b locker, proglumide, was added to  th e  s e l f - i n j e c t i on 
m ixture. Conversely, doubling the  CCK con cen tra tio n  halved 
th e  response r a te .  Thus th e  anim als changed th e i r  response 
r a te  to  compensate fo r  a CCK blocker or fo r  changes in  
co n cen tra tio n . Proglumide added to  the  CCK a t  the  dose 
te s te d  had th e  same e f fe c t  as halv ing  the  co ncen tra tion  of 
CCK.

This r e s u l t  dem onstrates s e lf - re g u la tio n  of a non-opiate 
pep tide  in  a lo c a l b ra in  reg ion . I t  i s  s im ila r  to  
s e l f - in je c t io n  of amphetamine and block by the  dopamine 
an tg o n is t, f lu p e n th ix o l, in  th is  same reg ion  (Hoebel, B .G ., 
e t  a l .  Psychopharmacol. , 81:151, 1983; A u lis i,  E. & Hoebel, 
B .G ., Soc. Neurosci . A bstr. #36.7 , P. 121, 1983). Given 
th a t  CCK and dopamine have been co localized  in  th e  nucleus 
accumbens, i t  would appear th a t  the  two c o tra n sm itte rs  have 
s im ila r  fu n c tio n s  in  the  reinforcem ent of behavior. The 
CCK a n ta g o n is t, proglumide, may func tion  in  a manner 
analogous to  a n e u ro le p tic . (Supported by USPHS Grant 
MH-35740 and Squibb I n s t ,  fo r Med. Res.)

203.8  GALANIN IMMUNOREACTIVE NEURONS IN THE CENTRAL AND PERI
PHERAL NERVOUS SYSTEM. T. Melander*, T. Hökfelt*, Å . Rökaeus* 
K. Tatemoto*and V. Mutt*(SPON: S. Whittemore). Departments 
of Histology, Pharmacology and Biochemistry, Karolinska 
Institutet, Stockholm, Sweden.

Galanin (GAL) was isolated from pig small intestine and 
characterized as a 29 amino acid peptide (Tatemoto, K. et. 
al., FEBS Letters, 164: 124-128, 1983). Using an antiserum 
raised against pig GAL conjugated to bovine serum albumin, 
GAL immunoreactive (IR) neuronal structures have been 
mapped in detail in the central and peripheral nervous 
system (CNS and PNS) of several species. In the spinal cord 
small GAL positive cells were detected in laminae I and II 
of the dorsal horn together with a moderately dense fiber 
network. In the medulla oblongata GAL-IR cell bodies were 
seen in the caudal spinal trigeminal nucleus, also here 
with GAL-positive fiber networks. An extensive system of 
GAL-IR cell bodies and densely aggregated fibers were ob
served in the dorsal vagal complex. In the ventrolateral 
area of the medulla large positive perikarya could be de
tected together with a moderately dense fiber network. In 
the pons and mesencephalon a very large proportion of the 
neurons of the locus coeruleus were GAL-positive. A medium 
dense to dense GAL-IR innervation of the periaqueductal 
central grey could be noted. In the diencephalon GAL-posi
tive cell bodies could be seen in the anterodorsal and 
periventricular thalamic nuclei, lateral to the mammillary 
recess, in the arcuate nucleus, anterior to and in the 
dorsomedial hypothalamic nucleus, in the medial forebrain 
bundle area, in the medial preoptic area and in the ante
rior periventricular region of the hypothalamus. Neurons in 
the paraventricular, supraoptic and caudal magnocellular 
nuclei were GAL-positive. Wide-spread fiber systems, with 
the highest concentrations in the dorsal and periventri
cular aspects of the hypothalamus and in the median emi
nence, were detected. In the telencephalon several large 
populations of GAL-IR somata were located in and around the 
nucleus of the diagonal band and in the central amygdaloid 
nucleus. In the PNS GAL-positive structures were mainly 
found in the gastro-intestinal tract. However, a large 
portion of the chromaffin cells of the adrenal medulla 
stained for a GAL-like substance. In some cases central 
GAL-positive neurons contained one or several other pep
tides or a marker for a classical transmitter, indicating 
that this GAL-like peptide is involved in coexistence sit
uations at several levels of the CNS.(SMRC 04X-2887)

203.9  EFFECTS OF A PEPTIDE FROM APLYSIA NEURONS R3-R14 ON POTENTIAL 
TARGETS. H. Yamagishi*, C.Y. Lin* and D.J. McAdoo. (SPON: 
D.L. Trevino). Marine Biomedical Institute, Univ. of Texas 
Med. Br., Galveston, TX 77550.

Identified Aplysia neurons R3-R14 have many characteris
tics of neurosecretory neurons (Coggeshall et al., 1966), 
including the presence of characteristic peptides (Nambu et 
al., 1983 and references therein). We have isolated several 
R3-R14 peptides by dissecting out R3-R14 cell bodies, ex
tracting them with 0.5 N formic acid and resolving the com
ponents of the supernatant by high pressure liquid chroma
tography (Lin et al., this meeting). The major HPLC peak was 
applied to assorted potential targets to determine whether 
it contains physiologically activ material. Application of 
the main peak to the ganglion caused long lasting hyperpolar
ization of R3-R14, R16 and several other cells in the right 
lower ventral quadrant. The normal spontaneous firing of 
R3-R14 was inhibited by the peptide, suggesting a negative 
feedback system which shuts off the neurons when released 
peptide reaches a certain level. Most Aplysia neurons are 
unaffected by R3-R14 peptide. Perfusion through a beating 
heart increased the frequency and amplitude of contractions 
of the ventricle. R3-R14 peptide causes contraction of the 
gastroesophageal but not the abdominal and anterior aortas 
of Aplysia. The threshold is below the amount of material in 
one cell body. R3-R14 peptide also causes contraction of 
strips of the ventricular myocardium with a threshold of 
about the amount of material obtained from 0.05 cell bodies 
(ca. 5 ng). Strips of crop muscle are also caused to contract 
with a threshold of the amount of material from 0.25 cell 
bodies. The effects of glycine and R3-R14 peptide on the 
gastroesophageal artery augment each other, while the 
peptide overcomes the depolarizing effect of glycine on 
R3-R14 cell bodies. The effects of R3-R14 peptide reported 
here together with considerable evidence that R3-R14 
utilize glycine as an intercellular messenger (Sawada 
et al., 1981), makes it highly probable that R3-R14 
release multiple substances to act as chemical messengers. 
Coggeshall, R.E., Kandel, E.R., Kupfermann, I. and Waziri, 
R., J. Cell Biol. 31: 363-368 (1966). 
Nambu, J.R., Taussig, R., Mahon, A.C. and Scheller, R.H., 
Cell 35: 47-56 (1983). 
Sawada, M., McAdoo, D.J., Blankenship, J.E. and Price, C.H., 
Brain Res. 207: 486-490 (1981).

203.10  AMINO ACID INCORPORATION INTO PEPTIDES IN APLYSIA NEURONS
R3-R14. C.Y. Lin* and D.J. McAdoo. Marine Biomedical Insti
tute, Univ. of Texas Med. Br., Galveston, TX 77550.

Aplysia neurons R3-R14 are characterized by high concen
trations of free glycine. Although we have previously pre
sented evidence that R3-R14 may utilize glycine as a neuro
chemical messenger, it has recently become apparent that the 
peptides manufactured by R3-R14 are also very glycine rich 
(Nambu et al., 1983). In order to explore whether the high 
concentrations and high rate of glycine uptake in R3-R14 are 
primarily to support peptide synthesis, we have compared the 
amounts of free and peptide-incorporated amino acids and the 
rates of uptake of several amino acids into R3-R14 and their 
incorporation into R3-R14 peptides (Table 1).

Table 1. Presence, uptake and incorporation of amino acids 
into R3-R14 peptides.

Amino Acid Free AA/cella 
nmol/cell

Inc./Freeb Inc. /Uptakec

Glycine
Alanine
Methionine
Histidine
Arginine
Aspartate

1.6
0.26
0.008
0.05
0.13
1.0

0.09
0.34
1.5
1.9
0.5

0.0035
<.0004
0.13
0.12
0.005

a. Based on an analysis of the free amino acids present in 
a pool of 50 R3-R14 cell bodies.

b. Based on an amino acid analysis of the major HPLC peptide 
peak obtained from 90 R3-R14 cell bodies.

c. Based on the amounts of radioactivity incorporated into a 
major and minor HPLC peptide peak from R3-R14 and the 
amounts in free amino acids in the cell.

According to the data in Table 1, a smaller fraction of the 
glycine in R3-R14 is incorporated into peptide than any of 
the other amino acids examined. Similarly, relatively small 
fraction of the glycine taken up is incorporated into R3-R14 
peptides. This suggests that glycine levels are high in 
R3-R14 to serve some function other than to support peptide 
synthesis. We have presented considerable evidence (Sawada 
et al., 1981 and references therein) that R3-R14 may utilize 
glycine as an intercellular messenger.
Nambu, J.R., Taussig, R., Mahon, A.C. and Scheller, R.H.
Cell 35: 47-56 (1983).
Sawada, M., McAdoo, D.J., Blankenship, J.E. and Price, C.H. 
Brain Res. 207: 486-490 (1981).
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203 11 IMMUNOPEROXIDASE MASKING OF IMMUNOFLUORESCENCE PROVIDES AN 
INDEX OF THE COEXISTENCE OF SEROTONIN, SUBSTANCE P AND 
ENKEPHALIN IN AXONAL ENDINGS IN THE VENTRAL HORN OF THE 
SPINAL CORD.  M.A. Ruda. Neurobiology and Anesthesiology 
Branch, NIDR, NIH, Bethesda, Maryland 20205.

Numerous studies have examined coexistence in neuronal 
cell bodies. The demonstration of coexistence in axons has 
had limited technical successs mainly due to non-specific 
staining of the first antigen with the second chromagen.
Using a combination of PAP and indirect fluorescence immuno- 
cytochemical techniques, a double label method for identi
fying the location and density of axons which contain co
existent neurotransmitters is described. Serotonin (5-HT), 
substance P (SP) and enkephalin (ENK) axons in the cat 
lumbar ventral horn were selected for study since brain stem 
neurons containing coexistent neurotransmitters contribute 
afferents to the spinal cord. In frozen sections, the first 
antigen was labeled with the PAP technique. The second an
tigen was labeled with immunofluorescence (IgG/FITC or IgG/ 
Rhodamine). Both primary antisera (Immunonuclear) were pro
duced in the same species. As a control, the same antigen 
was sequentially processed for both PAP and immunofluores
cence or twice for immunofluorescence using different fluoro- 
chromes. Sections in which the same antigen was labeled 
sequentially with PAP and fluorescence contained no fluores
cent axons. Sections double labeled with immunofluorescence 
exhibited all axons labeled by both fluorochromes. Thus, 
the PAP reaction product appeared to mask the second fluo
rescent label. In the ventral horn the number of 5-HT axons 
was greatest; SP noticeably fewer and ENK the fewest. Double 
labeled sections in which 5-HT axons were labeled with PAP 
contained only an occasional fluorescent SP axon, while the 
density of fluorescent ENK axons was similar to control, 
ruling out non-specific effects of PAP on immmunoreactivity. 
When SP axons were labeled with PAP, a small decrease in 
fluorescent 5-HT axons was apparent, especially around motor- 
neurons, while the density of fluorescent ENK axons was 
similar to control. When ENK axons were labeled with PAP, 
no noticeable difference in the density of either 5-HT or 
SP fluorescently labeled axons was observed. These obser
vations suggest that almost all ventral horn SP axons also 
contain 5-HT while most of the 5-HT axons contain neither 
SP nor ENK. The combination of PAP immunocytochemistry and 
immunofluorescence thus provides a method for identifying 
the location and density of axons with coexistent neurotrans
mitters.

203.12  PROCESSING BY OPIOMELANOTROPINERGIC NEURONS 
PROFOUNDLY AFFECTS BEHAVIORAL ACTIONS OF SECRETED 
PEPTIDES. M. D. H irsch* and T. L. O’Donohue (SPON: W. Mink). 
Experimental Therapeutics Branch, NINCDS, NIH, Bethesda, MD 
20205.

Opiomelanot ropinergic (POMC) neurons in mammalian brain and 
endocrine cells in intermediate lobe o f the p itu ita ry  synthesize and 
secrete peptides derived from a single prohormone. The phenomena 
o f synthesis and secretion o f m ultiple peptides by an individual cell 
leads one to hypothesize that the functions of these peptides may be 
interrelated. For example, i t  has recently been shown that the non
opioid C-t erminus of B-endorphin I-3 1 (BE) modulates the 
chromogenic response o f melanocytes to alpha-melanocyte- 
stimulating hormone (α-MSH) (cf. Logan, et al., Peptides 2 :I2 I, 
1981). To further test the hypothesis o f a functional relationship 
between POMC-derived α-MSH and BE peptides, we investigated 
the ir pharmacological interactions.

Adult, male Sprague-Dawley rats (250-350 g) received int ra- 
cerebroventricular (ICV) administration of peptide solutions 
containing varying dose-combinations of α-MSH and acetylated and 
des-acet yl forms o f BE I-3 1 (human) and fragments. Control 
solutions contained saline vehicle in place of respective peptides. 
Excessive grooming, stretch-yawn-syndrome (SYS), and catatonic 
behaviors were quantitated over a 55 min. period as described 
previously (Gispen, et al. L ife  Sci. F7:645, 1975).

The results indicated that both α-MSH and BE I -3 1 induced dose- 
related excessive grooming behavior. The potency of a-MSH was 
increased by acetylation, while the potency o f BE 1-3 1 was 
markedly decreased by acetylation. The e ffects o f α-MSH and BE 1- 
3 1 were distinguishable by the fact that α-MSH also induced SYS but 
not catatonia, while BE 1-3 1 also induced catatonia but not SYS. In 
addition, BE 1-3 1 significantly inhibited a-MSH-induced grooming 
and SYS, while α-MSH significantly increased the duration of BE 1- 
3 1 catatonia. Acetylation reduced the a b ility  o f BE 1-3 1 to inhib it 
α-MSH's actions. Surprisingly, cleavage o f BE 1-3 1 to BE 1-27 
resulted in a peptide which induced SYS, as did BE 1-26 which also 
lacks the C-terminus. Consistently, this C-t erminal fragment BE 
28-31 inhibited α-MSH induced grooming and SYS in a dose-related 
manner, as did BE 6-31 which contains this C-term inal t et rapept ide. 
In addition, BE 28-31 inhibited BE 1-27 grooming and SYS, but did 
not e ffec t BE 1-3 1 grooming. Interestingly, structural differences 
in the C-terminus o f ra t and human BE 1-3 1 altered catatonic 
potency, but did not a ffec t grooming potency or α-MSH antagonism. 
These results indicate that processing o f peptides by POMC neurons 
profoundly affects behavioral actions of the secreted peptides.

203.13  COEXISTENCE OF PUTATIVE TRANSMITTERS IN RAPHE NEURONES 
TRANSPLANTED TO THE RAT STRIATUM.  M. Schultzberg*,G.A.Foster* 
F. Gage, A. Björklund*and T. Hökfelt*(SPON: H. Aldskogius). 
Dept. of Histology, Karolinska Institutet, P.O . Box 60 400, 
S-104 01 Stockholm, Sweden.

The occurrence of more than one putative neurotransmitter 
within the same neurone has been demonstrated in many parts 
of the central and peripheral nervous systems. One example 
is the medulla oblongata, where some Raphe neurones have 
been shown to contain 5-hydroxytryptamine (5-HT), substance 
P and thyrotropin releasing hormone (TRH). The ability of 
these neuronal cell types to survive and send out processes 
was studied in intracerebral transplants. The effect on the 
phenotypic expression of changing the environment of these 
neurones was also investigated. Suspensions of fetal rat 
(embryonic day 15) brain tissue were injected stereotaxical- 
ly into the adult rat striatum, in which serotonergic affer
ents were previously removed using 5 ,7-dihydroxytryptamine. 
The rats were taken for immunohistochemical studies at least 
six weeks after grafting. Survival of 5-HT, substance P and 
TRH immunoreactive cells, and cells with various permuta
tions of these substances were observed in the transplants. 
No obvious outgrowth of fibres from the grafts was seen, but 
networks of fibres containing 5-HT, substance P- and to a 
lesser extent TRH-like immunoreactivity could be seen within 
the transplants. Upon comparison of consecutive sections, 
5-HT, substance P and TRH immunoreactive fibres had a simil
ar localization.
In conclusion, medullary Raphe neurones containing 5-HT, 
substance P- and TRH-like immunoreactivity survive trans
plantation and are able to send out nerve processes. However, 
they do not seem to reinnervate the previously denervated 
host striatum, which may reflect the fact that it is not the 
normal projection area of these cells. It also appears that 
the phenotypic expression of the transplanted medullary 
Raphe neurones is independent of both their cellular milieu 
and the environment of their axonal/terminal processes.

203. 14 SPINAL CORD 5-HT1 BINDING SITES APPEAR COUPLED TO SUB
STANCE P BINDING SITES. F .P . Zemlan and M.M. Behbehani. 
Dept. o f  P sy ch ia try , Physiology and B iophysics, U n iv e rs ity  
o f  C in c in n a ti School o f M edicine, C in c in n a ti, OH 45267- 
0559.

Substance P (SP) and Sero ton in  (5-HT) have been shown 
to  co ex ist in the  same bu lbospinal neurons and have been 
co lo ca liz ed  in the  same dense core synap tic  v e s ic le s  in 
th e  sp in a l cord. These d a ta  suggest th a t 5-HT and SP are  
co re leased . The p resen t study in v estig a ted  whether SP 
modulates the  binding  o f  H3-5-HT to  5-HT1 binding  
s i t e s  in r a t  sp in a l cord . 3H-5-HT (2nM) b inding to  
sp in a l cord d o rsa l o r  v e n tra l horn membranes was 
determ ined in the  presence o r absence o f unlabeled 5-HT 
(2uM).

A ddition  o f  SP to  the  incubation  media re s u lte d  in an 
inc rease  in 3H-5-HT binding  in both do rsa l and v en tra l 
horn. A ddition o f  10 nM SP produced about a 10% increase  
in  s p e c if ic  3H-5-HT binding  in both reg ions o f  the  
sp in a l cord (p 's  < 0 .0 3 ). Maximal 3H-5-HT b inding  was 
observed a t 1 to  10 uM SP where s p e c if ic  b inding increased 
about 30% (p 's  < 0 .001 ). The e f fe c t  o f SP on 3H-5-HT 
binding  [2nM] was dose-response re la te d :

S p e c ific  3H-5-HT Binding (fmoles/mg)

[SP] D orsal Horn V entra l Horn

OnM 17.08 13.42
10nM 18.55 14.99

100nM 18.10 14.63
1000nM 19.66 17.26

10000nM 23.08 —

Mean 3H-5-HT binding  in sp in a l cord determined from 3 to  
7 assays performed in t r i p l i c a t e .  The s p e c i f i c i ty  o f the 
p re sen tly  repo rted  enhanced 5-HT binding  in the  presence 
o f  SP as w ell as the  b inding k in e t ic s  w ill  be d iscussed . 
(Supported by USPHS Grant NS18326).
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203.15 ACETYLCHOLINESTERASE AND SOMATOSTATIN-IMMUNOREACTIVITY 
COEXIST IN NEURONS IN RAT CEREBRAL CORTEX AND HIPPOCAMPUS, 
BUT NOT IN CH4 CHOLINERGIC NEURONS OF THE BASAL POREBRAIN.
C. H. ZHU*, J .  R. PELFS, E. J .  MUFSON, M. A. DICHTER, AND 
M-M. MESULAM. DIVISION OF NEUROSCIENCE, CHILDREN'S HOSP., 
AND DEPT. OF NEUROLOGY, BETH ISRAEL HOSP., BOSTON, MA 02115.

There a re  profound and r e la t iv e ly  s e le c t iv e  decreases of 
c h o lin e rg ic  markers in c lu d in g  ch o lin e  a c e ty ltr a n s fe ra s e  
(ChAT) and a c e ty lc h o lin e s te ra s e  a c t iv i ty  (AChE), and o f 
s an a to s ta tin -im n u n o rea c tiv ity  (SOM-IR) in  b ra in s  o f persons 
w ith  A lzheim er's d isea se  (Bowen e t  a l .  1976, Davies and 
Maloney 1976, Perry  e t  a l .  1977, Davies e t  a l .  1980, Rossor 
e t  a l .  1980). We have re c e n t ly  rep o rted  th a t  AChE and 
SOM-IR c o e x is t  in  neurons c u ltu re d  from r a t  cerebrum (D elfs 
e t  a l . ,  Science 223: 61-63, 1984). The p re sen t s tudy , based 
on methods fo r  th e  concu rren t dem onstration o f AChE and 
SOM-IR (Levey e t  a l .  1983), examines th e  re la tio n s h ip  
between th e se  two markers in  th e  in ta c t  r a t  b ra in .

In te n se ly  s ta in in g  AChE-rich neurons were seen in  a l l  of 
th e  basa l- fo re b ra in  c h o lin e rg ic  n u c le i .  Less in te n s e ly  
s ta in in g  AChE-positive c e l l  bodies were a ls o  p re sen t 
throughout co rte x . S ta in in g  fo r  SOM-IR (antibody g i f t  o f S. 
R e ic h lin ) was seen in  neurons throughout th e  b ra in  and was 
la rg e ly  c o n s is te n t w ith  re p o r ts  in  th e  l i t e r a tu r e .  However, 
no SOM-IR was d e tec ted  in  th e  AChE-rich neurons o f th e  Ch4 
s e c to r  o f th e  b a sa l fo re b ra in , known to  be th e  predominant 
source o f c h o lin e rg ic  in n e rv a tio n  to  th e  neocortex  and 
amygdala (Mesulam e t  a l .  1983).

In  c o rte x , SOM-IR appeared to  be p re sen t in  many o f th e  
AChE-re a c t iv e  neurons, p a r t ic u la r ly  in  th e  deeper c o r t ic a l  
la y e rs .  On th e  o th e r  hand, many neurons s ta in ed  on ly  fo r  
SOM-IR. S im ila r f in d in g s  were noted  in  th e  hippocampus.

Th ese  o b servations  show th a t  SOM-IR and AChE do co ex is t 
in  many neurons, confirm ing our fin d in g s  in  c e l l  c u ltu re .

Since re c en t evidence suggests th a t  th e re  may be l i t t l e ,  
i f  any, o verlap  between A C hE -reactiv ity  and ChAT-positive 
neurons in  co rte x  (Levey, Rye, Wainer, Mufson, and Mesulam, 
N eurosci. , in  p re s s ), th e  o verlap  o f SOM-IR and AChE cannot 
be in te rp re te d  to  in d ic a te  th e  coex istence  o f a ce ty lch o lin e  
and so m ato sta tin  in  c o r t ic a l  neurons. However, th e  
AChE-positive s ta in in g  r a is e s  th e  p o s s ib i l i ty  th a t  a subse t 
o f scm a to s ta tin e rg ic  neurons could be c h o lin o cep tiv e .

These r e s u l t s  a ls o  dem onstrate th a t  SOM-IR i s  no t found 
in  th o se  neurons re sp o n sib le  fo r  th e  major c h o lin e rg ic  
in n e rv a tio n  o f th e  c o r t i c a l  m antle , r e s u l t s  which a re  
com patible w ith  le s io n in g  s tu d ie s  (McKinney e t  a l .  1982).

203.16  MUTUALLY EXCLUSIVE LOCALIZATION OF IMMUNOREACTIVE 
OXYTOCIN AND VASOPRESSIN IN THE MEDIAN EMINENCE OF THE 
CAT AND CO-LOCALIZATION OF IMMUNOREACTIVE VASOPRESSIN 
WITH MET- AND LEU-ENKEPHALIN. H. D. Coulter, R. Elde, 
K. Hogquist*, and F. K. Roche*. Department of Anatomy, 
University of Minnesota, Minneapolis, MN 55455

Blocks of median eminence from male and female pre
pubertal cats were quick-frozen at liquid helium tempera
ture, dried in a vacuum, fixed with osmium tetroxide 
vapor, and infiltrated with epoxy resin. Serial sections, 
each about 0.15 µm thickness, were placed on teflon 
coated glass slides containing 80 wells per slide. In a 
typical experiment 8 numbered serial sections from each 
block were immunocytochem ically stained with antibodies 
to vasopressin (#1), met-enkephalin (#2), leu-enkephalin 
(#3), and oxytocin (#4), followed by FITC- labeled second 
antibodies. Sections #5, 6, 7 and 8 were treated with 
the same antisera absorbed with their respective pep
tides. A monoclonal antibody specific to vasopressin was 
obtained from A. Hou-Yu and E. A. Zimmerman, and a 
rabbit antibody specific to oxytocin was obtained from 
Immunonuclear, Inc. Four L-enkephalin antibodies and 
five M-enkephalin antibodies, all raised in rabbits, were 
obtained from Immunonuclear, Immunotech, Bioproducts, 
Cambridge Research Biochemicals, and Merseyside Labora
tories, and were used without purification. Fluorescence 
images were intensified with a silicon-intensified-tube 
television camera and photographic records were obtained 
directly from the screen of a video monitor. Immunoreac- 
tive (IR) oxytocin was found in 0.5-2 µm axons and IR 
vasopressin in 0.5-10 µm axons, always separately. In 
the internal lamina of the median eminence IR vasopressin 
was always found co-localized with both IR met- and leu- 
enkephalin. In the external lamina and subependymal 
layer IR enkephalin was sometimes found unassociated with 
IR vasopressin. Since axons of the internal lamina of the 
median eminence terminate in the posterior pituitary, the 
present findings suggest that the fibers IR for both 
vasopressin and enkephalin are the source of endogenous 
opiates which act upon the abundent opiate receptors in 
the posterior pituitary.
Supported by NSF grant BNS 81-19552 and NIH grant RO 1 NS 
19428.

203.17 AN IMMUNOFLUORESCENCE METHOD FOR VISUALIZING NEUROTRANSMIT
TER COEXISTENCE IN FIBERS AND TERMINALS by R.P. Elde and 
M.W. Wessendorf, Dept. Anatomy, Univ. Minnesota, 
Minneapolis, MM 55455

There are several light microscopic methods presently in 
use for demonstrating neurotransmitter coexistence; however 
none allow its visualization in fibers and terminal fields. 
This abstract describes a method for doing so.

The method used to show coexistence was identical to that 
used for immunohistochemical localization of one antigen, 
except that 2 immunologically distinct primary-secondary 
antibody systems labeled with 2 different fluorochromes were 
used simultaneously. An antiserum to serotonin (5HT, 
Immunonuclear) generated in goat was added to an equal 
measure of rabbit-generated antiserum to substance P (SP), 
and 98 measures PBS/0.3% Triton X-100 were added to make a 
final dilution of 1:100. This antisera mixture was applied 
to 10 micron cryostat sections of rat CNS and incubated 
overnight at 4° C. After rinsing in PBS, a mixture of 
secondary antibodies was applied to the tissue. This con
sisted of one measure of FITC-labeled swine-anti-rabbit IgG 
(Dako/Accurate) mixed with one measure of TRITC-labeled 
swine-anti-goat IgG (Tago) and 6 measures of PBS/Triton, to 
make a final dilution of 1:8. After incubating with the 
tissue for 1 hour at room temperature, the tissue was rinsed 
and coverslipped with PBS/glycerin 1:3. Slides were exa
mined for immunostaining using 25X and 40X objectives on a 
Zeiss Standard fluorescence microscope equipped for blue 
and green reflected illumination and having a 560 nm inter
ference barrier filter.

Using this technique, single fibers in the brainstem and 
spinal cord were found fluorescing both red and green after 
staining for 5HT and SP. While some of these were in white 
matter, others in gray matter appeared to be in apposition 
to neuronal somata, and therefore may be nerve terminals.

Controls for secondary antiserum cross-reactivity were 
negative. Likewise, when the barrier filter was used 
appropriately, neither blue excitation of TRITC-labeled 
tissue nor green excitation of FITC-labeled tissue produced 
any staining. This suggests that double labeling is not the 
result of wide-spectrum emmission by the fluorescent labels.

It is concluded that this technique is capable of 
visualizing coexistence of 5HT with SP in nerve fibers and 
terminals. It appears to be applicable to other systems.

These studies were supported by DA 05226 and DA 02148.

203.18 DISTRIBUTION OF SPINAL FIBERS AND TERMINALS IN WHICH 
SEROTONIN (5HT) AND SUBSTANCE P (SP) LIKE IMMUMOREACTIVITIES 
COEXIST by M.W. Wessendorf and R.P. Elde, Dept. Anatomy, 
Univ. Minnesota, Minneapolis, MN 55455

It is known that some serotonergic neurons in the B3 
group also contain SP. However, investigation of the pro
jections of these neurons has been hampered by the lack of a 
method for directly visualizing neurotransmitter coexistence 
in fibers. We have recently developed a method for 
visualizing nerve fibers in which 5HT-like immunoreactivity 
(5HT-LI) coexists with immunoreactivity for a second 
neurotransmitter. The present abstract reports the distri
bution in the rat spinal cord of fibers in which 5HT-LI 
coexists with SP-like immunoreactivity (SP-LI).

To examine the distribution of fibers containing 5HT and 
SP, male Sprague Dawley-derived rats (Holtzman) were killed 
by perfusion with Zamboni fixative, and spinal segments 
C6-8 , T6-8 , L4-6, and SI-3 were removed. Ten micron 
cryostat sections were cut in the horizontal, saggital, and 
transverse planes, and a solution of goat-anti-5HT mixed 
with rabbit-anti-SP was applied to the tissue. This incuba
tion was followed by an application of a solution of secon
dary antibodies: FITC swine-anti-rabbit mixed with 
TRITC-swine-anti-goat. Using this protocol, fibers con
taining 5HT-LI fluoresced red, while fibers containing SP-LI 
fluoresced green.

Fibers containing both 5HT-LI and SP-LI were found in the 
intermediolateral cell column of the thoracic spinal cord, 
and in the ventral horn and around the central canal at all 
levels. In the ventral horn, the density of these fibers 
was lowest in the cervical spinal cord, and it was of inter
mediate density at the thoracic and lumbar levels. The 
highest density of these fibers in the entire spinal cord 
was found in the sacral ventral horn, where many of these 
fibers were in close proximity to very large cells 
resembling alpha motor neurons. Except in ventral nucleus 
proprius, few if any fibers were found in the dorsal horn in 
which 5HT-LI and SP-LI coexisted.

It is concluded that serotonergic fibers in which SP 
coexists are a common feature of the rat spinal cord. It 
appears that the function of these fibers could be studied 
most directly in the motor neurons of the sacral spinal 
cord.

These studies were supported by DA 05226 and DA 02148.
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203. 19 SYNAPSES BETWEEN ENTERIC SEROTONERGIC AND SUBSTANCE P 
IMMUNOREACTIVE NEURONS: LITTLE CO-LOCALIZATION OF THE TWO 
TRANSMITTERS IN THE MYENTERIC PLEXUS. M.D. Gershon and D. 
Sherman.* Dept. of Anat. and Cell Biol., Columbia Univ. P&S, 
New York, NY 10032.

Both serotonin (5-HT) and substance P (SP) are found in 
intrinsic neurons in the enteric nervous system (ENS). 
These two substances have been found to be co-localized in 
some neurons of the brain. Immunocytochemical evidence 
has been reported that suggests that they may also be 
co-localized in the cell bodies of enteric neurons. In 
order to investigate the possible co-existence of 5-HT and 
SP in enteric neurons we have studied the immunocytochemical 
localization of both substances in the myenteric plexus of 
the guinea pig and mouse small intestines. In addition, we 
have combined the electron microscopic (EM) radioautographic 
detection of serotonergic neurites with the EM immunocyto
chemical demonstration of SP. At the light microscopic 
level, primary antisera to 5-HT and SP from different 
species were used and the respective antigens were simul
taneously localized by immunofluorescence using appropriate
ly labeled secondary antisera. Colchicine pretreatment of 
animals (5 mg/kg) enhanced SP immunoreactivity of perikarya. 
Co-localization in the same cell body was extremely rare. 
The overwhelming majority of immunoreactive perikarya had 
either SP or 5-HT but not both; however, SP cells were 
sometimes surrounded by serotonergic varicosities and, more 
often, 5-HT cells were surrounded by SP terminals. For EM, 
mice were injected ip with 2 ml of 10 uM 3H-5-HT and, after 
2 hours, tissues were fixed with a mixture containing 4% 
acrolein, 0.05% glutaraldehyde, 1% formaldehyde, and 15% 
picric acid. SP immunoreactivity was demonstrated by pre
embedding staining in dissected myenteric plexus permeabil- 
ized by brief exposure to 95% ethanol at -20 C. Almost no 
terminals were found that displayed both SP immunoreactivity 
and radioautographic labeling by H-5-HT; nevertheless, 
many terminal varicosities were seen that displayed one or 
the other marker in the same tissue sections. Most SP cell 
bodies received SP synapses and a few also received termi
nals labeled by 3H-5-HT. Perikarya that took up 3H-5-HT 
often were contacted by SP synapses. It is concluded that 
co-localization of 5-HT and SP in the ENS, especially in 
axon terminals, is extremely rare and thus of doubtful 
physiological significance; however, synaptic interactions 
between neurons utilizing these transmitters is common and 
may be of considerable importance.

Supported by NIH grants NS 12969 and NS 15547.
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204. 1 6-HYDROXYDOPAMINE INCREASES TRH CONCENTRATION IN 
REGIONS OF RAT BRAIN T.M. Engber*, S. Manaker and A. 
Winokur (SPON: M. Kreider). Depts. of Pharmacology, Biology and 
Psychiatry, Univ. of Penn. Sch. Med., Phila., PA 19104.

Thyrotropin-releasing hormone (TRH) is known to be widely 
distributed in the central nervous systems of many species, yet 
comparatively little  is known about the regulation of TRH or the 
influence of other CNS neurotransm itters. Brain TRH 
concentrations are unaffected by a wide variety of pharmacologic 
and endocrine treatm ents. Amphetamine treatm ent has been 
reported to decrease stria ta l TRH levels without affecting those in 
other brain regions. Previous studies in our laboratory have shown 
that intracisternal administration of large doses of 6- 
hydroxydopamine increases TRH content in forebrain and posterior 
cortex of ra t brain. The present study extends and refines these 
previous findings.

Male Sprague-Dawley ra ts  (180-220 g) received a unilateral 
injection of 6-hydroxydopamine (50-400µg) or vehicle (0.9% NaCl, 
0.2 mg/ml ascorbic acid) in a volume of 10µl into the lateral 
cerebral ventricle. Animals were sacrificed a t 1, 3 or 6 days 
following injection and the brains were rapidly removed. The 
brains were then dissected on ice into 11 regions: olfactory bulb, 
spinal cord, septum -caudate, anterior cortex, cerebellum, 
brainstem, hypothalamus, posterior cortex, hippocampus, thalamus, 
and amygdala-piriform cortex. Brain regions were weighed, placed 
in 2.0 ml of ice-cold phosphate-buffered saline (PBS), homogenized, 
extracted with methanol and air-dried a t 60°c. Samples were then 
redissolved in bovine serum albumin (BSA)-PBS, and TRH content 
was measured by radioimmunoassay. Norepinephrine and dopamine 
levels were measured by electrochemical detection following 
HPLC separation.

Intraventricular 6-hydroxydopamine (400µg) caused substantial 
increases in TRH concentration in 6 of 11 brain regions examined 
(olfactory bulb, septum -caudate, anterior cortex, brainstem, 
hippocampus and amygdala-piriform cortex). Increases in TRH 
concentration were g reatest a t 3 days post-injection; smaller 
increases were observed a t 1 and 6 days post-injection. The 
magnitude of these increases ranged from 50% in the brainstem to 
over 400% in the hippocampus. It is not known whether these 
increases in TRH concentration reflect increased TRH synthesis, 
decreased TRH degradation or both.

These results suggest that catecholamines may play a role in 
the regulation of TRH in certain brain regions.

2 0 4 .2  5,7-DIHYDROXYTRYPTAMINE ALTERS TRH CONCENTRATIONS 
IN REGIONS OF RAT BRAIN. P.B. Knight*, T.M. Engber*, S. 
Manaker and A. Winokur (SPON  M.A. Hofer). Depts. of 
Pharmacology, Biology and Psychiatry, Univ. of Penn. Sch. Med., 
Phila., PA 19104.

Thyroptropin releasing hormone (TRH) has been demonstrated 
to be widely distributed throughout the CNS, yet comparatively 
little  is known about the regulation of brain TRH. Some recent 
reports suggest significant interactions between serotonin (5HT) 
and TRH. Thus, the neurotoxin 5,7-dihydroxytryptamine (5,7- 
DHT), which destroys 5HT nerve terminals, has been reported to 
decrease the TRH content of the spinal cord, septal nuclei, and 
nucleus accumbens. Additionally, TRH and 5HT have been co
localized within individual neurons in the spinal cord and the 
brainstem. We now report that 5,7-DHT treatm ent increases 
brainstem TRH, in addition to decreasing TRH concentrations in 
the spinal cord.

Male Sprague-Dawley ra ts  (180-200g) were injected in the right 
lateral ventricle with either 400µg of 5,7-DHT in a vehicle of 
0.15M NaCl and 1% ascorbate, or vehicle alone, and sacrificed a t 
various tim e intervals. The brains were rapidly dissected on ice 
into 11 regions: olfactory bulb, spinal cord, septum -caudate, 
anterior cortex, cerebellum, brainstem, hypothalamus, posterior 
cortex, hippocampus, thalamus, and amygdala-pyriform cortex. 
Each region was then weighed, homogenized in 2ml ice-cold 
phosphate-buffered saline (PBS), extracted with 10 ml methanol, 
and air-dried a t 60°C. Samples were then dissolved in bovine 
serum albumin-PBS, and TRH content determined by 
radioimmunoassay. Serotonin and norepinephrine were measured 
by electrochemical detection following HPLC separation.

5,7-DHT treatm ent resulted in a 50% decrease in spinal cord 
a fter 5,7-DHT treatm ent, and appeared no earlier. In addition, a 
50% increase in brainstem TRH concentrations occurred a t 7 and 
14 days a fte r 5,7-DHT treatm ent, which returned to control values 
by 21 days a fter treatm ent. TRH concentrations a t 14 days a fte r 
treatm ent were unchanged in all other brain regions. Studies are 
underway to fully evaluate the dose response and time course 
characteristics of these effects in all brian regions. It is unknown 
whether these alterations in brain TRH concentration are due to 
effects on synthesis, degradation, or transport of TRH. However, 
these results do suggest that indoleamines play a role in the 
regulation of brain TRH content.
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204.3 SEROTONERGIC REGULATION OF DOPAMINE BETA-HYDROXYLASE IN 
THE ADRENAL GLAND. L. Lima* and T.L. Sourkes. Depts. of 
Psychiatry and Biochemistry, McGill Univ., Montreal, 
Canada H3A 1A1.

Dopamine-beta-hydroxylase (DBH, EC 1.14.2 .1) catalyzes 
the conversion of dopamine to noradrenaline. DBH, tyrosine 
hydroxylase (TH) and phenethanolamine N-methyl transferase 
(PNMT) are all inducible in the adrenal gland. TH is under 
neural control; DBH and PNMT are under both neural and 
humoral regulation. Treatments such as restraint, cold 
exposure and administration of 6-hydroxydopamine, insulin 
and reserpine increase the activity of DBH. Reserpine 
increases the number of enzyme molecules through an 
increase in the rate of synthesis, effected by a neural 
pathway. The present study was carried but in order to 
understand the action of reserpine and the possible 
serotonergic regulation of adrenal DBH. Male Sprague- 
Dawley rats of about 200 g were used. DBH was determined 
by the radioenzymatic method of Molinoff et al. (1971). 
Surgery was performed under chloral hydrate anesthesia. 
Reserpine, in a dose of 2.5 mg/kg daily for 3 days, 
increases adrenal DBH activity 40-100% over control values, 
without significantly affecting the Km f or tyramine. The 
effect is significantly reduced, but not completely elim
inated, by splanchnicotomy; it persists in hypophysecto- 
mized animals. The induction is blocked by cyloheximide. 
Neither p-chlorophenylalanine (PCPA), 300 mg/kg ip, nor 
5,7-dihydroxytryptamine (DHT), 175 ug incracerebro- 
ventricularly, modifies the resting leve s of adrenal DBH. 
However, both treatments potentiate the action of reserpine, 
PCPA yielding 40% and DHT 180% increases over the values 
obtained with reserpine alone. These drugs seem to act at 
different sites. Thus, the effect of DHT is blocked by 
denervation, a result suggesting that in the intact rat 
descending serotonergic fibers play a ro e in the 
regulation of adrenal DBH. On the other hand, the effect 
of PCPA on the inducing action of reserpine is not blocked 
by denervation and is probably due to the potent inhibition 
of tryptophan hydroxylase in the hypotha amus. Thus, 
serotonergic neurons appear to exert an inhibitory action 
over the effect of reserpine as inducer. This could be due 
to the potentiation by PCPA and DHT of the decrease in 
central serotonin caused by reserpine.

(Supported by a grant of the MRC, Canada. L.L. is a 
post-doctoral fellow of CONICIT, Venezuela.)

204.4 INTERACTIONS BETWEEN DOPAMINE-SENSITIVE AND VIP-SENSITIVE 
ADENYLATE CYCLASE SYSTEMS IN RABBIT RETINAL HOMOGENATES. 
Jonathan A. Pachter*and Dominic Man-Kit Lam (SPON: S.F.
Basinger) Program in Neuroscience and Cullen Eye Institute, 
Baylor College of Medicine, Houston, TX 77030.

In the rabbit retina, dopaminergic neurons have been 
localized to the amacrine cell layer, with processes extend
ing into the inner plexiform layer to contact other amacrine 
cells (Dowling & Ehinger, J. Comp. Neurol. 180: 203). Simi
larly, vasoactive intestinal peptide (VIP) immunoreactivity 
is found in the amacrine cell layer, with projections into 
the inner plexiform layer (Tornqvist et al., Histochem. 76: 
137; Chen et al., Soc. Neurosci. Abstr., 1984). Like dopa
mine, VIP has also been shown to stimulate production of 
cAMP in the rabbit retina (Schorderet et al., Eur. J. 
Pharmacol. 71: 131). The coexistence of these two trans
mitter-sensitive cyclase systems in the inner retina has led 
us to study possible interactions between them.

Dopaminergic and VIP-induced stimulation of adenylate 
cyclase activity were measured by monitoring conversion of 
(α-32p)-ATP to (32P)-cAMP in rabbit retinal homogenates. 
Maximal stimulation of cyclase activity by dopamine occurred 
with approximately 300 μM dopamine, while only 10 μM VIP was 
necessary for maximal VIP-induced stimulation. Dopaminergic 
and VIP-induced stimulation were found to be non-additive at 
both maximal and half maximal concentrations, indicating 
that dopamine and VIP may stimulate cAMP formation through 
a common adenylate cyclase complex.

The non-additivity of dopaminergic and VIP-induced 
stimulation does not seem to result simply from exhaustion 
of retinal adenylate cyclase, since 12 mM NaF and 1 mM 
forskolin could each stimulate greater cAMP formation than 
could the combination of dopamine and VIP. The specific 
D-2 agonist, LY141865, had no effect on VIP-induced cyclase 
stimulation, suggesting that the non-additivity does not 
result from a D-2 receptor-mediated inhibition. Finally, the 
dopaminergic antagonist, (+)-butaclamol blocks dopaminergic 
stimulation, but not VIP-induced stimulation, indicating 
that dopamine and VIP do not seem to be competing for the 
same receptor site. These results suggest that interactions 
between the dopamine-sensitive and VIP-sensitive adenylate 
cyclase systems in the rabbit retina probably occur at the 
level of the nucleotide regulatory unit or adenylate cyclase 
catalytic unit, rather than at the receptor level.

This work was supported by NIH grant EY02608, the 
Retina Research Foundation (Houston) and Research to Prevent 
Blindness, Inc. (N.Y.).

204.5 EFFECT OF RESERPINE AND DESMETHYLIMIPRAMINE ON CORTICOTROPIN- 
RELEASING FACTOR (CRF)-LIKE IMMUNOREACTIVITY OF RAT BRAIN 
NUCLEI. Y. Tizabi, G. Skofitsch and D. M. Jacobowitz.
Dept. of Pharmacology, Howard University College of Medicine, 
Washington, D.C. 20059 and Lab. of Clinical Science, NIMH, 
Bethesda, MD 20205.

Immunocytochemical studies have revealed CRF-like immuno- 
reactivity (CRFLI) in a number of brain regions that also 
contain norepinephrine. It was therefore of interest to 
study the possible influence of drugs that are known to 
affect catecholamine release and receptor reactivity on CRF 
concentration of various brain nuclei.

One group of male Sprague-Dawley rats weighing 200-250 g 
were injected with saline or reserpine (2 mg/kg i.p.) for 3 
days. Another group of rats were injected with saline or 
desmethylimipramine (DMI) (20 mg/kg i.p.) for 14 days. 
Twenty four hours following the last injection, the animals 
were decapitated and their brains were quickly removed and 
frozen on dry ice. Coronal brain slices (300 μm) were cut 
in a cryostat, and 10 different nuclei (N) were dissected for 
CRF RIA. The areas studied were: N. interstitialis striae 
terminalis (dorsal and ventral), periventricular N., N. 
suprachiasmaticus, paraventricular N. (PVN), median eminence 
(ME), arcuate N., dorsomedial N., N. amygdaloideus centralis 
and median forebrain bundle. The CRF concentration was de
termined by RIA using a commercially available antibody and 
125I-ligand directed against rat CRF. Reserpine treatment 
resulted in a 41% decrease in the CRFLI of the ME, while 
there was approximately a 90% increase in the PVN concen
tration of CRFLI. On the other hand, DMI treatment resulted 
in an approximately 60% decrease of CRFLI in the PVN with a 
tendency for an increase in the CRFLI of the ME.

These preliminary data support the role of monoaminergic 
regulation of CRF release from the ME and further suggest a 
possible interaction of norepinephrine with CRF-containing 
cells in the PVN, resulting in an inhibitory effect of 
norepinephrine on the synthesis of CRF.

204.6 SEROTONINERGIC/NORADRENERGIC INTERACTION ON LUMBAR MOTONEU- 
RONES IN THE SPINAL CORD OF THE RAT. Louis E. Tremblay* 
P.J. Bedard and R. Maheux.* Lab. Neurobiologie, Dept. 
Anatomie, Univ. Laval, Quebec. G1J 1Z4

In the rat, the ventral spinal cord is richly innervated 
by 5-HT and NA terminals. The terminals degenerate after 
spinal cord transection. We have previously established 
(Brain Research, 169: 393-397, 1979) that after transection 
of the spinal cord, 5-HTP, a serotonin precursor administe
red intraperitoneally, increases the spontaneous level of 
EMG activity in the hindlimb muscles. This effect of 5-HTP 
progressively increases until the twentieth day after tran
section. The action of 5-HTP is antagonized by cyprohepta
dine.

Clonidine, an al pha2 adrenergic agonist (O.lmg/kg, i.p.) 
induced a small but non significant burst in the first five 
minutes after administration followed by a significant de
pression in the baseline level of spontaneous EMG activi
ty. 5-HTP (100 mg/kg) alone increased the EMG activity by 
450 and 400% respectively for extensor and flexor muscles 
of the thigh, and this response remained stable for one 
hour and more. But, if clonidine (0.001-2.5 mg/kg, i.p.) 
was administered 10 minutes after 5-HTP, this al pha2 adre
nergic agonist depressed significantly the 5-HTP induced 
response of the spontaneous EMG activity by 30-70% in a 
dose-related fashion. On the other hand, clonidine (0.1 
mg/kg) increased by 145% the threshold of evoked reflexes 
in chronic spinal rats. The antagonistic effect of cloni
dine on the action of 5-HTP but not the effect of cyprohep
tadine is abolished by pre-treatment with the al pha2 adre
nergic antagonist, Yohimbine (1.25 mg/kg, i.p.)

This interrelationship between the serotonergic and no
radrenergic systems supports the possibility of balance
like interaction between 5-HT and NA on the lumbar spinal 
motor system. (Supported by MRC of Canada).
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204.7  BEHAVIORAL AND NEUROCHEMICAL INTERACTIONS OF PHENCYCLIDINE 
(PCP) AND HALOPERIDOL OR AMPHETAMINE IN KITTENS.  D.S. 
Schwartz,* M. Allen,* J.H, Hannigan, S. Howard-Butcher and M.S. 
Levine (SPON: M.E. Melnick).  Mental Retardation Research 
Center and Dept. of Pharmacology, UCLA Los Angeles, CA 90024.

This experiment was designed to assess some of the behav
ioral and neurochemical interactions between PCP and drugs 
that alter dopaminergic (DA) neurotransmission. Kittens received 
pretreatment with haloperidol (HAL) or amphetamine (AMPH) 
before receiving injections of PCP. To date, fourteen kittens 
(30-35 days of age) have been tested. Five received HAL (6 
mg/kg s.c.) 30 min before PCP (2 mg/kg s.c.), 5 received AMP 
(5 mg/kg i.p.) 45 min before PCP and 4 received saline 30 
min before PCP. Behavior was assessed for changes in motor 
activity, posture and stereotypic head movements before and 
after HAL, AMPH and saline injections and for 30 min after 
PCP. Following PCP injections behavior was rated on a 6 point 
scale which quantified the intensity of the PCP effects. 
Periodically, throughout the session the kittens were also 
given a neurological assessment (muscle tone, pupil dilation, 
righting reflex). At the end of the behavioral testing the 
kittens were sacrificed, the brains quickly removed and the 
caudate nuclei dissected for determination of DA levels using 
HPLC. Kittens treated with AMPH increased activity and stereo
typic head movements for the 45 min pretreatment period re
lative to both saline-and HAL-treated animals. HAL-treated 
kittens decreased activity and lost control of limbs leading 
to postural and motor disability within 10 min. PCP injec
tions after saline pretreatment produced ataxia, staggering 
and loss of limb support. Immediately following PCP injec
tions HAL-pretreated animals displayed higher PCP ratings 
than did animals in the other two groups. Within 10 min of 
PCP injections the elevated activity and stereotypies in the 
AMPH-pretreated groups were no longer observed. AMPH-pre
treated and saline-pretreated animals displayed similar time 
courses of PCP effects but AMPH pretreated animals had lower 
PCP intensity ratings than animals in the other groups at 
the end of the 30 min post-PCP observation session. Caudate 
DA levels were decreased in kittens pretreated with HAL and 
were slightly elevated in AMPH pretreated kittens. Taken 
together these results demonstrate that both the behavioral 
and neurochemical effects of PCP can be modulated by altera
tions in DA neurotransmission and provide evidence that 
some of the effects of PCP may involve neurochemical altera
tions in the caudate nucleus.
Supported by USPHS DA 3017 HD 5958 HD 7032.

204 8 INTERACTION BETWEEN CHOLINERGIC AND ADRENERGIC RECEPTOR 
STIMULATED PHOSPHOINOSITIDE HYDROLYSIS IN RAT BRAIN 
SLICES. R.A. Gonzales and F.T. Crews, Dept. of Pharma
cology, University of Florida School of Medicine, 
Gainesville, FL 32610.

Recent studies have shown that phosphoinositide hydroly
sis is coupled to several neurotransmitter receptor systems 
in the central nervous system. The muscarinic (M1) choli
nergic receptor and the alpha1 adrenergic receptor have 
both been shown to stimulate the release of inositol phos
phates from inositides. We have investigated in detail the 
interaction between the cholinergic and adrenergic receptor 
stimulation of inositide hydrolysis in Sprague-Dawley brain 
slices. Cortical slices (0.35 mm cubes) were prepared, 
washed, and incubated with [3H]inositol for 90 min. The 
labelled slices were then washed, distributed into tubes, 
and exposed to various agonists and antagonists for 60 min. 
Incubations were terminated by addition of 1 ml of 
chloroform-methanol (1:2). After extraction of lipids and 
separation of phases, inositol phosphate was determined by 
Dowex-1 chromatography. Muscarinic antagonists, atropine 
and pirenzepine, blocked carbachol stimulated release of 
inositol phosphates but not that stimulated by norepine
phrine. The alpha1 antagonist prazosin (1 µM) blocked 
norepinephrine stimulation while the alpha2 antagonist 
yohimbine (1 µM) did not. Propanolol had no effect on 
inositol phosphate release stimulated by carbachol or 
norepinephrine. The time course of inositol phosphate 
release in the presence of maximal carbachol reached a 
plateau after 30 min of stimulation. The norepinephrine 
stimulated response however did not plateau until 60 min. 
The combination exhibited characteristics of both. Dose 
response curves revealed that norepinephrine had an ED50 of 
10 µM compared to ED50 of 100 µM for carbachol. The maxi
mal responses were approximately equal. When a moderate 
concentration of carbachol was added along with norepi
nephrine, an additive response was seen. However, at 
maximal concentrations of each, the response was less than 
additive. The data suggest that low concentrations of 
muscarinic or alpha1 agonists probably act via different 
receptor systems with little or no interaction. However, 
at higher concentrations, there may be a small population 
of cells which are activated which contain a common pool of 
inositides which are hydrolyzed. (Supported by N.I.A.A.A. 
No. AA06069).

204 9 MODULATORY ACTION OF SEROTONIN ON GLUTAMATE-INDUCED 
EXCITATIONS ON CEREBELLAR PURKINJE CELLS. Munhyang Lee, 
Jean C. Strahlendorf, and Howard K. Strahlendorf. 
Physiology and Medical and Surgical Neurology, Texas Tech 
University Health Sciences Center, Lubbock, TX 79430.

Many anatomical studies have revealed the existence of 
serotonin (5-hydroxytryptamine, 5-HT)-containing afferent 
fibers in the cerebellum. In the molecular layer of the 
cerebellar cortex, 5-HT-containing fibers morphologically 
resemble parallel fibers that presumably use glutamate as a 
neurotransmitter. Because of the close anatomical 
proximity of these two fiber systems, we wanted to examine 
the influence of serotonin on glutamate-induced responses 
of Purkinje cells. Pulsatile iontophoretic applications of 
glutamate (0-25 nA, 20 sec) at regular intervals (80 sec) 
produced consistent increases in the Purkinje cell 
discharge rate. 5-HT (5-40 nA), applied continuously with 
currents that induced minimum changes in the spontaneous 
rate, profoundly influenced glutamate-induced excitations. 
Specifically, serotonin completely blocked glutamate- 
induced excitations in 4 out of 95 cases, markedly 
decreased glutamate responses of 83 neurons, had no effect 
on 5 neurons, and potentiated glutamate excitations in 3 
cases. Thus, 5-HT decreased glutamate-induced excitations 
in 87% of all trials and in 4% of cases blocked the 
glutamate excitations in the absence of equivalent effects 
on spontaneous firing rates. One of the interesting 
findings was that the direction of the effect of serotonin 
on the spontaneous firing rate of Purkinje cells did not 
appear to influence its interaction with glutamate-induced 
excitations. Among 77 neurons in which the effects of 
serotonin on spontaneous firing rates of Purkinje cells 
were evaluated before glutamate application, 5-HT-induced 
three different effects: inhibition, biphasic effect, and 
excitation, as shown previously from this laboratory (Brain 
Research Bulletin, vol. 11, 265-269, 1983). However, the 
inhibitory modulating effect of serotonin on glutamate 
responses on Purkinje cells was not related to direct 
effects of serotonin on Purkinje neurons. Currently, we 
are trying to identify the serotonin receptor subtype that 
may be responsible for these modulatory effects of 
serotonin on glutamate-induced excitations. On occasions, 
methysergide, a 5-HT antagonist, blocked the modulatory 
inhibitory effects of 5-HT on glutamate-induced excitations 
of Purkinje cells. (Supported by Tarbox Parkinson's 
Disease Institute, TTU and NIH R01 NS 19296)

204. 10  ACTION OF DOPAMINERGIC AGONISTS ON THE IN VIVO NEO 
SYNTHESIZED 3H-GABA RELEASE IN THE RAT STRIATUM.
M .J . B e s s o n * , J .A .  G i r a u l t * ,  U. S p a m p in a to * , J .  
G lo w in s k i*  and  H .E . S a v a k i*  (SPON: G. B a r b in )  
C h a i r e  de  N e u ro p h a rm a c o lo g ie , INSERM U .1 1 4 , 
C o l le g e  de F r a n c e ,  75231 P a r i s  c e d e x  0 5 , F r a n c e .

The i n t e r a c t i o n  b e tw e e n  d o p a m in e rg ic  and  
GABAergic n e u ro n s  was i n v e s t i g a t e d  a t  t h e  r a t  
s t r i a t a l  l e v e l  by  m e a s u r in g  th e  i n  v iv o  r e l e a s e  o f  
n e o s y n th e s iz e d  3H-GABA, a b io c h e m ic a l  in d e x  o f  
GABAergic n e u r o n s ' a c t i v i t y .  A p u s h - p u l l  c a n n u la  
was im p la n te d  i n  t h e  s t r i a t u m  i n  r a t s  a n e s t h e t i z e d  
u n d e r  a m ix tu r e  o f  h a lo th a n e  n i t r o u s  o x id e  O2  The 
t i s s u e  was s u p e r f u s e d  w i th  a r t i f i c i a l  CSF e n r i c h e d  
w i th  3H - g lu ta m in e , t o  l a b e l  c o n t in u o u s ly  GABAergic 
n e u r o n s .  One h o u r  a f t e r  t h e  o n s e t  o f  s u p e r f u s i o n  
s e r i a l  10m in s u p e r f u s a t e  f r a c t i o n s  w e re  c o l l e c t e d  
f o r  a 180m in p e r i o d  o f  t im e .  The r e s t i n g  r e l e a s e  
o f  3H-GABA was d e c r e a s e d  when th e  s u p e r f u s i n g  CSF 
was r e p l a c e d  by  a Ca2+- f r e e  and  Mg -  e n r i c h e d  
m edium . A d d i t io n  o f  K+ io n s  (20mM) ev o k ed  an 
i n c r e a s e d  r e l e a s e  o f  3H-GABA, w h ich  was p a r t l y  
C a2+ d e p e n d e n t .

The i n v e s t i g a t i o n  o f  d o p a m in e rg ic  and  GABAergic 
n e u r o n s ' i n t e r a c t i o n  was p e r fo r m e d  by  a d d in g  
v a r i o u s  d o p a m in e rg ic  a g o n i s t s  i n t o  t h e  s u p e r f u s i n g  
CSF d u r in g  30m in an d  e s t i m a t i n g  t h e  in d u c e d  
c h a n g e s  o f  3H-GABA r e l e a s e .  3H-GABA r e l e a s e  was 
u n c h an g e d  by  ADTN a t  s e v e r a l  c o n c e n t r a t i o n s  (1 , 10 
an d  100µM). In  t h e  p r e s e n c e  o f  t h e  D2 a g o n i s t ,  Ru 
24926 (50 and  10 0 µM), t h e  r e l e a s e  o r  3H-GABA was 
r e d u c e d  in  a d o s e  r e l a t e d  m an n er w h e re a s  t h e  d ru g  
was w i th o u t  e f f e c t  a t  1µM c o n c e n t r a t i o n .  The 
d e c r e a s e d  r e l e a s e  o f  3H-GABA in d u c e d  b y  10 0 µM Ru 
24926 was p r e v e n te d  by  S - s u l p i r i d e  p r e t r e a t m e n t  
(10µM, a p p l i e d  30m in p r i o r  t o  Ru 24926 a d d i t i o n ) , 
S - s u l p i r i d e  by  i t s e l f  h a v in g  no e f f e c t .  A c e ty l 
c h o l i n e  i n  t h e  p r e s e n c e  o f  e s e r i n e  (b o th  a t  50µM) 
had  no e f f e c t  on r e s t i n g  s t r i a t a l  3H-GABA r e l e a s e ,  
a l th o u g h  i t  p o t e n t i a t e d  t h e  Ru 24926(100µM) 
in d u c e d  d im in u t i o n ,  s u g g e s t in g  t h a t  a c e t y l c h o l i n e  
c an  m o d ify  t h e  D2 d o p a m in e rg ic  m e d ia te d  e f f e c t  on 
GABAergic s t r i a t a l  n e u r o n s .  The s t r i a t a l  e f f e c t  o f  
am p h e tam in e  (10µM) was e x am in ed  f o l l o w i n g  th e  
l o c a l  a p p l i c a t i o n  o f  S - s u l p i r i d e  ( 10µM) i n  an  
a t t e m p t  t o  a n a ly z e  t h e  i m p l i c a t i o n  o f  D1 d o p a m in e r 
g i c  r e c e p t o r s  i n  t h e  r e g u l a t i o n  o f  GABA r e l e a s e .
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204.11 INTERACTION BETWEEN SOMATOSTATIN AND CHOLINERGIC 
MUSCARINIC RECEPTORS IN THE HIPPOCAMPUS.  R.  
M i y o s h i * , S. Kito, K. Mizuno* and K. Nitta*. Third 
Department o f  Internal M e d i c i n e , Hiroshima 
University School of Medicine, Hiroshima, Japan, 
734.

Recently cholinergic theory of senile dementia 
has been advocated, whereas complex neuronal 
networks within the hippocampus is considered to 
be related with memory mechanism. In this paper, 
we studied on interaction between somatostatin and 
cholinergic muscarinic receptors in the 
hippocampus from viewpoints of binding 
experiments.

Muscarinic acetylcholine binding experiments 
were performed with use of 3H-oxotremorine-M 
acetate (3 H-oxo-M), an agonist, as radioactive 
ligand and 10-4 M acetylcholine as non-radioactive 
ligand. The P 2 fraction of the rat hippocampus was 
prepared. Aliquots of tissue preparation were 
incubated in Krebs Henseleit (pH 7.4) at 30°C with 
and without 1 µ M  8[D-try] somatostatin. To 
prevent degradation of somatostatin, reagents such 
as pepstatin, bacitracin and bovine serum albumin 
were added. In association experiments, the 
muscarinic agonist binding at the concentration of 
1 n M  3H-oxo-M reached equilibrium in 8 min. At 
the equilibrium, presence of 1 μ M  somatostatin 
leveled down the specific 3H-oxo-M binding to 65 % , 
when compared to that without somatostatin. 
The incubation time of saturation analysis was set 
at 8 min. As the results, Kd value of 3 H-oxo-M 
binding to acetylcholine muscarinic receptors with 
somatostatin was 4.5 nM, while Kd value without 
somatostatin was 3.0 nM.

These days, in te ra c tio n  between c la s s ic  neuro
transm itters and neuropeptides has been a focus of 
in creasing in te res tes  in f i e ld  o f neuroscience. 
These resu lts  in d icated  that muscarinic receptors 
and som atostatin in teracted  in the hippocampal 
membrane and som atostatin was p lay ing  a ro le  in 
regu la tin g  a ce ty lch o lin e  recep tor functions.

Furthermore, we studied using 3H-QNB on whether 
such interaction existed between antagonistic 
muscarinic receptor binding and somatostatin or 
n o t .

204.12 MODULATION OF ACETYLCHOLINE RELEASE FROM THE PERFUSED CAT 
SUPERIOR CERVICAL GANGLION BY α-ADRENOCEPTOR AGONISTS.
D.M. Araujo* and B. Collier* (SPON: P. E. Braun). Dept. 
of Pharmacol, and Ther., McGill University, McIntyre 
Medical Bldg., Montreal, Quebec, Canada H3G 1Y6.

Since the initial finding by Marrazzi (J . Pharmacol. 
Exp. Ther., 65: 395, 1939) that epinephrine depressed the 
postsynaptic potential of the cat superior cervical 
ganglion, a modulatory role on ganglionic transmission for 
the catecholamines has been proposed. The catecholamines 
have been postulated to exert inhibition of transmitter 
release by acting on presynaptic α-adrenoceptors. The 
present study was undertaken to determine firstly, whether 
exogenous catecholamines can affect acetylcholine (ACh) 
release from the cat superior cervical ganglion and 
secondly, whether endogenous catecholamines play a 
modulatory role.

Perfusion of the cat superior cervical ganglion, in 
situ, with norepinephrine depressed evoked ACh release, at 
a stimulation frequency of 20Hz, with an IC50 of 9.7nM. 
Clonidine, a selective α2-adrenoceptor agonist was less 
potent than norepinephrine in decreasing ACh release 
(IC50=11.6μM). The norepinephrine-mediated inhibition of 
evoked ACh release was reversed by the α2-adrenoceptor 
antagonist yohimbine (10nM), but was unaffected by the 
α1-adrenoceptor antagonist prazosin (10-9M-10-6M).

To test the possible significance of endogenous 
catecholamine release, the superior cervical ganglion was 
perfused with yohimbine alone. Evoked ACh release was 
facilitated by yohimbine (lOnM) by 24-53% (n=8 ). Together 
these results suggest a possible role for endogenous 
catecholamines in the regulation of ACh release from the 
cat superior cervical ganglion and furthermore that this 
modulation is mediated through an α2-adrenoceptor. 
(Supported by MRC & FCAC, Canada)

20 4 .13 THE METHAMPHETAMINE-INDUCED INCREASE IN NIGRAL SUBSTANCE P- 
LIKE IMMUNOREACTIVITY IS MEDIATED BY THE D2 RECEPTOR. P.K. 
Sonsalla*, J.W. Gibb and G.R. Hanson. Dept. Biochem. 
Pharmacol. & Tox., Univ. of Utah, Salt Lake City, UT 84112 

It is known that the activities of the nigral-striatal 
dopamine (DA) pathway and the striatal-nigral substance P 
(SP) feedback loop are closely linked. Due to the important 
role of this neuronal circuitry in basal ganglia function, 
we have been attempting to elucidate the nature of this 
interaction. Recently we reported that the subacute admin
istration of the indirect DA agonist, methamphetamine 
(METH), to rats increases the concentration of substance 
P-like immunoreactivity (SPLI) in the substantia nigra.
This METH effect was blocked by the coadministration of the 
dopamine receptor antagonist, haloperidol (Ritter et al., J . 
Pharmacol. Exp. Ther., in press). These findings suggest 
that the METH-induced changes in nigral SPLI are mediated by 
the increased DA activity produced by METH. Consistent with 
these results, we have reported that subacute L-DOPA also 
increased nigral SPLI concentrations. To characterize 
further the nature of the dopaminergic influence on sub
stance P activity, various specific DA agonists and/or 
antagonists were administered every 6 h for 4 or 5 doses. 
The results of these studies demonstrated that activation of 
the D. receptor with the compound, SK&F 38393 (15 mg/kg), 
significantly decreased nigral SPLI concentration whereas 
treatment with the D2 agonist, RU 24926 (5 and 15 mg/kg), 
resulted in a significant increase in SPLI concentration 
within the substantia nigra. Blockade of D2 receptors with 
sulpiride (80 mg/kg) caused a significant reduction in 
nigral SPLI concentrations and in combination with METH 
completely blocked the METH-induced changes in nigral SPLI 
levels. These findings demonstrate differential actions by 
D1 and D2 receptors on the striatal-nigral SP system. In 
addition; the data suggest that the increase in nigral SPLI 
concentration observed following subacute METH administra
tion is at least partially attributable to activation of the 
D2 receptor.
(Supported by USPHS Grants DA 00869, GM 07579, MH 39304 and 
MH 37762.)

204 14 OPPOSITE EFFECTS OF METHAMPHETAMINE ON SUBSTANCE P SYSTEMS 
IN RAT BASAL GANGLIA AND MESOLIMBIC SYSTEMS. J.K. Ritter*, 
C.J. Schmidt*, J.W. Gibb, and G.R. Hanson (SPON: M. Peat). 
Dept. Biochem. Pharmacol. & Toxicol., College of Pharmacy, 
Univ. of Utah, Salt Lake City, UT. 84112.

Like the dopaminergic (DA) projection of the nigral- 
striatal system, the DA neurons of the mesolimbic pathway 
are believed to respond to a substance P (SP) input which 
functions as part of an excitatory feedback circuit. This 
SP pathway projects f r o m  the medial habenula to the A10 
group of DA cell bodies in the ventral tegmental area (VTA). 
We previously reported that the release of transmitter from 
the nigral-striatal DA pathway of the basal ganglia induced 
by subacute methamphetamine (METH) treatment results in 
substantial increases in the concentrations of striatal and 
nigral substance P-like immunoreactivity (SPLI) (Ritter et 
al., J. Pharmacol. Exp. Ther., in press). These observa- 
tions suggest that the striatal-nigral SP pathway is par
tially regulated by DA activity. The present study was 
conducted to determine if the SP pathway associated with the 
mesolimbic system responds to DA activity in a similar 
manner.

Rats were given five sequential injections of METH (15 
mg/kg, s.c.) at six-hour intervals. Eighteen hours after 
the final dose, SPLI concentration was reduced in both the 
medial habenula (48%) and the VTA (45%) with respect to 
saline-treated controls. These findings were opposite to 
the elevations in SPLI concentrations found in the striatum 
and substantia nigra following an identical subacute METH 
paradigm. However, like the METH-induced changes in the 
SP system of the basal ganglia, administration of the DA 
receptor antagonist, haloperidol (2 mg/kg), with METH 
completely blocked the METH-induced changes in SPLI levels 
in the VTA. This latter finding suggests that the change in 
SPLI concentration associated with the VTA results from the 
enhanced DA activity induced by METH.

Additional studies are needed to elucidate the signifi
cance of the METH-induced reductions in the medial habenula 
and VTA. One possible explanation is that these changes in 
SPLI concentration reflect increased release and subsequent 
metabolism of this neuropeptide within these structures. 
Interestingly, these data demonstrate that METH exerts 
opposite effects on the SP systems associated with the basal 
ganglia and mesolimbic systems.

(Supported by USPHS Research Grants MH 37762, DA 00869,
GM 07579 and MH 39304).
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204.15 EFFECTS OF ELECTROCONVULSIVE SHOCK (ECS) ON THE VENTRICULAR 
 RELEASE OF PROSTAGLANDIN (PG) IN RAT.  T. Furui*, T.L. Yaksh* 

and S. Divinetz Romero* (SPON: Donald W. Klass)  Dept. of 
Neurosurg. Res., Mayo Foundation, Rochester, MN 55905.

The release of arachidonic acid products following con
vulsions produced by electric or chemical stimuli has been 
shown to occur ex vivo. We have shown in vivo release of 
PGE2 to respond to depolarizing stimuli in cats (Divinetz 
Romero et al., Brain Res., in press, 1984). Little is known 
of the pattern of PG release by brain tissue in vivo, and 
how it is affected by electrically induced seizures: this 
study addressed the point in a ventriculocisternal perfusion 
preparation in rats. Sprague-Dawley rats were anesthetized 
with chloralose/urethane (130 mg/kg; 1 g/kg) i.p., artifi
cially ventilated, and prepared with a stereotaxically 
introduced cerebroventricular inflow cannula and a cisternal 
outflow cannula. Artificial cerebrospinal fluid was per
fused at a rate of 100 µl/min using a two channel peri
staltic pump. The outflow was collected on ice for 30-min 
periods and the samples frozen until organic extraction and 
radioimmunoassay (RIA). After a 30-min stabilization 
period, 2 control samples were obtained. The animals were 
given ECS at an intensity which would produce tonic clonic 
seizures in the unanesthetized animal. Poststimulation 
samples were collected for 1-2 hrs. The 3 main PG's and 
metabolites of PGI2 and TxA2 were measured. Prestimulation 
control periods were compared to the maximal elevation 
obtained during or immediately after the stimulation period. 
Statistical analysis consisted of Student's paired t-test. 
Experimental results are shown in the table (*p<0 .05:pg/min): 

$$$PGD2 TxB2 PGE2 6ketoPGF1α PGF2α
Control 17±2 13±5 12±4 9±3 8±3
Stimulated 33±9 61±24* 44±12* 31±7* 17±5*
% Change 201±65 608±92 525±184 493±128 141±13
The profile in the control period is D2:TX:E2:I2>F2α. During 
stimulation, the profile becomes TX:E2:D2:I2>F2α. Contrary 
to in vitro studies, the largest increases correspond to TX, 
E2 and I2 , with lesser changes in PGD2 and PGF2α. The changes 
in PGD2 , considered the main PG in rodents, are difficult to 
evaluate due to the low sensitivity of the available RIA. 
The results indicate that ES produces a general increase in 
PG efflux in  vivo. However, the stimulation resulted in a 
preponderant increase in the relative levels of TX and PGE2 . 
PGE2 has known sedative and anticonvulsant properties; scant 
information on physiologic effects of TX outside the vascu
lature makes it difficult to speculate on the overall effect 
of the profile changes. (Mayo Foundation & NS06663B)

BASAL GANGLIA: CELLULAR STUDIES

205.1  MORPHOLOGY OF NEURONS CONTAINING VIP-LIKE IMMUNOREACTIVITY 
IN THE RAT STRIATUM.  E. Theriault, P.E. Marshall, and 
D.M.D. Landis.  Neurology Service, Massachusetts General 
Hospital, Boston, MA 02114.

We have used light and electron microscopic immunocyto- 
chemical techniques to study the morphology of neurons in 
adult rat caudatoputamen containing vasoactive intestinal 
polypeptide-like immunoreactivity (VIP-Ir). Rats were 
perfused with paraformaldehyde-lysine-periodate fixative, 
the brain sectioned at 40um intervals on a vibratome in 
coronal or sagittal planes, incubated with commercially 
obtained anti-VIP antisera, and reacted with ABC technique. 
Methods controls included pre-absorption with VIP.

VIP-Ir cells were sparsely and uniformly distributed 
throughout the striatum. Cell bodies were 12-17um in 
diameter and gave rise to 3-5 primary dendrites, which 
branched close to the soma and could be traced up to 200um. 
More distal portions of the dendritic arborizations often 
appeared irregular and varicose. No dendritic spines were 
apparent at the light microscopic level. Dendrites 
frequently traversed bundles of myelinated axons, a pattern 
not exhibited by cells containing somatostatin- or Substance 
P-like immunoreactivity. In several instances, very fine, 
varicose processes arborized extensively within 40um of the 
cell body; these may represent axons. In more ventral and 
anterior striatum there were larger, axon-like arborizations 
far from immunoreactive cell bodies which may correspond to 
afferent axons from the stria terminalis.

In thin-sectioned preparations, dendrites were virtually 
spine free. Synapses with symmetric or asymmetric junctional 
specializations were present on the dendritic surface. 
Several VIP-Ir varicosities terminate on the cell body, 
forming synaptic junctions with symmetric specializations; 
these synapses may derive from recurrent axonal collaterals. 
The nucleus is deeply invaginated. VIP-Ir neurons thus 
resemble other aspiny striatal cells considered likely to be 
local circuit neurons.

205.2  CELLULAR LOCALIZATION OF THE D1 ADENYLATE CYCLASE-LINKED 
DOPAMINE RECEPTOR IN THE CAUDATE NUCLEUS.  M.A. Ariano & 
S.L. Kenny.*  Anatomy & Neurobiology, Univ. Vermont College of 
Medicine, Burlington, VT 05405.

Multiple dopamine receptors have been described pharmaco
logically within the caudate nucleus using a variety of 
experimental approaches. One dopamine receptor subtype is 
linked through adenylate cyclase (EC 4.6.1.1) and the pro
duction of cyclic AMP for mediation of its postsynaptic 
events. It has been designated D1 (Nature 277: 93, 1979). 
The present study describes the D 1 receptor-containing cell 
population of the rat caudate-putamen complex in intact 
tissue slices.

Cellular localization of the Dj receptor has been accom
plished through in vitvo binding of a radiolabeled semi
rigid analog of dopamine, 3H-ADTN (2-amino-6,7-dihydroxy- 
1, 2,3,4-tetrahydronaphthalene) , and subsequent autoradio
graphic analysis (Brain Res. 179: 255, 1979). Co-localiza
tion of cyclic AMP, using immunohistochemistry, was also 
used to ascertain the striatal cell population containing 
the D1 adenylate cyclase-linked receptor subtype. Prelim
inary data demonstrates cyclic AMP immunoreactivity to be as 
we have previously described, using a well-characterized 
antisera at 1:200 dilution in phosphate buffer on 8 µm 
frozen sections (Neuroscience 9: 23, 1983). Visualization 
of immunoreactive cyclic AMP sites used the PAP method of 
Sternberger (1979) with 3,3'-diaminobenzidene as substrate. 
3H-ADTN was incubated at 1:1000 dilution for 1 hour at room 
temperature, followed by exposure of the sections to Kodak 
NTB-3 emulsion for 3 to 5 days at 4°C. The autoradiographic 
positive cells were 2.5 times more densely labeled than the 
surrounding neuropil, and 5 times more reactive than the 
grain density of the background emulsion under these experi
mental conditions.

Initial results show that approximately 40% of cyclic AMP 
positive elements within the striatum also demonstrate silver 
grains corresponding to the binding of tritiated ADTN to the 
D1 receptor subtype. The majority of D1-containing, cyclic 
AMP-immunoreactive cells are cytoarchitecturally similar to 
medium-sized perikarya of the caudate-putamen. A small 
amount of these 3H-ADTN-cyclic AMP-reactive cells are less 
than 10 µm in diameter and resemble glial elements. This 
data suggests that the primary D1-containing, cyclic AMP
positive components in the striatum are medium-sized neurons

Supported by a grant from the American Parkinson Disease 
Association; MAA is the recipient of RCDA NS00864.
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205.3  LIGHT AND ELECTRON MICROSCOPIC LOCALIZATION OF 
SEROTONIN IMMUNOREACTIVITY IN NUCLEUS ACCUMBENS OF 
MONKEYS.  Gay R. Holstein, Tauba Pasik and Pedro Pasik.  Depts. 
Neurol, and Anat., Mount Sinai Sch. Med., CUNY, N.Y., N.Y. 10029.

Serotonin immunoreactivity h as  been demonstrated in nucleus 
accumbens of the ra t (Steinbusch, 1981). To identify these fibers 
and their terminals a t the u ltrastructural level in the primate, 
adolescent monkeys (M. fascicularis) were perfused under deep 
barbiturate narcosis with 4% pure formaldehyde and 0.25% 
glutaraldehyde in 0.12M phosphate buffer. Some animals received 
an intracerebral 3 μ l injection of 2.5% colchicine 16 hr before 
perfusion. Others were given Pargyline (75 mg/kg) and L-tryptophan 
(100 mg/kg) i.p., three and one hour, respectively, prior to 
sacrifice. Vibratome 40 μm sections were incubated in a 1:500 or 
1:1000 dilution of rabbit antiserum raised against a serotonin-BSA 
conjugate and further processed with the PAP technique. No 
reaction was visible in control sections incubated with the same 
antiserum preabsorbed with the antigen, or coprecipitated with 
antigen and rabbit anti-BSA.

With light microscopy, fine processes forming a dense filigree 
were seen throughout the nucleus. Fiber diameters ranged from 0.3- 
0.8 μ m. Fusiform dilations (1.2-2.5 μ m long) were apparent along 
the thicker axons, spaced a t 0.8 to 1.5 μm intervals. More spherical 
swellings, typically 0.75 μ m in diam eter, were apparent along the 
labeled processes, although more frequently on the finer axons. 
These varicosities were spaced 1.5 to 2.5 μ m apart. The longer 
fibers tended to course dorsoventrally through the nucleus, and could 
be followed up to 130 μ m through the neuropil. No labeled somata 
were visible in nucleus accumbens a t either serum dilution.

Using serial section electron microscopy, numerous fibers of 
similar sinuous morphology were visible. Reaction was apparent in 
small caliber (0.3-1.4 μ m diameter) myelinated as well as 
unmyelinated axons. Two types of reaction product were obtained: 
dark globular label and granular particles, the la tte r being typical of 
the large immunostained profiles. Dense core vesicles were 
occasionally observed, particularly in elements with globular 
reaction product. The diameter of labeled terminals varied from 0.6 
to 1.1 μ m. Some of these profiles formed asymmetric synapses with 
small dendritic shafts and spines.

These results provide positive identification of serotoninergic 
terminals in nucleus accumbens, and morphologic support for their 
possible excitatory action. However, the low frequency of observing 
synapses suggests that some portion of these afferents do not form 
structurally  defined synaptic junctions.

Aided by NINCDS Grants #NS-11631 and F32 NS-06954, and the 
American Parkinson Disease Association.

205.4  PUTATIVE PEPTIDE NEUROTRANSMITTERS LOCALIZED IN THE RAT 
NEOSTRIATUM.  Ronald H. Bradley.  Dept. of Anatomy, College 
of Osteopathic Medicine, Michigan State University, East 
Lansing, MI 48824-1316.

This laboratory has previously demonstrated at the light 
and E.M. level the existence of substance P, GABA and the 
enkephalins (met and leu) within retrogradely labelled (WGA) 
neostriatal projection neurons. We have utilized vibratome 
cut (60 µm thick) and glycol methacrylate sections (4 µm 
thick) to analyze the light microscope morphology of four 
putative peptide neurotransmitters within the colchicine- 
treated rat neostriatum. The four peptide neurotransmitters 
investigated are bombesin, cholecystokinin (CCK), somato
statin and vasoactive intestinal polypeptide (VIP) by the 
modified avidin:biotin technique (Bradley et al., 1984).

Somatic concentrations of putative peptide ndurotrans- 
mitters were selectively increased by bilateral lateral 
ventricular injections of colchicine (25 µg/µl each side) 
and then allowing a 48 hour survival period. The rats were 
then perfused with our microtubule stabilizing buffer (MSB) 
containing 1% glutaraldehyde - 1% paraformaldehyde, 0.1% 
lidocaine and 10,000 units of heparin at 37°C. The brains 
were immediately removed from the cranial vault and 
vibratome cut (60 µm) in MSB. These sections were masked 
with normal goat serum and then incubated with commercially 
available antisera (purified: albumin and complement free- 
IgG fraction) to bombesin, cholecystokinin, somatostatin 
vasoactive intestinal polypeptide, normal rabbit sera 
(control) or met-enkephalin (control for staining 
specificity) for 12 hours at 4°C with constant agitation.
The sections were then extensively washed in Tris buffered 
saline (TBS), incubated with biotinylated IgG, rinsed with 
TBS, incubated with reagent peroxidase, rinsed with TBS and 
reacted with 0.25 mg/ml DAB with 0.001% H2O2. Several 
sections were run up for electron microscopy for further 
analysis.

Results indicate that bombesin, CCK, somatostatin and VIP 
clearly label a different population of neostriatal neurons 
than leu- or met-enkephalin, GABA or substance P neurons. 
The light microscopic data indicates a larger class of 
neuron (15-30 µm) as well as a medium-size neuron (10-15 µm) 
with distinct topographical arrangement for each peptide 
neurotransmitter candidate. Analyses are continuing to 
determine whether these are projection neurons and what are 
the ultrastructural characteristics of these immunopeptide 
labelled neostriatal neurons. (Supported by N.I.H. Biomed
ical Research Support Grant to M.S.U.-C.O.M.)

205.5  glutamic acid  decarboxylase, leucine- enkephalin , and sub-  
STANCE-P IMMUNOREACTIVE NEURONS IN THE NEOSTRIATUM OF THE 
RAT AND CAT.  S. Afsharpour, G. R. Penny and S. T. K i t a i .  
D iv is ion  o f Neuroscience, Department o f Anatomy, U n iversity 
o f Tennessee Center fo r  the Health Sciences, Memphis, TN 
38163

We have used immunocytochemical procedures to lab e l 
c e l l  bodies in the neostriatum fo r glutamic acid decar
boxylase (GAD), leucine-renkephalin (Leu-enk) and 
substance-P (SP) immunoreactivity, w ith no need fo r 
pretreatment with co lch ic in e . These experiments a llow  us 
to  ask questions concerning the number, s ize  and d is tr ib u 
t ion  o f neurons w ith in  the neostriatum that are immuno- 
re a c tiv e  fo r  each o f these substances.

Our sample counts so fa r  suggest that about 50% o f neo
s t r ia t a l  neurons in the ra t are immunoreactive fo r  GAD and 
about the same proportion  are immunoreactive fo r Leu-enk, 
In th is  species both GAD neurons and Leu-enk neurons range 
from 60 to  130 um2 in  c e l l  body cross -sectiona l area. Two 
co lo r  double lab e lin g  studies revea l that most Leu-enk 
neurons in  the ra t a lso  d isp lay GAD immunoreactivity. 
However, because Leu-enk and GAD neurons together make up 
60% or more o f the neurons in our samples, i t  fo llow s that 
some neurons must contain only GAD or Leu-enk, but not 
both.

In the ca t, about 50% o f neurons in the caudate are 
immunoreactive fo r  GAD, and the same proportion is  immuno
re a c tiv e  fo r  Leu-enk. Both GAD neurons and Leu-enk neurons 
range from 100 to  200 um2 in  c e l l  body area. Most Leu-enk 
neurons can a lso  be double labeled fo r  GAD immunoreactivity.

In contrast to GAD or Leu-enk immunoreactive neurons, 
which are f a i r l y  evenly d istr ibu ted  across the neostriatum, 
SP immunoreactive neurons are gathered in to  c lu sters  that 
range from 250-800 um in diameter. In the ca t, the SP 
neurons make up about 60% o f the neurons w ithin  a c lu s te r . 
These c lu sters , which are a lso  densely f i l l e d  by SP immuno
re a c tiv e  term inals, correspond to  the enkephalin-rich 
patches o f the neostriatum.

These resu lts  revea l a marked species s im ila r ity  in  the 
o rgan ization  o f GABAergic and pep tid erg ic  neurons o f the 
neostriatum in ra t  and ca t. Secondly, they provide 
another example o f the coexistence o f GABA with a neuro
a c t iv e  peptide (in  other systems, m otilin  and somatostatin 
have been shown to co ex is t w ith GABA).

Supported by NIH Postdoctoral Fellowship 07421 to  GRP 
and NIH Grant NS-20702 to  STK.

205.6  VENTRAL PALLIDAL NEURONS INTRACELLULARLY LABELED WITH HRP: 
LIGHT MICROSCOPIC ANALYSIS.  G.-X. Teng*, H. T. Chang and 
S. T. Kitai. (SPON: T. E. Bertorini)  Dept. of Anät., Div. 
of Neurosci., Univ. of Term., Ctr. for Health Sci., Memphis, 
TN 38163

The ventral pallidum (VP) consisting of loosely arranged 
large neurons intermingled with many large myelinated fibers 
is located ventral to the anterior commissure and extends 
rostrally as the deepest layer of the olfactory tubercle 
(OT). Although VP is characterized by its similarities in 
cytoarchitectural, hodological, histochemical and immunocy
tochemical properties to those of the globus pallidus, 
little is known with regard to the detailed axonal and den
dritic morphology of VP neurons. We examined several intra- 
cellularly labeled neurons located in various parts of VP to 
see whether the morphology or the distribution of axons and 
dendrites are restricted by the peculiar geometry of VP.

All labeled VP neurons had smooth somatic surface. The 
dendrites were mostly smooth, some had a slightly varicose 
appearance and occasionally had few dendritic spines or 
appendages. Neurons located in caudal VP had the largest 
dorso-ventral dendritic extent (up to 1.5mm), whereas 
neurons located rostrally in the fibrocellular layer of OT 
had the smallest dorso-ventral dendritic extent (up to .7 
mm). The dendrites of all VT neurons tended to remain with
in the borders of VP. Few, if any, dendrites penetrated 
into the substance of the nucleus accumbens (NAC) dorsally, 
or into the intermediate layer of OT ventrally. The local 
axon collaterals also tended to terminate within the borders 
of VP. Some axons of rostrally located VP neurons, however, 
would course into NAC and gave rise to collaterals which 
coursed back into VP to terminate as beaded fine fibers. 
One rostral VP neuron had an axon collateral which traversed 
the entire deep fibrocellular layer of OT to terminate in 
the magnocellular zone of an island of Calleja. The main 
axons of all VP neurons coursed caudally. Some had rostral 
projecting branch coursing in the direction of the frontal 
cortex.

Our data indicated that the dendrites of VP neurons were 
bounded by the borders of the nucleus. The local axon 
collaterals also tended to terminate intrinsically within 
VP, even when their branch points were outside of VP.  
(Supported by NIH Grants NS20702 to S.T.K., and NRSA F-32 
NS06951 to H.T.C.).
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205.7  NUCLEUS ACCUMBENS NEURONS IN VITRO: RESPONSES TO LOCAL 
STIMULATIONS IN BRAIN SLICES.  H.T. Chang and S.T. Kitai. 
 Dept. of Anat., Div. of Neurosci., Univ. of Term., Ctr. 
for Health Sci., Memphis, TN 38163.

Passive electrical membrane properties and responses to 
local stimulations were studied in nucleus accumbens (NAC) 
neurons of the rat in IN VITRO brain slice preparations. 
Either frontal or parasagittal sections (0.3-0.4 mm thick
ness) containing NAC and its surrounding structures were 
used in this study. The data are from NAC neurons having 
stable resting membrane potentials greater than 50 mV and 
capable of generating action potentials greater than 60 mV. 
All neurons showed rectification in membrane resistance to 
hyperpolarizing currents greater than 0 5 nA. The input 
resistance and the membrane time constant (t0 ) m e a s u re d  
from transients produced by small hyperpolarizing currents 
ranged from 15-40 MΩ and 5-12 msec respectively. Injections 
of depolarizing currents generated repetitive action po
tentials with a maximal frequency up to 100 Hz before 
inactivation. Local stimulations via a twist-pair wire 
electrodes evoked depolarizing post-synaptic potentials 
(DPSP). Increasing stimulus intensities usually triggered 
a single action potential on the rising phase of the DPSP. 
The DPSP peak amplitude could reach 40 mV. Total rise time 
from onset to the peak was usually less than 10 msec. The 
repolarization rate was slow and, upon high stimulus inten
sities, the falling phase of the DPSP could give rise to 
spikes of lower amplitudes and longer durations than the 
first action potential. Injections of hyperpolarizing 
currents increased the amplitude of the DPSP, whereas in
jections of depolarizing currents decreased the amplitude 
of the DPSP and eventually reversed a later portion of the 
DPSP into a hyperpolarizing potential. Superfusion of 
bicuculline (0.1 mM) abolished this polarity reversal. 
Intracellular injections of chloride ions increased the 
amplitude of the DPSP and decreased the rate of repolari
zation. These data indicated that the DPSP evoked by local 
stimulation in NAC consisted of a combination of excitatory 
and inhibitory PSP, and that the IPSP was GABAergic, 
probably mediated by chloride ions. All neurons (n=10) 
which were labeled intracellularly with HRP and had similar 
responses as described above were identified as medium spiny 
neurons. (Supported by NIH Grants NS20702 to S.T.K. and 
NRSA F-32 NS06951 to H.T.C.)

205.8  INTRACELLULAR RECORDING AND LABELING OF GLOBUS PALLIDUS 
NEURONS IN THE RAT.  S. T. Kitai and H. Kita.  Div. of Neuro 
sci., Dept. of Anatomy, Univ. of Tenn. Ctr. for Health Sci., 
Memphis, TN 38163.
Intracellular recordings were obtained from globus pallidus 
(GP) neurons following stimulation of the cerebral cortex 
(Cx), striatum (Str), entopeduncular nucleus (EP), subthal
amic nucleus (STH) and substantia nigra (SN) in rats anes
thetized with a combination of urethane (1.2g/kg) and keta
mine (30-100 mg/kg). Stimulating electrodes were bipolar 
stainless steel insect pins insulated with epoxy to within 
0.4mm of their tip with the tip separation of approximately 
0.8mm. The stimulation current did not exceed 1 mA. The 
recording glass microelectrodes were filled with either 3M 
KCl  or 0.5M K-methylsuifate and 3-4% HRP in 0.05M tris buffer 
(pH 7.6) with tip DC resistances of 30 to 120 Mohm. Some 
microelectrodes filled with HRP were used to stain the re
corded cells in order to examine their morphological fea
tures. After recording, animals were perfused with 2% for
maldehyde and 2% glutaraldehyde in phosphate buffer (PH 7.6). 
The brains were removed and vibratome sectioned and reacted 
for peroxidase histochemistry. Most of the neurons studied 
were antidromically activated following stimulation of either 
EP or STH, and some following Cx, Str, or SN stimulation. 
Antidromic spikes were all or none responses without under
lying depolarization and they exhibited an ability to follow 
high frequency stimulation and IS-SD brake during hyperpolar
ization. All neurons analyzed had resting membrane potentials 
of over 40 mV and they were capable of generating spikes with 
amplitudes over 50 mV. Striatal stimulation induced short 
lasting (10-20 msec duration) EPSPs followed by IPSPs (about 
50 msec). During hyperpolarization of neurons, it was ob
served that the onset of IPSPs almost coincided with that of 
the EPSPs. Postsynaptic responses from Cx, EP, STH and SN 
consisted of initial EPSPs (20-50 msec duration) followed by 
IPSPs (approximately 50 msec in duration). Microscopic anal
ysis of the intracellularly labeled neurons revealed that the 
recorded GP neurons were large or medium sized with large 
dendritic fields. The somata and the primary dendrites were 
spine free. The intrinsic axon collaterals were thin and 
arborized partially within the dendritic field of the parent 
cell. In some neurons axon collaterals were traced into Str. 
(Supported by NIH Grant NS20702).

205.9  ENTOPEDUNCULAR NUCLEAR INPUTS TO THE LATERAL HABENULAR NU
CLEUS IN THE RAT: AN INTRACELLULAR RECORDING AND LABELING 
STUDY.  K. Yamabe, H. Kita and S. T. Kitai. (SPON: R. 
Caldwell).  Div. of_Neurosci., Dept. of Anatomy, Univ. of 
Tenn. Ctr. for Health Sci., Memphis, TN 38163 
Anatomical studies indicate that the entopeduncular nucleus 
(EP) projects to the lateral habenular nucleus (LHb). In 
order to analyze the functional nature of this input, intra
cellular recordings were obtained from LHb neurons in rats 
anesthetized with urethane (1.2g/kg) and ketamine (30-100mg/ 
kg). Bipolar stimulating electrodes were placed in EP, 
striatum (Str) and fasciculus retroflexus (Fr). Recording 
glass microelectrodes were filled with 0.5M K-methylsulfate 
and 3-4% HRP in 0.05 M tris buffer (pH 7.6) with tip DC re
sistances of 40-70Mohm. In order to place the recording 
electrode visually over LHb, the overlying parietal cortex 
and the dorsal hippocampus were aspirated. At the terminat
ion of experiments, animals were perfused with 2% formalde
hyde and 2% glutaraldehyde. Brains were sectioned at 50 um 
either in sagittal or frontal plane and reacted for peroxi
dase histochemistry. When LHb neurons were penetrated, the 
microelectrode often recorded small, fluctuating spontaneous 
depolarizing potentials from which spike potentials were 
occasionally triggered. The amplitude of the depolarizing 
potentials was increased by injections of hyperpolarizing 
current which suggests that they were EPSPs. EP stimulation 
induced small amplitude (i.e., approximately 5 mV) depolar
izations with multiple peaks having a duration of 20-50msec. 
These depolarizing responses were observed in about 2/3 of 
the neurons recorded. Responses to EP stimulation were 
classified into two types: One type was characterized by  
having a short (2-3msec) and constant latency in spite of 
changes in stimulus intensity. The amplitude of these re
sponses was increased with injections of hyperpolarizing cur
rent. These results would indicate that the responses were 
monosynaptic EPSPs. The other type had variable latencies 
(3-10msec) regardless of stimulus intensity. Fr stimulation 
produced antidromic responses in most of the LHb neurons with 
latencies less than 2 msec. Thus, one of the major functions 
of EP projections to LHb nucleus is to directly excite neur
ons whose somatodendritic morphologies are currently being 
analyzed. (Supported by NIH Grant NS20702).

205.10  LIGHT MICROSCOPIC ANALYSIS OF RAT THALAMIC PARAFASCICULAR 
NUCLEUS NEURONS INTRACELLULARLY STAINED WITH HRP.
H. Nakanishi, H. Kita and S. T. Kitai. (SPON: Peter K.Law)
Div. of Neurosci., Dept. of Anatomy, Univ. of Tenn. Ctr. for 
Health Sci., Memphis, TN 38163
Neurons of the thalamic parafasicular nucleus were intra- 
cellularly labeled by iontophoretic injection of HRP and 
analyzed under the light microscope. At the end of the 
physiological experiment, rats were perfused with a mixture 
of 1% formaldehyde and 2% glutaraldehyde. The brains were 
sectioned at 50 um in sagittal plane and reacted with diam- 
inobenzidine procedure. More than half of these neurons 
were antidromically activated following striatal stimulat
ion. The somata of PF neurons were spine free and polygonal 
or oval in shape with the shortest diameter being 6-11 um 
and the longest diameter being 7.5-16 um . Three to five 
primary dendrites arose from the soma. These dendrites 
tapered slightly and divided into relatively thin secondary 
branches within 50 um from the soma. Most of the secondary 
dendrites divided further into thin branches. The dendritic 
branching ratio (i.e. dendritic tips/primary dendrites) 
ranged from 4-7. The proximal dendrites were generally 
smooth but the distal dendrites were sparsely covered with 
spines. Varicosities were frequently observed along the 
distal portion of the dendrites. The dendritic fields were 
oval in shape having slightly longer rostral-caudal axes 
(up to 800 um ) than the ventro-dorsal or medial-lateral axes 
(up to 600 um ). Some dendrites extended into neighbouring 
thalamic nuclei. The axons usually emerged from the soma. 
The axons of all the neurons analyzed were traced outside of 
Pf indicating that they were projection neurons. Only one 
axon was traced ventrally into the zona incerta. All the 
other axons were traced rostrally toward the internal cap
sule. In general, no axon collaterals were found either in 
the PF or other thalamic nuclei except one axon emitted a 
collateral into the reticular thalamic nucleus. These ob
servations indicate that rat PF may be comprised of one type 
of projection neuron with large overlapping dendritic fields. 
Most PF neurons send their axons rostrally to the striatum 
with very little collateralization within the PF nor in the 
thalamic reticular nucleus. (We thank Dr. K. D. Phelan for 
help with some experiments.  Supported by NIH Grant NS20702).
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205.11  A GABAergic RESPONSE IN STRIATAL SLICE PREPARATION.  T .Kita, 
H.Kita and S. T. Kitai.  Div. of Neurosci., Dept. of Anat
omy, Univ. of Tenn. Ctr. for Health Sci ., Memphis, TN 38163 
It is well demonstrated that the striatal medium spiny pro
jection neurons have extensive intrinsic axon collaterals. 
The function of these collaterals was suggested to be inhi
bitory and mediated by GABA. This study was intended to re
veal the latency, duration and reversal potential of the 
GABAergic inhibitory responses using a striatal slice pre
paration. Rat striatal slices about 400 um thick were sect
ioned using a Vibratome. A slice placed in a recording 
chamber was continuously superfused by oxygenated Ringer 
solution. Glass micropipettes filled with 2M K-methylsul
fate and 0.1M QX-314 were used for intracellular recordings. 
When a neuron was penetrated, QX-314 was injected through 
the recording electrode to block generation of action poten
tials. In this preparation postsynaptic responses could be 
tested with artificial depolarization without being con
founded by the generation of action potentials. Local stim
ulation applied through a bipolar electrode at 0.5-lmm from 
the recording electrode, evoked depolarizing postsynaptic 
responses in striatal neurons at resting membrane potential. 
When the neuron was depolarized, local stimulation evoked 
depolarizing potentials followed by hyperpolarizing potent
ials. Further increases in depolarizing current intensity 
resulted in local stimulation evoking only hyperpolarization. 
The latency of hyperpolarizing responses under these condit
ions was about 3.8 ms (n=30) and was not altered by changes 
in stimulus intensity. These observations suggested that 
the response was monosynaptic. The maximum duration of the 
hyperpolarizing response to strong local stimulation was 
about 130ms. The hyperpolarizing response was blocked by 
the application of bicuculline or picrotoxin. Combined 
intracellular Cl and QX-314 injections produced changes in 
the response pattern to the local stimulation. The initial 
depolarizing response was followed by another relatively 
large depolarization which no longer could be reversed by 
the intensity of depolarizing current previously used to re
veal hyperpolarization. Those results indicated that in the 
striatal slice there is monosynaptic Cl-mediated GABAergic 
response with a maximum duration of 130msec and having a re
versal potential of -60mV. This response is probably media
ted by axon collaterals of medium spiny neurons since there 
are no reported monosynaptic extrinsic inhibitory inputs to 
the striatum. (QX-314 was generously donated from the Astra 
Pharmaceutical Products, Inc.  (Supported by NIH Grant 
NS20702.)

205.12  ELECTRICAL MEMBRANE PROPERTIES OF RAT SUBSTANTIA NIGRA PARS 
COMPACTA (SNc) NEURONS: INTRACELLULAR STUDY IN IN VITRO 
SLICE PREPARATIONS.  H. Kita, T. Kita and S. T. Kitai.  Div. 
of Neurosci., Dept. of Anatomy, Univ. of Tenn. Ctr. for 
Health Sci., Memphis, TN 38163
Rat brain tissue containing the SNc was sectioned on a 
Vibratome (350-450 um ) in the parasagittal or cronal planes. 
Slices were placed in a recording chamber and continuously 
superfused by oxygenated Ringer solution. Intracellular re
cording electrodes were visually placed in SNc. Some of the 
recorded neurons were intracellularly stained by iontophor- 
etic injections of HRP. The input resistance of SNc neurons 
at resting membrane potential ranged from 70 to 250 Mohm. 
Intracellular hyperpolarizing current injections revealed 
the existence of anomolous rectification. Following the off 
set of hyperpolarizing current pulses, two distinct membrane 
responses were observed. One response, probably due to ear
ly K conductance, was characterized by a slow ramp-shaped 
recovery of membrane potential from the hyperpolarization. 
The other was a rebound depolarization which usually follow
ed the ramp-shaped recovery. The amplitude of this rebound 
depolarization was diminished by superfusing the preparat
ions with Ca free high Mg medium. Depolarizing current 
pulse injections generated slow and small amplitude depolar
izing responses which could lead to the generation of action 
potentials. The slow depolarizing response was diminished 
by a substitution of Ca to Mg in the superfusing medium. 
The response after the offset of the depolarizing current 
pulse was a long-lasting hyperpolarization. Similar long- 
lasting hyperpolarizations were observed after an action 
potential. The amplitude of these long-lasting hyperpolari
zations was decreased or abolished by either intracellular 
EGTA injections or superfusing Ca free medium. Injection of 
depolarizing current generated rhythmic discharges in SNc 
neurons. Injections of higher intensity current decreased 
the inter-spike-intervals and the spike amplitudes. The de
crease of the spike amplitude occurred abruptly in stepwise 
fashion as the current intensity was increased. These rhy
thmic discharges were abolished by TTX. In conclusion, rat 
SNc neurons have rather high input resistance and therefore 
even small synaptic inputs would produce larger effects on 
the neuron activity. Our observations also suggest that Ca- 
conductance is responsible for rebound depolarization and 
Ca-dependent K-conductance responsible for long-lasting 
spike hyperpolarization. Therefore, Ca- and K-conductance 
would be likely to have important roles in controlling rhy
thmic discharge of SNc neurons.  (Supported by NIH GrNS20702)

205.13  CAUDATE EFFERENTS IN PERINATAL RATS ORIGINATE PRIMARILY 
FROM PATCHES RECEIVING DOPAMINERGIC INPUT.  G. Fishell* 
and D. van der Kooy (Spon: Y. Israel).  Department of 
Anatomy, University of Toronto, Toronto, Canada M5S 1A8 

Specific neurotransmitters, receptors and afferent neur
onal fibers occur in patches in the caudate putamen. During 
perinatal development, opiate receptor patches occur in 
aggregations that exactly match the distribution of patches 
of dopamine containing nerve terminals from the substantia 
nigra. We now report that dopamine patches also exactly 
match the distribution of caudate cells sending prominent 
reciprocal efferent connections to the perinatal substantia 
nigra. In the adult rat both dopamine fibers and striatal 
cells projecting to the nigra become more diffusely dis
tributed throughout the caudate. Injections (.1— .2 ul) of 
the fluorescent retrograde axonal tracer propidium iodide 
(P.I.) were made into the substantia nigra of 2 day old 
rat pups. After a 48 hour survival period sections 
through the caudate-putamen were processed to visualize 
endogenous dopamine (SPG method). The striking observation 
was that groups of striatal cells showing heavy retrograde 
labeling with P.I. occurred in patches in exactly the 
areas of the perinatal caudate-putamen innervated by sub
stantia nigra dopaminergic fibers. Striatal cell bodies 
outside dopamine patches were labeled more faintly with 
retrograde P.I. fluorescence. The heavier retrograde 
labeling of striatal cells in the dopamine patches might be 
due to their elaborate axonal terminations in the substan
tia nigra, their more efficient transport mechanisms or 
less efficient metabolism of tracer. Preliminary obser
vations suggest that the distribution of dopamine matched 
striatal efferent cells regardless of whether the perinatal 
P.I. injections were made laterally in the substantia nigra 
or medially in the ventral tegmental area. The match of 
dopamine terminals and striatal cells with heavy retrograde 
labeling is not an artifact; the contralateral caudate 
contained patches of dopamine fluorescence without P.I. 
retrograde labeling and some ipsilateral areas where the 
SPG treatment failed to visualize dopamine still showed 
patches of retrograde labeling under the appropriate 
specific filter. These results suggest that an inductive 
developmental relationship may exist between the caudate- 
putamen and the substantia nigra-ventral tegmental area. 
It is not clear which of the nigrostriatal or striatonigral 
pathways is the putative inductor of the other, because 
the time course of development of the striatonigral pathway 
has not been investigated.

205.14  MECHANISMS UNDERLYING THE DEVELOPMENT AND MAINTENANCE OF A 
PATCHY STRIATAL ORGANIZATION.  D. van der Kooy, A.J. Lanca* 
and B.E. Kolb,  Dept. Anatomy, Univ. Toronto, Med. Sch., 
Toronto, Canada M5S 1A8.

A patchy organization of the rat caudate-putamen can be 
seen to develop perinatally. Striatal opiate receptor 
patches develop so that they exactly match both the peri
natal distribution of patches of dopamine fibers from the 
substantia nigra and the areas of less neuronal cell density 
in the perinatal striatum. We asked whether intrinsic or 
extrinsic striatal factors were responsible for the develop
ment and stable maintenance of the patchy striatal organiz
ation. To test the importance of intrinsic factors, we 
transplanted pieces of fetal (E12-E19) rat caudate into the 
caudal cortex of young adult rat hosts. Opiate receptors 
studied autoradiographically using 1nM 3H-etorphine were 
present diffusely in the transplants, except that areas of 
less neuronal density had somewhat higher concentrations of 
opiate receptors. However, the very dense patches of opiate 
receptors that normally develop in the caudate-putamen did 
not develop. To test the importance of extrinsic factors in 
patch development we made early postnatal lesions of two 
major extrinsic neuronal connections of the striatum. Knife 
cut lesions caudal to the striatum in the early postnatal 
period resulted in a greater than 60% decrease in the per
centage of the area of the striatum covered with opiate 
receptor patches in the young adult. On the other hand, 
complete decortication at postnatal day 1 increased the 
density of opiate receptor patches by 50% as assessed in 
young adult rats. To test the mature stability of opiate 
receptor patches we injected naloxazine (5 ug in .5 ul; an 
irreversible opiate receptor antagonist) into the striatum 
of adult rats. As new opiate receptors were synthesized 
they appeared in a normal patchy pattern in the striatum. 
Thus striatal patches appear to be a stable and maintained 
structure in the adult rat. We suggest at least 2 processes 
are involved in the development and stabilization of striat
al transplants, an initial intrinsic process in patch form
ation involves a local decrease in density of neuronal cell 
bodies (possibly due to neurite outgrowth of certain intrin
sic striatal cells). However, as evidenced by the caudal 
knife cut data, a secondary extrinsic process, possibly 
involving neuronal connections with the substantia nigra is 
crucial to the development and stabilization of the large 
numbers of the high opiate receptor density patches seen 
in the adult striatum.
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205.15  THE DOPAMINE-CONTAINING INNERVATION OF THE CAUDOPUTAMEN IS 
p resent AT BIRTH IN THE WEAVER MUTANT AND FORMS ISLANDS, BUT 
FAILS TO DEVELOP NORMALLY.  S.Roffler-Tarlov and A.M.Grayblel,  
Depts. Neurol, and Anat., Tufts Univ. Sch. Med., Boston, MA 
02111 & Mass. Inst. Tech., E-25, Cambridge, MA 02139.

We reported recently that the autosomal recessive muta
tion carried by the mutant mouse weaver produces differen
tial effects on the DA-containing innervation of the limbic 
and the non-limbic striatum. (Nature, 307, 63 1984). Speci
fically, the dorsolateral caudoputamen (CP), a target of the 
nigro8triatal system, is severely depleted of DA (-70%) 
whereas DA is entirely conserved in the n. accumbens (NAc), 
a target of the mesolimbic system. The olfactory tubercle 
(OT) shows a 30% reduction in DA.

We now report that in weaver neonates, the DA-containing 
innervation of the CP is characterized by normal DA concen
trations and by a normal anatomical arrangement into DA 
"islands". Subsequently, however, the weaver disease is 
expressed in the CP as a failure of this early DA-containing 
innervation to develop normally. We compared the content of 
DA extracted from three divisions of the striatum (CP, NAc 
and OT) and from the midbrain of weaver and control litter- 
mate pups bred on a C57BL6/CBA background. Catecholamines 
were extracted from tissues dissected from serial brain 
slices and were separated and measured using HPLC followed by 
electrochemical detection. Values were expressed as pmoles 
DA/mg protein (mean ± SEM). DA was not reduced in any region 
of 7 day-old weaver mice. The values were: for CP, 9 1 + 3  in 
controls, 105 ± 4 in weavers; for NAc, 220 ± 13 in controls 
and 210 ± 15 in weavers; and for OT, 1 7 5 ± 12 in controls and 
180 ± 25 in weavers. The DA content in CP of control animals 
5 days older had increased to 160 ± 7 but the DA content of 
weaver CP was 130 + 9. The DA content of both NAc and OT was 
normal in these 11-day old weaver animals; DA in midbrain was 
reduced (17 ± 1 in control and 1 0 ± 1 in weaver). The DA 
content of CP failed to increase after the second postnatal 
week: in the controls it had doubled by 30 days.

The pattern of catecholamine innervation of the develop
ing striatum was studied in 8 and 11 day-olds using tyrosine 
hydroxylase (TH) immunohistochemistry. Patches of TH-like 
immunoreactivity, characteristic of the normal "islandic" 
pattern of innervation in neonatal CP, were present in the 
developing CP of weavers and controls at both ages. In the 
midbrain, there was no dramatic loss of cells stained for TH. 
We conclude that the weaver defect can be detected biochemi
cally at a time when DA islands are still present.
Supported by NIH-NS20181. We thank T. Joh for TH antiserum.

205.16  OVERLAPPING DISTRIBUTIONS OF GABAERGIC AND CHOLINERGIC 
NEURONS IN THE DIAGONAL BAND OF THE RAT . H.R.  Brashear*1, 
L. Zaborszky, D. Schmechel*2 and L. Helmer1 . (SPON: 
F.E. Dreifuss). 1. Dept. of Neurol., UVA Med. Ctr., 
Charlottesville VA, 2. Duke Univ. Med. Ctr., Durham, N.C.

GABAergic neurons are coextensive with the cholinergic 
neurons within the medial septal nucleus-diagonal band 
(DB) complex. To test for co-localization of these two 
transmitters we used several methods with antibodies to 
glutamate decarboxylase and choline acetyltransferase: 
immunostaining of serial 5 µm frozen sections, sequential 
staining of 20 μm sections with peroxidase-antiperoxi
dase techniques and double immunofluorescence staining of 
20 µm sections.

Although the two types of neurons could not be 
distinguished on the basis of morphological features, 
they were characterized by distinctive, but overlapping, 
distributions in the diagonal band. GAD-positive cells 
were scattered diffusely through the nucleus of the 
vertical limb of the DB (nVLDB), while ChAT-positive 
neurons tended to be localized medially within the nVLDB 
and to be separated into two groups corresponding to the 
dorsal and ventral aspects of the nucleus. In the 
rostral parts of the nucleus of the horizontal limb of 
the DB (nHLDB), the ChAT-positive cells tended to be 
located medial to GAD-positive cells, whereas in more 
caudal sections, they spread dorsally through the lateral 
hypothalamic area to become continuous with other large 
cholinergic neurons of the basal forebrain system. The 
large majority of GAD-positive neurons, on the other 
hand, remained in a more ventral and lateral position 
within the nHLDB. The cholinergic neurons were estimated 
to be about two to three times more numerous than 
identified GABAergic neurons. Less than 2% of the ChAT- 
positive neurons were double labeled. However, since we 
cannot rule out the possibility of artifactual double
labeling because of minimal cross-reactivity between the 
secondary antibodies used, the question of co-existence 
of the two transmitters in a minority of DB neurons 
remains open.

Supported by USPHS Grants NS #07298 (HRB) and NS #17743 
(LH) . ChAT antibody, gift of Dr. Felix Eckenstein.

205.17  NEUROTOXIC EFFECTS OF THE MEPERIDINE ANALOGUE N- 
METHYL-4-PHENYL-1,2 ,3 ,6-TETRAHYDROPYRIDINE (NMPTP) 
ON IMMUNOREACTIVE TYROSINE HYDROXYLASE IN RAT 
SUBSTANTIA NIGRA.  L. L. Vacca, R. Ikeda*, M. E. Melnick 
and K. S h e llen b e rg e r,  D ep ts. Of Anatomy, Physical T herapy  
Education and Pharm acology, Univ. K ansas Med. C tr . ,  Kansas 
C ity, KS 66103.

Human abuse of a m eperidine-analog contam inated with 
NMPTP causes chronic P a rk in so n 's  d isease  within 1-2 weeks 
(Davis e t a l . , P sych iat. R e s . , 1 :249, 1979; Langston et a l . , 
Science, 219: 979, 1983). The contam inant p roduced  a selec- 
tive damage of dopamine (DA) neu rons  in su b stan tia  n ig ra  
(SN) as de tected  by  chemical and h istological an aly ses. Ad
ditional da ta  have been  obtained  in m onkeys (B urns et a l . , 
P roc. Nat. Acad. S c i., 80: 4546, 1983). In mice, NMPTP is 
re p o rted  to p roduce a rap id  and long -las ting  reduction  of 
s tr ia ta l DA, and in s tria tum  and fron tal co rtex  NMPTP induced 
a long-term  reduction  of noradrenaline  (Hallman et a l . , E u r . 
J .  Pharm ac., 97:133, 1984).

In  o u r lab o ra to ry , we in jec ted  NMPTP in doses of 3-30 mg/kg 
in to  adu lt male Spargue Dawley ra ts  (400-500 gm) for periods 
rang ing  betw een one to 10 d ays. Immediately a fte r trea tm en t, 
some ra ts  exh ib ited  clonic se izu res ; most ra ts  maintained a 
fla ttened  qu iescen t p o s tu re . A series  of behavioral te s ts  were 
applied to evaluate a lte ra tions  in  motor a ctiv ity  possib ly  re la t
ed to b asa l ganglia function  (res id en tia l ex p lo ra to ry  activ ity  
and sym m etry of walking p a t te rn s ) .  The rats were th en  anes
th e tiz ed , p e rfu sed  with b u ffered  form alin, and th e ir  b ra in s  
d issec ted  and p re p a re d  for the  immunocytochemical v isualiza
tion of ty ro sin e  hyd roxy lase  (T H ), a m arker for DA n eu ro n s . 
Prelim inary re su lts  indicate th a t ra ts  tre a te d  with 30 m g/kg 
doses of NMPTP have reduced  amounts of im m unoreactive TH 
w ithin SN n eu rons  (pe rik a ry a  and p rocesses) as determ ined 
by  th e  end -po in t of immunostaining and by  densitom etry . 
M orphometric s tu d ies  a re  underw ay to determ ine w hether the  
num ber of p e rik a ry a  is also red u ced . T hese data  indicate th a t 
th e  ra t  su b stan tia  n ig ra  is vu lnerab le  to damage by  NMPTP. 
The work was su p p o rted  by BRSG fund  2-S07-RR05373 SUB 
and USPHS HD 02528. In  addition , we wish to acknowledge 
D r. Norman Weiner (U niversity  of Colorado Health Science 
C en ter, D enver, Colorado) for h is  generous g ift of anti-T H  
serum  which made the  immunocytochemical work possib le .

205.18  MURINE MODEL OF MPTP-INDUCED PARKINSONISM:HISTOPATHOLOGY.
A. Hess, D. Yamasaki, A. Bretschneider*, I. Meadows*, 
P. Adamo*, R.E. Heikkila and R.C. Duvoisin.  Departments of 
Anatomy and Neurology, UMDNJ, Rutgers Medical School, 
Pi scataway, NJ 08854.

The inadvertent injection of MPTP (1-methyl-4-phenyl- 
1,2,5,6-tetrahydropyridine) in several young people has 
resulted in marked signs of parkinsonism whose symptoms were 
alleviated by 1-dopa (Langston et al, 1983). These inci
dents gave rise to the idea that MPTP administration to 
animals might lead to the production of parkinsonism. Par
kinsonian features have been produced in rhesus (Burns 
et al, 1983) and squirrel (Langston et al, 1984) monkeys. 
The production of parkinsonism in a rodent or other small 
animal would be advantageous in making such material more 
accessible and less expensive and should serve to instigate 
more extensive study of Parkinson's disease.

We believe that we have produced a murine model of par
kinsonism. Injections of MPTP have resulted in decreases in 
dopamine content in the striatum, deficiencies of dopamine 
uptake in the striatum, neuronal cell loss in the pars com- 
pacta of the substantia nigra, terminal fiber degeneration 
in the caudate nucleus, and tonic behavior in some mice--all 
of these being characteristic of the chemical, 
histopathological and behavioral features of Parkinson's 
disease in man.

Male Swiss Webster mice were injected intraperitoneally 
with 30mg/kg MPTP in distilled water with the pH adjusted to 
8.5 with dilute hydrochloric acid. Five to 10 injections of 
MPTP resulted in pronounced decrements (67-80%) in levels of 
dopamine and its metabolites in the striatum; nucleus accum
bens and hypothalamus were unaffected; neostriatal levels of 
serotonin and its metabolites were unaffected.

Histopathological studies of control and MPTP treated 
mice were performed on littermates of the above animals 
exhibiting dopamine deficiencies. Cresyl violet staining of 
paraffin and frozen sections revealed a marked bilateral 
loss of neurons in the pars compacta of the substantia 
nigra. Retrograde transport of horseradish peroxidase (HRP) 
after large injections into the caudate nucleus unilaterally 
resulted in a striking demonstration of the decrease in 
number of pars compacta neurons after MPTP treatment.

C57 B1 mice were even more susceptible to MPTP than Swiss 
Webster. Dopamine losses were greater after fewer injec
tions of MPTP. Selective silver impregnation (Fink-Heimer) 
revealed degenerating terminals in the caudate nucleus in 
these black mice after only 3 injections of MPTP.
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205.19  NICOTINAMIDE ADENINE DINUCLEOTIDE PHOSPHATE-DIAPHORASE 
(NADPH-d) HISTOCHEMISTRY OF THE HUMAN CAUDATE NUCLEUS.
R.J. Ferrante* and N.W. Kow all.  Dept. of Pathology and 
Neurology, Massachusetts General Hospital, Boston, MA 02114.

NADPH-d reactive neurons in the rat striatum represent a 
subset of cells  that contain both somatostatin and 
neuropeptide Y-like immunoreactivity (Vincent, S.R. et. a l., 
J. Comp. Neurol. 217:252-263,1983). We have modified a 
direct method of NADPH-d histochemistry in order to assess 
the morphometry and distribution of diaphorase positive 
cells  in formalin fixed human caudate nucleus. This NADPH-d 
method allows rapid and reliable visualization o f neurons in 
detail, delineating their dendritic and axonal arbors.

Seven blocks of human caudate nucleus were obtained 8-16 
hours postmortem and immersed in 10% neutral buffered 
formalin at 4°C. After 48 hours fixation, the tissue was 
frozen in isopentane cooled to -70°C with liquid nitrogen. 
Cryostat sections were cut at -20cC and stained for NADPH-d 
activity by incubating free floating 50 μm sections in 10 
ml. Tris-HCl buffer solution (pH 7.4) containing 10 mg. 
NADPH and 4 mg. Nitro Blue Tetrazolium (NBT) salt at 37.5°C 
for 1 hour. The NBT was reduced in the presence of NADPH to 
an insoluble blue end product, formazan, marking positive 
cells.

Stained cells  stood out on a clear background. They were 
distributed in a stria l pattern leaving patches which were 
devoid of positive reaction. Morphologically, the stained 
cells  resembled aspiny neurons, as previously described with 
cytochemical techniques for neuropeptide Y and somatostatin
like immunoreactivity (Vincent, S.R. and Johansson O., J. 
Comp. Neurol. 217:264-270, 1983).The ce ll soma were medium to 
large in size and pyramidal, spheroidal or fusiform in 
shape. Some nuclei were eccentric with invaginations. The 
dendritic arborizations were either multipolar with multiple 
branching or bipolar with sparse elongate ramifications.

This method should be useful for the examination of human 
brain tissue under pathological conditions such as 
Huntington's disease (in which both neuropeptide Y and 
somatostatin are said to be preserved). The osmiophilic 
properties of the formazan end product w ill allow the 
ultrastructure of these cells to be studied. Simultaneous 
histochemistry for both diaphorase and cholinesterase 
activity as well as confirmation of in immunocytochemical 
co-localization of somatostatin and neuropeptide Y with 
diaphorase in human striatum should also be possible.

205.20  CHANGES IN THE DENDRITE MORPHOLOGY OF MEDIUM-SIZE NEO-
STRIATAL SPINY NEURONS IN HUNTINGTON'S DISEASE.  M.DiFiglia, 
G.A. Graveland and R.S. Williams.  Dept. of Neurology, 
Massachusetts General Hospital, Boston, MA 02114.

The neostriatum was examined in Golgi impregnations of 
Huntington's disease (HD; N=10) and control brains. Con
trols consisted of age-matched normals (N=4) and a group 
with other neurologic disorders (N=5), including one each 
of Wilson’s disease, Parkinson's disease and massive corti
cal infarct, and two cases of schizophrenia. Results showed 
that in HD, medium-size neurons found mostly in the caudate 
nucleus were severely degenerated and could not be classi
fied. Such cells were characterized by a few thin, trunca
ted dendrites with irregular contours and few or no spines. 
Cell bodies, primary dendrites and axon initial segments 
were also irregular in contour with some focal swellings. 
Other neurons in the caudate and putamen, were less atro
phic and retained the characteristic features of medium- 
size spiny cells based on dendrite branching and spine 
distribution. However, they exhibited changes in dendrite 
morphology consisting of recurved endings within the distal 
one-eigth to one-third of their dendritic fields. The bend
ing produced a change of 90 or more in the orientation of 
dendrites, which sometimes exhibited spiral or S-shaped 
configurations as well. Quantitative studies showed that 
neostriatal spiny cells with recurved dendrites comprised 
the majority of neurons in the HD cases (63-100% of total 
neurons sampled), occurred infrequently in normals (0-13%) 
and in some of the disease controls (Parkinson's 9%; 
Schizophrenia, 9%) and appeared with somewhat increased 
frequency in Wilson's disease (41%) and in the neostriatum 
denervated by cortical infarction (24%). The recurved 
dendrites of HD spiny cells appeared to represent new 
growth. Quantitative studies confirmed that the recurved 
dendrites in HD were longer than uncurved dendrites from 
the same neurons, or the longest uncurved dendrites of 
normal controls. Other changes observed included a marked 
reduction in spine density in most neurons but a paradoxi
cal increase in spines in the dendrite segments of some 
cells (6-13% of total HD neurons sampled). Pathologic 
changes were rarely observed in other types of neostriatal 
neurons identified as belonging to the medium- and large- 
size aspiny types. Results suggest that in the HD neo
striatum medium-size spiny neurons are preferentially 
affected and exhibit both degenerative and regenerative 
changes. Supported by NIH Grant NS 16367 (MD) and MH34079 
(RSW).

RESPIRATORY REGULATION

206.1  ANATOMY AND CENTRAL PROJECTIONS OF THE TYMPANIC 
PLEXUS IN THE CAT.  P .J . Gannon and A.R. Eden,  
Department o f  O to laryngology, Mount S inai School 
o f  M edicine, New York, New York 10029.

L i t t l e  is  known about the component nerves 
and d is c re te  functions o f the middle ear 
tympanic plexus (TP) in  the cat. This study was 
designed to  in v e s tig a te  the anatomy and cen tra l 
p ro jec tio n s  o f  th is  reg ion .

Adult cats were anesthetized  w ith ketamine 
hydroch loride (30mg/kg). The middle ear was 
exposed through the tympanic bu lla  in  seven 
animals. Gelfoam impregnated w ith  horseradish 
peroxidase (HRP, 30% so lu tion  in  sa lin e , type VI 
[S igm a]) was app lied  d ir e c t ly  to  the transected  
plexus nerves on the promontory o f  the middle 
ear. A fte r  a 24-48 hour s u rv iva l, 40µ s e r ia l  
transverse brainstem sections were reacted  by 
the tetram ethylbenzid ine (TMB) blue reaction  
process. The c on tra la te ra l middle ears and 
bu llae  o f  the perfused Animals were flooded  w ith 
osmium te tro x id e  (2% so lu tion  in  0.1M phosphate 
b u ffe r , pH 7.4) to  s e le c t iv e ly  s ta in  the bare ly  
v is ib le  nerves o f  the tympanic plexus.

Anatom ically, the plexus was noted to  be much 
more exten s ive  than in  macaques (rhesus, 
cynomolgus) or humans. Unlike prim ates, however, 
most o f  the TP nerves course under a bony rid ge  
separating the a ir -con ta in in g  bu lla  from the 
middle ear, and cross the bu lla  to  the jugular 
foramen.

HRP-labe led  neurons were observed in  the 
ip s i la t e r a l  superior and in fe r io r  sa liv a ry  
n u c le i. These labe led  s a liv a ry  neurons demon
s tra te  the passage o f  p regan glion ic  parasympa
th e t ic  secretomotor f ib e rs  through the tympanic 
plexus as in  the human.

Extensive HRP-labeled term inal f ie ld s  were 
observed in  that part o f  the ip s i la t e r a l  
s o l i t a r y  tr a c t  nucleus (NTS) known to re ce iv e  
chemo- and baroreceptor input from the lower 
re sp ira to ry  t r a c t .  These p ro jec tion s  suggest 
that a component o f  the TP may monitor pressure 
and/or gas composition in  the middle ear.

(Supported in  part by NIH Grant NS 19179)

206.2  COMPARISON OF EFFECTS OF SUPERIOR LARYNGEAL (SL) NERVE AND 
ROSTRAL PONTINE (NUCLEUS PARABRACHIALIS MEDIALIS: NPBM) 
STIMULATION ON DORSAL RESPIRATORY GROUP (DRG) INSPIRATORY 
(I) NEURON AND PHRENIC DISCHARGES.  A.L. Sica. D.F. 
Donnelly*, M.I. Cohen and H. Zhang*.  Dept. Physiol., 
Albert Einstein Coll. Med., Bronx, N. Y. 10461.

In decerebrate, paralyzed cats ventilated with a cycle- 
triggered pump, the responses of DRG I neurons of the 
medulla and of the whole phrenic nerve to NPBM and SL 
stimulation, both of which produce inhibition of I acti
vity, were compared. Single-shock stimulation (.05 msec 
duration, 60-120 μA for SL, 400-800 µA for NPBM) was ipsi
lateral to the unit recorded and was delivered during the 
second half of the I phase. For each type of stimulation, 
current intensity was adjusted to a level slightly higher 
than the threshold for eliciting an inhibition of phrenic 
activity; with NPBM stimulation, two shocks were sometimes 
required to achieve this effect. SL stimulation usually 
produced an excitation (5 msec latency) of the contra
lateral phrenic, followed by a bilateral phrenic inhibi
tion (8 msec latency, 28 msec duration). Neurons (n = 14) 
responded with an inhibition (6 msec latency, 28 msec dur
ation); 8/14 neurons had an excitation (3 msec latency) 
which preceded the inhibition. With NPBM stimulation, a 
short latency (5 msec) bilateral phrenic inhibition, last
ing 15-17 msec, was observed. Neurons (n = 11) responded 
with inhibition; the average latency and duration did not 
differ significantly from those of phrenic inhibition. In 
4 cases, a short latency (2 msec) excitation preceded the 
inhibition. Thus, the latencies of DRG I neuron responses 
to SL stimulation were less than those of phrenic res
ponses, whereas the latencies of their responses to NPBM 
stimulation were not less than those of phrenic responses. 
These results suggest that the effects of SL stimulation 
on phrenic discharge are mediated by DRG neurons, while 
NPBM effects are mediated by some other population, per
haps the ventral respiratory group. (Supported by USPHS 
Grants HL-27300 and HL-07060.)
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206.3  ROLE OF THE DORSAL RESPIRATORY GROUP (DRG) IN PROCESSING 
VAGAL AND SUPERIOR LARYNGEAL NERVE AFFERENT INPUT IN CAT.
D.R, McCrimmon,  D.F. Speck & J.L. Feldman,  Depts. of 
Physiology & Anesthesia, Northwestern U., Chicago, IL 60611.

We investigated the effect of uni- or bi-lateral 
destruction of the ventrolateral nucleus of the tractus 
solitarius (i.e. DRG) on the processing of afferent input 
from the vagus (X) and superior laryngeal (SL) nerves. 
Experiments were conducted on anesthetized, vagotomized, 
paralyzed and artificially ventilated cats. We verified that
1) single electrical pulses (5-30 uA, 0.1 ms duration) to 
the SL nerve during inspiration elicit a short onset latency 
(4-6 ms) excitation of the contralateral (only) phrenic 
nerve followed by a bilateral inhibition, 2) at higher 
currents (50-150 uA) a post-inhibitory excitation is 
observed, and 3) stimulus trains delivered to the X nerve 
(20-60 uA, 100 Hz, 0.1 ms pulse duration; intensities chosen 
to maximize activation of pulmonary stretch receptors) 
throughout inspiration produce a current dependent 
shortening of inspiratory duration (TI). We recorded and 
lesioned in the DRG with a linear array of 2 to 4 tungsten 
microelectrodes (tip separation of 0.7 to 1 mm). When DRG 
respiratory neurons were recorded on an electrode it was 
moved to the approximate center of this activity and a 
lesion was made by passing current (20 uA, electrode 
negative for 60 sec). If respiratory neurons were recorded 
on an adjacent electrode, then lesions were made between 
these electrodes (20 uA for 60 sec each polarity). We moved 
the array in 500 um steps (in the horizontal plane) and 
iterated the above procedure until respiratory neurons were 
no longer detected. Lesions were located ventral and lateral 
to the tractus solitarius and extended from about 1 mm 
caudal to 2 mm rostral to the obex. Uni- or bi-lateral DRG 
destruction (verified to be at least 80% complete) abolished 
the short latency phrenic nerve excitation to SL nerve 
stimulation; the longer latency bilateral phrenic nerve 
inhibition and subsequent excitation were unaffected. The 
relative shortening of TI in response to X nerve stimulation 
of a given intensity was the same before and after 
lesioning. We conclude: 1) the DRG is an obligatory 
component in the short latency phrenic nerve excitation 
elicited by SL nerve stimulation, and 2) neuronal pathways 
exclusive of the DRG are sufficient to produce inspiratory 
termination in response to activation of pulmonary stretch 
receptor afferents.  (Supported by NIH grant HL-23820, D.R.M. 
is a Parker B. Francis Fellow of the Puritan-Bennett 
Foundation).

206.4  CARDIORESPIRATORY RESPONSE TO SUPERIOR LARYNGEAL NERVE 
STIMULATION BEFORE AND FOLLOWING ANESTHESIA.  D.F. Donnelly 
and G.G. Haddad.  Dept. Pediatrics, Columbia University, 
New York, NY 10032.

Superior laryngeal nerve (SLN) stimulation produces 
asphyxial death in anesthetized young piglets (Lee et al, 
AJP 233:R30,1977). However, previous work in this laboratory 
showed that unanesthetized piglets have no depression of 
cardiovascular function during SLN stimulation despite a 
profound depression of breathing. The purpose of these 
experiments was to reconcile these observations by quantita
ting the effects of laryngeal stimulation at a given level 
before and following anesthesia.

Both SLNs of 6 piglets (age 6-37 days) were ligated, cut 
and placed in cuff electrodes one to two days before the 
experiment. During each experiment we measured ventilation 
(barometric plethysmograph), arterial pressure and blood 
gases (femoral cannula) and recorded EEG and EKG. Both SLN 
were stimulated for 30 minutes at 2-4x threshold for res
piratory depression (10 Hz, biphasic 40ms, 0.8+0.3 v.). Blood 
gases were drawn before and at 5 and 15 minutes into the 
stimulus period. Following recovery from stimulation, animals 
were anesthetized with pentobarbital (25-35 mg/kg i.a.) and 
the SLNs were again stimulated at the same intensity. Results 
from 4 piglets <2 weeks old were as follows:

Control @5 min @15 min
Pa02 before anesthesia 112+3 89+12 92+8
Pa02 following anesthesia 119+7 22+7 26+9 *
PaC02 before anesthesia 33+1 44+1 44+2
PaCO2 following anesthesia 44+1 66+4 74+7 *

(*2/4 animals B.P. 10 mmHg at which time the stimulus was 
removed and CPR initiated.)

Unanesthetized piglets continued breathing during the 
stimulation period with breaths closely associated with 
opening of the eyes and body movement. Lightly anesthetized 
piglets responded with a profound apnea (>1 min) and suffered 
cardiorespiratory collapse or breathed occasionally in a 
gasping pattern. These gasps sustained cardiovascular 
function to a remarkable degree. This profound respiratory 
depression was never seen in older piglets (>3 weeks) either 
before or following anesthesia. We conclude that during 
laryngeal reflex activation, arousal plays a vital role in 
sustaining breathing in young animals and that anesthesia 
can blunt this protective mechanism.

206.5  RELATIVE CONTRIBUTION OF PULMONARY STRETCH RECEPTOR (PSR) 
INPUT FROM IPSI- AND CONTRALATERAL VAGI ONTO DORSAL RESPIRA
TORY GROUP (DRG) R-BETA NEURONS.  L. Kubin* and R.O. Davies. 
 Dept. of Animal Biology and Cardiovascular-Pulmonary Div., 
Univ. of Penna., Phila., PA 19104

DRG R-beta neurons receive a strong excitatory input from 
PSR afferents. Recently, two new observations on PSR input 
to DRG neurons in the cat were reported. Donoghue et al. 
(J. Physiol. (London) 322:353-363, 1982) showed that some 
PSR central terminals reach the ventro-lateral nucleus of 
the solitary tract (NTS) where DRG cells are located; no 
projection has been traced to the contra Lateral DRG. In 
another study, Averill et al. (Physiologist 26:A-45, 1983) 
demonstrated that some PSR afferents excite monosynaptically 
R-beta neurons of the ipsilateral DRG. However, anatomic 
studies of Kalia and Mesulara (J. Comp. Neurol. 193:435-464, 
1980) have indicated that afferents from the main bronchus 
project to both the ipsi- and contralateral NTS. In the 
present study, we determined whether, in addition to an 
ipsilateral input, DRG neurons receive a relay from PSR in 
the contralateral vagus.

In decerebrate cats, we recorded from individual DRG 
neurons and identified them as R-beta by a "no inflation" 
test. Then the transmission in myelinated fibers of the 
ipsilateral vagus was reversibly blocked by application of a 
constant de- or hyperpolarizing current on the nerve. The 
completeness of the block was assessed by recording the 
evoked vagal compound action potential. In all animals, the 
Hering-Breuer inspiratory inhibitory reflex could be elic
ited both with and without the unilateral vagal blockage.

In 8 out of 12 R-beta neurons studied to date, ipsilateral 
vagal blockade abolished their excitatory response to PSR 
input. In another 3 cells, a strongly reduced PSR input 
persisted during the block. In one cell, the PSR input 
originated almost exclusively from contralateral PSR 
afferents; this was tested by ipsilateral blockade and a 
subsequent section of the contralateral vagus nerve.

We conclude that most of the R-beta neurons receive their 
PSR input only from the ipsilateral vagus. However, a 
smaller population has a bilateral input. In a further 
extension of this study we will attempt to determine whether 
there are other differences between properties of those 
R-beta cells with an ipsilateral and those with a bilateral 
convergence of PSR input. (Supported by USPHS Grant 
HL-08805)

206.6  AVERAGING OF MEMBRANE POTENTIAL OF VENTRAL RESPIRATORY GROUP 
NEURONS TRIGGERED BY RETRO-FACIAL RESPIRATORY UNIT SPIKES.  
J.E. Remmers, R. Takeda*, S. Schultz*, and A. Haji*.  Dept. 
of Int. Med., UTMB, Galveston, Tx. 77550-2778.

Early inspiratory (EI) neurons of the retro-facial nucleus 
(RFN) project contralaterally to the vicinity of the bulbar 
ventral respiratory group (VRG) (Bianchi, A.L. and J.C. Ba- 
rillot, Neurosci. Let., 31: 227, 1982). Post-inspiratory(PI) 
neurons of the VRG receive prominent inhibitory post-synap
tic potentials (IPSPs) during inspiration, and their membra
ne is often maximally polarized early in inspiration. We 
speculate that PI neurons receive IPSPs from axons of EI 
neurons located in the contralateral RFN. To examine this 
possibility, we simultaneously recorded in decerebrate cats 
extracellular action potentials of respiratory units in the 
RFN and membrane potential (MP) of VRG respiratory using 
glass micropipettes filled with 3 M KCl. The animals were 
paralyzed and ventilated by a phrenic driven servo-respira
tor. All neurons were tested for peripheral axons by stimu
lating the ipsilateral vagus and superior laryngeal nerves, 
as well as the spinal cord. Pre- and post-spike historgrams 
of MP of the VRG neuron were calculated using the AP of the 
RFN unit as a trigger. Stable simultaneous recordings of MP 
and of Aps were obtained in 82 instances. In addition to EI 
and PI neurons, augmenting inspiratory (AI) and expiratory 
(AE) neurons were recorded in both locations. Averaged MP 
waveforms possibly indicative of short latency of IPSP’s or 
EPSP's following the RFN spike trigger were observed in 17- 
82 pairs. The distribution of these correlations amongst 4 
categories of respiratory neurons is shown in the following 
matrix.

The high percentage of correlations between EI spike and PI 
membrane potential is consistent with the original specula
tion. In these instances, a hyperpolarizing wave of 8-10msec 
duration followed the RFN spike. Reversal of this wave after 
Cl injection was observed, suggesting that the wave results 
from the arrival of IPSPs at the VRG neuron shortly after 
the RFN spike. (Sunnorted by NHURI Grant HI.-275201.
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206.7  PROLONGATION OF POST INSPIRATORY INSPIRATORY ACTIVITY (PIIA) 
DURING AUGMENTED BREATHS.  J. Mitra, N.R. Prabhakar,* and N.S. 
Cherniack*.  Dept. of Medicine, Case Western Reserve Univ., 
Cleveland, OH 44106.

The phase I of expiration with decaying post inspiratory 
discharge of the inspiratory muscles is called "post inspi
ratory inspiratory activity" (PIIA)(Richter, D.W. and 
Ballantyne, D., Central Neurone Environment, Springer Verlag 
169-174, 1983). We analyzed the duration of the PIIA in 
cats anesthetized with pentobarbital sodium (n = 8) or 
chloralose (n = 2), during different trajectories of the 
phrenic activity. Augmented breaths (AB) were characterized 
by a biphasic shape of the phrenic trajectory (Cherniack et 
al., Acta Physiol. Scand. 111:349-360, 1981). Spontaneous 
AB's were observed in vagotomized, carotid sinus denervated 
cats, ventilated with 7% CO2 in O2. The duration of PIIA 
(TE1) in the control breaths was 0.24 ± 0.02 s (mean ± SEM), 
while in AB's it was 0.54 ± 0.06 s (n = 14), which is a 225% 
increase. Similar increase in TE1 (PIIA) was also seen dur
ing AB's in spontaneous breathing animals with intact vagi 
and sinus nerves and also animals breathing 100% 02. How
ever, TE2 (the duration of expiration without PIIA) increas
ed from 0.79 ± 0.05 to 0.92 ± 0.05 s, an increase of 116.5%. 
No or almost negligible PIIA was seen with apneustic type of 
phrenic activity. PIIA was decreased or even absent immedi
ately after the denervation of carotid sinus nerves; however, 
after 5 to 10 min PIIA reappeared with duration similar to 
the predenervated controls, suggesting CSN are not essential 
for the presence of PIIA. PIIA is present in both types of 
anesthesia used in this study. The results suggest that the 
prolongation of expiration seen during AB's is primarily due 
to the increased PIIA.  (Supported by NIH HL-25830)

206.8  RESPIRATORY-SPINAL PROJECTIONS TO CAT'S LUMBAR CORD.
A.D. Miller, K. Ezure* and I. Suzuki*.  The Rockefeller 
University, New York, N.Y. 10021.

The control of abdominal musculature was investigated by 
testing the possible projection of medullary and upper cer
vical respiratory neurons to the lumbar cord. Lumbar- 
projecting respiratory neurons are likely to affect the 
activity of abdominal muscles which are innervated in part 
from L1-3 while the other major respiratory muscles are 
supplied from more rostral segments. Data were obtained 
from 31 unanesthetized, decerebrate cats. Neurons (N = 412) 
were tested for antidromic activation from L 1 and sometimes, 
in addition, L4-5. Neurons were classified as expiratory (E) 
(N = 171), inspiratory (I) (N = 195), or phase-spanning 
(N = 46), depending on the relationship of their firing 
pattern to that simultaneously recorded from the phrenic 
nerve.

No phase-spanning neurons were found that projected to 
the lumbar cord.

There was a sparse projection of widely distributed I 
neurons to the upper lumbar cord. Ten neurons were acti
vated from L1, but not from L4-5. One was located in the 
dorsal respiratory group (out of 36 DRG cells tested (3%)), 
3 were in the ventral respiratory group (VRG) caudal to the 
obex (out of 29 tested (10%)), and 2 were in C1-2 (out of 
7 tested from mid Cl to caudal C2 (29%)); 4 recordings were 
from axons.

E neurons projecting to the contralateral lumbar cord 
were distributed in the VRG between the obex and rostral Cl 
(46 out of 79 cells (58%) were activated from L1). Several 
of these neurons were activated at low thresholds from 
lamina VIII and IX in the L 1-2 gray matter. One-third of 
the E neurons that projected to L1 could also be activated 
from L4-5 (13 out of 40 tested). The concentration of neu
rons activated from L4-5 was higher in the portion of the 
VRG nearest to Cl (3.8-7.6 mm caudal to obex). The firing 
patterns of several neurons were examined in more detail. 
Thirty-nine E neurons in the VRG caudal to the obex were 
identified as augmenting; 27 (69%) were activated from L1 
while 4 out of 34 (12%) went to L4-5. In contrast, only 9 
E cells were identified as decrementing; 2 were activated 
from L4-5. The strength of possible connections between 
descending respiratory neurons and abdominal motoneurons 
remains to be determined.

Supported by grants from NASA (NAG2164, NSG2380) and 
NIH (NS02619).

206.9  EFFECTS OF ELECTRICAL AND CHEMICAL STIMULATION OF THE RAPHE 
0BSCURUS ON PHRENIC NERVE ACTIVITY.  J.R. Holtman, Jr., 
N.C. Anastasi* and K.L. Dr et ch en.  Dept. of Pharmacology, 
Georgetown U Schs. of Med. and Dent., Washington, D.C., 
20007.

We have recently shown, employing retrograde tracing 
techniques, that the raphe nuclei project to the phrenic 
motor nucleus in the cat (Neurosci. Lett. 44: 105, 1984). 
These data suggest that the raphe nuclear areas may be 
involved in the control of respiration. To examine this 
possibility, we have electrically and chemically (L-glu- 
tamate microinjection) stimulated the raphe obscurus (RO ) 
(a heaavily labelled area) while recording phrenic nerve 
activity in the cat.

Phrenic nerve activity was recorded from a C5 nerve root 
in chloralose (80 mg/kg) anesthetized, paralyzed and ar
tificially ventilated cats (2-4 kg). Neural discharge was 
quantitated by using integrated phrenic nerve activity 
(IPNA). In addition, blood pressure (BP) was monitored 
from a femoral arterial cannula. An electrode or micro- 
pipette were stereotaxically placed in the RO .

Electrical stimulation of the RO was performed for 30 
sec over a range of currents (18-144 uA) and frequencies 
(5-40 Hz) with stimulation pulses of 100 usee duration. 
Significant (p<0.05) increases in both the IPNA amplitude 
and rate of nerve firing occurred which were dependent upon 
the current intensity and frequency of stimulation. The 
maximal increases in IPNA amplitude and rate of firing were 
47 ± 17% (N=6) and 146 ± 48% (N=5), respectively. A sig
nificant (p<0.05) hypotension was also produced and found 
to be dependent upon the current intensity and frequency of 
stimulation. The maximal decrease in BP was 51 ±  13 mmHg 
(N=8). HR did not change. To insure that the changes seen 
in IPNA and BP were due to stimulation of cell bodies and 
not fibers of passage, L-glutamate (1M, 2M) was microin- 
jected (100nl) into the RO . Significant (p<0.05) 
dose-related changes in IPNA amplitude occurred with an 
increase of 44 ± 13% at 1M (N=6) and 80 ± 13% at 2M 
L-glutamate (N=5). No change in rate of nerve firing 
occurred. Significant (p<0.05) changes in BP also occurred 
with an increase of 27 ±  6mmHg (N=5) at 1M and 38 ± 14 mmHg 
(N=6) at 2M L-glutamate. HR did not change.

The data indicate that the RO is involved in respiratory 
control, influencing phrenic nerve amplitude but not rate 
of firing. In addition, the RO is involved in 
cardiovascular control functioning as a vasopressor area. 
(HL 30849).

206. 10  ORBITAL CORTEX STIMULATION ALTERS RESPIRATORY CYCLE TIMING 
IN THE DRUG-FREE CAT.  J .D . Marks and R.M.  H a rp e r. B ra in  
Research I n s t i t u t e  and D epartm ent o f Anatomy, UCLA, Los 
A ngeles, CA 90024.

V o litio n a l re s p ira to ry  r a te  and e f f o r t  changes s u g g e s t 
th a t  fo reb ra in  a reas  can a f f e c t  re s p ira to ry  rhy thm ogenesis. 
The o r b i t a l  c o r t e x  may be  one o f  th e s e  a r e a s ,  s i n c e  
s t i m u l a t i o n  o f  t h a t  f o r e b r a i n  s i t e  in  a n e s t h e t i z e d  
p re p a ra tio n s  produces c e s s a tio n  o f r e s p i r a to r y  movem ents. 
The n a tu re  o f th e  r e s p i r a to r y  re sp o n se  ( i . e . ,  a p n e ic  or 
apneustic ) i s  no t known in  the  u n a n es th e tiz ed  p r e p a r a t io n .  
We examined th e  e f f e c t  o f o r b i t a l  c o r te x  s t im u la t io n  on 
re s p ira to ry  cycle  tim ing .

A dult female c a t s  had e le c t r o d e s  s u r g i c a l ly  im p lan ted  
u n d e r  h a l o t h a n e - n i t r o u s  a n e s t h e s i a .  T e f l o n - c o a t e d  
s t a i n l e s s - s t e e l  s tra n d e d  w i r e s  w e re  p la c e d  in  c o s t a l  
p o rtio n s  of the  d iaphragm  fo r  re c o rd in g  r e s p i r a t o r y  EMG. 
C o n c e n t r i c  b i p o l a r  s t i m u l a t i n g  e l e c t r o d e s  w e re  
s te r e o ta x ic a l ly  im planted b i l a t e r a l l y  in  th e  o r b i ta l  co rte x . 
The raw diaphragm atic EMG was band-pass f i l t e r e d  (30 Hz to  1 
kHz), r e c t i f i e d ,  and in te g r a te d  by a s ig n a l  c o n d i t io n e r .  
Data were recorded onto polygraph paper and w ere d i g i t i z e d  
along w ith  th e  tim es of occurrence of th e  s t im u lu s  p u l s e s .  
The s t im u lu s  c o n s is te d  o f a 60 Hz t r a i n  o f 40 c o n s t a n t  
c u r r e n t  p u ls e s  (300 uam peres, 0 .5  m sec ). S tim u li  w ere  
d e liv e red  a t  four d i f f e r e n t  p o in ts  in  th e  re s p ira to ry  cy c le , 
as determ ined by the  in te g ra te d  d ia p h ra g m a tic  EMG: e a r ly  
in s p ir a t io n ,  l a t e  in s p i r a t io n ,  e a r ly  e x p i r a t i o n ,  and l a t e  
e x p i r a t io n .  Mock c o n t r o l  t r a i n s ,  d e l iv e r e d  a t  th e  same 
p o in ts  in  th e  r e s p i r a to r y  c y c l e ,  w ere a l s o  re c o rd e d  two 
b re a th s  p r io r  to  each s tim u la tio n . S e c tio n s  o f th e  re c o rd  
(4 sec) s ta r t in g  1.5  sec  p r io r  to  each s tim u la tio n  and each  
c o n tro l t r a in  were ex tra c ted  fo r  a n a ly s is .

S tim u lation  d e l iv e re d  d u r in g  l a t e  e x p i r a t io n  o r e a r ly  
in s p ira tio n  were e f f e c t i v e  in  chang ing  d ia p h ra g m a tic  EMG 
am plitude and tim ing . Late ex p ira to ry  s t im u la t io n  d e la y ed  
in s p ira to ry  onset fo r  th e  d u ra tio n  of th e  s t im u lu s .  E a rly  
in s p ira to ry  s tim u la tio n  com pletely in h ib i te d  d ia p h ra g m a tic  
EMG fo r  th e  d u ra tio n  of th e  s t im u la t io n ,  r e s u l t i n g  in  two 
in s p ira to ry  b u r s ts ,  i . e . ,  be fo re  and a f t e r  t r a i n  d e l iv e r y .  
S tim uli d e liv e red  in  l a t e  i n s p i r a t i o n  o r e a r ly  e x p i r a t io n  
were no t e f fe c t iv e  in  changing EMG am plitude or tim ing .

These r e s u l t s  provide evidence th a t  th e  o r b i t a l  co rtex  i s  
a fo reb ra in  a rea  th a t  can s ig n if ic a n t ly  a f f e c t  gen era tio n  of 
th e  re s p ira to ry  rhythm and e f f o r t .
Supported by HL 22418-07.
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206.11  STIMULATING GRACILIS MUSCLE GROUP III AND IV AFFERENTS RE- 
FLEXLY DECREASES TOTAL PULMONARY RESISTANCE IN DOGS.  K.J. 
Rybicki* and M.P. Kaufman* (SPON: D.C. German).  Dept. of 
Pnysiol., Univ. of Texas Health Science Center at Dallas, 
Dallas, TX 75235

Stimulation of group III and IV skeletal muscle affer
ents is well known to reflexly increase ventilation. Lit
tle is known, however, about the reflex effect of stimu
lating these afferents on airway caliber. Although previ
ous investigations have shown that stimulating group III 
and IV muscle afferents reflexly decreases transverse ten
sion from the tracheal is muscle, this variable gives no 
functional information about airway caliber. We therefore 
electrically stimulated gracilis muscle afferents in para
lyzed, chloralose anesthetized dogs while recording total 
pulmonary resistance (TPR) which was calculated "on-line" 
by a Buxco pulmonary analyzer. We tested the hypothesis 
that stimulating group III and IV afferents decreased TPR. 
Both gracilis nerves, which supply afferents to hindlimb 
skeletal muscle, were electrically stimulated at 20 Hz, 
0.3 ms duration and at current intensities of 3,5,20,70 
and 200 times motor threshold (MT). Compound action po
tentials were recorded to determine which afferents were 
stimulated by these current intensities. We found that 
stimulating group I and II afferents (3xMT) had no effect 
on TPR. Stimulating group III afferents (5,20,70xMT) 
significantly decreased TPR. Stimulating group III and IV 
afferents (200xMT) decreased TPR significantly more than 
did stimulating group III afferents alone. In addition 
stimulating these group III and IV afferents (200xMT) at 2 
and 5 Hz also significantly decreased TPR.

The decrease in TPR evoked by electrically stimulating 
group III and IV gracilis muscle afferents was unaffected 
by propranolol (1.5 mg/kg; iv) but was abolished by atro
pine methyl nitrate (1.0 mg/kg; iv) which eliminated rest
ing tone to the airways.

We conclude that stimulating group III and IV gracilis 
muscle afferents, in dogs, reflexly decreases total pulmo
nary resistance, an effect likely due to the withdrawal of 
cholinergic tone to the airways. Supported by NIH Grant 
#HL30710, NIH Program Project Grant #HL06296, and American 
Heart Association Grant in Aid #83-1179.

206.12  EFFECTS OF BOMBESIN ON RESPIRATORY REGULATION IN THE RAT.
J. A. Hedner,* B. T. Hedner,* G. R. Breese, T. J. McCown, 
and R. A. Mueller (SPON: J. F. Howard, Jr.).  Dept. Clinical 
Pharmacology, Univ. Göteborg, Göteborg, Sweden, and Dept. 
Anesthesiol., Univ. of North Carolina, Chapel Hill, NC 27514.

Recently, some different peptide neurotransmitters such 
as substance P, TRH, CCK, and endorphines have been shown to 
affect respiratory performance when administered into the 
CNS. These peptides, as well as another putative peptide 
neurotransmitter, bombesin (BOM), exist in appreciable 
amounts in the brain stem area. Since this is one of the 
proposed locations for the respiratory regulating center, we 
have studied the effects on ventilation of BOM in the rat 
after intracerebroventricular as well as after local appli
cation in the area of the nucleus of the solitary tract 
(NTS).

Animals were studied in a whole body plethysmographic 
model under light halothane anesthesia. Cannulae were im
planted into the lateral ventricles or into the brain stem 
at least 48 hours prior to the experiments. Ventilation 
was estimated by calculation of the following respiratory 
parameters: respiratory frequency (f), tidal volume (VT ), 
duration of inspiration (TI), expiration (TE) and total 
respiratory cycle (TTOT) The quotients "inspiratory drive" 
(VT/TI) and "respiratory duty cycle" (Tt/TTOT) were also 
calculated. Arterial samples were withdrawn for estimation 
of blood gases.

BOM administered into the lateral ventricle induced a 
dose dependent immediate (within 3 min.) increase in VT and 
a progressive fall in f. Inspiratory drive increased while 
respiratory duty cycle remained unchanged. As a result of 
these changes minute ventilation was slightly increased. 
After administration into the NTS areas (0.5µg/0.5µl) hyper
ventilation as reflected by a marked respiratory alkalosis 
developed within 5 min. These effects were due to an in
crease both in VT as well as f and were dependent of the 
specific site of injection in area of the NTS.

These results strongly indicate that BOM acts as a 
stimulant of respiratory activity by effects within the CNS. 
At least part of these effects seem to be elicited within 
the brain stem area.

Supported by the Swedish Medical Research Council (proj. 
no. 2464 and 2862) and HL 31424 from the NHLBI.

206.13  PROTECTION BY PHENYTOIN AGAINST THE TOXIC EFFECTS OF ORGA- 
NOPHOSPHATES ON CENTRAL RESPIRATORY CENTERS.  K.A. Marx*, 
N.C. Anastasi*, Y.M. Hernandez*, K.B. Fivozinsky*, 
A. Raines, K.L. Dretchen.  Department of Pharmacology, 
Georgetown University Schools of Medicine and Dentistry, 
Washington, DC 20007.

We have recently shown that the calcium channel block
ers, verapamil and phenytoin (PN), increased the protective 
effects of atropine (AT) and protopam chloride against 
organophosphate toxicity in mice (Fed. Proc. 43: 533, 
1984). However, these experiments could not distinguish 
whether the protective effects of the calcium channel 
blockers were due to action of these compounds at peri
pheral or central sites. In order to accomplish this we 
recorded EEG activity and neurally stimulated gastrocnemius 
muscle contractions in artificially respirated, alpha- 
chloral ose anesthetized cats. Diisopropyl fluorophosphate 
(DFP) was administered i.v. in incremental doses and the 
amount of drug necessary for neuromuscular failure (NMF) 
and maximum seizure activity was determined. DFP alone 
resulted in NMF at 4.2 mg/kg and EEG activation at 
3.6 mg/kg. PN increased maximal seizure activity from 3.6 
to 4.8 mg/kg, an increase of 33%. AT increased this activ
ity by 177%. Together, the maximal seizure activity was 
increased by 350%.

These studies indicated that the CNS is more sensitive 
than the neuromuscular junction to the toxic effects of DFP 
and that the calcium channel blockers can protect against 
this. Since the major cause of death of these compounds is 
to produce respiratory depression, we investigated the 
effects of DFP on central respiratory outflow by recording 
neural activity extracell ularly from the phrenic nerve 
concomitant with gastrocnemius muscle contractions. In all 
conditions, cessation of phrenic neural discharges occurred 
prior to blockade of the neuromuscular junction. AT ele
vated the dose of DFP necessary to block phrenic firing 
from 2.3 to 6.1 mg/kg, while pretreatment with PN increased 
the dose of DFP to 3.5 mg/kg. The combination of AT and PN 
increased the dose of DFP to 8.8 mg/kg.

These data suggest that respiratory depression produced 
by toxic doses of DFP is due to the action of this agent at 
central, rather than peripheral, sites. The protection 
afforded by the calcium channel blockers is probably due to 
an effect on central respiratory centers.
(ONR N00014-83K-0047)

206.14  PHYSIOLOGICAL PROPERTIES OF DIAPHRAGM MOTOR UNITS.  M . Four
nier* and G.C. Sieck.  City of Hope Medical Center, Duarte,CA 
91010 and UCLA, Los Angeles, CA 90024.

Physiological properties of diaphragm motor units were 
studied in barbiturate anesthetized cats. In an initial 
study, the spatial distirbution of muscle fibers innervated 
by the right C5 ventral root was determined using the glyco
gen depletion method. After cervical lamenectomy, medullary 
and reflex inputs to the phrenic motoneuron pool were elim
inated by spinal cord transections at C2 and T1 and by dor
sal root section (C3 to C7). Thereafter, cats were mechani
cally ventilated. The C5 ventral root was stimulated with 
trains of 100 pps for 100 ms duration repeated at 500 ms in
tervals. Throughout the period of stimulation (approximately 
1 to 2 hours), diaphragmatic EMG responses were detected in 
the sternal and costal regions but not in the crural. Deple
tion of glycogen within the stimulated fibers was analyzed 
histochemically using the periodic acid-Schiff (PAS) reaction. 
Comparison with the unstimulated contralateral hemidiaphragm, 
revealed a negatively stained zone originating in the right 
half of the sternal area and extending to the mid-costal re
gion. This confirmation of the limited territory of innerva
tion by the C5 root permitted optimization of motor unit ten
sion measurements through alignment of the force transducer. 
Isometric force measurements were made by fixing the central 
tendon with a clamp and attaching a force transducer in ser
ies with the ventral costal margin. The optimal fiber length 
for maximal force production was set prior to C2 section 
while the animals breathed spontaneously. Filaments from the 
C5 ventral root were dissected progressively in a rostro- 
caudal direction. This systematic approach revealed the pres
ence of a ventral to dorsal distribution of motor units based 
upon evoked EMG responses. In 5 cats, contraction times (CT) 
of 31 motor units ranged from 25 to 100 ms (median: 40 ms). 
Twitch tensions ranged between 0.3 and 8.5 g (median: 0.8 g). 
Tetanic tensions ranged between 0.8 and 25.0 g (median:3.5 g). 
The average twitch to tetanic ratio was 0.28.’Sag’ was de
tected in 11 of the 19 motor units where substetanic stimula
tion was studied. The mean CT of those units showing sag was 
35 ms while the mean CT of those not showing sag was 49 ms. 
Fatigue indices, determined in 13 units, were mostly inter
mediate. These results, although preliminary, suggest that 
the contractile properties of motor units in the diaphragm 
are similar to those of other skeletal muscles. However, 
there are indications that motor units in the diaphragm may 
differ in their fatigue resistance.
Supported by NIH Grant HL29999.
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207.1  CIRCULATING CATECHOLAMINES AND CARDIOVASCULAR ACTIONS OF  
INTRATHECAL ARGININE VASOPRESSIN.  C.L. Riphagen, L. Bauce*, 
W.L. Veale & Q.J. Pittman.  Dept. of Pharmacology and 
Therapeutics, Faculty of Medicine, University of Calgary, 
Calgary, Alberta, Canada T2N 141

Anatomical studies have revealed the presence of fibres 
immunoreactive for arginine vasopressin (AVP) in the inter- 
mediolateral cell column region of the spinal cord. We 
have shown previously that intrathecal administration of 
AVP into the thoracic region elevates both blood pressure 
and heart rate in anaesthetized rats. These responses are 
not blocked by peripheral administration of AVP antagonist 
which suggests that they may be neurally mediated. To 
determine whether the cardiovascular responses elicited by 
intrathecal AVP are due to increased sympathetic tone as 
revealed by increased levels of circulating catecholamines 
we measured the plasma levels of norepinephrine (NE) and 
epinephrine (EPI) in blood samples taken from anaesthetized 
rats before and after intrathecal AVP administration.

Male Sprague-Dawley rats were anaesthetized with Inactin 
(0.12g/Kg, i.p.). A cannula (PE-10) for peptide administra
tion was threaded down the spinal subarachnoid space, via 
an incision in the atlanto-occipital membrane, to the T9 - 
T11 region. A cannula (PE-60) placed in the carotid artery 
was used to monitor blood pressure and heart rate and was 
also used for blood withdrawal. The plasma from each 2 ml 
blood sample was collected and stored at -70°C pending 
processing. The red blood cells, made up to 2 ml volume in 
warm 0.9% NaCl were immediately injected back into the 
animals. The plasma levels of NE and EPI were measured by 
HPLC/EC detection.

The animals were allowed to equilibrate for 30 min. 
after surgery before the first blood sample, used to estab
lish baseline levels of the catecholamines, was obtained.
30 minutes later AVP (5–10 picomoles), in a vehicle of 5–10 
μ l artificial CSF was administered via the spinal cannula. 
Two min. later, when blood pressure and heart rate were 
increasing, the second blood sample was taken. In control 
animals vehicle only was administered. Following a further 
30 min. period, a third blood sample was taken.

Intrathecal administration of AVP (n=5) did not signifi
cantly alter the circulating levels of NE or EPI (P>0.1 
for both catechol amines)when compared with the levels deter
mined following administration of vehicle only (n=4).

These results suggest that the effects of intrathecal AVP 
on BP and HR do not invqlve mechanisms which significantly 
alter plasma catecholamine levels. Supported by MRC & AHFMR.

207.2  VASOPRESSIN FACILITATES BAROREFLEX INHIBITION OF 
SYMPATHETIC NERVE ACTIVITY IN RABBITS.  P.G. Schmid. G.F. 
Guo*, and F.M. Abboud*.  Veterans Administration Medical 
Center, Cardiovascular Center and Department of Internal 
Medicine, University of Iowa, Iowa City, IA 52240.

We determined whether circulating vasopressin (AVP) 
modulates baroreflex control of lumbar sympathetic nerve 
activity (LSNA) in anesthetized rabbits. Short term 
infusion of AVP facilitated reflex inhibition of LSNA 
compared to phenylephrine (PE). The responses to AVP and 
PE were abolished by sino-aortic baroreceptor denervation, 
indicating the facilitation by AVP is baroreflex  
dependent. We further determined whether AVP can act 
centrally, peripherally, or both to exert this modulation. 
We found that except for the low dose of AVP (8 
mU /kg/min), infusion of AVP (16 or 32 mU/kg/min) caused 
greater inhibition of LSNA when compared with PE at given 
increases in aortic baroreceptor activities, suggesting a 
central action of AVP. This central action was supported 
by the observation that, when the carotid sinuses were 
vascularly isolated, intravenous infusion of AVP augmented 
carotid baroreflex inhibition of LSNA. On the other hand, 
AVP may also facilitate baroreflex inhibition of LSNA 
through sensitization of arterial baroreceptors because 
intravenous infusion of AVP caused greater excitation of 
aortic baroreceptors than did PE at given changes in 
arterial pressure. In some rabbits, intravenous infusion 
of AVP also elevated the level of aortic baroreceptor 
activities during increases in arterial pressure induced 
by intra-aortic balloon occlusion. Furthermore, when AVP 
was confined to the isolated carotid sinuses, the reflex 
inhibition of LSNA during distension of carotid sinuses 
was augmented. Thus, our data suggest that circulating 
vasopressin may facilitate baroreflex inhibition of 
sympathetic nerve activity. This facilitation is mediated 
by sensitization of the afferent limb as well as the 
central component of the baroreflex. (Supported by the 
Veterans Administration and NIH HL-14388).

207.3  BARORECEPTOR REFLEX MODULATION BY A5 NORADRENERGIC (NE) NEU
RONS IN CONSCIOUS RATS.  R.L. Stornetta*, R.M. McCarty* and 
P.G. Guyenet.  Neuroscience Program, Univ. of Virginia, Char
lottesville, VA 22906.

The pontine A5 NE cells have been suggested to partici
pate in cardiovascular control, yet their exact role re
mains controversial. Part of the confusion may be due to 
the use of anesthetized animals. In the present study, free
ly behaving rats were used to evaluate the effects of A5 
lesions on baroreceptor reflexes (BRFX).

Male Sprague-Dawley rats were anesthetized with pentobar
bital and microinjections of 60HDA-HBr(1µ1,6 µg/µl) or ve
hicle (ascorbic acid/saline) were placed bilaterally into 
the A5 cell group. Ten days to 2 weeks later, the animals 
were reanesthetized with pentobarbital and the tail artery 
and jugular vein were cannulated with pe tubing which was 
externalized to record BP and HR and inject drugs without 
disturbing the animals. Twenty-four hours later, the con
scious animals were tested in individual cages. Blood 
pressure and heart rate were recorded continuously. Five 
doses each of nitroprusside (NP) and phenylephrine (PE) were 
administered i.v. and the resulting HR and BP were recorded. 
BP and HR were allowed to return to baseline values between 
doses. Baseline values for BP (lesion x=114 mm Hg±2.1(SEM), 
n=18;control x=114±2.3, n=19) and HR x=357 beats/min 
±6.2; control x=347±5.6 were not different between groups. 
BP changes induced both by PE and NP were also the same for 
both groups. All lesions were verified after the experiment 
by counting catecholamine fluorescent cells in A5. 
Multiple analysis of variance with repeated measures re
vealed a significant interaction (F=5.77,p=.02,df=l) for the 
change in HR elicited by the drugs between the 2 groups 
(lesion and control). The groups did not differ in HR re
sponse to PE but a significant interaction was found for 
groups by doses of NP (F=2.29,p=.03,df=4.32). The HR re
sponse of lesioned animals was less than that of controls 
for all doses (significantly different for the highest dose 
of NP, t=3.25,p = .003,df=35) .

This result indicates that lesioned rats exhibit a de
crease in the reflex tachycardia elicited by reductions in 
BP, a predominantly sympathetic response. Since the PE-in
duced bradycardia was not affected by the lesion, this pre
dominantly parasympathetic component of the BRFX remained 
intact.

In conclusion, these results suggest that A5 NE cells in
crease the gain of the sympathetic component of the BRFX. 
(HL 28785)

207.4  COMPARISON OF THE CENTRAL CARDIOVASCULAR EFFECTS OF ANGIO
TENSIN AND BRADYKININ: ROLE OF CHOLINERGIC NEURONS.
M. Serra* and J . J .  Buccafusco.  Depts. o f  Pharmacology and 
Toxicology, and P sych iatry , Medical College o f  Georgia and 
V.A. Medical C en ter, Augusta, GA 30912.

Both an g io ten sin  (ANG) and bradykin in  (BK) a re  p re s so r 
agen ts  when in troduced d i r e c t ly  in to  th e  CNS. The purpose 
o f th i s  study was to  compare th e  ca rd io v ascu la r changes in  
response to  in t r a cere b ro v e n tr icu la r  (icv) in je c t io n  o f  
each pep tide  in to  conscious, freely-m oving r a t s ;  and, 
s in ce  c e n tra l  ch o lin e rg ic  s tim u la tio n  o fte n  r e s u l t s  in  a 
hypertensive  response in  conscious r a t s ,  to  examine th e  
ro le  o f c e n tra l  c h o lin e rg ic  neurons in  m ediating th ese  
a c t io n s . Outbred female r a t s  were su rg ic a l ly  prepared 
f i r s t  w ith  chron ic  icv  cannula guides and 1 week l a t e r  
w ith indw elling  a r t e r i a l  c a th e te rs .  Icv in je c t io n  o f  5 µg 
o f  BK produced an immediate peak inc rea se  in  blood p res
su re  (BP) o f  62±6/49±4 mmHg and a  concom itant in c rea se  in  
h e a r t  r a te  (HR) o f 79±11 beats/m in . BP and HR were e lev a 
ted  fo r  10-15 min. In  c o n tra s t ,  ic v  in je c t io n  o f 10 µg 
o f  ANG produced a  sm aller in c rea se  in  BP (29±2/30±4mmHg) 
b u t th e  response was o f  longer d u ra tio n  (up to  50 m in). 
Also, th e  p re s so r response was accompanied by a decrease  
in  HR o f  75+19 beats/m in .

To determ ine th e  ro le  o f  c e n tra l  c h o lin e rg ic  neurons 
in  m ediating th ese  responses hemicholinium-3 (HC-3) was 
used to  dep le te  endogenous a ce ty lch o lin e  le v e ls .  Icv  in 
je c tio n  o f  20 µg o f  HC-3 one h r before  BK alm ost com pletely 
abo lished  th e  p re s so r response to  th e  p ep tid e  (7±2/4±2mmHg) 
and converted the  in c rea se  in  HR to  a  decrease  (-47±10 
b e a ts /m in ). S im ilar p re trea tm en t w ith  HC-3 a ls o  in h ib ite d  
th e  p re sso r response to  ANG, however the  e f f e c t  was n o t a s  
marked (14±4/16±3mnHg; ~ 50% in h ib i t io n ) .  The f a l l  in  HR 
was a lso  reduced (33±12 b ea ts/m in ) . HC-3 i t s e l f  had no 
e f f e c t  on BP b u t produced a  s ig n if ic a n t  f a l l  in  HR.

These r e s u l t s  in d ic a te  th a t  ANG and BK e l i c i t  d i f f e r e n t  
p a tte rn s  o f c a rd io v ascu la r changes follow ing c e n t ra l  
in je c tio n  in  conscious r a t s .  The ac tio n s  o f  both  p ep tid es  
appear to  re q u ire  in ta c t  func tion ing  ch o lin e rg ic  neurons, 
however, a t  le a s t  a  p o rtio n  o f  th e  response to  ANG may be 
mediated v ia  o th e r  neuronal system s. Supported by HL 
30046.
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207.5  ENHANCED DEPRESSOR EFFECT OF MUSCIMOL IN THE DOCA/NaCl 
HYPERTENSIVE RAT.  S. Nagahama* and S. Oparil* 
(SPON: Dr. Sherry Winternitz).  Cardiovascular 
Research and Training Center, University of Alabama, 
Birmingham, AL 35294.

Intracerebroventricular (ICV) administration of GABA 
has been reported to decrease blood pressure (BP) by 
reducing sympathetic vasomotor tone through a central 
mechanism in rat and cat. To examine the participation 
of GABAergic mechanisms in deoxycorticosterone acetate 
(DOCA)/NaCl hypertension, the effects of muscimol 
(50-1000 ng, ICV), a GABA agonist, on mean arterial 
pressure (MAP), and plasma norepinephrine (NE) and 
epinephrine (E) were examined in DOCA/NaCl hypertensive 
rats. The depressor effect of hexamethonium (30 mg/kg, 
IA) was used to assess sympathetic control of BP. 
Uninephrectomized male Sprague-Dawley rats (6 wks old) 
were implanted with DOCA (SC, 100 mg/kg) and given 1% 
saline to drink for 4 wks. Age matched uninephrec
tomized rats given tap water to drink were normotensive 
controls (H2O controls). Spontaneously hypertensive 
rats (SHR) of the Okamoto strain (10 wks old) were 
hypertensive controls. Experiments were performed in 
conscious, unrestrained animals 48 hrs after placement 
of cannulas into femoral artery and lateral ventricle.

MAP in DOCA/NaCl rats was significantly greater than 
in H2O controls (168 ± 3 vs 121 ± 2 mmHg, P < 0.01) and 
almost the same as in SHR (163 ± 3 mmHg). Muscimol 
caused dose-dependent decreases in MAP in all groups. 
The depressor action of muscimol in the DOCA/NaCl rat 
was significantly greater than in H2O controls and SHR.

NE (pg/ml)
E(pg/ml) maximum Δ Map (%) 

to hexamethonium
DOCA/NaCl (A) 409±45** 223±39* 53±2**

(B) 464±44* 75±18##
H20 (A) 222±26 114±25 45±2
Control (B) 303±30 53±15#
(A) before muscimol injection, (B) 15 min. after muscimol 
(1000 ng IVC) injection.
*p < 0.05, **p < 0.01 as compared with H2O controls.
#p < 0.05,##p < 0.01 as compared with (A)

The increased basal levels of NE and E and enhanced 
depressor responses to hexamethonium and muscimol in 
DOCA/NaCl hypertensive rats suggest that DOCA/NaCl rats 
have increased sympathetic tone which may be related to 
altered GABAergic activity.

207.6  HIGH CONCENTRATION OF NEUROPEPTIDE Y IMMUNOREACTIVE FIBERS 
IN THE MEDIAN PREOPTIC NUCLEUS.  D.K. Hartle and J.K. 
McDonald,  Depts. of Physiology and Anatomy, Emory Univ. Sch. 
of Med., Atlanta, GA 30322.

The median preoptic nucleus (MePON) appears to be an 
important integration center for humoral and neural 
cardiovascular information and has been implicated in the 
mechanism of several types of experimentally induced hyper
tension (Hartle & Brody, Circ. Res., 1984). The MePON 
receives ascending catecholaminergic innervation from the 
ventrolateral medulla , locus coeruleus and nucleus of the 
solitary tract, as well as other input from several hypo
thalamic nuclei (paraventricular, arcuate, preoptic, 
anterior and periventricular) (Saper & Levisohn, 1983). 
Since avian and bovine pancreatic polypeptide (APP & BPP) 
and recently neuropeptide Y (NPY)-like immunoreactivities 
have been localized in several of these sources of afferent 
input we have examined the MePON for the presence of NPY 
immunoreactivity.

Male albino rats (300g, Holtzraan) were perfused through 
the aorta with fixative (4% paraformaldehyde, 0.01 M Na 
periodate, 0.1 M lysine HCl) in 0.1M phosphate buffer at pH 
7.4, 23° C. The brains were removed, fixed for 4-6 hr and 
then placed in 30% sucrose buffered phosphate overnight at 
4°C. Horizontal sections (20-40 µ ) were cut through the 
MePON and processed for immunohistochemistry. NPY anti
serum was generously provided by P. Emson (Cambridge, U.K.). 
Preabsorption of the antiserum with 10-6 M synthetic porcine 
NPY (Peninsula) prevented labeling. The MePON contained a 
dense plexus of NPY immunoreactive fibers throughout its 
dorso-ventral extent. These fibers appeared to be continu
ous with fibers located in a compact periventricular zone 
extending from the region of the paraventricular nucleus 
posteriorly, to the MePON, anteriorly. In addition, a dif
fuse band of labeled fibers entered the MePON from a 
postero-lateral direction through the medial preoptic 
nuclei. Sections through the dorsal MePON revealed a net
work of varicosed NPY fibers rostral to the anterior 
commissure. The origin of the positive fibers observed in 
this study is unknown. NPY reportedly exerts modulatory 
effects on catecholaminergic neurotransmission. In view of 
its colocalization with catecholamines in important brain
stem cardiovascular regions which innervate the MePON, the 
presence of NPY labeled fibers in the MePON suggests a role 
for NPY in the integrated functions of this nucleus.  (Sup
ported by Emory Univ., PHS 5F32HL0668502 and GA Heart 
Assoc).

207.7  ALTERATIONS O F  B L O O D  PRESSURE A N D  W A T E R  B A L A N C E  
FOLLO W I N G  D ESTRUCTION O F C A T E C H O L A M I N E  INPUT TO 
SUPRAOPTIC NUCLEUS: DIFFERENTIAL EFFECTS OF N O R E 
PINEPHRINE VERSUS DOPAMINE.  B.3. Davis., C.D. Sladek 
and 3.R. Sladek, Jr.,  Depts. of Anatomy and Neurology, 
University of Rochester, Rochester, N Y  14642.

We reported that destruction of catecholamine (CA)- 
containing pathways to the supraoptic nucleus (SON) via bilateral 
injections of 6-hydroxydopamine (6-O HDA) into the medial fore
brain bundle (MFB) and supraoptic decussations (SOD) led to 
reduced blood pressure (BP), marked reductions of water intake, 
and a failure to conserve fluids when given gastric intubations 
(decreased fluid intake/urine output ratio - I/O ).* Since both 
norepinephrine (NE)- and dopamine (DA)-containing fibers are 
located in the region of the SON, it was of interest to determine 
which of these C A  fiber systems contributed to the functional 
deficits observed following lesioning. To address this question, 
animals were given 6-O H D A  injections into the M F B  and SOD 
following pretreatment with the NE uptake blocker, des- 
methylimipramine (DMI), which protects the NE fibers. Four 
groups of adult, male rats were studied. Lesioned (L) rats (n=9) 
received bilateral 6-O H D A  (6 ug/site) in the M F B  and SOD. 
Sham lesioned (S) rats (n=8) received bilateral cannula 
placements in the M F B  and SOD. Lesioned-DMI (LD) rats (n = 7) 
received bilateral 6-OHDA (6 ug/site) in the MF B  and SOD 20 
minutes following DMI (20 mg/kg, i.p). Sham-DMI (SD, n=8, 
received bilateral cannula placements in the M F B  and SOD 20 
minutes following DMI (20 mg/kg, i.p.). BP was monitored by 
tail cuff prior to and 3 days following treatment. The percent 
change of BP was used to evaluate the effects of treatments on 
BP. I/O  was determined 3 days following treatment. Compared 
with S rats, L rats showed a marked reduction of water intake 
and a failure to conserve fluids when given gastric intubations 
(decreased I/O ). LD rats also differed significantly from S rats 
in these parameters but were not different from L rats in terms 
of water intake or I/O . Since DMI by itself did not appear to 
alter water balance in the SD group, these results suggest that 
the 6-O H D A  induced alterations in fluid balance were secondary 
to the destruction of D A  rather than NE fibers. The opposite 
was true for the effects of 6-O H D A  on BP. As in our previous 
study*, the BP of L rats was significantly lower than that of S 
rats. However, BP of LD rats was comparable to that of S and 
SD rats. Since DMI pretreatment blocked the effect of 6-OHDA 
lesions on BP, reduction of BP following denervation of C A  input 
to SON probably reflects destruction of NE fibers.

*Davis, et al., Anat. Rec. 208:42A.
Supported by M H  08811 (BD), A M  19761 (CS) and NS 15816 (JS).

207.8  BOMBESIN ALTERS THE CARDIOVASCULAR RESPONSE TO COLD 
EXPOSURE.  L.A. Fisher and M.R. Brown.  Peptide Biology 
Laboratory, The Salk Institute, La Jolla, CA 92037.

The tetradecapeptide, bombesin (BOM), has potent central 
nervous system (CNS) actions on thermoregulation in 
mammals. The CNS effects of bombesin on body temperature 
(Tb) vary in parallel with ambient thermal conditions,
i.e., hypothermia during cold exposure, hyperthermia during 
heat exposure, and no change at thermoneutrality. In cold- 
exposed animals, BOM produces hypothermia by preventing 
normal increases in oxygen consumption (VO2) and thus 
inhibiting regulatory heat production. Since regulatory 
heat production may depend in part on cardiovascular 
adjustments, we examined the CNS effects of BOM on mean 
arterial pressure (MAP), heart rate (HR), Tb and VO2 during 
cold exposure.

All experiments were performed in conscious, unre
strained male rats fitted with lateral cerebroventricular 
cannulae and jugular venous and femoral arterial catheters. 
MAP and HR were monitored for 60 min at room temperature 
(22°C). Following measurement of Tb and intracerebroven
tricular (icv) injection of test compounds, the rats were 
transferred to a metabolic chamber maintained at 7.5°C and 
MAP, HR and VO2 were recorded for 60 min, whereupon Tb was 
measured. Rats receiving icv injections of vehicle dis
played significant increases in MAP, HR and V02 and no 
change in Tb during cold exposure. BOM-treated (5.7 pmoles 
- 5.7 nmoles) rats exhibited appropriate increases in MAP 
but had dose-related reductions of HR, VO2 and Tb compared 
to controls. HR and VO2 were positively correlated (r=
0.93) in bombesin-treated rats. The CNS-selective somato
statin analog, ODT8-SS, which is demonstrated to antagonize 
the effects of BOM on V02 and Tb also restored cold-induced 
tachycardia in bombesin-treated rats. HR and VO2 were 
positively correlated (r = 0.87) in rats receiving vehicle, 
BOM, ODT8-SS, and BOM plus ODT8-SS. Atropine methyl 
nitrate treatment (1 mg/kg, iv) failed to antagonize the 
effects of BOM on HR, VO2 and Tb during cold exposure.

The results demonstrate that icv administration of BOM 
inhibits cold-induced elevations of HR and VO2. If cold- 
induced elevations of VO2 are dependent on tachycardia and 
increased cardiac output, BOM may inhibit regulatory heat 
production and produce hypothermia in part by suppressing 
the cardiac response to cold exposure.



712 CARDIOVASCULAR REGULATION: CENTRAL TRANSMITTERS II SATURDAY PM

207.9  (+)-PHNO , CARDIOVASCULAR ACTIONS OF A NEW DOPAMINE AGONIST IN 
SPONTANEOUSLY HYPERTENSIVE RATS.  G. E. Martin and E. V. 
Lis.*  Merck Sharp and Dohme Research Laboratories, West 
Point, PA 19486

The effects of the potent and selective dopamine agonist, 
(+)-n-propyl-9-hydroxy-naphthoxazine (+)-PHNO on cardiovas
cular parameters in the unanesthetized spontaneously hyper
tensive rat (SHR) were ascertained. (+)-PHNO was given 
either p.o. or i.p. to Wistar-Okamoto SHRs in which chronic 
indwelling tail artery catheters had been implanted at least 
one day earlier. Mean arterial pressure (MAP) and heart rate 
were continuously monitored in free-moving rats using a Buxco 
Cardiovascular analyzer.

Given p.o., (+)-PHNO caused a significant fall in MAP (X 
fall = 30-40 mm Hg) in a dose range of 12.5 to 200 μ g/kg. The 
fall in MAP persisted for 1 to 2 hr. No marked change in heart 
rate was produced. Given i.p., (+)-PHNO also produced falls 
in MAP of a similar magnitude. The minimum effective dose for 
a significant fall in MAP to occur was 6.25 µg/kg. A 
short-lived bradycardia was observed following some doses of 
(+)-PHNO given i.p.

Pretreatment with the dopamine receptor antagonists hal- 
dol (0.1 mg/kg, i.p., -30 min) or L-sulpiride (9 mg/kg, i.p., 
-30 min) significantly reduced the fall in MAP produced by 
(+)-PHNO (50 μ g/kg, i.p.) as well as the bradycardia elicited 
by the compound. The peripherally selective dopamine re
ceptor blocking agent domperidone (10 mg/kg, i.p., -30 min) 
shifted the dose response curve for (+)-PHNO-induced falls in 
MAP to the right. L-646,462, another peripherally selective 
dopamine receptor antagonist, produced a dose-related inhi
bition of (+)-PHNO-induced (50 µg/kg, i.p.) falls in MAP over 
the dose range of 1.25 to 5 mg/kg, i.p. (-30 min). The 
selective α 2 -receptor antagonist, idazoxan (1 mg/kg, i.p., 
-30 min) did not attenuate the effect of (+)-PHNO (50µg/kg, 
i.p.) on the MAP of the SHR.

The results indicate that (+)-PHNO is hypotensive in the 
SHR and it also seems to produce a shorter lived bradycardia. 
The naphthoxazine produces these effects via dopamine recep
tors located both in the central and peripheral nervous 
system.

207.10  CARDIOVASCULAR ACTIONS OF 8-0H DPAT, A SEROTONIN RECEPTOR 
AGONIST.  N. N. Share,* R. M. Evans,* E. V. Lis* and G. E. 
Martin (SPON: V.J. Lotti).  Merck Sharp and Dohme Research 
Laboratories, West Point, PA 19486.

The cardiovascular effects of 8-OH DPAT, a compound 
reported to possess potent CNS serotonin agonist activity 
(Hjorth et al., J. Neural. Trans., 1982, 55: 169), were 
examined in chlorolose anesthetized cats and in unanesthe
tized Wistar- Okamoto spontaneously hypertensive rats (SHR). 
Given i.v. in cats, both 8-OH DPAT and clonidine, an α 2- 
adrenergic agonist, evoked similar reductions in blood pres
sure, heart rate and sympathetic renal nerve activity (RNA). 
Whereas clonidine's vasomotor depressant activity was clear
ly reversed by the α 2-receptor antagonists yohimbine and 
idazoxan, 8-OH DPAT's effects were largely unaltered by these 
agents. In contrast, the serotonin receptor antagonist 
methiothepin, completely reversed 8-OH DPATs reduction in RNA 
without altering clonidine's effect. Methiothepin, which is 
also hypotensive, failed to alter 8-OH DPAT-induced falls in 
blood pressure in the cat. Cyproheptadine, a relatively 
selective antagonist for the S2 serotonin receptor failed to 
alter the effects of 8-OH DPAT in the cat.

In SHRs, 8-OH DPAT produced falls in both mean arterial 
pressure (MAP) and heart rate whether given orally (minimum 
hypotensive dose = 7.5 mg/kg) or i.p. (0.02). Upon intra- 
cerebroventricular (ICV) administration, 8-OH DPAT produced 
a fall in MAP but no fall in heart rate. Whereas cyprohepta
dine (5 mg/kg, i.p., -30 min) and methergoline (1 mg/kg, 
i.p., -30 min) failed to alter the cardiovascular effects of 
8-OH DPAT, methiothepin (0.5 mg/kg, i.p., -30 min) blocked 
the bradycardia produced by 8-OH DPAT (2.5 mg/kg i.p.) but 
not the hypotension. The latter result is confounded 
somewhat by the fact that methiothepin by itself produces a 
fall in MAP. Pretreatment with the peripherally selective 
dopamine receptor antagonists domperidone (2.5, 10 mg/kg 
i.p.) or L-646,462 (10 mg/kg i.p.) failed to alter the hypo
tensive and bradycardic actions of 8-OH DPAT.

The results indicate 8-OH DPAT is a potent hypotensive 
agent. 8-OH DPAT may exert its cardiovascular effects via a 
specific subset of serotonin receptors since neither cypro
heptadine nor methergoline reversed its effects, whereas 
methiothepin was active in blocking the decrease in RNA and 
bradycardia. Clearly its hypotensive effect is not mediated 
via α 2-adrenergic nor peripheral dopaminergic receptors. 
Further characterization of serotonin receptor(s) may be 
required before 8-OH DPAT's site of action is precisely 
delineated.

207.11  SUBSTANCE P MECHANISMS OF THE SPINAL CORD RELATED TO 
VASOMOTOR TONE IN THE SPONTANEOUSLY HYPERTENSIVE RAT.  Y. 
Takanp/ W.B. Sawyer, and A.D. Loewv,  Department o f 
Anatomy and Neurobiology, Washington U n ivers ity  School o f 
M edicine, S t. Louis, MO 63110.

Substance P (SP) mechanisms in volved  in regu la tion  o f 
vasomotor tone at the sp inal cord le v e l  in  normotensive 
(WKY) and spontaneously hypertensive ra ts (SHR) were 
stud ied . Our re su lts  in d ica te :

1) In tra th eca l in je c t ion s  o f the SP antagonist D- 
Pro4 ,D-Trp7,9  SP (4-11) cause dose-dependent decreases 
in  mean a r t e r ia l  pressure and heart ra te  in  Sprague- 
Dawley, WKY and SHRs; the maximal blood pressure 
decreases are equal to  those seen a ft e r  c e r v ic a l sp ina l 
cord tran section ;

2) In tra th eca l in je c t ion s  o f th is  antagonist in to  
the L1 sp inal le v e l  in  WKYs or SHRs that had p rev ious ly  
had th e ir  C8 sp ina l cords transected caused a r is e  in 
blood pressure and heart ra te , suggesting that 
in tr in s ic  sp ina l SP mechanisms are not in volved  in 
vasomotor tone;

3) The in te rm ed io la tera l c e l l  column region  (IML) 
o f 16-week-old WKY and SHRs have a s in g le  high a f f in i t y  
and saturable binding component with approximately the 
same d issoc ia t io n  constant (Kd=1.21 nM fo r  WKYs; 
Kd=1.25 nM fo r  SHRs); the SHRs showed a h igher number 
o f s it e s  (Bmax=24.5 fmole per mg p ro te in ) than WKY ra ts 
(Bmax=19.9 fmole per mg p ro te in ). The Kd and Bmax 
obtained from IML sec tions from 4-week-old WKY and SHRs 
ex h ib it  no d iffe re n c e s , although th e ir  values are 
h igher than those obtained from the 16-week-old 
animals;

4) D-Pro4,D-Trp7, 9 SP (4-11) has the same 
r e la t iv e ly  low (micromolar range) potency fo r  
d isp lac in g  3H-SP binding in  the IML o f WKY and SHRs; 
and

5) SHRs (16 week o ld ) contain  20% more SP immuno
re a c t iv i t y  in  the IML than WKY ra ts (834±36 pg/mg pro
te in  v s . ' 694±50 pg/mg p ro te in );  4-week-old ra ts  do not 
show such d iffe ren ces .

These re su lts  in d ica te  the p o s s ib i l i t y  that abnormal 
substance P mechanisms may be re la ted  to  the pathogenesis 
o f  hypertension in  the SHR.

207.12  PHARMACOLOGIC EVIDENCE THAT SUBSTANCE P IS INVOLVED IN 
BULBOSPINAL CARDIOVASCULAR CONTROL IN THE RAT.  J.R. Keeler 
and C.J. Helke.  Dept. of Pharmacology, Uniformed Services 
University of the Health Sciences, Bethesda, MD 20814.

Studies of the neural components of central cardiovas
cular control show the importance of a projection from the 
ventral medulla to the intermediolateral cell column (IML) 
of the spinal cord. Substance P (SP) and serotonin (5-HT) 
are associated with this pathway, and excite sympathetic 
preganglionic neurons when iontophoresed into the IML. In 
addition, SP receptors are present in the IML [Charlton and 
Helke, this meeting]. Our previous studies showed a sympa- 
thoexcitatory pathway which is inhibited by GABA and acti
vated by the GABA antagonist, bicuculline methiodide (BMI), 
when applied topically to the intermediate area on the 
ventral surface of the medulla oblongata (VSMO) of the rat. 
In the present study, intrathecal injections were given 
acutely (SP antagonists), or 10-14 days prior to the ex
periment (5,7-dihydroxytryptaraine; 5,7-DHT). The effects 
of these drugs on mean arterial pressure (MAP) and heart 
rate (HR), as well as their ability to block the responses 
to topical application of GABA or BMI at the VSMO were 
assessed in anesthetized, artifically ventilated rats.

These experiments showed SP, but not 5-HT, to be a 
functional component in the pathway mediating GABAergic 
responses from the VSMO to the IML. D-Pro2 , D-Trp7 , 9-SP, 
D-Pro2, D-Phe7, D-Trp9-SP, and D-Arg1, D-Pro2, D-Trp7,9 , 
Leu11-SP (50 μg) decreased MAP to 2/3 baseline values, 
but did not change HR. These 3 SP antagonists also blocked 
the characteristic increases in MAP and HR elicited by 
BMI. Because of the long-lasting effects of the 50 µg 
dose of antagonists, a lower dose was used to test their 
reversibility. D-Arg1, D-Pro2, D-Trp7,9, Leu11-SP (5 µg) 
decreased MAP to 68% of control, and also inhibited the 
BMI-induced increases in MAP and HR to 22% and 48%, respec
tively. The inhibition lasted 1-2 hours. Not all of the 
putative SP antagonists had the same actions in the spinal 
cord. A 50 µg dose of D-Pro4, D-Trp7 , 9 , 10-SP(4-ll) (about 
7 times less potent in binding studies) increased HR and 
did not change MAP or the BMI-induced cardiovascular re
sponses. Intrathecal injections of the 5-HT neurotoxin, 
5,7-DHT (200 µg X 2), resulted in 56% depletion of 5-HT in 
the thoracic spinal cord, but did not change either basal 
MAP and HR, nor the responses to BMI and GABA applied to 
the VSMO. This pharmacologic evidence supports the neuro- 
anatormical, neurochemical and electrophysiologic evidence 
for a role of spinal cord SP in cardiovascular regulation.
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207.13  EFFECTS OF DIETARY Na+ ON BRAINSTEM ADRENERGIC RECEPTOR 
BINDING AM) ITS REGULATION BY Na+ IN VITRO IN DAHL 
SALT-SENSTITIVE AND RESISTENT RATS.  P . E rnsberge r , D.C. 
U 'P rich ard , and S. Azar*.  Neuroscience Program and Dept. of 
Pharmacology, N orthwestern U niv ., Chicago, IL 60611.

Excess d ie ta ry  Na in  Sprague-Dawley r a t s  a l t e r s  kidney 
and b ra in  ad ren erg ic  recep to r b inding  and i t s  re g u la tio n  by 
Na+ in  v i t r o  (Soc Neurosci Abs 9:1121, 1983). We examined 
th e se  e f f e c ts  in  the  Dahl s a l t - s e n s i t iv e  (DS) r a t ,  which 
develops hypertension  when fed  a high-Na+ d i e t ,  and th e  Dahl 
r e s i s te n t  (DR) r a t  which lack s  a p re sso r response to  Na . 3 
DS and 3 DR r a t s  were s a c r if ic e d  w hile on low-Na+ chow, and 
a f te r  1 o r 3 weeks o f an 8% NaCl d ie t .  The b rainstem  
inc lud ing  hypothalamus was homogenized in  50 mM Tris-HCl 
b u ffe r  con ta in ing  5 mM EDTA and washed tw ice by c e n t r i 
fu g a tio n . Binding assays fo r  a lp h a .- ,  a lpha2-  and b e ta -  
ad ren erg ic  re cep to rs  were conducted as  p rev io u sly  d escribed  
using H-prazosin (3H-PRAZ, 1 .8  nM), 3H -p-am inoclonidine 
TH-PAC, 0 .5  nM), and 3H -dihydroalprenolo l ( 3H-DHA, 0.62 
nM), re s p e c tiv e ly , and incubated  20-40 min a t  25° w ith 
p hen to lamine (3H-PAC: 1 uM, 3H-PRAZ: 10 uM) o r 200 nM 
( - ) -p ro p ran o lo l ( 3H-DHA) used to  d e fin e  n o n -sp e c if ic  
b ind ing . Data were analyzed by 2-way ANOVA by s t r a in  and 
d ie t  exposure.

DS r a t s  d isp layed  inc rea se s  in  3H-PAC s p e c if ic  b inding 
( a l l  DS: 8 3 ± 5 fmol/rog p ro te in ,  a l l  DR: 59 ±  3) and the  
p ro p o rtio n  o f 3H-PAC b inding  d isp laced  by 25 mM Na+ ( a l l  DS: 
67 ±3% , a l l  DR: 54 ±  5 ) .  The in c rea se  in  3H-PAC b inding  in  
DS r a t s  could be accounted fo r e n t i r e ly  by a 66% in crease  in  
th e Na+-d is p la c a b le  (h ig h -a f f in ity  alpha2) f r a c t io n ,  s in ce  
Na+- in s e n s i t iv e  ( lo w -a f f in ity  a lpha2) binding  was unchanged 
( a l l  DS: 27 ±  2 firol/mg p ro te in ,  a l l  DR: 25 ±  2 ) .  Alpha1 -  
recep to r b inding  was a lso  increased  ( a l l  DS: 89 ± 8 fmol /mg, 
a l l  DR: 57 ±  6 ) ,  c o n s is te n t w ith  prev ious fin d in g s  in  SHR 
hypothalamus. B e ta -recep to rs  were decreased  in  DS r a t s  bu t 
increased  w ith exposure to  th e  high-Na+ d ie t ,  w ith  s t r a in  
d iffe re n c e s  e lim in a ted  by 3 weeks (fmol 3H-DHA s p e c if ic  
binding/mg p ro te in ) :

$$$Low-Na 1 wk High-Na 3 wks High-Na
S e n s itiv e  1 1 + 5  19 ± 3 36 ± 8
R es is te n t 33 ± 2 32 ± 3 43 ±  4

These recep to r changes may be re la te d  to  Na+-induced 
hypertension , which i s  in  p a r t  n e u ra lly  m ediated (C lin Sci 
61:49s, 1981), and Na+-induced behav io ra l changes as w ell as 
behav io ra l d iffe ren c e s  between DR and DS (Behav Neural B iol 
37:10, 1983).  Supported by a g ra n t from Nova Pharm aceutical.

207.14  ENHANCEMENT OF BULBOSPINAL EXCITATORY TRANSMISSION 
TO SYMPATHETIC PREGANGLIONIC NEURONS (SPGNs) BY 
DESIPRAMINE AND BY DEXTROAMPHETAMINE.  C haichan  
S anqdee* . S co tt C . S te ffen sen *, and Donald N . F ranz.  
D epartm ent of Pharm acology, U n iv e rs ity  of U tah School 
of M ed ic in e , S a lt Lake C ity , U tah 84132.

The p re sen t study  exam ined the  e ffe c ts  o f two drugs 
th a t s e le c tiv e ly  enhance  cen tra l norep inephrine (NE) 
tra n s m is s io n , desip ram ine  and dex troam phetam ine, on 
d escen d in g  e x c ita to ry  tra n sm iss io n  to  SPGNs in an effort 
to  determ ine w hether b u lbosp ina l NE pathw ays are  e x c i ta 
tory  or in h ib ito ry . Sym pathetic d isch a rg es  recorded  from 
upper th o rac ic  p regang lion ic  rami w ere evoked a t 0.1 Hz 
by s tim u la tion  of descen d in g  ex c ita to ry  pathw ays in the 
c e rv ic a l d o rso la te ra l fun icu lus of u n a n es th e tiz ed , sp in a l 
c a t s .  Drugs w ere adm in is te red  in trav en o u s ly .

D esipram ine (1-2 m g/kg) produced g radual in c re a se s  in 
tra n sm iss io n  to  145-200% of con tro l v a lu e s  w hich w ere 
su s ta in e d  for sev e ra l h o u rs . Larger d o ses  (3-5 m g/kg) 
produced rap id  in c re a se s  in tra n sm iss io n  w hich began to 
su b sid e  w ith in  20 m in. L ik ew ise , 0 .5  m g/kg of dex tro 
am phetam ine produced a gradual in c re a se  in tran sm iss io n  
to  over 300% of con tro l w hich w as su s ta in e d  for sev e ra l 
h o u rs , but 1-2 m g/kg produced com parab le , rap id  in c re a se s  
w hich o ften  su b sid ed  tow ard con tro l le v e ls .  Enhancem ent 
by e ith e r drug w as s u s ta in e d  for more than  3 hr if a lp h a -2 
recep to rs  w ere b locked  by yohim bine (0 .5 -1  m g /k g ). 
In c re a se d  tra n sm iss io n  by e ith e r drug w as p reven ted  or 
re v e rsed  by chlorprom azine (1 m g /k g ).

T hese re s u lts  in d ica te  th a t m odest fa c ilita tio n  of NE 
tra n sm iss io n  by b locking  NE reup take  w ith desip ram ine  or 
in c re a s in g  NE re le a se  w ith am phetam ine p roduces m arked 
enhancem ent of d esœ n d in g  ex c ita to ry  tra n sm iss io n  to 
SPGN s, thereby  supporting  an ex c ita to ry  function  for the 
NE p a th w a y s . H ow ever, e x c e s s iv e  fa c ilita tio n  of NE tra n s 
m ission  by th e se  drugs ap p ea rs  to  perm it su ffic ie n t s p i l l 
over of NE in to  the  neuropil to  reach  rem ote inh ib ito ry  
a lp h a - 2 recep to rs  and to produce d ep re ss io n  of SPGN 
e x c ita b il ity  a s  does c lo n id in e . SPGNs may be reg u la ted  
by two ty p es  of adrenerg ic  re cep to rs  th a t are  seg reg a te d .

(Supported bv NIH qran ts  HL-24085 and GM -07 579)

207.15  YOHIMBINE-INDUCED ALTERATIONS IN CENTRAL AND PERIPHERAL 
MONOAMINES IN HYPERTENSIVE (SHR) AND NORMOTENSIVE (WKY) 
RATS.  R. Dawson, Jr., S. Nagahama and S. Oparil.
Cardiovas. Research and Training Ctr., Univ. of Alabama 
in Birmingham, Birmingham, AL 35294.

Yohimbine is a relatively specific α2 receptor 
antagonist. Blockade of presynaptic α2 receptors results 
in an inhibition of the autoregulatory control of 
norepinephrine (NE) release. The present studies examined 
the pharmacological actions of yohimbine in normotensive 
(WKY) and hypertensive (SHR) rats by evaluating the blood 
pressure (BP) responses and measuring alterations in 
monoamine stores after peripheral administration of 
yohimbine.

Eight week old male SHR (BP=153±10 mmHg) and WKY (BP= 
126±3 mmHg) rats received yohimbine (10mg/kg,ip) and BP 
and monoamine levels were determined in separate groups 
of rats. Yohimbine resulted in a significant drop in BP 
(p<0.01) and significant (p<0.05) elevations in plasma NE 
and epinephrine, while adrenal catecholamine levels were 
unchanged. One hour after yohimbine, NE levels in spleen 
were reduced approximately 20% in both SHR and WKY. 
However, significant (p<0.01) reductions in kidney NE 
levels occurred only in the SHR. SHR had significantly 
(p<0.05) higher basal levels of NE in kidney, cerebellum, 
and medulla; after yohimbine administration these 
differences were abolished. Cerebellar NE levels were 
decreased 42-56% whereas in the medulla NE levels were 
decreased only 16-27%. In all brain regions and the 
kidney, the fall in NE levels after yohimbine was greater 
in the SHR. Serotonin levels were increased and 
5-hydroxyindoleacetic acid levels were decreased in the 
medulla and cerebellum, suggesting a decrease in 
serotonin turnover after yohimbine administration.

These results suggest a greater presynaptic control of 
NE release in the SHR compared to the WKY. The finding of 
regional differences in the effectiveness of yohimbine in 
reducing NE stores, may be related to regional 
differences in the density or subtype of α2 receptors.
This research was supported by NIH grants HL22544 and 

HL25451.

207.16  ALPHA-2 BINDING SITES IN THE THORACIC SPINAL CORD: 
AUTORADIOGRAPHIC EVIDENCE FOR POSTSYNAPTIC LOCALIZATION IN 
THE INTERMEDIOLATERAL CELL COLUMN. J.R. Unnerstall, M.J. 
Kuhar, R. Grzanna and L.P. Schramm. Dept. Neuroscience, 
Johns Hopkins Univ. Sch/Med, Balto., MD 21205

Although adrenergic agonists can inhibit the tonic dis
charge of sympathetic preganglionic neurons (PGNs) by an 
action at alpha-2 receptors, stimulation of the ventro
lateral medulla in the area of the epinephrine (EPI) 
neurons which innervate the PGNs causes an increase in PGN 
firing. Because of this anomaly, it is unclear where the 
alpha-2 receptors are localized in relation to the 
descending EPI neurons. We used autoradiographic tech
niques to localize alpha-2 binding sites in relation to 
PGNs and to obtain evidence for a pre- or postsynaptic 
localization of these receptors in the intermediolateral 
cell column (iml).

Female Sprague-Dawley rats were anesthetized, and the 
spinal cords were surgically transected (T6). Rats were 
allowed to survive for 1, 5 or 14 days. Alpha-2 binding 
sites in 10 um horizontal sections were labeled with either 
0.6 nM or 20 nM [3H]para-aminoclonidine ([3H]PAC) to 
identify either the high- or high- and low-affinity sites 
respectively according to published procedures (Unnerstall 
et al., Brain Res. Rev. 7:69, 1984).

The highest grain densities in the sections labeled with 
[3H]PAC were found in the iml between clusters of puta
tive PGNs. Lower grain densities were seen over the neuro
pil extending from the clusters toward the midline. Signi
ficantly higher binding was seen in the iml in upper, as 
opposed to lower, thoracic segments. Five days following 
the surgery, a small decrease in binding (10-15%) was seen 
below the transection when compared to sham-treated rats. 
After 14 days, a statistically significant increase (73%) 
was seen in the binding of [3H]PAC below the lesion in 
sections labeled with both the low and the high concen
trations of this ligand. Norepinephrine (NE) and dopamine- 
beta-hydroxylase activity were reduced to near background 
levels below the transection by 14 days.

The increase in [3H]PAC binding seen in the iml below 
the lesion after 14 days may indicate denervation super
sensitivity and suggests that most of these alpha-2 binding 
sites are postsynaptic to NE or EPI neurons. However, the 
small decrease seen after 5 days suggests that a subpopula
tion of these binding sites may be on the terminals of 
bulbospinal axons.  (Supported by grants MH25951, DA00266, 
MH00053, HL16315, NS16654 and the Mcknight Foundation).
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207.17  ROLE OF α1 AND a2 ADRENOCEPTORS OF THE MEDIAN HYPOTHALAMUS ON 
THE SYSTEMIC ARTERIAL PRESSURE OF RATS.  W.A. Saad, S. Sede- 
nho*, J.V. Menani*, William A. Saad*, L.A.A. Camargo* and A. 
Renzi*.  Departamento de Fisiologia e Patologia, F.O.A.-UNESP, 
Araraquara, SP. e Depto de Cirurgia, FMSP-USP, São Paulo,

The median hypothalamus has noradrenaline levels similar 
to those of other central areas involved in cardiovascular 
control. Evidence obtained by receptor-labelling techniques 
have indicated that both α1 and α2 receptors occur in brain 
tissue (Langer, 1980). In the present experiment we compared 
the effects of yohimbine and prazosin, which selectively 
antagonize α2 and a 1 receptors, respectively, on the hypo
tensive effect of noradrenaline, which is a nonselective 
agonist (Starke et al., 1975), when injected into the median 
hypothalamus of rats. A dose-response curve was determined 
using noradrenaline doses of 10, 20, 40, 80 and 160 nM, which 
induced increases of 21 to 65 mmHg in arterial pressure in 
relation to the controls. Yohimbine previously injected at 
doses of 10 and 40 nM shifted to the right the dose-response 
curve for adrenaline. The slopes for all curves were 
significantly different from zero (P < 0.05). PD50 values for 
noradrenaline and yohimbine at doses of 10 and 40 nM were 
40.192 and 80 nM, respectively, although mean values for the 
groups injected with the two yohimbine doses did not differ 
amongst themselves. Prazosin, also at the doses of 10 and 
40 nM, antagonized the hypertensive effects of noradrenaline 
more intenseçy than yohimbine. The respective PD50's for the 
two prazosin doses were 768 and 10240 nM. These results may 
be interpreted on the basis of the possible existence of two 
types of α-adrenoceptors at the presynaptic and postsynaptic 
sites which may have different affinities for the agonist and 
antagonist used here. The decreased slope for the dose- 
response curve for noradrenaline after treatment with 
prazosin and the high respective PD50' s show greater 
interaction of the agonist with α1 adrenoceptors. In view of 
the fact that α1-type adrenoceptors have high affinity for 
prazosin, we may conclude that α1 adrenoceptors of the 
median hypothalamus play a more important role than α2 adreno 
ceptors in the control of systemic arterial pressure.

207.18  CARDIAC DISTRIBUTION OF α1 -ADRENERGIC AND MUSCARINIC RECEPTOR SITES IN 
DAHL HYPERTENSION-SENSITIVE (S/JR) AND HYPERTENSION-RESISTANT (R/JR) RATS 
FOLLOWING PRENATAL OR POSTNATAL EXPOSURE TO A HIGH SALT DIET.  J.A. 
McCaughran, Jr., R. Friedman*, and C.J. Juno*.  Dept. Psychiatry and 
Behavioral Science, SUNY @ Stony Brook, New York, 11794.

The relationship between hypertension and the distribution of 
muscarinic and alpha adrenergic receptor sites in the heart of S/JR and 
R/JR rats was investigated. Four groups of S/JR and R/JR rats were used. 
The HLH groups were exposed to a high salt diet (8.0% NaCl w/w) in utero 
(via the pregnant dam), a low salt diet (0.4% NaCl w/w) during lactation, 
and a high salt diet after weaning. The HLL groups were exposed to a 
high salt diet In utero followed by low salt. The LLH groups were 
maintained on high salt after weaning and LLL groups were exposed to low 
salt throughout the study. Blood pressure (BP) and heart rate were 
monitored twice weekly to the termination of the study at 4 weeks after 
weaning. The antagonists [3H]-prazosln (PRAZ) and 
(3H)-quinuclidinylbenzilate (QNB) were used to assess the resepective 
density of alpha adrenergic and cholinergic receptor sites in the left 
and right ventricles (LV and RV), septum (SEP), and atria (AT). Although 
both HLH and LLH S/JR groups developed significant elevations in BP, the 
HLH group showed a facilitation in the postweaning development of 
salt-induced hypertension. No significant elevations in BP were noted In 
the R/JR groups. Both receptor sites were regionally distributed in the 
heart. QNB receptor sites were distributed as follows: AT > RV > SEP > 
LV. The Inverse was found for the PRAZ binding sites: LV_>_SEP > RV > 
AT. With some exceptions, no signficant alterations in receptor site 
density were noted between the S/JR and R/JR groups, regardless of the 
prenatal or pos†weaning diet. However, a reduction in the density of PRAZ 
binding sites was found in the LV, and an increase in the density of PRAZ 
binding sites was found in the AT of the S/JR and R/JR HLH groups. 
Furthermore, all S/JR groups displayed a greater density of QNB sites in 
the AT than R/JR groups. The results indicate: (1) prenatal exposure to a 
high salt diet can facilitate the subsequent development of hypertension 
in genetically predisposed organisms; (2) the regional distribution of 
each receptor site corresponds to the degree of cholinergic or adrenergic 
Innervation that the region receives; (3) In utero exposure to high salt 
has marked effects on the density of adrenoceptors In the LV and AT of 
the R/JR and S/JR groups and, therefore, may not be related to the 
pathogenesis of hypertension; and (4) the consistently greater density of 
atrial muscarinic receptors In the S/JR line suggests a disruption in 
parasympathetic innervation of this region. In summary, the data suggest 
an Imbalance between sympathetic and parasympathetic input to myocardial 
tissue in the S/JR line. Moreover, in some cases this can be exacerbated 
by prenatal exposure to hypertensinogenic stimuli.

This work was supported by NHLBI Grant 7R01HL3234501 and American 
Heart Association (Suffolk County).
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208.1  AN ANALYSIS OF p-AMINOCLONIDINE BINDING IN RAT KIDNEY.
B. Sripanidkulchai*, R. Dawson, S. Oparll* and J.M. Wyss 
(Spon: J. Beaton),  Department of Anatomy and CVRTC, 
University of Alabama, Birmingham, AL 35294.

A population of α2 adrenergic receptors are present in 
the kidney and they are increased in number in 
hypertensive models (Dahl and SHR). Previous studies 
using tritiated 2 antagonists have indicated that there 
is a single binding site of these receptors. In this 
study the characteristies of these renal receptors have 
been examined in the SHR through the use of [3H]
-para-aminoclonidine (agonist; 3H-PAC) binding.

Seven week old male SHR rats were killed by 
decapitation and the binding of 3H-PAC (0 .l-20nM) was 
examined in crude membrane preparations. Saturation 
analysis resulted in a curvilinear Scatchard plot which 
revealed two binding sites. The high affinity site had a 
Kd of 0.54nM and a Bmax of 47 fmoles/mg protein. The low 
affinity site had a Kd of 4.4nM and a Bmax of 132 
fmoles/mg protein. Both the high (Kd=0.67nM) and low 
(Kd=6.8nM) affinity sites were also delineated by a 
second type of analysis (kinetic analysis; 
dissociation-association curves). Dissociation of 
3H-PAC was biphasic with apparent half-lives (50% 
dissociation) of approximately 72 seconds and 19 minutes 
respectively for the two sites.

A second study has addressed the questions of whether 
either of these two binding sites is different in seven 
week old SHR genetically hypertensive rats (n=5) versus 
their normotensive controls (WKY,n=5). The results 
demonstrate that the high affinity site displays 
significantly greater binding of 3H-PAC at 0.5nM in the 
SHR. These two studies suggest 1) that two binding sites 
exist in the rat kidney (although it is possible that the 
difference reflects a single receptor with different 
affinity state), and 2) that the higher affinity site is 
altered in SHR.

208.2  ACTIVATION OF THE SYMPATHETIC NERVOUS SYSTEM IN ONE-KIDNEY 
PERINEPHRITIC HYPERTENSION IN THE RAT.  R. M. Chinn, J. W. 
Manning and D. K. Hartle.  Depts. of Physiology and Pharma
cology, Emory University Medical School, Atlanta, Ga. 30322.

Factors maintaining elevated blood pressure (BP) in one- 
kidney perinephritic model of hypertension have not been 
studied in the rat. These experiments were designed to de
termine the involvement of the renin-angiotensin system 
(RAS), vasopressin system (VPS) and sympathetic nervous sys
tem (SNS) in this form of experimental hypertension. Groups 
of 300 g. male Sprague-Dawley rats underwent: (1) unilat
eral nephrectomy (UN), drinking tap water, (2) UN + contra
lateral perinephritic wrap, drinking tap water, (3) UN, 
drinking 0.9% saline, (4) UN + contralateral perinephritic 
wrap, drinking 0.9% saline.

The BPs of all animals were monitored chronically by 
means of a tail-cuff BP apparatus. When the animals became 
hypertensive (150 mmHg or above), they were anesthetized and 
a carotid catheter was inserted for direct BP measurements. 
Direct BP was recorded while the animals were conscious and 
unrestrained in their home cages on the day following cathe
terization. Control BPs were recorded for 30 minutes. The 
results indicate that no animals in groups 1 or 3 became 
hypertensive, indicating that reduced renal mass did not 
effect an increase in blood pressure in either sodium re
plete or sodium-loaded animals. A few animals in group 2 
became hypertensive within one month of surgery but most 
animals remained normotensive. Saline-loading significantly 
enhanced the development of hypertension in perinephritic 
rats (4).

Each animal was then injected with saralasin (50 µg), a 
vasopressin antagonist (Peninsula Labs, #8109, 10 µg) and 
chlorisondamine (5 mg/kg). Fifteen minutes was allowed be
tween drug treatments to allow maximal changes in BP to occur 
in response to each drug, but not enough time elapsed to al
low reversal of the effectiveness of each agent.

BP reduction profiles during sequential drug blockade in
dicate that the RAS and VPS contributed 20 mmHg to support 
the BP of groups 1, 3 and 4 (no change in group 2). Gang
lionic blockade with chlorisondamine significantly reduced 
BP in all animals. The decrease in blood pressure was much 
greater in the hypertensive animals in (2) and (4) than in 
the normotensive animals in groups 1-4. CONCLUSION: Sodium 
chloride accelerates the development of perinephritic hyper
tension. This form of hypertension is maintained primarily 
by an activation of the SNS. Supported by PHS-T35HL07305- 
06A1, 1F32HL06685-02, AHA, GA.
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208.3  DORSAL RHIZOTOMY PARTIALLY PREVENTS ONE KIDNEY, ONE 
CLIP GOLDBLATT HYPERTENSION,  N. Aboukarsh, S.R. Winternitz 
and J.M. Wyss,  Department of Anatomy and CVRT, University 
of Alabama in Birmingham, Birmingham, Al 35294

Renal denervation can either diminish or prevent 
hypertension in several animal models o+ the disease. In 
most of these models it has been assumed that the renal 
efferent (sympathomotor) projection plays the critical 
role in hypertension. However, several recent studies 
'ave suggested that the renal afferent sensory) component 
is the important factor in at least one form of 
experimental hypertension, i.e. one and two kidney 
Goldblatt hypertension. In the present study, the 
contribution of this component was independently assessed, 
and the results indicate that intact renal sensory nerves 
are critical to the formation of 1 kidney, 1 clip 
Goldblatt hypertension. In twenty-two, male, 
Sprague-Dawley rats, unilateral right nephrectomies were 
performed at three weeks of age. The animals were then 
divided into three groups. In the first group (n=8), the 
dorsal root nerves through which the renal sensory nerves 
travel (thoracic 8-lumbar 2) were cut at four weeks of 
age. The two other groups served as sham controls. At 
five weeks of age a 300um silver clip was placed around 
the left renal artery of the animals in the group 
receiving the dorsal root lesions and one of the control 
groups (clipped control ;n=9). The third group served as a 
non-clipped sham control (n=5). After one week the blood 
pressure of the clipped control animals had risen to 
hypertensive (>150mm Hg) levels and con inued to rise 
for the following five weeks of the experiment (mean final 
blood pressure = 177mm Hg±14). In contrast the mean blood 
pressure in the lesioned group remained below 150mm Hg 
throughout the experiment. Mean blood pressure in this 
group 1 week after clipping was 140mm Hg ± 16 and the 
final weekly mean was 138mm Hg ± 20. It, should be noted 
that although the lesion reduced the hypertensive effects, 
the lesioned group's mean blood pressure was significantly 
higher than the pressure of the non-clioped control (first 
week mean = 126 ± 9mm Hg; sixth week mean = 114 ± 11mm Hg). 
This study provides the first direct demonstration that 
renal afferent nerves are critical to t he development of 
hypertension.

208.5  NOREPINEPHRINE AND SEROTONIN IN THE LOCUS COERULEUS OF THE 
DAHL SALT-SENSITIVE AND SALT-RESISTANT RAT.  S.Y. Felten1, 
D.L. Felten1, and J.A. Weyhenmeyer2,  Depts, of Anat., Univ. 
Rochester Sch. Med., Rochester, NY 146421, and Sch. Life 
Sci., Univ. of Illinois, Urbana, IL 618012.

Dahl salt-sensitive (SS) and salt-resistant (SR) rats 
were raised on a low-salt diet (0.4%) or a high salt diet 
(8.0%), starting at 4 weeks of age for a period of 1 and 10 
weeks, and were compared with standard Sprague-Dawley (SD) 
rats under the same dietary conditions. The SS rats raised 
on an 8% salt diet develop hypertension. The locus coeru- 
leus (LC) was micropunched from the brains, and norepineph
rine (NE), serotonin (5HT), and 5-hydroxyindoleacetic acid 
(5HIAA) were assayed with high performance liquid chromato
graphy with electrochemical detection, based upon our past 
findings that LC develop premature dencritic length and 
branching in the SHR but not the normotensive WKY or Wistar 
control rats. After 1 week on 8% salt or 0.4% salt, no dif
ferences in NE levels were found, but after 10 weeks on 0.4% 
salt, NE levels were higher in SS rats than in SD rats, with 
SR rats at an intermediate level. NE levels may be genetic
ally higher in LC in SS rats than in controls. Since there 
were no differences in LC levels across all 3 age groups 
after 10 weeks on 8% salt diet, NE levels in LC appear not 
to be causal to hypertension. After 1 week on an 0.4% salt 
diet, levels of 5HT were higher in SS than in SR or SD rats, 
while on an 8% salt diet for 1 week, 5HT levels in SS and SR 
rats were greater than in SD rats. In other words, 5HT 
levels rise only in SR rats after 1 week on a high salt diet. 
After 10 weeks on an 0.4% salt diet, 5HT levels were highest 
in SS, intermediate in SR, and lowest in SD rats (all signi
ficantly different), and were boosted on a high (8%) salt 
diet in all groups by approximately 2x but to the greatest 
extent in the SS rats (12.18 ± 2.72 ng mg protein). This 
highest level of 5HT, which responded to the high salt diet, 
correlates with the hypertensive state in these rats. The 
5HIAA levels paralleled the 5HT levels and 5HT/5HIAA ratios 
did not differ significantly with high or low salt diets 
among the 3 groups, suggesting that turnover is not dramatic
ally altered by the salt content in the diet. We suggest 
that the SS rats may demonstrate a gent tic difference from 
their SR and SD controls in the development of the seroton
ergic system and its innervation of the locus coeruleus, and 
may show an acceleration of this difference when fed a high 
salt diet. Supported by NIH grant HL2 757.

208.4  THE EFFECT OF DIETARY SODIUM INTAKE ON REFLEX TACHYCARDIA 
RESPONSES IN ONE-KIDNEY, ONE-WRAP RENAL HYPERTENSION.  
C. Hinojosa,* N.Ball* and J.R. Haywood.  Pharmacology Dept. 
Univ. of TX Health Science Center, San Antonio, TX 78284.

Sodium depletion has been shown to prevent the onset of 
one-kidney, one-wrap renal hypertension while increased 
sodium intake enhanced the hypertensive process. The 
present study was designed to determine whether the permis
sive action of sodium in hypertensive rats was through a 
regulation of the activation of the sympathetic nervous 
system. Reflex increases in heart rate after atropine (0.4 
mg/kg) were used as an index of increased sympathetic ner
vous system activity. Rats were maintained on low sodium 
(LS) (2 µEq/gm chow), normal sodium (NS) (100 µEq/gm chow) 
or high sodium (HS) (1000 µEq/gm chow) diet for two weeks 
prior to renal wrap or sham wrap procedure. Three days 
postwrap, animals were prepared with femoral artery and 
vein catheters under gaseous anesthesia. At least three 
hours later, the rats were treated with atropine (0.4 
mg/kg) and reflex tachycardia responses to graded bolus 
injections of nitroprusside (5, 10 and 10 µg/kg) were 
determined. The relationship between the change in blood 
pressure and change in heart rate was determined for each 
animal, and the slope was taken as an index of baroreflex 
sensitivity. Administration of atropine caused a similar 
increase in heart rate in sham operated animals maintained 
on all three diets (+26±11 bpm LS, +32±6 bpm NS, and +40±6 
bpm HS). In the renal wrapped animals, the response to 
atropine was proportional to sodium intake (+14±5 bpm LS, 
+44±4 bpm NS, and +84±10 bpm HS).

There were no differences in reflex function between renal 
wrapped and sham operated rats on any level of sodium 
intake. However, sodium depleted rats had a significantly 
reduced reflex sensitivity compared to animals maintained 
on normal or high sodium intake. These data support the 
hypothesis that prior sodium depletion prevented the 
increase in arterial pressure in one-kidney, one-wrap renal 
hypertension through an interference with the activation of 
sympathetic nervous system function.  (Supported by NIH 
HL 26993 and American Heart Association, Texas Affiliate).

208 6  EFFECT OF NEONATAL TREATMENT WITH MONOSODIUM GLUTAMATE ON 
THE ANTIHYPERTENSIVE ACTION OF CLONIDINE IN SPONTANEOUSLY 
HYPERTENSIVE RATS.  A.R. Mosqueda-Garcia* and G. Kunos* 
(SPON: F.V. Abbott).  Department of Pharmacology and 
Therapeutics, McGill University, Montreal, Quebec H3G 1Y6.

We have previously shown that a β-endorphin-like peptide 
is involved in the antihypertensive action of clonidine in 
spontaneously hypertensive rats (SHR) but not in normo
tensive rats. Outside of the pituitary, nerve cell bodies 
containing β-endorphin have only been demonstrated in the 
arcuate nucleus region (AN). Therefore, we tested the 
hypothesis that β-endorphin in the AN is involved in the 
anti hypertensive action of clonidine. Monosodium glutamate 
(MSG) was used to selectively destroy the cell bodies of 
the AN and reduce brain 6-endorphin levels.

SHR and Wistar Kyoto rats (WKY) received MSG during the 
neonatal period as reported (Nature, 278: 562, 1979). 
Systolic blood pressure (BP) and heart rate (HR) were 
measured by the tail cuff technique. At 3 months of age 
the developed hypertension of treated SHR (SHR-MSG) was 
similar to control animals (SHR-C). Basal BP was 170 ± 6 
and 178 ± 4 mmHg for SHR-C and SHR-MSG respectively. 
Clonidine (5 ug/kg i.v.) reduced BP in both groups (SHR-C, 
-28 ± 5 and SHR-MSG,-17 ± 6 mmHg). The opioid antagonist, 
naltrexone (NTX, 2 mg/kg i.p.) was administered on a 
different day, 30 min prior to clonidine in the same 
animals. The response to clonidine was inhibited by NTX in 
SHR-C but not in SHR-MSG animals (SHR-C,-8 ± 4; SHR-MSG,-20 
± 6 mmHg). Similar data were obtained for HR. NTX was 
without effect in untreated WKY and the response to cloni
dine or NTX was not modified by MSG-treatment of these 
animals.

The absence of an effect by NTX in SHR-MSG animals 
suggests that the lesioning of the AN damages of a 
β-endorphin system which is involved in the antihyper
tensive action of clonidine. Moreover the MSG-treatment 
has no significant effect on this response in WKY, in which 
the opioid contribution to this effect is not normally 
detectable.

Baroreflex Sensitivity
Sham Wrap

LS -0.62±0.14* -0.63±0.18*
NS -1.68±0.46 -1.63±0.31
HS -1.57±0.34 -1.45±0.38
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208.7  CENTRAL NERVOUS SYSTEM CARDIOVASCULAR TOXICITY OF SUBCUTAN
EOUS MONOSODIUM GLUTAMATE TREATMENT IN THE RAT.  J. W. Man
ning and D. K. Hartle.  Depts. of Physiology and Pharmacolo
gy, Emory University School of Medicine, Atlanta, GA. 30322.

Straight chain amino acids such as glutamic and aspartic 
are potent neuroexcitotoxins (see Olney, Neurosci. Res. Prog. 
Bull., V.19, No. 4). Peripheral administration of these 
compounds causes significant central neural toxicity and 
cell death in regions of the brain that are not protected by 
the blood-brain barrier (BBB). Brain damage in adult rats 
is largely confined to circumventricular organs (highly vas
cularized regions of the central nervous system without a 
BBB). More extensive damage is produced if animals are 
treated neonatally, e.g., monosodium glutamate (MSG) causes 
depletion of cell bodies in the median eminence and in the 
surrounding arcuate nucleus.

The circumventricular organs are very important sites of 
integration of humoral and neural afferent cardiovascular 
information. Humoral substances, as angiotensin II (All), 
for instance, interact at circumventricular organs with neu
ronal substrates and promote central neural responses. All 
causes a centrally-mediated increase in blood pressure due 
sympathetic activation and augmented vasopressin secretion. 
All also causes thirst and induction of drinking behavior. 
These studies were designed to test whether pretreatment of 
rats with sublethal subcutaneous injections of MSG would af
fect the central actions of All. Additionally, the effects 
of MSG treatment on blood pressure in spontaneously hyper
tensive rat was tested.

The results indicate that 4 day old rats treated with MSG 
showed a dose dependent decrease in drinking response to 
peripherally administered All when they were tested as young 
adults. MSG produces drinking and pressor deficits to All 
in some, but not all, adult rats treated with MSG. MSG 
treatment lowered mean blood pressure from 220 mmHg to 120 
mmHg in a group of spontaneously hypertensive rats but had 
little effect on blood pressure in normotensive rats. The 
decrease in blood pressure was sustained in 1/3 of the hy
pertensive animals while 2/3 of these animals were again 
hypertensive 24 hrs after treatment. These results suggest 
that MSG treatment causes significant toxicity (sometimes 
reversibly, sometimes irreversibly) to central neural me
chanisms that are involved in blood pressure regulation and 
fluid balance. Neural structures within or close to circum
ventricular organs appear to play an important role in main
tenance of high blood pressure in the spontaneously hyper- 
sive rat. PHS-532HL06685-02, AHA, GA & Emory University.

208.8  CONTRIBUT ION OF VASOPRESSIN TO HYPERTENSION 
AFTER SOLITARY TRACT LESIONS OR SINOAORTIC 
DENERVATION PLUS VAGOTOMY IN THE DOG. D.B. Averill,
K.L. Barnes and C.M. Ferrario. Research Division, Cleveland 
Clinic Foundation, Cleveland, OH 44106.

The mechanisms responsible for the hypertension which 
follows central interruption of vagal and carotid sinus afferents 
in the dog are not well understood. In this study we interrupted 
the vagal and carotid sinus afferents centrally in halothane 
anesthetized mongrel dogs by lesioning the solitary tra c t (TS) 
close to the entrance of the afferents into the medulla. The TS 
on both sides of the brain stem was located with vagal evoked 
potentials and lesioned in 5 dogs; two animals received sham TS 
lesions. To compare the effects of peripheral interruption of 
these afferents to the effects of TS lesions, six dogs were 
studied a fte r b ilateral vagotomy and electrophysiological 
identification and section of both carotid sinus nerves (SAVD). 
The effectiveness of both procedures was confirmed 
pharmacologically by the absence of reflex bradycardia after 
phenylephrine (20 µg/kg, i.v.). Bilateral interruption of the 
rostral TS was verified histologically in all 5 dogs in the TS 
lesion group.

Blood pressure rose rapidly in both TS lesioned and SAVD 
dogs a fte r anesthesia was discontinued. Two hours following 
baroreceptor denervation mean aortic pressure (MAP) and heart 
ra te  were 165 ± 21 mmHg and 172 ± 17 beats/min in the TS 
lesioned dogs and 163 ± 9 mmHg and 196 ±  8 beats/min in the 
SAVD animals. Administration of a vasopressin antagonist 
[d(CH2)5 Tyr (Me) arginine vasopressin, 20 µg/kg, i.v.] decreased 
MAP in both TS lesioned (-25 ±  2 mmHg, p < 0.001) and SAVD 
animals (-34 ± 5 mmHg, p < 0.002) but did not affect MAP in two 
sham lesioned dogs (-4 ±  5 mmHg, n.s.). Thirty minutes 
following administration of the vasopressin antagonist MAP was 
the same in the three groups of dogs (TS lesion: 141 ± 24; sham 
lesion: 139 ± 10; SAVD: 141 ± 7 mm Hg). Subsequent 
administration of hexamethonium chloride (15 mg/kg, i.v.) 
reduced MAP by a comparable amount in each group of dogs.

This study indicates tha t either central or peripheral 
interruption of baroreceptor, chem oreceptor and pulmonary 
s tre tch  receptor afferent fibers produces an acute hypertension 
which is primarily dependent upon an increase in circulating 
vasopressin. (Supported in part by grants from NHLBI, HL-6835 
and HL-31256).

208.9  CARDIOVASCULAR AND NEUROENDOCRINE RESPONSES DURING ACUTE 
BEHAVIORAL STRESS IN RATS WITH NTS LESIONS.  R.A. BUCHHOLZ, 
J.W. HUBBARD, M.A. NATHAN, T.K. KEETON*.  Dept. of Pharma
cology, Univ. of Texas Health Science Center, San Antonio, 
Texas 78284.

In this study, we evaluated the cardiovascular and neuro
endocrine responses of rats at rest and during behavioral 
stress 3-4 weeks after placement of electrolytic lesions in 
the NTS. Means and standard deviations (SD), an index of 
lability, were computed for MAP and HR during a 1 hr base
line recording period and during a single 30 min signalled 
avoidance/escape conditioning session. Plasma concentra
tions of epinephrine (EPI) and norepinephrine (NE) , and 
plasma renin activity (PRA) were measured at the end of the 
rest and stress periods.

MAP (mm Hg) SD MAP (mm Hg) HR (bpm)
Rest Stress Rest Stress Rest Stress

NTS(7) 121±3 166±3***29.2±2.1**24.9±1.8** 384±11 481+8***
CON(4) 116±1 133±4* 5.9±1.1 8.7±1.4 356±17 443±17*
* p<0.05 from Rest
**p<0.05 from Control

EPI (pg/ml) NE (pg/ml) PRA (ng/ml/hr)
Rest Stress Rest Stress Rest Stress

NTS(7) 46±8 465±68* 210±24 617±59*** 5.0±0.8** 6.7±1.6 **
CON(4) 39±14 344±21* 209±9 321±47 7.9±0.8 28.9±9.6
* p<0.05 
from Rest**p<0.05 from Control
No differences were found at rest between NTS lesion and 
control rats for MAP, HR, EPI, or NE. NTS lesion rats 
showed significantly greater lability of the MAP and a low
er resting PRA than control rats. Both NTS lesion and con
trol rats exhibited a significant increase in MAP and HR 
during behavioral stress. The increase in MAP for NTS le
sion rats was nearly 3 times that of controls. The increase 
in MAP in NTS lesion rats was accompanied by increases in 
plasma NE and EPI with no change in PRA. Control rats also 
showed an increase in plasma EPI levels during stress that 
was not different from NTS lesion rats. PRA in control 
rats was significantly higher than that of NTS lesion rats 
during stress. These results indicate that rats with NTS 
lesions exhibit enhanced MAP responses during stress that 
are supported primarily by an augmented sympathetic dis
charge to the vasculature. Plasma renin activity may be 
suppressed during stress in rats with NTS lesions by a di
rect action of the high MAP on the kidney.  Supported by NIH 
HL27046, HL24529, and AHA, Texas Affiliate.

208.10  FEED-STARVE CYCLING IN DIETARY OBESITY INDUCES MODERATE 
HYPERTENSION VIA ALTERATIONS IN THE AUTONOMIC REGULATION OF 
CARDIOVASCULAR FUNCTION  D.O. Nelson and P. E rnsberger,  
Neuroscience Program and Physiology D ep t., Northwestern 
U n iv e rs ity , Chicago, IL 6061].

In  hypertension  a sso c ia ted  w ith human o b e s ity , blood 
p ressu re  (BP) i s  b e s t re la te d  to  ra te s  o f change in  weight 
ra th e r  than to  s t a t i c  o b e s ity . A ccordingly, BP and h e a r t 
r a te  (HR) were determ ined by t a i l  c u ff  during cy c les  of 
overfeeding  and s ta rv a t io n . D ie ta ry  o b e sity  was produced in 
19 r a t s  by feeding  f o r t i f i e d  (AIN 76) sweet milk in  a d d itio n  
to  reg u la r chow, w hile 10 r a t s  continued to  rece iv e  chow 
on ly . Na in tak e  was eq ualized  to  th e  co n tro l le v e l o f 
approxim ately 1 .4  mmol/day. C a lo ric  in tak e  in  the  sweet-m ilk 
group increased  from a b a se lin e  o f  114 ± 4 kcal/day  to  150 ±  
3 , accompanied  by tachyca rd ia  (391 ± 7 bpm v s . 354 ±  10) 
w ith in  two weeks a f te r  th e  s t a r t  o f th e  d i e t ,  p r io r  to  
s ig n i f ic a n t  excess weight g a in , b u t BP was unchanged. Four 
weeks a f te r  th e  in i t i a t i o n  o f th e  d ie t ,  h a lf  o f th e  obese 
r a t s  were fa s te d  fo r 4 days, rece iv in g  on ly  m ineral and 
v itam in  s o lu tio n  (providing 1 .4  nmol Na+) and ta p  w ater. 
A fte r 4 days o f f a s tin g  BP f e l l  from 126 ±  3 mmHg to  106 ± 
4 , and HR f e l l  2 5 ± 9 bpm. BP re tu rn ed  to  b a se lin e  a f te r  2 
days o f re feed ing  and continued to  r i s e ,  reaching near
h y p ertensive  le v e ls  (142 ± 2 mmHg) by the  12th day. HR 
remained depressed  through 2 days o f  re feed in g , bu t th e  
p re fa s tin g  tach y ca rd ia  re tu rn ed  by th e  end o f the  12-day 
re feed ing  p e rio d . BP and HR f e l l  during  each subsequent 
f a s t ,  re tu rn in g  to  e lev a ted  p r e f a s t  le v e ls  w ith re feed in g .
At th e  end o f th e  3rd re feed ing  p e rio d , th e  r a t s  were 
an es th e tiz ed  and f i t t e d  w ith femoral a r t e r i a l  and venous 
c a th e te rs .  Hypertension and ta ch y ca rd ia  p e rs is te d  in  th e  
cycled  anim als, w hile uncycled obese r a t s  remained normo
te n s iv e . In  both groups th e  HR decrease  a f te r  b e ta  blockade 
(m etopolol, 1 mg/kg) was enhanced and the  HR in c rease  a f te r  
N-methylscopolamine (2 mgAg) was e lim in a ted , suggesting  
in c reased  sym pathetic and decreased  p a ra -s y m p a th e tic  tone . 
C ardiac b e ta -re c ep to r  b ind ing , as  measured w ith 3H-dihydro- 
a lp re n o lo l,  was dow n-regulated (co n tro l Bmax (fmol/mg 
p r o te in ) : 67 ±  6 , sw eet-m ilk: 37 ±  3, cycl e d : 47 ± 3 ) ,  
c o n s is te n t w ith inc reased  sym pathetic a c t iv i ty ,  w hile mus
c a r in ic  binding  (3H-N-methylscopolamine) was unchanged. Thus 
fe e d -s ta rv e  cy c lin g , bu t no t s t a t i c  o b e s ity , induces hyper
ten sio n  a sso c ia ted  w ith increased  sym pathetic to n e , and i s  a 
p o ss ib le  model fo r human obese hypertension . I n i t i a l  r e s u l t s  
Suggest th a t  th e  p a ra v en tr ic u la r  nucleus m ediates th e  
e f f e c ts  o f  fe e d -s ta rv e  cycles  on card io v ascu la r fu n c tio n .
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208 .11  PERIPHERAL ADRENERGIC MECHANISMS IN REPEATED IMMOBILIZATION 
STRESS IN RATS.  Z . Z u k o w s k a - G r o j e c * ,  J . C u l m a n *  a n d  I . J .  
K o p i n  (SPON: E . S t a d l a n ) .   L a b o r a t o r y  o f  C l i n i c a l  S c i e n c e ,  
NIMH, B e t h e s d a  MD 2 0 2 0 5 .

B o t h  c e n t r a l  a n d  p e r i p h e r a l  n e u r o n s  a r e  i n v o l v e d  i n  me
c h a n i s m s  o f  a d a p t a t i o n  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  t o  
c h r o n i c  s t r e s s .  I n  t h e  p r e s e n t  s t u d y  we i n v e s t i g a t e d  t h e  
e f f e c t s  o f  r e p e a t e d  i m m o b i l i z a t i o n  ( 1 - 7  x IMO , 2 h r s  d a i l y )  
o n  p r e s s o r  a n d  c a t e c h o l a m i n e  (CA) r e s p o n s e s  t o  s t i m u l a t i o n  
( S T ,  0 . 1  a n d  1 . 0  H z ,  50 V) o f  s y m p a t h e t i c  o u t f l o w  f r o m  t h e  
s p i n a l  c o r d  o r  a d m i n i s t e r e d  n o r e p i n e p h r i n e  (N E,  0 . 1  a n d  1 . 0  
µ g / k g ,  i . v . )  i n  p i t h e d ,  v a g o t o m i z e d  r a t s ,  i n t a c t  o r  a f t e r  
b i l a t e r a l  a d r e n a l  d e m e d u l l a t i o n  (MEDX).  When c o n s c i o u s ,  
t a i l - a r t e r y  c a n n u l a t e d  r a t s  w e r e  IMO f o r  t h e  f i r s t  t i m e  
( 1 xIMO) t h e r e  w e r e  i n c r e a s e s  i n  b l o o d  p r e s s u r e  ( B P ,  + 2 3 ± 5 
run H g ) ,  p l a s m a  NE ( + 1 . 3  ± 0 . 1  n g / m l ) a n d  e p i n e p h r i n e  ( E P I ,  
+ 2 . 1  ± 0 . 5  n g / m l ) .  A f t e r  l x I M O ,  b a s a l  BP a n d  p l a s m a  NE o f  
p i t h e d  r a t s  i n c r e a s e d  w h e r e a s  p r e s s o r  r e s p o n s e s  t o  ST 
( 0 . 1  Hz )  a n d  NE ( 0 . 1  µ g / k g )  w e r e  l o w e r  t h a n  n p i t h e d  n o n -  
s t r e s s e d  r a t s .  T h o s e  d i f f e r e n c e s  d i s a p p e a r e d  a f t e r  d e s -  
i p r a m i n e  (D MI ,  0 . 3  m g / k g ,  i . v . ) .  MEDX 1 x I MO r a t s  s h o w e d  
l e s s e r  BP (50% ) a n d  p l a s m a  NE (30% ) r e s p o n s e s  t h a n  i n t a c t  
1 x IMO r a t s  b u t  p r e s s o r  r e s p o n s e s  t o  ST a n d  NE r e m a i n e d  
r e d u c e d  a c c o m p a n i e d  b y  d e c r e a s e d  NE r e s p o n s e  t o  ST .  T h o s e  
d i f f e r e n c e s  p e r s i s t e d  a f t e r  DMI, s u g g e s t i n g  t h a t  d e c r e a s e d  
r e m o v a l  o f  a d r e n a l  CA ( ↓ u p t a k e )  may b e  r e s p o n s i b l e  f o r  t h e  
e l e v a t e d  CA l e v e l s  i n  t h e  i n t a c t  r a t s .  S e v e n t h  IMO ( 7 x I M O) 
c a u s e d  l e s s  i n c r e m e n t  i n  BP ( + 1 9  ±  2 mm Hg) a nd  p l a sm a NE 
a n d  EPI ( + 0 . 8  ± 0 . 1  a n d  + 1 . 1  ± 0 . 1  n g / m l ,  r e s p e c t i v e l y )  
t h a n  i n  1 x IMO r a t s .  I n  p i t h e d  7 x IMO r a t s , b a s a l  BP 
r e t u r n e d  t o  c o n t r o l  v a l u e s  w h i l e  b a s a l  p l a s m a  CA l e v e l s  
r e m a i n e d  e l e v a t e d .  P r e s s o r  r e s p o n s e s  t o  0 . 1  Hz ST w e r e  
r e d u c e d  b u t  n o r m a l i z e d  i n  t h e  p r e s e n c e  o f  DMI.

I n  c o n c l u s i o n ,  a c t i v a t i o n  o f  t h e  s y m p a t h o - a d r e n o m e d u l l a r y  
s y s t e m  a n d  v a s c u l a r  r e s p o n s i v e n e s s  t o  CA d i m i n i s h  w i t h  r e 
p e a t e d  s t r e s s .  R e d u c e d  p r e s s o r  r e s p o n s e s  o f  o n c e - s t r e s s e d  
r a t s  a r e  n o t  d u e  t o  d e c r e a s e d  CA r e l e a s e  f r o m  s y m p a t h e t i c  
n e u r o n e s  o r  a d r e n a l  m e d u l l a ,  n o r  do t h e y  s e e m  t o  r e s u l t  
f r o m  r e c e p t o r  c h a n g e s  ( T o r d a  e t  a l . ,  J  P h a rm  Exp T h e r  2 1 6 ,  
3 3 4 ,  1 9 8 1 )  w h i c h  o c c u r  l a t e r  a f t e r  7 x  I MO Th e r e  d o e s ,  
h o w e v e r ,  a p p e a r  t o  b e  a  t r a n s i e n t  r e d u c t i o n  i n  v a s c u l a r  
r e a c t i v i t y  a f t e r  1 x IMO.

2 0 8 .12  CARDIOVASCULAR AND SOMATOMOTOPIC RESPONSES TO STARTLING 
SENSORY STIMULI IN SPONTANEOUSLY HYPERTENSIVE RATS.
R.  R e t t i g ,  M. G e y e r ,  M .P .  P r i n t z * .  U n i v .  o f  C a l i f o r n i a ,  
San D i e g o ,  S c h o o l  o f  M e d i c i n e ,  La J o l l a ,  CA 9 2 0 9 3 .

P r i m a r y  h y p e r t e n s i o n  h a s  b e e n  d e s c r i b e d  a s  b e i n g  
c l o s e l y  l i n k e d  w i t h  c a r d i o v a s c u l a r  a n d  b e h a v i o r a l  h y p e r -  
r e s p o n s i v i t y  t o  a  v a r i e t y  o f  e n v i r o n m e n t a l  s t i m u l i  a n d  
s u c h  h y p e r r e s p o n s i v i t y  h a s  b e e n  i m p l i c a t e d  i n  t h e  p a t h o 
g e n e s i s  o f  s u s t a i n e d  h y p e r t e n s i o n .  To t e s t  w h e t h e r  
s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  (SHR) a r e  h y p e r r e s p o n 
s i v e  -  i n  t e r m s  o f  t h e i r  c a r d i o v a s c u l a r  a n d  b e h a v i o r a l  
r e a c t i o n s  -  t o  a  w e l l - d e f i n e d  s e n s o r y  s t i m u l u s ,  when 
c o m p a r e d  t o  t h e  n o r m o t e n s i v e  W i s t a r - K y o t o  c o n t r o l  s t r a i n  
(WKY), a d u l t  m a l e  r a t s  o f  b o t h  s t r a i n s  w e r e  s u b j e c t e d  t o  
15 c o n s e c u t i v e  t r i a l s  o f  e i t h e r  t a c t i l e  ( a i r  p u f f  t o  t h e  
b a c k  o f  t h e  a n i m a l ,  15 p . s . i . ,  4 0  m s ,  n = 8 p e r  g r o u p )  o r  
a c o u s t i c  ( 1 2 3  d B ,  4 k H z ,  4 0  m s ,  n = 8  p e r  g r o u p )  s e n s o r y  
s t i m u l i  w i t h  a n  i n t e r t r i a l  i n t e r v a l  o f  6 0  s .  F o r  a p p l i 
c a t i o n  o f  t h e  s t i m u l i  a n d  s i m u l t a n e o u s  m e a s u r e m e n t  o f  t h e  
s o m a t o m o t o r i c  a n d  c a r d i o v a s c u l a r  r e s p o n s e s ,  r a t s  w e r e  
p l a c e d  i n t o  a s u s p e n d e d  p l e x i g l a s s  c y l i n d e r .  Mean 
a r t e r i a l  p r e s s u r e  a n d  h e a r t  r a t e  w e r e  m e a s u r e d  c o n t i n u 
o u s l y  v i a  an i n d w e l l i n g  c a t h e t e r  f r o m  t h e  a b d o m i n a l  a o r t a  
a n d  d i s p l a y e d  on  a c h a r t  r e c o r d e r .  T h e  m a g n i t u d e  a n d  
l a t e n c y  o f  t h e  s o m a t o m o t o r i c  s t a r t l e  r e s p o n s e s  was  
r e c o r d e d  a s  d i s p l a c e m e n t  o f  t h e  c y l i n d e r  by  a c e r a m i c  
p h o n o g r a p h  c a r t r i d g e  a n d  t h e  d a t a  w e r e  a n a l y z e d  by 
c o m p u t e r  ( o n e  r e a d i n g  p e r  ms f o r  2 0 0  m s ,  s t a r t i n g  w i t h  
t h e  o n s e t  o f  t h e  s t i m u l u s ) .  SHR e x h i b i t e d  s i g n i f i c a n t l y  
g r e a t e r  m a x i m a l  a n d  a v e r a g e  m o t o r  r e s p o n s e s  a s  w e l l  a s  a 
s h o r t e r  l a t e n c y  f o r  t h e  m a x i m a l  r e s p o n s e  f o l l o w i n g  b o t h  
t a c t i l e  a n d  a c o u s t i c  s t i m u l a t i o n .  H e a r t  r a t e  a n d  p r e s s o r  
r e s p o n s e s  w e r e  a l s o  s i g n i f i c a n t l y  i n c r e a s e d  i n  SHR. How
e v e r ,  w h e r e a s  t h e  m a g n i t u d e  o f  t h e  h e a r t  r a t e  r e s p o n s e s  
r e m a i n e d  a b o u t  t h e  s am e w i t h i n  e a c h  s t r a i n  a n d  was c o n 
s i s t e n t l y  e l e v a t e d  i n  SHR t h r o u g h o u t  t h e  e n t i r e  t r i a l  
s e s s i o n s ,  p r e s s o r  r e s p o n s e s  d e c r e a s e d  i n  b o t h  s t r a i n s  
t o w a r d s  t h e  e n d  o f  t h e  t r i a l  s e s s i o n s .

T a k e n  t o g e t h e r ,  o u r  d a t a  i n d i c a t e  t h a t  SHR e x h i b i t  
c a r d i o v a s c u l a r  a n d  b e h a v i o r a l  h y p e r r e s p o n s i v i t y  t o  a c u t e  
s e n s o r y  s t i m u l a t i o n .  T h e  d a t a  a r e  i n  k e e p i n g  w i t h  t h e  
h y p o t h e s i s  t h a t  i n c r e a s e d  t r a n s i e n t  p r e s s o r  r e s p o n s e s  
o c c u r r i n g  r e p e a t e d l y  d u r i n g  d a i l y  l i f e  s i t u a t i o n s  i n  
h y p e r t e n s i v e  s u b j e c t s  c o n t r i b u t e  t o  t h e  d e v e l o p m e n t  
a n d / o r  m a i n t e n a n c e  o f  h y p e r t e n s i o n .  ( S u p p o r t e d  i n  p a r t  
by H L 2 5 4 5 7 ,  SCOR H y p e r t e n s i o n . )

2 0 8 .13  HYPERRESPONSIVENESS OF CENTRAL AND PERIPHERAL 
MONOAMINERGIC MECHANISMS TO COLD STRESS IN 4 WEEK 
DOCA/NaCl HYPERTENSIVE RATS.  Y . F .  C h e n ,  S .  N a g a h a m a * ,  
S . R .  W i n t e r n i t z  a n d  S .  O p a r i l *   C a r d i o v a s c u l a r  R e s e a r c h  
a n d  T r a i n i n g  C e n t e r ,  U n i v e r s i t y  o f  A l a b a m a  i n B i r m i n g h a m ,  
B i r m i n g h a m ,  AL 3 5 2 9 4 .

P r e v i o u s  s t u d i e s  f r o m  o u r  l a b o r a t o r y  f a i r e d  t o  p r o v i d e  
e v i d e n c e  f o r  i n c r e a s e d  a c t i v i t y  o f  t h e  s y m p a t h e t i c  n e r v o u s  
s y s t e m  (SNS ) i n  c o n s c i o u s ,  u n r e s t r a i n e d  d e o x y c o r t i c o s -  
t e r o n e - N a C l  (D OC A /N aC l)  h y p e r t e n s i v e  r a t s  (2  a n d  3 w e e k s  
a f t e r  DOCA/NaCl t r e a t m e n t )  s t u d i e d  i n  t h e  r e s t i n g  s t a t e .  
To e x a m i n e  t h e  h y p o t h e s i s  t h a t  b a s a l  SNS a c t i v i t y  a n d  
t h e  r e s p o n s i v e n e s s  o f  SNS t o  s t r e s s  a r e  e n h a n c e d  i n  
DOCA/NaCl r a t s  w i t h  e s t a b l i s h e d  h y p e r t e n s i o n ,  p l a s m a  
n o r e p i n e p h r i n e  ( N E ) ,  e p i n e p h r i n e  ( E )  a n d  p r o l a c t i n  (PRL) 
w e r e  m e a s u r e d  i n  c o n s c i o u s ,  u n r e s t r a i n e d  4 w e e k  DOCA/NaCl 
h y p e r t e n s i v e  a n d  c o n t r o l  ( u n i n e p h r e c t o m i z e d ) r a t s  b e f o r e  
a n d  a f t e r  c o l d  e x p o s u r e  ( 4  h o u r s ,  4 ° C ) .

S y s t o l i c  b l o o d  p r e s s u r e  m e a s u r e d  by  t h e  t a i l  c u f f  
m e t h o d  i n  DOCA/NaCl r a t s  w a s  s i g n i f i c a n t l y  g r e a t e r  t h a n  
i n  H2O c o n t r o l s  [ 1 8 1 ± 5 ( n = 1 4 )  v s  1 2 8 ± 5 ( n = 1 1 )mmHg, P < 0 . 0 1 ]  
a t  4  w e e k s .  R e s u l t s  [Mean±SEM] o f  p l a s m a  N E ( p g / m l ) ,  
E ( p o / m l )  a n d  P R L ( n q / m l )  w e r e :

B e f o r e  C o l d  S t r e s s A f t e r  Co l d  S t r e s s
NE E PRL NE E PRL

H2O 3 2 8 ±34 2 7 6 ± 4 4 17±1 1 0 6 8 ± 6 4 * 4 0 4 ± 5 5 18±1
DOCA 5 5 0 ± 5 6 # 4 9 6 ± 5 9 # 3 2 ± 3 # 1 6 5 8 ± 1 2 4 # * 8 3 4 ± 1 6 0 # 18±1
# P<0 . 0 5 ,  a s  c o m p a r e d  t o  H2O c o n t r o l s
* P < 0 . 0 5 ,  a s  c o m p a r e d  t o  b e f o r e  s t r e s s  v a l u e .

T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  4  w e e k  DOCA/NaCl t r e a t e d  
r a t s  h a v e  i n c r e a s e d  c i r c u l a t i n g  l e v e l s  o f  NE a n d  E b o t h  
i n  t h e  r e s t i n g  s t a t e  a n d  f o l l o w i n g  c o l d  s t r e s s .  B a s a l  
p l a s m a  PRL l e v e l s  w e r e  e l e v a t e d  i n  DOCA/NaCl a n i m a l s  
c o m p a r e d  t o  c o n t r o l ,  s u g g e s t i n g  r e d u c e d  h y p o t h a l a m i c  
d o p a m i n e r g i c  a c t i v i t y .  F o l l o w i n g  c o l d  s t r e s s ,  p l a s m a  
PRL l e v e l s  f e l l  i n  t h e  DOCA/NaCl r a t s ,  s u g g e s t i n g  t h a t  
c e n t r a l  d o p a m i n e r g i c  a c t i v i t y  w a s  i n c r e a s e d .  I n  c o n 
t r a s t ,  no s t r e s s  r e l a t e d  r e d u c t i o n  i n  p l a s m a  PRL wa s  s e e n  
i n  c o n t r o l  r a t s .  T a k e n  t o g e t h e r ,  t h e s e  d a t a  s u p p o r t  t h e  
c o n c e p t  t h a t  DOCA/NaCl h y p e r t e n s i v e  r a t s  h a v e  i n c r e a s e d  
s y m p a t h e t i c  t o n e  w h i c h  may b e  r e l a t e d  t o  r e d u c e d  
h y p o t h a l a m i c  d o p a m i n e r g i c  a c t i v i t y .

208.14  ENHANCED RENAL SYMPATHETIC NERVE RESPONSE TO STRESS IN 
CONSCIOUS SPONTANEOUSLY HYPERTENSIVE RATS (SHR) ON HIGH 
SODIUM DIET.  J . P .  Koepke * & G .F .  D iBona * (SPON: E.M. 
B u r n s ) .   D e p t .  I n t .  M ed .,  U n iv .  I a .  C o l .  Med. & VAMC, Iowa 
C i t y ,  IA 52242 .

The e f f e c t s  o f  s t r e s s f u l  e n v i r o n m e n t a l  s t i m u l a t i o n  ( a i r  
j e t  t o  h e a d )  on r e n a l  s y m p a t h e t i c  n e r v e  a c t i v i t y  (RSNA), 
u r i n e  f l o w  r a t e  (V ) ,  sod iu m  e x c r e t i o n  (UNa V) ,  g l o m e r u l a r  
f i l t r a t i o n  r a t e  (CIN) and  r e n a l  p l a s m a  f lo w  ( CPHA) were  
e x am ined  i n  c o n s c i o u s  SHR (MAP=150 mmHg) and  n o r m o t e n s i v e  
W i s t a r - K y o t o  r a t s  (WKY, MAP=115 mmHg) on e i t h e r  n o rm a l  
(NNa) o r  h i g h  (HNa; 0.9% NaCl t o  d r i n k  f o r  15 d a y s )  sodium  
d i e t s .  24 h o u r s  p r i o r  t o  e x p e r i m e n t a t i o n ,  an  e l e c t r o d e  
was i m p l a n t e d  a r o u n d  a r e n a l  n e r v e  b r a n c h  f o r  r e c o r d i n g  
RSNA. A d i f f e r e n t  g r o u p  had  a u r i n a r y  b l a d d e r  c a t h e t e r  
i m p l a n t e d  f o r  u r i n e  c o l l e c t i o n s .

D a ta  f o r  RSNA ( i n t e g r a t e d  v o l t a g e )  a r e  mean±SE i n t e g r a 
t o r  r e s e t s / m i n :  C=C o n t r o l ,  R=R e c o v e ry :  p < .05 v s .  C.

SHR-NNa SHR-HNa WKY-NNa WKY-HNa
n=6 n=6 n=6 n=5

C 6 . 2 ±0 . 6 5 . 9 ±0 . 4 7 . 0 ±0 . 6 7 . 0 ±0 . 8
A i r  1 0 . 9 ± 1 .0 * 1 3 . 6 ± 1 .0* 7 . 7 ±0 . 6 7 . 0 ± 1.1
R 6 . 2 ±0 . 5 7 . 5 ±0 . 5 6 . 8 ±0 . 5 6 . 6 ±0 . 7

R e n a l  f u n c t i o n  
data for SHR on NNa and HNa diets are mean±SE per 100g Bw:

V
µ l / m i n

UNa V
µE q/m in CINm l /mi n CPHAml/min

SHR C 1 5 . 7 ±2 . 5 2 . 5 ±0 . 6 0 .8 7 ±0 . 0 5 4 . 3 4 ±0 . 4 7
NNa A i r 1 4 . 4 ±3 . 2 1. 8 ±0 . 6 * 0 . 8 6 ±0 . 0 5 4 . 2 9 ±0 . 4 9
(8 ) R 1 5 . 6 ±3 . 0 2 . 7 ±0 . 7 0 . 9 0 ±0 . 0 5 4 . 3 7 ±0 . 5 6

SHR C 2 7 . 1 ±5 . 0 4 . 3 ±0 . 8 0 . 8 9 ±0 . 0 6 3 . 7 8 ±0 . 3 2
HNa A i r 1 7 . 1 ±3 . 3 * 2 . 5 ±0 . 5 * 0 . 7 7 ±0 . 0 8 2 . 9 4 ±0 . 1 9
(8 )  R 2 5 . 1 ±3 .4 4 . 1 ±0 . 7 0 . 8 3 ±0 . 0 7 3 . 1 5 ±0 .3 1

In  SHR, HNa augmented  t h e  RSNA and a n t i n a t r i u r e t i c  r e 
s p o n s e s  t o  a i r  s t r e s s  (p < . 0 5 ) .  A i r  s t r e s s  d i d  n o t  a f f e c t  
RSNA o r  r e n a l  e x c r e t i o n  i n  WKY on NNa o r  HNa d i e t s .

C o n c l u s i o n :  The e n h a n c e d  RSNA and a n t i n a t r i u r e t i c  r e 
s p o n s e s  t o  a i r  s t r e s s  i n  SHR on HNa d i e t  may r e f l e c t  a s o 
d i u m - d e p e n d e n t  f a c i l i t a t i o n  o f  c e n t r a l  n e u r o t r a n s m i s s i o n .  
I n  SHR, t h e  a n t i n a t r i u r e t i c  r e s p o n s e  t o  a i r  s t r e s s  i s  d e 
p e n d e n t  on an  i n c r e a s e d  t u b u l a r  sod iu m  r e a b s o r p t i o n  (NNa) 
and a r e n a l  v a s o c o n s t r i c t i o n  w i t h  d e c r e a s e d  f i l t e r e d  
sod iu m  l o a d  (HN a) . The g r e a t e r  r e n a l  r e s p o n s e s  i n  SHR 
t h a n  WKY may r e f l e c t  a g e n e t i c  p r e d i s p o s i t i o n  to  i n c r e a s e  
RSNA d u r i n g  s t r e s s f u l  e n v i r o n m e n t a l  s t i m u l a t i o n .  (NIH AM 
15843 , HL 14388 & VA).
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2 0 8. 15   EFFECTS OF BIOBEHAVIORALLY-ASSISTED RELAXATION TRAINING ON 
BLOOD PRESSURE AND PLASMA RENIN, ALDOSTERONE AND CORTISOL 
IN ESSENTIAL HYPERTENSIVES.  J . W .  T u r n e r ,  J r . * ,  A.  
M c G r a d y ,  T .  F i n e * ,  M. M o e r n e r *  a n d  J .  H i g g i n s * ,   Dept. o f  
P h y s i o l o g y  a n d  B e h a v i o r a l  M ed .  C l i n i c ,  M e d i c a l  Co l l e g e  o f  
O h i o ,  T o l e d o ,  O h i o  4 3 6 9 9

T h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  e f f e c t  o f  r e l a x a t i o n  
t r a i n i n g  a s s i s t e d  by  f l o t a t i o n  REST ( R e s t r i c t e d  E n v i r o n 
m e n t a l  S t i m u l a t i o n  T h e r a p y )  o r  EMG b i o f e e d b a c k  on b l o o d  
p r e s s u r e  (B P ) a n d  p l a s m a  r e n i n ,  a l d o s t e r o n e  a n d  c o r t i s o l  
i n  1 8  u n m e d i c a t e d  s u b j e c t s  w i t h  u n c o m p l i c a t e d  e s s e n t i a l  
h y p e r t e n s i o n .  T h e  a v e r a g e  a g e  wa s  4 5  a n d  b e g i n n i n g  BP 
a v e r a g e d  1 4 8 / 9 2 .  T h e  e x p e r i m e n t a l  d e s i g n  i n c l u d e d  a  6 
w e e k  b a s e l i n e  a n d  m u l t i p l e  b l o o d  s a m p l e s  p e r  s a m p l i n g  
s e s s i o n .  E a c h  s u b j e c t  e x p e r i e n c e d  2 0  t r e a t m e n t  s e s s i o n s ,  
o n e  h o u r  e a c h ,  o f  REST o r  EMG b i o f e e d b a c k  o v e r  a 10  w e e k  
p e r i o d  a n d  a  12 w e e k  f o l l o w - u p .  T h e  REST e n v i r o n m e n t  
c o n s i s t e d  o f  a  4 '  x 8 ' r e c t a n g u l a r  c h a m b e r ,  c o m p l e t e l y  
e n c l o s e d  a n d  f i l l e d  t o  a  10- i n c h  d e p t h  w i t h  s a t u r a t e d  
MgSO4 s o l u t i o n  ( s p .  g r .  1 . 2 8 )  m a i n t a i n e d  a t  94  F .  Th e 
s u p i n e l y  f l o a t i n g  s u b j e c t  e x p e r i e n c e d  m i n i m a l  l i g h t ,  
s o u n d ,  t e m p e r a t u r e  a w a r e n e s s  a n d  s p a t i a l  o r i e n t a t i o n .  Th e 
b i o f e e d b a c k  g r o u p  ( n = 1 2 )  r e c e i v e d  f o r e h e a d  EMG f e e d b a c k .  
E a c h  t r e a t m e n t  s e s s i o n  i n c l u d e d  r e l a x a t i o n  t r a i n i n g  v i a  
m o d i f i e d  a u t o g e n i c  p h r a s e s  w h i c h  w e r e  p r a c t i c e d  d a i l y  a t  
h o m e .  I n  b o t h  g r o u p s  s y s t o l i c  a n d  d i a s t o l i c  B P ,  p l a s m a  
r e n i n ,  a l d o s t e r o n e  a n d  c o r t i s o l  a l l  d e c r e a s e d  s i g n i f i 
c a n t l y  ( p  < . 0 1 ,  t w o  way ANOVA) f r o m  b a s e l i n e  t o  p o s t 
t r e a t m e n t .  In  b o t h  REST a n d  b i o f e e d b a c k  s u b j e c t s  67% 
a c h i e v e d  c l i n i c a l l y  s i g n i f i c a n t  BP r e d u c t i o n s .  H o w e v e r ,  
33% o f  REST s u b j e c t s  who s h o w e d  s i g n i f i c a n t l y  d e c r e a s e d  
r e n i n ,  a l d o s t e r o n e  a n d  c o r t i s o l  d i d  n o t  s i g n i f i c a n t l y  
r e d u c e  BP a n d  25% o f  b i o f e e d b a c k  s u b j e c t s  who a c h i e v e d  
c l i n i c a l l y  s i g n i f i c a n t  BP r e d u c t i o n s  d i d  n o t  sh o w  
d e c r e a s e d  h o r m o n e  l e v e l s .  T h e  r e s u l t s  o f  t h i s  s t u d y  
d e m o n s t r a t e  t h a t  R E S T - a s s i s t e d  a n d  EMG b i o f e e d b a c k -  
a s s i s t e d  r e l a x a t i o n  t r a i n i n g  a r e  a s s o c i a t e d  w i t h  d e c r e a s e d  
p l a s m a  r e n i n ,  a l d o s t e r o n e  a n d  c o r t i s o l  a n d  c l i n i c a l  
s i g n i f i c a n t  d e c r e a s e s  i n  BP.  I t  a p p e a r s  t h a t  c h a n g e s  i n  
BP a n d  c h a n g e s  i n  t h e  l e v e l s  o f  r e n i n ,  a l d o s t e r o n e  a n d  
c o r t i s o l  c a n  b e  i n d e p e n d e n t .   T h i s  r e s e a r c h  s u p p o r t e d  i n  
p a r t  b y  BRS # 9 4 3 6 7  -  M e d i c a l  C o l l e g e  o f  O h i o .

2 0 8 .1 6   PROLONGED ENHANCEMENT OF INTRASPINAL SYMPATHETIC 
TRANSMISSION BY BRIEF PERIODS OF LOW-FREQUENCY 
ACTIVATION. Ralph L. M yers* and D onald N . Franz 
(SPON: J .H . P e ta jan ).  D epartm ent of Pharm acology, U niv . 
of U tah School of M ed ic in e , S a lt Lake C ity , U tah 84132.

Brief periods of re p e titiv e  (te tan ic) s tim u la tion  of 
descen d in g  ex c ita to ry  sym pathetic  pathw ays in the  cerv ica l 
sp in a l cord p roduces long-term  po ten tia tio n  (LTP) of sub
seq u en t tran sm iss io n  to sym pathetic  p regang lion ic  neurons 
(SPGNs) th a t su b sid e s  in 20-30 m in. Tetanic  stim u la tion  
a t 50 Hz for 10 sec  re p ea ted  four tim es a t 20 min in te rv a ls  
a lso  produces increm ental in c re a se s  in s te a d y -s ta te  t ra n s 
m ission  to SPGNs th a t are su s ta in e d  for longer than  3 hr 
(Soc. N eu ro sc i. A bstr. 9 :543, 1983). The p re sen t study w as 
conducted  to determ ine w hether such  pro longed in c re a se s  
cou ld  be produced by stim u la tion  a t low er, more p h ysio 
lo g ica l frequencies o f sym pathetic  a c t iv ity .

Sym pathetic d isch a rg es  reco rded  from upper th o rac ic  
p regang lion ic  rami were evoked by stim u la tion  of d e scen d 
ing ex c ita to ry  pathw ays in the  ce rv ica l d o rso la te ra l fun ic
u lu s  of u n a n es th e tiz ed , sp in a l c a ts  a t 0.1 H z. Tetanic  
stim u la tion  a t 10 Hz for 20 or 30 sec  produced s ig n ific an t 
LTP (130-180% of control) th a t w as le s s  than  produced by 
stim u la tion  a t 50 Hz for 10 s e c .  S tim ulation  a t 10 Hz for 
30 sec  rep ea ted  four tim es a t 10 or 20 min in te rv a ls  pro
duced increm ental in c re a se s  in s te a d y -s ta te  tran sm iss io n  
th a t frequently  re ach ed  200% of contro l le v e ls  or h igher 
and were su s ta in e d  for more than  6 h r. Four te ta n iz a tio n s  
of 50 Hz for 10 sec  a t 10 or 20 min in te rv a ls  produced 
sim ila r in c re a se s  in s te a d y -s ta te  tra n sm iss io n . H ow ever, 
no in c re a se s  w ere produced a t  e ith e r frequency  when 
in te rv a ls  of te ta n ic  stim u la tion  were 60 m in.

The dem onstra tion  th a t b rie f periods of re p ea ted  a c t i 
va tio n  of descend ing  sym pathetic  pathw ays to  SPGNs a t 
10 Hz can  produce prolonged periods of in c re a se d  tra n s 
m ission  su g g es ts  th a t s im ila r in c re a se s  may occur in 
re sp o n se  to  p h y sio lo g ica l s tim u li. Such in c re a se s  may 
con tribu te  to the  developm ent of h ypertension  during 
em otional s tre s s  or o ther neurogenic  co n d itio n s .
(Supported by H L-24085, G M -07579, & U tah H eart. A ssn .)

2 0 8 . 1 7   THE EFFECTS OF CALCIUM CHANNEL BLOCKERS ON VASCULAR ADRENER
GIC NEUROTRANSMISSION IN SPONTANEOUSLY HYPERTENSIVE RATS 
(SHR ) AND WISTAR KYOTO RATS (WKY).  W.H.  C l i n e ,  J r . ,   Dept. 
o f  P h a r m a c o l . ,  S o .  1 1 1 .  U n i v .  S c h .  o f  M e d . ,  S p f l d . ,  IL 6 2 7 0 8 

A l t e r e d  a d r e n e r g i c  n e u r o t r a n s m i s s i o n  h a s  b e e n  r e p o r t e d  
f o r  s e v e r a l  v a s c u l a r  b e d s  o f  SHR, b o t h  i n  i s o l a t e d ,  p e r f u s e d  
i n  v i t r o  v a s c u l a r  p r e p a r a t i o n s  a n d  i n  t h e  i n  s i t u , b l o o d -  
p e r f u s e d  m e s e n t e r i c  v a s c u l a r  b e d .  In  a d u l t ,  m a l e  SHR, a n  
e n h a n c e d  r e s p o n s i v e n e s s  o f  p r e s y n a p t i c  b e t a - a d r e n e r g i c  a n d  
a n g i o t e n s i n  I I  r e c e p t o r - m e d i a t e d  f a c i l i t a t i o n  o f  m e s e n t e r i c  
v a s c u l a r  a d r e n e r g i c  n e u r o t r a n s m i s s i o n  h a s  b e e n  d e m o n s t r a t e d  
i n  v i v o . No d i f f e r e n c e  wa s  o b s e r v e d  i n  t h e  s e n s i t i v i t y  o f  
p r e s y n a p t i c  a l p h a - a d r e n e r g i c  r e c e p t o r - m e d i a t e d  a u t o - i n h i b i 
t i o n  o f  a d r e n e r g i c  n e u r o t r a n s m i s s i o n  i n  t h e  m e s e n t e r i c  
v a s c u l a r  b e d  o f  a d u l t  SHR i n v i v o . T he e f f e c t s  o f  tw o  
c h e m i c a l l y  d i f f e r e n t  c a l c i u m  c h a n n e l  b l o c k e r s  on m e s e n t e r i c  
v a s c u l a r  a d r e n e r g i c  n e u r o t r a n s m i s s i o n  w e r e  s t u d i e d  i n  13 t o  
16  w e e k  o l d ,  m a l e  SHR a n d  a g e - m a t c h e d ,  n o r m o t e n s i v e  WKY 
c o n t r o l  r a t s .  T h e  i n  s i t u , b l o o d - p e r f u s e d  m e s e n t e r i c  v a s c u 
l a r  b e d  wa s  e m p l o y e d  i n  t h e s e  s t u d i e s .  N i f e d i p i n e  ( N ) ,  
a d m i n i s t e r e d  i . a .  a t  3 0 0  n g / K g ,  c a u s e d  a  s i g n i f i c a n t  s h i f t  
t o  t h e  r i g h t  o f  t h e  m e s e n t e r i c  p e r f u s i o n  p r e s s u r e  f r e q u e n c y -  
r e s p o n s e  c u r v e s  t o  p e r i a r t e r i a l  n e r v e  s t i m u l a t i o n  (PNS) a n d  
a  s i g n i f i c a n t  s h i f t  t o  t h e  r i g h t  o f  t h e  m e s e n t e r i c  p e r f u s i o n  
p r e s s u r e  d o s e - r e s p o n s e  c u r v e s  t o  e x o g e n o u s  n o r e p i n e p h r i n e  
( N E ) .  S i n c e  t h e  e f f e c t  on t h e  PNS r e s p o n s e  c u r v e s  was 
s i m i l a r  i n  m a g n i t u d e  t o  t h e  e f f e c t  on t h e  NE r e s p o n s e  
c u r v e s ,  a  p o s t j u n c t i o n a l  s i t e  o f  a c t i o n  i s  s u g g e s t e d .  N, a t  
1 0 0  n g / K g ,  s h i f t e d  t h e  PNS m e s e n t e r i c  p e r f u s i o n  p r e s s u r e  
r e s p o n s e  c u r v e  t o  t h e  l e f t  i n  SHR a n d  t o  t h e  r i g h t  i n  WKY, 
w i t h  t h e  d i f f e r e n c e  b e i n g  s i g n i f i c a n t .  T h i s  d o s e  o f  N h a d  
n o  s i g n i f i c a n t  e f f e c t  o f  t h e  m e s e n t e r i c  p e r f u s i o n  p r e s s u r e  
r e s p o n s e  c u r v e s  t o  NE.  V e r a p a m i l  ( V ) ,  a d m i n i s t e r e d  i . a .  a t  
3 0 0  n g / K g ,  c a u s e d  a  s i g n i f i c a n t  s h i f t  t o  t h e  l e f t  o f  t h e  
m e s e n t e r i c  p e r f u s i o n  p r e s s u r e  c u r v e s  i n  r e s p o n s e  t o  PNS 
w h i c h  d i d  n o t  d i f f e r  b e t w e e n  SHR a n d  WKY. V d i d  n o t  a l t e r  
t h e  m e s e n t e r i c  p e r f u s i o n  p r e s s u r e  r e s p o n s e  c u r v e s  i n  
r e s p o n s e  t o  NE.  T h u s ,  c a l c i u m  c h a n n e l  b l o c k e r s  may e i t h e r  
f a c i l i t a t e  v a s c u l a r  a d r e n e r g i c  n e u r o t r a n s m i s s i o n  o r  i n h i b i t  
p o s t j u n c t i o n a l  r e s p o n s e s  t o  NE d e p e n d i n g  on t h e  s p e c i f i c  
a g e n t  a n d / o r  d o s e  a d m i n i s t e r e d .  T h e s e  v a r i a b l e  a n d  s e e m i n g 
l y  p a r a d o x i c a l  e f f e c t s  m ay b e  t h e  r e s u l t  o f  t h e  r e p o r t e d  
a l p h a -2  a d r e n e r g i c  r e c e p t o r  b l o c k i n g  p r o p e r t i e s  o f  t h e s e  
a g e n t s ,  e s p e c i a l l y  t h a t  o f  V. T h e  d i f f e r e n t i a l  e f f e c t  o f  N 
o n  t h e  PNS r e s p o n s e s  o f  SHR a n d  WKY i n d i c a t e s  a l t e r e d  
c a l c i u m - d e p e n d e n t  m e c h a n i s m s  o r  r e c e p t o r  s e n s i t i v i t y  ( a l p h a )  
i n  t h e  SHR.  ( S u p p o r t e d  b y  Am. H e a r t  A s s o c . / 1 1 1 .  A f f i l i a t e . )

2 0 8 .1 8   DIHYDROERGOTOXINE DECREASES BLOOD PRESSURE IN  SPONTANEOUSLY 
HYPERTENSIVE RATS BY INTERACTING WITH PERIPHERAL DOPAMINE 
RECEPTORS.  G. S a g h e d d u * , C . M i s s a l e , P . L i b e r i n i * ,  L . C a s t e l l e t = 
t i * ,  G . P i c o t t i * ,  M .O .C a r r u b a * ,  M.Memo a n d  P . F . S p a n o . ( SPON: 
E . P a r a t i ) .   I n s t . P h a r m a c o l.E x p .T h e r . , U n iv .B r e s c i a  and  I n s t .  
P h a rm a c o l.  U n iv .M ila n , I t a l y .

D i f f e r e n t  dopam ine (DA) r e c e p t o r s  a f f e c t i n g  th e  c a r d i o 
v a s c u l a r  sy s te m  h a v e  b e e n  i d e n t i f i e d  i n  p e r i p h e r a l  n e rv o u s  
s y s te m . I n  t h e  p r e s e n t  s tu d y  we e v a lu a t e d  t h e  e f f e c t  o f  th e  
D A erg ic  e r g o t  d e r i v a t i v e  d ih y d r o e r g o to x in e  (DHT) on th e  c a r 
d i o v a s c u l a r  s y s te m  o f  n o rm o te n s iv e  and  s p o n ta n e o u s ly  h y p e r 
t e n s i v e  (SH) r a t s .

DHT (1 0  ug /K g  s . c . )  d e c r e a s e s  mean c a r o t i d  b lo o d  p r e s s u 
r e  i n  u r e t a n e - a n e s t h e t i z e d  SH r a t s  b u t  f a i l e d  t o  m o d ify  t h e  
same p a ra m e te r s  i n  n o rm o te n s iv e  r a t s .  The e f f e c t  was s t a t i s 
t i c a l l y  s i g n i f i c a n t  15 m in a f t e r  t h e  i n j e c t i o n  and  r e l a t i v e 
ly  lo n g  l a s t i n g  (up  t o  90 m in ) .  The c a l c u l a t e d  ED50  was 2 .5  
u g /K g . A m arked  d e c re a s e  o f  p la sm a  c i r c u l a t i n g  n o r e p i n e p h r i 
ne l e v e l s  was a l s o  d e t e c t e d  a t  t h e  t im e  when DHT in d u c e d  th e  
r e d u c t io n  i n  b lo o d  p r e s s u r e .

P h a r m a c o lo g ic a l  c h a r a c t e r i z a t i o n  o f  t h e  phenom enon i n d i 
c a te d  t h a t  t h i s  a c t i o n  i s  m e d ia te d  by s t i m u l a t i o n  o f  DA r e 
c e p to r s  s in c e  p r e t r e a t m e n t  w i th  h a l o p e r i d o l , c i s - f l u p e n t i x o l  
b u t  n o t  t r a n s - f l u p e n t i x o l  c o m p le te ly  p r e v e n t  t h e  r e d u c t io n  
i n  b lo o d  p r e s s u r e  in d u c e d  by DHT. M o re o v e r, i n  s p o n ta n e o u s 
ly  h y p e r t e n s iv e  r a t s  p r e t r e a t e d  w i th  d o m p erid o n , ( - ) s u l p i r i 
de b u t  n o t  ( + ) s u l p i r i d e  a  c h a l l e n g e  d o se  o f  DHT d id  n o t  r e 
d u ce  mean b lo o d  p r e s s u r e  v a lu e s .

T h ese  r e s u l t s  s u g g e s t  t h a t  t h e  D A erg ic  e r g o t  d e r i v a t i v e  
DHT in d u c e s  m o d i f ic a t io n s  i n  t h e  c a r d i o v a s c u l a r  s y s te m  o f  
SH r a t s  by i n t e r a c t i n g  w i th  p e r i p h e r a l  DA r e c e p t o r s  w h ich  
a r e  p o s s ib l y  l o c a t e d  on th e  t e r m in a l s  o f  s y m p a th e t ic  n e u ro n s .
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208.19  REDUCED BLOOD PRESSURE, PRESSOR RESPONSES, AND APPETITE 
SUBSEQUENT TO ESTRADIOL TREATMENT.  T.A. M cCaffrey*, J .A . 
C za ja , and E.A, Baronowsky* (SPON: L .J .  P e l l e g r in o ) .   Dept. 
o f  P sych . S c ie n c e s , Purdue U n iv ., W. L a fa y e t te ,  IN 47907.

U sing th e  gu inea  p ig  as  our an im al m odel, we have 
a ttem p ted  to  document th e  e f f e c t s  o f gonadal s t e r o i d s  on 
th e  c a rd io v a s c u la r  sy stem , and th e  r e l a t i o n s h i p  o f th e se  
changes to  c o n c u rre n t b e h a v io ra l re sp o n ses  o f c o n sc io u s , 
u n re s t r a in e d  a n im a ls . I n i t i a l l y ,  we found th a t  a s in g le  
3 0 µ g e s t r a d i o l  i n j e c t i o n  was s u f f i c i e n t  to  produce 
s i g n i f i c a n t  and p ro longed  d e p re s s io n  in  b lood p re s s u re  w ith  
a la te n c y  o f 12 -  24 h o u rs , and th a t  th e s e  c a rd io v a s c u la r  
changes were s ig n i f i c a n t ly  c o r r e l a te d  w ith  c o n c u rre n t 
changes in  w ate r in ta k e  (M cCaffrey & C za ja , N e u ro s c i. 
A b s t . ,  9 , 544, 1983). The p re s e n t expe rim en t was d esigned  
to  e v a lu a te  th e s e  r e l a t i o n s h i p s  in  m a les . E s tr a d io l  
s t im u la t io n  has p re v io u s ly  been found to  produce a number 
o f e f f e c t s  in  male g u inea  p ig s  (GPs) which were 
q u a l i t a t i v e l y  s im i la r  to  e f f e c t s  o f t h i s  hormone 'in  fem ale 
GPs (C z a ja , Phys. B ehav ., 33, in  p r e s s ,  1984). Twenty male 
g u inea  p ig s ,  h a l f  o f which had been c a s t r a te d  two weeks 
p r e v io u s ly ,  were housed in  m e tab o lic  cages and c a th e te r iz e d  
v ia  th e  c a ro t id  a r t e r y  and ju g u la r  v e in . B ase lin e  
m easurem ents were fo llow ed  by fo u r days o f tre a tm e n t w ith  
e i t h e r  3 µ g o f e s t r a d io l  ben zo a te  (EB, N=5 i n t a c t ,  N=5 
c a s t r a t e )  o r th e  o i l  v e h ic le .  Among th e  v a r ia b le s  m easured 
d a i ly  were food and w ater in ta k e ,  body w e ig h t, u r in e  and 
f e c a l  o u tp u t ,  blood p r e s s u re ,  h e a r t  r a t e ,  p re s s o r  re sp o n ses  
to  in fu s io n s  o f 1 .6  µ g n o re p in e p h rin e  (NE), and h e m a to c r i t .  
S ince  no s ig n i f i c a n t  d i f f e re n c e s  were found in  th e  
re sp o n se s  o f i n t a c t  and c a s t r a te d  m ales , t h e i r  d a ta  were 
combined fo r  a n a ly s i s .  E s t r a d io l  tre a tm e n t r e s u l te d  in  
s i g n i f i c a n t  d e c re a s e s  in  r e s t i n g  s y s t o l i c  and d i a s t o l i c  
b lood p re s s u re  (d f= 18 , t = 5 .40 , p<. 001 a n d  t = 4 .70 , p< .001, 
r e s p e c t iv e ly )  and in  p re s s o r  re sp o n ses  to  NE (t = 3 .77 , p<.01 
and t = 3 .9 8 , p < .0 0 1 ). N e ith e r  h e a r t  r a t e  nor NE induced 
b ra d y c a rd ia  were s ig n i f i c a n t ly  a f f e c te d  by e s t r a d i o l .  Food 
in t a k e ,  bu t no t w ate r in ta k e ,  was a l s o  s ig n i f i c a n t ly  
d ep re ssed  by th e  e s t r a d io l  t r e a tm e n t .  No s ig n i f i c a n t  
c o r r e l a t i o n s  were found between th e  d eg ree  o f d e p re s s io n  in  
th e  in g e s t iv e  b eh a v io rs  and th e  c a rd io v a s c u la r  changes. 
Thus, th e  p re s e n t r e s u l t s  confirm  th a t  r e l a t i v e l y  low doses 
o f e s t r a d io l  can e f f e c t iv e ly  low er blood p re s s u re  and 
c a rd io v a s c u la r  re sp o n s iv e n e s s  in  th e  c o n sc io u s , 
u n re s tr a in e d  gu inea  p ig .  However, th e re  was no ev idence  
th a t  th e s e  c a rd io v a s c u la r  changes a re  coupled  to  th e  
observed  changes in  in g e s t iv e  b eh a v io r .

208.20 RAT BLOOD PRESSURE DURING ETHANOL WITHDRAWAL.  L .Y .K oda, 
S.G.Madamba* and F .E .B loom .  A lcohol R e s e a rc h  C e n te r  , 
Research I n s t i tu te  Scripps C lin ic ,  La J o l l a ,  CA 92037.

Recent c l in ic a l  s tu d ie s  in d ic a te  a p o s i t i v e  c o r r e l a t i o n  
between h igh e thano l consum ption and h y p e r te n s io n .  S ince  
a c u t e  e t h a n o l  w i t h d r a w a l  m a y  p r e c i p i t a t e  CNS 
h y p e r e x c i ta b i l i ty  we h av e  exam ined th e  p o s s i b i l i t y  t h a t  
a c u t e  e t h a n o l  w i th d r a w a l  m ay a l s o  p r e c i p i t a t e  a 
card io v ascu la r d y sfunc tion . Rat b lo o d  p re s s u re  and h e a r t  
r a t e  were m o n ito red  in  c o n s c io u s  r a t s  d u r in g  e th a n o l  
w ithdraw al. Sprague Dawley r a t s  w ith  f r e e  a c c e s s  to  food 
and water were placed in p le x ig la ss  chambers and exposed for 
3 weeks to  e i th e r  e th a n o l vapor (E) or to  a i r  a lo n e  (C )  
Blood e th a n o l l e v e l s  in  th e  e th a n o l  t r e a te d  g roup  w ere 
m aintained above 100 n g /d l during the  l a s t  week o f  e th a n o l  
ex p o su re . Four to  18 h o u r s  p r i o r  to  b lo o d  p r e s s u r e  
measurement, r a t s  were removed from th e  e th a n o l ch am b ers, 
an es th e tiz ed  with halo thane and implanted with an indw elling 
abdominal a o r tic  cannula. Rats were e i th e r  placed overnight 
in  th e  p le x ig la ss  chambers and re-exposed to  e th an o l o r a i r  
or withdrawn from e th an o l. B lood p re s s u re  and h e a r t  r a t e  
were monitored a t  v a r io u s  p e r io d s  from 5 h o u rs  to  4 days 
follow ing the  c e s sa tio n  o f e th a n o l ex p o su re . A n a ly sis  o f  
va riance  revealed  a s ig n if ic a n t  decrease  in  b lo o d  p re s s u re  
and h e a r t r a te  in  r a t s  exposed to e thano l vapor as  compared 
to  c o n tro ls .  There was a s ig n if ic a n t  n e g a t iv e  c o r r e l a t i o n  
betw een th e  a v e ra g e  b lood  e th a n o l l e v e l s ,  ta k e n  d u r in g  
e thano l exposure, and s y s to lic  blood p ressu re  a t  5 h o u r s ,  2 
days and 3 days fo llo w in g  c e s s a t io n  o f  e th a n o l  e x p o su re . 
Although r a ts  exposed to e thano l weighed l e s s  th a n  c o n t r o l  
r a t s ,  hypotension was p robab ly  in d ep en d en t o f  t h i s  w eigh t 
d if fe re n c e  s in ce  blood p re s su re  o f  w eigh t-m atched  c o n t r o l  
r a t s  d id  not d i f f e r  s ig n if ic a n t ly .  These r e s u l t s  in d ic a te  
th a t  although a c a r d io v a s c u la r  d y s fu n c tio n  (hy p o ten sio n ) 
e x i s t s ,  e thano l a ssoc iated  hypertension  i s  n o t due s o le ly  to  
e thano l w ithdraw al.

Sys to l i c  Blood Pressure Follow ing Ethanol Withdrawal

Supported by UEPHS HL25457 and AA06420.

2 0 8 .2 1   EFFECTS OF PROPRANOLOL WITH OR WITHOUT NALOXONE IN THE 
ISOLATED PERFUSED RAT HEART DURING MYOCARDIAL ISCHEMIA AND 
REPERFUSION.  A . Y . S .  L e e * ,  C . Y .  Z h a n *  a n d  T .M . Wong* 
(SPON: J . C .  H w a n g ) .   D e p a r t m e n t  o f  P h y s i o l o g y ,  U n i v e r s i t y  
o f  Hon g K o n g ,  Hon g K ong .

T h e  e f f e c t s  o f  p r o p r a n o l o l  w i t h  o r  w i t h o u t  n a l o x o n e  on 
t h e  e l e c t r i c a l  a c t i v i t i e s ,  l e f t  v e n t r i c u l a r  s y s t o l i c  a n d  
d i a s t o l i c  p r e s s u r e s  a n d  h e a r t  r a t e  f o l l o w i n g  m y o c a r d i a l  
i s c h e m i a  a n d  r e p e r f u s i o n  w e r e  s t u d i e d  i n  i s o l a t e d  
p e r f u s e d  r a t  h e a r t .  T he l e f t  v e n t r i c u l a r  p r e s s u r e s  a n d  
h e a r t  r a t e  w e r e  g r e a t l y  r e d u c e d  a n d  c a r d i a c  a r r h y t h m i a s  
i n v a r i a b l y  o c c u r r e d  d u r i n g  m y o c a r d i a l  i s c h e m i a  a n d  r e p e r 
f u s i o n .  T h e s e  e f f e c t s  o f  m y o c a r d i a l  i s c h e m i a  a n d  r e p e r 
f u s i o n  w e r e  a t t e n u a t e d  w i t h  p r i o r  a d m i n i s t r a t i o n  o f  
p r o p r a n o l o l  ( 2 0  u g )  i n t o  t h e  i s o l a t e d  h e a r t .  W i t h  p r e 
t r e a t m e n t  o f  b o t h  n a l o x o n e  (200 u g )  a n d  p r o p r a n o l o l  (20 u g ) ,  
t h e  c a r d i a c  a r r h y t h m i a s  w e r e  m o r e  m a r k e d l y  a t t e n u a t e d  a n d  
b o t h  l e f t  v e n t r i c u l a r  p r e s s u r e s  a n d  h e a r t  r a t e  w e r e  r e s t o r e d  
t o  o r  a b o v e  t h e  o r i g i n a l  l e v e l s  d u r i n g  t h e  r e p e r f u s i o n  
p e r i o d .

When f i b r i l l a t i o n  w a s  i n d u c e d  b y  m y o c a r d i a l  i s c h e m i a  
a n d  r e p e r f u s i o n ,  p r o p r a n o l o l  (20 a n d  200 u g )  a t t e n u a t e d  
t h e  a r r h y t h m i a s  d o s e - d e p e n d e n t l y . A d m i n i s t r a t i o n  o f  b o t h  
p r o p r a n o l o l  (20 u g )  a n d  n a l o x o n e  (200 u g )  a p p a r e n t l y  
a t t e n u a t e d  t h e  a r r h y t h m i a s  m o r e  m a r k e d l y  t h a n  p r o p r a n o l o l  
a l o n e .

T h e  r e s u l t s  a r e  c o m p a t i b l e  w i t h  t h e  f i n d i n g s  t h a t  
m y o c a r d i a l  i s c h e m i a  a n d  r e p e r f u s i o n  i n d u c e  a n  i n c r e a s e d  
r e l e a s e  o f  b o t h  c a t e c h o l a m i n e s  a n d  e n d o g e n o u s  o p i o i d  
p e p t i d e s  w h i c h  c a u s e  a l t e r a t i o n s  i n  c a r d i a c  f u n c t i o n s  
r e s u l t i n g  i n  a r r h y t h m i a s  a n d  r e d u c t i o n  i n  c o n t r a c t i l i t y  a n d  
e x c i t a b i l i t y  o f  t h e  h e a r t .  J o i n t  a d m i n i s t r a t i o n  o f  b o t h  
p r o p r a n o l o l  a n d  n a l o x o n e  a p p e a r s  t o  b e  a  m o r e  e f f e c t i v e  
r e m e d y  o f  m y o c a r d i a l  i s c h e m i a  a n d  r e p e r f u s i o n .  T h e s e  
r e s u l t s  c o u l d  b e  o f  c l i n i c a l  i m p l i c a t i o n s  i n  t h e  p r e v e n t i o n  
a n d  t r e a t m e n t  o f  i s c h e m i c  h e a r t  d i s e a s e s .   ( S u p p o r t e d  b y  
Hon g Kong U n i v e r s i t y  R e s e a r c h  G r a n t  3 3 5 / 0 3 4 / 0 0 0 8  a n d  Wi ng  
L u n g  M e d i c a l  R e s e a r c h  F u n d  3 1 1 / 0 3 0 / 8 0 0 9 / 6 4  t o  T.M .W . a n d  
C h i n a  M e d i c a l  B o a r d  F e l l o w s h i p  t o  C . Y . Z .  f r o m  Z h o n g s h a n  
M e d i c a l  C o l l e g e ,  C h i n a ) .

208 22  A L T E R A T I O N S  IN Ca  /M g  A T P a s e  IN B R A I N S  OF 
S H R /W K Y  R A T S .  D . H .  R o s s  a n d  H . L .  C a r d e n a s * .   D i v i 
s io n  o f  M o le c u l a r  P h a r m a c o l o g y ,  T h e  U n i v e r s i t y  o f  T e x a s  
H e a l th  S c i e n c e  C e n t e r ,  S a n  A n t o n i o ,  T X  78284 .

R e c e n t  s t u d i e s  h a v e  r e p o r t e d  t h a t  c a lc iu m  m e t a b o l i s m  in 
s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  ( S H R )  a n d  t h e i r  n o r m o t e n -  
s i v e  c o n t r o l s  (W KY) is s i g n i f i c a n t l y  d i f f e r e n t .  C a ++ b i n d i n g  
t o  h i g h  a f f i n i t y  s i t e s  o n  p l a s m a  m e m b r a n e s  f ro m  h e a r t  a n d  
l i v e r ,  n e r v e  e n d i n g s  a n d  e r y t h r o c y t e s  o f  S H R e x h i b i t e d  r e 
d u c e d  b i n d i n g  c a p a c i t y ,  c o m p a r e d  to  WKY c o n t r o l s .  Ca++ 
t r a n s p o r t  in s u b c e l l u l a r  m e m b r a n e  f r a c t i o n s  o f  b r a i n  is  a l s o  
a l t e r e d .  Ca++ u p t a k e  in to  m i t o c h o n d r i a  w a s  i n c r e a s e d  in 
S H R ,  w h i l e  Ca++ u p t a k e  i n to  m i c r o s o m e s  w a s  d e c r e a s e d ,  
c o m p a r e d  t o  WKY .  F o r  t h e s e  r e a s o n s ,  w e  h a v e  s t u d i e d  t h e  
a c t i v i t y  o f  Ca+ + /M g ++ A T P a s e  a n d  A T P - d e p e n d e n t  Ca++ u p 
t a k e  in m e m b r a n e  f r a c t i o n s  f ro m  b r a i n s  o f  S H R  a n d  WKY 
r a t s .  R a t  b r a i n s  w e r e  p r e p a r e d  f o r  i s o l a t i o n  o f  s u b c e l l u l a r  
m e m b r a n e  f r a c t i o n  b y  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n . A n i 
m a l s  w e r e  s a c r i f i c e d  a t  4 w e e k s  o f  a g e .  C a ++ /M g ++ A T P a s e  
a c t i v i t y  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  S H R c o m p a r e d  
to  WKY. M ic rosom al  e n z y m e  a c t i v i t y  was  s i g n i f i c a n t l y  r e 
d u c e d  (25%) in S H R a n i m a l s .  Ca++ /M g ++ A T P a s e  a c t i v i t y  
w a s  s i g n i f i c a n t l y  l o w e r  (35%) in S H R l i g h t  s y n a p t i c  m em 
b r a n e s  ( S P M 1 _2 ) /  w h i l e  n o  c h a n g e  w a s  s e e n  in h e a v y  p l a s m a  
m e m b r a n e s  ( S P M 3 ) .  A l s o ,  A T P - d e p e n d e n t  Ca++ u p t a k e  w a s  
s i g n i f i c a n t l y  r e d u c e d  (25%) in S H R  p l a s m a  m e m b r a n e s  
( S P M 1_2 )  c o m p a r e d  t o  WKY, w h i l e  S P M 3 a c t i v i t y  w a s  n o t  s i g 
n i f i c a n t l y  d i f f e r e n t .  T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  Ca  
t r a n s p o r t  a c t i v i t y  in b r a i n  n e r v e  e n d i n g  p l a s m a  m e m b r a n e s  
is  r e d u c e d  in S H R r a t s  p r i o r  t o  t h e  e x p r e s s i o n  o f  m e a s u r a b l e  
h y p e r t e n s i o n .  No c h a n g e s  in s y s t o l i c  b l o o d  p r e s s u r e  w e r e  
d e t e c t e d  b e t w e e n  t h e  tw o  g r o u p s .  Th e r e s u l t s  s u g g e s t  t h a t  
a l t e r a t i o n s  in b r a i n  n e r v e  e n d i n g  C a ++ l e v e l s  m a y  g e n e t i c a l l y  
p r e d i s p o s e  t h e s e  a n im a l s  t o  h y p e r t e n s i o n  d u r i n g  a d u l t  l i f e .

S u p p o r t e d  b y  US AF P r o g r a m  P r o j e c t  in N e u r o s c i e n c e s  t o  
D H R.
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2 0 9. 1  IN VIVO RELEASE OF ADRENAL CATECHOLAMINES BY FUSARIC ACID.
K.  R a c z * ,  N . T .  B u u ,  O. K u c h e l * .  a n d  S .  T e n n e s o n *  (SPON: S .  
G a u t h i e r ) ,   C l i n i c a l  R e s e a r c h  I n s t i t u t e  o f  M o n t r e a l , 
M o n t r e a l ,  Q u e b e c  H2W 1R 7,  C a n a d a .

T h e r e  a r e  c o n s i d e r a b l e  d i s c r e p a n c i e s  i n  e s t i m a t e s  o f  
c a t e c h o l a m i n e  (CA) t u r n o v e r  b a s e d  o n  s t u d i e s  u t i l i z i n g  d i f 
f e r e n t  CA b i o s y n t h e t i c  e n z y m e  i n h i b i t o r s .  S i n c e  t h e  c o n 
f l i c t i n g  d a t a  may b e  i n  p a r t  r e l a t e d  t o  p h a r m a c o l o g i c a l  
p r o p e r t i e s  o f  t h e s e  d r u g s  o t h e r  t h a n  e n z y m e  i n h i b i t i o n ,  we 
s t u d i e d  t h e  e f f e c t  o f  f u s a r i c  a c i d ,  a n  i n h i b i t o r  o f  d o p a m i -  
n e - β - h y d r o x y l a s e  o n  a d r e n a l  a n d  p e r i p h e r a l  CA c o n t e n t  o f  t h e  
r a t .

W i s t a r - K y o t o  r a t s  r e c e i v i n g  f u s a r i c  a c i d  ( s i n g l e  i n t r a -  
p e r i t o n e a l  d o s e ,  100 m g / k g  b o d y  w e i g h t )  w e r e  k i l l e d  a t  0 , 
3 0 , 6 0  a n d  120  m in  a f t e r  t h e  t r e a t m e n t  a n d  t h e  CA c o n t e n t  o f  
p e r i p h e r a l  t i s s u e s  w a s  m e a s u r e d  b y  r e v e r s e - p h a s e  h i g h  p e r 
f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y .  The  f u s a r i c  a c i d  t r e a t m e n t  
r e s u l t e d  i n  a  p r o g r e s s i v e  d e c l i n e  o f  a d r e n a l  e p i n e p h r i n e  ( E )  
a n d  n o r e p i n e p h r i n e  (NE) a n d  a n  i n c r e a s e  o f  a d r e n a l  d o p a m i n e  
( D A ) ;  t h e  k i d n e y  a n d  h e a r t  NE a n d  DA c o n t e n t s  w e r e  a f f e c t e d  
i n  a  p a t t e r n  s i m i l a r  t o  t h a t  o f  t h e  a d r e n a l s .  I n  c o n t r a s t ,  
we f o u n d  m a r k e d  i n c r e a s e s  o f  E i n  t h e  k i d n e y s  a n d  h e a r t  w i t h  
a  maximum r e s p o n s e  a t  120 m i n ,  w he n  k i d n e y  E i n c r e a s e d  f r o m  
7 ± 3 t o  54  ± 13 p m o l / k i d n e y  a n d  h e a r t  E i n  b o t h  a t r i u m  a n d  
v e n t r i c l e  r o s e  f r o m  17 ± 2 t o  7 8  ± 11 a n d  f r o m  3 8  ± 3 t o  2 5 6  
± 4 6  p m o l / o r g a n ,  r e s p e c t i v e l y .  In  a d d i t i o n ,  a  l a r g e  i n c r e a 
s e  o f  E b u t  n o t  o f  NE a n d  DA wa s  f o u n d  i n  t h e  p l a s m a  o f  t r e a 
t e d  r a t s .  F u s a r i c  a c i d - t r e a t e d  b i l a t e r a l l y  a d r e n a l e c t o m i z e d  
r a t s  d i d  n o t  e x h i b i t  a n y  i n c r e a s e  i n  p l a s m a ,  h e a r t  a n d  k i d 
n e y s  E c o n c e n t r a t i o n s .

T he r e s u l t s  s u g g e s t  t h a t  f u s a r i c  a c i d  s t i m u l a t e s  a d r e n a l  
E r e l e a s e  i n  v i v o ,  r e s u l t i n g  i n  l a r g e  i n c r e a s e s  o f  E i n  
p e r i p h e r a l  t i s s u e s  a n d  p l a s m a .  Th e d e c l i n e  i n  t h e  a d r e n a l  E 
c o n t e n t  i n  t h e  a d r e n a l s  i s  t h u s  n o t  o n l y  d u e  t o  i t s  d e c r e a 
s e d  s y n t h e s i s  b u t  a l s o  i n c r e a s e d  r e l e a s e .  T he m e c h a n i s m  o f  
t h i s  p o t e n t  a d r e n a l  E r e l e a s i n g  a c t i o n  o f  f u s a r i c  a c i d  r e 
m a i n s  u n k n o w n .   ( S u p p o r t e d  b y  t h e  C a n a d i a n  H e a r t  F o u n d a t i o n  
a n d  t h e  M e d i c a l  R e s e a r c h  C o u n c i l  o f  C a n a d a ) .

209.2  ADRENAL CATECHOLAMINE RELEASE POTENTIATION BY NALOXONE 
DURING HEMORRHAGIC SHOCK.  M. B o u v i e r  a n d  J .  d e  C h a m p l a i n .  
C e n t r e  d e  r e c h e r c h e  e n  s c i e n c e s  n e u r o l o g i q u e s ,  Dept. d e  p h y -  
s i o l o g i e ,  U n i v e r s i t é  d e  M o n t r é a l ,  M o n t r é a l ,  C a n a d a ,  H3C 3 T 8 .

N a l o x o n e  h a s  b e e n  sh o w n  t o  i n c r e a s e  m e a n  a r t e r i a l  p r e s s u r e  
(MAP) d u r i n g  h e m o r r h a g i c  s h o c k  ( H S ) .  On t h e  o t h e r  h a n d  t h e  
s y s t e m i c  a d m i n i s t r a t i o n  o f  o p i a t e  r e c e p t o r  a n t a g o n i s t  h a s  
b e e n  r e p o r t e d  t o  b e  w i t h o u t  e f f e c t  on  b a s a l  MAP. T h e  m e c h 
a n i s m  w h e r e b y  n a l o x o n e  i m p r o v e s  t h e  b l o o d  p r e s s u r e  r e s t a u -  
r a t i o n  i n  h e m o r r h a g i c  h y p o t e n s i v e  a n i m a l s  r e m a i n s  o b s c u r e .  
T h e  p r e s e n t  s t u d y  w a s  d e s i g n e d  t o  e v a l u a t e  t h e  p o s s i b l e  
c o n t r i b u t i o n  o f  t h e  s y m p a t h o - a d r e n a l  s y s t e m  t o  t h e  p r e s s i v e  
a c t i o n  o f  n a l o x o n e .  T h e  e f f e c t s  o f  n a l o x o n e  ( 2 0 0  µ g / k g )  on  
MAP, h e a r t  r a t e  (HR) a n d  c i r c u l a t i n g  c a t e c h o l a m i n e s  (CA) 
h a v e  b e e n  s t u d i e d  i n  c o n t r o l  c h l o r a l o s e  a n e s t h e t i z e d  r a t s  
a n d  i n  r a t s  s u b m i t t e d  t o  a  s e v e r e  h e m o r r h a g i c  h y p o t e n s i o n .  
T h e  w i t h d r a w a l  o f  b l o o d  t o  r e a c h  a  MAP o f  50  mmHg f o r  
60  mi n  i n d u c e d  a  6- f o l d  i n c r e a s e  i n  c i r c u l a t i n g  e p i n e p h r i n e  
( E )  b u t  c a u s e d  o n l y  a  s l i g h t  i n c r e a s e  i n  p l a s m a  n o r e p i n e p h 
r i n e  l e v e l s .  B i l a t e r a l  a d r e n a l e c t o m y  p e r f o r m e d  4 8  h o u r s  
p r i o r  t o  e v a l u a t i o n  a b o l i s h e d  t h e  E i n c r e a s e  a n d  g r e a t l y  
p o t e n t i a t e d  t h e  p l a s m a  NE a u g m e n t a t i o n  c a u s e d  b y  HS c o n 
f i r m i n g  t h e  i m p o r t a n c e  o f  t h e  a d r e n a l  m e d u l l a r y  s e c r e t i o n  
d u r i n g  HS i n  i n t a c t  a n i m a l s .  H e m o r r h a g i c  h y p o t e n s i o n  wa s  
a l s o  a c c o m p a n i e d  b y  a  s i g n i f i c a n t  b r a d y c a r d i a  w h i c h  c a n  b e  
c o m p l e t e l y  a b o l i s h e d  b y  v a g o t o m y .  N a l o x o n e  g i v e n  t o  c o n t r o l  
a n i m a l s  wa s  w i t h o u t  e f f e c t s  on  a l l  t h e  p a r a m e t e r s  s t u d i e d .
I n  h e m o r r h a g i c  r a t s  h o w e v e r  n a l o x o n e  i n d u c e d  a  s i g n i f i c a n t  
a u g m e n t a t i o n  i n  MAP a n d  HR a s s o c i a t e d  t o  a n  i n c r e a s e  i n  
p l a s m a  NE a n d  E c o n c e n t r a t i o n s  w h e r e a s  s a l i n e  i n j e c t i o n  d i d  
n o t  s i g n i f i c a n t l y  a l t e r  t h o s e  p a r a m e t e r s .  P l a s m a  E c o n c e n 
t r a t i o n  w h i c h  w a s  a l r e a d y  i n c r e a s e d  b y  t h e  HS r e a c h e d  
5 0 0  ± 89  p g / m l  a s  c o m p a r e d  t o  1 5 0  ± 71 p g / m l  b e f o r e  n a l o x o n e  
a d m i n i s t r a t i o n  ( p  < 0 . 0 1 ) .  T h e  NE p o t e n t i a t i o n  w a s  s m a l l e r  
h o w e v e r  a n d  p l a s m a  l e v e l s  r a i s e d  f r o m  1 36  ± 2 3  p g / m l  b e f o r e  
n a l o x o n e  t o  2 2 2  ± 14  p g / m l  f o l l o w i n g  t h e  o p i a t e s  b l o c k e r  
i n j e c t i o n .  T h e  b l o o d  p r e s s u r e  i n c r e a s e  a n d  t a c h y c a r d i a  
i n d u c e d  by  n a l o x o n e  i n  h y p o t e n s i v e  a n i m a l s  t h e r e f o r e  a p p e a r s  
t o  b e  r e l a t e d  t o  a n  i n c r e a s e d  a d r e n a l  c a t e c h o l a m i n e  r e l e a s e .  
T h i s  p o s s i b i l i t y  i s  c o n s i s t a n t  w i t h  s e v e r a l  o b s e r v a t i o n s  
s u g g e s t i n g  t h a t  o p i a t e  p e p t i d e s  c o - s t o r e d  w i t h  CA i n  c h r o 
m a f f i n  c e l l s  d i m i n i s h  t h e  a d r e n a l  r e l e a s e  o f  CA. W h e t h e r  
t h e  e f f e c t  o f  n a l o x o n e  on  a d r e n a l  s e c r e t i o n  i s  m e d i a t e d  
t h r o u g h  s p e c i f i c  o p i a t e  r e c e p t o r s  on  c h r o m a f f i n  c e l l s  o r  
t h r o u g h  c e n t r a l  o r  l e s s  s p e c i f i c  m e c h a n i s m  r e m a i n e d  t o  b e  
c l a r i f i e d .  S u p p o r t e d  by  M e d i c a l  R e s e a r c h  C o u n c i l  o f  C a n a d a  
a n d  Q u e b e c  H e a r t  F o u n d a t i o n .

2 0 9 . 3   CATECHOLAMINE RELEASE TO HEMORRHAGE: EFFECT OF PRIOR BLOOD 
LOSS.  D . A .  B e r e l t e r , A.M . Z a l d *  a n d  D . S .  G a n n .  Br ow n  U n f v . /
RI H o s p i t a l ,  D f v . B f o I .& M e d . , P r o v I d e n c e ,  R . l .  0 2 9 0 2

T h e  r e f l e x  r e l e a s e  o f  a d r e n a l  c a t e c h o l a m i n e s ( C A )  d u r i n g  
h e m o r r h a g e ( H )  r e q u i r e s  I n n e r v a t i o n ,  i s  s e n s i t i v e  t o  t h e  r a t e  
a n d  m a g n i t u d e  o f  H a n d  r e s p o n d s  s i m i l a r l y  t o  r e p e a t e d  H p r o 
v i d e d  t h e  d u r a t i o n  o f  t h e  h y p o v o l e m i c  p e r i o d  i s  b r i e f ( 3 m i n ) .  
In c o n t r a s t ,  I n c r e a s i n g  t h e  d u r a t i o n  o f  t h e  I n i t i a l  h y p o v o 
l e m i c  p e r i o d  t o  2 0 m i n m a r k e d l y  p o t e n t i a t e s  t h e  CA r e s p o n s e  
t o  a  s u b s e q u e n t  H s u s t a i n e d  9 0 m i n l a t e r .  To a s s e s s  t h e  e f 
f e c t  o f  p r i o r  H o n  H - I n d u c e d  CA r e l e a s e ,  a d u l t  c a t s  w e r e  a n 
e s t h e t i z e d  w i t h  c h l o r a l o s e / u r e t h a n e  a n d  s u s t a i n e d  2 H 
p e r i o d s  9 0 m i n a p a r t .  C a t h e t e r s  w e r e  p l a c e d  In t h e  a o r t a ( MAP, 
HR m o n i t o r ) ,  f e m o r a l  a r t e r y ( H ) ,  f e m o r a l  v e l n ( b l o o d  s a m p l e s )  
a n d  In t h e  b r a c h i a l  v e i n ( I n f u s i o n s ) .  A l l  s u r g i c a l  p r e p a r a 
t i o n  w a s  c o m p l e t e  by  2h p r i o r  t o  t h e  I n i t i a l  H p e r i o d .  R e 
s p o n s e s  t o  2 0 %H ( d e t e r m i n e d  by d y e  d i l u t i o n ,  b l o o d  r e m o v e d  
o v e r  2m i n ,  r e t u r n e d  t o  t h e  a n i m a l  a f t e r  2 0 m i n )  w e r e  c o m p a r e d  
In  3 g r o u p s  o f  c a t s :  a ) I n i t i a l  p e r i o d  o f  0 %( t i me c o n t r o l s )  
f o l l o w e d  9 0 m i n l a t e r  by  2 0 %H, b ) I n i t i a l  p e r i o d  o f  10%H f o l 
lo w e d  by 2 0 %H,  a n d  c ) I n i t i a l  p e r i o d  o f  2 0 %H f o l l o w e d  by 20%  
H. B l o o d  s a m p l e s  w e r e  t a k e n  e v e r y  2m i n f o r  t h e  d u r a t i o n  o f  
e a c h  2 0 m i n e x p e r i m e n t a l  p e r i o d  a n d  e x t r a c t e d  p l a s m a  wa s a s 
s a y e d  f o r  CA’ s  by HPLC w i t h  e l e c t r o c h e m i c a l  d e t e c t i o n .  R e 
s u l t s  I n c l u d e :  D a  m a r k e d  I n c r e a s e  In N E ( > 4 n g / m l  ) d u r I n g  20%  H 
when  p r e c e d e d  by 2 0 %H, b u t  o n l y  a  s l i g h t  r e s p o n s e  t o  2 0 %H 
( < I n g / m l ) w h e n  p r e c e d e d  by 0 %H o r  1 0 % H ,  2 ) a  m a r k e d  I n c r e a s e  
I n  E ( > 0 . 9  n g / m l ) t o  2 0 %H wh en  p r e c e d e d  by  2 0 %H, b u t  o n l y  a  
s l i g h t  r e s p o n s e ( < 0 . l n g / m l ) t o  2 0 %H i f  p r e c e d e d  by 0 %H o r  1 0 % 
H,  3 ) n o  s i g n i f i c a n t  I n c r e a s e  i n DA t o  2 0 %H i n a n y  g r o u p ,  4 )  
t h e  t o t a l  d e c r e a s e  a n d  s p o n t a n e o u s  r e c o v e r y  o f  MAP d u r i n g  
2 0 %H w a s  e q u a l  In t h e  3 g r o u p s  a n d  c o u l d  n o t  a c c o u n t  f o r  t h e  
a p p a r e n t  p o t e n t i a t i o n  o f  t h e  CA r e s p o n s e .  T h e s e  d a t a  I n d i 
c a t e  t h a t  t h e  m a g n i t u d e  o f  t h e  I n i t i a l  H c r i t i c a l l y  d e t e r 
m i n e s  t h e  CA r e s p o n s e  t o  a  s u b s e q u e n t  H.  T h e  p o t e n t i a t i o n  o f  
H - e v o k e d  NE a n d  E r e l e a s e  t o  2 0 %H i s  n o t  t h e  r e s u l t  o f  a l 
t e r e d  c a r d l o v a s c u l a r  r e s p o n s l v e n e s s  n o r  o f  e l e v a t e d  CA b a s e 
l i n e s  p r i o r  t o  t h e  o n s e t  o f  t h e  s e c o n d  2 0 %H. I t  i s  n o t  y e t  
kn ow n  i f  H - e v o k e d  p o t e n t i a l on  o f  CA r e l e a s e  by p r i o r  H i s  
t h e  r e s u l t  o f  a l t e r e d  n e u r a l  i n p u t  t o  t h e  a d r e n a l  o r  t h e  r e 
s u l t  o f  an  i n c r e a s e  i n s o m e  c i r c u l a t i n g  h u m o r a l  f a c t o r .  
Q u a n t i t a t i v e  a s s e s s m e n t  o f  H a s  a  s t i m u l u s  f o r  CA r e l e a s e  
r e q u i r e s  a d e q u a t e  k n o w l e d g e  o f  t h e  m a g n l t u d e ( % o f  b l o o d  
v o l u m e ) ,  r a t e  a n d  d u r a t i o n  o f  H. In e x p e r i m e n t a l  d e s i g n s  o f  
r e p e a t e d  H t h e  p r i o r  s t i m u l u s  h i s t o r y  o f  t h e  g l a n d  m u s t  a l s o  
b e  c o n s i d e r e d .   S u p p o r t e d  by NIH G r a n t s  AM -26831 & G M - 2 7 9 4 6 .

2 0 9 .4   SYMPATHETIC ACTIVATION OF ADRENAL ENKEPHALIN AND CATECHO
LAMINE SECRETION AFTER HEMORRHAGE IN AWAKE DOGS.  W.C, 
En g e l a n d * ,  D . F .  B e r e l t e r * a n d  D . S .  G a n n .  Br own  U n i v /  R l 
H o s p i t a l ,  D i v . B l o l .& M e d . ,  P r o v i d e n c e ,  R . 1 .  0 2 9 0 2 .

T h e  o p i a t e - l i k e  p e p t i d e s ,  m e t h i o n i n e  a n d  l e u c i n e  e n k e 
p h a l i n  (M -En k , L - E n k )  , a r e  c o - s t o r e d  w i t h  a d r e n a l  c a t e c h o l a 
m i n e s .  H o w e v e r ,  t h e  In v i v o  r e g u l a t i o n  o f  a d r e n a l  m e d u l 
l a r y  s e c r e t i o n  o f  e n k e p h a l i n s ( E n k )  h a s  n o t  b e e n  s t u d i e d  i n 
a w a k e  a n i m a l s .  To d e t e r m i n e  I f  t h e  a d r e n a l  E nk  r e s p o n s e  t o  
h e m o r r h a g e ( H )  v a r i e s  w i t h  t h e  m a g n i t u d e  o f  H,  t r a i n e d  
a w a k e  d o g s ( n = 5 )  p r e p a r e d  w i t h  a d r e n a l  v e i n  c a n n u l a  4 8 h  
p r i o r  t o  e x p e r i m e n t a t i o n ,  w e r e  b l e d  10 o r  2 0 % o f  b l o o d  v o -  
I u m e ( B V ; m e a s u r e d  by d y e  d i l u t i o n )  o v e r  3 m i n .  A d r e n a l  v e 
n o u s  s a m p l e s  w e r e  c o l l e c t e d  p r i o r  t o  a n d  f o r  3 0 m i n a f t e r  
H.  P l a s m a  was e x t r a c t e d  u s i n g  S e p - P a k  c o l u m n s  a n d  M-En k 
a n d  L - E n k  w e r e  m e a s u r e d  by R I A .  S e c r e t o r y  r a t e s ( M - E n k ,  
L - E n k )  w e r e  c a l c u l a t e d  a s  p l a s m a  c o n c e n t r a t i o n  × a d r e n a l  
p l a s m a  f l o w .  B a s a l  M-Enk w a s  6 0 0 - 8 5 0 p g / m i n ,  w i t h  n o  c h a n g e  
a f t e r  10%H .  H o w e v e r ,  M-En k i n c r e a s e d ( p < 0 . 0 1 ) a f t e r  2 0 %H, 
w i t h  a  p e a k  o f  3 5 0 0 p g / m i n a t  3 0 m i n .  T h e  r e s p o n s e  t o  2 0 %H 
w a s  g r e a t e r ( p < 0 . 0 1 ) t h a n  t o  1 0 %H .  B a s a l  L - E n k  w as  3 5 0 - 4 0 0  
p g / m i n ;  L - E n k  i n c r e a s e d ( p < 0 . 0 1 ) a f t e r 2 0 %H, w i t h  a  p e a k  o f  
2 0 0 0 p g / m i n a t  3 0 m i n .  T h e  r a t i o  o f  M-EnK t o  L - E n k  v a r i e d  
f r o m  2 . 5 - 4 . 0 ,  w i t h  no  c h a n g e  a f t e r  H.  To e x a m i n e  t h e  r e l a 
t i o n s h i p  b e t w e e n  M-E nk  a n d  e p i n e p h r i n e  s e r e t i on  ( E ) ,  a d r e 
n a l  p l a s m a  E w a s  m e a s u r e d  u s i n g  HPLC w i t h  e l e c t r o c h e m i c a l  
d e t e c t i o n .  C r o s s  c o r r e l a t i o n s ( r )  b e t w e e n  M -En k a n d  E w e r e  
c o m p u t e d  on e a c h  o f  13 e x p e r i m e n t s .  I n 12 o f  13 t h e r e  w as  
a  maximum p o s i t i v e  c o r r e l a t i o n  a t  a  Om i n d e l a y  ( p < 0 . 0 1 ) ,  
w i t h  r  r a n g i n g  f r o m  0 . 4 6 - 0 . 9 7 ( m e a n , 0 . 8 2 ) .  To e s t a b l i s h  I f  
s i m i l a r  c o n t r o l  m e c h a n i s m s  e x i s t  f o r  a d r e n a l  E nk  nd E ,  t h e  
e f f e c t  o f  a d r e n a l  s y m p a t h e c t o m y  w as  s t u d i e d .  Two w e e k s  
f o l l o w i n g  u n i l a t e r a l  l u m b a r  s y m p a t h e c t o m y  a n d  s p l a n c h i c  
n e r v e  c u t ,  a w a k e  d o g s ( n = 5 )  w i t h  b i l a t e r a l  a d r e n a l  v e i n  
c a n n u l a  w e r e  b l e d  2 0 % o f  BV. R e s u l t s  s h o w e d  t h a t  a d r e n a l  
d e n e r v a t i o n  l o w e r e d ( p < 0 . 0 1 ) b a s a l  M-Enk a n d  E a n d  b l o c k e d  
t h e  M-Enk a n d  E r e s p o n s e  t o  H .  T h e s e  s t u d i e s  show  i n a w a k e  
d o g s  t h a t :  a d r e n a l  Enk I n c r e a s e s  a f t e r  m o d e r a t e  H;  t h e  r e 
s p o n s e  t o  H I n c r e a s e s  w i t h  m a g n i t u d e  o f  H; b o t h  M-Enk a n d  
L - E n k  c o n t r i b u t e  t o  t h e  r e s p o n s e ;  a d r e n a l  s e c r e t i o n  o f  Enk 
i s  h i g h l y  c o r r e l a t e d  a n d  s y n c h r o n o u s  w i t h  t h e  s e c r e t i o n  o f  
E;  a n d  s y m p a t h e t i c  a d r e n a l  d e n e r v a t i o n  b l o c k s  t h e  a d r e n a l  
E a n d  En k  r e s p o n s e  t o  H .  T h e s e  f i n d i n g s  s u g g e s t  t h a t  In 
a w a k e  a n i m a l s  a d r e n a l  Enk a n d  E a r e  r e g u l a t e d  by t h e  s a m e  
c o n t r o l  m e c h a n i s m s .   S u p p o r t e d  by NIH G M -2 7 9 4 6 .
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209.PO  ACTIVATION OF THE ADRENAL MEDULLA BY CELL BODIES IN THE 
LOCUS COERULEUS OF THE CAT.  P . J .  G o ad sb y * (SPON: 
D .R a p a p o r t ) .   D iv .  o f  N e u r o l . , Dept. o f  M ed ., The P r in c e  
H en ry  H o s p i t a l ,  L i t t l e  B ay . 2 0 3 6 . A u s t r a l i a .

T he lo c u s  c o e r u l e u s  o f  40 c a t s  was e l e c t r i c a l l y  an d  
c h e m ic a l ly  ( 1 - g l u ta m a te )  s t i m u l a t e d  w h i le  b o th  common 
c a r o t i d  a r t e r i a l  r e s i s t a n c e  a n d  c a te c h o la m in e  r e l e a s e  
f ro m  t h e  a d r e n a l  m e d u l la  w e re  m e a s u re d . S t im u la t io n  l e a d  
t o  g e n e r a l i z e d  a c t i v a t i o n  o f  t h e  s y m p a th e t ic  n e rv o u s  s y s 
tem  c h a r a c t e r i z e d  by  a n  im m e d ia te  p r e s s o r  r e s p o n s e  w hich  
was f o l lo w e d  i n  t h e  p o s t - s t i m u l u s  p e r i o d  by an  i n c r e a s e  
o f  49 ± 10% an d  4 4 ±6% i n  common c a r o t i d  a r t e r i a l  r e s i s t a n c e  
i p s i l a t e r a l  an d  c o n t r a l a t e r a l  t o  s t i m u l a t i o n  r e s p e c 
t i v e l y .  T h i s  l a t e r  r e s p o n s e  was n o t  a f f e c t e d  by vago tom y 
o r  b i l a t e r a l  c e r v i c a l  sy m p a th ec to m y  b u t  was b lo c k e d  by 
h ig h  s p i n a l  c o rd  s e c t i o n .  The p o s t - s t i m u l u s  c a r o t i d  
v a s o c o n s t r i c t o r  r e s p o n s e  c o u ld  be  e n t i r e l y  e l i m in a t e d  by 
a c u te  b i l a t e r a l  p h y s io l o g i c a l  a d re n a le c to m y  i n  t h e  fo rm  
o f  a d r e n a l  h i l a r  c la m p in g ,  a n  e f f e c t  w h ich  was r e v e r s i b l e  
i f  t h e  c la m p s  w ere  rem o v ed . T he c a r o t i d  v a s o c o n s t r i c t o r  
r e s p o n s e  was a s s o c i a t e d  w i th  a  r i s e  i n  t h e  c i r c u l a t i n g  
l e v e l  o f  n o r a d r e n a l i n e  (260%) an d  a d r e n a l in e  (196% ), 
w h ic h  was p r e v e n t e d  by  c la m p in g  t h e  a d r e n a l  h i lu m . T h is  
r e s p o n s e  w as n o t  m e d ia te d  v i a  t h e  h y p o th a la m u s  b e c a u s e  i t  
p e r s i s t e d  i n  t h e  d e c e r e b r a t e  a n im a l ,  n o r  was i t  m e re ly  
e x c i t a t i o n  o f  f i b r e s  o f  p a s s a g e  s in c e  i t  was r e p ro d u c e d  
by m i c r o i n j e c t i o n  o f  1 - g lu ta m a te  i n t o  t h e  lo c u s  c o e ru 
l e u s .  T he r e s p o n s e  was b lo c k e d  by p h e n to la m in e  s u g g e s t 
i n g  i t  i s  m e d ia te d  by a lp h a  a d r e n o c e p to r s .  T h e se  d a ta  
r e p r e s e n t  t h e  f i r s t  c o n c lu s iv e  d e m o n s t r a t io n  t h a t  c e l l  
b o d ie s  i n  t h e  b r a in s te m  a r e  c a p a b le  o f  a c t i v a t i n g  th e  
a d r e n a l  m e d u l la .  T h i s  f a c t  i s  c e n t r a l  t o  o u r  p r e s e n t  
c o n c e p t  o f  t h e  o r g a n i z a t i o n  o f  t h e  sy m p a th o -a d r e n a l  a x i s .

2 0 9 .6   ARE TYROSINE HYDROXYLASE AND PHENYLETHANOLAMINE-N-METHYL 
TRANSFERASE SELECTIVELY RETAINED IN  DIGITONIN-TREATED 
ADRENAL MEDULLARY CHROMAFFIN CELLS?  K a t r i n a  L . K e l n e r ,  
K y o j i  M o r i t a * ,  J o n  R o s s e n * ,  a n d  H a r v e y  B . P o l l a r d .  L a b  o f  
C e l l  B i o lo g y  a n d  G e n e t i c s ,  NIADDK, N IH , B e t h e s d a ,  M d. 2 0 2 0 5 

S e v e r a l  r e p o r t s  h a v e  s u g g e s t e d  t h a t  tw o  o f  t h e  e n z y m e s  
i n v o l v e d  i n  c a t e c h o l a m i n e  b i o s y n t h e s i s ,  t y r o s i n e  h y d r o x y l a s e  
(TH) a n d  p h e n y l e t h a n o l a m i n e  N - m e th y l  t r a n s f e r a s e  (PN M T), 
c l a s s i c a l l y  c o n s i d e r e d  t o  b e  s o l u b l e  p r o t e i n s ,  m ay a c t u a l l y  
b e  l o c a l i z e d  o n  t h e  s u r f a c e  o f  t h e  c h r o m a f f i n  g r a n u l e .  
T r e a t m e n t  o f  c u l t u r e d  b o v i n e  a d r e n a l  c h r o m a f f i n  c e l l s  w i t h  
t h e  d e t e r g e n t ,  d i g i t o n i n ,  s e l e c t i v e l y  p e r m e a b i l i z e s  t h e  
p l a s m a  m em b ran e  ( W i l s o n  a n d  K i r s c h n e r ,  1 9 8 3 ;  D unn a n d  H o l z ,  
1 9 8 3 )  a n d  a l l o w s  d i r e c t  a c c e s s  t o  t h e  c y t o p l a s m i c  c o m p a r t 
m e n t .  We h a v e  u s e d  d i g i t o n i n - t r e a t e d  c h r o m a f f i n  c e l l s  t o  
i n v e s t i g a t e  t h e  s u b c e l l u l a r  l o c a l i z a t i o n  o f  TH, PNMT a n d  
d o p a m in e  B - h y d r o x y la s e  (D B H ), w h ic h  i s  l o c a l i z e d  i n  t h e  
g r a n u l e s , b y  e x a m in in g  t h e i r  e x t r a c e l l u l a r  a p p e a r a n c e  o v e r  
t im e  a t  tw o  d i g i t o n i n  c o n c e n t r a t i o n s  i n  t h e  a b s e n c e  o f  
c a l c i u m .  T r e a t m e n t  o f  c u l t u r e d  c h r o m a f f i n  c e l l s  w i t h  4 0  µM 
d i g i t o n i n  a t  37° C f o r  t i m e s  u p  t o  30  m in  c a u s e d  t h e  r a p i d  
e x t r a c e l l u l a r  a p p e a r a n c e  o f  a  f r a c t i o n  o f  t h e  c e l l u l a r  TH, 
PNMT, l a c t a t e  d e h y d r o g e n a s e  (LDH) a n d  t o t a l  s o l u b l e  p r o t e i n .  
P r o t e i n s  o f  u n k n o w n  f u n c t i o n  q u a n t i t a t e d  b y  SDS-PAGE a n d  
d e n s i t o m e t r y  a l s o  a p p e a r e d  r a p i d l y .  DBH, e p i n e p h r i n e  a n d  
n o r e p i n e p h r i n e  r e m a in e d  i n  t h e  c e l l ,  r e f l e c t i n g  t h e  i n v u l n e r 
a b i l i t y  o f  t h e  c h r o m a f f i n  g r a n u l e  t o  d i g i t o n i n .  I n  c o n t r a s t ,  
t r e a t m e n t  o f  t h e  c e l l s  w i t h  1 0 µ M d i g i t o n i n  a t  37° C f o r  
t i m e s  u p  t o  30  m in  o n l y  c a u s e d  t h e  r a p i d  e x t r a c e l l u l a r  
a p p e a r a n c e  o f  a  f r a c t i o n  o f  LDH, t o t a l  s o l u b l e  p r o t e i n  a n d  
p r o t e i n s  q u a n t i t a t e d  b y  SDS-PAGE a n d  d e n s i t o m e t r y .  PNMT a n d  
TH a p p e a r e d  i n  t h e  e x t r a c e l l u l a r  m ed iu m  a t  a  c o n s i d e r a b l y  
s l o w e r  r a t e  t h a n  t h e  o t h e r  p r o t e i n s .  A s w i t h  t h e  4 0  µM 
t r e a t m e n t ,  DBH a n d  t h e  c a t e c h o l a m i n e s  w e r e  n o t  r e l e a s e d .  A 
d i g i t o n i n  t i t r a t i o n  r e v e a l e d  t h a t ,  a s  h a d  b e e n  i n d i c a t e d  b y  
t h e  t im e  c o u r s e  e x p e r i m e n t s ,  o n l y  a  f r a c t i o n  o f  e a c h  p r o t e i n  
c o u l d  b e  r e l e a s e d  f ro m  t h e  c e l l  b y  d i g i t o n i n :  s o l u b l e  
p r o t e i n  (4 0 % ) , LDH (7 0 % ), PNMT (5 5 % ) , TH (9 0 % ) . I n  su m m a ry , 
TH a n d  PNMT a r e  s e l e c t i v e l y  r e t a i n e d  b y  c e l l s  t r e a t e d  w i t h  
1 0  yM d i g i t o n i n ,  s u g g e s t i n g  t h a t  t h e r e  m ay b e  a n  i n t e r a c t i o n  
b e tw e e n  t h e s e  e n z y m e s  a n d  a  s u b c e l l u l a r  s t r u c t u r e ,  p o s s i b l y  
t h e  c h r o m a f f i n  g r a n u l e  m e m b ra n e . A d d i t i o n a l l y ,  d i g i t o n i n -  
t r e a t m e n t  a l l o w s  r e l e a s e  o f  o n l y  a  f r a c t i o n  o f  a n y  g i v e n  
p r o t e i n .  T h e  n a t u r e  o f  t h e  d i g i t o n i n - i n s e n s i t i v e  p o o l  i s  
u n k n o w n .

209.7   FETAL ADRENAL CORTEX STIMULATES MEDULLARY CATECHOLAMINE (CA) 
RELEASE-MEDIATION BY V IP .  C .Y . CHEUNG, M. MALTO* AND M.A. 
HOLZWARTH.  DIV. PERINATAL BIOL, LOMA LINDA UNIV, LOMA LINDA, 
CA 9 2 3 5 0 ; DEPT ANAT. S C I. UNIV. ILLIN O IS, URBANA, IL  61801

I n  t h e  o v in e  f e t u s ,  c i r c u l a t i n g  CA p l a y s  a  m a jo r  r o l e  i n  
t h e  c o n t r o l  o f  c a r d i o v a s c u l a r  d y n a m ic s . The r e l e a s e  o f  CA 
fro m  t h e  a d r e n a l  m e d u l la ,  t h e  p r im a ry  s o u rc e  o f  c i r c u l a t i n g  
CA i n  t h e  o v in e  f e t u s ,  i s  s u b j e c t e d  t o  r e g u l a t i o n  by th e  
a d r e n a l  c o r t e x .  The p u r p o s e  o f  t h e  p r e s e n t  s tu d y  was t o  i n 
v e s t i g a t e  t h e  a d r e n a l  c o r t i c a l  f a c t o r s  i n v o lv e d  i n  t h e  s t im 
u l a t i o n  o f  m e d u l la r y  CA r e l e a s e  i n  t h e  f e t u s .  A d re n a l  g la n d s  
fro m  o v in e  f e t u s e s  o f  135 d a y s  g e s t a t i o n  w ere  o b t a i n e d ,  t h e  
a d r e n a l  c o r t e x  was s e p a r a t e d  fro m  t h e  m e d u l la ,  a n d  e a c h  t i s 
s u e  was s e p a r a t e l y  d i s p e r s e d  i n t o  s i n g l e  c e l l s  u s in g  0.05% 
c o l l a g e n a s e .  The c o r t i c a l  an d  m e d u l la r y  c e l l s  w ere in d e p e n 
d e n t l y  p l a t e d  i n  K r e b s - H e n s e l e i t  medium c o n ta i n in g  0.5% BSA, 
a n d  in c u b a te d  a t  3 9 .5 °C  i n  a  h u m id i f i e d  a tm o s p h e re  o f  95% 
a i r  a n d  5% CO2 . F o l lo w in g  p l a t i n g ,  t h e  c o r t i c a l  c e l l s  w ere 
i n c u b a te d  f o r  2 h an d  t h e  medium  w as c o l l e c t e d  and  t e s t e d  
f o r  CA s t i m u l a t o r y  a c t i v i t y .  To t e s t  f o r  CA s t i m u l a t o r y  a c t 
i v i t y ,  m e d u l la r y  c e l l s  w e re  t r e a t e d  w i th  t h e  2 -h  a d r e n a l  
c o r t i c a l  c e l l  medium (ACM) a n d  t h e  c o n c e n t r a t i o n s  o f  t h e  3 
C A 's -d o p a m in e  (DA ), n o r e p in e p h r in e  (NE) an d  e p in e p h r in e  
( E P I ) - r e l e a s e d  w ere  m ea su red  a t  3 , 6 ,  a n d  24 h  u s in g  a  r a d -  
i o e n z y m a t ic  a s s a y .  T o ta l  CA r e l e a s e  w as g r e a t l y  e n h a n ce d  by 
13 , 9 a n d  7 f o ld s  a t  3 , 6 a n d  24 h ,  r e s p .  i n  t h e  p r e s e n c e  o f  
ACM. The s t i m u l a t i o n  o f  t o t a l  CA w as c o n s t i t u t e d  by s i g n i f i 
c a n t  i n c r e a s e s  o f  DA, NE a n d  E P I . F o l lo w in g  e t h e r  e x t r a c t i o n  
o f  ACM t o  rem ove s t e r o i d s ,  CA s t i m u l a to r y  a c t i v i t y  r e m a in e d ,  
w h i le  l i t t l e  CA s t i m u l a t o r y  a c t i v i t y  was d e m o n s tra te d  i n  t h e  
e t h e r  e x t r a c t .  A c id ic  e x t r a c t  o f  ACM c o n ta i n e d  93% o f  t h e  
a c t i v i t y  w h ich  c o u ld  be d e s t r o y e d  by p r o t e a s e  d i g e s t i o n ,  
s u g g e s t i n g  t h a t  t h e  r e s p o n s i b l e  f a c t o r  w as p e p t i d e  i n  n a 
t u r e .  W ith  t h e  r e c e n t  l o c a l i z a t i o n  o f  v a s o a c t iv e  i n t e s t i n a l  
p o l y p e p t i d e  (V IP) i n  a d u l t  r a t  a d r e n a l  c o r t e x ,  f e t a l  c o r t e x  
was s tu d i e d  f o r  t h e  p r e s e n c e  o f  VIP u s in g  PAP im m unocy to - 
c h e m ic a l  m e th o d . V I P - im m u n o re a c tiv i ty  was o b s e rv e d  i n  ab u n 
d a n c e  i n  f i n e  v a r i c o s e  f i b e r s  w h ich  r a n  among g ro u p s  o f  g l o -  
m e r u lo s a  c e l l s  and  r a d i a l l y  among f a s c i c u l a t a - r e t i c u l a r i s  
c e l l s .  The im m u n o re a tiv e  f i b e r s  w ere d i s t r i b u t e d  th ro u g h o u t  
t h e  e n t i r e  t h i c k n e s s  o f  t h e  c o r t e x .  In  a d d i t i o n ,  VIP s i g 
n i f i c a n t l y  s t i m u l a t e d  t o t a l  CA r e l e a s e  from  m e d u l la r y  c e l l s  
by 100% an d  126% a t  6 a n d  24 h ,  r e s p .  The r e s u l t s  s u g g e s t  
t h a t  f e t a l  a d r e n a l  c o r t e x  c o n ta i n s  h ig h  c o n c e n t r a t i o n s  o f  
V IP w h ich  c a n  e n h a n c e  CA r e l e a s e  from  t h e  m e d u l la .  T h u s, 
f e t a l  a d r e n a l  c o r t e x  may e x e r t  m a jo r  i n f l u e n c e  on m e d u l la ry  
CA s e c r e t i o n  th ro u g h  th e  r e l e a s e  o f  V IP .

2 0 9 .8   ANALYSIS OF CATECHOLAMINE BIOSYNTHESIS IN  CULTURED ADRENAL 
MEDULLARY CHROMAFFIN CELLS BY HPLC: INFLUENCES OF SECRE-
TAGOGUES ON BIOSYNTHETIC RATE AND RELEASE.  R o b e r t  A . L e v i n e ,  
K a t r i n a  L . K e l n e r ,  a n d  H a r v e y  B . P o l l a r d .  L ab  o f  C e l l  
B i o lo g y  a n d  G e n e t i c s ,  NIADDK, N IH , B e t h e s d a ,  Md. 2 0 2 0 5 

C u l t u r e d  a d r e n a l  c h r o m a f f i n  c e l l s  p r o v i d e  a n  e x c e l l e n t  
s y s t e m  f o r  i n v e s t i g a t i n g  r e g u l a t i o n  o f  c a t e c h o l a m i n e  b i o 
s y n t h e s i s  a n d  r e l e a s e .  To t h i s  e n d ,  w e h a v e  d e v e lo p e d  a n  
HPLC r e v e r s e - p h a s e  s y s t e m  t o  s e p a r a t e  t y r o s i n e ,  t h e  c a t e 
c h o la m in e s  ( d o p a ,  d o p a m in e ,  n o r e p i n e p h r i n e ,  e p i n e p h r i n e )  a n d  
t h e i r  m a j o r  m e t a b o l i t e s  (DOPAC, HVA, n o r m e t a n e p h r i n e ,  VMA, 
m e t a n e p h r i n e ,  a n d  DO PEG ). F l u o r e s c e n c e  d e t e c t i o n  . ( P e r k i n -  
E lm e r  L S - 4 )  f o r  u n l a b e l l e d  c o m p o u n d s  m in i m i z e d  b a s e l i n e  
v a r i a t i o n s  a n d  a l l o w e d  t h e  u s e  o f  g r a d i e n t  e l u t i o n .  M o b i l e  
p h a s e  ( 1 0  mM p h o s p h a t e ,  1 0  mM TCA, 0 .0 2 %  SDS) c o n t a i n i n g  5% 
a c e t o n i t r i l e  w a s  r u n  f o r  15  m in  f o l l o w e d  b y  a  15  m in  g r a d i e n t  
t o  20% a c e t o n i t r i l e .  An i n - l i n e  r a d i o a c t i v i t y  d e t e c t o r  
( R a d io m a t i c  H -S  F lo - O n e )  a f t e r  t h e  f l u o r o m e t e r  w a s  u s e d  t o  

m o n i t o r  t h e  i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  i n t o  e a c h  i n t e r 
m e d i a t e  f ro m  r a d i o l a b e l l e d  t y r o s i n e .

I n c u b a t i o n  o f  c u l t u r e d  c h r o m a f f i n  c e l l s  w i t h  20  µM C - 
t y r o s i n e  f o r  v a r i o u s  t i m e s  up  t o  2 h  e s t a b l i s h e d  a  b a s a l  
s y n t h e t i c  r a t e  f o r  e a c h  i n t e r m e d i a t e .  T r e a t m e n t  o f  t h e  
c e l l s  w i t h  a  b a t t e r y  o f  s e c r e t o g o g u e s ,  i n c l u d i n g  n i c o t i n e ,  
h i g h  p o t a s s i u m ,  v e r a t r i d i n e  a n d  o u b a i n  c a u s e d  i n c r e a s e s  i n  
t h e  b i o s y n t h e t i c  r a t e s  o f  t h e  c a t e c h o l a m i n e s  t h a t  v a r i e d  i n  
m a g n i t u d e  am ong t h e  c o m p o u n d s  t e s t e d .  I n  a d d i t i o n ,  t h e  
t e s t e d  s e c r e t a g o g u e s  v a r i e d  i n  t h e  s p e c i f i c i t y  o f  t h e i r  
r e l e a s e d  p r o d u c t s ,  s u g g e s t i n g  d i f f e r e n c e s  i n  t h e i r  m e c h 
a n i s m s  o f  r e l e a s e .  I n  s u m m a ry , we h a v e  d e v e lo p e d  a n  HPLC 
s y s t e m  f o r  s e p a r a t i o n  a n d  q u a n t i t a t i o n  o f  c a t e c h o l a m i n e s  
w i t h  w h ic h  we c a n  a n a l y z e  t h e  c o m p l e t e  c a t e c h o l a m i n e  b i o 
s y n t h e t i c  p a th w a y  i n  a d r e n a l  c h r o m a f f i n  c e l l s .  T h i s  s y s te m  
h a s  b e e n  u s e d  t o  a n a l y z e  t h e  e f f e c t s  o f  v a r i o u s  s e c r e t a g o g u e s  
o n  b i o s y n t h e t i c  r a t e s  a n d  r e l e a s e d  c a t e c h o l a m i n e s .
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2 0 9 .9  POTASSIUM AND NICOTINE STIMULATED CATECHOLAMINE RELEASE FROM 
CULTURED CHROMAFFIN CELLS ARE MEDIATED BY TWO DIFFERENT 
MODES OF CALCIUM FLUX.  E. H eldm an*, M.A. L e v in e *  K. M o r i ta * ,  
H .B . P o l l a r d ,  L a b o r a to r y  o f  C e l l  B io lo g y  and  G e n e t ic s ,  
NIADDK, N . I .H . ,  B e th e s d a ,  Md. 20205

I n  a d r e n a l  m e d u l la  th e  r a t e  o f  c a te c h o la m in e  r e l e a s e  
d e c r e a s e s  w i th  c o n t in u o u s  s t i m u l a t i o n .  We e x p lo r e d  t h i s  
phenom enon u s in g  c u l t u r e d  b o v i ne c h ro m a f f in  c e l l s  s t i m u l a t e d  
w i th  s e v e r a l  s e c r e t a g o g u e s . As e x p e c t e d ,  th e  r a t e  o f  K+ (50 
mM) an d  n i c o t i n e  (62  µ M ) -s t im u la te d  c a te c h o la m in e  s e c r e t i o n  
r a p i d l y  d e c re a s e d  d u r in g  c o n t in u o u s  s t i m u l a t i o n .  In  c o n 
t r a s t ,  v e r a t r i d i n e  (20  µ M )-in d u ced  r e l e a s e  was p r o lo n g e d  and  
r e s u l t e d  i n  g r e a t e r +d e p l e t i o n  of  c e l l  c a te c h o la m in e s .  T h u s, 
u n d e r  n i c o t i n e  o r  K+ s t i m u l a t i o n ,  th e  r a p i d  d e c r e a s e  in  
c a te c h o la m in e  r e l e a s e  was n o t  due s im p ly  to  d e p l e t i o n  o f  a 
r e l e a s a b l e  p o o l .  We th e n  ex am in ed  c a te c h o la m in e  r e l e a s e  and 
Ca+2 e n t r y  d u r in g  s e q u e n t i a l  s t i m u l a t i o n s .  D u rin g  th e  se co n d  
s t e p  o f  a  r e p e t i t i v e  K+ s t i m u l a t i o n ,  th e  am ount o f  c a t e c h o la 
m ine  r e l e a s e d  was  d r a m a t i c a l l y  d e c r e a s e d .  H ow ever, when 
e x t r a c e l l u l a r  Ca+2 was o m it te d  o r  L a C l3 (2 mM) ad d ed  to  th e  
medium i n  t h e  f i r s t  s t e p  s t i m u l a t i o n ,  c a te c h o la m in e  r e l e a s e  
was n o t  d e c r e a se d  d u r in g  th e  s e co n d  s t e p .  T h ese  d a ta  i n d i 
c a t e  t h a t  Ca+2 e n t r y  m ust o c c u r  to  p ro d u c e  d e c re a s e d  r e l e a s e  
i n  a s u b s e q u e n t  K+ s t i m u l a t i o n .  I n  c o n t r a s t  to  K+ s t i m u l a 
t i o n ,  o m is s io n  o f  e x t r a c e l l u l a r Ca+2 d u r in g  a f i r s t  s t e p  o f  
n i c o t i n e  s t i m u l a t i o n  s t i l l  r e s u l t e d  i n  d e c re a s e d  r e l e a s e  
d u r in g  a se co n d  s t e p  w i th  n i c o t i n e ,  i n d i c a t i n g  t h a t  d e s e n s i 
t i z a t i o n  o f  th e  c h o l i n e r g i c  r e  e p to r  w a s  p r o b a b ly  r e s p o n s i 
b l e  f o r  th e  d e c re a s e d  r e l e a s e .  When 45Ca+2 i n f l u x  was 
m ea su red  d u r in g  a s i n g le  K+ s t i m u l a t i o n ,  we o b s e rv e d  a r a p id  
i n a c t i v a t i o n  o f  Ca+2 e n t r y  w i th  a r a t e  t h a t  was n e a r l y  
i d e n t i c a l  to  t h a t  o f  d e c r e a s in g  r e l e a s e .  Ca+2 i n f l u x  in u rin g  
n i c o t i n e  s t i m u l a t i o n  d id  n o t  i n a c t i v a t e  a s u b s e q u e n t  K+ 
i n d e e d  r e l e a s e  and  o n ly  p a r t i a l l y  i n a c t i v a t e d  K+ in d u c e d  
Ca+2  i n f l u x .  T h ese  d a t a  i n d i c a t e  t h a t  th e  i n a c t i v a t i o n  o f  
Ca+2 c h a n n e ls  r e q u i r e s  Ca+2 e n t ry  v i a  th e  s u b s e q u e n t ly  
i n a c t i v a t e d  c h a n n e ls  and  t h a t  n i c o t i n e  in d u c e s  Ca+2 e n t r y  
v i a  a  d i f f e r e n t  r o u te  th a n  K+ . The e x i s t e n c e  o f  a t  l e a s t  
two s i t e s  o f  Ca+2 e n t r y  was a l s o  s u g g e s te d  by e x p e r im e n ts  
w i th  h y p e ro s o m o tic  me d i a .  We ro u n d t h a t  e l e v a t e d  o s m o t ic  
s t r e n g t h  d i g r e s s e d  K+ in d u c e d  Ca +2 i n f l u x  b u t  n o t  n i c o t i n e  
i n d e e d  Ca+2 i n f l u x .  We c o n c lu d e  t h a t  th e  two in d e p e n d e n t  
Ca+2 c h a n n e ls  a r e  i n a c t i v a t e d  by s e p a r a t e  m ec h a n ism s . One 
p o p u l a t i o n  o f  c h a n n e l s ,  i s  a c t  v a te d  by v o l t a g e  c h a n g e s ,  and 
i n a c t i v a t e d  by Ca+2 i t s e l f .  The o t h e r  p o p u la t i o n  i s  a c t i 
v a te d  by n i c o t i n i c  a g o n i s t s  am  i n d i r e c t l y  i n a c t i v a t e d  by 
d e s e n s i t i z a t i o n  o f  th e  r e c e p t o r .

2 0 9 .10 TRANSFORMATION OF CHROMAFFIN CELL TO PC12 CELLS INVOLVES 
SIMULTANEOUS PHENOTYPIC CHANGES IN MONOAMINE OXIDASE 
ACTIVITY AND TYRAMINE RELEASABLE POOLS OF NOREPINEPHRINE.
M . B .H . Y oudim *, H .B . P o l l a r d  and E. H eld m an * . (S pon :
N. B e r n i c k ) .  L ab . o f  C e l l  B io lo g y  and  G e n e t ic s ,  NIADDK, 
NIH, B e th e s d a ,  Md. 20205

M onoamine o x id a s e  (MAO) i n h i b i t o r s  h a v e  l i t t l e  e f f e c t  on 
t h e  m e ta b o lis m  o f  n o n e p in e p h r in e  (NE) i n  th e  b o v in e  a d r e n a l  
g la n d  in  s p i t e  o f  th e  s u b s t a n t i a l  MAO a c t i v i t y  p r e s e n t  in  
t h e  m e d u l la .  A d re n a l  m e d u l la  MAO a c t i v i t y  h a v e  b e e n  
d i f f e r e n t i a t e d  i n to  b o th  A and B fo rm s . The A form  p r e 
f e r e n t i a l l y  d e a m in a te s  NE and s e r o t o n in  w h i le  th e  B form  
d e a m in a te s  n o n -h y d ro x y la te d  a m in e s  ( e . g .  p h e n y le th y la m in e ) . 
D opam ine and  ty ra m in e  a r e  s u b s t r a t e s  f o r  b o th  enzym e fo rm s . 
The i s o l a t e d  c h ro m a f f in  c e l l s  (CC) a r e  a b le  to  m e ta b o l i z e  
m onoam ines by a  p r o c e s s  o f  u p t a k e ,  d e a m in a t io n ,  and  s to r a g e .  
I t s  MAO a c t i v i t y ,  h o w e v e r, i s  e n t i r e l y  ty p e  B (Youdim e t  a l . 
S c i e n c e ,  1984 in  p r e s s ) ,  th u s  e x p la i n in g  th e  l a c k  o f  NE 
m e ta b o lis m  in  t h e s e  c e l l s .  The p r e s e n c e  o f  MAO-B in  CC w i th  
p o o r  a f f i n i t y  f o r  NE and  th e  l a c k  o f  e f f e c t  o f  MAO i n h i b i t o r s  
on i t s  NE c o n t e n t ,  a r e  c o m p a t ib le  w i th  t h e  p h y s io lo g y  o f  th e  
c e l l  to  s y n th e s i z e  and  s t o r e  l a r g e  am ount o f  c a te c h o la m in e s .  
I t  i s  p a r a d o x ic a l  t h a t  w h i le  s y m p a th e t ic  n e u ro n s  and  a d r e n a l  
m e d u l la r y  c h ro m a f f in  c e l l s  o r i g i n a t e  from  th e  n e u r a l  c r e s t ,  
t h e i r  MAO a c t i v i t i e s  a p p e a r s  to  b e  d i s t i n c t l y  d i f f e r e n t ,  
s i n c e  n e rv e  e n d in g s  c o n ta i n  p r i m a r i l y  MAO-A. As a p o s s ib l e  
window i n to  th e  r e l a t i o n s h i p s  b e tw e en  th e s e  two c e l l  t y p e s ,  
a d r e n a l - c h r o m a f f i n  c e l l - d e r i v e d  PC12 h a s  b e e n  o b s e rv e d  to  
h a v e  p r o p e r t i e s  s h a re d  by b o th .  PC12 c e l l s  h av e  a c lo s e  
r e s e m b la n c e  to  NE n e rv e  e n d in g s ,  b e c a u s e  MAO i n h i b i t o r s  do 
e l e v a t e  i t s  c y to p la s m ic  c a te c h o la m in e  l e v e l s .  T h e r e f o r e ,  we 
ex am in ed  MAO a c t i v i t y  i n  PC12 c e l l s  and fo u n d  t h a t  i t  was 
e x c l u s i v e l y  o f  th e  A t y p e ,  v e ry  much l i k e  t h a t  o f  th e  n e rv e  
e n d in g s .  T h is  may i n d i c a t e  n e rv e  e n d in g - l i k e  p r o p e r t i e s  o f  
PC12 c e l l s ,  i n a s  much a s  PC12 c e l l s  lo a d e d  o v e r  a  15 m in 
p e r io d  w i th  3H-NE r e l e a s e d  up to  8% o f  t o t a l  l a b e l l e d  m a te 
r i a l  when s t i m u l a t e d  w i th  1 mM ty r a m in e .  By c o m p a r is o n  50 
mM KCl r e l e a s e d  tw ic e  a s  m uch. The a d d i t i v e  e f f e c t s  o f  
ty ra m in e  and  KCl in d u c e d  r e l e a s e  w ou ld  i n d i c a t e  th e  e x i s t -  
a n c e  o f  two s e p a r a t e  p o o ls  f o r  NE, p re s u m a b ly  a  c y t o s o l i c  
a n d  s e c r e t o r y  g r a n u l e .  In  c o n t r a s t ,  CC r e l e a s e d  v i r t u a l l y  
no 3H-NE e v e n  u p to  1 mM ty ra m in e ,  i n  s p i t e  o f  a s u b s t a n t i a l  
KCl (50  mM) in d u c e d  r e l e a s e .  We t h e r e f o r e  s u g g e s t  t h a t  s in c e  
PC12 i s  d e r iv e d  from  CC th e  g e n e s  t h a t  c o n t r o l  MAO-type and 
t y r a m i n e - s u s c e p t i b i l i t y  may be l in k e d  and  t h e i r  c o in c i d e n t  
e x p r e s s io n  r e l a t e d  to  th e  t r a n s f o r m a t i o n  o f  th e  CC.

209.11  ASCORBIC ACID REGULATION OF NOREPINEPHRINE BIOSYNTHESIS IN 
ISOLATED CHROMAFFIN GRANULES FROM BOVINE ADRENAL MEDULLA.
K. M o r i ta * ,  M. L e v in e * ,  and  H. P o l l a r d  (S p o n : D. B e r g s t r o m ) .  
Lab o f  C e l l  B io lo g y  and  G e n e t ic s ,  NIADDK, NIH, B e th e s d a ,  Md. 
20205

A s c o rb ic  a c id  i s  t h e  o p tim a ]  e l e c t r o n  d o n o r  f o r  i s o l a t e d  
do p am in e  b e t a  h y d r o x y la s e ,  b u t  th e  im p o r ta n c e  o f  t h i s  o b s e r 
v a t i o n  to  d opam ine  b e t a  h y d ro x y l a s e  f u n c t i o n  in  c h ro m a f f in  
g r a n u l e s  h a s  b e e n  o p e n  to  q u e s t i o n .  To i n v e s t i g a t e  t h i s  
p ro b le m , we s tu d i e d  th e  i n f l u e n c e  o f  a s c o r b i c  a c id  on s y n 
t h e s i s  o f  n o r e p in e p h r in e  from  dop am in e  in  i s o l a t e d  b o v in e  
c h ro m a f f in  g r a n u l e s .  C h ro m a ff in  g r a n u le s  i n c u b a te d  w i th  
( H) do p am in e  and  Mg-ATP w e re  a b l e  to  t r a n s p o r t  t h e  c a t e 
c h o la m in e  and to  s y n th e s i z e  (3H ) n o r e p i n e p h r i n e .  W ith  t h e  
a d d i t i o n  o f  a s c o r b i c  a c i d ,  c h ro m a f f in  g r a n u le s  d o u b le d  th e  
am ount o f  ( 3H) n o r e p in e p h r in e  b i o s y n t h e s i s  a s  com pared  to  
c o n t r o l .  (3 H) d opam ine  fo u n d  i n  th e  same g r a n u l e s  i n  th e  
p r e s e n c e  o f  a s c o r b i c  a c id  was s l i g h t l y  l e s s  th a n  c o n t r o l ,  
w h i le  t o t a l  (3 H) c a te c h o la m in e  was i d e n t i c a l  u n d e r  b o th  
c o n d i t i o n s .  S in c e  d opam ine  b e t a  h y d r o x y la s e  i s  l o c a t e d  
w i t h in  g r a n u l e s ,  we th e n  i n v e s t i g a t e d  a s c o r b i c  a c id  u p t a k e .  
A s c o r b ic  a c id  was fo u n d  to  n o t  be t r a n s p o r t e d  a t  a l l  i n to  
c h ro m a f f in  g r a n u l e s ,  i n  t h e  p r e s e n c e  o f  Mg-ATP and in  th e  
p r e s e n ce  o r  a b s e n c e  o f  (3 H) d o p a m in e , and  a s  m ea su red  b o th  
by  (14 C ) a s c o r b i c  a c id  u p ta k e  o r  d i r e c t l y  by HPLC. D e s p i te  
l a c k  o f  a s c o r b i c  a c id  u p t a k e ,  a s c o r b i c  a c id  i n c r e a s e d  n o r 
e p in e p h r in e  b i o s y n t h e s i s  i n  c h ro m a f f in  g r a n u le s  u n d e r  many 
c o n d i t i o n s .  E nhancem ent o c c u r r e d  a t  a l l  c o n c e n t r a t i o n s  o f  
Mg-ATP b e tw e e n  0 .2 5  mM and  5 .0  mM, a l t h o u g h  th e  o p t im a l  Mg- 
ATP c o n c e n t r a t i o n  a p p e a re d  to  b e  2 .5  mM. L ik e w is e ,  a s c o r b i c  
a c id  d o u b le d  new (3 H) n o r e p in e p n r in e  b i o s y n t h e s i s  w h e th e r  
e x t e r n a l  ( H) do p am in e  c o n c e n t r a t i o n  w as 20 µM, 50 µM, o r  
100 µM. The a s c o r b i c  a c id  e f f e c t  was e v id e n t  a t  c o n c e n t r a 
t i o n s  a s  low  a s  200 µM e x te r n a l  a s c o r b a t e ,  and  th e  o p t im a l  
c o n c e n t r a t i o n  was 2 mM, a  c o n c e n t r a t i o n  n e a r l y  i d e n t i c a l  to  
t h a t  p r e v i o u s ly  fo u n d  by u s  i n  .ch r o m a f f in  c e l l s .  A s c o rb ic  
a c id  en h an cem en t o f  n o r e p in e p h r in e  b i o s y n t h e s i s  c o u ld  n o t  be 
d u p l i c a t e d  by o t h e r  r e d u c in g  a g e n ts  su c h  a s  NADH, g l u t a 
t h i o n e ,  h o m o c y s te in e ,  o r  t h i o u r e a .  We c o n c lu d e  t h a t  a s 
c o r b i c  a c id  s p e c i f i c a l l y  e n h a n c e s  n o r e p in e p h r in e  b i o 
s y n t h e s i s  from  dopam ine  i n  i s o l a t e d  c h ro m a f f in  g r a n u l e s ,  
w i th o u t  u p ta k e  o f  a s c o r b i c  a c id  Our r e s u l t s  s t r o n g l y  
s u g g e s t  t h e  e x i s t e n c e  o f  an  e l e c t r o n  t r a n s p o r t  sy s te m  a c r o s s  
t h e  c h ro m a f f in  g r a n u le  m em brane

209.12  SEROTONIN UPTAKE BY ADRENAL MEDULLARY CELLS.  M .H o lz w arth  
and C . Saw etaw an* .  D e p t .  A n a to m ic a l  S c i e n c e s ,  U n iv . o f  IL , 
U rb a n a , IL  6 1 8 0 1 .

S e r o to n i n - l i k e  im m u n o re a c t iv i ty  h a s  b e e n  p r e v i o u s ly  i d e n t 
i f i e d  i n  m e d u l la r y  c e l l s  o f  t h e  r a t  a d r e n a l  g la n d  u s in g  im - 
m u n o c y to c h e m is tr y . D o u b le  l a b e l l i n g  im m u n o c y to c h e m ic a l e x 
p e r im e n ts  l e a d  to  th e  c o n c lu s io n  t h a t  s e r o t o n i n  and e p in e p h 
r i n e  a r e  fo u n d  i n  th e  same c e l l s .  The im m u n o s ta in in g  o f  
t h e s e  c e l l s  i s  m o d i f ia b l e  w i th  v a r i o u s  p h a rm a c o lo g ic a l  a g e n ts  
known to  a f f e c t  s e r o t o n i n  (5-H T) c o n te n t  o f  s e r o t o n e r g i c  
n e u ro n s :  p - c h l o r o p h e n y l a la n i n e  ( s y n t h e s i s  i n h i b i t o r )  and 
r e s e r p i n e  (m onoam ine d e p l e t e r )  t r e a tm e n t  r e d u c e d  5-HT immuno
s t a i n i n g ,  L - t r y p to p h a n  ( p r e c u r s o r )  and  p a r g y l i n e  (M A O -inhib- 
i t o r )  au g m en ted  im m u n o s ta in in g  and  p -c h lo ro a m p h e ta m in e  (5-HT 
r e l e a s e r )  d e c re a s e d  im m u n o s ta in in g .

In  o r d e r  to  f u r t h e r  e v a lu a t e  t h e  p h y s io l o g ic a l  s i g n i f i 
c a n c e  o f  a d r e n a l  m e d u l la r y  5 H T - im m u n o re a c t iv i ty , th e  u p ta k e  
c h a r a c t e r i s t i c s  o f  5-HT and i t s  p r e c u r s o r s ,  5 -h y d ro x y t r y p t o 
phan  and L - t r y p to p h a n ,  h av e  b e e n  i n v e s t i g a t e d .  5-HT u p ta k e  
was f i r s t  d e m o n s tra te d  w i th  im m u n o c y to c h e m is try  o f  a d r e n a l s  
w h ich  had  b e e n  p r e v i o u s ly  d e p le t e d  o f  5-HT s t o r e s  w i th  r e s e r 
p in e ;  when in c u b a te d  w i th  1x10-5 M 5-H T, au g m en ted  immuno
s t a i n i n g  was o b s e rv e d .  U p tak e  w as f u r t h e r  i n v e s t i g a t e d  by 
in c u b a t io n  o f  q u a r t e r e d  a d r e n a l s  i n  K r e b s - b i c a r b o n a te  b u f f e r  
c o n ta i n in g  1 .2 x 1 0 -7  M 3H- 5-HT a t  37 C. The am ount o f  r a d i o 
a c t i v e  am ine t a k e n  up was d e te r m in e d  by  s c i n t i l l a t i o n  c o u n t 
in g  o f  s o l u b i l i z e d  a d r e n a l s  o r  o f  p e r c h l o r i c  a c id  e x t r a c t s  
o f  h o m o g e n a te s . A d r e n a ls  c o n t in u e d  to  t a k e  up 5-HT f o r  a t  
l e a s t  60 m in w i th  t h e  g r e a t e s t  r a t e  o f  u p ta k e  o c c u r r in g  
d u r in g  th e  f i r s t  15 m in . R e s e rp in e  p r e t r e a t m e n t  had  no s i g n i f 
i c a n t  e f f e c t  on th e  am ount o r  r a t e  o f  u p t a k e .  The u p ta k e  
was v e r i f i e d  by m e a s u r in g  3H-5-HT u p ta k e  i n  th e  p r e s e n c e  o f 
i n c r e a s i n g  c o n c e n t r a t i o n s  o f  u n l a b e l l e d  5-HT (1 0 - 8 to  10 - 4 M), 
To a s c e r t a i n  n o n - s p e c i f i c  u p ta k e  a d r e n a l s  w e re  i n c u b a te d  a t  
4 C; u p ta k e  was r e d u c e d  by a t  l e a s t  80%. S p e c i f i c i t y  o f  u p 
t a k e  was d e te r m in e d  by i s o t o p e  d i l u t i o n  e x p e r im e n ts  and  by 
a d d i t i o n  o f  1x 10- 5 M f l u o x i t i n e  (u p ta k e  i n h i b i t o r )  w h ic h  r e 
d u ced  u p ta k e  to  33% o f  c o n t r o l s .  C e l l u l a r  l o c a l i z a t i o n  o f  
3H- 5-HT h a s  b e e n  v e r i f i e d  w i th  a u to r a d io g r a p h y .  S i g n i f i c a n t  
u p ta k e  o f  3H- 5 - h y d r o x y tr y p to p h a n  h a s  a l s o  b e e n  d e m o n s t r a te d .  
T h ese  r e s u l t s  p r o v id e  e v id e n c e  f o r  th e  p r e s e n c e  o f  a 
s p e c i f i c  s e r o t o n in  u p ta k e  m echan ism  i n  t h e  a d r e n a l  m e d u lla  
o f  t h e  r a t .
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2 09 .13 INCORPORATION OF 35S AND 32P FROM LABELLED NUCLEOTIDES INTO 
SAPONIN-SKINNED CHROMAFFIN CELLS.  J .C . Brooks and 
M. B rooks* .  M arquette  U n iv e rs ity  School o f D e n t i s t r y ,  
M ilw aukee, WI 53233.

We have p re v io u s ly  d em onstra ted  a ca lc ium  enhanced 
in c o rp o ra t io n  o f 35S from th e  n u c le o tid e  ATP S in to  sa p o n in 
s k in n ed , c u l tu re d  ch ro m affin  c e l l s .  The r a t i o n a l e  fo r  use of 
t h i s  n u c le o t id e  was t h a t  c e l l u l a r  k in a se s  can use i t  fo r  
th io p h o sp h o ry la tio n  o f p ro te in s  w h ile  th e  r e s u l t a n t  
th io p h o sp h o p ro te in s  a r e  r e s i s t a n t  to  d e th io p h o s p h o ry la t io n  
by c e l l u l a r  p h o sp h a ta se s . Thus i t  shou ld  be p o s s ib le  to  lo ck  
c e l l u l a r  p h o sp h o ry la tio n -d e p e n d e n t r e a c t io n s  in  th e  th io p h o s -  
p h o ry la te d  s t a t e  and de te rm in e  t h e i r  r e l a t i o n s h ip  to  th e  
s e c re to ry  p ro c e s s . When sk inned  c e l l s  were in c u b a ted  fo r  5- 
30 min w ith  t r a c e r  c o n c e n tra t io n s  o f [ 35S]ATPγS, th e  la b e l  
appeared  p r im a r i ly  in  two p r o te in s ,  d e s ig n a te d  a s  P r o te in - I  
(MW= 54,000 d a l to n s )  and P r o te i n - I I  (MW= 43 ,000  d a l to n s ) .  
P r o te in - I  was more h e a v ily  th io p h o sp h o ry la te d  in  c o n tro l  
c e l l s  and P r o te i n - I I  was more h e a v ily  th io p h o sp h o ry la te d  in  
th e  ca lc ium  s tim u la te d  c e l l s .  N e ith e r  p ro te in  was 
th io p h o sp h o ry la te d  in  i n t a c t  c e l l s ;  a s e r i e s  of o th e r ,  
h ig h e r  m o lecu la r w eigh t p ro te in s  in c o rp o ra te d  la b e l  in  
s tim u la te d  in t a c t  c e l l s .

In  p a r a l l e l  ex p e rim en ts  w ith  [ 32P]A Tγ P, la b e l  was 
in c o rp o ra te d  in to  P r o te in s - I  and I I  o f sk inned  c e l l s  a s  w e ll 
as  a number o f o th e r  p r o te in s .  However, th e  m ajor d if f e re n c e  
was a much low er t o t a l  in c o rp o ra t io n  in to  th e  s tim u la te d  
c e l l s  compared to  th e  u n s tim u la te d  c o n t r o l s .  T h is was n o t 
due to  p ro te in  lo s s  from th e  s tim u la te d  c e l l s ,  which 
a c tu a l ly  co n ta in e d  s ig n i f i c a n t ly  more p ro te in  than  
u n s tim u la te d  c e l l s  a t  th e  end o f th e  u su a l 30 min. 
in c u b a tio n  p e r io d .

T h io p h o sp h o ry la tio n  ca u ses  bo th  th e  a b o l i t i o n  of 
s e c r e t io n  in  sk inned  c e l l s  and th e  in c o rp o ra t io n  of 
th io p h o sp h a te  in to  s p e c i f i c  c e l l u l a r  p r o te in s .  In  c o n t r a s t ,  
s e v e r a l  o th e r  p ro te in s  were p redom inan te ly  p h o sp h o ry la ted  
when ATP was used a s  th e  s u b s t r a te  fo r  s e c r e t io n .  Thus 
P r o te in s - I  and I I  appear to  have a d i r e c t  r o le  in  th e  
s e c re to ry  p ro c e s s , w h ile  s e v e ra l  o th e r s  do n o t . S ince  th e  
la b e l le d  n u c le o t id e s  were p re s e n t in  t r a c e r  q u a n t i t i e s ,  th e  
g r e a te r  p h o sp h o ry la tio n  of c o n tro l  c e l l s  than  s tim u la te d  
c e l l s  p robab ly  r e f l e c t s  th e  r a t e  o f tu rn o v e r  o f la b e l le d  
phosphate  from p h o s p h o p ro te in s .

S upported  in  p a r t  by NSF g ra n t BNS8304 154.

209.14  CHARACTERIZATION OF ADRENAL MEDULLA HOMOGENATES.  S.W. 
C arm ich ae l, G.L. P f e i f f e r , *  D.R. S tu d e lsk a *  and W.S.  
B r im ijo in . S ec tio n  o f Anatomy and D epartm ent o f 
Pharm acology. Mayo C l in ic ,  R o c h e s te r , MN 55905.

T h is study  i s  the  f i r s t  phase o f our a ttem p t to  i s o l a t e  
m ito c h o n d ria -c h ro m a ff in  v e s ic le  com plexes th a t  have been 
id e n t i f i e d  in  v ivo  (C arm ichael and Sm ith, C e ll T i s s .  Res. 
191 :421 -432 , 1978). We have c h a ra c te r iz e d  hom ogenates o f 
th e  a d re n a l m edu lla  by b iochem ica l and m o rpho log ica l c r i 
t e r i a  and w i l l  l a t e r  r e p o r t  on a f r a c t io n  en ric h e d  in  
m ito ch o n d ria -ch ro m a ff in  v e s ic le  com plexes. F resh  bovine 
a d re n a l m edu llas were g e n tly  homogenized in  a TCS Con
tin u o u s  T issu e  H om ogenizer. The s u p e rn a ta n t from a 800xg 
10 min c e n t r i f u g a t io n  was spun a t  15,000xg fo r  15 m in. 
T h is p e l l e t  was resuspended  in  b u ffe re d  su cro se  and mixed 
in to  a s o lu t io n  o f 60% P e rc o l l  and 0.28M s u c ro s e . The 
m ix tu re  was spun a t  42,000xg fo r 80 m in, a llo w in g  fo r 
fo rm a tio n  o f the  P e r c o l l  g ra d ie n t and s e p a ra t io n  o f o rg an 
e l l e s  based  on buoyant d e n s i ty .  F ra c t io n s  were ana lyzed  
fo r  monoamine ox id ase  (MAO, m arker of the o u te r  m ito 
c h o n d r ia l  m em branes), dopamine ß-h y d ro x y la se  (DßH) and 
ca tech o lam in es  (m arkers fo r  ch ro m affin  v e s i c l e s ) ,  and p ro 
t e i n .  The same f r a c t io n s  were a lso  examined by ro u tin e  
t ra n sm is s io n  e l e c t ro n  m icroscopy (TEM), n e g a tiv e  s ta i n  
TEM o f sm ears, and scann ing  e le c t ro n  m icroscopy (SEM) o f 
f i l t r a t e s .  Based on p a r t i c l e  s i z e ,  m ito ch o n d ria  and 
ch ro m affin  v e s ic le s  cou ld  be id e n t i f i e d  by n e g a tiv e  s ta i n  
and SEM. A lso , P e r c o l l  p a r t i c l e s  (20nm) could be seen  by 
n e g a tiv e  s t a i n .  DßH peaks were found in  the l i g h t e s t  f r a c 
t io n s  and presumed to  be so lu b le  c o n te n ts  o f ly sed  v e s ic le s .  
I n t a c t  v e s ic le s  were in  a f r a c t io n  h e a v ie r  than  m ito 
c h o n d ria  as shown by th e i r  a s s o c ia t io n  w ith  e p in e p h rin e  
and n o re p in e p h r in e . The f r a c t io n s  were assayed  fo r 
membrane-bound DßH a f t e r  s u b je c t in g  the v e s ic le s  to  f r e e z e 
thaw ing and s o n ic a t io n  in  a hypo ton ic  b u f f e r ,  h ig h -sp ee d  
c e n t r i f u g a t io n ,  and re su sp e n s io n  in  a T r i to n -c o n ta in in g  
b u f f e r .  This DßH peak c o r r e la te d  w ith  the ca tech o lam in e  
peak . M itochond ria  were in  a f r a c t io n  c o n ta in in g  the 
h ig h e s t p ro te in  c o n c e n tr a t io n .  The MAO a c t i v i t y  o f bo th  the  
m edu lla  and the c o r te x  appeared  to  be b o th  Type A and B, as 
ev idenced  by s tu d ie s  w ith  s e le c t i v e  i n h i b i to r s .  The exam i
n a t io n  o f f r a c t io n s  by TEM confirm ed the f in d in g s  w ith  
m a rk e rs . M ito c h o n d ria -ch ro m aff in  v e s ic le  com plexes could  be 
id e n t i f i e d  in  f r a c t io n s  a t the MAO-DßH in t e r f a c e .   This work 
was su p p o rted  by NIMH37937 and Mayo F ou n d a tio n .

210 1  NODOSE AND SUPERIOR CERVICAL GANGLIA PROJECTIONS TO THE RAT 
THYMUS GLAND.  K .B u l lo c h ,  E .R o th *  and  M.R. C u l le n .*  (SPON:
T. M eln ech u k )  Dept. o f  N e u r o . ,  D iv . o f  N eu ro im m u n o l. S ch . 
o f  Med. S .U .N .Y . S to n y  B ro o k , N.Y. 1 1 794 .

The thym us i s  i n n e r v a te d  by f i b e r s  o f  th e  ANS. H o r s e r a d i s h  
p e r o x id a s e  (HRP) h i s t o c h e m i c a l  s t u d i e s  r e v e a l e d  t h a t  p a r t  
o f  th e  s o u rc e  o f  t h i s  i n n e r v a t i o n  i s  d e r iv e d  from  th e  b r a i n 
s te m ’ s n .  a m b ig u u s , n . r e t r o f a c i a l  and from  th r e e  d i s c r e t e  
c e l l  co lu m n s in  th e  v e n t r a l  h o rn  o f  th e  c e r v i c a l  s p i n a l  c o rd .  
To f u r t h e r  c h a r a c t e r i z e  th y m ic  i n n e r v a t i o n ,  an HRP s tu d y  was 
u n d e r ta k e n  to  d e te r m in e  i f  th e  s u p e r i o r  c e r v i c a l  and n o d o se  
g a n g l i a  p r o j e c t e d  to  th e  r a t  th y m u s. HRP ( 5 u l)  was i n j e c t e d  
v i a  a  H a m ilto n  m i c r o l i t e r  s y r i n g e  i n t o  b o th  th y m ic  lo b e s  o f  
s ix - w e e k - o ld  S p ra g u e  Daw ley r a t s .  The r a t s  w ere  p e r f u s e d  24 
h o u r s  p o s t - i n j e c t i o n  and th e  n o d o se  and  s u p e r i o r  c e r v i c a l  
g a n g l i a  w ere  rem o v ed , f r o z e n  and  c u t  s e r i a l l y  36 um t h i c k .  
The t i s s u e  was p r o c e s s e d  f o r  TMB r e t r o g r a d e  t r a n s p o r t  r e 
a c t i o n .  C o n t r o l  r a t s  r e c e i v e d  HRP i n j e c t i o n s  i n t o  th e  p e c 
t o r a l  m u sc le s  v e n t r a l  to  th e  th y m u s. I n j e c t i o n s  o f  HRP i n to  
th e  l e f t  and r i g h t  th y m ic  lo b e s  p ro d u c e d  l a b e l i n g  o f  n e u ro n s  
i n  th e  i p s i l a t e r a l  n o d o se  and  s u p e r i o r  c e r v i c a l  g a n g l i a .  In  
th e  n o d o se  g a n g l i a  l a r g e  n e u ro n s  (40 um) w ere  l a b e l e d  w i th  
HRP in  th e  a r e a  im m e d ia te ly  a d ja c e n t  to  w h ere  th e  s u p e r i o r  
l a r y n g e a l  n e rv e  j o i n s  th e  g a n g l i a .  In  th e  s u p e r i o r  c e r v i c a l  
g a n g l i a  l a b e l e d  n e u ro n s  w ere  o b s e rv e d  w i t h in  two a r e a s .  One 
g ro u p  o f  s m a l l  l a b e l e d  n e u ro n s  (24  um) was e v id e n t  in  th e  
c a u d a l  p o le  o f  th e  g a n g l i a ,  w h e re a s  a g ro u p  o f  medium s i z e  
n e u ro n s  (32 um) was l a b e l e d  in  th e  m id - r e g io n  o f  th e  g a n g l i a .  
C o n t r o l  HRP i n j e c t i o n s  y i e l d e d  no l a b e l e d  c e l l s  in  e i t h e r  th e  
n o d o se  o r  s u p e r i o r  c e r v i c a l  g a n g l i a .  The m am m alian n o d o se  
g a n g l i a  a r e  s e n s o r y  g a n g l i a  w hose a x o n s  ru n  w i t h in  th e  v a g u s  
n e rv e  t o  p r o v id e  s e n s o r y  i n f o r m a t io n  from  v i s c e r a l  r e c e p t o r s  
to  s p e c i a l  c e n t e r s  w i t h in  th e  b r a i n .  The p r e s e n c e  o f  su c h  
n e rv e s  w i t h in  th e  thym us c l e a r l y  d e m o n s t r a te s  th e  a b i l i t y  
o f  t h i s  p r im a ry  immune s y s te m  o rg a n  to  d i r e c t l y  com m unica te  
v i a  n e u ro a n a to m ic a l  p a th w a y s  w i th  d i s c r e t e  r e g io n s  o f  th e  
c e n t r a l  n e rv o u s  s y s te m . The s u p e r i o r  c e r v i c a l  g a n g l i a  a r e  
th e  p r im a ry  g a n g l i a  o f  th e  s y m p a th e t ic  c h a in  and  a r e  th o u g h t  
to  p r o v id e  v a s o g la n d u l a r  s y m p a th e t ic  i n n e r v a t i o n  to  t i s s u e s  
o f  th e  h ead  o r  n e c k  e . g .  p i n e a l .  T aken c o l l e c t i v e l y  t h e s e  
f i n d i n g s  add v a lu a b l e  new in f o r m a t io n  a b o u t  th e  ty p e s  o f  i n 
n e r v a t io n  t h a t  p a r t i c i p a t e  i n  th y m ic  i n n e r v a t i o n  and  f u r t h e r s  
o u r  b a s i c  u n d e r s t a n d in g  o f  th e  com plex  p a th w a y s  o f  n e u ro -  
immune i n t e g r a t i o n .
( s u p p o r te d  by NIH G ra n t #NS18401)

210 2  PR IOR EXPOSURE OF RATS TO ESCAPABLE SHOCKS REDUCES THE 
IMMUNOSUPPRESSIVE EFFECTS OF INESCAPABLE SHOCKS.  J .  E .  
K e ls e y  and  A. C. M cG ra th . *  D e p t .  P s y c h o lo g y ,  B a te s  C o l le g e ,  
L e w is to n ,  ME 04 2 4 0 .

R e c e n t r e s e a r c h  h a s  d e m o n s tra te d  t h a t  e x p o s u re  to  u n co n 
t r o l l a b l e ,  b u t  n o t  c o n t r o l l a b l e ,  s t r e s s o r s  c a n  e n h a n ce  
s u s c e p t i b i l i t y  to  d i s e a s e s ,  i n c l u d i n g  c a n c e r ,  by s u p p r e s s in g  
th e  f u n c t i o n  o f  th e  immune s y s te m . B ased  on f i n d i n g s  t h a t  
p r i o r  e x p o s u re  to  c o n t r o l l a b l e  s t r e s s o r s  c a n  r e d u c e  some o f  
th e  b e h a v io r a l  e f f e c t s  o f  u n c o n t r o l l a b l e  s t r e s s o r s  ( e . g . ,  
l e a r n e d  h e l p l e s s n e s s ) , th e  i n t e n t  o f  t h i s  s tu d y  was to  d e 
te r m in e  i f  p r i o r  e x p o s u re  to  e s c a p a b le  s h o c k s  in  r a t s  w ould  
r e d u c e  th e  im m u n o su p p re s s iv e  e f f e c t s  o f  s u b s e q u e n t  i n e s c a p 
a b le  s h o c k s .

D u rin g  th e  i n i t i a l  s e s s i o n ,  r a t s  w ere  p la c e d  in  g ro u p s  
o f  t h r e e  in  w h e e l - t u r n  c h a m b e rs . R a ts  in  t h e  e s c a p a b le  
sh o c k  g ro u p  w ere  a l lo w e d  to  e s c a p e  80 t a i l  sh o c k s  ( 1 .0  mA), 
d e l i v e r e d  on a  VT 6 0 - s e c  s c h e d u le ,  by tu r n i n g  a w h ee l a t  th e  
f r o n t  o f  th e  ch am b er. R a ts  in  th e  i n e s c a p a b le  sh o c k  g ro u p  
w ere  yoked to  r a t s  in  th e  e s c a p a b le  s h o c k  g ro u p  and r e c e i v e d  
t a i l  sh o c k s  w h en ev e r th e  l a t t e r  g ro u p  d i d .  W h e e l - tu r n in g  
by r a t s  in  th e  in e s c a p a b le  s h o c k  g ro u p  had no e f f e c t  on th e  
am ount o f  sh o c k  r e c e i v e d .  R a ts  in  th e  t h i r d  g ro u p  s e rv e d  
a s  u n sh o c k ed  c o n t r o l s .  Two d a y s  l a t e r ,  th e  r a t s  in  th e  
e s c a p a b le  an d  in e s c a p a b le  s h o c k  g ro u p s  r e c e iv e d  80 5 - s e c  
i n e s c a p a b le  t a i l - s h o c k s  d e l i v e r e d  on a  VT 6 0 - s e c  s c h e d u le  
in  t h e  same c h a m b e rs . R a ts  in  th e  c o n t r o l  g ro u p  w ere  a g a in  
u n s h o c k e d . One d ay  l a t e r ,  a l l  r a t s  w ere  ex p o sed  to  f i v e  5 -  
s e c  " r e m in d e r "  f o o ts h o c k s  ( 0 .8  mA), and  th e  f u n c t i o n  o f  
t h e i r  immune s y s te m  was th e n  a s s e s s e d  by m e a s u r in g  th e  p r o 
l i f e r a t i o n  o f  s p l e n i c  ly m p h o c y te s  i n  r e s p o n s e  to  th e  T - c e l l  
m ito g e n  c o n c a n a v a l in  A (Con A ) .

As e x p e c t e d ,  e x p o s u re  to  two s e s s i o n  o f  i n e s c a p a b le  
s h o c k s  c a u se d  a  s i g n i f i c a n t  r e d u c t io n  in  m i t o g e n - s t im u la t e d  
ly m p h o c y te  p r o l i f e r a t i o n .  More i m p o r ta n t ,  p r i o r  e x p o s u re  
to  e s c a p a b le  sh o c k s  c o m p le te ly  e l i m in a te d  th e  imm unosup
p r e s s i v e  e f f e c t s  o f  th e  i n e s c a p a b le  s h o c k s .  F u r th e r m o r e ,  
t h i s  " im m u n iz in g "  e f f e c t  o f  p r i o r  e s c a p a b le  sh o c k s  was 
e v id e n t  ev en  when th e  e s c a p a b le  sh o c k s  o c c u r r e d  21 d a y s  
p r i o r  to  th e  i n e s c a p a b le  s h o c k s  and ev en  when th e  r a t s  w ere  
s u b s e q u e n t ly  e x p o sed  to  two s e s s i o n s  o f  i n e s c a p a b le  s h o c k s .  
T h ese  d a ta  s u g g e s t  t h a t  p r i o r  e x p o s u re  to  c o n t r o l l a b l e  
s t r e s s o r s  a r e  c a p a b le  o f  r e d u c in g  o r  e l i m in a t i n g  p h y s io 
l o g i c a l  a s  w e l l  a s  b e h a v io r a l  e f f e c t s  n o rm a l ly  p ro d u c e d  by 
u n c o n t r o l l a b l e  s t r e s s o r s ,  and  i n d i c a t e  t h a t  b e h a v io r a l  " im 
m u n iz a t io n "  may h e lp  m a in t a in  p h y s i c a l  a s  w e l l  a s  m e n ta l  
h e a l t h .
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210.3  EFFECTS OF STRESS ON IMMUNE FUNCTION IN MICE AND RATS.
E.  G a m z u ,  G. V i n c e n t ,  N. T a r e ,  W. B e n j a m i n ,  J .  F a r r a r ,  
a n d  A C .  S u l l i v a n ,  H o f f m a n n - L a  R o c h e  I n c . ,  N u t l e y ,  NJ 0 7 1 1 0

W e  h a v e  a t t e m p t e d  t o  e s t a b l i s h  a  m o d e l  o f  
s t r e s s - i n d u c e d  immune s u p p r e s s i o n  ( S I S S )  i n  o r d e r  t o  s t u d y  
p o s s i b l e  d r u g  e f f e c t s  i n  p s y c h o p h y s i o l o g i c a l  d i s o r d e r s .  T he  
s t r e s s o r s  h a v e  r a n g e d  f r o m  p h y s i o l o g i c a l  ( e . g .  
r e s t r a i n t / s h o c k )  t o  p r i m a r i l y  p s y c h o l o g i c a l  ( " l e a r n e d  
h e l p l e s s n e s s " ;  L H ) .  A d u l t  m a l e  m i c e  w e r e  i n j e c t e d  w i t h  s h e e p  
r e d  b l o o d  c e l l s  a n d  i m m e d i a t e l y  r e s t r a i n e d  i n  a s u p i n e  
p o s i t i o n  ( V i n c e n t  e t  a l . ,  1 9 8 4 )  i n  a c o l d  ( 7 - 9 ° C )  e n v i r o n 
m e n t  f o r  3 h r ,  o r  e x p o s e d  t o  60  i n e s c a p a b l e  s h o c k s  ( 1 . 6  mA, 
6 s e c ) .  T h e  m i c e  w e r e  s a c r i f i c e d  4 d a y s  l a t e r  a n d  t h e  n u m b e r  
o f  p l a q u e  f o r m i n g  c e l l s  (P F C ) p e r  1 0 6 s p l e e n  c e l l s  w e r e  
c o u n t e d  a s  a  m e a s u r e  o f  immune f u n c t i o n  ( I F ) .  IF  wa s  s i g n i f 
i c a n t l y  r e d u c e d  i n  r e s t r a i n e d  m i c e  ( x = 1 8 0 ± 5 7 )  c o m p a r e d  t o  
c o n t r o l s  ( x = 1 9 5 3 ± 5 9 1 ) , b u t  n o t  i n  t h e  s h o c k e d  m i c e .  I n  a 
s e c o n d  e x p e r i m e n t ,  m i c e  e x p o s e d  t o  4 d a i l y  s e s s i o n s  o f  60 
s h o c k s  f r o m  t h e  d a y  o f  i m m u n i z a t i o n  u n t i l  s a c r i f i c e  h a d  
l o w e r  PFC c o u n t s  ( x = 4 0 7 ± 4 7 8 )  t h a n  c o n t r o l  m i c e  ( x = 1 1 8 3 ± 2 9 3 ) . 
When m i c e  w e r e  e x p o s e d  t o  3 h r  o f  s u p i n e  r e s t r a i n t  a t  ro om  
t e m p e r a t u r e ,  we w e r e  a b l e  t o  d e m o n s t r a t e  d e c r e a s e d  m i t o g e n  
r e s p o n s e s  t o  PHA, ConA,  L P S ,  a n d  PWM a s  w e l l  a s  r e d u c e d  PFC 
( p o o l e d  d a t a  x = 3 8 0  v s  1 9 8 0 )  a n d  a  s i g n i f i c a n t  d e c r e a s e  i n  
t h y m i c  w e i g h t  ( x = 2 6 . 9  v s  4 7 . 1  g m ) . W h i l e  t h e s e  e f f e c t s  a r e  
l a r g e ,  we h a v e  h a d  c o n s i d e r a b l e  d i f f i c u l t y  i n  c o n s i s t e n t l y  
r e p r o d u c i n g  t h e s e  r e s u l t s  d e s p i t e  a t t e m p t s  t o  c o n t r o l  f o r  
s t r a i n ,  t e m p e r a t u r e ,  h o u s i n g ,  e t c .

R a t s  g i v e n  a c c e s s  t o  a r u n n i n g  w h e e l  a n d  f e d  1 h r  e a c h  
d a y  d e v e l o p  m u l t i p l e  i n d i c e s  o f  s t r e s s  w i t h i n  4 - 7  d a y s  
( a c t i v i t y  s t r e s s  ( A S ) ,  P a r e  a n d  V i n c e n t ,  1 9 8 2 ) ,  i n c l u d i n g  a  
p o s s i b l e  S I I S . E x p o s u r e  o f  a d u l t  m a l e  r a t s  t o  AS f o r  6 d a y s  
s i g n i f i c a n t l y  r e d u c e d  t h y m i c  w e i g h t s  ( x = 1 0 6 . 4  v s  2 7 6 . 1  gm) 
a n d  d e c r e a s e d  t h e  m i t o g e n i c  r e s p o n s e  o f  s p l e e n  c e l l s  t o  L PS,  
PWM, PHA, a n d  ConA. T h e  t h i r d  s t r e s s o r  wa s  LH ( L a u d e n s l a g e r  
e t  a l . ,  1 9 8 3 )  i n  w h i c h  a d u l t  m a l e  r a t s  w e r e  e x p o s e d  t o  
e s c a p a b l e  o r  a n  i d e n t i c a l  p a t t e r n  a n d  a m o u n t  o f  i n e s c a p a b l e  
s h o c k  ( 6 4  s h o c k s ,  1 . 0  t o  1 . 6  m A ) . T h e  p s y c h o l o g i c a l  s t r e s s  
o f  l a c k  o f  c o n t r o l  d e c r e a s e d  t h y m i c  w e i g h t  o f  t h e  i n e s c a p 
a b l e  g r o u p  ( x = 3 7 6 . 2  v s  4 4 3 . 4  gm) a n d  i t s  m i t o g e n  r e s p o n s e  t o  
LPS a n d  PWM ( b u t  n o t  t o  ConA o r  PHA).  We a r e  c u r r e n t l y  
a s s e s s i n g  t h e  r e l i a b i l i t y  o f  t h e  LH e f f e c t .  T h e  immune 
s y s t e m  i s  c l e a r l y  s e n s i t i v e  t o  a v a r i e t y  o f  s t r e s s o r s ,  b u t  
t h e  r e s p o n s e  i s  v a r i a b l e ;  o n e  p o s s i b l e  e x p l a n a t i o n  i s  t h a t  
t h e  S I I S  m i g h t  b e  a n  i n d i r e c t  r a t h e r  t h a n  a d i r e c t  e f f e c t  o f  
s t r e s s .

2 1 0 .4  EARLY SOCIAL SEPARATION EXPERIENCES IN INFANT MONKEYS AND ADULT 
I MMUNITY.

M.L. L a u d e n s la g e r ,  J .  C a p i t a n i o * ,  M .L . R e i t e ,  a n d  R. H a rb e c k * ,  
U n iv e rs i ty  o f  Denver and U n iv e rs i ty  o f  C o lo ra d o  S c h o o l o f  M e d ic in e ,  
Denver, CO 80208.

B r i e f  s e p a r a t i o n s  o f  i n f a n t  monkeys from t h e i r  m others have been 
shown to  be accom pan ied  by d i s r u p t i o n s  o f  b e h a v io r a l ,  p h y s io lo g ic a l ,  
and  i mmu n o lo g ic a l  f u n c t i o n .  We h a v e  r e c e n t l y  n o t e d  l o n g - t e r m  
b e h a v io r a l  a l t e r a t i o n s  i n  a d u l t  monkeys b r ie f ly  s e p a ra te d  from t h e i r  
m others as  i n f a n t s  w ith  re g a rd  t o  t h e i r  s o c ia l  in te r a c t io n s  w ith  o th e r  
monkeys.

In  th e  p re s e n t s tu d y , we examined se v e ra l  a s p e c ts  o f  immuno lo g ic a l  
f u n c tio n in g  i n  n in e  a d u lt  p i g t a i l  (M. nem e s tr in a ) monkeys, fo u r  o f  whan 
e x p erien ced  a  10-14 day m a te rn a l  a n d /o r  p e e r  s e p a r a t i o n  d u r in g  t h e  
f i r s t  y e a r  o f  l i f e .  On t h e  same day  ( a t  a g e s  o f  4 .4  to  7.7 y e a rs )  
b lood sam ples w ere o b ta in e d  fro m  a l l  a n im a ls ,  and s e v e ra l  a s p e c ts  o f  
immunity were s tu d ie d , in c lu d in g  measurement o f  t o t a l  w h ite  b lo o d  c e l l  
c o u n t s ,  d i f f e r e n t i a l  w h i t e  c e l l  c o u n t s ,  l e v e l s  o f  s p e c i f i c  
im m u n o g lo b u lin s  (Ig A , IgG , a n d  I g M ) , r h e m a to id  f a c t o r ,  a n d  t h e  
ly m p h o c y te  p r o l i f e r a t i v e  r e s p o n s e  t o  m ito g e n s  (PHA, ConA , a n d  
p o k e w e e d ). A t t h e  same tim e on d i f f e r e n t  days f o r  each  monkey, each 
monkey was ra p id ly  rem oved fro m  i t s  s o c i a l  g ro u p , and a  b lood sample 
was o b ta in e d  f o r  c o r t i s o l  d e te rm in a tio n .

For n o n s tre s sed  a n im als , we found no d i f f e r e n c e s  b e tw e e n  g ro u p s  
w ith  re g a rd  to  b a sa l c o r t i s o l  l e v e l s ,  Immunoglobulin l e v e l s ,  rh e am ato id  
f a c t o r ,  t o t a l  w h i te  c e l l  c o u n ts ,  o r  d i f f e r e n t i a l  w h ite  c e l l  c o u n ts . 
However, f o r  a l l  t h r e e  m ito g e n s  t e s t e d ,  t h e  p r e v i o u s ly  s e p a r a te d  
monkeys showed s t a t i s t i c a l l y  s i g n i f i c a n t  (p < .0 5 )  lo w e r  ly m p h o c y te  
p r o l i f e r a t i v e  r e s p o n s e s  t h a n  n o n se p ara te d  c o n tr o l s .  These f in d in g s  
su g g e st t h a t  a n o th e r  e f f e c t  o f  e a r ly  s o c ia l  s e p a ra tio n  i n  monkeys i s  an  
a l t e r a t i o n  i n  t h e  a b i l i t y  o f  B - a n d  T - c e l l  ly m p h o c y te s  t o  undergo 
m ito g en ic  tra n s fo rm a tio n .  (Supported  by USPH S  MH 37373 and MH 19514).

210.5  N K  CELL ACTIVITY, HYPERCORTISOLEMIA AND DEPRESSION.
H.A. N asra llah , Z.K. B alias* , S. Chapman*.  V.A. Medical 
Center and Depts. o f P sych iatry  and M edicine, U n ivers ity  
o f Iowa College o f M edicine, Iowa C ity , IA.

C o rtic o s te r io d s  have been rep o rted  to  ex e r t an 
in h ib ito ry  e f f e c t  on c e r ta in  immune responses, such as 
lymphocyte number and fu n c tio n . We have p rev io u sly  shown 
th a t  depressed p a tie n ts  w ith  hyperco rtiso lem ia  ( in d ica ted  
by dexamethasone nonsuppression o f c o r t i s o l )  have 
s ig n if ic a n t ly  lower lymphocyte number compared to  depressed 
p a tie n ts  w ith normal dexamethasone suppression . To examine 
the  e f f e c ts  o f hyperco rtiso lem ia  on lymphocyte func tion  we 
s tu d ied  th e  le v e l o f N atural K ille r  (NK) c e l l  a c t iv i ty  in  
depressed p a tie n ts  w ith and w ithout dexamethasone 
nonsuppression; NK c e l l s  a re  be lieved  to  be involved in  
tumor su rv e illa n ce .

62 male p a tie n ts  adm itted to  an acu te  p s y c h ia tr ic  ward 
w ith major depression  (N=41) mania (N=10) and alcoholism  
(N=11) consented to  p a r t ic ip a te  in  the  study . Exclusion 
c r i t e r i a  included major m edical i l l n e s s ,  in tak e  o f s te r o id s ,  
an a lg es ic s  and a n tis e iz u re  drugs. Dexamethasone te s t in g  
was done a f t e r  c o lle c tio n  o f blood fo r  th e  study.
P e rip h e ra l blood lymphocytes were obtained  by Ficoll-Hvoaque 
sedim entation  and were examined fo r  the  NK c e l l  a c t iv i ty .
We used a standard  4-hour 51 Chromium re le a se  assay  to  
measure the  l y t i c  a c t iv i ty  o f the  NK c e l l s .  The ta rg e t  
c e l l s  employed were K562 tumor c e l l s .

There were no s ig n if ic a n t  d iffe ren c e s  in  NK c e l l  a c t iv i ty  
among th e  depressed , manic o r  a lco h o lic /d ep ressed  groups.
No d iffe ren c e s  emerged between dexamethasone supp re sso rs  
and nonsuppressors in  the e n t i r e  sample and w ith in  each 
group.

The d a ta  suggest th a t  NK c e l l  a c t iv i ty  i s  no t 
s ig n if ic a n t ly  a l te re d  in  d ep ress ion , mania o r a lcoholism  
w ith secondary d ep ress ion , re g a rd le ss  o f dexamethasone 
s ta tu s .  The im p lica tio n s  o f th ese  r e s u l t s  fo r  immune 
func tion  in  a f fe c tiv e  i l ln e s s  a re  d iscussed .

2 1 0 . 6   GLUCOCORTICOID AND IMMUNE FUNCTION IN DEPRESSION: RELATION 
TO THE DEXAMETHAS ONE SUPPRESSION T E S T .   G . J .  G o r m l e y * ,  M .T .  
L o w y ,  A . T .  R e d e r *  V . D .  H o s p e l h o m *  J . P  A n t e l * ,  an d H . Y .  
M e l t z e r .  D e p t . o f  P s y c h i a t r y ,  N e u r o l o g y  a n d  Ben May 
L a b o r a t o r y ,  U n i v .  C h i c a g o  P r i t z k e r  S c h .  M e d . ,  C h i c a g o ,  IL 
6 0 6 3 7

S e v e r a l  l i n e s  o f  e v i d e n c e  s u g g e s t  t h a t  g l u c o c o r t i c o i d  r e 
s i s t a n c e  i s  p r e s e n t  i n  some p a t i e n t s  w i t h  m a j o r  d e p r e s s i o n . We 
h a v e  d e v e l o p e d  a  p r o t o c o l  u t i l i z i n g  n e u r o e n d o c r i n e ,  b i o 
c h e m i c a l  a n d  i mm u n o l o g i c a l  t e c h n i q u e s  t o  a s s e s s  g l u c o c o r t i c o i d  
r e c e p t o r  b i n d i n g  and f u n c t i o n  i n  l y m p h o c y t e s  o f  d e p r e s s e d  
p a t i e n t s  a n d  n o r m a l  c o n t r o l s  f o l l o w i n g  a n  i n  v i v o  d e x a 
m e t h a s o n e  (DEX) c h a l l e n g e . S e r u m  c o r t i s o l  l e v e l s  w e r e  m e a s u r 
ed b y  R I A ,  g l u c o c o r t i c o i d  r e c e p t o r  l e v e l s  b y  C o n t r o l l e d  P o r e  
G l a s s  (CPG) b e a d  a s s a y ,  a n d  m i t o g e n - i n d u c e d  l y m p h o c y t e  
p r o l i f e r a t i o n  b y  3H - t h y m i d i n e  u p t a k e  d u r i n g  a s t a n d a r d i z e d  
d e x a m e t h a s o n e  s u p p r e s s i o n  t e s t  ( D S T ) . Ou r r e s u l t s  i n d i c a t e  
t h a t  s u p p r e s s i o n  o f  s e r u m  c o r t i s o l  ( <  5 u g / d l ) f o l l o w i n g  1 mg 
o f  o r a l  DEX i n  b o t h  d e p r e s s e d  an d  c o n t r o l  s u b j e c t s  (N =1 0) w a s  
a s s o c i a t e d  w i t h  a  d e c r e a s e  b o t h  i n  t h e  l y m p h o p r o l i f e r a t i v e  
r e s p o n s e  t o  m i t o g e n  s t i m u l a t i o n  and i n  t h e  n u m b e r s  o f  c y t o 
p l a s m i c  r e c e p t o r s  i n  c i r c u l a t i n g  l y m p h o c y t e s  (20 % a n d  39% 
r e d u c t i o n  r e s p e c t i v e l y ) .  I n  c o n t r a s t ,  f a i l u r e  t o  s u p p r e s s  
c o r t i s o l  i n  d e p r e s s e d  a n d  c o n t r o l  s u b j e c t s  ( n o n - s u p p r e s s o r s ,  
N=6) w a s  a s s o c i a t e d  w i t h  n o  c h a n g e  i n  t h e  m i t o g e n  r e s p o n s e s  o r  
r e c e p t o r  l e v e l s .  T h u s ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  DST n o n 
s u p p r e s s i o n  i s  r e l a t e d  t o  an a b n o r m a l i t y  i n  g l u c o c o r t i c o i d  
r e c e p t o r  f u n c t i o n .  We f u r t h e r  o b s e r v e d  t h a t  t h e  d e g r e e  t o  
w h i c h  p o s t - D E X  s e r u m  c o r t i s o l  l e v e l s  w e r e  s u p p r e s s e d  c o r r e 
l a t e d  w i t h  r e c e p t o r  c h a n g e s  ( r = 0 . 6 3 ,  p <  0 . 0 1 )  a n d  w i t h  
r e s p o n s e  t o  m i t o g e n s  s u c h  a s  p h y t o h e m a g g l u t i n i n  (PHA: r = 0 . 6 5 ,  
p < 0 . 0 0 1 )  a n d  c o n c a n a v a l i n  A ( C o n A :  r = 0 . 5 4 ,  p < 0 . 0 1 ) .  A 
c o m p a r i s o n  b e t w e e n  t h e  D E X -i n d u c e d  r e c e p t o r  and m i t o g e n  
c h a n g e s  f r o m  t h e  s a m e  s u b j e c t s  s h o w e d  h i g h l y  s i g n i f i c a n t  
c o r r e l a t i o n s  (PHA: r = 0 . 7 9 ,  p <  0 . 0 0 1 ,  a n d  C o n A :  r = 0 . 5 9 ,  p <
0 . 0 5 ) .  T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  s u p p r e s s o r s  a n d  n o n 
s u p p r e s s o r s  d i f f e r  a t  t h e  m o l e c u l a r ,  c e l l u l a r  and h o r m o n a l  
l e v e l  a n d  t h a t  t h e s e  c h a n g e s  o c c u r  i n  p a r a l l e l ,  r e p r e s e n t i n g  a 
c o n t i n u u m  o f  s e n s i t i v i t i e s  t o  DEX r a t h e r  t h a n  a  d i c h o t o m o u s  
r e s p o n s e .  L y n p h o c y t e s  a p p e a r  t o  b e  a  u s e f u l  p e r i p h e r a l  t i s s u e  
t o  s t u d y  g l u c o c o r t i c o i d  r e c e p t o r s  an d  f u n c t i o n  i n  a f f e c t i v e  
d i s o r d e r s .
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210.7  BONE MARROW TRANSPLANT FROM AGED TO YOUNG MICE PRODUCES 
BRAIN REACTIVE ANTIBODIES AND CONCURRENT ACCELERATION OF 
LEAENING/MEMORY DEFICITS.  K. Nandv*. H. Lal . M. B ennett* , 
and D. B ennett.  V. A. H o sp ita l, Bedford, MA 01730, 
Boston Univ. School o f M edicine, Boston, MA 02118, and 
D ept. o f Pharmacology, Texas C o ll. o f O steopathic 
M edicine, F o rt Worth, TX 76107.

Rate o f a c q u is it io n  o f a c t iv e  avoidance responses in  
New Zealand Black (NZB) and C57EL/6J mice i s  in v e rse ly  
re la te d  to  th e  p resence , in  serum, o f b ra in  re a c t iv e  
an tib o d ie s  (BRA) s e le c t iv e  fo r  neuronal a n tig e n s . D e fic its  
in  le a rn in g  and BRA e x h ib it  a g e -re la ted  in c reases  in  C57 
m ice, whereas NZB mice show h igher serum BRA t i t e r s  and 
slow er le a rn in g  when much younger (Nandy, e t  a l .  L ife  S c i. 
23: 1499, 1983; Spencer e t  a l . ,  Neuroscience Abs. J9: 96, 
1983). In  o rder to  t e s t  fo r  a  cause and e f f e c t  
re la t io n s h ip  between BRA and th e  le a rn in g  d e f i c i t ,  and to  
fu r th e r  in v e s t ig a te  mechanisms and s i t e s  o f th ese  
a b n o rm a litie s , bone narrow and sp leen  c e l l  suspensions 
were t ra n s fe rre d  from aged in to  young C57 mice ( e .g . ,  
AGED-YOUNG) along w ith  o th e r groups o f t ra n s fe rs  fo r  
a p p ro p ria te  c o n tro ls . P r io r  to  th e  t r a n s fe r ,  th e  re c ip ie n t 
mice were i r r a d ia te d  to  in a c tiv a te  th e i r  own immune system 
and, a f t e r  3-5 months, the  r e c ip ie n t mice were 
in v e s tig a te d  fo r  sim ultaneous occurrence of BRA serum 
t i t e r s  and d e f i c i t s  in  le a rn in g  o f a one-way conditioned  
avoidance response. Comparison to  lik e -ag ed , n o n -rec ip ien t 
c o n tro ls  showed no e f f e c t  o f AGED-AGED or YOUNG-YOUNG 
tr a n s fe r s  on e i th e r  BRA or le a rn in g . These measures 
v a ried  only  as a  func tion  o f age, w ith  a l l  th e  aged mice 
showing h igher BRA and slow er le a rn in g . On th e  o th e r hand, 
young re c ip ie n ts  o f immunity complement from aged donors 
showed high BRA t i t e r s  and an acc e le ra ted  lea rn in g  
d e f i c i t .  In  a l l  high BRA groups, includ ing  NORMAL-AGED, 
AGED-AGED, YOUNG-AGED, and AGED-YOUNG groups, th e  number 
o f t r i a l s  req u ired  to  le a rn  th e  a c t iv e  avoidance response 
was inc reased  tw o-fo ld  from th a t  fo r  low BRA groups. The 
sim ultaneous in c rea se  o f BRA and le a rn in g  d e f ic i t s  in  the  
young mice re s u l t in g  from t r a n s fe r  o f immunopoietic 
apparatu s  from th e  aged mice suggests  th a t  the  le a rn in g  
d e f i c i t s  could be caused through an immunological 
mechanism. Furtherm ore, behav io ra l d e f ic i t s  a sso c ia ted  
w ith  th e  ageing p rocess may involve autoimmune mechanisms 
as w e ll.   Supported by Research Funds of Veteran 
A dm in is tra tion , US P ublic  H ealth S erv ice  Grant NS-129624 
and N ational I n s t i t u t e  o f Aging Grant 1 RO 3 AG03623.

2 1 0 .8  DETECTIO N  OF IMMUN O -R E A C T IV E  TH Y M OPO IETIN IN  MOUSE 
CENTRAL NERVOUS SYSTEM.  J . S .  S c h w e i t z e r * ,  R .H .  B ro w n * , 
T .  A u d h y a * ,  G .  G o l d s t e i n * ,  M .A . D l c h t e r .  ( S p o n :  K .
H a r r i s ) .   N e u r o l o g y  S e r v i c e , M a s s a c h u s e t t s  G e n e r a l  
H o s p i t a l ,  B o s t o n ,  MA 0 2 1 1 4 ,  D e p a r tm e n t  o f  N e u r o s c i e n c e ,  
C h i l d r e n ' s  H o s p i t a l ,  B o s t o n ,  MA 0 2 1 1 5 ;  O r t h o  
P h a r m a c e u t i c a l  C o m p an y , R a r i t a n ,  NJ 0 8 8 6 9 .

The th y m ic  p o l y p e p t i d e  t h y o m p o i e t i n  (T P )  w as  i n i t i a l l y  
i d e n t i f i e d  b y  i t s  a b i l i t y  t o  i m p a i r  n e u r o m u s c u l a r  
c o n d u c t i o n  a n d  s u b s e q u e n t l y  f o u n d  t o  i n d u c e  T a n d  B c e l l  
d i f f e r e n t i a t i o n .  We h a v e  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  
t h a t  TP o r  a  r e l a t e d  p e p t i d e  may e x i s t  i n  b r a i n  a n d  
s p i n a l  c o r d .  W ith  a  r a d io im m u n o a s s a y  a  t h y m o p o i e t i n  -  
i m m u n o r e a c t i v e  s u b s t a n c e  ( T P - I R S )  w a s  d e t e c t e d  i n  
h o m o g e n a te s  ( 10% w e i g h t /v o lu m e  i n  p h o s p h a te  b u f f e r e d  
s a l i n e )  o f  m o u se  b r a i n  a n d  s p i n a l  c o r d  a s  e a r l y  a s  t h e  
t h i r t e e n t h  e m b r y o n ic  d a y  a t  l e v e l s  o f  10 -  20 n g / m l .  
L e v e l s  w e r e  h i g h e r  i n  s p i n a l  c o r d ,  p e a k in g  a t  b i r t h  ( 4 0  
n g / m l  i n  c o r d ,  18  n g / m l  i n  b r a i n )  a n d  f a l l i n g  i n  
s u b s e q u e n t  w e e k s .  By R IA , T P -IR S  w a s  a l s o  d e t e c t e d  i n  
s u p e r n a t a n t s  f r o m  m o u s e  n e u r o b l a s t o m a  ( N I E - 1 1 5 )  a n d  
p r i m a r y  s p i n a l  c o r d  c u l t u r e s ;  s u p e r n a t a n t s  o f  h u m a n  
a s t r o c y t i c  a n d  m e n i n g e a l  t u m o r s  a n d  a n d  m o u se  p r im a r y  
a s t r o c y t e  c u l t u r e s  d i d  n o t  c o n t a i n  d e t e c t a b l e  T P - I R S .  
U s in g  a f f i n i t y - p u r i f i e d  r a b b i t  a n t i - t h y m i c  TP g l o b u l i n ,  
i m m u n o f l u o r e s e n t  s t a i n i n g  w as s e e n  i n  m o u se  s p i n a l  c o r d  
c u l t u r e s  i n  a s s o c i a t i o n  w i t h  n u c l e a r  m e m b ra n e s  o f  n e u r o n s  
a n d  l a r g e ,  f l a t  b a c k g r o u n d  c e l l s .  S t a i n i n g  w as  a b o l i s h e d  
by  p r i o r  i n c u b a t i o n  o f  a n t i - T P  g l o b u l i n  w i t h  p u r i f i e d  T P . 
F ro m  s u p e r n a t a n t s  o f  N IE -1 1 5  c e l l s  g ro w n  w i t h  3H - l e u c i n e  
a n d  3H - l y s i n e  r a d i o l a b e l l e d  p r o t e i n s  o f  a p p r o x i m a t e l y  
8 , 0 0 0  a n d  4 , 5 0 0  d a l t o n s  w e r e  i s o l a t e d  b y  a f f i n i t y  
c h r o m a to g r a p h y  w i t h  a n  a n t i - T P  c o lu m n .  W hen i n j e c t e d  
i n t o  m ic e ,  t h e s e  p r o t e i n s  p a r t i a l l y  b l o c k e d  n e u r o m u s c u l a r  
c o n d u c t i o n  a s  a s s e s s e d  by  a  d e c r e m e n t  i n  t h e  co m p o u n d  
m u s c l e  a c t i o n  p o t e n t i a l  f o l l o w i n g  r e p e t i t i v e  s t i m u l a t i o n .  
The d o s e - r e s p o n s e  o f  t h i s  e f f e c t  w a s  c o m p a r a b le  t o  t h a t  
o f  t h e  a c t i v e  f r a g m e n t  o f  T P , T P -5  p e n t a p e p t i d e . I t  
r e m a in s  u n c l e a r  w h e t h e r  t h e  T P -IR S  i d e n t i f i e d  i n  t h i s  
s t u d y  i s  r e l a t e d  t o  th y m ic  TP o r  s im p ly  a  c r o s s - r e a c t i v e  
s u b s t a n c e  a l t h o u g h  t h e  c o m p a r a b le  n e u r o m u s c u la r  e f f e c t s  
s u g g e s t  t h e  f o r m e r  i n t e r p r e t a t i o n .  The f u n c t i o n  o f  
T P -IR S  r e m a in s  t o  be  d e f i n e d .

210.9  ACETYLCHOLINESTERASE (A C h E ) , THE THYMUS GLAND AND THE EFFECTS 
OF AN AN TI-A ChE IN H IB ITO R ON A T-CELL DEPENDENT HUMORALIMMUNE 
RESPONSE.  S . B o s s o n e * ,  S .C o h e n * ,  A .H o * , B . S t r i e k e r * , M . P h i l i p s *  
M .R .C u l l e n *  a n d  K . B u l l o c h .   Dept.  o f  N e u r o .  ,D i v .  N e u ro im m u n o . 
S c h .  o f  M ed . S .U .N .Y .  S to n y  B r o o k ,  N .Y . 1 1 7 9 4 .

AChE i d e n t i f i e d  w i t h i n  n e r v e s  o f  t h e  m o u se  th y m u s  f ro m  
e a r l y  e m b r y o n ic  d e v e lo p m e n t  t h r o u g h  a d u l t  l i f e  c a n  b e  u s e d  a s  
a n  i n d e x  o f  c h o l i n e r g i c  i n n e r v a t i o n .  A g e n t s  t h a t  s u p r e s s  

a n t i g e n  s p e c i f i c ,  t - c e l l  d e p e n d e n t  im m une r e s p o n s e s  h a v e  
b e e n  sh o w n  t o  i n c r e a s e  t h e  i n t r a t h y m i c  AChE a c t i v i t y  a n d  
d e c r e a s e  c h o l i n e r g i c  i n n e r v a t i o n  w i t h i n  t h e  th y m u s .  We h a v e  
s o u g h t  t o  c h a r a c t e r i z e  t h e  p r e d o m i n a n t  s p e c i e s  o f  AChE 
w i t h i n  t h e  t h y m u s .  We h a v e  a l s o  p o t e n t i a t e d  i n t r a t h y m i c  
c h o l i n e r g i c  i n n e r v a t i o n  a n d  e x a m in e d  t h e  a n ts ig e n  s p e c i f i c  
t - c e l l  d e p e n d e n t  h u m o r a l  im m une r e s p o n s e .  C ru d e  e x t r a c t s  
o f  AChE w e r e  p r e p a r e d ,  a n d  t h e i r  k i n e t i c  p r o p e r t i e s  f o u n d  
T h e  Km a n d  Vmax w e r e  f o u n d  t o  b e  6 . 3 x 10 - 4 M a n d  1 . 3 x 1 0 - 5 uM 
o f  A c e t y l c h o l i n e  h y d r o l y z e d  p e r  m i n . , r e s p e c t i v e l y .  T he 
s p e c i f i c  a c t i v i t y  o f  t h i s  e n z y m e  w a s  n o t  a f f e c t e d  b y  t h e  
d o s e s  i n  t h e  r a n g e  o f  1 0 - 4 t o  1 0 - 5  M o f  t h e  n o n  s p e c i f i c  
e s t e r a s e  i n h i b i t o r  iso -O M P A  b u t  w e r e  i n h i b i t e d  b y  1 0 - 5  t o  
1 0 - 6 M o f  t h e  s p e c i f i c  i n h i b i t o r  B W 284c51; s u b s t a n t i a t i n g  t h e  
p r e s e n c e  o f  t r u e  AChE e n z y m e . P r e l i m i n a r y  s u c r o s e  g r a d i e n t  
p u r i f i c a t i o n s  i n d i c a t e  t h a t  t h e  16S  a n d  3S f o rm s  a r e  t h e  
p r e d o m i n a n t  s p e c i e s  o f  t h e  t h y m ic  e n z y m e . T h e  LD 50  f o r  t h e  
s p e c i f i c  AChE i n h i b i t o r  BW 284c51 a n d  t h e  o p t i m a l  d o s e  f o r  
i t s  u s e  i n  t h e  i m m u n o lo g i c a l  a s s a y  w e r e  e v a l u a t e d  i n  BALB/C 
m i c e .  A d o s e  w h ic h  p r o d u c e d  40% i n h i b i t i o n  o f  t h e  th y m ic  
AChE w a s  i n j e c t e d  i . p .  i n t o  m ic e  24  h o u r s  a f t e r  t h e  i n o c u l a 
t i o n  o f  t h e  a n t i g e n  DNP-OVA. C o n t r o l  m ic e  r e c e i v e d  s a l i n e  i n 
j e c t i o n s .  T e n  d a y s  l a t e r  r e t r o - o r b i t a l  b l o o d  w a s  t e s t e d  f o r  
t h e  I g  G1 a n t i - D N P  h u m o r a l  im m une r e s p o n s e  u s i n g  a n  ELIZA 
a s s a y .  T e s t  m ic e  sh o w e d  a  s i x - f o l d  i n c r e a s e  i n  I g  G1 r e 
s p o n s e  t o  t h e  t - c e l l  d e p e n d e n t  a n t i g e n ,  DNP. T h e s e  r e s u l t s  
a r e  s i m i l a r  t o  t h o s e  p r o d u c e d  i n  o t h e r  s p e c i e s  b y  l e s s  s p e 
c i f i c  i n h i b i t o r s  o f  AChE, a n d  a r e  t h e  r e c i p r o c a l  o f  s t u d i e s  
w h ic h  sh o w  t h a t  r e a g e n t s  w h ic h  i n c r e a s e  t h y m ic  AChE l e v e l s  
r e d u c e  t h e  t - c e l l  d e p e n d e n t  im m une r e s p o n s e  t o  DNP-OVA. 
T h i s  s t u d y  d o e s  n o t  sh o w  a t  w h a t  l e v e l  t h e s e  c h o l i n e r g i c  
a g e n t s  e x e r t  t h e i r  i n  v i v o  e f f e c t ,  i . e . ,  w i t h i n  t h e  th y m u s  
o t h e r  im m une o r g a n s  o r  w i t h i n  t h e  c e n t r a l  n e r v o u s  s y s te m  
p a th w a y s  i n v o l v e d  w i t h  t h e  m o d u l a t i o n  o f  im m u n ity .  F u r t h e r 
m o r e ,  a l t h o u g h  AChE i s  c o n s i d e r e d  n e r v e - r e l a t e d  i t  i s  p o s 
s i b l e  t h a t  t h e  e n z y m e  m ay h a v e  a n o t h e r  r o l e  w i t h i n  t h e  t h y 
m u s ,  u n r e l a t e d  t o  n e r v o u s  s y s t e m  r e g u l a t i o n .
( s u p p o r t e d  b y  NIH G r a n t  # N S 1 8 4 0 1 )

2 1 0 . 10   DISTRIBUTION OF CHOLINERGIC RECEPTORS IN THE THYMUS DURING 
THE DEVELOPMENT OF NORMAL AND STAGGERER MUTANT MICE.  A 
R o s s i *  and E. Tr e n k n e r .   Dept. of Pharmacology, N. Y. U. 
Medical C enter, New York, NY 1 0 0 1 6 .

T h e  c o n t r o l  o f  t h e  immune s y s t e m  d e v e l o p m e n t  a n d  i t s  
f u n c t i o n s  h a s  b e e n  t e n t a t i v e l y  l i n k e d  t o  n e u r o n a l  i n n e r v a 
t i o n  ( 1 ) .  I f  t h e  i n n e r v a t i o n  p l a y s  a  r o l e  i n  t h e  d e v e l 
o p m e n t  o f  l y m p h o i d  t i s s u e  a b n o r m a l  i n n e r v a t i o n  a n d / o r  d e 
l a y e d  e x p r e s s i o n  o f  n e u r o t r a n s m i t t e r  r e c e p t o r s  m i g h t  c a u s e  
a b n o r m a l  d e v e l o p m e n t  a n d  s u b s e q u e n t l y  immune d e f i c i e n c y .

We h a v e  sh o w n  t h a t  t h e  n e u r o l o g i c a l  m u t a t i o n  s t a g g e r e r  
( sg / s g ) n o t  o n l y  a f f e c t s  t h e  d e v e l o p m e n t  o f  t h e  c e r e b e l l u m  
b u t  a l s o  c a u s e s  d e v e l o p m e n t a l  a n d  r e g u l a t o r y  c h a n g e s  o f  
t h e  im mune s y s t e m  ( T r e n k n e r  a n d  H o f f m a n n ,  t h e s e  A b s t r a c t s ) .  
B u l l o c k  a n d  Lo y  ( 2 )  h a v e  r e p o r t e d  t h a t  t h e  i n n e r v a t i o n  
p a t t e r n  i n t o  s g / s g  t h y m u s  i s  a b n o r m a l .  V e r y  l i t t l e  i s  
k n o w n ,  h o w e v e r ,  a b o u t  t h e  e x p r e s s i o n  o f  n e u r o t r a n s m i t t e r  
r e c e p t o r s  d u r i n g  t h y m u s  d e v e l o p m e n t .

T h i s  s t u d y  w a s  p e r f o r m e d  t o  e l u c i d a t e  t h e  e x p r e s s i o n  
o f  a c e t y c h o l i n e  r e c e p t o r s  d u r i n g  t h e  d e v e l o p m e n t  o f  n o r m a l  
a n d  s g / s g  t h y m u s .  We h a v e  o b s e r v e d :  1 .  t h a t  t h e  n u m b e r  o f  
s p e c i f i c  b i n d i n g  s i t e s  f o r  α - b u n g e r o t o x i n  i n c r e a s e d  w i t h  
a g e  i n  b o t h  + / +  a n d  s g / s g . 2 .  D o u b l e  l a b e l  e x p e r i m e n t s  
s h o w e d  t h a t  t h e  m a j o r i t y  o f  t h e s e  r e c e p t o r s  w e r e  l o c a t e d  
i n  t h e  t h y m u s  e p i t h e l i u m  o f  t h e  m e d u l l a r y  r e g i o n .  3 .  In  
c o n t r a s t  t h e  e x p r e s s i o n  o f  m u s c a r i n i c  r e c e p t o r s  a p p e a r e d  
t o  b e  d e v e l o p m e n t a l l y  r e g u l a t e d  f o l l o w i n g  s i m i l a r  
s c h e d u l e s  a s  w a s  d e s c r i b e d  f o r  N A c - n e u r a m i m i c  a c i d  a n d  
NAc- n e u r a m i n i d a s e  ( 3 , 4 ) :  i n  + / +  maxi mum b i n d i n g  a c t i v i t y  
w a s  e x p r e s s e d  i n  t h e  f i r s t  w e e k  p o s t n a t a l l y  ( P 1 - 4 ) ,  a  
c r u c i a l  t i m e  f o r  t h e  s e l e c t i o n  o f  t h y m o c y t e  s u b c l a s s e s .  A 
s e c o n d  p e a k  o f  p r o p y l  b e n z y l c h o l i n e  b i n d i n g  a c t i v i t y  
o c c u r e d  i n  t h e  t h i r d  w e e k  ( P 1 9 )  p o s t n a t a l l y ,  a f t e r  t h e  T 
c e l l  r e p e r t o i r e  i s  e s t a b l i s h e d .  4 .  In  s g / s g , h o w e v e r ,  t h e  
n u m b e r  o f  m u s c a r i n i c  b i n d i n g  s i t e s  d i d  n o t  e x c e e d  b a c k 
g r o u n d  l e v e l s  i n  t h e  f i r s t  w e e k ,  b u t  w e r e  e x p r e s s e d  i n  
n o r m a l  f r e q u e n c e s  i n  t h e  t h i r d  w e e k .  L o c a l i z a t i o n  s t u d i e s  
s u g g e s t e d  t h a t  m u s c a r i n i c  r e c e p t o r s  a r e  e x p r e s s e d  o n  b o t h  
e p i t h e l i u m  a n d  l y m p h o c y t e s  t h e  m a j o r i t y  o f  w h i c h  w e r e  
l o c a t e d  i n  t h e  m e d u l l a r y  r e g i o n .
1 .  R o b e r t  A d e r ,  P s y c h o n e u r o i m m u n o l o g y  A c a d e m i c  P r e s s ,  1 9 8 1
2 .  B u l l o c k ,  K. a n d  L o y ,  R.  1 9 8 0  S o c i e t y  N e u r o s c .  

A b s t r a c t s  6 , 2 6 ,  5 .
3 .  T r e n k n e r ,  Ē . ( 1 9 7 9 ) ,  N a t u r e ,  2 7 7 :  5 6 6 - 5 6 7 .
4 .  W i l l e ,  W. a n d  T r e n k n e r ,  E.  ( 1 9 8 1 )  J .  N e u r o c h e m .  3 7 ,  

4 4 3 - 4 4 6 .
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2 1 0 .1 1   IMMUNOLOGICAL DISORDERS IN THE NEUROLOGICAL MUTANT 
STAGGERER.  E.  T r e n k n e r  a n d  M.K.  H o f f m a n n * .  Dept. o f  
P h a r m a c o l o g y ,  N . V . O .  M e d i c a l  C e n t e r ,  N e w  Y o r k ,  NY 1 0 0 1 6 ,  
S l o a n  K e t t e r i n g  I n s t i t u t e  f o r  C a n c e r  R e s . ,  New Y o r k ,  NY 
10021.

I n h e r i t e d  d i s e a s e s  a r e  f r e q u e n t l y  c h a r a c t e r i z e d  b y  
p a t t e r n s  o f  m u l t i p l e  d i s o r d e r .  T h e s e  p a t t e r n s  s u g g e s t  
d e v e l o p m e n t a l  r e l a t i o n s h i p  b e t w e e n  a f f e c t e d  o r g a n s  s u c h  a s  
t i m e  o f  d e v e l o p m e n t  s e q u e n c e  o f  r e c e p t o r  e x p r e s s i o n  ( s e e  
R o s s i ,  A. a n d  T r e n k n e r ,  E . , t h e s e  A b s t r a c t s )  w h i c h  c o u l d  
l e a d  t o  s i m u l t a n e o u s  i n d u c t i o n  o f  d i f f e r e n t i a t i o n .  T h i s  
s t u d y  d e s c r i b e s  a  m o d e l  s y s t e m  w h e r e  t w o  p a r a l l e l y  
d e v e l o p i n g  s y s t e m s ,  c e r e b e l l u m  a n d  t h y m u s ,  a p p e a r  t o  b e  
a f f e c t e d  b y  t h e  s i n g l e  g e n e  m u t a t i o n  s t a g g e r e r .

T h e  a u t o s o m a l  r e c e s s i v e  m u t a t i o n  s t a g g e r e r  l o c a t e d  on 
m o u s e  c h r o m o s o m e  9 i s  r e c o g n i z e d  a s  a  n e u r o l o g i c a l  m u t a n t  
b e c a u s e  o f  m o v e m e n t  a b n o r m a l i t i e s  a n d  d e f e c t i v e  c e r e b e l l a r  
d e v e l o p m e n t .  We s h o w  h e r e  t h a t  t h e  s t a g g e r e r  m u t a t i o n  n o t  
o n l y  a f f e c t s  t h e  d e v e l o p m e n t  o f  t h e  c e r e b e l l u m  b u t  a l s o  
c a u s e s  d e v e l o p m e n t a l  a n d  r e g u l a t o r y  c h a n g e s  o f  t h e  immune 
s y s t e m :  1)  T he p r e m a t u r e  c e l l  s u r f a c e  c a r b o h y d r a t e  
p a t t e r n s  o b s e r v e d  on  p o s t n a t a l  s t a g g e r e r  c e r e b e l l a r  c e l l s  
w e r e  o b s e r v e d  on  s t a g g e r e r  t h y m o c y t e s  a n d  p a r t i c u l a r  
s p l e e n  c e l l  p o p u l a t i o n s  b u t  n o t  on  o t h e r  t i s s u e s  t e s t e d .
2)  T h e  p e a k  o f  p a r t i c u l a t e  n e u r a m i n i d a s e  a c t i v i t y  wa s  
d e l a y e d  i n  b o t h  c e r e b e l l u m  a n d  t h y m u s  b u t  n o t  i n  o t h e r  
t i s s u e s .  3 )  On g r o s s  i n s p e c t i o n  o f  s t a g g e r e r  we o b s e r v e d  
a  m a r k e d  d e l a y  i n  t h e  d e v e l o p m e n t  o f  t h e  t h y m u s ,  g e n e r a l l y  
e n l a r g e d  ly m p h  n o d e s  a n d  u n d e r s i z e d  s p l e e n s .  4 )  I n  t h e s e  
m i c e  t h e  f r e q u e n c y  o f  B c e l l  p r e c u r s o r s  w a s  t h e  s a m e  a s  
f o r  n o r m a l  l i t t e r m a t e s .  5 )  T h e y  g e n e r a t e d  a n t i b o d y  
f o r m i n g  B c e l l s  i n  v i t r o  a n d  h e l p e r  T c e l l s  i n  v i v o  i n  
n o r m a l  p r o p o r t i o n s ;  h o w e v e r ,  6 )  a  d e f i c i e n c y  i n  
t e r m i n a t i n g  a n t i b o d y  f o r m a t i o n  i n  p r i m a r y  r e s p o n s e s  w a s  
n o t e d ,  s u g g e s t i n g  a  d e f e c t  i n  t h e  r e g u l a t o r y  f e e d b a c k  
c o n t r o l  m e c h a n i s m .

2 1 0 .1 2  NALTREXONE-SENSITIVE SUPPRESSION OF THE IMMUNE SYSTEM’ S 
NATURAL KILLER CELLS BY MORPHINE.  Y. S h a v i t ,  G.W . 
T e rm a n , F .C .  M a r t i n ,  R .P .  G a le *  a n d  J . C .  L i e b e s k i n d .   
D e p t s .  o f  P s y c h o lo g y  a n d  M e d i c i n e ,  UCLA, L os A n g e l e s ,  CA 
9 0 0 2 4 .

O p i a t e s  a n d  e n d o g e n o u s  o p i o i d s  h a v e  b e e n  i m p l i c a t e d  in  
m o d u la t i o n  o f  imm une f u n c t i o n  a n d  tu m o r  d e v e lo p m e n t .  We 
h a v e  p r e v i o u s l y  f o u n d  t h a t  d a i l y  e x p o s u r e  t o  10 m in  o f  an  
" o p i o i d "  f o rm  o f  f o o t s h o c k  s t r e s s  f o r  4  d a y s  r e n d e r e d  r a t s  
m o re  s u s c e p t i b l e  t o  a  m am m ary a s c i t e s  tu m o r  c h a l l e n g e .  
T h i s  e f f e c t  w as b l o c k e d  b y  n a l t r e x o n e ,  s u g g e s t i n g  
m e d i a t i o n  b y  o p i o i d  p e p t i d e s  r e l e a s e d  b y  s t r e s s .  I n  
c o n t r a s t ,  d a i l y  e x p o s u r e  t o  a  n o n o p i o i d  fo rm  o f  f o o t s h o c k  
s t r e s s  f o r  4  d a y s  h a d  no  e f f e c t  on  tu m o r  d e v e lo p m e n t .  In  
p a r a l l e l  w i t h  t h e s e  r e s u l t s ,  we a l s o  f o u n d  t h a t  t h e  sam e 
p a r a d ig m  o f  o p i o i d  s t r e s s  s u p p r e s s e d  t h e  c y t o t o x i c  
a c t i v i t y  o f  n a t u r a l  k i l l e r  (NK) c e l l s  ( S c i e n c e  2 2 3 , 
1 8 8 ,  1 9 8 4 ) .  T h i s  e f f e c t  w as b l o c k e d  b y  n a l t r e x o n e ,  a n d  
t h e  n o n o p i o id  fo rm  o f  s t r e s s  d i d  n o t  a f f e c t  NK a c t i v i t y .  
NK c e l l s  a r e  a  s u b p o p u l a t i o n  o f  l y m p h o c y te s  t h a t  
s p o n t a n e o u s l y  r e c o g n i z e  a n d  k i l l  c e r t a i n  tu m o r  c e l l s .  I n  
t h e  p r e s e n t  s t u d y ,  we i n v e s t i g a t e d  t h e  e f f e c t  o f  m o r p h in e  
on  NK c e l l  a c t i v i t y .

F i s c h e r  3 4 4  f e m a le  r a t s  ( n = 5 )  w e r e  i n j e c t e d  w i t h  a  
s i n g l e  d o s e  o f  m o r p h in e  (1 0  o r  50 m g /k g ,  s . c . )  o r  s a l i n e .  
A n o th e r  g r o u p  w as p r e t r e a t e d  w i t h  n a l t r e x o n e  (1 0  m g /k g )  20 
m in  p r i o r  t o  m o r p h in e  a d m i n i s t r a t i o n .  T h r e e  h o u r s  a f t e r  
m o r p h i n e ,  r a t s  w e r e  a n e s t h e t i z e d  a n d  t h e i r  s p l e e n s  r e m o v e d  
a n d  d i s s o c i a t e d  i n t o  a  s i n g l e  c e l l  s u s p e n s i o n .
S p l e n o c y t e s  w e re  c o - c u l t u r e d  w i t h  YAC-1 t a r g e t  c e l l s  
l a b e l l e d  w i t h  c h r o m iu m - 5 1 ,  a n d  NK a c t i v i t y  w as m e a s u r e d  in  
a  4 h r  c h ro m iu m  r e l e a s e  a s s a y .

The p e r c e n t  o f  s p e c i f i c  NK c y t o t o x i c i t y  w as 
s i g n i f i c a n t l y  s u p p r e s s e d  b y  t h e  h i g h e r  d o s e  o f  m o r p h i n e ,  
a n d  t h i s  e f f e c t  w as b l o c k e d  b y  n a l t r e x o n e .  T h u s ,  m o r p h in e  
a t  h i g h  d o s e  c a n  s u p p r e s s  imm une f u n c t i o n  w i t h i n  3 h o u r s  
o f  i t s  a d m i n i s t r a t i o n ,  a n d  t h i s  e f f e c t  a p p e a r s  t o  be  
m e d i a t e d  b y  o p i o i d  r e c e p t o r s .  S e v e r a l  p o s s i b l e  m e c h a n is m s  
c o u ld  e x p l a i n  t h e s e  r e s u l t s .  M o rp h in e  m ig h t  a f f e c t  NK 
c e l l s  d i r e c t l y ,  a l t h o u g h  t h e  o c c u r r e n c e  o f  o p i o i d  
r e c e p t o r s  on  NK c e l l s  h a s  n o t  y e t  b e e n  d e t e r m i n e d .  
A l t e r n a t i v e l y ,  m o r p h in e  m ig h t  e f f e c t  NK a c t i v i t y  
i n d i r e c t l y ,  f o r  e x a m p le  by  m o d u l a t i n g  a c t i v i t y  i n  t h e  
p i t u i t a r y - a d r e n a l  a x i s  o r  t h e  s y m p a t h e t i c  n e r v o u s  s y s t e m .  
 ( S u p p o r t e d  by  NIH g r a n t  #N S 0 7 6 2 8  a n d  a  g i f t  f ro m  t h e  
B ro tm a n  F o u n d a t i o n ) .

2 1 0 .1 3   THE PRESENCE OF SEROTONIN RECEPTORS ON MURINE LYMPHOCYTES 
AND MACROPHAGES.  T . R o s z m a n * , D .L .  S p a r k s * ,  J . T .  S l e v i n ,  
W .R . M a r k e s b e r y * ,  J . C .  J a c k s o n * ,  a n d  R . J .  C r o s s *  (SPON S:
L . M id d a u g h ) .  S a n d e r s  B row n  R e s e a r c h  C e n t e r  o n  A g in g  a n d  
t h e  D e p a r tm e n t s  o f  N e u r o lo g y  a n d  M e d ic a l  M i c r o b i o l o g y  a n d  
I m m u n o lo g y , U n i v e r s i t y  o f  K e n tu c k y ,  L e x i n g t o n ,  KY 4 0 5 3 6 .

An i n t e r a c t i o n  b e tw e e n  t h e  c e n t r a l  n e r v o u s  s y s t e m  (CNS) 
a n d  t h e  im m une s y s t e m  r e m a i n s  t o  b e  p r o v e n .  I n  t h i s  r e 
p o r t  w e p r e s e n t  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  s e r o t o n i n  a n d  
s p i p e r o n e  b i n d i n g  t o  m o u se  s p l e e n  c e l l  m e m b ra n e  p r e p a r a 
t i o n s  d e v o i d  o f  r e d  b l o o d  c e l l s .

S a t u r a t i o n  i s o t h e r m s  o f  [ 3H] s e r o t o n i n  a n d  [ 3H] s p i p 
e r o n e  t o  m e m b ra n e  p r e p a r a t i o n s  o b t a i n e d  f ro m  s p l e e n  c e l l  
s u s p e n s i o n s  c o n t a i n i n g  b o t h  l y m p h o c y t e s  a n d  m a c r o p h a g e s  
i n d i c a t e  a  s i n g l e  c l a s s  o f  s a t u r a b l e  b i n d i n g  s i t e s  f o r  
e a c h  l i g a n d .  S c a t c h a r d  a n a l y s i s  o f  [ 3H ] s e r o t o n i n  b i n d i n g  
s u g g e s t s  a  l i g a n d  a f f i n i t y  (KD) o f  0 . 8 5  nM a n d  m axim um  
b i n d i n g  c a p a c i t y  o f  0 . 5 6  p m o l e s / 1 0 6  c e l l s .  R e m o v a l o f  
m a c r o p h a g e s  f r o m  t h e  s p l e e n  c e l l  s u s p e n s i o n  e l i m i n a t e d  [ 3H] 
s p i p e r o n e  b i n d i n g  t o  m e m b ra n e  p r e p a r a t i o n s  o f  t h e  r e m a i n i n g  
l y m p h o c y t e s .  [ 3H] s e r o t o n i n  b o u n d  t o  t h e s e  m e m b ra n e s  w i t h  
a  KD o f  0 . 7 3  uM a n d  a  Bmax o f  0 . 5 3  p m o l e s / 1 0 6  c e l l s .  A 
m e m b ra n e  s u s p e n s i o n  o f  p e r i t o n e a l  m a c r o p h a g e s  b o u n d  [ 3H] 
s p i p e r o n e  w i t h  a  KD o f  1 5 . 2  nM a n d  a  Bmax o f  5 7 3  p m o le s /
1 0 6 c e l l s .

E v i d e n c e  s u g g e s t s  t h a t  t h e  n e u r o t r a n s m i t t e r  s e r o t o n i n  
c a n  m o d u la t e  im m une f u n c t i o n .  F u r t h e r m o r e ,  [ 3H ] s e r o t o n i n  
a n d  [ 3H ] s p i p e r o n e  p r e f e r e n t i a l l y  b i n d  t o  s p e c i f i c  s u b p o p 
u l a t i o n s  o f  s e r o t o n i n  r e c e p t o r s  ( S 1 a n d  S 2 r e s p e c t i v e l y )  
i n  n e u r a l  t i s s u e .  I t  i s  t e m p t i n g  t o  s p e c u l a t e  t h a t  t h e s e  
s i t e s  o f  b i n d i n g  a c t i v i t y  r e p r e s e n t  a n  i n t e r a c t i o n  b e tw e e n  
t h e  CNS a n d  im m une r e s p o n s i v e n e s s .

T h i s  w o r k  w a s  s u p p o r t e d  i n  p a r t  b y  NIH g r a n t s  N S 17423  
( T R ) , N IA  1 T 32 A G 0 0 0 8 4 -0 1 A 1  ( D L S ) , NINCDS (TID A ) N S 00732  
( J T S ) , a n d  A G 02435 (WEM).
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211.1  DEPENDENCE OF CORTICOTECTAL CELLS IN  AREA 17  OF THE CAT UPON 
S P E C IF IC  LAYERS OF THE DORSAL LATERAL GENICULATE NUCLEUS.  
T .G . W e y a n d , J . G .  M a l p e l i  a n d  C. L e e * .  D e p t .  P s y c h o lo g y ,  
U n i v e r s i t y  o f  I l l i n o i s ,  C h a m p a ig n ,  IL  6 1 8 2 0 .

T h e  d e p e n d e n c e  o f  c o r t i c a l  n e u r o n s  p r o j e c t i n g  t o  t h e  
s u p e r i o r  c o l l i c u l u s  ( c o r t i c o t e c t a l , CT c e l l s )  u p o n  t h e  i n 
t e g r i t y  o f  i n d i v i d u a l  l a m i n a e  o f  t h e  d o r s a l  l a t e r a l  g e n 
i c u l a t e  n u c l e u s  (LGNd) w a s  e x a m in e d  i n  t h e  p a r a l y z e d ,  b a r b i 
t u r a t e  a n e s t h e t i z e d  c a t .  S p e c i f i c a l l y ,  t h e  v i s u a l  r e s p o n s e  
p r o p e r t i e s  o f  32  a n t i d r o m i c a l l y  i d e n t i f i e d  CT c e l l s  i n  a r e a  
17  w e r e  e x a m in e d  b e f o r e ,  d u r i n g  a n d  a f t e r  r e v e r s i b l e  i n a c t i 
v a t i o n  o f  r e t i n o t o p i c a l l y - a l i g n e d  r e g i o n s  o f  l a y e r s  A o r  C 
o f  t h e  LG Nd, o r  l a y e r  1 o f  t h e  m e d i a l  i n t e r l a m i n a r  n u c l e u s  
(M IN ). R e v e r s i b l e  i n a c t i v a t i o n  w a s  a c h i e v e d  b y  p r e s s u r e  i n 
j e c t i n g  1 2 5  n l  o f  4 mM c o b a l t o u s  c h l o r i d e  o r  1% l i d o c a i n e  
i n t o  o n e  o f  t h e  g e n i c u l a t e  l a y e r s .  T h e  r e s u l t s  i n d i c a t e  t h a t  
i n j e c t i o n s  i n t o  l a y e r  C o r  t h e  MIN w e r e  i n e f f e c t i v e  i n  
b l o c k i n g  v i s u a l  r e s p o n s e s  o f  CT c e l l s .  I n  c o n t r a s t ,  i n a c t i 
v a t i n g  l a y e r  A r e v e a l e d  tw o  p o p u l a t i o n s  o f  CT c e l l s :  o n e  
r e n d e r e d  v i s u a l l y  u n r e s p o n s i v e  a n d  o n e  l a r g e l y  u n a f f e c t e d .  
L o s s  o f  v i s u a l l y  d r i v e n  a c t i v i t y  f o l l o w i n g  l a y e r  A i n a c t i v a 
t i o n  d o e s  n o t  a p p e a r  t o  b e  s im p ly  r e l a t e d  t o  t h e  r e c e p t i v e  
f i e l d  p r o p e r t i e s  o r  a n t i d r o m i c  l a t e n c i e s  o f  t h e  i n d i v i d u a l  
CT c e l l .  O u r s a m p le  o f  CT c e l l s  i s  a  h e t e r o g e n e o u s  g r o u p  o f  
c o m p le x  c e l l s  p o s s e s s i n g  w id e  v a r i a b i l i t y  i n  s p o n ta n e o u s  
a c t i v i t y ,  l e n g t h  s u m m a t io n ,  o r i e n t a t i o n  s e l e c t i v i t y  a n d  d i 
r e c t i o n  s e l e c t i v i t y .  N e a r l y  a l l  c e l l s  t e s t e d  r e s p o n d e d  w e l l  
t o  a  b r o a d  r a n g e  o f  s t i m u l u s  v e l o c i t i e s .

We c o n c l u d e  t h e  f o l l o w i n g :
i )  T h e  c o r t i c o t e c t a l  p a th w a y  f ro m  a r e a  17 i s  c o m p o s e d  o f  

a  h e t e r o g e n e o u s  p o p u l a t i o n  o f  n e u r o n s .  T h i s  h e t e r o g e n e i t y  i s  
r e f l e c t e d  b o t h  i n  t h e  r e c e p t i v e  f i e l d  p r o p e r t i e s  o f  t h e s e  
n e u r o n s  a n d  i n  t h e  c o m p o s i t i o n  o f  t h e i r  g e n i c u l a t e  i n p u t s .

i i )  S i n c e  CT c e l l s  d o  n o t  r e c e i v e  m o n o s y n a p t i c  i n p u t  f ro m  
t h e  LGNd ( F e r s t e r ,  D . a n d  L i n d s t r o m ,  S . ,  .J. P h y s i o l . 3 4 2 : 
1 8 1 - 2 1 5 ,  1 9 8 3 )  a n d  n e u r o n s  o f  l a y e r s  IV a n d  V I  a r e  d e p e n d e n t  
u p o n  l a y e r  A ( M a l p e l i ,  J . G . ,  .J .  N e u r o p h y s i o l . , 4 9 : 5 9 5 - 6 1 0 ,  
1 9 8 3 ) ,  w e p r o p o s e  t h a t  t h e  d i f f e r e n c e s  o b s e r v e d  i n  s u s c e p t i 
b i l i t y  o f  CT c e l l s  t o  b l o c k a d e  o f  l a y e r  A r e s u l t  f r o m  d i f 
f e r e n c e s  i n  i n t r a c o r t i c a l  c i r c u i t r y .  S p e c i f i c a l l y ,  CT c e l l s  
w h o s e  v i s u a l  a c t i v i t y  i s  c o m p r o m is e d  b y  b l o c k i n g  l a y e r  A 
d e p e n d  u p o n  l a y e r s  IV  a n d / o r  V I w h i l e  CT c e l l s  u n a f f e c t e d  b y  
s u c h  t r e a t m e n t  a r e  s u p p o r t e d  b y  o t h e r  i n p u t .  T h e  c e l l s  o f  
l a y e r s  I I + I I I  m u s t  b e  c o n s i d e r e d  p r im e  c a n d i d a t e s  f o r  s u c h  
s u s t a i n i n g  i n p u t .

S u p p o r t e d  b y  NIH g r a n t s  RO1 E Y 0 2 6 9 5 , K04 E Y 00229 a n d  T 32 
E Y 0 7 0 0 5 .

2 1 1 .2  CORTICAL INPUT TO THE MONKEY LATERAL GENICULATE NUCLEUS 
IS  SPATIALLY STRUCTURED.  R .T .  M a r r o c c o  a n d  J .W . M c C lu r k in .* 
 I n s t ,  o f  N e u r o s c i e n c e ,  U n iv .  o f  O r e g o n ,  E u g e n e ,  OR 9 7 4 0 3 .

R e c e n t  e x p e r i m e n t s  h a v e  p r e s e n t e d  s o m e w h a t c o n f l i c t i n g  
f i n d i n g s  r e g a r d i n g  t h e  s i g n  o f  t h e  c o r t i c a l  i n f l u e n c e  o n  
l a t e r a l  g e n i c u l a t e  n u c l e u s  (LGN) c e l l s .  Som e s t u d i e s  h a v e  
r e p o r t e d  e x c i t a t o r y  e f f e c t s ,  o t h e r s  sh o w e d  i n h i b i t o r y  e f f 
e c t s ,  a n d  s t i l l  o t h e r s  sh o w e d  b o t h .  A l l  o f  t h e s e  s t u d i e s ,  
h o w e v e r ,  j u d g e d  t h e  i n f l u e n c e  " i n  t h e  n e g a t i v e " ,  t h a t  i s ,  b y  
w h a t  d i s a p p e a r e d  f o l l o w i n g  c o r t i c a l  c o o l i n g .  We h a v e  a t t 
e m p te d  t o  c l a r i f y  t h i s  i s s u e  b y  c o m b in in g  v i s u a l  a c t i v a t i o n  
o f  t h e  c o r t i c o g e n i c u l a t e  p a th w a y  ( e . g . ,  M c C lu r k in  a n d  M a r r 
o c c o ,  1 9 8 4 )  w i t h  c r y o g e n i c  b l o c k a d e .

We r e c o r d e d  f r o m  s i n g l e  LGN c e l l s  a n d  v i s u a l l y  s t i m u l a t e d  
th e m  w i t h  d r i f t i n g  s i n e - w a v e  g r a t i n g s  r e s t r i c t e d  i n  a r e a  t o  
2 d e g .  T he  c o r t i c a l  i n p u t  w a s  a s s e s s e d  b y  n o t i n g  a n y  d i f f 
e r e n c e  i n  r e s p o n s e  t o  g r a t i n g s  b e f o r e  a n d  d u r i n g  c o o l i n g .
We t h e n  re w a rm e d  t h e  c o r t e x  a n d  s t i m u l a t e d  t h e  r e g i o n  f ro m  
2 - 2 0  d e g  a r o u n d  t h e  r e c e p t i v e  f i e l d  w i t h  a  s p i n n i n g  r a d i a l  
g r a t i n g ,  p r e v i o u s l y  sh o w n  b y  u s  t o  e v o k e  c o r t i c o f u g a l  a c t i 
v i t y .  T he  LGN c e l l ' s  r e s p o n s e s  t o  t h e  d r i f t i n g  s i n e - w a v e  
g r a t i n g  a l o n e ,  a n d  i n  c o m b i n a t i o n  w i t h  t h e  p e r i p h e r a l  s t i m 
u l a t i o n  w e r e  t h e n  m e a s u r e d .  T h e  c o r t e x  w a s  t h e n  r e c o o l e d  
a n d  t h e  o b s e r v a t i o n s  r e p e a t e d  i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  
a n y  d i f f e r e n c e s  d u e  t o  t h e  r a d i a l  g r a t i n g  w e r e  c o r t i c a l  i n  
o r i g i n .  A b o u t  h a l f  o f  a l l  c e l l s  t e s t e d  sh o w e d  c o r t i c a l  
i n p u t .

O u r r e s u l t s  sh o w e d  t h a t  t h e  c o r t i c a l  i n p u t  t o  t h e  c e n t r a l  
2 d e g  w a s  u s u a l l y  o f  a  d i f f e r e n t  p o l a r i t y  t h a n  t h a t  o f  t h e  
p e r i p h e r y .  E x c i t a t o r y  c e n t e r / i n h i b i t o r y  p e r i p h e r y  a n d  v i c e  
v e r s a  w e r e  e q u a l l y  com m on. I n  som e c e l l s  t h e r e  a p p e a r e d  t o  
b e  n o  s p a t i a l  s t r u c t u r e  t o  t h e  c o r t i c a l  i n f l u e n c e .  T h e s e  
r e s u l t s  a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  b y  T su m o to  e t  a l  
( 1 9 7 8 )  i n  s p i t e  o f  v e r y  d i f f e r e n t  t e c h n i q u e s .  T h e y  s u g g e s t  
t h a t  b o t h  i n f l u e n c e s  c a n  b e  f o u n d  i n  s i n g l e  LGN c e l l s  w i t h  
t h e  a p p r o p r i a t e  s t i m u l a t i o n .   S u p p o r t e d  b y  NSF 8 2 - 0 7 5 3 1 .

M c C lu r k in  a n d  M a r r o c c o ,  J .  P h y s i o l . 1 9 8 4 ,  3 4 8 ,  1 3 5 - 1 5 2 .
T s u m o to ,  C r e u t z f e l d t ,  a n d  L e g e n d y ,  E x p . B r a i n  R e s .  

1 9 7 8 ,  3 2 ,  3 4 5 - 3 6 4 .

211.3  RECEPTIVE FIELD PROPERTIES OF CORTICOTHALAMIC NEURONS IN 
VISUAL AREA I OF THE AWAKE RABBIT.  Harvey A. Swadlow.  Dept. 
Psychology, U-20, Univ. o f  C onnecticu t, S to r r s , CT 06268.

The r e c e p t i v e  f i e l d  an d  a x o n a l  p r o p e r t i e s  o f  70 n e u ro n s  
w h ic h  p r o j e c t  t o  t h e  th a la m u s  fro m  l a y e r  6 o f  v i s u a l  a r e a  I  
w e re  s t u d i e d  i n  aw ak e , u n p a r a ly z e d  r a b b i t s .  A l l  i n i t i a l  . 
s u r g e r y  was p e r fo rm e d  u n d e r  d eep  p e n t o b a r b i t a l  a n e s t h e s i a .  
C o r t ic o t h a l a m i c  n e u ro n s  w e re  i d e n t i f i e d  b y  a n t id r o m ic  
a c t i v a t i o n  f o l lo w in g  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  d o r s a l  
l a t e r a l  g e n i c u l a t e  n u c le u s .  S t im u la t in g  e l e c t r o d e s  w e re  
a l s o  p l a c e d  i n  c o r r e s p o n d in g  p o r t i o n s  o f  t h e  s u p e r i o r  
c o l l i c u l u s  i n  o r d e r  t o  d i f f e r e n t i a t e  c o r t i c o t h a l a m ic  n e u ro n s  
f ro m  c o r t i c o t e c t a l  n e u ro n s  a c t i v a t e d  i n  p a s s a g e  v i a  
t h a l a m ic  s t i m u l a t i o n .  R e c e p t iv e  f i e l d s  w e re  c l a s s i f i e d  
a c c o r d in g  t o  t h e  schem e o f  Mu rp h y  an d  B erm an ( J . Comp. 
N e u r o l . ,  188; 401, 1979). Eye p o s i t i o n  was m o n ito re d  
+  0 .2° .

Antidromic la te n c ie s  ranged from 1.98 to  34 .70 msec 
(median = 9 .0  msec) which corresponded to  axonal conduction 
v e lo c it ie s  o f 0 . 49 -  9 . 55 m/sec (median = 1.93 m /sec). 
Forty re cep tiv e  f ie ld s  were o f the  simple type (16 simple 
type I ,  2 4 sim ple type I I ) .  E ig h ty -fiv e  percen t o f these  
simple c e l ls  were s tro n g ly  or com pletely d ire c tio n a l 
s e le c tiv e  whereas only 8% were end-stopped. The recep tiv e  
f ie ld s  o f seven co rtico th a lam ic  neurons were c o n ce n tr ica lly  
o rganized , and th e se  f ie ld s  were among the  sm alles t found in  
th e  v is u a l co rtex  (median cen ter diam eter = 2 .5 ° ) . One 
neuron was d ire c tio n a l s e le c tiv e  b u t not o r ie n ta tio n  
s e le c tiv e  and s ix  neurons were s tro n g ly  driven  by v isu a l 
s tim u li bu t had unusual recep tiv e  f i e ld  p ro p e r tie s .  An 
a d d itio n a l 16 co rtico th a lam ic  neurons were vaguely 
responsive o r unresponsive to  v is u a l s tim u la tio n  and most of 
th e se  c e l ls  had very long antidrom ic la te n c ie s  (median = 
25.9 msec, range = 9 .16-34 .7 msec). No co rtico tha lam ic  
neurons w ith complex recep tiv e  f ie ld s  were found.

The above v is u a l and axonal p ro p e rtie s  of co rtico tha lam ic  
neurons c o n tra s t w ith those of c o r t ic o te c ta l  neurons in  
la y e r  4 and 5 o f ra b b it v isu a l co rtex . (Weyand and 
Swadlow, Soc. N eurosci. A bstr. 9 , 1983). C o r tic o te c ta l 
neurons have p rim arily  complex recep tiv e  f ie ld s  and 
antidrom ic la te n c ie s  of le s s  than  2.5 msec.

211. 4  RETINOTOPIC ORGANIZATION WITHIN THE LATERAL POSTERIOR COM
PLEX OP THE CAT.  B. H utchins and B.V. Updyke,  Dept. of 
Anatomy, LSU Medical C enter, New O rleans, LA 70112.

The c a t 's  LP complex con ta in s  sev e ra l zones, each w ith 
in te rco n n ec tio n s  to  e x t r a s t r i a te  a re a s . Opinion d i f f e r s  con
cern ing  th e  number o f zones and th e i r  boundaries, however, 
a v a ilab le  d a ta  does no t wholly re so lv e  th e se  d iffe re n c e s . 
In  order to  address th ese  is su e s , we mapped th e  LP complex 
e le c t ro p h y s io lo g ica lly  in  para lyzed , c h lo ra lo se -an es th e tized  
c a ts .  The caudal 2/3  o f th e  complex was explored in  d e ta i l ,  
and lim ited  sampling was done more r o s t r a l l y .  Subdivisions 
o f the  LP complex a re  described  u sing  e x is t in g  term inology 
(Updyke, J .C .N ., 1983 ; 219: 143-181). W ithin Pul and LP1-c  
l in e s  o f is o e lev a tio n  a re  in c lin ed  from a n te ro d o rsa l to  
caudoventral w ith  the  rep re sen ta tio n  o f th e  upper quadrant 
lo ca ted  candally . R ep resen ta tions o f th e  VM a re  found a t  
th e  l a t e r a l  border o f Pul and a t  th e  LP1-c /L P i bo rder. The 
P u l/L P l-c  border corresponds to  a  re p re sen ta tio n  o f the  
l a t e r a l  p e riphe ry . Iso e lev a tio n  l in e s  converge a t  th e  P u l/ 
LP1-c  border to  fa n  out in  e i th e r  d ire c tio n  toward th e  VM, 
in d ic a tin g  expanded re p re sen ta tio n s  o f c e n tra l  gaze in  both 
zones. Unexpectedly, th e  re p re sen ta tio n  o f th e  v is u a l f i e ld  
w ith in  caudal LPi was found to  be fo lded  upon i t s e l f .  The 
re p re sen ta tio n  o f th e  VM a t  th e  LPl-c/LP i border continues 
over th e  dorsom edial su rface  o f LPi and extends fo r  a  v a r i
ab le  d is tan ce  between LPi and LPm. As a  r e s u l t ,  l in e s  of 
isoazim uth w ith  LPi form t ig h t  loops, and th e  p eriphery  o f 
th e  v is u a l f i e ld  i s  represen ted  in  p a r t  w ith in  th e  cen ter 
o f LPi. LPi a lso  con ta in s  an expanded re p re sen ta tio n  o f 
c e n t ra l  gaze. Although LPm has not p rev io u sly  been recog
nized as v is u a l ly  responsive, we have found a  p a r t i a l  re p re 
s e n ta tio n  o f th e  v is u a l f i e ld  in  th i s  zone. At caudal lev 
e ls  th e  VM i s  rep resen ted  a t  th e  LPi/LPm border, and p e r i
p h e ra l reg ions o f th e  v is u a l f i e ld  a re  rep resen ted  medial
ly  w ith in  LPm. Lim ited mapping a t  more r o s t r a l  le v e ls  sug
g e s ts  th a t  lo c i  w ith in  the  lower p eriphery  o f th e  v is u a l 
f i e ld  a re  rep resen ted  a t  th e  LPi/LPm border. P relim inary  
observations w ith in  th e  r o s t r a l  th i r d  o f th e  LP complex in 
d ic a te  th a t  continuous v is u a l re p re sen ta tio n s  extend from 
caudal to  r o s t r a l  Pu l, and from LP1-c  to  LP1- r ,  and th a t  
elem ents o f th e  d o rsa l s h e l l  (LPs-d) con ta in  lim ited  rep re 
s en ta tio n s  o f th e  v is u a l f i e ld .  The p re sen t r e s u l t s  support 
subd iv id ing  th e  c a t 's  LP complex in to  f iv e  zones and a  
heterogeneous s h e l l  (Updyke, J .C .N ., 1983,) and in d ic a te  a  
more complex ro le  fo r  th e se  subd iv isions  in  in te g ra tin g  v i 
s u a l inform ation  and re la y in g  i t  to  d iv e rse  c o r t ic a l  a re a s .  
Supported by NEI g ran t nos. F32 EY05703 and R01 EY01925.
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2 1 1 . 5   L A M I NAR ORGA NIZATION OF CO RTICA L CONNE C T I O NS WITH 
THE T E C T O -  AND C O R T I C O - R E C I P I E NT Z O H ES  I R  THE 
C A T 'S  LATERAL P O S TE R IO R  HUCLEUS
B . P .  A b r a m s o n  a n d  L . M .  C h a l u p a
D e p a r t m e n t  o f  P s y c h o l o g y  a n d  t h e  P h y s i o l o g y  
G r a d u a t e  G r o u p ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  D a v i s ,  
CA 9 5 6 1 6 .

T h e  c o r t i c a l  c o n n e c t i o n s  o f  t h e  t w o  v i s u a l  
z o n e s  w i t h i n  t h e  c a t ' s  l a t e r a l  p o s t e r i o r  ( L P )  
n u c l e u s  w e r e  e x a m i n e d  u s i n g  t h e  a n t e r o g r a d e  a n d  
r e t r o g r a d e  t r a n s p o r t  o f  W G A -H R P . M i c r o e l e c t r o -  
p h o r e t i c  d e p o s i t s  o f  t h i s  t r a c e r  i n t o  t h e  m a i n  
t e c t o r e c i p i e n t  r e g i o n  i n  t h e  m e d i a l  a s p e c t  o f  t h e  
L P  ( L P m )  r e v e a l e d  r e c i p r o c a l  c o n n e c t i o n s  w i t h  
s e v e n  e x t r a s t r i a t e  c o r t i c a l  a r e a s .  T h e s e  i n c l u d e d  
a r e a s  19  a n d  2 1 a ,  t h e  m e d i a l  a n d  l a t e r a l  b a n k s  o f  
t h e  m i d d l e  s u p r a s y l v i a n  s u l c u s  (C B m  a n d  C B 1 ) ,  t h e  
s u p e r i o r  a n d  i n f e r i o r  b a n k s  o f  t h e  p o s t e r i o r  
s u p r a s y l v i a n  s u l c u s  ( D L S  a n d  V L S ) ,  a n d  a n  a r e a  
w i t h i n  t h e  f u n d u s  o f  t h e  p o s t e r i o r  s u p r a s y l v i a n  
s u l c u s  ( P S ) .  I n  e a c h  c o r t i c a l  a r e a  t w o  d i s t i n c t  
p o p u l a t i o n s  o f  c e l l s  w e r e  l a b e l e d :  s m a l l  
p y r a m i d a l - 1 i k e  c e l l s  i n  l a y e r  V I  a n d  l a r g e  
p y r a m i d a l  c e l l s  i n  l a y e r  V. I n  e a c h  c o r t i c a l  a r e a  
t h e  d e n s i t y  o f  b a c k - f i l l e d  n e u r o n s  i n  l a y e r  V I  w a s  
m u c h  g r e a t e r  t h a n  i n  l a y e r  V . O v e r l y i n g  t h e s e :  
f i l l e d  c e l l s  w e r e  t w o  b a n d s  o f  a n t e r o g r a d e  l a b e l : a  
n a r r o w  s t r i p  i n  l a y e r  I  a n d  a  s i g n i f i c a n t l y  w i d e r  
b a n d  c e n t e r e d  i n  l a y e r  I V .  D e p o s i t s  o f  W G A -H R P  
i n t o  t h e  s t r i a t e - r e c i p i e n t  z o n e  i n  t h e  l a t e r a l  
r e g i o n  o f  t h e  L P  ( L P 1 ) r e s u l t e d  i n  a n t e r o g r a d e  a n d  
r e t r o g r a d e  l a b e l  w i t h i n  t h e  s t r i a t e  c o r t e x ,  a s  
w e l l  a s  i n  t h e  f o l l o w i n g  e x t r a s t r i a t e  c o r t i c a l  
a r e a s :  a r e a s  1 9 ,  2 0 a  a n d  b ,  2 1 a ,  C B m , C B 1 , P S ,  a n d  
a n  a r e a  w i t h i n  t h e  i n f e r i o r  b a n k  a n d  f u n d u s  o f  t h e  
s p l e n i a l  s u l c u s .  T h e  l a m i n a r  o r g a n i z a t i o n  o f  
e x t r a s t r i a t e  c o n n e c t i o n s  w i t h  L P 1 w a s  v e r y  s i m i l a r  
t o  t h a t  o b s e r v e d  w i t h  t h e  L P m . L a b e l e d  c e l l s  w e r e  
f o u n d  i n  l a y e r s  V a n d  V I  a n d  a n t e r o g r a d e  l a b e l  w a s  
o b s e r v e d  i n  l a y e r s  I  a n d  I V .  T h e s e  l a b e l i n g  
p a t t e r n s  a p p e a r e d  t o  b e  q u a l i t a t i v e l y  s i m i l a r  t o  
t h o s e  o b t a i n e d  f o l l o w i n g  d e p o s i t s  o f  t r a c e r  i n  t h e  
L P m . H o w e v e r ,  a r e a s  1 7  a n d  1 8  s h o w e d  a  d i f f e r e n t  
p a t t e r n .  C o r t i c a l  c e l l s  p r o j e c t i n g  t o  L P 1  w e r e  
o n l y  f o u n d  i n  l a y e r  V , w h e r e a s  t h e  p r o j e c t i o n  f r o m  
L P 1  w a s  o b s e r v e d  t o  t e r m i n a t e  i n  l a y e r  1 .

S u p p o r t e d  b y  E Y - 0 3 4 9 1  f r o m  N E I .

211.6  THE CONNECTIONS BETWEEN AREAS 18 AND 19 AND THE LATERAL PO
STERIOR COMPLEX IN THE CAT'S THALAMUS .K.Albus and C .Sanide s -  
Buchholtz* ,  D ept.N eurobiol. ,MPI Biophys.Chem.,Göttingen,ERG.

The l a t e r a l  d iv is io n  o f th e  l a t e r a l  p o s te r io r  complex 
(LPl) in  the  c a t 's  thalam us has been claim ed to  be th e  only 
a rea  w ith in  LP to  re ce iv e  p ro je c tio n s  from the  v is u a l c o r t i 
c a l  a reas  17,18 and 19 (Updyke,B.V., J .c o n p .N e u r., 173:81, 
1977). However, own fin d in g s  based on the  axonal t ra n s p o r t  
o f HRP(Albus,K. and M eyer,G .,S oc.N eurosci.A bstr. , 7 : 761,1981) 
suggested th a t  the  connections between LP and v is u a l co rtex  
a re  more widespread fo r  a re as  18 and 19 than  fo r  a rea  17 .In 
o rder to  c la r i f y  th i s  m a tte r we have made use o f  re tro g rad e  
and an terograde axonal tra n s p o r t  techn iques . The t r a c e r s  we
re  F a s t Blue (FB,2%), Diamidino Yellow(DY,2%), N uclear Y el- 
low(NY,2%) and WGA-HRP(5%). P r io r  to  the  a p p lic a tio n  o f the  
t r a c e r  substances c o r t ic a l  in je c tio n  p o in ts  were determ ined 
by p h y s io lo g ica l m ethods.Survival tim es were 10-16 days fo r  
FB and DY, and 24-36hours fo r  NY and WGA-HRP.B rains were c u t 
a t  25µm and in  a d d itio n  to  HRP-histochem istry acety lth io c h o -  
l in e s te ra s e  h is to ch em istry  was ro u tin e ly  c a r r ie d  o u t.

The r e s u l t s  confirm  our e a r l i e r  fin d in g s  th a t  a reas  18 
and 19 rece iv e  p ro je c tio n s  from LP1 and from a zone m edially  
ad jo in in g  LP1 , wh ic h  i s  te n ta t iv e ly  c a l le d  LPm. As a new f in  
ding p ro je c tio n s  from a re as  18 and 19 back to  LPm were de
m onstrated. A p re c ise  re c ip ro c ity  between th a lam o co rtica l 
and co rtico th a lam ic  p ro je c tio n s  was seen w ith in  LPm, and i t  
could be a lso  shown th a t  th e  a f f e re n t  and e f f e re n t  co n n ec ti
ons o f a reas  18 and 19 w ith LPm a re  in  re tin o to p ic  r e g i s te r .  
By in je c t in g  v a rio u s  p a r ts  o f the  v is u a l f i e ld  r e p re s e n ta t i 
ons in  a reas  18 and 19 th e  re tin o to p y  in  LPm was found to  
be a  m irro r image o f the  re tin o to p y  seen in  LP1 ,wi th  Lpm b ang  
sm aller in  an a n te ro p o s te r io r  d ire c tio n  than  LP1 . By compa
r in g  th e  thalam ic p lo ts  o f  re tro -an d  anterogradely tra n sp o r
te d  m a te ria l w ith  the  p lo ts  o f ch o lin e s te ra se  a c t iv i ty  a  c lo 
se correspondence was seen b e tween  LPmas defined In the p re s en t 
re p o r t  and LPm as  defined  on the  b a s is  o f c h o lin s te ra s e  h i 
stochem istry  (G raybiel, A.M., and Berson,D.M. ,N e u ro sc i., 5: 
1175,1980). S ince th e  zone o f  high  c h o lin e s te ra se  a c t iv i ty  
which i s  c a l le d  LPm re ce iv es  a s tro n g  p ro je c tio n  from the  su 
p e r io r  c o l l ic u lu s  our r e s u l t s  assume th a t  in fo rm ation  from 
the m idbrain can be d i r e c t ly  re lay ed  v ia  LPm to  c o r t i c a l  a re 
as  18 and 19 and /o r  modulated w ith in  LPm by neuronal a c t i 
v i ty  descending from a re a s  18 and 19.

211. 7  CONNECTIONS OF THE VENTRAL ANTERIOR NUCLEUS WITH THE VISUAL 
CORTEX IN  THE CAT  R . R i e c k   Dept.  o f  A n a to m y , T u l a n e  
U n i v e r s i t y  M e d ic a l  S c h o o l ,  New O r l e a n s ,  LA , 7 0 1 1 2 .

T h e  v e n t r a l  a n t e r i o r  n u c l e u s  (VA) i n  t h e  c a t  h a s  b e e n  
s u g g e s t e d  t o  b e  t h e  h o m o lo g u e  o f  t h e  " p a r a l a m i n a r "  p o r t i o n  
o f  t h e  v e n t r a l  a n t e r o l a t e r a l  c o m p le x  (VAL) i n  t h e  r o d e n t .  
F u r t h e r m o r e ,  t h e  p a r a l a m i n a r  VAL h a s  b e e n  sh o w n  t o  p r o j e c t  
e x t e n s i v e l y  t o  l a y e r  I  o f  t h e  v i s u a l  c o r t e x  i n  t h e  r a t .  T h e  
p r e s e n t  s t u d y  r e l i e s  u p o n  a n t e r o g r a d e  a n d  r e t r o g r a d e  t r a c 
i n g  t e c h n i q u e s  t o  d e t e r m i n e  i f  a  s i m i l a r  p r o j e c t i o n  a r i s e s  
f r o m  VA i n  t h e  c a t .  P r e s s u r e  i n j e c t i o n s  o f  t r i t i a t e d  a m in o  
a c i d s  (AA) w e r e  p l a c e d  w i t h i n  VA, a n d  t h e  b r a i n s  w e r e  p r o 
c e s s e d  a c c o r d i n g  t o  r o u t i n e  p r o t o c o l s  f o r  a u t o r a d i o g r a p h y .  
S i m i l a r l y ,  s m a l l  e l e c t r o p h o r e t i c  i n j e c t i o n s  o f  HRP a l s o  
w e r e  p l a c e d  w i t h i n  s e p a r a t e  r e g i o n s  o f  t h e  v i s u a l  c o r t e x ,  
a n d  t h e  b r a i n s  w e r e  p r o c e s s e d  f o r  HRP v i s u a l i z a t i o n .

F o l l o w i n g  t h e  p l a c e m e n t  o f  l a r g e  AA i n j e c t i o n s  i n t o  VA, 
t r a n s p o r t e d  l a b e l  i s  l o c a t e d  o v e r  s e v e r a l  n e o c o r t i c a l  r e g 
i o n s .  A s a n t i c i p a t e d  b y  t h e  s p r e a d  o f  t h e  t r a c e r  i n t o  t h e  
a n t e r i o r  t h a l a m u s ,  a n t e r o g r a d e  l a b e l  i s  f o u n d  o v e r  t h e  c i n 
g u l a t e  g y r u s .  T h e  h e a v i e s t  l a b e l  w i t h i n  t h e  n e o c o r t e x ,  how 
e v e r ,  i s  l o c a t e d  o v e r  t h e  f u l l  e x t e n t  o f  t h e  m id d l e  s u p r a 
s y l v i a n  g y r u s .  R o s t r a l l y ,  d e n s e  a n t e r o g r a d e  l a b e l  i s  s e e n  
o v e r  l a y e r s  I  a n d  I I I - V I  i n  A r e a s  5 a n d  7 .  S i m i l a r l y ,  
a u t o r a d i o g r a p h i c  l a b e l  i s  s e e n  o v e r  l a y e r s  I  a n d  V -V I o f  
A r e a  2 1 a .  A r e a s  2 0 a  a n d  2 0 b  a l s o  c o n t a i n  d e n s e  l a b e l  o v e r  
l a y e r  I  a n d  l a y e r s  I I I - V I .  A n t e r o g r a d e  l a b e l  i s  l o c a t e d  
p r i m a r i l y  o v e r  l a y e r s  V -V I w i t h i n  A r e a s  17 a n d  1 8 . L i k e 
w i s e ,  A r e a  19 c o n t a i n s  m o d e r a t e l y  d e n s e  l a b e l  o v e r  l a y e r s  
V -V I a s  w e l l  a s  f a i n t  l a b e l  o v e r  l a y e r  I .  F o l lo w in g  p l a c e 
m e n t  o f  HRP w i t h i n  A r e a s  17 a n d  1 8 ,  r e t r o g r a d e  n e u r o n a l  l a 
b e l i n g  w i t h i n  t h e  r o s t r a l  t h a l a m u s  i s  r e s t r i c t e d  t o  t h e  
c e n t r a l  m e d i a l  a n d  p a r a c e n t r a l  n u c l e i .  T h u s ,  t h e  a n t e r o 
g r a d e  l a b e l  o b s e r v e d  o v e r  l a y e r s  V -V I w i t h i n  A r e a s  17 a n d  
18 m o s t  l i k e l y  i s  c o n t r i b u t e d  b y  i n t r a l a m i n a r  n u c l e i  r a t h e r  
t h a n  b y  t h e  VA n u c l e u s .  I n  c o n t r a s t ,  w h e n  r e t r o g r a d e  t r a c 
e r s  a r e  p l a c e d  w i t h i n  t h e  c a u d a l  p a r t  o f  t h e  m id d l e  s u p r a 
s y l v i a n  g y r u s ,  l a b e l e d  n e u r o n s  a r e  o b s e r v e d  w i t h i n  t h e  d o r -  
s o m e d i a l  s e g m e n t  o f  t h e  VA n u c l e u s  a s  w e l l  a s  w i t h i n  t h e  
i n t r a l a m i n a r  n u c l e i .  T h u s ,  n e u r o n s  w i t h i n  t h e  VA n u c l e u s  
c o n t r i b u t e  a t  l e a s t  p a r t  o f  t h e  l a m i n a r  t e r m i n a t i o n s  s e e n  
w i t h i n  A r e a  2 1 a .  I n  s u m m a ry , t h e s e  d a t a  s u g g e s t  t h a t  i n  t h e  
c a t  t h e  p r o j e c t i o n  f r o m  VA a p p a r e n t l y  t e r m i n a t e s  s e l e c t i v e 
l y  w i t h i n  t h e  v i s u a l  c o r t e x  r a t h e r  t h a n  p r o j e c t i n g  t o  a l l  
v i s u a l  c o r t i c a l  a r e a s  a s  VAL d o e s  i n  t h e  r o d e n t .   S u p p o r t e d  
b y  NIH g r a n t  E Y 0 5 0 3 3 .

2 1 1 .8   RADIOFREQUENCY, BUT NOT KAINIC AC ID, LESIONS OF THE MONKEY 
PULVINAR PRODUCE MASSIVE ANTEROGRADE DEGENERATION IN THE 
SUPERIOR COLLICULUS.  D . B .  B e n d e r *  a n d  J . S .  B a i z e r  (S P ON:
D . S .  F a b e r ) .   D i v i s i o n  o f  N e u r o b i o l o g y ,  D e p a r t m e n t  o f  P h y s i 
o l o g y ,  S c h o o l  o f  M e d . ,  U n i v e r s i t y  a t  B u f f a l o ,  B u f f a l o ,  NY 
1 4 2 2 6 .

A l t h o u g h  b o t h  p h y s i o l o g i c a l  a n d  a n a t o m i c a l  s t u d i e s  h a v e  
c l e a r l y  d e m o n s t r a t e d  a n  i n t i m a t e  r e l a t i o n  b e t w e e n  t h e  p r i 
m a t e  p u l v i n a r  a n d  t h e  v i s u a l  s y s t e m ,  s u r p r i s i n g l y  l i t t l e  i s  
know n o f  t h e  p u l v i n a r ' s  f u n c t i o n .  S e v e r a l  s t u d i e s  h a v e  r e 
p o r t e d  b e h a v i o r a l  d e f i c i t s  f o l l o w i n g  t h e r m o c o a g u l a t i o n  o f  
t h e  p u l v i n a r .  P u l v i n a r  l e s i o n s  i m p a i r  c o l o r  d i s c r i m i n a t i o n  
w h e n  t h e  d i s c r i m i n a n d a  a r e  s e p a r a t e d  f r o m  t h e  r e s p o n s e  s i t e s ,  
t h e y  i m p a i r  d i s c r i m i n a t i o n  o f  t a c h i s t o s c o p i c a l l y  p r e s e n t e d  
s t i m u l i ,  t h e y  r e d u c e  t h e  r a t e  o f  g a z e  s h i f t  i n  v i s u a l  
s c a n n i n g ,  a n d  t h e y  i m p a i r  l o c a l i z a t i o n  o f  b r i e f  p e r i p h e r a l  
t a r g e t s .  H o w e v e r ,  t h e s e  d e f i c i t s  m ay  n o t  h a v e  r e s u l t e d  
f r o m  d e s t r u c t i o n  o f  t h e  p u l v i n a r  i t s e l f ,  b u t  r a t h e r  f r o m  
d a m a g e  t o  c o r t i c o t e c t a l  f i b e r s  p a s s i n g  t h r o u g h  t h e  p u l v i n a r .

To e v a l u a t e  t h i s  p o s s i b i l i t y ,  a n d  t o  d e t e r m i n e  w h e t h e r  
k a i n i c  a c i d  c a n  b e  u s e d  t o  d e s t r o y  p u l v i n a r  c e l l s  w i t h o u t  
d a m a g i n g  c o r t i c o t e c t a l  f i b e r s ,  we c o m p a r e d  a n t e r o g r a d e  d e 
g e n e r a t i o n  i n  t h e  s u p e r i o r  c o l l i c u l u s  f o l l o w i n g  k a i n i c  a c i d  
a n d  r a d i o f r e q u e n c y  l e s i o n s  o f  t h e  p u l v i n a r .  K a i n i c  a c i d  
i n j e c t i o n s  p r o d u c e d  t o t a l  l o s s  o f  n e u r o n a l  p e r i k a r y a  w i t h i n  
t h e  i n f e r i o r  a n d  l a t e r a l  p u l v i n a r .  F o u r  t o  s e v e n  d a y s  
f o l l o w i n g  t h e  k a i n i c  a c i d  l e s i o n s ,  t e r m i n a l  a n d  f i b e r  d e g e n 
e r a t i o n  w i t h i n  t h e  s u p e r i o r  c o l l i c u l u s  w a s  no  g r e a t e r  t h a n  
t h a t  p r o d u c e d  b y  c o n t r o l  i n j e c t i o n s  o f  s a l i n e .  By c o n t r a s t ,  
t h e r m o c o a g u l a t i o n  l e s i o n s  o f  t h e  i n f e r i o r  a n d  l a t e r a l  p u l v i 
n a r  p r o d u c e d  d e n s e  f i b e r  a n d  t e r m i n a l  d e g e n e r a t i o n  t h r o u g h 
o u t  t h e  s u p e r f i c i a l  a n d  i n t e r m e d i a t e  l a y e r s  o f  t h e  s u p e r i o r  
c o l l i c u l u s .  T h u s ,  w h e r e a s  t h e r m o c o a g u l a t i o n  o f  t h e  p u l v i n a r  
s e v e r e l y  d a m a g e s  t h e  c o r t i c o t e c t a l  t r a c t ,  k a i n i c  a c i d  l e s i o n s  
s p a r e  t h e s e  f i b e r s  o f  p a s s a g e .

T h e s e  r e s u l t s  s u g g e s t  t h a t  k a i n i c  a c i d  l e s i o n s  s h o u l d  
p r o v i d e  a n  e f f e c t i v e  t o o l  f o r  s t u d y i n g  t h e  f u n c t i o n a l  s i g n i 
f i c a n c e  o f  t h e  p r i m a t e  p u l v i n a r .  F u r t h e r m o r e ,  t h e  b e h a v 
i o r a l  d e f i c i t s  s e e n  f o l l o w i n g  p u l v i n a r  l e s i o n s  may h a v e  t o l d  
u s  m o r e  a b o u t  t h e  f u n c t i o n  o f  t h e  c o r t i c o t e c t a l  s y s t e m  t h a n  
t h e y  h a v e  a b o u t  t h e  f u n c t i o n  o f  t h e  p u l v i n a r .
S u p p o r t e d  by  NEI g r a n t s  EY0 224 5  a n d  E Y 0 2 2 3 0 .
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211 .9   TREE SHREW CLAUSTRUM: LAMINAR ORGANIZATION OF CONNECTIONS 
W ITH E X TR A STR IA T E AND TEMPORAL V ISU A L  C O R T IC IE S .  R . G. 
C a r e y  a n d  T . L .  N e a l .   D i v .  o f  N e u r o b i o l . ,  B a r r o w  
N e u r o l o g i c a l  I n s t i t u t e ,  P h o e n i x ,  AZ 8 5 0 1 3 .

T h e  d o r s a l  c l a u s t r u m  h a s  b e e n  s h o w n  t o  b e  c o n n e c t e d  
w i t h  v a s t  r e g i o n s  o f  v i s u a l  c o r t e x  i n  a  v a r i e t y  o f  
m a m m a l s .  Y e t ,  w i t h  t h e  e x c e p t i o n  o f  s t r i a t e  c o r t e x ,  
l i t t l e  i s  k n o w n  c o n c e r n i n g  t h e  l a m i n a r  o r g a n i z a t i o n  o f  
t h e s e  c o n n e c t i o n s .  I n  t h e  t r e e  s h r e w ,  f o r  e x a m p l e ,  t h e  
c l a u s t r u m  t e r m i n a t e s  i n  a r e a  17 i n  a  r e t i n o t o p i c  m a n n e r  i n  
t h e  v e r y  c o r t i c a l  l a y e r s  t h a t  r e c e i v e  a n  a s c e n d i n g  
t h a l a m i c  p r o j e c t i o n  ( i . e . ,  I V ,  I I I b ,  V I  a n d  I ) .  I t  i s  
u n c e r t a i n  how  r e f l e c t i v e  t h i s  p a t t e r n  i s  f o r  a l l  o f  v i s u a l  
c o r t e x .  I n  o r d e r  t o  e x a m in e  t h e  l a m i n a r  o r g a n i z a t i o n  o f  
c l a u s t r a l  c o n n e c t i o n s  t o  o t h e r  v i s u a l  a r e a s ,  s m a l l  
e l e c t r o p h o r e t i c  i n j e c t i o n s  o f  n e u r a l  t r a c e r s  ( g e n e r a l l y  
W G A /H RP) w e r e  m a d e  d i r e c t l y  i n t o  t h e  t r e e  s h r e w  d o r s a l  
c l a u s t r u m .

A f t e r  c l a u s t r a l  i n j e c t i o n s  t h a t  r e s u l t e d  i n  w i d e s p e a d  
l a b e l e d  a c t i v i t y  i n  a r e a  1 7 , a  n u m b e r  o f  d i s t i n c t  f o c i  o f  
l a b e l e d  c e l l s  a n d / o r  t e r m i n a l s  w e r e  l o c a l i z e d  t h r o u g h o u t  
v i s u a l  c o r t e x .  T h e  m a j o r i t y  o f  t h e s e  f o c i  h a d  a  l a m i n a r  
o r g a n i z a t i o n  s i m i l a r  t o  t h a t  s e e n  i n  a r e a  17  w i t h  t h e  
d e n s e s t  t e r m i n a t i o n s  o c c u r r i n g  i n  l a y e r s  IV  a n d  V I .  T he 
r e c i p r o c a l  p r o j e c t i o n  o r i g i n a t e d  p r i m a r i l y  f r o m  s m a l l -  t o  
m e d i u m - s i z e d  p y r a m i d a l  c e l l s  i n  l a y e r  V I .  F u r t h e r ,  i n  a  
m a j o r i t y  o f  t h e  v i s u a l  a r e a s ,  t h e  d e n s i t y  o f  t h e  a n t e r o 
g r a d e  l a b e l e d  t e r m i n a l s  a n d  t h e  r e t r o g r a d e  l a b e l e d  c e l l s  
a p p e a r e d  p o s i t i v e l y  r e l a t e d .  H o w e v e r ,  c e r t a i n  o f  t h e  
v i s u a l  a r e a s  w e r e  c o n s p i c u o u s  b y  t h e i r  l a c k  o f  s y m m e tr y .  
A r e a  1 8 , f o r  e x a m p l e ,  r e c e i v e d  o n l y  a  l i g h t  a n d  s c a t t e r e d  
( l a y e r s  I V - I )  p r o j e c t i o n  f r o m  t h e  c l a u s t r u m ,  y e t  i t s  p r o 
j e c t i o n  t o  t h e  c l a u s t r u m  r i v a l e d  t h a t  o f  a r e a  17 i n  
m a g n i t u d e .

A p a t t e r n  d i s t i n c t l y  d i f f e r e n t  f r o m  t h a t  o f  t h e  o t h e r  
v i s u a l  a r e a s  w a s  o b s e r v e d  i n  t e m p o r a l  a n t e r i o r  v i s u a l  
c o r t e x .  I n  t h i s  a r e a ,  a  n u m b e r  o f  p e r i o d i c a l l y  o c c u r r i n g  
f o c i  w e r e  f o u n d  i n  w h i c h  l a b e l e d  c e l l s  w e r e  i n t e r m i x e d  
w i t h  t h e  l a b e l e d  t e r m i n a l s  w i t h i n  l a y e r  IV . T he m a j o r i t y  
o f  t h e s e  l a b e l e d  c e l l s  w e r e  s m a l l  t o  m e d iu m  p y r a m i d a l s ,  
b u t  a  n u m b e r  o f  m e d iu m  t o  l a r g e  m u l t i p o l a r  c e l l s  a l s o  w e r e  
l a b e l e d .

T h u s ,  o u r  r e s u l t s  i n d i c a t e  t h a t  w h i l e  t h e  l a m i n a r  
o r g a n i z a t i o n  o f  c l a u s t r a l  c o n n e c t i o n s  i n  m o s t  o f  t h e  
v i s u a l  a r e a s  i s  s i m i l a r  t o  t h a t  o f  a r e a  1 7 ,  a  n u m b e r  o f  
d e f i n i t e  d i f f e r e n c e s  d o  e x i s t .

S u p p o r t e d  b y  NIH G r a n t s  E Y 0 3 6 4 1 (RGC) a n d  BRSG R R 0572.

211. 10  THE INFLUENCE OF THE V ISUAL CORTEX ON THE RETINAL GANGLION 
CELLS: QUANTITATIVE DATA.  F . T re m b la y * , S . M o lo t c h n ik o f f , 
an d  A, C e r a t* .  Dé p a r t e m e n t  d e  S c i e n c e s  b i o l o g i q u e s ,  
U n i v e r s i t é  d e  M o n tr é a l ,  M o n tr é a l ,  P .Q . ,  C anada  H3C 3 J 7 .

The v i s u a l  c o r t e x  (VC) i n f l u e n c e s  l ig h t - e v o k e d  r e s p o n s e s  
o f  r e t i n a l  g a n g l io n  c e l l s  (RGC) i n  r a t s .  P r e v io u s  r e p o r t s  
from  o u r  l a b o r a t o r y  d e m o n s t r a te d  t h a t  a  l o c a l  (4 mm2 ) 
c ry o b lo c k a d e  a p p l i e d  t o  t h e  VC p r o d u c e s  p r o fo u n d  m o d if ic a 
t i o n s  o f  t h e  RGC d i s c h a r g e s .  The p r e s e n t  s tu d y  i s  d e s ig n e d  
t o  a n sw e r  two q u e s t i o n s :  1) W hat t y p e s  o f  RGC a r e  
i n f l u e n c e d  a n d ; 2) How t h e  r e s p o n s e  p r o f i l e  i s  m o d if ie d ,  
f o l l o w in g  c o r t i c a l  i n a c t i v a t i o n .  E x p e r im e n ts  w ere  c o n d u c te d  
on  u r e th a n e  a n e s t h e t i z e d  h o o d ed  r a t s .  G a n g lio n  c e l l  a c t i 
v i t y  was r e c o r d e d  fro m  a x o n s  a t  t h e  o p t i c  c h ia sm a  l e v e l  w i th  
g l a s s  m ic r o p i p e t t e s .  R e c e p tiv e  f i e l d s  (RF) w e re  s tu d i e d  
w i th  s t a t i o n a r y  im ag es  ( s p o t s ,  s l i t s ,  e t c . )  g e n e r a t e d  o n to  
a  c a th o d e  r a y  s c r e e n  p o s i t i o n e d  25 cm fro m  th e  e y e .  C e l l s  
w ere  c a t e g o r i z e d  a s  c o n c e n t r i c ,  ON, OFF an d  s u p p r e s s e d - b y -  
l i g h t  (SBL) a c c o r d in g  t o  t h e i r  r e s p o n s e  p r o p e r t i e s  when 
l i g h t  s t i m u l i  w ere  sh o n e  w i t h in  t h e  RFS. The P e a rs o n  c o e f 
f i c i e n t  (PC) com pared  c o n t r o l  ( p r i o r  c o o l in g )  an d  t e s t  
( d u r in g  c o o l in g )  p o s t - s t i m u l u s  t im e  h i s to g r a m s  (PSTH ). T h is  
c o m p a r is o n  i n d i c a t e d  t h a t  t h e  u n i t s  m o st a f f e c t e d  by  c ry o 
b lo c k a d e  w e re  OFF (41%, N -  2 9 ) ;  ON (33%, N = 57) an d  SBL 
c e l l s  (29%, N = 1 7 ) .  I n  t h e s e  RGC t h e  a v e ra g e  PC d e c l i n e d  
t o  0 . 2 4 , 0 .3 6  an d  0 .2 7  from  0 .6 6 ,  0 .7 2  an d  0 .7 1  r e s p e c t i v e l y .  
By c o n t r a s t  o n ly  19% (N = 53) o f  t h e  c o n c e n t r i c  c e l l s  w ere  
i n f l u e n c e d  by  c o r t i c a l  i n a c t i v a t i o n .  The a v e ra g e  PC i s  0 .4 7  
( c o n t r o l  = 0 . 6 5 ) .  As a  m a t t e r  o f  f a c t  i n  t h i s  c l a s s ,  o n ly  
two u n i t s  e x h i b i t e d  s t r o n g  m o d i f i c a t i o n s .  C o r t i c o - r e t i n a l  
i n f l u e n c e s  w ere  f u r t h e r  s tu d i e d  b y  u s in g  th e  a d d i t i o n  t h e o 
rem  o f  t h e  c h i - s q u a r e d  a n a l y s i s .  The p o s t  s t im u lu s  tim e  
a n a l y s i s  o f  500 ms w as d iv id e d  i n  e i g h t  s u c c e s s iv e  e q u a l  
i n t e r v a l s  o f  62 m s. T h is  i s  done to  d e t e c t  d u r in g  w h ich  
ep o ch  t h e  t e s t  r e s p o n s e  p a t t e r n s  d e v i a t e  m o s t ly  fro m  t h e  
e x p e c te d  ( c o n t r o l )  p r o f i l e .  The d i s c h a r g e s  o f  ON- an d  SBL 
c e l l s  a r e  m o d if ie d  a t  t h e  e a r l y  s t a g e s  o f  t h e i r  r e s p o n s e -  
p a t t e r n s  ( i n c r e a s e d  e x c i t a t i o n ) , w h i le  O F F -u n i ts  e x h i b i t e d  
m o d i f i c a t i o n s  th ro u g h o u t  t h e  t im e  o f  a n a l y s i s .  I n  c o n c lu 
s i o n ,  t h e  v i s u a l  c o r t e x  i n f l u e n c e s  a l l  t y p e s  o f  RGC e x c e p t  
t h e  c o n c e n t r i c  c l a s s  w h ic h  seem s t o  b e  s p a r e d  fro m  c o r t i c a l  
b lo c k a d e .  I n  a d d i t i o n ,  t h e  VC dam pens t h e  i n h e r e n t  
o s c i l l a t o r y  a c t i v i t y  o f  RGC r e s p o n s e s .

S u p p . CRSNG (C anada) and  FCAC (Q u é b e c ) .

2 1 1 .1 1   IN TR IN SI C  AND EXTRINSIC CORTICAL CONNECTIONS OF AREA 17 
OF THE PROSIMIAN PRIMATE, GALAGO.  J .  H.  K a a s  a n d  
C . G .  C u s i c k ,   Dept. o f  P s y c h o l o g y ,  V a n d e r b i l t  U n i v e r s i t y ,  
N a s h v i l l e ,  TN 3 7 2 4 0 .

S u r f a c e  v i e w  p a t t e r n s  o f  c o r t i c a l  c o n n e c t i o n s  o f  A r e a  
17  o f  g a l a g o s  ( c r a s s i c a u d a t u s ) w e r e  i n v e s t i g a t e d  a f t e r  
s i n g l e  o r  d o u b l e  i n j e c t i o n s  o f  w h e a t  g e r m  a g g l u t i n i n  c o n 
j u g a t e d  t o  h o r s e r a d i s h  p e r o x i d a s e  (WGA-HRP).  A f t e r  f i x 
a t i o n ,  c o r t e x  w a s  s e p a r a t e d  f r o m  t h e  b r a i n ,  a r t i f i c a l l y  
f l a t t e n e d ,  c u t  p a r a l l e l  t o  t h e  s u r f a c e ,  a n d  p r o c e s s e d  f o r  
HRP.  F o r  d i s t a n c e s  e x t e n d i n g  1 . 5  mm o r  m o r e ,  a  s y s t e m a t i c  
p a t t e r n  o f  p a t c h e s  o f  l a b e l e d  c e l l s  a n d  t e r m i n a t i o n s  i n  
s u p r a -  a n d  i n f r a g r a n u l  a r  l a y e r s  s u r r o u n d e d  e a c h  i n j e c t i o n  
s i t e  i n  A r e a  1 7 .  T h e  p a t c h e s  w e r e  p a r t i a l l y  s u p e r i m p o s e d  
o n  f o c i  o f  h i g h  c y t o c h r o m e  o x i d a s e  a c t i v i t y .  O t h e r  c o n 
n e c t i o n s  w e r e  w i t h  A r e a  18  ( V - I I )  a n d  w i t h  t h e  M i d d l e  
T e m p o r a l  V i s u a l  A r e a  ( M T ) .  A s i n g l e  i n j e c t i o n  i n  A r e a  17 
p r o d u c e d  s e v e r a l  c l o s e l y  s p a c e d  f o c i  o f  l a b e l e d  c e l l s  a n d  
t e r m i n a t i o n s  i n  A r e a  18  a n d  MT. T h e  l o c a t i o n s  o f  t h e  
c l u s t e r e d  f o c i  v a r i e d  w i t h  t h e  i n j e c t i o n  s i t e  i n  A r e a  1 7 ,  
s o  t h a t  i n j e c t i o n s  i n  d o r s o l a t e r a l  A r e a  17 r e s u l t e d  i n  
l a b e l  i n  m o r e  l a t e r a l  l o c a t i o n s  i n  A r e a  18  a n d  MT, w h i l e  
d o r s o m e d i a l  i n j e c t i o n s  l a b e l e d  m e d i a l  l o c a t i o n s  i n  t h e s e  
f i e l d s .  I n  b o t h  A r e a  18  a n d  MT, l a b e l e d  c e l l s  w e r e  i n  
b o t h  s u p r a g r a n u l a r  a n d  i n f r a g r a n u l a r  l a y e r s  w i t h  a  m a j o r  
i n f r a g r a n u l  a r  c o m p o n e n t .  A d d i t i o n a l  v e r y  s p a r s e  l a b e l  
w a s  n o t e d  i n  c o r t e x  b e t w e e n  A r e a  18  a n d  MT, p r o v i d i n g  
e v i d e n c e  t h a t  A r e a  17 p r o j e c t s  t o  t h e  d o r s o l a t e r a l  v i s u a l  
a r e a  o r  i t s  e q u i v a l e n t  i n  p r o s i m i a n s .  T h e  r e s u l t s  a r e  
c o n s i s t e n t  w i t h  t h e  c o n c e p t  o f  m o d u l a r  p r o c e s s i n g  o f  
v i s u a l  i n f o r m a t i o n  i n  A r e a s  1 7 ,  1 8 ,  a n d  MT o f  g a l a g o s ,  
a n d  i n d i c a t e  t h a t  A r e a  18 a n d  MT a r e  t h e  p r i n c i p a l  c o r t i 
c a l  r e c e i v i n g  z o n e s  o f  i n f o r m a t i o n  f r o m  A r e a  1 7 .

S u p p o r t e d  b y  G r a n t  E Y 0 2 6 8 6 .

211. 1 2   COMMISSURAL PATHWAYS INVOLVED IN  THE INTER-H EM ISPHERIC 
CONNECTIONS OF THE ANTERIOR ECTOSYLVIAN VISUAL AREA IN THE 
CAT.  D. M ice li, F. Leporé , R. Ward and M. P t i to *.  Groupe 
de recherche en neuropsychologie, U n iv e rs ité  du Québec, 
T ro is-R iv ière s ,  Québec G9A 5H7

The a n te r io r  e c to sy lv ian  v is u a l a rea  (AEV) in  th e  c a t  has 
been shown to  be re c ip ro c a lly  connected w ith  th e  l a t e r a l  
sup rasy lv ian  v is u a l a rea  (LSS) and AEV o f th e  opposite  he
misphere (M iceli e t  a l . ,  1984). Based upon th e  f a c t  th a t  
AEV i s  to p o g rap h ica lly  is o la te d  f r om th e  more c la s s ic a l  v i 
su a l c o r t ic a l  a reas  which a re  s i tu a te d  cau d a lly  in  th e  he
m isphere, th e  p re sen t study was undertaken to  determ ine th e  
commissural system (s) involved in  i t s  in te r-h em isp h eric  a f 
fe re n t and e f f e re n t  p ro je c tio n s .  This was accomplished 
1) by examining th e  o rthograde axonal la b e lin g  w ith in  th e  
fo reb ra in  commissures a f t e r  in je c t io n  o f  e i th e r  o f th e  
flu o re sc en t t r a c e r s  Nuclear Yellow (NY) o r  F a s t Blue (FB) 
in to  AEV and LSS, 2) by c a tp a rin g  th e  re tro g rad e  c e l l  labe
lin g  in  c o n tr a la te r a l  AEV and LSS fo llow ing seq u e n tia l in 
je c tio n s  o f e i th e r  FB o r  Evans Blue (EB) and NY in to  th e  sa
me reg ions o f AEV made re s p e c tiv e ly  p r io r  to  and fo llow ing 
a complete tra n s e c tio n  o f  th e  corpus callosum . 1) A fte r 
LSS and AEV in je c t io n s ,  o rthograde la b e lin g  o f g l i a l  e le 
ments by NY and f ib e r s  by FB (Weidner e t  a l . 1983) was 
observed w ith in  th e  caudal splenium o f th e  corpus callosum , 
a lthough th e  AEV-injected t r a c e r  was a lso  p re sen t r o s t r a l ly  
w ith in  th e  commissure. 2) In  th e  corpus callosum  tra n s e c 
t io n  experim ents, compared to  th e  p re -s e c tio n  re tro g rad e  
c e l l  la b e lin g  observed in  la y e rs  I I I ,  V and VI o f c o n tra la 
t e r a l  LSS and AEV,the p o s t-s e c tio n  t r a c e r  in je c tio n s  in to  
AEV fa i le d  to  la b e l c o n tr a la te r a l  LSS and la y e r  I I I  o f 
AEV e n t i r e ly .  However, sons la b e lin g  p e rs is te d  in  la y e rs  
V and VI o f AEV. The r e s u l t s  in d ic a te  th a t  whereas th e  
AEV-LSS c o n tr a la te r a l  in te r-co n n ec tio n s  c ro ss  over through 
th e  corpus callosum , those  which a re  AEV hcmotopic 
e x h ib it  both  c a l lo s a l  and n o n -c a llo sa l t r a je c to r ie s .  The 
in te r-h em isp h eric  t r a n s fe r  o f  v is u a l info rm ation  has gene
r a l l y  been assumed to  involve only  th e  p o s te r io r  th i r d  o r 
splenium o f th e  corpus callosum , however th e  p re sen t r e s u l t s  
suggest th a t ,  w ith  regard  to  AEV, r o s t r a l  p o rtio n s  o f th e  
callosum  and e x tr a -c a l lo s a l  pathways (e .g . a n te r io r  comm is
sure) may a lso  be im p lica ted .

This work was supported by CRSNG resea rch  g ran ts  
A0053 and A9959.
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211.13 COMPARISON OF THE STRUCTURAL AND FUNCTIONAL PROPERTIES OF 
LAMINA V STRIATE CALLOSAL NEURONS WITH THOSE OF CELLS 
WHICH PROJECT TO THE SUPERIOR COLLICULUS AND LATERAL 
POSTERIOR NUCLEUS.  B .G . K l e in ,  R.D. M ooney, M .F. J a c g u in  
and R.W. R h o a d e s .  Dept.  o f  A natom y, U n iv . o f  M e d ic in e  and 
D e n t i s t r y  o f  New J e r s e y ,  S c h o o l o f  O s t e o p a th i c  M e d ic in e  
a nd  R u tg e rs  M e d ic a l S c h o o l ,  P i s c a t a w a y ,  NJ 0 8 8 5 4 .

We h av e  u se d  i n t r a c e l l u l a r  r e c o r d in g  and h o r s e r a d i s h  
p e r o x id a s e  i n j e c t i o n  te c h n iq u e s  to  d e l i n e a t e  th e  
s t r u c t u r a l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  37 c e l l s  in  
t h e  h a m s t e r ’ s v i s u a l  c o r t e x .  Of t h e s e ,  8 c o u ld  be 
a n t i d r o m i c a l l y  a c t i v a t e d  from  s t i m u l a t i n g  e l e c t r o d e s  i n  
th e  s u p e r i o r  c o l l i c u l u s  (SC) o r  l a t e r a l  p o s t e r i o r  n u c le u s  
(LP)1 and 9 w ere  a n t i d r o m i c a l ly  d r iv e n  fro m  th e  
c o n t r a l a t e r a l  h e m is p h e re .  W h ile  t h e  r e c e p t i v e  f i e l d  
p r o p e r t i e s  o f  t h e  two g ro u p s  o f  c e l l s  o v e r la p p e d  
c o n s id e r a b l y ,  th e y  w ere  m o r p h o lo g ic a l ly  d i s t i n c t .

S even  o f  th e  8 c o r t i c o - S C /L P  n e u ro n s  had  u n ifo r m , 
n o n - o r i e n t e d , movem ent s e n s i t i v e  r e c e p t i v e  f i e l d s .  Two o f  
t h e s e  w ere  d i r e c t i o n a l l y  s e l e c t i v e .  The re m a in in g  n e u ro n  
w as a s im p le  c e l l  w h ich  e x h ib i t e d  b o th  o r i e n t a t i o n  and 
d i r e c t i o n  s e l e c t i v i t y .  A l l  c o r t i co -S C /L P  n e u ro n s  w ere 
l a r g e  ( a v e r a g e  som al a r e a  198µm, s d .= 8 7 ;  n o t  c o r r e c t e d  f o r  
t i s s u e  s h r in k a g e )  p y ra m id a l  n e u ro n s  w i th  c e l l  b o d ie s  
l o c a t e d  in  lo w e r  l a y e r  V. A l l  had a p i c a l  d e n d r i t e s  w h ich  
e x te n d e d  to  th e  p i a l  s u r f a c e  and e x te n s i v e  a x o n a l  
a r b o r i z a t i o n s  in  l a y e r s  V and V I. Axon c o l l a t e r a l s  w h ich  
a s c e n d e d  to  l a y e r  I I - I I I  w ere  a l s o  v i s i b l e  i n 3 o f  th e  
c e l l s .

Lam ina V c a l l o s a l  n e u ro n s  w ere  m ore h e te r o g e n e o u s  
p h y s i o l o g i c a l l y .  F o u r had  u n ifo rm  c i r c u l a r  r e c e p t i v e  
f i e l d s  and g av e  b o th  on and o f f  r e s p o n s e s  to  f l a s h e d  
s p o t s ,  one was a d i r e c t i o n a l l y  s e l e c t i v e  com plex  c e l l ,  one 
was a x i a l l y  s e l e c t i v e ,  one had a  d i f f u s e  v i s u a l  f i e l d  and 
two w e re  u n r e s p o n s i v e . T h ese  n e u ro n s  had  r e l a t i v e l y  s m a l l  
(X=133µm2 , s d .= 6 7 )  som al a r e a s  and in  o n ly  5 i n s t a n c e s  d id  
t h e i r  a p i c a l  d e n d r i t e s  e x te n d  beyond  l a y e r  I I - I I I .  They 
a l s o  had  much l e s s  e x t e n s i v e  ax o n  c o l l a t e r a l i z a t i o n s  th a n  
th e  c o r t i c o - S C /L P  n e u ro n s .

S u p p o r te d  by EY04170, EY03546, DE06528, The M arch o f  
Dimes N a t io n a l  B i r th  D e f e c ts  F o u n d a t io n  and th e  UMDNJ 
F o u n d a tio n  (RWR) BGK i s  th e  r e c i p i e n t  o f  NRSA NS07240.

1T hese c e l l s  w i l l  be c o n s id e r e d  t o g e t h e r  s in c e  m ost 
s t r i a t e  c o r t i c o - L P  c e l l s  a l s o  p r o j e c t  to  SC (R h o a d e s , 
R .W ., M ooney, R .D . and F i s h ,  S .E . I n v e s t  O p h th a lm o l , and 
V i s . S c i . 2 2 :4 6 ,  1 9 8 2 .)

211.14  THE PATTERN OP INTERHEMISPHERIC CONNECTIONS IN THE VISUAL 
CORTEX OF SQUIRREL MONKEYS.  H .J . Gould, I I I ,  R.W. Rieck and 
J .T . Weber.  Departments of Anatomy, LSU Medical Center and 
Tulane U n iv e rs ity  M edical School, New O rleans, LA 70112.

The o rig in s  and te rm ina tions  o f in terhem ispheric  pathways 
were la b e lle d  in  the  v is u a l co rtex  o f ad u lt s q u ir r e l  monkeys 
(S aim iri s c iu re u s ) by p lac in g  m u ltip le  in je c tio n s  o f horse
rad ish  peroxidase (HRP) in to  the  v is u a l c o r tic e s  o f one hemi
sphere. The hemisphere c o n tr a la te r a l  to  th e  in je c tio n s  was 
e ith e r  cu t in  the  p a ra s a g i t ta l  plane or removed, f la t te n e d  
between g la ss  p la te s  and cut p a r a l le l  to  th e  su rfa c e . The 
t is s u e  was processed w ith  the  chromagen te tram ethy lbenzi
dine according  to  the  p ro to co l o f Mesulam ( ’78).

The f la t te n e d  m a te ria l c o n s is te n tly  rev ea ls  two prominent 
bands which con ta in  both la b e lle d  c e l l s  and te rm in a ls . The 
caudal band i s  lo ca ted  along th e  17-18 border. Although 
th i s  band i s  o rien ted  p rim arily  in  a m e d ia l- la te ra l  d ire c 
t io n  i t  extends fu r th e r  r o s t r a l ly  on the  l a t e r a l  su rface  of 
the  hem isphere. The p o s te r io r  p o rtio n  o f th e  caudal band is  
uniform ly dense but p ro je c tio n s  of la b e lled  c e l l s  and te rm i
n a ls  extend r o s t r a l ly  in to  Area 18. Examination o f the  
caudal band in  the  p a ra s a g i t ta l  p lane rev ea ls  th a t  the  v ast 
m a jo rity  of la b e lle d  c e l l s  are lo ca ted  in  lay e r I I I  of Area 
18. C lu s te rs  of la b e lle d  neurons occasio n a lly  a re  found in  
Area 17 w ith in  150 µm of the  17-18 border. Iso la te d  
la b e lle d  neurons a lso  a re  observed in  Area 17 up to  1 mm 
from the 17-18 border. The r o s t r a l  band forms roughly  a 
m irror-im age of the  caudal band; i t  extends cau d o la te ra lly  
from the  p o s te r io r  end o f the  Sylvian f is s u re  to  a  p o in t on 
the  l a t e r a l  su rface  o f the  hemisphere where i t  becomes con
tiguous w ith th e  most r o s t r a l  ex tension  of the  caudal band 
and then  extends ro s t r o la te r a l ly  in to  tem poral co rtex . Al
though le s s  d i s t in c t  than  in  the  caudal band, th e  r o s t r a l  
band con ta in s a  p o rtio n  th a t  i s  uniform ly la b e lle d  and a 
p o rtio n  th a t  p e r io d ic a lly  e x h ib its  ex tensions . In  c o n tra s t 
to  th e  caudal band, the  ex tensions of the  r o s t r a l  band are  
d ire c te d  p o s te r io r ly .  A dorsomedial region and a  ven tro 
l a t e r a l  reg ion  between th e  prim ary bands, as w ell as the  
middle tem poral a rea  a re  r e la t iv e ly  f r e e  o f c a l lo s a l  con
n ec tio n s. Although some s im i la r i t i e s  in  c a l lo s a l  p a tte rn s  
e x is t  between the  s q u ir r e l  monkey and o th e r New World 
prim ates (Cusick e t  a l . ,  '83) d is t in c t  d iffe ren c e s  e x is t  
w ith re sp ec t to  Area 17 and the  middle temporal a rea . 
 Supported by NIH Grant EY03731, EY05033 and In s t i tu t io n a l  
NIH-DRR Grant S07-RR05376.

2 1 1 .16  CORTICAL DYNAMICS OF COLOR AND FORM PERCEPTION.  E. M in g o l la * 
and S . G r o s s b e rg .  C e n te r  f o r  A d a p tiv e  S y s te m s , B o sto n  U n i
v e r s i t y ,  B o s to n , MA 02 2 1 5 .

A r e a l - t i m e  v i s u a l  p r o c e s s in g  th e o r y  i s  u se d  to  a n a ly s e  
r e a l  and i l l u s o r y  c o n to u r  f o r m a t io n ,  i n t e r a c t i o n s  b e tw een  
c o n to u r  and b r i g h t n e s s  e f f e c t s ,  neon  c o lo r  s p r e a d i n g ,  com
p le m e n ta ry  c o lo r  i n d u c t i o n ,  and f i l l i n g - i n  o f d i s c o u n te d  
i l l u m i n a n t s  and  s c o to m a s . The th e o r y  a l s o  p h y s i c a l l y  i n t e r 
p r e t s  and g e n e r a l i z e s  L a n d 's  r e t i n e x  t h e o r y .  T h ese  phenom ena 
a r e  s u g g e s te d  to  a r i s e  from  a d a p t i v e  p r o c e s s e s  w h ich  o v e r 
come l i m i t a t i o n s  o f  v i s u a l  s c a n n in g  to  s y n th e s i z e  in fo rm a 
t i v e  v i s u a l  r e p r e s e n t a t i o n s  o f  th e  e x t e r n a l  w o r ld .  Two f u n c 
t i o n a l l y  d i s t i n c t  c o n to u r  p r o c e s s e s  i n t e r a c t  to  g e n e r a t e  th e  
t h e o r y 's  b r i g h t n e s s ,  c o l o r ,  and form  e s t i m a t e s .  A B oundary  
C o n to u r p r o c e s s  i s  s e n s i t i v e  to  th e  o r i e n t a t i o n  and am ount 
o f c o n t r a s t  b u t  n o t  to  t h e  d i r e c t i o n  o f  c o n t r a s t  in  s c e n ic  
e d g e s .  I t  i n c lu d e s  a b i n o c u l a r  m a tc h in g  s ta g e  t h a t  i s  s e n 
s i t i v e  t o  s p a t i a l  s c a l e ,  o r i e n t a t i o n ,  and  b i n o c u l a r  d i s p a 
r i t y ,  and  w hose ou tcom e t r i g g e r s  a p r o c e s s  o f  m o n o cu la r  c o n 
t o u r  c o m p le t io n .  T h ese  c o m p le te d  c o n to u r s  fo rm  th e  b o u n d a
r i e s  o f  m o n o cu la r  p e r c e p t u a l  d o m ain s . A F e a tu r e  C o n to u r p r o 
c e s s  i s  s e n s i t i v e  to  b o th  t h e  am ount o f  c o n t r a s t  and  to  th e  
d i r e c t i o n  o f  c o n t r a s t  in  s c e n ic  e d g e s .  I t  t r i g g e r s  a d i f f u 
s iv e  f i l l i n g - i n  r e a c t i o n  o f f e a t u r a l  q u a l i t y  w i t h in  p e r c e p 
t u a l  d o m ain s  w hose b o u n d a r ie s  a r e  d y n a m ic a lly  d e f in e d  by th e  
c o m p le te d  b o u n d a ry  c o n to u r s .  The B oundary  C o n to u r p r o c e s s  i s  
h y p o th e s iz e d  to  b e  a n a lo g o u s  to  i n t e r a c t i o n s  i n i t i a t e d  by 
th e  h y p e rc o lu m n s  in  a r e a  17 o f th e  v i s u a l  c o r t e x .  The F e a 
t u r e  C o n to u r p r o c e s s  i s  h y p o th e s iz e d  to  be a n a lo g o u s  to  
i n t e r a c t i o n s  i n i t i a t e d  by th e  c y to c h ro m e  o x y d a se  s t a i n i n g  
b lo b s  in  a r e a  17.

R e f e re n c e s :  M.A. Cohen and  S . G ro s s b e rg ,  N e u ra l  d y n am ics  o f  
b r ig h t n e s s  p e r c e p t io n :  F e a tu r e s ,  b o u n d a r i e s ,  d i f f u s i o n ,  and 
r e s o n a n c e ,  1984; S . G ro s s b e rg  and  E. M in g o l la ,  N e u ra l  d y n a 
m ic s  o f  fo rm  p e r c e p t io n :  C o n to u r c o m p le t io n ,  i l l u s o r y  f i g 
u r e s ,  and  n eo n  c o lo r  s p r e a d in g ,  1984.

211.16  MONOCULAR VERSUS BINOCULAR GANZFELD PRODUCES 
DIFFERENTIAL UPTAKE OF 2-14C -DEOXYGLUCOSE IN 
STRIATE AND PRESTRIATE CORTEX OF AWAKE MACAQUE.  
S .J. Bolanowski, J r ., S. D em eter and R.W. D oty.  C tr . for Brain 
R es., Univ. R ochester Med. C tr , R ochester, NY 14642.

C essation  of visual sensation  occurs despite  continuing 
stim u la tion  when viewing a s tab ilized  re tin a l im age or G anzfeld 
m onocularly. It has been com monly assum ed, th e re fo re , th a t:
a) such loss of visual experience is re tin a l in origin, and
b) tra n sien t inputs genera ted  by saccades are  essen tia l for 
sustained  sensation. Such assum ptions, how ever, a re  n ega ted  by 
the  sim ple fa c t th a t vision rem ains continuous in a binocular 
G anzfeld  (Bolanowski and D oty, Soc. N eurosci. Abst. 8, 1982). 
To assay the possible neural su b stra te s  d iffe re n tia tin g  fading 
from continuing vision in m onocular vs. binocular G anzfelden, 
we have p laced  m acaques in the sam e appara tus as used for the 
psychophysical observations and adm in iste red  2- 14C-
deoxyglucose (2 DG) while they viewed G anzfeld stim uli for 45 
min. Various stim ulus configurations w ere used: m onocular vs. 
binocular; achrom atic  vs. ch rom atic; continuous vs. flashed. 
Depending upon stim ulus paradigm , various 2 DG p a tte rn s  w ere 
found in s tr ia te  and p re s tr ia te  co rtex . For exam ple, a 
continuous m onocular G anzfeld (green) produced a lte rn a tin g  
ligh t and dark bands (350-500µm) in layers IV A and I V C of V1 
suggesting ocular dom inance dem arcations. No p a tte rn in g  was 
found in layers II and III  of V1 or in p re s tr ia te  co rtex . For the 
b inocular case (e.g., green, 30 sec on-90 sec off), labeling in V1 
was continuous in layer I V and patch -lik e  in layers II and I II, the 
patch es  being sim ilar in size and d istribu tion  to  those found on 
ad jacen t sections reac ted  for cy tochrom e oxidase. Also 
prom inen t in this binocular case was su bstan tia l up take of 2 DG 
in p re s tr ia te  co rtex  arranged in strips (400-900µm in width) 
w ithin layer I V and extending in to  layers II and III w here they 
w ere narrow er. Since m onocular G anzfelden p resen ted  
a lte rn a te ly  to  each  eye (e.g., ach rom atic , 1 cycle/m in) do not 
produce prom inent p a tte rn s  of labeling in p re s tr ia te  co rtex , 
even though s tr ia te  co rtex  possesses p a tch -like  labeling in 
layers II and III  and the expected  continuous labeling of layer 
I V, we suggest th a t d ispara te  lum inances p resen ted  to the two 
eyes can substan tially  a f fe c t info rm ation  flow betw een  s tr ia te  
and p re s tr ia te  co rtex  of the a le r t  m acaque. If true , such 
m odulated  transm ission m ight underlie the  subjec tive 
d isappearance of a m onocularly viewed G anzfeld.
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211.17  SOMATOSENSORY AREA I  IS  INVOLVED IN VISUAL NEGLECT IN THE 
CAT.   K en ton  L. W ertm an*, R o b e r t  S i n c l a i r * ,  and Simon 
H o r e n s te in .   D e p a r tm e n ts  o f  N e u ro lo g y  and  P s y c h o lo g y ,  S a in t  
L o u is  U n i v e r s i t y ,  S a in t  L o u is ,  M is s o u r i  63104 .

A b la t io n  o f  a p o r t i o n  o f  S o m a to se n so ry  A rea  I  ( S I )  i n  
o a ts  p ro d u c e d  m o d i f i c a t i o n  o f  a  v i s u a l l y  d e p e n d e n t  l e a r n e d  
za s k .  As p r e v i o u s ly  r e p o r t e d ,  a b l a t i o n  o f  a u d i t o r y  c o r t e x  
on p o s t e r i o r  e c to s y l v a n i a n  g y ru s  (E p ) , or  a b l a t i o n  o f  th e  
z e d i a l  p o r t i o n  an d  m e s i a l  s u r f a c e  o f  A rea  5 , m o d if ie d  p r e f
e rence  t o  D oub le  S im u l ta n e o u s  v i s u a l  S t im u la t io n  (DSS) w i th o u t  
a f f e c t i n g  l a t e r a l  p r e f e r e n c e  t o  u n i l a t e r a l  s t i m u l a t i o n .  Ab
l a t i o n  o f  A I, AI I  and  S I I  had  no s i g n i f i c a n t  e f f e c t  on l a t 
e r a l  p r e f e r e n c e .  C l i n i c a l  c a s e s  o f  s e n s o r y  n e g le c t  a r e  o f te n  
t r i - m o d a l .  T h e r e f o r e ,  a s o m a to s e n s o ry  a n a lo g u e  o f  Ep i s  
l i k e l y .

In  t h i s  s t u d y ,  t h e  f u n c t i o n a l  r o l e  o f S I was i n v e s t i g a t e d .  
S ix  c a t s  w ere  a p p e t i t i v e l y  c o n d i t i o n e d  in a  s p e c i a l l y  d e s ig n 
ed "Y" m aze (T o g a , A.W. e t  a l . , P s y c h o lo g ic a l  R e p o r t s , 40 : 
1 0 7 1 -4 ,1 9 7 7 )  e q u ip p e d  f o r  v i s u a l  s t i m u l a t i o n .  On u n i l a t e r a l  
s t i m u l a t i o n  a n im a ls  w ere  r e q u i r e d  to  move i n t o  th e  s o l e  l i g h t 
ed arm  o f  t h e  maze and  on DSS to  move i n t o  e i t h e r  o f  two in  
o r d e r  to  o b t a i n  fo o d  rew a rd  d e l i v e r e d  f r o m i d e n t i c a l  f e e d in g  
cups a t  t h e  end o f  e a c h .  Each a n im a l e s t a b l i s h e d  i t s  own 
l a t e r a l i z a t i o n  p a t t e r n  to  DSS. R esponse to  u n i l a t e r a l  s t im u 
l a t i o n  was u s u a l l y  a p p r o p r i a t e  to  th e  s id e  s t i m u l a t e d .  A f t e r  
t r a i n i n g ,  s u b - p i a l  r e s e c t i o n  was p e rfo rm e d  and a n im a ls  t e s t e d  
from  th e  1 s t  to  t h e  1 0 th  p o s t o p e r a t i v e  c a y s .  A f t e r  i n t r a 
c a r d i a c  s a l i n e - f o r m a l i n  p e r f u s i o n ,  b r a i n s  w ere  rem oved f o r  
a n a to m ic  s tu d y .

L e s io n s  im p o sed  no a p p a r e n t  p o s t u r a l  o i a s ,  o r  p r e f e r e n c e  
to  u n i l a t e r a l  s t i m u l a t i o n .  In  t h r e e  c a t s  w i th  u n i l a t e r a l  SI 
l e s i o n s  i n v o lv in g  th e  C o ro n a l  and  A n sa te  S u l c i ,  s t a t i s t i c a l 
l y  s i g n i f i c a n t  d i f f e r e n c e s  (p< . 05) w ere f ound b e tw e en  p re  
and  p o s t  o p e r a t i v e  l a t e r a l  p r e f e r e n c e  in  t h e  DSS c o n d i t i o n .  A 
s u b s t a n t i a l  p o r t i o n  o f  S I was d e s t r o y e d  in  e a ch  c a s e .  Some 
l e s i o n s  in v a d e d  S I I .  A p r e v io u s  r e p o r t  i n d ic a te d  t h a t  l e s 
io n s  r e s t r i c t e d  s o l e l y  to  S I I  d id  n o t  a f f e c t  l a t e r a l  p r e f e r 
e n c e .  In  3 o t h e r  a n im a ls  i n  th e  p r e s e n t  s tu d y ,  l e s i o n s  r e 
s t r i c t e d  to  a r e a  5 b o th  l a t e r a l  and m e d ia l  t o  t h e  L a t e r a l  Sul- 
cu s  d id  n o t  p ro d u c e  s i g n i f i c a n t  c h a n g es  in l a t e r a l  p r e f e r e n c e .  
T h is  l a t t e r  f i n d i n g  i s  in  a g re e m e n t w i th  a p r e v io u s  r e p o r t  
t h a t  l e s i o n s  e x c lu d in g  th e  m ost m e d ia l  p o r t i o n  o r  m e s ia l  s u r 
f a c e  o f  A rea  5 d id  n o t  a f f e c t  l a t e r a l  p r e f e r e n c e ,  and a l s o  
p r o v id e s  c o n t r o l  f o r  e n c ro a c h m e n t o f  th e  S I l e s i o n s  i n t o  
A rea  5.

R e s u l t s  s u g g e s t  t h a t  d e s t r u c t i o n  o f  seme p o r t i o n  o f  SI i s  
s u f f i c i e n t  to  p ro d u c e  v i s u a l  n e g l e c t .

211.18  AFFERENT CONNECTIONS OF THE CAT’ S MEDIAL FRONTAL EYE F IE L D .  
I . M. J e f f e r s  a n d  C .R . O l s o n * .  D e p a r tm e n t  o f  P s y c h o lo g y ,  
P r i n c e t o n ,  NJ 0 8 5 4 4

T h e  c a t ’ s  c e r e b r a l  h e m i s p h e r e  i s  t h o u g h t  t o  c o n t a i n  tw o  
f r o n t a l  e y e  f i e l d s .  T he  m o re  m e d i a l  o f  t h e s e  f i e l d s  i s  
l o c a t e d  o n  t h e  v e n t r a l  b a n k  o f  t h e  c r u c i a t e  s u l c u s .  T he 
a im  o f  t h e  p r e s e n t  s t u d y  w a s  t o  i d e n t i f y  b r a i n  a r e a s  
p r o j e c t i n g  t o  t h e  m e d i a l  f r o n t a l  e y e  f i e l d  (M F E F ), a n d ,  
f u r t h e r ,  t o  e s t a b l i s h  o n  c o n n e c t i o n a l  g r o u n d s  t h e  b o r d e r s  
a n d  i n t e r n a l  d i v i s i o n s  o f  t h i s  a r e a .  I n  8 c a t s ,  we p l a c e d  
d e p o s i t s  o f  d i s t i n g u i s h a b l e  r e t r o g r a d e  t r a c e r s  (NY a n d  B b ) 
a t  s e p a r a t e  l o c a t i o n s  i n  a n d  a r o u n d  t h e  v e n t r a l  b a n k  o f  t h e  
c r u c i a t e  s u l c u s .  S t a n d a r d  c h a r t i n g  m e th o d s  w e r e  u s e d .

I n  i t s  t h a l a m i c  c o n n e c t i o n s ,  t h e  MFEF s t a n d s  o u t  c l e a r l y  
f ro m  s u r r o u n d i n g  p r e f r o n t a l ,  l i m b i c  a n d  m o to r  a r e a s .
T r a c e r s  d e p o s i t e d  i n  t h e  MFEF w e r e  t r a n s p o r t e d  t o  a  m e d i a l  
a n d  v e n t r a l  d i v i s i o n  o f  t h e  v e n t r a l  a n t e r i o r  n u c l e u s  a n d  t o  
a  n a r r o w  d o r s o l a t e r a l  w e d g e  o f  t h e  m e d i o d o r s a l  n u c l e u s .  
T r a c e r s  d e p o s i t e d  c l o s e r  t o  t h e  f u n d u s  o f  t h e  c r u c i a t e  
s u l c u s  w e r e  t r a n s p o r t e d  t o  t h a l a m i c  c e l l s  h a v i n g  a  m o re  
v e n t r a l  a n d  l a t e r a l  l o c a t i o n .

C o r t i c a l  p r o j e c t i o n s  t o  t h e  MFEF a r i s e  f ro m  a s s o c i a t i o n  
a n d  h i g h - o r d e r  s e n s o r y  a r e a s .  T h e s e  i n c l u d e  t h e  p o s t e r i o r  
c i n g u l a t e  c o r t e x ,  a r e a  7 , t h e  i n s u l a r  c o r t e x ,  t h e  c o r t e x  o f  
t h e  p o s t e r i o r  e c t o s y l v i a n  g y r u s ,  a n d  c o r t e x  l y i n g  w i t h i n  
a n d  a r o u n d  t h e  c a u d a l  t i p  o f  t h e  r h i n a l  s u l c u s .  
O c c a s i o n a l l y ,  l a b e l e d  c e l l s  w e r e  o b s e r v e d  i n  t h e  l a t e r a l  
b a n k  o f  t h e  m id d l e  s u p r a s y l v i a n  s u l c u s .  T r a c e r s  d e p o s i t e d  
c l o s e r  t o  t h e  f u n d u s  o f  t h e  c r u c i a t e  s u l c u s  w e r e  
t r a n s p o r t e d  t o  m o re  a n t e r i o r  s i t e s  w i t h i n  a r e a  7 , a n d  
t o p o g r a p h i c  p a t t e r n i n g  w a s  a l s o  p r e s e n t  i n  c i n g u l a t e  
c o r t e x .

L a b e le d  c e l l s  i n  t h e  c l a u s t r u m  o c c u p ie d  a n  a s s o c i a t i o n  
z o n e  v e n t r a l  t o  t h e  v i s u a l  a n d  s o m a to m o to r  d i v i s i o n s .

O ur r e s u l t s  s u g g e s t  s e v e r a l  g e n e r a l  c o n c l u s i o n s .  ( 1 )
T h e  m e d i a l  f r o n t a l  e y e  f i e l d  i s  a  d i s c r e t e  a r e a  o c c u p y in g  
m uch o f  t h e  v e n t r a l  b a n k  o f  t h e  c r u c i a t e  s u l c u s  a n d  
e x t e n d i n g  o n t o  t h e  a d j a c e n t  m e d i a l  f a c e  o f  t h e  f r o n t a l  
p o l e .  ( 2 )  R e g i o n a l  s p e c i a l i z a t i o n  m u s t  e x i s t  w i t h i n  t h i s  
z o n e ,  a s  i n d i c a t e d  by t h e  p r e s e n c e  o f  s p a t i a l l y  o r d e r e d  
i n p u t s  f ro m  s e v e r a l  c o r t i c a l  a r e a s  a n d  t h a l a m i c  n u c l e i .
( 3 )  T h e  p a t t e r n s  w e h a v e  o b s e r v e d  a r e  c o m p a t i b l e  w i t h  t h e  
v ie w  t h a t  t h e  c a t ’ s  m e d i a l  f r o n t a l  e y e  f i e l d  i s  h o m o lo g o u s  
t o  p r i m a t e  a r e a  8 . ( 4 )  By way o f  i t s  t h a l a m i c  a f f e r e n t s ,  
t h e  m e d i a l  f r o n t a l  e y e  f i e l d  m u s t  r e c e i v e  i n p u t  f ro m  t h e  
c e r e b e l l a r  d e n t a t e  n u c l e u s ,  a n d  may r e c e i v e  p a l l i d a l  i n p u t  
a s  w e l l .

2 1 1 .1 9   AFFERENT CONNECTIONS OF POSTERIOR CINGULATE CORTEX IN  THE 
CAT. C .R . O ls o n *  a n d  S . E d e l s t e i n *  ( S P ON: R. C h o l e w i a k ) .   
D e p a r tm e n t  o f  P s y c h o lo g y ,  P r i n c e t o n ,  N . J .  0 8 5 4 4

T h e  " e i n g u l a r ” c o r t e x  o f  t h e  c a t ,  a s  d e f i n e d  by  R o se  & 
W o o ls e y  ( 19 48 ) ,  o c c u p i e s  t h e  p a r a s p l e n i a l  g y r u s  a n d  e x t e n d s  
o n t o  t h e  a d j a c e n t  v e n t r a l  b a n k  o f  t h e  s p l e n i a l  s u l c u s .  We 
h a v e  r e c e n t l y  b e c o m e  i n t e r e s t e d  i n  t h i s  z o n e  a s  a  r e s u l t  o f  
f i n d i n g  t h a t  i t  p r o j e c t s  s t r o n g l y  a n d  t o p o g r a p h i c a l l y  b o t h  
t o  a r e a  7 ( O l s o n  & L a w l e r ,  1 9 8 2 )  a n d  t o  t h e  m e d i a l  f r o n t a l  
e y e  f i e l d  ( J e f f e r s  & O l s o n ,  t h i s  v o l u m e ) .  T h e  p r e s e n t  
s t u d y  w a s  d e s i g n e d  t o  i d e n t i f y  t h e  s o u r c e s  a n d  to p o g r a p h y  
o f  a f f e r e n t  p a th w a y s  t e r m i n a t i n g  i n  t h i s  r e g i o n .  S m a l l  
d e p o s i t s  o f  d i s t i n g u i s h a b l e  r e t r o g r a d e  t r a c e r s  (NY a n d  B b) 
w e r e  p l a c e d  a t  s e p a r a t e  l o c a t i o n s  w i t h i n  o r  n e a r  t h e  
e i n g u l a r  a r e a  o f  s e v e n  c a t s .  T h e  r e s u l t i n g  p a t t e r n s  o f  
r e t r o g r a d e  l a b e l i n g ,  a n a l y z e d  by  u s e  o f  s t a n d a r d  m e th o d s ,  
a r e  d e s c r i b e d  b e lo w .

C o r t e x .  ( 1 )  A r e a  7 a n d  t h e  m e d i a l  f r o n t a l  e y e  f i e l d  
c o n s i s t e n t l y  c o n t a i n e d  m o d e r a t e  n u m b e rs  o f  l a b e l e d  n e u r o n s .  
M o re  a n t e r i o r  t r a c e r  d e p o s i t s  p r o d u c e d  m o re  a n t e r i o r  
l a b e l i n g  i n  a r e a  7 a n d  m o re  l a t e r a l  l a b e l i n g  i n  t h e  m e d i a l  
f r o n t a l  e y e  f i e l d .  ( 2 )  T h e  l a t e r a l  f r o n t a l  e y e  f i e l d ,  
i n s u l a r  c o r t e x ,  a n d  p o s t e r i o r  e c t o s y l v i a n  c o r t e x  c o n t a i n e d  
m o d e r a t e  n u m b e rs  o f  l a b e l e d  c e l l s ,  a s  d i d  a  c o r t i c a l  z o n e  
a p p a r e n t l y  i n c l u d i n g  v i s u a l  a r e a  20  a n d  e x t e n d i n g  f o r w a r d  
i n t o  t h e  c a u d a l  r h i n a l  s u l c u s .  ( 3 )  T h e r e  w a s  c o n s i s t e n t  
h e a v y  l a b e l i n g  o f  p r e f r o n t a l - o r b i t a l  c o r t e x  a n d  l i g h t  
l a b e l i n g  o f  p e r i r h i n a l ,  e n t o r h i n a l  a n d  r e t r o s p l e n i a l  a r e a s .

T h a la m u s .  L a b e le d  c e l l s  o c c u p i e d  a  c o n t i n u o u s  r e g i o n  
e n c o m p a s s in g  t h e  a n t e r o v e n t r a l , a n t e r o m e d i a l  a n d  
l a t e r o d o r s a l  n u c l e i  a n d  t h e  s h e l l  z o n e  o f  t h e  
l a t e r o p o s t e r i o r  c o m p le x  ( L P s - d  a n d  L P s - v ) . T h r o u g h o u t  t h i s  
r e g i o n ,  t o p o g r a p h y  w as e v i d e n t ,  w i t h  m o re  r o s t r a l  c o r t i c a l  
i n j e c t i o n s  l a b e l i n g  m o re  l a t e r a l  a n d  v e n t r a l  t h a l a m i c  
c e l l s .  I t  i s  s t r i k i n g  t h a t  j u x t a p o s e d  t h a l a m i c  n u c l e i  
p r o j e c t i n g  t o  c i n g u l a r  c o r t e x ,  a r e a  7 a n d  t h e  f r o n t a l  e y e  
f i e l d  a r e  " i n  r e g i s t e r ” : n e u r o n s  a t  a  g i v e n  d o r s o v e n t r a l  
l e v e l  w i t h i n  t h e s e  n u c l e i  p r o j e c t  t o  c o r r e s p o n d i n g ,  
i n t e r c o n n e c t e d  p a r t s  o f  t h e  t h r e e  c o r t i c a l  a r e a s .

T h e  r e s u l t s  s u g g e s t  tw o  g e n e r a l  c o n c l u s i o n s .  ( 1 )  T h e  
c i n g u l a r  a r e a  a n d  t h e  a n t e r i o r  t h a l a m i c  n u c l e i  c o n t a i n  m ap s  
o f  a n  u n k n o w n  f u n c t i o n a l  v a r i a b l e  w h ic h  i s  a l s o  r e p r e s e n t e d  
i n  a r e a  7 , i n  t h e  m e d i a l  f r o n t a l  e y e  f i e l d ,  a n d  i n  t h e  
p r i n c i p a l  t h a l a m i c  n u c l e i  o f  t h e s e  a r e a s .  ( 2 )  T h e  c i n g u l a r  
a r e a  i s  s u i t e d  by i t s  c o n n e c t i o n s  t o  b r i n g  s e n s o r i m o t o r  
p r o c e s s e s  u n d e r  t h e  c o n t r o l  o f  p r e f r o n t a l  co r t e x .

2 11.20  THE EFFECT OF VESTIBULAR STIMULATION ON THE SPONTANEOUS 
ACTIVITY OF VISUAL CORTICAL CELLS,  J . P .  L a n d o l t ,  S . R e in is  
D .S . W e is s* .   DCIEM, D ow nsview , O n t a r i o ,  and D e p a rtm e n t o f  
P s y c h . ,  U n i v e r s i ty  o f  W a te r lo o ,  W a te r lo o ,  O n t a r i o ,  C an ad a .

The i n t e r a c t i o n  b e tw e en  th e  v i s u a l  and v e s t i b u l a r  sy s te m  
i s  r e q u i r e d  f o r  an a p p r o p r i a t e  o r i e n t a t i o n  o f th e  i n d i v i 
d u a l  in  t h r e e - d im e n s io n a l  s p a c e .  At one l e v e l ,  t h i s  i n t e r 
a c t i o n  ta k e s  p la c e  in  th e  v i s u a l  c o r t e x  w here c e l l s  can  be 
fo u n d  w h ich  r e s p o n d  to  b o th  v i s u a l  and v e s t i b u l a r  s t i m u l a 
t i o n .  To s tu d y  t h i s  phenom enon f u r t h e r ,  th e  s p o n ta n e o u s  
u n i t  a c t i v i t y  o f  com plex  v i s u a l  c o r t i c a l  c e l l s  from  
B ro d m an n 's  a r e a  18 was s tu d i e d  in  im m o b il iz e d ,  u n a n a e s th e 
t i z e d  c a t s  b e f o r e ,  d u r in g ,  and a f t e r  th e  s t i m u l a t i o n  o f 
th e  v e s t i b u l a r  s y s te m .* *  The v e s t i b u l a r  sy s te m  was s t im u 
l a t e d  i n  s e v e r a l  w ays: by i n t r a v e n o u s  i n j e c t i o n  o f 
d e u te r iu m  o x id e  (a  n o te d  n y s ta g m o g e n ic  a g e n t ) ,  by d i r e c t  
g a lv a n i c  ( e l e c t r i c a l )  s t i m u l a t i o n  o f  th e  l a b y r i n t h ,  by 
h ead  t i l t  w i th  s u b s e q u e n t  r e c o r d in g  in  th e  t i l t e d  p o s i 
t i o n ,  and by s i n u s o i d a l  movement o f  th e  a n im a l in  th e  
h o r i z o n t a l  p l a n e .  In  a l l  o f  th e s e  s i t u a t i o n s ,  v i s u a l  
c o r t i c a l  c e l l s  re s p o n d e d  to  th e  v e s t i b u l a r  s t i m u l a t i o n  
w i th  an a l t e r e d  r a t e  in  s p o n ta n e o u s  a c t i v i t y .  The d i r e c 
t i o n  and sh a p e  o f  th e  a v e ra g e d  u n i t  r e s p o n s e  w ere h ig h ly  
c h a r a c t e r i s t i c  f o r  e a ch  c e l l ,  and b o th  i n c r e a s e s  and 
d e c r e a s e s  in  r e s p o n s e  w ere o b s e rv e d  a t  th e  o n s e t ,  d u r in g  
and f o l lo w in g  th e  t e r m in a t io n  o f th e  l a b y r i n t h i n e  s t i m u l a 
t i o n .  T h is  i n d i c a t e s  t h a t  th e  c h a n g es  in  th e  s p o n ta n e o u s  
f i r i n g  r a t e  a r e  n o t due to  some g e n e r a l  a r o u s a l  e f f e c t ,  
b u t  r a t h e r ,  t h a t  t h e r e  i s  a s t r u c t u r e d ,  d i f f e r e n t i a t e d  
r e s p o n s e  o f th e  v i s u a l  c e l l s  to  v e s t i b u l a r  s t i m u l a t i o n .  No 
su c h  c h a n g es  w ere o b s e rv e d  d u r in g  u n i t  r e c o r d in g  from  non
v i s u a l  c o r t i c a l  a r e a s .  In  b i l a t e r a l l y - l a b y r i n t h e c t o m i z e d  
c a t s ,  t h e r e  was no r e s p o n s e  to  d e u te r iu m  o x id e  and s in u 
s o id a l  m ovem ent; h o w e v e r ,a r e s p o n s e  was o b s e rv e d  to  s u s 
t a i n e d  head  t i l t .  T h is  i n d i c a t e s  t h a t  v i s u a l  c o r t i c a l  
c e l l s  a r e  i n f lu e n c e d  a l s o  by a n o n - l a b y r in t h in e  s e n s o r y  
i n p u t ,  p o s s ib l y  a p r o p r i o c e p t i v e  o n e .

T h is  r e s e a r c h  was fu n d ed  u n d e r  DCIEM R e s e a rc h  C o n t r a c t s  
3 2 7 9 0 17 /8S U 79-00225 , and 9 7 7 1 1 -0 -5 9 5 1 /8 S E 8 2 -0 0 100.

** T h ese  e x p e r im e n ts  co n fo rm  to  th e  rec o m m e n d a tio n s  o f  
th e  G uide  to  th e  C are  and Use o f  E x p e r im e n ta l  A n im a ls , 
p u b l is h e d  by th e  C a n a d ian  C o u n c i l  on A nim al C are  (CCAC). 
F u r th e r m o r e ,  a l l  o f t h e s e  e x p e r im e n ts  w ere a p p ro v e d  by th e  
CCAC f o l lo w in g  t h e i r  c a r e f u l  a n a l y s i s  and r e p e a t e d  o n - s i t e  
i n s p e c t io n s  o f  th e  a n e s t h e t i c  and im m o b i l iz a t io n  p r o c e 
d u r e s  u sed  f o r  a n im a l t r e a tm e n t s .
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212. 1  STEREOSELECTIVE INTERACTION OF AN OPIATE WITH 
THE NICOTINIC ACETYLCHOLINE RECEPTOR. R . E. 
Oswald, N. N. Pennow* and J . T . M cLaughlin*.  D epart
ment of Pharm acology, Cornell U niversity , I th aca, NY, 
14853.

A class of opiate d ru g s , the  benzom orphans, bind 
s tereospecifically  to the  nicotinic acetylcholine recep to r 
from the  e lectrop laque of Torpedo califo rn ica . An optically 
p u re ,  rad ioactive  benzom orphan de riv a tiv e , (1 7 ,1 8 -[3H ]- 
N -allyl-N -norm etazocine; ( - ) [ 3H]ANMC), was u sed  to 
ch arac te rize  th is  in te rac tio n . ( - ) [ 3H]ANMC exhib its  
complex equilibrium  b ind ing  with at least two independen t 
b ind ing  s ite s  hav ing  KD 's of 300 nM and 2 µM. The site  
of h ig h e r affin ity  is decreased  allosterically  by  cholinergic 
ag on ists. α-B ungaro tox in  has no effect on the  b ind ing  of 
( - ) [ 3H]ANMC and does not inh ib it the  effec ts  of agonists 
on th e  b ind ing  of ( - ) [ 3H]ANMC. This su g g es ts  th a t the  
allosteric  regu la tion  is not m ediated by the  two well 
ch arac te rized  h igh  a ffin ity  b ind ing  sites  for agon ists  bu t 
by  ano th e r site  (o r s ite s) on the  recep to r molecule. The 
b ind ing  of ( - ) [ 3H]ANMC was inh ib ited  by o th e r benzo
m orphans, with ( - )  isom ers being  4- to 5-fold more po ten t 
than  (+) isom ers. Phencyclidine is capable of inh ib iting  
the  b ind ing  of ( - ) [ 3H]ANMC, and (-)ANMC is capable of 
in h ib iting  the  b ind ing  of [ 3H ]phencyclid ine. Affinity 
labeling  with [ 3H]ANMC was perform ed u sing  UV ir r a d i
ation . The α and δ su b u n its  were labeled with the  same 
specificity  as the  b ind ing  of ( - ) [ 3H]ANMC to its  high 
a ffin ity  s ite . T ry p sin  degradation  of the  m em brane-bound 
recep to r ind icated  th a t ( - ) [ 3H-ANMC labeled a 16 000 
dalton C -term inal portion  of the  δ chain . In c o n tra s t , a 
local an esth e tic  d e riv a tiv e , 5 -azido-[3H ]-trim eth isoqu in , 
labels an N -term inal 47 000 dalton  fragm ent of the  δ 
chain . These experim ents su g g es t th a t the  b ind ing  site  
for benzom orphans may be a unique s ite  of d ru g  in te r 
action on the  acetylcholine re c ep to r. This s ite  is d is tinc t 
from the  acetylcholine b ind ing  s ite s . The b ind ing  site  of 
(-)ANMC and th a t fo r phencyclid ine and 5 -azido-trim eth i- 
soquin a re  tig h tly  coupled , b u t d ifferen tia lly  regu la ted  
and possib ly  physically  d is tin c t.  (S upported  by the  
M uscular D ystrophy  A ssociation, NIH g ran t 1 R23 NS18660- 
01 AM NEUB, Departm ent of Defense con trac t DAAK 
1 1 -8 3 -0 0 0 4 9 .)

2 1 2 .2  COATED AND SMOOTH VESICLES PARTICIPATE IN THE INTRACELLULAR 
TRANSPORT OF ACETYLCHOLINE RECEPTORS.  S B u r s z t a j n ,   D e p t  o f  
N e u r o l o g y  a n d  C e l l  B i o l o g y / N e u r o s c i e n c e  P r o g r a m ,  B a y l o r  C o l 
l e g e  o f  M e d . , H o u s t o n ,  Tx.  7 7 0 3 0 .

C u l t u r e d  m y o t u b e s  c o n t a i n  c o a t e d  p i t s  a n d  v e s i c l e s  b e a r i n g  
α - b u n g a r o t o x i n  ( α - BTX) b i n d i n g  s i t e s  ( B u r s z t a j n ,  S. a n d  G.D .  
F i s c h b a c h ,  J .  C e l l  B i o l . 9 8 : 4 9 8 - 5 0 6 ,  1 9 8 4 ) .  We h a v e  u s e d  
α - BTX c o n j u g a t e d  t o  h o r s e r a d i s h  p e r o x i d a s e  (H RP)  a n d  q u a n t i 
t a t i v e  e l e c t r o n  m i c r o s c o p y  i n  o r d e r  t o  d e t e r m i n e  t h e  i n t r a 
c e l l u l a r  p a t h w a y  o f  a c e t y l c h o l i n e  r e c e p t o r s  (A C h R s )  d u r i n g  
t h e  i n t e r n a l i z a t i o n  p r o c e s s .  C u l t u r e d  r a t  m y o t u b e s  w e r e  
p l a c e d  a t  4 °C  a n d  i n c u b a t e d  w i t h  α - BTX-HRP f o r  2 h .  C e l l s  w e r e  
e i t h e r  w a s h e d  w i t h  H a n k s  b a s i c  s a l t  s o l u t i o n  (H BS S) a n d  f i x e d  
i n  2% c a c o d y l  a t e  b u f f e r e d  g l u t e r a l d e h y d e ,  o r  w a s h e d  a n d  
w a r m e d  a t  3 7 ° C  i n  DMEM f o r  1  m in  -  2 h  a n d  t h e n  f i x e d  i n  2% 
g l u t e r a l d e h y d e .  C e l l s  w e r e  i n c u b a t e d  i n  d i a m i n o b e n z i d i n e  a n d  
p r o c e s s e d  f o r  e l e c t r o n  m i c r o s c o p y .  Random s e c t i o n s  w e r e  p h o 
t o g r a p h e d ,  a n d  a n a l y z e d  u s i n g  a  c o m p u t e r i z e d  i m a g e  a n a l y s i s  
s y s t e m .  T h e  d i s t r i b u t i o n  o f  c o a t e d  a n d  s m o o t h  v e s i c l e s ,  a n d  
T - t u b u l e s  c o n t a i n i n g  α BTX-HRP r e a c t i o n  p r o d u c t  a t  e a c h  t i m e  
p o i n t  a f t e r  w a r m i n g  t h e  c e l l s  w a s  d e t e r m i n e d .  T h e  n u m b e r  o f  
c o a t e d  v e s i c l e s / u m 2 c o n t a i n i n g  α - BTX-HRP i n c r e a s e d  t w o - f o l d ,  
a n d  t h e  n u m b e r  o f  s m o o t h  v e s i c l e s / u m 2 c o n t a i n i n g  t h e  r e a c t i o n  
p r o d u c t  i n c r e a s e d  t h r e e - f o l d  1 h a f t e r  w a r m i n g .  H o w e v e r ,  t h e  
n u m b e r  o f  T - t u b u l e s / u m 2 c o n t a i n i n g  α BTX-HRP d i d  n o t  c h a n g e  
t h r o u g h o u t  t h e  o b s e r v a t i o n  p e r i o d .

A s h i f t  i n  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  s m o o t h  a n d  c o a t e d  
v e s i c l e s  w a s  a p p a r e n t  w i t h i n  5 m i n  a f t e r  w a r m i n g .  A t  t h i s  
t i m e  p o i n t ,  t h e  p r e d o m i n a n t  p o p u l a t i o n  o f  c o a t e d  v e s i c l e s  
c o n t a i n i n g  α BTX-HRP r e a c t i o n  p r o d u c t  w a s  l a r g e  v e s i c l e s  6 0 -  
1 2 0  nm i n  d i a m e t e r .  A t  l a t e r  t i m e  p o i n t s  a f t e r  w a r m i n g ,  s u c h  
a  s i z e  s e g r e g a t i o n  i s  no l o n g e r  o b s e r v e d  a n d  b o t h  l a r g e  a n d  
s m a l l  c o a t e d  v e s i c l e s  c o n t a i n  α BTX-HRP b i n d i n g  s i t e s .  T h a t  a  
s h i f t  i n  v e s i c l e  p o p u l a t i o n  f r o m  c o a t e d  t o  s m o o t h  o c c u r r e d  i s  
i n d i c a t e d  b y  t h e  o b s e r v a t i o n  t h a t  w i t h i n  2 m i n  a f t e r  w a r m i n g  
t h e  p r e d o m i n a n t  p o p u l a t i o n  o f  s m o o t h  v e s i c l e s  c o n t a i n i n g  t h e  
r e a c t i o n  p r o d u c t  w a s  s m a l l  v e s i c l e s  ( 4 0 - 8 0  nm i n  d i a m e t e r ) .
I t  i s  o n l y  a t  l a t e r  t i m e  p o i n t s  a f t e r  w a r m i n g  t h a t  t h e  l a r g e r  
s m o o t h  v e s i c l e s  ( 1 0 0 - 3 4 0  nm i n  d i a m e t e r )  c o n t a i n i n g  α BTX-HRP 
b i n d i n g  s i t e s  b e c o m e  a p p a r e n t .  C o a t e d  v e s i c l e s  w e r e  f o u n d  i n  
c o n t i n u i t y  w i t h  t h e  G o l g i  c i s t e r n a e ,  b u t  t h e s e  v e s i c l e s  w e r e  
n o t  s t a i n e d .  α BTX-HRP r e a c t i o n  p r o d u c t  w a s  n o t  o b s e r v e d  i n  
t h e  G o l g i  a p p a r a t u s ,  b u t  w a s  p r e s e n t  i n  t h e  l y s o s o m e s .  O u r  
o b s e r v a t i o n s  i n d i c a t e  t h a t  AChRs a r e  i n t e r n a l i z e d  b y  c o a t e d  
v e s i c l e s ,  w h i c h  w i t h i n  m i n u t e s  b e c o m e  s m o o t h  v e s i c l e s  d e s 
t i n e d  f o r  d e g r a d a t i o n  i n  t h e  l y s o s o m e .   ( S u p p o r t e d  b y  NIH 
g r a n t  NS 1 7 8 7 6 ;  t h e  MDA a n d  RCDA t o  S . B . ) .

2 1 2 .3   BROMOACETYLCHOLINE I S  AN A FFIN ITY  LIGAND FOR THE ACETYLCHO
LINE RECEPTOR OF CHICK CILIA RY GANGLION NEURONS.  J .  
S t o l l b e r g , D .K . B e r g , K . Wan* , a n d  J . M. L i n d s t r o m .  Dept.  o f  
B i o l o g y ,  U n iv .  o f  C a l i f . ,  S . D . ;  L a J o l l a ,  CA. 9 2 0 9 3 ;  a n d  T h e  
S a l k  I n s t i t u t e ,  S . D . ,  CA. 9 2 1 3 8 .

C h ic k  c i l i a r y  g a n g l i o n  n e u r o n s  h a v e  a c e t y l c h o l i n e  (A Ch) 
r e c e p t o r s  t h a t  m e d i a t e  c h e m i c a l  t r a n s m i s s i o n  t h r o u g h  t h e  
g a n g l i o n .  I n  m any r e s p e c t s  t h e  g a n g l i o n i c  r e c e p t o r s  r e s e m 
b l e  n i c o t i n i c  r e c e p t o r s  i n  s k e l e t a l  m u s c l e ,  b u t  t h e y  d i f f e r  
i n  so m e l i g a n d  b i n d i n g  p r o p e r t i e s :  t h e  g a n g l i o n i c  r e c e p t o r s  
a r e  n o t  b l o c k e d  b y  a l p h a - b u n g a r o t o x i n  ( a n d  may n o t  e v e n  b i n d  
t h e  t o x i n )  a n d  t h e y  a p p e a r  t o  h a v e  a  l o w e r  a f f i n i t y  f o r  ACh. 
S k e l e t a l  m u s c l e  r e c e p t o r s  a r e  know n t o  h a v e  a  d i s u l f i d e  b o n d  
n e a r  t h e  a c t i v e  s i t e  t h a t  c a n  b e  r e d u c e d  a n d  c o v a l e n t l y  
l a b e l e d  w i t h  t h e  a f f i n i t y  l i g a n d  b r o m o a c e t y l c h o l i n e  (B A C ). 
I f  g a n g l i o n i c  r e c e p t o r s  s h a r e  t h i s  p r o p e r t y ,  i t  may p r o v i d e  
a  m e a n s  f o r  l a b e l i n g  t h e  r e c e p t o r  a n d  i d e n t i f y i n g  s u b u n i t s .  
We h a v e  t e s t e d  g a n g l i o n i c  r e c e p t o r s  f o r  t h e  c a p a c i t y  t o  b e  
a l k y l a t e d  b y  BAC a t  a  r e d u c e d  s u l f h y d r y l  m o i e t y .

C i l i a r y  g a n g l i o n  n e u r o n s  f ro m  8- d a y  c h i c k  e m b ry o s  w e re  
g ro w n  f o r  4 - 7  d a y s  i n  d i s s o c i a t e d  c e l l  c u l t u r e  a n d  a s s a y e d  
w i t h  i n t r a c e l l u l a r  r e c o r d i n g  f o r  s e n s i t i v i t y  t o  ACh a p p l i e d  
t o  t h e  som a by  p r e s s u r e  e j e c t i o n  f ro m  a  p i p e t .  M em brane 
c o n d u c t a n c e  c h a n g e s  o f  a b o u t  30  nS  w e r e  r o u t i n e l y  o b s e r v e d  
i n  r e s p o n s e  t o  ACh a t  1 00  µM . E x p o s u r e  o f  t h e  n e u r o n s  t o  1 
mM DTT, f o l l o w e d  b y  10 µM BAC, a n d  t h e n  0 .1  mM DTNB an d  
e x t e n s i v e  r i n s i n g  r e s u l t e d  i n  a  2 5 - f o l d  r e d u c t i o n  i n  t h e  ACh 
r e s p o n s e .  T he  b l o c k a d e  i s  s p e c i f i c  t o  t h e  e x t e n t  t h a t  n e u 
r o n a l  GABA s e n s i t i v i t y  w a s  n o t  d e p r e s s e d  b y  t h e  t r e a t m e n t .  
A l t e r i n g  t h e  s e q u e n c e  t o  a p p l y  DTT, f o l l o w e d  by  DTNB, a n d  
t h e n  BAC a n d  r i n s i n g  h a d  no  e f f e c t  on  ACh s e n s i t i v i t y ,  
d e m o n s t r a t i n g  t h a t  r e d u c t i o n  a n d  r e - o x i d a t i o n  a l o n e  do  n o t  
a c c o u n t  f o r  t h e  b l o c k a d e ,  a n d  t h a t  e x p o s u r e  t o  BAC i n  t h e  
a b s e n c e  o f  r e d u c t i o n  d o e s  n o t  p r o d u c e  b l o c k a d e .  M o r e o v e r ,  
t h e  BAC e f f e c t  i s  d u e  a t  l e a s t  i n  p a r t  t o  a f f i n i t y  a l k y l a 
t i o n  s i n c e  i n c u b a t i o n  w i t h  1 mM c a r b a m y l c h o l i n e  d u r i n g  t h e  
BAC e x p o s u r e  p a r t i a l l y  p r o t e c t e d  a g a i n s t  t h e  b l o c k a d e .

T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  a c t i v e  s i t e  t o p o g r a p h y  o f  
t h e  g a n g l i o n i c  r e c e p t o r  i s  s i m i l a r  t o  t h a t  o f  t h e  m u s c l e  
r e c e p t o r ,  n a m e ly  t h a t  i t  h a s  a  d i s u l f i d e  b o n d  n e a r  t h e  a g o n 
i s t  b i n d i n g  s i t e  t h a t  c a n  b e  r e d u c e d  a n d  a f f i n i t y  a l k y l a t e d  
b y  BAC. BAC d e r i v a t i v e s  may b e  u s e f u l  f o r  i s o l a t i n g  an d  
c h a r a c t e r i z i n g  t h e  g a n g l i o n i c  r e c e p t o r .  ( S u p p o r t e d  b y  NS 
1 2 6 0 1 ,  T he  M u s c u la r  D y s t r o p h y  A s s o c . ,  & T h e  A m e r ic a n  H e a r t  
A s s o c . )

2 1 2 .4   INDUCTION OF EXPERIMENTAL MYASTHENIA GRAVIS IN  RABBITS IMMU
N ISED WITH AN ACETYLCHOLINE CONJUGATE.  M .L .S o u a n *, M .G e f f a r d *, 
A .M .Ro c k *  a n d  M .L e M o a l ( S P O N : J . J .B o u y e r ) .  I n s e r m  U 2 5 9 , P s y -  
c h o b i o l o g i e  d e s  C o m p o r te m e n ts  A d a p t a t i f s ,  r u e  C a m i l l e  S a i n t -  
S a ë n s ,  3 3 0 7 7  B o r d e a u x ,  F r a n c e .

M y a s t h e n ia  g r a v i s  i s  a n  a u to - im m u n e  d i s e a s e  i n  w h ic h  a  
b r e a k d o w n  i n  t o l e r a n c e  t o  s e l f - a c e t y l c h o l i n e  r e c e p t o r  (A c h -R )  
i s  r e p o r t e d  t o  r e s u l t  i n  t h e  p r o d u c t i o n  o f  a n t i - A c h - R  a n t i 
b o d i e s .  T h e  l o s s  i n  m u s c u l a r  A c h -R  a c t i v i t y  o b s e r v e d  l e a d s  t o  
a  s p e c i f i c  m u s c u l a r  w e a k n e s s .  O u r s t u d i e s  sh o w  t h a t  t h e  i n 
d u c t i o n  o f  e x p e r i m e n t a l  a u to - im m u n e  m y a s t h e n i a  g r a v i s  (EAMG) 
c a n  b e  o b t a i n e d  a f t e r  i m m u n iz a t i o n  o f  r a b b i t s  w i t h  a n  im m uno
g e n i c  A c h - c o n j u g a t e .  A f t e r  t h r e e  b o o s t e r  i n j e c t i o n s  t h e  a n i 
m a l s  d e v e lo p e d  a  s y m p to m a to lo g y  t h a t  r e s e m b le d  EAMG w h ic h  b e 
cam e m o re  s e v e r e  a f t e r  e a c h  s u c c e s s i v e  i n j e c t i o n .  T h i s  im m u
n o g e n i c  A c h - c o n j u g a t e  y i e l d s : i ) a n t i - A c h  a n t i b o d i e s  w h o se  
s p e c i f i c i t y  w as  d e s c r i b e d  e l s e w h e r e  ( s e e  p o s t e r  G e f f a r d  e t  
a l . ) ;  t h e  b e s t  a f f i n i t y  i s  d i r e c t e d  a g a i n s t  t h e  A ch  m o l e c u l e ,  
b u t  t h e s e  A ch  a n t i b o d i e s  c a n  n o t  e x p l a i n  t h e  sy m p to m s  o f  EAMG 
i n  r a b b i t s ;  t h e  i m m u n o lo g i c a l  m e c h a n is m  i n v o l v e d  r e q u i r e s  t h e  
d e v e lo p m e n t  o f  i m m u n o g lo b u l in s  s p e c i f i c a l l y  d i r e c t e d  a g a i n s t  
A c h -R  i i ) t h e  e x i s t e n c e  o f  t h e  s e c o n d  s e t  o f  a n t i b o d i e s  w h ic h  
c a n  o n l y  b e  u n d e r s t o o d  i n  c o n s i d e r i n g  t h e  a n t i - i d i o t y p i c  a n 
t i b o d i e s  c o u l d  b e  e x p e c t e d  t o  b e  c o m p le m e n ta r y  t o  t h e  a n t i g e n  
b i n d i n g  s i t e  o f  t h e  a n t i - A c h  a n t i b o d i e s .  T h e  b i n d i n g  o f  s u c h  
a n t i - i d i o t y p i c  a n t i b o d i e s  t o  t h e  i d i o t y p e s  h a s  i n  f a c t  b e e n  
sh o w n  t o  b e  i n h i b i t e d  b y  t h e  a n t i g e n  A c h - c o n j u g a t e .  D e v e lo p 
m e n t o f  t h e  a n t i - i d i o t y p i c  a n t i b o d i e s  b e c o m e s  p o s s i b l e  o n l y  
a f t e r  c o m p e t i t i o n  b e tw e e n  t h e  a u t o - a n t i - i d i o t y p i c  a n t i b o d i e s  
a n d  im m u n o g e n ic  A c h - c o n j u g a t e  a t  t h e  b i n d i n g  s i t e  o f  t h e  
i d i o t y p i c  a n t i b o d i e s .  We h a v e  d e m o n s t r a t e d  t h a t  t h e  i d i o t y p i c  
a n t i b o d y  s i t e  a n d  A c h -R  h a v e  a n  e q u i v a l e n t  a f f i n i t y  f o r  t h e  
A c h - c o n j u g a t e .  T h i s  i n d i c a t e s  t h a t  som e a n t i g e n i c  s t r u c t u r e s  
o f  t h e  h y p e r v a r i a b l e  r e g i o n  o f  i d i o t y p i c  a n t i b o d y  s i t e  m u s t  
b e  i d e n t i c a l  t o  t h o s e  o f  t h e  A c h - r e c e p t o r  s i t e .  S o ,  t h e  i d i o 
t y p i c  s i t e  l e a d s  t o  t h e  d e v e lo p m e n t  o f  a u t o - a n t i - i d i o t y p i c  
a n t i b o d i e s  d i r e c t e d  a g a i n s t  t h e  A c h -R  o f  r a b b i t  m u s c l e ,  hu m an  
m u s c l e  a n d  e l e c t r i c  o r g a n  o f  T o r p e d o  M a r m o r a t a .  T h e  s p e c i f i c i  
t y  o f  im m u n o r e c o g n i t i o n  i s  d e m o n s t r a t e d  a s  f o l l o w s : i )  t h e r e  
i s  n o  a n t i - i d i o t y p i c  a n t i b o d y  a f f i n i t y  f o r  t h e  A c h - e s t e r a s e  
a c t i v e  s i t e ;  i i )  a  c o m p e t i t i o n  e x i s t s  b e tw e e n  e i t h e r  α - b u n -  
g a r o t o x i n  o r  A ch  o r  A c h - c o n j u g a t e  a n d  a u t o - a n t i - i d i o t y p i c  
a n t i b o d i e s  o n  m e m b ra n e  p r e p a r a t i o n s .  T h e s e  r e s u l t s  c o n f i r m  
t h a t  t h e  n i c o t i n i c  A c h -R  i s  r e c o g n i z e d  b y  a  s e c o n d  s e t  o f  
a n t i b o d i e s  c a l l e d  a u t o - a n t i b o d i e s .
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212.5  AUTORADIOGRAPHIC COMPARISON OF 3H-NICOTINE, 3H-ACETYLCHOLINE 
AND 12 5 I-ALPHA-BUNGAROTOXIN BINDING TO RAT BRAIN.  P .B .S .  
C la r k e * 1 , R .D . S c h w a r tz 2 , S.M . P a u l* 2 , C .B . P e r t 2 , and 
A . P e r t 1 (SPON: H .C . H o llo w a y ) .  B i o l .  P s y c h ia t r y  B ra n c h 1 
an d  C l i n .  N e u ro s c ie n c e  B ra n c h 2 , NIMH, B e th e s d a ,  MD 2 0 205 .

A lp h a -b u n g a r o to x in  (BTX) h a s  b een  w id e ly  em ployed  to  l a b e l  
n i c o t i n i c  c h o l i n o c e p t o r s . H ow ever, i t s  s t a t u s  a s  a CNS p ro b e  
h a s  b e e n  q u e s t i o n e d .  R e c e n t ly ,  h i g h - a f f i n i t y  a g o n i s t  b in d in g  
to  n i c o t i n i c  c h o l i n o c e p to r s  i n  r a t  b r a i n  m em branes h as  been  
d e m o n s t r a te d  u s in g  e i t h e r  3H - a c e ty l c h o l i n e  (ACh) (1 )  o r  
3H - n i c o t i n e  ( 2 ) .  A c o m p a r is o n  o f  d i s s e c t i o n  s t u d i e s  su g 
g e s t s  t h a t  th e  d i s t r i b u t i o n  o f  n i c o t i n i c  b in d in g  s i t e s  
l a b e l e d  w i th  ACh d i f f e r s  from  t h a t  o b t a in e d  u s in g  BTX ( 1 ) .

S l id e -m o u n te d  r a t  b r a i n  s e c t i o n s  (24  pm t h i c k )  w ere p r e 
p a re d  f o r  a u to r a d io g r a p h y  a s  p r e v io u s ly  d e s c r ib e d  ( 3 ) .  Con
s e c u t i v e  s e c t i o n s ,  g ro u p ed  in  t h r e e s ,  w ere a l l o c a t e d  f o r  l a b 
e l i n g  w i th  3 H - D ,L - n ic o t in e  ( 3 .5  nM ), 3H-ACh (1 0  nM in  th e  
p r e s e n c e  o f  100 µM DFP and 1 µM a t r o p i n e )  o r  125I-BTX 
( 1 .4  nM ). N o n - s p e c i f ic  b in d in g  was a s s e s s e d  in  th e  p r e s e n c e ,  
r e s p e c t i v e l y ,  o f  L - n i c o t in e  10 µM, c a r b a c h o l  100 µM, and 
L - n i c o t in e  1 mM. B r i e f l y ,  s l i d e s  w ere p r e i n c u b a te d ,  i n c u b a t 
ed w i th  r a d i o l i g a n d ,  r i n s e d  and a i r - d r i e d  b e fo r e  s to r a g e  in  
c a s s e t t e s  a g a i n s t  t r i t i u m - s e n s i t i v e  f i lm  ( U l t r o f i l m ) .  C o n d i
t i o n s  ( i o n i c  c o m p o s i t io n ,  t e m p e ra tu re  and d u r a t i o n  o f  in c u b a 
t i o n )  w ere o p t im iz e d  f o r  e a c h  l i g a n d .  B in d in g  to  d r ie d  
t i s s u e  s e c t i o n s  was q u a n t i f i e d  by l i q u i d  s c i n t i l l a t i o n  o r 
gamma c o u n t in g .  Each l ig a n d  bound w i th  a  s i n g l e  kD i n  th e  
low nM r a n g e ,  and  was p o t e n t l y  d i s p l a c e d  by c e r t a i n  n i c o t i n 
i c - c h o l i n e r g i c  a g e n t s .  R acem ic 3H - n ic o t in e  was d i s p l a c e d  
in  a  s t e r e o s p e c i f i c  way by c o ld  n i c o t i n e  (L>D ).

The l a b e l i n g  p a t t e r n s  o f  ACh and n i c o t i n e  w ere h ig h ly  d i s 
c r e t e  and s e e m in g ly  i d e n t i c a l ,  w i th  h i g h e s t  d e n s i t i e s  in  
i n t e r p e d u n c u l a r  n . , m o st th a la m ic  n . ,  s u p e r i o r  c o l l i c u l u s ,  m. 
h a b e n u la ,  p r e s u b ic u lu m , c e r e b r a l  c o r t e x  ( I  an d  I I I / I V ) ,  and 
A 9/A 10. In  s t r i k i n g  c o n t r a s t ,  BTX b in d in g  was d e n se  in  b o th  
s u p e r i o r  and i n f e r i o r  c o l l i c u l i ,  c e r e b r a l  c o r t e x  ( I  and V I ) ,  
h y p o th a la m u s  and h ip p o ca m p u s , b u t  was v i r t u a l l y  a b s e n t  in  
th a la m u s .  T h ese  r e s u l t s  i n d i c a t e  t h a t  3H - n ic o t in e  and 
3H-ACh may l a b e l  th e  same p o p u la t i o n  o f  c e n t r a l  n i c o t i n i c  
c h o l i n o c e p t o r s ,  w h ich  a r e  c l e a r l y  d i f f e r e n t  from  BTX b in d in g  
s i t e s .

1 . S c h w a r tz ,  R .D .,  McGee, R. & K e l l a r ,  K .J .  (1 9 8 2 ) M ol. 
P h a rm a c o l.  2 2 , 5 6 -6 2 .

2 . Romano, C. & G o l d s t e i n ,  A. (1 9 8 0 ) S c ie n c e  2 1 0 , 6 4 7 -6 5 0 .
3 . H erkenham , M. & P e r t ,  C .B . (1 9 8 2 )  J .  N e u r o s c i . ,  2 , 

1 1 2 9 -1 1 4 9 .

2 1 2 .6  ACETYLCHOLINE RECEPTORS CAN ACQUIRE METABOLIC STABILITY 
AFTER THEY ARE INSERTED IN THE PLASMA MEMBRANE.  T .A . 
L e v i t t - G i lm o u r  & M.M. S a l p e t e r .  S e c t io n  o f  N e u ro b io lo g y  & 
B e h a v io r ,  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  NY 1 4853 .

M e ta b o l ic  s t a b i l i t y  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r  (AChR) 
d e p e n d s  on th e  p r e s e n c e  o f  t h e  n e r v e .  I n  t h e  p r e s e n t  s tu d y  
we a s k e d  w h e th e r  t h e  n e rv e  c a n  s t a b i l i z e  r e c e p t o r s  a l r e a d y  
i n s e r t e d  i n  t h e  m em brane o r  w h e th e r  s t a b i l i z a t i o n  r e q u i r e s  a 
m o d i f i c a t i o n  d u r in g  some s ta g e  o f  t h e  s y n t h e t i c  p r o c e s s .  To 
a n sw e r t h i s  q u e s t i o n  we u t i l i z e d  th e  f a c t s  t h a t  1) r e c e p t o r s  
i n s e r t e d  in  th e  m em brane o f  d e n e rv a te d  n e u ro m u s c u la r  j u n c 
t i o n s  h a v e  a  1 day  h a l f - l i f e  j u s t  a s  em b ry o n ic  r e c e p t o r s  do 
(N a tu re  2 9 1 :2 3 9 -2 4 1 ,  1 9 8 1 ) , and  2) t h a t  i f  j u n c t i o n s  a r e  
d e n e r v a t e d  by c r u s h in g  r a t h e r  th a n  c u t t i n g  th e  n e r v e ,  r e i n 
n e r v a t io n  o f  a l l  f i b e r s  o c c u r s  s y n c h ro n o u s ly .  We t h e r e f o r e  
l a b e l e d  th e  AChRs i n s e r t e d  a t  d e n e rv a te d  j u n c t i o n s  and  
w a tc h ed  t h e i r  d e g r a d a t io n  p r i o r  t o ,  d u r in g ,  and a f t e r  r e i n 
n e r v a t io n  o c c u r r e d .  We u s e d  th e  s te r n o m a s to id  m u sc le s  o f  
a d u l t  m ic e . Our e x p e r im e n ta l  p r o to c o l  c o n s i s t e d  o f :  a )  s a t 
u r a t i n g  th e  " o r i g i n a l "  s t a b l e  j u n c t i o n a l  r e c e p t o r s  ( p r e s e n t  
a t  t h e  j u n c t i o n  p r i o r  t o  d e n e r v a t io n )  by t o p i c a l  a p p l i c a t i o n  
w i th  n o n r a d i o a c t i v e  α- b u n g a r o to x in  ( α-BTX) ( c o n t r o l s  show 
t h a t  >98% o f  t h e  o r i g i n a l  AChRs a r e  b lo c k e d  t h i s  w a y ) ; b )  
d e n e r v a t in g  th e  r i g h t  m u sc le  by e i t h e r  c r u s h in g  th e  n e r v e ,  
t o  o b t a i n  sy n c h ro n o u s  r e i n n e r v a t i o n ,  o r  by c u t t i n g  th e  n e rv e  
and  l i g a t i n g  i t  to  p r e v e n t  r e i n n e r v a t i o n ;  an d  c ) l a b e l i n g  
th e  n ew ly  i n s e r t e d  r e c e p t o r s  by i n j e c t i n g  ( 4 .1  µg /1 0 0  g body 
w e ig h t)  125I - α -BTX 6 d a y s  l a t e r .  A t d i f f e r e n t  t im e s  ( fro m  1 
to  21 d a y s )  t h e r e a f t e r ,  g ro u p s  o f  4 -5  a n im a ls  w ere  k i l l e d  by 
i n t r a c a r d i a l  p e r f u s io n  and  th e  d e n e rv a te d  and  in n e r v a te d  
s te r n o m a s to id  m u sc le s  rem oved and  c u t  i n t o  3 p i e c e s ,  one 
c o n ta i n in g  th e  e n d p la t e - b a n d . E n d p la te - b a n d  s p e c i f i c  l a b e l  
was d e te rm in e d  by s u b t r a c t i n g  n o n - e n d p la te - b a n d  gamma c o u n ts  
from  th e  e n d p la t e - b a n d  on a  p e r  w e ig h t  b a s i s .

We fo u n d  t h a t  1) th e  r e c e p t o r s  from  th e  in n e r v a te d  m us
c l e s  d e g ra d e d  ( a s  p r e v i o u s ly  shown) w i th  a h a l f - l i f e  o f  8 .5  
d a y s ;  2) r e c e p t o r s  i n s e r t e d  i n t o  e n d p la t e s  t h a t  w ere  p r e v e n 
te d  from  b eco m in g  r e i n n e r v a t e d  d e g ra d e d  w i th  a h a l f - l i f e  o f  
1 d a y ;  and 3) r e c e p t o r s  in  th e  e n d p la t e s  d e n e rv a te d  by n e rv e  
c ru s h  f i r s t  d e g ra d e d  w i th  a h a l f - l i f e  o f  1 day  and  th e n  
showed a d r a m a t ic  s w i tc h  to  an  8 day  h a l f - l i f e  a t  a b o u t  8 -9  
d a y s  a f t e r  th e  n e rv e  c r u s h .  E l e c t r o n  m ic ro g ra p h s  o f  th e s e  
m u sc le s  showed a  sy n c h ro n o u s  a p p e a ra n c e  o f  p r e s y n a p t i c  n e rv e  
t e r m in a l s  d u r in g  t h i s  p e r i o d .  T h u s , th e  n e rv e  can  im p a r t  
m e ta b o l ic  s t a b i l i t y  to  AChRs a f t e r  th e y  a r e  i n s e r t e d  i n  th e  
p la sm a  m em brane.

S u p p o r te d  by a g r a n t  from  NIH, NS 0 9 3 1 5 .

2 1 2 .7  ACETYLCHOLINE RECEPTOR CLUSTER FORMATION AND EXTRACELLULAR 
MATRIX PRODUCTION IN CULTURED RAT MYOTUBES IS  ENHANCED BY 
THE I ONOPHORE A 2 3 1 8 7 .   J .  P a r k , *  L.W. S c h n e i d e r *  a n d  S 
B u r s z t a j n  ( S p o n : S . A .  B e r m a n ) ,   D e p t s .  o f  N e u r o l o g y  a n d  
Ce l l  Bi o l o g y / N e u r o s c i e n c e  P r o g r a m ,  B a y l o r  C o l l e g e  o f  M e d i 
c i n e ,  H o u s t o n ,  T e x a s  7 7 0 3 Q .

A c e t y l c h o l i n e  r e c e p t o r  (AChR) c l u s t e r  f o r m a t i o n  i n  
c u l t u r e d  r a t  m y o t u b e s  h a s  b e e n  sh o w n  t o  b e d e p e n d e n t  on  
c a l c i u m  ( C a 2+ ) c o n c e n t r a t i o n  o f  t h e  m e d iu m .  T h e  s i z e  o f  
AChR c l u s t e r s  a n d  t h e i r  s t a b i l i t y  i s  e n h a n c e d  b y  h i g h  C a2+ 
c o n c e n t r a t i o n .  H o w e v e r ,  t h e  t o t a l  n u m b e r  o f  t h e  s u r f a c e  
AChRs r e m a i n s  u n c h a n g e d  u n d e r  t h e s e  c o n d i t i o n s  ( B u r s z t a j n ,  
e t  a l . , J . C e l l  B i o l . 9 8 : 5 0 7 ,  1 9 8 4 ) .  To d e t e r m i n e  w h e t h e r  
t h e i o n o p h o r e ,  A 2 3 1 8 7  c a n  m i m i c  t h e  e f f e c t  o f  h i g h  C a 2+ , 
we i n c u b a t e d  t h e  m y o t u b e s  i n  n o r m a l  C a2+ c o n c e n t r a t i o n  
( 1 . 8  mM) m ed iu m  a n d  a t  v a r i o u s  c o n c e n t r a t i o n s  o f  i o n o p h o r e  
( 0 - 2 0 0  nM) f o r  2 4 - 7 2 h .  T he p a r a m e t e r s  w h i c h  we h a v e  e x a m 
i n e d  a r e :  1 )  t h e  n u m b e r  o f  AChR c l u s t e r s ;  2 )  t o t a l  s u r f a c e  
AChR n u m b e r ,  a n d  3 )  a c e t y l c h o l i n e s t e r a s e  (AChE)  a c t i v i t y  
w h i c h  we h a v e  d e t e r m i n e d  b y  a n  e n z y m a t i c  a s s a y  a n d  c y t o -  
c h e m i c a l l y  on  t h e  e l e c t r o n  m i c r o s c o p i c  l e v e l .  T h e  c u l t u r e s  
w e r e  l a b e l e d  w i t h  α - B T X - r h o d a m i n e , f i x e d ,  a n d  o b s e r v e d  by  
f l u o r e s c e n c e  m i c r o s c o p y .  T he n u m b e r  o f  c l u s t e r s  a n d  t h e  
n u m b e r  o f  m y o t u b e  s e g m e n t s  w e r e  r e c o r d e d  f o r  e a c h  f i e l d ,  
a n d  a  r a t i o  o f  t h e  t o t a l  n u m b e r  o f  c l u s t e r s  p e r  t o t a l  
n u m b e r  o f  m y o t u b e  s e g m e n t s  wa s  o b t a i n e d .  T h e  c l u s t e r /  
m y o t u b e  r a t i o s  d i d  n o t  sh o w  a n y  s i g n i f i c a n t  i n c r e a s e  by  
2 4 h ,  a t  a n y  o f  t h e  i o n o p h o r e  c o n c e n t r a t i o n s  t e s t e d .  How
e v e r ,  a t  4 8 h  a  t w o - f o l d  i n c r e a s e  w a s  o b s e r v e d .  T h i s  i n 
c r e a s e  i n  c l u s t e r / m y o t u b e  r a t i o  wa s  c o n c e n t r a t i o n  d e p e n d e n t .  
T h e  i n c r e a s e  w a s  n o t  d u e  t o  i n s e r t i o n  o f  n e w l y  s y n t h e s i z e d  
AChRs s i n c e  t h e  t o t a l  n u m b e r  o f  s u r f a c e  r e c e p t o r s  d e t e r 
m i n e d  by  1 2 5 I - α -BTX gamma c o u n t i n g  d i d  n o t  v a r y  s i g n i f i 
c a n t l y  f r o m  t h e  c o n t r o l  c u l t u r e s .  E l e c t r o n  m i c r o s c o p y  o f  
i o n o p h o r e  t r e a t e d  m y o t u b e s  ( 2 0 0  nM) r e v e a l e d  a n  a m o r p h o u s  
e x t r a c e l l u l a r  m a t r i x  a s s o c i a t e d  w i t h  t h e  p l a s m a  m e m b r a n e .  
T h i s  m a t r i x  w a s  f r e q u e n t l y  s e e n  i n  t h e  i o n o p h o r e  t r e a t e d  
c u l t u r e s  a n d  s e l d o m  s e e n  i n  t h e  c o n t r o l s .  H i s t o c h e m i c a l  
s t a i n i n g  f o r  AChE r e v e a l e d  t h e  r e a c t i o n  p r o d u c t  o v e r  t h e  
a m o r p h o u s  m a t e r i a l .  H o w e v e r ,  t h e  t o t a l  AChE e n z y m a t i c  
a c t i v i t y  d i d  n o t  c h a n g e  a t  a n y  c o n c e n t r a t i o n  o r  t i m e  o f  
e x p o s u r e  a f t e r  i o n o p h o r e  t r e a t m e n t .  O u r  r e s u l t s  i n d i c a t e  
t h a t  i o n o p h o r e  A 23 1 8 7  i n d u c e s  AChRs c l u s t e r  f o r m a t i o n  
w i t h o u t  a n  i n c r e a s e  i n  t h e  t o t a l  AChR n u m b e r  o r  AChE a c t i 
v i t y .   ( S u p p o r t e d  b y  N I H  g r a n t  NS 1 7 8 7 6 ;  t h e  MDA a n d  a  

RCDA t o  S . B . )

212.8  THE EFFECT OF PHOSOPHOLIPASE-C ON MAMMALIAN NEUROMYAL 
JUNCTION.  L. M. K onopka* and  R. A. C a r p e n te r * ,  (S p o n : 
A. G. K a rc z m a r) .  D e p a r tm e n t o f  P h a rm a c o lo g y , L o y o la  
U n i v e r s i t y  M e d ic a l  C e n te r ,  Maywood, IL  6 0 1 5 3 .

S tu d ie s  on r a t  n e u ro - m u s c u la r  p r e p a r a t i o n s  show t h a t  
p h o s p h o lip a s e - C  (PLC) i n c r e a s e s  th e  tw i tc h  r e s p o n s e  and 
Ach d e p o l a r i z a t i o n  (W atson  e t  a l . ,  P f lu g e r s  A r c h . ,  
3 63 :1 6 1 ,  1976 ; H a rb o rn e  e t  a l . ,  i b i d . , 3 7 7 :1 4 7 ,  1 9 7 5 ) . 
O h ta  and  K arczm ar (P h a rm a c o l . 2 2 :1 8 1 ,  1 9 8 0 ) , u s in g  an 
a m p h ib ia n ,  s c i a t i c  n e r v e / s a t o r i u s  m u sc le  p r e p a r a t i o n ,  
fo u n d  a d o se  d e p e n d e n t  i n c r e a s e  i n  EPP a m p l i tu d e s ,  mEPP 
f re q u e n c y  and  q u a n ta l  c o n te n t .  They c o n c lu d e d  th e  PLC 
e x e r t e d  b o th  p r e  and p o s t - s y n a p t i c  a c t i o n ;  th e  p r e s y n a p t i c  
e f f e c t s  w ere  Ca++ s e n s i t i v e .

The p r e s e n t  s tu d y  i n v e s t i g a t e s  th e  e f f e c t s  o f  PLC 
upon  th e  m ouse n e u ro m y a l j u n c t i o n  by e x p o s in g  th e  p h r e n i c  
n e rv e /d ia p h r a m  p r e p a r a t i o n  to  a r a n g e  o f  .0 1  to  1 u n i t s  
o f  a c t i v i t y / m l  (u /m l)  o f  PLC. W ith  a  c o n c e n t r a t i o n  o f  
0.1 u /m l ,  th e  r e s t i n g  m em brane p o t e n t i a l  u n d e rw e n t a 
b i p h a s i c  ch an g e  a s  d e p o l a r i z a t i o n  was fo l lo w e d  by 
h y p e r p o l a r i z a t i o n .  A ls o ,  we o b s e rv e d  a 25% i n c r e a s e  i n  
mEPP a m p l i tu d e  and a 15% i n c r e a s e  i n  EPP a m p l i tu d e .  
F i n a l l y ,  t h e r e  was d r a s t i c ,  p r e s y n a p t i c  a u g m e n ta t io n  (by 
50%) o f  th e  q u a n ta l  c o n te n t  (m e a su re d  by f a i l u r e  m eth o d ) 
and o f  th e  mEPP f r e q u e n c y  (by 60% ). T h ese  e f f e c t s  w ere  
r e v e r s e d  by w a s h o u t.  H igh  c o n c e n t r a t i o n s  ( lu /m l )  c a u se d  
i r r e v e r s i b l e  d e p o l a r i z a t i o n  o f  th e  r e s t i n g  m em brane 
p o t e n t i a l  and f a s c i c u l a t i o n s ; a f t e r  th e  w a s h o u t ,  we 
o b s e rv e d  a d e p r e s s io n  o f  s y n a p t i c  a c t i v i t y .  As t h e s e  
d a ta  a r e  c o n s i s t e n t  w i th  th o s e  o b s e rv e d  e a r l i e r ,  PLC 
a p p e a r s  to  a l t e r  th e  i o n i c  g a t i n g  m ech an ism s th ro u g h  
a c t i o n  upon p r e  and p o s t - s y n a p t i c  m em brane p h o s p h o l i p id s .

(S u p p o rte d  i n  p a r t  by a g r a n t  from  P o t t s  F o u n d a t io n . )
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212.9  TWO PROTEINS ARE PRESENT IN RAT MUSCLE ENDPLATES AND IN 
OTHER CELLULAR LOCATIONS.  S .C . F ro eh n e r. (S P O N :M .
M a r in -P a d i lla )   D epartm ent o f B io c h em istry , D artm outh 
M edical S choo l, H anover, N.H. 03756.

P o s ts y n a p tic  membrane p re p a ra t io n s  from th e  Torpedo 
e l e c t r i c  o rgan  c o n ta in  a number o f p ro te in s  th a t  a re  
p re s e n t in  much sm a lle r  am ounts th an  th e  su b u n its  o f th e  
a c e ty lc h o l in e  r e c e p to r  o r th e  su b sy n a p tic  43K p ro te in .  
These p ro te in s  may be a s s o c ia te d  w ith  th e  p o s ts y n a p tic  
membrane in  s i t u  o r may be co n tam in an ts  d e r iv e d  from o th e r  
c e l l u l a r  membranes or from th e  cy top lasm . Hybridoma 
te ch n o lo g y  has been used to  id e n t i f y  two p r o te in s  th a t  a re  
a u th e n tic  com ponents of th e  p o s ts y n a p tic  membrane. 
E x t r in s ic  p r o te in s  were e x t r a c te d  from Torpedo p o s ts y n a p tic  
membranes w ith  10mM li th iu m  d i io d o s a l ic y la t e  and were used 
as  immunogen fo r  th e  p ro d u c tio n  o f m onoclonal a n t ib o d ie s  
(m abs). Mabs were sc reen e d  by an ELISA, im m unofluorescence 
m icroscopy on r a t  diaphragm  m uscle, and im m unoblotting  
te c h n iq u e s . Mab 1351 re c o g n iz e s  an e l e c t r i c  organ  p ro te in  
o f a p p a re n t m o lecu la r w eigh t 58 ,0 0 0 . When examined by 
doub le im m unofluorescence m icroscopy u t i l i z i n g  
rho d am in e-co n ju g a ted  α bun g aro to x in  and f lu o r e s c e in - la b e le d  
a n t ib o d ie s ,  mab 1351 s t a i n s  r a t  m uscle e n d p la te s  very  
in t e n s e ly .  E x tra s y n a p tic  re g io n s  o f th e  m uscle plasm a 
membrane a re  a l s o  s ta in e d  bu t w ith  much le s s  i n t e n s i t y  than  
th e  e n d p la te s .  Mab 1403 re c o g n iz e s  a p ro te in  o f Mr  
55 ,000 w ith  an i s o e l e c t r i c  p o in t of ap p ro x im ate ly  5 .2 -5 .5  
a n d a l s o  s t a i n s  r a t  m uscle e n d p la te s  a lth o u g h  th e  
d i s t r i b u t i o n  of th e  a n tib o d y  s ta in in g  i s  n o t p r e c i s e ly  
c o in c id e n t  w ith  th e  r e c e p to r .  I n t r a c e l l u l a r  s t a in in g  of 
th e  m uscle c e l l s  by mab 1403 i s  p r e v a le n t .  S ince i t  
p e r s i s t s  a f t e r  d e n e rv a tio n , s y n a p tic  s t a in in g  w ith  both  mab 
1351 and mab 1403 i s  n o t due to  r e a c t i v i t y  w ith  nerve 
te rm in a l com ponents. The r e s u l t s  in d i c a t e  t h a t  two minor 
p r o te in s  o f i s o l a t e d  Torpedo p o s ts y n a p tic  membranes a re  
h ig h ly  c o n c e n tra te d  a t  th e  e n d p la te  and a re  found in  o th e r  
lo c a t io n s  in  th e  c e l l  a s  w e ll .

2 1 2 .1 0   A  M O D E L  F O R  T H E  A C E T Y L C H O L IN E  B IN D IN G  SIT E  O F  T H E  
A C E T Y L C H O L IN E  R E C E P T O R .  W. L u y te n ,  K e n n a n  K e l la r is * +  
a n d  J .  K y te * + ,  S . H e in e m a n n  a n d  J .  P a t r i c k .   M o le c u la r  N e u r o -  
b io lo g y  L ab o r a t o r y ,  T h e  S a lk  I n s t i t u t e ,  S a n  D ie g o , C A  9 2 1 3 8 . 
+ D e p a r tm e n t  o f  C h e m is t r y ,  U n iv e r s i ty  o f  C a l i f o r n i a ,  S a n  D ie g o , 
L a  J o l l a ,  C A  9 2 0 9 3 .

T h e  n i c o t i n ic  a c e t y l c h o l i n e  r e c e p t o r  (A C h R )  is t h e  b e s t -  
s tu d i e d  l ig a n d - g a t e d  ion  c h a n n e l .  T h e  r e c e n t  d e t e r m i n a t i o n  o f  
i t s  c o m p l e t e  p r im a r y  s t r u c t u r e  m a k e s  i t  p o s s ib le  t o  c o r r e l a t e  
s t r u c t u r e  w i th  f u n c t io n  W e h a v e  b u i l t  a  m o d e l  f o r  t h e  a c e t y l 
c h o l in e  b in d in g  s i t e  b a s e d  u p o n  s e q u e n c e  a n d  b i o c h e m ic a l  d a t a .  
T h e  w o rk  o f  K a r lin  a n d  h i s  c o l l ab o r a t o r s  h a s  d e m o n s t r a t e d  t h a t  
t h e  q u a r t e r n a r y  a m m o n iu m  h e a d  o f  a c e t y l c h o l i n e  b in d s  t o  t h e  α -  
s u b u n i t  w i th in  I n m  o f  a  d i s u l f id e  b o n d ( 1) .  T h e r e  is  s t r o n g  
e v id e n c e  t h a t  t h e  e x t r a c e l l u l a r  d o m a in  o f  t h e  α - s u b u n i t  c o n s i s t s  
o f  r e s i d u e s  I - 2 1 0  (2 ). T h e r e  a r e  fo u r  c y s t e i n e s  in  t h e  e x t r a c e l l u 
la r  d o m a in  w h ic h  a r e  c o n s e r v e d  b e tw e e n  a ll  s p e c i e s  w h ic h  h a v e  
b e e n  e x a m in e d ,  i . e . ,  T o r p e d o ,  h u m a n ,  c a l f  a n d  m o u s e .  C y s  192 
c a n n o t  f o r m  a  d i s u l f id e  b o n d  w i th  C y s  1 9 3 . T h e r e f o r e  t h e  
d i s u lp h id e  b o n d  c lo s e  t o  t h e  b in d in g  s i t e  m u s t  b e  C y s  1 2 8 -C y s  
142 o r  o n e  o f  t h e  d i s u lp h id e  b o n d s  o f  a  d o u b le  c y s t i n e  b r id g e  
b e tw e e n  ( C y s  128 , C y s  142) a n d  ( C y s  192 , C y s  193).

C P K  m o d e ls  o f  t h e  r e g io n s  α 1 2 5 - α 1 4 5  a n d  α 1 8 5 - α 2 0 0 ,  a s  w e ll  
a s  t h e  c o r r e s p o n d in g  r e g io n s  o f  β- ,  γ ,  a n d  δ - s u b u n i t s  w e r e  
c o n s t r u c t e d  a n d  f o ld e d  in  a n t i p a r a l l e l  β- s h e e t  c o n f o r m a t i o n ,  w i th  
β- tu r n s  a s  p r e d i c t e d  0 )  f o r  b o th  p o s s ib l e  c y s t i n e  a r r a n g e m e n t s .  
D e s p i te  h ig h  lo c a l  i n te r s u b u n i t  h o m o lo g y , o n ly  t h e  α - s u b u n i t  
c o n ta i n e d  a  s i t e  w h e r e  a c e t y l c h o l i n e  f i t t e d  w e l l .  V a r io u s  c h o l in 
e r g i c  a g o n is t s ,  a s  w e ll  a s  t h e  t o x ic  lo o p s  o f  lo n g  a n d  s h o r t  
n e u r o to x in s ,  c o u ld  b e  a c c o m o d a te d  b y  th i s  s i t e .  M o re  s p e c i f i c 
a l l y ,  A sp  138 a n d  T h r  133 p r o v id e  t h e  n e g a t i v e  c h a r g e  a r o u n d  th e  
q u a r t e r n a r y  a m m o n iu m  g r o u p ,  lie  131 t h e  h y d r o p h o b ic  i n t e r a c 
t io n ,  G ln 140  t h e  p o s tu l a t e d  e s t e r o p h i l ic  d ip o le .  C 10 b i s -  
q u a r t e r n a r y  c o m p o u n d s  c a n  i n t e r a c t  w i th  G lu  1 29 , C 16 b i s -  
q u a r t e r n a r y  c o m p o u n d s  w i th  A sp  195 a n d  T h r  1 9 1 . R e s i d u e s  in  
t h e s e  p o s i t io n s  a r e  c o n s e r v e d  a c r o s s  s p e c i e s  in t h e  α - s u b u n i t  b u t  
n o t  in  t h e  o t h e r  r e c e p t o r  s u b u n i t s .  i n  v i t r o  e x p r e s s io n  a n d  s i t e -  
d i r e c t e d  m u ta g e n e s i s  a r e  b e in g  u s e d  t o  t e s t  t h e  m o d e l .

1. K a r lin ,  A .  (1 9 8 0 )  In  C e l l  S u r f a c e  R e v ie w s ,  e d s .  C o t m a n , 
C .W ., P o s t e ,  G ., a n d  N ic o ls o n , G .L . ( N o r t h - H o l la n d ,  A m s te r d a m  
v o l .  6 ,  1 9 1 -2 6 0 .

2 .  C la u d io ,  T . ,  B a l l i v e t ,  M ., P a t r i c k ,  J . ,  a n d  H e in e m a n n ,  S . 
(1 9 8 3 ). P N A S  8 0 :1 1 1 1 - 1 1 15.

3 .  F in e r - M o o r e ,  J . ,  a n d  S t r o u d ,  R .M . (1 9 8 3 )  P N A S  8 1 :1 5 5 -  
1 5 9 .

212.11  SYNTHETIC NONADECAPEPTIDE OF TORPEDO ACHR GAMMA SUBUNIT 
RECOGNIZED BY MONOCLONAL ANTIBODIES SPECIFIC FOR 
CYTOPLASMIC DOMAINS.  W .J. L aR ochelle*  and S .C . F ro eh n er.  
D epartm ent o f B io c h em istry , D artm outh M edical S choo l, 
H anover, N.H. 03756.

S e v e ra l models o f th e  transm em brane s t r u c tu r e  o f th e  
Torpedo n i c o t in i c  a c e ty lc h o lin e  r e c e p to r  (AChR) have been 
proposed on th e  b a s is  o f c i r c u l a r  d ic h ro ism , 
t r y p s in i z a t io n ,  X -ray d i f f r a c t i o n ,  and h y d ro p h i l ic i ty  
m ode ling . M onoclonal a n t ib o d ie s  (mabs) d i r e c te d  a g a in s t  
e x t r a c e l l u l a r  and cy to p la sm ic  e p i to p e s  o f th e  re c e p to r  
p ro v id e  a to o l  fo r  v e r i f i c a t i o n  of th e se  m odels. We have 
found th a t  two anti-AChR mabs reco g n iz e  a s y n th e t ic  
n o n ad e cap ep tid e  homologous to  a p o s tu la te d  cy to p lasm ic  
domain o f th e  gamma s u b u n it .  The p e p tid e  p o sse sse s  th e  
sequence L y s-A la -G lu -G lu -T y r-I le -L eu -L y s-L y s-P ro -A rg -S e r-  
G lu-L eu-M et-Phe-G lu-G lu-C ys ( g a m m a 3 6 0 - 3 7 7 )  a nd s h a re s  
71% p e rc e n t homology to  a s im i la r  re g io n  o f th e  d e l ta  
s u b u n it .

A c o l le c t io n  o f e le v e n  mabs was a s s e s se d  fo r  r e a c t i v i t y  
w ith  th e  p e p tid e  by th r e e  te c h n iq u e s . Mabs 264E and 274D 
p re v io u s ly  shown to  re c o g n iz e  th e  gamma and d e l ta  su b u n its  
bound bovine serum album in co n ju g a ted  g a m m a 3 6 0 - 3 7 7  
(B SA -peptide c o n ju g a te )  and keyho le lim p e t hem ocyanin- 
c o n ju g a ted  g a m m a 3 6 0 - 3 7 7  in  th e  ELISA. The b in d in g  o f 
bo th  a n t ib o d ie s  to  n a t iv e  r e c e p to r  i s  in h ib i te d  by 
d i s u l f i d e - l i n k e d  d im eric  p e p tid e  more e f f e c t iv e ly  than  by 
monomeric p e p t id e .  The dim er in h ib i te d  th e  r a t e  o f b ind ing  
o f mab 264E to  n a t iv e  r e c e p to r  h a lf-m ax im a lly  a t  10 uM 
w h ile  th e  monomer i n h ib i te d  a t  30uM. S im i la r ly ,  th e  dimer 
com peted w ith  n a t iv e  r e c e p to r  a t  20nM fo r  274D w h ile  
monomer in h i b i te d  h a lf-m ax im a lly  a t  68 nM. A c o n tro l  
p e p tid e  d id  n o t i n t e r f e r e  w ith  e i t h e r  264E or 274D b in d in g  
to  r e c e p to r .  The p e p tid e  co n ju g a te  i n h ib i te d  b ind ing  to  
AChR h a lf-m ax im a lly  a t  600nM and 2nM fo r  264E and 274D, 
r e s p e c t iv e ly .  The b in d in g  of n e i th e r  mab was in h ib i te d  by 
BSA th a t  had been s u b je c te d  to  th e  c o n ju g a tio n  c o n d itio n s  
in  th e  absence  o f p e p t id e .  F in a l ly ,  125I-B S A -pep tide  
c o n ju g a te , and to  a l e s s e r  e x te n t  125I - pe p t i d e , were 
im m u n o p rec ip ita ted  by both  mabs. Nine o th e r  anti-AChR mabs 
showed no ev id en ce  o f r e a c t i v i t y  w ith  th e  p e p tid e  o r th e  
p e p tid e  c o n ju g a te s  by any o f th e s e  t e s t s .

The re c o g n i t io n  o f th e  n o n ad ecap ep tid e  by two mabs whose 
b in d in g  s i t e s  have been lo c a l i z e d  to  i n t r a c e l l u l a r  domains 
o f th e  AChR (F ro eh n er e t a l ,  J .B io l.C h e m . 2 5 8 :  7 1 1 2 ,  1 9 8 3 )  
s u g g e s ts  t h a t  th e  re g io n  g am m a 3 6 0 - 3 7 7  i s  lo c a te d  on th e  
cy to p la sm ic  fa c e  o f th e  p o s ts y n a p tic  membrane.

212.12  THE Mr 43,000 POLYPEPTIDE, V1 , OF AChR-ENRICHED MEMBRANES 
IS A PROTEIN KINASE.  A.S. Gordon, D. M ilfay , and I 
Diamond,  Dept. o f  Neurology, Univ .  o f  C al. Sch. o f  Med., 
San F rancisco , CA 94143.

AChR-enriched membranes have been shown to  con ta in  3 
a lk a l i - e x tr a c ta b le  po lypep tides o f  Mr 43,000, v 1 , v 2 , and v3 
which can be separa ted  by 2-dim ensional e le c tro p h o re s is . v1 
i s  a  membrane-bound po lypep tide  having a p I  between 7 .0  and 
7 .4  which c o p u r if ie s  w ith  th e  AChR. I mmunochemical s tu d ie s  
show th a t  i s  e x c lu siv e ly  a p o s t-sy n ap tic  membrane 
p ro te in .  We have found th a t  an a lk a lin e -e x tra c ta b le  Mr 
43,000 po lypep tide  has an ATP b ind ing  s i t e  and th a t  th e  
a lk a lin e  e x tr a c t  has p ro te in  k inase  a c t iv i ty .  Our r e s u l t s  
suggest th a t  v1 may be a p ro te in  k in a se . We have used 
monoclonal an tibody (mcAb) t o v1to  address th i s  q u estio n . 
AChR-enriched membranes were c o v a len tly  lab e led  w ith  [α  -  32P] 

ATP under co nd itions  where a po lypep tide  o f  Mr 43,000 i s  
th e  on ly  po lypep tide  la b e led . These membranes were 
s o lu b iliz e d  in  0.5% NP-40 and imm unoprecip ita ted  w ith  
e i th e r  mcAb o r  co n tro l IgG and Staph. Aureus. We found a 
c o v a len tly  lab e led  po lypep tide  o f  Mr 43,000 on 
autoradiogram s o f  SDS g e ls  o f  th e  so lu b iliz ed  
i mm unoprec ip ita te  when mcAb was used. C ontrol mouse IgG 
showed no i mm unoprecip ita ted  band. Therefore v 1 i s  an ATP 
bind ing  p ro te in .

In o rd e r to  dem onstrate th a t  th e  ATP b ind ing  p ro te in  
p re c ip ita te d  by th e  mcAb i s  a p ro te in  k in a se , we show th a t  
p ro te in  k in ase  a c t iv i ty  i s  a ls o  p re c ip i ta te d  f r om so lu tio n  
by mcAb. pH 11 e x tr a c t  i s  n e u tra liz ed  and incubated  w ith  
e i th e r  mcAb o r  co n tro l mouse IgG and Staph. Aureus i s  added 
to  p re c ip i ta te  th e  immune complexes. A fte r c e n tr ifu g a tio n , 
th e  supernatan t i s  assayed fo r  p ro te in  k inase  a c t iv i ty .  We 
fin d  th a t  th e  pH 11 e x tr a c t  incubated  w ith  a n t i  v 1 mcAb 
shows no phosphorylation  a c t iv i ty .  In  c o n tra s t ,  p ro te in  
k inase  a c t iv i ty  i s  observed in  th e  pH 11 e x tr a c t  incubated  
w ith  co n tro l mouse IgG. T herefore, th e  mcAb must have 
p re c ip ita te d  th e  p ro te in  k in ase  and we can conclude th a t  v1 
i s  a  p ro te in  k in a se . S ince th e re  i s  on ly  one ATP bind ing  
p ro te in  p re sen t in  AChR-enriched membranes, v1 i s  probably 
th e  re cep to r k inase  which phosphorylates th e  AChR.
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2 1 2 .1 3   METHYLATION OF TORPEDO CALIFORNIOA ACETYLCHOLINE RECEPTOR.
A .S .  Y e e *  a n d  M .G . M cN am ee.  Dept.  o f  B io c h e m . & B i o p h y s . ,  
U n i v .  o f  C a l i f . ,  D a v i s ,  CA 9 5 6 1 6 .

T h e  a c e t y l c h o l i n e  r e c e p t o r  (ACHR) f ro m  T o r p e d o  
c a l i f o r n i c a  i s  w e l l  c h a r a c t e r i z e d  b o t h  b i o c h e m i c a l l y  a n d  
f u n c t i o n a l l y .  A x e l r o d  a n d  c o w o r k e r s  ( F ly n n  e t a l . , J . B i o l .  
C hem . 2 5 7 : 9 5 1 3 - 9 5 1 7  ( 1 9 8 2 ) )  r e c e n t l y  d e m o n s t r a t e d  t h a t  t h e  
T o r p e d o  ACHR c a n  b e  c a r b o x y l m e t h y l a t e d  i n  v i t r o  b y  a  h um an  
e r y t h r o c y t e  m e t h y l a s e  a n d  t h a t  m e t h y l a s e  a c t i v i t y  i s  p r e s 
e n t  i n  T o r p e d o  e l e c t r i c  o r g a n  c y t o s o l .  We h a v e  p u r i f i e d  
t h e  T o r p e d o  m e t h y l a s e  a n d  h a v e  s t u d i e d  t h e  e f f e c t s  o f  
m e t h y l a t i o n  o n  t h e  l i g a n d  b i n d i n g  a n d  i o n  p e r m e a b i l i t y  
p r o p e r t i e s  o f  p u r i f i e d  ACHR i n  r e c o n s t i t u t e d  m e m b r a n e s .

T h e  u s e  o f  am m onium  s u l f a t e  f r a c t i o n a t i o n  a n d  g e l  f i l 
t r a t i o n  c h r o m a to g r a p h y  g a v e  a  4 0 - f o l d  p u r i f i c a t i o n  o f  t h e  
T o r p e d o  m e t h y l a s e .  As m e a s u r e d  w i t h  S e p h a d e x  G - 1 0 0 ,  t h e  
T o r p e d o  m e t h y l a s e  h a s  a n  a p p r o x i m a t e  m o l e c u l a r  w e i g h t  o f  
2 5 ,0 0 0  a n d  c a n  m e t h y l a t e  a l l  f o u r  s u b u n i t s  w i t h  p r e f e r 
e n t i a l  l a b e l i n g  o f  t h e  a  a n d  γ  s u b u n i t s .  M e t h y l a t i o n  o f  
ACHR t o  l e v e l s  a s  h i g h  a s  20  m ole%  h a v e  b e e n  o b t a i n e d  
u s i n g  p u r i f i e d  m e t h y l a s e .

S i n c e  t h e  ACHR i s  t h e  o n l y  m e t h y l a s e  s u b s t r a t e  i n  t h e  
r e c o n s t i t u t e d  m e m b r a n e s ,  e f f e c t s  o f  m e t h y l a t i o n  o n  t h e  
f u n c t i o n  o f  t h e  ACHR c a n  b e  d i r e c t l y  a t t r i b u t e d  t o  ACHR 
m e t h y l a t i o n .  T h e r e  w a s  n o  d e t e c t a b l e  e f f e c t  o f  m e t h y l a t i o n  
o n  t h e  l i g a n d  b i n d i n g  p r o p e r t i e s  o f  t h e  ACHR, a s  m e a s u r e d  
b y  a  b u n g a r o t o x i n  c o m p e t i t i o n  b i n d i n g  a s s a y .  I n  c o n t r a s t ,  
m e t h y l a t i o n  t o  a  l e v e l  o f  20  m ole%  c a u s e d  a  20% d e c r e a s e  
i n  c a r b a m y l c h o l i n e - s t i m u l a t e d  c a t i o n  i n f l u x ,  a s  m e a s u r e d  
w i t h  a  m a n u a l - m i x in g  i o n  f l u x  a s s a y  u s i n g

R a p id  k i n e t i c  s t u d i e s  o f  t h e  e f f e c t s  o f  m e t h y l a t i o n  on  
t h e  i n i t i a l  r a t e s  o f  i o n  f l u x  a r e  i n  p r o g r e s s  t o  d e t e r m i n e  
i f  t h e r e  e x i s t s  a  o n e - t o - o n e  c o r r e s p o n d e n c e  b e tw e e n  
m e t h y l a t i o n  a n d  b l o c k a d e  o f  i o n  f l u x .   ( S u p p o r t e d  b y  
USPHS G r a n t  1 3 0 5 0 ) .

2 1 2 . 1 4   INH IB ITIO N OF NICOTINIC RECEPTOR MEDIATED ION FLUXES IN RAT 
SYMPATHETIC GANGLIA BY BGT I I - S 1  A POTENT PHOSPHOLIPASE.
M. Q u i k .  D e p t .  P h a r m a c o l . ,  M c G i l l  U n i v . ,  M o n t r e a l ,  Q u e .  
H3G 1 Y6 C a n a d a .

P r e v i o u s  w o r k  h a d  d e m o n s t r a t e d  t h a t  b u n g a r o t o x i n  (BGT) 
I I - S 1 ,  a  t o x i n  w h i c h  c o p u r i f i e s  w i t h  α - B G T ,  c a n  i n h i b i t  
n i c o t i n i c  t r a n s m i s s i o n  i n  r a t  s y m p a t h e t i c  g a n g l i a  ( Q u ik  & 
L a m a r c a ,  1 9 8 2 ,  B r a i n  R e s .  2 3 8 ,  3 8 5 ) .  T h e  m e c h a n i s m  w h e r e b y  
t h i s  t o x i n  a f f e c t s  n i c o t i n i c  f u n c t i o n  h a s  b e e n  f u r t h e r  
c h a r a c t e r i z e d .  BGT I I - S 1  (1  µM) i n h i b i t e d  t h e  c a r b a c h o l  
( 1 0 0  µM ) o r  n i c o t i n e  ( 5 0  µM) s t i m u l a t e d  u p t a k e  o f  3H- 
a g m a t i n e  i n t o  r a t  s y m p a t h e t i c  g a n g l i a  by  73% a n d  52%, 
r e s p e c t i v e l y .  T h e s e  r e s p o n s e s  w e r e  a l s o  i n h i b i t e d  90% by 
d - t u b o c u r a r i n e  ( 1 0 0  µ M ) , b u t  u n a f f e c t e d  b y  α-B G T  ( 1 µM) o r  
a t r o p i n e  ( 1 0  µ M ) , s u g g e s t i n g  t h a t  BGT I I - S 1  a f f e c t s  
c h o l i n e r g i c  f u n c t i o n  a t  a  p o s t s y n a p t i c  n i c o t i n i c  s i t e .  
B i n d i n g  o f  p h y s i o l o g i c a l l y  a c t i v e  1 2 5 I-B G T I I - S 1 c o u l d  b e  
d e m o n s t r a t e d  t o  i n t a c t  s y m p a t h e t i c  g a n g l i a ;  h o w e v e r ,  t h e  
b i n d i n g  c o u l d  n o t  b e  d i s p l a c e d  by  n i c o t i n i c  a g e n t s ,  
s u g g e s t i n g  t h a t  BGT I I - S 1  i s  n o t  i n t e r a c t i n g  a t  t h e  
r e c e p t o r .  B e c a u s e  some n e u r o t o x i n s  p r o d u c e  t h e i r  e f f e c t  a t  
t h e  s y n a p s e  t h r o u g h  a  p h o s p h o l y t i c  a c t i o n ,  t h e  p h o s p h o 
l i p a s e  a c t i v i t y  o f  BGT I I - S 1 wa s d e t e r m i n e d .  T h e  r e s u l t s  
d e m o n s t r a t e  t h a t  BGT I I - S 1  i s  a  v e r y  p o t e n t  c a l c i u m  
d e p e n d e n t  p h o s p h o l i p a s e .  I n  a d d i t i o n ,  c o n d i t i o n s  w h i c h  
a b o l i s h e d  t h e  t o x i n ' s  p h o s p h o l y t i c  a c t i v i t y  p r e v e n t e d  i t s  
e f f e c t s  on n i c o t i n i c  t r a n s m i s s i o n  a n d  on n i c o t i n i c  r e c e p t o r  
m e d i a t e d  i o n  f l u x e s .  T h e s e  i n c l u d e  i r r e v e r s i b l e  i n h i b i t i o n  
o f  e n z y m i c  a c t i v i t y  by t r e a t m e n t  o f  BGT I I - S I  w i t h  
p - b r o m o p h e n a c y l b r o m i d e ,  a s  w e l l  a s  r e v e r s i b l e  i n h i b i t i o n  o f  
t h e  p h o s p h o l i p a s e  by s u b s t i t u t i o n  o f  Ba++ o r  S r ++ i o n s  f o r  
C a ++ i o n s  i n  t h e  p h y s i o l o g i c a l  m e d i u m .

T h u s ,  i n  r a t  s y m p a t h e t i c  g a n g l i a ,  BGT I I - S 1 b l o c k s  t h e  
n i c o t i n i c  r e c e p t o r  m e d i a t e d  m o v e m e n t  o f  i o n s  a c r o s s  t h e  
m e m b r a n e .  T h i s  i s  p r o b a b l y  n o t  d u e  t o  a  d i r e c t  i n t e r a c t i o n  
a t  t h e  n i c o t i n i c  a c e t y l c h o l i n e  r e c o g n i t i o n  s i t e ;  r a t h e r ,  i t  
may be a n  i o n  c h a n n e l  a s s o c i a t e d  e f f e c t  w h i c h  i s  m e d i a t e d  
by  a l t e r a t i o n s  i n  t h e  p h o s p h o l i p i d  e n v i r o n m e n t  o f  t h e  
r e c e p t o r  c o m p l e x  o r  o f  t h e  m e m b r a n e .  A l t h o u g h  BGT 1 1 - S 1 
a l s o  h a s  p r e s y n a p t i c  a c t i o n s ,  i n  a  c u l t u r e d  s y s t e m  o f  p o s t 
s y n a p t i c  c e l l s ,  i t  c o u l d  p r o v e  a  u s e f u l  t o o l  t o  s t u d y  t h e  
r o l e  o f  p h o s p h o l i p i d s  i n  n e u r o n a l  n i c o t i n i c  r e c e p t o r  
r e g u l a t i o n .

S u p p o r t e d  by t h e  M e d i c a l  R e s e a r c h  C o u n c i l  o f  C a n a d a .

SENSORIMOTOR INTEGRATION II

2 1 3 . 1 GATING OF LEMNISCAL INPUT AT THALAMIC AND CORTICAL LEVELS 
DURING CONDITIONED ARM MOVEMENTS IN  THE MONKEY.  C .E .  
Chapman . L. E iap a l-Padel., M. -T . Parent, and Y. Lamar r e .
C e n t r e  d e  r e c h e r c h e  e n  s c i e n c e s  n e u r o l o g i q u e s . D é p a r te m e n t  
d e  P h y s i o l o g i e ,  U n i v e r s i t é  d e  M o n t r é a l ,  M o n t r e a l ,  Q u é b e c ,  
C a n a d a  H3C 3 T 8 .

T h e  s o m a t o s e n s o r y  v o l l e y s  p r o d u c e d  b y  c u t a n e o u s  
s t i m u l a t i o n  o f  t h e  r o r e l i m b  a n d  r e c o r d e d  f ro m  t h e  m e d i a l  
l e m n i s c u s  h a v e  p r e v i o u s l y  b e e n  r e p o r t e d  t o  b e  r e d u c e d  p r i o r  
t o ,  a n d  d u r i n g ,  v o l u n t a r y  m o v e m e n ts  o f  t h a t  l i m b .  T he 
p o s s i b i l i t y  t h a t  a f f e r e n t  i n p u t  m ay u n d e r g o  f u r t h e r  g a t i n g  
a t  m o re  r o s t r a l  l e v e l s  o f  t h e  l e m n i s c a l  p a th w a y ,  
s p e c i f i c a l l y  i n  t h e  t h a l a m i c  r e l a y  n u c l e u s ,  v e n t r a l i s  
p o s t e r o l a t e r a l i s , p a r s  c a u d a l i s  ( V P L c ) .  a n d  i n  
s o m a t o s e n s o r y  c o r t e x  ( S I ) ,  w a s  i n v e s t i g a t e d  i n  t h e  p r e s e n t  
s t u d y .

A m a c a q u e  m o n k ey  w a s  t r a i n e d  t o  p e r f o r m  r a p i d  f l e x i o n s  
o f  t h e  a rm  i n  r e s p o n s e  t o  a  t o n e .  Low im p e d a n c e  t u n g s t e n  
m i c r o e l e c t r o d e s  ( 2 0  -  5 0 0  k i lo h m s  a t  1 k H z ) w e r e  u s e d  t o  
m ake s i m u l t a n e o u s  r e c o r d i n g s  f ro m  r e g i o n s  o f  t h e  
c o n t r a l a t e r a l  VPLc a n d  S I  w h ic h  h a d  h o m o lo g o u s  c u t a n e o u s  
r e c e p t i v e  f i e l d s  o n  t h e  a r m .  E v o k e d  p o t e n t i a l s  ( l a t e n c y  
4 . 5  -  8 .5 m s )  w e r e  r e c o r d e d  i n  r e s p o n s e  t o  e l e c t r i c a l  
s t i m u l a t i o n  w i t h i n  t h e  r e c e p t i v e  f i e l d ,  e i t h e r  t h r o u g h  
n e e d l e  e l e c t r o d e s  i n s e r t e d  p e r c u t a n e o u s l y  b e n e a t h  t h e  s k i n  
o r  b y  s t a i n l e s s  s t e e l  w i r e s  h e l d  a r o u n d  t h e  s u p e r f i c i a l  
r a d i a l  n e r v e  b y  a  c h r o n i c a l l y  i m p l a n t e d  c u f f .  C o n t r o l  
s t i m u l i ,  g i v e n  w i t h o u t  t h e  m o v em e n t c u e  a n d  i n  t h e  a b s e n c e  
o f  m o v e m e n t,  w e r e  r e g u l a r l y  a l t e r n a t e d  w i t h  t h e  t e s t  
s t i m u l i  w h ic h  w e r e  a p p l i e d  a t  v a r i o u s  d e l a y s  a f t e r  t h e  
m o v em e n t c u e .  T h e  e v o k e d  p o t e n t i a l s  i n  b o t h  VPLc a n d  S I  
sh o w e d  p a r a l l e l  c h a n g e s ,  d e c r e a s i n g  b o t h  b e f o r e  a n d  d u r i n g  
m o v e m e n t.  T h e  e v o k e d  p o t e n t i a l s  w h ic h  w e r e  e l i c i t e d  b y  
s t i m u l a t i o n  o f  t h e  f o r e a r m  b e g a n  t o  d e c r e a s e  50  -  100m s 
p r i o r  t o  t h e  o n s e t  o f  e lb o w  d i s p l a c e m e n t  a n d  sh o w e d  a  
m a x im a l  r e d u c t i o n  t o  4 0  -  50% o f  t h e  c o n t r o l  b y  t h e  t im e  o f  
t h e  o n s e t  o f  m o v e m e n t.  T h i s  d e c r e a s e  p r e c e d e d  t h e  e a r l i e s t  
e l e c t r o m y o g r a p h i c  a c t i v i t y  i n  t h e  o p e r a n t  l im b  w h ic h  
o c c u r e d  a b o u t  4 0  ms b e f o r e  t h e  o n s e t  o f  m o v em e n t i n  t h i s  
m o n k e y . T h e  d e l a y  a t  w h ic h  a  r e d u c t i o n  i n  t h e  s i z e  o f  t h e  
r e s p o n s e  w a s  f i r s t  - o b s e r v e d  a n d  t h e  s u b s e q u e n t  m a x im a l  
r e d u c t i o n  c o v a r i e d ,  i . e .  t h e  e a r l i e r  b e f o r e  m o v em e n t o n s e t  
a  r e d u c t i o n  o c c u r r e d ,  t h e  g r e a t e r  w as t h e  o b s e r v e d  m a x im a l  
r e d u c t i o n  o f  t h a t  r e s p o n s e .  C o r t i c a l  a n d  t h a l a m i c  r e g i o n s  
r e c e i v i n g  i n p u t  f ro m  t h e  m o v in g  f o r e a r m  s h o w e d  t h e  e a r l i e s t  
a n d  s t r o n g e s t  d e p r e s s i o n  w h i l e  p o t e n t i a l s  e v o k e d  b y  
s t i m u l a t i o n  o f  t h e  d o r s u m  o f  t h e  h a n d  d i d  n o t  sh o w  a n y  
m o d u l a t i o n  w i t h  m o v e m e n t.  C o r t i c a l  e v o k e d  p o t e n t i a l s  
e l i c i t e d  b y  s t i m u l a t i o n  o f  t h e  t h a l a m u s  t h r o u g h  t h e  
r e c o r d i n g  e l e c t r o d e ,  u n d e r  t h e  sa m e  e x p e r i m e n t a l  
c o n d i t i o n s ,  s h o w e d  n o  m o d u l a t i o n  w i t h  m o v e m e n t.  S i m i l a r  
r e s u l t s  w e r e  o b t a i n e d  i n  a  s e c o n d  m o n k ey  i n  w h ic h  VPLc w as 
s t i m u l a t e d  w i t h  a  c h r o n i c a l l y  i m p l a n t e d  b i p o l a r  e l e c t r o d e .

T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  t h e r e  i s  n o  m o d u l a t i o n  o f  
s e n s o r y  i n p u t  f ro m  t h e  a rm  o c c u r r i n g  a t  t h e  l e v e l  o f  t h e  
s o m a t o s e n s o r y  c o r t e x  a n d  f u r t h e r  s u g g e s t  t h a t  m o s t  o f  t h e  
g a t i n g  o f  s o m a t o s e n s o r y  t r a n s m i s s i o n  o c c u r s  a t  t h e  l e v e l  o f  
t h e  f i r s t  r e l a y ,  t h e  c u n e a t e  n u c l e u s .  T h i s  l a t t e r  
s u g g e s t i o n  i s  s u p p o r t e d  b y  p r e l i m i n a r y  r e s u l t s  o b t a i n e d  
f ro m  s t i m u l a t i o n  o r  t h e  m e d i a l  l e m n i s c u s .

S u p p o r t e d  b y  t h e  C a n a d i a n  M e d ic a l  R e s e a r c h  C o u n c i l .

213. 2  TOPOGRAPHICAL DISTRIBUTION OF THE CORTICAL AFFERENT 
CONNECTIONS OF THE ANTERIOR ECTOSYLVIAN SULCUS IN THE CAT
J.M . R o d a* , C. C avada* and  F . R e in o s o -S u á r e z .  D e p t . M o rfo - 
l o g i a ,  F a c . M e d ic in a ,  U n iv . A u tónom a, M adrid  3 4 , S p a in .

U s in g  e l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s ,  r e s p o n s e s  t o  
v i s u a l ,  a u d i t o r y  an d  s o m a to s e n s o ry  s t i m u l i  h a v e  b e e n  
r e c o r d e d  in  t h e  c o r t e x  o f  t h e  a n t e r i o r  e c to s y l v i a n  s u lc u s  
(S E sA ). In  o r d e r  t o  e l u c i d a t e  t h e  a n a to m ic a l  b a s i s  o f  th e  
a f f e r e n t  s e n s o r y  in p u t  t o  t h e  SEsA, we h a v e  d e p ic t e d  t h e  
l o c a t i o n  o f  c o r t i c a l  n e u ro n s  w h ich  p r o j e c t  t o  t h e  c o r t e x  o f  
t h e  SEsA u s in g  t h e  r e t r o g r a d e  a x o n a l  t r a n s p o r t  o f  h o r s e 
r a d i s h  p e r o x id a s e  (HRP) t e c h n i q u e .

I n j e c t i o n s  o f  HRP (50% in  w a te r )  w ere  made i n  t h e  c o r t e x  
o f  t h e  SEsA i n  e le v e n  a d u l t  c a t s ,  u s in g  a  d i r e c t  v i s u a l  
s u r g i c a l  a p p ro a c h .  In  o n e  c a s e  m u l t i p l e  i n j e c t i o n s  w ere  made 
i n v o lv in g  t h e  w h o le  a n t e r o - p o s t e r i o r  e x t e n t  o f  t h e  s u l c u s .
In  t h e  o t h e r  c a s e s  s i n g l e  i n j e c t i o n s  (6 0  n l )  w ere  p l a c e d  in  
t h e  r o s t r a l ,  i n t e r m e d i a t e  and  c a u d a l  p o r t i o n s  o f  t h e  b a n k s  
and  fu n d u s  o f  t h e  s u l c u s .  The s e c t i o n s  o f  t h e  b r a i n  w ere 
p r o c e s s e d  u s in g  t e t r a m e th y l b e n z id i n e  a s  c h ro m o g en .

The r e s u l t s  o b t a in e d  l e d  u s  t o  d i s t h i n g u i s h  t h r e e  m ain  
s e c t o r s  i n  t h e  c o r t e x  o f  t h e  SEsA: 1 ) The r o s t r a l  t w o - th i r d s  
o f  t h e  d o r s a i  b an k  o f  t h e  s u l c u s .  T h is  c o r t i c a l  r e g i o n  
r e c e i v e s  c o r t i c a l  p r o j e c t i o n s  from  t h e  s o m a to s e n s o ry  a r e a s  
S I ,  S I I  an d  SI I I , an d  fro m  t h e  m o to r  c o r t e x .  L e ss  a b u n d a n t  
c o n n e c t io n s  w ere  fo u n d  t o  a r i s e  i n  t h e  a n t e r o l a t e r a l  s u b 
d i v i s i o n  o f  t h e  l a t e r a l  s u p r a s y l v i a n  a r e a  (LS) an d  i n  a r e a  
3 6 . 2) The c a u d a l  t h i r d  o f  t h e  d o r s a l  b an k  an d  t h e  p o s t e r o -
d o r s a l  end  o f  t h e  s u l c u s .  T h is  s e c t o r  r e c e i v e s  c o r t i c a l  
a f f e r e n t s  from  t h e  p r im a r y ,  s e c o n d a ry  and  a n t e r i o r  a u d i t o r y  
a r e a s ,  from  S I ,  S I I  and  S IV , a n t e r o l a t e r a l  s u b d iv i s io n  o f  
LS, v e s t i b u l a r  c o r t e x  and  a r e a  3 6 . 3) The lo w e r  b a n k . T h is  
s u l c a l  s e c t o r  r e c e i v e s  a b u n d a n t  and  b i l a t e r a l  p r o j e c t i o n s  
fro m  t h e  p o s t e r o l a t e r a l  an d  d o r s a l  s u b d iv i s io n s  o f  LS. The 
a n t e r o l a t e r a l  an d  a n te r o m e d ia l  s u b d iv i s io n s  o f  LS, a r e a s  2 0 , 
2 1 , 19 and  p o s t e r i o r  s u p r a s y l v i a n ,  t h e  g r a n u l a r  i n s u l a r  a re a ,  
t h e  c o r t e x  o f  t h e  c a u d a l  p a r t  o f  t h e  s y lv i a n  s u l c u s ,  t h e  
s e c o n d a ry  a u d i t o r y  a r e a ,  t h e  c a u d o d o r s a l  p a r t  o f  t h e  s u p r a 
s y lv i a n  f r i n g e  an d  a r e a  36 a l s o  p r o j e c t  w i th  v a r i o u s  
i n t e n s i t i e s  t o  t h e  lo w e r  b an k  o f  t h e  SEsA.

Our r e s u l t s  p r o v id e  an  a n a to m ic a l  s u b s t r a t e  f o r  t h e  m u l t i 
p l i c i t y  o f  s e n s o r y  r e s p o n s e s  r e c o r d e d  fro m  t h e  SEsA, b u t  
s u g g e s t  t h a t  t h e  a n a to m o - f u n c t io n a l  o r g a n i z a t i o n  o f  t h i s  
c o r t i c a l  r e g i o n  may b e  f a r  m ore c o m p l ic a te d  t h a n  p r e v i o u s ly  
r e p o r t e d .

S u p p o r te d  by FISSS G ra n t  n° 5 2 1 /8 1 .
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2 1 3 .3  MULTIMODAL NEURONS OF MOUSE SUPERIOR COLLICULUS: MAGNITUDE 
AND SIGN OF INTERACTION DEPEND ON INTERMODALITY DELAY.
S . I .  W ien e r and  P .H . H a r t l i n e .  Eye R e s e a rc h  I n s t i t u t e  o f  th e  
R e t in a  F o u n d a t io n ,  20 S t a n i f o r d  S t . ,  B o s to n ,  MA 02 1 1 4 .

N eu ro n s sho w in g  n o n l in e a r  m u lt im o d a l  i n t e r a c t i o n s ,  p r e v 
io u s l y  r e p o r t e d  i n  deep  l a y e r s  o f b o th  th e  te c tu m  o f  r a t t l e 
s n a k e s  and th e  s u p e r i o r  c o l l i c u l u s  o f  mammals, a r e  p r o b a b ly  
in v o lv e d  i n  com plex  a n a l y s i s  o f  n a t u r a l  m u l t i - m o d a l i t y  ob
j e c t s .  We w ish e d  to  d e te r m in e  how n e a r l y  s im u l ta n e o u s  th e  
s t i m u l i  o f  two m o d a l i t i e s  m ust be to  e l i c i t  i n t e r m o d a l i t y  
e n h an cem en t o r  d e p r e s s io n .  S i g n i f i c a n t  and  in  some c a s e s  
m ax im al n o n l in e a r  i n t e r a c t i o n  o c c u r r e d  when one s t im u lu s  
p re c e d e d  th e  o t h e r .  U n e x p e c te d ly ,  we fo u n d  n e u ro n s  w h ich  e x 
p r e s s e d  e n h an cem en t i n  one ra n g e  o f  i n t e r s t i m u l u s  i n t e r v a l s  
b u t  d e p r e s s io n  in  a n o th e r  c o n tig u o u s  r a n g e .

E nhancem ent (an d  d e p r e s s io n )  i s  d e f in e d  h e re  a s  th e  p e r 
c e n ta g e  by w h ich  th e  r e s p o n s e  s p ik e  c o u n t  f o r  com bined  s t i m 
u l a t i o n  e x c e e d s  ( i s  lo w e r  th a n )  t h a t  o f  th e  s i n g l e  m o d a l i ty  
r e s p o n s e .  M o d a l i t i e s  i n c lu d e d  v i s u a l ,  a u d i t o r y  and v i b r i s s a l  
( s o m a to s e n s o ry ) .  E x t r a c e l l u l a r  r e c o r d in g s  w ere  made from  
l i g h t l y  ( b a r b i t u r a t e )  a n e s t h e t i z e d  m ic e . The l o c a t i o n s  o f  
th e  m u lt im o d a l  c e l l s  w ere  m arked  by e l e c t r o l y t i c  l e s i o n s  and  
t h e  c h e m o a r c h i t e c tu r e  was c h a r a c t e r i z e d  by cy to c h ro m e  o x id 
a s e  and  a c e t y l c h o l i n e s t e r a s e  r e a c t i o n s .  The r e c o r d in g  s i t e s  
a p p e a r  l a t e r a l l y  in  th e  i n t e r m e d i a t e  w h i te  and  deep  g ra y  
l a y e r s .

Of th e  n e u ro n s  i s o l a t e d ,  10 show ed s t a b l e  r e s p o n s e  p r o p 
e r t i e s  lo n g  enough  to  s tu d y  te m p o ra l  e f f e c t s  and  e x h ib i t e d  
e n h an cem en t o r  d e p r e s s io n  o f  a t  l e a s t  40%. Among t h e s e ,  th e  
m axim al i n t e r a c t i o n  ra n g e d  from  80% d e p r e s s io n  to  240% e n 
h a n c em e n t. The i n t e r s t i m u l u s  i n t e r v a l s  o v e r  w h ich  e n h a n c e 
m ent o r  d e p r e s s io n  o c c u r r e d  r a n g e d  from  z e ro  ( s im u l t a n e o u s )  
to  250 m sec . P eak  i n t e r a c t i o n s  o c c u r r e d  m o s tly  a t  i n t e r v a l s  
i n  th e  ra n g e  0 -1 0 0  m sec . A lth o u g h  m ost o f  th e  c e l l s  e x 
p r e s s e d  e n h an cem en t o r  d e p r e s s io n  g r e a t e r  th a n  2 0 % a t  z e ro  
i n t e r v a l ,  a few d id  n o t ;  th e y  w ould  h av e  b e e n  e r r o n e o u s ly  
c l a s s i f i e d  a s  u n im o d a l i f  th e y  had  b een  s tu d i e d  o n ly  w i th  
u n im o d a l and s im u l t a n e o u s ly  p r e s e n t e d  b im o d a l s t i m u l i .  Among 
4 n e u ro n s  e x p r e s s in g  en h an cem en t and d e p r e s s io n  in  d i f f e r e n t  
i n t e r v a l  r a n g e s ,  one w i l l  s e r v e  a s  an  e x a m p le : a ) a  p e a k  d e 
p r e s s i o n  o f  70% o c c u r r e d  a t  40 m sec ( i n t e r s t i m u l u s  i n t e r v a l )  
b ) z e ro  a v e ra g e  i n t e r a c t i o n  (an d  e r r a t i c  i n t e r - t r i a l  v a r i a 
b i l i t y )  o c c u re d  n e a r  80 m sec ; c) be a k  en h an cem en t o f  60% 
o c c u r r e d  a t  1 0 0 - 1 1 0  m sec.

The te m p o ra l  d ep e n d en c e  o f  m u lz im o d a l i n t e r a c t i o n s  m ig h t 
be e x p e c te d  i f  a  s e q u e n c e  o f  c u e s  i n  d i f f e r e n t  s e n s o r y  mod
a l i t i e s  h a s  a s i g n i f i c a n t  r o l e  in  c o l l i c u l a r - m e d i a t e d  a c t s .

2 1 3 . 4   U N I T  A C T I V I T Y  IN THE PULVINAR NUCLEUS OF A BEHAVING MONKEY 
SHOWS SENSORY-MOTOR A S S O C I A T I O N .   R .  Y i r m i y a *  a n d  
S . H o c h e r m a n *  ( S p o n :  Z .  E l a z a r ) ,   Dept. o f  P h y s i o l o g y  a n d  
B i o p h y s i c s ,  T e c h n i o n  F a c u l t y  o f  M e d i c i n e ,  H a i f a  3 1 0 9 6 , I s r a e l

T h e  a n a t o m i c a l  c o n n e c t i o n s  o f  t h e  P u l v i n a r  ( P u )  w i t h  
c o r t i c a l  a n d  s u b - c o r t i c a l  c o m p o n e n t s  o f  t h e  v i s u a l  s y s t e m ,  
a n d  i t s  r e s p o n s i v e n e s s  t o  v i s u a l  s t i m u l i  e s t a b l i s h e d  i t s  
a f f i l i a t i o n  w i t h  v i s i o n .  H o w e v e r ,  c e r t a i n  p a r t s  o f  t h e  Pu 
a r e  k n o w n  t o  r e c e i v e  a u d i t o r y  a n d  s o m a t o s e n s o r y  i n p u t s .  
R e c e n t l y ,  s o m e  Pu n e u r o n s  w e r e  a l s o  s h o w n  t o  f i r e  i n  
r e l a t i o n  t o  i n t e n d e d  h a n d  m o v e m e n t s .

I n  v i e w  o f  t h e  f u n c t i o n a l  r o l e  o f  t h e  p o s t e r i o r  p a r i e t a l  
l o b e ,  w i t h  w h i c h  t h e  Pu  c o n n e c t s ,  a n d  i n  c o n s i d e r a t i o n  o f  
t h e  m u l t i m o d a l  n a t u r e  o f  t h e  Pu  i t s e l f ,  w e  d e c i d e d  t o  s t u d y  
t h i s  s t r u c t u r e  i n  a  w a y  t h a t  w o u l d  e m p h a s i z e  i t s  n o n  v i s u a l  
p r o p e r t i e s .  T h e  a c t i v i t y  o f  8 2  u n i t s  w a s  r e c o r d e d  f r o m  t h e  
Pu o f  a  r h e s u s  m o n k e y ,  p e r f o r m i n g  a n  a u d i t o r y  d i s c r i m i n a t i o n  
t a s k .  I n  m o s t  c a s e s  a  s i g n i f i c a n t  i n c r e a s e  i n  f i r i n g  r a t e  
a c c o m p a n i e d  t h e  m o n k e y ' s  m a n u a l  r e s p o n s e  t o  t h e  s o u n d .  I n  
a  n u m b e r  o f  c a s e s  t h i s  a c t i v i t y  p r e c e d e d  t h e  o n s e t  o f  a r m  
EMG b y  a s  m u c h  a s  1 0 0  t o  2 0 0  m s e c .  A c t i v i t y  a s s o c i a t e d  
w i t h  h a n d  m o v e m e n t  e i t h e r  t e r m i n a t e d  a s  t h e  h a n d  r e a c h e d  
i t s  t a r g e t ,  o r  d e c l i n e d  g r a d u a l l y  a f t e r w a r d s .  M a n y  u n i t s  
t h a t  s h o w e d  m o v e m e n t  r e l a t e d  a c t i v a t i o n  a l s o  r e s p o n d e d  t o  
t h e  s o u n d  s i g n a l .  H o w e v e r ,  t h i s  r e s p o n s e  w a s  r e l a t i v e l y  
s m a l l  a n d  c o u l d  b e  e l i c i t e d  o n l y  i n  a  t a s k  p e r f o r m a n c e  
s i t u a t i o n .

T h e s e  f i n d i n g s  i n d i c a t e  t h a t  t h e  Pu  m i g h t  b e  i n v o l v e d  
i n  p r o c e s s e s  o f  s e n s o r y - m o t o r  a s s o c i a t i o n  w h i c h  a r e  n o t  
r e s t r i c t e d  t o  v i s u a l  t a s k s .

213.5  VOCAL. FREQUENCY TRACKING OF UNPREDICTABLE FREQUENCY 
MODULATED TONES: THE TRIGGERING OF BALLISTIC MOVEMENTS.
H.B. Nudelman, K.E. Herbrich*.  B.D. Hoyt* and D.B.
Rosenf i e l d * ,  S tu t t e r ing  Center,  Dept. Neurology, Baylor 
Col. Med. Houston Tx 77030.

A noninvasive measure of the larynoeal  phonatory control  
system may be obtained by monitoring the Fundamental 
Frequency(FF) produced by a person t racking a Frequency 
modulated tone.  This FF was c a l u l ated,  af ter  analog to 
d i g i t a l  conversion at 10 kHz, by an i n t e r ac t i ve  pat tern 
recogni t ion program using both slope and threshold 
c r i t e r i o n .  The unpredictable inputs  were ramps (0.5-100 
Hz/sec) and random + and - s teps .  Below is  an example of 
the data,  where st imulus wavef orm. FF and the ra t e  of change 
of FF are p lo t t ed .

We chose to define separate  d i s t i n c t  movements as being 
bounded by zero crossings  of the f i r s t  der iva t ive  of the FF 
and the points  of i n f l ec t i on between these zeros.  Movements 
may then be c l a s s i f ied into two ca t egor i es ,  b a l l i s t i c  and 
smooth pur s u i t ,  determined by measurements of peak veloci ty 
and magnitude. B a l l i s t i c  movements are (*) on the Figure 
below.

We hypothesize t hat  product ion of a b a l l i s t i c  movement is 
t r i ggered by a combination of the magnitude and veloci ty  of 
the er ror  s ignal  (FF st imulus - FF response) .  Evidence to 
support  t h i s  hypothesis  was obtained by measuring the time 
to the f i r s t  b a l l i s t i c  movement to ramp inputs .  Two r e s u l t s  
are noted: i .  there is  a minimum veloc i ty  (Hz/sec) requi red 
f or the product ion of a b a l l i s t i c  movement, i i .  the time to 
the f i r s t  b a l l i s t i c  movement produced is i n ve r s e l y re l a t ed 
to the input ramp veloci ty.

This behavior may 
be modeled with a 
pa r a l l e l  RC network 
with the er ror  veloci ty  
corresponding to the 
charging current  and 
the b a l l i s t i c  movement 
being produced when 
the c i r c u i t  is  "charged" 
to a threshold amount of 
Hz.

Work supported by the 
Perkins,  Bauer and Ariel  
Medical Foundations.

213.6  THE EFFECTS OF SENSORIMOTOR CORTICAL LESIONS ON SPECIES- 
TYPICAL BEHAVIOR IN THE MONGOLIAN GERBIL.  C. E l la r d *  and 
D. S te w a r t  (SPON: C. H. V a n d e r w o l f ) .  Dept. o f  P s y c h o lo g y ,  
U n iv . W e ste rn  O n t a r i o ,  L ondon , O n t a r i o ,  C an ad a .

The s e n s o r im o to r  c o r t e x  o f  a d u l t  m ale  M o n g o lian  g e r b i l s  
was rem oved by  a s p i r a t i o n .  F o l lo w in g  a t  l e a s t  tw o w eeks o f  
r e c o v e r y ,  t h e  l e s i o n e d  g e r b i l s  and  a  g ro u p  o f  u n o p e ra te d  
c o n t r o l s  w ere  g iv e n  a  v a r i e t y  o f  s e n s o r im o to r  t e s t s  and 
w ere o b s e rv e d  d u r in g  t h e  p e rfo rm a n c e  o f  a  num ber o f  s p e c i e s -  
t y p i c a l  b e h a v io r s .

The l a t e n c y  t o  op en  and  consum e s u n f lo w e r  s e e d s  was 
s i g n i f i c a n t l y  i n c r e a s e d  in  t h e  l e s i o n e d  g ro u p .  Slow m o tio n  
v i d e o a n a l y s i s  r e v e a l e d  t h a t  t h i s  i n c r e a s e d  l a t e n c y  was due 
to  a d e f i c i t  i n  f i n e  d i g i t a l  m a n ip u la t io n .

L e s io n e d  g e r b i l s  i n i t i a t e d  fe w e r  c o n ta c t s  w i th  fem a le  
c o n s p e c i f i c s  and  show ed d e f i c i t s  i n  n e s t - b u i l d i n g .  V e n t r a l  
m a rk in g ,  a  t e r r i t o r i a l  b e h a v io r  i n  w h ic h  g e r b i l s  c o n ta c t  
n o v e l  o b j e c t s  w i th  a b d o m in a l s c e n t  g l a n d s ,  was d e c r e a s e d  
o r  a b o l i s h e d  i n  t h e  l e s i o n e d  a n im a ls .  F orepaw  im m o b il i ty  
d u r in g  swimming was a b o l i s h e d .

In  c o n t r a s t ,  many a c t i v i t i e s  su c h  a s  w a lk in g ,  r u n n in g ,  
r e a r i n g ,  g ro o m in g  and f o o t- s to m p in g  w ere m o r p h o lo g ic a l ly  
n o r m a l .

Many o f  t h e s e  f i n d i n g s ,  s i m i l a r  t o  t h o s e  r e p o r t e d  a f t e r  
e q u iv a l e n t  l e s i o n s  i n  r a t s  (V a n d e rw o lf  e t  a l . ,  1 9 7 8 ) , 
s u g g e s t  t h a t  one r o l e  o f  t h e  n e o c o r t e x  i s  t o  i n h i b i t  o r  
r e l e a s e  s p e c i f i c  m o to r b e h a v io r  i n  r e s p o n s e  t o  
e n v ir o n m e n ta l  c o n t i n g e n c i e s .  The s u r v i v a l  o f  many m o to r 
a b i l i t i e s  s u g g e s t s  t h a t  a  g r e a t  d e a l  o f  m ovem ent p rogram m ing  
o c c u r s  i n  s u b c o r t i c a l  s t r u c t u r e s .

(T h is  r e s e a r c h  was fu n d ed  by  NSERC g r a n t  #A6303 t o  
M.A. G o o d a le  and NSERC g r a n t  #A0118 t o  C. H. V a n d e rw o lf .)
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2 1 3 .7   DECREASE IN  THE AMPLITUDE OF PHYSIOLOGICAL ACTION TREMOR AND 
PATHOLOGICAL CLONUS BY TOPICAL ANESTHESIA.  R . S .  P o z o s , 
W. Mi l l s , a n d  P .  I a i z z o ,  Dept. o f  P h y s i o l o g y ,  U n i v e r s i t y  o f  
M i n n e s o t a ,  D u l u t h ,  S c h o o l  o f  M e d i c i n e ,  D u l u t h ,  MN 5 5 8 1 2 .

An i n v o l u n t a r y  h i g h  f r e q u e n c y  o s c i l l a t i o n  a c c o m p a n ie s  
s lo w  v o l u n t a r y  m o v e m e n ts  o f  t h e  a n k l e  ( P o z o s ,  e t . a l .  J .  o f  
A p p l . P h y s i o l . 5 2 ( 1 ) : 2 2 6 - 2 3 0  1 9 8 2 )  w h ic h  h a s  b e e n  c a l l e d  p h y 
s i o l o g i c  a c t i o n  t r e m o r  (P A T ). PAT c a n  b e  e n h a n c e d  b y  e x e r 
c i s e  t o  p r o d u c e  a  p h y s i o l o g i c a l  c l o n u s  w h ic h  h a s  s i m i l a r  
f r e q u e n c y  a n d  a m p l i t u d e  c h a r a c t e r i s t i c s  t o  p a t h o l o g i c a l  
c l o n u s .  D ue t o  t h e s e  s i m i l a r i t i e s ,  i t  w a s  p o s t u l a t e d  t h a t  
t h e  c o n t r o l  o f  t h e  d a m p in g  o f  PAT m ig h t  e x p l a i n  b o t h  o f  
t h e s e  o v e r t  o s c i l l a t i o n s  o f  t h e  a n k l e  ( I a i z z o  a n d  P o z o s ,  J .  
A p p l .  P h y s i o l .  5 3 ( 5 ) 1 1 6 4 - 1 1 7 0 ,  1 9 8 2 ) .  R e c e n t l y ,  i t  h a s  b e e n  
r e p o r t e d  t h a t  t o p i c a l  a n e s t h e s i a  c a n  s i g n i f i c a n t l y  a f f e c t  
t h e  m o d u l a t i o n  o f  t h e  s o l e u s  m o to r n e u r o n  p o o l  i n  h u m an s  
( S a b b a h i ,  M. e t . a l .  N e u r o s c i .  A b s t .  2 9 8 :1 0  1 9 8 3 ) .  A s e r i e s  
o f  e x p e r i m e n t s  w e r e  d o n e  t o  i n v e s t i g a t e  w h e t h e r  t h e  a m p l i 
t u d e  o f  PAT o r  p a t h o l o g i c a l  c l o n u s  w o u ld  b e  d e c r e a s e d  b y  t h e  
t o p i c a l  a p p l i c a t i o n  o f  a n  a n e s t h e t i c .  S i x  n o r m a l  s u b j e c t s  
a n d  tw o  p a t i e n t s  w ho h a d  s p i n a l  c o r d  i n j u r i e s  w e r e  i n v o l v e d  
i n  t h i s  s t u d y .  S u r f a c e  e l e c t r o m y o g r a m s  f ro m  t h e  l e g  m u s c l e s  
w e r e  r e c o r d e d  s i m u l t a n e o u s l y  w i t h  m o t i o n  w h ic h  w a s  r e c o r d e d  
u s i n g  a n  a c c e l e r o m e t e r  t a p e d  t o  t h e  d o r s u m  o f  t h e  p a t e l l a .  
T h e s e  s i g n a l s  w e r e  r e c o r d e d  o n  a  FM t a p e  r e c o r d e r  a n d  l a t e r  
a n a l y z e d  u s i n g  a  M IN C -11 c o m p u t e r .  T h e  l o c a l  a n e s t h e t i c  w as 
a p p l i e d  i n  tw o  d i f f e r e n t  e x p e r i m e n t s .  (1 )  On t h e  l e g  t h a t  
w a s  r a i s e d  a n d  l o w e r e d ,  a n d  ( 2 )  o n  t h e  c o n t r a l a t e r a l  l e g .  A 
p l a c e b o  w a s  a p p l i e d  a s  i n  1 o r  2 .  I n  t h e  n o r m a l  s u b j e c t s ,  
t h e r e  w a s  a  s i g n i f i c a n t  d e c r e a s e  ( p < . 0 2 ) i n  t h e  a m p l i t u d e  o f  
PAT i n  t h o s e  e x p e r i m e n t s  i n  w h ic h  t h e  a n e s t h e t i c  w a s  t o p i 
c a l l y  a p p l i e d  t o  t h e  l e g  i n  w h ic h  PAT w a s  b e i n g  p r o d u c e d .  I n  
t h e  o t h e r  e x p e r i m e n t a l  s i t u a t i o n s  t h e r e  w a s  n o  d e c r e a s e  i n  
t h e  a m p l i t u d e  o f  t r e m o r .  F u r t h e r m o r e ,  t h e  f r e q u e n c y  ( 6 - 8h z )  
r e m a in e d  t h e  s a m e .  I n  t h e  c a s e  o f  t h e  s p i n a l  c o r d  p a t i e n t s ,  
t h e  t o p i c a l  a n e s t h e t i c  w a s  s o  e f f e c t i v e  t h a t  c l o n u s  c o u ld  
n o t  b e  i n d u c e d  f o r  a p p r o x .  1 0 - 1 5  m in .  W hen t h e  c l o n u s  w a s  
p r o d u c e d ,  t h e  a m p l i t u d e  w a s  s i g n i f i c a n t l y  d e c r e a s e d  ( p c . 0 2 ) ,  
b u t  t h e  f r e q u e n c y  r e m a in e d  t h e  s a m e . T h e s e  i n i t i a l  f i n d i n g s  
i n d i c a t e  t h a t  t h e  c u t a n e o u s  a f f e r e n t s  p l a y  som e r o l e  i n  d e 
t e r m i n i n g  t h e  a m p l i t u d e  o f  PAT a s  w e l l  a s  c l o n u s .  S i n c e  t h e  
t o p i c a l  a n e s t h e s i a  h a d  a  s i m i l a r  e f f e c t  o n  t h e  a m p l i t u d e  o f  
b o t h  o f  t h e  o s c i l l a t i o n s ,  t h e s e  d a t a  f u r t h e r  s u p p o r t  t h e  
v i e w  t h a t  t h e  c o n t r o l  o f  t h e  d a m p in g  o f  PAT m ay e x p l a i n  t h e  
i n c r e a s e  i n  t h e  a m p l i t u d e  s e e n  i n  p a t h o l o g i c a l  c l o n u s .  
F u r t h e r ,  t h e  u s e  o f  t o p i c a l  a n e s t h e t i c s  m ig h t  b e  o f  c l i n i c a l  
v a l u e  i n  d e c r e a s i n g  t h e  a m p l i t u d e  o f  p a t h o l o g i c a l  c l o n u s .

CORTEX

214.1  BRAINSTEM PROJECTIONS FROM CORTICAL MOTOR OUTPUT REGIONS 
(CMORS) TO FACIAL MUSCLES IN  THE CAT.  R .S .  W a te r s  a n d  
D .P .  F r i e d m a n .  T h e  R o c k e f e l l e r  U n i v e r s i t y ,  L a b o r a t o r y  o f  
N e u r o p h y s i o l o g y ,  New Y o r k ,  NY 1 0 0 2 1  a n d  L a b o r a t o r y  o f  N e u r o 
p s y c h o l o g y ,  NIMH, B e t h e s d a ,  MD 2 0 2 0 5 .

We p r e v i o u s l y  r e p o r t e d  t h e  e x i s t e n c e  o f  s e v e r a l  i n d e p e n 
d e n t  c o r t i c a l  m o to r  o u t p u t  r e g i o n s  (CMORs) i n  c a t  c o r t e x  
w h e r e  s t i m u l a t i n g  c u r r e n t s  a s  lo w  a s  2 -3 u A  w e r e  e f f e c t i v e  
i n  p r o d u c i n g  c o n t r a c t i o n s  o f  f a c i a l  m u s c l e s .  T h e s e  r e g i o n s  
i n c l u d e d  m o to r  c o r t e x  ( a r e a  4 ) ,  p a r i e t a l  c o r t e x  ( a r e a  5 )  a n d  
c o r t e x  o f  t h e  a n t e r i o r  e c t o s y l v i a n  s u l c u s  ( S I V ) . W h ile  i t  
i s  w e l l  d o c u m e n te d  t h a t  t h e  f a c i a l  n u c l e u s  (FN ) p r o v i d e s  t h e  
comm on m o to r  o u t p u t  p a th w a y  t o  t h e  f a c i a l  m u s c l e s ,  l i t t l e  
i n f o r m a t i o n  w a s  a v a i l a b l e  c o n c e r n i n g  t h e  p r o j e c t i o n  t o  FN 
f r o m  t h e  CMORs. I n  t h e  p r e s e n t  s t u d y  we e x a m in e d  t h e  o u t p u t  
f ro m  e a c h  CMOR f o l l o w i n g  i n j e c t i o n s  o f  t r i t i a t e d  a m in o  a c i d s  
i n t o  a  l o c a t i o n  p h y s i o l o g i c a l l y  d e f i n e d  b y  i t s  r e s p o n s i v e 
n e s s  t o  lo w  c u r r e n t  m i c r o s t i m u l a t i o n .

T h e  r e s u l t s  d e m o n s t r a t e d  s e v e r a l  p a r a l l e l  p a th w a y s  t o  
b r a i n s t e m  n u c l e i ,  t h o u g h  n o n e  o f  t h e s e  p a th w a y s  p r o j e c t e d  
d i r e c t l y  t o  t h e  m o to r  n e u r o n s  o f  FN .

A r e a  4 i n j e c t i o n s  p r o d u c e d  m o s t  w i d e s p r e a d  l a b e l i n g  i n  
t h e  b r a i n s t e m .  I n  t h e  m i d b r a i n ,  t e r m i n a l  f i e l d s  w e r e  f o u n d  
i n  t h e  m a g n o c e l l u l a r  d i v i s i o n  o f  t h e  r e d  n u c l e u s  (R N m c), t h e  
i n t e r m e d i a t e  a n d  d e e p  l a y e r s  o f  t h e  s u p e r i o r  c o l l i c u l u s  
( S C ) ,  a n d  t h e  v e n t r a l  p o r t i o n  o f  t h e  p e r i a q u e d u c t a l  g r a y  i n  
t h e  r e g i o n  o f  t h e  i n t e r s t i t i a l  n u c l e u s  o f  C a j a l  a n d  t h e  
n u c l e u s  o f  D a r k s c h e w i t s c h .  M o re  c a u d a l l y ,  l a b e l  w a s  f o u n d  
i n  t h e  t e g m e n t a l  r e t i c u l a r  n u c l e u s ,  c e n t r a l  t e g m e n t a l  f i e l d s ,  
v e s t i b u l a r  n u c l e i ,  a n d  a  r e g i o n  a d j a c e n t  t o  FN.

A r e a  5 i n j e c t i o n s  p r o d u c e d  l a b e l i n g  p r i m a r i l y  i n  RNmc, 
w i t h  a n  a d d i t i o n a l  s m a l l e r  p r o j e c t i o n  t o  t h e  s u p e r f i c i a l  
p o r t i o n  o f  t h e  i n t e r m e d i a t e  l a y e r  o f  SC. By c o n t r a s t ,  SIV  
p r o j e c t i o n s  w e r e  d i r e c t e d  a l m o s t  e x c l u s i v e l y  t o  SC w h e r e  
t h e y  t e r m i n a t e d  i n  a  p a t c h - l i k e  p a t t e r n  i n  t h e  i n t e r m e d i a t e  
a n d  d e e p  l a y e r s .  W ith  t h e  e x c e p t i o n  o f  a  p r o j e c t i o n  t o  t h e  
v e n t r a l  p o n t i n e  n u c l e i ,  n o  l a b e l i n g  w a s  f o u n d  c a u d a l  t o  t h i s  
r e g i o n .

T h e  p a t t e r n  o f  l a b e l i n g  i n  RN a p p e a r e d  t o  b e  s i m i l a r  
a f t e r  a r e a  4 a n d  a r e a  5 i n j e c t i o n s ,  w h i l e  t h e  p a t t e r n s  i n  SC 
a p p e a r e d  s i m i l a r  a f t e r  a r e a  4 a n d  S IV  i n j e c t i o n s .  T h u s ,  
a r e a s  5 a n d  S IV  e a c h  a p p e a r  t o  s h a r e  i n  comm on o n e  p o r t i o n  
o f  t h e  m o to r  c o r t i c a l  o u t p u t  t o  t h e  f a c i a l  m u s c u l a t u r e  a n d  
m ay t h e r e f o r e  r e p r e s e n t  t h e  a n a t o m i c a l  s u b s t r a t e  t h a t  a l l o w s  
f o r  r e c o v e r y  o f  f u n c t i o n  f o l l o w i n g  i n j u r y  t o  t h e  m o to r  
c o r t e x .

S u p p o r t e d  b y  NIH g r a n t  N S -1 8 5 8 1

2 1 4 .2   MICROSTIMULATION MAPPING OF PRECENTRAL CORTEX IN AWAKE 
BEHAVING MONKEYS.  E .M . S c h m id t ,  a n d  J . S .  M c I n t o s h .   L a b . o f  
N e u r a l  C o n t r o l ,  NINCDS, N IH , B e t h e s d a ,  MD 2 0 2 0 5 .

M o n k e y s  w e r e  t r a i n e d  t o  m ak e  a l t e r n a t e  w r i s t  f l e x i o n  a n d  
e x t e n s i o n  m o v e m e n ts  a g a i n s t  d i f f e r e n t  f i x e d  l o a d s  o r  a  
s p r i n g  l o a d .  C h r o n i c  EMG e l e c t r o d e s  w e r e  i m p l a n t e d  i n  
f o r e a r m  f l e x o r  a n d  e x t e n s o r  m u s c l e s .  T h e  e f f e c t s  o f  i n t r a -  
c o r t i c a l  m i c r o s t i m u l a t i o n  (IC M S) w e r e  i n v e s t i g a t e d  d u r i n g  
t h e  t a s k  w i t h  t r a i n s  o f  13 t o  17 s t i m u l i  ( 0 . 2  ms b i p h a s i c  
p u l s e s  a t  3 0 0  t o  4 0 0  H z) a n d  c u r r e n t  l e v e l s  t o  4 0  u a .

B o th  e x c i t a t i o n  a n d  i n h i b i t i o n  o f  f o r e a r m  f l e x o r  a n d  
e x t e n s o r  m u s c l e s  h a v e  b e e n  o b s e r v e d .  W hen i n h i b i t i o n  w a s  
p r o d u c e d  by  ICM S, t h e r e  w a s  u s u a l l y  r e b o u n d  e x c i t a t i o n  
f o l l o w i n g  t h e  e n d  o f  t h e  s t i m u l u s  t r a i n  a s  s e e n  i n  F i g .  1A. 
I f  t h e  m o n k ey  w a s  n o t  a c t i v e l y  c o n t r a c t i n g  t h e  t a r g e t  m u s c l e  
d u r i n g  ICMS, i n h i b i t i o n  w o u ld  n o t  b e  o b s e r v e d  b u t  r e b o u n d  
e x c i t a t i o n  w a s  s o m e t im e s  p r e s e n t  a f t e r  t h e  s t i m u l u s  t r a i n ,  
a s  sh o w n  i n  F i g  1B. W ith  o n l y  v i s u a l  o b s e r v a t i o n  o r  m u s c l e  
p a l p a t i o n ,  a n  o b s e r v e r  w o u ld  r e p o r t  e x c i t a t i o n  o f  a  m u s c l e  
t h a t  w a s  a c t u a l l y  i n h i b i t e d .  T h u s ,  EMG r e c o r d i n g s  w h i l e  t h e  
a n im a l  i s  a c t i v a t i n g  t h e  m u s c l e s  t o  b e  m ap p e d  by  ICMS i s  
e s s e n t i a l  f o r  e s t a b l i s h i n g  c o r t i c a l  m ap s  s h o w in g  a r e a s  o f  
e x c i t a t i o n  a n d  i n h i b i t i o n .

Z o n e s  o f  e x c i t a t i o n  o f  a n  i n d i v i d u a l  f o r e a r m  m u s c l e  
o v e r l a p  t h o s e  o f  o t h e r  f o r e a r m  m u s c l e s .  T he z o n e s  a r e  
u s u a l l y  q u i t e  l a r g e ,  e x t e n d i n g  u p  t o  6 mm i n  e x t e n t .  
I n h i b i t o r y  r e g i o n s  h a v e  b e e n  f o u n d  t o  b o r d e r  e x c i t a t o r y  
z o n e s .  T h e  l a r g e  r e p r e s e n t a t i o n  o f  a n  i n d i v i d u a l  m u s c l e  i n  
t h e  c o r t e x  a n d  t h e  o v e r l a p  o f  m u s c l e  m ap s  t e n d s  t o  f a v o r  t h e  
i d e a  t h a t  t h e  t h e  c o r t e x  i s  o r g a n i z e d  i n  t e r m s  o f  m o v e m e n ts  
w h e r e  som e m u s c l e s  m ay b e  e x c i t e d  w h i l e  o t h e r s  a r e  i n h i b i t e d  
t o  p r o d u c e  a  c o o r d i n a t e d  m o v e m e n t.

F i g .  1 A. I n h i b i t i o n  i n  p a l m a r i s  l o n g u s  a t  10 u a .  S t i m u l u s  
a r t i f a c t s  a r e  s e e n  d u r i n g  t h e  p e r i o d  o f  i n h i b i t i o n .  
A p p r o x i m a t e l y  14 ms a f t e r  t h e  e n d  o f  s t i m u l a t i o n  t h e r e  i s  
r e b o u n d  e x c i t a t i o n .  F i g .  1B. R e b o u n d  e x c i t a t i o n  i n  p a l m a r i s  
l o n g u s  a f t e r  ICMS d u r i n g  a  p e r i o d  w h e n  t h e  m u s c l e  w a s  s i l e n t .
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214.3  CHARACTERISTICS OF CORTICOMOTONEURONAL POSTSPIKE 
FACILITATION AND RECIPROCAL SUPPRESSION OF EMG 
ACTIVITY IN THE MONKEY.  R . J . K a s s e r *  a n d  P .D . C h e n e y .   U n iv . 
o f  K a n s a s  M e d . C t r . ,  K a n s a s  C i t y ,  K S  6 6 1 0 3 .

S p i k e - t r i g g e r e d  a v e r a g in g  o f  r e c t i f i e d  EM G  a c t i v i t y  f ro m  
m u lt ip le  f o r e a r m  f le x o r  a n d  e x t e n s o r  m u sc le s  w a s  u s e d  t o  t e s t  t h e  
o u t p u t  e f f e c t s  o f  105  t a s k  r e l a t e d  m o to r  c o r t e x  c e l l s  on b o th  
a g o n is t  a n d  a n t a g o n i s t  m u s c le s  in  tw o  r h e s u s  m o n k e y s  t r a i n e d  t o  
p e r f o r m  a l t e r n a t i n g  w r i s t  m o v e m e n ts  a n d  p o w e r - g r ip .  R e c i p r o c a l  
c o r t i c o m o t o n e u r o n a l  (C M ) c e l l s  w e r e  i d e n t i f i e d  by  t h e i r  p o s ts p ik e  
f a c i l i t a t i o n  (P S F )  o f  a g o n is t  m u sc le  E M G  a c t i v i t y  a n d  s im u lt a n e o u s  
p o s t s p ik e  s u p p r e s s io n  (P S S ) o f  a n ta g o n i s t  m u sc le  E M G  a c t i v i t y  in 
s p ik e - t r i g g e r e d  a v e r a g e s .  A g o n is t  m u sc le s  a r e  t h o s e  w h ic h  
c o a c t i v a t e  w i th  t h e  c o r t i c a l  c e l l  d u r in g  m o v e m e n t .  T h e  p u r p o s e  o f  
th is  s tu d y  w a s  t o  c o m p a r e  t h e  o n s e t  l a t e n c y ,  m a g n i tu d e ,  a n d  
d i s t r i b u t io n  o f  P S F  a n d  r e c i p r o c a l  PSS in f o r e a r m  f le x o r  a n d  
e x t e n s o r  m u s c le s .  O f  105 m o to r  c o r t e x  c e l l s  t e s t e d ,  53%  h a d  n o  
e f f e c t  on  e i t h e r  a g o n is t  o r  a n ta g o n i s t  m u s c le s ;  33%  p r o d u c e d  P S F  
o f  a g o n is t  m u s c le s  a n d  13%  p r o d u c e d  D oth  P S F  o f  a g o n is t  m u sc le s  
a n d  r e c i p r o c a l  PSS o f  a n ta g o n i s t  m u s c le s .  T h e  r e p r o d u c ib i l i t y  o f  
P S F  a n d  PSS w a s  c o n f i r m e d  b y  c o m p u t in g  c o n s e c u t iv e  S T A s a n d  
c o m p a r in g  th e m  w i th  r a n d o m l y - t r i g g e r e d  a v e r a g e s  o f  t h e  s a m e  
E M G  a c t i v i t y .  T h e  fo l lo w in g  t a b l e  s u m m a r iz e s  s o m e  o f  t h e  
c h a r a c t e r i s t i c s  o f  P S F  a n d  r e c i p r o c a l  P S S .

E x te n s o r s F le x o r s T o ta l
P S F s  p e r  r e c i p r o c a l  C M  c e l l † 4 .4  (7) 2 .7  (3) 3 .9  (1 0 )
P S S s p e r  r e c i p r o c a l  C M  c e l l† 1 .3  (3) 2 .6  (8) 2 .3  (1 1 )
P S F  o n s e t  l a t e n c y  (m s) 6 .0 7 .9 6 .3
PSS o n s e t  l a t e n c y  (m s) 14 .0 9 .3 10.1
P S F  p e a k  (% a b o v e  b a s e l in e ) 7 .3 5 .8 7 .0
PSS p e a k  (% b e lo w  b a s e l in e ) 3 .9 4.1 4.1
† D a ta  f ro m  c e l l s  t e s t e d  w i th  5 o r  6  a g o n is t s  a n d  5 o r  6 
a n ta g o n i s t s .  P a r e n t h e s e s  i n d i c a t e  n u m b e r  o f  C M  c e l l s .

O n s e t  l a t e n c i e s  w e r e  m e a s u r e d  a t  t h e  p o in t  w h e r e  t h e  p o s t s p ik e  
e f f e c t  e x c e e d e d  th e  b a s e l in e  by  tw o  s ta n d a r d  d e v ia t i o n s .  
R e c i p r o c a l  PSS  is l o n g e r  in  l a t e n c y ,  w e a k e r  in m a g n i tu d e  a n d  m o re  
n a r r o w ly  d i s t r i b u t e d  a c r o s s  f o r e a r m  m u s c le s  th a n  P S F  f ro m  th e  
s a m e  C M  c e l l s .  T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i th  a  le s s  d i r e c t  
s y n a p t i c  c o u p l in g  f o r  PSS th a n  P S F , p r o b a b ly  in v o lv in g  a  s p in a l  
i n h ib i to r y  i n t e r n e u r o n .  T h is  w o rk  w a s  s u p p o r t e d  by  NIH g r a n t  
/ /N 5 -1 6 2 6 2  a n d  N SF g r a n t  //BN S 8 2 -1 6 6 0 8

214 4  MOVEMENT VS LOAD DIRECTION INTERACTIONS IN AREA 4 ACTIVITY.  M. L . Hyde* and 
J .  F . K a lask a . (SPON: H. J a s p e r ) .   C en tre  de rech erch e  en  sc ie n c e s  n e u ro lo -  
g iq u e s , F a c u lté  de méd e c in e , U. de M ontréa l, Qué . H3C 3J7 .

The in flu e n c e  o f  th e  d i r e c t i o n  o f  movement and o f  th e  d i r e c t io n  o f  
a p p lie d  lo ad s  on a re a  4 c e l l  a c t i v i t y  i s  b e in g  in v e s t ig a te d .  Monkeys make 
movements in  e ig h t  d i f f e r e n t  d i r e c t io n s  from an a c tiv e ly -m a in ta in e d  c e n tr a l  
s t a r t i n g  p o s i t io n  (Georgopoulos e t  a l . ,  1982). The ta s k  i s  perform ed w ith  
no lo a d , o r  w h ile  com pensating f o r  a  lo ad  a p p lie d  i n  one o f  e ig h t  d i re c 
t io n s ,  each  p a r a l le l in g  one o f  th e  movement d i r e c t io n s  ( i . e .  9 x  9 t r e a t 
ment t a b l e ) .  For d e ta i le d  a n a ly s i s  we s e le c te d  67 c e l l s  w hich were r e l a te d  
to  movements o f  th e  sh o u ld er  j o i n t  o r  g i r d l e  and w hich showed a  s ig n i f ic a n t  
v a r i a t i o n  in  d isc h a rg e  w ith  movement d i r e c t io n  ( F - t e s t ;  p < 0 .0 5 ). V a r ia t io n  
in  c e l l  a c t i v i t y  w ith  movement d i r e c t io n  tended  to  d e s c r ib e  a  b e ll- sh a p e d  
c u rv e , i n  w hich d isc h a rg e  was maximal d u rin g  movements i n  a  p re fe r re d  
d i r e c t i o n  (FD) and g ra d u a lly  le s s  d u rin g  movements in c re a s in g ly  d i f f e r e n t  
from th e  PD.

When th e  monkey h e ld  i t s  arm a t  th e  s t a r t  p o s i t io n ,  lo ad s  a p p lie d  in  
d i f f e r e n t  d i r e c t io n s  s ig n i f ic a n t ly  a f f e c te d  th e  d isc h a rg e  o f  62/67 c e l l s  
( F - t e s t ;  p < 0 .0 5 ). T h is m odulation  a ls o  was co n tin u o u s ly  g rad ed , u s u a lly  
d e s c r ib in g  a  b e ll- sh a p e d  c u rv e . The r a t i o  o f  d isc h a rg e  r a t e s  o f  th e  peak 
to  th e  tro u g h  o f  t h i s  cu rve  i s  a  m easure o f  th e  in f lu e n c e  o f  d i f f e r e n t  load  
d i r e c t io n s  on th e  c e l l  a c t i v i t y .  The m edian r a t i o  observed  was 3 .4 :1  
( ran g e  1 .3 :1 -4 4 2 :1 ) .  The d isc h a rg e  in  r e l a t i o n  to  movement f o r  55/67 c e l l s  
was m odulated s ig n i f ic a n t ly  by lo ad s  ( F - t e s t ;  p < 0 .0 5 ). For each  movement 
d i r e c t i o n ,  th e  v a r i a t i o n  in  c e l l  a c t i v i t y  w ith  d i f f e r e n t  lo ad  d i re c t io n s  
was a ls o  con tinuous and b e ll-sh a p e d . The median r a t i o  o f  m odulation  o f  
a c t i v i t y  d u rin g  movement, caused  by lo ad s  i n  d i f f e r e n t  d i r e c - t i o n s  was 
3 .0 4 :1  (range  1 .1 :1 - 6 1 .5 :1 ) .  The lo ad  d i r e c t i o n  which produces th e  maximum 
enhancement o f  c e l l  a c t i v i t y  compared to  th e  n o -lo ad  c o n d it io n  w i l l  be 
c a l le d  th e  maximum lo ad  a x is .  The maximum load  a x is  tended  to  be o p p o s ite  
t o  th e  p r e f e r re d  d i r e c t i o n  in  54 c e l l s ,  w hich i s  th e  expected  r e l a t i o n 
s h ip .  For 8 c e l l s ,  however, th e  maximum load  a x is  was approx im ate ly  perpen
d ic u la r  to  o r  in  th e  same d i r e c t io n  a s  th e  PD.

The e f f e c t  o f  d i r e c t i o n  o f  movement and o f  lo ad  on c e l l  a c t i v i t y  was n o t 
in d ep en d en t. I n te r a c t io n  betw een th e se  two p aram eters  o f te n  was e v id e n t a s  
a  change i n  th e  r e l a t i o n  o f  c e l l  a c t i v i t y  to  movement d i r e c t i o n  under d i f 
f e r e n t  lo ad  d i r e c t i o n s ,  w hich produced sm all b u t s ig n i f ic a n t  s h i f t s  in  th e  
c e l l ' s  p r e fe r re d  d i r e c t io n  compared to  th e  n o -lo ad  c o n d it io n . A ll  o f  th e se  
p r o p e r t ie s  o f  c e l l  b ehav io r ( in c lu d in g  con tin u o u s v a r i a t i o n  w ith  d i re c t io n  
o f  movement and lo a d , and movement/lo ad  d i r e c t i o n  i n te r a c t io n s )  w ere a ls o  
seen  in  EMG re c o rd in g s  o f  th e  a c t i v i t y  o f  sh o u ld e r  m uscles in  th e  t a s k .  
The movem ent/load in te r a c t io n s  th e r e fo r e  m ight r e s u l t  from  sh o u ld e r  b io 
m echanics. M oreover, th e  o b se rv a tio n  t h a t  con tinuous v a r ia t io n s  i n  c e l l  
a c t i v i t y  occur w ith  b o th  changes i n  movement d i r e c t i o n  and in  d i r e c t i o n  o f  
a p p lie d  lo ad  su p p o rts  th e  argum ent t h a t  th ey  a re  a l t e r n a t e  e x p re ss io n s  o f  
th e  same p ro c e s s , th e  c o n tr o l  o f  th e  p a t te rn s  o f  m uscle a c t i v i t y  by th e  
m otor c o r te x .   (Supported  by an MRC S c h o la rsh ip  and MRC g ra n t MA-7693).

214.5 AREA 5: RELATIVE EFFECT OF MOVEMENT DIRECTION VS DIRECTION OF APPLIED 
LOAD.  J .  F . K a lask a , M. L . Hyde*, and R. W ëchsler*.  C en tre  de rech erch e  
en  s c ie n c e s  n e u ro lo g iq u es , F a c u lté  de méd e c in e , U. de M ontréa l, Qué. H3C 
3J7 .

P rev ious experim en ts sug g ested  t h a t  one fu n c tio n  o f  a re a  5 may be to  
m on ito r c u rre n t  lim b p o s tu re  and movement, a s  p a r t  o f  a  d i s t r ib u t e d  system  
c o n tr o l l in g  v isu a l ly -g u id e d  movements. Wien movements o f  c o n s ta n t t r a j e c 
to ry  a re  made u s in g  d i f f e r e n t  p a t te rn s  o f  m uscle a c t i v i t y ,  would a re a  5 
c e l l  d isc h a rg e  rem ain  r e l a t i v e ly  u n a ffe c te d ,  and th u s  r e f l e c t  th e  c o n s ta n t 
movement t r a j e c to r y ,  o r  would i t  v a ry  due to  m uscle a c tiv ity -d e p e n d e n t 
changes i n  th e  feedback  from  th e  lim bs? A p re lim in a ry  in v e s t ig a t io n  o f  
t h i s  q u e s tio n  h as  been made in  a re a  5 o f  th e  monkey. The ta s k  in v o lv es  
movements i n  8 d i f f e r e n t  d i r e c t io n s  from  an  a c tiv e ly -m a in ta in e d  c e n tr a l  
s t a r t i n g  p o s i t io n ,  w h ile  com pensating f o r  lo ad s  a p p lie d  i n  a  range o f  d i f 
f e r e n t  d i re c t io n s  (Hyde, M.L. e t  a l . ,  N e u ro sc i. A b s t r . , 1984). T h irty -o n e  
c e l l s  w hich were r e l a te d  to  movements o f  th e  sh o u ld e r  and w hich showed a  
s ig n i f ic a n t  v a r i a t i o n  i n  d isc h a rg e  w ith  movement d i r e c t io n  ( F - t e s t ;  
p<0.05) w ere s e le c te d  f o r  d e ta i le d  a n a ly s i s .  As was observed  in  th e  m otor 
c o r te x  ( i b i d . ) ,  th e  v a r i a t i o n  i n  c e l l  a c t i v i t y  w ith  d i f f e r e n t  movement 
d i r e c t i o n s  tended  to  d e s c r ib e  a  b e ll- sh a p e d  cu rv e , w ith  maximal d isc h a rg e  
o c c u rr in g  d u rin g  movements i n  one p r e f e r re d  d i r e c t i o n  (ID ).

When th e  monkey h e ld  i t s  arm a t  th e  s t a r t  p o s i t io n ,  th e  p resence  o f  
lo a d s  a p p lie d  i n  d i f f e r e n t  d i r e c t io n s  had a  s ig n i f ic a n t  e f f e c t  on th e  d i s 
charge  o f  26/31 c e l l s  ( F - t e s t ;  p < 0 .0 5 ). T h is m odula tion  was co n tin u o u s ly  
graded  w ith  lo ad  d i r e c t io n  and d e sc r ib e d  a  b e ll- sh a p e d  cu rv e . The median 
m odu la tion  r a t i o  observed  (d isc h a rg e  r a t e  o f th e  peak o f  th e  c u rv e :d is 
charg e  a t  th e  tro u g h ) was 1 .6 :1 .  Thus th e  p resen ce  o f  lo ad s  i n  d i f f e r e n t  
d i r e c t io n s  d u rin g  th e  h o ld  p e rio d  had a  s ig n i f ic a n t ly  w eaker e f f e c t  on 
a re a  5 a c t i v i t y  th an  was observed  i n  a re a  4 (K-S t e s t ;  p<0. 001) .  The d i s 
charge  i n  r e l a t i o n  to  movement o f  on ly  12/31 c e l l s  was s ig n i f ic a n t ly  modu
l a t e d  by lo ad s  i n  d i f f e r e n t  d i r e c t i o n s ,  w hich  was a  sm a lle r  p ro p o rtio n  
th a n  i n  a re a  4 (X2 t e s t ,  p< 0.0 0 1 ). The m edian r a t i o  o f  m odula tion  o f 
a c t i v i t y  d u rin g  movement was 1 .2 5 :1 , w hich i s  a ls o  a  s ig n i f ic a n t ly  weaker 
in f lu e n c e  th an  observed  in  a re a  4 .  The maximum lo ad  a x is  ( ib id )  tended  to  
be o p p o s ite  to  th e  ID i n  o n ly  11/26 c e l l s ;  th e  maxinun lo ad  a x is  was 
ap prox im ate ly  p e rp e n d ic u la r  to  th e  PD f o r  8 c e l l s  and was ab o u t th e  same 
a s  th e  PD f o r  7 c e l l s .  These "unexpected" r e l a t i o n s  betw een th e  maxinum 
lo ad  a x is  and PD were s ig n i f ic a n t ly  more common i n  a re a  5 th an  i n  a re a  4 
(X2 t e s t ;  p<0.0 0 1) .  These o b se rv a tio n s  a re  i n  p a r t i a l  agreem ent w ith  a  
p rev io u s  s tu d y  o f  t h i s  q u e s tio n  (Je n n in g s , V.A. e t  a l . ,  J . N euro p h y sio l. 
49: 1216, 1983). D if fe re n c e s  may be due to  d if f e re n c e s  i n  th e  p ro p e r t ie s  
o f  c e l l s  r e l a te d  t o  th e  sh o u ld e r  a s  compared to  w r i s t .

In  summary, th e s e  p re lim in a ry  d a ta  su g g e st t h a t  th e  v a r i a t i o n  o f  c e l l  
d isc h a rg e  i n  a re a  5 d u r in g  a  movement i s  p r im a r i ly  r e l a te d  to  th e  t r a j e c 
to ry  o f  th e  movement, and i s  o n ly  p a r t l y  a  r e f l e c t io n  o f  th e  m uscle a c t i 
v i t y  producing  th e  movements.  (Supported by an  MRC S ch o larsh ip  and MRC 
g r a n t  MA-7693).

2 1 4 . 6   FRONTAL LOBE IN PU T S TO THE CAUDAL HAND RE PR E SE N T A T IO N  OF THE 
PRIMATE MOTOR COR TEX.   P . L .  S t r i c k  a n d  J . B .  P r e s t o n .  D e p t s .  
o f  P h y s i o l o g y  a n d  N e u r o s u r g e r y , S U N Y - U p s t a t e  M e d i c a l  C e n t e r  
a n d  VA M e d i c a l  C e n t e r ,  S y r a c u s e ,  NY 1 3 2 1 0 .

I n  p r e v i o u s  s t u d i e s  w e  d e m o n s t r a t e d  t h a t  t h e  p r i m a r y  
m o t o r  c o r t e x  o f  t h e  s q u i r r e l  m o n k e y  h a s  t w o  s p a t i a l l y  
s e p a r a t e  r e p r e s e n t a t i o n s  o f  t h e  h a n d  ( J .  N e u r o p h y s i o l . ,
' 8 2 a , b ) .  I n  t h e  p r e s e n t  s t u d y  w e  h a v e  a n a l y z e d  t h e  i n p u t  
f r o m  p r e m o t o r  a r e a s  i n  t h e  f r o n t a l  l o b e  t o  t h e  c a u d a l  h a n d  
r e p r e s e n t a t i o n .  We h a v e  f o c u s e d  o n  t h e  c a u d a l  r e p r e s e n t a 
t i o n  b e c a u s e  t h e  r e g i o n  c o m p a r a b l e  t o  o u r  c a u d a l  z o n e  i s  
b u r i e d  i n  t h e  c e n t r a l  s u l c u s  o f  o t h e r  p r i m a t e s  a n d  h a s  n o t  
b e e n  s t u d i e d  e x t e n s i v e l y .  A l s o ,  t h e  c o n n e c t i o n s  o f  t h e  
c a u d a l  h a n d  r e p r e s e n t a t i o n  s e e m e d  p a r t i c u l a r l y  i n t e r e s t i n g  
b e c a u s e  n e u r o n s  i n  t h i s  z o n e  r e c e i v e  i n p u t  a l m o s t  e x c l u 
s i v e l y  f r o m  c u t a n e o u s  r e c e p t i v e  f i e l d s  l o c a t e d  o n  t h e  v o l a r  
s u r f a c e  o f  t h e  h a n d .

A r e a  4  o f  s q u i r r e l  m o n k e y s  ( S a i m i r i  s c i u r e u s )  w a s  m a p p e d  
u s i n g  s i n g l e  u n i t  r e s p o n s e s  t o  s o m a t o s e n s o r y  i n p u t  a n d  
i n t r a c o r t i c a l  s t i m u l a t i o n  t o  d e f i n e  t h e  b o u n d a r i e s  o f  t h e  
r o s t r a l  a n d  c a u d a l  h a n d  r e p r e s e n t a t i o n s ,  a s  w e l l  a s  t h e  
b o u n d a r y  b e t w e e n  a r e a s  3 a  a n d  4 .  O n c e  i d e n t i f i e d ,  t h e  
c a u d a l  z o n e  w a s  i n j e c t e d  w i t h  O . O l u l  o f  2% WG A-H RP.  A f t e r  a  
4  d a y  s u r v i v a l  p e r i o d ,  a n i m a l s  w e r e  a n e s t h e t i z e d  a n d  p e r 
f u s e d  w i t h  p h o s p h a t e  b u f f e r e d  a l d e h y d e s .  T i s s u e  s e c t i o n s  
w e r e  p r o c e s s e d  u s i n g  t h e  TMB t e c h n i q u e  ( M e s u l a m ,  ' 7 8 ) .

I n  2  a n i m a l s ,  WGA-HRP w a s  c o n f i n e d  t o  t h e  c a u d a l  h a n d  
r e p r e s e n t a t i o n .  I n  t h e s e  a n i m a l s ,  2  s p a t i a l l y  s e p a r a t e  
r e g i o n s  i n  t h e  f r o n t a l  l o b e  r o s t r a l  t o  t h e  m o t o r  c o r t e x  
c o n t a i n e d  s u b s t a n t i a l  n u m b e r s  o f  l a b e l e d  n e u r o n s .  T h e  f i r s t  
r e g i o n  w a s  l o c a t e d  i n  a  p a r t  o f  a r e a  6  r o s t r a l  a n d  m e d i a l  t o  
t h e  i n j e c t i o n  s i t e .  T h e  s e c o n d  r e g i o n  w a s  l o c a t e d  o n  t h e  
m e s i a l  w a l l  o f  t h e  h e m i s p h e r e  v e n t r a l  t o  t h e  c i n g u l a t e  
s u l c u s  a t  a p p r o x i m a t e l y  t h e  s a m e  a n t e r i o r - p o s t e r i o r  l e v e l  a s  
t h e  f i r s t  r e g i o n .  I n  t h o s e  a n i m a l s  w h e r e  WGA-HRP s p r e a d  t o  
i n c l u d e  t h e  r o s t r a l  r e p r e s e n t a t i o n  l a b e l e d  n e u r o n s  w e r e  
f o u n d  a t  a d d i t i o n a l  s i t e s  i n  t h e  f r o n t a l  l o b e .

T h e s e  r e s u l t s  e m p h a s i z e  t h a t  p r e m o t o r  a r e a s  i n  t h e  p r i 
m a t e  f r o n t a l  l o b e  h a v e  s u b s t a n t i a l  p r o j e c t i o n s  t o  a t  l e a s t  
t h e  c a u d a l  h a n d  r e p r e s e n t a t i o n  o f  t h e  p r i m a r y  m o t o r  c o r t e x .  
O u r  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  p r e m o t o r  a r e a s  h a v e  a  
s i g n i f i c a n t  i n v o l v e m e n t  i n  t h e  c o n t r o l  o f  d i s t a l  l i m b  m o v e 
m e n t s ,  i n s t e a d  o f ,  o r  i n  a d d i t i o n  t o ,  t h e i r  p r o p o s e d  i n 
v o l v e m e n t  i n  t h e  c o n t r o l  o f  p o s t u r a l  a d j u s t m e n t s .
S u p p o r t e d  b y  U SPH S NS 0 2 9 5 7  a n d  VA M e d i c a l  R e s e a r c h  S e r v i c e .
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2 1 4 .7  DIFFERENCE OF TERMINAL SITES BETWEEN THALAMO-CORTICAL AND 
 CORTICO-CORTICAL FIBERS ON GOLGI-IDENTIFIED MOTOR CORTICAL 

NEURONS IN THE CAT.  M. I c h ik a w a * ,  K. A r i s s i a n * ,  and  H. 
A sanum a.  The R o c k e f e l l e r  U n iv . New Y o rk , N.Y. 10021

We h av e  r e p o r t e d  t h a t  m ic r o s t i m u l a t i o n  w i t h in  th e  s e n s o r y  
c o r t e x  e l i c i t e d  EPSPs p r im a r i l y  in  s t e l l a t e  ty p e  n e u ro n s  
w h e re a s  VL s t i m u l a t i o n  e l i c i t e d  EPSPs b o th  in  s t e l l a t e  and  
p y ra m id a l  n e u ro n s  i n  th e  c a t  m o to r  c o r t e x  (Asanuma e t  a l . 
N e u r o s c i .  A b s t .  1 9 8 3 ) . To ex am in e  th e  s t r u c t u r a l  b a s i s  o f  
t h e s e  p h y s io l o g ic a l  o b s e r v a t io n s ,  d e t a i l s  o f  th e  t e r m in a l  
c o n n e c t io n s  o f  c o r t i c o - c o r t i c a l  and  t h a l a m o - c o r t i c a l  f i b e r s  
on p y ra m id a l  and  s t e l l a t e  ty p e  n e u ro n s  i n  t h e  c a t  m o to r  
c o r t e x  w e re  s tu d i e d  u s in g  r a p id  G o lg i ,  e l e c t r o n  m ic r o s c o p ic  
and d e g e n e r a t i o n  t e c h n i q u e s .

C o r t i c o - c o r t i c a l  c o n n e c t io n s  w e re  exam ined  u s in g  11 
p y ra m id a l  and  12  s t e l l a t e  ty p e  c e l l s  w h ich  w ere  i d e n t i f i e d  
by r a p i d  G o lg i  t e c h n iq u e .  The s t e l l a t e  ty p e  n e u ro n s  l o c a t e d  
in  l a y e r  I I I  r e c e iv e d  many d e g e n e r a t in g  t e r m in a l s  ( a v e r a g e  
6 .3 )  and th e  m a j o r i t y  o f  t h e s e  (95%) w e re  fo u n d  on th e  
p ro x im a l  d e n d r i t e  o r  th e  c e l l  body w h e re a s  t h e  p y ra m id a l  
n e u ro n s  r e c e iv e d  few e r  t e r m in a l s  ( a v e r a g e  2 .3 )  and th e s e  
w ere l o c a t e d  on m ore d i s t a l  d e n d r i t e s  o r  on d e n d r i t i c  s p in e s .  
The m a j o r i t y  o f  t h e s e  s y n a p s e s  w ere  o f  th e  a s y m m e tr ic  t y p e .

T h a la m o - c o r t i c a l  c o n n e c t io n s  w ere  ex am in ed  u s in g  9 
p y ra m id a l  c e l l s  and  9 s t e l l a t e  ty p e  c e l l s .  The p y ra m id a l  
c e l l s  r e c e iv e d  many t e r m in a l s  ( a v e r a g e  7) and t h e s e  w ere  
fo u n d  on th e  b a s a l  a s  w e l l  a s  a p i c a l  d e n d r i t e s  and on 
d e n d r i t i c  s p i n e s  The s t e l l a t e  c e l l s  r e c e iv e d  few e r  t e r m in a l s  
( a v e r a g e  3) and t h e s e  w ere  l o c a t e d  p r im a r i l y  on d e n d r i t i c  
s h a f t s  n e a r  th e  c e l l  b o d y . The m a j o r i t y  o f  th e s e  s y n a p s e s  
w ere  o f  th e  a sy m m e tr ic  ty p e .

The r e s u l t s  a r e  in  a g re e m e n t w i th  th e  p h y s io l o g ic a l  
o b s e r v a t io n s  t h a t  c o r t i c o - c o r t i c a l  f i b e r s  make m ore p o w e r fu l  
s y n a p s e s  on s t e l l a t e  ty p e  n e u ro n s  w h e re a s  t h a l a m o - c o r t i c a l  
f i b e r s  make e f f e c t i v e  s y n a p s e s  on b o t h s t e l l a t e  and p y ra m i
d a l  n e u ro n s .

S u p p o r te d  by th e  NIH g r a n t  NS-18581

2 1 4 .8   CALLOSAL SYNAPSES WITH CALLOSAL PROJECTION NEURONS IN THE 
 MOUSE PRIMARY MOTOR CORTEX.  L . L . P o r t e r * and  E .L .W h i te . (SPON: 

R .L .S T .M a r i e ) .  B o s to n  U n iv . S ch . M e d ., B o s to n ,  Ma. 0 2 1 1 8 .
C a l lo s a l  p r o j e c t i o n  n e u ro n s  i n  th e  m ouse p r im a ry  m o to r 

c o r t e x  (MsI ) w ere  i d e n t i f i e d  a s  p y ra m id a l  n e u ro n s  i n  l a y e r s  
I I - I I I  and  V. P r e v io u s l y ,  we h a v e  shown t h a t  c e l l s  l o c a t e d  
i n  b o th  o f  t h e s e  c o r t i c a l  t i e r s  r e c e i v e  i n p u t  from  th e  homo
t o p ic  a r e a  o f  t h e  c o n t r a l a t e r a l  c o r t e x  to  w h ic h  th e y  p r o j e c t  
( L .L .P o r t e r  and  E .L .W h ite , N e u r .L e t t . ,  i n  p r e s s ) .  I n  t h i s  
s tu d y  we ex am in ed  th e  a p i c a l  d e n d r i t e s  o f  c a l l o s a l  p r o j e c 
t i o n  c e l l s  i n  b o th  c o r t i c a l  l a y e r s  to  d e te r m in e  th e  d i s t r i b u 
t i o n -  an d  am ount o f  c a l l o s a l  i n p u t  r e c e i v e d  by th e  two g ro u p s..

R e t ro g r a d e  l a b e l i n g  w i th  h o r s e r a d i s h  p e r o x id a s e  (HRP) was 
c o u p le d  w i th  l e s i o n  in d u c e d  d e g e n e r a t i o n  to  i d e n t i f y  n e u ro n s  
w h ich  p r o j e c t  to  th e  h o m o to p ic  a r e a  o f  c o n t r a l a t e r a l  MsI  and  
th e  a x o n a l  p r o j e c t i o n  o r i g i n a t i n g  i n  t h i s  l o c a t i o n .  E ig h t  
m ice  r e c e i v e d  HRP i n j e c t i o n s  i n t o  t h e  v i b r i s s a l  r e g io n  o f  
MsI , f o l lo w e d ,  th e  n e x t  d a y , by a s p i r a t i o n  o f  t h e  same a r e a  
o f  c o r t e x .  A p o s t - l e s i o n  s u r v i v a l  t im e  o f  f o u r  d a y s  was a l l 
owed a s  a t  t h i s  t im e  m o st c a l l o s a l  ax o n  t e r m in a l s  a r e  i n  a 
s i m i l a r  s t a g e  o f  d e g e n e r a t i o n  and  a r e  e a s i l y  i d e n t i f i e d .
T h u s, f o u r  d a y s  a f t e r  l e s i o n i n g ,  t h e  m ice  w e re  p e r f u s e d ,  
t h e i r  b r a i n s  rem oved an d  th e  u n o p e ra te d  h e m is p h e re  was c u t  
in  th e  c o r o n a l  p la n e  and  r e a c t e d  f o r  HRP. S even  l a b e l e d  
c e l l s  from  e a ch  t i e r  w e re  p r e p a r e d  f o r  e l e c t r o n  m ic ro s c o p y .  
The p o r t i o n  o f  e a c h  n e u r o n 's  a p i c a l  d e n d r i t e  w h ich  p a s s e d  
th ro u g h  th e  s u p e r f i c i a l  c o r t i c a l  l a y e r s ,  w h ere  m o st c a l l o s a l  
a f f e r e n t s  t e r m in a t e d ,  was c u t  i n  an  u n b ro k en  s e r i e s  o f  t h i n  
s e c t i o n s .  E l e c t r o n  m ic ro g ra p h s  w ere  t a k e n  o f  e a c h  l a b e l e d  
p r o f i l e  i n  e a c h  s e c t i o n .  The a p i c a l  d e n d r i t e  was g r a p h i c a l l y  
r e c o n s t r u c t e d  by f i t t i n g  t r a c i n g s  o f  th e  m ic ro g ra p h s  o n to  
one f i n a l  m o n tag e  w h ich  in c lu d e d  a l l  s p in e s  an d  s y n a p s e s .
From th e  r e c o n s t r u c t i o n s  we d e te r m in e d ;  l ) t h e  num ber o f  
s y n a p s e s  fo rm ed  by e a c h  c e l l  w i th  c a l l o s a l  axon t e r m in a l s
2 )  th e  d i s t r i b u t i o n  o f  c a l l o s a l  in p u t  on th e  d e n d r i t e s  and
3 )  th e  d i s t r i b u t i o n  o f  n o rm a l s y n a p s e s .  By s a m p l in g  s m a l l  
v o lu m es o f  n e u r o p i l ,  we a l s o  com pared  th e  am ount and la m in a r  
d i s t r i b u t i o n  o f  d e g e n e r a t i n g  t e r m in a l s  i n  th e  n e u r o p i l  s u r r 
o u n d in g  th e  l a b e l e d  d e n d r i t e s  w i th  t h a t  o f  t h e  d i s t r i b u t i o n  
and  am ount o f  c a l l o s a l  in p u t  o n to  b o th  g ro u p s  o f  c e l l s .
The am ount o f  c a l l o s a l  i n p u t  r e c e i v e d  by th e  c e l l s  i n  l a 
y e r s  I I - I I I  and  th e  d i s t r i b u t i o n  p a t t e r n  o f  c a l l o s a l  in p u t  
on t h e i r  d e n d r i t e s  s u g g e s te d  t h a t  a f f e r e n t s  from  c o n t r a l a t 
e r a l  MsI  may p l a y  a  g r e a t e r  r o l e  i n  m o d u la t in g  th e  a c t i v i t y  
o f  t h e  m ore s u p e r f i c i a l  c a l l o s a l  p r o j e c t i o n  n e u ro n s  th a n  
t h a t  o f  c e l l s  in  l a y e r  V.
S u p p o r te d  by NIH T r a in in g  G ra n t No. ST32 NS 07152

214.9  CELLS IN INTERNAL GRANULAR LAYER OF MACAQUE PREFRONTAL 
CORTEX PROJECT TO THE CAUDATE NUCLEUS.
T . ARIKUNI* and K. KUBOTA (SPON : M. SAKAI).  D e p t . o f  A n a t .  
O saka U n iv . Med. S c h . ,  O saka  5 3 0 , J a p a n  ; and D e p t .  o f  
N e u r o p h y s io l . ,  P r im a te  R es. I n s t . ,  K yo to  U n iv . ,  Inuyam a, 
A ic h i  4 8 4 , J a p a n .

A lth o u g h  c e l l s  i n  t h e  i n t e r n a l  g r a n u l a r  l a y e r  o f  th e  
c e r e b r a l  c o r t e x  g iv e  r i s e  t o  i n t r a c o r t i c a l  o r  c a l l o s a l  
c o n n e c t io n s  in  th e  m onkey, i t  i s  unknown w h e th e r  th e y  p r o 
j e c t  t o  s u b c o r t i c a l  s t r u c t u r e s .  To exam ine  su c h  a p o s s i 
b i l i t y ,  h o r s e r a d i s h  p e r o x id a s e  (HRP) was i n j e c t e d  i n t o  th e  
p a r t  o f  th e  c a u d a te  n u c le u s  w h ich  r e c e i v e s  a f f e r e n t s  from  
th e  p r e f r o n t a l  c o r t e x .  A f t e r  c a l l o s o to m y ,  HRP p o ly a c r y -  
la m id  g e l  ( 0 .1  µ l , 10%, Sigm a VI) was i n j e c t e d ,  u n d e r  
d i r e c t  v i s i o n ,  u n i l a t e r a l l y  i n t o  th e  c a u d a te  m e d ia l  h ead  
in  f i v e  M acaca f u s c a t a ,  f o u r  M acaca m u la t t a ,  and  one 
M acaca i r u s  m onkeys. A f t e r  s u r v i v a l  t im e  o f  3 o r  4 d a y s ,  
t h e  b r a i n s  w ere  rem oved and c u t  t r a n s v e r s e l y  a t  50 pm 
t h i c k n e s s  w i th  a f r e e z in g  m ic r o to n e .  S e c t io n s  w ere  t r e a t e d  
w i th  TMB and l i g h t l y  c o u n te r s t a i n e d  by 1% n e u t r a l  r e d  s o 
l u t i o n .  I n j e c t i o n  s i t e s  w ere  s t a i n e d  by DAB m eth o d .

In  th e  l a t e r a l ,  m e d ia l ,  o r  o r b i t a l  s u r f a c e s  o f  th e  i p s i -  
l a t e r a l  p r e f r o n t a l  c o r t e x  o f  a l l  ex am in ed  m onkeys, HRP 
l a b e l e d  c e l l s  a p p e a re d  in  th e  c o r t i c a l  l a y e r  IV , o r  th e  
i n t e r n a l  g r a n u l a r  l a y e r .  They w ere  o f  p y r a m id a l ,  s t e l l a t e ,  
o r  f u s i f o r m  sh a p e  and  t h e i r  s i z e  was s m a l l  (5 t o  10 p m ) . 
The m o st commonly l a b e l e d  w ere  p y r a m id a l .  In  th e  m o st 
d e n s e ly  l a b e l e d  c a s e ,  l a b e l e d  c e l l s  c o n s t i t u t e d  a b o u t  20% 
o f  th e  t o t a l  p o p u l a t i o n  o f  c e l l s  i n  th e  l a y e r  IV. S m a lle r  
ro u n d -s h a p e  c e l l s  o f  s m a l l  s i z e  ( l e s s  th a n  5 µ m) w ere  n e v e r  
l a b e l e d .  A s m a l l  num ber o f  l a b e l e d  c e l l s  was d s o  o b s e rv e d  
in  th e  same l a y e r  o f  r e s t r i c t e d  r e g io n s  o f  th e  c o n t r a 
l a t e r a l  p r e f r o n t a l  c o r t e x .

P r e f r o n t a l  p r o j e c t i o n  t o  th e  c a u d a te  n u c le u s  was a l s o  
o b s e rv e d  in  c e l l s  o f  o t h e r  l a y e r s ;  s m a l l  p y r a m id a l  c e l l s  
o f  l a y e r  I I  (5 -7  µm, s p o r a d ic )  , m ed iu m -s iz t-d  p y r a m id a l  
c e l l s  o f  l a y e r  I I I  (1 0 -1 5  µm, c o n s i d e r a b l e ) ,  medi um -and 
l a r g e  s i z e d  p y ra m id a l  c e l l s  o f  l a y e r  V (1 5 -2 5  µm, d e n s e ) , 
and  s m a l l  p y ra m id a l  c e l l s  (10 µ m ), and  f u s i f o r m  c e l l s  
(6 µm x 15 µm) o f  l a y e r  IV ( m o d e r a te ) .

I t  i s  c o n c lu d e d  t h a t  in  th e  monkey th e  c e l l s  i n  t h e  i n 
t e r n a l  g r a n u l a r  l a y e r  o f  th e  p r e f r o n t a l  c o r t e x  se n d  t h e i r  
ax o n s  b i l a t e r a l l y  t o  th e  m e d ia l  h e a d  o f  th e  c a u d a te  
n u c l e u s .

2 1 4 .10  ELECTROPHYSIOLOGY AND MORPHOLOGY OF FOUR CLASSES OF PREFRONTAL 
NEOCORTICAL NEURONS STUDIED IN VITRO.  A .A . G r ac e and R. L l i n à s .  
D e p t .  P h y s i o l o g y  & B i o p h y s i c s ,  NYU Med.  C t r . ,  New Y or k ,  NY 10016.

U s in g  i n  v i t r o  b r a i n  s l i c e  t e c h n i q u e s  ( L l i n à s  & S u g i m o r i , J . 
P h y s i o l . 3 0 5 : 1 7 1 , 1 9 8 0 ) ,  we ha ve s t u d i e d  t h e  an a to m y ,  f i r i n g  
p a t t e r n  and i o n i c  m ec han isms  u n d e r l y i n g  a c t i o n  p o t e n t i a l  
g e n e r a t i o n  i n  f o u r  c l a s s e s  o f  n e u r o n s  i n  t h e  m e d i a l  p r e f r o n t a l  
c o r t e x  o f  t h e  g u i n e a  p i g .  The p r i n c i p a l  c e l l  t y p e  i s  t h e  l a r g e  
( 2 5 - 4 0  um) p y r a m i d a l  n e u r o n ,  l o c a t e d  i n  l a y e r s  I I I - V  and 
c h a r a c t e r i z e d  by a d i v e r g e n t  b a s a l  d e n d r i t ic  f i e l d ,  w i t h  an a p i c a l  
d e n d r i t e  e x t e n d i n g  t o  l a y e r s  I- I I  b e f o r e  b i f u r c a t i n g .  Bo th t h e  
a p i c a l  and b a s a l  d e n d r i t e s  c o n t a i n  d e n s e  s p i n o u s  p r o c e s s e s .  The 
axon b r a n c h e s  l o c a l l y  w i t h  o c c a s i o n a l  r e c u r r e n t  c o l l a t e r a l s ,  a s  
w e l l  a s  p r o j e c t i n g  to w ar d  t h e  w h i t e  m a t t e r .  T h i s  c e l l  t y p e  i s  
c a p a b l e  o f  f i r i n g  i n  two p a t t e r n s :  1) b u r s t  f i r i n g  a t  
h y p e r p o l a r i z e d  membrane p o t e n t i a l s ,  and 2) r e p e t i t i v e  f i r i n g  a t  
r e s t i n g  o r  d e p o l a r i z e d  membrane p o t e n t i a l s .  TTX and TEA t r e a t m e n t  
d e m o n s t r a t e d  t h a t  b u r s t i n g  i s  d r i v e n  by a low t h r e s h o l d  Ca 
s p i k e  (LTS) w h ic h  i s  i n a c t i v a t e d  a t  r e s t i n g  l e v e l s  ( a s  i n  t h e  
i n f e r i o r  o l i v e ,  L l i n à s  & Yarom, J .  P h y s i o l . 3 1 5 : 5 4 9 , 1 9 8 1 ) ,  
w h e r e a s  a s e r i e s  o f  l a r g e  a m p l i t u d e  ( > 30 mV) h i g h - t h r e s h o l d  Ca++ 
s p i k e s  (HTS) t r i g g e r  r e p e t i t i v e  s p i k i n g .  T h es e c e l l s  a r e  
u n r e s p o n s i v e  t o  dopamin e b u t  r e s p o n d  t o  n o r e p i n e p h r i n e  and db-cAMP 
w i t h  h y p e r p o l a r i z a t i o n  and an a t t e n u a t i o n  o f  f i r i n g  ac co m m oda t ion  
in  r e s p o n s e  t o  a d e p o l a r i z i n g  p u l s e  ( a s  i n  h i p p o c a m p u s ,  Mad ison & 
N i c o l l ,  N a t u r e 2 9 9 : 6 3 6 , 1 9 8 2 ) .  A se c o n d  c l a s s  o f  s m a l l e r  (<15 um) 
p y r a m i d a l - l i k e  c e l l s  was p e n e t r a t e d  i n  l a y e r s  V-VI.  The b a s a l  
d e n d r i t e s  w ere s p a r s e l y  s p i n o u s ,  and t h e  a p i c a l  d e n d r i t e  r a m i f i e d  
i n  l a y e r  IV. Th es e c e l l s  f i r e d  r e p e t i t i v e l y  and e x h i b i t e d  HTS.

The t h i r d  c l a s s  o f  c e l l s  was t h e  s t e l l a t e  c e l l s  o f  l a y e r s  
I I - I I I .  T h es e c e l l s  h av e s p i n e - c o v e r e d  d e n d r i t e s  w h ic h  a r i s e  f rom 
t h e  soma i n  3 -4  f a s c i c l e s  and b r a n c h  p r o f u s e l y  w i t h i n  t h e s e  
l a y e r s .  The axo n  c o l l a t e r a l i z e s  l o c a l l y  and o f t e n  forms  d e n s e  
p l e x u s e s  o f  b o u t o n s  p r e s u m a b l y  a r o u n d  n e i g h b o r i n g  c e l l s .  T hes e 
c e l l s  a l s o  ha ve LTS and HTS, a l t h o u g h  t h e y  g e n e r a l l y  f i r e  o n l y  a 
s i n g l e  HTS o r  w i d e l y  s p a c e d  HTSs, u n l i k e  t h e  r e p e t i t i v e  HTS 
g e n e r a t i o n  o f  t h e  l a r g e  p y r a m i d a l  c e l l s .  T h i s  d i f f e r e n c e  i s  
r e f l e c t e d  i n  t h e i r  r a p i d  ac co m m oda t ion  t o  a  d e p o l a r i z i n g  p u l s e .  
The s t e l l a t e  c e l l s  re s p o n d  t o  dopam ine w i t h  a h y p e r p o l a r i z a t i o n .  
The f o u r t h  c e l l  t y p e  i s  a s m a l l  s p i d e r y  c e l l  i n  l a y e r s  I - I I . T h i s  
c e l l  h a s  many t h i c k  d e n d r i t e s  em e r g in g  from t h e  soma and b r a n c h i n g  
l o c a l l y ,  w i t h  l e s s  d e n s e  s p i n o u s  p r o c e s s e s .  The v e n t r a l l y  d i r e c t e d  
axo n  e m i t s  a s p a r s e  number o f  r e c u r r e n t  c o l l a t e r a l s .  T h i s  c e l l  h a s  
a f a s t  (<1 m sec )  s p i k e  and acco mmodate s  r a p i d l y  t o  d e p o l a r i z a t i o n .
A r a p i d l y  i n a c t i v a t i n g  LTS i s  p r e s e n t  an d t h e  HTS i s  o f  a  s h o r t e r  
d u r a t i o n  t h a n  was o b s e r v e d  f o r  t h e  o t h e r  c e l l  t y p e s  s t u d i e d .   
( S u p p o r t e d  by NIH g r a n t s  NS13742 & NS07124)
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214.11  SELECTIVE ACTIVATION OF PERIPHERAL NERVES VIA 
TRANSCRANIAL STIMULATION OF THE MOTOR CORTEX IN 
THE CAT.  R. Rumpf, W. J . Levy, M.D., M. McCaffrey,* C. 
Kline*, and D. H. York.  Division of Neurosurgery, University of 
Missouri School of Medicine, Columbia, Missouri 65212

The motor cortex of cats  can be activated by not only direct 
stimulation but transcranial stimulation between an electrode on 
the overlying scalp and one in the hard palate, directing current 
down through the motor cortex. This technique activates the 
corticospinal trac ts  and can result in contralateral limb movement 
(Levy, McCaffrey, York and Tanzer, NEUROSURGERY, August, 
1984). This signal travels primarily in the lateral corticospinal 
tra c t with some components in the ventral cord, probably the 
anterior cortical spinal tra c t and local circuit activity in the 
ventral gray. It is a potentially useful experimental tool as well as 
a clinical diagnostic technique (Levy, York, McCaffrey and Tanzer, 
NEUROSURGERY, August 1984).

We have studied the question of whether selective activation of 
a portion of the motor cortex, resulting in selective stimulation of 
the peripheral nerves in only a single limb, can be accomplished by 
transcranial stimulation. This mapping of the motor cortex is well 
established as a technique with direct stimulation. We used adult 
cats anesthetized with Ketamine and Rompun, paralyzed with 
Pavulon, 0.1 mg per kg. Animals were maintained on a respirator 
with blood gases determined when necessary. Evoked potentials 
were recorded from the spinal cord epidural space at two sites, 
from the sciatic nerve in the hind limbs and in the radial nerve in 
the forelimbs at one or two sites each on a Cadwell 7400 evoked 
potential signal averager. The stimuli were delivered by e ither a 
Grass S88 through a SIU7 or the Cadwell 7400 stim ulator by an 
electrode, 2 mm in diam eter, moved over the scalp in line with the 
motor cortex by a micromanipulator. The other electrode was a 2 
mm diameter electrode placed up against the hard palate in the 
mouth. Stimulation between these two electrodes with the scalp 
electrode anodal (using 10 to 20 milliamperes for 500 
microseconds) resulted in a traveling wave in cord and peripheral 
nerves with a velocity of approximately 60 meters per second. 
Moving the transcranial electrode across the scalp it was observed 
that lateral stimulation activated contralateral forelimbs and 
medial stimulation activated contralateral hind limbs. Some 
adjustments in the palate electrode were also helpful. This 
selective activation indicates that the current used in the 
transcranial stimulation is relatively well localized on the surface 
of the brain and that activation of only a portion of the descending 
pyramidal trac t in the spinal cord is possible in such a stimulation 
modality. This should offer experimental and clinical 
methodologies for investigating the central and peripheral nervous 
system.
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215.1  CHARACTERISTICS OF VENTRAL ROOT EVOKED POTENTIALS IN SACRO- 
COCCYGEAL SEGMENTS OF THE SPINA L CORD E L IC IT E D  BY STIMULAT
ION OF INTACT AND SECTIONED DORSAL ROOTS.  P .  P a c h e c o * ,  
M. M a r t i n e z *  a n d  B . D u b r o v s k y .  I n s t .  I n v .  B i o m e d . ,  UNAM 
M e x ic o ,  A l l a n  M e m o r ia l  I n s t . ,  M c G i l l  U n i v e r s i t y ,  M o n t r e a l ,  
Q u e b e c ,  C a n a d a  H3A 1A 1.

S e g m e n ta l  s e n s o r y  m o to r  o r g a n i z a t i o n  o f  p e l v i c  f l o o r  a n d  
t a i l  m u s c u l a t u r e  i s  m e d i a t e d  t h r o u g h  t h e  s a c r o c o c c y g e a l  
r e g i o n s  o f  t h e  s p i n a l  c o r d .  We i n v e s t i g a t e d  t h e  m o rp h o 
l o g i c a l  c h a r a c t e r i s t i c s :  l a t e n c y ,  a m p l i t u d e  a n d  c o m p o n e n ts  
o f  e v o k e d  p o t e n t i a l s ,  i n  s a c r o c o c c y g e a l  v e n t r a l  r o o t s  i n  
r e s p o n s e  t o  ( 1 ) e l e c t r i c a l  s t i m u l a t i o n  o f  t h e i r  i n t a c t  d o r 
s a l  r o o t s  a n d  ( 2 ) b y  s t i m u l a t i o n  o f  t h e  p r o x i m a l  e n d  o f  t h e  
s e c t i o n e d  d o r s a l  r o o t s .  E x p e r im e n t s  w e r e  p e r f o r m e d  i n  
c a t s .  U n d e r  e t h e r  a n a e s t h e s i a ,  a  t r a c h e a  c a n n u l a  w a s  p o s 
i t i o n e d  a n d  t h e  s p i n a l  c o r d  w a s  s e c t i o n e d  b e tw e e n  t h e  C1 
a n d  C2 l e v e l s .  A n im a ls  w e r e  p u t  u n d e r  a r t i f i c i a l  v e n t i l a 
t i o n  a n d  e t h e r  w a s  d i s c o n t i n u e d .  S t i m u l a t i o n  o f  d o r s a l  
r o o t s  f ro m  S 1 t o  Cx 5 a l l  e l i c i t e d  m o n o s y n a p t i c  v e n t r a l  r o o t  
r e s p o n s e s . C r i t e r i a  f o r  m o n o s y n a p t i c  r e s p o n s e s  w e r e  l a t 
e n c i e s  s h o r t e r  t h a n  1 .2  m s e c . ,  m e a s u r e d  f ro m  t h e  t im e  o f  
a r r i v a l  o f  t h e  a f f e r e n t  s t i m u l a t i n g  v o l l e y  r e c o r d e d  m o n o - 
f o c a l l y  v i a  a  s i l v e r  b a l l  e l e c t r o d e  a t  t h e  s i t e  o f  s p i n a l  
e n t r y  o f  t h e  d o r s a l  r o o t s ;  h i g h  f r e q u e n c y  f o l l o w i n g ,  a n d  
c o n s t a n t  l a t e n c y .  No m o n o s y n a p t i c  p o t e n t i a l  c o u l d  b e  
e v o k e d  i n  Cx6 v e n t r a l  r o o t .  I n t e n s i t i e s  f o r  d o r s a l  r o o t s  
s t i m u l a t i o n ,  e x p r e s s e d  i n  t e r m s  o f  m u l t i p l e s  f o r  t h e  t h r e s h -  
h o l d ,  T , ( m in im a l  c u r r e n t  r e q u i r e d  t o  e l i c i t  a v i s i b l e  a f 
f e r e n t  v o l l e y ) ,  w e r e  s e t  a t  4T  i n  a l l  c a s e s .  P o l y s y n a p t i c  
e v o k e d  p o t e n t i a l s  c o u l d  b e  r e c o r d e d  f ro m  a l l  v e n t r a l  r o o t s  
S 1 t o  Cx 6 . T he  m ono a n d  p o l y s y n a p t i c  p o t e n t i a l s  f ro m  a l l  
r e c o r d e d  v e n t r a l  r o o t s  h a d  i n d i v i d u a l  c h a r a c t e r i s t i c s  
w h ic h  w e r e  s y s t e m a t i c a l l y  o b s e r v e d  i n  a l l  t h e  t w e l v e  a n 
i m a l s  s t u d i e d .  T h u s ,  e . g .  b o t h  S 2 a n d  Cx 2 m o n o s y n a p t i c  
r e f l e x  c o m p o n e n ts  w e r e  o f  lo w  a m p l i t u d e  ( 6 0  pV o r  l e s s ) ;  
b u t  w h i l e  S 2 h a d  t h r e e  c l e a r l y  d e f i n e d  p o l y s y n a p t i c  com p
o n e n t s  a t  3 . 5 ,  4 . 5  a n d  6 m s e c . ,  t h e  Cx2 p o l y s y n a p t i c  
p o t e n t i a l  w a s  p r e s e n t  a s  o n e  h o m o g e n o u s  c o m p o n e n t  a t  3 m s e c . 
A f t e r  s e c t i o n  o f  d o r s a l  r o o t s  t h e  p r o x i m a l  e n d  o f  t h e  r o o t s  
w a s  a g a i n  s t i m u l a t e d .  I n  a l l  c a s e s ,  f ro m  S 1 t o  Cx 5 ,  s t i m 
u l a t i o n  o f  t h e  s e v e r e d  d o r s a l  r o o t  e l i c i t e d  a  m o n o s y n a p t i c  
r e s p o n s e  w h o s e  a m p l i t u d e  w a s  2 -  t o  4 - f o l d  l a r g e r  t h a n  b e 
f o r e  s e c t i o n .  T he  i n c r e a s e  o f  t h e  m o n o s y n a p t i c  r e f l e x  r e 
s p o n s e  w a s  o b s e r v e d  i m m e d i a t e l y  a f t e r  s e c t i o n  o f  t h e  r o o t s  
a n d  r e m a in e d  s t a b l e  u p  t o  t h e  e n d  o f  t h e  e x p e r i m e n t ,  3 - 4  h  
l a t e r .  S i m i l a r  a m p l i t u d e  c h a n g e s  w e r e  o b s e r v e d  w i t h  
t e t a n i c  p r i m i n g  s t i m u l a t i o n  o f  t h e  r o o t s .

215.2  COMPARATIVE STUDY OF RENSHAW CELL UNIT AND FIELD  POTENTIALS. 
 W .G . V a n M e te r  a n d  E . J .  W i l l e t t s * .  USAMRICD, A b e r d e e n  

P r o v i n g  G r o u n d ,  MD 2 1 0 1 0 ,  D e p a r tm e n t  o f  V e t e r i n a r y  
P h y s i o l o g y  a n d  P h a r m a c o lo g y ,  C o l l e g e  o f  V e t e r i n a r y  M e d ic i n e ,  
Io w a  S t a t e  U n i v e r s i t y ,  A m es, Io w a  5 0 0 1 1 .

R e s p o n s e s  o f  R e n sh a w  c e l l  f i e l d  p o t e n t i a l s  (R F P ) a n d  
R e n sh a w  c e l l  u n i t  p o t e n t i a l s  (R U P) t o  a n t i d r o m i c  s t i m u l a t i o n  
o f  t h e  v e n t r a l  r o o t s  o f  lu m b a r  s p i n a l  s e g m e n t  7 ( L - 7 )  
w e r e  c o m p a r e d  i n  a d u l t  m a le  a n d  s p a y e d  f e m a le  DIAL a n e s t h e 
t i z e d  c a t s  o f  m ix e d  b r e e d .

E x t r a c e l l u l a r  r e c o r d i n g s  b y  c o n v e n t i o n a l  m e th o d s  sh o w :
( i )  a  d e l i n e a t e d  t h r e s h o l d  f o r  b o t h  RUP a n d  R F P , ( i i )  
t h a t  w i t h  s t i m u l u s  i n t e n s i t i e s  g r e a t e r  t h a n  t h r e s h o l d ,  
t h e  RUP r e s p o n d s  w i t h  a n  i n c r e a s e d  d u r a t i o n  i n  s p i k e  d i s 
c h a r g e  ( t o  a  m ax im u m ), ( i i i )  t h a t  w i t h  s t i m u l u s  i n t e n s i t i e s  
g r e a t e r  t h a n  t h r e s h o l d ,  t h e  RFP r e s p o n d s  w i t h  a n  i n c r e a s e d  
a m p l i t u d e  ( t o  a  m a x im u m ), ( i v ) b o t h  RFP a n d  RUP a r e  d e p r e s s e d  
b y  i n c r e a s e d  s t i m u l u s  f r e q u e n c i e s ,  ( v )  b o t h  RFP a n d  RUP 
sh o w  p o s t - t e t a n i c  d e p r e s s i o n  a n d  p o s t - t e t a n i c  p o t e n t i a t i o n .

U n l i k e  t h e  RUP, t h e  RFP c a n  b e  r e c o r d e d  f o r  s e v e r a l  
h o u r s  w h ic h  r e n d e r s  i t  u s e f u l  t o  s t u d y  o n s e t  a n d  r e c o v e r y  
f ro m  s y s t e m i c  d r u g  a p p l i c a t i o n .  A p h a r m a c o l o g i c a l  a n a l y s i s  
o f  t h e s e  p o t e n t i a l s  r e v e a l s  t h a t  ( i )  t h e  c e n t r a l l y  a c t i n g  
a n t i c h o l i n e s t e r a s e  d i i s o p r o p y l f l u o r o p h o s p h a t e  (D F P ) ( 3 . 0  
m g /k g  i . v . ) ,  ( i i )  a t r o p i n e  s u l f a t e  ( 2 . 0  m g /k g  i . v . )  a n d  
( i i i )  m e c a m y la m in e  ( 2 . 0  m g /k g  i . v . )  a l t e r  t h e  RFP a n d  
RUP i n  a  s i m i l a r  m a n n e r  c o n s i s t e n t  w i t h  a  c e n t r a l  n i c o t i n i c  
c h o l i n e r g i c  m e c h a n is m .

S u p p o r t e d  b y  t h e  US Army D e p t .  o f  D e f e n s e ,  C o n t r a c t  
DAMD 1 7 - 8 0 - 0 1 0 6 .



SATURDAY PM SPINAL CORD AND BRAINSTEM II 741

215.3  THE FUNCTIONAL PROPERTIES OF THE SEROTONINERGIC CELLS IN 
LOCUS COERULEUS ON LUMBAR CORD ACTIVITY IN THE CAT. Y .- Y .  

L a i , H. K.  S t r a h l  e n d o r f , S .  J .  F u n g ,  a n d  C.  D.  B a r n e s . 

 D e p t .  o f  P h y s i o l o g y ,  T e x a s  T e c h  U n i v e r s i t y ,  H e a l t h  S c i e n c e s  

C e n t e r ,  L u b b o c k ,  TX 7 9 4 3 0 .

P r e v i o u s  s t u d i e s  i n  o u r  l a b o r a t o r y  h a v e  d e m o n s t r a t e d  

t h a t  l o c u s  c o e r u l e u s  ( L C )  f a c i l i t a t e s  t h e  m o n o s y n a p t i c  

r e f l e x  (MSR )  i n  b o t h  l u m b a r  e x t e n s o r  a n d  + l e x o r  m o n o n e u r o n  

p o o l s ,  a n d  t h i s  f a c i l i t a t i o n  i s  p a r t i a l l y  m e d i a t e d  b y  c a t e 

c h o l a m i n e .  F u r t h e r m o r e ,  w e  a l s o  f o u n d  b o t h  s e r o t o n i n  ( 5 -  

H T )  a n d  n o r e p i n e p h r i n e  ( N E )  n e u r o n s  i n  t h e  LC p r o j e c t  t o  

t h e  l u m b a r  s p i n a l  c o r d .  T h i s  i n v e s t i g a t i o n  w a s  d e s i g n a t e d  

t o  d e t e r m i n e  t h e  m e c h a n i s m  o f  LC e f f e c t  o n  t h e  M S R s .  

F o r t y - s i x  c a t s  o f  e i t h e r  s e x  w e i g h i n g  2 . 0 - 4 . 0  k g  w e r e  u s e d .  

T r a c h e o s t o m y ,  c a n n u l a t i o n  o f  f e m o r a l  a r t e r y  a n d  v e i n  a n d  

d e c e r e b r a t i o n  w e r e  p e r f o r m e d  u n d e r  e t h e c  a n e s t h e s i a .  A 

l a m i n e c t o m y  w a s  m a d e  f r o m  t h e  f i f t h  t o  s e v e n t h  l u m b a r  

s e g m e n t s .  T h e  p o p l i t e a l  f o s s a  o f  t h e  l e f t  l e g  w a s  o p e n e d  

a n d  t h e  m e d i a l  g a s t r o c n i m u s  a n d  c o m m o n  p e r o n e a l  n e r v e s  w e r e  

i s o l a t e d  a n d  d i s s e c t e d  f o r  s t i m u l a t i o n .  T h e  L 7 v e n t r a l  
r o o t  w a s  d i s s e c t e d  n e a r  t h e  d u r a  a n d  p r e p a r e d  f o r  r e 

c o r d i n g .  A c o n d i t i o n i n g  s t i m u l u s  w a s  d e l i v e r e d  t o  t h e  LC 

b y  a  m o n o p o l a r  m i c r o e l e c t r o d e .  We f o u n d  t h a t  t h e  L C -  

i n d u c e d  f a c i l i t a t i o n  o f  t h e  MS Rs i s  d e p r e s s e d  b y  t h e  i n t r a 

v e n o u s  i n j e c t i o n  o f  p r a z o s i n  a n d / o r  m e t h y s e r g i d e  a t  t h e  

d o s e  o f  2 0  µ g / k g  a n d  1 m g / k g ,  r e s p e c t i v e l y .  T h i s  f i n d i n g  
s u g g e s t s  t h a t  L C - i n d u c e d  f a c i l i t a t i o n  o f  t h e  MSR i s  

m e d i a t e d  b y  b o t h  NE a n d  5 - H T  n e u r o n s  w h i c h i n n e r v a t e  t h e  

s p i n a l  c o r d .  I n  a n o t h e r  e x p e r i m e n t ,  t h e  d o r s a l  a n d  v e n t r a l  

r o o t s  f r o m  L6 t o  S 1 w e r e  c u t .  I n t r a s p i n a l  s t i m u l a t i o n  w a s  
d e l i v e r e d  t o  t h e  Ly  v e n t r a l  h o r n .  D o r s a l  a n d  v e n t r a l  r o o t  

d i s c h a r g e s  w e r e  r e c o r d e d  f r o m  L 7 a n d  v e n t r a l  r o o t s ,  r e s p e c 
t i v e l y .  T h e  r e s u l t s  d e m o n s t r a t e d  t h a t  t h e  LC c o n s i s t e n t l y  

f a c i l i t a t e s  t h e  S a n d  M w a v e s  o f  t h e  v e n t r a l  r o o t  d i s c h a r g e  

a n d  t h i s  f a c i l i t a t i o n  i s  a l s o  d e p r e s s e d  b y  t h e  p r a z o s i n  a n d  

m e t h y s e r g i d e .   ( S u p p o r t e d  b y  N I H  g r a n t  NS 2 0 9 7 9  a n d  t h e  

T a r b o x  P a r k i n s o n ' s  D i s e a s e  I n s t i t u t e ) .

2 1 5 .4   LOCUS CO ER UL EU S-I ND UC ED  P RE SY N A PT I C  F A C I L I T A T I O N  OF 
HI ND LIM B A FFEREN T A C T I V I T Y  IN C A T S .   C . O .  B a r n e s  a n d  S . 3 .  
F u n g .  D e p a r t m e n t  o f  V e t e r i n a r y  a n d  C o m p a r a t i v e  A n a t o m y ,  
P h a r m a c o l o g y  a n d  P h y s i o l o g y ,  W a s h i n g t o n  S t a t e  U n i v e r s i t y ,  
P u l l m a n ,  WA 9 9 1 6 4 - 6 5 2 0 .

T h e r e  h a s  b e e n  c o n c o r d a n t  f i n d i n g s  o f  l o c u s  c o e r u l e u s  
( L C ) - e v o k e d  s p i n a l  m o n o s y n a p t i c  r e f l e x  (M SR )  p o t e n t i a t i o n  
a n d  L C - i n d u c e d  I n c r e a s e  i n  m o t o n e u r o n  m e m b r a n e  
e x c i t a b i l i t y  i n o u r  l a b o r a t o r y .  T o  e x p l o r e  t h e  c o n c u r r e n t  
p r e s y n a p t l c  a c t i o n  o f  LC o n  p r i m a r y  a f f e r e n t  t e r m i n a l s ,  
u n a n e s t h e t i z e d ,  d e c e r e b r a t e  c a t s  w e r e  u s e d  w i t h  l e f t  
v e n t r a l  r o o t  (V R )  L 5 t o  S 1 s e c t i o n e d  I n t r a d u r a l l y .  
P l a c e m e n t s  o f  t h e  s t i m u l a t i o n  e l e c t r o d e  w a s  a c h i e v e d  b y  
a i m i n g  i t  s t e r e o t a x l c a l l y  ( P 2 ,  L 2 . 5 ,  H - 2 )  t o  LC w i t h  f i n e  
a d j u s t m e n t s  t o  e n s u r e  t h e  p r e s e n c e  o f  VR L 7 -M S R  
e n h a n c e m e n t  b y  LC s t i m u l i .  H i s t o l o g i c a l  v e r i f i c a t i o n  w a s  
p e r f o r m e d  b y  a  c o m b i n a t i o n  o f  P r u s s i a n  b l u e  r e a c t i o n  a n d  
n o r e p i n e p h r i n e  f l u o r e s c e n c e  h i s t o c h e m i c a l  t e c h n i q u e s .

LC s t i m u l a t i o n  ( 1 0 0 - 3 0 0 µ A ,  c a t h o d a l  p u l s e s  o f  
5 0 y s e c  a t  7 7 0  H z ,  r e p e t i t i o n  r a t e  o f  1 p e r  5 s e c )  
p r o d u c e d  a  p u r e  p o s i t i v e  d o r s a l  r o o t  p o t e n t i a l  ( D R P )  
r e c o r d e d  i p s i l a t e r a l l y  f r o m  t h e  c a u d a l - m o s t  L 6  d o r s a l  
r o o t l e t s .  C o n d i t i o n i n g  t h e  n e g a t i v e  DRPs  e l i c i t e d  f r o m  
I n d i v i d u a l  h l n d U m b  n e r v e  b r a n c h e s  w i t h  LC s t i m u l i  l e d  t o  
a  d e c r e a s e  i n t e s t  D RPs  o f  a p p r o x i m a t e l y  1 0 % .  W h i l e  
r e c o r d i n g  p e r i p h e r a l l y ,  t h e  a n t i d r o m i c  a c t i v a t i o n  o f  
a f f e r e n t  f i b e r  t e r m i n a l s  f r o m  I n t r a s p i n a l  v e n t r a l  g r a y  
s t i m u l u s  w a s  t e s t e d .  LC w a s  f o u n d  t o  e x e r t  a  p r e d o m i n a n t  
d e c r e a s e  i n e x c i t a b i l i t y  o f  a f f e r e n t  t e r m i n a l s  o f  b o t h  
m u s c l e  a n d  c u t a n e o u s  o r i g i n s  c o n c o m i t a n t  w i t h  a n  I n c r e a s e d  
m o t o n e u r o n  d i s c h a r g e  r e c o r d e d  f r o m  t h e  i p s i l a t e r a l  VR L 7 .  
T h e s e  d a t a  s u g g e s t  a  p r e s y n a p t l c  r o l e  o f  LC o n  a u g u m e n t i n g  
t h e  a f f e r e n t  t r a n s m i s s i o n  t h r o u g h  p r i m a r y  a f f e r e n t  
h y p e r p o l a r i z a t i o n .

E v i d e n c e  f u r t h e r  s u p p o r t s  t h e  c o n c e p t  o f  t h e  
c o e r u l o s p l n a l  I n d u c e d  DRP r e s u l t i n g  f r o m  i n h i b i t i o n  o f  
t o n l c a l l y  a c t i v e  I n t e r n e u r o n s  h a v i n g  a x o a x o n i c  c o n t a c t s  o n  
p r i m a r y  a f f e r e n t s ;  f u n c t i o n a l l y ,  p r e s y n a p t l c  
d i s i n h i b i t i o n .  T h e  DRP I n t e r a c t i o n s  i m p l y  a  d e g r e e  o f  
p e r i p h e r a l  a f f e r e n t  a n d  c o e r u l o s p i n a l  c o n v e r g e n c e  o n  t h e s e  
c e l l s .

S u p p o r t e d  b y  NIH  G r a n t  N S 2 0 9 7 9 .

2 1 5 .5   P OST SY N A P T IC  POT E N T IA L  AND MEMBRANE CONDUCTANCE CHANGES IN 
HIN DLIM B MOTONEURONS UPON EL E C T R IC A L  ST IM U L A T IO N  OF LOCUS 
COERULEUS IN C A T S.   S . J .  F u n g  a n d  C . D .  B a r n e s .  D e p t .  o f  
V e t .  a n d  C o m p .  A n a t . ,  P h a r m a c o l ,  a n d  P h y s i o l . ,  W a s h i n g t o n  
S t a t e  U n i v e r s i t y ,  P u l l m a n ,  W a s h i n g t o n  9 9 1 6 4 - 6 5 2 0 .

L o c u s  c o e r u l e u s  ( L C )  s t i m u l a t i o n  h a s  b e e n  s h o w n  t o  l o w e r  
t h e  r h e o b a s e  o f  l u m b a r  m o t o n e u r o n s .  T h i s  f i n d i n g  h a s  b e e n  
e x t e n d e d  b y  m e a s u r i n g  t h e  p o s t s y n a p t l c  p o t e n t i a l  c h a n g e s  
a n d  a c c o m p a n y i n g  c h a n g e s  i n m e m b r a n e  c o n d u c t a n c e  o f  v a r i o u s  
I d e n t i f i e d  p o p u l a t i o n s  o f  h i n d l i mb m o t o n e u r o n s  i n 
u n a n e s t h e t i z e d  d e c e r e b r a t e  c a t s .

P l a c e m e n t s  o f  s t i m u l a t i n g  e l e c t r o d e  i n t h e  LC w e r e  a i d e d  
b y  ( 1 )  p r i o r  r e c o r d i n g  f o r  LC u n i t  a c t i v i t y ,  ( 2 )  e x p l o r i n g  
t h e  l o w  t h r e s h o l d  s i t e s  f o r  p o t e n t i a t i o n  o f  f l e x o r  a n d  
e x t e n s o r  m o n o s y n a p t i c  r e f l e x e s  u p o n  LC c o n d i t i o n i n g ,  a n d  
( 3 )  s t e r e o t a x i c  c o o r d i n a t e s  ( P 2  L 2 . 5  H - 2 )  w i t h  f i n e  
a d j u s t m e n t  w i t h  r e f e r e n c e  t o  a n a t o m i c a l  l a n d m a r k s .  S u b 
s e q u e n t  h i s t o l o g i c a l  v e r i f i c a t i o n  o f  e l e c t r o d e  t i p s  w e r e  
a c h i e v e d  b y  m a r k i n g  t h e m  w i t h  + 5 0 µ A DC c u r r e n t  f o r  1 7 s e c  
w i t h  f u r t h e r  p r o c e s s i n g  f o r  P r u s s i a n  b l u e  r e a c t i o n .  I n  
a d d i t i o n  h i s t o f l u o r e s c e n c e  t e c h n i q u e s  w e r e  a p p l i e d  t o  r e 
v e a l  t h e  p r o x i m i t y  o f  s t i m u l a t i o n  s i t e  t o  n o r a d r e n e r g i c  LC 
n e u r o n s .  LC w a s  s t i m u l a t e d  w i t h  b r i e f  t r a i n s  o f  c o n s t a n t  
c a t h o d a l  c u r r e n t  p u l s e s  ( 5 0 µ s e c ,  1 . 3 m s e c  I n t e r p u l s e  I n t e r 
v a l ,  1 / s e c ) w h i l e  I n t r a c e l l u l a r  r e c o r d s  w e r e  m a d e  f r o m  
I d e n t i f i e d  m o t o n e u r o n s  w i t h  3M K Cl , 4M K a c e t a t e  o r  2M K 
c i t r a t e - f i l l e d  m i c r o p i p e t t e s .  N e t  c o n d u c t a n c e  c h a n g e s  d u e  
t o  LC s t i m u l a t i o n  w e r e  d e t e r m i n e d  b y  p a s s i n g  s i n g l e  b r i d g e  
p u l s e s  o f  c o n s t a n t  h y p e r p o l a r i z i n g  c u r r e n t  d u r i n g  t h e  p e a k  
o f  p o s t s y n a p t i c p o t e n t i a l  c h a n g e s  a s  w e l l  a s  a t  r e s t i n g  
p o t e n t i a l .

I n  5 5  c e l l s  ( s p i k e  h e i g h t s  >  5 8m V ) t r a i n  s t i m u l i  ( 5 0 -  
5 0 0 µ A)  d e l i v e r e d  t o  LC c o n s i s t e n t l y  e v o k e d  E P S P s  w i t h  
s i n g l e  ( 3 7 / 5 5 )  o r  d o u b l e  p e a k s  ( 1 8 / 5 5 )  a n d  w i t h  p e a k  
a m p l i t u d e s  f r o m  0 . 2  t o  9mV a n d  l a t e n c y  t o  p e a k  f r o m  6 t o  
4 6 m s e c .  S i n g l e  s h o c k  t o  L C - e v o k e d  E P S P s  o f  0 . 4  t o  ImV 
a m p l i t u d e  a n d  l a t e n c y  t o  p e a k  f r o m  6  t o  27  m s e c  ( 1 4  c e l l s ) .  
T h e  L C - E P S P  w a s  s e n s i t i v e  t o  a l p h a - 1  b l o c k a d e  b y  p h e n o x y -  
b e n z a m l n e  ( 3 m g / k g , 1 . v . ) .  M e m b r a n e  c o n d u c t a n c e  d u r i n g  L C - E P S P  
w a s  e s t i m a t e d  t o  b e  11 t o  35%  h i g h e r  t h a n  a t  r e s t i n g  
m e m b r a n e  p o t e n t i a l  ( 9  c e l l s ) .

S u p p o r t e d  b y  NIH  g r a n t  N S 2 0 9 7 9 .

21 5 . 6  ACTION OF VESTIBULO-SPINAL AND RETICULO-SPINAL FIBERS ON 
THE PATHWAYS MEDIATING THE PAD OF I a  AND I b FIBERS IN  THE 
CAT SPINAL CORD.  I ,  J im e n e z * ,  P .  R u d o m in  a n d  M. S o l o d k i n * .  
D e p t .  P h y s i o l .  & B i o p h y s .  CINVESTAV, M e x ic o  14 D .F .  M e x ic o .

P r e v i o u s  w o rk  f ro m  t h i s  l a b o r a t o r y  ( 1 )  h a s  show n  t h a t  
c u t a n e o u s ,  r u b r o - s p i n a l  (R S ) a n d  c o r t i c o - s p i n a l  (C S ) p a t h 
w a y s  i n h i b i t  t h e  PAD o f  g r o u p  I a  f i b e r s  p r o d u c e d  b y  s t i m u 
l a t i o n  o f  l b  f l e x o r  m u s c l e  f i b e r s  by a c t i n g  o n  t h e  f i r s t  
o r d e r  i n t e r n e u r o n s  m e d i a t i n g  t h e  PAD, a n d  t h a t  i n h i b i t o r y  
i n p u t s  f ro m  t h e  b r a i n - s t e m  r e t i c u l a r  f o r m a t i o n  (R F ) a c t  on  
t h e  s e c o n d  ( l a s t )  o r d e r  i n t e r n e u r o n s .  I b  f i b e r s  a r e  i n s t e a d  
d e p o l a r i z e d  b y  t h e s e  s e g m e n t a l  a n d  d e s c e n d i n g  i n p u t s .  To 
f u r t h e r  c h a r a c t e r i z e  t h e  a c t i v a t i o n  p a t t e r n s  o f  t h e  i n t e r 
n e u r o n s  m e d i a t i n g  t h e  PAD o f  I  f i b e r s ,  we h a v e  now i n v e s t i 
g a t e d  t h e  s i t e  o f  a c t i o n  o f  v e s t i b u l o - s p i n a l  (V S ) i n p u t s .
We u s e d  c a t s  a n e s t h e t i z e d  w i t h  p e n t o b a r b i t a l  ( 3 5  mg / k g )  
s u p p le m e n te d  h o u r l y ,  p a r a l y z e d  a n d  u n d e r  a r t i f i c i a l  r e s p i 
r a t i o n .  PAD o f  s i n g l e  I  f i b e r s  e n d in g  i n  t h e  i n t e r m e d i a t e  
n u c l e u s  w a s  i n f e r r e d  f ro m  c h a n g e s  i n  t h e i r  a c t i v a t i o n  
t h r e s h o l d ,  w h ic h  w as a u t o m a t i c a l l y  d e t e r m i n e d  b y  m e a n s  o f  
a  d i g i t a l  c o m p u t e r .  I n  16 o u t  o f  36 g r o u p  I  GS f i b e r s  
c l a s s i f i e d  a s  I a  b e c a u s e  s u r a l  (SU ) c o n d i t i o n i n g  r e v e r s e d  
t h e  PAD g e n e r a t e d  by  g r o u p  I  PB St v o l l e y s  ( 1 ) ,  s t i m u l a t i o n  
o f  t h e  VS a n d  o f  t h e  i p s i l a t e r a l  ( i )  RF p r o d u c e d  PAD w h ic h  
w as  a l s o  i n h i b i t e d  by  SU c o n d i t i o n i n g .  I n  16 o t h e r  I a  f i 
b e r s  s t i m u l a t i o n  o f  t h e  iR F  i n h i b i t e d  t h e  PAD p r o d u c e d  by 
PB St v o l l e y s ,  a s  r e p o r t e d  p r e v i o u s l y  ( 1 ) ,  a n d  o n l y  4 o f  
t h e s e  f i b e r s  sh o w e d  PAD by  VS v o l l e y s  w h ic h  w as a l s o  i n h i 
b i t e d  by  SU a n d  iR F  i n p u t s .  VS s t i m u l a t i o n  w a s  w i t h o u t  a n y  
e f f e c t  on  t h e  o t h e r  12 f i b e r s .  A l l  I b  f i b e r s  t e s t e d  ( n = 6 ) 
w e r e  d e p o l a r i z e d  by  SU, iR F  a n d  VS s t i m u l a t i o n .  O u r o b s e r 
v a t i o n s  i n d i c a t e  t h a t ,  u n l i k e  t h e  CS a n d  RS f i b e r s  w h ic h  
h a v e  o p p o s i t e  a c t i o n s  on  t h e  i n t e r n e u r o n s  m e d i a t i n g  t h e  
PAD o f  I a  a n d  I b  f i b e r s ,  t h e  VS f i b e r s  h a v e  e x c i t a t o r y  c o n 
n e c t i o n s  w i t h  t h e s e  tw o  s e t s  o f  i n t e r n e u r o n s .  I n  t h e  c a s e  
o f  t h e  I a  f i b e r s  t h i s  e x c i t a t o r y  a c t i o n  a p p e a r s  t o  be  
e x e r t e d  o n  t h e  f i r s t  o r d e r  i n t e r n e u r o n s . I t  i s  a n  o p e n  
q u e s t i o n  w h e t h e r  s t i m u l a t i o n  o f  t h e  r e t i c u l a r  f o r m a t i o n  
c o a c t i v a t e s  tw o  i n d e p e n d e n t  d e s c e n d i n g  f i b e r  s y s t e m s ,  o n e  
i n h i b i t i n g  a n d  t h e  o t h e r  e x c i t i n g  t h e  i n t e r n e u r o n s  w h ic h  
m e d i a t e  t h e  PAD o f  I a  f i b e r s ,  o r  w h e t h e r  t h e r e  i s  o n l y  o n e  
d e s c e n d i n g  p a th w a y  w i t h  s e g m e n t a l  e x c i t a t o r y  a n d  i n h i b i t o r y  
c o n n e c t i o n s .  E x p e r im e n t s  a r e  now b e in g  d o n e  t o  c l a r i f y  t h i s  
i s s u e .
P a r t l y  s u p p o r t e d  b y  g r a n t s  NIH N S -0 9 1 9 6  a n d  CONACyT 0 0 2 0 0 8 .
1 . -  R u d o m in  e t  a l . , J .  N e u r o p h y s i o l .  50  ( 1 9 8 3 )  7 4 3 - 7 6 9 .
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2 1 5 .7   T H E  GROU P I A  E P S P  IN  HUMAN S P I N A L  S P A S T I C I T Y .   A 
M a i l i s *  a n d  P  A s h b y .  P l a y f a i r  N e u r o s c i e n c e  U n i t .  
U n i v e r s i t y  o f  T o r o n t o .  T o r o n t o .  C a n a d a .

A f t e r  s p i n a l  c o r d  i n j u r y  m a n y  p a t i e n t s  d e v e l o p  
e x a g g e r a t e d  t e n d o n  j e r k s  a n d  s t r e t c h  r e f l e x e s ,  a  
s t a t e  k n o w n  a s  s p a s t i c i t y .  O n e  p o s t u l a t e d  
e x p l a n a t i o n  f o r  t h i s  s t a t e  i s  t h a t  s e g m e n t a l  
m u s c l e  a f f e r e n t s  s p r o u t  a n d  m a k e  n e w  s y n a p s e s  o n  
m o t o n e u r o n s .

O b s e r v a t i o n s  w e r e  m a d e  o n  5 n o r m a l  s u b j e c t s ,  11  
p a t i e n t s  w i t h  i n c o m p l e t e  s p i n a l  l e s i o n s  f r o m  
t r a u m a  ( 3  w e e k s  t o  3 . 5  y r s  e a r l i e r )  a n d  2 p a t i e n t s  
w i t h  m u l t i p l e  s c l e r o s i s .  T h e  t i b i a l  n e r v e  w a s  
s t i m u l a t e d  p e r c u t a n e o u s l y  a t  s t i m u l u s  s t r e n g t h s  
e x p r e s s e d  i n  t e r m s  o f  t h e  t h r e s h o l d  o f  t h e  a l p h a  
m o t o n e u r o n  a x o n s  ( M T ) . T h e  a c t i o n  p o t e n t i a l s  o f  a  
s i n g l e  s o l e u s  m o t o r  u n i t  a c t i v a t e d  b y  a  v o l u n t a r y  
c o n t r a c t i o n  w e r e  r e c o r d e d  w i t h  a n  i n t r a m u s c u l a r  
n e e d l e  e l e c t r o d e  a n d  e x t r a c t e d  u s i n g  a  w i n d o w  
d i s c r i m i n a t o r .  P o s t - s t i m u l u s  t i m e  h i s t o g r a m s  
s h o w i n g  t h e  f i r i n g  p r o b a b i l i t y  o f  t h e  m o t o r  u n i t  
i n  r e l a t i o n  t o  t h e  a f f e r e n t  v o l l e y s  w e r e  g e n e r a t e d  
u s i n g  a  l a b  c o m p u t e r .

T h e  m e a n  i n t e r s p i k e  i n t e r v a l s  o f  t h e  m o t o r  
u n i t s  ( a n d  t h e i r  s t a n d a r d  d e v i a t i o n s )  w e r e  n o t  
s t a t i s t i c a l l y  d i f f e r e n t  i n  t h e  n o r m a l  a n d  p a t i e n t  
g r o u p s  ( N o r m a l  ( N ) = 1 9 1 m s  n = δ , S p i n a l  ( S ) = 2 3 8 m s  
n = 2 2 ,  p > 0 . 0 5 ) .  T h e  s t i m u l u s  s t r e n g t h  r e q u i r e d  t o  
g e n e r a t e  a  p e r i o d  o f  i n c r e a s e d  f i r i n g  p r o b a b i l i t y  
( P I F ) ,  t h e  t h r e s h o l d  f o r  a  d e t e c t a b l e  E P S P  w a s  
s i m i l a r  i n  t h e  t w o  g r o u p s  ( N = 0 .7 8 M T  n = 8 ,  S = 0 .7 9 M T  
n = 2 7 , p > 0 . 7 ) .  T h e  d u r a t i o n  o f  t h e  P I F  w a s  
s i m i l a r  i n  t h e  t w o  g r o u p s  ( N = 2 . 0 3 m s  n = 8 ,  S = 2 . 0 1 m s  
n = 2 7 ,  p > 0 . 9 5 )  e v e n  f o r  t h o s e  u n i t s  c o n s i d e r e d  t o  
h a v e  l a r g e  E P S P s  a n d  l o w  b a c k g r o u n d  n o i s e .  T h e  
r e l a t i v e  a m p l i t u d e s  o f  t h e  u n d e r l y i n g  E P S P s  
( e s t i m a t e d  f r o m  t h e  n u m b e r  o f  e x t r a  c o u n t s  i n  t h e  
P I F  p e r  1 0 0 0  s t i m u l i )  w a s  s i m i l a r  i n  t h e  t w o  
g r o u p s  ( N = 6 6  n = 8 , S = 7 0  n = 2 7 , p > 0 . 8 ) .  

T h u s  w e  d e t e c t e d  n o  c h a n g e s  i n  t h e  e s t i m a t e d  
a m p l i t u d e s  o r  r i s e  t i m e s  o f  t h e  g r o u p  I a  E P S P  
f o l l o w i n g  s p i n a l  l e s i o n s  i n  m a n  i n c l u d i n g  t h o s e  i n  
t h e  s u b g r o u p  w i t h  s e v e r e  s p a s t i c i t y .  T h e r e  i s  n o  
s u p p o r t  f r o m  t h i s  s t u d y  f o r  t h e  h y p o t h e s i s  t h a t  
s p r o u t i n g  o f  I a  a f f e r e n t s  i s  r e s p o n s i b l e  f o r  
s p a s t i c i t y  .

2 1 5 .8  POTENTIATION OF SYNAPTIC TRANSMISSION FOLLOWING SHORT HIGH 
FREQUENCY BURSTS AT SINGLE IA/MOTONEURON CONNECTIONS.  B .M . 
D a v i s ,  W .F . C o l l i n s ,  I I I  a n d  L .M . M e n d e l l .  D e p t .  N e u r o b io l o g y  
a n d  B e h a v i o r ,  SUNY, S to n y  B r o o k ,  NY 1 1 7 9 4 .

S t i m u l a t i o n  o f  s i n g l e  I a  f i b e r s  w i t h  r e p e a t e d  h i g h  f r e 
q u e n c y  b u r s t s ,  (3 2  s h o c k s  a t  167H z e v e r y  2 s e c o n d s )  u s u a l l y  
c a u s e s  t h e  f i r s t  e v o k e d  EPSP i n  t h e  b u r s t  (E P S P 1 ) t o  b e  l a r g 
e r  t h a n  t h e  " s t a n d a r d "  EPSP e v o k e d  b y  lo w  f r e q u e n c y  (1 8 H z )  
s t i m u l a t i o n  ( 1 ) .  S i n c e  e a c h  b u r s t  ( n = 1 2 8 - 5 1 2 )  f o l l o w s  t h e  
p r e v i o u s  o n e  b y  a n  i n t e r v a l  o f  2 s e c . , E PS P1 c a n  b e  c o n s i d e r e d  
t o  b e  a  m e a s u r e  o f  t h e  e f f i c a c y  o f  t r a n s m i s s i o n  2 s e c o n d s  
a f t e r  t h e  b u r s t .  We s u g g e s t  t h a t  t h i s  e l e v a t i o n  i n  E PS P1 
w h ic h  r e a c h e s  s t e a d y  s t a t e  w i t h i n  t h e  f i r s t  f e w  b u r s t s  r e 
f l e c t s  a  p r o c e s s  o f  " p o t e n t i a t i o n " .  I n  t h e  p r e s e n t  s t u d y ,  we 
c h a r a c t e r i z e  t h e  t im e  c o u r s e  o f  " p o t e n t i a t i o n "  b e tw e e n  b u r s t s .  
S i n g l e  g a s t r o c n e m i u s  m o to n e u r o n s  a n d  I a  f i b e r s  w e r e  s i m u l t a n 
e o u s l y  i m p a l e d  i n  a n e s t h e t i z e d  c a t s .  T h e  I a  f i b e r s  w e r e  s t i m 
u l a t e d  w i t h  h i g h  f r e q u e n c y  b u r s t s  (3 2  s h o c k s ,  1 6 7 H z ) e v e r y  
tw o  s e c o n d s .  A d d i t i o n a l  s t i m u l i  [ r e c o v e r y  p u l s e s  ( R P ) ] ,  w e r e  
d e l i v e r e d  a t  f i x e d  i n t e r v a l s  a f t e r  e a c h  b u r s t  t o  c h a r a c t e r i z e  
c h a n g e s  o c c u r r i n g  b e tw e e n  t h e  b u r s t s .  T h e  E P S P s w e r e  a v e r a g e d  
i n  r e g i s t e r .  W hen a  s i n g l e  RP w a s  d e l i v e r e d  50  t o  100m s a f t e r  
e a c h  b u r s t ,  t h e  r e s u l t i n g  EPSP (E PSPR P) w a s  g e n e r a l l y  l a r g e r  
t h a n  E PSP1 a n d  a lw a y s  l a r g e r  t h a n  t h e  s t a n d a r d  EPSP ( b y  a  
f a c t o r  o f  1 . 2 - 2 . 6 ) .  T he  g r e a t e s t  r e l a t i v e  e n l a r g e m e n t  o f  
EPSPRP ( i . e .  w i t h  r e f e r e n c e  t o  t h e  s t a n d a r d  E PS P) w a s  o b s e r v 
e d  a t  c o n n e c t i o n s  w i t h  s m a l l  " s t a n d a r d "  E P S P s (< 1 0 0 µV) i n  
w h ic h  t h e  a m p l i t u d e  o f  s u c c e s s i v e  E P S P s w i t h i n  t h e  b u r s t s  i n 
c r e a s e d  ( f a c i l i t a t i o n ) .  I n  c o n t r a s t ,  e n h a n c e m e n t  o f  E PS P1 w a s  
l a r g e s t  a t  c o n n e c t i o n s  w i t h  l a r g e  s t a n d a r d  E P S P s ( > 1 0 0 µ V ) . 
T h e s e  f i n d i n g s  s u g g e s t  t h a t  e l e v a t i o n  i n  E PS P1 a m p l i t u d e  r e 
f l e c t s  " p o t e n t i a t i o n "  w h o s e  t im e  c o u r s e  i s  r e l a t i v e l y  s lo w  
c o m p a re d  t o  t h e  f a c i l i t a t i o n  a n d  d e p r e s s i o n  w h ic h  i n f l u e n c e  
EPSP a m p l i t u d e  d u r i n g  a n d  i n  t h e  i m m e d ia te  (u p  t o  1 0 0 m s) 
a f t e r m a t h  o f  t h e  b u r s t  ( i . e .  EPSPR P) . T h e  r e s u l t s  a l s o  s u g g e s t  
t h a t  p r o p e r t i e s  o f  t h e  s y n a p s e s  d i f f e r  a c r o s s  c o n n e c t i o n s  
s u c h  t h a t  l a r g e  E P S P s c a n  u n d e r g o  g r e a t e r  p o t e n t i a t i o n  a f t e r  
t h e  b u r s t  a s  w e l l  a s  m o re  d e p r e s s i o n  d u r i n g  t h e  b u r s t  ( 1 ) 
t h a n  s m a l l  E P S P s . S u c h  a c t i v i t y  a n d  t i m e - d e p e n d e n t  c h a n g e s  
a s s o c i a t e d  w i t h  s h o r t  b u r s t s  o f  f i r i n g  e m p h a s i z e  t h e  n e c e s s 
i t y  t o  c o n s i d e r  t h e  g r o u p  I a  f i b e r  f i r i n g  p a t t e r n  i n  a s s e s s 
i n g  e f f i c a c y  a t  i n d i v i d u a l  I a / m o to n e u r o n  c o n n e c t i o n s  d u r i n g  
d i f f e r e n t  t a s k s  w h ic h  c a n  i n v o l v e  b u r s t s  o f  h i g h  f r e q u e n c y  
f i r i n g .   S u p p o r t  b y  NIH G r a n t s  N S 0 7 3 1 9 (B M D ), N S 06407  & N S 20264  
(WFC) & N S 14899  & N S 16996(L M M ).
( 1 )  C o l l i n s ,  W .F . I I I , H o n ig ,  M .G . a n d  M e n d e l l ,  L .M . N e u r o s c i .  
A b s t r .  9, 1 9 8 3 .

2 1 5 .9   VARIATION OF SPINAL MOTONEURON EPSP AMPLITUDE DURING 
FREQUENCY MODULATED STIMULATION OF SINGLE IA  AFFERENT F IB E R S,  
W .F . C o l l i n s ,  I I I ,  B .M . D a v i s  a n d  L .M . M e n d e l l .  D e p t .  N e u r o 
b i o l o g y  & B e h a v i o r ,  SUNY, S to n y  B r o o k ,  NY 1 1 7 9 4 .

S t i m u l a t i o n  o f  s i n g l e  I a  a f f e r e n t s  w i t h  h i g h  f r e q u e n c y  
b u r s t s  c a n  r e s u l t  i n  c o n s i d e r a b l e  (3  f o l d )  m o d i f i c a t i o n  o f  
m o to n e u r o n  EPSP a m p l i t u d e  b o t h  d u r i n g  a n d  a f t e r  (u p  t o  3 0 s e c )  
t h e  s t i m u l a t i o n  (B .M . D a v i s  e t  a l .  t h i s  v o l u m e ) .  I n  t h e  p r e 
s e n t  s t u d y  we e x a m in e  t h e  m o d u l a t i o n  o f  EPSP a m p l i t u d e  d u r i n g  
f r e q u e n c y  m o d u la t e d  g r o u p  I a  i m p u l s e  a c t i v i t y .  T h e  d i s c h a r g e  
p a t t e r n  (5 2  i m p u l s e s  w i t h  i n t e r s p i k e  i n t e r v a l s  r a n g i n g  f ro m  
5 . 2  t o  5 5 .9 m s )  w a s  t h a t  o f  a  s i n g l e  v a s t u s  m e d i a l i s  s p i n d l e  
r e c o r d e d  d u r i n g  a  p e r i o d  o f  i s o m e t r i c  c o n t r a c t i o n  i n  a  
w a l k i n g  c a t  ( c o u r t e s y  o f  D r .  G .E . L o e b ) . S i n g l e  g a s t r o c n e m i u s  
m o to n e u r o n s  a n d  I a  a f f e r e n t s  w e r e  s i m u l t a n e o u s l y  im p a l e d  i n  
N e m b u ta l  a n e s t h e t i z e d  c a t s .  T h e  b u r s t  w a s  p r e s e n t e d  6 4 - 2 5 6  
t i m e s  w i t h  a n  800m s i n t e r b u r s t  i n t e r v a l  w h ic h  c o r r e s p o n d e d  t o  
t h e  r a t e  o f  s t e p p i n g .  T h e  m o to n e u r o n  E P S P s w e r e  a v e r a g e d  i n  
r e g i s t e r  s o  t h a t  t h e  a m p l i t u d e  m o d u l a t i o n  o f  t h e  E P S P s d u r i n g  
t h e  b u r s t  w a s  c l e a r l y  v i s i b l e .  T h e  p a t t e r n  o f  m o d u l a t i o n  
d i f f e r e d  f ro m  c o n n e c t i o n  t o  c o n n e c t i o n .  I n  som e c a s e s ,  p a r t i 
c u l a r l y  i n  lo w  r h e o b a s e  m o to n e u r o n s ,  E P S P s p r o d u c e d  b y  t h e  
h i g h  f r e q u e n c y  p o r t i o n  o f  t h e  b u r s t  ( s t i m u l i  2 3 - 2 7 )  w e r e  d i 
m i n i s h e d  i n  a m p l i t u d e .  I n  o t h e r s ,  l i t t l e  o r  n o  a m p l i t u d e  
m o d u l a t i o n  o c c u r r e d .  T h e s e  d i f f e r e n c e s  i n  m o d u l a t i o n  w e r e  o f  
s u f f i c i e n t  m a g n i t u d e  t o  r e v e r s e  t h e  r a n k  o r d e r  o f  t h e  d i f f e r 
e n t  c o n n e c t i o n s  a s  d e t e r m i n e d  b y  EPSP a m p l i t u d e .  A t a  fe w  
c o n n e c t i o n s ,  p a r t i c u l a r l y  o n  m o to n e u r o n s  w i t h  l a r g e  r h e o b a s e ,  
a n  i n c r e a s e  i n  a m p l i t u d e  w a s  o b s e r v e d  d u r i n g  t h e  h i g h  f r e 
q u e n c y  p o r t i o n  o f  t h e  b u r s t .  We a l s o  n o t e d  t h a t  t h e  i n i t i a l  
EPSP i n  t h e  b u r s t  w a s  t h e  l a r g e s t  E P S P , a n d  t h a t  i n  m o s t  
c a s e s  i t  w a s  l a r g e r  t h a n  t h e  " s t a n d a r d "  EPSP g e n e r a t e d  b y  lo w  
f r e q u e n c y  (1 8 H z )  s t i m u la t i o n .  A m p l i tu d e  m o d u l a t i o n  w i t h i n  
t h e s e  b u r s t s  (E P S P 1 /E P S P 23 - 2 7 ) c o u ld  b e  a s  h i g h  a s  a  f a c t o r  
o f  3 .  T h e s e  f i n d i n g s  e m p h a s i z e  t h a t  EPSP a m p l i t u d e  i s  n o t  
f i x e d  b u t  v a r i e s  s y s t e m a t i c a l l y  d u r i n g  f r e q u e n c y  m o d u la t e d  
a c t i v i t y  i n  t h e  p r e s y n a p t i c  f i b e r .  T h e  f i n d i n g  t h a t  EPSP am p
l i t u d e  m o d u l a t i o n  c o r r e l a t e s  w i t h  m o to n e u r o n  r h e o b a s e  s u g 
g e s t s  t h a t  t r a n s m i s s i o n  o f  I a  f i b e r  i n f o r m a t i o n  t o  α - m o to 
n e u r o n s  m ay d i f f e r  s y s t e m a t i c a l l y  a c c o r d i n g  t o  t h e  d i f f e r e n t  
t y p e s  o f  m o to r  u n i t s  ( S ,F R ,F F )  t h e y  s u p p l y  s i n c e ,  i n  g e n e r a l ,  
p r o g r e s s i o n  f r o m  S t o  FR t o  FF  i s  a s s o c i a t e d  w i t h  a n  i n c r e a s e  
i n  m o to n e u r o n  r h e o b a s e  ( F le s h m a n  e t  a l .  J .  N e u r o p h y s i o l .  4 6 , 
1 9 8 1 ) .   S u p p o r t  b y  NIH N S 0 6 4 0 7  & N S 2 0 2 6 4 (W F C ), N S 0 7 3 1 9  (BMD) 
a n d  N S 1 4 8 9 9  a n d  N S 16996(L M M ).

215.10  EX CITABILITY OF DISTAL FORELIMB MOTONEURONS.  B .R . B o t t e r m a n  
a n d  T .C .  C o p e .  D e p t .  o f  C e l l  B i o l o g y ,  U n iv .  o f  T e x a s  H l t h .  
S c i .  C t r . ,  D a l l a s  TX 7 5 2 3 5

R e c e n t l y  o b t a i n e d  k n o w le d g e  a b o u t  t h e  m e c h a n i c a l  p r o p e r 
t i e s  o f  d i s t a l  f o r e l i m b  m o to r  u n i t s  ( B o t t e r m a n  e t  a l . ,  S o c . 
N e u r o s c i . A b s t r . 8 : 3 3 0 ,  1 9 8 2 )  r a i s e d  q u e s t i o n s  a b o u t  
p r o p e r t i e s  o f  t h e i r  m o to n e u r o n s  (M N ). I n  p a r t i c u l a r ,  we 
w a n te d  t o  d e t e r m i n e  i f  m e c h a n i c a l  d i f f e r e n c e s  i n  t h e s e  
m o to r  u n i t s  r e l a t i v e  t o  t h o s e  o f  t h e  h i n d l i m b  m ig h t  b e  
p a r a l l e l e d  b y  d i f f e r e n c e s  i n  MN r e p e t i t i v e  f i r i n g  a n d  o t h e r  
d i s c h a r g e  p r o p e r t i e s .

I n t r a c e l l u l a r  r e c o r d i n g s  w e r e  m ade f ro m  m e d ia n  a n d  u l n a r  
MNs i n  b a r b i t u r a t e - a n e s t h e s i z e d  c a t s .  I n  15 MNs e x h i b i t i n g  
a c t i o n  p o t e n t i a l  a m p l i t u d e s  > 65m v, d e p o l a r i z i n g  c u r r e n t  
p u l s e s  w e r e  i n j e c t e d  f o r  d u r a t i o n s  a p p r o p r i a t e  t o  s t u d y  
a f t e r - h y p e r p o l a r i z a t i o n  (AHP; 0 . 1 m s ) ,  r h e o b a s i c  c u r r e n t  
(5 0 m s )  a n d  r e p e t i t i v e  f i r i n g  ( 2 . 5 s ) .  AHP h a l f - d e c a y  t im e  
r a n g e d  f ro m  1 2 - 5 0 m s ,  w h i l e  a m p l i t u d e  v a r i e d  b e tw e e n  
1 .4 - 6 .2 m V .  R h e o b a s i c  c u r r e n t  r a n g e d  b e tw e e n  1 - 16 n A . T h e s e  
v a l u e s  f a l l  w i t h i n  p r e v i o u s l y  r e p o r t e d  r a n g e s  f o r  h i n d l i m b  
MNs.

R e p e t i t i v e  f i r i n g  o f  11 MNs w as e v a l u a t e d  o v e r  a t  l e a s t  
4  c u r r e n t  s t r e n g t h s .  T h e  m inim um  s t e a d y  s t a t e  f i r i n g  r a t e ,  
m e a s u r e d  1s  a f t e r  t h e  o n s e t  o f  c u r r e n t  i n j e c t i o n ,  r a n g e d  
b e tw e e n  1 2 - 3 1 p p s ,  a n d  w as d i r e c t l y  r e l a t e d  ( P < 0 .0 1 )  t o  
r h e o b a s i c  c u r r e n t .  C u r r e n t  t h r e s h o l d  f o r  r e p e t i t i v e  f i r i n g  
w as a b o u t  2 t i m e s  g r e a t e r  t h a n  r h e o b a s i c  c u r r e n t .  T h e  
s t e a d y  s t a t e  f r e q u e n c y / c u r r e n t  s l o p e  i n  t h e  p r i m a r y  r a n g e  
v a r i e d  b e tw e e n  0 . 7 7 - 2 .2 1 p p s / n A .  T h e  m axim um  s t e a d y  s t a t e  
f i r i n g  r a t e  i n  t h e  p r i m a r y  r a n g e  w as b e tw e e n  2 6 - 8 3 p p s .  T h e  
g r e a t e s t  i n s t a n t a n e o u s  f i r i n g  r a t e s ,  3 3 3 - 4 5 4 p p s ,  w e r e  
o b s e r v e d  f o r  t h e  f i r s t  i n t e r s p i k e  i n t e r v a l  i n  t h e  s e c o n d a r y  
r a n g e ,  a n d  t h e s e  v a l u e s  w e r e  i n v e r s e l y  r e l a t e d  ( P < 0 .0 1 )  t o  
AHP a m p l i t u d e .

T h e s e  p r e l i m i n a r y  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  i n t r i n 
s i c  d i s c h a r g e  p r o p e r t i e s  o f  d i s t a l  f o r e l i m b  MNs c l o s e l y  
r e s e m b le  t h o s e  o f  h i n d l i m b  MNs. T h i s  s i m i l a r i t y  f u r t h e r  
s u g g e s t s  t h a t  d i f f e r e n c e s  i n  s p e e d - r e l a t e d  m e c h a n i c a l  
p r o p e r t i e s  b e tw e e n  h i n d l i m b  a n d  d i s t a l  f o r e l i m b  m o to r  u n i t s  
i s  n o t  r e f l e c t e d  i n  t h e i r  r e s p e c t i v e  MN d i s c h a r g e  
p r o p e r t i e s  m e a s u r e d  i n  t h i s  s t u d y .   S u p p o r t e d  b y  NIH  g r a n t  
NS 1 7 6 8 3 .
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2 1 5 . 11   CONSEQUENCES OF THE FUNCTIONAL VARIATION OF MOTO- 
NEURONE POSTSYNAPTIC PROPERTIES ON EPSP SHAPE 
INDICES.  B. Gustafsson*and M. J . P in ter.  D e p t .  of Physio l., 
Univ. of Göteborg, Box 33031, S-400 33 Göteborg, Sweden.

Among cat triceps  surae  motoneurones (MN), the shapes of 
composite Ia EPSPs differ such that both rise -tim es and half
widths a re  longest among MNs projecting to slow twitch muscle 
un its . Since previous evidence indicated that no substantial 
differences existed among MNs in e ither specific membrane 
p roperties  o r dendritic geom etry, these shape variations have 
been attributed to differences in the positioning of Ia synapses 
along the dendritic tre e . More recent evidence indicates, how
ever, that th e re  exists a substantial variation in specific mem
brane resistiv ity  and dendritic geometry among MNs. We were 
in terested  in exploring the consequences of th is on EPSP shape 
indices. Ten-com partm ent equivalent cylinder models were 
assem bled using average properties  obtained from  2 MN groups 
classified  according to rheobase current and input conductance. 
These groups a re  re fe rred  to as fast and slow since they possess 
average rheobase s im ila r to types S and FF  MNs. A conductance 
transien t of the form  atexp  (1- α t) and tim e-to-peak of 150 µsec 
(1/ α) was injected into individual com partm ents and the shape 
indices of the resulting’ som atic’ EPSPs were calculated. For 
each injection site , the EPSP half-widths, tim es-to-peak and 
10-90 % rise -tim es  w ere longer in the slow model, and the 
differences became m ore exaggerated at successively more 
d ista l injection s ite s . When the current was distributed uniform
ly among com partm ents 3 to 6, the resulting shape indices for 
the slow model were quite s im ila r to the apparent average values 
observed fo r type S composite Ia EPSPs. For the fast model, the 
shape indices fell within the lower part of the range observed for 
type F composite E P S P s. The resu lts  of these calculations 
suggest that composite EPSP shape-index differences may a rise  
from  system atic differences in MN postsynaptic p roperties 
ra th e r than differences in dendritic location of synaptic input.

2 1 5 . 1 2   E PS P SHAPE I N D I C E S  WHEN D E N D RI T IC  TR E E S HAVE UNEQUAL 
LENG TH  .  I d a r t  S e g e v *  a n d  W i l f r i d  R a i l ,   M a t h e m a t i c a l  
R e s e a r c h  B r a n c h ,  NIAD DK ,  N I H ,  B e t h e s d a ,  MD 2 0 2 0 5 .

A n u m b e r  o f  s t u d i e s  u s e  EP SP  s h a p e  i n d i c e s  t o  e s t i m a t e  
t h e  c a b l e  d i s t a n c e  o f  l o c a l i z e d  d e n d r i t i c  s y n a p t i c  i n p u t  
f r o m  t h e  n e u r o n  s o m a .  T h e s e  e s t i m a t e s  a r e  u s u a l l y  b a s e d  
u p o n  s h a p e  i n d e x  l o c i  ( p l o t s  o f  h a l f  w i d t h  v e r s u s  p e a k  t i m e  
f o r  s e v e r a l  i n p u t  l o c a t i o n s )  c o m p u t e d  f o r  a  m o d e l  w h i c h  
r e p r e s e n t s  a l l  d e n d r i t i c  t r e e s  a s  e q u i v a l e n t  t o  c y l i n d e r s  
o f  t h e  s a m e  e l e c t r o t o n i c  l e n g t h ,  L .  H e r e  w e  a d d r e s s  t h e  
c o m p l i c a t i o n  t h a t  r e s u l t s  w h e n  s e v e r a l  d e n d r i t i c  t r e e s  
b e l o n g i n g  t o  o n e  n e u r o n  h a v e  d i f f e r e n t  L v a l u e s .  We h a v e  
a n  a n a l y t i c a l  s o l u t i o n  f o r  t h i s  c a s e ,  w h i c h  p r o v i d e s  t h e  
c o m p l e t e  EP SP  s h a p e  p r o d u c e d  b y  l o c a l  i n j e c t i o n  o f  c u r r e n t  
p r o p o r t i o n a l  t o  T e x p  ( - α T ) .  We i l l u s t r a t e  o u r  r e s u l t s  
w i t h  a  q u a d r i p o l a r  m o d e l  h a v i n g  o n e  s h o r t  t r e e  w i t h  L = 0 . 8 ,  
t h r e e  l o n g  t r e e s  w i t h  L = 1 . 8 ,  a n d  w i t h  a  v e r y  s m a l l  s o m a .  
I n  t h i s  c a s e  t h e  d e c a y  t i m e  c o n s t a n t s  a n d  c o e f f i c i e n t s  
y i e l d  a n  L v a l u e  e s t i m a t e  f o r  t h e  s y s t e m  ( L p e e l ) o f  1 . 6  
( S e g e v  a n d  R a i l ,  N e u r o s c i .  A b s t r . ,  1 9 8 3 ) ;  t h u s  a  s i n g l e  
c y l i n d e r  w i t h  L= l . 6  i s  o u r  r e f e r e n c e  c a s e .

C u r v e  R i s  t h e  s h a p e  i n d e x  l o c u s  f o r  t h e  r e f e r e n c e  c a s e .  
C u r v e  A i s  t h e  l o c u s  f o r  i n p u t s  a l o n g  a n y  o f  t h e  t h r e e  
l o n g  t r e e s ;  t h i s  l o c u s  d i v e r g e s  f r o m  t h e  r e f e r e n c e  c a s e  
o n l y  f o r  d i s t a l  i n p u t  l o c a t i o n s .  C u r v e  B i s  t h e  l o c u s  f o r  
i n p u t s  a l o n g  t h e  s h o r t  t r e e ;  n e a r  i t s  m i d p o i n t ,  c u r v e  B 
c r o s s e s  t h e  r e f e r e n c e  c u r v e ;  i t s  p r o x i m a l  h a l f  i s  s t e e p e r  
a n d  i t s  d i s t a l  h a l f  i s  f l a t t e r  a n d  l o w e r .

2 1 5 . 1 3   COMPUTER SIMU LA TI ON  OF COMPOSITE E P S P s  BASED ON THE 
MORPHOLOGY OF α -MOTONEURONS AND GROUP I a  A F F E R E N T S .   R .  E .  
B u r k e ,  J .  W. F l e s h m a n  a n d  I .  S e g e v * . L a b .  N e u r a l  C o n t r o l ,  
N I N C D S ,  a n d  M a t h .  R e s .  B r . ,  NIAD DK ,  N I H ,  B e t h e s d a ,  MD.

L a s t  y e a r ,  w e  r e p o r t e d  ( N e u r o s c i .  A b s t r . 9 : 3 4 1 )  t h a t  t h e  
i n p u t  r e s i s t a n c e  (RN), m e m b r a n e  t i m e  c o n s t a n t ,  a n d  
e l e c t r o t o n i c  l e n g t h  o f  s i x  H R P - l a b e l e d ,  t y p e - i d e n t i f i e d  
m e d i a l  g a s t r o c n e m i u s  (MG) α - m o t o n e u r o n s  c o u l d  b e  
r e c o n c i l e d  w i t h  t h e i r  m o r p h o l o g y  w h e n  t h e y  w e r e  s i m u l a t e d  
i n  c o m p u t e r  m o d e l s  w i t h  n o n - u n i f o r m  s p e c i f i c  m e m b r a n e  
r e s i s t i v i t y  ( R m ) .  Rm c o u l d  e i t h e r  r i s e  a b r u p t l y  f r o m  
a  l o w  v a l u e  a t  t h e  s o m a  t o  a  h i g h e r ,  c o n s t a n t  v a l u e  i n  t h e  
d e n d r i t e s  ( s t e p  m o d e l )  o r  m o n o t o n i c a l l y  i n c r e a s e  a s  a  
f u n c t i o n  o f  d i s t a n c e  f r o m  t h e  s o m a  ( s i g m o i d a l  m o d e l ) .  I n  
b o t h  c a s e s ,  s p e c i f i c  m e m b r a n e  c a p a c i t a n c e  w a s  1 µ F / c m 2 . 
I n  t h e  p r e s e n t  s t u d y ,  t h e  s a m e  m o t o n e u r o n  m o d e l s  w e r e  u s e d  
t o  e x a m i n e  t h e  E P S P s  p r o d u c e d  b y  m o d e l  s y n a p s e s  s p a t i a l l y  
d i s t r i b u t e d  i n  a c c o r d  w i t h  HRP s t u d i e s  o f  g r o u p  I a  
c o n t a c t s  o n t o  t r i c e p s  s u r a e  m o t o n e u r o n s  ( G l e n n  e t  a l . ,  
N e u r o s c i .  A b s t r . 8 : 9 9 5 ,  1 9 8 2 ) .  A t o t a l  o f  3 0 0  s y n a p s e s  
w a s  a c t i v a t e d  ( 6 0  MG I a  a f f e r e n t s  t i m e s  1 0  b o u t o n s  p e r  
a f f e r e n t  t i m e s  0 . 5  p r o b a b i l i t y  o f  t r a n s m i t t e r  r e l e a s e ) ,  
e a c h  w i t h  a  p e a k  c o n d u c t a n c e  o f  5 n S  a t  2 0 0  µS ( F i n k e l  a n d  
R e d m a n ,  J .  P h y s i o l .  3 4 2 : 6 1 5 ,  1 9 8 3 ) .  S y n a p t i c  c o n d u c t a n c e  
o n s e t s  w e r e  d i s t r i b u t e d  i n  t i m e  i n  a c c o r d  w i t h  c o n d u c t i o n  
l a t e n c y  d i f f e r e n c e s  a m o n g  c a t  g r o u p  I a  a f f e r e n t s  ( L u s c h e r  
e t  a l . ,  J .  N e u r o p h y s i o l . 4 2 : 1 1 4 6 ,  1 9 7 9 ) .  S i m u l a t i o n s  w e r e  
c a r r i e d  o u t  u s i n g  t h e  g e n e r a l  p u r p o s e  n e t w o r k  a n a l y s i s  
p r o g r a m  " S P I C E "  r u n n i n g  o n  a  V A X - 1 1 / 7 5 0  c o m p u t e r .  T h e  
m a i n  r e s u l t s  t o  d a t e  a r e :
1 .  F o r  a  g i v e n  m o t o n e u r o n  a n d  s p a t i a l  d i s t r i b u t i o n  o f  

s y n a p s e s ,  t h e  c o m p o s i t e  E P S P s  g e n e r a t e d  i n  t h e  t w o  Rm 
m o d e l s  w e r e  v i r t u a l l y  i d e n t i c a l  i n  a m p l i t u d e  a n d  s h a p e .

2 .  C a l c u l a t e d  E P S P s  w e r e  s i m i l a r  i n  a m p l i t u d e  a n d  s h a p e  t o  
g r o u p  I a  E P S P s  o b s e r v e d  e x p e r i m e n t a l l y  i n  MG 
m o t o n e u r o n s  o f  t h e  a p p r o p r i a t e  m o t o r  u n i t  t y p e .

3 .  P e a k  c o m p o s i t e  E P S P  a m p l i t u d e s  w e r e  h i g h l y  c o r r e l a t e d  
w i t h  t h e  RN o f  t h e  m o d e l  n e u r o n s .

4 .  T h e  i n v e r s e  c o r r e l a t i o n  b e t w e e n  EP SP  a m p l i t u d e  a n d  
t o t a l  c e l l  m e m b r a n e  a r e a  ( a n d  c o n s e q u e n t  d i r e c t  
c o r r e l a t i o n  w i t h  t h e  d e n s i t y  o f  a c t i v e  s y n a p s e s )  w a s  
l e s s  p r e c i s e  b e c a u s e  a  v e r y  h i g h  s o m a  c o n d u c t a n c e  h a d  
t o  b e  u s e d  t o  m a t c h  e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  
w i t h  m o r p h o l o g y  i n  o n e  m o t o n e u r o n .

2 1 5 . 1 4  COMPUTER SI MULATION OF SI N G L E  F I B E R  E P S P s  BASED ON THE 
MORPHOLOGY OF α -MOTONEURONS AND GROUP I a  A F F E R E N T S .   J .  W. 
F l e s h m a n ,  I .  S e g e v *  a n d  R .  E .  B u r k e .  L a b .  N e u r a l  C o n t r o l , 
N I N C D S,  a n d  M a t h .  R e s .  B r . ,  NIAD DK ,  N I H ,  B e t h e s d a ,  MD.

P r e v i o u s  w o r k  i n  t h i s  l a b o r a t o r y  ( G l e n n  e t  a l . ,  N e u r o s c i . 
A b s t r . 8 : 9 9 5 ,  1 9 8 2 )  d e s c r i b e d  t h e  s p a t i a l  o r g a n i z a t i o n  o f  
s y n a p t i c  c o n t a c t s  m a d e  b y  i n d i v i d u a l  t r i c e p s  s u r a e  g r o u p  
I a  a f f e r e n t s  o n t o  h o m o n y m o u s  a n d  h e t e r o n y m o u s  
a - m o t o n e u r o n s .  I n  t h e  p r e s e n t  w o r k ,  w e  u s e d  t h e s e  
a n a t o m i c a l  d a t a  t o  s i m u l a t e  t h e  s y n a p t i c  p o t e n t i a l s  t h a t  
w o u l d  b e  g e n e r a t e d  b y  s i n g l e  b o u t o n s  ( S B - E P S P s )  a n d  b y  
s i n g l e  g r o u p  I a  f i b e r s  ( S F - E P S P s ;  3 - 3 2  b o u t o n s  
s i m u l t a n e o u s l y  a c t i v a t e d )  i n  e l e c t r o p h y s i o l o g i c a l l y  a n d  
m o r p h o l o g i c a l l y  c h a r a c t e r i z e d  m e d i a l  g a s t r o c n e m i u s  (MG) 
α - m o t o n e u r o n s .  T h e  l o c a l  a m p l i t u d e  o f  S B - E P S P s  i n  
d i f f e r e n t  c e l l s  r a n g e d  f r o m  7 5 - 2 7 5  µ V f o r  a  s o m a t i c  
b o u t o n ,  t o  2 0 - 3 0  mV f o r  a  b o u t o n  l o c a t e d  o n  a  d i s t a l  
d e n d r i t e .  S F - E P S P s  d i f f e r e d  i n  s h a p e  a n d  a m p l i t u d e  
d e p e n d i n g  o n  t h e  n u m b e r  a n d  p o s t s y n a p t i c  s p a t i a l  
d i s t r i b u t i o n  o f  b o u t o n s  f r o m  i n d i v i d u a l  a f f e r e n t s .  F o r  a  
g i v e n  a f f e r e n t ,  S F - E P S P s  w e r e  s i m i l a r  i n  t h e  s t e p  v e r s u s  
s i g m o i d a l  Rm m o d e l s  ( s e e  c o m p a n i o n  a b s t r a c t ) .  F o r  e a c h  
c e l l ,  t h e  s h a p e  i n d i c e s  o f  t h e  s i m u l a t e d  S F - E P S P s  w e r e  
c o m p a r e d  t o  t w o  r e f e r e n c e  c u r v e s :  1 )  s h a p e  i n d e x  l o c i  
c o m p u t e d  f o r  t h e  c o n v e n t i o n a l  r e p r e s e n t a t i o n  o f  a  
m o t o n e u r o n  a s  a  s i n g l e  c y l i n d e r ,  w i t h  u n i f o r m  Rm a n d  
L p e e l  m a t c h i n g  t h e  m o d e l  n e u r o n  ( s e e  S e g e v  a n d  R a l l ,  
t h i s  m e e t i n g ) ;  2 )  a n  e m p i r i c a l  s h a p e  i n d e x  c u r v e  o b t a i n e d  
b y  a c t i v a t i n g  s y n a p s e s  i n  c o n c e n t r i c  r i n g s  a t  r e g u l a r  
i n t e r v a l s  o f  e l e c t r o t o n i c  d i s t a n c e ,  u s i n g  t h e  c e l l  m o d e l s  
w i t h  n o n - u n i f o r m  Rm . O u r  m a i n  r e s u l t s  t o  d a t e  a r e :
1 .  E v e n  w h e n  t h e  b o u t o n s  o f  a  s i n g l e  f i b e r  a r e  

e l e c t r o t o n i c a l l y  w i d e l y  d i s p e r s e d ,  t h e  r i s i n g  a n d  
f a l l i n g  p h a s e s  o f  t h e  E P SP  r e c o r d e d  a t  t h e  s o m a  a r e  
u s u a l l y  w i t h o u t  i n f l e c t i o n .

2 .  T h e  s h a p e  i n d i c e s  o f  a b o u t  1 / 3  o f  t h e  s i m u l a t e d  
S F - E P S P s  f e l l  n e a r  r e f e r e n c e  c u r v e  2 ,  a s  i f  o r i g i n a t i n g  
f r o m  r e s t r i c t e d  e l e c t r o t o n i c  l o c i .  I n  t h e  o t h e r s ,  t h e  
s p a t i a l  d i s p e r s i o n  o f  b o u t o n s  r e s u l t e d  i n  h a l f - w i d t h s  
t h a t  w e r e  t o o  l o n g  f o r  t h e  c o r r e s p o n d i n g  p e a k  t i m e s .

3 .  T h e  m e a n  DC e l e c t r o t o n i c  d i s t a n c e  f r o m  t h e  s o m a  t o  t h e  
b o u t o n s  o f  a  s i n g l e  a f f e r e n t  w a s  c o n s i s t e n t l y  
u n d e r e s t i m a t e d  w h e n  r e f e r e n c e  c u r v e  1 w a s  u s e d .  T h i s  
r e s u l t  e m p h a s i z e s  t h a t  a c c u r a t e  e s t i m a t e s  o f  t h e  
e l e c t r o t o n i c  d i s t r i b u t i o n  o f  s y n a p t i c  i n p u t s  u s i n g  
s h a p e  i n d e x  p l o t s  r e q u i r e  a c c u r a t e  e l e c t r i c a l  m o d e l s  o f  
t h e  p o s t s y n a p t i c  c e l l .



744 SPINAL CORD AND BRAINSTEM II SATURDAY PM

2 1 5 .15   I S  STEM D E N D R I T IC  DI AM ETER A GOOD ESTIM AT O R OF TOTAL DEN
D R I T I C  SURFACE AREA OF A S P I N A L  MOTONEURON AS REVEALED BY 
INTRACELLULAR I N J E C T I O N  OF H RP?  W.E. C a m e r o n ,  D.B.  A v e r i l l  
a n d  A . J .  B e r g e r .  D e p t .  o f  P h y s i o l . & B i o p h y s i c s ,  U n i v .  o f  
W a s h i n g t o n ,  S e a t t l e ,  WA 9 8 1 9 5 .

T h e  d e n d r i t e s  o f  a  s p i n a l  m o t o n e u r o n  c o n s t i t u t e  t h e  
m a j o r  s u r f a c e  a r e a  (SA )  a v a i l a b l e  f o r  r e c e i p t  o f  s y n a p t i c  
i n p u t s .  I t  h a s  b e e n  p r o p o s e d  f o r  m o t o n e u r o n s  o f  t h e  l u m b o 
s a c r a l  c o r d  t h a t  t h e  d i a m e t e r  o f  t h e  s t e m  d e n d r i t e s  i s  a n  
a c c u r a t e  e s t i m a t o r  o f  t o t a l  d e n d r i t i c  SA ( U l f h a k e  & 
K e l l e r t h ,  J .  C o m p .  N e u r o l . 2 0 2 : 5 7 1 ,  1 9 8 1 ) .  We u n d e r t o o k  
t h e  p r e s e n t  a n a l y s i s  t o  t e s t  t h e  r e l a t i o n s h i p  b e t w e e n  t o t a l  
d e n d r i t i c  SA a n d  s t e m  d e n d r i t i c  d i a m e t e r  f o r  a  c e r v i c a l  
m o t o n e u r o n a l  p o p u l a t i o n ,  t h e  p h r e n i c  m o t o n e u r o n s  ( P M s ) .

A l l  3 7  d e n d r i t e s  p r o d u c e d  b y  f o u r  PMs w e r e  a n a l y z e d  i n  
d e t a i l  f o l l o w i n g  i n t r a c e l l u l a r  i n j e c t i o n  o f  h o r s e r a d i s h  
p e r o x i d a s e  (H R P ) .  T h e  c e l l s  w e r e  r e c o n s t r u c t e d  f r o m  h o r i 
z o n t a l  s e c t i o n s .  S o m a l  d i m e n s i o n s  a n d  d e n d r i t i c  l e n g t h s  
w e r e  q u a n t i f i e d  f r o m  t h e  r e c o n s t r u c t i o n s  u s i n g  a  d i g i t i z i n g  
t a b l e t .  D e n d r i t i c  d i a m e t e r  w a s  m e a s u r e d  d i r e c t l y  u s i n g  a n  
e y e p i e c e  m i c r o m e t e r .  T h e  SA o f  e a c h  d e n d r i t i c  s e g m e n t  w a s  
c a l c u l a t e d  u s i n g  t h e  l e n g t h  a n d  m e a n  d i a m e t e r  o f  t h e  s e g 
m e n t .  No c o r r e c t i o n  w a s  m a d e  f o r  s h r i n k a g e  d u e  t o  h i s t o l o 
g i c a l  p r o c e s s i n g .

T h e  s t e m  d e n d r i t i c  d i a m e t e r  o f  a  PM w a s  p o s i t i v e l y  
c o r r e l a t e d  w i t h  i t s  c o m b i n e d  d e n d r i t i c  l e n g t h ,  n u m b e r  o f  
t e r m i n a l  b r a n c h e s ,  d e n d r i t i c  SA a n d  v o l u m e .  T h e  a c c u r a c y  
o f  s t e m  d i a m e t e r  a s  a  p r e d i c t o r  o f  t o t a l  SA w a s  a s s e s s e d  b y  
c o m p a r i n g  t h e  v a l u e s  c a l c u l a t e d  f r o m  t h e  p o w e r  e q u a t i o n s  
d e r i v e d  f r o m  t h e  r e l a t i o n s h i p  a b o v e  w i t h  t h o s e  d e r i v e d  f r o m  
d i r e c t  m e a s u r e m e n t s .  T h e  v a l u e s  d i f f e r e d  b y  g r e a t e r  t h a n  
10%  f o r  t w o  o f  f o u r  c e l l s  a n a l y z e d .  T h e  3 7  d e n d r i t e s  
s t u d i e d  c o u l d  b e  s u b d i v i d e d  i n t o  f i v e  g r o u p s  b a s e d  u p o n  t h e  
i n i t i a l  p r o j e c t i o n  o f  t h e i r  s t e m  d e n d r i t e s .  An a n a l y s i s  o f  
v a r i a n c e  r e v e a l e d  a  s i g n i f i c a n t  F - r a t i o  ( P < . 0 5 )  f o r  s e v e r a l  
g e o m e t r i c  p a r a m e t e r s  m e a s u r e d  f o r  t h e  d i f f e r e n t  g r o u p s  
i n d i c a t i n g  t h a t  t h e  PM d e n d r i t e s  a r e  n o t  a  h o m o g e n e o u s  
p o p u l a t i o n .  C o m p a r i s o n s  b e t w e e n  g r o u p s  f o r  t h e s e  q u a n t i 
t i e s  r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  ( P < . 0 5 )  u s i n g  a  m o d i 
f i e d  t - s t a t i s t i c .  We c o n c l u d e  t h a t  t h e  s t e m  d e n d r i t i c  
d i a m e t e r  m a y  n o t  b e  a  g o o d  e s t i m a t o r  o f  t o t a l  d e n d r i t i c  SA 
f o r  t h i s  c e r v i c a l  m o t o n e u r o n a l  p o p u l a t i o n  d u e  t o  h e t e r o 
g e n e i t y  o f  t h e  d e n d r i t e s .   ( S u p p o r t e d  b y  U S P H S  g r a n t  NS 
1 4 8 5 7 ,  N R S A s  HL 0 6 4 7 4  & 0 6 2 3 3  a n d  a n  MDA P o s t d o c t o r a l  
F e l l o w s h i p )

215 16  REPOSES OF POPULATIONS OF DSCT NEURONS TO NATURAL 
STIMULATION.  C. E. Osborn and R. E. P o p p e le ,  Lab. o f  
N eu roohysio l. ,  Univ. o f  M innesota, M inneaoo lis , MN 55455

S in g le  u n it im pulse a c t i v i t y  from d o rs a l sp in o 
c e re b e l la r  t r a c t  (DSCT) neurons o f  b a r b i tu r a te  a n e s th e tiz e d  
c a ts  was reco rded  in  th e  p resence  o f  v a r io u s  n a tu r a l  
s t im u l i .  B r ie f  s t r e t c h e s  o r tw itc h  c o n t r a c t io n s  o f  th e  
g astrocnem ius  so le u s  (GS) or b r i e f  f le x io n s  o f  th e  in t a c t  
ank le  were randomly pre s e n te d  in  tim e . For each  c e l l ,  th e  
change in  f i r i n g  pr o b a b i l i t y  w ith  r e s pe c t  to  i t s  background 
f i r i n g  r a t e  was c a lc u la te d  from Dost s tim u lu s  tim e 
h is to g ra m s . E x c i ta b i l i ty  changes in  a po pu la t io n  o f  DSCT 
c e l l s  were then  e s tim a ted  from an average  o f  norm alized  
r e s po n ses  in  a la rg e  number o f  s in g le  u n i t s  su b je c te d  to  the  
same s tim u lu s . The e s tim a ted  p o p u la tio n  response  rev ea led  
th re e  major g roup s . For a t  l e a s t  40 ms fo llo w in g  the  
s tim u lu s , one group was o n ly  e x c i te d ,  an o th er o n ly  in h ib i te d  
and a th i r d  was f i r s t  e x c ite d  and then  in h ib i te d  (o n ly  a 
few, <5% were f i r s t  in h ib i te d  and then  e x c i te d ) .  P re lim in a ry  
r e s u l t s  a re  summarized below.

The th r e e  r e s ponse ty pes  were about un ifo rm ly  d is t r i b u te d  
w ith in  any samp l e  o f  DSCT neurons and most o f  th e  c e l l s  
r e s ponded to  each  s tim u lu s  p re sen ted  (92% r e s ponded on 
a v e ra g e ) . F u rtherm ore , th e  d i s t r i b u t io n  o f  resp o n se  ty pes  
fo r a g iven  s tim u lu s  was n o t depen d e n t on th e  c e l l s '  
r e s ponse to  o th e r  s t im u l i .  For exampl e ,  c e l l s  th a t  were o n ly  
e x c ite d  by m uscle c o n tra c t io n  r e s ponded to  s t r e t c h  w ith th e  
same r e s ponse d i s t r i b u t io n  as  o th e r  sample g ro u p s . The 
r e s u l t s  imply  th a t  pr o pr io c e p t iv e  in p u ts  a re  each  
d i s t r i b u te d  to  most o f  th e  u n i t s  o f  th e  DSCT in  a seem ingly  
random m anner. S in g le  u n i t  behav io r i s  th e r e fo r e  l i k e ly  to  
r e f l e c t  a c o n s id e ra b le  convergence from sen so ry  r e c e p to r s .

Supported by NIH g ra n t NS 07147 .
STIMULUS # CELLS % ECX % INH % E-I

GS STRETCH 9 3 31% 29% 36%
GS CONTRACT 1 2 6 32% 26% 37%
ANKLE FLEX 160 33% 29% 33%

CELLS EXCITED BY GS CONTRACTION
GS STRETCH 40 40% 27% 33%

CELLS INHIBITED BY GS CONTRACTION

GS STRETCH 30 30% 39% 31%

CELLS EXCITED BY GS STRETCH
GS CONTRACT 27 4 1 % 33% 26%

215. 17  SENSORY AFFERENTS TO RED NUCLEUS THROUGH COLLATERALS OF 
FIBRES RUNNING IN THE DORSAL COLUMNS OF THE SPINAL CORD.
E. SYBIRSKA+ and  Y. PADEL.  Lab . o f  G e n e ra l  N e u ro p h y s io lo g y ,  
CNRS , INP , F 13277 M a r s e i l l e s  , F r a n c e .

S e v e r a l  s t u d i e s  p e rfo rm e d  on awake c a t s  have  shown t h a t  
r u b r o s p i n a l  c e l l s  r e c e i v e  an e x t e r o c e p t i v e  i n p u t  : n a t u r a l  
s t i m u l a t i o n  t o  t h e  s k in  c o u ld  a c t i v a t e  th e  c e l l s  o r  i n h i b i t  
t h e i r  t o n i c  a c t i v i t y .  I n t r a c e l l u l a r  r e c o r d in g s  i n  a c u te  
e x p e r im e n ts  i n d i c a t e  t h a t  e l e c t r i c a l  s t i m u l a t i o n  t o  t h e  paw 
in d u c e s  i n  r u b r o s p i n a l  c e l l s  a com plex  r e s p o n s e  com posed  o f  
a m ix tu re  o f  EPSPs and  IP S P s . D e s t r u c t io n  o f  th e  w ho le  c e r e 
b e llu m  and  o f  th e  f r o n t a l  p a r t  o f  th e  c e r e b r a l  c o r t e x  (w hich  
a r e  th e  two s t r u c t u r e s  known t o  sen d  m o n o sy n a p tic  p r o j e c t i o n s  
t o  th e  r e d  n u c le u s )  d o e s  n o t  r e s u l t  in  t h e  d i s a p p e a r a n c e  o f  
t h e  s e n s o r y  r e s p o n s e s  i n  r u b r o s p i n a l  c e l l s .

In  th e  same p r e p a r a t i o n ,  s t i m u l a t i o n  o f  th e  d o r s a l  co lu m n s 
w i th  low  i n t e n s i t y  c u r r e n t s  ( ≤ 30µA) in d u c e s  th e  same com
p o s i t e  r e s p o n s e  i n  r u b r o s p i n a l  c e l l s .  W ith  a  l a t e n c y  a ro u n d  
5 m sec a f t e r  s t i m u l a t i o n  i t  a p p e a r s  a  lo n g  l a s t i n g  EPSP o f 
t e n  c u r t a i l e d  by a p ro fo u n d  IP S P . T h is  i n d i c a t e s  t h a t  th e  
f i b r e s  r e s p o n s i b l e  f o r  th e  r e s p o n s e s  i n  r u b r o s p i n a l  c e l l s ,  
o r  t h e i r  c o l l a t e r a l s ,  a r e  r u n n in g  in  t h e  d o r s a l  c o lu m n s o f  
t h e  s p in a l  c o r d .

In  s u b s e q u e n t  e x p e r im e n t s ,  i t  was shown t h a t  a  s e c t i o n  o f  
t h e  d o r s a l  co lu m n s  o f  t h e  s p i n a l  c o rd  d o e s  n o t  a b o l i s h  th e  
r e s p o n s e s  in d u c e d  in  r u b r o s p i n a l  c e l l s  by  n a t u r a l  s t i m u l a 
t i o n  o f  th e  paw . T h is  f a c t  i n d i c a t e s  t h a t  an  o t h e r  p a th w ay  
th a n  th e  d o r s a l  c o lu m n s c o u ld  be in v o lv e d .  F u r th e r m o r e ,  low 
c u r r e n t  s u r f a c e  s t i m u l a t i o n  o f  t h e  d o r s a l  co lum ns, c a u d a l l y  
t o  t h e i r  s e c t i o n  s t i l l  in d u c e s  r e s p o n s e s  o f  t h e  same k in d  a s  
b e f o r e  t h e  s e c t i o n .  In  a d d i t i o n ,  s t i m u l a t i o n  o f  th e  d o r s a l  
co lu m n s  r o s t r a l l y  t o  t h e  s e c t i o n  a l s o  e v o k e s  th e  same r e s 
p o n s e s  i n  r u b r o s p i n a l  c e l l s .  The amp l i t u d e s  o f  t h e  r e s p o n s e s  
in d u c e d  from  d o r s a l  c o lu m n s s t i m u l a t i o n ,  c a u d a l l y  o r  r o s 
t r a l l y  t o  th e  s e c t i o n  cure d e p e n d a n t  o f  th e  l e v e l  o f  th e  s e c 
t i o n .  I t  was o b s e rv e d  i n  some c e l l s  t h a t ,  i f  th e  s e c t i o n  i s  
i n  th e  r o s t r a lm o s t  s e g m e n ts  o f  th e  s p i n a l  c o r d ,  th e  r e s p o n s e  
ev o k ed  from  th e  e l e c t r o d e  p l a c e d  c a u d a l l y  t o  th e  l e s i o n  i s  
l a r g e r  th a n  from  th e  r o s t r a l  e l e c t r o d e  an d  v i c e  v e r s a  when 
th e  s e c t i o n  i s  i n  a  m ore c a u d a l  se g m e n t.

I t  c o u ld  be  c o n c lu d e d  from  th e  above  e x p e r im e n ts  t h a t  th e  
p r im a ry  a f f e r e n t s  g iv e  o f f  c o l l a t e r a l s  t o  th e  d o r s a l  co lum ns 
and i n  a d d i t i o n  t o  an  o t h e r  p a th w a y  i n  t h e  s p i n a l  c o r d .  T h is  
o t h e r  p a th w a y  c o n d u c ts  th e  s o m a t ic  m e s s a g e s  t o  th e  r u b r o s p i 
n a l  c e l l s ,  th ro u g h  a n  e x t r a c e r e b r a l  and  e x t r a c e r e b e l l a r  
r o u t e .

2 1 5 .1 8   C a t  R e d  N u c l e u s  P r o j e c t s  t o  D i g i t  E x t e n s o r  M o t o r n e u r o n s   
M . L .  M c C u r d y * ,  D . I .  H a n s m a ,  J . C .  H o u k  a n d  A . R .  G i b s o n   

N o r t h w e s t e r n  M e d i c a l  S c h o o l ,  C h i c a g o ,  IL  6 0 6 1 1

P r e v i o u s  i n v e s t i g a t o r s  u s i n g  a u t o r a d i o g r a p h i c  
( H o l s t e g e  & K u y p e r s ,  P r o g .  B r a i n  R e s . ,  ' 8 2 )  a n d  d e g e n e r 
a t i o n  ( e . g .  N y b e r g - H a n s e n  & B r o d a l ,  J .  A n a t ,  ' 6 4 )  t e c h 
n i q u e s  h a v e  d e m o n s t r a t e d  t h a t  t h e  r u b r o s p i n a l  p a t h w a y  
t e r m i n a t e s  i n  t h e  i n t e r m e d i a t e  s p i n a l  g r a y  ( R e x e d ' s  
L a m i n a e  V - V I I )  t h r o u g h o u t  t h e  l e n g t h  o f  t h e  c o r d .  We 
h a v e  e x a m i n e d  t h e  r u b r o s p i n a l  t e r m i n a t i o n s  u s i n g  a¤ t e r -  
o g r a d e  t r a n s p o r t  o f  WGA-HRP.  A s  s e e n  w i t h  t h e  o t h e r  
t e c h n i q u e s ,  t h e  v a s t  m a j o r i t y  o f  t e r m i n a l s  a r e  i n  i n t e r 
m e d i a t e  g r a y  a r e a s .  H o w e v e r ,  a t  s p i n a l  l e v e l  C 8  a  f o c u s  
o f  t e r m i n a l s  c a n  b e  s e e n  w i t h i n  a  p o o l  o f  l a t e r a l l y  
p l a c e d  m o t o r n e u r o n s .  T h e  p o s i t i o n  o f  t h e  m o t o r n e u r o n  
p o o l  s u g g e s t s  t h a t  t h e s e  n e u r o n s  i n n e r v a t e  d i s t a l  e x t e n s o r  
m u s c u l a t u r e .  T o  i d e n t i f y  t h e  m o t o r n e u r o n  p o o l ,  w e  i n j e c 
t e d  e x t e n s o r  d i g i t o r u m  c o m m u n i s  a n d  e x t e n s o r  d i g i t o r u m  
l a t e r a l i s  w i t h  m u l t i p l e  i n j e c t i o n s  o f  20 %  HRP m i x e d  w i t h  
5% N P - 4 0 .  A d d i t i o n a l l y ,  t h e  r e d  n u c l e u s  h o m o l a t e r a l  t o  
t h e  i n j e c t e d  m u s c l e s  w a s  i n j e c t e d  w i t h  . 0 1 4 u l  o f  1% 
WG A-HRP.  I n  t h i s  w a y ,  t h e  p o s i t i o n s  o f  r e t r o g r a d e l y  
l a b e l e d  m o t o r n e u r o n s  a n d  a n t e r o g r a d e l y  l a b e l e d  t e r m i n a l s  
c o u l d  b e  c o m p a r e d  b e t w e e n  s i d e s  o f  t h e  s a m e  s p i n a l  s e c t i o n .  
T h e  l o c a t i o n  o f  t h e  l a b e l e d  n e u r o n s  a n d  t e r m i n a l s  c o r r e s 
p o n d e d  p r e c i s e l y ,  a n d  t h e r e  w a s  n o  f o c u s  o f  t e r m i n a l  
l a b e l  a r o u n d  o t h e r  m o t o r n e u r o n  p o o l s .  T h u s ,  t h e  c a t  
m a g n o c e l l u l a r  r e d  n u c l u e s  a p p e a r s  t o  h a v e  s e l e c t i v e  
m o n o s y n a p t i c  t e r m i n a t i o n s  o n  d i g i t  m o t o r n e u r o n s .

A l t h o u g h  t h e  m o t o r n e u r o n a l  t e r m i n a t i o n s  a r e  s l i g h t  
i n  c o m p a r i s o n  w i t h  t h e  i n t e r n e u r o n a l  t e r m i n a t i o n s ,  t h e i r  
d i s t r i b u t i o n  i s  i n t e r e s t i n g  i n  l i g h t  o f  b e h a v i o r a l  f i n d 
i n g s .  S y b i r s k a  & G o r s k a  ( A c t a .  N e u r o b i o l .  E x p . ,  ' 8 0 )  
h a v e  r e p o r t e d  t h a t  c a t s  w i t h  r u b r o s p i n a l  l e s i o n s  m a i n l y  
s u f f e r  a n  i m p a i r m e n t  i n  d i g i t  c o n t r o l .  C h r o n i c  r e c o r d i n g  
s t u d i e s  i n  m o n k e y s  ( K e n n e d y ,  G i b s o n  & H o u k ,  S o c .  N e u r o s c i  
A b s t . ,  ' 8 3 ;  K o h l e r m a n ,  G i b s o n  & H o u k ,  S c i e n c e ,  ' 8 2 )  h a v e  
f o u n d  t h a t  m o s t  m a g n o c e l l u l a r  r e d  n u c l e u s  n e u r o n s  a r e  
a c t i v e  d u r i n g  d i g i t  u s e ,  a n d  l e s i o n  s t u d i e s  o f  t h e  m o n k e y  
( L a w r e n c e  & K u y p e r s ,  B r a i n ,  ' 6 8 )  s h o w  t h a t  t h e  r e d  n u c l e u s  
i s  i m p o r t a n t  i n  h a n d  c o n t r o l .  I t  w o u l d  s e e m  t h a t  t h e  
i n n e r v a t i o n  o f  d i g i t  e x t e n s o r  m o t o r n e u r o n s  b y  t h e  r e d  
n u c l e u s  r e f l e c t s  t h e  p r o m i n e n t  r o l e  w h i c h  t h e  r e d  n u c l e u s  
p l a y s  i n  m o v e m e n t s  r e q u i r i n g  d i g i t  u s e .
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215.19  P R O JE C T I O N  OF MUSCLE S P I N D L E  A FFE REN TS TO DORSAL NECK 
MUSCLE MOTONEURONS REVEALED BY S P I K E  TRIG G ERED AVERAGING.  
S . A .  K e i r s t e a d  a n d  P . K .  R o s e .  D e p a r t m e n t  o f  P h y s i o l o g y ,  
Q u e e n ' s  U n i v e r s i t y ,  K i n g s t o n ,  O n t a r i o .  K7L 3 N 6

R e c e n t  a n a t o m i c a l  a n d  p h y s i o l o g i c a l  s t u d i e s  s u g g e s t  t h a t  
t h e  s e g m e n t a l  c o n n e c t i o n s  o f  d o r s a l  n e c k  m u s c l e  s p i n d l e s  m a y  
d i f f e r  f r o m  t h o s e  o f  h i n d l i m b  m u s c l e  s p i n d l e s .  F o r  e x a m p l e ,  
m o n o s y n a p t i c  c o m p o s i t e  E P S P ' s  r e c o r d e d  i n  d o r s a l  n e c k  m u s c l e  
m o t o n e u r o n s  i n  r e s p o n s e  t o  s t i m u l a t i o n  o f  m u s c l e  s p i n d l e  
a f f e r e n t s  a r e  u n u s u a l l y  s m a l l  ( 3 5 0 - 3 1 0 0  u V ,  B r i n k  e t  a l . 
J .  N e u r o p h y s i o l .  4 6 :  4 9 6 ,  1 9 8 1 ) ,  p a r t i c u l a r l y  i n  l i g h t  o f  
t h e  l a r g e  n u m b e r  o f  m u s c l e  s p i n d l e s  i n  d o r s a l  n e c k  m u s c l e s  
( R i c h m o n d  a n d  A b r a h a m s ,  J .  N e u r o p h y s i o l .  3 8 : 1 3 2 2 ,  1 9 7 5 ) .  
T h i s  r e s u l t  m a y  b e  a  c o n s e q u e n c e  o f  i n d i v i d u a l  m u s c l e  
s p i n d l e s  p r o j e c t i n g  t o  o n l y  a  s m a l l  p e r c e n t a g e  o f  d o r s a l  
n e c k  m u s c l e  m o t o n e u r o n s .  A l t e r n a t i v e l y ,  t h e  p e r c e n t  
c o n n e c t i v i t y  m a y  b e  h i g h ,  b u t  t h e  s i z e  o f  t h e  u n i t a r y  E P S P ' s  
c o u l d  b e  s m a l l .  T h e  p r e s e n t  e x p e r i m e n t s  w e r e  d e s i g n e d  t o  
e x a m i n e  t h e s e  p o s s i b i l i t i e s .

A l l  e x p e r i m e n t s  w e r e  p e r f o r m e d  o n  p a r a l y z e d ,  a n a e s t h e t i z e d  
( s o d i u m  p e n t o b a r b i t a l )  c a t s .  M u s c l e  s p i n d l e  a f f e r e n t s  w i t h  
p r i m a r y - l i k e  a c t i v i t y  w e r e  r e c o r d e d  i n  t h e  d o r s a l  f u n i c u l u s  
i n  C l  o r  C2 a n d  t h e i r  a c t i v i t y  w a s  u s e d  t o  t r i g g e r  a n d  
a v e r a g e  ( 1 0 2 4 - 2 0 4 8  s a m p l e s )  i n t r a c e l l u l a r  r e c o r d i n g s  
o b t a i n e d  f r o m  d o r s a l  n e c k  m u s c l e  m o t o n e u r o n s .  U n i t a r y  
E P S P ' s  w e r e  o b s e r v e d  i n  o n l y  10 %  o f  t h e  m o t o n e u r o n s  e x a m i n e d  
( 9 / 8 9 ) .  T h e  a m p l i t u d e  o f  u n i t a r y  E P S P ' s  w a s ,  o n  a v e r a g e ,  
5 0  u v  ( r a n g e  17  -  8 5  u v ) .  P r e l i m i n a r y  a n a l y s i s  o f  t h e  r i s e  
t i m e s  a n d  h a l f  w i d t h s  o f  t h e s e  u n i t a r y  E P S P ' s  i n d i c a t e d  t h a t  
t h e  m a j o r i t y  o f  s y n a p t i c  c o n t a c t s  o n  d o r s a l  n e c k  m u s c l e  
m o t o n e u r o n s  w e r e  o n  t h e  p r o x i m a l  d e n d r i t i c  t r e e .  
M o t o n e u r o n s  i n  w h i c h  E P S P ' s  w e r e  r e c o r d e d  w e r e  n o t  e v e n l y  
d i s t r i b u t e d  w i t h i n  t h e  m o t o n e u r o n  n u c l e u s ,  b u t  r a t h e r ,  
t e n d e d  t o  l i e  t o g e t h e r  i n  " c o l o n i e s " .

T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  p r i m a r y  r e a s o n  f o r  t h e  
s m a l l  a m p l i t u d e  o f  c o m p o s i t e  m o n o s y n a p t i c  E P S P ' s  i s  t h e  l o w  
p e r c e n t  c o n n e c t i v i t y  o f  i n d i v i d u a l  d o r s a l  n e c k  m u s c l e  
s p i n d l e  a f f e r e n t s .  T h i s  u n u s u a l  a r r a n g e m e n t  i s  c o n s i s t e n t  
w i t h  t h e  w i d e  i n t e r c o l l a t e r a l  s p a c i n g  ( a v e r a g e  o f  1 
c o l l a t e r a l / 4  mm o f  a x o n )  a n d  r e s t r i c t e d  l o n g i t u d i n a l  e x t e n t  
o f  t h e  v e n t r a l  h o r n  t e r m i n a t i o n  z o n e  ( u s u a l l y  l e s s  t h a n  1 0 0 0  
urn) o f  d o r s a l  n e c k  m u s c l e  s p i n d l e  a f f e r e n t s .   ( S u p p o r t e d  b y  
t h e  MRC o f  C a n a d a ) .

SPINAL CORD AND BRAINSTEM III

2 1 6 . 1   R E S P IR A T O R Y  A C T I V I T Y  IN A PERFUS ED GUINEA P I G B R A I N / S P I N A L  
CORD PR EPARATI ON  G . B .  R i c h e r s o n *  a n d  P . A .  G e t t i n g .   D e p t .  
o f  P h y s i o l .  B i o p h y s . ,  U n i v .  o f  I o w a ,  I o w a  C i t y ,  IA  5 2 2 4 2 .

A r t e r i a l  p e r f u s i o n  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  h a s  a  
n u m b e r  o f  a d v a n t a g e s .  I t  a l l o w s  c o n t r o l  o f  a r t e r i a l  i o n  
c o n c e n t r a t i o n s ,  m e t a b o l i c  f a c t o r s ,  a n d  d r u g  a p p l i c a t i o n .  
T h e  a b s e n c e  o f  a r t e r i a l  p r e s s u r e  p u l s a t i o n s  a n d  l u n g  
m o v e m e n t s  g i v e s  s u f f i c i e n t  m e c h a n i c a l  s t a b i l i t y  t o  a l l o w  
l o n g - t e r m  i n t r a c e l l u l a r  r e c o r d i n g s  o f  CNS n e u r o n s .  T h e  
i s o l a t e d ,  p e r f u s e d  r a t  b r a i n  h a s  a l r e a d y  b e e n  u s e d  t o  s t u d y  
a m i n o  a c i d  u p t a k e ,  n e u r o t r a n s m i t t e r  t u r n o v e r ,  a n d  d r u g  
a c t i o n s .  A n i s o l a t e d ,  p e r f u s e d  g u i n e a  b i g  c e r e b e l l u m  
p r e p a r a t i o n  h a s  a l s o  b e e n  u s e d  t o  s t u d y  i n t r a c e l l u l a r  
a c t i v i t y  i n  P u r k i n j e  c e l l s .

We h a v e  d e v e l o p e d  a  p e r f u s e d  g u i n e a  p i g  b r a i n  
p r e p a r a t i o n  w i t h  t h e  s p i n a l  c o r d  i n t a c t  t o  t h e  t h i r d  
v e r t e b r a .  A n i m a l s  w e r e  a n e s t h e t i z e d  w i t h  N e m b u t a l  ( 4 0  m g / k g  
I M )  a n d  I n n o v a r - V e t  ( 0 . 3 5  c c / k g  I P ) ,  a n d  g i v e n  a  
t h o r a c o t o m y .  T h e  l e f t  v e n t r i c l e  o f  t h e  h e a r t  w a s  c a n n u l a t e d  
w i t h  a  n e e d l e  a n d  p e r f u s e d  u s i n g  a  p e r f l u o r o c a r b o n  i n  
R i n g e r ' s  w i t h  U r e t h a n e  ( 1 3  m M ) .  T h e  d e s c e n d i n g  a o r t a ,  
c a r o t i d ,  a n d  s u b c l a v i a n  a r t e r i e s  w e r e  t h e n  l i g a t e d .  L a t e x  
i n j e c t i o n s  o f  t h e  r e m a i n i n g  a r t e r i a l  t r e e  r e v e a l e d  t h a t  t h e  
c e r v i c a l  s p i n a l  c o r d  a n d  t h e  e n t i r e  b r a i n ,  i n c l u d i n g  t h e  
c e r e b r a l  c o r t e x ,  w e r e  p e r f u s e d .  T h i s  i s  d u e  t o  t h e  a b s e n c e  
o f  a n y  i n t e r n a l  c a r o t i d  a r t e r y  i n  t h e  g u i n e a  p i g .  
P e r i p h e r a l  n e r v e  a c t i v i t y  w a s  r e c o r d e d u s i n g  c u f f  
e l e c t r o d e s .

V i a b i l i t y  o f  p e r f u s e d  C N S  p r e p a r a t i o n s  h a s  b e e n  
m o n i t o r e d  u s i n g  a  n u m b e r  o f  c r i t e r i a ,  i n c l u d i n g  E E G ,  s i m p l e  
r e f l e x  r e s p o n s e s  ( e . g .  c o r n e a l  r e f l e x ) ,  n t r a c e l l u l a r  
a c t i v i t y  o f  s i n g l e  n e u r o n s ,  g l u c o s e  m e t a b o l i s m ,  o x y g e n  
u p t a k e  a n d  s t r u c t u r a l  c h a n g e s .  N o r m a l  f u n c t i o n  o f  t h e  
c e n t r a l  n e r v o u s  s y s t e m ,  h o w e v e r ,  w o u l d  r e q u i r e  m a i n t e n a n c e  
o f  c o m p l e x  s y n a p t i c  i n t e r a c t i o n s  b e t w e e n  l a r g e  n u m b e r s  o f  
d i f f e r e n t  n e u r o n s .  U s i n g  t h e  p e r f u s e d  g u i n e a  p i g  
b r a i n / s p i n a l  c o r d  p r e p a r a t i o n ,  w e  h a v e  r e c o r d e d  r h y t h m i c  
b u r s t  a c t i v i t y  f r o m  t h e  p h r e n i c  n e r v e  i n d i c a t i v e  o f  
" f i c t i v e "  r e s p i r a t i o n .  T h i s  s u g g e s t s  t h a t  i n t e g r a t e d  n e u r a l  
f u n c t i o n  w a s  m a i n t a i n e d  i n  t h e  p e r f u s e d  b r a i n / s p i n a l  c o r d  
p r e p a r a t i o n .  F i c t i v e  r e s p i r a t i o n  w a s  r e c o r d e d  f o r  a s  l o n g  
a s  t w o  h o u r s .  B e c a u s e  t h e  v e n o u s  e f f l u e n t  w a s  n o t  r e c y c l e d ,  
t h e  d u r a t i o n  o f  r e c o r d i n g  w a s  l i m i t e d  s o l e l y  b y  t h e  v o l u m e  
o f  p e r f u s a t e .  T h i s  p r e p a r a t i o n  s h o u l d  a l l o w  s t a b l e  
i n t r a c e l l u l a r  r e c o r d i n g s  f r o m  c e n t r a l  n e u r o n s  o f  t h e  
r e s p i r a t o r y  s y s t e m  a n d  m a y  b e  u s e f u l  f o r  s t u d y i n g  n e u r o n s  
t h r o u g h o u t  t h e  C N S .   ( S u p p o r t e d  b y  N S 1 5 3 5 0 ) .

2 1 6 . 2   C o r r e l a t e s  o f  A p o m o r p h i n e - I n d u c e d  R h y t h m i c  J a w  M o v e m e n t s  
i n  t h e  G u i n e a  P i g .   R .W .  L a m b e r t * , L . J .  G o l d b e r g  a n d  S . H .  
C h a n d l e r  ( S P ON:  W . R .  S a l a f i a ) .  De p t s .  o f  O r a l  B i o l o g y ,  
K i n e s i o l o g y ,  a n d  A n a t o m y ,  UCL A,  L A . ,  CA 9 0 0 2 4 .

P e r s i s t e n t  g n a w i n g  i s  a  b e h a v i o r a l  s t e r e o t y p y  o b t a i n e d  
i n  m a n y  s p e c i e s  i n  t h e  a w a k e ,  f r e e l y  b e h a v i n g  s t a t e  f o l l o w 
i n g  t h e  a d m i n i s t r a t i o n  o f  a p o m o r p h i n e  ( A P O ) . S i m i l a r l y ,  w e  
h a v e  o b s e r v e d  r h y t h m i c  j a w  m o v e m e n t s  ( R J M s )  i n  t h e  k e t a m i n e  
a n e s t h e t i z e d  g u i n e a  p i g  f o l l o w i n g  A P O a d m i n i s t r a t i o n .  T h e  
p u r p o s e  o f  t h e  p r e s e n t  s t u d y  w a s  t o  d e s c r i b e  t h e  j a w  m o v e 
m e n t  t r a j e c t o r i e s  d u r i n g  RJM s p r o d u c e d  b y  A P O a l o n g  w i t h  t h e  
u n d e r l y i n g  m u s c l e  c o o r d i n a t i o n  p a t t e r n s .

EMG e l e c t r o d e s  w e r e  i m p l a n t e d  u n d e r  k e t a m i n e  a n e s t h e s i a  
( 1 0 0  m g / k g )  i n  t h e  a n t e r i o r  d i g a s t r i c  ( D I G ) ,  l a t e r a l  p t e r y 
g o i d  ( L P ) ,  m e d i a l  p t e r y g o i d  (M P)  a n d  d e e p  m a s s e t e r  (M A SS )  
m u s c l e s  b i l a t e r a l l y  i n  8  g u i n e a  p i g s  ( 5 0 0 - 9 0 0  g ) . A s m a l l  
l i g h t  s o u r c e  w a s  a f f i x e d  t o  t h e  i n f e r i o r  s u r f a c e  o f  t h e  
m a n d i b l e  a n d  a  p h o t o e l e c t r i c  p o s i t i o n  s e n s o r  w a s  u s e d  t o  
d e t e c t  v e r t i c a l  a n d  h o r i z o n t a l  e x c u r s i o n s  o f  t h e  j a w .

A p p r o x i m a t e l y  4 - 6  m i n .  f o l l o w i n g  A P O a d m i n i s t r a t i o n  
( 2  m g / k g  i . v . ) ,  RJ M s b e g a n  t o  a p p e a r  a n d  c o n t i n u e d  v i r t u a l l y  
w i t h o u t  p a u s e  f o r  4 0 - 6 0  m i n .  T h e  o p e n i n g  a n d  c l o s i n g  p h a s e s  
o f  i n d i v i d u a l  RJM c y c l e s  d i d  n o t  d e m o n s t r a t e  a n y  l a t e r a l  
m o v e m e n t .  T h e  o n s e t  o f  c o i n c i d e n t  b i l a t e r a l  a c t i v i t y  ( = 1 6 0  
ms  b u r s t  d u r a t i o n )  i n  b o t h  t h e  DIG a n d  LP m u s c l e s  p r e c e d e d  
t h e  o n s e t  o f  t h e  o p e n i n g  m o v e m e n t  b y  7 - 1 0  m s .  T h e  MP 
m u s c l e s  w e r e  a l s o  a c t i v e  b i l a t e r a l l y  d u r i n g  o p e n i n g ,  b u t  
w e a k l y .  T h e  c l o s i n g  p h a s e  b e g a n  a f t e r  t h e  c e s s a t i o n  o f  
a c t i v i t y  i n  t h e  D I G ,  LP a n d  MP m u s c l e s ,  a n d  w a s  a s s o c i a t e d  
w i t h  a c t i v i t y  i n  t h e  MASS m u s c l e s  b i l a t e r a l l y  ( b u r s t  d u r a 
t i o n  = l 5 0  m s ) .

O c c a s i o n a l l y ,  a  s e c o n d  f o r m  o f  R JM ,  p o s s e s s i n g  a  s i m i 
l a r  c y c l e  t i m e  ( 2 5 0 - 4 0 0  m s ) ,  w a s  e v i d e n t  f o l l o w i n g  A P O 
a d m i n i s t r a t i o n .  S i m i l a r  t o  R JM s s p o n t a n e o u s l y  o c c u r r i n g  i n  
t h e  a b s e n c e  o f  A P 0 ,  t h e s e  c y c l e s  w e r e  c h a r a c t e r i z e d  b y  
r e l a t i v e l y  s h o r t  b u r s t  d u r a t i o n s  ( = 7 0  m s )  a n d  t h e  f r e q u e n t  
a p p e a r a n c e  o f  b i l a t e r a l  a s y m m e t r i e s  i n  t h e  a m p l i t u d e s  o f  
b o t h  t h e  DIG a n d  LP m u s c l e s  d u r i n g  O p e n i n g .  C l o s i n g  f o l l o w e d  
a  l a t e r a l  t r a j e c t o r y  a n d  b e g a n  7 - 1 0  ms  f o l l o w i n g  t h e  o n s e t  
o f  a  l a r g e  a m p l i t u d e  b u r s t  i n  t h e  MP m u s c l e  c o n t r a l a t e r a l  t o  
t h e  m o v e m e n t .  A c t i v i t y  i n  t h e  MASS m u s c l e s  w a s  a b s e n t  
d u r i n g  t h e s e  c y c l e s .  T h e  e v i d e n c e  s u g g e s t s  t h a t  a p o m o r p h i n e  
a c t i v a t e s  a  d o p a m i n e - s e n s i t i v e  p a t h w a y  r e s u l t i n g  i n  a  f o r m  
o f  RJM w h i c h  i s  d i s t i n g u i s h a b l e  f r o m  R JM s o b s e r v e d  i n  o t h e r  
s i t u a t i o n s  e s p e c i a l l y  i n  t e r m s  o f  t h e  a b s e n c e  o f  a  l a t e r a l  
c o m p o n e n t  o f  j a w  m o v e m e n t .

S u p p o r t e d  b y  NIDR g r a n t  D E 4 1 6 6 .
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2 1 6 . 3   R o l e  M e d i a l  a n d  L a t e r a l  P t e r y g o i d  M u s c l e s  i n  P r o d u c 
i n g  t h e  L a t e r a l  C o m p o n e n t s  o f  S p o n t a n e o u s  R h y t h m i c  J a w  M o v e 
m e n t s  i n  t h e  G u i n e a  P i g .   L . J . G o l d b e r g , R .W .  L a m b e r t *  a n d  S .
H.  C h a n d l e r .  D e p t s .  o f  O r a l  B i o l o g y ,  K i n e s i o l o g y  a n d  A n a 
t o m y  a n d  B r a i n  R e s e a r c h  I n s t i t u t e ,  UCL A,  L A . ,  CA 9 0 0 2 4 .

We h a v e  p r e v i o u s l y  s h o w n  t h a t  d u r i n g  r h y t h m i c  j a w  m o v e 
m e n t s  i n  t h e  a n e s t h e t i z e d  g u i n e a  p i g  t h e r e  i s  a  c o o r d i n a t i o n  
o f  a c t i v i t y  b e t w e e n  j a w  o p e n i n g  a n d  j a w  c l o s i n g  m o t o n e u r o n s  
( G o l d b e r g  e t  a l . ,  J .  N e u r o p h y s i o l . , 4 8 : 1 1 0 ,  1 9 8 2 ) .  I n  t h e  
p r e s e n t  e x p e r i m e n t s  w e  e x t e n d e d  t h e  s t u d y  t o  i n c l u d e  l a t e r a l  
j a w  m o v e m e n t s .

I n  a l b i n o  g u i n e a  p i g s  ( 5 0 0 - 9 0 0  g )  a n e s t h e t i z e d  w i t h  
k e t a m i n e  HCl ( 1 0 0  m g / k g ) ,  EMG r e c o r d i n g s  w e r e  o b t a i n e d  f r o m  
t h e  d i g a s t r i c  ( D I G ) ,  d e e p  m a s s e t e r  ( M A S S ) ,  m e d i a l  a n d  l a t 
e r a l  p t e r y g o i d  (MP a n d  L P )  m u s c l e s  b i l a t e r a l l y .  S p o n t a n e o u s  
r h y t h m i c  j a w  m o v e m e n t s  ( S R J M s )  w e r e  m o n i t o r e d  w i t h  t h e  u s e  
o f  a  p h o t o e l e c t r i c  p o s i t o n  s e n s o r  p l a c e d  i n  f r o n t  o f  a  s m a l l  
t u n g s t e n  l i g h t  s o u r c e  f i x e d  t o  t h e  i n f e r i o r  s u r f a c e  o f  t h e  
m a n d i b l e .  D u r i n g  e a c h  SRJM c y c l e  t w o  i n v a r i a n t  h o r i z o n t a l  
m o v e m e n t s  w e r e  o b s e r v e d ;  t h e  f i r s t  w a s  a s s o c i a t e d  w i t h  j a w  
o p e n i n g  a n d  t h e  s e c o n d  w i t h  j a w  c l o s i n g .  = 2 0  ms  a f t e r  t h e  
o n s e t  o f  t h e  b i l a t e r a l  DIG  EMG a c t i v i t y  w h i c h  i n i t i a t e d  e a c h  
c y c l e  b y  p r o d u c i n g  a  j a w  o p e n i n g  m o v e m e n t ,  e i t h e r  t h e  l e f t  
o r  r i g h t  LP m u s c l e  b e c a m e  a c t i v e .  T h e  c o n t r a c t i o n  o f  t h e  
DIG  a n d  LP m u s c l e s  p r o d u c e d  a  c o m b i n e d  o p e n i n g  a n d  l a t e r a l  
m o v e m e n t  o f  t h e  j a w .  T h i s  p h a s e  o f  t h e  c y c l e  w a s  t e r m i n a t e d  
b y  t h e  e n d  o f  t h e  = 6 0  ms  b u r s t  o f  EMG a c t i v i t y  i n  t h e  DIG  
a n d  LP m u s c l e s .  T h e  s e c o n d  p h a s e  o f  m o v e m e n t  t h e n  b e g a n .  I t  
w a s  c h a r a c t e r i z e d  b y  a  j a w  c l o s i n g  m o v e m e n t  c o m b i n e d  w i t h  a  
l a t e r a l  j a w  m o v e m e n t  i n  t h e  s a m e  d i r e c t i o n  a s  t h a t  i n i t i a t e d  
d u r i n g  t h e  o p e n i n g  p h a s e .  T h i s  c o m b i n e d  c l o s i n g  a n d  l a t e r a l  
j a w  m o v e m e n t  w a s  i n i t i a t e d  b y  a  b u r s t  o f  a c t i v i t y  ( b u r s t  
d u r a t i o n  = 4 0  m s )  i n  t h e  MP m u s c l e  c o n t r a l a t e r a l  t o  t h e  d i 
r e c t i o n  o f  t h e  m o v e m e n t .  Low l e v e l s  o f  EMG a c t i v i t y  i n  t h e  
MASS m u s c l e  w e r e  o c c a s i o n a l l y  o b s e r v e d  d u r i n g  t h e  c l o s i n g  
p h a s e  o f  t h e  c y c l e ;  h o w e v e r ,  t h e  o n s e t  o f  t h i s  a c t i v i t y  
o c c u r r e d  a f t e r  t h e  i n i t i a t i o n  o f  t h e  c l o s i n g  m o v e m e n t .

We h a v e  d e m o n s t r a t e d  t h a t  t h e  LP a n d  MP m u s c l e s  a r e  
c r i t i c a l  f o r  t h e  c o o r d i n a t i o n  o f  v e r t i c a l  a n d  l a t e r a l  j a w  
m o v e m e n t s  d u r i n g  S R J M s .  T h i s  c o o r d i n a t i o n  i s  a c c o m p l i s h e d  
b y  t h e  s e q u e n t i a l  a c t i v a t i o n  o f  f i r s t  t h e  LP a n d  t h e n  t h e  
MP m u s c l e  o n  t h e  s i d e  c o n t r a l a t e r a l  t o  t h a t  t o  w h i c h  t h e  
m o v e m e n t  i s  t o  o c c u r .  T h e  l a t e r a l  m o v e m e n t  o b s e r v e d  d u r i n g  
j a w  o p e n i n g  i s  p r o d u c e d  b y  t h e  LP m u s c l e ,  a n d  t h e  l a t e r a l  
m o v e m e n t  t h a t  o c c u r s  d u r i n g  c l o s i n g  i s  p r o d u c e d  b y  t h e  MP 
m u s c l e .

S u p p o r t e d  b y  NIDR  g r a n t  D E 4 1 6 6 .

2 16  4   A C o u p l e d  s c i l l a t o r  M o d e l  o f  S p o n t a n e o u s  R h y t h m i c  J a w  M o v e 
m e n t s  i n  t h e  G u i n e a  P i g .   A .  G a r f i n k e l * ,  L . J .  G o l d b e r g ,  
R . W .  L a m b e r t *  a n d  S . H .  C h a n d l e r  ( S P O N : S . H .  C h a n d l e r ) .
C r u m p  I n s t i t u t e  f o r  M e d i c a l  E n g i n e e r i n g ,  D e p t s .  o f  K i n e s i o 
l o g y ,  O r a l  B i o l o g y  a n d  A n a t o m y ,  UCL A,  L . A . ,  CA 9 0 0 2 4 .

S p o n t a n e o u s  r h y t h m i c  j a w  m o v e m e n t s  ( S R J M s )  i n  a n e s t h e 
t i z e d  g u i n e a  p i g s  a r e  c o m p l e x  m o v e m e n t s  r e q u i r i n g  c o o r d i 
n a t e d  a c t i v i t i e s  i n  a  n u m b e r  o f  d i m e n s i o n s .  We s t u d i e d  t h e  
f o r m s  o f  m a n d i b u l a r  m o v e m e n t  i n  t h e  X -Y  d i m e n s i o n s  a s  a  
p o s s i b l e  c l u e  t o  u n d e r l y i n g  n e u r a l  m e c h a n i s m s .

P h a s e  p l a n e  a n a l y s e s  s h o w  c o m p l e x  p h a s e  c y c l e s : i . e . ,  
s e q u e n c e s  o f  d e f i n i t e  s t a g e s .  T h e  v e r t i c a l  m o v e m e n t  h a s  
f o u r  p h a s e s :  a n  a c c e l e r a t e d  o p e n i n g ,  a n  a c c e l e r a t e d  
c l o s i n g ,  a  p a u s e ,  t h e n  a n  u n a c c e l e r a t e d  o p e n i n g  " d r i f t . "
T h e  h o r i z o n t a l  m o v e m e n t  c o n s i s t s  o f  t w o  s u b c y c l e s ,  e a c h  o n e  
h a v i n g  a  p h a s e  c y c l e  c o n s i s t i n g  o f  a  l a t e r a l  m o v e m e n t  
( s m a l l  a c c e l e r a t i o n )  f o l l o w e d  b y  a  s e c o n d  l a t e r a l  m o v e m e n t  
c o n s i s t i n g  o f  a  l a r g e  a c c e l e r a t i o n  c o n t i n u i n g  i n  t h e  s a m e  
d i r e c t i o n ,  f o l l o w e d  b y  a  l a r g e  a c c e l e r a t i o n  b a c k  t o  t h e  
m i d l i n e ,  a n d  e n d i n g  i n  a  p a u s e .  T h e  p h a s e  d e c o m p o s i t i o n  
e n a b l e s  u s  t o  s t a t e  s e v e r a l  b a s i c  i n v a r i a n t s . V a r i a t i o n s  
i n  o v e r a l l  c y c l e  t i m e s  a r e  n o t  a c c o m p a n i e d  b y  v a r i a t i o n s  i n  
t h e  l e n g t h s  o f  t h e  a c t i v e  ( a c c e l e r a t e d )  p h a s e s ;  t h e  v a r i a 
t i o n s  a r e  t a k e n  u p  b y  v a r i a t i o n  i n  t h e  p a u s e  p h a s e s .  V e r y  
s t r o n g  c o o r d i n a t i o n s  w e r e  f o u n d  t o  e x i s t  b e t w e e n  s p e c i f i c  
p h a s e s  o f  t h e  h o r i z o n t a l  a n d  v e r t i c a l  m o v e m e n t s .  T h e  f a s t  
o p e n i n g  p h a s e  i s  s y n c h r o n i z e d  t o  t h e  s m a l l  a c c e l e r a t i o n  
l a t e r a l  m o v e m e n t ,  t h e  c l o s i n g  p h a s e  i s  s y n c h r o n i z e d  t o  t h e  
l a r g e  a c c e l e r a t i o n  l a t e r a l  m o v e m e n t ,  a n d  t h e  p a u s e  p h a s e  o f  
t h e  h o r i z o n t a l  i s  s y n c h r o n i z e d  w i t h  t h e  p a u s e  a n d  s l o w  
o p e n i n g  p h a s e s  o f  t h e  v e r t i c a l  m o v e m e n t .

T h e  p h a s e  c y c l e  o f  t h e  h o r i z o n t a l  o s c i l l a t i o n  s u g g e s t s  
t h a t  t h e  h o r i z o n t a l  o s c i l l a t o r  i s  i t s e l f  c o m p o s e d  o f  t w o  
o s c i l l a t o r s  c o u p l e d  b y  r e c i p r o c a l  i n h i b i t i o n ,  o n e  f o r  m o v e 
m e n t  t o  a n d  o n  t h e  l e f t ,  a n d  o n e  f o r  m o v e m e n t  t o  a n d  o n  t h e  
r i g h t .  T h i s  i s  r e q u i r e d  b y  t h e  f a c t  t h a t  e a c h  l a t e r a l  c y c l e  
a c t s  a s  a n  i n d e p e n d e n t  u n i t  s y n c h r o n i z e d  t o  o n e  c y c l e  o f  t h e  
v e r t i c a l  m o v e m e n t .  T h e  o v e r a l l  m o v e m e n t  m a y  r e p e a t  o n  t h e  
s a m e  s i d e  s e v e r a l  t i m e s  o r  " f l i p "  t o  t h e  o t h e r  s i d e .

O u r  p r e l i m i n a r y  m o d e l  o f  SR JM s c o n s i s t s  o f  a  s e t  o f  
c o u p l e d  o s c i l l a t o r s :  a  p a i r  o f  h o r i z o n t a l  o s c i l l a t o r s  l i n k e d  
t o  e a c h  o t h e r  b y  i n h i b i t o r y  c o u p l i n g ,  w i t h  t h i s  p a i r  t h e n  
l i n k e d  b y  s y n c h r o n i z i n g  ( e x c i t a t o r y )  c o u p l i n g s  t o  t h e  
v e r t i c a l  o s c i l l a t o r ,  w i t h  a d d i t i o n a l  s y n c h r o n i z a t i o n s  o f  
h o r i z o n t a l  a n d  v e r t i c a l  p h a s e s .

S u p p o r t e d  b y  NIDR g r a n t  D E 4 1 6 6 .

2 1 6 .5   CYCLIC VOLUNTARY JAW MOVEMENTS: KINEMATIC AND EMG PATTERNS.
R . S t i l e s  a n d  S . W a l l a c e * .  D e p t s .  o f  P h y s i o l o g y  & B i o p h y s 
i c s ,  an d  O r t h o d o n t i c s ,  U n iv .  T e n n .  C e n t e r  f o r  t h e  H e a l th  
S c i e n c e s ,  M e m p h is , TN 3 8 1 6 3

V o l u n t a r y  c y c l i c  m o v e m e n ts  o f  a  b o d y  p a r t  o c c u r  d u r i n g  
m a s t i c a t i o n ,  s p e e c h ,  l o c o m o t i o n ,  w r i t i n g ,  e t c .  S u ch  " p e r i 
o d i c "  m o v e m e n ts  may n o r m a l ly  i n v o l v e  r e l a t i v e l y  c o m p le x  
k i n e m a t i c  a n d  m u s c l e  a c t i v a t i o n  p a t t e r n s .  F o r  t h i s  s t u d y ,  
t h e  w a v e fo rm  a n d  t i m i n g  o f  a g o n i s t - a n t a g o n i s t  m u s c l e  a c t i 
v a t i o n ,  an d  r e s u l t i n g  a c c e l e r a t i o n ,  v e l o c i t y ,  a n d  d i s p l a c e 
m e n t w a v e f o rm s  w e re  a n a l y z e d  f o r  c y c l i c  v o l u n t a r y  m o v em e n ts  
o f  t h e  m a n d i b l e .

M a n d ib u l a r  a c c e l e r a t i o n  an d  s u r f a c e  EMGs f ro m  m a s s e t e r ,  
t e m p o r a l i s  a n d  m y lo h y o id  m u s c l e s  w e re  r e c o r d e d  d u r i n g  v o l 
u n t a r y ,  s e l f - p a c e d ,  c y c l i c  o p e n i n g - c l o s i n g  o f  t h e  ja w  a t  
f r e q u e n c i e s  b e tw e e n  1 a n d  2 H z . R e c o r d s  w e re  a l s o  o b t a i n e d  
d u r i n g  m axim um  e f f o r t ,  r a p i d  ja w  o p e n i n g .  A l l  d a t a  w e re  
o b t a i n e d  f ro m  n o r m a l  a d u l t  hum an s u b j e c t s .  Jaw  a c c e l e r a 
t i o n  i n  t h e  v e r t i c a l  p l a n e  w as d e t e c t e d  by  a n  A V R-250 
a c c e l e r o m e t e r  f a s t e n e d  o n t o  t h e  p l a t f o r m  o f  a  d e v i c e  w h ic h  
w as 1 ) a t t a c h e d  t o  a  w i r e  b r a c e  m o u n te d  on t h e  l o w e r  t e e t h ,  
a n d  2 )  s t a b i l i z e d  a t  t h e  c h i n .  V e l o c i t y  a n d  d i s p l a c e m e n t  
r e c o r d s  w e r e  o b t a i n e d  by  d i g i t a l  i n t e g r a t i o n .  EMGs w e re  
d i g i t i z e d ,  r e c t i f i e d  a n d  s m o o th e d .  A c c e l e r a t i o n  r e c o r d s  o f  
v o l u n t a r y  ja w  m o v e m e n ts  sh o w e d  l i t t l e  e v i d e n c e  o f  ja w  
t r e m o r  o s c i l l a t i o n s ,  a n d  t h e r e f o r e  w e r e  a n a l y z e d  i n  t h e  
t i m e ,  a s  w e l l  a s  t h e  f r e q u e n c y ,  d o m a in .

R e s u l t s  i n d i c a t e  t h a t ,  f o r  t h e s e  r a p i d  m o v e m e n ts ,  
d e p r e s s o r  a n d  e l e v a t o r  m u s c l e  a c t i v i t y  i s  " t u r n e d  o n "  a n d  
" o f f "  a t  o r  n e a r  t h e  e x t r e m e s  o f  ja w  p o s i t i o n  d u r i n g  c y c l i c  
m o v e m e n ts .  T h i s  r e c i p r o c a l  a c t i v a t i o n  p a t t e r n ,  t o g e t h e r  
w i t h  t h e  b r a k i n g  e f f e c t  o f  m u s c l e - j o i n t  m e c h a n i c s ,  r e s u l t e d  
i n  tw o  a c c e l e r a t i o n - d e c e l e r a t i o n  p u l s e s  o f  t h e  ja w  d u r i n g  
e a c h  p o s i t i o n  c y c l e .  T h i s  a c c e l e r a t i o n  p a t t e r n  r e s u l t e d  i n  
a  s i n g l e  b i p h a s i c  p u l s e  o f  v e l o c i t y  an d  a  s i n g l e ,  n e a r l y  
s i n u s o i d a l  c y c l e  o f  p o s i t i o n .  T h i s  k i n e m a t i c  p a t t e r n  i s  
s i m i l a r  t o  t h a t  s e e n  d u r i n g  r a p i d  m o v em en t o f  o t h e r  b o d y  
p a r t s ,  a n d  a p p r o x i m a t e s  t h a t  c a l c u l a t e d  f o r  a  "m ax im u m - 
e f f o r t ,  m in im u m tim e  o p tim u m  b a n g - b a n g  s e r v o "  m o d e l f o r  c o n 
t r o l  o f  m o v em en t o f  a  m ass  ( S m i t h ,  BME-9 :1 2 5 - 1 2 8 ,  1 9 6 2 ) . We 
p r o p o s e  t h a t  a  b i p h a s i c  p a t t e r n  o f  a c c e l e r a t i o n  r e s u l t s  
b e c a u s e  m u s c l e s  p u l l  b u t  do  n o t  p u s h , a n d  t h e r e f o r e  a r e  
" t u r n e d  o n "  n e a r  t h e  e x t r e m e s  o f  p o s i t i o n  d u r i n g  r a p i d  
c y c l i c  m o v e m e n ts .  We s u g g e s t  t h a t  t h i s  c h a r a c t e r i s t i c  o f  
m u s c l e  p l a c e s  a n  i m p o r t a n t  c o n s t r a i n t  on  t h e  p a t t e r n  o f  
c e n t r a l  c o n t r o l  o f  r a p i d  c y c l i c  m o v e m e n ts ,  a n d  on  t h e  k i n e 
m a t i c  p a t t e r n .

2 1 6 . 6  THE SPONTANEOUS IP S P S  INVOLVED IN  MOTONEURON IN H IB IT IO N  
DURING ACTIVE SLEEP ARE BLOCKED BY STRYCHNINE.  F .R .  
M o r a l e s ,  A . B a r a n y l * ,  P . J .  S o j a * ,  a n d  M .H . C h a s e .  D e p t s .  
o f  P h y s i o lo g y  a n d  A n a to m y  a n d  t h e  B r a i n  R e s e a r c h  I n s t i t u t e ,  
UCLA S c h o o l  o f  M e d i c i n e ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 .

D u r in g  a c t i v e  s l e e p  ( A S ) ,  d i s c r e t e  s p o n ta n e o u s  
i n h i b i t o r y  s y n a p t i c  p o t e n t i a l s  im p in g e  o n  s p i n a l  c o r d  
a l p h a  m o to n e u r o n s  ( M n s ) .  T he w a v e f o rm  c h a r a c t e r i s t i c s  o f  
t h e s e  p o t e n t i a l s  h a v e  b e e n  p r e v i o u s l y  d e s c r i b e d  ( M o r a l e s  
a n d  C h a s e ,  E x p . N e u r o l . 7 8 : 4 7 1 - 4 7 6 ,  1 9 8 2 ;  M o r a l e s ,  e t  a l . ,  
S o c .  f o r  N e u r o s c l .  A b s t r .  9 : 7 3 5 ,  1 9 8 3 ) .  T he  p r e s e n t  w o rk  
i s  p a r t  o f  a n  o n g o i n g  p r o j e c t  d e s i g n e d  t o  d e t e r m i n e  t h e  
p h a r m a c o l o g i c a l  a n t a g o n i s t s  o f  t h i s  new  t y p e  o f  
p o s t s y n a p t i c  i n h i b i t o r y  p r o c e s s .  A c c o r d i n g l y ,  a n t a g o n i s t s  
o f  p u t a t i v e  i n h i b i t o r y  n e u r o t r a n s m i t t e r s  ( s t r y c h n i n e  [ STY] 
a n d  p i c r o t o x i n  [P T X ])  w e r e  i o n t o p h o r e t i c a l l y  i n j e c t e d  
e x t r a c e l l u l a r l y  o n t o  lu m b a r  Mns i n  t h e  c h r o n i c  c a t .

I o n t o p h o r e t i c  a p p l i c a t i o n s  o f  STY a n d  PTX w e r e  p e r f o r m e d  
d u r i n g  q u i e t  s l e e p  p r e c e d i n g  a n d  d u r i n g  t h e  t r a n s i t i o n  t o  
A S . T h e  c o n c e n t r a t i o n  o f  STY i n  t h e  d r u g  b a r r e l s  r a n g e d  
f ro m  5 t o  10 mM. I o n t o p h o r e t i c  c u r r e n t s  r a n g e d  f ro m  3 0  t o  
2 0 0  nAmps a n d  l a s t e d  f r o m  3 0  s e c  t o  2 m in .  T he o v e r a l l  
e f f e c t  o f  STY c o n s i s t e d  o f  s u p p r e s s i o n ,  a n d  o c c a s i o n a l l y  
c o m p l e t e  b l o c k a d e ,  o f  t h e  d i s c r e t e  A S - s p e c i f i c  I P S P s  ( 1 8  
M n s ) .  PTX ( s a t u r a t e d  s o l u t i o n  i n  165 mM NaCl ) ,  w h ic h  w a s  
i n j e c t e d  w i t h  a  c u r r e n t  r a n g i n g  f r o m  75  t o  2 5 0  nAmps f o r  30  
s e c  t o  2 m in  ( 1 0  M n s ) ,  d i d  n o t  m o d if y  e i t h e r  t h e  f r e q u e n c y  
o r  t h e  w a v e f o rm  c h a r a c t e r i s t i c s  o f  t h e s e  A S - s p e c i f i c  
s p o n t a n e o u s  I P S P s .  I n  c o n t r o l  e x p e r i m e n t s ,  STY a n d  PTX 
b l o c k e d  t h e  e f f e c t s  o f  i o n t o p h o r e t i c a l l y  i n j e c t e d  g l y c i n e  
a n d  GABA, r e s p e c t i v e l y ,  i n d i c a t i n g  t h a t  t h e  a n t a g o n i s t  
d r u g s  w e r e  b e i n g  r e l e a s e d  f ro m  t h e  m i c r o p i p e t t e s .  To t h e  
e x t e n t  t h a t  s t r y c h n i n e  i s  a n  e f f e c t i v e  a n t a g o n i s t  o f  
g l y c i n e  a n d  g l y c i n e - l i k e  s u b s t a n c e s ,  o u r  w o r k in g  h y p o t h e s i s  
i s  t h a t  g l y c i n e  i s  t h e  n e u r o t r a n s m i t t e r  u t i l i z e d  b y  t h e  
i n h i b i t o r y  i n t e r n e u r o n s  p r o m o t in g  t h e s e  A S - s p e c i f i c  I P S P s .

S u p p o r t e d  b y  t h e  NSF 1 2 8 9 7 .
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2 1 6 .7  TH E IPSPS IN D U CE D  IN  C A T LU M BA R M O TO N EU RO N S D U RIN G  A C TIV E 
SLEEP BY STIMULATION OF THE MEDULLARY RETICULAR FORMATION 
ARE STRYCH N IN E-SEN SITIV E.  P . J . S o j a * ,  F . R .  M o r a l e s ,  D .R . 
N a v a r r e t e *  a n d  M .H . C h a s e .  D e p t s .  o f  P h y s i o l o g y  a n d  
A n a to m y  a n d  t h e  B r a i n  R e s e a r c h  I n s t i t u t e ,  UCLA S c h o o l  o f  
M e d ic i n e ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 .

E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  n u c l e u s  g i g a n t o c e l l u l a r i s  
(NGC) e l i c i t s  a  c h l o r i d e  s e n s i t i v e ,  i n h i b i t o r y  p o t e n t i a l  
( I P S P )  i n  f e l i n e  lu m b a r  m o to n e u r o n s  d u r i n g  a c t i v e  s l e e p  
(A S ) ( S o c . N e u r o s c i . A b s t r . 9 : 6 6 4 ,  1 9 8 3 ) .  T he p r e s e n t  
e x p e r i m e n t s  w e r e  p e r f o r m e d  i n  a n  a t t e m p t  t o  i d e n t i f y  t h e  
i n h i b i t o r y  s u b s t a n c e ( s )  m e d i a t i n g  t h i s  A S - r e l a t e d  IP S P  
a c t i v i t y .

S e v e n  c a t s  w e r e  p r e p a r e d  f o r  c h r o n i c  i n t r a c e l l u l a r  
r e c o r d i n g  f ro m  lu m b a r  m o to n e u r o n s  d u r i n g  s l e e p  a n d  
w a k e f u l n e s s  a s  p r e v i o u s l y  d e s c r i b e d  ( P h y s i o l . B e h a v . 
2 2 : 3 5 5 ,  1 9 8 1 ) .  C o m p o s i te  4 - b a r r e l  " p a r a l l e l "  g l a s s  
m i c r o e l e c t r o d e s  p e r m i t t e d  i n t r a c e l l u l a r  r e c o r d i n g s  f ro m  
a n t i d r o m i c a l l y  i d e n t i f i e d  lu m b a r  m o to n e u r o n s  a n d  
s i m u l t a n e o u s  e x t r a c e l l u l a r  d r u g  i o n t o p h o r e s i s .  A r e c o r d i n g  
b a r r e l  ( f i l l e d  w i t h  2M K c i t r a t e )  p r o t r u d e d  4 0 - - 100  
m ic r o n s  b e y o n d  t h e  a f f i x e d  d r u g  b a r r e l s  ( t i p  d i a m e t e r  
4 - - 7 m i c r o n s ) .  T h e  e x t r a c e l l u l a r l y  d i r e c t e d  b a r r e l s  
c o n t a i n e d  t h e  f o l l o w i n g  s o l u t i o n s :  g l y c i n e  (GLY, 1 ,5  M, pH
3 . 6 ) ,  g a m m a - a m in o b u ty r ic  a c i d  (GABA, 1 . 5  M, pH 4 . 2 ) ,  
s t r y c h n i n e  n i t r a t e  (S T Y , 5— 10 mM i n  165  mM N a C l) ,  
p i c r o t o x i n  (P T X , s a t u r a t e d  i n  165 mM N a C l) ,  o r  165 mM N aC l 
a s  a  c o n t r o l  s o l u t i o n  a n d  f o r  a u t o m a t i c  c u r r e n t  c o n t r o l .

P r i o r  t o  t h e  t r a n s i t i o n  i n t o  A S , i o n t o p h o r e t i c  GLY a n d  
GABA ( 3 0 - - 1 00  nA m ps) h y p e r p o l a r i z e d  lu m b a r  m o to n e u r o n s  a n d  
b l o c k e d  s p i k e  p o t e n t i a l s  e l i c i t e d  b y  i n t r a s o m a t i c  
s t i m u l a t i o n .  T h e s e  a c t i o n s  w e r e  s u p p r e s s e d  b y  
i o n t o p h o r e t i c  STY a n d  PTX, r e s p e c t i v e l y .  I n  a c c o r d a n c e  
w i t h  p r e v i o u s  e x p e r i m e n t s  ( i b i d . ) ,  IP S P s  ( p e a k  L a te n c y  40  
m s e c )  i n d u c e d  b y  m o n o p o la r  s t i m u l a t i o n  ( 4  p u l s e s ,  8 0 0  H z , 
3 0 - - 6 0  m ic ro A m p s)  w i t h i n  t h e  NGC w e r e  o b s e r v e d  d u r i n g  A S. 
STY, w hen e j e c t e d  p r i o r  t o  o r  d u r i n g  t h e  o n s e t  o f  AS 
( 3 0 - - 2 0 0  nA m ps, 30 s e c — 2 m in )  m a r k e d ly  r e d u c e d  t h e  
a m p l i t u d e  o f  t h e s e  AS p o t e n t i a l s  o r  b l o c k e d  th e m  c o m p l e t e l y  
( n  = 1 0 ) ,  w h e r e a s  PTX ( 7 5 - - 2 3 0  nA m ps, 3 0  s e c - - 2 m in )  h a d  no  
e f f e c t  ( n  = 1 0 ) .  To t h e  e x t e n t  t h a t  STY i s  c o n s i d e r e d  a  
s p e c i f i c  GLY a n t a g o n i s t ,  t h e s e  d a t a  s u g g e s t  t h a t  GLY m ay b e  
i n v o l v e d  i n  m e d i a t i n g  N G C -in d u c e d  IP S P  a c t i v i t y  i n  l u m b a r  
m o to n e u r o n s  d u r i n g  A S .

S u p p o r t e d  b y  t h e  NSF ( 1 2 8 9 7 )  a n d  NIH ( 0 9 9 9 9 ) .

2 1 6 .8 NEURONS RELATED TO VOCA I ZATION IN THE MONKEY PERIAQUEDUCTAL 
GRAY.  C .R . L a r s o n ,*  and  M .K .K is t le r *(SPON :L. H a l p e r n ) .  D e p t .  
o f  C om m u n ica tiv e  D i s o r d e r s ,  N o r th w e s te r n  U n i v e r s i t y ,
E v a n s to n ,  I l l i n o i s ,  60201

The m id b r a in  p e r i a q u e d u c t a l  g ra y  (PAG) h a s  b e e n  shown to  
be im p o r ta n t  f o r  v o c a l i z a t i o n .  E l e c t r i c a l  s t i m u l a t i o n  o f  th e  
PAG in  many a n im a ls  e l i c i t s  v o c a l i z a t i o n ,  w h i le  PAG a b l a t i o n  
l e a d s  to  m u tism . In  o r d e r  to  b e t t e r  u n d e r s ta n d  how PAG 
m echan ism s a r e  in v o lv e d  in  v o c a l i z a t i o n ,  e x t r a c e l l u l a r  s p ik e s  
from  86 n e u ro n s  i n  a  s m a l l  p a r t  o f  th e  d o r s o l a t e r a l  PAG w ere  
r e c o r d e d  i n  m onkeys t r a i n e d  to  v o c a l i z e  u s in g  o p e r a n t  t e c h 
n i q u e s .  F o r ty  e ig h t  n e u ro n s  a p p e a re d  r e l a t e d  to  v o c a l i z a t i o n .  
The e x a c t  a c t i v i t y  p a t t e r n s  w ere  som ew hat v a r i a b l e .  Some 
c e l l s  w ere  i n a c t i v e  and o n ly  b e g a n  d i s c h a r g in g  p r i o r  to  
v o c a l i z a t i o n .  O th e r  c e l l s  w ere  s p o r a d i c a l l y  a c t i v e  b u t  
a lw a y s  i n c r e a s e d  a c t i v i t y  b e f o r e  v o c a l i z a t i o n .  The l a t e n c y  
fro m  u n i t  o n s e t  to  v o c a l i z a t i o n  was q u i t e  v a r i a b l e ,  r a n g in g  
from  1 s e c  to  70 m sec . C e l l  d i s c h a r g e  r a t e s  r e a c h e d  a  p e a k  
n e a r  th e  o n s e t  o f  v o c a l i z a t i o n  o r  s h o r t l y  t h e r e a f t e r  and 
r a p i d l y  becam e q u i e t  a f t e r  v o c a l i z a t i o n .  O th e r  u n i t s  w ere  
o b s e rv e d  t h a t  a p p e a re d  to  b e  r e l a t e d  to  o t h e r  ty p e s  o f  o r a l -  
f a c i a l  b e h a v io r s ,  su c h  a s  to n g u e  a c t i v i t y .

In  o r d e r  to  d e te r m in e  i f  th e  c e l l s  w ere  p r o j e c t i n g  to  th e  
l a r y n g e a l  s y s te m , s p ik e  t r i g g e r e d  a v e r a g in g  and m ic r o s t im u 
l a t i o n  te c h n iq u e s  w ere  e m p lo y ed . A c t i v i t y  from  th e  l a r y n g e a l  
m u sc le s  was r e c o r d e d  from  s u r g i c a l l y  im p la n te d  EMG e l e c 
t r o d e s .  F or m o st o f  th e  u n i t s  t e s t e d ,  a v e ra g e d  EMG a c t i v i t y  
i n c r e a s e d  n e a r  th e  t im e  o f  th e  t r i g g e r i n g  u n i t ,  s u g g e s t in g  
a  l a r y n g e a l  p r o j e c t i o n .  M ic r o s t im u la t io n  c a u se d  a c t i v a t i o n  
o f  l a r y n g e a l  EMG in  o n ly  a few c a s e s ,  s u g g e s t in g  m ost PAG 
c e l l s  do n o t  p r o j e c t  to  th e  l a r y n g e a l  s y s te m . The d i s c r e p a n 
cy i n  r e s u l t s  may b e  e x p la in e d  by th e  f a c t  t h a t  many PAG 
c e l l s  becom e a c t i v e  i n  n e a r  s y n c h ro n y ,  and  h e n c e  a r e  tem p o r
a l l y  c o r r e l a t e d  w i th  v o c a l i z a t i o n  ev en  th o u g h  th e y  may p r o 
j e c t  to  o t h e r  m u sc le  s y s te m s .

The PAG r e c i e v e s  p r o j e c t i o n s  from  o t h e r  v o c a l i z a t i o n  
a r e a s  o f  th e  b r a i n  su ch  a s  th e  a n t e r i o r  c i n g u l a t e  g y ru s  and 
am y g d a la  and p r o j e c t s  to  s e v e r a l  c r a n i a l  n e rv e  n u c l e i  
i n c l u d i n g  n u c le u s  a m b ig u u s . The PAG may f u n c t i o n  a s  a  r e l a y  
b e tw e en  h ig h e r  and  lo w e r  a r e a s  o f  th e  b r a i n  in v o lv e d  in  
v o c a l i z a t i o n ,  a s  a p re m o to r  c o o r d i n a t i n g  c e n t e r ,  o r  i t  may 
be in v o lv e d  in  i n i t i a t i o n  o f  v o c a l i z a t i o n .  O th e r  i n v e s t i g a 
t o r s  ( J u r g e n s  and  P r a t t ,  1979) h av e  s u g g e s te d  th e  PAG may 
c o u p le  v a r i o u s  m o t i v a t i o n a l  s t a t e s  to  a p a r t i c u l a r  ty p e  o f  
v o c a l i z a t i o n .

S u p p o r te d  by NIH G ra n ts  No. NS-00758 and N S -19290 .

216.9  ORGANIZATION OF THE FACIAL MOTOR NUCLEUS IN MACACA 
FASCICULARIS.  C. W e lt ,  J .H .  A bbs* , and  R. D e P a u l* .  S p eech  
M otor C o n t r o l  L a b s . ,  W aisman C e n te r ,  U n iv . o f  W is c o n s in ,  
M ad iso n , WI 5 3 7 0 5 -2 2 8 0 .

The n e u r a l  m echan ism s u n d e r ly in g  m o to r c o n t r o l  o f  th e  
f a c i a l  m u sc le s  h a v e  r e c e i v e d  l i t t l e  a t t e n t i o n ,  d e s p i t e  th e  
p ro m in e n t  r o l e  o f  f a c i a l  g e s t u r e s  i n  b o th  humar and nonhum an 
p r im a te  c o m m u n ic a tio n . In  t h i s  s tu d y  we d e t e rm in e d  th e  mus
c u lo t o p i c  and  m o rp h o lo g ic  o r g a n i z a t i o n  o f  th e  f a c i a l  n u c le u s  
(FN) i n  M. f a s c i c u l a r i s . In  a s e p a r a t e  a b s t r a c t  we d e s c r i b e  
m o rp h o lo g ic  and  h i s t o c h e m i c a l  c h a r a c t e r i s t i c s  o f  some f a c i a l  
m u sc le s  from  th e  same a n im a ls  ( S u f i t ,  R. e t  a l . ,  1984 , 
N e u r o s c i . A b s t r . ,  1 0 ) .

I n d iv i d u a l  m u sc le s  w ere  s u r g i c a l l y  e x p o s e d  u n d e r  an o p e r 
a t i n g  m ic ro sc o p e  and i n j e c t e d  w i th  h o r s e r a d i s h  pe r o x id a s e  
(HRP) c o n ju g a te d  w i th  c h o le r a  t o x i n .  I n j e c t i o n s  o f  1 .0  µl  

w ere  made a t  m u l t i p l e  s i t e s  w i th  a  H a m ilto n  m ic r o s y r in g e  and  
30 g n e e d le .  No r e f l u x  o f  HRP was s e e n .  T r a n s v e r s e  s e r i a l  
s e c t i o n s  w ere  p r o c e s s e d  w i th  th e  t e t r a m e th y l  b e n z id in e  p r o 
t o c o l ,  and  e v e ry  o t h e r  s e r i a l  s e c t i o n  was c o u n te r s t a i n e d .

In  M. f a s c i c u l a r i s , th e  FN e x te n d s  r o s t r o c a ud a l l y  f o r  
a b o u t  2 .0  mm th ro u g h  th e  m e d u lla  and p o n s .  The n u c le u s  i s  
ro u n d  t o  o v a l  in  s h a p e  w i th  a mean d ia m e te r  o f  1 .0  mm. 
C y to a r c h i t e c t o n i c a l l y , a num ber o f  s u b n u c le i  c o u ld  b e  d i s 
t i n g u i s h e d  b u t  t h e i r  b o u n d a r ie s  w ere  n o t  s h a rp  o r  c o n s i s t e n t  
b e tw e en  s u c c e s s iv e  s e c t i o n s .

R e t ro g r a d e  l a b e l i n g  o f  FN n e u ro n s  was s e e n  o n ly  on th e  
i p s i l a t e r a l  s i d e .  The d i s t r i b u t i o n  o f  l a b e l e d  m o to n e u ro n s  
s u p p ly in g  i n d i v i d u a l  m u sc le s  show ed a m u s c u lo to p i c  o r g a n i z a 
t i o n .  O r b i c u l a r i s  o r i s  i n f e r i o r  and  o r b i c u l a r i s o r i s  s u p e 
r i o r  m o to n e u ro n s  w ere  d i s t r i b u t e d  d i f f e r e n t i a l l y  in  t h e  l a t 
e r a l  r e g io n  o f  th e  FN, w h i le  m o to n e u ro n s  i n n e r v a t i n g  e x t r i n 
s i c  e a r  m u sc le s  w ere  l o c a t e d  m e d ia l l y .  W ith in  t h i s  o r g a n i 
z a t i o n ,  l a b e l e d  m o to n e u ro n s  f o r  an i n d i v i d u a l  , a c i a l  m u sc le  
w ere d i s t r i b u t e d  th ro u g h  a lm o s t  t h e  e n t i r e  r o s t r o c a u d a l  
e x t e n t  o f  t h e  FN. D e n d r i t i c  p r o c e s s e s  o f  FN m o to n e u ro n s  
w ere e x t e n s i v e l y  l a b e l e d  w i th  th e  HRP c h o le r a  t o x in  c o n ju 
g a t e .  T h ese  d e n d r i t i c  a r b o r s  b r a n c h e d  p r o f u s e l y and  o f t e n  
p r o j e c t e d  i n t o  a d j a c e n t  s u b n u c le i .  O c c a s io n a l  y ,  some 
b ra n c h e s  e x te n d e d  o u t s i d e  o f  th e  FN as  d e f in e d  in  N i s s l  s e c 
t i o n s .  Q u a n t i t a t i v e  a n a ly s e s  o f  n e u ro n  s i z e  i n th e  FN 
r e v e a l e d  a mean d i a m e te r  o f  23 p and  a  r a n g e  o f 1 2 -3 5  u l 
Inasm uch  a s  m o st o f  t h e  l a b e l e d  m o to n e u ro n s  w er e r e l a t i v e l y  
l a r g e ,  t h e s e  d a t a  s u g g e s t  t h a t  t h e r e  may be mor e th a n  one 
f u n c t i o n a l l y  d i s t i n c t  p o p u l a t i o n  o f  c e l l s  i n  t h e FN.
R e se a rc h  s u p p o r t e d  by g r a n t s  from  NIH (N S -13274. , H D -03352), 
and  NSF (B N S -8021609).

21 6 . 1 0   CONTROL OF V I B R I S S A L  MOVEMENT BY THE FA C IA L  NERVE IN  THE 
R A T .   K a z u e  S e m b a  a n d  M. D a v i d  E g g e r .  D e p a r t m e n t  o f  
A n a t o m y ,  U M D N J - R u t g e r s  Medi c a l  S c h o o l ,  P i s c a t a w a y ,  N J  0 8 8 5 4 .

R h y t h m i c a l  w h i s k i n g  o f  t h e  v i b r i s s a e  a t  a b o u t  7 H z  d u r i n g  
e x p l o r a t i o n  i s  o n e  o f  t h e  m o s t  c o n s p i c u o u s  b e h a v i o r a l  
p a t t e r n s  i n  t h e  r a t .  A l t h o u g h  t h e  s e n s o r y  i n p u t  f r o m  t h e  
v i b r i s s a e  h a s  b e e n  a n a l y z e d  e x t e n s i v e l y ,  r e l a t i v e l y  l i t t l e  
h a s  b e e n  k n o w n  a b o u t  t h e  m o t o r  c o n t r o l  o f  t h e  v i b r i s s a e .  
F o r  e x a m p l e ,  v i b r i s s a l  m o v e m e n t  i s  a c t u a t e d  b y  t h e  m u s c l e s  
a r o u n d  t h e  m u z z l e ,  w h i c h  h a v e  b e e n  t h o u g h t  t o  b e  i n n e r v a t e d  
b y  t h e  f a c i a l  n e r v e .  H o w e v e r ,  t h e  e x a c t  b r a n c h e s  o f  t h e  
f a c i a l  n e r v e  i n v o l v e d  w e r e  n o t  k n o w n .  T o  i n v e s t i g a t e  t h i s  
q u e s t i o n ,  t h e  i n d i v i d u a l  m o t o r  b r a n c h e s  o f  t h e  f a c i a l  n e r v e  
i n c l u d i n g  t h e  b u c c a l ,  m a r g i n a l  m a n d i b u l a r ,  c e r v i c a l ,  
p o s t e r i o r  a u r i c u l a r ,  t e m p o r a l ,  a n d  z y g o m a t i c  b r a n c h e s  w e r e  
c u t ,  e i t h e r  s i n g l y  o r  i n  v a r i o u s  c o m b i n a t i o n s .  We f o u n d  
t h a t  v i b r i s s a l  m o v e m e n t  c o u l d  b e  a b o l i s h e d  o n l y  b y  
t r a n s e c t i o n  o f  b o t h  b u c c a l  a n d  m a r g i n a l  m a n d i b u l a r  b r a n c h e s .  
I n  t h e  r a t s  i n  w h i c h  o n l y  o n e  o f  t h e s e  t w o  b r a n c h e s  w a s  c u t ,  
o r  i n  t h e  r a t s  i n  w h i c h  t h e  o t h e r  b r a n c h e s  w e r e  c u t ,  
v i b r i s s a l  m o v e m e n t  w a s  i n d i s t i n g u i s h a b l e  f r o m  t h a t  s e e n  i n  
u n o p e r a t e d  r a t s .

T o  t r a c e  b a c k  t h e  c e n t r a l  o r i g i n s  o f  t h e  b u c c a l  a n d  
m a r g i n a l  m a n d i b u l a r ,  a s  w e l l  a s  t h e  o t h e r  b r a n c h e s  o f  t h e  
f a c i a l  n e r v e ,  h o r s e r a d i s h  p e r o x i d a s e  ( H R P )  w a s  a p p l i e d  t o  
t h e  c u t  p r o x i m a l  e n d s  o f  t h e s e  i n d i v i d u a l  b r a n c h e s .  T h e  HRP 
l a b e l l i n g  i n  t h e  f a c i a l  m o t o r  n u c l e u s  r e v e a l e d  t o p o g r a p h i c a l  
r e p r e s e n t a t i o n  o f  t h e s e  b r a n c h e s ,  i n  w h i c h  t h e  b u c c a l  a n d  
m a r g i n a l  m a n d i b u l a r  b r a n c h e s  w e r e  r e p r e s e n t e d  l a t e r a l l y .  
T h i s  i s  c o n s i s t e n t  w i t h  e a r l i e r  s t u d i e s  w i t h  HRP i n j e c t i o n s  
i n t o  f a c i a l  m u s c l e s .  T h e  m o t o n e u r o n a l  p o p u l a t i o n  d e v o t e d  t o  
v i b r i s s a l  m o v e m e n t  d i d  n o t  s e e m  t o  b e  s u b s t a n t i a l l y  l a r g e r  
t h a n  t h a t  f o r  o t h e r  f a c i a l  m o v e m e n t .  No l a b e l l i n g  w a s  s e e n  
i n  t h e  m e s e n c e p h a l i c  t r i g e m i n a l  n u c l e u s .

T o  c o m p a r e  t h e  m o r p h o l o g y  o f  b u c c a l  a n d  m a r g i n a l  
m a n d i b u l a r  m o t o n e u r o n s  w i t h  o t h e r  f a c i a l  m o t o n e u r o n s ,  t h e  
i n t r a c e l l u l a r  HRP i n j e c t i o n  t e c h n i q u e  w a s  u s e d .  O n e  
a n t i d r o m i c a l l y  i d e n t i f i e d  b u c c a l  m o t o n e u r o n  w a s  3 5  µm i n  
l o n g e s t  d i m e n s i o n ,  a n d  h a d  r e l a t i v e l y  a s p i n o u s   a n d  
u n b r a n c h e d  m u l t i p l e  d e n d r i t e s .  T h e s e  d e n d r i t e s  e x h i b i t e d  a  
m e d i o l a t e r a l  o r i e n t a t i o n ,  a n d  s o m e  o f  t h e m ,  m o r e  t h a n  3 5 0  µm 
i n  l e n g t h ,  e x t e n d e d  b e y o n d  t h e  l i m i t s  o f  t h e  f a c i a l  n u c l e u s  
i n t o  t h e  r e t i c u l a r  f o r m a t i o n .   S u p p o r t e d  b y  G e n e r a l  R e s e a r c h  
S u p p o r t  g r a n t  f r o m  R u t g e r s  M e d i c a l  S c h o o l  a n d  NSF g r a n t  
BNS 8 3 4 1 0 5 0 .
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2 1 6 .11 MORPHOLOGY OF NORMAL CAT HYPOGLOSSAL MOTONEURONS AS 
DETERMINED BY INTRACELLULAR HRP IN JECTIO NS.   E t s u o  
S h o h a r a *  a n d  J o n a t h a n  O, D o s t r o v s k y ,  D e p a r t m e n t  o f  
P h y s i o l o g y ,  U n i v e r s i t y  o f  T o r o n t o ,  T o r o n t o ,  O n t a r i o ,  M5S 
1A8, Cana da .

L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  m o rp h o l o g y  o f  
h y p o g l o s s a l  m o to n e u r o n s  i n  t h e  a d u l t  c a t .  I n  t h i s  s t u d y  
i n t r a c e l l u l a r  r e c o r d i n g s  w e r e  o b t a i n e d  f ro m  n e u r o n s  i n  
t h e  h y p o g l o s s a l  n u c l e u s  o f  c h l o r a l o s e  a n e s t h e t i z e d  c a t s .  
Neu ro n s  w ere  i d e n t i f i e d  by  a n t i d r o m i c  a c t i v a t i o n  f ro m  t h e  
h y p o g l o s s a l  n e r v e .  H o r s e r a d i s h  p e r o x i d a s e  w a s  
i o n t o p h o r e t i c a l l y  i n j e c t e d  i n t o  t h e  c e l l s .  S i x  t o  12 
h o u r s  f o l l o w i n g  t h e  i n j e c t i o n  t h e  a n i m a l s  w e re  p e r f u s e d  
w i t h  a b u f f e r e d  g l u t a r a l d e h y d e - p a r a f o r m a l d e h y d e  f i x a t i v e  
and t h e  b r a i n s t e m  s u b s e q u e n t l y  s e c t i o n e d .  The  s e c t i o n s  
w e r e  p r o c e s s e d  a c c o r d i n g  t o  t h e  DAB m e t h o d  a n d  
c o u n t e r s t a i n e d  w i t h  c r e s y l  v i o l e t .  7 n e u r o n s  w e r e  
s u c c e s s f u l l y  l a b e l e d .  The  s o m a t a  o f  6 o f  t h e  n e u r o n s  
w ere  m u l t i p o l a r  i n  sh a p e  and one was  f u s i f o r m .  A l l  t h e  
s o m a t a  w e r e  w i t h i n  t h e  a n a t o m i c a l l y  d e f i n e d  b o r d e r s  o f  
t h e  h y p o g l o s s a l  n u c l e u s  a l t h o u g h  t h e i r  d e n d r i t e s  
p r o j e c t e d  b eyond  t h e  m a r g i n s  o f  t h e  n u c l e u s  d o r s a l l y  i n t o  
n u c l e u s  i n t e r c a l a t u s  and t h e  d o r s a l  n u c l e u s  o f  t h e  v a g u s  
and l a t e r a l l y  i n t o  t h e  a d j a c e n t  r e t i c u l a r  f o r m a t i o n .  No 
d e n d r i t e s  c r o s s e d  t h e  m i d l i n e  o r  e x t e n d e d  v e n t r a l l y  i n t o  
t h e  p a r a m e d i a n  r e t i c u l a r  n u c l e u s .  The d e n d r i t i c  t r e e  was 
r e l a t i v e l y  s i m p l e  a n d  h a d  f e w  b r a n c h e s .  Many d e n d r i t e s  
e x t e n d e d  500u o r  more  f ro m  t h e  soma.  The mean d e n d r i t e  
d i a m e t e r  a t  d i s t a n c e s  o f  30 ,  50 ,  8 0 , and 100 m i c r o n s  from  
t h e  som a  s u r f a c e  w e r e  2 . 5 ,  1 . 5 ,  1 .2  a n d  1 .0  m i c r o n s  
r e s p e c t i v e l y .  No s p i n e s  w e r e  e v i d e n t  on t h e  d e n d r i t e s  
a l t h o u g h  b e a d e d  s w e l l i n g s  w ere  e v i d e n t  on some d e n d r i t e s  
n e a r  t h e i r  d i s t a l  e n d .  The  a x o n  l e f t  t h e  n u c l e u s  i n  a 
v e n t r o l a t e r a l  d i r e c t i o n  a n d  f o l l o w e d  a r e l a t i v e l y  
s t r a i g h t  c o u r s e  t o  t h e  e d g e  o f  t h e  b r a i n s t e m .  No a x o n  
c o l l a t e r a l s  w ere  s e e n .  T h ese  f i n d i n g s  i n d i c a t e  t h a t  t h e  
h y p o g l o s s a l  m o to n e u r o n s  a p p e a r  t o  d i f f e r  from  s p i n a l  c o r d  
α- m o t o n e u r o n s  i n  t h e  a b s e n c e  o f  a x o n  c o l l a t e r a l s ,  a 
s i m p l e r  d e n d r i t i c  s h a p e ,  and s m a l l e r  d i a m e t e r  d e n d r i t e s  
w h ic h  t a p e r  more  r a p i d l y .
( S u p p o r t e d  by  USPHS DE05404)

2 1 6 .12   CORTICOMOTONEURONAL SYNAPSES: LIGHT MICROSCOPIC LOCALIZATION 
UPON MOTONEURONS OF INTR INS IC HAND MUSCLES IN THE MONKEY.  
D . G .  L a w r e n c e ,  R .  P o r t e r  a n d  S . J .  R e d m a n * ,  E x p e r i m e n t a l  
N e u r o l o g y  U n i t ,  J o h n  C u r t i n  S c h o o l  o f  M e d i c a l  R e s e a r c h ,  
A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,  C a n b e r r a  2 6 0 1 ,  A u s t r a l i a .

P r e t e r m i n a l  a n d  t e r m i n a l  a x o n a l  a r b o r i z a t i o n s  o f  
i n d i v i d u a l  c o r t i c o s p i n a l  n e u r o n s  h a v e  b e e n  v i s u a l i z e d  i n  
c a t s  ( F u t a m i  e t  a l . ,  B r a i n  R e s .  1 6 4 : 2 7 9 , 1 9 7 9 )  a n d  m o n k e y s  
( S h i n o d a  e t  a l . ,  N e u r o s c i .  L e t t .  2 3 : 7 , 1 9 8 1 )  u s i n g  i n t r a -  
a x o n a l  i n j e c t i o n  o f  h o r s e r a d i s h  p e r o x i d a s e  ( H R P ) .  T h e  
a r b o r i z a t i o n s  r a m i f i e d  i n  l a m i n a e  V, V I  a n d  V I I  a n d ,  i n  t h e  
m o n k e y ,  a d d i t i o n a l  c o l l a t e r a l s  e x t e n d e d  i n t o  l a m i n a  I X  w h e r e  
c e l l  b o d i e s  a n d  p r o x i m a l  d e n d r i t e s  o f  m o t o n e u r o n s  (MN) w i t h  
a x o n s  i n  m a j o r  f o r e l i m b  n e r v e s  h a d  b e e n  r e t r o g r a d e l y  
l a b e l l e d  w i t h  HRP.  I t  w as  c o n c l u d e d  t h a t  a  s i n g l e  c o r t i c o 
s p i n a l  a x o n  c o u l d  r a m i f y  i n  up  t o  f o u r  m o t o r  n u c l e i  a n d  t h a t  
t h e  c o r t i c o m o t o n e u r o n a l  (CM) t e r m i n a l s  m ad e " a p p a r e n t  c o n 
t a c t s  w i t h  p r o x i m a l  d e n d r i t e s  o r  d i s t a l  d e n d r i t e s  o f  t h e  
m o t o n e u r o n s " .  I n t r a c e l l u l a r  i n j e c t i o n  o f  HRP p e r m i t s  
v i r t u a l l y  c o m p l e t e  v i s u a l i s a t i o n  o f  a  n e u r o n  a n d  i n  t h e  
p r e s e n t  s t u d y  t h i s  e n a b l e d  t h e  l o c a t i o n  o f  i n t r a - a x o n a l l y  
s t a i n e d  CM s y n a p s e s  t o  be d e m o n s t r a t e d  u p o n  i n t r a c e l l u l a r l y  
s t a i n e d  MN o f  i n t r i n s i c  h a n d  m u s c l e s  i n  t h e  m o n k e y .

C o r t i c o s p i n a l  a x o n s  a c t i v a t e d  b y  lo w t h r e s h o l d  s t i m u l 
a t i o n  o f  t h e  " h a n d "  a r e a  o f  t h e  p r e c e n t r a l  g y r u s  w e r e  
i m p a l e d  i n  t h e  l a t e r a l  f u n i c u l u s  a t  C7- C 8 . F o l l o w i n g  
i n j e c t i o n  o f  1 t o  9 s u c h  a x o n s ,  MN a c t i v a t e d  a n t i d r o m i c a l l y  
f r o m  t h e  m e d i a n  o r  u l n a r  n e r v e s  a t  t h e  w r i s t  w e r e  f i l l e d  by  
i n t r a c e l l u l a r  i n j e c t i o n  o f  HRP. C o n n e c t i o n s  b e t w e e n  CM 
f i b r e s  a n d  MN w e r e  r e c o n s t r u c t e d  f r o m  p a r a s a g i t t a l  100 µm 
s e c t i o n s  r e a c t e d  b y  t h e  c o b a l t - e n h a n c e d  DAB m e t h o d .

F i f t y - s i x  c o r t i c o s p i n a l  a x o n s  a n d  71 MN w e r e  i n j e c t e d  i n  
14  m o n k e y s  (M. f a s c i c u l a r i s ) .  S t e m  a x o n s  i n  t h e  l a t e r a l  
f u n i c u l u s  g a v e  r i s e  t o  m a i n  c o l l a t e r a l s  w h i c h  p r o v i d e d  an  
e x t e n s i v e  a r b o r i z a t i o n  w i t h i n  t h e  g r a y  m a t t e r .  En p a s s a n t  
a n d  s i n g l e  o r  c l u s t e r e d  g r o u p s  o f  t e r m i n a l  b o u t o n s  a r o s e  
f r o m  s h o r t e r ,  f i n e r  p r e t e r m i n a l  b r a n c h e s  o f  t h e s e  a r b o r s .  
S e v e n  l i g h t  m i c r o s c o p i c a l l y  i d e n t i f i e d  CM c o n t a c t s  ( 0 . 6 x 3  µm 
t o  2 . 4  x 3 . 6  µm) w e r e  f o u n d  u p o n  t h e  d e n d r i t e s  o f  s t a i n e d  MN 
i n  tw o o f  t h e  a n i m a l s .  T h e  r e s u l t s  i n d i c a t e  t h a t  e a c h  m a i n  
c o l l a t e r a l  o f  a  CM a x o n  e s t a b l i s h e s  v e r y  few  s y n a p t i c  
c o n t a c t s ,  a n d  p o s s i b l y  o n l y  o n e ,  w i t h  t h e  d e n d r i t e s  o f  
r e c i p i e n t  MN. The t a r g e t s  f o r  t h e  n u m e r o u s  o t h e r  s y n a p s e s  
c o u l d  n o t  b e  e s t a b l i s h e d  b u t  t h e y  p r o v i d e  t h e  s u b s t r a t e  f o r  
a  w i d e  d i v e r g e n c e  o f  i n f l u e n c e  t o  MN a s  w e l l  a s  t o  
i n t e r n e u r o n s  w h i c h  c o u l d  h a v e  e x c i t a t o r y  o r  i n h i b i t o r y  
e f f e c t s  u p o n  MN.

2 1 6 . 13  EXTENSIVE BUNDLING OF MOTONEURONAL DENDRITES REVEALED BY 
CHOLINE ACETYLTRANSFERASE IMMUNOCYTOCHEMISTRY.  R . P .  B a r b e r *  
P . E .  P h e l p s , a n d  J . E .  V a u g h n .   Bec km a n  R e s e a r c h  I n s t i t u t e  
o f  t h e  C i t y  o f  Ho pe .  D u a r t e ,  CA 9 1 0 1 0 .

D e n d r i t i c  b u n d l e s  f o r m e d  by s o m a t i c  a n d  a u t o n o m i c  m o t o 
n e u r o n s  h a v e  b e e n  s t u d i e d  i n  i m m u n o h i s t o c h e m i c a l  p r e p a r a 
t i o n s  o f  r a t  s p i n a l  c o r d  w i t h  m o n o c l o n a l  a n t i b o d i e s  t o  
c h o l i n e  a c e t y l  t r a n s f e r a s e  ( C h A T ) .  I n  c o n t r a s t  t o  e x i s t i n g  
l i g h t  m i c r o s c o p i c  m e t h o d s ,  t h i s  p r o c e d u r e  r e v e a l e d  m o s t ,  i f  
n o t  a l l ,  m o t o n e u r o n a l  d e n d r i t e s ,  t h e r e b y  a l l o w i n g  f o r  a 
c o m p r e h e n s i v e  d e s c r i p t i o n  o f  t h e i r  m o r p h o l o g i c a l  r e l a t i o n 
s h i p s .

C h A T - p o s i t i v e  (ChAT+) d e n d r i t e s  i n  a l l  s o m a t i c  m o t o r  
c o l u m n s  e x h i b i t e d  some d e g r e e  o f  b u n d l i n g .  S u b s t a n t i a l ,  
l o n g i t u d i n a l  b u n d l e s  w e r e  o b s e r v e d  w i t h i n  t h e  v e n t r o 
l a t e r a l ,  v e n t r o m e d i a l  a n d  c e n t r a l  m o t o r  c o l u m n s .  P a r t i c u 
l a r l y  d e n s e  l o n g i t u d i n a l  b u n d l i n g  o c c u r r e d  i n  t h e  d o r s o l a t 
e r a l  m o t o r  c o l u m n  a t  s p i n a l  l e v e l  L 6 .  T r a n s v e r s e  b u n d l e s  
o f  m o t o r  d e n d r i t e s  w e r e  p r e s e n t  w i t h i n  a l l  m o t o r  c o l u m n s  
a n d  a l s o  o c c u r r e d  b e t w e e n  s e v e r a l  d i f f e r e n t  m o t o n e u r o n a l  
g r o u p s ,  i n c l u d i n g  t h e  c e n t r a l ,  v e n t r o m e d i a l  a n d  v e n t r o l a 
t e r a l ,  a s  w e l l  a s  t h e  d o r s o m e d i a l  a n d  d o r s o l a t e r a l  g r o u p s  
a t  L 6 .  Some t r a n s v e r s e  d e n d r i t i c  b u n d l e s  f r o m  m e d i a l  m o t o 
n e u r o n s  c r o s s e d  i n  t h e  v e n t r a l  c o m m i s s u r e  a n d  i n t e r m i n g l e d  
w i t h  d e n d r i t e s  o f  c o r r e s p o n d i n g  c o n t r a l a t e r a l  c e l l s .  L a t 
e r a l  a n d  m e d i a l  l o n g i t u d i n a l  b u n d l e s  o f  ChAT+ d e n d r i t e s  
f r o m  s y m p a t h e t i c  p r e g a n g l i o n i c  n e u r o n s  c o u r s e d  t h r o u g h o u t  
t h e  e n t i r e  i n t e r m e d i o l a t e r a l  ( I L p )  a n d  c e n t r a l  a u t o n o m i c  
(CA) c o l u m n s ,  r e s p e c t i v e l y .  T r a n s v e r s e  d e n d r i t e s  o f  ILp 
n e u r o n s  f o r m e d  s t r i k i n g ,  m e d i a l l y - p r o j e c t i n g  b u n d l e s  a t  
p e r i o d i c  i n t e r v a l s  t h a t  i n t e r m i n g l e d  w i t h  s i m i l a r l y  s p a c e d ,  
l a t e r a l l y - p r o j e c t i n g  b u n d l e s  o f  ChAT+ d e n d r i t e s  f r o m  CA 
n e u r o n s .  T o g e t h e r ,  t h e  l o n g i t u d i n a l  a n d  t r a n s v e r s e  b u n d l e s  
f r o m  I L p  a n d  CA n e u r o n s  f o r m e d  a  ChAT+ l a d d e r - l i k e  a r r a n g e 
m e n t  i n  t h e  i n t e r m e d i a t e  s p i n a l  g r a y  m a t t e r  t h a t  d e l i n e a t e d  
t h e  d o r s a l  f r o m  t h e  v e n t r a l  h o r n .  P a r a s y m p a t h e t i c  n e u r o n s  
o f  t h e  i n t e r m e d i o l a t e r a l  s a c r a l  n u c l e u s  a l s o  g a v e  r i s e  t o  
l o n g i t u d i n a l  a n d  t r a n s v e r s e  b u n d l e s  o f  ChAT+ d e n d r i t e s ,  b u t  
t h e y  w e r e  n o t  a s  p r o m i n e n t  a s  t h o s e  i n  t h e  s y m p a t h e t i c  c e l l  
c o l u m n s .

T he r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  e x t e n s i v e  b u n d l e s  
o f  s o m a t i c  a n d  a u t o n o m i c  m o t o n e u r o n a l  d e n d r i t e s  o c c u r  w i d e 
l y  i n  r a t  s p i n a l  c o r d .  S u c h  s t r u c t u r e s  c o u l d  p r o v i d e  a 
r o b u s t  s u b s t r a t e  f o r  p o t e n t i a l  e p h a p t i c  d e n d r i t i c  i n t e r a c 
t i o n s  a n d / o r  f o r  m a x i m i z i n g  s y n a p t i c  c o n v e r g e n c e  o f  v a r i o u s  
a f f e r e n t  s y s t e m s  u p o n  r e l a t i v e l y  l a r g e  g r o u p s  o f  m o t o 
n e u r o n s .  S u p p o r t e d  by NSF g r a n t  B N S - 8 2 1 9 8 3 1 .

216.14  RAT LEVATOR ANI MOTONEURONS AS COMPARED WITH THOSE O F  SOLEUS, 
 EXTENSOR DIGITORUM LONGUS AND BULBOCAVERNOSUS AFTER RETROGRADE 

LABELING WITH INTRAMUSCULAR WHEAT GERM AGGLUTININ.  R .P . R o s e , 
and  W .F. C o l l i n s , I I I .  D e p t .  N e u ro b io lo g y  & B e h a v io r ,  SUNY, 
S to n y  B ro o k , NY 11794 .

The s p i n a l  n u c le u s  o f  th e  b u lb o c a v e r n o s u s  (SNB) i s  a  m id -  
l i n e  n u c le u s  (L 5-L 6) c o n s i s t i n g  o f  m o to n e u ro n s  (MNs) i n n e r v a 
t i n g  l e v a t o r  a n i  (LA) and b u lb o c a v e r n o s u s  (BC) m u s c le s .  T h ese  
MNs a r e  s e n s i t i v e  to  c i r c u l a t i n g  a n d ro g e n s  (B re e d lo v e  & A rn o ld  
B ra in  Res 225 ; J .  N e u ro s c i  3) .  LA and BC MNs w ere  i d e n t i f i e d  
i n  m ale  S p ra g u e -D aw le y  r a t s  (2 5 0 -4 0 0  g) by r e t r o g r a d e  l a b e l 
in g  w i th  w h e a t germ  a g g l u t i n i n  (WGA). S i m i l a r l y  l a b e l e d  MNs 
from  two h in d lim b  m u sc le s  ( s o l e u s ,  SOL; e x t e n s o r  d ig i to r u m  
lo n g u s ,  EDL) w ere  ex am in ed  f o r  c o m p a r is o n  and  c o n t r o l .  B r i e f 
l y ,  10 µ l  o f  0.1% WGA was i n j e c t e d  th ro u g h  a s i n g l e  h o l e  i n t o  
t h e  m u sc le  (m in ced  w i t h in  t h e  s h e a t h ) ; c a r e  was t a k e n  t h a t  no 
l a b e l  e s c a p e d  th e  m u sc le  s h e a t h .  S u r v iv a l  w as 3 -4  d a y s .  A n i
m a ls  w ere  p e r f u s e d  w i th  warm s a l i n e  fo l lo w e d  by  c o ld  4% p a r a 
fo rm a ld e h y d e .  S e c t io n s  w ere  c u t  a t  40 µm. WGA w as v i s u a l i z e d  
by e i t h e r  i n d i r e c t  f l u o r e s c e n t  o r  PAP IHC t e c h n i q u e s .  W ith  
t h e s e  t e c h n iq u e s  e x t e n s i v e  d e n d r i t i c  m o rp h o lo g y  was o b s e rv e d  
i n  a l l  g ro u p s  ( t e r t i a r y  d e n d r i t e s  w ere  o f t e n  c l e a r l y  d e f in e d ) .  
A l l  l a b e l e d  MN p r o f i l e s  w i th  n u c l e i  w ere  p h o to g ra p h e d  and 
m ea su red  (so m a l c r o s s  s e c t i o n a l  a r e a )  from  im ag es p r o j e c t e d  on 
a  c o m p u te r iz e d  d i g i t i z i n g  t a b l e t  ( d o u b le  b l i n d  r e g i m e ) . LA 
and BC MNs w ere  fo u n d  c l u s t e r e d  w i t h in  th e  SNB. Such c l u s t e r 
in g  was n o t  o b s e rv e d  w i th  SOL and EDL MNs w h ich  w e re  fo u n d  i n  
l a t e r a l  MN p o o l s .  LA and BC MNs e x h i b i t e d  e x t e n s i v e  m e d ia l l y  
p r o j e c t i n g  d e n d r i t i c  a r b o r i z a t i o n ;  l a b e l e d  d e n d r i t e s  w ere  
r o u t i n e l y  o b s e rv e d  to  c r o s s  t h e  m id l in e  and  l i e  i n  c lo s e  
j u x t a p o s i t i o n  to  d e n d r i t e s  and  so m a ta  o f  c o n t r a l a t e r a l  SNB 
MNs. In  c o n t r a s t ,  s i m i l a r  d e n d r i t i c  o r g a n i z a t i o n  was n o t  ob 
s e rv e d  f o r  SOL and EDL MNs. When one  LA m u sc le  and  th e  c o n t r a 
l a t e r a l  BC m u sc le  w ere  i n j e c t e d  i n  t h e  same a n im a l ,  l a b e l e d  
c r o s s i n g  d e n d r i t e s  from  b o th  MN p o o ls  w ere  ju x ta p o s e d  to  
l a b e l e d  d e n d r i t e s  and  so m a ta  on th e  c o n t r a l a t e r a l  s i d e .  M eans 
and  s i z e  d i s t r i b u t i o n s  (b im o d a l)  o f  SOL and EDL MNs w ere  s im 
i l a r  (ANOVA, X2 , p > .0 5 ) .  LA and BC MNs ( u n im o d a lly  d i s t r i b u t 
e d )  w ere  s m a l le r  th a n  EDL and SOL MNs (ANOVA, p < .0 1 ) .  I t  a p 
p e a r s  t h a t  th e  p e a k s  o f  t h e  d i s t r i b u t i o n s  o f  LA and BC MNs may 
c o r r e s p o n d  to  t h e  s m a l le r  o f  t h e  two p e a k s  s e e n  in  SOL and EDL 
d i s t r i b u t i o n s .  BC MNs w ere  l a r g e r  th a n  LA MNs ( t - t e s t , p< .0 1 )  . 
LA MNs from  i n t a c t  and  c a s t r a t e d  (> 30d) a n im a ls  w ere  s im i l a r  
m o r p h o lo g ic a l ly  and  w ere  o f  s i m i l a r  s i z e  (ANOVA, p > .0 5 ) .  
I n t e r e s t i n g l y ,  t h e s e  MNs e x h i b i t e d  d i f f e r e n t  s i z e  d i s t r i b u t i o n s  
(X2 , p < . 0 1 ) .   S u p p o r te d  by NIMH MH08323(RDR), NIH NS06407 & NS 
2 0 2 6 4 (WFC) and  NS14899 & NS16 9 9 6  to  L.M . M e n d e ll .
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216 .15  PU TA TIV E MECHANORECEPTORS IN T R IN S IC  TO THE S P IN A L  CORD.
D .M . S c h r o e d e r ,  M e d i c a l  S c i e n c e s  P r o g r a m ,  I n d i a n a  
U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  B l o o m i n g t o n ,  IN 4 7 4 0 5

S p e c i a l i z e d  c e l l s  a t  t h e  l a t e r a l  e d g e  o f  t h e  s p i n a l  
c o r d  o f  s n a k e s ,  t h e  m a r g i n a l  c e l l s ,  a r e  i n  i n t i m a t e  
c o n t a c t  w i t h  l i g a m e n t s  t h a t  a r e  a t t a c h e d  a l o n g  t h e  t o t a l  
l e n g t h  o f  t h e  s p i n a l  c o r d .  T he s t r u c t u r e  a n d  o r g a n i z a t i o n  
o f  t h e s e  c e l l s  a n d  l i g a m e n t s  s u g g e s t  t h a t  t h e y  a c t  a s  
m e c h a n o r e c e p t o r s .  T h e  s p i n a l  c o r d s  o f  C r o t a l u s  w e r e  
t r e a t e d  w i t h  s t a n d a r d  n e u r o h i s t o l o g i c a l  t e c h n i q u e s  a n d  
e x a m in e d  a t  t h e  l i g h t  a n d  EM l e v e l .  T he l i g a m e n t s ,  o n e  o n  
e a c h  s i d e  o f  t h e  c o r d ,  a r e  a t t a c h e d  t o  t h e  c r a n i u m  
r o s t r a l l y  a n d  s e p a r a t e d  f r o m  t h e  g l i a l  c e l l s ,  f o r m i n g  t h e  
e x t e r n a l  b o u n d a r y  o f  t h e  c o r d ,  b y  o n l y  a  b a s e m e n t  m em 
b r a n e .  C o l l a g e n  f i b e r s  f i l l  t h e  l i g a m e n t s ,  i n t e r s p e r s e d  
w i t h  f i b r o b l a s t s  a n d  e l a s t i c  f i b e r s .  W i t h i n  e a c h  i n t e r 
v e r t e b r a l  a r e a ,  h o w e v e r ,  a l l  t h e  c o l l a g e n  f i b e r s  d i s a p p e a r  
f r o m  t h e  l i g a m e n t s .  A t e x a c t l y  t h i s  p o i n t ,  a  s p e c i a l i z e d  
a r e a  b e c o m e s  e v i d e n t  i n  t h e  s p i n a l  c o r d  j u s t d e e p  t o  t h e  
l i g a m e n t .  E i g h t  t o  t w e l v e  l a r g e  n e u r o n s  a r e  a l i n e d  a l o n g  
t h e  l i g a m e n t s '  b o r d e r  w i t h  p r o c e s s e s  t h a t  e x t e n d  i n t o  a  
n a r r o w  s p a c e  b e t w e e n  t h e  c e l l  b o d i e s  a n d  t h e  l i g a m e n t .  
T h e s e  p r o c e s s e s ,  f i l l e d  w i t h  m i t o c h o n d r i a ,  n a v e  f i n g e r 
l i k e  p r o j e c t i o n s .  S u r r o u n d i n g  t h e s e  n e u r o n a l  p r o c e s s e s  
a r e  p r o c e s s e s  o f  a  d i f f e r e n t  k i n d .  T h e y  a r e  o f  v a r i a b l e  
s i z e  b u t  m o s t  o f t e n  o n e  l a r g e r  o n e  i s  a c c o m p a n i e d  b y  a  
n u m b e r  o f  s m a l l e r  o n e s .  V e r y  s m a l l  t u b u l e s  a r e  f o u n d  
w i t h i n  t h e  l a r g e r  p r o c e s s e s  w h e r e a s  f i l a m e n t s  a r e  w i t h i n  
t h e  l a r g e  a s  w e l l  a s  s m a l l  o n e s .  I n  a  o n g i t u d i n a l  
s e c t i o n  t h e s e  l a t t e r  p r o c e s s e s  a p p e a r  t u b u l a r  a n d  a r e  
a r r a n g e d  p a r a l l e l  w i t h  t h e  l o n g  a x i s  o f  t h e  s p i n a l  c o r d  
a n d  a p p e a r  t o  o r i g i n a t e  f r o m  c e l l s  a d j a c e n t  t o  t h e  g r o u p  
o f  n e u r o n s .  On t h e  m e d i a l  s i d e  o f  t h e  n e u r o n s  a r e  s m a l l e r  
n e u r o n s ,  s e v e r a l  m y e l i n a t e d  a x o n s  a n d  a  s t r i p  o f  n e u r o p i l .  
S u r r o u n d i n g  t h i s  c e l l u l a r  a n d  n e u r o p i l  a r e a  i s  t h e  w h i t e  
m a t t e r  o f  t h e  s p i n a l  c o r d .  G r i l l n e r  e t .  a l .  ( S c i e n c e  
1 9 8 3 ) s u g g e s t e d  t h a t  t h e  e d g e  c e l l s  i n  t h e  l a m p r e y ' s  
s p i n a l  c o r d  s e r v e  a s  a n  i n t r a s p i n a l  m e c h a n o r e ce p t o r .  Som e 
o f  t h e  m a r g i n a l  c e l l s  o f  C r o t a l u s  h a v e  t h e  a p p e a r a n c e  
g e n e r a l l y  d e s c r i b e d  f o r  m e c h a n o r e c e p t o r  c e l l s  a n d  t h e  
s t r u c t u r a l  c h a n g e s  o f  t h e  a d j a c e n t  l i g a m e n t  w i t h i n  t h e  
i n t e r v e r t e b r a l  a r e a  a p p e a r  i d e a l  t o  r e s p o n d  e s p e c i a l l y  t o  
t h e  l a t e r a l  m o v e m e n t o f  t h e  v e r t e b r a l  c o lu m n .

S u p p o r t e d  by  g r a n t  n o .  NSF BNS 8 0 2 5 0 2 4 .
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217.1  TH E P A R A F L O C C U L A R  C O R T IC O N U C L E A R  P R O J E C T IO N  I N  TH E RAT CEREBELLUM.  R.A. Burne, G.M. Mihailoff and  

D .J .  Woodwar d .   B en d ix  A dvanced  T e c h n o lo g y  C e n t e r ,  
C o lu m b ia , MD, 20145 and  UTHSC, D a l l a s ,  TX, 75 2 3 5 .

P r e v io u s  w ork from  o u r l a b o r a t o r y  h a s  i n d i c a t e d  
th e  p a r a f l o c c u l a r  lo b u le  ( P f l )  o f  t h e  r a t  i s  a 
c e r e b e l l a r  t a r g e t  l o b u le  f o r  v i s u a l  i n f o r m a t io n .  
T h is  s tu d y  was u n d e r ta k e n  to  i d e n t i f y  th o s e  
r e g io n s  o f  th e  d e ep  c e r e b e l l a r  n u c l e i  w h ich  
r e c e i v e  p r o j e c t i o n s  from  th e  P f l .  A s p e c i f i c  
i s s u e  a d d r e s s e d  was w h e th e r  t h e  P f l  p r o j e c t s  
d i r e c t l y  to  v e s t i b u l a r  n u c l e i .  The t e c h n iq u e s  o f 
o r th o g r a d e  t r a n s p o r t  o f  t r i t i a t e d  am ino a c i d s  and 
h o r s e r a d i s h  p e r o x id a s e  (HRP) w ere  em ployed  to  
d e l i n e a t e  th e  o u tp u t  p r o j e c t i o n  from  th e  P f l .

I n j e c t i o n s  o f  t r i t i a t e d  l e u c i n e  and  p r o l i n e  
i n t o  to  th e  d o r s a l ,  v e n t r a l  and  a c c e s s o r y  
s u b d i v i s i o n s  o f t h e  P f l  r e s u l t e d  in  l a b e l i n g  
p r e t e r m i n a l  and  t e r m in a l  a x o n a l  p r o c e s s e s  o v e r  th e  
s m a l l  and  l a r g e  c e l l  d i v i s i o n s  o f  t h e  l a t e r a l  and  
i n t e r p o s i t u s  c e r e b e l l a r  n u c l e i  (L t and I p ,  r e s p e c 
t i v e l y )  . A u to r a d io g r a p h ic  g r a i n  d i s t r i b u t i o n s  
w ere  r e s t r i c t e d  to  v e n t r o l a t e r a l  r e g io n s  o f Ip  and  
L t .  A lth o u g h  t h e r e  was c o n s i d e r a b l e  o v e r l a p  
b e tw een  p r o j e c t i o n  f i e l d s  from  i n d i v i d u a l  
s u b l o b u l e s ,  a t o p o g r a p h ic  o r g a n i z a t i o n  was 
e v i d e n t .  The a c c e s s o r y  P f l  p r o j e c t e d  upon th e  
m o st v e n t r a l  z o n es  o f  L t ,  t h e  v e n t r a l  P f l  upon 
v e n t r o l a t e r a l  Ip  n e u ro n s  and m ore d o r s a l  r e g io n s  
o f  L t ,  and  th e  d o r s a l  P f l  to  f u r t h e r  d o r s a l  
r e g io n s  o f m id d le  and  l a t e r a l  L t and  I p .  A 
r o s t r o c a u d a l  to p o g ra p h y  a l s o  was p r e s e n t  w here  th e  
r o s t r a l  P f l  p r o j e c t e d  upon m ore r o s t r a l  r e g io n s  o f 
t h e  c e r e b e l l a r  n u c l e i .  I n j e c t i o n s  o f  HRP i n t o  th e  
P f l s  r e s u l t e d  in  s t a i n i n g  a x o n a l  e le m e n ts  o v e r  
s i m i l a r  r e g io n s  o f  L t and  I p .

No g r a i n  d i s t r i b u t i o n s  w ere  o b s e r v e d  o v e r  
v e s t i b u l a r  n u c l e i  e x c e p t  f o r  t h e  c o n t r o l  e x p e r 
im e n ts  w i th  i n j e c t i o n s  in v o lv in g  th e  f l o c c u l a r  
l o b u l e .  H R P -la b e le d  c e l l s  a l s o  w ere  o b s e r v e d  in  
L t and  I p  b u t n o t  in  v e s t i b u l a r  n u c l e i .  T h ese  
f i n d i n g s  i n d i c a t e  t h a t  th e  L t and Ip  a r e  th e  
t a r g e t  n u c l e i  f o r  p a r a f l o c c u l a r  e f f e r e n t s .  
W h eth er v i s u a l  i n f o r m a t io n  may p r o j e c t  upon t h e s e  
d e ep  c e r e b e l l a r  n u c l e i  v i a  p a r a f l o c c u , a r  P u r k in j e  
c e l l s  o r  c o l l a t e r a l s  o f  p o n t o p a r a f l o c c u l a r  f i b e r s  
i s  an  i s s u e  f o r  f u t u r e  i n v e s t i g a t i o n .

217.2  TOPOGRAPHICAL AND FUNCTIONAL PROPERTIES OF LATERAL 
CEREBELLAR OUTPUT IN THE RAT. AN ANATOMICAL AND 
ELECTROPHYSIOLOGICAL STUDY.  S. Ausim A zizi, R A Bume, J  K 
Chapin and D J  Woodward.  Dept. C ell B io l, Univ Texas Health 
Sci C tr a t  D a llas, Texas 75235

We re c e n t ly  dem onstrated th a t  th e  v is u a l and 
au d ito ry  c o r tic e s  p ro je c t  to  p a ra flo ccu lu s  v ia  th e  
co rtic o -p o n to c e re b e lla r  pathways. In  th i s  re p o r t we p re sen t 
d a ta  d e sc rib in g  p ro je c tio n s  o f  th e  p a ra flo ccu lu s  and th e  
l a t e r a l  c e re b e lla r  co rtex  onto  th e  deep c e re b e lla r  n u c le i 
and in  tu rn  p ro je c tio n  o f  th e se  n u c le i to  th e  thalamus and 
th e  c e reb ra l co rte x . The techniques o f  1) an terograde 
tra n s p o r t  o f labe led  amino a c id s , 2) s in g le  u n i t  record ings 
from th e  deep c e re b e lla r  n u c le i, and 3) s tim u la tio n  o f  th e se  
n u c le i and record ing  from sensorim otor co rtex  in  
a n es th e tiz ed  and awake behaving anim als were employed.

H ydraulic in je c tio n s  o f  ( .2 - .3  µ l)  o f 3H-leucine (77 
mCi/ml )  in to  th e  p a ra flo ccu lu s  and th e  crus I  and crus I I  
re s u lte d  in  a f f e re n t  te rm ina l la b e lin g  over s p e c if ic  reg ions 
o f  th e  i p s i l a t e r a l  l a t e r a l  and in te rp o s itu s  n u c le i o f  th e  
cerebellum . A utoradiographic s i lv e r  g ra in s  were p rim arily  
lo c a liz e d  over th e  v e n tra l caudal reg ions o f  th e  la rg e  c e l l  
subd iv ision  in  th e  l a t e r a l  and in te rp o s itu s  nucleus and over 
the  small and la rg e  c e l l  subd iv ision  in  th e  v e n tra l caudal 
in te rp o s itu s  nucleus.

S ing le  u n i t  record ings were ob tained  from id e n t i f ie d  
neurons in  the  l a t e r a l  and in te rp o s itu s  n u c le i o f  halo thane  
a n es th e tiz ed  r a t s .  Histogram a n a ly s is  showed evidence o f 
e x c i ta to ry  and /or in h ib ito ry  in p u ts  follow ing e l e c t r i c a l  
s tim u la tio n  o f  th e  v is u a l and au d ito ry  c o r t ic e s  w ith  
la te n c ie s  ranging f r om 3 -  15 ms. E l e c tr ic a l  s tim u la tio n  o f  
l a te r a l  and in te rp o s itu s  n u c le i evoked m u ltiu n it and s in g le  
u n it  responses in  th e  sensory and motor c e reb ra l c o r t ic e s .  
In  awake behaving anim als, d i f f e r e n t ia l  e x c i ta to ry  and 
in h ib ito ry  responses were observed in  th e  a c t iv i ty  o f  motor 
c o r t ic a l  neurons during  r e s t  o r tre a d m ill locomotion.

These ob srv a tio n s  in d ic a te  th a t  sensory in p u ts  to  
th e  p a ra flo ccu lu s  along w ith those to  th e  crus I and crus I I  
o f the  l a t e r a l  cerebellum  modulate o th e r  motor and sensory 
a reas  o f  the  CNS. A nalysis o f  th e  ou tpu t p ro p e rtie s  o f  th e  
p a ra flo ccu lu s  may serve as a u sefu l model fo r understanding 
o f  th e  ro le  o f many subregions o f th e  l a t e r a l  cerebellum  in  
th e  sensorim otor in te g ra tio n .  (Supported by NIAAA g ra n t 
3901, DA 02338 and th e  B io log ical Humanics Foundations.)
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2 1 7 .3  ORGANIZATIONAL TOPOGRAPHY AND CHARACTERISTICS OF THE NU- 
CLEOCORTICAL PROJECTION OF THE CAT CEREBELLUM.  A . L e g e n 
d r e *  a n d  J .  C o u r v i l l e .  (SPO N : R . D u b u c ) .   C e n t r e  d e  R e
c h e r c h e  e n  S c i e n c e s  N e u r o l o g i q u e s , D é p a r te m e n t  d e  p h y s i o -  
l o g i e ,  U n i v e r s i t é  d e  M o n t r é a l ,  C .P .  6 1 2 8 ,  M o n t r é a l  H3C 
3T8

T he n u c l e o c o r t i c a l  p r o j e c t i o n  t e r m i n a t e s  a s  m o ssy  f i 
b e r s  i n  t h e  g r a n u l a r  l a y e r  o f  t h e  c e r e b e l l u m .  I t  h a s  b e e n  
s t u d i e d  w i t h  t h e  m e th o d  o f  a n t e r o g r a d e  t r a n s p o r t  o f  L -  
l e u c i n e  o f  h i g h  s p e c i f i c  a c t i v i t y  ( 1 3 0 - 1 4 7  C i /m m o l)  i n  
t h e  c a t .  S u r v i v a l  t i m e s  v a r y i n g  b e tw e e n  9 a n d  15 h o u r s  
w h ic h  a r e  a p p r o p r i a t e  t o  d e m o n s t r a t e  t h e  t e r m i n a l  g lo m e 
r u l i  w e r e  u s e d .  S m a l l  i n j e c t i o n s  w e r e  p l a c e d  i n  e a c h  o f  
t h e  c e r e b e l l a r  n u c l e i  a n d  t h e  e f f e r e n t  c e r e b e l l a r  p r o j e c 
t i o n s  t o  t h e  b r a i n s t e m  s e r v e d  a s  c o n t r o l s  o f  t h e  a u t o r a 
d i o g r a p h s  i n  a l l  c a s e s .

I n  t h e  n u c l e u s  i n t e r p o s i t u s  a n t e r i o r  (N IA ) i n j e c t i o n s  
l o c a t e d  w i t h i n  t h e  r o s t r a l  h a l f  o f  t h e  n u c l e u s  w e r e  o b 
t a i n e d .  I n  t h e s e  c a s e s ,  t h e r e  w e r e  no  f i b e r s  o f  p a s s a g e  
i n  t h e  w h i t e  m a t t e r  n o r  t e r m i n a l s  i n  t h e  c o r t e x  a n d  i t  i s  
p r o b a b l e  t h a t  t h e  NIA d o e s  n o t  p r o v i d e  a n y  n u c l e o c o r t i c a l  
f i b e r s .  F o r  t h e  o t h e r  n u c l e i ,  t h e  p r o j e c t i o n s  w e r e  a lw a y s  
s p a r s e  a n d  a p p e a r e d  a s  l o c a l i z e d  c l u s t e r s  o f  g r a i n  d e p o s 
i t s  s e p a r a t e d  b y  e m p ty  z o n e s .  T he  o v e r a l l  a r e a s  o f  c o r t e x  
im p in g e d  u p o n  b y  t h e  n u c l e o c o r t i c a l  p r o j e c t i o n s  n e v e r  i n 
v o l v e d  m o re  t h a n  a  f r a c t i o n  ( a t  t h e  m o s t  30% ) o f  t h e  c o r 
t i c a l  s u r f a c e .  A f t e r  a n  i n j e c t i o n  i n  t h e  c a u d a l  h a l f  o f  
t h e  n u c l e u s  m e d i a l i s  (NM) b i l a t e r a l  d i s t r i b u t i o n s  o f  
g r a i n  d e p o s i t s  w e r e  l o c a t e d  i n  l o b u l e s  VI a n d  V I I .  Some 
d e p o s i t s  w e r e  a l s o  s e e n  i n  l o b u l e s  I ,  V a n d  V I I I .  I n  t h e  
o t h e r  tw o  n u c l e i ,  t h e  p r o j e c t i o n s  w e r e  u n i l a t e r a l .  I n j e c 
t i o n s  i n v o l v i n g  t h e  n u c l e u s  i n t e r p o s i t u s  p o s t e r i o r  (N I P )  
d e m o n s t r a t e d  t e r m i n a l s  i n  l o b u l e  V I ,  c r u s  I ,  t h e  p a r a m e 
d i a n  l o b u l e ,  t h e  p a r a f l o c c u l u s  a n d  t h e  f l o c c u l u s .  S c a t 
t e r e d  d e p o s i t s  w e r e  a l s o  f o u n d  i n  c r u s  I I  a n d  i n  t h e  
p a r a m e d ia n  r e g i o n s  o f  l o b u l e s  I I ,  I I I ,  IV a n d  V . F o l lo w 
i n g  i n j e c t i o n s  r e s t r i c t e d  t o  t h e  n u c l e u s  l a t e r a l i s  (N L ) ,  
c r u s  I I  a n d  t h e  f l o c c u l u s  p r e s e n t e d  t h e  l a r g e s t  n u m b e r  o f  
t e r m i n a l s .  L e s s  d e n s e  d i s t r i b u t i o n s  w e r e  f o u n d  i n  c r u s  I  
a n d  l o b u l e s  V a n d  V I .  T h e r e  a r e  d i s t r i b u t i o n s  w i t h i n  t h e  
sam e  l o b u l e s  o f  p r o j e c t i o n s  f ro m  t h e  NM a n d  N IP  o r  f ro m  
t h e  N IP  a n d  NL. H o w e v e r ,  i t  i s  n o t  p o s s i b l e  a t  p r e s e n t  t o  
d e c i d e  w h e t h e r  t h e r e  i s  a n  a c t u a l  o v e r l a p  o f  t h e  t e r m i 
n a l s  f ro m  tw o  o f  t h e  n u c l e i  o r  s e p a r a t e  c o m p le m e n ta r y  
d i s t r i b u t i o n s .
S u p p o r t e d  b y  a  g r a n t  f ro m  t h e  C a n a d i a n  M e d ic a l  R e s e a r c h  
C o u n c i l .

217.4  LOCALIZATION OF SEROTONIN IMMUNOREACTIVITY IN THE 
DEEP CEREBELLAR NUCLEI OF THE OPOSSUM.  G.A. Bishop, 
R.H. Ho and J.S. King.  Department of Anatomy and 
Neuroscience Research Laboratory, The Ohio State University, 
Columbus, Ohio 43210.

We have used the PAP technique to describe: 1) the course 
of serotonin (5HT) fibers to the cerebellar nuclei 2) the 
differential distribution of 5HT within the nuclei; and 3) the 
continued course of these fibers to the cerebellar cortex. Few 
if any 5HT fibers are found in either the restiform body or the 
brachium pontis. However, a distinct bundle of 5HT fibers is 
present in the medial aspect of the brachium conjunctiva (BC). 
These fibers enter the cerebellum ventromedial to the nucleus 
interpositus anterior (NIA) and course posteromedially. Upon 
reaching the caudoventral aspect of the nuclei, the main fiber 
bundle turns abruptly dorsalward. Fibers arise from this ventral 
bundle and course dorsally into the neuropil of the deep nuclei. 
The densest im munostaining is seen in posterior and ventral 
regions of all four cerebellar nuclei. Anteriorly only sparse to 
moderate 5HT immunolabeling is seen. Within the nuclei, small 
diam eter (0.25-0.5 µm) varicose fibers tend to orient primarily 
in a mediolateral direction. In NIA and the ventrolateral aspect 
of the fastigial nucleus (FN), discrete 5HT labeled laminae 
interdigitate with 5HT free bands. The innervation of the 
cerebellar cortex is derived from fibers that course through the 
deep nuclei in a specific manner. Fibers radiating from the 
lateral aspect of the dentate nucleus are directed toward lateral 
portions of the cortex. Fibers continue from the rostrodorsal 
pole of the NIA to anterior vermal lobules. Posterior to the 
primary fissure a discrete plexus arises from the dorsal aspect 
of the FN and courses toward the base of lobules V & VI. At 
levels caudal to the deep nuclei a single midsagittal band 
courses into lobules VIE & IX. Vermal lobules I and X receive 
5HT fibers directly from the ventral fiber bundle. In conclusion, 
5HT afferents enter the opossum cerebellum in the brachium 
conjunctiva and distribute differentially within the deep nuclei. 
The densest labeling is seen in regions that primarily contain 
small neurons. Physiologically, many of these neurons have been 
shown to have axons that collateralize and project to the 
thalamus, inferior olive and cerebellar cortex (Tolbert e t al., 
'78; Exp. Brain Res., 31:305). Finally, there is regional 
organization in the course of 5 HT fibers through the deep nuclei 
to specific regions of the cerebellar cortex.  (Supported by NS- 
18028, NS-17080, NS-08798. We thank Dr. R. Elde for the 5HT 
antibody).

217.6  DEVELOPMENT OF SEROTONIN (5HT) IN THE OPOSSUM 
CEREBELLUM.  J.S. King, R.H. Ho and G.A. Bishop.
Department of Anatomy and Neuroscience Research Laboratory, 
Ohio State University, Columbus, Ohio 43210.

Immunohistochemical analysis (King e t al., ’83 Neurosci. 
Abst., 9:1092) has revealed that 5HT fibers differ in the density 
of their distribution to the cerebellar lobules and layers in the 
adult opossum. In the present study we have used the indirect 
antibody peroxidase antiperoxidase technique to analyze the 
ontogeny of 5HT in the cerebellum of pouch young opossums 
ranging in age from postnatal day (PD) 1 to PD 50. During the 
course of development, 5HT fibers appear to enter the 
cerebellum via two spatially and temporally separate 
pathways. At birth (PD 1) a distinct bundle of serotonin fibers 
courses through the tectum to a point where the tectum fuses 
with the cerebellar anlage. There they enter the cerebellum and 
distribute to the medial dorsal aspect of the intermediate 
zone. At PD 11 fewer 5HT fibers course to the cerebellum via 
the tec ta l route and by PD 16 they are no longer evident. 
Serotonin elements are now present in a brainstem cerebellar 
continuity around the la tera l recess of the fourth ventricle. 
Th ese fibers distribute to ventral lateral aspects of the 
cerebellar plate. Between PD 1 and PD 7, 5HT elements in the 
cerebellum are first located in the intermediate zone which has 
been reported in other species to contain migrating cells from 
the ventricular zone. Th ese cells d ifferentiate to form Purkinje 
cells, deep nuclear neurons and Golgi neurons. Throughout later 
developmental ages, PD 11 -  PD 50, 5HT fibers are present in 
the cellular zone of migration between the Purkinje cell layer 
and deep nuclei, the Purkinje cell layer, the in ternal g ranu le cell 
layer and in the deep cerebellar nuclei. The external granule 
cell and the molecular layers rarely contain 5HT fibers. The 
presence of 5HT elements in the intermediate zone early in 
cerebellar development supports the suggestion that serotonin 
plays a role in neuronal differentiation (Lauder & Krebs '78, 
Dev. Neuroscience: 1:15). In addition, the early arrival and 
course of 5HT axons suggest that they do not follow pre-existing 
cerebellar pathways. For example, spinal afferents enter the 
cerebellum by PD 7 a t the tectocerebellar junction (Martin et 
al., ’83, Anat. & Embryol.: 166:191) and efferents from the deep 
cerebellar nuclei exit by PD 16 and form the brachium 
conjunctivum (Hazlett & Bagley, '83, Neurosci. Abst.: 9871).  
(Supported by NS 08798, NS 17080, NS 18028. We thank Dr. R. 
Elde for the 5HT antibody).

2 1 7 . 6  ANATOMICAL EVIDENCE FOR THE PRESENCE OF GAD-IMMUNOREACTIVE 
AXONS, SYNAPTIC TERMINALS AND SOMATA IN THE BASILAR PONTINE 
NUCLEI OF THE RAT.  G .A .  Mi h a i l o f f  a n d  B .G .  B o r d e r * .  
D e p a r t m e n t s  o f  C e l l  B i o l o g y  a n d  N e u r o l o g y ,  U n i v .  T e x a s  
H e a l t h  S c i e n c e  C e n t e r ,  D a l l a s ,  T e x a s  7 5 2 3 5 .

The imm unocy to chemica l  v i s u a l i z a t i o n  o f  g l u t a m i c  a c i d  
d e c a r b o x y l a s e  (GAD), a key enzyme in t h e  s y n t h e s i s  o f  t h e  
n e u r o t r a n s m i t t e r ,  g a m m a -a m in o b u ty r ic  a c i d  (GABA) i s  g e n e r 
a l l y  r e g a r d e d  a s  an  a p p r o p r i a t e  means o f  d e m o n s t r a t i n g  
f i b e r s ,  s y n a p t i c  t e r m i n a l s  and  c e l l  b o d i e s  o f  GABA-ergic 
n e u r o n a l  e l e m e n t s  in t h e  CNS. A c c o r d i n g l y ,  we h a v e  a p p l i e d  
t h i s  m e t h o d o l o g y  t o  t h e  r a t  b r a i n s t e m  and h e r e  r e p o r t  t h e  
p r e s e n c e  o f  GAD-imm unore ac ti ve  a x o n s ,  s y n a p t i c  t e r m i n a l s  and 
som ata  w i t h i n  t h e  b a s i l a r  p o n t i n e  n u c l e i  (BPN).

A d u l t  L o n g - E v a n s  r a t s  w e r e  p e r f u s e d  w i t h  a  v a r i e t y  o f  
d i f f e r e n t  f i x a t i v e s  i n  o r d e r  t o  d e t e r m i n e  t h e  o p t i m a l  c o n d i 
t i o n s  f o r  t h e  i m m u n o c y t o c h e m i c a l  s t a i n i n g  o f  G A D - c o n t a i n i n g  
n e u r o n a l  e l e m e n t s  i n  t h e  BPN. F r e e - f l o a t i n g  v i b r a t o m e  s e c 
t i o n s  w e r e  i n c u b a t e d  w i t h  s h e e p  GAD a n t i s e r u m  S3 w h i c h  w a s  
k i n d l y  p r o v i d e d  by D r .  D . E .  S c h m e c h e l . In a l l  c a s e s ,  t h e  
i m m u n o p e r o x i d a s e  (PAP) m e t h o d  o f  S t e r n b e r g e r  w a s  u s e d  t o  
v i s u a l i z e  G A D - c o n t a i n i n g  e l e m e n t s  i n  t h e  n e u r o p i l .  O ur  
p r i n c i p a l  f i n d i n g s  i n t h e s e  s t u d i e s  a r e  t h e  f o l l o w i n g .  ( 1 )  A 
s u b s t a n t i a l  n u m b e r  o f  G A D - p o s i t i v e  a x o n s  a n d  a x o n  t e r m i n a l  
f i e l d s  a r e  p r e s e n t  d i f f u s e l y  t h r o u g h o u t  t h e  e n t i r e  r o s t r o -  
c a u d a l  e x t e n t  o f  t h e  BPN, b u t  a r e  d e n s e l y  c o n c e n t r a t e d  i n  
d o r s o l a t e r a l ,  v e n t r o l a t e r a l  a n d  v e n t r o m e d i a l  p o n t i n e  r e g i o n s .  
I m m u n o r e a c t i v e  a x o n s  a r e  p r e s e n t  am ong  f i b e r s  o f  t h e  c e r e 
b r a l  p e d u n c l e  b u t  a l s o  a p p e a r  t o  d e s c e n d  i n t o  t h e  BPN f r o m  
r e g i o n s  d o r s a l  t o  t h e  m e d i a l  l e m n i s c u s .  (2) i n c o n t r a s t , 
t h e  n u m b e r  o f  u n e q u i v o c a l l y  s t a i n e d  BPN s o m a t a  i s  q u i t e  
m i n i m a l .  G A D - p o s i t i v e  s o m a t a  a r e  s c a t t e r e d  t h r o u g h o u t  t h e  
BPN b u t  a r e  s e e n  i n  g r e a t e s t  f r e q u e n c y  w i t h i n  t h o s e  d o r s o 
l a t e r a l  a n d  v e n t r o l a t e r a l  p o n t i n e  r e g i o n s  w h i c h  a l s o  c o n t a i n  
a  h i g h  d e n s i t y  o f  G A D - s t a i n e d  a x o n  t e r m i n a l s .  A n u m b e r  o f  
s t a i n e d  s o m a t a  a l s o  a p p e a r  a d j a c e n t  t o  t h e  m i d l i n e  a t  
r o s t r a l  l e v e l s  a n d  w i t h i n  t h e  r e t i c u l o t e g m e n t a l  n u c l e u s  j u s t  
d o r s a l  t o  t h e  BPN. ( 3 )  P r e l i m i n a r y  EM s t u d i e s  c l e a r l y  
d e m o n s t r a t e  G A D - p o s i t i v e  a x o n s  a n d  s y n a p t i c  t e r m i n a l s  i n  t h e  
BPN, a n d  f u r t h e r  s t u d i e s  w i l l  s e e k  t o  c l a r i f y  t h e  s o u r c e  o f  
s u c h  a x o n  t e r m i n a l s .  In t h i s  r e g a r d ,  t h e  p r e s e n t  o b s e r v a 
t i o n s  s u g g e s t  t h a t  some may a r i s e  e x t r i n s i c  t o  t h e  BPN w h i l e  
t h e  p r e s e n c e  o f  G A D - s t a i n e d  s o m a t a  i n  t h e  BPN c o u l d  r e p r e 
s e n t  a  s y s t e m  o f  G A B A - e r g i c  n e u r o n s  w h o s e  a x o n  d i s t r i b u t e s  
a t  l e a s t  i n  p a r t  w i t h i n  t h e  BPN. S u p p o r t e d  by  NS 1 2 6 44  a n d  
N S F 8 0 - 0 4 8 5 3 .
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217 .7   ULTRASTRUCTURAL IDENTIFICATION OF DORSAL COLUMN NUCLEAR
TERMINALS IN THE BASILAR PONTINE GRAY OF RATS.  R . J .  K o s in s k i  
and  G.A. M l h a l l o f f .  D e p a r tm e n t  o f  C e l l  B i o l o g y ,  U n iv .  o f  
Texas  Hea l t h  S c i e n c e  C e n t e r ,  D a l l a s ,  TX 7 5235 .

In o r d e r  t o  i d e n t i f y  t h e  a x o n a l  b o u t o n s  o f  d o r s a l  co lumn 
n u c l e a r  (DCN) p r o j e c t i o n s  t o  t h e  b a s i l a r  p o n t i n e  g r a y  (BPG), 
t h e  DCN w e re  a b l a t e d  in  15 a d u l t  Long-Evans  r a t s  by e i t h e r  
s u c t i o n  o r  e l e c t r o c a u t e r i z a t i o n .  F o l lo w in g  1-14 day  
s u r v i v a l  p e r i o d s ,  t h e  a n i m a l s  w e re  s a c r i f i c e d  and t h e  BPG 
p r o c e s s e d  t h r o u g h  r o u t i n e  EM p r o c e d u r e s .

Two g r o u p s  o f  a x o n a l  b o u t o n s  w ere  i d e n t i f i e d  a s  u n d e r g o 
ing an  e l e c t r o n  d e n s e  t y p e  o f  d e g e n e r a t i o n .  A l t h o u g h  b o th  
fo rm ed  a s y m m e t r i c  s y n a p t i c  J u n c t i o n s ,  o n e  t y p e  c o n t a i n e d  
o n l y  rou n d  c l e a r  v e s i c l e s  w h e r e a s  t h e  o t h e r  e x h i b i t e d  a 
m i x t u r e  o f  d e n s e  c o r e  a nd  c l e a r  p l e o m o r p h ic  s y n a p t i c  v e s i 
c l e s ,  a s  w e l l  a s  l a r g e ,  d i l a t e d  c i s t e r n a l  o r  v e s i c u l a r  p r o 
f i l e s  a nd  d e n s e  s h ru n k e n  m i t o c h o n d r i a .  The f o r m e r  c a t e g o r y  
o f  d e g e n e r a t i n g  t e r m i n a l s  was f u r t h e r  d i v i d e d  i n t o  two s u b 
g r o u p s  on t h e  b a s i s  t h a t  o n e  u n d e rw e n t  a r a p i d  d e g e n e r a t i o n  
p r o c e s s  be coming  e x t r e m e l y  d e n s e  by 5 -6  d a y s  w h i l e  t h e  o t h e r  
s u b g ro u p  e x h i b i t e d  a much s l o w e r  p r o c e s s  o f  d e g e n e r a t i o n  
w h ic h  was f u r t h e r  c h a r a c t e r i z e d  by t h e  o c c u r e n c e  o f  a b r i e f  
p e r i o d  o f  n e u r o f i b r i l l a r  a c c u m u l a t i o n  e a r l y  ( 1 -3  d a y s )  in 
t h e  d e g e n e r a t i v e  p r o c e s s .  Both s u b g r o u p s  o f  t e r m i n a l s  
r a n g e d  from  0 . 5 - 2 . 5  µm i n s i z e  and  fo rm ed  m u l t i p l e  s y n a p t i c  
j u n c t i o n s  w i t h  p r o x im a l  and  I n t e r m e d i a t e  d e n d r i t i c  s h a f t s  
and  s p i n e s .  In a d d i t i o n ,  s e v e r a l  d e n d r i t i c  p r o t r u s i o n s  
i n v a g i n a t e d  some o f  t h e s e  b o u t o n s  and  r e c e i v e d  a s y m m e t r i c  
s y n a p s e s  a s  s i m i l a r l y  d e s c r i b e d  f o r  DCN ax o n a l  t e r m i n a t i o n s  
in t h e  t h a l a m u s  (VPL).  T h i s  s i m i l a r i t y  s u g g e s t s  t h a t  t h e s e  
BPG a f f e r e n t s  may r e p r e s e n t  c o l l a t e r a l  b r a n c h e s  o f  m ed ia l  
l em n i s c a l  a x o n s .

T h e  s e c o n d  m a j o r  c a t e g o r y  o f  d e g e n e r a t i v e  DCN t e r m i n a l s ,  
w h i c h  c o n t a i n e d  a  m i x t u r e  o f  c l e a r  a n d  d e n s e  c o r e  v e s i c l e s ,  
v a r i e d  i n  s i z e  f r o m  1 . 0 - 2 . 0  µm a n d  o n l y  f o r m e d  s i n g l e  a s y m 
m e t r i c  s y n a p t i c  c o n t a c t s .  W h i l e  t h e s e  t e r m i n a l s  c o n t a c t e d  
p r o x i m a l  d e n d r i t i c  s h a f t s  a n d  s o m a t a ,  t h e  m a j o r i t y  s y n a p s e d  
w i t h  i n t e r m e d i a t e  t o  s m a l l  d e n d r i t i c  s h a f t s .  N o n e ,  h o w e v e r ,  
w e r e  f o u n d  i n  c o n t a c t  w i t h  d e n d r i t i c  s p i n e s  n o r  d i d  t h e y  
e v e r  b e c o m e  d a r k  a n d  s h r u n k e n  d u r i n g  t h e  s u r v i v a l  t i m e s  
e m p l o y e d .  T h e  i d e n t i f i c a t i o n  o f  a  v a r i e t y  o f  d e g e n e r a t i n g  
a x o n a l  b o u t o n s  s u g g e s t s  t h a t  t h e  DCN may b e  r e l a y i n g  v a r i o u s  
t y p e s  o f  i n f o r m a t i o n  t o  t h e  BPG v i a  a x o n a l  p r o j e c t i o n s  w h i c h  
a r i s e  f r o m  m o r e  t h a n  o n e  t y p e  o f  n e u r o n ,  a s  p r e v i o u s l y  d e m o n 
s t r a t e d  f o r  t h e  c a t  (May & B e r k l e y ,  N e u r o s c i .  A b s t . ,  ' 8 3 ) .   
S u p p o r t e d  by  NS 1 2 6 4 4  a n d  NSF 8 0 - 0 4 8 5 3 .

2 1 7 .8   A COMPARISON OF SPINO-OLIVARY NEURONS THAT PROJECT TO THE 
MEDIAL AND DORSAL ACCESSORY OLIVES OF THE CAT.  H .H . 
M o li n a r i .   D e p a r tm e n t  o f  A n a to m y , A lb a n y  M e d ic a l  C o l l e g e ,  
A l b a n y ,  N .Y . 1 2 2 0 8 .

T h r e e  d i s t i n c t  t a r g e t s  o f  t h e  s p i n o - o l i v a r y  p r o j e c t i o n s  
a r e  t h e  c a u d a l  p o r t i o n  o f  t h e  m e d i a l  a c c e s s o r y  o l i v e  
(MAO), t h e  c a u d a l  d o r s a l  a c c e s s o r y  o l i v e  (D A O ), a n d  t h e  
r o s t r a l  DAO. I t  h a s  b e e n  s u g g e s t e d  t h a t  s e p a r a t e  
p o p u l a t i o n s  o f  s p i n a l  n e u r o n s  p r o j e c t  t o  e a c h  o f  t h e s e  
t a r g e t  a r e a s  ( A r m s t r o n g  a n d  S c h i l d ,  T h e  I n f e r i o r  O l i v a r y  
N u c l e u s , 1 9 8 0 ) .  T h i s  p o s s i b i l i t y  w a s  i n v e s t i g a t e d  i n  t h e  
p r e s e n t  s t u d y ,  w h ic h  u s e s  so m e d a t a  f ro m  a  r e c e n t  
p u b l i c a t i o n  ( M o l i n a r i ,  J .C o m p . N e u r o l . ,  1 9 8 4 ,  2 2 3 , 1 1 0 ) .  
I n j e c t i o n s  o f  WGA-HRP w e r e  m ade i n  t h r e e  l o c i  o f  t h e  c a t  
i n f e r i o r  o l i v e  ( 1 0 ) ,  a s  d e f i n e d  b y  e x a m i n a t i o n  o f  t h e  
i n j e c t i o n  s i t e s  a n d  t h e  c l i m b i n g  f i b e r  l a b e l i n g  i n  t h e  
c e r e b e l l a r  a n t e r i o r  l o b e :  1 )  c a u d a l  MAO w h ic h  p r o j e c t s  t o  
z o n e  a ;  2 )  c a u d a l  a n d  r o s t r a l  DAO w h ic h  p r o j e c t  t o  z o n e s  b 
a n d  c 1 / c 2 :  a n d  3 )  c a u d a l  MAO a n d  c a u d a l  DAO w h ic h  p r o j e c t  
t o  z o n e s  a  a n d  b .  A 4 8  h r  s u r v i v a l  t im e  a n d  TMB w e r e  u s e d  
t o  v i s u a l i z e  r e t r o g r a d e l y  l a b e l e d  n e u r o n s  i n  c o r d  s e g m e n t s  
L 5 - S 1 .  M any o f  t h e  i n j e c t i o n s  i n c l u d e d  p o r t i o n s  o f  t h e  
a d j a c e n t  r e t i c u l a r  f o r m a t i o n ;  c o n t r o l  i n j e c t i o n s  t h a t  
i n c l u d e d  t h e s e  r e g i o n s  b u t  n o t  10  w e r e  e v a l u a t e d .

T h e  v a s t  m a j o r i t y  o f  l a b e l e d  n e u r o n s  w e r e  f o u n d  i n  t h e  
c o n t r a l a t e r a l  c o r d  i n  t h r e e  d i s t i n c t  p o p u l a t i o n s :  1 ) i n  
t h e  d o r s a l  h o r n ,  p a r t i c u l a r l y  t h e  c e n t r a l  p o r t i o n  o f  
l a m i n a  V; 2 ) i n  t h e  v e n t r o m e d i a l  v e n t r a l  h o r n ,  a l o n g  t h e  
m e d i a l  b o r d e r  o f  l a m i n a e  V I I  a n d  V I I I ;  a n d  3 )  s c a t t e r e d  i n  
t h e  l a t e r a l  f u n i c u l u s .  I n j e c t i o n s  i n  c a u d a l  MAO r e s u l t e d  
i n  l a b e l i n g  o f  v e n t r o m e d i a l  n e u r o n s  t h r o u g h o u t  s e g m e n t s  
L 5 - S 1 .  I n j e c t i o n s  i n  DAO, e i t h e r  c a u d a l  o r  r o s t r a l  a n d  
c a u d a l ,  r e s u l t e d  i n  l a b e l i n g  o f  n e u r o n s  i n  t h e  v e n t r o 
m e d i a l  r e g i o n  o f  s e g m e n t s  L 7 - S 1 ,  t h e  l a t e r a l  f u n i c u l u s  o f  
s e g m e n t s  L 6 - L 7 ,  a n d  t h e  d o r s a l  h o r n  o f  s e g m e n t s  L 5 - L 6 .  As 
t h e  a m o u n t o f  r o s t r a l  DAO i n  t h e  i n j e c t i o n  i n c r e a s e d ,  t h e  
d o r s a l  h o r n  l a b e l i n g  e x t e n d e d  c a u d a l l y  i n t o  s e g m e n t s  L7 
a n d  S 1 . No o t h e r  c h a n g e s  w e r e  s e e n .

T he t h r e e  p o p u l a t i o n s  o f  s p i n o - o l i v a r y  n e u r o n s  do  n o t  
p r o j e c t  t o  s e p a r a t e  1 0  t a r g e t s .  N e v e r t h e l e s s ,  t h e  10  
t a r g e t  r e g i o n s  d o  n o t  r e c e i v e  i d e n t i c a l  i n p u t  f ro m  t h e  
s p i n a l  c o r d .  R a t h e r ,  t h e  i n p u t  t o  a n y  o n e  r e g i o n  r e f l e c t s  
a  p a r t i c u l a r  s e g m e n t a l  s a m p l in g  o f  o n e  o r  m o re  p o p u l a t i o n s  
o f  s p i n o - o l i v a r y  n e u r o n s .   ( S u p p o r t e d  b y  NIH G r a n t  
N S - 1 7 6 9 3 ) .

2 1 7 .9   LIGHT MICROSCOPIC STUDY OF THE INFERIO R OLIVARY COMPLEX IN  
THE ADULT STAGGERER MUTANT MOUSE.  G , J .  B l a t t *  a n d  L .M . 
E i s e n m a n .   D a n i e l  B a u g h  I n s t i t u t e  o f  A n a to m y , J e f f e r s o n  
M e d ic a l  C o l l e g e ,  P h i l a d e l p h i a ,  PA 1 9 1 0 7 .

I n  t h e  h o m o z y g o u s  m u ta n t  m o u s e ,  s t a g g e r e r  ( s g / s g ) , 
a p p r o x i m a t e l y  6 0 -9 0 %  o f  i t s  c e r e b e l l a r  P u r k i n j e  c e l l s  (P C ) 
a r e  a b s e n t  ( H e r r u p  a n d  M u l l e n ,  1 9 7 9 ) .  S i n c e  c e l l s  o f  t h e  
i n f e r i o r  o l i v a r y  c o m p le x  ( I O ) p r o j e c t  t o  t h e  c e r e b e l l a r  
c o r t e x  a s  c l i m b i n g  f i b e r s  a n d  PC s p r o v i d e  t h e i r  m a in  p o s t 
s y n a p t i c  t a r g e t ,  i t  w o u ld  b e  e x t r e m e l y  i n t e r e s t i n g  t o  
d e t e r m i n e  t h e  s t a t u s  o f  t h e  IO  i n  t h e  a d u l t  s t a g g e r e r .  We 
c a n  s e e  i f  t h e  l o s s  o f  t h e  p r i m a r y  t a r g e t  h a s  a l t e r e d  
e i t h e r  q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y  a s p e c t s  o f  t h e  
s g / s g  I O . We r e p o r t  h e r e  o n  t h e  r e s u l t s  o f  a  l i g h t  
m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  I O . T he m o r p h o lo g y  o f  t h e  
t h r e e  m a j o r  o l i v a r y  s u b d i v i s i o n s ,  t h e  p r i n c i p a l  o l i v e  
( P O ) ,  d o r s a l  a c c e s s o r y  o l i v e  (D A O ), a n d  m e d i a l  a c c e s s o r y  
o l i v e  (MAO) w e r e  a n a l y z e d  a n d  IO  c e l l  c o u n t s  w e r e  p e r 
f o r m e d  i n  t h r e e  h o m o z y g o u s  s t a g g e r e r  m ic e  (B 6 C 3 ) a c c o r d i n g  
t o  t h e  m e th o d  o f  K o n ig s m a r k  ( 1 9 7 0 ) .

T h e  o r g a n i z a t i o n  o f  t h e  IO  i n  s t a g g e r e r  i s  s o m e w h a t 
p r e s e r v e d  w i t h  a l l  t h r e e  m a j o r  s u b d i v i s i o n s  i d e n t i f i a b l e  
i n  so m e s e c t i o n s .  T he  PO i s  r e d u c e d  b u t  t h e  v e n t r a l  a n d  
d o r s a l  l a m e l l a e  a r e  v i s i b l e  i n  som e m i d - r o s t r a l  s e c t i o n s .  
T h e  b o r d e r  b e tw e e n  t h e  PO a n d  DAO i s  o b s c u r e  i n  so m e s e c 
t i o n s  a n d  t h e  r o s t r o c a u d a l  e x t e n t  o f  t h e  P O a n d  DAO i s  d e 
c r e a s e d .  T h e  DAO i s  a b s e n t  i n  m any c a u d a l  t o  i n t e r m e d i a t e  
s e c t i o n s  a n d  g r e a t l y  r e d u c e d  i n  o t h e r s .  T h e  MAO a p p e a r s  
so m e w h a t n o r m a l  b u t  I n  c a u d a l  s e c t i o n s  i s  c o m p a c t  m e d i a l l y  
a n d  r e d u c e d  l a t e r a l l y .  S u b n u c l e u s  " b "  a p p e a r s  a b s e n t  o r  
r e d u c e d  a n d  n o  d i s t i n c t  g r o u p i n g  o f  c e l l s  r e p r e s e n t i n g  
t h e  d o r s o m e d i a l  c e l l  c o lu m n  i s  o b s e r v e d .  T h e  r o s t r o c a u d a l  
d i m e n s io n  o f  t h e  s t a g g e r e r  IO  i s  r e d u c e d  b y  25% b u t  t h e  
m e d i o l a t e r a l  e x t e n t  i s  s i m i l a r  t o  t h a t  o f  t h e  n o r m a l  m o u s e .

T h e  m o s t  s t r i k i n g  a b n o r m a l i t y  o f  t h e  10  i n  t h e  h o m o zy 
g o u s  s t a g g e r e r  i s  t h a t  o n l y  a p p r o x i m a t e l y  40% o f  t h e  10 
c e l l s  a r e  p r e s e n t  (m e a n  = 1 5 , 5 0 0 )  w h en  c o m p a r e d  t o  c o u n t s  
i n  t h e  n o r m a l  m o u se  (m e a n  = 3 7 , 0 0 0 ) .  T h i s  r e s u l t  i s  n o t  
s u r p r i s i n g  s i n c e  a b o u t  75% o f  t h e  c e r e b e l l a r  PC s a r e  a l s o  
m i s s i n g  i n  t h i s  a n i m a l .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  IO  
c o u n t s  a r e  f o u n d  i n  t h e  l e f t  a n d  r i g h t  IO  i n  s g / s g , e v e n  
t h o u g h  so m e s e c t i o n s  a p p e a r  s t r u c t u r a l l y  a s y m m e t r i c .

T h e s e  o b s e r v a t i o n s  sh o w  t h a t  t h e  s t a g g e r e r  g e n e  e i t h e r  
d i r e c t l y  o r  i n d i r e c t l y  a f f e c t s  t h e  o r g a n i z a t i o n  a n d  n u m b e r  
o f  IO  c e l l s  i n  s g / s g .  I t  i s  u n k n o w n  w h e t h e r  IO  c e l l s  a r e ,  
i n  a d d i t i o n  t o  P C s , a  p r i m a r y  s i t e  o f  g e n e  a c t i o n  o r  
s e c o n d a r i l y  a f f e c t e d  d u e  t o  t h e  c e r e b e l l a r  m a l f o r m a t i o n .

2 1 7 . 10  D i r e c t i o n  a n d  P o s i t i o n  C o d in g  o f  S a c c a d e  R e l a t e d  N e u r o n s  
i n  t h e  C e r e b e l l a r  V e r m is  o f  t h e  C a t   
P a u l  M. G o c h in *  a n d  J a m e s  G . M c E l l i g o t t ,   D e p t . o f  
P h a r m a c o lo g y ,  T e m p le  U n i v e r s i t y  S c h o o l  o f  M e d ic i n e ,  
P h i l a d e l p h i a ,  P A . ,  1 9 1 4 0

P r e v i o u s  s t u d i e s  h a v e  i n v e s t i g a t e d  P u r k i n j e  c e l l  a c t i v i t y  
i n  t h e  v e r m a l  c e r e b e l l u m  o f  a l e r t  a n i m a l s  ( c a t s  a n d  
m o n k e y s )  t r a i n e d  t o  m ak e  s a c c a d e s  a l o n g  t h e  p r i m a r y  a x e s .  
I n  t h e  p r e s e n t  s t u d y ,  we w i s h e d  t o  e x a m in e  m o re  
e x t e n s i v e l y  tw o  i m p o r t a n t  p r o p e r t i e s  o f  s a c c a d e s  
( d i r e c t i o n  a n d  p o s i t i o n )  w i t h  w h ic h  P u r k i n j e  c e l l  a c t i v i t y  
h a s  b e e n  c o r r e l a t e d .  H ead  r e s t r a i n e d  c a t s  m ad e  s a c c a d e s  
t o  s p o t s  o f  l i g h t  p r e s e n t e d  o n  a  t a n g e n t  s c r e e n  i n  o r d e r  
t o  o b t a i n  a  l i q u i d  r e w a r d .  Two e x p e r i m e n t a l  p r o t o c o l s  
w e re  u s e d .  T h e  f i r s t  p a r a d ig m  s e r v e d  t o  e v o k e  a  3 6 0  
d e g r e e  s e t  o f  r a d i a l  s a c c a d e s  o r i g i n a t i n g  f ro m  t h e  sam e  
c e n t r a l  p o s i t i o n .  I n  t h e  s e c o n d  p a r a d i g m ,  a n i m a l s  w e r e  
r e q u i r e d  t o  p r o d u c e  a  m a t r i x  o f  e y e  m o v e m e n ts  m ad e  u p  o f  
4 0  h o r i z o n t a l  a n d  4 0  v e r t i c a l  s a c c a d e s  c o v e r i n g  a n  a r e a  o f  
20  x  20  d e g r e e s .  R e s u l t s  f ro m  t h e  f i r s t  e x p e r i m e n t  
( d i r e c t i o n - r a d i a l  p a r a d i g m )  d e m o n s t r a t e d  t h a t  80% ( 3 2 / 4 0 )  
o f  r e l a t e d  c e l l s  h a d  a  d i r e c t i o n a l  p r e f e r e n c e  t h a t  w as 
r e l a t i v e l y  b r o a d  (89%  > 90  d e g  a n d  50% > 1 8 0  d e g ) .  I n  
a d d i t i o n ,  a  f e w  c e l l s  ( 2 0 %) r e s p o n d e d  t o  s a c c a d e s  m ad e  i n  
a l l  d i r e c t i o n s  o f  m o v e m e n t.  R e s u l t s  f ro m  t h e  s e c o n d  
e x p e r i m e n t  ( p o s i t i o n - m a t r i x  p a r a d i g m )  sh o w e d  t h a t  m o s t  o f  
t h e  c e l l s  (69% ; 1 1 / 1 6 )  c o r r e l a t e d  w i t h  s a c c a d e s  t h a t  w e r e  
m ad e  i n  d i s c r e t e  r e g i o n s  o f  t h e  e y e  m o v em e n t f i e l d .  T h e s e  
c e l l s  p o s s e s s e d  a  d i r e c t i o n a l  p r e f e r e n c e  t h a t  w as  
m a i n t a i n e d  t h r o u g h o u t  t h e  r e s p o n s e  r e g i o n .  T h e s e  r e g i o n s  
w e r e  r e l a t i v e l y  l a r g e  u s u a l l y  o c c u p p in g  3 0  t o  5 0  p e r c e n t  
o f  t h e  o c u lo m o t o r  r a n g e  t h a t  we i n v e s t i g a t e d .  T h e  
e x p e r i m e n t a l  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  r e s p o n s e  o f  
i n d i v i d u a l  P u r k i n j e  c e l l s  i s  c o r r e l a t e d  w i t h  s a c c a d e s  m ade 
i n  s p e c i f i c  d i r e c t i o n s  w i t h i n  p r e s c r i b e d  r e g i o n s  o f  t h e  
o c u lo m o t o r  f i e l d .  E a c h  c e l l  i s  b r o a d l y  t u n e d  ( w i t h  
r e s p e c t  t o  s a c c a d e  d i r e c t i o n )  a n d  t h e  a r e a  w h e r e  i t  
r e s p o n d s  i s  r e l a t i v e l y  l a r g e .  I t  i s  p o s s i b l e  t h a t  t h i s  
i n f o r m a t i o n  i s  u s e d  b y  t h e  b r a i n  s te m  o c u lo m o t o r  c o m p le x  
t o  m ake p o s i t i o n  d e p e n d e n t  c o r r e c t i o n s  i n  o r d e r  t o  
c o m p e n s a te  f o r  n o n - l i n e a r i t i e s  w i t h i n  t h e  o c u lo m o t o r  
s y s t e m .  T h i s  i s  i n  a g r e e m e n t  w i t h  p r i o r  s t u d i e s  w h ic h  
sh o w  t h a t  c e r e b e l l a r  l e s i o n e d  a n i m a l s  p r o d u c e  s a c c a d e s  
w i t h  t a r g e t i n g  e r r o r s  t h a t  a r e  p o s i t i o n  d e p e n d e n t .   
( S u p p o r t e d  i n  p a r t  b y  a  g r a n t  f ro m  t h e  B en  F r a n k l i n  
P a r t n e r s h i p  o f  t h e  C o m m o n w e a lth  o f  P e n n s y l v a n i a . )
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217.11 SECONDS-LONG CHANGES IN PURKINJE SIMPLE SPIKE ACTIVITY 
ACCOMPANY SPONTANEOUS CLIMBING FIBER DISCHARGES.  
C.C. Boylls, J r . , J.H. Qnyski*, and L.A. Cohen*.  Rehabilitation R&D Cen
ter, VA Medical Center, Palo Alto, CA 94304.

Purkinje cell simple spike activity is known to be reduced or suppressed 
for many seconds following repetitive electrical excitation of olivocerebellar 
pathways. Likewise, olivary microstimulation elicits enduring postural 
“biasing” of locomotor and oculomotor performances. Do naturally 
occurring climbing fiber responses (cfr's ) also occasion lengthy simple-spike 
alterations? We have examined this issue through optimal linear estimation 
of the simple-spike activity surrounding spontaneous cfr’s. The estimators 
were derived from time-extensive cfr/simple-spike cross-correlations (lags 
to ± 120 sec; resolution to 0.1 msec) in Purkinje cells recorded continously 
for up to 3 hours. Cells were studied in Voogd’s zones B and C 1, lobule V, 
of pre- or intercollicularly decerebrate cats, some generating stepping.

Illustrated below is such an estimator and its cumulative sum (the 
running integration of the estimator less its pre-cfr mean). The classic 
Purkinje “inactivation” pause and subsequent rebound are compressed into 
tiny spikes near 0 sec. Thereafter, simple spike activity is depressed by 
several Hz and requires roughly 10 sec to recover. Each of 26 units exhibited 
a similar seconds-long statistical alteration (usually a reduction) of activity 
associated with the cfr. Because alterations often began prior to the cfr 
(as in the cusum below), olivocerebellar activity alone may not determine 
such responses. However, it seems increasingly evident tha t climbing fiber 
volleys do indeed accompany protracted alterations in Purkinje simple- 
spike activity.  (S u p p o rte d  by  VA M ed ical M e r it R ev iew .)

H z  ( E s t i m a t o r ) ( C u s u m )  A E v e n t s

2 1 7 .1 2   REDUCTION OF CEREBELLAR N O R E P IN E P H R IN E  ALTERS C LIM BI NG  
F IB E R  ENHANCEMENT OF MOSSY -PA RAL LE L F I B E R  IN PU T  TO THE 
P U R K IN JE  C E L L .   J . G .  M c E l l i q o t t ,  T . J .  E b n e r ,  J . R .  B l o e d e l , 
 Dept. o f  P h a r a m c o l o g y , T e m p l e  U . , P h i l a d e l p h i a ,  PA 1 9 1 4 0 ,  
D e p t s .  o f  N e u r o s u r g e r y  a n d  P h y s i o l o g y ,  U. o f  M i n n . ,  M p l s . ,  
MN 5 5 4 5 5

T h e  P u r k i n j e  c e l l  r e c e i v e s  i n p u t s  f r o m  t h r e e  d i s c r e t e  
s o u r c e s ,  t h e  m o s s y  f i b e r ,  t h e  c l i m b i n g  f i b e r ,  a n d  t h e  n o r 
a d r e n e r g i c  ( N E )  f i b e r  s y s t e m .  E a c h  s y s t e m  i s  t h o u g h t  t o  
s e r v e  a  s e p a r a t e  f u n c t i o n  i n  t h e  p r o c e s s i n g  o f  i n f o r m a t i o n  
b y  t h e  c e r e b e l l u m .  M o s t  s t u d i e s  h a v e  f o c u s e d  o n  i n t e r a c 
t i o n s  b e t w e e n  t h e  m o s s y  a n d  c l i m b i n g  f i b e r  s y s t e m s  i n d e p 
e n d e n t  o f  t h e  NE s y s t e m .  P r e v i o u s  w o r k  h a s  s h o w n  t h a t  t h e  
r e s p o n s e s  o f  P u r k i n j e  c e l l s  t o  n a t u r a l l y  e v o k e d  m o s s y  f i 
b e r  i n p u t s  a r e  e n h a n c e d  b y  t h e  a c t i o n  o f  t h e  c l i m b i n g  f i b e r  
s y s t e m .  T h e s e  e x p e r i m e n t s  i n v e s t i g a t e d  t h e  e f f e c t s  o f  r e 
d u c e d  c e r e b e l l a r  NE o n  t h i s  i n t e r a c t i o n .  R e c o r d i n g s  w e r e  
m a d e  f r o m  5 8  i n d i v i d u a l  P u r k i n j e  c e l l s  i n  3  c h r o n i c  c a t s  
t h a t  w e r e  p a r a l y z e d  a n d  a r t i f i c i a l l y  r e s p i r a t e d  d u r i n g  t h e  
r e c o r d i n g  s e s s i o n s .  P r e v i o u s l y ,  t h e s e  a n i m a l s  r e c e i v e d  a n  
i n t r a c i s t e r n a l  i n j e c t i o n  o f  6 - OHDA ( a v e .  d o s e  s i z e  -  1 . 6 5  
m g )  w h i c h  e f f e c t i v e l y  r e d u c e d  t h e  n o r e p i n e p h r i n e  c o n t e n t  
( m e a s u r e d  b y  H P L C - E C )  o f  t h e  c e r e b e l l u m  t o  18% o f  c o n t r o l  
v a l u e s .  P u r k i n j e  c e l l  s i m p l e  a n d  c o m p l e x  s p i k e  h i s t o g r a m s  
t o  a n  i p s i l a t e r a l  f o r e p a w  t a p  w e r e  c o n s t r u c t e d .  U n l i k e  t h e  
p r e v i o u s  s t u d i e s  i n  u n d e p l e t e d  a n i m a l s ,  i n h i b i t o r y  s i m p l e  
s p i k e  r e s p o n s e s  ( 4 2  c o m p o n e n t s )  e v o k e d  b y  a  f o r e p a w  t a p  
w e r e  e n h a n c e d  w h e n  c o m p l e x  s p i k e s  w e r e  c o n c o m i t a n t l y  e v o k e d .  
M o s t  o f  t h e  e x c i t a t o r y  r e s p o n s e  c o m p o n e n t s  ( n = 4 7 )  w e r e  n o t  
e n h a n c e d  b y  c o n c o m i t a n t  c l i m b i n g  f i b e r  d i s c h a r g e .  I n  a  
l a r g e  n u m b e r  o f  P u r k i n j e  c e l l s ,  t h e  a m p l i t u d e  o f  e x c i t a 
t o r y  r e s p o n s e  c o m p o n e n t s  w a s  a c t u a l l y  r e d u c e d .  T h e s e  d a t a  
s h o w  t h a t  t h e r e  i s  a  s e l e c t i v e  e f f e c t  o n  t h e  e n h a n c e m e n t  
o f  e x c i t a t o r y  P u r k i n j e  c e l l  r e s p o n s e s  i n  a n i m a l s  w i t h  r e 
d u c e d  NE.  S i n c e  m o s t  o f  t h e  NE i n p u t  t o  t h e  c e r e b e l l u m  
t e r m i n a t e s  o n  t h e  P u r k i n j e  c e l l ,  a n d  s i n c e  NE m o d u l a t e s  t h e  
a c t i o n s  o f  e x c i t a t o r y  a n d  i n h i b i t o r y  n e u r o t r a n s m i t t e r s  d i r 
e c t l y  o n  t h e s e  n e u r o n s ,  i t  i s  p o s s i b l e  t h a t  t h i s  s e l e c t i v e  
e f f e c t  i s  a  r e s u l t  o f  a  r e d u c t i o n  o f  t h e  n o r a d r e n e r g i c  i n 
p u t  t o  t h e  P u r k i n j e  c e l l .  A t  t h e  p r e s e n t  t i m e ,  a n  e x t e r n a l  
c e r e b e l l a r  m e c h a n i s m  c a n n o t  b e  e n t i r e l y  e x c l u d e d  s i n c e  i n 
t r a c i s t e r n a l  6 -OHDA d e c r e a s e s  NE i n  o t h e r  r e g i o n s .   T h i s  
w o r k  w a s  s u p p o r t e d  b y  NIH  g r a n t  NS 0 9 4 4 7  a n d  a  g r a n t  f r o m  
t h e  B e n  F r a n k l i n  P a r t n e r s h i p .

2 1 7 . 1 3   DECONVOLUTION OF A SI M PL E  S P I K E  " S I G N A L "  FROM THE BACK
GROUND A C T I V I T Y .   T . J .  E b n e r ,  D e p t s .  o f  N e u r o s u r g e r y  a n d  
P h y s i o l o g y ,  U. o f  M i n n . ,  M p l s . ,  MN 5 5 4 5 5

A m a j o r  p r o b l e m  i n  e v a l u a t i n g  t h e  a c t i v i t y  o f  P u r k i n j e  
c e l l s  i s  t h e  " n o i s y "  b a c k g r o u n d  s i m p l e  s p i k e  d i s c h a r g e .  
I n  t h i s  s t u d y  a n  a n a l y t i c a l  m e t h o d  t o  d e c o n v o l v e  t h e  s i m 
p l e  s p i k e  s i g n a l  e v o k e d  b y  a  s t i m u l u s  f r o m  t h e  b a c k g r o u n d  
a c t i v i t y  i s  d e s c r i b e d .  I n  d e c e r e b r a t e ,  u n a n e s t h e t i z e d  c a t s  
P u r k i n j e  c e l l  a c t i v i t y  w a s  r e c o r d e d  e x t r a c e l l u l a r l y , c o n 
s t r u c t i n g  s i m p l e  a n d  c o m p l e x  s p i k e  h i s t o g r a m s  d u r i n g  a  
b r i e f ,  p a s s i v e  i p s i l a t e r a l  f o r e p a w  f l e x i o n - e x t e n s i o n  m o v e 
m e n t .  A f t e r  d e t e r m i n i n g  t h e  t i m e  p e r i o d  o f  t h e  s i m p l e  
s p i k e  r e s p o n s e  a  p e r i o d  o f  b a c k g r o u n d  d i s c h a r g e  w a s  d e f i n e d ,  
c o n s i s t i n g  o f  a n  e q u a l  t i m e  p e r i o d  u s u a l l y  j u s t  p r i o r  t o  
t h e  s i m p l e  s p i k e  r e s p o n s e  w i n d o w .  T h e  a v e r a g e ,  i n s t a n t a n 
e o u s  f i r i n g  f r e q u e n c y  f o r  e a c h  s t i m u l u s  p r e s e n t a t i o n  f o r  
t h e  b a c k g r o u n d  a n d  r e s p o n s e  w i n d o w  w a s  d e t e r m i n e d .  T h e  
l a r g e  t r i a l  t o  t r i a l  v a r i a b i l i t y  w a s  r e v e a l e d  i n  p l o t s  o f  
t h e  r e s p o n s e ,  b a c k g r o u n d ,  o r  r e s p o n s e  t o  b a c k g r o u n d  r a t i o .  
T h e  p r o b a b i l i t y  d e n s i t i e s  f o r  t h e  r e s p o n s e  a n d  b a c k g r o u n d  
b a s e d  o n  t h e  a v e r a g e  i n s t a n t a n e o u s  f i r i n g  f r e q u e n c y  f o r  
e a c h  s t i m u l u s  p r e s e n t a t i o n  w e r e  o b t a i n e d .  B a s e d  o n  t h e  a s 
s u m p t i o n  t h a t  t h e  r e s p o n s e  i s  t h e  s u m  o f  t w o  i n d e p e n d e n t  
r a n d o m  v a r i a b l e s ,  t h e  b a c k g r o u n d  a n d  t h e  s i g n a l  e v o k e d  b y  
t h e  f o r e p a w  d i s p l a c e m e n t ,  M o n t e - C a r l o  t e c h n i q u e s  w e r e  u s e d  
t o  d e c o n v o l v e  t h e  s i g n a l  f r o m  t h e  r e s p o n s e .  T o  t e s t  t h e  
v a l i d i t y  o f  t h e  d e c o n v o l u t i o n ,  t h e  s i g n a l  a n d  n o i s e  p r o 
b a b i l i t y  d e n s i t i e s  w e r e  c o n v o l v e d  t o  g e n e r a t e  a  " s i m u l a t e d "  
r e s p o n s e  d e n s i t y ,  w h i c h  w a s  s t a t i s t i c a l l y  c o m p a r e d  t o  t h e  
o b s e r v e d  r e s p o n s e  d e n s i t y .  M a n y  o f  t h e  d e c o n v o l v e d  s i g n a l  
p r o b a b i l i t y  d e n s i t i e s  e x h i b i t e d  s m a l l  v a r i a n c e s  w h e n  c o m 
p a r e d  t o  t h e  n o i s e  a n d  r e s p o n s e  p r o b a b i l i t y  d e n s i t i e s .  T h e  
m e a n  o f  s i g n a l  d i s t r i b u t i o n  f o r  m a n y  P u r k i n j e  c e l l s  w a s  
c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  m e a n  o f  t h e  n o i s e  d i s t r i b u 
t i o n .  An i n i t i a l  e v a l u a t i o n  o f  t h e  s i g n a l  d i s t r i b u t i o n  
d u r i n g  s t i m u l u s  p r e s e n t a t i o n s  w h e n  c l i m b i n g  f i b e r  i n p u t  
w a s  e v o k e d  a n d  w h e n  c l i m b i n g  f i b e r  i n p u t  w a s  n o t  e v o k e d  
s u p p o r t e d  o u r  p r e v i o u s  f i n d i n g  t h a t  P u r k i n j e  c e l l  r e s p o n 
s i v e n e s s  i s  i n c r e a s e d  b y  c l i m b i n g  f i b e r  i n p u t .  B e i n g  a b l e  
t o  d i r e c t l y  e v a l u a t e  t h e  s i g n a l  r e m o v e d  f r o m  t h e  b a c k g r o u n d  
a c t i v i t y  w i l l  p e r m i t  a  b e t t e r  u n d e r s t a n d i n g  o f  h ow  t h e  
c e r e b e l l a r  c o r t e x  p r o c e s s e s  a f f e r e n t  i n p u t s .   S u p p o r t e d  b y  
NIH  g r a n t  NS 1 8 3 3 8 .

2 1 7 .14   OCULOMOTOR RESPO NSE S TO M IC RO ST IM UL AT IO N OF THE P O ST E RI O R  
CEREBELLAR VERMIS IN THE MONKEY.  T .  F u j i k a d o *  a n d  H .  N o d a . 
( S P O N :  R.  D e V o e ) ,   S c h ,  o f  O p t . ,  I n d i a n a  U n i v . ,  IN 4 7 4 0 5 .

S t i m u l a t i o n  e x p e r i m e n t s  o n  m o n k e y s  h a v e  s u g g e s t e d  t h a t  
s a c c a d i c  e y e  m o v e m e n t s  c a n  b e  e l i c i t e d  f r o m  a  w i d e  a r e a  o f  
t h e  p o s t e r i o r  v e r m i s  ( l o b u l i  5 ,  6  a n d  7 ) .  We d i s c o v e r e d  t h a t  
w h e n  s m a l l  s t i m u l u s  c u r r e n t s  ( l e s s  t h a n  3 0  µ A )  w e r e  u s e d ,  
t h e  a r e a  w a s  r e l a t i v e l y  s m a l l ,  i n c l u d i n g  l o b u l u s  7 a n d  t h e  
p o s t e r i o r  p a r t  o f  l o b u l u s  6 . I n  t h e  p r e s e n t  s t u d y ,  s i n g l e  
u n i t s  w e r e  r e c o r d e d  f r o m  m o n k e y s  i n  w h i c h  a  s e a r c h  c o i l  h a d  
b e e n  i m p l a n t e d  o n  o n e  e y e .  O c u l o m o t o r  r e s p o n s e s  f r o m  t h e  
p o s t e r i o r  v e r m i s  w e r e  s t u d i e d  w i t h  t h e  s a m e  m i c r o e l e c t r o d e s  
s t i m u l a t i n g  s y s t e m a t i c a l l y  a t  1 0 0  µ M s t e p s .  T h e  s t i m u l u s  
l o c i  w i t h  r e s p e c t  t o  t h e  c e r e b e l l a r  l a y e r s  w e r e  i d e n t i f i e d  
p h y s i o l o g i c a l l y  f r o m  c h a r a c t e r i s t i c  n e u r a l  a c t i v i t y  d u r i n g  
e x p e r i m e n t s  a n d  l a t e r  c o n f i r m e d  h i s t o l o g i c a l l y .  T h e  r e s 
p o n s i v e  a r e a  c o r r e s p o n d e d  f a i r l y  w e l l  t o  t h e  s t r u c t u r e  f r o m  
w h i c h  s a c c a d e - r e l a t e d  d i s c h a r g e s  w e r e  r e c o r d e d .  I n  t h e  
c o r t e x ,  l o w  t h r e s h o l d  l o c i  w e r e  f o u n d  i n  t h e  g r a n u l a r  l a y e r s  
a n d  t h e  t h r e s h o l d s  i n  t h e  P u r k i n j e  c e l l  l a y e r s  w e r e  a l w a y s  
h i g h e r  t h a n  t h o s e  f o r  t h e  o t h e r  l a y e r s .  Low t h r e s h o l d  l o c i  
w e r e  a l s o  d i s c o v e r e d  i n  t h e  w h i t e  m a t t e r .  T y p i c a l  o c u l o 
m o t o r  r e s p o n s e s  w e r e  s a c c a d e s  w i t h  a  h o r i z o n t a l  c o m p o n e n t  
t o  t h e  s t i m u l a t i o n  s i d e .  W he n t h e  s t i m u l u s  w a s  a p p l i e d  
n e a r  t h e  m i d l i n e ,  a  v e r t i c a l  c o m p o n e n t  p r e d o m i n a t e d .  T h e  
d i r e c t i o n s  a n d  a m p l i t u d e s  o f  e y e  m o v e m e n t s  v a r i e d  d e p e n d i n g  
o n  t h e  s t i m u l u s  l o c i  a s  w e l l  a s  t h e  s t i m u l u s  i n t e n s i t i e s .  
W i t h i n  t h e  s a m e  l o c u s ,  a  h i g h e r  i n t e n s i t y  p r o d u c e d  s a c c a d e s  
o f  a  l a r g e r  v e c t o r i a l  a m p l i t u d e ,  b u t  t h e  e f f e c t s  o n  t h e  
h o r i z o n t a l  a n d  v e r t i c a l  c o m p o n e n t s  w e r e  u s u a l l y  d i f f e r e n t .
A t  m o s t  c o r t i c a l  l o c i ,  m a i n l y  t h e  h o r i z o n t a l  c o m p o n e n t  
i n c r e a s e d ,  p r o d u c i n g  m o r e  h o r i z o n t a l  e y e  m o v e m e n t s ;  h o w e v e r ,  
a t  o t h e r  l o c i ,  b o t h  t h e  h o r i z o n t a l  a n d  v e r t i c a l  c o m p o n e n t s  
i n c r e a s e d ,  p r o d u c i n g  l a r g e r  o b l i q u e  e y e  m o v e m e n t s .  T h e  
t r a j e c t o r i e s  o f  t h e  m a j o r i t y  o f  e y e  m o v e m e n t s  w e r e  n o t  
s t r a i g h t .  T h i s  w a s  c a u s e d  b y  d i f f e r e n c e s  i n  t h e  l a t e n c i e s ,  
d u r a t i o n s  a n d  p e a k  v e l o c i t y  t i m e s  b e t w e e n  t h e  h o r i z o n t a l  a n d  
v e r t i c a l  c o m p o n e n t s  o f  t h e  r e s p o n s e s .

I t  i s  l i k e l y  t h a t  t h e r e  a r e  e l e m e n t s  i n  t h e  c e r e b e l l a r  
c o r t e x  t h a t  d r i v e  t h e  e y e s  i n  o n e  d i r e c t i o n  e i t h e r  i n  t h e  
h o r i z o n t a l  o r  v e r t i c a l  p l a n e .  T h e s e  e l e m e n t s  m a y  b e  i n t e r 
m i n g l e d  a t  a  c e r t a i n  r a t i o  w i t h i n  i n d i v i d u a l  c o r t i c a l  l o c i .  
T h e  d i r e c t i o n s  a n d  a m p l i t u d e s  o f  e v o k e d  e y e  m o v e m e n t s  m a y  
b e  d e t e r m i n e d  b y  t h e  n u m b e r s  a n d  c o m b i n a t i o n s  o f  t h e  h o r i 
z o n t a l  a n d  v e r t i c a l  e l e m e n t s  a c t i v a t e d  b y  s t i m u l a t i o n s .   
( S u p p o r t e d  b y  NIH  G r a n t  EY 4 0 6 3 )
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2 1 7 .15   OCULOMOTOR RESPONSES TO MICROSTIMULATIONS OF THE FASTIGIAL 
NUCLEUS IN THE MONKEY.  H.  N o d a ,  Y. T a m a k i * ,  S .  M u r a k a m i *  
a n d  T .  F u j i k a d o * .  S c h .  o f  O p t . ,  I n d i a n a  U n i v . ,  IN 4 7 4 0 5

S a c c a d i c  e y e  m o v e m e n t s  c a n  b e  e l i c i t e d  b y  s t i m u l a t i o n  o f  
t h e  p o s t e r i o r  c e r e b e l l a r  v e r m i s  ( l o b u l i  6 a n d  7 )  i n  m o n k e y s .  
Low t h r e s h o l d  l o c i  w e r e  f o u n d  i n  t h e  g r a n u l a r  l a y e r s  a n d  t h e  
t h r e s h o l d s  i n  t h e  P u r k i n j e  c e l l  l a y e r s  w e r e  h i g h e r .  I n  t h e  
p r e s e n t  s t u d y ,  t h e  p a t h w a y  f o r  t h e  r e s p o n s e s  t o  v e r m a l  s t i 
m u l a t i o n s  w a s  t r a c e d  down t o  t h e  l e v e l  o f  d e e p  c e r e b e l l a r  
n u c l e i  w i t h  t h e  s a m e  m i c r o s t i m u l a t i o n  t e c h n i q u e .  E ye  p o s i 
t i o n  w a s  r e c o r d e d  w i t h  a  s e a r c h  c o i l  m e t h o d .  T h e  t a r g e t  a r e a  
f o r  s t i m u l a t i o n  w a s  i d e n t i f i e d  d u r i n g  e x p e r i m e n t s  f r o m  n e u r a l  
a c t i v i t y  r e c o r d e d  w i t h  t h e  s a m e  m i c r o e l e c t r o d e s .  T h e  r e s p o n 
s i v e  l o c i  ( e l i c i t i n g  o c u l o m o t o r  r e s p o n s e s  w i t h  c u r r e n t s  l e s s  
t h a n  50 µA) w e r e  i d e n t i f i e d  h i s t o l o g i c a l l y  f r o m  a m a r k i n g  
s p o t  o f  i r o n  d e p o s i t  a t  t h e  d e e p e s t  r e s p o n s i v e  l o c i  o f  t h e  
t r a c k .  Among 27  t r a c k s ,  24  w e r e  p o s i t i v e l y  i d e n t i f i e d  a n d  
t h e  r e m a i n i n g  3 w e r e  r e c o n s t r u c t e d  f r o m  t h e  i d e n t i f i e d  t r a c k s .  
T h e  o c u l o m o t o r  r e s p o n s e s  t o  d e e p  c e r e b e l l a r  s t i m u l a t i o n s  w e r e  
s a c c a d i c  e y e  m o v e m e n t s .  T h e  l a t e n c i e s ,  d u r a t i o n s  a n d  p e a k  
v e l o c i t i e s  o f  t h e  r e s p o n s e s  w e r e  c o m p a r a b l e  t o  t h o s e  o b s e r v e d  
d u r i n g  t h e  v e r m a l  s t i m u l a t i o n s .  T h e  r e s p o n s i v e  l o c i  w e r e  
f o u n d  i n  a  r e l a t i v e l y  s m a l l  a r e a  o f  t h e  d e e p  s t r u c t u r e ,  i n 
c l u d i n g  t h e  p o s t e r i o r  p a r t  o f  t h e  f a s t i g i a l  n u c l e u s  a n d  t h e  
w h i t e  m a t t e r  s u r r o u n d i n g  i t .  T h e  w h i t e  m a t t e r  e x t e n d i n g  
f r o m  t h e  n u c l e u s  t o  t h e  p o s t e r i o r  v e r m i s  wa s  a l s o  r e s p o n s i v e .  
When t h e  s t i m u l u s  w a s  a p p l i e d  t o  t h e  f a s t i g i a l  n u c l e u s  a n d  
i t s  v i c i n i t y ,  s a c c a d e s  t o w a r d  t h e  o p p o s i t e  s i d e  o f  s t i m u l a 
t i o n  w e r e  a l s o  o b s e r v e d .  I n  t h e  t o t a l  o f  2 7 5  r e s p o n s i v e  l o c i ,  
s t i m u l a t i o n  o f  1 57  l o c i  (5 7% ) e l i c i t e d  i p s i l a t e r a l  s a c c a d e s  
a n d  t h a t  o f  1 1 8  l o c i  (4 3% ) y i e l d e d  c o n t r a l a t e r a l  s a c c a d e s .  
T h e s e  l o c a t i o n s  w e r e ,  h o w e v e r ,  i n t e r m i n g l e d .  On t h e  o t h e r  
h a n d ,  s t i m u l a t i o n  o f  t h e  w h i t e  m a t t e r  e x t e n d i n g  t o w a r d  t h e  
p o s t e r i o r  v e r m i s  a l w a y s  p r o d u c e d  i p s i l a t e r a l  s a c c a d e s .

I t  i s  kn ow n t h a t  P u r k i n j e  c e l l  a x o n s  f r o m  t h e  v e r m i s  p r o 
j e c t  t o  t h e  f a s t i g i a l  n u c l e u s  a n d  e x e r t  i n h i b i t o r y  s y n a p t i c  
a c t i o n  u p o n  t h e i r  t a r g e t  c e l l s .  T o g e t h e r  w i t h  t h e  o b s e r v a 
t i o n  t h a t  s t i m u l a t i o n s  o f  t h e  l a t e r a l  p o r t i o n  o f  t h e  p o s t e r i o r  
v e r m i s  e l i c i t e d  o n l y  i p s i l a t e r a l  s a c c a d e s ,  i t  i s  l i k e l y  t h a t  
t h e  c o n t r a l a t e r a l  s a c c a d e s  a r e  t h e  r e s u l t s  o f  t h e  a c t i v a t i o n  
o f  f a s t i g i a l  n e u r o n s ,  e i t h e r  a t  t h e  c e l l  b o d i e s  o r  a t  t h e i r  
a x o n s .  T h e r e f o r e ,  t h e  p a t h w a y  f o r  t h e  o c u l o m o t o r  e f f e c t s  o f  
t h e  p o s t e r i o r  v e r m a l  s t i m u l a t i o n s  may i n v o l v e  t h e  P u r k i n j e  
c e l l s  i n  t h e  r e s p o n s i v e  c o r t i c a l  l o c i .
( S u p p o r t e d  b y  NIH G r a n t  EY 4 0 6 3 )

2 1 7 .1 6   AFFERENT PROJECTIONS TO THE AVIAN VESTIBULOCEREBELLUM.
S .L .  F re e d m a n *  (SPON: S .H .  R o b i s o n ) .   D e p a r tm e n t  o f  A n a to m y  
a n d  N e u r o b i o l o g y ,  U n i v e r s i t y  o f  V e rm o n t C o l l e g e  o f  M e d ic i n e ,  
B u r l i n g t o n ,  VT 0 5 4 0 5

T h i s  s t u d y  e x a m in e d  t h e  i n p u t s  t o  t h e  c e r e b e l l a r  a u r i c l e  
o f  t h e  c h i c k e n  ( G a l l u s  d o m e s t i c u s ) . T h e  m e t h o d o lo g y  o f  t h e  
p r e s e n t  s t u d y  d i f f e r s  f ro m  t h e  p r e v i o u s  r e p o r t  o n  t h e  
a f f e r e n t s  t o  t h e  l a t e r a l  c e r e b e l l a r  a p p e n d a g e  o f  p r i m a r y  
f o l i a  IX a n d  X o f  t h e  p i g e o n  ( B r a u t h  a n d  K a r t e n ,  E x p . B r a in  
R e s .  2 8 : 7 5 - 8 4 ,  1 9 7 7 )  i n  tw o  w a y s .  F i r s t ,  t h e  u p t a k e  a n d  
s p r e a d  o f  t h e  t r a c e r  e n z y m e  w as  r e s t r i c t e d  b y  i n c o r p o r a t i o n  
o f  h o r s e r a d i s h  p e r o x i d a s e  (HRP) i n  a  p o l y a c r y l a m i d e  g e l  a n d  
s e c o n d ,  t h e  b r a i n  s e c t i o n s  w e r e  s t a i n e d  w i t h  t e t r a m e t h y l  
b e n z i d i n e  (TMB) f o r  i n c r e a s e d  s e n s i t i v i t y  t o  t h e  p e r o x i d a s e  
l a b e l .  D a rk  f i e l d  m i c r o s c o p y  p r o v i d e d  c o n f i r m a t i o n  t h a t  t h e  
H R P -G el i m p l a n t s  w e r e  r e s t r i c t e d  t o  t h e  a u r i c u l a r  p o r t i o n  
o f  t h e  c e r e b e l l u m .

N e u r o n a l  c e l l  b o d i e s  w e r e  l a b e l e d  i n  t h e  r o s t r a l  p a r t  
t h e  c o n t r a l a t e r a l  i n f e r i o r  o l i v a r y  n u c l e u s .  T h e  HRP 
p o s i t i v e  n e r v e  c e l l  b o d i e s  i n  t h i s  c o m p le x  w e r e  c l u s t e r e d  
m e d i a l l y  i n  t h e  d o r s a l  l a m e l l a .  A p r e v i o u s l y  u n d e t e c t e d  
c e l l u l a r  c o m p o n e n t  w as  c o n s i s t e n t l y  i d e n t i f i e d  w i t h i n  
a n d  i m m e d ia t e l y  a d j a c e n t  t o  a l l  b o r d e r s  o f  t h e  f a s c i c u l a r i s  
l o n g i t u d i n a l i s  m e d i a l i s  (FLM) a t  t h e  p o n t o - m e d u l l a r y  j u n c 
t i o n .  L a b e le d  n e u r o n s  w e r e  a l s o  o b s e r v e d  b i l a t e r a l l y  i n  
t h e  p o n t i n e  r e t i c u l a r  f o r m a t i o n  a t  t h e  l e v e l s  o f  t h e  
c o c h l e a r  a n d  v e s t i b u l a r  n e r v e s .  I n  t h e  m e s e n c e p h a l o n ,  
n e u r o n s  w e r e  i d e n t i f i e d  b i l a t e r a l l y  i n  t h e  n u c l e u s  e c t o -  
m a m i l l a r i s  (E M ), w h ic h  i s  a l s o  t e r m e d  t h e  n u c l e u s  o f  t h e  
b a s a l  o p t i c  r o o t .  A fe w  r e s p o n s i v e  n e u r o n s  w e r e  s i t u a t e d  
i n  t h e  n u c l e u s  i n t e r s t i t i a l i s  o f  C a j a l  ( I S ) .  T h i s  n u c l e u s  
i s  k now n  t o  r e c e i v e  a f f e r e n t s  f ro m  v e s t i b u l a r  a n d  a c c e s s o r y  
o p t i c  n u c l e i ,  b u t  i t s  p a r t i c i p a t i o n  i n  t h e  r e l a y  o f  r e t i n a l  
p r o j e c t i o n s  t o  t h e  v e s t i b u l o c e r e b e l l u m  h a s  n o t  b e e n  r e p o r t e d  
p r e v i o u s l y .

T h e  p r e s e n t  f i n d i n g s  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  
p e r t i n e n t  t o  t h e  n e u r o n a l  p o p u l a t i o n s  w h ic h  p r o j e c t  t o  t h e  
v e s t i b u l o c e r e b e l l u m  i n  A v e s .  T he  c u r r e n t  f i n d i n g s  a l s o  h a v e  
i m p l i c a t i o n s  on  t h e  i n t e g r a t i o n  o f  t h e  v i s u a l  a n d  v e s t i b u l a r  
s y s te m s  i n  t h e  c e r e b e l l u m .

S u p p o r t e d  b y  PHS G r a n t  5 4 2 9 - 2 2 - 4

2 1 7 .1 7   CEREBELLAR UNIT RESPONSES TO TELENCEPHALIC INPUT IN  CATFISH  
L u k e  T .  L e e *  (SPO N : C h a r l e s  E . S p o o n e r ) .   N e u r o b io l o g y  U n i t ,  
S c r i p p s  I n s t .  O c e a n o g .  a n d  D e p t .  N e u r o s c i e n c e s ,  U . C . S .D . ,  
L a J o l l a ,  CA 9 2 0 9 3 .

R e c e n t  e l e c t r o p h y s i o l o g i c a l  a n d  a n a t o m i c a l  s t u d i e s  h a v e  
sh o w n  t h a t  t h e  t e l e o s t  c e r e b e l l u m  r e c e i v e s  a m p le  i n d i r e c t  
i n p u t  f ro m  t h e  t e l e n c e p h a l o n .  T h i s  i n p u t  a r i s e s  f ro m  a r e a  
d o r s a l i s  c e n t r a l i s  ( D c )  o f  t h e  t e l e n c e p h a l o n  a n d  
d i s t r i b u t e s  t o  a  l a r g e  a r e a  o f  t h e  c e r e b e l l u m .

I n  t h e  p r e s e n t  s t u d y ,  t h e  e f f e c t  o f  t e l e n c e p h a l i c  (D c )  
s t i m u l a t i o n  u p o n  c e r e b e l l a r  u n i t  a c i t i v i t y  h a s  b e e n  
e x a m i n e d  i n  c u r a r i z e d  c a t f i s h  ( I c t a l u r u s  n e b u l o s u s ) .  
P u r k i n j e  c e l l s  w i t h  s i m p l e  s p i k e s  f i r e  s p o n t a n e o u s l y  a t  t h e  
r a t e  o f  8 t o  5 0 / s  a n d  r e s p o n d  t o  a  s i n g l e  s h o c k  w i t h  a n  
i n i t i a l  l a t e n c y  o f  a b o u t  40  m s e c .  T h e  r e s p o n s e  c a n  c o n s i s t  
o f  p u r e  i n h i b i t i o n  w i t h  a  d u r a t i o n  o f  0 . 3 - 1 . 5  s ;  o r  i n i t i a l  
i n h i b i t i o n  w i t h  a  d u r a t i o n  o f  0 . 0 5 - 0 . 2  s ,  f o l l o w e d  b y  p o s t -  
i n h i b i t o r y  r e b o u n d ;  o r  i n i t i a l  e x c i t a t i o n  f o l l o w e d  b y  i n 
h i b i t i o n  w h ic h  m ay o r  m ay n o t  b e  f o l l o w e d  b y  p o s t i n h i b i t o r y  
r e b o u n d .  U n i t s  r e s p o n d i n g  w i t h  i n i t i a l  e x c i t a t i o n  a r e  
m o s t l y  f o u n d  a l o n g  t h e  l a t e r a l  e d g e s  a n d  t h e  m i d l i n e  o f  t h e  
c o r p u s  c e r e b e l l i ;  u n i t s  r e s p o n d i n g  w i t h  i n i t i a l  i n h i b i t i o n  
a r e  m o s t  o f t e n  f o u n d  i n  t h e  i n t e r m e d i a t e  p a r t  o f  t h e  c o r p u s  
c e r e b e l l i .  C h a n g in g  t h e  s t i m u l a t i o n  s i t e s  w i t h i n  Dc d o e s  
n o t  c h a n g e  t h e  r e s p o n s e  p a t t e r n  o f  t h e  u n i t s  b u t  m ay a l t e r  
t h e i r  t h r e s h o l d  i n t e n s i t i e s ,  l a t e n c i e s ,  a n d  a m p l i t u d e s .

E u r y d e n d r o i d  c e l l s ,  t h e  e f f e r e n t  n e u r o n s  o f  t h e  t e l e o s t  
c e r e b e l l u m ,  a l s o  r e s p o n d  t o  t e l e n c e p h a l i c  s t i m u a t i o n .  T h e y  
a r e  r e c o g n i z e d  b y  t h e i r  r e l a t i v e l y  l o n g  s p i k e  d u r a t i o n  
( 1 2 - 2 0  m s ) ,  t h e i r  l o w  r a t e  o f  s p o n t a n e o u s  d i s c h a r g e  
( 0 . 3 - 2 / s ) ,  a n d  t h e i r  l o c a t i o n  ( 0 . 2 - 0 . 3  mm b e l o w  t h e  
P u r k i n j e  c e l l  r e g i o n ) .  T h e y  sh o w  e i t h e r  e x c i t a t i o n  w i t h  a n  
i n i t i a l  l a t e n c y  o f  a b o u t  60  ms o r  i n h i b i t i o n  f o l l o w e d  by  
e x c i t a t i o n  a n d  a  s e c o n d  p e r i o d  o f  i n h i b i t i o n .  T h e  f i r s t  
r e s p o n s e  p a t t e r n  i s  l i k e l y  t o  b e  t h e  r e s u l t  o f  d i r e c t  
a c t i v a t i o n  b y  i n c o m in g  c e r e b e l l o p e t a l  f i b e r s .  T h e  s e c o n d  
r e s p o n s e  p a t t e r n  i s  p r o b a b l y  e l i c i t e d  a s  t h e  r e s u l t  o f  
P u r k i n j e  c e l l  a c t i o n .  Some o f  t h e  u n i t s  i n  t h i s  g r o u p  h a v e  
r e s p o n s e  p a t t e r n  o p p o s i t e  t o  t h a t  o f  t h e  P u r k i n j e  c e l l s .  
H o w e v e r ,  t h e  r e l a t i o n  b e tw e e n  P u r k i n j e  c e l l  r e s p o n s e  a n d  
e u r y d e n d r o i d  c e l l  r e s p o n s e  i s  n o t  n e c e s s a r i l y  s i m p l e .

T r a i n s  o f  e l e c t r i c a l  p u l s e s  w i t h  r e p e t i t i v e  r a t e s  h i g h e r  
t h a n  3 / s  a l s o  i n c r e a s e  t h e  s p o n t a n e o u s  d i s c h a r g e  o f  som e 
P u r k i n j e  c e l l s  b y  a s  m uch a s  100% . T h e  e f f e c t  m ay  l a s t  
s e v e r a l  h u n d r e d s  o f  s e c o n d s .

( S u p p o r t e d  b y  NIH a n d  NSF g r a n t s  t o  T h e o d o r e  H . B u l l o c k . )

2 1 7 . 18  PROPAGATION OF ACTIVITY IN  A DIRECTIONAL NETWORK WITH FEED
BACK: PARALLELS WITH THE CEREBELLAR CORTEX.  M. N a h v i*  a n d  
K. D o r o u d i*  ( S P ON :F .  M o ta m e d i) .   S h a r i f  U n i v e r s i t y ,  P .O .B o x  
34 06  T e h r a n ,  I r a n

B r a n c h in g  o f  g r a n u l e  c e l l  a x o n s  i n  c e r e b e l l a r  c o r t e x  p r o 
p a g a t e s  m o s s y  a f f e r e n t  i n f o r m a t i o n  i n  t h e  l o n g i t u d i n a l  
d i r e c t i o n  p r o d u c i n g  s p a t i a l  s u m m a tio n  i n  G o l g i  c e l l s .  T h e r e 
f o r e  i n h i b i t i o n  o f  g r a n u l e  c e l l s  i s  a f f e c t e d  b y  t h e i r  n e i g 
h b o r s  a c t i v i t y .

I n  a  s y n t h e t i c  n e tw o rk  r e s e m b l in g  t h e  ab o v e  c h a in ,  e x c i 
t a t i o n  i s  t r a n s m i t t e d  i n  x  d i r e c t i o n  by  d i r e c t  p a th s  o f  
l e n g t h  l . F e e d b a ck  i n h i b i t i o n  may a l s o  be  t r a n s m i t t e d  i n  t h a t  
d i r e c t i o n .  R e s u l t  i s  p r o p a g a t io n  o f  a f f e r e n t  in f o r m a t io n  
b e y o n d  l . I n  F ig .  1  i n p u t  M an d  o u tp u t  P a r e  n - d im e n s io n a l  
v e c to r  f u n c t i o n s  o f  d i s t a n c e , x ,  and  t im e ,  t ,  An i n c r e m e n ta l  
l i n e a r  m o d el w i th  n=1 ( E a .1- a . b , c )  an d  n=2 was s im u la t e d  in  
u n i d i r e c t i o n a l  an d  b i d i r e c t i o n a l  m odes. S im u la t io n  was t h e n  
e x te n d e d  t o  p ie c e w is e  l i n e a r  m odel w i th  t h r e s h o l d  an d  s a t u 
r a t i o n .

D e c is iv e  f a c t o r s  i n  p r o p a g a t io n  d e p e n d  on f e e d b a c k ,  
i t s  t im e  c o u r s e ,  an d  d e la y .  I n  t h e  m odel o f  Eg . l  t h e s e  
f a c t o r s  a r e  s p e c i f i e d  b y  h ( t )  a n d  l . The r a n g e  and  s t a b i l i t y  
o f  p r o p a g a t io n  c r i t i c a l l y  d e p e n d  on t h e  am ount o f  f e e d b a c k ,  
i . e .  m ag n itu d e  o f  h ( t )  an d  l e n g t h  l  An i n c r e a s e  i n  t h e  
e f f e c t i v e n e s s  o f  f e e d b a c k  f a c i l i t a t e s  p r o p a g a t io n .  S peed  i s  
g o v e rn e d  b y  d e la y  i n  fe e d b a c k  lo o p .  F o r s m a l l  d e la y s  sp e e d  
a p p ro a c h e s  t h a t  o f  d i r e c t  t r a n s m i s s io n  . W aveform  i s  co n 
t r o l l e d  b y  t h e  t im e  c o u r s e  o f  f e e d b a c k .  A n a rro w  a f f e r e n t  
p u l s e  re m a in s  n a rro w  f o r  s m a l l  t im e  c o u r s e s .
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218.1  RESPIRATORY MOTONEURON ACTIVITY IN THE ISOLATED LAMPREY 
 BRAIN AFTER SPECIFIC LESIONS OF THE MEDULLA.  K .J .  

Thom pson.  D e p t .  P h y s io lo g y  & B io p h y s ic s ,  W a sh in g to n  
U n i v e r s i t y  S c h o o l o f  M e d ic in e , S t .  L o u is ,  MO 6 3 1 1 0 .

F i c t i v e  r e s p i r a t i o n  i s  g e n e r a t e d  by b i l a t e r a l l y  p a i r e d  
c i r c u i t s  o f  u n i d e n t i f i e d  n e u ro n s  i n  th e  lam p rey  m e d u l la .  
R h y th m ic a l  d i s c h a r g e s  s p o n ta n e o u s ly  o c c u r  i n  c r a n i a l  n e r v e s  
IX a n d  X w h ich  s u p p ly  g i l l  m u s c u la tu r e  an d  c a u se  e x h a l a t i o n  
(R o v a in e n , 197 7 , F ed . P r o c .  3 6 , 2 3 8 6 ) .  T h ese  d i s c h a r g e s  
r e s u l t  from  th e  n e a r l y  sy n c h ro n o u s  a c t i v i t y  o f  r e s p i r a t o r y  
m o to n e u ro n s  (MNs) an d  o c c u r  i n  v e ry  b r i e f  b u r s t s  (50  m sec 
d u r a t i o n ) .  R e s p i r a t o r y  a c t i v i t y  can  c o n t in u e  a f t e r  c o m p le te  
m id l in e  s e c t i o n ,  b u t  s e c t i o n  b e tw e en  th e  t r i g e m i n a l  (V) 
r e g io n  an d  th e  m ore c a u d a l  MNs e l i m i n a t e s  r e s p i r a t o r y  d i s 
c h a r g e s  i n  c r a n i a l  n e r v e s .  R e s p i r a t o r y  a c t i v i t y  c a n  s t i l l  
be  r e c o r d e d  e xt r a c e l l u l a r l y  from  c o o r d i n a t i n g  i n t e r n e u r o n s  
a t  t h e  m id l in e  o f  th e  i s o l a t e d  r o s t r a l  m e d u l la ,  d e m o n s t r a t 
in g  th e  p r e s e n c e  o f  p a i r e d  c e n t r a l  p a t t e r n  g e n e r a t o r s  (CPGs) 
f o r  r e s p i r a t i o n  i n  t h e  t r i g e m i n a l  r e g io n  (R o v a in e n , C .M ., 
1 9 8 3 , N e u r o s c i .  A b s t .  9 , 5 4 1 ) .

T h ese  CPGs p ro d u c e  b r i e f  s t r o n g  EPSP b u r s t s  in  
r e s p i r a t o r y  MNs. The m ain  e x c i t a t o r y  i n p u t  i s  e l i m in a t e d  
a f t e r  h e m is e c t io n  b e h in d  th e  i p s i l a t e r a l  t r i g e m i n a l .  T h e re  
a r e  a l s o  two o t h e r  fo rm s o f  r h y th m ic a l  s y n a p t i c  i n p u t  t o  
r e s p i r a t o r y  MNs: low  a m p l i tu d e ,  lo n g  d u r a t i o n  (2 0 0 -3 0 0  m sec) 
EPSP b u r s t s ,  an d  s u b s e q u e n t  i n h i b i t i o n  w h ich  c o n s i s t s  o f  one 
o r  a  few IP S P s . T h ese  i n p u t s  c o n t in u e  to  o c c u r  i n  p h a se  
w i th  r e s p i r a t o r y  b u r s t s  on th e  i n t a c t  s i d e  a f t e r  i p s i l a t e r a l  
h e m is e c t io n .

The IP S P  i n p u t  i s  s e l e c t i v e l y  e l i m in a t e d  by c o n t r a l a t e r a l  
h e m is e c t io n  b e h in d  th e  t r i g e m i n a l  r e g i o n ,  o r  by s e c t i o n  o f  
t h e  m id l in e  o f  t h e  c a u d a l  m e d u lla  b e tw e en  th e  r e s p i r a t o r y  
m o to r n u c l e i .  T h is  s u g g e s t s  t h a t  th e  p e r i o d i c  IP S P s 
o r i g i n a t e  c o n t r a l a t e r a l l y . A d d i t i o n a l ly ,  s u r f a c e  s t i m u l a 
t i o n  o f  th e  l a t e r a l  t r i g e m i n a l  r e g io n  c a u s e s  IP S P s i n  
c o n t r a l a t e r a l  r e s p i r a t o r y  Mis a t  th e  same t h r e s h o ld  t h a t  
p ro d u c e s  EPSPs i n  i p s i l a t e r a l  MNs.

No s p e c i f i c  l e s i o n  t h a t  was t e s t e d  c o n s i s t e n t l y  e l i m i 
n a te d  th e  low a m p l i tu d e ,  lo n g  d u r a t i o n  EPSP b u r s t s .  Even 
a f t e r  c o m p le te  l e s i o n  o f  th e  t r i g e m i n a l  r e g io n  o f  th e  
m e d u l la ,  r h y th m ic a l  EPSPs c o u ld  be r e c o r d e d  in  r e s p i r a t o r y  
MNs in  some p r e p a r a t i o n s .  T hese  f i n d i n g s  s u g g e s t  t h a t  th e  
r h y th m ic a l  low  a m p l i tu d e  EPSP b u r s t s  a r e  p ro d u c e d  by a  
se c o n d  s e t  o f  CPGs, w h ich  a r e  n o rm a l ly  s u b o r d in a te  t o  t h o s e  
i n  th e  t r i g e m i n a l  r e g i o n  an d  w h ich  a r e  l o c a t e d  w i t h in  th e  
r e g i o n  o f  th e  r e s p i r a t o r y  MNs .   S u p p o r te d  by NRSA NS 0 7 1 5 4 -  
02 ( t o  K .T .)  a n d  USPHS NS 09367 ( to  C.M. R o v a in e n ) .

2 1 8 .2  RESPIRATORY NEURONS NEAR THE TRIGEMINAL NUCLEUS IN LAMPREYS.  
D av id  F . R u s s e l l .  C o m p a ra tiv e  N e u ro b io lo g y ,  CNRS -  U n iv . o f  
B o rd e a u x , 33120 Arc a c tio n , F r a n c e .

I s o l a t i o n  expe rim en ts  su g g es t t h a t  a p a t t e r n  g e n e ra to r  in  
th e  a n t e r io r  m e d u lla , d u p lic a te d  on each s id e ,  d r iv e s  th e  
synchronous r e s p i r a t o r y  b u r s t s  in  IX and X m otoneurons v ia  
d escend ing  axons (R ovainen , S oc . N e u ro s c i. A b s t r . 9 :  54 1 , 
1983).

N eurons b u r s t in g  w ith  th e  r e s p i r a t o r y  rhythm  were 
c l a s s i f i e d  from  s u r fa c e  and i n t r a c e l l u l a r  re c o rd in g s  n ea r  
n u c . V in  i s o la te d  b r a in  p r e p a ra t io n s  from anadramous a d u l t  
Lam petra f l u v i a t i l i s . ( I ) C o n s is te n t w ith  th e  above p ro p o sa l, 
v e n t r a l  s u r fa c e  re c o rd s  r e v e a le d  s p in d le -sh a p e d  b u r s ts  
s t a r t i n g  50-100 ms b e fo re  th e  m otorneuron d is c h a rg e s  (F ig  1). 
M ild s t im u la t io n  (3 µA, .5 ms) a t  t h i s  re g io n  evoked EPSPs 
in  IX and X m otorneurons b i l a t e r a l l y ,  as judged  from m otor 
ro o t p o t e n t i a l s ,  and s tro n g ly  r e s e t  th e  rhythm  w ith  a phase 
resp o n se  cu rve  re sem b lin g  th a t  o f  endogenous b u r s te r s  in  
o th e r  system s s in c e  a s tim u lu s  l a t e  in  th e  in t e r b u r s t  
in t e r v a l  would t r i g g e r  a b u r s t  and advance th e  t im in g  o f  
subsequen t b u r s t s .  The axons o f  g e n e ra to r  neurons may 
t r a v e r s e  t h i s  re g io n . ( I I ) I n t r a c e l l u l a r  re c o rd in g s  were 
made from neurons t h a t  b u r s t  w ith  th e  m otorneurons and 
evoked tim e -lo c k e d  EPSPs in  them  when s tim u la te d  w ith  i n t r a 
c e l l u l a r  c u r r e n t .  They may be p re -m o to r in te rn e u ro n s .
( I I I ) S u r f a c e  r e c o r d s  r e v e a l e d  a  c l a s s  o f  c e l l s  b u r s t i n g  
a f t e r  t h e  r e s p i r a t o r y  m o to rn e u ro n s  ( F ig .  2 ,  l a r g e  u n i t ) .
T h is  i s  t h e  f i r s t  ex am p le  o f  s u b s t a n t i a l  a s y n c h r o n y  in  
t h e  la m p re y  r e s p i r a t o r y  s y s te m .

In  c o n c lu s io n , s e v e ra l  d i f f e r e n t  ty p e s  o f  r e s p i r a t o r y  
neurons a re  lo c a te d  n ea r  n u c . V in  a d u l t  la m p re y s , and 
may be p a r t  o f  th e  r e s p i r a t o r y  pacem aker.

2 1 8 .3   THE STRUCTURE OF THE INTERSEGM ENTAL COORDINATING SYSTEM  OF 
THE LAMPREY CPG FOR LOCOMOTION.  A . H . C o h e n .  N e u r o b io l o g y  
a n d  B e h a v i o r ,  C o r n e l l  U n i v e r s i t y ,  I t h a c a  NY 1 4 8 5 3 .

T h e  l o c o m o t o r  c e n t r a l  p a t t e r n  g e n e r a t o r  i n  t h e  i s o 
l a t e d  l a m p r e y  s p i n a l  c o r d  c a n  e a s i l y  b e  a c t i v a t e d  b y  
D - g l u t a m a t e  t o  p r o d u c e  a  s t a b l e  f r e q u e n c y  o f  b u r s t i n g  i n  
a l l  v e n t r a l  r o o t s  ( V R s ) .  A t y p i c a l  f e a t u r e  o f  b o t h  i n t a c t  
s w im m in g  a n d  g l u t a m a t e  i n d u c e d  b u r s t i n g ,  i s  t h a t  t h e r e  i s  a  
c o n s t a n t  p h a s e  c o u p l i n g  b e tw e e n  t h e  a c t i v i t y  i n  a n y  tw o  o f  
t h e  V R s. I n  t h e  e x p e r i m e n t s  r e p o r t e d  h e r e ,  50  t o  60  o f  t h e  
1 0 0  t o t a l  c o r d  s e g m e n t s  w e r e  u s e d .  W hen c u t  i n t o  2 p i e c e s  
h a v i n g  e q u a l  n u m b e r s  o f  s e g m e n t s ,  t h e  p r e f e r r e d  f r e q u e n c i e s  
o f  t h e  tw o  p i e c e s  a lm o s t  a lw a y s  d i f f e r e d  f ro m  t h a t  o f  t h e  
i n t a c t .  I n  r o u g h l y  tw o  t h i r d s  o f  t h e  c o r d s ,  t h e  r o s t r a l  
p i e c e  b u r s t  a t  a  h i g h e r  f r e q u e n c y  t h a n  t h e  c a u d a l ,  i n  o n e  
t h i r d  t h e  c a u d a l  h a d  t h e  h i g h e r  f r e q u e n c y ,  w h i l e  r a r e l y ,  
t h e  p i e c e s  h a d  a b o u t  e q u a l  f r e q u e n c i e s .  I n  t h e  m a j o r i t y  o f  
t h e  c o r d s ,  t h e  i n t a c t  f r e q u e n c y  w a s  i n t e r m e d i a t e  b e tw e e n  
t h e  f r e q u e n c i e s  o f  t h e  p i e c e s  a f t e r  c u t t i n g .  B u t  t h e  
p i e c e s  c o u l d  a l s o  b o t h  a s s u m e  e i t h e r  h i g h e r  o r  l o w e r  f r e 
q u e n c i e s  t h a n  t h e  i n t a c t .  T h u s ,  t h e  i n t e r s e g m e n t a l  c o o r 
d i n a t i n g  s y s t e m  m u s t  b e  r e s p o n s i b l e  f o r  m a i n t a i n i n g  b o t h  a  
s t a b l e  f r e q u e n c y  o f  b u r s t i n g  i n  a l l  s e g e m e n ts  a s  w e l l  a s  
c o n s t a n t  p h a s e  r e l a t i o n s  am ong s e g m e n t s .

U s i n g  t h e  s p l i t - b a t h  t e c h n i q u e  ( R u s s e l l  & W a l l e n ,  
A c t a .  P h y s i o l .  S c a n d . ,  1 9 8 0 )  t h e  e x i s t e n c e  o f  l o n g  a x o n  
c o o r d i n a t i n g  f i b e r s  i s  s h o w n . W h ile  p e r f u s i n g  r o s t r a l  a n d  
c a u d a l  r e g i o n s  w i t h  D - g l u t a m a t e ,  t h e  m i d - t e n  s e g m e n t s  o f  
t h e  5 0 - 6 0  se g m e n t  c o r d  p ie c e s  c o u l d  b e  p e r f u s e d  w i t h  s a l i n e  
c o n t a i n i n g  OC a2 + h i g h  Mn2+ . T h i s  p r o c e d u r e  d i d  n o t  d e s t r o y  
t h e  c o o r d i n a t i o n  b e tw e e n  r o s t r a l  a n d  c a u d a l  r e g i o n s .  By 
l e s i o n i n g  t h e  m e d i a l  o r  l a t e r a l  f i b e r  t r a c t s  i n  t h e  
m id s e g m e n t  i n  OCa2+ , t h e  d i s t r i b u t i o n  o f  l o n g  a n d  s h o r t  
a x o n  f i b e r s  w as  d e t e r m i n e d .  L e s i o n i n g  t h e  l a t e r a l  t r a c t s  
a n d  t h e  g r a y  c e l l u l a r  r e g i o n  o f  t h e  m id s e g m e n t  i n  OCa2+ 
c o u l d  u n c o u p l e  t h e  r o s t r a l  a n d  c a u d a l  s e g m e n t s .  H o w e v e r ,  
r e s t o r i n g  n o r m a l  s a l i n e  r e s t o r e d  c o o r d i n a t i o n ,  
d e m o n s t r a t i n g  t h e  p r e s e n c e  o f  s h o r t  a x o n  c o o r d i n a t i n g  
f i b e r s  i n  t h e  m e d i a l  t r a c t s .  L e s i o n s  p r e s e r v i n g  t h e  
l a t e r a l  t r a c t s  p r e s e r v e d  t h e  c o o r d i n a t i o n  a c r o s s  t h e  t e n  
s e g m e n t s  i n  OCa2+ . H o w e v e r ,  e x t e n d i n g  t h e  l e s i o n  d i s r u p t e d  
i t ;  a g a i n ,  r e s t o r i n g  n o r m a l  s a l i n e  r e s t o r e d  c o o r d i n a t i o n ,  
p o i n t i n g  t o  s h o r t  a x o n  c o o r d i n a t i n g  f i b e r s  i n  t h e  l a t e r a l  
t r a c t s .  I n  s u m m a ry , t h e  l o n g  a x o n  f i b e r s  a r e  p r e d o m i 
n a n t l y ,  b u t  n o t  e x c l u s i v e l y  i n  t h e  l a t e r a l  t r a c t s .  T he 
s h o r t  a x o n  f i b e r s  a r e  m o re  d i s t r i b u t e d ,  b e i n g  f o u n d  i n  b o t h  
m e d i a l  a n d  l a t e r a l  t r a c t s .

218.4  EFFECTS OF PROPRIOSPINAL INTERNEURONS ON FICTIVE SWIMMING 
IN LAMPREY.  C.M. R o v a in e n ,  D e p t .  P h y s io lo g y  & 
B io p h y s ic s ,  W ash in g to n  U n iv . M ed ica l S c h o o l ,  S t .  L o u is ,  
MD 6 3 1 1 0 .

T h ree  m eth o d s w ere u s e d  to  t e s t  th e  r o l e s  o f  a s c e n d in g  
an d  d e s c e n d in g  g ro u p s  o f  p r o p r i o s p i n a l  i n t e r n e u r o n s  
(P S IN s) d u r in g  f i c t i v e  swimming in d u c e d  by e x c i t a t o r y  
am ino a c id s  i n  th e  i s o l a t e d  s p i n a l  c o rd  o f  a d u l t  
l a m p r e y s .

(1 )  E x t r a c e l l u l a r  r e c o r d in g s  from  th e  s p l i t  e n d s  o f  th e  
s p i n a l  c o rd  show ed a s c e n d in g  an d  d e s c e n d in g  b u r s t s  i n  
p h a s e  w i th  c o n t r a l a t e r a l  o r  i p s i l a t e r a l  VRs.

(2 )  E l e c t r i c a l  s t i m u l a t i o n  o f  th e  i p s i l a t e r a l  s p l i t  
c a u d a l  end  o f  th e  h e m is e c te d  s p i n a l  c o rd  i n d i r e c t l y  
e x c i t e d  a s c e n d in g  PSINs (Symp. S o c . E xp . B i o l .  3 7 : 305) 
w h ich  e n h a n c e d  an d  c o u ld  e n t r a i n  b u r s t s  i n  r o s t r a l  
c o n t r a l a t e r a l  v e n t r a l  r o o t s  (V R s). I n d i r e c t  e l e c t r i c a l  
s t i m u l a t i o n  o f  d e s c e n d in g  PSIN s d im in is h e d  an d  c o u ld  
d e la y  b u r s t s  i n  c a u d a l  c o n t r a l a t e r a l  VRs.

(3 ) W ith  th e  m ethod  o f  R u s s e l l  & W a lle n  (A c ta  P h y s i o l .  
S c a n d . 1 0 8 :9A) r o s t r a l  an d  c a u d a l  c o m p a rtm e n ts  w ere  
b a th e d  i n  D - g lu ta m a te  o r  N -m e th y l(D ,L )a s p a r t a t e  (NMA) 
w i th  a n  i n t e r v e n i n g  c o m p a rtm e n t w i th  n o rm a l f l u i d  o r  
i n h i b i t e d  w i th  g l y c i n e  o r  GABA. ( a )  The c a u d a l  r e g io n  
was a b le  t o  e n t r a i n  b u r s t s  a n t i p h a s i c a l l y  i n  r o s t r a l  VRs 
th ro u g h  s e p a r a t i o n s  o f  20 se g m e n ts  i n  Ich th y o m y zo n  o r  35 
s e g m e n ts  i n  P e tro m y z o n . (b )  I n h i b i t i o n  o f  1 -2  s e g m e n ts  
by  s p o t  a p p l i c a t i o n s  o f  g l y c i n e  o r  GABA d id  n o t  i n t e r r u p t  
n o rm a l c o o r d i n a t i o n  o r  r o s t r o c a u d a l  p h a s e  l a g .  ( c )  
I n c r e a s e d  NMA i n  a  r o s t r a l  c o m p a rtm e n t c o u ld  e n t r a i n  VR 
b u r s t s  i n  an  a d j a c e n t  c a u d a l  c o m p artm en t a t  a  h i g h e r  
f r e q u e n c y  and  w i th  s t a b i l i z e d  r o s t r o c a u d a l  p h a s e  l a g .

Two h y p o t h e t i c a l  ty p e s  o f  PSINs a r e  p ro p o se d  f o r  l o n g i 
t u d i n a l  c o o r d i n a t i o n  o f  f i c t i v e  swim m ing: ( i )  C ro s s e d ,  
a s c e n d in g  IN s w h ich  a r e  e x c i t e d  i n  p h a s e  w i th  n e a rb y  VRs 
an d  w h ich  e x c i t e  an d  e n t r a i n  r o s t r a l  p a t t e r n  g e n e r a t o r s  
on th e  o p p o s i t e  s i d e ,  an d  ( i i )  s h o r t ,  c r o s s e d  d e s c e n d in g  
IN s w h ich  a r e  e x c i t e d  i n  p h a s e  w i th  n e a rb y  VRs an d  w h ich  
i n h i b i t  c o n t r a l a t e r a l  p a t t e r n  g e n e r a t o r s .

S u p p o r te d  by g r a n t s  PHS NS 09367 a n d  NSF BNS 8 2 1 0 0 6 1 .
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218.5  THIRD-GENERATION SIMULATIONS OF MOTOR PATTERN 
GENERATION IN THE LOBSTER STOMATOGASTRIC GANGLION.  
D .K . H a r t l i n e  .and D.V. G a s s i e *.  B ek esy  L a b o r a to r y ,  
U n iv e r s i ty  o f  H aw aii, H ono lu lu , HI. 96822.

P h y s i o l o g i c a l l y  b a s e d  s i m u l a t i o n s  h a v e  i n d i c a t e d  
t h a t  m o to r  p a t t e r n s  i n  t h i s  g a n g l io n  c a n n o t  be  e x 
p la in e d  by "c o n v e n tio n a l"  c e l l u l a r  and s y n a p t ic  p ro p e r
t i e s ,  i n c l u d i n g  e v en  e n d o g en o u s  b u r s t  p r o p e r t i e s  in  
PD/AB c e l l s .  We exam ined th e  e f f e c t  o f  in c o rp o ra t in g  
m easu rem en ts  o f  p la te a u  p r o p e r t i e s  (R u sse ll & H a r t l in e ,  
J .  N e u r o p h y s io l .  4 8 : 91 4 , 1 9 8 2 ), c h e m o to n ic  r e l e a s e  
(G ra u b a rd .  e t  a l .  J .  N e u ro p h y s io l .  5 0 ; 508 , 1 9 8 3 ), and  
A -conduc tance  i n to  s im u la t io n s  o f  s to m a to g a s t r ic  c e l l s .

D evelopm ent o f  p la te a u  c u r r e n t s  a p p ea rs  s i g n i f i c a n t l y  
l i m i t e d  by  c e l l  RC p r o p e r t i e s .  An a c t iv a t i o n  c h a r a c te 
r i s t i c  o f  th e  form  g=g (V -E )/(1 + exp( ( V - V ) /w ) ) w as u s e d  
f o r  b o th  in w ard  (i) and ou tw ard  (o) c u r r e n t  m echanism s. 
P a r a m e te r s  w e re  d e r iv e d  fro m  m e a s u re m e n ts  o f  r e s t  
p o t e n t i a l  (Vr , p la te a u  th r e s h o ld ,  p la te a u  peak , in p u t 
r e s i s t a n c e  and re sp o n se  to  p u ls e  p e r tu r b a t io n s .  Repo
l a r i z a t i o n  p a ra m e te r s  w ere  d e r iv e d  from  tro u g h  l e v e l s ,  
r e s i s t a n c e s ,  and  d e c a y  r a t e s .  F o r t h e  e x am p le  b e lo w  
( i n t r a s o m a t i c  r e c o r d i n g ,  l e f t ,  fro m  G ra u b a rd  e t  a l . , 
1 9 8 3 ) ,  v a l u e s  d e te r m in e d  w e re  Eo =- 90 ; E i = 40; Vc = -3 8 ; 
w=5mV; g = 2 . 4  ( r e s t  u n i t s ) ;  g i = 2 . 4 , 2 .2  an d  2.1  i n  PD, 
LP, PL; r e p o la r i z a t i o n  g= l. 8, t im e -c o n s ta n t= 400 msec. 
The c o rre s p o n d in g  s im u la t io n  ( c e l l u l a r  p a ra m e te r s  from  
H a r t l i n e ,  B io l .  C y b ern . 33: 22 3 , 19 7 9 ; PSP a m p l i tu d e s  
m easu red  d i r e c t l y )  i s  shown a t  th e  r i g h t  ( re fe re n c e d  to  
t r i g g e r - z o n e ) .  S u b s t a n t i a l  im p ro v e m e n ts  i n  f i r i n g  
p a t t e r n s ,  b u r s t  p h a s in g  and Vm t r a j e c t o r i e s  w ere  seen .

The s im u la t io n s  in d i c a t e  t ha t  p la te a u  p r o p e r t i e s  may 
c o n t r ib u te  s i g n i f i c a n t l y  t o  t im in g  a s  w e l l  a s  s t r e n g th  
o f  b u r s t s ,  and to  th e  s e n s i t i v i t y  o f  b u r s t in g  c e l l s  to  
s y n a p t ic  in p u t .  C hem otonic i n t e r a c t i o n s  may c o n t r ib u te  
t o  s u b t h r e s h o l d  r e g u l a t i o n  o f  t r a j e c t o r i e s  and  b u r s t  
t im in g .  A -co n d u c tan ces  can  c o n t r ib u te  t o  p h ase  d e la y s  
and b u r s t  r a t e  r e g u la t io n .  D is c re p a n c ie s  be tw een  model 
p r e d i c t i o n s  and  p h y s i o l o g i c a l  o b s e r v a t i o n  p o i n t  t o  
f u r t h e r  avenues  f o r  p h y s io lo g ic a l  i n v e s t ig a t i o n .

S u p p o rted  by NIH NS15314.

2 1 8 . 6  MICROANATOMY OF SYNAPSES PROCESSING INPUT TO THE LATERAL GIANT 
AXONS OF THE CRAYFISH.  Sun-H ee C. L ee  a n d  F. B._ K ra sn e  
  D e p a r tm e n t o f  P sy c h o lo g y  and  B r a in  R e s e a rc h  I n s t i t u t e ,  UCLA, Los 
A n g e le s ,  CA 90024.

The m ic ro a n a to m y  o f  s y n a p s e s  i n  t h e  c i r c u i t  l e a d i n g  f ro m  
p r im a ry  a f f e r e n t s  (PAs) t o  t h e  d e n d r i t e s  o f  t h e  l a t e r a l  g i a n t  
a x o n s  (LGs) o f  t h e  c r a y f i s h  c e n t r a l  n e rv o u s  s y s te m  w as ex a m in e d  
a n d  t h e  f i n d i n g s  c o m p ared  t o  e x p e c t a t i o n s  f ro m  t h e  w e l l  known 
p h y s io lo g y  o f  t h e  c i r c u i t .

From  p h y s io lo g y  i t  i s  th o u g h t  t h a t  PAs e x c i t e  LGs d i r e c t l y  
and  v i a  i n te r n e u r o n s  (IN s)  b o th  o f  w h ic h  m ake e l e c t r i c a l  s y n a p s e s  
on th e  LGs. By c o n t r a s t ,  s y n a p s e s  f ro m  PAs t o  IN s a p p e a r  t o  
o p e r a t e  c h e m ic a l ly .  When LGs f i r e ,  PA t e r m i n a l s  a n d  LG d e n d r i t e s  
n e a r  t h e  m ain  axon  ( p r o x i m a l "  d e n d r i t e s )  a r e  t a r g e t s  o f  
GABAergic i n h i b i t i o n .

We fo u n d  t h a t  t h e  c l e a r  v e s i c l e s  o f  c o b a l t  l a b e l e d  PA p r o f i l e s  
w e re  m o s t ly  l e s s  t h a n  58 nM i n  d i a m e te r ,  w h e re a s  m o re  t h a t  30% o f  
t h e  v e s i c l e s  i n  e a c h  IN  p r o f i l e  s a m p le d  w e re  l a r g e r  t h a n  t h i s .
We t h e r e f o r e  d e f i n e  tw o  c l a s s e s  o f  p re s u m a b ly  e x c i t a t o r y  
p r o f i l e s :  c l a s s  I - - t h o s e  w i th  l e s s  th a n  2D% - - and  c l a s s  I I -- 
t h o s e  w i th  g r e a t e r  t h a n  20% --l a r g e  c l e a r  v e s i c l e s .  As e x p e c t e d ,  
c l a s s  I  v e s i c l e s  m ade p r i m a r i l y  c h e m ic a l  s y n a p s e s ,  d e f in e d  by 
w id e n e d  c l e f t s ,  p r e  and  p o s t s y n a p t i c  d e n s i t i e s ,  and  p r e s y n a p t i c  
v e s i c l e  c l u s t e r s ,  on  IN s . B o th  c l a s s  I  and  I I  p r o f i l e s  s y n a p se d  
on d i s t a l  LG d e n d r i t e s .  The p r o f i l e s  s y n a p s in g  on t h e s e  
d e n d r i t e s  m ade e i t h e r  c h e m ic a l  c o n ta c t s  o r  b o th  c h e m ic a l  and  
e l e c t r i c a l  c o n t a c t s .  C o n tra ry  t o  e x p e c t a t i o n ,  p u r e  e l e c t r i c a l  
s y n p a s e s  on LG d e n d r i t e s  w e re  a lm o s t  n e v e r  s e e n .

B o th  u n s p e c i f i e d  c l a s s  I  p r o f i l e s  an d  l a b e l e d  PA t e r m i n a l s  a s  
w e l l  a s  b o th  p r o x im a l  and  d i s t a l  LG d e n d r i t e s  com m only r e c e iv e d  
in p u t  f ro m  p r o f i l e s  c o n ta i n in g  n a r r o w ,  o f t e n  e c c e n t r i c  v e s i c l e s ;  
t h e s e  " c l a s s  I I I "  p r o f i l e s  a r e  b e l i e v e d  t o  b e  r e s p o n s i b l e  f o r  
GABAergic i n h i b i t i o n .   ( S u p p o rte d  by NIH g r a n t  08108)

2 1 8 .7  ANALYSIS OF. THE ROLE OF DESCENDING INPUT IN  THE PRODUCTION 
OF HATCHING AND WALKING IN  CHICKS: SPINAL TRANSECTION 
S TU D IES.  A . B e k o f f .  EPO B i o lo g y  D e p t . ,  U n iv .  C o l o r a d o ,  
B o u l d e r ,  CO 8 0 3 0 9 .

T h i s  s t u d y  i s  p a r t  o f  a  s e r i e s  d e s i g n e d  t o  e x a m in e  t h e  
h y p o t h e s i s  t h a t  t h e  s a m e ,  o r  e l e m e n t s  o f  t h e  s a m e ,  n e u r a l  
p a t t e r n  g e n e r a t i n g  c i r c u i t r y  i s  u s e d  t o  p r o d u c e  t h e  l e g  
m o v e m e n ts  o f  b o t h  h a t c h i n g  a n d  w a l k i n g .  P r e v i o u s  s t u d i e s  i n  
t h i s  s e r i e s  h a v e  sh o w n  t h a t  t h e  c i r c u i t r y  f o r  h a t c h i n g  i s  
s t i l l  p r e s e n t  a n d  f u n c t i o n a l  i n  t h e  p o s t h a t c h i n g  c h i c k  a n d  
t h a t  b e n d i n g  t h e  n e c k  t o  t h e  r i g h t  o r  l e f t  s e r v e s  a s  a  
s p e c i f i c  s i g n a l  t o  t u r n  o n  t h e  h a t c h i n g  l e g  m o to r  o u t p u t .  
T h u s ,  t h e  c i r c u i t r y  f o r  t h e  l e g  m o v e m e n ts  o f  h a t c h i n g  
c o e x i s t s  i n  t im e  w i t h  t h e  c i r c u i t r y  f o r  w a l k i n g .  T h i s  l e a v e s  
o p e n  t h e  p o s s i b i l i t y  t h a t  i t  c o u l d  b e  m o d u la t e d  i n  s u c h  a  
w ay a s  t o  p r o d u c e  t h e  w a l k i n g  m o to r  o u t p u t .

Q u a n t i t a t i v e  a n a l y s e s  h a v e  sh o w n  t h a t  t h e r e  a r e  b a s i c  
s i m i l a r i t i e s  a s  w e l l  a s  som e s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  
t h e  l e g  m o to r  o u t p u t  p a t t e r n s  o f  h a t c h i n g  a n d  w a l k i n g .  A 
r e c e n t  s t u d y  o f  p o s t h a t c h i n g  c h i c k s  w i t h  d e a f f e r e n t e d  l e g s  
( B e k o f f ,  N e u r o s c i . A b s t r . 8 : 7 3 8 ,  1 9 8 2 )  sh o w e d  t h a t  som e 
a s p e c t s  o f  t h e  h a t c h i n g  a n d  w a l k in g  l e g  m o to r  o u t p u t  p a t t e r n s  
b e c a m e  m o re  s i m i l a r  a f t e r  r e m o v a l  o f  s e n s o r y  i n p u t .  T h e s e  
r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  s e n s o r y  i n p u t  f ro m  t h e  
l e g s  m ay n o r m a l l y  m o d u la t e  t h e  o u t p u t  o f  o n e  s e t  o f  p a t t e r n  
g e n e r a t i n g  c i r c u i t r y  i n  o r d e r  t o  p r o d u c e  d i s t i n c t i v e  a s p e c t s  
o f  t h e  m o to r  o u t p u t  p a t t e r n s  t h a t  n o r m a l l y  c h a r a c t e r i z e  
h a t c h i n g  a n d  w a l k i n g .

N e v e r t h e l e s s ,  o t h e r  a s p e c t s  o f  t h e  m o to r  o u t p u t  p a t t e r n s  
w e r e  m a i n t a i n e d  i n  t h e  a b s e n c e  o f  s e n s o r y  i n p u t  f ro m  t h e  
l e g s .  I f  t h e  s a m e  c i r c u i t r y  i s  i n d e e d  u s e d  f o r  b o t h  h a t c h i n g  
a n d  w a l k i n g ,  t h e n  a n o t h e r  s o u r c e  o f  m o d u la t o r y  i n p u t  t o  b e  
c o n s i d e r e d  i s  i n p u t  d e s c e n d i n g  f ro m  h i g h e r  l e v e l s .  T he  
p r e s e n t  e x p e r i m e n t s  h a v e  u s e d  0 -  t o  1- d a y  o l d  p o s t h a t c h i n g  
c h i c k s  w i t h  h i g h  c e r v i c a l  (C 3 ) s p i n a l  t r a n s e c t i o n s  i n  o r d e r  
t o  c h a r a c t e r i z e  t h e  l e g  m o to r  o u t p u t  p a t t e r n s  o f  h a t c h i n g  
a n d  w a l k in g  i n  t h e  a b s e n c e  o f  i n p u t  d e s c e n d i n g  f ro m  t h e  
b r a i n .

S u p p o r t e d  b y  NSF g r a n t  BNS 7 9 - 1 3 8 2 6 ,  NIH g r a n t  NS 2 0 3 1 0  
a n d  a  f e l l o w s h i p  f ro m  t h e  J o h n  S im o n  G u g g e n h e im  F o u n d a t i o n .

218.8  BLENDS OF SCRATCH REFLEX MOTOR PATTERNS E L IC ITED  BY 
TRANSITION ZONE STIMULATION IN THE SPINAL TURTLE: SWITCHES 
AND HYBRIDS.  L . I .  M o r t i n ,  G .A . R o b e r t s o n  a n d  P . S .G .  S t e i n .   
B i o lo g y  D e p t . ,  W a s h in g to n  U n i v . ,  S t .  L o u i s ,  MO 6 3 1 3 0 .

T h e  r e d - e a r e d  t u r t l e  P s e u d e m y s  s c r i p t a  e l e g a n s , w h en  
l o w - s p i n a l ,  d i s p l a y s  t h r e e  d i f f e r e n t  f o rm s  o f  t h e  s c r a t c h  
r e f l e x  i n  r e s p o n s e  t o  t a c t i l e  s t i m u l a t i o n  ( S o c .  N e u r o s c i .  
A b s t r .  8: 1 5 9 ,  1 9 8 2 ;  Sym p. S o c .  E x p . B i o l .  37: 3 8 3 ,  1 9 8 3 ) .  
E a c h  s c r a t c h  f o rm  i s  d i s t i n g u i s h e d  f ro m  t h e  o t h e r  tw o  
f o r m s  by  ( 1 ) i t s  r e c e p t i v e  f i e l d ,  ( 2 ) t h e  p o r t i o n  o f  t h e  
h i n d l i m b  u s e d  t o  r u b  a g a i n s t  t h e  s t i m u l a t e d  s i t e  a n d  
( 3 )  t h e  t i m i n g  o f  k n e e  e x t e n s i o n  i n  t h e  c y c l e  o f  h i p  p r o 
t r a c t i o n  a n d  r e t r a c t i o n .  I n  e a c h  s c r a t c h  f o r m ,  t h e  l im b  
r u b s  d u r i n g  a c t i v a t i o n  o f  F T -K E , a  k n e e  e x t e n s o r  m u s c l e .  
I n  t h e  r o s t r a l  s c r a t c h ,  t h e  l im b  r u b s  w i t h  t h e  d o r s u m  o f  
t h e  f o o t  d u r i n g  t h e  l a t t e r  p a r t  o f  a c t i v a t i o n  o f  V P -H P , a  
h i p  p r o t r a c t o r  m u s c l e .  I n  t h e  p o c k e t  s c r a t c h ,  t h e  l im b  
r u b s  w i t h  t h e  s i d e  o f  t h e  c a l f ,  k n e e  a n d / o r  t h i g h  d u r i n g  
a c t i v a t i o n  o f  H R-K F, a  h i p  r e t r a c t o r  m u s c l e .  I n  t h e  
c a u d a l  s c r a t c h ,  t h e  l im b  r u b s  w i t h  t h e  h e e l  o r  s i d e  o f  t h e  
f o o t  a f t e r  t h e  o f f s e t  o f  HR-KF a c t i v i t y .

T r a n s i t i o n  z o n e s  ( T Z s )  a r e  n a r r o w  r e g i o n s  o f  t h e  s h e l l  
a n d  s k i n  t h a t  s e p a r a t e  t h e  b o u n d a r i e s  o f  tw o  s c r a t c h  
r e c e p t i v e  f i e l d s .  B a s e d  u p o n  f e a t u r e s  ( 2 )  a n d  ( 3 )  a b o v e ,  
TZ s t i m u l a t i o n  e l i c i t s  ( i )  a  p u r e  f o r m  o f  s c r a t c h ,  s i m i l a r  
t o  a  s c r a t c h  f o r m  i n i t i a t e d  w i t h i n  a  r e c e p t i v e  f i e l d  n e x t  
t o  t h e  T Z , o r  ( i i )  a  b l e n d  o f  s c r a t c h  f o r m s .  B le n d s  h a v e  
c h a r a c t e r i s t i c s  o f  tw o  d i f f e r e n t  s c r a t c h  f o r m s .  A b l e n d  i s  
e i t h e r  a  s w i t c h  o r  a  h y b r i d .  A s w i t c h  u s e s  o n e  r u b  f o r m  i n  
o n e  c y c l e  a n d  a  d i f f e r e n t  r u b  f o rm  i n  a  s u c c e s s i v e  c y c l e ;  
a  h y b r i d  u s e s  tw o  d i f f e r e n t  r u b  f o rm s  i n  e a c h  o f  s e v e r a l  
s u c c e s s i v e  c y c l e s .  R o s t r a l - p o c k e t  TZ s t i m u l a t i o n  p r o d u c e s  
b l e n d s  u t i l i z i n g  t h e  d o r s u m  o f  t h e  f o o t  f o r  o n e  r u b  a n d  t h e  
s i d e  o f  t h e  k n e e  a n d  c a l f  f o r  t h e  o t h e r .  Two FT-K E a c t i v a 
t i o n s  c a n  o c c u r  i n  t h e s e  b l e n d s ,  o n e  d u r i n g  t h e  l a t t e r  p a r t  
o f  VP-HP a c t i v i t y  a n d  t h e  s e c o n d  d u r i n g  HR-KF a c t i v i t y .  
C a u d a l - p o c k e t  TZ s t i m u l a t i o n  p r o d u c e s  b l e n d s  u t i l i z i n g  t h e  
h e e l  o r  s i d e  o f  t h e  f o o t  f o r  o n e  r u b  a n d  t h e  s i d e  o f  t h e  
t h i g h  f o r  t h e  o t h e r .  Two FT-K E a c t i v a t i o n s  c a n  o c c u r  i n  
t h e s e  b l e n d s ,  o n e  a f t e r  t h e  o f f s e t  o f  a n d  t h e  s e c o n d  d u r i n g  
HR-KF a c t i v i t y .  B le n d s  a r e  s e e n  i n  r e c o r d i n g s  f r o m  b o t h  
( i )  t h e  m u s c l e s  F T -K E , VP-HP a n d  HR-KF i n  m o v in g  t u r t l e s  
a n d  ( i i )  t h e  n e r v e s  i n n e r v a t i n g  t h e s e  m u s c l e s  i n  t u r t l e s  
i m m o b i l i z e d  w i t h  n e u r o m u s c u la r  b l o c k a d e .  T h u s ,  t h e  m o to r  
p a t t e r n  g e n e r a t o r s  i n  t h e  s p i n a l  c o r d  p r o d u c e  s m o o th  b l e n d s  
i n  t h e  a b s e n c e  o f  s e n s o r y  f e e d b a c k  f ro m  t h e  m o v in g  l im b .

S u p p o r t e d  b y  NIH G r a n t s  N S -1 5 0 4 9  a n d  N S -0 7 0 5 7 .
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2 1 8  9  BLENDS OF SCRATCH REFLEX MOTOR PATTERNS 
ELICITED  BY SIMULTANEOUS STIMULATION OF TWO SITES 
IN THE SPINAL TURTLE: SWITCHES AND HYBRIDS.  
P .S .G .  S t e i n ,  A.W . C am p*, G .A . R o b e r t s o n ,  a n d  L . I .  M o r t i n .   
B io lo g y  D e p t . ,  W a s h in g to n  U n i v . , S t .  L o u i s ,  MO 6 3 1 3 0 .

T h e  r e d - e a r e d  t u r t l e ,  w hen l o w - s p i n a l ,  d i s p l a y s  t h r e e  
f o rm s  o f  t h e  s c r a t c h  r e f l e x  i n  r e s p o n s e  t o  t a c t i l e  
s t i m u l a t i o n  ( S o c .  N e u r o s c i .  A b s t r .  8 :1 5 9 ,  1 9 8 2 ; Sym p. S o c . 
E x p . B i o l .  3 7 : 3 8 3 ,  1 9 8 3 ; M o r t in  e t  a l . ,  t h i s  v o lu m e ) .  
S t i m u l a t i o n  o f  t h e  mi d - b o d y  s h e l l  b r i d g e  e l i c i t s  a  r o s t r a l  
s c r a t c h  i n  w h ic h  t h e  d o rsu m  o f  t h e  f o o t  r u b s  a g a i n s t  t h e  
s t i m u l a t e d  s i t e .  S t i m u l a t i o n  n e a r  t h e  t a i l  e l i c i t s  a  
c a u d a l  s c r a t c h  i n  w h ic h  t h e  h e e l  o r  t h e  s i d e  o f  t h e  f o o t  
r u b s  a g a i n s t  t h e  s t i m u l a t e d  s i t e .  T he  r u b  o c c u r s  d u r i n g  
k n e e  e x t e n s i o n  f o r  e a c h  s c r a t c h  f o rm .  T he s i t e  o f  t h e  r u b  
d e p e n d s  on  t h e  L im in g  o f  k n e e  e x t e n s i o n  i n  t h e  c y c l e  o f  
h i p  p r o t r a c t i o n  a n d  r e t r a c t i o n .  D u r in g  a  r o s t r a l  r u b ,  
F T -K E , a  k n e e  e x t e n s o r  m u s c l e ,  i s  a c t i v e  d u r i n g  t h e  l a t t e r  
p o r t i o n  o f  t h e  a c t i v i t y  o f  V P -H P , a  h i p  p r o t r a c t o r  m u s c l e .  
D u r in g  a  c a u d a l  r u b ,  FT -K E i s  a c t i v e  a f t e r  t h e  o f f s e t  o f  
t h e  a c t i v i t y  o f  HR-K F, a  h i p  r e t r a c t o r  m u s c l e .

S im u l t a n e o u s  m a i n t a i n e d  s t i m u l a t i o n  o f  tw o s i t e s ,  o n e  i n  
t h e  r o s t r a l  a n d  t h e  o t h e r  i n  t h e  c a u d a l  s c r a t c h  r e c e p t i v e  
f i e l d ,  e l i c i t s  e i t h e r  ( i )  a  r o s t r a l  s c r a t c h ,  ( i i )  a  c a u d a l  
s c r a t c h ,  o r  ( i i i )  a  r o s t r a l - c a u d a l  b l e n d .  A b l e n d  i s  
e i t h e r  a  s w i t c h  o r  a  h y b r i d .  I n  a  s w i t c h ,  t h e  l im b  r u b s  
a g a i n s t  o n e  s i t e  i n  o n e  c y c l e  a n d  t h e n  a g a i n s t  t h e  o t h e r  
s i t e  i n  t h e  f o l l o w i n g  c y c l e .  I n  a  h y b r i d ,  e a c h  o f  s e v e r a l  
s u c c e s s i v e  c y c l e s  d i s p l a y s  tw o  r u b s :  o n e  a g a i n s t  t h e  
r o s t r a l  s i t e  a n d  t h e  o t h e r  a g a i n s t  t h e  c a u d a l  s i t e .  F o r  
a l l  b l e n d s ,  t h e  d o rsu m  o f  t h e  f o o t  i s  u s e d  f o r  e a c h  r o s t r a l  
r u b  a n d  t h e  h e e l  o r  s i d e  o f  t h e  f o o t  i s  u s e d  f o r  e a c h  
c a u d a l  r u b .  D u r in g  e a c h  r o s t r a l  r u b ,  FT-KE i s  a c t i v e  i n  
t h e  l a t t e r  p o r t i o n  o f  VP-HP a c t i v i t y .  D u r in g  e a c h  c a u d a l  
r u b ,  FT-KE i s  a c t i v e  a f t e r  t h e  o f f s e t  o f  HR-KF a c t i v i t y .

S t i m u l a t i o n  o f  a  s i n g l e  s i t e  i n  a  t u r t l e  i m m o b i l iz e d  
w i t h  n e u r o m u s c u la r  b l o c k a d e  e l i c i t s  a n  a c t i v a t i o n  p a t t e r n  
i n  t h e  n e r v e s  i n n e r v a t i n g  F T -K E , V P-H P, a n d  HR-KF t h a t  i s  
s i m i l a r  t o  t h e  a c t i v a t i o n  p a t t e r n  o b s e r v e d  i n  t h e s e  
m u s c l e s  i n  t h e  t u r t l e  w i t h  l im b  m o v e m e n t. S i m u l t a n e o u s  
t w o - p o i n t  s t i m u l a t i o n  i n  t h e  i m m o b i l iz e d  t u r t l e  e l i c i t s  
m o to r  p a t t e r n s ,  i n c l u d i n g  b l e n d s ,  s i m i l a r  t o  t h o s e  
o b s e r v e d  i n  t h e  m o v in g  t u r t l e .  T he s m o o th  b l e n d i n g  o f  
r o s t r a l  a n d  c a u d a l  p a t t e r n s  i n d i c a t e s  t h a t  t h e r e  i s  
c o m m u n ic a t io n  i n  t h e  s p i n a l  c o r d  b e tw e e n  t h e  r o s t r a l  
s c r a t c h  g e n e r a t o r  a n d  t h e  c a u d a l  s c r a t c h  g e n e r a t o r .

S u p p o r t e d  by NIH G r a n t s  N S -1 5 0 4 9  a n d  N S -0 7 0 5 7 .

2 1 8 .10   JOINT MULTI-CORRELATION DISPLAY: A NEW PROCEDURE FOR 
ANALYSIS OF INTERACTIONS BETWEEN SIMULTANEOUSLY RECORDED 
NEURONS.  R.D. F ro s tiq  and R.M. Harper.  Neuroscience Program, 
Brain Research I n s t i tu te ,  and D e p t. o f  Anatomy, UCLA, Los 
Angeles, CA 90024.

C u r r e n t  n e u ro n a l  r e c o r d in g  p r o c e d u r e s  a l lo w  th e  
a c q u i s i t i o n  o f  d i s c h a r g e s  fro m  l a r g e  n u m b e rs  o f  
sim ultaneously recorded neurons. There a r e ,  how ever, on ly  
l i m i t e d  p r o c e d u r e s  f o r  e x a m i n a t i o n  o f  f u n c t i o n a l  
in te r a c t io n s  betw een s e t s  o f n e u ro n s , e s p e c ia l ly  i f  th e  
number of c e l l s  exceeds 3 (G e rs te in ,  G. L . ,  e t  a l . ,  B rain  
Res. . 140:43-62, 1 9 7 8 ). M u ltip le  c r o s s - c o r r e l a t i o n ,  and 
jo in t  impulse con fig u ra tio n  s c a t t e r  diagram  ("sn o w flak e" ; 
P e r k e l , D. H ., e t  a l . ,  B ra in  R es . . 1 0 0 :2 7 1 -2 9 6 ,  1975) 
p r o c e d u r e s  a r e  u s e f u l  f o r  e x a m in in g  s i m u l t a n e o u s  
in te ra c tio n s  between up to  3 p a i r s  o f n e u ro n s , b u t th e se  
a n a ly se s  do n o t a llo w  th e  ex am in atio n  o f  i n t e r a c t i o n s  
between la rg e  numbers of c e l l s .  The fo llo w in g  p ro c e d u re , 
based on a technique by Inselberg  (In se lb e rg , A ., IBM LASC. 
G 320-2711, 1 9 8 1 ), a llo w s  e x a m in a t io n  o f  s im u l ta n e o u s  
in te ra c tio n s  between a s e t  of many neurons, w ith th e  number 
o f c e l l s  an a ly zed  w ith in  th e  s e t  b e in g  l im i t e d  o n ly  by 
p ra c tic a l  c o n s tra in ts  of the  a n a ly tic a l  machine.

The a n a ly s i s  c o n s i s t s  of d is p la y in g  d e n s i ty  p lo t s  of 
c ro s s -c o rre la tio n s  between ev ery  com bina tion  o f p a i r s  of 
those c e l l s  comprising the s e t .  Thus, a s e t  of 4 c e l l s  ABCD 
w ill  have c ross  c o r r e l a t i o n s  AB, BC, CD, AC, AD, and BD. 
These c o rre la tio n s  a re  p lo tte d  v e r t ic a l ly  "on edge" w ith the 
am plitude of c o rre la tio n  coded as  d e n s i ty  or c o lo r .  Each 
c o rre la tio n  i s  p lo tte d  in  p a ra l le l  time coord inates w ith the 
o th e rs . The occurrence of a strong  tim e-locked re la tio n s h ip  
on one c r o s s - c o r r e l a t i o n ,  i . e . ,  AB, can be mapped to  a 
corresponding time event in  each of the  o ther c o r r e la t io n s ,  
i . e . ,  BC, CD, AC, AD, and BD, u s in g  l i n e s  o f  v a r io u s  
d e n s it ie s  (or co lo rs) to  in d ic a te  th e  deg ree  o f com posite  
in te ra c tio n  ( i . e . ,  in te ra c tio n s  th a t  could not be p re d ic te d  
from c r o s s - c o r r e l a t i o n s ) . In p r a c t i c e ,  o n ly  th e  l i n e s  
in d ic a t in g  th e  s t r o n g e s t  c o m p o s i te  i n t e r a c t i o n s  a r e  
d isp layed .

The p ro ced u re  a llo w s  d e te c t io n  o f d is c h a rg e  p a t te r n s  
between a l l  neurons in  many-celled s e ts .  Thus, j u s t  a s  th e  
d is p la y  p ro c e d u re  f o r  3 c e l l s  a l lo w s  e x a m in a t io n  o f  
i n t e r a c t io n s  t h a t  co u ld  n o t  be p r e d i c t e d  from  p a i r e d  
com parisons a lo n e , th e  j o i n t  m u l t i - c o r r e l a t i o n  d i s p l a y  
procedure allow s us to  ob ta in  unique inform ation on netw ork 
re la tio n s h ip s  th a t  could not be e x trac ted  from the  a n a ly s is  
of fewer neuronal in te ra c tio n s .
Supported by HL22418-07 and AHA GLAA 678-1G3.

218.11  F IN E  D I S C R I M I N A T I O N  A S  A N  E M E R G E N T  P R O P E R T Y  O F  
PA R A L L E L  N EU RA L C I R C U I T S   W i l l i a m  H . C a l v i n ,  
D e p a r tm e n t of N e u r o l o g i c a l  S u r q e r y, U n i v e r s i t y  of  W a s h in g t o n  
R I - 2 0 ,  S e a l t l e ,  W a s h in g t o n  98195

A n e u r o n  i s  i n h e r e n t l y  n o i s y ,  i n  t h a t  t h e  m e m b r a n e  p o t e n t i a l  
b a s e l i n e  s h o w s  ra n d o m  n o i s e  f rom b o t h  i n t e r n a l  a n d  e x t e r n a l  
s o u r c e s  T h i s  a f f e c t s  t h e  p r e c i s i o n  w i t h  w h i c h  t h e  m e m b r a n e  
o o t e n t i a l  c a n  r e p r e s e n t  a n  e x t e r n a l  v a r i a b l e ;  by c a u s i n g  
i i t t e r .  i t  a l s o  a f f e c t s  t h e  p r e c i s i o n  w i t h  w h i c h  t h e  n e u r o n ’s  
p a c e m a k e r - l i k e  r e p e t i t i v e  f i r i n g  p r o p e r t i e s  c a n  c o d e  
i n f o r m a t i o n  u s i n g  t h e  i n t e r v a l  b e t w e e n  i m p u l s e s .  T h i s  c r e a t e s  
u n c e r t a i n t i e s  on t h e  o r d e r  of  3 - 1 0  p a r t s  p e r  h u n d r e d .  T h e  
o v e r a l l  p e r f o r m a n c e  of  t h e  n e r v o u s  s y s t e m  i s  c o n s i d e r a b l y  
b e t t e r  t h a n  5 pp h  f o r  m an y  t a s k s .  T h u s  t h e  q u e s t i o n  a r i s e s :  
W h a t  e m e r g e n t  p r o p e r t y  o f  a  n e u r a l  c i r c u i t  o v e r c o m e s  t h e  
i n t r i n s i c  n o i s e  l i m i t a t i o n s  o f  t h e  c i r c u i t ' s  b u i l d i n g  
b l o c k s ?  One  a n s w e r  i s  t h a t  t h e  Law of La r ge N u m b e r s  a p p l i e s  
t o  m an y  (b ut  n o t  a l l )  p a r a l l e l  n e u r a l  c i r c u i t s .  So l o n g  a s  
m a n y n e u r o n s  a r e  e a c h  w o r k in g  on  t h e  s a m e  t a s k  in  p a r a l l e l ,  
r a n d o m  n o i s e  i n  o n e  c a n  c a n c e l  t h a t  in  a n o t h e r .  T h i s  
" a v e r a g i n g " of m a n y  i n d i v i d u a l l y - n o i s y  r e s u l t s  c a n  y i e l d  
l o w - n o i s e  p e r f o r m a n c e ,  w i t h  s c a t t e r  b e i n g  r e d u c e d  a s  t h e  s q u a r e  
r o o t  of t h e  n u m b e r  of c e l l s  o p e r a t i n g  in  p a r a l l e l .

T h e  m a jo r  c o n d i t i o n s  for  t h i s  " p a r a l l e l  p r e c i s i o n  p r i n c i p l e ” 
a r e  1) t h e  n o i s e  i n  e a c h  c e l l  m u s t  be ra n d o m  a n d  i n d e p e n d e n t  
of t h a t  in a n o t h e r ;  2) t h e r e  m u s t  be a m e c h a n i s m  f o r  su m m in g  
t o g e t h e r  t h e  r e s u l t s  of t h e s e  i n d e p e n d e n t  s o u r c e s  (e g .,  t h e  
m e m b r a n e  p o t e n t i a l  of a n  i n t e g r a t i n g  n e u r o n  d o w n s t r e a m ,  or  t h e  
t e n s i o n  in  a  m u s c l e  t e n d o n  in  t h e  c a s e  of m o t o r n e u r o n  p o o l s ) ,  
a n d  3) i f t h e  n u m b e r  of  i n p u t s  i s  t o  be v a r i e d ,  t h e r e  m u s t  be a 
w a y  of r e s c a l i n g  t h e  sum a c c o r d i n g  t o  t h e  n u m b e r  of  i n p u t s  u s e d  
(for  e x a m p le ,  t h e  i n p u t  r e s i s t a n c e  of  t h e  s u m m in g  c e l l  may d ro p  
a s  m o r e  s y n a p t i c  i n p u t s  b ec o m e a c t i v e ,  r e d u c i n g  a l l  s y n a p t i c  
s t r e n g t h s ) .

I h a v e  p r e v i o u s l y  d i s c u s s e d  t i m i n g  p r e c i s i o n  ( J  Theoret 
Biol 104:121, 1983) bu t  s im p le  c i r c u i t s  c a n  a l s o  be u s e d  f o r  
p a r a m e t e r s  o t h e r  t h a n  t im e  Let b i n o c u l a r  c o n v e r g e n c e  a n g l e  
( fo r  v e r n i e r  d e p t h  d i s c r i m i n a t i o n )  be s o m e h o w  e n c o d e d  by n o i s y  
i n p u t s  i n  t h e  m e m b r a n e  p o t e n t i a l  of a CNS c e l l .  Let  a n o t h e r  
n e u r o n  sum  t o g e t h e r  t h e  s c a l e d  o u t p u t  of  N  s u c h  c e l l s ;  w h e n  
i t s  t h r e s h o l d  i s  c r o s s e d ,  t h e  u n c e r t a i n t y  in  t h e  c o n v e r g e n c e  
a n g l e  i t  r e p r e s e n t s  w i l l  be a f a c t o r  N - V z  l e s s  t h a n  t h e  
o r i g i n a l  a n g u l a r  u n c e r t a i n t i e s  I t  w o u ld  a p p e a r  that ,  m o s t  
p r e c i s i o n  d i s c r i m i n a t i o n s  (e g. , o r i e n t a t i o n ,  h u e ,  d e p t h ,  
e l a p s e d  t im e ,  p i t c h ,  e t c . )  w o u ld  b e n e f i t  f rom  a s s i g n i n g  m a n y  
c e l l s  t o  t h e  s a m e  t a s k  an d  " a v e r a g i n g "  t h e  r e s u l t s  w i t h  s u c h  a 
p a r a l l e l  c i r c u i t .   (Supported by NIH grant NS 04053).

2 1 8 .1 2   THE CRAYFISH STRETCH RECEPTOR AS A MODEL OF SYNAPTIC INTER
ACTIONS BETWEEN PACEMAKER CELLS.  O . D i e z - M a r t í n e z , H. Q u i -  
j a n o ,  J .A .  R o ig  a n d  J . P .  S e g u n d o .  D e p a r ta m e n to  d e  F i s i o l o 
g i a ,  F a c u l t a d  de  M e d ic i n a ,  U n i v e r s i d a d  N a c i o n a l  A u tónom a d e  
M é x ic o ,  M é x ic o ,  D. F . ,  0 4 5 1 0 ,  MEXICO; D e p a r tm e n t  o f  A n a to m y , 
U n i v e r s i t y  o f  C a l i f o r n i a  a t  L o s  A n g e l e s ,  Ca 9 0 0 2 4 ,  U .S .A .
We s t u d i e d  t h e  i s o l a t e d  n e u r o n  o f  t h e  c r a y f i s h  s l o w l y  a d a p t 
i n g  s t r e t c h  r e c e p t o r  o r g a n  (SAO) t o  t e s t  t h e  a p p l i c a b i l i t y  
o f  a  m o d e l  t h a t  d e s c r i b e d  t h e  i n f l u e n c e  o f  a  p a c e m a k e r  c e l l  
u p o n  a n o t h e r  a c r o s s  a  s y n a p s e  w i t h  EPS Ps (S e g u n d o  a n d  K o h n , 
1 9 8 1 ) .  S i n c e  no  e x c i t a t o r y  f i b e r s  c o n v e r g e  u p o n  SAO, t h e  
EPSP e f f e c t s  w e r e  a r t i f i c i a l l y  i n d u c e d  b y  a p p l y i n g  a  b r i e f  
s t r e t c h  o r  " t u g "  t o  t h e  r e c e p t o r  m u s c l e .  T he t u g  s h a p e ,  
a m p l i t u d e  a n d  d u r a t i o n  w e r e  a d j u s t e d  e m p i r i c a l l y  s o  t h a t  i t s  
e f f e c t  w a s  t h a t  e x p e c t e d  i n  a  p a c e m a k e r  n e u r o n  w i t h  e x c i t a 
t o r y  m o n o s y n a p t ic  i n p u t .  SAO i m p u l s e s  w e r e  r e c o r d e d  e x t r a -  
c e l l u l a r y .  A l a r g e  n u m b e r  o f  t u g s  w e re  a p p l i e d  i r r e g u l a r y ,  
a t  r e l a t i v e l y  l o n g  i n t e r v a l s ,  a n d  i n d e p e n d e n t l y  o f  t h e  SAO 
d i s c h a r g e .  I n  t h e  p e r t u r b e d  i n t e r v a l  t h e  s p i k e  f o l l o w i n g  t h e  
t u g  w a s  a d v a n c e d  w i t h  r e s p e c t  t o  t h e  e x p e c t e d  o r  n a t u r a l  i n 
t e r v a l  ( N ) . T he  a d v a n c e  o r  " n e g a t i v e "  d e l a y  w as a  V - s h a p e d  
f u n c t i o n  o f  t h e  p h a s e  ( ф) i .  e . ,  t h e  t im e  e l a p s e d  b e tw e e n  
t h e  l a s t  SAO i m p u l s e  a n d  t h e  t u g .  T he " d e l a y  f u n c t i o n "  w as 
p i e c e - w i s e  l i n e a r  w i t h  tw o  s e g m e n t s .  T he v e r t e x  c o r r e s p o n d e d  
t o  t h e  e a r l i e s t  t u g  a r r i v a l  ( A )  t h a t  t r i g g e r e d  a  SAO s p i k e  
a lm o s t  i m m e d i a t e l y .  The p a r a m e t e r  A d e p e n d e d  u p o n  t h e  t u g  
c h a r a c t e r i s t i c s .  "W eak" o r  " s t r o n g "  t u g s  r e s u l t e d  i n  a  l a r g e  
o r  s m a l l  A ,  r e s p e c t i v e l y .  T h e  l e f t  s e g m e n t  ( ф< λ ) h a d  a  n e g a 
t i v e  s l o p e  w i t h  som e s c a t t e r  a r o u n d  t h e  b e s t  f i t t e d - l i n e s .  
T he r i g h t  s e g m e n t  ( λ < ф < N )  h a d  a  p o s i t i v e  s l o p e  n e a r  1 a n d  
v e r y  l i t t l e  s c a t t e r .  I n  9 / 1 0  o f  c a s e s  t h e  s m a l l e s t  фs  h a d  
e i t h e r  n o  e f f e c t  o r  s l i g h t l y  l e n g t h e n e d  t h e  p e r t u r b e d  i n t e r 
v a l .  T he  f r a c t i o n  o f  t h e  N w h e r e  t h i s  o c c u r r e d  d e p e n d e d  u p o n  
t u g  s t r e n g t h ,  i n c r e a s i n g  w i t h  λ .  T h i s  b e h a v i o r  d e p a r t e d  f ro m  
t h e  m o d e l  p r e d i c t i o n s .  E x c e p t  f o r  t h i s  a n o m a lo u s  e f f e c t  w i t h  
s m a l l  фs ,  t h e  SAO p e r f o r m a n c e  w h en  s u b j e c t e d  t o  t u g s ,  mim
i c k e d  a  p a c e m a k e r  n e u r o n  r e c e i v i n g  e x c i t a t o r y  m o n o s y n a p t ic  
i n p u t .  S i n c e  p r e p a r a t i o n s  w i t h  s u c h  s y n a p t i c  c h a r a c t e r i s t i c s  
a r e  s c a r c e  ( i . e .  A p l y s i a  g a n g l i o n  c e l l s ,  B r y a n t  e t  a l ,  1 9 7 3 ) 
t h e  a r t i f i c i a l l y  e x c i t e d  SAO p r o v i d e s  a n  a l t e r n a t i v e  w i t h  
s i m i l a r  b e h a v i o r ,  o f f e r i n g  t e c h n i c a l  a d v a n t a g e s  f o r  s u c h  
s t u d i e s .
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2 1 9 .1 V IS IN IN  (24K d  PROTEIN) AS A MARKER OF CONE CELLS 
IN  VERTEBRATE RETIN AE.  N . M i k i ,  S .  H a t a k e n a k a * H . K iy a m a * +  
a n d  M. T o h y a m a * + .  D e p t .  o f  P h a r m a c o l . ,  C a n c e r  R e s .  I n s t . ,  
K a n a z a w a  U n i v . ,  K a n a z a w a  9 2 0 ,  J a p a n  a n d +  D e p t .  o f  
N e u r o a n a t . ,  I n s t .  H i g h e r  N e r v .  A c t . ,  O s a k a  U n i v . ,  O s a k a  
5 3 0 ,  J a p a n .

We h a v e  a n a l y z e d  t h e  s o l u b l e  p r o t e i n s  o f  c h i c k  r e t i n a  
d u r i n g  d e v e lo p m e n t  a n d  f o u n d  t h a t  a  p e p t i d e  o f  a b o u t  
2 4 ,0 0 0  d a l t o n s  (V IS IN IN )  a p p e a r e d  i n  t h e  r e t i n a  o f  t h e  
1 4 t h  d a y  e m b ry o  a n d  g r a d u a l l y  i n c r e a s e d  i n  c o n c e n t r a t i o n  
w i t h  e m b r y o n ic  a g e  u n t i l  h a t c h i n g .  I t  w a s  n o t  d e t e c t e d  i n  
t h e  c e r e b r u m ,  t e c t u m ,  p i g m e n t  e p i t h e l i u m  o r  v i t r e o u s  b o d y  
o n  SDS-PAGE a n a l y s i s .  I t  w a s  p a r t i a l l y  p u r i f i e d  b y  g e l  
f i l t r a t i o n  a n d  i o n  e x c h a n g e  c o lu m n  c h r o m a to g r a p h y ,  a n d  i t s  
i s o e l e c t r i c  p o i n t  w a s  a b o u t  5 . 5 .  I n  t h e  b o v i n e  r e t i n a ,  a  
p r o t e i n  w a s  o b s e r v e d  a t  2 4 ,0 0 0  d a l t o n s  o n  SD S-PAGE, b u t  
i t s  i s o e l e c t r i c  p o i n t  w a s  m o re  b a s i c  t h a n  t h a t  o f  c h i c k  
r e t i n a .  V i s i n i n  w a s  p u r i f i e d  b y  e x t r a c t i n g  a  c o r r e s p o n d i n g  
b a n d  f r o m  SDS-PAGE a n d  a n t i - v i s i n i n  s e ru m  w a s  p r o d u c e d  by  
i n j e c t i n g  i t  i n t o  a  r a b b i t .  T h e  a n t i - s e r u m  sh o w e d  a  s i n g l e  
p r e c i p i t a t i o n  l i n e  a g a i n s t  p u r i f i e d  v i s i n i n  o r  p a r t i a l l y  
p u r i f i e d  v i s i n i n  o n  e i t h e r  a n  O u c h t e r l o n y  d o u b l e  
i m m u n o d i f f u s i o n  t e s t  o r  i m m u n o e l e c t r o p h o r e s i s . T i s s u e s  
w e r e  f i x e d  w i t h  Z a m b o n i ’ s  s o l u t i o n .  T h e  f r o z e n  s e c t i o n s  
w e r e  s t a i n e d  w i t h  i n d i r e c t  i m m u n o f l u o r e s c e n t  s t a i n i n g  
(F IT C )  m e t h o d .  T h e  p h o t o r e c e p t o r  c e l l s  w e r e  s t a i n e d  w i t h  
a n t i - v i s i n i n  s e r u m  f r o m  7 t h  d a y  e m b r y o n ic  r e t i n a e  a n d  i t s  
i n t e n s i t y  w a s  g r a d u a l l y  i n c r e a s e d  w i t h  e m b r y o n ic  a g e .  
V i s i n i n - l i k e  i m m u n o r e a c t i v i t y  w a s  a l s o  f o u n d  i n  so m e k i n d s  
o f  a m a c r i n e  a n d  d i s p l a c e d  a m a c r in e  c e l l s  f ro m  1 1 t h  d a y  
e m b r y o n ic  r e t i n a e .  W hen h u m a n , c a t ,  f r o g  a n d  c a r p  r e t i n a e  
w h ic h  c o n t a i n  b o t h  r o d s  a n d  c o n e s  w e r e  e x a m in e d ,  s t a i n i n g  
o f  c o n e  c e l l s  w a s  c l e a r l y  o b s e r v e d  i n  t h e  p h o t o r e c e p t o r  
l a y e r ,  b u t  t h a t  o f  r o d  c e l l s  w a s  n o t .  F u r t h e r m o r e  
v i s i n i n - l i k e  i m m u n o r e a c t i v i t y  w a s  b a r e l y  d e t e c t a b l e  i n  t h e  
p h o t o r e c e p t o r  c e l l s  f r o m  b o v i n e ,  r a t  a n d  m o u se  r e t i n a e  
c o n t a i n i n g  m o s t l y  r o d  c e l l s .  T h e  r e s u l t s  s u g g e s t  t h a t  
v i s i n i n  i s  m a i n l y  l o c a t e d  i n  t h e  c o n e  c e l l s  i n  v a r i o u s  
v e r t e b r a t e  r e t i n a e  a n d  p r o v i d e s  a  g o o d  m a r k e r  f o r  t h e  c o n e  
c e l l s ,  a l t h o u g h  t h e  r o l e  o f  v i s i n i n  i n  t h e  c o n e  c e l l s  i s  
u n k n o w n .

2 1 9 .2  MONOCLONAL ANTIBODIES S P E C IF IC  FOR GLIA IN  THE DEVELOPING 
CHICK NERVOUS SYSTEM.  V . P . Lem m on.  D e p t . o f  A n a to m y  a n d  
C e l l  B i o l o g y ,  U n iv .  o f  P i t t s b u r g h ,  S c h .  o f  M e d i c i n e ,  
P i t t s b u r g h ,  PA 1 5 2 6 1 .

Two m o n o c l o n a l  a n t i b o d i e s  w h ic h  b i n d  t o  g l i a  i n  t h e  
c h i c k  h a v e  b e e n  p r o d u c e d .  M ic e  w e r e  im m u n iz e d  w i t h  
p r i m a r y  c u l t u r e s  o f  r e t i n a  e n r i c h e d  f o r  " f l a t  c e l l s "  w h ic h  
a r e  t h o u g h t  t o  b e  d e r i v e d  f ro m  M u l l e r  c e l l s .  H y b r id o m a  
s u p e r n a t a n t s  w e r e  s c r e e n e d  im m u n o h i s t o c h e m ic a l ly  o n  
s e c t i o n s  o f  e m b r y o n ic  c h i c k  r e t i n a  a n d  o p t i c  t e c t u m .  
H y b r id o m a s  p r o d u c i n g  a n t i b o d i e s  t h a t  b o u n d  t o  M u l l e r  c e l l s  
i n  t h e  r e t i n a  a n d  r a d i a l  g l i a  i n  t h e  o p t i c  t e c t u m  w e r e  
c l o n e d .  E M - im m u n o h is to c h e m ic a l  a n d  SDS-PAGE-TRANSBLOT 
a n a l y s e s  w e r e  c o n d u c te d  u s i n g  tw o  a n t i b o d i e s .  A n t ib o d y  
2 5 -5 E 1 0  b i n d s  t o  a n  i n t r a c e l l u l a r  a n t i g e n  w i t h  a n  a p p a r e n t  
m o l e c u l a r  w e i g h t  o f  a b o u t  280K D . T h i s  a n t i b o d y  a l s o  b i n d s  
t o  v a s c u l a r  e n d o t h e l i a  a n d  c a r t i l a g e  c e l l s ,  b u t  n o t  t o  
n e u r o n s .  A n t ib o d y  2 5 - 3 A 7 ,  a n  IgM , a l s o  b i n d s  t o  t r a n s 
b l o t s  u n d e r  t h e  c o n d i t i o n s  t e s t e d  t h u s  f a r .  A n t i b o d y  3A7 
d o e s  n o t  b i n d  t o  n e u r o n s  o r  v a s c u l a r  e n d o t h e l i a .  T i s s u e  
c u l t u r e  e x p e r i m e n t s  h a v e  i n d i c a t e d  t h a t  b o t h  o f  t h e s e  
a n t i b o d i e s  b i n d  t o  t h e  c y t o s k e l e t o n s  o f  " f l a t  c e l l s "  p r e 
p a r e d  f ro m  e m b r y o n ic  c h i c k  r e t i n a ,  b u t  n o t  t o  n e u r o n s ,  a n d  
t h a t  t h e  a n t i g e n s  a r e  T r i t o n - X 100 i n s o l u b l e .

S u p p o r t e d  b y  a  B a s i l  O 'C o n n e r  g r a n t  f ro m  t h e  M a rc h  o f  
D im es  a n d  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  g r a n t  # 7 - R 0 1 -  
E Y 0 5 2 8 5 -0 1 .

219.3  MONOCLONAL ANTIBODIES S P E C IF IC  FOR GANGLION CELLS IN THE 
DEVELOPING CHICK RETIN A.  C . S n y d e r * ,  J .  H a i l e y * ,  a n d  
V . Lemmon (SPON: J . S .  L u n d ) .   D e p t . o f  A n a to m y  a n d  C e l l  
B i o l o g y ,  U n iv .  o f  P i t t s b u r g h ,  S c h .  o f  M e d i c i n e ,  P i t t s b u r g h ,  
PA 1 5 2 6 1 .

T w e n t y - f o u r  d i f f e r e n t  m o n o c l o n a l  a n t i b o d i e s  w h ic h  b i n d  
s p e c i f i c a l l y  t o  g a n g l i o n  c e l l s  i n  t h e  e m b r y o n ic  c h i c k  
r e t i n a  h a v e  b e e n  p r o d u c e d .  M ic e  w e r e  im m u n iz e d  w i t h  
e i t h e r :  1) o p t i c  n e r v e s  o r  2 )  c o n c o n a v a l i n - A  b i n d i n g  
p r o t e i n s  f ro m  e m b r y o n ic  d a y  14 ( E 1 4 ) c h i c k  r e t i n a .  
H y b r id o m a  s u p e r n a t a n t s  w e r e  s c r e e n e d  i m m u n o h i s t o c h e m ic a l ly  
o n  s e c t i o n s  o f  E14 r e t i n a s .  H y b r id o m a s  w h ic h  p r o d u c e d  
a n t i b o d i e s  t h a t  b o u n d  t o  r e t i n a l  g a n g l i o n  c e l l s  o r  t h e i r  
p r o c e s s e s  w e r e  t h e n  c l o n e d .  T h e  m a j o r i t y  o f  t h e s e  a n t i 
b o d i e s  b i n d  t o  a x o n s  o f  g a n g l i o n  c e l l s .  S i n c e  t h e s e  
a n t i b o d i e s  b i n d  t o  a x o n s  v e r y  e a r l y  i n  d e v e lo p m e n t  (E6 
e a r l i e s t  e x a m in e d  t h u s  f a r ) , t h e y  s h o u l d  b e  u s e f u l  i n  
d e v e l o p m e n t a l  s t u d i e s  o f  a x o n  o u t g r o w th  a n d  i n n e r v a t i o n  o f  
t h e  o p t i c  t e c t u m .  T h e  r e m a i n i n g  a n t i b o d i e s  b i n d  t o  
g a n g l i o n  c e l l  so m a s  a n d  t h e i r  d e n d r i t e s  i n  t h e  i n n e r  
p l e x i f o r m  l a y e r ,  a s  w e l l  a s  t o  a x o n s .  W h ile  
E M - im m u n o h i s to c h e m ic a l  s t u d i e s  h a v e  i n d i c a t e d  t h a t  t h e s e  
a n t i b o d i e s  b i n d  t o  g a n g l i o n  c e l l  s u r f a c e  m e m b r a n e s ,  
s t u d i e s  o f  l i v e  c e l l s  i n  t i s s u e  c u l t u r e  i n d i c a t e  t h a t  o n l y  
a  s u b s e t  o f  t h e  a n t i b o d i e s  b i n d  t o  c e l l  s u r f a c e  m o l e c u l e s  
o n  r e t i n a l  c e l l s .

S u p p o r t e d  b y  NIH g r a n t  # 7 -R 0 1 -E Y 0 5 2 8 5 -0 1  t o  V . Lem m on.

2 19 .4   PREGANGLIONIC NEURONS FROM THE EDINGER WESTPHAL NUCLEUS: 
GROWTH AND HISTOCHEMICAL CHARACTERIZATION IN CELL CULTURE.  
J . T . F u j i i  a n d  D .K . B e r g .  D e p t . o f  B i o l o g y ,  U n iv .  o f  C a l i 
f o r n i a ,  S a n  D ie g o ;  La J o l l a ,  CA. 9 2 0 9 3 .

T h e  p r e g a n g l i o n i c  n e u r o n s  t h a t  i n n e r v a t e  t h e  c h i c k  c i l i 
a r y  g a n g l i o n  a r e  l o c a t e d  i n  t h e  E d i n g e r  W e s tp h a l  (EW) 
n u c l e u s  ( a . k . a .  a c c e s s o r y  o c u lo m o t o r  n u c l e u s )  o f  t h e  m id 
b r a i n .  C u l t u r e  o f  t h e s e  n e u r o n s  w o u ld  b e  v a l u a b l e  n o t  o n l y  
f o r  e x a m in in g  c h o l i n e r g i c  n e u r o n s  o f  t h e  c e n t r a l  n e r v o u s  
s y s t e m ,  b u t  a l s o  f o r  s t u d y i n g  t h e  i n t e r a c t i o n s  b e tw e e n  EW 
a n d  c i l i a r y  g a n g l i o n  n e u r o n s  i n  a d e f i n e d  e n v i r o n m e n t  i n  
w h i c h  b o t h  c e l l  t y p e s  a r e  a c c e s s i b l e .  We r e p o r t  h e r e  t h a t  
EW n e u r o n s  s u r v i v e  i n  d i s s o c i a t e d  c e l l  c u l t u r e  a n d  e x p r e s s  
p r o p e r t i e s  c h a r a c t e r i s t i c  o f  t h e i r  d i f f e r e n t i a t e d  s t a t e  i n  
v i v o .

R e g io n s  o f  t h e  m id b r a in  c o n t a i n i n g  t h e  EW n u c l e u s  w e re  
d i s s e c t e d  f ro m  s t a g e  4 0 -4 1  c h i c k  e m b r y o s ,  d i s s o c i a t e d  w i t h  
t r y p s i n  a n d  t r i t u r a t i o n ,  a n d  g ro w n  on  a  c o l l a g e n  s u b s t r a t u m  
i n  E a g l e ' s  m in im a l  e s s e n t i a l  m ed ium  w i t h  10% h o r s e  s e ru m  a n d  
5% c h i c k  e m b ry o  e x t r a c t .  S i n c e  m an y , a l t h o u g h  n o t  a l l ,  EW 
n e u r o n s  a r e  know n t o  c o n t a i n  l e u - e n k e p h a l i n - l i k e  im m u n o re a c 
t i v i t y  ( E L I )  a n d / o r  s u b s t a n c e  P - l i k e  i m m u n o r e a c t i v i t y  (S P L I )  
( E r i c k s e n  e t  a l . ,  1 9 8 2 ) ,  a s  w e l l  a s  t h e  c o n v e n t i o n a l  n e u r o 
t r a n s m i t t e r  a c e t y l c h o l i n e ,  t h e  c u l t u r e s  w e r e  t e s t e d  f o r  E L I ,  
S P L I ,  a n d  i n t r a c e l l u l a r  a c e t y l c h o l i n e s t e r a s e  u s i n g  s t a n d a r d  
h i s t o c h e m i c a l  t e c h n i q u e s .  I n  e a c h  c a s e  l a b e l e d  c e l l s  w e re  
i d e n t i f i e d .  C e l l s  p o s i t i v e  f o r  ELI w e r e  d i s t i n g u i s h e d  by  
l a b e l e d  b e a d e d  p r o c e s s e s ,  f r e q u e n t l y  a s s o c i a t e d  w i t h  d a r k l y  
l a b e l e d  c e l l  b o d i e s .  T h i s  p a t t e r n  o f  l a b e l i n g  w as com
p l e t e l y  e l i m i n a t e d  by  p r i o r  a b s o r p t i o n  o f  t h e  p r im a r y  a n t i 
b o d y  w i t h  l e u - e n k e p h a l i n .  T h e  n u m b e r  o f  c e l l s  l a b e l e d  f o r  
ELI w as e q u i v a l e n t  t o  a t  l e a s t  20% o f  t h e  n u m b er o f  c e l l s  
t h a t  c o u ld  b e  i m m u n o h i s t o c h m i c a l ly  s t a i n e d  i n  s i s t e r  c u l 
t u r e s  f o r  n e u r o f i l a m e n t  p r o t e i n ,  a  m a r k e r  f o r  m o s t  c l a s s e s  
o f  n e u r o n s .  F e w e r  n e u r o n s  w e r e  l a b e l e d  f o r  S P L I ,  n u m b e r in g  
10% o r  l e s s  o f  t h e  E LI c e l l s  i n  s i s t e r  c u t u r e s .  M any , i f  
n o t  a l l ,  o f  t h e  n e u r o n s  i n  t h e s e  c u l t u r e s  w e r e  p o s i t i v e  w hen 
s t a i n e d  s p e c i f i c a l l y  f o r  i n t r a c e l l u l a r  a c e t y l c h o l i n e s t e r a s e ,  
c o n s i s t e n t  w i t h  a  c h o l i n e r g i c  p h e n o ty p e .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  i n  d i s s o c i a t e d  c e l l  c u l t u r e  
EW n e u r o n s  e x p r e s s  a p p r o p r i a t e  c h a r c t e r i s t i c s  and  t h a t  t h e  
p r o p o r t i o n  o f  t h e s e  c e l l s  i s  s u f f i c i e n t l y  h i g h  t o  e n c o u r a g e  
s t u d y  o f  t h e i r  i n t e r a c t i o n s  w i t h  c i l i a r y  g a n g l i o n  n e u r o n s .   
( S u p p o r t e d  b y  NS 1 2 6 0 1 ; JT F  i s  a n  NRS F e l l o w . )
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2 1 9 . 5  MONOCLONAL ANTIBODIES IDENTIFY NEURONS OF THE 
SOMATIC SENSORY AND MOTOR AREAS OF THE CEREBRAL 
CORTEX IN MONKEY.  D.J. Schreyer and E.G. Jones,  D ep t. of 
Anat., Univ. of California, Irvine, CA 92717.

In order to  uncover clues to the molecular diversity of the 
neurons comprising the cerebral c o r t e x  monoclonal antibodies 
(MCAs) were generated against cortical gray m atter taken from 
the sensorimotor region of the monkey (M. fascicular is) using 
standard methods. These MCAs were screened by using them for 
immunohistochemical labelling of sections of monkey 
sensorimotor cortex in order to  de tect markers for antigens that 
are restric ted  to subsets of cortical neurons. Four such MCAs 
can be described: (1) 2E12 produces dense granular cytoplasmic 
labelling of the somata of a few large pyramidal neurons of 
layers III and V of the pre- and postcentral gyri. In addition, a 
larger population of cells are lightly labelled, predominately in 
layers III and V of somatic sensory and II and III of motor cortex, 
but with a few in other layers as well. Cellular labelling is 
accompanied by coarse labelling of the neuropil that is densest in 
more superficial layers. (2) 2F2 produces a dense labelling of 
cortical white m atter and labelling of fine varicose processes in 
gray m atter of sensorimotor cortex, and a smooth cytoplasmic 
labelling of a few small cortical cells. Processes are dense and 
disposed tangentially in layer I of pre- and postcentral areas, 
sparse and oriented radially and obliquely in layers II and III of 
both areas, and form a dense band in layers V-VI of motor cortex 
and in layer IV of somatic sensory cortex. Small cells can be 
seen in all layers, but are most common in I and II. (3) 3B11, like 
2E12, labels large pyramidal cells of layers III and V, and also a 
few in layer II of motor cortex and VI of both areas. However, 
their is no population of less densely labelled cells, and coarse 
neuropil labelling is not seen. Cytoplasmic labelling of somata 
displays a smoother texture and often extends into proximal 
dendrites. (4) 3H4 produces a patchy surface labelling of a small 
number of medium to  large neurons located in layers II-VI of 
motor cortex, but largely confined to deeper layers in somatic 
sensory cortex. The label appears to  outline cells and proximal 
dendrites, and could reflect localizations of an antigen in 
presynaptic structures. An axonal localization of the antigen 
recognized by this MCA is also suggested by the accompanying 
dense labelling of the cortical white m atter. Use of these MCAs 
on m aterial from monkeys that received injections of the 
retrograde trace r Fast Blue in the spinal cord indicates that 
virtually all labelled corticospinal neurons are doubly labelled by 
2E12,3B11 and 3H4, but not 2F2.

Supported by NIH Grant #NS15070.

2 19 .6   CHEMICAL LABELS DEFINE OVERLAPPING SETS OF 
NEURONS IN THE LEECH CNS.  G . B a b la n ia n  a n d  B .  
Z i p s e r .  Cold S p r in g  H a rb o r L a b o r a to r y ,  Cold 
S p r in g  H a rb o r ,  NY 1 1724 .

An e x t e n s io n  o f  th e  c l a s s i c a l  a p p ro a c h e s  t o  
t h e  s tu d y  o f  n e rv o u s  sy s te m  n e tw o rk s  h a s  been  
th e  a p p l i c a t i o n  o f  im m u n o lo g ic a l p ro b e s  to  
d e f in e  n e u ro n s  i n t o  c h e m ic a l s e t s .  In  th e  
l e e c h ,  we have  c h a r a c t e r i z e d  c h e m ic a l ly  l a b e l e d  
s e t s  in  t h e  s ta n d a r d  400 n e u ro n  g a n g l io n  and th e  
e n la r g e d  sex  g a n g l i a  u s in g  11  d i f f e r e n t  a n t i 
b o d ie s .  T h ese  a n t i b o d i e s  a r e  m o n o c lo n a l a n t i 
b o d ie s  g e n e r a t e d  a g a i n s t  l e e c h  CNS. D ro s o p h i la  
CNS ( F u j i t a  e t  a l . , PNAS, 7 9 :7 9 2 9 , 1982) and 
p o ly c lo n a l  a n t i s e r a  a g a i n s t  FMRF-amide and 
s e r o t o n i n .  The a n t i g e n i c  s e t s  s p e c i f i e d  by 
m o n o c lo n a l o r  p o ly c lo n a l  a n t i b o d i e s  ra n g e  in  
s i z e  from  2  t o  50 n e u ro n s  and o c c u r  e i t h e r  a s  
s u b s e t s  o f  e ac h  o t h e r  o r  a s  p a r t i a l l y  o v e r 
la p p in g  s e t s .  L a rg e  o v e r la p p in g  s e t s  s t a i n e d  by 
le e c h  mab L a z 2 - 1 , D r o s o p h i la  mabs 3A4, 8G1 and 
a n t i s e r a  FRMF-amide c o n ta in  30 t o  50 f u n c t i o n 
a l l y  d i v e r s e  n e u ro n s  t h a t  o v e r la p  by 25 t o  80%. 
N eurons  in  th e  i n t e r s e c t i o n  o f  s e v e r a l  s e t s  
c a r r y  a c o m b in a t io n  o f  d i f f e r e n t  m a rk e r s .  F o r 
e x a m p le , th e  α  c e l l s ,  u n iq u e ly  s t a i n e d  by 
D ro s o p h i la  mab 2G4B, f a l l  w i th in  a l l  4 l a r g e r  
a n t i g e n i c  s e t s .  I f  l a r g e  a n t i g e n i c  s e t s  r e f l e c t  
n e u r a l  n e tw o rk s  o r  s y s te m s ,  th e n  a n e u ro n  t h a t  
i s  l o c a t e d  in  t h e  i n t e r s e c t i o n  o f  s e v e r a l  l a r g e  
s e t s  becom es a m u l t i f u n c t i o n a l  n e u ro n .  O v er
la p p in g  a n t i g e n i c  s e t s  s p e c i f y  c o m b in a to r i a l  
m a rk e rs  w h ich  may p la y  a r o l e  in  p r o c e s s e s  o f  
s y n a p t o g e n e s i s , s y n a p s e  m a in te n a n c e  and 
u l t i m a t e l y  th e  s c u l p t i n g  o f  n e u ro n s  i n t o  
p le io m o r p h ic  n e tw o rk s .

219.7  IDENTIFIED NEURONS IN THE BUCCAL GANGLIA OF HELIX POMATIA 
AND THEIR FUNCTIONAL SIGNIFICANCE.  U. A ltrup , E .-J . 
Speckmann and H. Caspers. (SPON:A .J .Berman)  P h y s io l.In s t .  44 
Münster F .R .Germany.

Functions of four v is u a l ly  id e n t i f ia b le  g ia n t neurons (B1 
to  B4) in  the  buccal ganglion of H elix pomatia have been 
s tud ied  using  e le c tro p h y sio lo g ica l and morphological 
techn iques. The in v e s tig a tio n s  provide more p re c ise  in s ig h ts  
in to  the  func tion  of th is  nervous system on a c e l lu la r  
le v e l.

Action p o te n tia ls  (AP) of neuron B1 induce co n trac tio n s  
of lo n g itu d in a l muscle f ib re s  of the oesophagus and stomach 
and enhance spontaneous p e r i s t a l t i c  c o n tra c tio n s . These 
e f f e c ts  a re  obviously mediated by th in  te rm inal axonal 
f ib re s  of the  neuron s i tu a te d  in  the  w all of the  oesophagus 
and stomach. The f ib re s  show m u ltip le  sw ellings probably 
re p re sen tin g  synap tic  s i t e s .  E x c ita to ry  synap tic  inpu ts  to 
neuron B1 o r ig in a te  from an in trag an g lio n ic  generato r of 
pharyngeal feeding  a c t iv i ty ,  from the c e reb ra l gang lia  and 
from p e rip h e ra l neurons in  the  ta rg e t reg ions of the buccal 
g an g lia . In h ib ito ry  inpu ts  a re  evoked by u n id e n tifie d  
neurons of the  buccal g an g lia . The inpu ts  enable a coupling 
of the  motor a c t i v i t i e s  of the oesophagus/stomach to  the 
pharyngeal a c t iv i ty  during  food uptake.

Term inal axonal f ib re s  of neuron B2 a re  found in  both 
s a liv a ry  glands in  the  v ic in i ty  of e p i th e l ia l  c e l l s .  The 
f ib r e s  show m u ltip le  sw e llings. There a re  no find ings 
suggesting  a sensory o r a d i r e c t  motor func tion  of the 
neuron. Neurons B2 in  the  l e f t  and r ig h t  buccal ganglion a re  
coupled e le c t r i c a l ly .  The AP of both  c e l l s  appear e i th e r  
synchronous or a l te rn a tin g  or independent. The synaptic  
inpu ts  to  neuron B2 can in c rease  the p ro b a b ility  of 
occurrence of AP during  food uptake. This e f fe c t  possib ly  
provides a coupling of the s a liv a ry  glands to  the  pharyngeal 
a c t i v i t i e s .

The axons of neuron B3 can be followed through the 
c e reb ra l ganglion to  the  kidney by means of antidrom ic 
s tim u la tio n . The neuron i s  mainly a c tiv a te d  by u n id e n tifie d  
neurons of the buccal ganglion .

Neuron B4 i s  a motoneuron of eleven pharyngeal muscles 
(P e te rs  and A ltrup , J .  Neurophysiol, in  p re s s ) .  I t  receives  
synap tic  inpu ts  from in t r a -  and ex tragang lion ic  sources 
mainly during  r e tr a c t io n  of the  ra d u la . Neuron B4 is  
e le c t r i c a l ly  coupled to  u n id e n tif ie d  s y n e rg is tic  motoneurons 
of the  buccal ganglion .
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2 2 0  1  MONOCLONAL ANTIBODY M6 BLOCKS NEURITE EXTENSION IN 
CULTURED MOUSE CEREBELLAR NEURONS.  C . L a g e n a u r ,  
S . F u s h i k i * ,  a n d  M. S c h a c h n e r .  D e p t . o f  A n a to m y  a n d  C e l l  
B i o l o g y ,  U n iv .  o f  P i t t s b u r g h ,  S c h .  o f  M e d i c i n e ,  
P i t t s b u r g h ,  PA 1 5 2 6 1 ,  I n s t ,  o f  N e u r o b i o l o g y ,  U n iv .  o f  
H e i d e l b e r g ,  H e i d e l b e r g ,  FRG.

A 35K d a l t o n  c e l l  s u r f a c e  g l y c o p r o t e i n  d e s i g n a t e d  M6 
h a s  b e e n  d e t e c t e d  i n  e m b r y o n ic  a n d  a d u l t  m o u se  b r a i n  b y  a  
m o n o c l o n a l  a n t i b o d y  ( a n t i - M 6 ) .  M o n o c lo n a l  a n t i - M 6  a t  
l e v e l s  a s  lo w  a s  1 µ g /m l  h a s  a  s t r i k i n g  i n h i b i t o r y  e f f e c t  
on  n e u r i t e  e x t e n s i o n  w h e n  i n c l u d e d  i n  t h e  c u l t u r e  m ed iu m  
o f  e a r l y  p o s t n a t a l  m o u se  c e r e b e l l a r  n e u r o n s .  T h e  t o t a l  
n u m b e r  o f  n e u r i t e s  i s  r e d u c e d  a n d  t h e  f e w  r e m a i n i n g  a r e  
s h o r t  a n d  r o u g h  i n  a p p e a r a n c e .  N e u r o n a l  c e l l  b o d i e s  
e x h i b i t  som e r e d u c e d  v i a b i l i t y  a f t e r  2 - 4  d a y s  o f  a n t i b o d y  
t r e a t m e n t  a s  j u d g e d  b y  d y e  e x c l u s i o n ,  b u t  a s t r o c y t e s  a n d  
o l i g o d e n d r o c y t e s  a r e  n o t  e f f e c t e d .  M6 c a n  b e  d e t e c t e d  
f i r s t  a t  e m b r y o n ic  d a y  10 o n  c e l l s  t h a t  h a v e  l e f t  t h e  
v e n t r i c u l a r  z o n e .  B a s e d  o n  d o u b l e  im m u n o f l u o r e s c e n c e  
s t u d i e s  w i t h  c u l t u r e d  p o s t n a t a l  m o u se  c e r e b e l l a r  c e l l s , -  
M6 e x p r e s s i o n  i s  a lm o s t  e x c l u s i v e l y  n e u r o n a l .  I n  r e t i n a ,  
h o w e v e r ,  M6 a p p e a r s  t o  b e  a d d i t i o n a l l y  e x p r e s s e d  o n  
p ig m e n t  e p i t h e l i u m  a n d  M ü l l e r  c e l l s .  I m m u n o a f f i n i t y  
c h r o m a to g r a p h y  w i t h  d e o x y c h o l a t e  s o l u b i l i z e d  b r a i n  mem
b r a n e  i d e n t i f i e s  M6 a n t i g e n  a s  a  p r o t e i n  t h a t  h a s  a n  
a p p a r e n t  m o l e c u l a r  w e i g h t  o n  SDS PAGE o f  3 4 -3 6 K  d a l t o n s .  
M o le c u l a r  s i e v e  c h r o m a to g r a p h y  o f  d e o x y c h o l a t e  s o l u b l e  
a n t i g e n  r e v e a l s  a n  a p p a r e n t  m o l e c u l a r  w e i g h t  o f  g r e a t e r  
t h a n  8 x  106 , i n d i c a t i n g  t h a t  M6 e x i s t s  a s  l a r g e  a g g r e 
g a t e s .  P o l y c l o n a l  r a b b i t  a n t i b o d i e s  a g a i n s t  a f f i n i t y  
p u r i f i e d  M6 r e c o g n i z e  a  p r o t e i n  o f  s i m i l a r  m o l e c u l a r  
w e i g h t  i n  m any r o d e n t  s p e c i e s ,  h u m a n , c h i c k e n ,  a n d  f r o g .

2 2 0 .2   MONOCLONAL ANTIBODIES TO NEURAL MEMBRANES OF APLY SIA .
D. P .  V i e l e * ,  F .  S t r u m w a s s e r  a n d  K. D. L o v e l y * .  M a r in e  
B i o l o g i c a l  L a b o r a t o r y ,  W oods H o l e ,  MA 0 2 5 4 3 .

M o n o c lo n a l  a n t i b o d i e s  (M A bs) a g a i n s t  n e u r a l  m em b ran e  
a n t i g e n s  h a v e  p r o v e n  t o  b e  v a l u a b l e  p r o b e s  i n  t h e  i d e n t i 
f i c a t i o n  a n d  m a p p in g  o f  a n t i g e n i c  m a r k e r s  e x p r e s s e d  d u r i n g  
n e u r o g e n e s i s .  R e c e n t l y  MAbs h a v e  a l s o  b e e n  sh o w n  t o  b e  
u s e f u l  a s  r e a g e n t s  f o r  s p e c i f i c a l l y  i n t e r f e r r i n g  w i t h  a  
v a r i e t y  o f  c e l l u l a r  f u n c t i o n s .  We h a v e  u s e d  n e u r a l  mem
b r a n e s  o f  A p l y s i a  c a l i f o r n i c a  a s  im m u n o g e n s ,  f o c u s i n g  o n  
t h e  p e p t i d e r g i c  b a g  c e l l s  ( B C s ) ,  w h ic h  g e n e r a t e  a  
c A M P -d e p e n d e n t  p a c e m a k e r  d i s c h a r g e ,  a n d  t h e  e y e , . w h ic h  
c o n t a i n s  a  c i r c a d i a n  p a c e m a k e r  s y s t e m .  MAbs w h ic h  i d e n t i f y  
t h e s e  s y s t e m s  w o u ld  h a v e  t h e  p o t e n t i a l  t o  i n t e r f e r e  w i t h  
p a c e m a k e r  f u n c t i o n  a n d  t o  r e v e a l  f u n c t i o n - r e l a t e d  a n t i g e n s .

BCs ( 1 0 - 2 0  c l u s t e r s )  o r  e y e s  ( 1 0 - 2 0 )  d i s s e c t e d  f ro m  
a d u l t  A p l y s i a  w e r e  h o m o g e n iz e d  i n  2mM T r is /2 m M  E G T A /. 02% 
PMSF ( p H = 8 .0 )  b u f f e r ,  c e n t r i f u g e d  10  m in  a t  8 0 , 0 0 0  X g ,  a n d  
t h e  c r u d e  m em b ran e  p e l l e t  r e s u s p e n d e d  i n  s a l i n e  a n d  e m u l s i 
f i e d  w i t h  F r e u n d s  a d j u v a n t .  BA LB/c m ic e  r e c e i v e d  a  s e r i e s  
o f  3 I P  i n j e c t i o n s  o f  e i t h e r  BC o r  e y e  m e m b r a n e s .  F o u r  
d a y s  f o l l o w i n g  t h e  f i n a l  i n j e c t i o n ,  t h e  s p l e e n s  w e re  
r e m o v e d ,  t h e  s p l e e n o c y t e s  f u s e d  w i t h  a n  S p 2  m u r i n e  m y elo m a 
l i n e  a n d  p l a t e d  i n t o  9 6  w e l l  p l a t e s .  S u r v i v i n g  h y b r i d s  
w e r e  s c r e e n e d  a g a i n s t  BC o r  e y e  m em b ran e  a n t i g e n s  u s i n g  a n  
im m u n o d o t t e s t .  Two f u s i o n s  h a v e  p r o d u c e d  14 h y b r id o m a  
l i n e s  s e c r e t i n g  MAbs a g a i n s t  BC m em b ran e  a n t i g e n s  a n d  28  
l i n e s  s e c r e t i n g  MAbs a g a i n s t  e y e  c e l l  m e m b r a n e s .  A t h i r d  
f u s i o n  a g a i n s t  a b d o m in a l  g a n g l i a  ( e x c l u d i n g  B C s) i s  i n  
p r o g r e s s .

I m m u n o f l u o r e s c e n t  s t a i n i n g  o f  e y e  c e l l s  i n  p r im a r y  c u l 
t u r e  r e v e a l e d  a  d i v e r s i t y  o f  s t a i n i n g  p a t t e r n s :  som e. MAbs 
l a b e l  p h o t o r e c e p t o r s  e x c l u s i v e l y ,  w h i l e  o t h e r s  p r e f e r e n 
t i a l l y  l a b e l  v a r i o u s  n o n - p h o t o r e c e p t o r  c e l l s .  I m m u n o f lu o 
r e s c e n t  s t a i n i n g  o f  c u l t u r e d  BCs a l s o  r e s u l t e d  i n  d i f f e r e n t  
s t a i n i n g  p a t t e r n s :  s e v e r a l  MAbs s t a i n  o n l y  t h e  c e l l  mem
b r a n e  w h i l e  o t h e r s  l a b e l  t h e  e n t i r e  som a a s  w e l l  a s  
n e u r i t e s .  M any MAbs r e c o g n i z e  a n t i g e n s  common t o  n e u r o n a l  
( b u c c a l  g a n g l i o n ,  e y e ,  B C s) a s  w e l l  a s  n o n - n e u r o n a l  ( b u c c a l  
m u s c l e ,  h e a r t ,  g o n a d ,  a t r i a l  g l a n d )  m e m b r a n e s .  N in e  o f  t h e  
MAbs r e a c t  w i t h  m e m b ra n e s  i s o l a t e d  f ro m  m o u se  c e r e b r a l  c o r 
t e x ,  c e r e b e l l u m  o r  e y e .  E x p e r im e n t s  t o  e v a l u a t e  MAbs a s  
p h a r m a c o l o g i c a l  t o o l s  a r e  i n  p r o g r e s s  a n d  i n v o l v e  i n t r a 
c e l l u l a r  p r e s s u r e  i n j e c t i o n  i n t o  BCs i n  p r im a r y  c u l t u r e .

2 2 0 .3  CALCIUM ION AL TE RS THE A S S O C I A T IO N  BETWEEN EXOGENOUS GANG
 L I OS I D E  GM1 AND NEUROBLASTOMA CE LL S IN CULTURE.K .  C .  

L e s k a w a * ,  R.  E .  E r w i n *  a n d  E .  L .  H o g a n  ( S P ON: N. B a n i k )   
D e p a r t m e n t  o f  N e u r o l o g y ,  T h e  M e d i c a l  U n i v e r s i t y  o f  S o u t h  
C a r o l i n a ,  C h a r l e s t o n ,  SC 2 9 4 2 5 .

P r e v i o u s l y  w e  h a v e  r e p o r t e d  t h a t ,  w i t h i n  a  m i x t u r e  o f  
e x o g e n o u s  g a n g l i o s i d e s ,  t h e r e  m a y  e x i s t  a  c o m b i n a t i o n  o f  i n  
v i t r o  n e u r i t o g e n i c  s i g n a l s ,  t h a t  i s ,  GM1 w a s  m o s t  e f f e c t i v e  
i n  p r o m o t i n g  n e u r i t e  e x t e n s i o n ,  w h i l e  t r i s i a l o s y l  g a n g l i o -  
s i d e s  ( G T l b )  w e r e  m o s t  e f f e c t i v e  i n  p r o m o t i n g  n e u r i t e  
s p r o u t i n g  a n d  b r a n c h i n g  ( L e s k a w a  a n d  H o g a n ,  S o c .  N e u r o s c i . ,  
B o s t o n ,  MA, 1 9 8 3 ) .

T h e  p r e s e n t  s t u d i e s  a d d r e s s  t h e  b i n d i n g  o f  e x o g e n o u s  GM1 
t o  m o u s e  n e u r o b l a s t o m a  c e l l s  ( N 2 A )  i n v i t r o . T h r e e  m o d e s  o f  
a s s o c i a t i o n  w e r e  d e f i n e d :  ( 1 )  a  w e a k l y  h y d r o p h o b i c  f o r m ,  
w h e r e  3H-GM1 i s  l a b i l e  t o  w a s h i n g  i n  a  s e r u m - c o n t a i n i n g  
m e d i u m ;  ( 2 )  a  ' l e c t i n - l i k e '  b i n d i n g ,  w h i c h  i s  l a b i l e  t o  
t r y p s i n  t r e a t m e n t ;  a n d  ( 3 )  a  m o d e  i n c o r p o r a t e d  i n t o  t h e  
p l a s m a  m e m b r a n e  l i p i d  b i l a y e r ,  w h i c h  i s  s t a b l e  t o  t h e  a b o v e  
t r e a t m e n t s  ( F a c c i  e t  a l . ,  J .  N e u r o c h e m . , 4 2 ,  2 9 9 ,  1 9 8 4 ) .

N e u r o b l a s t o m a  c e l l s  i n  c u l t u r e  w e r e  s y n c h r o n i z e d  i n  t h e  
G 1 / G 0  p h a s e  b y  s e r u m  d e p r i v a t i o n  f o r  t h r e e  d a y s ,  a n d  r e m o v e d  
f r o m  t h e  s u b s t r a t u m .  3 H - G M 1 ,  a t  0 . 1  mM, w a s  a d d e d  t o  c e l l s  
i n  s u s p e n s i o n  i n  t h e  p r e s e n c e  o f  v a r y i n g  c o n c e n t r a t i o n s  o f  
C a C 1 2  ( 0  t o  2 5  mM) i n  HEPES b u f f e r e d  s a l i n e  ( H B S ) .

C a l c i u m  i o n  l o w e r e d  a l l  m o d e s  o f  3H-GM1 b i n d i n g  t o  n e u r o 
b l a s t o m a  c e l l s .  A f t e r  4 h r  i n c u b a t i o n ,  s e r u m - l a b i l e  GM1 w a s  
s t i l l  n o t  s a t u r a t e d  a n d  C a + +  c o n c e n t r a t i o n s ,  a s  l o w  a s  0 . 0 1  
mM, i n h i b i t e d  t h i s  f o r m  o f  b i n d i n g  u p  t o  5 0% .  C a + +  a t  0 . 0 1  
a n d  0 . 1  mM ( e q u i m o l a r  w i t h  r e s p e c t  t o  e x o g e n o u s  GM1) i n h i b 
i t e d  t h e  t r y p s i n - l a b i l e  b i n d i n g  o f  GM1 t o  n e u r o b l a s t o m a  
a p p r o x i m a t e l y  50 % .  H i g h e r  c o n c e n t r a t i o n s  (1  t o  2 5  mM) 
r e s u l t e d  i n  e v e n  l o w e r  b i n d i n g  ( 3 0 %  o f  c o n t r o l ) .  S i m i l a r  
d a t a  w a s  o b t a i n e d  f o r  GM1 i n c o r p o r a t e d  i n t o  t h e  l i p i d  b i 
l a y e r :  0 . 0 1  a n d  0 . 1  mM C a + +  l o w e r e d  i n c o r p o r a t i o n  60% a n d  
h i g h e r  c o n c e n t r a t i o n s  i n h i b i t e d  i n c o r p o r a t i o n  e v e n  f u r t h e r  
( 8 0 %  c o m p a r e d  t o  c o n t r o l ) .

C o n s i d e r i n g  t h e  d o c u m e n t a t i o n  o f  g a n g l i o s i d e  c r o s s 
b r i d g i n g  b y  C a + + ,  a n d  t h a t  C a + +  r e n d e r s  g a n g l i o s i d e s  t o  b e  
m o r e  h y d r o p h o b i c  i n  a  b i p h a s i c  p a r t i t i o n  s y s t e m  ( Q u a r l e s  a n d  
F o l c h - P i ,  J .  N e u r o c h e m ,  1 2 ,  5 4 3 ,  1 9 6 7 ) ,  o n e  w o u l d  e x p e c t  
C a + +  t o  i n c r e a s e ,  r a t h e r  t h a n  d e c r e a s e ,  i n c o r p o r a t i o n  o f  
e x o g e n o u s  GM1. T h e s e  r e s u l t s  s u g g e s t  t h a t  i n t e r a c t i o n s  
b e t w e e n  d i v a l e n t  c a t i o n s  a n d  e x o g e n o u s  g a n g l i o s i d e s  w h i c h  
a f f e c t  i n c o r p o r a t i o n  i n t o  c e l l u l a r  m e m b r a n e  l i p i d  b i l a y e r s  
c a n n o t  b e  f u l l y  e x p l a i n e d  b y  c o n s i d e r a t i o n s  o f  l i p o p h i l i c i t y  
a l o n e .

2 2 0  4   A POLYSPECIFIC ANTISERUM DISRUPTS NEURONAL-ASTROGLIAL 
INTERACTIONS IN POSTNATAL CEREBELLAR CULTURES.
J . C . E d m o n d s o n  a n d  M . E . H a t t e n .  D e p a r t m e n t  o f  P h a r m a c o l o g y ,  
New York U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  New Y o r k ,  NY 1 0 0 1 6 .

In p r i m a r y  c e r e b e l l a r  m o n o l a y e r  m i c r o c u l t u r e s  f r o m  n e o 
n a t a l  m i c e ,  g l i a l  f i l a m e n t  p r o t e i n  p o s i t i v e  (G FP +)  a s t r o 
g l i a l  c e l l s  g r o w  e x t e n s i v e  p r o c e s s e s ,  a n d  g r e a t e r  t h a n  90  
p e r c e n t  o f  t h e  n e u r o n s  a r e  f o u n d  w i t h i n  o n e  c e l l  d i a m e t e r  
o f  a n  a s t r o g l i a l  p r o c e s s  a f t e r  2 4  h o u r s  i n  v i t r o  ( H a t t e n  
a n d  L i e m ;  JCB 9 0 : 6 2 2 - 6 3 0 ) .

We d e s c r i b e  h e r e  a n  a n t i s e r u m  w h i c h ,  w h e n  a d d e d  t o  
g r o w i n g  c u l t u r e s  a s  w h o l e  s e r u m  o r  IgG f r a c t i o n ,  q u a n t i t a 
t i v e l y  i n h i b i t s  a s t r o g l i a l  p r o c e s s  e x t e n s i o n ,  a n d ,  i n  a d d i 
t i o n ,  w he n  a d d e d  a s  t h e  F ab  f r a c t i o n ,  q u a n t i t a t i v e l y  i n h i 
b i t s  f o r m a t i o n  o f  t h e  c l o s e  a p p o s i t i o n s  b e t w e e n  n e u r o n s  a n d  
a s t r o g l i a l  c e l l s .  I n  c o n t r a s t ,  b o t h  t h e  a s t r o g l i a l  p r o c e s s  
o u t g r o w t h  a n d  t h e  c l o s e  a p p o s i t i o n s  b e t w e e n  a s t r o g l i a l  
c e l l s  a n d  n e u r o n s  a p p e a r  n o r m a l  i n  c u l t u r e s  g r o w n  i n  t h e  
p r e s e n c e  o f  1 )  t h e  p r e - i m m u n e  s e r u m ,  2 )  a n  a n t i s e r u m  
a g a i n s t  t h e  N I L E - g l y c o p r o t e i n ,  a  n e u r o n a l  s u r f a c e  m a r k e r ,  
o r  3 )  a n  a n t i s e r u m  a g a i n s t  BSP - 2 ,  a n  i n t e r n e u r o n a l  a d h e s i o n  
m o l e c u l e  i d e n t i c a l  t o  N-CAM. The d i s r u p t i v e  a c t i v i t y  o f  
o u r  a n t i s e r u m  c a n  b e  n e u t r a l i z e d  b y  p r e a b s o r p t i o n  w i t h  d i s 
s o c i a t e d  c e r e b e l l a r  c e l l s  b u t  n o t  w i t h  PC 12 c e l l s ,  a  n e u 
r o n - l i k e  c l o n a l  l i n e  t h a t  d o e s  n o t  f o r m  c l o s e  a s s o c i a t i o n s  
w i t h  c e r e b e l l a r  a s t r o g l i a l  c e l l s  i n  v i t r o . In  t i s s u e  s e c 
t i o n s  a n d  i n  m o n o l a y e r  c u l t u r e s  f r o m  t h e  c e r e b e l l u m ,  t h e  
a n t i s e r u m  s t a i n s  a l l  c e l l  s u r f a c e s  a n d  p r o c e s s e s .  I t  r e 
c o g n i z e s  s e v e r a l  b a n d s  i n  i m m u n o b l o t s  a g a i n s t  d e t e r g e n t -  
e x t r a c t e d  c e r e b e l l a r  p r o t e i n s ,  i n d i c a t i n g  t h a t  i t  i s  p o l y
s p e c i f i c .

T h e s e  s t u d i e s  p r o v i d e  e v i d e n c e  t h a t  b o t h  1 )  t h e  i n  
v i t r o  a s t r o g l i a l  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  p r e v i o u s l y  
s h o w n  t o  b e  i n d u c e d  b y  t h e  p r e s e n c e  o f  n e u r o n s  ( H a t t e n ;  
N e u r o s c .  A b s t r a c t s  9 : 3 3 8 ,  1 9 8 3 )  a n d  2 )  t h e  c l o s e  n e u r o n a l -  
a s t r o g l i a l  a p p o s i t i o n s  f o r m e d  i n  v i t r o  a r e  m e d i a t e d  b y  n e u 
r o n a l - a s t r o g l i a l  i n t e r a c t i o n  m o l e c u l e s ,  o r  NAI Ms,  w h i c h  c a n  
b e  b l o c k e d  b y  a n t i b o d i e s .  We h a v e  t h e r e f o r e  n a m e d  o u r  d i s 
r u p t i v e  a n t i s e r u m ,  " a n t i - n e u r o n a l - a s t r o g l i a l  i n t e r a c t i o n  
m o l e c u l e s , "  o r  " a n t i - N A I M s . " We a r e  c u r r e n t l y  u s i n g  o u r  
c u l t u r e  s y s t e m  a s  a  f u n c t i o n a l  a s s a y  t o  p u r i f y  t h e  NAIMs.

S u p p o r t e d  b y  NIH g r a n t  NS 1 5 4 2 9 .
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2 2 0 .5   REGIONAL AND SUBCELLULAR D I S T R I B U T I O N  OF T H Y - 1  IN HUMAN 
B R A IN .   P e r  A l m q v i s t * , S v e n  C a r l s s o n * , W i l l i a m  W a l l a c e , a n d  
B e n g t  W i n b l a d *  ( S P ON : S . I . W a l a a s ) .   D e p a r t m e n t s  o f  P h y s i e 
l o g i c a l  C h e m i s t r y  a n d  P a t h o l o g y , U n i v . o f  U m e a ,  S - 9 0 1  8 7  
U m e a , S w e d e n  a n d  T h e  R o c k e f e l l e r  U n i v .  New Y o r k , N Y  1 0 0 2 1 .

T h e  T h y - 1  a n t i g e n  i s  a  m e m b r a n e - b o u n d  g l y c o p r o t e i n  t h a t  
h a s  b e e n  h i g h l y  c o n s e r v e d  d u r i n g  e v o l u t i o n .  I t  e x h i b i t s  
v a r i a t i o n s  i n  t i s s u e  d i s t r i b u t i o n  i n  d i f f e r e n t  s p e c i e s .  B u t  
i n  a l l  s p e c i e s  t e s t e d , i t  i s  p r e s e n t  i n  h i g h  c o n c e n t r a t i o n s  
w i t h i n  t h e  b r a i n .  H o w e v e r , t h e  p r e c i s e  l o c a t i o n  a n d  v a r i a t i o n  
i n  c o n c e n t r a t i o n  i n  t h e  r e g i o n s  o f  t h e  b r a i n  h a s  n o t  b e e n  
d e t e r m i n e d .  I n  o r d e r  t o  b e g i n  t h e s e  d e t e r m i n a t i o n s , T h y - 1  
w a s  p u r i f i e d  f r o m  h u m a n  b r a i n  c o r t i c a l  m e m b r a n e s  a n d  u s e d  t o  
p r e p a r e  m o n o s p e c i f i c  r a b b i t  a n t i b o d i e s . T h e  a n t i b o d i e s  w e r e  
c o v a l e n t l y  c o u p l e d  t o  a n  i n s o l u b l e  p o l y m e r  ( c e l l u l o s e )  t o  
u s e  f o r  a  h i g h l y  p r e c i s e  r a d i o i m m u n o a s s a y .  T h e  d e t e c t i o n  
l i m i t  o f  t h e  a s s a y  w a s  i n g / m l . R a d i o i m m u n o a s s a y s  o f  T h y - 1  i n  
h o m o g e n a t e s  o f  12  b r a i n  r e g i o n s  s h o w e d  t h a t  T h y - 1  i s  p r e s e n t  
t h r o u g h o u t  t h e  h u m a n  b r a i n .  H o w e v e r , g r e a t  v a r i a t i o n s  w e r e  
f o u n d  i n  t h e  e x p r e s s i o n  o f  t h e  g l y c o p r o t e i n  b e t w e e n  d i f f e r e n t  
r e g i o n s .  T h e s e  r e g i o n s  c o u l d  b e  d i v i d e d  i n t o  3 g r o u p s  b y  
t h e i r  T h y - 1 c o n t e n t :  1 . c a u d a t e  n u c i e u s , c e r e b r a l  c o r t e x , a n d  
p u t a m e n  ( 2 . 5  u g  T h y - l / m g  p r o t e i n ) ;  2 . g l o b u s  p a l  l i d u s , h i p p o 
c a m p u s , s u b s t a n t i a  n i g r a , t h a l a m u s , h y p o t h a l a m u s  , a n d  s u b 
c o r t i c a l  w h i t e  m a t t e r  ( 1 . 2 - 1 . 9  u g  T h y - 1 /m g  p r o t e i n ) ;
3 .  c e r e b e l l a r  c o r t e x , p o n s  , a n d  m e d u l l a  o b l o n g a t a  ( 0 . 5 - 0 . 7  u g  
T h y - l / m g  p r o t e i n ) .  T h u s , T h y - 1  a p p e a r s  t o  b e  g e n e r a l l y  
e n r i c h e d  i n  g r a y  m a t t e r .  I n t e r e s t i n g l y , t h e  c o r t e x  o f  t h e  
c e r e b r u m  c o n t a i n s  m o r e  o f  T h y - 1  t h a n  t h a t  o f  t h e  c e r e b e l l u m .  
R a d i o i m m u n o a s s a y s  o f  s u b - c e l l u l a r  f r a c t i o n s  f r o m  h u m a n  f r o n 
t a l  c o r t e x  p r e p a r e d  b y  s u c r o s e  g r a d i e n t  c e n t r i f u g a t i o n ,  
i n d i c a t e  t h e  a s s o c i a t i o n  o f  T h y - 1  w i t h  s y n a p t o s o m a l  p l a s m a  
m e m b r a n e s .  M o r e o v e r , T h y - 1  w a s  f o u n d  t o  b e  e n r i c h e d  i n  t h e  
m y e l i n  f r a c t i o n .  H o w e v e r , t h e  p r e s e n c e  o f  T h y - 1  o n  e n t r a p p e d  
a x o n a l  p l a s m a  m e m b r a n e s  i s  p o s s i b l e , I n  p r e l i m i n a r y  e x p e r i 
m e n t s  t o  d e t e r m i n e  t h e  s u b c e l l u l a r  l o c a t i o n  o f  T h y - 1  s y n 
t h e s i s  , m e m b r a n e - b o u n d  p o l y s o m e s  i s o l a t e d  f r o m  m o u s e  b r a i n  
a n d  a  m o u s e  l y m p h o c y t e  c e l l  l i n e  ( B W 5 1 4 7 )  w e r e  f o u n d  t o  
s y n t h e s i z e  a n  a n t i g e n  o f  Mr 2 0  kD i n  a  c e l l - f r e e  t r a n s l a t i o n  
a s s a y .  T h e  s y n t h e s i s  o f  t h e  a n t i g e n  r e q u i r e d  t h e  p r e s e n c e  o f  
d o g  p a n c r e a s  m i c r o s o m e s  i n d i c a t i n g  p o s t - t r a n s l a t i o n a l  
p r o c e s s i n g  o f  t h e  n e w l y  s y n t h e s i z e d  m o l e c u l e .

2 7 0  6   A N A L Y S IS  O F  N E U R O N A L  C E L L  S U R F A C E  G L Y C O P R O T E IN S  
U S IN G  FL O W  C Y T O M E T R Y  A N D  F L U O R E S C E N T  L E C T IN S .  
J a m e s  F .  L e a r y  a n d  M a ry  F .D .  N o t t e r ,  D e p a r tm e n t s  o f  P a th o lo g y  
a n d  A n a to m y ,  U n iv .  o f  R o c h e s t e r  S c h . o f  M e d .,  R o c h e s t e r ,  N Y  
1 4 6 4 2 .

T h e  c e l l  s u r f a c e  is  t h o u g h t  t o  p la y  t h e  m o s t  i m p o r t a n t  r o le  in  
t h e  c o n t r o l  o f  e m b r y o n i c  g r o w th ,  d i f f e r e n t i a t i o n  a n d  
m o r p h o g e n e s is  in  t h e  n e r v o u s  s y s t e m .  B io c h e m ic a l  a n a ly s i s  o f  
s y n a p to s o m a l  p r e p a r a t i o n s  i n d i c a t e  t h a t  g l y c o p r o t e i n s  w i th  t h e i r  
p a r t i c u l a r  l o c a l i z a t i o n  a n d  p o t e n t i a l  f o r  d i v e r s i t y  m a y  b e  
m e d i a to r s  o f  r e c o g n i t i o n .  W e h a v e  i n i t i a t e d  s tu d i e s  o f  t h e  c e l l  
s u r f a c e  o f  a  d i f f e r e n t i a t i n g  n e u r o b l a s to m a  c e l l  l in e  ( N 2 A B -I )  a s  
a  m o d e l  s y s te m  u t i l i z i n g  t h e  s e n s i t i v e  t e c h i q u e  o f  f lo w  
c y t o m e t r y - c e l l  s o r t i n g  a n d  s p e c i f i c  f l u o r e s c e n t  m e m b r a n e  
p r o b e s .  C e l l s  a r e  d i f f e r e n t i a t e d  b y  t r e a t m e n t  in  c u l t u r e  w i th  
p r o s t a g la n d in  E 1 (1 0  u g /m l )  a n d  d ib u ty l  c y c l i c  A M P  (5 0 0  u g /m l )  
f o r  a  m in im u m  o f  f o u r  d a y s .  D i f f e r e n t i a t e d  N 2 A B - 1 s h o w  
n e u r i t e s  u p  t o  4 5  u m  lo n g  a n d  a r e  a r r e s t e d  in  G 0 1 G 1 o f  t h e  c e l l  
c y c l e  a s  d e t e r m i n e d  by  p r o p id iu m  io d id e  s t a i n in g  a n d  f lo w  
c y t o m e t r i c  a n a ly s i s .  D i f f e r e n t i a t e d  a n d  a c t i v e l y  g ro w in g  
c u l t u r e s  w e r e  t r e a t e d  in  s u s p e n s io n  w i th  s p e c i f i c  f lu o r e s c e i n  
l a b e l e d  l e c t i n s  in c lu d in g  w h e a t  g e r m  a g g lu t in in  (F L -W G A ) 
s p e c i f i c  f o r  A - a c e ty l g lu c o s a m i n e ,  s o y b e a n  a g g lu t i n in  (F L -S B A ) 
s p e c i f i c  f o r  N - a c e t y l g a l a c t o s a m i n e ,  c o n c a n a v a l in  A  (F L - C o n A ) ,  
s p e c i f i c  f o r  m a n n o s e  r e s i d u e s ,  a n d  u le x  e u r o p e u s  a g g lu t i n in  ( F L -  
U E A ) s p e c i f i c  f o r  f u c o s e  r e s i d u e s .  F lo w  c y t o m e t r i c  
m e a s u r e m e n t s  o f  c o n t r o l  a n d  d i f f e r e n t i a t e d  n e u r o n a l  c e l l s  
r e a c t e d  w i th  t h e  v a r io u s  F L - l e c t in s  w e r e  m a d e  a t  t h e  s in g l e  c e l l  
l e v e l  a t  r a t e s  o f  m o r e  t h a n  3 0 0 0  c e l l s / s e c o n d .  F lo w  c y t o m e t r i c  
a n a ly s i s  r e v e a l e d  c e l l  s u r f a c e  b in d in g  h e t e r o g e n e i t y  w h e n  F L -  
SB A  a n d  F L - C o n A  w e r e  r e a c t e d  w i th  t h e  N 2 A B - 1 c e l l  l in e .  
H o w e v e r ,  n o  d i f f e r e n c e s  in  s u r f a c e  b in d in g  w e r e  s e e n  b e tw e e n  
c o n t r o l  a n d  d i f f e r e n t i a t e d  n e u r o n a l  c e l l s .  W h en  F L - U E A  w a s  
r e a c t e d  w i th  c o n t r o l  o r  d i f f e r e n t i a t e d  n e u r a l  c e l l s ,  n o  b in d in g  
w a s  a p p a r e n t  i n d i c a t i n g  t h e  l a c k  o f  c e l l  s u r f a c e  f u c o s e  o n  t h e s e  
c e l l s .  F u r t h e r m o r e ,  p r e t r e a t m e n t  o f  c e l l s  w i th  n e u r a m in id a s e  
b e f o r e  F L - U E A  b in d in g  d id  n o t  r e v e a l  m a s k e d  f u c o s y l  s i t e s .  
W h en  d i f f e r e n t i a t e d  N 2 A B - 1 w e r e  e x p o s e d  t o  F L -W G A , m o r e  
c e l l s  b o u n d  m o r e  F L -W G A  t h a n  t h a t  s e e n  f o r  c o n t r o l  c u l t u r e s .  
T h e s e  d a t a  i n d i c a t e  t h a t  d i f f e r e n t i a t i o n  w i th in  t h e  n e r v o u s  
s y s te m  b r in g s  a b o u t  a  c h a n g e  in  c e l l  s u r f a c e  g l y c o p r o t e i n s  a n d  
t h a t  a n  i n c r e a s e  in  N - a c e ty l - g l u c o s a m in e  m a y  b e  i m p o r t a n t  in  
s u r f a c e  m a t u r a t i o n  o f  n e u r o n s .

S u p p o r te d  b y  a  G r a n t  f r o m  T h e  N a t io n a l  I n s t i t u t e s  o f  H e a l th  
1 9 7 1 1 .

2 2 0 .7  PC12 PHEOCHROMOCYTOMA CELLS SYNTHESIZE COMPLEX BRAIN 
GANGLIOSIDES.   K.M. W a l t o n  a n d  R . L .  S c h n a a r .  D e p t s .  o f  P h a r m 
a c o l o g y  a n d  N e u r o s c i e n c e ,  Th e  J o h n s  Ho p k i n s  U n i v e r s i t y  
S c h o o l  o f  M e d i c i n e ,  B a l t i m o r e ,  MD 2 1 2 0 5 .

G a n g l i o s i d e s  a r e  c o n c e n t r a t e d  on  n e r v e  c e l l  m e m b r a n e s  
a n d  may b e  i m p o r t a n t  i n  n e u r o n a l  c e l l  f u n c t i o n .  W h i l e  
c o m p l e x  t r i s i a l o g a n g l i o s i d e s  a r e  p r e v a l e n t  i n  b r a i n ,  m o s t  
h o m o g e n e o u s  n e u r o b l a s t o m a  c e l l  l i n e s  c o n t a i n  o n l y  s i m p l e  
g a n g l i o s i d e s  w i t h  o n e  o r  t w o  s i a l i c  a c i d s .  A l t h o u g h  p r e l i m 
i n a r y  g a n g l i o s i d e  a n a l y s e s  h a v e  b e e n  p e r f o r m e d  o n  PC1 2 
p h e o c h r o m o c y t o m a  c e l l s  ( w h i c h  h a v e  b e e n  u s e d  i n  s t u d i e s  o f  
n e u r o n a l  d i f f e r e n t i a t i o n  a n d  f u n c t i o n ) ,  t h e  c h e m i c a l  
c o m p o s i t i o n  o f  t h e i r  g a n g l i o s i d e s  h a v e  n o t  b e e n  d e t e r m i n e d  
a n d  t h e  a n a l y s e s  a r e  c o n f l i c t i n g .  T h u s ,  we h a v e  i n i t i a t e d  
p u r i f i c a t i o n  a n d  c h e m i c a l  a n a l y s i s  o f  P C I 2 g a n g l i o s i d e s .

G a n g l i o s i d e s  w e r e  e x t r a c t e d  f r o m  PC1 2 c e l l s  a n d  s e p a r a t e d  
a c c o r d i n g  t o  t h e  n u m b e r  o f  s i a l i c  a c i d s  ( a s  d e t e r m i n e d  u s i n g  
b o v i n e  b r a i n  g a n g l i o s i d e  s t a n d a r d s )  on  D E A E - S e p h a r o s e  e l u t e d  
w i t h  a  s a l t  g r a d i e n t .  A p p o x i m a t e l y  1 / 5  o f  t h e  s i a l i c  a c i d  
o c c u r s  a s  m o n o s i a l o g a n g l i o s i d e  a n d  2 / 5  e a c h  a s  d i s i a l o -  a n d  
t r i s i a l o g a n g l i o s i d e s .  Two s p e c i e s  e l u t i n g  a s  t r i s i a l o g a n g 
l i o s i d e s  w e r e  s e p a r a t e d  b y  s i l i c i c  a c i d  c h r o m a t o g r a p h y  a n d  
f u r t h e r  a n a l y z e d .  P e a k  I c o - c h r o m a t o g r a p h e d  w i t h  s t a n d a r d  
g a n g l i o s i d e  G T l b .  P a r t i a l  f o r m i c  a c i d  h y d r o l y s i s  g e n e r a t e d  
s p e c i e s  w h i c h  c o - c h r o m a t o g r a p h e d  w i t h  s t a n d a r d  G D l b ,  G D I a ,  
a n d  GM1, s u g g e s t i n g  t h a t  t h i s  PC1 2 g a n g l i o s i d e  i s  G T l b .  
M a s s  s p e c t r a l  a n a l y s i s  by f a s t  a t o m  b o m b a r d m e n t  r e v e a l e d  a  
m o l e c u l a r  i o n  ( 2 2 1 1  am u)  a n d  a  f r a g m e n t a t i o n  p a t t e r n  
c o n s i s t e n t  w i t h  a  t r i s i a l o g a n g l i o s i d e .  P a r t i a l  f o r m i c  a c i d  
h y d r o l y s i s  o f  t h e  s l o w e r  m o v i n g  P e a k  I I  g e n e r a t e d  s p e c i e s  
c h r o m a t o g r a p h i n g  w i t h  s t a n d a r d  GDlb a n d  GM1, s u g g e s t i n g  
t h a t  P e a k  I I  may b e  a  d i f f e r e n t  t r i s i a l o g a n g l i o s i d e .

T h e  g a n g l i o s i d e  p a t t e r n  o f  PC1 2 c e l l s  w a s  a n a l y z e d  a s  a  
f u n c t i o n  o f  d i f f e r e n t i a t i o n  w i t h  d e x a m e t h a s o n e  ( 1 0 - 5  M) o r  
s n a k e  ve no m  n e r v e  g r o w t h  f a c t o r  (NGF, 2 u g / m l ) .  W h i l e  t h e  
p r e d o m i n a n t  c o m p l e x  g a n g l i o s i d e  c o n c e n t r a t i o n s  w e r e  
u n c h a n g e d ,  t h e r e  d i d  a p p e a r  t o  b e  a  3 - f o l d  ( o r  h i g h e r )  
i n c r e a s e  i n  t h e  m a j o r  h i g h  m o b i l i t y  ( m o n o s i a l o g a n g l i o s i d e )  
p e a k  i n  c e l l s  d i f f e r e n t i a t e d  w i t h  NGF. A l t h o u g h  t h e  
i d e n t i t y  o f  t h i s  s p e c i e s  i s  u n k n o w n ,  i t  i s  s i g n i f i c a n t l y  
l e s s  m o b i l e  t h a n  s t a n d a r d  GMl i n  t w o  TLC s y s t e m s .

T h u s ,  i t  a p p e a r s  t h a t  t h e  PC1 2 p h e o c h r o m o c y t o m a  c e l l  
l i n e  c o n t a i n s  a  c o m p l e x  g a n g l i o s i d e  c o m p l e m e n t  c o m p a r a b l e  
t o  n e r v e  t i s s u e  w h i c h  i n c l u d e s  t r i s i a l o g a n g l i o s i d e s .  I n  
a d d i t i o n ,  t h e  g a n g l i o s i d e  p a t t e r n  i s  s e l e c t i v e l y  m o d i f i e d  
b y  t h e  c o n d i t i o n s  o f  g r o w t h ,  a n d  p e r h a p s  by  c e l l u l a r  
d i f f e r e n t i a t i o n .   S u p p .  b y  NIH g r a n t s  HD14 010  a n d  GM076 26.

2 2 0 .8  ID E N T IF IC A T IO N  O F  C E R E B E L L A R  IN H IB IT O R Y  IN T E R N E U 
R O N S  W IT H  A M O N O C L O N A L  A N T IB O D Y .  J .M .  L e v in e * ,  L .L . 
B e a s l e y * ,  a n d  W .B . S t a l l c u p . (S P O N : J .H .S t e in b a c h ) .   M o le c u la r  
N e u r o b io lo g y  L a b o r a t o r y ,  T h e  S a lk  I n s t i t u t e ,  S a n  D ie g o , C A  
9 2 1 3 8 .

T h e  N G 2 a n t i g e n  is  a  c e l l  s u r f a c e ,  c h o n d r o i t in  s u l f a t e  
p r o t e o g l y c a n  w h ic h  w a s  f i r s t  i d e n t i f i e d  w i th  a  r a b b i t  a n t i s e r u m  
r a i s e d  a g a in s t  t h e  B 49  c e l l  l in e  ( C o ld  S p r in g  H a r b o r  S y m p .,  4 8 , 
p .7 6 1 -7 7 4 ) .  W e h a v e  id e n t i f i e d  a n d  c h a r a c t e r i z e d  c e l l s  e x p r e s 
s in g  N G 2 - l ik e  im m u n o r e a c t i v i t y  in  t h e  r a t  c e r e b e l l u m .

T is s u e  s e c t i o n s  o f  a d u l t  r a t  c e r e b e l l u m  w e r e  t r e a t e d  w i th  
m o n o c lo n a l  o r  p o ly c lo n a l  a n t i-N G 2  fo l lo w e d  b y  e i t h e r  a  f lu o r e s 
c e in  o r  H R P  lab e l e d  s e c o n d a r y  a n t ib o d y .  M an y  c e l l s  t h r o u g h o u t  
t h e  m o le c u la r  l a y e r  w e r e  la b e le d .  L a b e l  w a s  d i s t r i b u t e d  in  a  
r in g - l i k e  f a s h io n  a ro u n d  c e l l  b o d ie s  a n d  a lo n g  th e  m a jo r  d e n 
d r i t e s .  T h e s e  c e l l s  h a d  t h e  a p p e a r a n c e  o f  s t e l l a t e  a n d  b a s k e t  
i n te r n e u r o n s  w i th  p r o c e s s e s  w h ic h  r a m i f i e d  t h r o u g h o u t  t h e  
m o le c u la r  l a y e r  a n d  a t  t h e  le v e l  o f  t h e  P u r k in j e  c e l l  b o d ie s .  
R e l a t i v e ly  f e w  c e l l s  w i th in  t h e  g r a n u l e  l a y e r  w e r e  lab e l e d  w i th  
t h e  a n t ib o d y ;  t h e s e  N G 2 p o s i t i v e  c e l l s  h a d  t h e  a p p e a r a n c e  o f  
s m a l l  G o lg i c e l l s .  T h e  NG 2 p o s i t i v e  c e l l s  o f  t h e  c e r e b e l l a r  
c o r t e x  w e r e  n o t  l a b e l e d  w i th  a n t i b o d i e s  a g a in s t  t h e  g l ia l  
p r o t e i n s  G F A P  a n d  S 10 0 .

W e e x a m in e d  t h e  e x p r e s s io n  o f  t h e  N G 2 a n t i g e n  b y  c e r e b e l 
la r  c e l l s  in c u l t u r e  w h e r e  i t  is  p o s s ib l e  t o  lab e l  in d iv id u a l  c e l l s  
w i th  2 d i f f e r e n t  m a r k e r s .  W hen  t h e  c e r e b e l l a r  c e l l s  w e r e  g r o w n  
in c h e m i c a l l y  d e f in e d  m e d iu m  (N 2 ), b e t w e e n  5 0 -6 0 %  o f  t h e  N G 2 
p o s i t i v e  c e l l s  b o u n d  t e t a n u s  to x in ,  a  n e u r o n a l  m a r k e r .  In 
s e p a r a t e  e x p e r i m e n t s ,  4 5 -5 0 %  o f  t h e  N G 2 p o s i t i v e  c e l l s  c o n 
t a i n e d  n e u r o f i l a m e n t  a n t i g e n s  b u t  l e s s  t h a n  3 %  h a d  G F A P  
a n t i g e n s .  I n h ib i to r y  c e r e b e l l a r  n e u ro n s  p o s s e s s  h ig h  a f f i n i t y  
u p t a k e  s y s te m s  f o r  e x o g e n o u s  G A B A . A p p r o x im a te ly  6 0 %  o f  
t h e  N G 2 p o s i t iv e  c e l l s  to o k  u p  3 H -G A B A  in a  n e u r o n a l  m a n n e r ,  
i .e . ,  u p t a k e  w a s  in h ib i te d  b y  D A B A  b u t  n o t  b y  β- a l a n in e .  T h u s ,  
a  s i g n i f i c a n t  n u m b e r  o f  t h e  N G 2 p o s i t i v e  c e l l s  in  t h e  c u l t u r e s  
h a v e  3 p r o p e r t i e s  a s s o c i a t e d  w i th  in h ib i to r y  in te r n e u r o n s .  E x 
p r e s s io n  o f  t h e  a n t i g e n ,  h o w e v e r ,  w a s  a f f e c t e d  b y  m e d ia  
c o m p o n e n t s .  In c u l t u r e s  g r o w n  in  D M E M  c o n ta i n in g  10%  f e t a l  
c a l f  s e r u m  a n d  2 0 m M  K + , o v e r  8 0 %  o f  t h e  N G 2 lab e l e d  c e l l s  
w e r e  s ta i n e d  w i th  a n t i - G F A P .

T h e s e  f in d in g s  d e m o n s t r a t e  t h a t  t h e  N G 2 p r o t e o g l y c a n  is  a  
c e l l  s u r f a c e  m a r k e r  fo r  c e r e b e l l a r  in te r n e u r o n s .  B e c a u s e  t h e  
m o le c u la r  h e t e r o g e n e i t y  o f  t h e  s u r f a c e  o f  d i f f e r e n t  p o p u la t i o n s  
o f  c e r e b e l l a r  c e l l s  is l ik e ly  t o  b e  a n  i m p o r t a n t  f a c t o r  in 
m o r p h o g e n e s is ,  a n t i - N G 2  a n t i b o d i e s  m a y  b e  u s e f u l  f o r  t h e  
a n a ly s i s  o f  c e r e b e l l a r  d e v e lo p m e n t .
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2 2 0 . 9   D I S T R I B U T I O N  OF ACETYLCH O LIN EST ERA SE AND α -BUNGAROTOXIN ON 
LONG-TERM DENERAVATED ADULT RAT MUSCLE F I B E R S  IN  CULTURE I S  
UNAFFECTED BY THE PRESENCE OF EMBRYONIC S PI N A L  CORD EX PL A N T S.
J . J . J a y *  & K . F .  B a r a l d  ( S P O N :  B .  O a k l e y ) .   D e p t .  A n a t o m y  a n d  
C e l l  B i o l o g y ,  U n i v .  o f  M i c h .  M e d .  S c h o o l ,  A n n  A r b o r ,  M i .  
4 8 1 0 9 .

T h e  e f f e c t  o f  l o n g  p e r i o d s  o f  d e n e r v a t i o n  o n  p r o p e r t i e s  o f  
i n d i v i d u a l  a d u l t  r a t  m u s c l e  f i b e r s  i n  c u l t u r e  w a s  d e t e r m i n e d  
b y  e x a m i n i n g :  1 .  t h e  m o r p h o l o g y  a n d  c o m p o s i t i o n  o f  t h e  m u s c l e  
f i b e r s  i n c l u d i n g  t h e  b a s a l  l a m i n a ,  2 .  t h e  d i s t r i b u t i o n  o f  
a c e t y l c h o l i n e s t e r a s e  ( A C h E ) ,  a n d  3 .  r h o d a m i n e  α - b u n g a r o t o x i n  
(R B T X ) b i n d i n g  t o  p u t a t i v e  a c e t y l c h o l i n e  r e c e p t o r s  ( A C h R ' s ) .  
F l e x o r  d i g i t o r u m  b r e v i s  ( F D B )  m u s c l e s  w e r e  d e n e r v a t e d  4  t o  
2 0  m o n t h s  p r i o r  t o  c u l t u r e  b y  c u t t i n g  t h e  s c i a t i c  n e r v e  
p r o x i m a l  t o  t h e  t h i g h  a n d  d i r e c t i n g  i t  s u p e r i o r l y .  T h e s e  
c u l t u r e s  w e r e  c o m p a r e d  t o  n o r m a l  m u s c l e  f i b e r s  c u l t u r e d  
u n d e r  t h e  s a m e  c o n d i t i o n s .

L o n g - t e r m  d e n e r v a t e d  f i b e r s  d i s s o c i a t e d  f r o m  t h e  FDB h a v e  
b e e n  k e p t  i n  c u l t u r e  f o r  3 d a y s .  P r i o r  t o  p l a t i n g ,  t h e  
f i b e r s  e x h i b i t e d  d i s c r e t e  e n d p l a t e - a s s o c i a t e d  AChE a n d  RBTX 
b i n d i n g .  A f t e r  2 4  h r s .  i n  c u l t u r e ,  a l t h o u g h  AChE r e m a i n e d  
a t  t h e  n e u r o m u s c u l a r  j u n c t i o n ,  n o  RBTX b i n d i n g  w a s  n o t e d .
AChE r e m a i n e d  a t  t h e  e n d p l a t e  o n l y  u p  t o  4 8  h r s  i n  v i t r o . 
A d d i t i o n  o f  r a t  e m b r y o n i c  v e n t r a l  s p i n a l  c o r d  ( s . c . )  e x p l a n t s  
h a d  n o  e f f e c t  o n  t h e  p r e s e n c e  o r  d i s t r i b u t i o n  o f  AChE o r  RBTX.  
L a m i n i n ,  v i s u a l i z e d  w i t h  a n  a f f i n i t y  p u r i f i e d  a n t i b o d y  p r o 
v i d e d  b y  D r .  M. W i c h a ,  w a s  d i s c o n t i n u o u s l y  d i s t r i b u t e d  o n  t h e  
f i b e r s  b e f o r e  p l a t i n g .  O u t g r o w t h  o f  n e u r i t e s  t o  t h e  f i b e r s  
a p p e a r e d  n o n - d i r e c t e d .

N o r m a l  FDB f i b e r s  s i m i l a r l y  c u l t u r e d  e x h i b i t  d i f f e r e n t  
c h a r a c t e r i s t i c s .  T h e s e  f i b e r s  h a v e  b e e n  m a i n t a i n e d  f o r  a s  
l o n g  a s  5  w e e k s  i n  c u l t u r e .  J u n c t i o n a l  AChE a n d  c o l o c a l i z e d  
RBTX a r e  f o u n d  o n  m o s t  o f  t h e  f i b e r s  u p  t o  4 8  h r s .  i n  c u l t u r e .  
T h e  a d d i t i o n  o f  s . c .  e x p l a n t s  m a i n t a i n e d  e n d p l a t e  AChE a n d  
A C h R ' s  (RBTX b i n d i n g )  t h r o u g h  9 6  h r s .  I n  t h e  a b s e n c e  o f  s . c .  
e x p l a n t s  t h e  m a j o r i t y  o f  f i b e r s  e x h i b i t e d  e x t r a j u n c t i o n a l  
AChE l o c a l i z a t i o n  a n d  n o  RBTX b i n d i n g .  L a m i n i n  d i s t r i b u t i o n  
w a s  u n i f o r m  o n  f i b e r s  e x a m i n e d  p r i o r  t o  p l a t i n g .  N e u r i t e  
o u t g r o w t h  i n  c o - c u l t u r e s  w a s  s i m i l a r  t o  t h a t  i n  l o n g - t e r m  
d e n e r v a t e d  c o - c u l t u r e s .  S u p p o r t e d  b y  a  R a c k h a m  g r a n t  t o  
J . J . J . ,  b y  USPHS N S 1 7 0 1 7  a n d  N S 1 7 2 6 2 ,  t h e  M u s c u l a r  D y s t r o p h y  
A s s o c i a t i o n  a n d  D y s a u t o n o m i a  F o u n d a t i o n  t o  K . F . B .  We t h a n k  
D r s .  B r u c e  M. C a r l s o n  a n d  F a y  H a n s e n - S m i t h  f o r  p r o v i d i n g  u s  
w i t h  d e n e r v a t e d  m a t e r i a l  a n d  D r .  D . S .  G r e g a  f o r  c o n t r i b u t i o n  
t o  t h e  i n i t i a l  e x p e r i m e n t s .

2 2 0 .1 0   CHA RA CT ER IZA TI ON  OF MONOCLONAL A N T IB O D IE S  TO RABRI T BRAIN 
A C E T Y L C H O L IN E ST E R A SE .   S .  B r i m i j o i n  a n d  K . P .  M i n t z *  ( S P O N :  
J . R .  Da u b e ) .   De p t .  P h a r m a c o l o g y ,  M a y o  M e d i c a l  S c h o o l ,  
R o c h e s t e r ,  MN 5 5 9 0 5 .

E l e v e n  m o n o c l o n a l  a n t i b o d i e s  ( a l l  I g G 1 o r  I g G 2 a ) w e r e  
r a i s e d  a g a i n s t  r a b b i t  b r a i n  a c e t y l c h o l i n e s t e r a s e  ( A C h E )  
p u r i f i e d  t o  e l e c t r o p h o r e t i c  h o m o g e n e i t y  ( s p e c i f i c  a c t i v i t y  
2 9 5 0  I . U . / m g  p r o t e i n )  b y  a  t w o  s t e p  p r o c e d u r e  i n v o l v i n g  
i m m u n o a f f i n i t y  c h r o m a t o g r a p h y .  R i n d i n g  o f  a n t i g e n  w a s  
d e t e r m i n e d  i n  a n  i m m u n o a d s o r b a n c e  a s s a y  i n  w h i c h  t h e  
a c t i v i t y  o f  b o u n d  a n d  f r e e  AChE w a s  m e a s u r e d  a f t e r  e x p o s u r e  
t o  a n t i b o d y  a n d  p r e c i p i t a t i o n  b y  r a b b i t  a n t i m o u s e  I g G 
c o m p l e x e d  t o  p r o t e i n  A - b e a r i n g  S t a p h y l o c o c c u s  a u r e u s  c e l l s .  
T h e  i s o l a t e d  m o n o c l o n a l  a n t i b o d i e s  s h o w e d  d i s s o c i a t i o n  
c o n s t a n t s  o f  1 6  nM t o  1 0 8  nM f o r  t h e  AChE i n  f r e s h l y  
p r e p a r e d  c r u d e  e x t r a c t s  o f  r a b b i t  b r a i n  ( c a l c u l a t i o n s  
a s s u m e d  o n e  e p i t o p e  p e r  c a t a l y t i c  s u b u n i t  o f  A C h E ) .  In  
e v e r y  c a s e ,  i mm u n o b l o t t i n g  e x p e r i m e n t s  r e v e a l e d  a  d r a s t i c  
l o s s  o f  a f f i n i t y  f o r  SDS t r e a t e d  e n z y m e ,  s u g g e s t i n g  t h a t  a l l  
a n t i b o d i e s  w e r e  d i r e c t e d  a g a i n s t  c o n f o r m a t i o n a l  d e t e r m i n 
a n t s .  S p e c i e s - s p e c i f i c i t i e s  w e r e  d e t e r m i n e d  b y  c o m p a r i n g  
t h e  b i n d i n g  o f  AChE f r o m  b r a i n s  o f  r a b b i t ,  r a t ,  g u i n e a  p i g ,  
c a t ,  a n d  m a n .  O n e  a n t i b o d y  h a d  a n  e x c l u s i v e  p r e f e r e n c e  f o r  
r a b b i t  A C h E ;  o t h e r s  a v i d l y  b o u n d  t h e  e n z y m e  o f  g u i n e a  p i g ,  
c a t ,  o r  m a n ;  o n e  w a s  a b l e  t o  b i n d  r a t  AChE t o  a  m o d e s t  
e x t e n t  ( a p p a r e n t  Kd 2 x 1 0 - 6  M ) .  E a c h  a n t i b o d y  s h o w e d  
e q u a l  a p p a r e n t  a f f i n i t y  f o r  h y d r o p h i l i c  AChE ( 1 0 0 , 0 0 0  x g 
s u p e r n a t a n t  o f  r a b b i t  b r a i n  e x t r a c t  p r e p a r e d  w i t h o u t  d e t e r 
g e n t )  a n d  h y d r o p h o b i c  AChE ( d e t e r g e n t  e x t r a c t  o f  r e s i d u a l  
m a t e r i a l ) .  C o m p e t i t i o n  a n a l y s i s  r e v e a l e d  n u m e r o u s  i n t e r 
a c t i o n s  p o i n t i n g  t o w a r d s  o v e r l a p p i n g  e p i t o p e s  o n  t h e  e n z y m e  
s u r f a c e  ( e . g . ,  a  60 %  m u t u a l  i n t e r f e r e n c e  b e t w e e n  a n t i b o d i e s
4 - 2 2  a n d  4 - 4 0 ) .  O t h e r  t y p e s  o f  i n t e r a c t i o n  s u g g e s t e d  t h a t  
c e r t a i n  a n t i b o d i e s  c a u s e d  s i g n i f i c a n t  c o n f o r m a t i o n a l  c h a n g e s  
i n  t h e  e n z y m e  ( a n t i b o d y  4 - 4 0  c o m p l e t e l y  b l o c k e d  t h e  b i n d i n g  
o f  a n t i b o d y  4 - 4 3 ,  b u t  a n t i b o d y  4 - 4 3  h a d  n o  e f f e c t  on  b i n d i n g  
o f  a n t i b o d y  4 - 4 0 ) .  T h e  p r o p e r t i e s  o f  a n t i b o d y  3 - 4 3  w e r e  
c o n s i s t e n t  w i t h  b i n d i n g  t o  t h e  a c t i v e  s i t e  o f  r a b b i t  AChE 
( 5 0 %  i n h i b i t i o n  o f  AChE a c t i v i t y  a t  1 0 - 8  M; 90% 
i n h i b i t i o n  a t  3 x 1 0 - 7 M; b l o c k a d e  o f  t h e  b i n d i n g  o f  
3 H - D F P ) .  T h i s  a n t i b o d y  a n d  t h e  o t h e r s  n o w  i n  h a n d  w i l l  b e  
u s e f u l  i n  f u r t h e r  s t u d i e s  o n  t h e  i m m u n o c h e m i s t r y  o f  
m a m m a l i a n  A C h E ' s .   ( S u p p o r t e d  b y  NIH g r a n t  NS 1 1 8 5 5 . )

220.11  COLOCALIZATION OF ACETYLCHOLINE RECEPTORS AND BASAL LAMINA 
PROTEOGLYCAN AFTER DENERVATION.  D .C . L i n d e n ,  G. P in e d a *  a n d  
D. D a v id *  B i o lo g y   D e p t . ,  O c c i d e n t a l  C o l l e g e ,  L os A n g e l e s ,  
CA 9 0 0 4 1

T h e  q u a n t i t a t i v e  d i s t r i b u t i o n  o f  a  s y n a p t i c  b a s a l  l a m in a  
p r o t e o g l y c a n  (S B L -P ) w as c o r r e l a t e d  w i t h  t h a t  o f  a c e t y l c h o 
l i n e  r e c e p t o r s  (AChR) i n  n o r m a l  a n d  d e n e r v a t e d  ( 3 - 9  w e e k s )  
X e n o p u s  s a r t o r i u s  m u s c l e s .  T h e  h e p a r a n  s u l f a t e  SB L -P  ( A n d e r 
s o n  & F a m b ro u g h ,  1 9 8 3 ) w as i d e n t i f i e d  b y  a  f l u o r e s c e i n  l a b e l 
e d  m o n o c lo n a l  a n t i b o d y  a n d  w as  p r e s e n t  p r e d o m i n a n t l y  i n  t h e  
b a s a l  l a m i n a  o f  t h e  j u n c t i o n a l  f o l d s .  AChR w e r e  l o c a l i z e d  b y  
r h o d a m in e  a - b u n g a r o t o x i n  ( α -BGT) b i n d i n g  a n d  q u a n t i f i e d  b y  
m e a s u r in g  t h e  t o t a l  n u m b e r  o f  1 2 5 I α B G T - r e c e p to r  c o m p le x e s .

T h r e e  a r e a s  o f  t h e  m u s c l e  s u r f a c e  w e r e  s t u d i e d :  j u n c t i o n a l  
( w i t h  j u n c t i o n a l  f o l d s ) ,  i n t r a j u n c t i o n a l  ( a r e a s  a d j a c e n t  t o  
t h e  j u n c t i o n a l  f o l d s  w i t h i n  t h e  j u n c t i o n a l  a r e a ) ,  a n d  e x t r a -  
j u n c t i o n a l  ( s e v e r a l  h u n d r e d  m ic r o n s  f ro m  a n y  j u n c t i o n ) . SB L -P  
a n d  AChR w e r e  c o l o c a l i z e d  i n  98% o f  t h e  c o n t r a l a t e r a l  a n d  i n  
96% o f  t h e  d e n e r v a t e d  j u n c t i o n a l  a r e a s .  R a r e l y  w e r e  o n l y  
AChR o r  o n l y  SB L -P  a s s o c i a t e d  w i t h  j u n c t i o n a l  f o l d s .

I n  u n o p e r a t e d  c o n t r o l  m u s c l e s  i n t r a j u n c t i o n a l  AChR a n d  
SB L -P  f o rm e d  a  s m a l l  f r a c t i o n  (0 -2 0 % ) o f  t h e  t o t a l  s t a i n i n g  
on  t h e  m u s c l e  f i b e r .  T h e  m a j o r i t y  o f  t h e  i n t r a j u n c t i o n a l  
s t a i n i n g  w as SB L -P  o n l y .  I n t r a j u n c t i o n a l  AChR a n d  SB L-P  w e re  
p r e s e n t  a f t e r  3 w e e k s  o f  d e n e r v a t i o n ,  a n d  b y  4 - 5 w e e k s  i n 
c r e a s e d  t o  20 t i m e s  t h a t  o f  t h e  c o n t r o l .  A t 8 w e e k s ,  i n t r a 
j u n c t i o n a l  l a b e l i n g  d e c r e a s e d  t o  6 t i m e s  c o n t r o l .  T h e  c h a n g e s  
i n  i n t r a j u n c t i o n a l  s t a i n i n g  p a r a l l e l  f i r s t ,  t h e  i n c r e a s e  i n  
1 2 5 I α B G T - r e c e p to r  c o m p le x e s  m e a s u r e d  a t  3 a n d  5 w e e k s ,  a n d  
t h e n  t h e  d e c r e a s e  a t  8 w e e k s  p o s t - d e n e r v a t i o n .  A t a l l  t i m e s  
a f t e r  d e n e r v a t i o n ,  t h e  m a j o r i t y  o f  i n t r a j u n c t i o n a l  s t a i n i n g  
w as  AChR c o l o c a l i z e d  w i t h  SB L -P  ( 1 2 - 2 2  t i m e s  t h e  c o n t r a l a t e r a l  
c o n t r o l ) .  A s l i g h t l y  s m a l l e r  a m o u n t ( 4 - 1 8  t i m e s  t h e  c o n t r o l )  
w as SB L -P  o n l y .  M uch l e s s  f r e q u e n t l y ,  r e c e p t o r s  w e r e  p r e s e n t  
a l o n e  i n t r a j u n c t i o n a l l y  ( 3 - 1 0  t i m e s  c o n t r o l ) .

E x t r a j u n c t i o n a l  a c c u m u l a t i o n s  o f  AChR a n d  SB L-P  w e re  p r e 
s e n t  i n  a n i m a l s  d e n e r v a t e d  l o n g e r  t h a n  5 w e e k s .  A l a r g e  
a m o u n t o f  t h e  e x t r a j u n c t i o n a l  s t a i n i n g  w as c o l o c a l i z e d  ( 4 0 -  
6 0 % ). H o w e v e r ,  i n  som e e x t r a j u n c t i o n a l  a r e a s  AChR o r  SB L -P  
o c c u p i e d  m o s t ,  b u t  n o t  a l l  o f  t h e  s t a i n i n g  a r e a .  In  su m m a ry , 
t h e  r e s u l t s  o f  t h i s  r e s e a r c h  s u g g e s t  t h a t  i n  m o s t  c a s e s  SB L-P  
a n d  AChR a t  j u n c t i o n a l ,  i n t r a j u n c t i o n a l  a n d  e x t r a j u n c t i o n a l  
a r e a s  o f  t h e  m u s c l e  s u r f a c e  may b e  c o r e g u l a t e d .

T h i s  r e s e a r c h  w as s u p p o r t e d  b y  g r a n t s  t o  D. L in d e n  f ro m  t h e  
M u s c u l a r  D y s t r o p h y  A s s o c i a t i o n  a n d  R e s e a r c h  C o r p o r a t i o n .

2 2 0 . 1 2   B R A IN  EXTRACT in d u c e s  r e d is t r ib u t io n  OF  BASAL LAMINA 
ANTIGENS.  D.H. F e ld m a n , J .R .  S a n e s , an d  J .C .  L aw ren ce , 
J r . * .   D e p ts .  o f  P h y s io lo g y  an d  P h a rm a c o lo g y , W a sh in g to n  
U niv . S c h o o l o f  M e d ic in e , S t .  L o u is ,  MO 6 3 1 1 0 .

E m b ry o n ic  r a t  m y o tu b es  a s se m b le  a  b a s a l  la m in a  (BL) i n  
c u l t u r e .  S m a ll p a tc h e s  o f  t h i s  BL a r e  s t a i n e d  by a n t i 
b o d ie s  t h a t  b in d  s e l e c t i v e l y  t o  t h e  BL o f  t h e  n e u ro 
m u s c u la r  s y n a p t i c  c l e f t  i n  v i v o . T h ese  s y n a p t i c  BL ( SBL)-  
l i k e  p a tc h e s  o v e r l i e  c l u s t e r s  o f  a c e t y l c h o l i n e  r e c e p t o r s  
(A ChR s). S a l in e  e x t r a c t s  o f  r a t  b r a i n  (BE) in d u c e  fo rm a 
t i o n  o f  new SBL- an d  A C h R -rich  p a tc h e s  (S a n e s  e t  a l . ,  J .  
N e u r o s c i .  4 :4 6 4 ,  1 9 8 4 ) . N e u ra l  f a c t o r - i n d u c e d  AChR 
c l u s t e r i n g  i s  known t o  o c c u r  i n  t h e  a b s e n c e  o f  p r o t e i n  
s y n t h e s i s  ( C h r i s t i a n  e t  a l . ,  PNAS 7 5 :4 0 1 1 , 1 9 7 8 ) , an d  t o  
i n v o lv e  r e d i s t r i b u t i o n  o f  AChRs w i t h in  t h e  p la sm a  mem
b r a n e  ( S a lp e t e r  e t  a l . ,  J .  C e l l  B i o l .  9 3 :4 1 7 ,  1 9 8 2 ) . We 
t h e r e f o r e  a s k e d  i f  B E -in d u c e d  SBL p a tc h  fo rm a t io n  a l s o  
p r o c e e d s  i n  t h e  a b s e n c e  o f  p r o t e i n  s y n t h e s i s  an d  in v o lv e s  
r e d i s t r i b u t i o n  o f  BL c o m p o n e n ts .

C u l tu r e d  m y o tu b es  w ere  f e d  medium c o n ta i n in g  BE a n d /o r  
p r o t e i n  s y n t h e s i s  i n h i b i t o r s  ( c y c lo h e x im id e  o r  p u ro m y c in  
a t  c o n c e n t r a t i o n s  t h a t  b lo c k e d  p r o t e i n  s y n t h e s i s  by 9 2 -  
95% ). One day  l a t e r ,  p a tc h e s  r i c h  i n  SBL a n t i g e n s  
( d e t e c t e d  w i th  f l u o r e s c e i n - a n t i b o d y )  an d  AChRs ( d e t e c t e d  
w i th  rh o d a m in e - b u n g a ro to x in )  w ere  c o u n te d .  BE i n c r e a s e d  
t h e  num ber o f  SBL- an d  A C h R -rich  p a tc h e s  3 -8  f o l d  i n  t h e  
a b s e n c e  a n d  2 -6  f o l d  i n  t h e  p r e s e n c e  o f  i n h i b i t o r s .  The 
num ber o f  m y o tu b es  an d  th e  c o in c id e n c e  o f  SBL w i th  AChRs 
w ere  u n c h a n g ed  by BE an d  i n h i b i t o r s .

To t e s t  w h e th e r  SBL p a tc h e s  c o u ld  fo rm  from  e x t r a 
c e l l u l a r  a n t i g e n s  p r e s e n t  p r i o r  t o  BE t r e a t m e n t ,  c u l t u r e s  
w ere  f i r s t  i n c u b a te d  w i th  a n t ib o d y  t o  SBL, th e n  w ash ed  
e x t e n s i v e l y .  C o n t r o l  o r  BE medium was th e n  a d d e d  o v e r 
n i g h t ,  f o l lo w e d  by s t a i n i n g  w i th  s e c o n d  a n t ib o d y  an d  
b u n g a r o to x in .  A g a in , SBL- an d  A C h R -rich  p a tc h e s  
c o in c i d e d ,  an d  w ere  i n c r e a s e d  2 .5 - 5  f o l d  i n  BE t r e a t e d  
c u l t u r e s  o v e r  c o n t r o l s .  Thus BE in d u c e s  e x t r a c e l l u l a r  BL 
c o m p o n en ts  t o  fo rm  p a tc h e s  a s s o c i a t e d  w i th  c l u s t e r s  o f  
AChRs. W hile  BE may a l s o  s t i m u l a t e  s y n t h e s i s  an d  s e c r e 
t i o n  o f  SBL c o m p o n e n ts , o u r  r e s u l t s  s u g g e s t  a  mode o f  BL 
a s se m b ly  i n  w h ich  p r e v i o u s ly  e x t e r n a l i z e d  c o m p o n en ts  can  
l a t e r  be  in d u c e d  t o  r e d i s t r i b u t e  and  fo rm  s p e c i a l i z e d  
r e g i o n s  w i t h in  t h e  BL.  ( S u p p o r te d  by MDA an d  N IH .)



762 CELL SURFACE MACROMOLECULES SATURDAY PM

2 2 0 .13  ADENYLATE CYCLASE OF CULTURES OF RAT SYMPATHETIC NEURONS AND 
STRIATUM: INFLUENCE OF V I P ,  SECRETIN AND DOPAMINE.
B.  D v o r k i n * ,  M.H.  Makman* a n d  J . A .  K e s s l e r  (SPON: E . B .  
G a r d n e r . )  D e p a r t m e n t s  o f  B i o c h e m i s t r y ,  N e u r o l o g y ,  M o l e c u l a r  
P h a r m a c o l o g y  a n d  N e u r o s c i e n c e ,  A l b e r t  E i n s t e i n  C o l l e g e  o f  
M e d i c i n e ,  B r o n x ,  NY 1 0 4 6 1 .

V a s o a c t i v e  i n t e s t i n a l  p e p t i d e  ( V I P )  a n d  s e c r e t i n  (SE) w e re  
s h o w n  p r e v i o u s l y  t o  s t i m u l a t e  t y r o s i n e  h y d r o x y l a s e  a n d  a d 
e n y l a t e  c y c l a s e  i n  r a t  s u p e r i o r  c e r v i c a l  g a n g l i o n  (SCG) ( I p  
e t  a l .  P r o c .  N a t l . A c a d ,  S c i . ,  USA, 7 9 : 7 5 6 6 ,  1 9 8 2 )  a n d  
c e r t a i n  c u l t u r e d  human n e u r o b l a s t o m a  c e l l s  (Makman e t  a l .  
R e g u l a t o r y  P e p t i d e s , 6: 3 1 7 ,  1 9 8 3 ) .  B o t h  d o p a m i n e  (DA) a n d  
VI P  s t i m u l a t e  AC i n  s t r i a t u m ,  a n d  DA a l s o  s t i m u l a t e s  AC in  
SCG o f  som e s p e c i e s .  We r e p o r t  h e r e  n e u r o t r a n s m i t t e r  r e g u 
l a t i o n  o f  AC i n  p u r e  c u l t u r e s  o f  s y m p a t h e t i c  n e u r o n s  a n d  i n  
s t r i a t a l  c u l t u r e s  t h a t  e x h i b i t  n e u r o n a l  p r o p e r t i e s  i n c l u d i n g  
t h e  p r e s e n c e  o f  c h o l i n e  a c e t y l a s e  a n d  s u b s t a n c e  P .  C u l t u r e s  
o f  s y m p a t h e t i c  n e u r o n s  w e r e  p r e p a r e d  f r o m  d i s s o c i a t e d  SCG o f  
1 d a y  o l d  r a t s  ( K e s s l e r  e t  a l . S c i e n c e , 2 2 1 : 1 0 5 9 , 1 9 8 3 )  a n d  
g r o w n  i n  s e r u m - f r e e  m e d iu m .  C u l t u r e s  f r o m  d i s s o c i a t e d  s t r i 
a t u m  o f  r a t s  a t  e m b r y o n i c  d a y  1 4 - 1 8  w e r e  g r o w n  e i t h e r  i n  
s e r u m - f r e e  m e d iu m  o r  i n  m ed iu m  c o n t a i n i n g  f e t a l  c e l l  s e r u m .  
AC o f  h o m o g e n a t e s  o f  s y m p a t h e t i c  n e u r o n a l  c u l t u r e s  w a s  
s t i m u l a t e d  a p p r o x i m a t e l y  5 f o l d  by 1 µM V IP  o r  SE.  A t  l o w e r  
c o n c e n t r a t i o n s  SE w a s  s l i g h t l y  m o r e  p o t e n t  t h a n  V I P ,  a n d  
g l u c a g o n ,  a  s t r u c t u r a l l y  r e l a t e d  p e p t i d e ,  w a s  much l e s s  p o 
t e n t .  A t  10 µM, f o r s k o l i n  s t i m u l a t e d  4 f o l d ,  i s o p r o t e r e n o l  
a n d  h i s t a m i n e  w e r e  i n a c t i v e ,  a n d  b o t h  N - e t h y l - c a r b o x a m i d e  
a d e n o s i n e  (NECA) a n d  DA p r o d u c e d  s m a l l  s t i m u l a t i o n s .  In 
p r e l i m i n a r y  s t u d i e s ,  g r o w t h  o f  s y m p a t h e t i c  n e u r o n s  u n d e r  d e 
p o l a r i z i n g  c o n d i t i o n s  ( 3 0  mM KCl)  l e d  t o  i n c r e a s e d  b a s a l ,  
f o r s k o l i n  a n d  V I P / S E  a c t i v i t y .  AC o f  s t r i a t a l  c u l t u r e  h o 
m o g e n a t e s  w a s  s t i m u l a t e d  7 f o l d  by  10 µM V I P ,  a n d  VIP  w a s  
m o r e  p o t e n t  t h a n  SE f o r  AC a c t i v a t i o n .  S t r i a t a l  c u l t u r e s  
a l s o  c o n t a i n e d  AC s t i m u l a t e d  2 - 3  f o l d  by NECA, PGE, IPNE 
a n d  DA. T h e  DA s t i m u l a t i o n  w a s  b l o c k e d  by  h a l o p e r i d o l  b u t  
n o t  by  p r o p r a n o l o l ,  c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  D1 r e 
c e p t o r s  l i n k e d  t o  AC i n  t h e  s t r i a t a l  c u l t u r e s .  T h e  p r e s e n c e  
a n d  a c t i v i t y  o f  t h e s e  s t r i a t a l  r e c e p t o r - A C s  w a s  d e p e n d e n t  on  
t h e  c u l t u r e  c o n d i t i o n s  u s e d .  I t  i s  c o n c l u d e d  t h a t  c u l t u r e s  
o f  f e t a l  o r  n e o n a t a l  s y m p a t h e t i c  n e u r o n s  a n d  s t r i a t u m  e x 
p r e s s  c e r t a i n  r e c e p t o r s  c o u p l e d  t o  AC t h a t  a r e  a l s o  p r e s e n t  
i n  t h e  a d u l t .  T h e  c u l t u r e s  p r o v i d e  u s e f u l  m o d e l s  f o r  i n v e s 
t i g a t i o n  o f  n e u r o n a l  r e c e p t o r - A C  e x p r e s s i o n  a n d  r e g u l a t i o n .  
S u p p o r t e d  by  USPHS G r a n t s  N S - 0 9 6 4 9  a n d  N S - 2 0 0 1 3  a n d  by  t h e  
A m e r i c a n  H e a r t  A s s o c i a t i o n  a n d  t h e  D y s a u t o n o m i a  F o u n d a t i on.

2 2 0 . 14  THREE MONOCLONAL ANTIBODIES FROM CHOLINERGIC SYNAPTOSOMES
DEFINE RAT CNS NEURONAL SUBSETS. 
P .D .K u s h n e r  a n d  D . T . S te p h e n s o n *   ALS a n d  N e u r o m u s c u la r  
R e s e a r c h  F o u n d a t i o n ,  P a c i f i c  M e d ic a l  C e n t e r ,  S a n  F r a n c i s c o ,  
CA. 9 4 1 1 5

We h a v e  i d e n t i f i e d  t h r e e  a n t i b o d i e s  w h ic h  d e m a r k  g r o u p s  
o r  s e t s  o f  n e u r o n s  i n  t h e  r a t  CNS. T h e s e  s e t s  a r e  n o t  t h e  
sam e  b u t  a p p e a r  t o  b e  c o n c e n t r i c .  T h e  m o n o c l o n a l  a n t i b o d i e s  
a r e  f ro m  a  c o l l e c t i o n  g e n e r a t e d  a g a i n s t  t h e  T o r p e d o  c h o l i n 
e r g i c  s y n a p to s o m e  ( K u s h n e r ,  J .N e u r o c h e m , 4 3 , 1 9 8 4 ) . T h i s  
im m u n o g en  h a d  t h e  u n i q u e  p r o p e r t i e s  o f  b e i n g  e x c l u s i v e l y  
c h o l i n e r g i c  a n d  o f  d e r i v i n g  f ro m  o n e  f u n c t i o n a l  n u c l e u s ,  
w h ic h  c o n s i s t s  o f  h o m o g e n e o u s  n e u r o n s  t h a t  i n n e r v a t e  t h e  
sam e  t a r g e t  t i s s u e ,  t h e  e l e c t r i c  o r g a n .

T h e  f i r s t  o f  t h e s e ,  T o r  2 3 ,  b i n d s  t o  t h e  l i m i t i n g  mem
b r a n e  o f  v e r y  fe w  n e u r o n s .  I n  a r e a s  o f  t h e  r a t  CNS we h a v e  
s t u d i e d ,  t h e s e  n e u r o n s  b e l o n g  e i t h e r  t o  t h e  m o to r  o r  t o  t h e  
l i m b i c  s y s t e m .  T h e  s e c o n d  a n t i b o d y ,  T o r  1 0 3 ,  b i n d s  t h e  sam e  
n e u r o n a l  p o p u l a t i o n  t h a t  i s  p o s i t i v e  f o r  T o r  2 3 ,  b u t  h a s  a  
b r o a d e r ,  l e s s  r e s t r i c t i v e  d i s t r i b u t i o n .  T o r  1 0 3  i s  l o c a l 
i z e d  t o  t h e  i n n e r  p l a s m a  m e m b ran e  a n d  t o  f i l a m e n t o u s  s t r u c 
t u r e s  w i t h i n  t h e  n e u r o n a l  c y t o p l a s m .  T h e  t h i r d  a n t i b o d y ,
T o r  7 0 , b i n d s  t h o s e  n e u r o n s  p o s i t i v e  f o r  T o r  23  a n d  T o r  1 0 3 ,  
b u t  h a s  b i n d i n g  p r o p e r t i e s  e v e n  m o re  e x t e n s i v e .  T o r  70  
b i n d i n g  i s  l o c a l i z e d  t o  t h e  i n s i d e  o f  s y n a p t i c  v e s i c l e s  a n d  
t o  t h e  o u t s i d e  o f  n e u r o n a l  p l a s m a  m e m b r a n e s .  G e l  a n a l y s i s  
r e v e a l s  t h a t  t h e  a n t i g e n s  d e f i n e d  b y  e a c h  o f  t h e s e  a n t i 
b o d i e s  a r e  n o t  t h e  s a m e . T o r  23 i d e n t i f i e s  tw o  p r o t e i n  
b a n d s ,  1 7 6  a n d  68  k d .  T o r  1 0 3  i d e n t i f i e s  t h r e e  p r o t e i n  
b a n d s ,  1 9 0 ,  9 8 ,  a n d  72 k d .  T o r  70 b i n d s  t o  a  l a r g e  h e t e r o 
g e n e o u s  m a t e r i a l  a t  t h e  t o p  o f  t h e  g e l  w h ic h  h a s  b e e n  i d e n 
t i f i e d  a s  g l y c o s a m in o g l y c a n  ( C a r l s o n  a n d  K e l l y ,  JBC 2 5 8 :  
1 9 8 3 ) .

S e t s  a n d  s u b s e t s  o f  m e m b ra n a l  a n t i g e n s  m ay p r o v e  v a l u a b l e  
i n  i l l u c i d a t i n g  n e u r o n a l  f u n c t i o n  i n  t h e  m a m m a lia n  CNS.

2 2 0 .15  STUDIES ON THE TRANSMEMBRANE DISPOSITION OF THE NEURAL CELL 
ADHESION MOLECULE N-CAM.  G. Rougon* , G. G en n a rin i* , M. 
H im * , R. S adou l* , H. B azin* and C. G o r id is * . (SPON:
M. S c h n e id e r ) .  C en tre  d ’Imm unologie INSERM-CNRS de 
M a rse ille -L u m in y , Case 906, M a r s e i l le ,  F ran ce .

The N-CAM' s a re  a  group o f  s u r f a c e  g ly c o p ro te in s  in v o lv ed  
in  a d h e s iv e  in t e r a c t io n s  betw een n eu ro n e s . A m onoclonal 
an tib o d y  r e a c t in g  w ith  a  cy to p la sm ic  domain o f  th e  m olecu le 
has  been p re p a re d . T h is a n tib o d y  reco g n ized  th e  Mr 180,000 
and th e  140,000 p r o te in s  b u t n o t th e  Mr 120,000 ch a in  which 
c o p u r ify  from a d u l t  mouse b r a in .  The l a t t e r  p o ly p e p tid e  may 
la c k  a transm em brane frag m en t. Our c o n c lu s io n  th a t  th e  N- 
CAM form s o f  h ig h e r  Mr a re  transm em brane p r o te in s  was 
c o r ro b o ra te d  by ou r f in d in g  th a t  th e y  c o n ta in  p h o sp h o se rin e  
re s id u e s  which can be l a b e l l e d  w ith  ( 32P )-p h o sp h a te  in  
i n t a c t  neu ro b las to m a c e l l s .  The transm em brane o r ie n ta t io n  
o f  th e  p o ly p e p tid e  c h a in s  p re s e n t  in  p r e p a ra t io n s  o f  a d u l t  
and n e o n a ta l  mouse N-CAM was f u r th e r  s tu d ie d  u s in g  
m onoclonal a n t ib o d ie s  and a  model system  to  examine p ro te a s e  
s e n s i t i v i t y  a f t e r  i n s e r t i o n  in t o  liposom es o f  N-CAM 
p r e p a r a t io n s .  I t  i s  concluded  t h a t :  a ) i d e n t i c a l  
p o ly p e p tid e  c h a in s  a r e  p r e s e n t  in  young and a d u l t  
p r e p a r a t io n s ,  b) th e  180 ,000 , 140,000 and 120,000 Mr c h a in s  
d i f f e r  by th e  le n g th  o f  t h e i r  c y to p la sm ic  e x te n s io n s ,  and c) 
th e  lo n g e s t  c y to p la sm ic  sequences have a  Mr c lo s e  to  9 0 ,0 0 0 .

2 2 0 . 16   S P E C IF IC  ANTIBODIES TO TWO DIFFERENT N a,K -A TPA SES.
K .J . S w e a d n e r  a n d  R.C. G i lk e s o n *   N e u r o s u r g i c a l  R e s e a r c h ,  
M a s s a c h u s e t t s  G e n e r a l  H o s p i t a l ,  B o s t o n ,  MA 0 2 1 1 4 .

M a m m a lia n  b r a i n  c o n t a i n s  tw o  d i f f e r e n t  m o l e c u l a r  f o r m s  
o f  t h e  N a ,K -A T P a se . T he tw o  f o r m s  d i f f e r  i n  t h e i r  a f f i n 
i t i e s  f o r  t h e  c a r d i a c  g l y c o s i d e s  a n d  i n  t h e i r  a p p a r e n t  
m o l e c u l a r  w e i g h t  b y  g e l  e l e c t r o p h o r e s i s .  One f o r m  w a s  
p u r i f i e d  f ro m  a x o le m m a  f ro m  m y e l i n a t e d  a x o n s  o f  r a t  b r a i n  
s t e m ,  a n d  t h e  o t h e r  f o r m  f ro m  t h e  r e n a l  m e d u l l a ,  a  r i c h e r  
s o u r c e  t h a n  t h e  b r a i n .  R a b b i t  a n t i s e r a  a g a i n s t  e a c h  o f  t h e  
p u r i f i e d  e n z y m e s  w e r e  c h a r a c t e r i z e d  b y  s t a i n i n g  o f  W e s t e r n  
b l o t s .  S e ru m  A2 c o n t a i n e d  a n t i b o d i e s  s p e c i f i c  f o r  t h e  
a x o le m m a  N a ,K -A T P ase  c a t a l y t i c  s u b u n i t ,  w h i l e  s e r u m  K2 
c o n t a i n e d  a n t i b o d i e s  s p e c i f i c  f o r  t h e  k i d n e y  N a ,K -A T P ase  
c a t a l y t i c  s u b u n i t .  Tw o o t h e r  s e r a ,  K1 a n d  K 3, c o n t a i n e d  
a n t i b o d i e s  w h ic h  c r o s s r e a c t e d  w i t h  t h e  c a t a l y t i c  s u b u n i t s  
o f  b o t h  t h e  a x o le m m a  a n d  t h e  k i d n e y  f o r m s .  T h u s  t h e  tw o  
f o r m s  o f  t h e  e n z y m e  h a v e  so m e  s h a r e d  d e t e r m i n a n t s  a n d  so m e  
w h ic h  a r e  d i s t i n c t ,  w h ic h  s u g g e s t s  t h a t  t h e y  h a v e  h o m o lo g y  
b u t  s i g n i f i c a n t  s t r u c t u r a l  d i f f e r e n c e s  a s  w e l l .

T h e  K2 a n d  A2 a n t i s e r a  w e r e  u s e d  t o  s c r e e n  a  v a r i e t y  o f  
t i s s u e s ,  i n c l u d i n g  t h o s e  w i t h  e x c i t a b l e ,  s e c r e t o r y ,  a n d  
a b s o r b t i v e  f u n c t i o n s ,  f o r  t h e  p r e s e n c e  o f  t h e  tw o  f o r m s  o f  
t h e  e n z y m e .  T he  a x o le m m a  f o r m  ( a l o n g  w i t h  t h e  k i d n e y  f o r m )  
w a s  f o u n d  i n  l a r g e  a m o u n t s  o n l y  i n  t h e  CNS, b u t  i t  w a s  
d e t e c t e d  i n  s m a l l e r  a m o u n t s  i n  s e v e r a l  p e r i p h e r a l  t i s s u e s .  
T he k i d n e y  f o r m  p r e d o m i n a t e s  i n  p e r i p h e r a l  t i s s u e s .

T he  K2 a n d  A2 s e r a  w e r e  a l s o  t e s t e d  f o r  t h e i r  a b i l i t y  t o  
d e t e c t  tw o  f o r m s  o f  t h e  N a ,K -A T P a se  i n  m e m b r a n e s  f ro m  t h e  
b r a i n s  o f  a  v a r i e t y  o f  v e r t e b r a t e  s p e c i e s .  T h e  A2 s e ru m  
w a s  s p e c i f i c  f o r  t h e  a x o le m m a  f o rm  i n  a l l  m a m m a ls  t e s t e d  
a n d  i n  t h e  f r o g .  T h e  K2 s e r u m  w a s  s p e c i f i c  f o r  t h e  k i d n e y  
f o rm  o n l y  i n  r a t ,  m o u s e ,  a n d  h a m s t e r ;  i n  o t h e r  m a m m a ls  a n d  
t h e  f r o g ,  i t  c r o s s - r e a c t e d  w i t h  b o t h  f o r m s .  F i s h  a n d  t h e  
c h i c k e n  s h o w e d  o n l y  o n e  f o r m  o f  t h e  N a ,K -A T P ase  b y  g e l  
e l e c t r o p h o r e s i s ,  b u t  t h a t  o n e  f o r m  c o n t a i n e d  d e t e r m i n a n t s  
r e c o g n i z e d  b y  b o t h  A2 a n d  K2 s e r a .  T he  r e s u l t s  s u g g e s t  
so m e  i n t e r e s t i n g  r e l a t i o n s h i p s  i n  t h e  e v o l u t i o n  a n d  
d i v e r g e n c e  o f  t h e  tw o  N a ,K -A T P a s e s .

T he  s e r a  c o n t a i n  c r o s s r e a c t i v e  a n t i b o d i e s  a g a i n s t  t h e  
g l y c o p r o t e i n  s u b u n i t  o f  t h e  N a ,K -A T P a s e ,  b u t  t h e s e  c o u l d  b e  
re m o v e d  b y  c r o s s - a b s o r b i n g  K2 w i t h  a x o le m m a  a n d  A2 w i t h  
k i d n e y  m e m b r a n e s .  T h e  a d s o r b e d  s e r a  w e r e  t h e n  u s e d  t o  
s t a i n  r a t  g l i a l  a n d  n e u r o n a l  c e l l  c u l t u r e s .  T h u s  s p e c i f i c  
r e a g e n t s  h a v e  b e e n  p r e p a r e d  f o r  d i s t i n g u i s h i n g  t h e  tw o  
f o r m s  o f  t h e  N a ,K -A T P ase  b y  im m u n o c y to c h e m i s t r y .
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2 2 0 . 1 7   F OUR MONOCLONAL A N T I B O D I E S  B IN D I N G  TO RAT GL IO MA S.
B . H .  L i w n i c z ,  M.  M u r p h y * .   D e p t .  o f  P a t h o l o g y  a n d  
L a b o r a t o r y  M e d i c i n e ,  U n i v e r s i t y  o f  C i n c i n n a t i  M e d i c a l  
C e n t e r ,  C i n c i n n a t i ,  OH 4 5 2 6 7

O u r  p r e v i o u s  s t u d i e s  o f  g l i o m a s  i n  v i t r o  s h o w e d  a n  
a s s o c i a t i o n  b e t w e e n  a s t r o c y t i c  d i f f e r e n t i a t i o n  a n d  s u r f a c e  
b i n d i n g  o f  l e c t i n s  ( A r c h e r  a n d  L i w n i c z ,  J . N e u r o p a t h o l .  
E x p .  N e u r o l .  4 2 : 3 4 3 ,  1 9 8 3 ) .  T h e  b r o a d  s p e c t r u m  o f  l e c t i n  
b i n d i n g  h a m p e r e d  o u r  f u r t h e r  s t u d i e s  o n  m o d u l a t i o n  o f  
g l i o m a  s u r f a c e  d e t e r m i n a n t s .  We t h e r e f o r e  c h o s e  a n  a l t e r 
n a t i v e  a p p r o a c h  a n d  u s e d  m o n o c l o n a l  a n t i b o d i e s  ( M C A s)  
w h i c h  a r e  k n o w n  t o  h a v e  a  h i g h  d e g r e e  o f  s p e c i f i c i t y .

S e v e n  MCAs 1 0 E 7 . 9 ,  3 G 6 . 4 1 ,  3 F 4 . 1 8 ,  2 B 4 . 4 2 ,  4 B 7 . 2 9 ,  
B 2 C 1 1 ,  a n d  B 1 F 8  ( t o  N G 1 0 8  c e l l  l i n e  o r  s y n a p t o s o m a l  p l a s m a  
m e m b r a n e s ,  R .  A k e s o n ,  I D R ,  C i n c i n n a t i ,  OH )  w e r e  s c r e e n e d  
a g a i n s t  l i v e  c e l l  s u s p e n s i o n s  o f  C6 ,  R G 2 ,  a n d  B 8 2  r a t  
g l i o m a  c e l l  l i n e s  u s i n g  i n d i r e c t  i m m u n o f l u o r e s c e n c e  ( I I F )  
w i t h  F I T C - l a b e l e d  g o a t  a n t i - m o u s e  I g G .  F o u r  MCAs ( B 1 F 8 ,  
B 2 C 1 1 ,  3 G 6 . 4 1  a n d  3 F 4 . 1 8 )  b o u n d  t o  t h e  s u r f a c e  o f  a l l  
t h r e e  g l i o m a s  w i t h  a  u n i f o r m  p a t c h y  d i s t r i b u t i o n .

T o  e v a l u a t e  t h e  p a t t e r n  o f  b i n d i n g ,  s e v e n  r a t  g l i o m a  
c e l l  l i n e s  ( R G 2 ,  C6 ,  B 8 2 ,  4 8 A ,  T 1 8 0 A - 2 ,  T 9  a n d  T R F 4 1 3 - C 1  
2 )  w e r e  c u l t u r e d  o n  c o v e r s l i p s  i n  R P M I - 1 6 4 0  m e d i u m  p l u s  
10 %  f e t a l  c a l f  s e r u m  w i t h  o r  w i t h o u t  1 mM d i b u t y r y l  
c y c l i c - A M P  ( d B c A M P ) ,  f i x e d  w i t h  a c e t o n e  a n d  s t u d i e d  b y  I I F  
u s i n g  t h e  p r e s e l e c t e d  M CA s.  T h e  r a t  g l i o m a  m o n o l a y e r  
t i s s u e  c u l t u r e s  s h o w e d  f i v e  d i s t i n c t i v e  c e l l  t y p e s .  F o u r  
o f  t h e m  ( r o u n d  c e l l s  [ s o m e  s h o w i n g  m i t o t i c  f i g u r e s ] ,  u n i 
p o l a r  c e l l s ,  b i p o l a r  c e l l s  a n d  c e l l s  w i t h  m u l t i p l e  
p r o c e s s e s )  b o u n d  a l l  f o u r  M CA s.  T h e  f i f t h  t y p e ,  p o l y g o n a l  
c e l l s ,  w a s  m o s t l y  n e g a t i v e .  T r e a t m e n t  w i t h  dBcAMP e n 
h a n c e d  t h e  a s t r o c y t i c  d i f f e r e n t i a t i o n  b u t  d i d  n o t  c h a n g e  
t h e  b i n d i n g  o f  MCAs t o  i n d i v i d u a l  c e l l  t y p e s .

O u r  s t u d y  s e l e c t e d  f o u r  MCAs t o  a n t i g e n i c  d e t e r m i n a n t s  
o f  r a t  g l i o m a s .  T h e  b i n d i n g  o f  MCAs i s  a s s o c i a t e d  w i t h  
c e l l  t y p e s  o f  t h e  t u m o r .

S u p p o r t e d  b y  a  g r a n t  f r o m  R o u s h  F o u n d a t i o n .

22 0 .18  MONOCLONAL ANTIBODIES TO THE DEVELOPING RAT CEREBELLUM.
M .S . G h a n d o u r * ,  B . F o u c a u d *  a n d  G . G o m b o s .  C e n t r e  d e  N e u r o 
c h im i e  d u  CNRS, 5 r u e  B l a i s e  P a s c a l ,  6 7 0 8 4  S t r a s b o u r g  C é d e x ,  
F r a n c e .

T h e  d e v e l o p m e n t a l  r e l a t i o n s h i p s  b e tw e e n  t h e  c e l l s  i n  t h e  
CNS a n d  t h e  r e c o g n i t i o n  o f  s p e c i f i c  m a r k e r s  f o r  e a c h  c e l l  
t y p e  i n  t h e  n e r v o u s  t i s s u e  a r e  tw o  m a j o r  p r o b le m s  i n  d e v e 
l o p m e n t a l  n e u r o b i o l o g y .  M o le c u l e s  l o c a t e d  a t  t h e  c e l l  s u r 
f a c e  a n d  i n  t h e  p l a s m a  m em b ran e  p r e s e n t  a  p a r t i c u l a r  i n t e 
r e s t  .

T h e  p r e s e n t  s t u d y  d e s c r i b e s  a  n u m b e r  o f  m o n o c lo n a l  a n t i 
b o d i e s  o b t a i n e d  f ro m  t h e  c e l l  f u s i o n  o f  m o u se  s p l e e n  c e l l s  
( im m u n iz e d  w i t h  1 0 -1 3  d a y  o l d  r a t  c e r e b e l l a r  p a r t i c u l a t e  
f r a c t i o n )  a n d  P 3 -X 6 3 -A g 8  m y e lo m a  c e l l  l i n e .  B a l b / c  m ic e  
r e c e i v e d  tw o  s u b c u t a n e o u s  i n j e c t i o n s  a n d  tw o  i n t r a p e r i t o n e a l  
i n j e c t i o n s  o f  0 . 5  mg p r o t e i n  o f  t h e  im m u n o g e n e  a t  t h r e e  
w e e k s  i n t e r v a l s .  T h e  s p e c i f i c i t y  o f  t h e  m o n o c lo n a l  a n t i b o 
d i e s  p r o d u c e d  b y  e a c h  h y b r id o m a  w a s  d e t e r m i n e d  b y  s c r e e n i n g  
t h e  h y b r id o m a  s u p e r n a t a n t s  f o r  t h e i r  d i f f e r e n t i a l  b i n d i n g  t o  
t h e  p a r t i c u l a t e  f r a c t i o n  f ro m  1 0 -1 3  d a y  o l d  r a t  c e r e b e l l a  
a n d  b y  im m u n o c y to c h e m is t r y  o n  t h e  1 0 -1 3  d a y  o l d  r a t  c e r e b e l 
l a r  s e c t i o n s .  N in e  d i f f e r e n t  m o n o c lo n a l  a n t i b o d i e s  a r e  p r e 
s e n t e d  i n  t h e  p r e s e n t  p a p e r .

U s in g  i m m u n o c y to c h e m i s t r y ,  f o u r  m o n o c lo n a l  a n t i b o d i e s  c a l 
l e d  MAbs H 9 , H 1 0 , H 1 1 a n d  H12 s t a i n e d  o n l y  n e u r o n e s  a n d  n e u 
r o n a l  s t r u c t u r e s  : t h e  MAb H9 l a b e l s  t h e  m o l e c u l a r  l a y e r ,  
g r a n u l e  c e l l s ,  g l o m e r u l i  a n d  t h e  e x t e r n a l  g r a n u l a r  l a y e r .
T h e  MAb H10 s t a i n e d  a l l  t h e  n e u r o n a l  c e l l  p e r i k a r y a .  T h e  
MAbs H 11 a n d  H12 s t a i n e d  t h e  m o l e c u l a r  l a y e r ,  g r a n u l e  c e l l s  
a n d  g l o m e r u l i .  I n  a d d i t i o n ,  t h e  P u r k i n j e  c e l l  p e r i k a r y a l  
s u r f a c e  w a s  s p e c i f i c a l l y  s t a i n e d  w i t h  MAb H 12 .  P r e l i m i n a r y  
r e s u l t s  f o r  MAbs H 11 sh o w e d  a  p r e f e r e n t i a l  a c c u m u l a t i o n  o f  
t h e  c o r r e s p o n d i n g  a n t i g e n s  a t  e a r l y  s t a g e s  o f  c e r e b e l l a r  d e 
v e lo p m e n t .  On W e s t e r n  b l o t s  t h e  a n t i b o d y  r e c o g n i z e d  tw o  
b a n d s  o f  m o l e c u l a r  w e i g h t  185 a n d  120  KD f ro m  t h e  m em b ran e  
f r a c t i o n .

G l i a l  c e l l s  i n  c e r e b e l l u m  w e r e  s t a i n e d  b y  f i v e  d i f f e r e n t  
m o n o c lo n a l  a n t i b o d i e s  c a l l e d  MAbs H 8 , H 1 4 , H 1 5 , H19 a n d  H 3 6 . 
T h e  s t a i n i n g  p a t t e r n  o f  g l i a l  c e l l s  o b t a i n e d  w i t h  e a c h  MAb 
w a s  d i f f e r e n t  f ro m  t h o s e  o b t a i n e d  w i t h  a n y  o t h e r .  P r e l i m i 
n a r y  r e s u l t s  f o r  MAb H8 sh o w e d  a  t r a n s i e n t  a c c u m u l a t i o n  o f  
t h e  c o r r e s p o n d i n g  a n t i g e n  d u r i n g  t h e  f i r s t  a n d  s e c o n d  w e e k  
a f t e r  b i r t h  w h i l e  w i t h  MAb 36 a s t r o c y t e s  w e r e  m o re  i n t e n s e l y  
s t a i n e d  d u r i n g  t h e  f i r s t  w e e k  a f t e r  b i r t h  t h a n  t h e  a d u l t s .  
T h e  b i o c h e m i c a l  c h a r a c t e r i z a t i o n  o f  t h e  c o r r e s p o n d i n g  a n t i 
g e n s  a n d  t h e i r  u l t r a s t r u c t u r a l  l o c a l i s a t i o n  a r e  now  i n  p r o 
g r e s s  .

220.19  FIBRONECTIN DISTRIBUTION ALONG NEURAL CREST 
PATHWAYS DURING XENOPUS LAEVIS DEVELOPMENT.
D. Krotoski and M. Bronner-Fraser.  Developmental Biology 
Center and Department of Physiology and Biophysics, 
University of California, Irvine CA. 92717

Fibronectin (FN) has been proposed to have important function 
in cell adhesion and as a substrate for migrating cells (Hynes 
and Yamada J .Cell Biol. 95:369,1982). FN has been visualized 
along neural crest pathways in the developing chicken embryo 
during active neural crest cell migration (Newgreen and Thiery, 
Cell Tiss.Res. 211:269,1980; Mayer, e t al.,Dev. Biol 82:267,1981).

Here, we report the distribution of fibronectin along neural 
pathways in Xenopus laevis as a first step in defining mechanisms 
which control neural crest migration in this species. Xenopus 
embryos are easily m anipu late  and, therefore, provide a convenient 
model for the analysis of vertebrate neural patterning. Previous 
investigators have shown that FN is present in Xenopus along 
the roof of the blastocoel during gastrulation where invaginating 
mesodermal cells migrate (Lee e t al. Cell 36:729,1984) and along 
the dorsal mesentery on which primordial germ cells move (Heasman 
e t al. Cell 27:437,1981).

We have used an affinity purified anti-Xenopus fibronectin 
(generously provided by Drs. R. Hynes and G. Lee) to stain frozen 
sections. Unfixed Xenopus embyros were quick frozen on liquid 
nitrogen and cryostat sections were cut a t 10 microns. The tissue 
was stained with antibody to fibronectin followed by a second 
rhodamine-conjugated anti-rabbit IgG. Embryos from three stages 
of development were observed: just prior to the onset of neural 
crest migration, during active migration, and a t the cessation 
of migration. In early embryos, FN was present between the 
three germ layers, as reported by Lee, et al. (1984). Embryos 
processed a t the time of neural crest migration (St. 26) exhibited 
fibronectin staining along both the dorsal and ventral neural crest 
pathways. Fibrils of FN were present around the somites, ectoderm, 
neural tube and notochord. Even a t la ter Stages (e.g. St. 39), 
staining was pronounced under the ectoderm along the neural 
tube, notochord and mesentery. In addition, a thin band of FN 
was visualized between the dermamyotome and sclerotome after 
lamination of the somite. At all stages examined, the highest 
signal was present around the neural tube and notochord. FN 
was also present in the amphibian dorsal fin which is derived 
from neural crest cells. The fibronectin staining pattern we 
observed is grossly similar to that observed in other species.

(Supported by USPHS Grants HD-15527-01 and HD-07029, and 
March of Dimes Basil O'Connor S tarter Research Grant 5-312)

220.20  DORSAL ROOT GANGLION X NEUROBLASTOMA CELL HYBRIDS EXPRESS 
 SENSORY NEURON SURFACE ANTIGENS.  T .M .J e s s e l l .  J .V ovvod ic* . 

W.D.Matthew and J.D odd.  D ep t. o f  N eurob io logy , H arvard 
M edical S choo l, Boston MA 02115.

The id e n t i f i c a t i o n  o f s u r fa c e  m o lecu les  on fu n c t io n a l  
s u b s e ts  o f d o rs a l r o o t  g a n g lio n  (DRG) neurons has been 
h in d e red  by th e  l im ite d  number and h e te ro g e n e i ty  o f c e l l  
ty p e s  w ith in  DRG. We used r a t  DRG c e l l s  and th e  m urine 
neu rob las tom a l i n e  N18TG2 to  g e n e ra te  som atic  c e l l  h y b rid s  
which e x h ib i t  many n eu ro n a l p r o p e r t ie s  in c lu d in g  s u r fa c e  
ca rb o h y d ra te  a n t ig e n s  ex p re ssed  by s u b s e ts  o f DRG n eu ro n s .

DRG c e l l s  were d is s o c ia te d  from 17d em bryonic r a t s ,  
p re p la te d  to  remove n o n -neu rona l c e l l s ,  and fu sed  w ith  
N18TG2 c e l l s  u s in g  PEG. H ybrids were s e le c te d  in  a medium 
o f L15-CO2 supplem ented  w ith  5% r a t  serum , NGF and HAT. 
A fte r  2-3 weeks in  c u l tu r e ,  sm all f o c i  o f c e l l s  w ith  phase 
b r ig h t  somata were o b serv ed . C lona l l i n e s  were g en e ra ted  
by expansion  o f s in g le  c e l l s  removed from d i f f e r e n t  f o c i  
by m ic ro m a n ip u la tio n . The p r o p e r t ie s  o f one l i n e ,  E3H5-B1, 
have been c h a ra c te r iz e d .

E3H5-B1 c e l l s ,  induced  to  d i f f e r e n t i a t e  by grow th in  
se ru m -free  LIS-CO2 medium supplem ented  w ith  t r a n s f e r r i n ,  
i n s u l i n ,  NGF, r e t i n o i c  a c id  and dbcAMP e x h ib i te d  phase 
b r ig h t  c e l l  b o d ie s  and long  p ro c e s s e s . E3H5-B1 c e l l s  
ex p ressed  bo th  Thy 1.1 and Thy 1 .2  a l l o a n t i gens and th e  
c e l l  s u r fa c e  g ly c o p ro te in  coded by th e  H2Kk lo c u s  o f  th e  
mouse H2 com plex, in d i c a t in g  th e  h y b rid  n a tu re  o f th e s e  
c e l l s .  D if f e r e n t ia te d  E3H5-B1 c e l l s  a l s o  ex p re ssed  th e  
A2B5 a n t ig e n ,  te ta n u s  to x in  b in d in g  s i t e s  and th e  200kd 
n e u ro fila m e n t p r o te in .  The A2B5 a n tig e n  was n o t ex p ressed  
by N18TG2 c e l l s  d i f f e r e n t i a t e d  under i d e n t i c a l  c o n d i t io n s .  
DRG neurons and E3H5-B1, b u t n o t N18TG2 c e l l s  a l s o  bound 
m onoclonal an tib o d y  38/D7 which re c o g n iz e s  an a n t ig e n  on 
sen so ry  and autonom ic p e r ip h e ra l  n eu rons  in  th e  r a t  
(V ulliam y e t  a l  N ature 291 ,4 1 8 ,1 9 8 1 ).

The ca rb o h y d ra te  e p i to p e s ,  SSEA-3 and SSEA-4, th a t  
id e n t i f y  s u b p o p u la tio n s  o f DRG n eu ro n s , were p re s e n t on 
E3H5-B1 c e l l s .  However, SNAC a n t ig e n s  (Dodd & J e s s e l l ,  
t h i s  volume) th a t  d e l in e a t e  a s e p a ra te  p o p u la tio n  o f  DRG 
neurons were n o t e x p re sse d . The E3H5-B1 l i n e ,  th e r e f o r e ,  
e x p re s s e s  s u r fa c e  a n t ig e n s  th a t  c h a r a c te r iz e  a s u b se t o f 
DRG neurons and may be u s e fu l f o r  exam ining o th e r  s u r fa c e  
p r o p e r t ie s  o f t h i s  c l a s s  o f n eu ro n s .

Supported  by g ra n ts  from NIH (NS 20016), MDA, McKnight 
F o unda tion , The N a tio n a l M u ltip le  S c le ro s i s  S o c ie ty  and 
an NSF F e llow sh ip  to  J .V .
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221. 1  GLUCOCORTICOIDS INHIBIT PROLIFERATION OF 
ASTROCYTES IN VITRO.  Douglas A. Kniss and Richard W. 
Burry,  Department of Anatomy and Neuroscience Research 
Laboratory, Th e Ohio State University, Columbus, Ohio 43210.

One response of the CNS to traum atic injury is a marked 
increase in the proliferative activity of the glial cells (especially 
astrocytes). This trauma-induced proliferation may be 
responsible for the formation of the glial scar a t the lesion 
site . Steroid hormones have been shown to possess cell cycle 
regulating activity in several cell types. Thus, we used a 
primary glial cell culture system to examine the control of 
proliferative activity in glial cells by steroid hormones.

Glial-enriched cultures of 2-day old ra t cerebellum were 
established in Ham’s F12 medium supplemented with 10% FCS 
and 3 mM KCl.

The first experiment tested several steroids for their ability 
to inhibit cell cycling. After 12 days in vitro cultures were 
switched to chemically defined medium (CDM) (Kniss and Burry, 
Soc. Neurosci. Abst. 9:242, 1983) with 2% FCS added to some 
cultures as a mitogen. Steroids (corticosterone, dexamethasone, 
hydrocortisone, 17B estradiol, progesterone, testosterone, or 
aldosterone) were added to cultures a t 10-7M. Control cultures 
received an equivalent volume of 3% ethanol vehicle. One day 
la ter cultures were labeled with 5 uCi/ml 3 H-thymidine (3 H- 
TdR) for 24h. After incubation cells were treated with 10% 
TCA and aliquots of the resuspended pellets counted by liquid 
scintillation. Only the glucocorticoids, dexamethasone and 
corticosterone, inhibited DNA synthesis by glial cells.

The dose-response behavior of the most effective hormone, 
dexam ethasone, was tested by adding the hormone 
(10-6 -  10- 12M) to 12-day old cultures in CDM and 2% FCS, 
followed 24 hr. la ter by labeling with 3 H-TdR. TCA-insoluble 
radioactivity measured 24 hr. la ter showed that 10-6 and 10-7M 
dexamethasone inhibited DNA synthesis by 55.9 and 54.5%, 
respectively. Concentrations of 10- 8 -  10- 12M showed no 
significant inhibition of DNA synthesis.

Finally, the kinetics of hormone-induced inhibition of glial 
cell proliferation was examined by treating cells with 
dexamethasone for times from 5 min. to 12h. A 5-min. exposure 
to the hormone was sufficient to cause a 51% reduction in DNA 
synthesis.

The results suggest that glucocorticoids are effective at 
controlling proliferation of cultured glial cells a fte r only a 5- 
min. exposure.  Supported by NIH Grant NS-19961 (Richard W. 
Burry) and the Spinal Cord Injury Research Center, NIH Grant 
NS-10165 (Richard W. Burry).

2 2 1 .2  AXOLEMMA AND MYELIN-ENRICHED FRACTIONS PRODUCE DIFFERENTIAL 
MITOGENIC RESPONSES IN  CULTURED SCHWANN C ELLS.  J . E .  Y o s h ln o *  
M .P . D i n n e e n * , B .L .  L e w is *  a n d  G .H . D e V r i e s .  D e p a r tm e n t  o f  
B i o c h e m i s t r y ,  M e d ic a l  C o l l e g e  o f  V i r g i n i a ,  R ic h m o n d , 
V i r g i n i a  2 3 2 9 8 .

S c h w a n n  c e l l s  p r o l i f e r a t e  d u r i n g  d e v e lo p m e n t  a n d  W a l l e r 
i a n  d e g e n e r a t i o n .  T he  a x o n  a p p e a r s  t o  b e  r e s p o n s i b l e  f o r  
t h e  d e v e lo p m e n ta l  r e s p o n s e ,  w h e r e a s ,  b r e a k d o w n  o f  m y e l i n  
s e e m s  t o  t r i g g e r  p r o l i f e r a t i o n  d u r i n g  W a l l e r i a n  d e g e n e r a t i o n .  
T h e  a x o n a l  m i t o g e n  h a s  b e e n  i n v e s t i g a t e d  p r e v i o u s l y  u s i n g  
c u l t u r e d  n e u r i t e s  a n d  a x o le m m a - e n r i c h e d  f r a c t i o n s  f r o m  CNS 
a n d  PN S. We h a v e  f o u n d  t h a t  b o t h  a x o le m m a  a n d  m y e l i n  
e n r i c h e d  f r a c t i o n s  p r e p a r e d  f ro m  r a t  b r a i n s t e m  s t i m u l a t e  
[3 H ] t h y m i d in e  u p t a k e  b y  c u l t u r e d  S c h w a n n  c e l l s .  T h e  m i t o 
g e n i c  a c t i v i t i e s  o f  t h e  tw o  f r a c t i o n s  c a n  b e  d i f f e r e n t i a t e d  
b y  t h e i r  d o s e  r e s p o n s e  c u r v e s  a n d  t h e  r a t e s  a t  w h ic h  t h e  
l a b e l  w a s  i n c o r p o r a t e d .

S c h w a n n  c e l l s  w e r e  p r e p a r e d  f ro m  2d  r a t  s c i a t i c  n e r v e s  
a n d  w e r e  p u r i f i e d  b y  t r e a t m e n t  w i t h  a n t i - T h y  1 . 1 .  A xolem m a 
a n d  m y e l i n - e n r i c h e d  f r a c t i o n s  w e r e  p r e p a r e d  a s  d e s c r i b e d  
p r e v i o u s l y .  A f t e r  t h e  S c h w a n n  c e l l s  h a d  b e e n  i n c u b a t e d  w i t h  
a x o le m m a  o r  m y e l i n  f o r  24 h r ,  0 . 3 u C i  o f  [ 3H ] t h y m i d in e  w a s  
a d d e d  t o  t h e  c u l t u r e s .  F o r t y  e i g h t  h r  l a t e r  t h e  c e l l s  w e r e  
c o l l e c t e d  u s i n g  a  T i t e r t e k  c e l l  h a r v e s t e r  o r  p r o c e s s e d  f o r  
r a d i o a u t o g r a p h y .

I n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  a x o le m m a  p r o d u c e d  a  s i g 
m o id  d o s e  d e p e n d e n t  u p t a k e  o f  [3 H ] t h y m i d i n e .  T h e  s h a p e  o f  
t h e  d o s e  r e s p o n s e  c u r v e  o b t a i n e d  w i t h  t h e  m y e l i n  f r a c t i o n  
r e s e m b le d  a  r e c t a n g u l a r  h y p e r b o l a .  A l t h o u g h  t h e  m y e l i n  
m e m b ra n e s  w e r e  a  m o re  p o t e n t  s t i m u l u s  a t  l o w e r  c o n c e n t r a 
t i o n s ,  t h e  m a x im a l  r e s p o n s e  e l i c i t e d  b y  m y e l i n  w a s  o n e - h a l f  
t h a t  o b s e r v e d  w i t h  a x o le m m a . S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  
w h e n  t h e  S c h w a n n  c e l l s  w e r e  e x a m in e d  b y  r a d i o a u t o g r a p h y .

S c h w a n n  c e l l s  w e r e  h a r v e s t e d  1 2  h r ,  24 h r ,  o r  4 8  h r  a f t e r  
t h e  a d d i t i o n  o f  [3 H ] t h y m i d i n e  i n  o r d e r  t o  e x a m in e  t h e  r a t e  
o f  i n c o r p o r a t i o n .  A xolem m a t r e a t e d  S c h w a n n  c e l l s  e x h i b i t e d  
l i t t l e  c h a n g e  i n  t h e  r a t e  o f  [3 H ] t h y m i d in e  u p t a k e  d u r i n g  
t h e s e  p e r i o d s .  S c h w a n n  c e l l s  i n c u b a t e d  w i t h  m y e l i n  a c c u 
m u la t e d  l a b e l  t h r e e  t i m e s  f a s t e r  d u r i n g  t h e  2 4 - 4 8  h r  p e r i o d  
f o l l o w i n g  t h e  a d d i t i o n  o f  [ 3H ] t h y m i d in e  w h e n  c o m p a r e d  t o  t h e  
1 2 - 2 4  h r  i n t e r v a l .  We c o n c lu d e  t h a t  c u l t u r e d  S c h w a n n  c e l l s  
a r e  c a p a b l e  o f  r e s p o n d i n g  t o  tw o  t y p e s  o f  m i t o g e n i c  m e m b ra n e s  
d e r i v e d  f ro m  f r a c t i o n a t e d  n e r v o u s  t i s s u e :  o n e  o f  a x o le m m a l  
o r i g i n  a n d  t h e  s e c o n d  f ro m  m y e l i n - r e l a t e d  m e m b r a n e s .
S u p p o r t e d  b y  NIH N S -0 6 8 1 9 ,  N S -1 0 8 2 1 ,  a n d  N S -1 5 4 0 8 .

2 2 1 .3   SCHWANN CELL TRANSITION FROM A MYELIN MAINTAINING STATE TO 
A QUIESCENT STATE AFTER PERMANENT NERVE TRANSECTION  
J o s e p h  F . P o d u s l o ,  P e t e r  J .  D y c k , a n d  C a r o l e  T . B e r g . *   
M e m b ran e  B i o c h e m i s t r y  L a b ,  P e r i p h e r a l  N e r v e  C e n t e r ,  N e u r o lo g y  
a n d  B i o c h e m i s t r y ,  M ayo F o u n d a t i o n ,  R o c h e s t e r ,  MN 5 5 9 0 5

P e r m a n e n t  n e r v e  t r a n s e c t i o n  o f  t h e  a d u l t  r a t  s c i a t i c  n e r v e  
f o r c e s  S c h w a n n  c e l l s  i n  t h e  d i s t a l  n e r v e  s e g m e n t  f ro m  a  m y e l i n  
m a i n t a i n i n g  t o  a  q u i e s c e n t  s t a t e .  T h i s  t r a n s i t i o n  w a s  f o l l o w 
e d  b y  s e r i a l  m o r p h o m e t r i c  e v a l u a t i o n  o f  t h e  p e r c e n t a g e  f a s c i 
c u l a r  a r e a  h a v i n g  m y e l i n  ( m y e l i n  % o f  a r e a )  i n  t r a n s v e r s e  s e c 
t i o n s  o f  t h e  d i s t a l  n e r v e  s e g m e n t  a n d  r e v e a l e d  a  r a p i d  d e c l i n e  
f ro m  a  n o r m a l  v a l u e  o f  36 .6%  t o  3.2%  b y  14 d a y s  f o r  t h e  s c i a t i c  
n e r v e  t o  < 1 .0%  t h r o u g h o u t  t h e  r e m a in i n g  t im e  c o u r s e  ( u p  t o  
105  d a y s ) .  No e v i d e n c e  o f  a x o n a l  r e e n t r y  i n t o  t h e  d i s t a l  
n e r v e  s e g m e n t  o r  new  m y e l i n  f o r m a t i o n  w a s  o b s e r v e d  a t  t i m e s  
l e s s  t h a n  70  d a y s .  I n  som e o f  t h e  d i s t a l  n e r v e  s e g m e n t s  a t  
7 0 ,  9 0 ,  a n d  105  d a y s ,  new  m y e l i n a t e d  f i b e r s  w e r e  o b s e r v e d  
w h ic h  u s u a l l y  c o n s i s t e d  o f  o n l y  a  few  m y e l i n a t e d  f i b e r s  a t  
t h e  p e r i p h e r y  a n d  i n  t h e  w o r s e  c a s e  a m o u n te d  t o  1 .6 % . R a d io 
a c t i v e  p r e c u r s o r  i n c o r p o r a t i o n  o f  [ 3H ]M an i n t o  e n d o n e u r i a l  
s l i c e s  a t  4 a n d  7 d a y s  a f t e r  t r a n s e c t i o n  r e v e a l e d  tw o  s p e c i e s  
o f  t h e  m a j o r  m y e l i n  g l y c o p r o t e i n ,  P 0 , w i t h  Mr  o f  2 8 ,5 0 0  a n d  
2 7 , 7 0 0 .  By 14 d a y s  a f t e r  n e r v e  t r a n s e c t i o n ,  o n l y  t h e  2 7 ,7 0 0  
s p e c i e s  r e m a i n e d .  I n c o r p o r a t i o n  o f  [ 3H ]M an i n t o  t h e  2 7 ,7 0 0  
s p e c i e s  i n c r e a s e d  p r o g r e s s i v e l y  t o  35 d a y s  a f t e r  t r a n s e c t i o n  
a n d  t h e n  b e g a n  t o  d e c l i n e  a t  70  a n d  105 d a y s .  A l t e r a t i o n s  i n  
t h e  o l i g o s a c c h a r i d e  s t r u c t u r e  o f  t h i s  d o w n  r e g u l a t e d  m y e l i n  
g l y c o p r o t e i n  a c c o u n t e d  f o r  t h e  Mr  s h i f t  a n d  t h e  p r o g r e s s i v e  
i n c r e a s e  i n  m a n n o s e  i n c o r p o r a t i o n .  L e c t i n  a f f i n i t y  c h r o m a to 
g r a p h y  o f  p r o n a s e  d i g e s t e d  P 0 g l y c o p e p t i d e s  o n  C on  A S e p h a r o s e  
r e v e a l e d  t h a t  t h e  2 8 ,5 0 0  s p e c i e s  o f  P 0 h a d  t h e  c o m p l e x - t y p e  
o l i g o s a c c h a r i d e  a s  t h e  p r e d o m i n a n t  s t r u c t u r e  (9 2 % ) .  I n  c o n 
t r a s t ,  t h e  h i g h  m a n n o s e - t y p e  o l i g o s a c c h a r i d e  w a s  t h e  p r e d o m i
n a t e  s t r u c t u r e  f o r  t h e  2 7 ,7 0 0  Mr  f o r m ,  w h ic h  i n c r e a s e d  t o  70% 
o f  t h e  t o t a l  r a d i o a c t i v i t y  b y  35  d a y s  a f t e r  n e r v e  t r a n s e c t i o n .  
T h i s  2 7 ,7 0 0  s p e c i e s  o f  [ 3H ]M an l a b e l l e d  g l y c o p r o t e i n  a t  35 
d a y s  a f t e r  t r a n s e c t i o n  s h i f t e d  t o  2 8 ,5 0 0  w i t h  p u l s e  c h a s e ,  
a n d  t h i s  Mr  s h i f t  c o r r e s p o n d e d  t o  t h e  t r a n s i t i o n  b e tw e e n  t h e  
h i g h  m a n n o s e - ty p e  a n d  t h e  c o m p l e x - t y p e  o l i g o s a c c h a r i d e .  I t  
i s  c o n c lu d e d  t h a t  t h i s  h i g h  m a n n o s e - ty p e  o l i g o s a c c h a r i d e  i s  
n o t  a n  e n d  p r o d u c t  s i n c e  a d d i t i o n a l  p r o c e s s i n g  c a n  b e  d em o n 
s t r a t e d .  T he  m e c h a n is m  o f  d o w n  r e g u l a t i o n  i n  t h e  b i o s y n 
t h e s i s  o f  t h i s  m a j o r  m y e l i n  g l y c o p r o t e i n ,  t h e r e f o r e ,  o c c u r s  
g r a d u a l l y  b e tw e e n  7 a n d  14 d a y s  a f t e r  n e r v e  t r a n s e c t i o n  w i t h  
a  b i o s y n t h e t i c  s w i t c h  f ro m  t h e  c o m p l e x - t y p e  o l i g o s a c c h a r i d e  
s t r u c t u r e  a s  a n  e n d  p r o d u c t  t o  t h e  p r e d o m i n a n t l y  h i g h  m a n n o s e -  
t y p e  o l i g o s a c c h a r i d e  s t r u c t u r e  a s  a  b i o s y n t h e t i c  i n t e r m e d i a t e .

2 2 1 .4  A L TE RA TI ON S IN  A N E R0 B IC  V S .  AER OB IC  METABOLISM IN  IN JU RE D  
CNS AND PNS NERVE.   M. J .  P o l i t i s .  D e p t . o f  A n a t o m y ,  U n i v .  
o f  S a s k a t c h e w a n ,  S a s k a t o o n ,  SK C a n a d a  S7 N OWO .

P e r i a x o n a l  c e l l s  d i s t a l  t o  s i t e  o f  n e r v e  f i b e r  i n j u r y  
u n d e r g o  r e a c t i v e  c h a n g e s  s u b s e q u e n t  t o  a x o n a l  d e g e n e r a t i o n .  
I n  t h e  p r e s e n t  s t u d y ,  a l t e r a t i o n s  i n  a c t i v i t i e s  o f  e n z y m e s  
a s s o c i a t e d  w i t h  a n e r o b i c  ( l a c t i c  d e h y d r o g e n a s e ,  LDH) v s .  
a e r o b i c  ( s u c c i n i c  d e h y d r o g e n a s e ,  SDH )  w e r e  a s s e s s e d  i n  
t r a u m a t i z e d  r a t  c e n t r a l  ( o p t i c )  a n d  p e r i p h e r a l  ( s c i a t i c )  
n e r v e  t r u n k s .

R i g h t  o p t i c  n e r v e s  w e r e  c r u s h e d  a n d  r i g h t  s c i a t i c  t r u n k s  
t r a n s e c t e d .  A t  7 a n d  1 4  d a y s  p o s t o p e r a t i v e l y  ( d . p . o . )  
t i s s u e  d i s t a l  t o  s i t e  o f  i n j u r y ,  a s  w e l l  a s  c o n t r a l a t e r a l  
( c o n t r o l )  n e r v e  w a s  r e m o v e d  a n d  a s s a y e d  f o r  LDH a n d  SDH 
a c t i v i t y .

S p e c i f i c  a c t i v i t y  o f  LDH i n  t r a u m a t i z e d  p e r i p h e r a l  
n e r v e s  w a s  3  a n d  1 . 3  t i m e s  t h a t  i n  c o n t r a l a t e r a l  c o n t r o l  
n e r v e  t i s s u e  a t  7  a n d  1 4  d . p . o . ,  r e s p e c t i v e l y .  E l e v a t i o n s  
i n  LDH i n  c r u s h e d  ( v s .  c o n t r o l )  o p t i c  n e r v e s  w e r e  s i m i l a r l y  
o b s e r v e d ,  b u t  w e r e  l e s s  d r a m a t i c  ( i . e . ,  1 . 8  f o l d  g r a d i e n t  
a t  7 d . p . o .  w i t h  n o  d i f f e r e n c e s  b e t w e e n  c r u s h e d  a n d  c o n t r o l  
n e r v e s  a t  1 4  d . p . o . ) .

SDH a c t i v i t y  w a s  s i m i l a r  i n  t r a u m a t i z e d  v s .  u n o p e r a t e d  
n e r v e s  f o r  b o t h  o p t i c  a n d  s c i a t i c  n e r v e s  a t  7 d . p . o .  I n  
c o n t r a s t  t o  r e s u l t s  o b t a i n e d  f o r  LD H ,  SDH a c t i v i t y  i n  t r a u 
m a t i z e d  s c i a t i c  n e r v e s  w a s  3 - f o l d  l o w e r  t h a n  i n  c o n t r a l a t 
e r a l  c o n t r o l  n e r v e  a t  1 4  d . p . o .  S p e c i f i c  a c t i v i t y  i n  
c r u s h e d  o p t i c  n e r v e s  w a s  s i m i l a r  t o  t h a t  o f  c o n t r o l  a t  t h i s  
t i m e  p o i n t .

R e s u l t s  s u g g e s t  a n  o v e r a l l  s h i f t  f r o m  a e r o b i c  t o  a n e r o 
b i c  m e t a b o l i s m  d i s t a l  t o  s i t e  o f  i n j u r y  i n  m a m m a l i a n  c e n 
t r a l  a n d  p e r i p h e r a l  n e r v e  t i s s u e ,  t h e  e x t e n t  a n d  d u r a t i o n  
o f  w h i c h  i s  m o r e  p r o n o u n c e d  i n  p e r i p h e r a l  n e r v e .  E x p e r i 
m e n t s  a r e  i n  p r o g r e s s  t o  d e t e r m i n e  i f  t h i s  s h i f t  i s  s e n s i 
t i v e  t o  a d m i n i s t r a t i o n  o f  m i t o t i c  i n h i b i t o r s .
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221.5  PU RIFIC A TIO N  AND CHARACTERIZATION OF CULTURES OF 
OLIGODENDROGLIA FROM RAT BRAIN,  S .  E .  P o d u s l o ,  K . M i l l e r * ,  
R . C u rb e a m * , a n d  P .  R e i e r * .  D e p t .  N e u r o lo g y ,  J o h n s  H o p k in s  
U n iv .  S c h .  o f  M ed. a n d  D e p t .  A n a to m y , U n iv .  o f  M a r y la n d  Sch . 
o f  M e d . ,  B a l t i m o r e ,  MD 2 1 2 0 5 .

By m a n i p u l a t i o n  o f  c u l t u r e  c o n d i t i o n s ,  i t  i s  p o s s i b l e  t o  
p u r i f y  s m a l l  d a r k  c e l l s  f ro m  r a t  b r a i n  w h ic h  by  m o rp h o 
l o g i c a l  c r i t e r i a  a r e  o l i g o d e n d r o g l i a .  T h e  m e th o d ,  a  m o d i
f i c a t i o n  o f  t h a t  o f  M c C a r th y  a n d  D e V e l l i s  ( J .  C e l l  B i o l . ,  
8 5 , 8 9 0 ,  1 9 8 0 ) ,  i n v o l v e s  p l a t i n g  d i s s o c i a t e d  c e l l s  f ro m  
o n e -  t o  t h r e e - d a y - o l d  r a t  b r a i n  i n  D u l b e c c o ’ s  m ed ium  w i t h  
10% f e t a l  c a l f  s e r u m .  A f t e r  a  w e e k  i n  c u l t u r e ,  a  m o n o la y e r  
o f  f l a t  c e l l s  w i t h  a n  u p p e r  l a y e r  o f  s m a l l  d a r k  c e l l s  i s  
o b t a i n e d .  T h e  s m a l l  d a r k  c e l l s  c a n  b e  p u r i f i e d  by  s h a k i n g  
t h e  c u l t u r e s  a n d  r e p l a t i n g  t h e  c e l l s  t h a t  h a v e  d e t a c h e d  f ro m  
t h e  m o n o la y e r ,  u s i n g  m ed ium  w i t h  5% f e t a l  c a l f  s e r u m .  I n  
t h i s  s y s t e m ,  t h e  s m a l l  d a r k  c e l l s  c a n  b e  h a r v e s t e d  s e v e r a l  
t i m e s  f ro m  t h e  p a r e n t  f l a s k s .  I t  i s  n e c e s s a r y  t o  c o n s t a n t l y  
m a n i p u l a t e  t h e  c u l t u r e s  t o  r e t a i n  h o m o g e n e o u s  p o p u l a t i o n s  o f  
s m a l l  d a r k  c e l l s .  E l e c t r o n  m ic r o s c o p y  r e v e a l s  t h a t  t h e  
s m a l l  d a r k  c e l l s  a r e  d i f f e r e n t i a t e d  o l i g o d e n d r o g l i a  h a v in g  a  
h e t e r o c h r o m a t i c  n u c l e u s  a n d  a  c y to p l a s m  r i c h  i n  o r g a n e l l e s  
w i t h  p r o m i n e n t  m i c r o t u b u l e s .  I m m u n o f l u o r e s c e n c e  s t a i n i n g  o f  
t h e  s m a l l  d a r k  c e l l s  sh o w s  t h a t  o n l y  a  s m a l l  p r o p o r t i o n  a r e  
p o s i t i v e  f o r  c e r e b r o s i d e s  ( R a p p o r t  e t  a l ,  J .  N e u ro c h e m . 1 4 , 
9 ,  1 9 6 7 )  o r  0 4  a n t i g e n  (S o m m er & S c h a c h n e r ,  D e v e l .  B i o l . ,  
8 3 , 3 1 1 ,  1 9 8 1 ) ,  m a r k e r s  f o r  o l i g o d e n d r o g l i a ;  t h e  s m a l l  d a r k  
c e l l s  a r e  n e g a t i v e  f o r  g l i a l  f i b r i l l a r y  a c i d i c  p r o t e i n  
( B i g n a m i ,  E n g , e t  a l ,  B r a i n  R e s .  4 3 , 4 2 9 ,  1 9 7 2 )  a n d  f i b r o 
n e c t i n .  I t  i s  p o s s i b l e  t o  i n c r e a s e  t h e  n u m b e r  o f  04  
p o s i t i v e  c e l l s  by  t h e  a d d i t i o n  o f  d i b u t y r y l  c y c l i c  AMP t o  
t h e  m e d iu m . I n c r e a s i n g  t h e  s e r u m  c o n c e n t r a t i o n  t o  m o re  t h a n  
5% i n c r e a s e s  t h e  n u m b e r  o f  a s t r o c y t e s  ( g l i a l  f i b r i l l a r y  
a c i d i c  p r o t e i n  p o s i t i v e  c e l l s )  i n  t h e  c u l t u r e s .  I n c o r p o r a 
t i o n  s t u d i e s  sh o w e d  t h a t  t h e  s m a l l  d a r k  c e l l s  w e r e  a b l e  t o  
i n c o r p o r a t e  [ 3H j g a l a c t o s e  i n t o  c e r e b r o s i d e s ;  t h i s  i s  a  
g o o d  b i o c h e m i c a l  m a r k e r  f o r  b u l k - i s o l a t e d  o l i g o d e n d r o g l i a .  
O t h e r  r a d i o l a b e l e d  s u b s t r a t e s  h a v e  a l s o  b e e n  a n a l y z e d .  T h u s  
a  h o m o g e n e o u s  p o p u l a t i o n  o f  s m a l l  d a r k  c e l l s  c a n  b e  p u r i f i e d  
f ro m  r a t  b r a i n  w h ic h  by  e l e c t r o n  m ic r o s c o p y  a n d  by  i n c o r p o r 
a t i o n  s t u d i e s  c a n  b e  i d e n t i f i e d  a s  o l i g o d e n d r o g l i a .  E x p r e s 
s i o n  o f  know n  g l i a l  a n t i g e n s ,  h o w e v e r ,  i s  a t  a  lo w  l e v e l .  
P o s s i b l y  o n c e  t h e  c e l l s  a r e  i n d u c e d  t o  p r o d u c e  m y e l i n ,  t h e  
e x p r e s s i o n  o f  t h e s e  g l i a l  a n t i g e n s  w i l l  i n c r e a s e  d r a m a t i 
c a l l y .  S t i l l  i t  i s  now  p o s s i b l e  t o  p u r i f y  p o t e n t i a l  m y e l i n 
f o r m in g  c e l l s  f ro m  s m a l l  a n i m a l s .   S u p p o r t e d  by  N IH -N S -1 4 5 7 7  
a n d  1 6 9 5 6 ,  t h e  M u l t i p l e  S c l e r o s i s  S o c i e t y ,  a n d  N IH -N S -1 3 8 3 6 .

2 2 1 .6   EFFECTS OF PUTATIVE NOCICEPTIVE NEURO-PEPTIDES ON TAURINE 
RELEASE FROM G L IA .  W. S h a i n ,  J . A .  G r e e n h o u s e * ,  V . 
M a d e l i a n * ,  M. P e r r o n e * ,  R . L a P o r e *  ( S p o n :  W .R . C u m is k y ) .
L a b .  N e u r o to x .  a n d  N e u r o l .  D i s o r d e r s ,  C e n t e r  f o r  L a b s ,  a n d  
R e s . ,  A l b a n y ,  NY 1 2 201  a n d  S t e r l i n g  W in th r o p  R e s .  I n s t . ,  
R e n s s e l a e r ,  NY 1 2 1 4 4 .

LRM55 g l i a l  c e l l s  h a v e  s u b s t a n c e - P  (S P )  r e c e p t o r s  
s i m i l a r  t o  t h o s e  f o u n d  i n  b r a i n  ( P e r r o n e  e t  a l . J .  CELL 
B IO L . 9 7 : 9 3 1 .  1 9 8 3 ) .  S i n c e  s t i m u l a t i o n  o f  b e t a - a d r e n e r g i c  
r e c e p t o r s  i n  p r im a r y  c u l t u r e s  o f  a s t r o c y t e s  a n d  LRM55 g l i a l  
c e l l s  r e s u l t s  i n  r e l e a s e  o f  t a u r i n e  ( S h a i n  a n d  M a r t i n ,  
NATURE, s u b m i t t e d ) ,  we h a v e  s t u d i e d  t h e  e f f e c t s  o f  SP a n d  
a c t i v a t o r s  o f  o t h e r  n e u r o p e p t i d e  r e c e p t o r s  on t a u r i n e  
r e l e a s e .  By i t s e l f  SP h a s  l i t t l e  o r  n o  e f f e c t  on t a u r i n e  
r e l e a s e ;  h o w e v e r ,  w h en  c e l l s  a r e  c o i n c u b a t e d  w i t h  SP a n d  t h e  
b e t a - a d r e n e r g i c  a g o n i s t  i s o p r o t e r e n o l  ( I P R )  t h e r e  i s  a  
d o s e - d e p e n d e n t  i n h i b i t i o n  o f  IPR  s t i m u l a t e d  r e l e a s e  b y  SP 
( I C - 5 0 = 7 x l0 - 1 0  M ). I n  e x a m in in g  t h e  e f f e c t s  o f  o t h e r  
p e p t i d e  r e c e p t o r  a g o n i s t s  on  t a u r i n e  r e l e a s e  i n  LRM55 g l i a l  
c e l l s ,  we h a v e  o b s e r v e d  t h a t  d e l t a -  a n d  m u - o p i a t e  s e l e c t i v e  
c o m p o u n d s  (DADDLE a n d  R X 7 8 -3 0 3 0 )  h a d  no  e f f e c t ;  h o w e v e r ,  t h e  
k a p p a  s e l e c t i v e  com p o u n d  U 50488  d i d  s t i m u l a t e  t a u r i n e  
r e l e a s e .  T he m a x im a l  a m o u n t o f  s t i m u l a t i o n  w as s i m i l a r  t o  
t h a t  o b s e r v e d  w i t h  IP R . T he c e l l u l a r  r e s p o n s e  t o  U 50488 
r a p i d l y  d e s e n s i t i z e s  a n d  a p p e a r s  t o  h a v e  a  s lo w  r a t e  o f  
r e c o v e r y .  I n  o r d e r  t o  c o n s t r u c t  a c c u r a t e  d o s e - r e s p o n s e  
c u r v e s  w i t h  U 50488  i t  w as n e c e s s a r y  t o  e x p o s e  c e l l s  t o  a  
s i n g l e  c o n c e n t r a t i o n  o f  d r u g  a t  a  t i m e .  N o r m a l i z a t i o n  o f  
t h e  U 50488 r e s p o n s e  t o  a  s t a n d a r d  IPR  r e s p o n s e  w as u s e d  t o  
c o n s t r u c t  t h e  d o s e - r e s p o n s e  c u r v e  ( E C -5 0 = 4 x 10 - 11 M ). 
S e v e r a l  m e c h a n is m s  may b e  r e s p o n s i b l e  f o r  t a u r i n e  r e l e a s e .  
I n h i b i t i o n  o f  t a u r i n e  u p t a k e  i s  o n e  p o s s i b l e  m e c h a n is m ,  b u t  
n e i t h e r  c o m pound  w as o b s e r v e d  t o  e f f e c t  t a u r i n e  u p t a k e .  IPR  
s t i m u l a t i o n  o f  t a u r i n e  r e l e a s e  may b e  d e p e n d e n t  on 3 ' , 5 '  
a d e n o s i n e  m o n o h o s p h a te  (cA M P ). The e f f e c t s  o f  SP a n d  U 50488  
on  i n t r a c e l l u l a r  cAMP w e r e  e x a m in e d .  N e i t h e r  co m pound  
s i g n i f i c a n t l y  i n c r e a s e d  b a s a l  o r  IP R  s t i m u l a t e d  l e v e l s  o f  
cAMP. T h u s ,  SP i n h i b i t s  t a u r i n e  r e l e a s e  w h i l e  U 50488 
s t i m u l a t e s  r e l e a s e .  H o w e v e r ,  s i n c e  n e i t h e r  SP n o r  U 50488 
s i g n i f i c a n t l y  s t i m u l a t e  cAMP a c c u m u l a t i o n ,  t h e  m e c h a n i s m ( s )  
b y  w h ic h  t h e s e  c o m p o u n d s  r e g u l a t e  t a u r i n e  r e l e a s e  a p p e a r s  t o  
d i f f e r  f ro m  b e t a - r e c e p t o r  r e g u l a t i o n .

2 2 1 .7   REGULATION OF TAURINE RELEASE FROM G L IA .  V . M a d e l i a n * ,  
D .L .  M a r t i n ,  W. S h a i n ,  R . L e p o r e * ,  M, P e r r o n e * ,  L a b . 
N e u r o to x .  N e u r o l .  D i s o r d e r s ,  C e n t e r  f o r  L a b s  a n d  R e s . ,  
A l b a n y ,  NY 1 2 2 0 1  a n d  S t e r l i n g  W in th r o p  R e s .  I n s t . ,  
R e n s s e l a e r ,  NY 1 2 1 4 4 .

A c t i v a t i o n  o f  b e t a  a d r e n e r g i c  r e c e p t o r s  s t i m u l a t e  t h e  
r e l e a s e  o f  t h e  n e u r o a c t i v e  a m in o  a c i d  t a u r i n e  f ro m  p r im a r y  
c u l t u r e s  o f  a s t r o c y t e s  a n d  LRM55 g l i a l  c e l l s  ( S h a i n  a n d  
M a r t i n ,  N a t u r e ,  s u b m i t t e d ) .  S i n c e  b e t a - r e c e p t o r  a c t i v a t i o n  
r e s u l t s  i n  s t i m u l a t i o n  o f  a d e n y l a t e  c y c l a s e ,  t h e  r o l e  o f  
3 , 5 ' - a d e n o s i n e  m o n o p h o s p h a te  (cA M P) a s  a n  i n t e r m e d i a t e  i n  
t h e  p r o c e s s  l e a d i n g  f ro m  r e c e p t o r  o c c u p a n c y  t o  t a u r i n e  
r e l e a s e  w as e x p l o r e d  u s i n g  t h r e e  e x p e r i m e n t a l  a p p r o a c h e s .  
F i r s t ,  t h e  i s o p r o t e r e n o l  ( I P R )  d o s e  d e p e n d e n c i e s  o f  t a u r i n e  
r e l e a s e  a n d  cAMP a c c u m u l a t i o n  w e r e  d e t e r m i n e d  a n d  show n  t o  
i n c r e a s e  i n  p a r a l l e l  (E C 50 f o r  t a u r i n e  r e l e a s e = 5 n M ,  EC50 f o r  
cAMP a c c u m u l a t i o n = 2 0 n M ) . S e c o n d ,  t h e  n o n - h y d r o l y z a b l e  cAMP 
a n a l o g s  d i b u t y r y l -  a n d  8 -b ro m o -c A M P  w e r e  u s e d  a s  p o t e n t i a l  
s t i m u l a t o r s  a n d  show n  t o  e l i c i t  t a u r i n e  r e l e a s e .  T h i r d ,  t h e  
t im e  c o u r s e s  f o r  t a u r i n e  r e l e a s e  a n d  cAMP a c c u m u l a t i o n  w e re  
d e t e r m i n e d  a n d  sh o w n  t o  r i s e  r a p i d l y  t o  m ax im a  a b o u t  5 m in  
a f t e r  e x p o s u r e  t o  a g o n i s t .  T h e s e  d a t a  a r e  c o n s i s t e n t  w i t h  
t h e  h y p o t h e s i s  t h a t  b e t a - r e c e p t o r  a c t i v a t i o n  m e d i a t e s  
t a u r i n e  r e l e a s e  v i a  a d e n y l a t e  c y c l a s e  a c t i v a t i o n .

C o n t in u e d  e x p o s u r e  o f  c e l l s  t o  IPR  c a u s e s  a  d e c l i n e  b o th  
i n  cAMP a c c u m u l a t i o n  a n d  i n  t a u r i n e  r e l e a s e  r a t e s .  H o w e v e r,  
u n l i k e  t h e i r  s t r i k i n g  s i m i l a r i t y  d u r i n g  s t i m u l a t i o n ,  t h e  
t im e  c o u r s e s  d u r i n g  d e c l i n e  o f  t h e s e  p r o c e s s e s  sh o w  
s i g n i f i c a n t  d i f f e r e n c e s .  W h ile  cAMP l e v e l s  d r o p  
c o n t i n u o u s l y  o v e r  30 m in  ( t 1 / 2  = 10 m in )  a n d  a p p r o a c h  
i n i t i a l  l e v e l s ,  i n a c t i v a t i o n  o f  t a u r i n e  r e l e a s e  o c c u r s  m o re  
r a p i d l y  ( t 1 /2  = 4 . 5  m in )  a n d  r e a c h e s  a  new  s t e a d y - s t a t e  
w e l l  a b o v e  t h e  b a c k g r o u n d .  I n  o r d e r  t o  e s t a b l i s h  t h e  
p o s s i b l e  r o l e  o f  cAMP d e p l e t i o n  i n  t h e  d e c l i n e  o f  t a u r i n e  
r e l e a s e ,  c e l l s  w e r e  e x p o s e d  f o r  30 m in  t o  t h e  n o n - d e g r a d a b l e  
cAMP a n a l o g  d i b u ty r y l - c A M P .  C e l l s  t h u s  t r e a t e d  sh o w e d  a n  
i n a c t i v a t i o n  o f  t a u r i n e  r e l e a s e  s i m i l a r  t o  t h a t  o b s e r v e d  
w i t h  IP R . T h e s e  l a t t e r  e x p e r i m e n t s  s u g g e s t  t h a t  u n l i k e  t h e  
i n i t i a t i o n  o f  t a u r i n e  r e l e a s e ,  t h e  i n a c t i v a t i o n  o f  r e l e a s e  
m ay b e  i n d e p e n d e n t  o f  cAMP.

221. 8  CONVERSION OF GLUTAMATE TO GLUTAMINE BY RAT CORTICAL 
ASTROCYTES.  D .L . M a r t i n ,  R .A . W a n ie w s k i ,  a n d  H .S .  M i l l e r * .   
C t r .  f o r  L a b s  & R e s . ,  NYS D e p t . o f  H e a l t h ,  A lb a n y ,  NY 1 2 2 0 1 .

B r a in  m e t a b o l i s m  s t u d i e s  w i t h  r a d i o l a b e l e d  p r e c u r s o r s  
p r o v i d e d  t h e  f i r s t  i n d i c a t i o n  t h a t  g l u t a m a t e  a n d  g l u t a m i n e  
a r e  m e t a b o l i z e d  i n  d i f f e r e n t  c o m p a r tm e n ts  i n  t h e  n e r v o u s  
s y s t e m .  The g l u t a m i n e  c y c l e  h a s  b e e n  p r o p o s e d  a s  a  
m e c h a n ism  w h e r e b y  g l u t a m a t e  r e l e a s e d  f ro m  n e u r o n s  i s  
s a l v a g e d  b y  g l i a l  c e l l s ,  c o n v e r t e d  t o  g l u t a m i n e  a n d  r e t u r n e d  
t o  n e u r o n s .  A k e y  en zy m e i n  t h i s  p a th w a y ,  g l u t a m i n e  
s y n t h e t a s e ,  h a s  b e e n  l o c a l i z e d  e x c l u s i v e l y  w i t h i n  a s t r o c y t e s  
a n d  i t s  i n  v i t r o  a c t i v i t y  i s  h i g h .  H o w e v e r ,  s t u d i e s  o f  t h e  
a c t i v i t y  o f  t h i s  enzym e a n d  t h e  o p e r a t i o n  o f  t h e  g l u t a m i n e  
c y c l e  i n  i n t a c t  a s t r o c y t e s  a n d  C6 g l io m a  c e l l s  s u g g e s t  t h a t  
t h e  c o n v e r s i o n  o f  g l u t a m a t e  t o  g l u t a m i n e  i s  a  r a t h e r  m in o r  
m e t a b o l i c  p a th w a y .

We h a v e  e x a m in e d  t h e  t im e  c o u r s e  o f  14C (U ) g l u t a m a t e  
m e t a b o l i s m  b y  a s t r o c y t e s  a n d  i d e n t i f i e d  t h e  p r o d u c t s  by  
u s i n g  HPLC c o u p le d  w i t h  f l u o r e s c e n c e  d e t e c t i o n  a n d  
s c i n t i l l a t i o n  c o u n t i n g .  P r im a r y  r a t  c o r t i c a l  a s t r o c y t e s  
c u l t u r e d  i n  24 w e l l  t r a y s  w e re  p r o v id e d  b y  D r .  H a r o ld  K. 
K i m e l b e r g .  C e l l s  w e re  i n c u b a t e d  f o r  v a r i o u s  t im e s  f ro m  
1- 120  m in  in  H E P E S - b u f f e r e d  H a n k 's  m ed ium  c o n t a i n i n g  17 µM 

14C ( U ) - L - g l u t a m a t e . T he i n c u b a t i o n  m ed ium  (IM ) w as 
c o l l e c t e d ,  c e l l s  w e re  e x t r a c t e d  w i t h  p e r c h l o r i c  a c i d  (PCA ) 
a n d  s o l u b i l i z e d  w i t h  NaOH. O f t h e  o r i g i n a l  14C l a b e l  
a d d e d ,  27% r e m a in e d  a s  g l u t a m a t e  a f t e r  2 h o u r s ,  w i t h  20% i n  
t h e  PCA e x t r a c t  a n d  7 .4%  i n  t h e  m ed iu m . 41% o f  t h e  l a b e l  
w as r e c o v e r e d  a s  g l u t a m i n e ,  w i t h  9.4%  i n  t h e  PCA e x t r a c t  a n d  
3 1 .6 %  i n  t h e  m ed iu m . 15 .6%  o f  t h e  l a b e l  w as fo u n d  in  a  
f r a c t i o n  n o t  d e r i v a t i z e d  b y  OPT n o r  r e t a i n e d  b y  t h e  c o lu m n .  
T h i s  f r a c t i o n  p r o b a b l y  r e p r e s e n t s  d e a m i n a t e d  g l u t a m a t e ,  
i n t e r m e d i a t e s  o f  t h e  TCA c y c l e .  F i n a l l y  9 .2%  o f  t h e  l a b e l  
w as fo u n d  i n  t h e  PCA p r e c i p i t a t e  a n d  may r e p r e s e n t  
i n c o r p o r a t i o n  i n t o  p r o t e i n .  No s i g n i f i c a n t  a m o u n ts  o f  l a b e l  
w e re  r e c o v e r e d  i n  t h e  a s p a r t a t e  p e a k .  G l u t a m a te  i n  t h e  IM 
f e l l  f ro m  84 n m o l/m g  ( r e l a t i v e  s p e c i f i c  a c t i v i t y ( R S A ) = 1 ) a t  
t im e  0 t o  12 n m o l/m g  a t  120 m in  ( R S A = .5 5 ) .  G l u t a m a te  l e v e l s  
i n  t h e  PCA e x t r a c t  f e l l  f ro m  52 ±  6 n m o l/m g  p r o t e i n  a t  0 
m in  t o  26 ±  2 n m o l a t  120  m in  ( R S A = .5 5 ) .  G l u t a m a te  l e v e l s  
i n  t h e  PCA e x t r a c t  r o s e  f ro m  7 . 2  ± 2 . 5  n m o l/m g  (R SA = 0) a t  
t im e  0 t o  1 4 .2  ± 2 . 9  n m o l/m g  ( R S A = .2 5 ) .  G lu t a m in e  in  t h e  
IM r o s e  f ro m  0 t o  98 ± 23 n m o l/m g  p r o t e i n  a t  120 m in  (RSA=
0 . 2 5 ) .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  g l u t a m i n e  c y c l e  may 
b e  t h e  m a jo r  p a th w a y  o f  g l u t a m a t e  m e t a b o l i s m  u n d e r  t h e s e  
c o n d i t i o n s .
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221.9  HIGH AFFINITY UPTAKE OF [3H]SEROTONIN BY PRIMARY ASTROCYTE 
CULTURES FROM RAT BRAIN.  H .K . K im e lb e rg  and  D.M. K a tz * .
D iv . o f  N e u r o s u rg e r y ,  A lb an y  M e d ic a l  C o l le g e ,  A lb a n y , N.Y.

P r im a ry  a s t r o c y t e  c u l t u r e s  p r e p a r e d  fro m  th e  c e r e b r a l  c o r 
t i c e s  o f  n e o n a ta l  r a t s  show s i g n i f i c a n t  a c c u m u la t io n  o f  [ 3H] 
s e r o t o n i n  ( [ 3H ]5H T). A t c o n c e n t r a t i o n s  i n  t h e  r a n g e  o f  0 .0 1  
t o  l . 0 µM [ 3H]5HT, t h i s  u p ta k e  w as 70-80% Na+ d e p e n d e n t .  K in 
e t i c  a n a l y s i s  r e v e a l e d  t h a t  t h e  Na+ d e p e n d e n t  com ponen t h ad  
a  Km o f  0 .4 0  ± O .11µM (± S .E .M .)  [ 3H]5HT an d  a  Vmax o f  1 .6 1  
p m o le s  [ 3H]5HT/mg p r o t e i n /m in .  I n  t h e  a b s e n c e  o f  Na+ th e  
u p ta k e  was n o n - s a t u r a b l e .  O m iss io n  o f  t h e  m onoam ine o x i 
d a s e  i n h i b i t o r  p a r g y l i n e  m a rk e d ly  r e d u c e d  th e  Na+ d e p e n d e n t  
co m ponen t o f  3H5HT (10- 7M) u p ta k e ,  b u t  h a d  a  much s m a l le r  
e f f e c t  on  t h e  lo w e r  Na+ in d e p e n d e n t  co m p o n en t. T h is  s u g 
g e s t s  t h a t  t h e r e  i s  s i g n i f i c a n t  o x i d a t i v e  d e a m in a tio n  o f  
t h e  5HT ta k e n  u p . A f t e r  a  60 m in u te  e x p o s u re  t o  10- 7M [3h ] 
5HT t h e  c e l l s  a c c u m u la te d  a ro u n d  20 p m o les/m g  p r o t e i n ,  and  
t h i s  a c c u m u la t io n  w as u s u a l l y  s t i l l  c o n t i n u i n g .  B ased  on 
an  a v e ra g e  i n t r a c e l l u l a r  volum e o f  4 µ l/m g  p r o t e i n  t h i s  r e 
p r e s e n t e d  an  e s t i m a t e d  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  5 x 
10- 6 M 5HT, o r  a  c e l l  t o  medium c o n c e n t r a t i o n  r a t i o  o f  a b o u t  
5 0 . I n h i b i t i o n  o f  [ 3H]5HT u p ta k e  by s e l e c t i v e  m onoam ine 
u p ta k e  a n t a g o n i s t s  was a l s o  c o n s i s t e n t  w i th  a  s p e c i f i c  h ig h  
a f f i n i t y  u p ta k e  m echan ism  f o r  5HT. T h u s , t h e  o r d e r  o f  e f 
f e c t i v e n e s s  o f  i n h i b i t i o n  w as c h lo r im ip ra m in e  > im ip ra m in e  > 
f l u o x e t i n e  = a m i t r i p t y l i n e  > d e s m e th y lim ip ra m in e  > m ia n s e r in  
= i p r i n d o l e .  The a p p ro x im a te  IC 50  v a lu e s  o b t a in e d  from  i n 
s p e c t i o n  o f  t h e  d o s e  r e s p o n s e  c u rv e s  w ere  0 .0 2 5 ;  0 .2 0 ;  0 .3 0 ;  
0 .3 2 ;  0 .5 7 ;  4 .0  an d  4 .7  µM r e s p e c t i v e l y .  U p ta k e  o f  [ 3H]5HT 
was a l s o  d e p e n d e n t  on C l-  a s  w e l l  a s  Na+ , and  th e  e f f e c t s  o f  
o m is s io n  o f  b o th  io n s  was n o n - a d d i t i v e .  V a ry in g  m ed ia  K+ 
i n  t h e  r a n g e  o f  1 t o  50mM h a d  no s i g n i f i c a n t  e f f e c t  on 
[ 3H]5HT u p t a k e ,  s u g g e s t in g  b o th  a  l a c k  o f  a  s p e c i f i c  e f f e c t  
o f  K+ an d  a  l a c k  o f  e f f e c t  o f  t h e  m em brane p o t e n t i a l  on 5HT 
u p ta k e .  T h e se  d a t a  show t h a t  u p ta k e  o f  s e r o t o n i n  i n  t h e  
0 .0 1  t o  lµM c o n c e n t r a t i o n  r a n g e  by p r im a ry  a s t r o c y t e  c u l 
t u r e s ,  b a s e d  on  k i n e t i c  p a r a m e te r s ,  i o n i c  d e p e n d e n c e  and  
t h e  p h a rm a c o lo g y  o f  i n h i b i t i o n ,  i s  i n d i s t i n g u i s h a b l e  from  
h ig h  a f f i n i t y  u p ta k e  r e p o r t e d  f o r  b r a i n .  H igh  a f f i n i t y  s e r 
o t o n in  u p ta k e  h a s  b e e n  th o u g h t  t o  b e  an  e x c l u s i v e l y  n e u ro n a l  
p r o p e r t y ,  b u t  t h e  p r e s e n t  f i n d i n g s  s u g g e s t  t h a t  g l i a ,  and  
i n  p a r t i c u l a r  a s t r o g l i a ,  may p l a y  a  s i g n i f i c a n t  r o l e  i n  th e  
c o n t r o l  o f  e x t r a c e l l u l a r  l e v e l s  o f  s e r o t o n i n  i n  t h e  mammal
i a n  CNS by i n t r a c e l l u l a r  a c c u m u la t io n ,  p re s u m a b ly  f o l lo w e d  
by  s u b s e q u e n t  m e ta b o lis m .
( S u p p o r te d  by  g r a n t  NS 19492 fro m  NINCDS).

221.10  C h em o tax is  o f  R a t B ra in  A s t r o c y te s  to  
P l a t e l e t  D e r iv e d  G row th  F a c to r  ( FDGF) an d  

F i b r o n e c t i n

J . B r e s s l e r t * , G. G ro te n d o r s t e * , C. L e v i to v  * 
an d  L.M. H ie lm e la n d  * ( SPON : H. H ess)

S u r g i c a l  N e u ro lo g y  B ra n c h , NINCDS*,
L a b o r a to r y  o f  D e v e lo p m e n ta l  B io lo g y  an d  
A n o m a lie s ,  NIDR^ , L a b o r a to r y  o f  V is io n  
R e s e a r c h  NET~ , N a t io n a l  I n s t i t u t e s  o f  H e a l t h ,  
B e th e s d a ,  Md.

U sin g  a  p u r i f i e d  p o p u l a t i o n  o f  r a t  b r a i n  
a s t r o c y t e s  p r e p a r e d  fro m  n e o n a t a l  c o r t e x ,  we 
i n v e s t i g a t e d  th e  c h e m o ta c t ic  r e s p o n s e  o f  
a s t r o g l i a  to  s e v e r a l  w e l l  c h a r a c t e r i z e d  
g ro w th  an d  a t t a c h m e n t  f a c t o r s .  C h e m o ta c t ic  
a c t i v i t y  f o r  a s t r o c y t e s  was fo u n d  f o r  t h e  
FDGF w i th  a  h a l f  m axim al r e s p o n s e  o c c u r r i n g  
a t  1 -2  n g /m l a s  co m p ared  w i th  a  v a lu e  o f  2 -3  
n g /m l o b t a in e d  f o r  B a lb /c  3T3 f i b r o b l a s t s  in  
c o n t r o l  e x p e r im e n ts .  A f f i n i t y  p u r i f i e d  
f i b r o n e c t i n  was a l s o  fo u n d  to  s t i m u l a t e  th e  
m ig r a t io n  o f  a s t r o g l i a ,  w i th  h a l f  m axim al 
d o s e s  o f  a p p r o x im a te ly  1 u g /m l r e l a t i v e  t o  
m axim al r e s p o n s e s  t o  PDGF. F i b r o n e c t i n  was 
a l s o  fo u n d  to  s t i m u l a t e  th e  a t t a c h m e n t  o f  
a s t r o c y t e s  t o  ty p e s  I ,  IV an d  V c o l l a g e n .  
S e v e r a l  o t h e r  f a c t o r s  i n c l u d i n g  la m in in ,  
n e rv e  g ro w th  f a c t o r ,  e p id e r m a l  g ro w th  f a c t o r  
and  i n s u l i n  w ere  n o t  a c t i v e  a s  c h e m o a t t r a c t 
a n t s  f o r  a s t r o c y t e s .  B o th  n e r v e  g ro w th  f a c t o r  and  
la m in in  s t i m u l a t e  n e u r i t e  e x t e n s i o n ,  s u g g e s t in g  
t h a t  t h e r e  a r e  s p e c i f i c  f a c t o r s  c o n t r o l l i n g  th e  
m ovement o f  e x c i t a b l e  c e l l s  d u r in g  n e rv e  
r e g e n e r a t i o n .  T h ese  r e s u l t s  s u g g e s t  t h a t  
c h e m o ta c t ic  f a c t o r s  may p la y  a  key  r o l e  in  th e  
r e g e n e r a t i o n  o f  n e rv o u s  t i s s u e .

221.11  GLIA RESPONSE TO SERIAL LESIONS IN THE DORSAL 
HIPPOCAMPUS OF RATS.  A. Shemer , A. Ramirez , F.C. 
Zhou, and E.C. Azmitia (SPON: B. Cohen).  Department of 
Biology, New York University, New York, NY 10003.

Simultaneous b ilateral lesions in the brain can cause severe 
behavioral deficits. If the same lesions are carried out in 
serial, with 8 to 30 days between the two lesions, less 
behavioral deficits are produced. The physiological substrate 
underlying this phenomena is still unclear. We therefore 
decided to look into the astrocyte response as a possible factor 
involved in serial lesion effects.

Three groups of Sprague-Dawley rats weighing 250 gms 
were subjected to stereotoxic lesions to the hippocampus 
(coordinates a t 90°: 4.5 mm anterior, 1.5 mm lateral, 4.0 mm 
vertical from bregma suture), while anesthetized 
(Chlorapent). Group 1 were lesioned unilaterally on day 1 and 
allowed 14 days rest. On day 15 group 1 rats received a second 
lesion to the contralateral hippocampus; group 2 rats received 
b ilateral lesions; group 3 received unilateral lesions. Fourteen 
days a fte r last injections, all ra ts were perfused intracardially 
with 4% paraformaldehyde in phosphate buffer for 30 minutes 
and brains were removed. Serial sections were cut in a coronal 
plane on the Oxford vibratome. Immunocytochemistry was 
performed using an antiserum to Glial Fibrillary Acidic protein 
(GFA) for 18 hrs; sheep anti rabbit for 30 minutes; and 
peroxidase antiperoxidase for 1 hr. Sections were washed with 
PBS in between reactions. The final reaction was with 3, 3' 
diaminobenzidine in TBS with 0.006% H2O2 for 5 minutes.

From preliminary studies it appears that there are fewer 
GFA positive cells surrounding the second serial lesion than 
those surrounding the first serial lesion or the unilateral and 
bilateral lesions.

The effects of neurotoxic (5,7-Dihydroxytryptamine) serial 
lesions have been investigated. We hope to compare the 
e ffects  of neurotoxic lesions with mechanical lesions. 
NSF-Grant BNS-83-0474.

221. 12  REGULATION OF INTERMEDIATE FILAMENT PROTEIN PHOSPHORYLATION 
IN  CULTURED ASTROGLIA.  R . P o l l e n z *  a n d  K .D . M c C a r th y *  (S P ON: 
P .  T r im m e r ) .   D e p t . o f  P h a r m a c o lo g y ,  U n i v .  N o r t h  C a r o l i n a  
a t  C h a p e l  H i l l ,  C h a p e l  H i l l ,  NC 2 7 5 1 4 .

R e c e n t  s t u d i e s  i n d i c a t e  t h a t  i n c r e a s i n g  c y c l i c  AMP l e v e l s  
i n  a s t r o g l i a  r e s u l t  i n  t h e  p h o s p h o r y l a t i o n  o f  g l i a l  f i b r i l l 
a r y  a c i d i c  p r o t e i n  (GFAP) a n d  v i m e n t i n ;  tw o  i n t e r m e d i a t e  
f i l a m e n t  p r o t e i n s  p r e s e n t  i n  c u l t u r e d  a s t r o g l i a .  E x p e r i 
m e n t s  w e r e  d e s i g n e d  1 )  t o  d e t e r m i n e  i f  t h e  i n c r e a s e  i n  p h o s 
p h o r y l a t i o n  o f  t h e s e  p r o t e i n s  w a s  d u e  t o  a n  i n c r e a s e  i n  t h e  
t u r n o v e r  o r  t h e  n u m b e r  o f  p h o s p h a t e  g r o u p s  a n d  2 )  t o  e x a m in e  
i f  t h e  p h o s p h o r y l a t i o n  o f  t h e s e  p r o t e i n s  w a s  n e c e s s a r y  f o r  
t h e  s h a p e  c h a n g e  w h ic h  o c c u r s  w h e n  a s t r o g l i a  a r e  p l a c e d  i n  
s e r u m - f r e e  m e d ia .

P r e v i o u s  e x p e r i m e n t s  i n d i c a t e d  t h a t  32Pi  e q u i l i b r a t e d  w i t h  
c e l l u l a r  ATP p o o l s  w i t h i n  3 h r  o f  a d d i t i o n  t o  c u l t u r e  m edium . 
I n  c o n t r a s t ,  6 - 8  h r  w e r e  r e q u i r e d  t o  r e a c h  s t e a d y - s t a t e  
p h o s p h a t e  l a b e l l i n g  o f  GFAP a n d  v i m e n t i n .  W hen a s t r o g l i a  
w e r e  m a i n t a i n e d  f o r  16  h r  i n  32P i  s u p p le m e n te d  m e d ia  a n d  
t h e n  s t i m u l a t e d  f o r  2 0  m in  w i t h  f o r s k o l i n  ( 1 0  u M ), t h e  
s p e c i f i c  a c t i v i t y  o f  GFAP a n d  v i m e n t i n  i n c r e a s e d  4 - f o l d  a n d  
2 - f o l d ,  r e s p e c t i v e l y .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  a g e n t s  
w h ic h  e l e v a t e  c y c l i c  AMP l e v e l s  i n  a s t r o g l i a  i n c r e a s e  t h e  
n e t  n u m b e r  o f  p h o s p h a t e  m o l e c u l e s  o n  GFAP a n d  v i m e n t i n  
r a t h e r  t h a n  o n l y  i n c r e a s e  t h e  t u r n o v e r  o f  p h o s p h a t e  o f  t h e s e  
p r o t e i n s .  F o r s k o l i n  e x e r t e d  i t s  m a x im a l  e f f e c t  o n  GFAP/ 
v i m e n t i n  p h o s p h o r y l a t i o n  w i t h i n  20  m in  a n d  t h e  e f f e c t  w a s  
m a i n t a i n e d  f o r  a t  l e a s t  6 h r .

M a in t e n a n c e  i n  s e r u m - f r e e  m e d ia  o r  s t i m u l a t i o n  o f  c y c l i c  
AMP l e v e l s  r e s u l t  i n  t h e  c o n v e r s i o n  o f  p o l y g o n a l  a s t r o g l i a  
t o  p r o c e s s - b e a r i n g  c e l l s .  E x p e r im e n t s  w e r e  c o m p l e t e d  t o  
e x a m in e  t h e  p o s s i b i l i t y  t h a t  t h e s e  tw o  t r e a t m e n t s  i n f l u e n c e  
c e l l  s h a p e  v i a  t h e  p h o s p h o r y l a t i o n  o f  GFAP a n d / o r  v i m e n t i n .  
A s t r o g l i a  w e r e  i n c u b a t e d  f o r  1 6  h r  i n  l o w - p h o s p h a t e  MEM 
s u p p le m e n te d  w i t h  32P i  a n d  10% d i a l y z e d  FC S . C u l t u r e s  w e r e  
s p l i t  i n t o  tw o  g r o u p s ,  o n e  g r o u p  r e c e i v i n g  t h e  sam e  m ed iu m  
a n d  t h e  o t h e r  r e c e i v i n g  a  s i m i l a r  m ed iu m  l a c k i n g  FC S. R e s u l t s  
i n d i c a t e d  t h a t  s w i t c h i n g  t o  s e ru m  f r e e  m ed iu m  l e d  t o  a  m o r 
p h o l o g i c a l  c h a n g e  i n  a s t r o g l i a  p r i o r  t o  a n  i n c r e a s e  i n  p h o s 
p h o r y l a t i o n  o f  G F A P /v im e n t in .  T r e a t m e n t  o f  p r o c e s s - b e a r i n g  
a s t r o g l i a  (0% FC S) a n d  p o l y g o n a l  a s t r o g l i a  (10%  FC S) w i t h  
f o r s k o l i n  r e s u l t e d  i n  a  s i m i l a r  d e g r e e  o f  s t i m u l a t i o n  o f  
p h o s p h o r y l a t i o n  o f  GFAP a n d  v i m e n t i n .  T h e s e  s t u d i e s  s u g g e s t  
t h a t  t h e  s i t e s  o n  GFAP a n d  v i m e n t i n  w h ic h  a r e  p h o s p h o r y l a t e d  
i n  r e s p o n s e  t o  f o r s k o l i n  a r e  p r o b a b l y  n o t  i n v o l v e d  i n  t h e  
s h a p e  c h a n g e  w h ic h  o c c u r s  a f t e r  s w i t c h i n g  a s t r o g l i a  f ro m  10% 
t o  0% FC S .  S u p p o r te d  b y  N S 1 6 9 9 2 .
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221.13  BINDING OF 3H-ALDOSTERONE TO TYPE I  CORTICOSTEROID RECEPTORS 
IN  RAT C6 GLIOMA.  K . B e a u m o n t a n d  D .D . F a n e s t i l * .  D e p t .  o f  
M e d i c i n e ,  U n iv .  o f  C a l i f . ,  S a n  D i e g o ,  L a  J o l l a ,  CA 9 2 0 9 3 .

A l d o s t e r o n e  (ALDO) b i n d s  t o  tw o  r e c e p t o r  p o p u l a t i o n s  i n  
r a t  b r a i n  c y t o s o l s .  Low a f f i n i t y  b i n d i n g  i s  a p p a r e n t l y  t o  
T y p e  I I  c o r t i c o s t e r o i d  r e c e p t o r s ,  w h ic h  h a v e  h i g h e r  a f f i n i t y  
f o r  " g l u c o c o r t i c o i d s "  s u c h  a s  t r i a m c i n o l o n e  (TRIAM) , 
d e x a m e t h a s o n e  (D E X ), a n d  RU 2 6 9 8 8 .  A lo w  d e n s i t y  s i t e  
(Bmax=33 fm o l /m g  p r o )  h a s  a  h i g h  a f f i n i t y  (KD=0 .2 8 n M ) f o r  
3H-ALDO , l i k e  t h e  T y p e  I  c o r t i c o s t e r o i d  r e c e p t o r  o f  t h e  r a t  
k i d n e y  t h a t  b i n d s  " m i n e r a l o c o r t i c o i d s "  (B e a u m o n t & F a n e s t i l ,  
E n d o c r i n o l .  1 1 3 : 2 0 4 3 ,  1 9 8 3 ) .  T y p e  I  r e c e p t o r s  i n  b r a i n  a n d  
k i d n e y  a p p e a r  t o  s h a r e  t h e  sa m e  i n t r i n s i c  s p e c i f i c i t y  
[ d e o x y c o r t i c o s t e r o n e (DOC)≥c o r t i c o s t e r o n e ( B ) ≥ALDO>>DEX> 

T R IA M ], a l t h o u g h  t h e  s t e r o i d - s e q u e s t e r i n g  a c t i o n  o f  t r a n s -  
c o r t i n  a l t e r s  t h e  s p e c i f i c i t y  o f  r e n a l  r e c e p t o r s  m e a s u r e d  
i n  v i v o  o r  i n  s i t u  t o  t h e  c l a s s i c a l  " m i n e r a l o c o r t i c o i d " 
p a t t e r n :  ALDO>DOC>>B ( K r o z o w s k i  & F u n d e r ,  PNAS 8 0 :6 0 5 6 ,1 9 8 3 ) .

We h a v e  m e a s u r e d  3H-ALDO b i n d i n g  t o  C6 r a t  g l io m a  c e l l s  
a n d  c y t o s o l  p r e p a r a t i o n s  t o  d e t e r m i n e  w h e t h e r  T y p e  I  
r e c e p t o r s  a r e  p r e s e n t  i n  t h e s e  c e l l s .  C y t o s o l s  w e r e  p r e 
p a r e d  b y  h o m o g e n i z in g  c e l l s  i n  T E S /E D T A /N a M o ly b d a te /m o n o -  
t h i o g l y c e r o l  a n d  u l t r a c e n t r i f u g a t i o n .  C y t o s o l s  w e r e  
i n c u b a t e d  f o r  2 0  h r s  a t  4 °C  w i t h  3H-ALDO i n  t h e  p r e s e n c e  o f  
1 0 - 8 M RU 2 6 9 8 8  t o  b l o c k  T y p e  I I  r e c e p t o r s .  R e c e p to r - b o u n d  
s t e r o i d  w a s  m e a s u r e d  b y  d e x t r a n - c o a t e d  c h a r c o a l .  C6 g l io m a  
c y t o s o l s  c o n t a i n e d  a  h i g h  a f f i n i t y  r e c e p t o r  w i t h  KD=0 .2 6 n M  
a n d  Bm a x = 6 .3  f m o l /m g  p r o .  R a n k  o r d e r  o f  s t e r o i d s  i n  com 
p e t i n g  f o r  3H-ALDO b i n d i n g  w a s  DOC>B>ALDO>DEX>TRIAM. T h u s ,  
C6 g l io m a  a n d  r a t  b r a i n  c y t o s o l i c  r e c e p t o r s  s h a r e  t h e  sam e  
h i g h  a f f i n i t y  f o r  3H-ALDO a n d  s p e c i f i c i t y  f o r  s t e r o i d s .  
S p e c i f i c  ( ± 1 0 - 6 ALDO) a c c u m u l a t i o n  o f  3H-ALDO ( 0 .0 5 - ln M )  b y  
w h o le  g l i o m a  c e l l s  a t  3 7 °C w a s  r a p i d  a n d  b l o c k a b l e  b y  1 0 - 8 M 
s p i r o n o l a c t o n e  b u t  n o t  1 0 - 8 M RU 2 6 9 8 8 .

A d r e n a l  s t e r o i d s  a n d  s y n t h e t i c  s t e r o i d s  s u c h  a s  DEX a n d  
TRIAM i n d u c e  g l y c e r o l - 3 - p h o s p h a t e  d e h y d r o g e n a s e  a n d  g l u 
t a m i n e  s y n t h e t a s e  a c t i v i t y  i n  C6 g l io m a  v i a  i n t e r a c t i o n  wi t h  
" g l u c o c o r t i c o i d "  T y p e  I I  r e c e p t o r s .  T h e  p r e s e n t  r e s u l t s  
s u g g e s t  t h a t  a d r e n a l  s t e r o i d s  m ay a l s o  a f f e c t  g l i a l  c e l l  
f u n c t i o n  t h r o u g h  a n  i n t e r a c t i o n  w i t h  T y p e  I  c o r t i c o s t e r o i d  
r e c e p t o r s ,  w h ic h  r e g u l a t e  Na+  a n d  K+  t r a n s p o r t  i n  r e n a l  
e p i t h e l i a l  c e l l s .  C6 g l io m a  m ay p r o v i d e  a  g o o d  m o d e l  
s y s t e m  f o r  s t u d y i n g  t h e  f u n c t i o n s  o f  T y p e  I  c o r t i c o s t e r o i d  
r e c e p t o r s  l o c a t e d  i n  t h e  b r a i n .   S u p p o r t e d  b y  NIH SCOR 
#HL 2 5 - 4 5 7 .

2 2 1 .1 4   VOLTAGE DEPENDENT C a2 +  CHANNELS IN  GLIAL CELLS.  B .A . 
M a c V ic a r .   D e p t . o f  M ed. P h y s i o l . ,  U. o f  C a l g a r y ,  C a l g a r y ,  
A l t a .  T2N 4N1

G l i a l  c e l l s ,  t h e  s i l e n t  u b i q u i t o u s  c o m p a n io n s  o f  n e u r o n s ,  
a r e  b e l i e v e d  t o  b e  e l e c t r i c a l l y  i n e x c i t a b l e .  H o w e v e r ,  t h e  
h i g h  r e s t i n g  gK+  w o u ld  s h u n t  a n d  m ask  a n y  v o l t a g e  d e p e n d e n t  
c o n d u c t a n c e s .  F o r  t h i s  r e a s o n  I  h a v e  e x a m in e d  t h e  p r o p e r t i e s  
o f  g l i a l  c e l l s  i n  c u l t u r e  u n d e r  c o n d i t i o n s  t o  m a x im iz e  o b 
s e r v a t i o n  o f  r e s p o n s e s  d u e  t o  v o l t a g e  d e p e n d e n t  C a 2+  
c h a n n e l s .

G l i a l  c e l l s ,  p r e p a r e d  f ro m  n e o n a t a l  r a t s ,  w e r e  m a i n t a i n e d  
i n  p r i m a r y  c u l t u r e s .  G l i a l  c e l l s  w e r e  i d e n t i f i e d  b y  t h e i r  
t y p i c a l  m o r p h o lo g y  o f  r o u n d e d  c e l l  b o d y  w i t h  r a d i a l  p r o c e s s e s  
f o l l o w i n g  e x p o s u r e  t o  d i b u ty r y l - c A M P .  Some c e l l s ,  w h ic h  w e r e  
r e c o r d e d  f r o m ,  w e r e  im m u n o h i s t o c h e m ic a l ly  s t a i n e d  f o r  g l i a l  
f i b r i l l a r y  a c i d i c  p r o t e i n ,  a  s p e c i f i c  g l i a l  m a r k e r ,  t o  e n 
s u r e  t h a t  r e c o r d e d  c e l l s  w e r e  g l i a l  c e l l s .  C e l l s  w e r e  im 
p a l e d  w i t h  tw o  m i c r o e l e c t r o d e s ,  o n e  f o r  c u r r e n t  i n j e c t i o n  
a n d  s o m e t im e s  L u c i f e r  y e l l o w  s t a i n i n g  a n d  t h e  o t h e r  f o r  v o l t 
a g e  r e c o r d i n g .

I n  c o n t r o l  s o l u t i o n  (5  mM K+ ) i n t r a c e l l u l a r  r e c o r d i n g s  
r e v e a l e d  t h a t  t h e  c e l l s  h a d  p r o p e r t i e s  i d e n t i c a l  t o  p r e v i o u s  
r e p o r t s  f o r  g l i a l  c e l l s  (m e m b ra n e  p o t e n t i a l ,  7 7 . 8 ± 4 .8  mV; 
R i n p u t ,  4 . 1 ± 2 . 1 Ω) .  I n  n o  c e l l s  w e r e  a c t i o n  p o t e n t i a l s  r e 
c o r d e d  i n  c o n t r o l  s o l u t i o n s .  To t e s t  f o r  v o l t a g e  d e p e n d e n t  
C a 2+  c h a n n e l s ,  r e c o r d i n g s  w e r e  o b t a i n e d  w h e n  TEA (5  mM) a n d  
B a2 +  ( 5 - 1 0  mM) w e r e  s u p e r f u s e d .  TEA b l o c k s  C a2 a c t i v a t e d  K+  
c h a n n e l s  i n  g l i a  (Q u a n d t  a n d  M a c V ic a r ,  t h i s  m e e t i n g ) .  I n  t h i s  
s o l u t i o n  g l i a l  c e l l s  d e p o l a r i z e d  a p p r o x i m a t e l y  2 5 - 3 0  mV a n d  
R i n p u t  i n c r e a s e d  76% . I n j e c t i o n  o f  d e p o l a r i z i n g  c u r r e n t  i n  
t h e s e  p r e v i o u s l y  s i l e n t  c e l l s  now  e v o k e d  r e g e n e r a t i v e  a c t i o n  
p o t e n t i a l s  (B a 2+ s p i k e s )  w i t h  d u r a t i o n s  u p  t o  s e v e r a l  s e c 
o n d s .  T h e s e  B a2+  s p i k e s  w e r e  o b s e r v e d  i n  t h e  p r e s e n c e  o f  TTX 
( 1 0 - 6M) a n d  t h e r e f o r e  w e r e  n o t  d u e  t o  s o d iu m  c h a n n e l s .  S p o n 
t a n e o u s  a n d  r h y t h m i c  Ba+ +  s p i k e s  w e r e  o b s e r v e d  i n  som e c e l l s .  
T h e s e  r e s p o n s e s  w e r e  m o s t  l i k e l y  d u e  t o  a  v o l t a g e  d e p e n d e n t  
C a 2 +  c h a n n e l  b e c a u s e  t h e y  w e r e  b l o c k e d  i n  t h e  p r e s e n c e  o f  
Mn2+  o r  C d+ + .

T h ese  r e s u l t s  s u g g e s t  t h a t  g l i a l  c e l l s  u n d e r  c e r t a i n  c o n 
d i t i o n s  c o u ld  a c t i v e l y  c o n t r o l  e x t r a c e l l u l a r  K+  o r  a m p l i fy  
K+ s i g n a l s  and  n o t  j u s t  p a s s i v e ly  r e d i s t r i b u t e  K+ . A c t iv a 
t i o n  o f  Ca2+ c h a n n e ls  i n  t h e  g l i a l  s y n c y tiu m  c o u ld  a l t e r  th e  
k i n e t i c s  and p a t t e r n  o f  c o n t r o l  o f  e x t r a c e l l u l a r  io n s  su ch  
a s  K+ . T h e r e f o r e  g l i a l  Ca2 + c h a n n e ls  may b e  im p o r ta n t  i n  th e  
r e g u l a t i o n  o f  e x c i t a b i l i t y  o f  CNS s t r u c t u r e s .  A b n o r m a l i t i e s  
may r e s u l t  i n  h y p e r e x c i t a b i l i t y  d i s o r d e r s  su c h  a s  s e i z u r e .

S u p p o r te d  by  A lb e r t a  H e r i t a g e  Fund f o r  M e d ic a l R e s e a rc h .

DEVELOPMENT AND PLASTICITY: AUTONOMIC NERVOUS SYSTEM

2 2 2 . 1   P I N E A L - S U P E R I O R  CE RV ICA L GANGLION CO-GRAFT ED TO THE IV 
V E N T R I C L E ,   M. B r i q h t m a n * ,  S .  M a r k e y *  a n d  D . C .  K l e i n *  ( S p o n :  
M. W h i t n a l l ) .   L a b .  o f  N e u r o b i o l o g y ,  N a t l .  I n s t i t u t e s  o f  
H e a l t h ,  B e t h e s d a ,  MD 2 0 2 0 5 .

N e u r a l  t i s s u e ,  g r a f t e d  t o  t h e  IV  v e n t r i c l e  i s  i n  a  p o s i 
t i o n  t o  i n t e r a c t  w i t h  t h e  e x t r a c e l l u l a r  f l u i d  c o n t e n t s  o f  a  
r e l a t i v e l y  i n t a c t  c e r e b r a l  p a r e n c h y m a .  D u r i n g  f e t a l  l i f e ,  
t h e  p i n e a l  a n l a g e  o f  t h e  r a t  i s  b a t h e d  b y  v e n t r i c u l a r  
f l u i d .  A c c o r d i n g l y ,  n e o n a t e  a n d  4  w e e k  o l d  p i n e a l  g l a n d s  
w e r e  t r a n s p l a n t e d  t o  t h e  IV  v e n t r i c l e  o f  a d u l t ,  p i n e a l e c t o 
m i z e d  r a t s  i n  o r d e r  t o  s e e  w h e t h e r  t h e  g r a f t e d  c e l l s  s u r 
v i v e  a n d  w h e t h e r  t h e y  c a n  f u n c t i o n a l l y  r e p l a c e  t h e  m i s s i n g  
g l a n d .  W h o l e  p i n e a l  g l a n d s  w e r e  a l l o g r a f t e d  t o  t h e  IV v e n 
t r i c l e ,  b y  i n s e r t i n g  t h e m  b e t w e e n  t h e  v e r m i s  o f  t h e  c e r e 
b e l l u m  a n d  t h e  m e d u l l a  o f  a d u l t  r e c i p i e n t s .  T h r e e  w e e k s  t o  
t h r e e  m o n t h s  a f t e r  t r a n s p l a n t a t i o n ,  t h e  f u n c t i o n a l  s t a t e  o f  
t h e  g r a f t s  w a s  m o n i t o r e d  b y  m e a s u r i n g  t h e  a m o u n t  o f  
6 - h y d r o x y m e l a t o n i n  ( 6 H 0 - M )  i n  t h e  u r i n e  o v e r  a  2 4  h o u r  
p e r i o d .  A s i n g l e  p i n e a l  g r a f t  p r o d u c e d  n o  d e t e c t a b l e  
6 H - 0 - M .  Two p i n e a l  g r a f t s  s e c r e t e d  f r o m  5 t o  3 5 n g .  I t  w a s  
n o t  u n t i l  6  t o  8  p i n e a l  g r a f t s  h a d  b e e n  i n s e r t e d  d i d  t h e  
u r i n a r y  l e v e l s  r e a c h  2 9  t o  1 0 2 n g ,  c o m p a r e d  w i t h  t h e  n o r m a l  
r a n g e  o f  1 2 0  t o  3 0 0 n g  a c h i e v e d  b y  a  s i n g l e  g l a n d  i n  s i t u .

M o r p h o l o g i c a l l y ,  t h e  g r a f t e d  p i n e a l s  r e t a i n e d  m u c h  o f  
t h e i r  n o r m a l  o r g a n i z a t i o n :  c o r d s  o f  c e l l s ,  s o m e  p e r i v a s 
c u l a r ,  t h r o u g h o u t  a  w e l l  v a s u l a r i z e d ,  o v o i d  m a s s  o f  t i s s u e .  
T h e  c e l l s  w e r e  i d e n t i f i e d  a s  p i n e a l o c y t e s  b y  t h e  i m m u n o -  
c y t o c h e m i c a l  l o c a l i z a t i o n  o f  a n t i g e n  " S " ,  w h i c h  i s  p r e 
s u m e d  t o  b e  r h o d o p s i n  k i n a s e ,  a n d  b y  t h e  p r e s e n c e  o f  s y n 
a p t i c  r i b b o n s  i n  a  f e w  o f  t h e  c e l l s .  M a n y  o f  t h e  b l o o d  
v e s s e l s  w e r e  f e n e s t r a t e d  a n d  s u r r o u n d e d  b y  a  g e n e r o u s  
p e r i v a s c u l a r  s p a c e ,  a s  i n  n o r m a l  g l a n d s .  I n  h o s t s  t h a t  h a d  
b e e n  g a n g l i o n e c t o m i z e d  b i l a t e r a l l y ,  a n d  i n  i n t a c t  r e c i p i 
e n t s  a s  w e l l ,  SCG f r a g m e n t s  f r o m  o n e  g a n g l i o n  w e r e  p l a c e d  
a g a i n s t  t h e  p i n e a l  g r a f t s .  B e f o r e  f i x a t i o n  w i t h  a l d e h y d e s ,  
a  n u m b e r  o f  t h e s e  r a t s  w e r e  g i v e n  a  t o t a l  o f  1 0 0 mg o f  
5 - h y d r o x y d o p a m i n e  i n t r a p e r i t o n e a l l y .  I n  a l l  r e c i p i e n t s  o f  
t h e  d u a l  g r a f t s ,  m a n y  b u n d l e s  o f  u n m y e l i n a t e d  a x o n s  e n c l o s 
e d  b y  S c h w a n n  c e l l s  h a d  i n f i l t r a t e d  t h e  p i n e a l  g r a f t s .  
S o m e  o f  t h e  a x o n s  c o n t a i n e d  s y n a p t i c  v e s i c l e s  l a b e l e d  b y  
t h e  a m i n e .  N e u r i t e  b u n d l e s  t e r m i n a t e d  n e a r  t h e  b a s a l  
l a m i n a  o f  b l o o d  v e s s e l s  w h i l e  o t h e r s  l a y  n e x t  t o  a  b a s a l  
l a m i n a  f r o n t i n g  p i n e a l o c y t e s .  T h e  p i n e a l  t r a n s p l a n t s  h a d  
b e c o m e  w e l l  i n n e r v a t e d  b y  t h e  SCG g r a f t s  b u t  s e c r e t e d  o n l y  
a  f r a c t i o n  o f  t h e  m e l a t o n i n  p r o d u c e d  b y  g l a n d s  i n  s i t u .

2 2 2 .2  DENDRITIC DEVELOPMENT IN THE RAT SUPERIOR CERVICAL GANGLION.
A. J .  Stoolen and P. Beaston-W inner*.  Dept. o f Anatomy, Th e 
Medical C ollege of Pennsylvania, P h ilad e lp h ia , PA 19129.

Previous s tu d ie s  from our lab o ra to ry  have shown th a t  
synaptogenesis in the  su p erio r c e rv ic a l sym pathetic ganglion 
(SCG) of the  r a t  occurs predom inantly during  the  f i r s t  few 
weeks a f te r  b i r t h .  Th e purpose o f the  p resen t study was to  
examine th e  normal development o f d e n d rite s  o f the  ganglion 
neurons, and to  a sse ss  the  importance o f the  a f fe re n t input 
in shaping th is  development.

We have employed two independent methods fo r examining 
d e n d r it ic  morphology. One i s  to  labe l neurons in  the  SCG by 
in je c tin g  a con jugate  o f h o rse rad ish  peroxidase and wheat 
germ a g g lu tin in  (HRP-WGA) in to  a ta rg e t  o f the  SCG neurons 
(the  submandibular gland or the  i r i s ) . This procedure 
r e s u l t s  in a "G o lg i-lik e"  f i l l i n g  o f the  re tro g rad e ly  
la b e lled  c e l l  bodies and th e ir  d e n d r ite s .  The second method 
is  the  use o f s te re o lo g ic  a n a ly sis  (po in t-coun ting) of 
e le c tro n  micrographs o f sec tio n s  o f the  SCG.

At b i r t h ,  HRP-WGA re tro g rad e ly  la b e ls  many neurons in 
the  SCG which p ro je c t  to  the  submandibular gland and the  
i r i s .  The c e l l  bodies o f the  ganglion neurons a re  small 
(about 12-14 um in d ia m e te r) , and g iv e  r i s e  to  sev e ra l sh o rt 
(under 15 um), th in  d e n d r ite s .  E lectron  m icroscopic 
s tereo logy  rev ea ls  th a t  the  mean volume o f neuron c e l l  
bodies in  the  SCG . i s  about 2300 um3  The mean volume of 
d e n d rite s  in the newborn  i s  about 200 um3 per neuron.

In the  a d u lt ,  HRP-WGA la b e lled  neurons have 
s ig n if ic a n t ly  la rg e r  c e l l  bodies (about 25-30 um in 
d ia m e te r) , and seve ra l s to u t prim ary d e n d rite s  which can be 
followed fo r 30-50 um b efo re  a rb o riz in g  in to  sm aller 
p rocesses. S te reo lo g ica l a n a ly sis  shows th a t ,  between b ir th  
and adulthood, th e re  is  a fo u r - fold inc rease  in the  mean 
volume o f c e l l  bodies (to  9000 um3 per neuron) and a much 
la rg e r  (12-f old) increase  in  the  mean volume o f d e n d rite s  
(to  2800 um3 per neuron) .

In g ang lia  from a d u lt r a t s  which were d eaffe ren ted  a t  
b i r t h ,  s te re o lo g ic  a n a ly sis  dem onstrated th a t  normal 
d e n d r it ic  m aturation  occurred . Retrograde la b e ll in g  s tu d ie s  
a re  c u rre n tly  in  progress w ith th ese  d eaffe ren ted  g ang lia  to  
determ ine whether th e re  i s  any a l te r a t io n  in  the  d e n d r it ic  
c o n fig u ra tio n .

We conclude th a t ,  w hile d e n d r it ic  development in  the SCG 
is  m ainly a p o s tn a ta l event which occurs a t  the  same time as 
synap togenesis, th i s  development appears to  be independent 
of pre sy n ap tic  in flu en ces.
(Supported by O ffice  of Mental H ealth , Commonwealth o f Pa.)
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2 2 2 . 3  CRITICAL PERIOD IN THE DEVELOPMENT OF ACH SENS IT IVIT Y BY 
MAMMALIAN SENSORY NEURONS IN CULTURE.  E.  C o o p e r  a n d  M. L a u * .   
D e p a r t m e n t  o f  P h y s i o l .  M c G i l l  U n i v e r s i t y ,  M o n t r e a l ,  Q u e b e c ,  
C a n a d a  H3G 1Y6.

T h e  n o d o s e  g a n g l i a  i s  a n  a u t o n o m i c  s e n s o r y  g a n g l i o n  w h o s e  
a x o n s  i n n e r v a t e  t h e  v i s c e r a .  L i k e  o t h e r  p e r i p h e r a l  s e n s o r y  
g a n g l i a  i n  m a m m a ls ,  t h e  n e u r o n s  i n  t h i s  g a n g l i a  d o  n o t  
r e c e i v e  s y n a p s e s .  I n t e r e s t i n g l y ,  n o d o s e  n e u r o n s  f r o m  
n e w b o r n  r a t s  f o r m  s y n a p s e s  w i t h  one  a n o t h e r  wh en  t h e  n e u r o n s  
d e v e l o p  i n  t i s s u e  c u l t u r e ;  t h e s e  s y n a p s e s  a r e  r e v e r s i b l y  
b l o c k e d  by  n i c o t i n i c  a n t a g o n i s t s ,  i n d i c a t i n g  t h a t  some 
n e u r o n s  r e l e a s e  ACh a n d  t h a t  t h e  p o s t s y n a p t i c  r e c e p t o r s  a r e  
n i c o t i n i c .  As s y n a p s e s  do n o t  f o r m  on t h e s e  n e u r o n s  i n  
v i v o ,  m o s t ,  i f  n o t  a l l ,  t h e  p o s t s y n a p t i c  e l e m e n t s  a t  t h e s e  
s y n a p s e s  d e v e l o p  i n  c u l t u r e .  F u n c t i o n a l  s y n a p s e s ,  h o w e v e r ,  
d o  n o t  f o r m  among t h e s e  s e n s o r y  n e u r o n s  wh en  t h e y  a r e  c o 
c u l t u r e d  w i t h  t h e  g a n g l i o n i c  s a t e l l i t e  c e l l s ,  i n  p a r t ,  
b e c a u s e  m o s t  n e u r o n s  a r e  n o t  s e n s i t i v e  t o  ACh: o n l y  5 -2 0%  o f  
n e u r o n s  c o - c u l t u r e d  w i t h  s a t e l l i t e  c e l l s  a r e  A C h - s e n s i t i v e ,  
w h e r e a s  a p p r o x i m a t e l y  7 5 -8 5 %  o f  n e u r o n s  c u l t u r e d  w i t h o u t  
n o n n e u r o n a l  c e l l s  a r e  A C h - s e n s i t i v e .

As t h e  ACh r e c e p t o r s  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  
f o r m a t i o n  o f  t h e s e  s y n a p s e s ,  e x p e r i m e n t s  a r e  i n  p r o g r e s s  t o  
i n v e s t i g a t e  t h e  d e v e l o p m e n t  o f  A C h - s e n s i t i v i t y  by t h e s e  
s e n s o r y  n e u r o n s .  A t  e a c h  p l a t i n g  a l l  c u l t u r e s  c o n t a i n  b o t h  
n e u r o n s  a n d  g a n g l i o n i c  s a t e l l i t e  c e l l s  i n i t i a l l y ;  2 d a y s  
l a t e r  t h e  c u l t u r e s  a r e  d i v i d e d  i n t o  2 g r o u p s :  o n e g r o u p  i s  
t r e a t e d  t o  k i l l  o f f  t h e  s a t e l l i t e  c e l l s ,  l e a v i n g  t h e  n e u r o n s  
t o  d e v e l o p  by t h e m s e l v e s ;  i n  t h e  o t h e r  g r o u p ,  t h e  n e u r o n s  
a n d  t h e  g a n g l i o n i c  s a t e l l i t e  c e l l s  d e v e l o p  t o g e t h e r .  8 - 1 0  
d a y s  a f t e r  p l a t i n g  o n l y  a  s m a l l  p e r c e n t a g e  o f  n e u r o n s ,  
a p p r o x .  1 0 - 2 0 % ,  a r e  A C h - s e n s i t i v e  i n  b o t h  t y p e s  o f  c u l t u r e s .  
On e we ek l a t e r ,  h o w e v e r ,  o v e r  80% o f  t h e  n e u r o n s  i n  c u l t u r e s  
w i t h o u t  s a t e l l i t e s  c e l l s  a r e  ACh s e n s i t i v e ,  w h e r e a s  t h e  % 
A C h - s e n s i t i v e  i n  c u l t u r e s  w i t h  s a t e l l i t e  c e l l s  r e m a i n  
u n c h a n g e d  a t  1 0 -2 0%  f o r  a t  l e a s t  a n o t h e r  3 w e e k s .  I n  o t h e r  
e x p e r i m e n t s ,  t h e  n e u r o n s  w e r e  f i r s t  c o - c u l t u r e d  w i t h  
s a t e l l i t e  c e l l s  f o r  10 d a y s ,  t h e r e a f t e r ,  t h e  n e u r o n s  
d e v e l o p e d  by t h e m s e l v e s  f o r  a  f u r t h e r  3 w e e k s ;  m o s t  n e u r o n s  
i n  t h e s e  c u l t u r e s  r e m a i n e d  i n s e n s i t i v e  t o  ACh. I n  o t h e r  
c u l t u r e s ,  t h e  n e u r o n s  i n i t i a l l y  d e v e l o p e d  w i t h o u t  o t h e r  c e l l  
t y p e s  a n d  t h e n  t h e  s a t e l l i t e  c e l l s  w e r e  a d d e d  8 - 1 0  d a y s  
l a t e r ,  a n d  t h e  n e u r o n s  t o g e t h e r  w i t h  t h e  s a t e l l i t e  c e l l s  
w e r e  c o - c u l t u r e d  f o r  a n o t h e r  3 w k s ;  m o s t  n e u r o n s  ( 7 5 - 8 5 % )  i n  
t h e s e  c u l t u r e s  w e r e  s e n s i t i v e  t o  ACh.  S u p p o r t e d  by MRC o f  
C a n a d a .

2 2 2 .4  VAGUS NERVE STIMULATION MODIFIES THE ELECTRICAL ACTIVITY 
OF THE OLFACTORY BULB.  D. E. G a r c ía - D ia z * , H. U. A g u i l a r -  
B a tu r o n i ,  R o s a l in d a  G u e v a ra -A g u ila r  and  M atthew  J .  W ayner.  
D e p to . de  F i s i o l o g í a ,  F a c u l t a d  de M e d ic in a ,  UNAM 0 4 5 1 0 , M éxi
c o , D. F . D iv i s io n  o f  L i f e  S c ie n c e s  U n i v e r s i t y  o f  T ex as  a t  
San A n to n io  San A n to n io ,  T ex as  78285 U .S .A .

The evoked  p o t e n t i a l  and th e  u n i t  a c t i v i t y  r e c o r d in g  t e c h n i 
q u e s  w ere  u sed  to  s tu d y  th e  v a g u s  n e rv e  i n f l u e n c e s  upon th e  
o l f a c t o r y  b u lb .  A b i p h a s i c  p o t e n t i a l  was evoked  in  th e  
o l f a c t o r y  b u lb  by a  s i n g l e  p u l s e  d e l i v e r e d  to  th e  v a g u s  n e r 
v e .  H a lf  o f  th e  r e c o r d e d  n e u ro n s  d e c re a s e d  t h e i r  d i s c h a r g e  
f r e q u e n c y  a f t e r  s i n g l e  p u l s e  o r  t r a i n  s t i m u l a t i o n .  The 
l a p s e  i n  w h ich  th e  f i r i n g  r a t e  o f  th e  n e u ro n s  was s to p p e d  
p a r a l e l l e d  th e  d u r a t i o n  o f  t h e  n e g a t i v e  wave o f  th e  evoked  
p o t e n t i a l .  The r e s p o n s iv e  n e u ro n s  w ere  i o n t o p h o r e t i c a l y  
l a b e l e d  w i th  h o r s e r a d i s h  p e r o x id a s e  and w ere  l o c a t e d  in  th e  
p e r i g l o m e r u la r  l a y e r  o f  th e  o l f a c t o r y  b u l b .  T h ese  r e s u l t s  
s u g g e s t  th e  e x i s t e n c e  o f  a v a g u s  n e r v e - o l f a c t o r y  b u lb  p a th w a y .

222.5  β -ADRENERGIC RECEPTOR DENSITY IN SYMPATHETICALLY-DENERVATED 
AND SYMPATHETICALLY-ANEURAL EMBRYONIC CHICK HEARTS.  D. E. 
S te w a r t  and  M. L . K i r b y .  D e p a r tm e n t o f  A natom y, M e d ic a l  
C o l le g e  o f  G e o rg ia ,  A u g u s ta  GA 30912 .

β- A d r e n e r g ic  r e c e p t o r  d e n s i t y  i n  c e r t a i n  t i s s u e s  o f  
a d u l t  a n im a ls  can  b e  m o d if ie d  by p e r i p h e r a l  a d m i n i s t r a t i o n  
o f  c a te c h o la m in e s  and s u r g i c a l  o r  c h e m ic a l  s y m p a th e t ic  d e 
n e r v a t i o n  o f  t h e  t i s s u e  b e in g  s t u d i e d .  The a im  o f  t h i s  
i n v e s t i g a t i o n  was t o  d e te r m in e  w h e th e r  β- a d r e n e r g i c  r e c e p 
t o r  d e n s i t y  i n  e m b ry o n ic  c h ic k  h e a r t  i s  m o d if ie d  by s u r g i 
c a l  o r  c h e m ic a l  sy m p a th ec to m y  in  t h e  same m an n er. Sympa- 
t h e t i c a l l y - a n e u r a l  h e a r t s  w ere  p ro d u c e d  by a b l a t i o n  o f  
n e u r a l  c r e s t  c e l l s  o v e r  s o m i te s  1 0 -2 0  and s o m i te s  5 -2 5 . 
A b la t i o n  o f  n e u r a l  c r e s t  o v e r  s o m i te s  1 0 -2 0  rem oves sym pa
t h e t i c  i n n e r v a t i o n  o f  th e  d e v e lo p in g  c h ic k  h e a r t  w i th o u t  
m o d ify in g  c a r d i a c  n o r e p in e p h r in e  c o n c e n t r a t i o n .  L e s io n  
o f  n e u r a l  c r e s t  o v e r  s o m i te s  5 -2 5  d e c r e a s e s  c a r d i a c  n o r 
e p in e p h r in e  i n  a d d i t i o n  to  rem o v in g  s y m p a th e t ic  c a r d i a c  
i n n e r v a t i o n .  C h ick  h e a r t s  w ere  c o l l e c t e d  f o r  3 - a d r e n e r g i c  
r e c e p t o r - b i n d i n g  a s s a y s  on i n c u b a t io n  day  (ID ) 16 o r  17 . 
S p e c i f i c  β- a d r e n e r g i c  r e c e p t o r  b in d in g  was d e f in e d  a s  
t o t a l  ( 1 2 5 I ) 1- p in d o l o l  b in d in g  m in u s b in d in g  in  th e  
p r e s e n c e  o f  50 µM i s o p r o t e r e n o l .  No d i f f e r e n c e  i n  3 - 
a d r e n e r g i c  r e c e p t o r  c o n c e n t r a t i o n  in  w h o le  h e a r t s  was ob 
s e rv e d  b e tw e en  a n im a ls  l e s i o n e d  o v e r  s o m i te s  5 -2 5  ( 4 2 .0  ± 
6 .1  fm ol/m g  p r o t e i n )  and  u n o p e ra te d  c o n t r o l  a n im a ls  ( 4 9 .3  
±  6 .8  fm ol/m g  p r o t e i n ) .  L ik e w is e ,  a n im a ls  l e s i o n e d  o v e r  
s o m i te s  1 0 -2 0  had  th e  same d e n s i t y  o f  c a r d i a c  β- a d r e n e r g i c  
r e c e p t o r s  a s  u n o p e ra te d  c o n t r o l s  (1 0 .4  ± 1 . 2  pm ol/m g 
p r o t e i n  v e r s u s  1 1 .4  ± 1 .2  pm ol/m g p r o t e i n ,  r e s p e c t i v e l y ) .  
S y m p a th e t ic a l l y - d e n e r v a te d  h e a r t s  w ere  p ro d u c e d  by ad m in 
i s t r a t i o n  o f  6 -h y d ro x y d o p a m in e  (6-OHDA, 100 m g/kg d a i l y )  
to  em bryos on ID 1 3 -1 9 . H e a r ts  w ere  c o l l e c t e d  on ID 20 f o r  
r e c e p t o r  a s s a y s .  S a l i n e - t r e a t e d  em bryos had  th e  same 
c a r d i a c  3 - a d r e n e r g i c  r e c e p t o r  c o n c e n t r a t i o n  a s  6 - OHDA- 
l e s i o n e d  em bryos ( 3 0 .5  ±  6 .5  fm o l /  mg p r o t e i n  v e r s u s  2 8 .9  
±  8 .7  fm ol/m g  p r o t e i n ,  r e s p e c t i v e l y ) .  In  c o n t r a s t  to  a d u l t  
a n im a ls ,  t h i s  d a t a  i n d i c a t e s  t h a t  β- a d r e n e r g i c  r e c e p t o r  
d e n s i t y  i n  em b ry o n ic  t i s s u e  i s  n o t  m o d if ie d  by s u r g i c a l  o r  
c h e m ic a l  sy m p a th e c to m y , n o r  i s  i t  r e s p o n s iv e  t o  c h a n g e s  i n  
c a r d i a c  n o r e p in e p h r in e  c o n c e n t r a t i o n .
S u p p o r te d  by NIH g r a n t  HD 1 7 063 .

2 2 2 .6 ABLATION OF NEURAL CREST TO ELIMINATE SYMPATHETIC INNER
VATION OF THE DEVELOPING CHICK HEART.  M. L . K irb y  and 
D. E. S t e w a r t .  D e p a r tm e n t o f  A natom y, M e d ic a l  C o l le g e  o f  
G e o r g ia ,  A u g u s ta  GA 30912 .

The m a jo r  d raw b ack  in  s tu d y in g  a u to n o m ic  i n t e r a c t i o n s  
d u r in g  d e v e lo p m e n t h a s  b e e n  th e  i n a b i l i t y  t o  rem ove one  o r  
b o th  d i v i s i o n s  o f  th e  a u to n o m ic  s y s te m  w h ich  i n n e r v a t e  a 
p a r t i c u l a r  o r g a n .  We h a v e  r e c e n t l y  p ro d u c e d  p a ra sy m p a 
t h e t i c a l l y  a n e u r a l  h e a r t s  by rem o v a l o f  a s p e c i f i c  r e g io n  
o f  p r e m ig r a to r y  o c c i p i t a l  n e u r a l  c r e s t .  The a im  o f  th e  
p r e s e n t  i n v e s t i g a t i o n  was t o  l o c a t e  and rem ove th e  n e u r a l  
c r e s t  r e s p o n s i b l e  f o r  s y m p a th e t ic  i n n e r v a t i o n  to  t h e  h e a r t  
i n  o r d e r  t o  p ro d u c e  s y m p a t h e t i c a l l y  a n e u r a l  h e a r t s .  The 
s y m p a th e t ic  c a r d i a c  i n n e r v a t i o n  a r i s e s  b i l a t e r a l l y  from  
th e  f i r s t  t h o r a c i c  s y m p a th e t ic  g a n g l i a .  N e u ro n a l  u p ta k e  
o f  ( 3H ) - n o re p h in e p h r in e  w as u se d  a s  an  in d e x  o f  n e u ro n a l  
d e v e lo p m e n t i n  t h e  c h ic k  a t r i u m .  U p ta k e  was s i g n i f i c a n t l y  
d e c re a s e d  i n  t h e  a t r i u m  a t  16 and 17 d a y s  o f  d e v e lo p m e n t 
f o l l o w in g  a b l a t i o n  o f  n e u r a l  c r e s t  o v e r  s o m i te s  1 0 -1 5  o r  
1 5 -2 0 . A b la t i o n  o f  n e u r a l  c r e s t  o v e r  s o m i te s  5 -1 0  o r  2 0 -  
25 c a u se d  no ch an g e  i n  a t r i a l  n o r e p i n e p h r i n e  u p ta k e .  
Rem oval o f  n e u r a l  c r e s t  o v e r  s o m i te s  5 -2 5  o r  1 0 -2 0  c a u se d  
a p p ro x im a te ly  e q u a l  d e p l e t i o n s  o f  u p ta k e .  C a r d ia c  n o r 
e p in e p h r in e  c o n c e n t r a t i o n  was n o t  s i g n i f i c a n t l y  d e c re a s e d  
f o l lo w in g  a b l a t i o n  o f  n e u r a l  c r e s t  o v e r  s o m i te s  1 0 -2 0  b u t  
was s i g n i f i c a n t l y  d e c re a s e d  by  l e s i o n  o f  n e u r a l  c r e s t  o v e r  
s o m i te s  5 -2 5 .  L ig h t  and  h i s t o f l u o r e s c e n c e  m ic ro sc o p y  c o n 
f irm e d  th e  a b s e n c e  o f  s y m p a th e t ic  t r u n k s  i n  t h e  t h o r a c i c  
r e g io n  and  i n n e r v a t i o n  to  t h e  a t r i a .  T h is  i n d i c a t e s  t h a t  
t h e  c a r d i a c  i n n e r v a t i o n  o r g i n a t e s  from  c e l l s  i n  t h e  sym pa
t h e t i c  t r u n k s  w h ich  a r i s e  from  n e u r a l  c r e s t  o v e r  s o m ite s  
1 0 -2 0 . A l e s i o n  o f  n e u r a l  c r e s t  o v e r  s o m i te s  5 -2 5  w ould  
e l i m i n a t e  t h e  a d r e n a l  m e d u l la  a s  w e l l  a s  t h e  c a r d i a c  
s y m p a th e t ic  i n n e r v a t i o n .  R e s id u a l  n o r e p i n e p h r i n e  i n  th e  
h e a r t  f o l l o w in g  l e s i o n  o f  t h e  s y m p a th e t ic  c a r d i a c  i n n e r 
v a t i o n  p ro b a b ly  d e r i v e s  m a in ly  from  th e  a d r e n a l  m e d u l la .   
S u p p o r te d  by NIH g r a n t  HD 1 7 063 .
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222.7  DEVELOPMENT OF ENTERIC GLIA IN NORMAL MURINE BOWEL AND IN 
THE CONGENITALLY AGANGLIONIC COLON OF LETHAL SPOTTED ( 1 s / 1 s )  
MUTANT M IC E.  T . P .  R o t h m a n ,  G. N i l a v e r ,  C . J .  H a a k s m a  a n d  
M.D.  G e r s h o n .  D e p t s .  o f  A n a t o m y  a n d  C e l l  B i o l o g y ,  a n d  N e u r o 
l o g y ,  C o l u m b i a  U n i v e r s i t y ,  C o l l e g e  o f  P h y s i c i a n s  & S u r g e o n s ,  
New Y o r k ,  NY 1 0 0 3 2 .

T h e  e n t e r i c  n e r v o u s  s y s t e m  (ENS) i s  a  u n i q u e  p o r t i o n  o f  
t h e  PNS t h a t  d i f f e r s  f r o m  o t h e r  r e g i o n s  p h y s i o l o g i c a l l y ,  
c h e m i c a l l y ,  a n d  s t r u c t u r a l l y .  Among t h e s e  d i f f e r e n c e s  a r e  
t h e  p r e s e n c e  w i t h i n  t h e  ENS o f  e n t e r i c  g l i a .  T h e s e  c e l l s  
r e s e m b l e  CNS a s t r o c y t e s  a n d  d i f f e r  f r o m  S c h w a n n  c e l l s  i n  
h a v i n g  n o  b a s a l  l a m i n a e  a n d  d e n s e  b u n d l e s  o f  i n t e r m e d i a t e  
f i l a m e n t s  t h a t  c o n t a i n  l a r g e  q u a n t i t i e s  o f  g l i a l  f i b r i l 
l a r y  a c i d i c  p r o t e i n  ( G F A P ) . T h e  c e l l s  c a n  t h e r e f o r e  b e  
d i s t i n g u i s h e d  f r o m  S c h w a n n  c e l l s  b y  t h e i r  f a r  g r e a t e r  GFAP 
i m m u n o c y t o c h e m i c a l  r e a c t i v i t y .  We i n v e s t i g a t e d  t h e  d e v e l o p 
m e n t  o f  e n t e r i c  g l i a  i n  n o r m a l  a n d  1 s / 1 s  m i c e .  T h e  1 s / 1 s 
a n i m a l s  d e v e l o p  a g a n g l i o n i c  s e g m e n t s  o f  t e r m i n a l  b o w e l .  
T h e s e  s e g m e n t s  r e c e i v e  a x o n s  p r o j e c t i n g  t o  t h e  g u t  f r o m  
e x t r i n s i c  g a n g l i a  b u t  c o n t a i n  n o  i n t r i n s i c  e n t e r i c  n e u r o n s .  
We h a v e  f o u n d  t h a t  t h e  p r e c u r s o r s  o f  e n t e r i c  n e u r o n s  f a i l  t o  
e n t e r  t h e  p r e s u m p t i v e  a g a n g l i o n i c  1 s / 1 s  g u t .  D u r i n g  d e v e l o p 
m e n t  GFAP i m m u n o r e a c t i v i t y  a p p e a r s  a s  a  l a t e  m a r k e r  a n d  i s  
n o t  s e e n  u n t i l  d a y  E 1 9 ,  l o n g  a f t e r  n e u r o n a l  p h e n o t y p i c  
e x p r e s s i o n  h a s  b e c o m e  e v i d e n t .  N e v e r t h e l e s s ,  GFAP imm uno
r e a c t i v i t y  a p p e a r e d  w i t h i n  1 2 - 1 4  d a y s  i n  c u l t u r e d  e x p l a n t s  
o f  g u t  r e m o v e d  b e f o r e  GFAP e x p r e s s i o n  c o u l d  b e  d e t e c t e d  i n  
s i t u ;  t h e r e f o r e ,  t h e  p r e c u r s o r s  o f  e n t e r i c  g l i a  c o l o n i z e  
t h e  g u t  b e f o r e  t h e y  e x p r e s s  GFAP. I n  f a c t ,  g l i a l  p r e c u r s o r s  
c o u l d  b e  d e t e c t e d  b y  t h i s  e x p l a n t  a s s a y  i n  t h e  e n t i r e  g u t  
o f  n o r m a l  m i c e ,  a s  e a r l y  a s  d a y  E 1 0 - E 1 1 .  T h i s  t i m i n g  
i n d i c a t e s  t h a t  g l i a l  a s  w e l l  a s  n e u r o n a l  p r e c u r s o r s  a r e  
p r e s e n t  i n  t h e  b o w e l  b e f o r e  e i t h e r  e n d  s t a g e  c e l l  i s  a p p a r 
e n t .  I n  c o n t r a s t  t o  t h e  g a n g l i o n a t e d  p r o x i m a l  b o w e l ,  
w h i c h  a l w a y s  p r o v i d e d  c u l t u r e s  w i t h  g l i a ,  t h e  t e r m i n a l ,  
p r e s u m p t i v e  a g a n g l i o n i c  1 s / 1 s  g u t  g e n e r a l l y  y i e l d e d  c u l t u r e s  
d e v o i d  o f  g l i a  ( 2 5 / 2 7 )  a s  w e l l  a s  n e u r o n s  ( 2 7 / 2 7 ) .  D e s p i t e  
t h e s e  r e s u l t s ,  t h e  s u p p o r t i n g  c e l l s  o f  e x t r i n s i c  n e r v e s  i n  
a d u l t  1 s / 1 s  t e r m i n a l  b o w e l  d i s p l a y e d  t h e  GFAP s t a i n i n g  
p a t t e r n  o f  e n t e r i c  g l i a ,  n o t  S c h w a n n  c e l l s .  T h e s e  e x p e r i 
m e n t s  i n d i c a t e  t h a t  g l i a l  p r e c u r s o r s  c a n  e n t e r  a n d  s u r v i v e  
i n  t h e  a g a n g l i o n i c  b o w e l  o f  l s / l s  m i c e  e v e n  t h o u g h  n e u r a l  
p r e c u r s o r s  c a n n o t .  T h e s e  c e l l s  o f  a d u l t  c o l o n  m a y  b e  
d e r i v e d  f r o m  S c h w a n n  c e l l s  e n t e r i n g  t h e  g u t  w i t h  t h e  e x t r i n 
s i c  i n n e r v a t i o n .   S u p p o r t e d  b y  NSF g r a n t  BNS 8 3 - 0 4 9 0 4 ,  NIH 
g r a n t  NS 1 5 5 4 7 ,  MOD g r a n t  1 - 7 4 7 ,  D y s a u t o n o m i a  F d n .

2 2 2 .8 STRUCTURE OF THE SMALL, GRANULE-CONTAINING CELLS IN THE 
SUPERIOR CERVICAL GANGLIA OF HYDROCORTISONE-TREATED EARLY 
POSTNATAL AND ADULT RATS.  H. P ä i v ä r i n t a × , S .  S o i n i l a × and  
O.E rä n k ö × . (S P ON: P . P a n u la ) .   D e p a r tm e n t  o f  A n atom y, 
U n i v e r s i t y  o f  H e l s i n k i .  S i l t a v u o r e n p e n g e r  20  A, 0 0 1 7 0  
H e l s i n k i ,  F i n la n d .

H y d r o c o r t i s o n e  c a u s e s  an  i n c r e a s e  i n  t h e  num ber o f  s m a l l  
i n t e n s e l y  f l u o r e s c e n t  ( S I F )  c e l l s  and t h e  a p p e a r a n c e  o f  
p h e n y l e t h a n o la m in e - N - m e t h y l t r a n s f e r a s e  (PNMT) im m u n o r e a c t iv 
i t y  i n  them  i n  t h e  r a t  s u p e r i o r  c e r v i c a l  g a n g l i o n .  T h is  
s e n s i t i v i t y  t o  g l u c o c o r t i c o i d s  h a s  b e e n  r e p o r t e d  t o  b e  l o s t  
s o o n  a f t e r  b i r t h ,  b u t  r e t a i n e d  i f  t h e  r a t s  h a v e  b e e n  
" p rim ed "  n e o n a t a l l y  w i t h  g l u c o c o r t i c o i d s .

In  t h e  p r e s e n t  s t u d y  t h e  e f f e c t  o f  h y d r o c o r t i s o n e  h a s  
b e e n  s t u d i e d  on  t h e  f i n e  s t r u c t u r e  o f  t h e  s m a l l ,  g r a n u l e -  
c o n t a i n i n g  (SGC) c e l l s ,  c o r r e s p o n d in g  w i t h  t h e  SIF  c e l l s  
u l t r a s t r u c t u r a l l y , in  t h e  r a t  s u p e r io r  c e r v i c a l  g a n g l io n  
e a r l y  p o s t n a t a l l y  and  i n  t h e  a d u l t  r a t .

H y d r o c o r t i s o n e  i n j e c t i o n s  i n t o  r a t s  on  p o s t n a t a l  d a y s  
3 - 9  c a u s e d  an  i n c r e a s e  i n  t h e  num ber o f  t h e  SGC c e l l s  a s  
o b s e r v e d  on  t h e  1 0 t h  d a y .  T h e se  c e l l s  sh o w ed  an  e x t e n s i v e  
r o u g h  e n d o p la s m ic  r e t i c u l u m ,  a l a r g e  G o lg i  a p p a r a t u s  and  a 
v e r y  l a r g e  num ber o f  g r a n u la r  v e s i c l e s .  In  a d d i t i o n  t o  t h e  
g r a n u la r  v e s i c l e s ,  7 0 - 1 6 0  nm i n  d i a m e t e r ,  i n  w h ic h  t h e  d e n s e  
c o r e , f i l l e d  m o st  o f  t h e  v e s i c l e ,  m o st  c e l l s  o f  t h e  h y d r o 
c o r t i s o n e - i n j e c t e d  r a t s  c o n t a in e d  a l s o  l a r g e r  g r a n u la r  
v e s i c l e s ,  up t o  3 5 0  nm i n  d i a m e t e r ,  i n  w h ic h  t h e  d e n s e  c o r e  
w as e c c e n t r i c a l l y  l o c a t e d .  A m in o r i t y  o f  c e l l s  c o n t a in e d  
o n ly  g r a n u la r  v e s i c l e s  7 0 - 1 0 0  nm i n  d i a m e t e r .  The l a t t e r  w as  
t h e  o n ly  t y p e  o f  g r a n u le  i n  t h e  SGC c e l l s  s e e n  i n  g a n g l i a  
o f  1 0 - d a y - o l d  s a l i n e - t r e a t e d  c o n t r o l  r a t s .  T h ir t y  d a y s  a f t e r  
d i s c o n t i n u a t i o n  o f  t h e  h y d r o c o r t i s o n e  t r e a t m e n t ,  m o st o f  t h e  
c e l l s  w i t h  l a r g e  g r a n u la r  v e s i c l e s  had d i s s a p e a r e d .  H yd ro
c o r t i s o n e  t r e a t m e n t ,  f i r s t  on  d a y s  3 - 9  and  s e c o n d ly  on  d a y s  
4 0 - 4 6 ,  c a u s e d  r e a p p e a r a n c e  o f  SGC c e l l s  w i t h  l a r g e  g r a n u la r  
v e s i c l e s .  H y d r o c o r t i s o n e  t r e a t m e n t  on d a y s  4 0 - 4 6  a l o n e  d id  
n o t  c a u s e  a p p e a r a n c e  o f  s u c h  c e l l s  in  r a t s  t r e a t e d  w i t h  
s a l i n e  on  d a y s  3 - 9 .

I t  i s  c o n c lu d e d  t h a t  t h e  r e s p o n s i v e n e s s  t o  h y d r o c o r t i s o n e -  
in d u c e d  i n c r e a s e  in  t h e  num ber o f  SGC c e l l s  w i t h  l a r g e  
g r a n u la r  v e s i c l e s  i s  l o s t  d u r in g  n o rm a l d e v e lo p m e n t ,  b u t  t h e  
r e s p o n s e  t o  h y d r o c o r t i s o n e  c a n  b e  o b t a in e d  in  y o u n g  a d u l t  
r a t s  i f  t h e s e  h a v e  b e e n  s u b j e c t e d  t o  e a r l y  p o s t n a t a l  h y d r o 
c o r t i s o n e  t r e a t m e n t .

222.9  INNERVATION OF BRACHIAL SYMPATHETIC GANGLION CELLS IN 
NORMAL AND WING-EXTIRPATED CHICKS.  J .W . Yip an d  K a t h e r i n e  
K l e i n * ,   D e p t .  o f  P h y s i o l .  S c h .  o f  M ed . ,  U n iv .  o f  
P i t t s b u r g h ,  P i t t s b u r g h ,  PA 15261 .

W ing -bud  rem ova l i n  t h e  c h i c k  embryo r e s u l t s  i n  a 
57.6% r e d u c t i o n  (N=4) i n  t h e  number o f  n e u r o n s  i n  t h e  
f i f t e e n t h  c e r v i c a l  s y m p a t h e t i c  g a n g l i o n  (C1 5) o f  t h e  
p o s t - h a t c h e d  c h i c k .  We r e p o r t  h e r e  t h e  i n n e r v a t i o n  o f  t h e  
r e m a i n i n g  g a n g l i o n  c e l l s  by p r e g a n g l i o n i c  a x o n s .

The r i g h t  w i n g - b u d s  o f  s t a g e  1 7 -1 9  (2 1 / 2 - 3  d a y s )  
c h i c k  em bryos  w e re  rem o v ed . The o p e r a t e d  em bryos  w e re  
r e t u r n e d  t o  t h e  i n c u b a t o r  and  a l l o w e d  t o  h a t c h .  One t o  
t h r e e  m o n th s  a f t e r  h a t c h i n g ,  t h e  f i f t e e n t h  c e r v i c a l  
s y m p a t h e t i c  g a n g l i o n  o f  b o t h  c o n t r o l  and e x p e r i m e n t a l  
a n i m a l s  w e re  d i s s e c t e d  i n  c o n t i n u i t y  w i t h  t h e  t h o r a c i c  
p o r t i o n  o f  t h e  s y m p a t h e t i c  c h a i n .  I n t r a c e l l u l a r  
r e c o r d i n g s  w e re  made from  i n d i v i d u a l  g a n g l i o n  c e l l s  w h i l e  
s t i m u l a t i n g  t h e  v e n t r a l  r o o t s  o f  t h e  s p i n a l  s e g m e n ts  w h ic h  
c o n t r i b u t e  i n n e r v a t i o n  t o  t h e  g a n g l i o n .

As i n  mammals,  e a c h  s y m p a t h e t i c  g a n g l i o n  c e l l  o f  t h e  
normal c h i c k  i s  i n n e r v a t e d  by a s u b s e t  o f  t h e  s p i n a l  
s e g m e n t s  t h a t  s u p p l y  t h e  g a n g l i o n  a s  a w h o le .  The s u b s e t  
o f  s p i n a l  s e g m e n ts  i s  c o n t i g u o u s ,  w i t h  one  s e g m e n t  
p r o v i d i n g  t h e  d o m i n a n t  i n n e r v a t i o n  t o  t h e  c e l l .  
Im p a le m e n t  o f  205 c e l l s  i n  normal C1 5 g a n g l i a  i n d i c a t e d  
t h a t  e a c h  g a n g l i o n  c e l l  i s  c o n t a c t e d  on a v e r a g e  by 1 1 . 6  ± 
0 . 2  a x o n s  a r i s i n g  from  3 . 5  ± 0 . 0 6  c o n t i g u o u s  s p i n a l  
s e g m e n ts  d e r i v e d  from  C15-T4. The p a t t e r n  o f  g a n g l i o n  
c e l l  i n n e r v a t i o n  r e m a in e d  l a r g e l y  t h e  same i n  
w i n g - e x t i r p a t e d  a n i m a l s .  226 c e l l s  w e re  im p a le d  i n  
g a n g l i o n  C1 5 o f  w i n g - e x t i r p a t e d  a n i m a l s .  D e s p i t e  a 
r e d u c t i o n  i n  t h e  number o f  g a n g l i o n  c e l l s ,  e a c h  c e l l  i s  
c o n t a c t e d  on a v e r a g e  by 1 2 . 8  ± 0 . 2 5  ax o n s  a r i s i n g  from  
3 .2 7  ± 0 . 0 6  s p i n a l  s e g m e n t s .  The a v e r a g e  s i z e  o f  t h e  EPSP 
r e c o r d e d  i n  i n d i v i d u a l  n e u r o n s  o f  normal and  
w i n g - e x t i r p a t e d  a n i m a l s  a l s o  r e m a in s  u n c h a n g e d ;  t h e i r  
r e s p e c t i v e  v a l u e s  b e i n g  29 .1  ± 0 . 6 7  an d  2 9 . 9  ± 0.75mV.

T h e se  r e s u l t s  s u g g e s t  t h a t  i n  t h e  s y m p a t h e t i c  s y s t e m  
o f  t h e  c h i c k ,  p r e g a n g l i o n i c  n e u r o n s  r e s p o n d  t o  a r e d u c t i o n  
o f  t h e  p o s t g a n g l i o n i c  p o p u l a t i o n  by r e d u c i n g  e i t h e r  t h e  
number o f  n e u r o n s  o r  t h e  number o f  s y n a p s e s  e a c h  n e u r o n  
m a k e s .   ( S u p p o r t e d  by B N S-821 002 8) .

222 10  RECOVERY OF CARDIOVASCULAR FUNCTION AFTER PARTIAL SYMPATHEC
TOMY: POSSIBLE ROLE OF INCREASED TYROSINE HYDROXYLASE.
S . J .  F l u h a r t y ,*  R .R . V o l lm e r ,*  M .J . Zigmond & E.M. S t r i e k e r . 
(SPON: R.G. M a c K e n z ie ) .  D e p ts .  o f  B i o lo g i c a l  S c ie n c e s  & 
P h a rm a c o lo g y , U n iv . o f  P i t t s b u r g h ,  P i t t s b u r g h ,  PA 1 5 2 6 0 .

C a te c h o la m in e  (CA)- c o n t a i n i n g  n e u r o n a l  s y s te m s  can  s u s 
t a i n  s u b s t a n t i a l  damage w i th o u t  s e v e r e  d i s t u r b a n c e  o f  fu n c 
t i o n .  We h a v e  p ro p o se d  t h a t  su c h  p l a s t i c i t y  r e s u l t s  from  
b io c h e m ic a l  a d a p ta t i o n s  t o  th e  i n j u r y  t h a t  o c c u r  w i t h in  
r e s i d u a l  e le m e n ts  o f  t h e  dam aged s y s te m . We a r e  e v a lu a t in g  
t h i s  h y p o th e s i s  by  e x a m in in g  c a r d i o v a s c u l a r  f u n c t i o n  i n  r a t s  
a f t e r  s y s te m ic  6 - h y d ro xy d o p am in e  (6-HDA) t r e a tm e n t .  M ale 
r a t s  (2 5 0 -3 0 0  g) r e c e iv e d  6-HDA (1 0 0  m g /k g , s c ) , a  t r e a tm e n t  
w h ich  i n i t i a l l y  r e d u c e d  th e  CA c o n te n t  o f  th e  h e a r t  by 94% 
w i th o u t  a f f e c t i n g  a d r e n a l  CA l e v e l s .  T h re e  d a y s  a f t e r  6-HDA 
t r e a tm e n t  we r e c o r d e d  h e a r t  r a t e  and  b lo o d  p r e s s u r e  r e s p o n 
s e s  t o  a  r a n g e  o f  s t i m u l a t i o n  f r e q u e n c ie s  ( 0 .2 5 - 8 . 0 H z ) , 
d e l i v e r e d  by  way o f  a  p i t h i n g  ro d  i n s e r t e d  i n  t h e  t h o r a c o 
lu m b a r r e g i o n  o f  t h e  s p i n a l  c o rd .  We o b s e rv e d  a  m arked  
d e c r e a s e  i n  t h e  p r e s s o r  r e s p o n s e s  o f  6 -H D A -tre a te d  r a t s .  I n  
c o n t r a s t ,  t h e  h e a r t  r a t e  r e s p o n s e s  w ere  much l e s s  a f f e c t e d .  
W h ile  a t  low  f r e q u e n c ie s  o f  s t i m u l a t i o n ,  t h e  t a c h y c a r d i a  
r e s p o n s e s  ra n g e d  from  20-40% o f  c o n t r o l  a t  h ig h e r  f r e q u e n 
c i e s  t h e  i n c r e a s e s  i n  h e a r t  r a t e  w e re  n o rm a l. The m a in te 
n a n c e  o f  c h r o n o t r o p ic  r e s p o n s i v e n e s s  may h a v e  b e e n  m e d ia te d  
by  e n h a n ce d  a d r e n a l  m e d u l la r y  CA s e c r e t i o n  b e c a u s e  a d r e n a l  
TH a c t i v i t y  was i n c r e a s e d  by 68% 3 d a y s  a f t e r  6-HDA t r e a t 
m ent and p la sm a  e p in e p h r in e  l e v e l s  d u r in g  s t i m u l a t i o n  w ere  
i n c r e a s e d  m a rk e d ly .

T h re e  w eeks a f t e r  6-HDA t r e a tm e n t ,  b o th  p r e s s o r  and  h e a r t  
r a t e  r e s p o n s e s  to  s t i m u l a t i o n  w ere  n o rm a l .  A d re n a l  m ed u l
l a r y  i n f l u e n c e s  a p p e a re d  to  b e  l e s s  im p o r ta n t  t h e n .  I n s t e a d ,  
r e s t o r a t i o n  o f  f u n c t i o n  may h a v e  r e s u l t e d  from  e n h a n ce d  
s y n t h e s i s  and  r e l e a s e  o f  CA from  s u r v i v i n g  s y m p a th e t ic  t e r 
m in a l s .  I n d e e d ,  a l t h o u g h  c a r d i a c  CA c o n te n t  was d e c re a s e d  
by  83% a t  t h i s  t im e ,  TH a c t i v i t y  was re d u c e d  b y  o n ly  35%, 
s u g g e s t in g  t h a t  TH a c t i v i t y  was i n c r e a s e d  s u b s t a n t i a l l y  
w i t h in  undam aged n e u ro n s  o f  th e  h e a r t .  T h is  l o c a l  e n h a n c e 
m ent o f  CA s y n t h e s i s  d e v e lo p e d  m ore g r a d u a l ly  th a n  t h a t  
w h ich  o c c u r r e d  in  th e  a d r e n a l  m e d u lla  b u t  i t  p e r s i s t e d  f o r  
s e v e r a l  w eeks l o n g e r .  T h e se  r e s u l t s  f u r t h e r  a t t e s t  t o  th e  
im p r e s s iv e  f u n c t i o n a l  p l a s t i c i t y  o f  p a r t i a l l y  dam aged CA 
s y s te m s .  In  a d d i t i o n ,  th e y  p r o v id e  e v id e n c e  t h a t  b io c h e m i
c a l  a d a p t a t i o n s  t h a t  p e rm i t  e n h a n ce d  s y n t h e s i s  and  s e c r e t i o n  
o f  CA w i t h in  th e  s y m p a th e t ic  n e rv o u s  s y s te m  may h a v e  a  f u n c 
t i o n a l  im p a c t  on d e n e r v a t e d  t a r g e t  o r g a n s .

S u p p o r te d  by  MH 0 8 7 5 8 , MH 2 9 6 7 0 , NS 19608 and HL 2 6 212 .
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2 2 2 .11  RESPONSES OF CULTURED RAT SUPERIOR CERVICAL GANG
LIA TO NERVE GROWTH FACTOR, HYDROCORTISONE AND 
HEART ATRIUM EXPLANTS.  S . S o i n i l a ° , H, P ä i v ä r i n t a ° 
T . L a h t i n e n ° a n d  O . E r ä n k ö ° ( SPON: B . W i s e )  D e p a r t 
m e n t o f  A n a to m y , U n i v e r s i t y  o f  H e l s i n k i ,  S i l t a v u o 
r e n p e n g e r  20 A, S F -0 0 1 7 0  H e l s i n k i ,  F i n l a n d .

E v i d e n c e  h a s  b e e n  p r e s e n t e d  t o  s u g g e s t  t h a t  
t h e  n e r v e  g r o w th  f a c t o r  (NGF) an d  g l u c o c o r t i c o i d s  
e x e r t  c o m p e t i t i v e  i n f l u e n c e s  on th e  s y m p a t h e t i c  
p r e c u r s o r  c e l l s  r e s u l t i n g  i n  i n d u c t i o n  o f  n e u r o n a l  
p h e n o t y p e  i n  t h e  p r i n c i p a l  n e r v e  (PN) c e l l s  an d  
n e u r o e n d o c r i n e  p h e n o t y p e  i n  t h e  s m a l l  i n t e n s e l y  
f l u o r e s c e n t  ( S I F )  c e l l s .  The t a r g e t  t i s s u e s  o f  th e  
s y m p a t h e t i c  g a n g l i a  p r o d u c e  NGF a n d  p o s s i b l y  a l s o  
o t h e r  g r o w th  f a c t o r s  w h ic h  a r e  t h o u g h t  t o  a t t r a c t  
f i b r e  g r o w th  f ro m  t h e  PN c e l l s .

T h i s  s t u d y  r e p o r t s  on t h e  e f f e c t s  o f  e x o g e 
n o u s  NGF a n d  h y d r o c o r t i s o n e  (HC) o r  h e a r t  a t r i u m  
e x p l a n t s  on c u l t u r e d  p r e -  a n d  p o s t n a t a l  s u p e r i o r  
c e r v i c a l  g a n g l i a  o f  t h e  r a t .

NGF p r o d u c e d  e x t e n s i v e  n e r v e  f i b r e  g r o w th  
f ro m  t h e  PN c e l l s  f i r s t  i n  g a n g l i a  o f  1 5 - d a y - o l d  
(E 1 5 )  e m b r y o s ,  w h i l e  c u l t u r e  w i t h  HC r e s u l t e d  i n  
i n c r e a s e d  S IF  c e l l  n u m b e rs  e v e n  i n  E13 g a n g l i a .  HC 
no l o n g e r  i n d u c e d  i n c r e a s e d  S IF  c e l l  n u m b e rs  i n  
t h e  g a n g l i a  o f  8 - d a y - o l d  a n d  o l d e r  p o s t n a t a l  r a t s .  
N e i t h e r  NGF n o r  i t s  a n t i s e r u m  a f f e c t e d  s u r v i v a l  o f  
t h e  S IF  c e l l s .  HC d i d  n o t  e s s e n t i a l l y  a f f e c t  f i b r e  
g r o w th  f ro m  t h e  PN c e l l s .  C u l t u r e  w i t h  b o th  NGF 
a n d  HC sh o w e d  t h a t  n e i t h e r  NGF n o r  i t s  a n t i s e r u m  
p r e v e n t e d  HC f ro m  i n d u c i n g  new S IF  c e l l s ,  a n d  NGF 
f a i l e d  t o  e n h a n c e  f i b r e  g r o w th  f ro m  H C - in d u c e d  S IF  
c e l l s .  HC d i d  n o t  a f f e c t  N G F - in d u c e d  f i b r e  g r o w th  
f ro m  t h e  PN c e l l s .

N ew born  a t r i u m  e x p l a n t s  e l i c i t e d  f i b r e  g r o w th  
f ro m  b o t h  n e w b o rn  an d  E15 g a n g l i a ,  a n d  t h i s  e f f e c t  
w as t o t a l l y  a b o l i s h e d  by a n t i - N G F .  I n  c o n t r a s t ,  
f i b r e  g r o w th  fro m  E15 g a n g l i a  in d u c e d  by E15 a t r i a  
w as o n l y  p a r t i a l l y  i n h i b i t e d  by  a n t i - N G F .

The p r e s e n t  r e s u l t s  s u g g e s t  t h a t  ( 1 )  NGF an d  
g l u c o c o r t i c o i d s  may a f f e c t  d i f f e r e n t  c e l l  p o p u l a 
t i o n s  r a t h e r  t h a n  c o m p e t i t i v e l y  i n f l u e n c e  t h e  sam e 
p r e c u r s o r  c e l l s ,  a n d  (2 )  g r o w th  f a c t o r s  o t h e r  th a n  
NGF may t a k e  p a r t  i n  t h e  r e g u l a t i o n  o f  n e r v e  f i b r e  
g r o w th  fro m  e a r l y  p r e n a t a l  s y m p a t h e t i c  g a n g l i a .
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223.1  PARTIAL EXPRESSION OF CATECHOLAMINERGIC TRAITS IN 
CHICK EMBRYO CILIARY GANGLIA.  G. Teitelman, V. Albert, 
T.H. Joh, D.J. Reis and L. Iacovitti.  Cornell Univ. Med. Coll., 
New York, NY 10021.

We have previously reported that cells of the cholinergic 
ciliary ganglia (CG) of chick embryo contain tyrosine 
hydroxylase (TH), but not phenylethanolamine N- 
m ethyltransferase (PNMT) during development in vivo and that 
in vitro CGs from E8 chicks express both catechoamine (CA) 
enzymes (Iacovitti e t al., Neuroscience Abstr. 304, 1983). In this 
study, we examined, f irs t, whether cells of the CG contain 
arom atic L-amino acid decarboxylase (AADC), another CA 
enzyme. To do so, CGs were removed from E5 to postnatal day 
10 (P10), fixed and processed for the immunocytochemical 
localization of AADC. At all stages examined, CG neurons 
stained with AADC although the staining was less intense in 
ganglia from postnatal than from embryonic chicks. In CGs 
removed from E8 embryos and maintained for 5 days in vitro , all 
neurons contained AADC while non-neuronal cells were devoid of 
stain. The fact that cultures of CG incubated with the amine 
precursor L-DOPA exhibit dopamine histofluorescence indicates 
that AADC is active. However, CG neurons in vitro do not 
contain endogenous CAs, nor do they take up and store 
exogenous CAs. Second, we examined whether CG neurons in 
vitro can simultaneously express catalytically active adrenergic 
and cholinergic enzymes. To do so, the activity of TH and of 
choline acetyltransferase (CAT) was measured in cultures of E8 
CGs. A fter 5 days in vitro, CAT activity was (51.4 ± 3.1, 
fmols/neuron/hr) and while TH activity  was undetectable, all 
neurons of corresponding sister cultures contained TH 
immunoreactivity. Third, we sought to determine which cell 
type of the CG in vivo initiates the expression of TH once the 
ganglia is placed in culture. Ganglia removed from E8 chicks 
and maintained throughout the culture period in media 
containing 3H or 14C thymidine were processed for 
immunostaining and radioautography. In all cases cells 
containing TH immunoreactivity were devoid of silver grains. 
This finding indicates that the CA tra its  are expressed by the 
postm itotic neurons of the CG.

We conclude that the postm itotic neurons of the CG are able 
to express some but not all of the tra its  characteristic of a CA 
phenotype while maintaining cholinergic expression. These 
findings suggest that 1) the appearance of the full complement 
of adrenergic properties is not coordinated and may be regulated 
by different environmental cues and, 2) CG neurons can express 
both adrenergic and cholinergic tra its  simultaneously.  
(Supported NIH Grant HL18974 and NSF Grant PCM8303019.)

223.2  DEVELOPMENT OF CHOLINE ACETYLTRANSFERASE ACTIVITY IN THE 
SYMPATHETIC INNERVATION OF RAT SWEAT GLANDS.  G .G .Leblanc* 
and S .C .Landis (SPON :M .S .L iv in g s to n e ) .  D ep t. o f  N eu rob io logy , 
H arvard M edical S choo l, B oston , MA 02115.

P rev io u s  m orpho log ica l s tu d ie s  have p ro v id e d  ev idence  
th a t  the; sy m p ath e tic  neu rons  which in n e rv a te  r a t  sw eat 
g lands  (SGs) sw itch  t h e i r  n e u ro t r a n s m it te r  phenotype from 
a d re n e rg ic  to  c h o l in e rg ic  d u rin g  p o s tn a t a l  developm ent 
(Landis and K eefe, Dev. B io l. 98, 349 ). In o rd e r  to  d e f in e  
th e  tim e o f  o n s e t o f  c h o l in e rg ic  p r o p e r t i e s  in  th e  SG i n 
n e rv a t io n ,  we have examined th e  developm ent o f  c h o lin e  
a c e ty l t r a n s f e r a s e  (CAT) a c t i v i t y  in  th e s e  n eu ro n s .

CAT a c t i v i t y  was assayed  in  hom ogenates o f g la n d - r ic h  
chunks o f foo tpad  t i s s u e  a c co rd in g  to  th e  method o f Fonnum 
( J .  Neurochem. 24, 407). M easurements were begun a t  day 4, 
th e  tim e a t  which sy m p ath e tic  axons f i r s t  a r r i v e  a t  th e  
d ev e lo p in g  SGs. A pparent CAT a c t i v i t y  was ex trem e ly  low 
u n t i l  day 14, and began to  r i s e  betw een days 14 and 21. 
CAT a c t i v i t y  co n tin u ed  to  in c re a s e  in  a l i n e a r  fa s h io n  f o r  
up to  42 d ay s , th e  l a t e s t  tim e p o in t s tu d ie d .  T o ta l g land  
p r o te in  a ls o  in c re a s e d  l i n e a r l y  d u rin g  t h i s  p e r io d ,  b u t a t  a 
s low er r a t e  th an  d id  CAT a c t i v i t y .  Thus, th e re  was a 4 - fo ld  
in c re a s e  in  s p e c i f i c  CAT a c t iv i t y  betw een days 21 and 42.

To de te rm ine  w hether th e  low le v e l o f  a c e ty la t in g  a c t i v i t y  
observed  p r io r  to  day 21 i s  due to  th e  p re se n c e  o f  CAT in  
th e  sy m p ath e tic  in n e rv a t io n  o f  th e  SGs, n e o n a ta l an im als were 
t r e a te d  w ith  6-hydroxydopam ine (6-OHDA)(100 mg/kg, days 1-7 
and 12 ). This tre a tm e n t a b o l is h e s  bo th  th e  d ev e lo p in g  and 
m ature sy m p ath e tic  in n e rv a tio n  o f  th e  SGs (Yodlowski e t  a l . ,  
J .  N e u ro s c i. ,  in  p r e s s ) .  The lo s s  o f  in n e rv a t io n  due to  neo 
n a t a l  6-OHDA tre a tm e n t d id  n o t s ig n i f i c a n t ly  a f f e c t  th e  
a c e ty la t in g  a c t i v i t y  o f  SGs taken  from 4 and 7 day an im a ls , 
and on ly  s l i g h t l y  d ec re a sed  th e  a c t i v i t y  o f  14 day SGs. By 
19 d ay s , how ever, a c e ty la t in g  a c t i v i t y  was reduced  75% in  
SGs from 6-OHDA-treated an im a ls . S im i la r ly ,  a t  19 d a y s , i n 
c u b a tio n  o f SG hom ogenates from c o n t ro l  an im als w ith  th e  CAT 
i n h i b i to r  n a p th y lv in y lp y r id in e  (PVN) r e s u l t e d  in  a 70% d e 
c re a se  in  a c e ty la t in g  a c t i v i t y ,  w h ile  PVN had l i t t l e  e f f e c t  
on th e  a c t i v i t y  o f  SG hom ogenates from 6-OHDA-treated an im a ls . 
Hence, i t  i s  on ly  in  th e  19 day an im als  t h a t  s i g n i f i c a n t  
le v e ls  o f  s p e c i f i c  CAT a c t i v i t y  can be a t t r i b u t e d  t o the 
p re se n c e  o f  sy m p ath e tic  ne rv e  te rm in a ls  in  th e  SGs.

The r e l a t i v e l y  l a t e  a c q u is i t i o n  o f  CAT a c t i v i t y  in  th e  
sy m p ath e tic  in n e rv a t io n  o f  th e  r a t  SGs p ro v id e s  f u r th e r  sup 
p o r t  f o r  th e  h y p o th e s is  th a t  th e se  neurons undergo a t r a n s i 
t i o n  from a d re n e rg ic  to  c h o l in e rg ic  phen o ty p e , and su g g e s ts  
a r o le  f o r  t a r g e t  t i s s u e  in  m e d ia tin g  t h i s  t r a n s i t i o n .
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2 2 3 .3   THE DEVELOPMENT OF CHOLINERGIC TRANSMISSION IN THE RAT 
ECCRINE SWEAT GLANDS  L .M . S t e v e n s * a n d  S . C . L a n d i s  (S P O N :D .D . 
P o t t e r ) .   D e p t .  o f  N e u r o b i o l o g y ,  H a r v a r d  M ed. S c h . ,  B o s t o n ,  
MA 0 2 1 1 5

P r e v i o u s  s t u d i e s  h a v e  sh o w n  t h a t  t h e  c h o l i n e r g i c  s y m p a 
t h e t i c  f i b e r s  w h ic h  i n n e r v a t e  r a t  e c c r i n e  s w e a t  g l a n d s  (S G s) 
i n i t i a l l y  e x p r e s s  n o r a d r e n e r g i c  p r o p e r t i e s  w h ic h  a r e  l o s t  a s  
t h e  g l a n d s  a n d  t h e i r  i n n e r v a t i o n  m a t u r e .  To d o c u m e n t  f u r t h e r  
t h e  c h a n g e  i n  t r a n s m i t t e r  p h e n o t y p e ,  we s t u d i e d  t h e  o n s e t  o f  
c h o l i n e r g i c  t r a n s m i s s i o n  i n  d e v e l o p i n g  S G s.

R a t s  w e r e  a s s a y e d  a t  1 6 ,  1 8 ,  21 a n d  25 d a y s  o f  a g e  f o r  t h e  
a b i l i t y  o f  b o t h  n e r v e  s t i m u l a t i o n  a n d  c h o l i n e r g i c  a g o n i s t s  t o  
p r o d u c e  a  s e c r e t o r y  r e s p o n s e  i n  t h e  SG s o f  t h e  p l a n t a r  f o o t 
p a d s .  T h e  s c i a t i c  n e r v e  w as s t i m u l a t e d  f o r  2 - 5  m in .  a t  7 . 5 -  
1 2 .5 V  a t  5½Hz u s i n g  p l a t i n u m  e l e c t r o d e s  e m b e d d e d  i n  a  s i l a 
s t i c  c u f f .  A c t i v e  SGs w e r e  d e t e c t e d  w i t h  a  s i l i c o n e  i m p r e s 
s i o n  m a t e r i a l  (K e n n e d y  & S a k u t a ,  N e u r o s c i .  A b s . ,  8 : 2 7 ,  1 9 8 2 ) .  
D r u g s  w e r e  d i s s o l v e d  i n  s a l i n e  a n d  a d m i n i s t e r e d  l o c a l l y  b y  
i n j e c t i n g  i n d i v i d u a l  f o o t p a d s .

B o th  n e r v e  s t i m u l a t i o n  a n d  c h o l i n e r g i c  a g o n i s t s  e l i c i t e d  
a  s e c r e t o r y  r e s p o n s e  i n  1 6 d .  o l d  r a t s .  F o u r  o u t  o f  10 r a t s  
t e s t e d  e x h i b i t e d  s w e a t i n g  d u r i n g  n e r v e  s t i m u l a t i o n ,  b u t  a c 
t i v e  g l a n d s  w e r e  p r e s e n t  i n  o n l y  1 - 4  o f  t h e  11 f o o t p a d s .  T h e  
sa m e  g l a n d s  w e r e  a c t i v a t e d  b y  2 X 1 0 - 5 M m u s c a r i n e .  By 1 8 d . ,  9 
o u t  o f  10 r a t s  t e s t e d  s e c r e t e d  i n  r e s p o n s e  t o  n e r v e  s t i m u l a 
t i o n  a n d  i n j e c t i o n  o f  1 -5 X 1 0 - 5M m e t h a c h o l i n e . I n  m o s t  r a t s ,  
a l l  f o o t p a d s  c o n t a i n e d  som e a c t i v e  g l a n d s .  A t 21 a n d  2 5 d . ,  
a l l  r a t s  t e s t e d  e x h i b i t e d  s w e a t i n g  d u r i n g  n e r v e  s t i m u l a t i o n .  
T h e  n u m b e r  o f  a c t i v e  g l a n d s  p e r  f o o t p a d  i n c r e a s e d  w i t h  a g e ,  
a s  d i d  s e n s i t i v i t y  t o  c h o l i n e r g i c  a g o n i s t s .  By 2 5 d . ,  som e 
g l a n d s  r e s p o n d e d  t o  5 X 1 0 - 7 M m e t h a c h o l i n e .

A t a l l  a g e s  t e s t e d ,  ( 1 8 ,  21 a n d  2 5 d . ) ,  s w e a t i n g  e v o k e d  b y  
n e r v e  s t i m u l a t i o n  w as  b l o c k e d  b y  1 0 - 6 M a t r o p i n e ,  a  c h o l i n e r 
g i c  a n t a g o n i s t .  I n  c o n t r a s t ,  n e r v e - e v o k e d  s e c r e t i o n  w as u n 
a f f e c t e d  b y  t h e  a d r e n e r g i c  a n t a g o n i s t s  p h e n t o l a m i n e  a n d  p r o 
p r a n o l o l ,  a n d  s w e a t i n g  c o u l d  n o t  b e  e l i c i t e d  b y  t h e  a d r e n e r g i c  
a g o n i s t s  c l o n i d i n e  a n d  i s o p r o t e r e n o l .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  c h o l i n e r g i c  f u n c t i o n  i s  p r e 
s e n t  i n  t h e  SG s a s  e a r l y  a s  1 8 d .  i n  m o s t  r a t s  a n d  p e r h a p s  a t  
1 6 d .  i n  s o m e . O f  4 r a t s  e x a m in e d  a t  14 d a y s ,  n e i t h e r  n e r v e  
s t i m u l a t i o n  n o r  2 X 1 0 - 5 M m u s c a r i n e  p r o d u c e d  s e c r e t i o n .  T h e s e  
o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  b i o c h e m i c a l  s t u d i e s  ( L e b la n c  
& L a n d i s ,  t h i s  v o lu m e )  i n d i c a t i n g  t h a t  t h e r e  i s  l i t t l e  o r  n o  
c h o l i n e  a c e t y l t r a n s f e r a s e  a c t i v i t y  i n  t h e  SG s a t  1 4 d .  a n d  
t h a t  i t s  a c t i v i t y  b e g i n s  t o  i n c r e a s e  b e tw e e n  14 a n d  1 9 d .  T he  
t im e  c o u r s e  o f  t h e  o n s e t  o f  c h o l i n e r g i c  t r a n s m i s s i o n  i n  t h e  SGs 
s u p p o r t s  t h e  p r o p o s e d  t r a n s i t i o n  i n  t r a n s m i t t e r  p h e n o t y p e .

2 2 3 . 4   PLASTICITY OF PEPTIDE CONTENT IN PC-12 CELLS -  ROLE OF 
NERVE GROWTH FACTOR.
R. B aum ann-D rake* , F . B u s in g e r* ,  U. O f t e n .(S P O N :W .F .F is c h l i)   
D e p t . o f  P h a rm a c o lo g y , B io c e n te r  o f  t h e  U n i v e r s i t y ,  B a s e l ,  
S w i t z e r l a n d .

The r a t  ph eo ch ro m o cy to m a c lo n a l  c e l l  l i n e  (PC-12) h a s  b e e n  
shown t o  b e  a  u s e f u l  e x p e r im e n ta l  sy s te m  f o r  t h e  s tu d y  o f  
m ech an ism s in v o lv e d  i n d i f f e r e n t i a t i o n  o f  c e l l s  d e r i v e d  
fro m  t h e  n e u r a l  c r e s t .  I n  a d d i t i o n  t o  c l a s s i c a l  n e u r o t r a n s 
m i t t e r s  v a r i o u s  n e u r o p e p t id e s  h a v e  b e e n  l o c a l i z e d  i n  c e l l s  
o f  n e u r a l  c r e s t  o r i g i n .
U s in g  s e n s i t i v e  r a d io im m u n o a ss a y s  w i th  s e q u e n c e  s p e c i f i c  
a n t i b o d i e s  we h a v e  d e t e c t e d  s u b s ta n c e  P - ( S P ) ,  so m a to 
s t a t i n -  (SOM) an d  v a s o a c t iv e  i n t e s t i n a l  p o ly p e p t id e - ( V I P )  
l i k e  im m u n o re a c tiv e  m a t e r i a l  i n  PC-12 c e l l s  (0 .1 2 4 ,  0 .0 5 4  
an d  0 .1 7  pm ol/m g p r o t e i n  r e s p e c t i v e l y ) .
A c h a r a c t e r i s t i c  p r o p e r t y  o f  PC-12 c e l l s  i s  i t s  r e s p o n s i v e 
n e s s  t o  g ro w th  f a c t o r s  an d  h o rm o n e s . I n  t h e  p r e s e n t  s tu d y  
we i n v e s t i g a t e d  t h e  e f f e c t s  o f  2 .5 S  n e rv e  g ro w th  f a c t o r (NGF) 
on  n e u r o p e p t id e  c o n te n t  an d  t r a n s m i t t e r  s y n th e z i s i n g  e n 
zym es su c h  a s  c h o l i n e  a c e t y l t r a n s f e r a s e  an d  t y r o s i n e  
h y d r o x y la s e .
E x p o su re  o f  PC-12 c e l l s  t o  NGF (50 -  200 n g /m l)  c a u s e d  a  
d o s e -d e p e n d e n t  i n c r e a s e  o f  VIP c o n te n t .  W ith in  5 d a y s  
50 n g /m l NGF c a u s e d  a  t h r e e - f o l d ,  200 n g /m l NGF a  s i x - f o l d  
i n c r e a s e  o f  V IP . The i n c r e a s e  i n  VIP was a c co m p a n ie d  
by  a  d o se  d e p e n d e n t  r i s e  i n  c h o l i n e  a c e t y l t r a n s f e r a s e  
a c t i v i t y .  On t h e  o t h e r  h a n d , NGF d id  n o t  a f f e c t  e i t h e r  
SOM o r  SP c o n te n t  n o r  t y r o s i n e  h y d r o x y la s e  a c t i v i t y .  
O ur r e s u l t s  i n d i c a t e  t h a t  NGF r e g u l a t e s  VIP e x p r e s s io n  i n  
i n  PC -12 c e l l s .  I t  r e m a in s  t o  b e  d e te r m in e d  w h e th e r  
o t h e r  g ro w th  f a c t o r s  o r  h o rm o n es w h ic h  a r e  im p o r ta n t  
d e te r m i n a n ts  o f  t r a n s m i t t e r  p h e n o ty p e s  c a n  a f f e c t  n e u ro 
p e p t i d e  l e v e l s  i n  t h e s e  c e l l s .

S u p p o r te d  by  t h e  S w is s  N a t io n a l  F o u n d a t io n  f o r  S c i e n t i f i c  
R e s e a rc h  (G ra n t  3 3 4 4 -0 8 3 ) an d  by  E . B a r r e l l  S t i f t u n g ,
F .H o ffm a n n -L a  R o ch e , B a s e l .

223.5  DEPOLARIZATION INCREASES GABA SYNTHESIS IN RETINAL CELLS 
IN CULTURE.  B-A. B a t t e l l e .  N a tio n a l Eye I n s t i t u t e ,  NIH, 
B e th esd a , MD. 20205

Mechanisms which m odulate  th e  developm ent and fu n c t io n  
o f neurons in  th e  c e n t r a l  nervous system  a re  la r g e ly  
unknown. We a re  s tu d y in g  b io c h em ica l p a ram ete rs  
a s s o c ia te d  w ith  th e  fu n c t io n  o f synapses o f neurons from 
r a t  r e t i n a  m a in ta in ed  in  m onolayer c u l tu r e .  We re p o r te d  
th a t  th e  r a t e  o f GABA s y n th e s is  and s to ra g e  in  c u l tu r e s  
of c e l l s  d is s o c ia te d  from em bryonic r a t  r e t i n a s  and grown 
in  medium c o n ta in in g  an e le v a te d  c o n c e n tra t io n  o f K+ (50 
mM) was tw ic e  th a t  m easured in  s i s t e r  c u l tu r e s  grown in  
norm al medium c o n ta in in g  4 mM K+ . (S oc. N eu ro sc i. A b s tr . 
9 :1 0 9 9 , 1983). To f u r th e r  c h a r a c te r iz e  th i s  e f f e c t  th e  
fo llo w in g  have been in v e s t ig a t e d :  1. th e  r e l a t i o n s h ip  
between th e  r a t e  o f GABA s y n th e s is  and th e  c o n c e n tra t io n  
o f K+ in  th e  grow th medium 2. th e  e f f e c t  of v e r a t r id in e  
and te t r o d o to x in  (TTX) on th e  r a t e  o f GABA s y n th e s is  and 
3 . th e  e f f e c t  o f Ca++ channel b lo c k e rs  on K+- s t im u la te d  
in c r e a s e s  in  th e  r a t e  of GABA s y n th e s is .

I n c re a s in g  th e  c o n c e n tra t io n  o f K+ in  th e  grow th 
medium (H EPES-buffered F12/DMEM p lu s  5% f e t a l  c a l f  serum) 
from 4 to  10 mM d id  no t s ig n i f i c a n t ly  in c re a s e  th e  r a t e  
of GABA s y n th e s is .  The r a t e  o f GABA s y n th e s is  in c re a s e d  
l i n e a r l y  between 10 and 30 mM K+ and was maximum between 
30 and 50 mM K+ . Exposing c u l tu re d  r e t i n a l  c e l l s  to  
v e r a t r i d in e  a l s o  in c re a s e d  th e  r a t e  o f GABA s y n th e s is .
The maximum in c re a s e  o b ta in e d  w ith  10 µM v e r a t r id in e  
(H igher c o n c e n tra t io n s  o f v e r a t r id in e  were to x i c . )  was 
50-60% of th a t  o b ta in ed  w ith  50 mM K+ . A d d itio n  of TTX to  
th e  grow th medium co m p le te ly  in h ib i te d  th e  v e r a t r i d in e -  
s tim u la te d  in c re a s e  in  GABA s y n th e s is  and p a r t i a l l y  
in h ib i te d  th e  K + -s tim u la ted  in c r e a s e .  A d d itio n  o f th e  
Ca++ ch annel b lo c k e rs  D-600 ( 5 x 10- 6M) o r  n i t r e n d ip in e  
(5 x 10-9 M) to  th e  medium a l s o  s ig n i f i c a n t ly  in h ib i te d  the 
K+- s t im u la te d  in c re a s e  in  th e  r a t e  o f GABA s y n th e s is .

Taken to g e th e r  th e se  r e s u l t s  su g g es t th a t  
d e p o la r iz a t io n  in c re a s e s  th e  r a t e  o f GABA s y n th e s is  in  
r e t i n a l  neurons and th a t  t h i s  in c re a s e  depends in  p a r t  on 
th e  in f lu x  o f e x t r a c e l lu l a r  Ca++.

2 2 3 .6   PHARMACOLOGICAL S T U D I E S  OF H Y PE R PO L A R IZ IN G  AND A G E -D E P E N D 
ENT D EP O L A R IZ IN G  R ESPO NSE S OF CULTURED LOCUS COERULEUS ( L C )  
NEURONS TO NORADRENALINE ( N A ) .  P . G .  F i n l a y s o n *  a n d
K . C .  M a r s h a l l , D e p t .  o f  P h y s i o l . ,  U n i v .  o f  O t t a w a ,  O t t a w a ,  
C a n a d a  K1H 8 M 5 .

We h a v e  p r e v i o u s l y  d e m o n s t r a t e d  a n  a g e - d e p e n d e n t  c h a n g e  
i n  t h e  r e s p o n s e s  o f  c u l t u r e d  LC n e u r o n s  t o  i o n t o p h o r e t i c a l 
l y  a p p l i e d  NA ( D e v .  B r a i n  R e s . ,  i n  p r e s s ) .  LC n e u r o n s  i n  
e x p l a n t  c u l t u r e s  f r o m  n e w b o r n  m i c e  w e r e  r e c o r d e d  i n t r a c e l l 
u l a r l y .  B i p h a s i c  r e s p o n s e s  t o  N A ,  a  h y p e r p o l a r i z a t i o n  
f o l l o w e d  b y  a  d e p o l a r i z a t i o n ,  w e r e  o b s e r v e d  i n  m o s t  LC 
n e u r o n s  g r o w n  i n  c u l t u r e  f o r  l e s s  t h a n  2 6  d a y s ,  w h i l e  o n l y  
h y p e r p o l a r i z i n g  r e s p o n s e s  t o  NA w e r e  o b s e r v e d  i n  LC n e u r o n s  
c u l t u r e d  f o r  m o r e  t h a n  2 6  d a y s .  We n o w  r e p o r t  p h a r m a c o l o g 
i c a l  e v i d e n c e  s u p p o r t i n g  o u r  e a r l i e r  h y p o t h e s i s  t h a t  t h e  
h y p e r p o l a r i z i n g  a n d  d e p o l a r i z i n g  c o m p o n e n t s  o f  b i p h a s i c  
r e s p o n s e s  a r e  m e d i a t e d  b y  d i f f e r e n t  a d r e n o c e p t o r s .

T h e  h y p e r p o l a r i z a t i o n s  o f  c u l t u r e d  LC n e u r o n s  b y  NA 
a p p e a r  t o  b e  m e d i a t e d  b y  α 2  a d r e n o c e p t o r s .  I o n t o p h o r e t i c  
a p p l i c a t i o n  o f  c l o n i d i n e ,  a n  α 2  a g o n i s t ,  e v o k e s  a  l o n g  
h y p e r p o l a r i z a t i o n  i n  t h e  LC n e u r o n s  a t  a l l  a g e s  t e s t e d .  
F u r t h e r m o r e ,  Y o h i m b i n e  ( 1 0 0 n M - l u M ) ,  a  s e l e c t i v e  α 2  a n t a g o n 
i s t ,  a b o l i s h e s  h y p e r p o l a r i z a t i o n s  t o  NA a n d  a n t a g o n i z e s  t h e  
h y p e r p o l a r i z i n g  c o m p o n e n t  o f  t h e  b i p h a s i c  r e s p o n s e s  w i t h o u t  
r e d u c i n g  t h e  d e p o l a r i z i n g  c o m p o n e n t .  T h u s ,  a s  i n  v i v o  a n d  
i n  t i s s u e  s l i c e s ,  α 2  a d r e n o c e p t o r s  m e d i a t e  h y p e r p o l a r i z a t 
i o n s  i n  c u l t u r e d  LC n e u r o n s .

T h e  d e p o l a r i z i n g  r e s p o n s e s  o f  LC n e u r o n s  t o  NA a p p e a r  t o  
b e  m e d i a t e d  b y  α1  r e c e p t o r s .  T h e  β - a d r e n o c e p t o r  b l o c k e r s ,  
p r o p r a n o l o l  ( l u M )  a n d  s o t a l o l  ( l u M )  h a d  n o  e f f e c t  o n  t h e  
d e p o l a r i z i n g  o r  t h e  h y p e r p o l a r i z i n g  r e s p o n s e s  t o  NA. H o w 
e v e r ,  C o r y n a n t h i n e  ( 1 0 u M ) ,  a n  α1 b l o c k e r  a n d  P r a z o c i n  ( 2 0 0  
n M - l u M ) ,  a n  α1 b l o c k e r ,  r e d u c e d  o r  a b o l i s h e d  t h e  d e p o l a r i 
z i n g  c o m p o n e n t  o f  b i p h a s i c  r e s p o n s e s ,  l e a v i n g  a  h y p e r p o l a 
r i z i n g  c o m p o n e n t .  F u r t h e r m o r e ,  i o n t o p h o r e s i s  o f  t h e  α1 
a g o n i s t ,  p h e n y l e p h r i n e  e v o k e d  s m a l l  d e p o l a r i z a t i o n s .  As  t h e  
d e p o l a r i z i n g  r e s p o n s e s  o f  LC n e u r o n s  t o  NA i s  a g e - d e p e n d e n t  
a n d  t h e r e  a r e  r e l a t i v e l y  f e w  α1 a d r e n o c e p t o r s  i n  t h e  LC o f  
a d u l t  a n i m a l s ,  i t  i s  l i k e l y  t h a t  a  p o p u l a t i o n  o f  α1  a d r e n o 
c e p t o r s  o n  LC n e u r o n s  a r e  l o s t  d u r i n g  m a t u r a t i o n .  T h e s e  
o b s e r v a t i o n s  m a y  i n d i c a t e  t h a t  i n  i n f a n t s ,  n o r a d r e n e r g i c  
n e u r o t r a n s m i s s i o n  i n  t h e  LC h a s  b o t h  e x c i t a t o r y  a n d  i n h i b i 
t o r y  e f f e c t s ,  w h i l e  a f t e r  m a t u r a t i o n  NA h a s  o n l y  a n  i n h i b i 
t o r y  a c t i o n ,  a s  h a s  b e e n  o b s e r v e d  i n  s t u d i e s  o f  t h e  LC f r o m  
a d u l t  a n i m a l s .
( S u p p o r t e d  b y  t h e  M e d i c a l  R e s e a r c h  C o u n c i l  o f  C a n a d a ;
PGF i s  s u p p o r t e d  b y  a n  O n t a r i o  G r a d u a t e  S c h o l a r s h i p ) .
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223. 7  TYROSINE HYDROXYLASE AND CHOLINEACETYLTRANSFERASE IN CUL
TURES OF RAT ENTERIC NEURONS: IMMUNOREACTIVITY AND ENZYME 
ACTIVITY.  R. NISHI & A.L. WILLARD.  D e p t .  o f  N eu rob io logy , 
H arvard  Med. S ch o o l, 25 S h a ttu ck  S t . ,  B oston , MA 02115

We have deve loped  c u l tu r e  p ro to c o ls  t h a t  prom ote and m ain
t a in  d i f f e r e n t i a t i o n  o f  neurons d is s o c ia te d  from m y e n te ric  
p le x u s  o f  n e o n a ta l  r a t s .  These c u l tu r e d  neurons have many o f  
th e  d i f f e r e n t i a t e d  p r o p e r t i e s  o f  t h e i r  in  v iv o  c o u n te rp a r ts ,  
in c lu d in g  s y n a p tic  i n t e r a c t i o n s ,  c h e m o s e n s i t iv i ty , u l t r a 
s t r u c t u r e  and immunorea c t i v i t y  to  a n t i s e r a  a g a in s t p e p tid e  
t r a n s m i t t e r  c a n d id a te s . We d e s c r ib e  h e re  r e s u l t s  o b ta in e d  
w ith  2 o th e r  p ro b es  we have u sed  to  examine c u l tu re d  e n t e r i c  
n e u ro n s : a r a b b i t  an tise ru m  to  r a t  ty ro s in e  h y d ro x y la se  (TH) 
and a mouse an tise ru m  to  p ig  c h o l in e a c e ty l t r a n s f e r a s e  (ChAT). 
These a n t i s e r a  have been c h a ra c te r iz e d  c a re f u l ly  in  o th e r  
system s as s p e c i f i c  f o r  t h e i r  r e s p e c t iv e  an tig e n s  (T h ib e a u lt 
e t  a l ,  BBRC 99: 960; E c k en s te in  & Thoenen, EMBO J  1: 363).

As e x p e c te d , th e  anti-ChAT la b e le d  a m ajo r (30-60%) su b 
p o p u la tio n  o f  neurons in  o u r c u l tu r e s .  C e lls  were s ta in e d  by 
a v e ry  s e n s i t i v e  method u s in g  2 cy c le s  o f  PAP p reced ed  by 
in c u b a tio n  in  g o a t an ti-m o u se . The p re se n c e  o f  ChA T-contain
in g  neu rons  ag ree s  w ith  p re v io u s ly  o b ta in e d  r e s u l t s  from 
e l e c t r o p h y s io lo g ic a l  expe rim en ts  showing th a t  many o f  th e  
neurons i n t e r a c t e d  v i a  e x c i ta to r y  n i c o t in i c  s y n a p tic  connec
t io n s  and from b io ch em ica l expe rim en ts  showing t h a t  c u l tu r e s  
c ou ld  s y n th e s iz e  and s to r e  ACh from exogenously  s u p p lie d  3H- 
c h o lin e . We have shown r e c e n t ly  th a t  e l e c t r o p h y s io lo g ic a l ly  
i d e n t i f i e d  c h o l in e rg ic  neurons a re  la b e le d  by th i s  an tise ru m .

More s u r p r i s in g ly ,  we f in d  t h a t  6-10% o f  th e  neurons in  
ou r c u l tu r e s  a re  s ta in e d  by th e  a n t i - TH. These neurons d i f f e r  
m o rp h o lo g ic a lly  from th o se  s ta in e d  by a n t i - s e r o to n i n ,  su g g es
t i n g  t h a t  th e  s ta in in g  i s  n o t  due to  c ro ss  r e a c t i v i t y  to  t r y 
p tophan  h y d ro x y la se . C u ltu re s  were shown to  have TH enzyme 
a c t i v i t y  by in c u b a tin g  them w ith  3H -ty ro s in e  and exam ining 
th e  p ro d u c ts  by h ig h  v o lta g e  p a p e r  e l e c t r o p h o r e s i s .  T y rosine  
was c o n v e rted  to  DOPA, b u t no s y n th e s is  o f  dopamine o r  n o r 
e p in e p h r in e  was d e te c te d .  In  accord  w ith  th e se  b iochem ica l 
d a ta ,  we have been u n ab le  to  d e t e c t  ca techo lam ine  f lo u re sc e n c e  
in  th e se  c u l tu r e s .  C u r re n t ly ,  we a re  s ta in in g  whole mounts o f  
smooth m uscle s t r i p s  c o n ta in in g  m y en te ric  p lex u s  in  o rd e r  to  
t e s t  w h e th e r o u r c u l tu r e  c o n d itio n s  a re  in d uc ing  TH in  some 
o f  th e  e n t e r i c  neurons o r  w h e th e r th e  r a t  sm all i n t e s t i n e  
n o rm a lly  c o n ta in s  a p o p u la tio n  o f  e n t e r ic  neurons t h a t  con
ta in  TH.

S up p o rted  by g ra n ts  from th e  NIH. ALW i s  a S loan  Fellow .

AGING IV

224.1  NORADRENERGIC NEURON TRANSPLANTS INTO THE III 
VENTRICLE OF AGED F344 RATS IMPROVE INHIBITORY 
AVOIDANCE MEMORY PERFORMANCE.  J .R. Sladek, J r ., D.M. 
Gash and T.3. Collier.  Department of Anatomy, Univ. of 
Rochester Sch. of Med., Rochester, N.Y. 14642.

Transm itter content of brain norepinephrine (NE) systems 
declines with old age in F344 rats (Sladek and Blanchard, 1981, 
in: "Brain Neurotransmitters and Receptors in Aging and Age- 
Related Disorders", S.3. Enna e t al., eds., Raven Press, N.Y., p. 
13). NE function has been linked to memory for stressful 
avoidance situations (Gold and Van Buskirk, 1978, Behav. Biol., 
23:509), and it is well-documented that aged rats exhibit marked 
memory deficits for inhibitory avoidance tasks (for review see 
Kubanis and Zornetzer, 1981, Behav. Neural Biol., 31:115). To 
determ ine whether supplementation of the aged brain's NE 
system could help normalize memory performance, we 
transplanted 15-16 day gestation fe ta l pontine tissue, including 
the region of the developing noradrenergic nucleus locus 
coeruleus bilaterally, into the III ventricle of six 23 month old 
(m.o.) F344 rats. Six weeks later subjects were trained and 
tested  for 24 hour retention of a step-through inhibitory 
avoidance task. Memory performances of 5 m.o. unoperated 
controls (n = 10), 24 m.o. unoperated controls (n = 12), 24 m.o. 
recipients of NE-containing grafts (n = 6) and 24 m.o. recipients 
of cerebellum grafts (n = 5) were compared. Aged host and 
control animals were selected from a subpopulation of aged rats 
exhibiting gustatory neophobia: A correlate of deficient NE 
system function and predictor of poor memory for the inhibitory 
avoidance task (see Collier and Sladek, this volume). We found a 
pronounced age-related decline in memory performance (mean 
step-through latency ± SEM; 5 m.o.:209.4 ± 36.9 sec., 24 
m.o.:69.7 ± 23.9 sec.). Aged subjects hosting grafts containing 
NE neurons exhibited significantly better memory performance 
than their age-matched unoperated controls (24 m.o. ± NE graft: 
205.5 ±  59.8 sec.). Four of six aged animals hosting NE grafts 
exhibited optimal performance, failing to re-enter the shock 
chamber for the entire 5 minute retention te st. Grafts of 
cerebellum had no therapeutic effect on the age-related memory 
deficit (24 m.o. ± CBLM graft: 87.2 ±  53.7 sec.). 
Histofluorescence analysis of transplants confirmed the presence 
of NE-containing perikarya and processes in the grafts, and 
indications of integration with the host brain. The results 
suggest that declining NE system function in old age contributes 
to performance deficits in inhibitory avoidance memory tasks, 
and that replacement therapy with NE neuron-containing grafts 
has a normalizing influence.  Supported by AG00847 (3RS), 
NS15109 (DMG), and MH08829 (T3C).

224. 2  INCREASED NEOPHOBIA: BEHAVIORAL IDENTIFICATION OF 
A SUBPOPULATION OF MEMORY-IMPAIRED, 
NOREPINEPHRINE-DEFICIENT AGED F344 RATS.  T.J . Collier 
and 3.R. Sladek, J r.  Department of Anatomy, Univ. of 
Rochester Sch. of Med., Rochester, N.Y. 14642.

Behavioral studies of adult rats with lesions of the locus 
coeruleus-dorsal bundle norepinephrine (NE) pathway indicate 
that increased neophobia is a reliable correlate of damage to this 
system (Martin-Iverson et al., (1982), Pharmacol. Biochem. 
Behav., 17:639; Tombaugh et al., (1983), Brain Res., 261:231). 
Previous studies utilizing quantitative histofluorescence 
procedures indicate that NE content declines in locus coeruleus 
neurons as a function of aging in F344 rats (Sladek and 
Blanchard, (1981), In: "Brain Neurotransmitters and Receptors in 
Aging and Age-Related Disorders", S.3. Enna e t al. (eds.), Raven 
Press, N.Y., p. 13). To determine whether this age-related 
decrease in locus coeruleus perikaryal fluorescence translates 
into behavioral change, we compared 4 month old (n=15) and 23 
month old (n=47) F344 rats on a 2-bottle test of gustatory 
neophobia. Subjects were restricted to drinking water from 2 
bottles over a daily 30 minute period for 5 consecutive days. On 
day 6 , a bottle containing a 0 . 1% saccharin solution was 
substituted for one bottle. Gustatory neophobia was assessed by 
determining the amount of novel saccharin solution consumed 
relative to total fluid intake over a 30 minute te st period. Rats 
consuming< 50% of their to ta l intake in the form of saccharin 
were defined as neophobic. Four month old subjects did not 
exhibit neophobia, consuming a mean of 57.8% of their fluid 
intake as palatable saccharin solution. In contrast, 23 month old 
subjects exhibited an increased tendency toward neophobia, 
consuming a mean of 45.9% of to tal intake as saccharin solution 
( t  (60) = 3.2, p<.01). Not all aged animals were neophobic. 
Rather, the effect was characterized by a shifting of the old 
population toward greater incidence of neophobia: 20% (3 of 15) 
of the young animals consumed less than 50% of their intake in 
saccharin, 57% (27 of 47) of the old population fell in this 
category. Selected neophobic (n=12) and non-neophobic (n=7) 
aged subjects were also tested in a step-through inhibitory 
avoidance memory situation. These two groups of aged animals 
exhibited marked differences in memory performance 24 hr. 
a fte r training. Neophobic aged animals showed poor retention 
(mean step-through latency ± sem: 69.7 ± 23.9 sec.) while non
neophobic aged animals performed significantly better (173.3 + 
38.4 sec.). These results suggest that gustatory neophobia may 
provide a simple behavioral index for identifying a subpopulation 
of memory-impaired, NE-deficient aged rats.
Supported by MH 08829 (T.3 .C) and AG 00847 (3.R.S.)
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224.3  E FF E CT  OF AGING ON N a - K  A T P a s e  A C T I V I T Y  IN  CEREBRAL MICR O
V E S S E L S ,  L E PT O M E N IN G E S,  CHOROID PLEXUS AND DURA MATER OF RAT.
L . J .  E m b r e e ,  D.W .  J a c k s o n * ,  I . F ,  R o u b e i n ,   D e p t .  o f  N e u r o 
l o g y ,  L o u i s i a n a  S t a t e  U n i v .  S c h .  o f  M e d . ,  S h r e v e p o r t ,  LA 
7 1 1 3 0 .

M a i n t e n a n c e  o f  i o n i c  h o m e o s t a s i s  a n d  a c t i v e  t r a n s p o r t  a r e  
e s s e n t i a l  f o r  t h e  f u n c t i o n a l  i n t e g r i t y  o f  n e u r a l  t i s s u e s ,  
a n d  t h e s e  f u n d a m e n t a l  b i o l o g i c  p r o c e s s e s  m a y  b e  c o m p r o m i s e d  
t o  s o m e  d e g r e e  i n  a q i n q  b r a i n .  I n  m a n y  t i s s u e s  i n c l u d i n g  
b r a i n  t h e  c a p a c i t y  f o r  a c t i v e  t r a n s p o r t  o f  N a + a n d  K+ i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  a c t i v i t y  o f  N a - K  A T P a s e ,  b u t  
i n f o r m a t i o n  i s  l a c k i n g  o n  a g e - r e l a t e d  c h a n g e s  i n  t h e  a c t i v 
i t y  o f  t h i s  e n z y m e  i n  n e u r a l  t i s s u e s .  T h e r e f o r e  t h i s  s t u d y  
o f  N a - K  A T P a s e  i n  f o u r  CNS r e l a t e d  t i s s u e  p r e p a r a t i o n s :  
c e r e b r a l  m i c r o v e s s e l s  ( C M V ) ,  l e p t o m e n i n g e s ,  i n c l u d i n g  a s s o 
c i a t e d  b l o o d  v e s s e l s  ( L M ) ,  c h o r o i d  p l e x u s  ( C P )  a n d  d u r a  
m a t e r  ( D M ) ,  f r o m  y o u n g  a n d  a g e d  r a t s  w a s  u n d e r t a k e n .

M a l e  S p r a g u e - D a w l e y  r a t s  ( 3 5 - 3 6  m o n t h s  a n d  3 - 4  m o n t h s )  
w e r e  d e c a p i t a t e d  a n d  d i s s e c t i o n  o f  t h e  f o u r  s p e c i m e n s ,  i n 
c l u d i n g  c e r e b r a l  h e m i s p h e r e s  f r o m  w h i c h  m i c r o v e s s e l s  w o u l d  
b e  i s o l a t e d ,  w a s  p e r f o r m e d  i m m e d i a t e l y  i n  a  c h i l l e d  
e n v i r o n m e n t .

T h e  t e c h n i q u e  o f  e n z y m e  a s s a y  w a s  a  m o d i f i c a t i o n  o f  B e t z ,  
e t  a l . ( B r a i n  R e s . ,  1 9 2 : 1 7  1 9 8 0 ) .  P h o s p h o r u s  a n a l y s i s  w a s  
b y  a  m i c r o a d a p t a t i o n  o f  t h e  m e t h o d  o f  M a r t i n  a n d  D o t y ,  ( A n a l .  
C h e m . 2 1 : 9 6 5  1 9 4 9 ) .  P r o t e i n  l e v e l s  w e r e  d e t e r m i n e d  b y  t h e  
L o w r y  m e t h o d .

Na-K AT Pas e Activity
T i s s u e Y o u n g  ( 3 - 4  m o . ) A g e d  ( 3 5 - 3 6  m o . )

CMV 4 . 0 4  ± 0 . 4 7 2 . 6 4  ±  0 . 0 9 *
LM 2 . 1 8  ± 0 . 21 1 . 5 0  ±  0 . 1 5 *
CP 2 . 4 4  ±  0 . 3 4 2 . 9 8  ±  0 . 0 8
DM 0 - 0 . 2 7  ( r a n g e ) 0 - 0 . 1 7  ( r a n g e )

A c t i v i t y  i n  µ m o l e s  P i / m q  p r o t e i n / h o u r  a s  M e a n  ± 
SEM ( n = 4 ) .  * S t a t i s t i c a l l y  s i g n i f i c a n t  ( p < 0 . 0 5 ) .

T h e s e  d a t a  s h o w  a n  a g e - r e l a t e d  d e c r e a s e  i n  N a - K  a c t i v a t e d  
A T P a s e  i n  CMV a n d  LM. T h e  r e d u c t i o n  i n  t h i s  c a t a l y s t  f o r  
e n e r g y  c o n v e r s i o n  c o u l d  b e  a s s o c i a t e d  w i t h  a n  i m p a i r m e n t  o f  
a c t i v e  t r a n s p o r t  a n d / o r  i o n i c  h o m e o s t a s i s .  S u c h  a n  a l t e r 
a t i o n  i n  t h e  c a p a c i t y  f o r  a c t i v e  t r a n s p o r t  m a y  b e  r e s p o n 
s i b l e  f o r  a n  i n s u f f i c i e n t  r e s p o n s e  t o  t h e  b r a i n ' s  e n e r g y  
a n d  m e t a b o l i c  r e q u i r e m e n t s ,  c a u s i n g  f u n c t i o n a l  d i s t u r b a n c e s  
o f  n e u r a l  t i s s u e s  a n d  p r o d u c i n g  n e u r o l o g i c  s y m p t o m a t o l o g y  i n  
t h e  a g e d .

S u p p o r t e d  b y  M e d i c a l  R e s e a r c h  F u n d s  o f  t h e  LSUMC a n d  VAMC.

224.4  A MODEL OF MULTINFARCT DEMENTIA: THE SPONTANEOUSLY HYPERTEN
SIVE RAT WITH SEVERE CEREBROVASCULAR LESIONS.  G.Pepeu, F. 
Pedata*, F.Casamenti*, L.Bracco*, G .Spignoli* , S.Banfi* and 
L .D o rig o tti* .  Departments of Pharmacol. & Neurol. F lorence 
Univ. 50100 Florence & I.S .F . Pharmacol.Lab. 20090 Trezzano 
su l N avig lio , I ta ly .

Spontaneously hypertensive r a ts  (SHR) given 1% NaCl in  
th e ir  drink ing  water rap id ly  develop severe hypertension  and 
cerebrovascu lar le s io n s  (Okamoto, K. ed. Spontaneous hyper
te n s io n / Springer B erlin , 1972). Three groups of male r a ts  
a re  used in  the  p resen t experim ents: 1) normotensive age mat
ched r a ts  W istar Kyoto s t r a in ;  2) age matched SHR drinking  
tap  w ater; 3) SHR drinking  1% NaCl fo r 14-22 weeks. At s a c r i
f ic e  blood p ressu re  were re sp ec tiv e ly  125±3, 188+5, 213±4 
mmHg. Macroscopic cerebrovascular le s io n s  were p resen t in  61% 
of the  s a lin e  d rinking  SHR. No d iffe ren ces  between th e  3 
groups were found in  choline  a c e ty ltra n s fe ra s e  a c t iv i ty  mea
sured in  the  ce reb ra l co rtex , hippocampus and s tria tu m . In 
the  s a lin e  drink ing  SHR high a f f in i ty  cho line  uptake (HACU) 
ra te  was higher in  the  hippocampus (+18%, P<0.05) and s t r i a 
tum (+20%, P<0.05) than in  normotensive r a ts .  In the  SHR 
drink ing  water HACU was higher than in  the  normotensive ra ts  
(+15%, P 0.05) in  the  hippocampus only. No d ifferen ce : was 
found in  the  ce reb ra l cortex  of the  3 groups. However ACh 
re lea se  from e le c t r ic a l ly  s tim u la ted  c o r t ic a l  s l ic e s  was 
lower a t  r e s t  (-27%, P<0.05), 0 .2  (-52%, P<0.01) and 1 (25%, 
P<0.05) Hz s tim u la tio n  frequency in  the  SHR p lus s a lin e  than 
in  the  o ther groups. The SHR plus s a lin e  showed and im pair
ment in  the  a cq u is itio n  of an a c tiv e  avoidance conditioned 
response (pole jumping) as in d ica ted  by a la rg e r number of 
tra in in g  sessio n s  to  reach c r i te r io n  in  comparison w ith the 
o ther groups. In a passive avoidance t e s t  36% of the  SHR 
plus s a lin e  and 12.5% of the SHR showed an a c q u is itio n  impair 
ment. In conclusion , SHR with cerebrovascular le s io n s  show 
changes in  b ra in  ch o lin e rg ic  mechanism and a d is c re te  cogni
t iv e  impairment and could rep resen t a s u ita b le  model of 
m u ltin fa rc t dementia.
P a rtly  supported by CNR gran t n° CT 82.02043.04

2 2 4 . 5  U N C O N D I T I O N E D  SOMATOMOTOR AND C A R D I A C  R E S P O N S E S  AS A 
FUNCT ION  OF AGE IN THE F I S H E R  3 4 4  R A T .   S h e r y l  R .  G i n n  
a n d  S h i r l e y  L .  B u c h a n a n ,   WJB D o r n  VA H o s p i t a l  a n d  U n i v .  
o f  S o u t h  C a r o l i n a ,  C o l u m b i a ,  SC 2 9 2 0 1

T h e  h e a r t  r a t e  ( H R )  o r i e n t i n g  r e s p o n s e  ( O R ) ,  s h o c k  
t h r e s h o l d s ,  a n d  u n c o n d i t i o n e d  HR r e s p o n s e s  ( U R s )  t o  
u n s i g n a l l e d  s h o c k  w e r e  a s s e s s e d  i n  F i s h e r  3 4 4  r a t s  o f  
b o t h  s e x e s ,  a g e d  6 ,  1 2 ,  2 4  a n d  3 0  m o n t h s .  T h e  HR OR w a s  
m e a s u r e d  i n  r e s p o n s e  t o  1 0  p r e s e n t a t i o n s  o f  a  7 5  d b ,  
4 - s e c  t o n e .  F o r  h a l f  t h e  a n i m a l s  o f  e a c h  a g e  a n d  s e x ,  
t o n e  f r e q u e n c y  w a s  1 0 , 0 0 0  H z ,  a n d  f o r  t h e  o t h e r  h a l f ,  
1 2 0 0  H z .  S h o c k  t h r e s h o l d s  a n d  u n c o n d i t i o n e d  HR 
r e s p o n s e s  w e r e  a s s e s s e d  i n  r e s p o n s e  t o  1 0  u n s i g n a l l e d  
p r e s e n t a t i o n s  e a c h  o f  6  s h o c k  i n t e n s i t i e s  ( 0 ,  . 0 5 ,  . 1 ,  
. 2 5 ,  . 5  a n d  1 . 0  m A ,  . 2 5  s e c  d u r a t i o n )  d e l i v e r e d  i n  a  
r a n d o m  o r d e r  t o  t h e  p a d  o f  t h e  r i g h t  p a w  v i a  a  G r a s s  
M o d e l  E 5 H  e l e c t r o d e .  L e g  f l e x i o n  r e s p o n s e s  t o  t h e  
u n s i g n a l l e d  s h o c k  w e r e  r e c o r d e d  b y  a  G r a s s  F . 0 3  f o r c e  
d i s p l a c e m e n t  s t r a i n  g a u g e  t r a n s d u c e r  a t t a c h e d  t o  t h e  
r i g h t  h i n d  p a w .  T h e  s h o c k  i n t e n s i t y  e l i c i t i n g  t h e  
f o l l o w i n g  b e h a v i o r s  w a s  r e c o r d e d  b y  a n  e x p e r i e n c e d  
o b s e r v e r :  ( a )  a  " t w i t c h "  o f  t h e  l e g  w i t h o u t  c o m p l e t e  
w i t h d r a w a l ;  ( b )  a  c o m p l e t e  " f l e x i o n "  o f  t h e  l e g  w i t h o u t  
o t h e r  b o d i l y  m o v e m e n t ;  a n d  ( c )  a  " j u m p " ,  c o n s i s t i n g  o f  
m o v e m e n t  o f  t h e  e n t i r e  b o d y .

T h e  3 0 - m o  o l d  r a t s  d e m o n s t r a t e d  h i g h e r  t h r e s h o l d s  
t h a n  t h e  o t h e r  g r o u p s  f o r  t h e  " j u m p "  r e s p o n s e  o n l y .  
A d d i t i o n a l l y ,  s e x  d i f f e r e n c e s  w e r e  f o u n d  f o r  a l l  t h r e e  
r e s p o n s e s ,  w i t h  m a l e s  o f  a l l  a g e s  s h o w i n g  h i g h e r  t h r e s 
h o l d s  f o r  t h e  " t w i t c h "  a n d  " f l e x i o n "  r e s p o n s e s ,  a n d  
l o w e r  t h r e s h o l d s  f o r  t h e  " j u m p "  r e s p o n s e .  T h e  HR UR w a s  
i n  a l l  c a s e s  a n  HR a c c e l e r a t i o n .  T h e  3 0 - m o  o l d  m a l e s  
s h o w e d  s m a l l e r  c a r d i a c  U R s  t h a n  d i d  t h e  y o u n g e r  m a l e s ,  
b u t  t h i s  d i f f e r e n c e  w a s  n o t  f o u n d  f o r  t h e  f e m a l e s .  T h e  
c a r d i a c  c o m p o n e n t  o f  t h e  o r i e n t i n g  r e f l e x  c o n s i s t e d  o f  
b r a d y c a r d i a  i n  a l l  a n i m a l s .  T h i s  d e c e l e r a t i v e  HR 
r e s p o n s e  w a s  l a r g e r  f o r  t h e  1 0 , 0 0 0  H z t h a n  f o r  t h e  1 2 0 0  
H z t o n e .  T h e  3 0  m o - o l d  r a t s  s h o w e d  s m a l l e r  O R s  t h a n  t h e  
1 2 -  o r  2 4 - m o  o l d s ,  b u t  t h e  6 - m o  o l d  a n i m a l s  d e m o n s t r a t e d  
m u c h  s m a l l e r  O R s  t h a n  t h e  o t h e r  g r o u p s ,  d u e  t o  i n c r e a s e s  
i n  m o v e m e n t  i n  t h i s  g r o u p .  F e m a l e s  s h o w e d  l a r g e r  
c a r d i a c  O R s  t h a n  m a l e s ,  p a r t i c u l a r l y  d u r i n g  t h e  e a r l y  
t r i a l s .  T h e s e  d a t a  s u g g e s t  t h a t  o l d e r  m a l e s  a r e  g e n e r a l 
l y  l e s s  r e s p o n s i v e  t h a n  o l d e r  f e m a l e s  o r  y o u n g e r  m a l e s ,  
w h i c h  m a y  c o n t r i b u t e  t o  p r e v i o u s l y  r e p o r t e d  p e r f o r m a n c e  
d e f i c i t s  i n  v a r i o u s  l e a r n i n g  t a s k s  i n  o l d  m a l e s .

224.6  A N AGE COMPARISON OF SPATIAL FORGETTING AND THE DECAY OF 
LTE.  C . A . B a rn e s  an d  B .L . M cN aughton ,  B e h a v io r a l  N e u r o s c i 
e n c e  P ro g ra m , D e p t .  o f  P s y c h . ,  U n iv . o f  C o lo r a d o ,  B o u ld e r ,  
C o lo ra d o  8 0 3 0 9 .

The h y p o t h e s i s  t h a t  lo n g - t e r m  e n h a n ce m e n t (LTE) o f  h i p 
p o cam p a l s y n a p t i c  t r a n s m i s s io n  i s  t h e  m ech an ism  by  w h ich  
s p a t i a l  i n f o r m a t io n  i s  s t o r e d  i n  t h e  b r a i n  p r e d i c t s  a  
r e l a t i o n s h i p  b e tw e e n  b e h a v io r a l  f o r g e t t i n g  and  t h e  d e c a y  o f  
LTE. W h ile  i t  i s  p r e s e n t l y  n o t  p o s s i b l e  t o  make t h e  n e c e s 
s a r y  c o m p a r is o n  d i r e c t l y ,  t h e  a b i l i t y  t o  in d u c e  LTE by 
e l e c t r i c a l  s t i m u l a t i o n  o f  p e r f o r a n t  p a th  f i b e r s  t o  t h e  
f a s c i a  d e n t a t a  p r o v id e s  t h e  o p p o r tu n i ty  f o r  an  i n d i r e c t  t e s t  
o f  t h i s  p r e d i c t i o n .  In  t h e  p r e s e n t  s t u d i e s ,  t h i s  was c a r r i e d  
o u t  by  c o m p a r in g , i n  young  (12 mo) an d  o ld  (24 mo) r a t s ,  t h e  
e x p o n e n t i a l  d e c a y  r a t e s  f o r  s p a t i a l  memory on a  c i r c u l a r  
p l a t f o r m  m aze ( in v o lv in g  e s c a p e  from  a b r i g h t l y  i l l u m i n a t e d  
s u r f a c e  i n t o  a  c o n c e a le d  g o a l  t u n n e l )  w i th  t h e  d e c a y  r a t e s  
o b s e rv e d  f o r  p e r f o r a n t  p a th  LTE. W h ile  b o th  phenom ena w ere  
w e l l  d e s c r i b e d  by e x p o n e n t i a l  f u n c t i o n s  f i t  by  l e a s t  s q u a r e s , 
i t  i s  c l e a r  from  t h e  f a c t  t h a t  LTE d e c a y e d  a b o u t  tw ic e  a s  
q u i c k l y  a s  s p a t i a l  memory ( s e e  t a b l e )  t h a t  t h e  s im p le s t  
h y p o t h e s i s  o f  a  d i r e c t  l i n e a r  r e l a t i o n  i s  u n t e n a b l e .  T h is  i s  
h a r d l y  s u r p r i s i n g  s in c e  m o st m o d els  o f  i n f o r m a t io n  s to r a g e  
w ou ld  p r e d i c t  t h a t  p e rfo rm a n c e  w ould  d e c ay  m ore s lo w ly  th a n  
t h e  s t r e n g t h  o f  t h e  t r a c e  an d  a l s o  s in c e  t h e  d e c a y  r a t e s  o f  
b o th  p r o c e s s e s  a r e  a f f e c t e d  by t h e  p a r a m e te r s  o f  t h e  i n p u t s  
w h ich  g e n e r a t e  th em . A s t r o n g e r  t e s t  c a n  b e  m ade , h o w e v e r , 
i f  tw o g r o u p s  o f  s u b j e c t s  c a n  b e  shown t o  d i f f e r  w i th  r e 
s p e c t  t o  b o th  t h e  b e h a v io r a l  an d  t h e  p h y s i o l o g i c a l  r a t e  
c o n s t a n t s  ( a s  h a s  b e e n  shown h e r e  f o r  t h e  young an d  o ld  
a n i m a l s ) . I n  t h i s  c a s e ,  t h e  h y p o t h e s i s  t h a t  LTE i s  t h e  s t o r 
ag e  m echan ism  p r e d i c t s  t h a t  t h e  b e tw e e n -g ro u p  r a t i o s  f o r  t h e  
b e h a v io r a l  an d  t h e  p h y s i o l o g i c a l  m e a s u re s  s h o u ld  c o r r e s p o n d .  
In  t h e  p r e s e n t  d a t a  t h e  c o r r e s p o n d e n c e  i s  a  good  o n e  ( a b o u t  
9% d i f f e r e n c e ) . T h ese  f in d i n g s  t h u s  p r o v id e  f u r t h e r  s u p p o r t  
f o r  t h e  h y p o t h e s i s .

(S u p p o rte d  by PHS G ra n t  A G -0 0 3 3 7 6 ).

DECAY RATE (D ays- 1 ) Young O ld Y oung /O ld
SPATIAL MEMORY 0 .0 1 4 0 .0 3 0 0 .4 7

LTE 0 .0 2 7 0 .0 6 2 0 .4 3
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2 2 4 . 7   AGED RHESUS MONKEYS ( MACACA MULATTA) ARE MODERATELY 
IMPA IRE D IN V ISU A L R E C O G N IT IO N .   S .  K .  P r e s t . y * ,  L .  C . 
C o r k * ,  D .  L .  P r i c e ,  R .  G .  S t r u b l e ,  L .  C .  W a l k e r ,  J . 
B a c h e v a l i e r  a n d  M.  M i s h k i n .   N e u r o p a t h o l o g y  L a b o r a t o r y ,  T h e  
J o h n s  H o p k i n s  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  B a l t i m o r e ,  MD 
2 1 2 0 5 ;  L a b  o f  N e u r o p s y c h o l o g y ,  NI MH ,  B e t h e s d a ,  MD 2 0 2 0 5 .

A g r a d u a l  d e c l i n e  i n  m e m o r y  f u n c t i o n  i s  a  p r o m i n e n t  
f e a t u r e  o f  a g i n g  i n  h u m a n s ,  a n d  a g e - r e l a t e d  m e m o r y  d e f i c i t s  
a l s o  o c c u r  i n  n o n h u m a n  p r i m a t e s .  T o  d e t e r m i n e  w h e t h e r  t h i s  
i m p a i r m e n t  i n  m e m o r y  e x t e n d s  t o  r e c o g n i t i o n ,  p e r h a p s  t h e  
m o s t  f u n d a m e n t a l  f o r m  o f  m e m o r y ,  w e  t r a i n e d  m o n k e y s  o f  
d i f f e r e n t  a g e s  o n  a  d e l a y e d  n o n m a t c h i n g - t o - s a m p l e  t a s k  
u s i n g  t r i a l - u n i q u e  s t i m u l i .  A n i m a l s  w e r e  d i v i d e d  i n t o  
t h r e e  a g e  g r o u p s  o f  t h r e e  t o  f o u r  m o n k e y s  e a c h :  G r o u p  Y 
( y o u n g ,  3 - 6  y e a r s  o f  a g e ) ;  G r o u p  I  ( i n t e r m e d i a t e ,  1 4 - 1 7  
y e a r s  o f  a g e ) ;  a n d  G r o u p  O ( o l d .  2 7 - 3 0  y e a r s  o f  a g e ) .  On  
e a c h  t r i a l ,  t h e  a n i m a l  w a s  p r e s e n t e d  a  s a m p l e  o b j e c t  o v e r  a  
c e n t r a l  f o o d  w e l l  a n d ,  t e n  s e c o n d s  l a t e r ,  w a s  g i v e n  a  
c h o i c e  b e t w e e n  t h i s  s a m p l e  a n d  a  n o v e l  o b j e c t ,  e a c h  o v e r  a  
l a t e r a l  w e l l .  T h e  a n i m a l  w a s  r e w a r d e d  f o r  c h o o s i n g  t h e  
n o v e l  o b j e c t .  T w e n t y  s u c h  t r i a l s  w e r e  g i v e n  d a i l y  u n t i l  
a n i m a l s  r e a c h e d  t h e  c r i t e r i o n  o f  9 0  c o r r e c t  r e s p o n s e s  i n  
1 0 0  c o n s e c u t i v e  t r i a l s .  T w o  w e e k s  l a t e r ,  a n i m a l s  w e r e  
r e t r a i n e d  t o  c r i t e r i o n  o n  t h i s  b a s i c  t a s k  a n d  w e r e  t h e n  
g i v e n  a  p e r f o r m a n c e  t e s t  i n  w h i c h  d e l a y  p e r i o d s  w e r e  
e x t e n d e d  f r o m  1 0  s e c o n d s  t o  3 0 ,  6 0 ,  a n d  1 2 0  s e c o n d s ,  a n d  
l i s t  l e n g t h s  w e r e  i n c r e a s e d  f r o m  o n e  o b j e c t  t o  t h r e e ,  f i v e ,  
a n d ,  f i n a l l y ,  t e n  o b j e c t s .  A l t h o u g h  t r i a l s  t o  l e a r n  a n d  
r e l e a r n  t h e  b a s i c  t a s k  t e n d e d  t o  i n c r e a s e  p r o g r e s s i v e l y  
w i t h  a g e ,  g r o u p  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t .  On t h e  
p e r f o r m a n c e  t e s t ,  h o w e v e r ,  w h e r e  m e m o r y  d e m a n d s  w e r e  
i n c r e a s e d ,  t h e r e  w a s  a  r e l i a b l e  a n d  s y s t e m a t i c  d e c l i n e  i n  
t e s t  s c o r e s  w i t h  a g e :  G r o u p  Y = 9 5 % ;  G r o u p  I  = 8 9 % ;  a n d  
G r o u p  O = 83% ( p  < 0 . 0 5  f o r  a l l  c o m p a r i s o n s ) .  I n  t h e  l a t t e r  
t e s t ,  G r o u p  Y m a i n t a i n e d  a  s t a b l e  l e v e l  o f  p e r f o r m a n c e  
a c r o s s  a l l  c o n d i t i o n s ,  w h e r e a s  G r o u p s  I  a n d  0  d i d  s o  o n l y  
t h r o u g h  l i s t  l e n g t h s  o f  t h r e e ,  a f t e r  w h i c h  t h e i r  s c o r e s  
s h o w e d  a  p r o g r e s s i v e  d e c r e a s e .

T h e  m o d e r a t e  d e c l i n e  o f  v i s u a l  r e c o g n i t i o n  w i t h  
i n c r e a s i n g  a g e ,  d e m o n s t r a t e d  h e r e  i n  m o n k e y s ,  p a r a l l e l s  t h e  
m e m o r y  d e c l i n e  w i t h  a d v a n c i n g  a g e  o b s e r v e d  i n  h u m a n s .  T h e  
r e s u l t s  p r o v i d e  a d d i t i o n a l  s u p p o r t  f o r  t h e  u s e  o f  m o n k e y s  
a s  a n  a n i m a l  m o d e l  f o r  h u m a n  a g i n g .  F u r t h e r ,  s i n c e  m u c h  o f  
t h e  n e u r o a n a t o m i c a l  s u b s t r a t e  O† r e c o g n i t i o n  m e m o r y  i n  t h e  
m o n k e y  h a s  b e e n  d e l i n e a t e d ,  t h e  s u b s t r a t e  c a n  n o w  b e  
i n v e s t i g a t e d  f o r  e v i d e n c e  o f  i n c r e a s i n g  p a t h o l o g y  w i t h  a g e .

2 2 4 . 8   THE E FF E C T  OF MSH/ACTH 4 - 1 0  ON DELAYED RESPONSE PERFROMANCE 
IN YOUNG AND AGED RA TS :  D I F F E R E N T I A L  DOSE R E S P O N S E S .   B . A . 
T u r n b u l . , L . H .  Mi l l e r * , L . P .  T a y l o r * a n d  L . . I .  T r a f i c a n t e * .   
D e p a r t m e n t  o f  B i o b e h a v i o r a l  S c i e n c e s ,  B o s t o n  U n i v e r s i t y  
M e d i c a l  C e n t e r ,  B o s t o n ,  MA 0 2 1 1 8 .

MSH/ACTH 4 - 1 0 ,  a t  a  d o s e  o f  9 5  u g / k g  ( I P ) ,  s i g n i f i c a n t l y  
i m p r o v e s  p e r f o r m a n c e  b y  a n i m a l s  i n  a  H u n t e r  d e l a y e d  r e s p o n s e  
a p p a r a t u s  ( T u r n b u l l ,  B . A . ,  e t  a l . ,  P h a r m a c .  B i o c h e m .  B e h a v . , 
i n  p r e s s ) .  R e c e n t l y ,  w e  f o u n d  t h a t  MSH/ACTH 4 - 1 0  c o u l d  r e v 
e r s e  d e f i c i t s  i n  d e l a y e d  r e s p o n s e  p e r f o r m a n c e  i n d u c e d  b y  
a n t i c h o l i n e r g i c  a g e n t s  ( T u r n b u l l ,  B . A . ,  e t  a l . ,  p r e s e n t e d :  
1 4 t h  C I N P ,  F l o r e n c e ,  I t a l y ) .  T h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  
e f f e c t  o f  v a r i o u s  d o s e s  o f  MSH/ACTH 4 - 1 0  o n  d e l a y e d  r e s p o n s e  
p e r f o r m a n c e  i n  a n i m a l s  w h e n  y o u n g  a n d  a g e d .

L o n g - E v a n s ,  m a l e  r a t s  ( n = 6 )  r e c e i v e d  v e h i c l e ,  MSH/ACTH 
4 - 1 0  4 7 ,  9 5 ,  1 9 0  a n d  2 8 5  u g / k g  ( I P )  1 h r  b e f o r e  b e h a v i o r a l  
a s s e s s m e n t  i n  t h e  H u n t e r  p a r a d i g m  a t  a g e s  3 a n d  3 0  m o n t h s .  
D e l a y e d  r e s p o n s e  p e r f o r m a n c e  w a s  a s s e s s e d  a t  s t i m u l u s - r e 
s p o n s e  d e l a y  i n t e r v a l s  o f  0 - 1 2  s e c o n d s .  S i g n i f i c a n t  d i f f e r 
e n c e s  b e t w e e n  a g e  ( 0 . 0 0 1 2 )  a n d  t r e a t m e n t s  ( 0 . 0 0 9 2 )  w e r e  
f o u n d .  A g e / d e l a y  ( 0 . 0 0 3 9 )  a n d  a g e / t r e a t m e n t  ( 0 . 0 0 0 1 )  i n t e r 
a c t i o n s  w e r e  a l s o  n o t e d .  A n i m a l s  3 0  m o n t h s  o l d  p e r f o r m e d  
m o r e  p o o r l y  t h a n  w h e n  3 m o n t h s  o f  a g e  a t  t h e  8  a n d  10  s e c 
o n d  p e r i o d s  o f  d e l a y  w h e n  c o l l a p s e d  a c r o s s  t r e a t m e n t s  ( 0 . 0 5 ) .  
C o l l a p s i n g  a c r o s s  d e l a y  p e r i o d s ,  p e r f o r m a n c e  o f  y o u n g e r  a n 
i m a l s  w a s  s i g n i f i c a n t l y  m o r e  a c c u r a t e  t h a n  w h e n  a g e d  w h e n  
b o t h  r e c e i v e d  c o n t r o l  ( 0 . 0 1 ) ,  MSH/ACTH 4 - 1 0  4 7  u g / k g  ( 0 . 0 1 )  
a n d  9 5  u g / k g  ( 0 . 0 1 ) .  No p e r f o r m a n c e  d i f f e r e n c e  e x i s t e d  b e 
t w e e n  y o u n g  a n d  a g e d  a n i m a l s  w h e n  b o t h  r e c e i v e d  MSH/ACTH 
4 - 1 0  a t  a  d o s e  o f  1 9 0  u g / k g .  T r e a t m e n t  w i t h  MSH/ACTH 4 - 1 0  
2 8 5  u g / k g  r e s u l t e d  i n  m o r e  a c c u r a t e  d e l a y e d  r e s p o n s e  p e r 
f o r m a n c e  i n  a n i m a l s  w h e n  a g e d  t h a n  w h e n  y o u n g  ( 0 . 0 1 ) .  E x a m 
i n a t i o n  o f  MSH/ACTH 4 - 1 0  d o s e  r e s p o n s e  c u r v e s  i n  t h e  H u n t e r  
p a r a d i g m  r e v e a l s  a n  i n v e r t e d  " U "  r e l a t i o n s h i p  f o r  a n i m a l s  
w h e n  y o u n g ,  a n d  a  p o s i t i v e  l i n e a r  d o s e  r e s p o n s e  f o r  a n i m a l s  
w h e n  a g e d .

O n e  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  d i f f e r e n t i a l  d o s e  r e 
s p o n s e s  o f  MSH/ACTH 4 - 1 0  f o u n d  i n  y o u n g  a n d  a g e d  a n i m a l s  i n  
t h i s  d e s i g n  i s  t h e  f u n c t i o n a l  a g e - r e l a t e d  d e c r e a s e  i n  a c e t y l 
c h o l i n e  l e v e l s  i n  t h e  CNS o f  a g e d  a n i m a l s .  T h e  p r e s e n t  f i n d 
i n g s ,  t a k e n  w i t h  p a s t  w o r k  i m p l i c a t i n g  e n h a n c e d  c h o l i n e r g i c  
t r a n s m i s s i o n  m e d i a t i o n  o f  c o g n i t i v e  e f f e c t s  o f  MSH/ACTH p e p 
t i d e  f r a g m e n t s ,  s u p p o r t  t h e  c o n c e p t  o f  a g e d - r e l a t e d  d e c r e a s e  
i n  n e u r o n a l  ACh r e s u l t i n g  i n  d i f f e r e n t i a l  MSH/ACTH f r a g m e n t  
d o s e  r e s p o n s e  p r o f i l e s  b e t w e e n  y o u n g  a n d  a g e d  a n i m a l s  i n  
c o g n i t i v e  p a r a d i g m s  s u c h  a s  t h e  H u n t e r  d e l a y e d  r e s p o n s e  
d e s i g n .

2 2 4 . 9  OLD RATS DO NOT LEARN TASTE AVERSION AS WELL AS YOUNG RATS
AFTER LONG CS-UCS DELAYS.  G re g o ry  N. E r v in * ,  Dana M. Vaughn 
and B a r r e t t  R. C o o p e r . (SPON: W arren  C. S t e r n ) .   D e p t.  P h a r 
m a c o lo g y , W ellcom e R e s . L a b s , R es . T r i .  P k . , N .C. 27709 .

F i s h e r - 3 4 4  r a t s ,  m ale  r e t i r e d - b r e e d e r s  o f  10 -1 1  m onths 
(mo) o f  a g e , w ere  o b t a in e d  a t  d i f f e r e n t  t im e s  from  C h a r le s  
R iv e r  Co. Some r a t s  w ere g ro u p -h o u s e d  u n t i l  2 4 -3 0  me o f  
ag e  ( o ld  r a t s ) .  O th e rs  w ere g ro u p -h o u s e d  u n t i l  12 mo o f  age  
(y o u n g  r a t s ) .  A l l  r a t s  w ere  s in g ly - h o u s e d  one week b e fo r e  
t e s t i n g  f o r  t a s t e  a v e r s i o n  l e a r n i n g .  R a ts  w ere  f i r s t  a d a p t 
ed to  a d a i l y ,  2 - h r  d r in k i n g  p e r io d  by a l lo w in g  them  a c c e s s  
t o  w a te r  from  0 8 0 0 -1 0 0 0  h r s  f o r  7 d a y s . On th e  8 th  d a y , a l l  
r a t s  w e re  o f f e r e d  o n ly  0.25%  so d ium  s a c c h a r in  (SACC) f o r  th e  
f i r s t  30 m in , th e n  o n ly  w a te r  f o r  90 m in . O ld and  young 
r a t s  w ere  d iv id e d  i n t o  one o f  t h r e e  g ro u p s .  One g ro u p  r e 
c e iv e d  i n t r a p e r i t o n e a l  ( i . p . )  i n j e c t i o n s  o f  1 2 .5  m g/kg 1- 
5 -h y d ro x y t ry p to p h a n  (1 -5 -H T P ) 15 m in a f t e r  th e  end  o f  th e  
SACC d r in k i n g  p e r i o d .  A n o th e r  g ro u p  r e c e i v e d  i . p .  i n j e c 
t i o n s  o f  th e  1-5-H TP v e h ic l e  a lo n e  (H2O, d o u b l e - d i s t i l l e d ,  
pH 2 .4 ;  2 m l/k g )  15 m in a f t e r  th e  SACC d r in k i n g  p e r i o d .  F i 
n a l l y ,  a t h i r d  g ro u p  r e c e i v e d  i . p .  i n j e c t i o n s  o f  1-5-H TP 
360 m in a f t e r  th e  SACC d r in k i n g  p e r i o d .  The n e x t  d ay , r a t s  
w ere  o f f e r e d  o n ly  w a te r  f o r  2 h r s .  The f o l lo w in g  day  was 
T e s t  Day 1, and r a t s  w ere  o f f e r e d  o n ly  SACC f o r  30 m in , th e n  
o n ly  w a te r  f o r  90 m in . SACC in ta k e  on T e s t  Day 1 i s  g iv e n  
in  th e  f o l lo w in g  t a b l e :
T re a tm e n t ( d e l a y  

a f t e r  SACC)
T e s t  Day 1 

N ml SACC (±SEM)
%(±SEM) o f  a g e -  
m atch ed  c o n t r o l s

I .  12 M onths o ld
1 . v e h i c l e  (15  m in 11 1 0 .6  ± 0 .5 3 1 0 0 .0  ± 5 .0 1
2. 1-5-HTP (15  m in) 14 0 .1 4  ± 0 .1 0 1 .3 5  ± 0 .9 2
3. 1-5-H TP (360  m in) 13 1 .1 5  ± 0 .3 6 1 0 .9 4  ± 3 .3 7

I I .  2 4 -3 0  M onths Old
1 . V e h c i le  (15 m in) 7 1 0 .7  ± 1 .0 8 1 0 0 .0  ± 1 0 .1 3
2 . 1-5-H TP (15  m in) 10 0 .4 0  ± 0 .2 2 3 .7 4  ± 2 .0 6
3 . 1-5-HTP (360 m in ) 12 3 .0 0  ± 0 .8 3 2 8 .0 1  ± 7 .7 1

When 1-5-HTP t r e a tm e n t  fo l lo w e d  i n i t i a l  SACC c o n su m p tio n  by 
15 m in , o ld  r a t s  l e a r n e d  t a s t e  a v e r s io n  a s  w e l l  a s  young 
r a t s  ( p < 0 .2 5 ) .  H ow ever, when 1-5-HTP t r e a tm e n t  was d e la y e d  
360 m in a f t e r  SACC, o ld  r a t s  d id  n o t  l e a r n  t a s t e  a v e r s io n  
a s  w e l l  a s  young r a t s  ( p < 0 .0 5 ) ,  s u g g e s t in g  t h a t  th e  memory 
o f  a n o v e l  f l a v o r  n e c e s s a r y  f o r  t a s t e  a v e r s i o n  l e a r n in g  d e 
c a y s  m ore r a p i d l y  w i th  t im e  in  aged r a t s .  T h is  m ea su re  o f  
memory in  r a t s  may be s e n s i t i v e  to  t r e a tm e n ts  w h ich  a l t e r  
memory in  hum ans and may p ro v id e  a  u s e f u l  m odel o f  c e r t a i n  
a g e -d e p e n d e n t  c h a n g es  in  memory.

2 2 4 .10  CATECHOLAMINES AND COGNITION IN AGED MONKEYS: IMPROVEMENT 
IN DELAYED RESPONSE PERFORMANCE BY THE ALPHA-2 AGONIST, 
CLONIDINE.  A .F.T  A rnsten  and P .S . G oldm an-Rakic.  S ec tio n  of 
N euroanatom y, Y ale M edical S choo l, New Haven, CT 06510.

The se a rc h  fo r  n e u ra l  mechanisms u n d e rly in g  c o g n i t iv e  
d e t e r io r a t i o n  in  th e  aged has c e n te re d  on th e  c e re b ra l  
c o r te x ,  p a r t i c u l a r l y  th e  f r o n t a l  and o th e r  a s s o c ia t io n  
c o r t i c e s .  Amongst th e  many n eu rochem ical changes th a t  have 
been n o te d  in  human n eo c o rte x  i s  a d e p le t io n  o f c a te c h o l
am ines, w ith  n o ra d re n e rg ic  lo s s  f u r th e r  ex a g g e ra te d  in  
A lzhe im er’ s D ise a se . In  aged nonhuman p r im a te s  r e g io n a l  
a n a ly s is  re v e a le d  la rg e  (50%) decrem ents in  CA l e v e l s ,  
p a r t i c u l a r l y  in  th e  p r e f r o n ta l  and tem pora l c o r t i c e s  
(Goldman-Rakic and Brown, N e u ro s c i. 6: 1981). To e x p lo re  
th e  h y p o th e s is  th a t  lo s s  o f CA in  th e  th e  p r e f r o n ta l  c o r te x  
(PFC) may c o n t r ib u te  to  th e  c o g n i t iv e  im pairm ents d is p la y e d  
by aged monkeys, we examined w hether CAergic d rugs  would 
im prove th e  perfo rm ance o f aged rh e su s  monkeys on ta s k s  
s e n s i t i v e  to  PFC damage. The r e s u l t s  o f t h i s  experim en t 
were compared to  our p re v io u s  p h a rm aco lo g ica l s tu d y  of 
young monkeys w ith  c o g n i t iv e  d e f i c i t s  due to  6-0HDA-induced 
CA d e p le t io n s  o f th e  PFC (B rozosk i e t  a l . ,  S c ience  215: 
1979). The aged monkeys w ere t r a in e d  on a v a r i a b le  d e layed  
re sp o n se  t a s k ,  so t h a t  w ith in  each  s e s s io n  perfo rm ance 
cou ld  be observed  a t  d e la y s  ran g in g  from 0 sec  to  th e  d e lay  
w hich r e s u l t e d  in  chance re sp o n d in g . Weekly drug  tre a tm e n t 
c o n s is te d  o f a s in g le  dose o f drug  and a p laceb o  admin
i s t e r e d  a t  l e a s t  2 days a p a r t ;  ex am in a tio n  o f a drug 
co n tin u ed  u n t i l  a d o se -re sp o n se  cu rve  w ith  s e le c te d  r e p l i 
c a t io n s  was com pleted . A v a r i e ty  o f d rugs w hich f a c i l i t a t e  
CA tra n s m is s io n  w ere s tu d ie d ,  many o f w hich had im proved 
th e  perfo rm ance o f th e  young, 6-OHDA-depleted monkeys. In  
th e  aged monkeys, d rugs w hich in d i r e c t ly  f a c i l i t a t e  CA 
tra n s m is s io n  had in c o n s i s t e n t  e f f e c t s .  However, th e  
d i r e c t l y - a c t i n g  a lp h a -2  a g o n is t ,  c lo n id in e ,  produced a 
d ose-dependen t improvement o f de lay ed  re sp o n se  perfo rm ance 
in  a l l  aged monkeys t e s t e d .  D o se -response  p r o f i l e s  from th e  
aged and th e  young, 6-OHDA-depleted an im als  su g g e s t th a t  
c lo n id in e ' s  e f f e c t s  may in v o lv e  a c t io n s  a t  p o s t - s y n a p t ic  
r e c e p to r s .  I t  i s  u n l ik e ly  t h a t  th e s e  b e n e f i c i a l  e f f e c t s  of 
c lo n id in e  were due to  th e  d r u g 's  h y p o te n siv e  o r s e d a t iv e  
p r o p e r t i e s ,  as  n e i th e r  p ro p ra n o lo l o r  d iazepam  im proved 
p erfo rm an ce . These f in d in g s  re -em p h as ize  th e  invo lvem ent o f 
ca tech o lam in es  in  c o g n i t iv e  fu n c t io n  and f u r th e r  su g g es t 
t h a t  c lo n id in e  may be c l i n i c a l l y  u s e f u l  a s  a tre a tm e n t f o r  
a g e - r e la te d  c o g n i t iv e  d is o r d e r s .
T h is  work was su p p o rted  by NIMH 38546 and MH 08641.
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224.11  A F 6 4 A  N EU RO T O X IC IT Y :  BEHAVIORAL AND EL EC TR O PH Y SIO LO G IC A L 
A L T E R A T I O N S  I N  R A T S .   E . L e h r * ,  F . - J . K u h n * ,  D . H . H i n z e n *  
( S P O N :  S .  F .  Z o r n e t z e r  )  D e p t . o f  P h a r m a c o l o g y ,  B o e h r i n g e r  
I n g e l h e i m ,  D - 6 5 0 7  I n g e l h e i m ,  F R 6

M a l e  r a t s  ( C h b b : T h o m ) ,  2 0 0 - 2 2 0  g ,  3 - 4  m o n t h s  o l d ,  u n d e r  
b a r b i t u r a t e  a n a e s t h e s i a  w e r e  s t e r e o t a c t i c a l l y  g i v e n  a n  
i n t r a c e r e b r o v e n t r i c u l  a r  i n j e c t i o n  o f  2 0  n m o l e s  A F 6 4 A  
( 5  µ l ) .  F i v e  a n i m a l s  w e r e  i m p l a n t e d  a d d i t i o n a l l y  w i t h  
e l e c t r o d e s  f o r  r e c o r d i n g  c o r t i c a l  EEG a n d  t h e  EMG f r o m  n e c k  
m u s c l e s  f o r  s l e e p  s t u d i e s .  S p o n t a n e o u s  u n i t  a c t i v i t y ,  
p o p u l a t i o n  s p i k e s ,  f r e q u e n c y  p o t e n t i a t i o n ,  a n d  r e s p o n s e s  t o  
m i c r o i o n t o p h o r e t i c  a p p l i c a t i o n  o f  a c e t y l c h o l i n e  ( A C h )  w e r e  
i n v e s t i g a t e d  i n  d o r s a l  h i p p o c a m p a l  p y r a m i d a l  c e l l s  o f  
r a t s  a n a e s t h e t i z e d  w i t h  u r e t h a n e .  R e s p o n s e s  w e r e  m o n i t o r e d  
i n  s u b f i e l d  CAl v i a  e x t r a c e l l u l a r  r e c o r d i n g .  H a b i t u a t i o n  t o  
a  n o v e l  e n v i r o n m e n t  w a s  a n a l y z e d  b y  a c t i v i t y  r e c o r d s  i n  
p h o t o c e l l  a c t o m e t e r s .  A l l  t e s t i n g  w a s  p e r f o r m e d  t h r e e  
m o n t h s  a f t e r  A F 6 4 A  a d m i n i s t r a t i o n .

A l l  a n i m a l s  s u r v i v e d .  REM s l e e p  w a s  r e d u c e d ,  REM l a t e n c y  
i n c r e a s e d  a s  f o u n d  i n  o l d  a n i m a l s .  No m e a s u r e d  p a r a m e t e r s  
o f  s i n g l e  o r  m u l t i p l e  u n i t  h i p p o c a m p a l  r e s p o n s e s  w e r e  
a f f e c t e d .  M i c r o i o n t o p h o r e t i c  a p p l i c a t i o n  o f  ACh r e a d i l y  
p r o d u c e d  e x c i t a t i o n  o f  h i p p o c a m p a l  p y r a m i d a l  c e l l s ,  a n d  
p o p u l a t i o n  s p i k e s  e v o k e d  b y  c o m m i s s u r a l  s t i m u l a t i o n  w e r e  
f a c i l i t a t e d  b y  A C h .  A F 6 4 A  w a s  f o u n d  t o  p r o d u c e  n o  s i g n i f i 
c a n t  e f f e c t  o n  t h e  m a g n i t u d e  o f  f r e q u e n c y  p o t e n t i a t i o n .  
A F 6 4 A - r a t s  s h o w e d  h i g h e r  i r r i t a b i l i t y  c o m p a r e d  t o  c o n t r o l s .  
T h e i r  l o c o m o t o r  a c t i v i t y  w a s  d o u b l e  a s  h i g h  a s  t h a t  o f  n o n -  
t r e a t e d  a n i m a l s .  H o w e v e r ,  t h e  r e l a t i v e  l o c o m o t o r  a c t i v i t y  
d e c r e a s e  a s  a  r e s u l t  o f  h a b i t u a t i o n  d i d  n o t  d i f f e r  m a r k e d l y  
i n  b o t h  g r o u p s .

L o c o m o t o r  a c t i v i t y ,  b e h a v i o r a l  h a b i t u a t i o n ,  a n d  n e u r o 
p h y s i o l o g i c a l  r e s p o n s e s  o f  h i p p o c a m p a l  p y r a m i d a l  c e l l s  
e x h i b i t  a  p a t t e r n  d i f f e r e n t  f r o m  t h a t  f o u n d  i n  o l d  a n i m a l s .  
H o w e v e r ,  REM s l e e p  p a t t e r n  o f  A F 6 4 A - r a t s  r e s e m b l e s  t h a t  
o f  o l d  a n i m a l s  ( L e h r , E . ,  K u h n , F . - J . ,  H i n z e n , D . H . ,  G e r o n 
t o l o g i s t ,  2 3 : 7 8 ,  1 9 8 3 ) .  O u r  r e s u l t s  i n d i c a t e  t h a t  e v e n  w i t h  
t h e  v e r y  l o w  d o s e  o f  A F 6 4 A  i n j e c t e d  a n d  a f t e r  t h r e e  m o n t h s  
l a t e n c y  d i s t i n c t  a l t e r a t i o n s  i n  b e h a v i o r  a n d  s l e e p  a r e  
m e a s u r a b l e .  We c o n c l u d e  t h a t  t h e  s i t e  o f  a c t i o n  o f  A F 6 4 A  
s e e m s  t o  b e  p r e s y n a p t i c  i n  o r i g i n .

224. 12  COMPARISON OF THE EFFECTS OF NUCLEUS BASALIS, DIAGONAL BAND 
AND SEPTAL LESIONS ON LEARNING AND MEMORY IN THE SPRAGUE
DAWLEY RAT.  H.J. Altman, R.D. Crosland, D.J. Jenden & R. 
F. Berman.  Lafayette C lin ic , D etro it, MI, 48207; Dept. 
Pharmacology, UCLA, Los Angeles, CA, 90024; & Dept. Psych
ology, Wayne State U niversity, D etro it, MI, 48202.

Old ra ts  have been shown to exhibit impaired re ten tion  in 
o n e - tria l inh ib ito ry  avoidance tasks (Bartus, e t . a l . ,  1981) 
and learning in  highly complex s e r ia l  discrim ination tasks 
(e .g . Stone 14-unit T-maze, Goodrlck, 1973). Such d e f ic i ts  
have generally been a ttrib u ted  to an age-related  d e te rio ra 
tion  in  cen tral cholinergic functioning. Consistent with 
th is  hypothesis is  the observation th a t damage to the 
p rincipal cholinergic p ro jection  to the fro n ta l cortex ( i .e .  
Nucleus basa lis of Meynert, NbM) in te rfe re s  with re ten tion  
performance in a passive avoidance task (Altman, e t . a l . ,  
1983). The purpose of the present se rie s  of experiments was 
to determine whether lesions of the NbM would also in te rfe re  
with learning in the Stone 14-unit T-maze. An additional 
goal was to see what e ffec ts  lesions to e ith e r  the medial 
septum (MS) or diagonal band of Broca (DBB) (regions whose 
primary s i te  of innervation appears to be the hippocampus) 
might have on learning and memory. Lesions were made in 
young male Sprague-Dawley ra ts  by in jec ting  7.5ug in 0.5ul 
i botenic acid (ra te : 0. 1ul/m in.) b i la te ra l ly  in to  e ith e r  the 
NbM, MS or DBB. Groups of young sham-operated and vehicle- 
in jected  ra ts  were also included. An old group of unoperat
ed ra ts  (24 mos.) were i ncluded to compare the performance 
of the three young groups against tha t of the old. Two 
weeks following surgery a l l  animals were put on a re s tr ic te d  
d ie t and reduced to 80% of th e ir  i n i t i a l  free feeding body 
weights. All animals were then trained (I t r ia l/d a y ; 5 days/ 
wk for 5 wks) in the Stone T-maze. Following completion of 
Stone maze tra in ing  the animals were trained in a standard 
o n e -tria l inh ib ito ry  avoidance task and tested  for re ten tion  
of the o rig ina l avoidance habit 24 hours la te r .  All of the 
animals were then sa c rificed , th e ir  brains removed and the 
hippocampus, striatum  and fron ta l cortex dissected out and 
assayed for CAT and AChE. The performance of the old animals 
was impaired in both tasks. Young animals with lesions in 
the NbM were impaired in  the shock avoidance task but not 
in the Stone maze. Performance of animals with lesions in 
e ith e r  the MS or DBB were unimpaired in e ith e r  task. These 
re su lts  suggest tha t there may be a f a i r  degree of speci
f ic i ty  associated with the nature of the involvement of the 
struc tu res examined with respect to th e ir  involvement in an 
anim al's performance of these tasks.

2 24 .13  INTEGRITY OF THE VESTIBULAR-OCULAR REFLEX IN 
ALZHEIMER'S DISEASE. V. LAKSHMINARAYANAN*,  R. P . 
FRIEDLAND, E. M u lle r* , E. KOSS*, and L . STARK .  Sch. 
o f  O ptom etry, N eu ro l. D iv .,  U. C ., B erk e ley , CA. 
94720; D ep t. o f  N eurology, U .C ., D av is , VAMC. Mar
t i n e z ,  CA. 94553; and Dormer L a b ., U. C ., B erk e ley , 
CA. 94720.

The p re se n c e  o f  a  c e n t r a l  c h o l in e r g ic  d e f ic ie n c y  
h a s  been  w e ll  e s ta b l is h e d  in  A lz h e im e r 's  D isea se  
(AD), b u t  th e  e f f e c t  o f  t h i s  d e f i c i t  on b r a i n  func
t i o n s  a s id e  from c o g n i t io n  have n o t r e c e iv e d  much 
a t t e n t i o n .  E vidence from p a th o lo g ic a l  and chem ica l 
s tu d ie s  o f  AD b r a in  a s  w e ll  a s  o u r  in c r e a s in g  
know ledge o f  c h o l in e rg ic  n eu ro an a tamy s u g g e s ts  t h a t  
c e r t a i n  b ra in s te m  fu n c t io n s  may b e  d is tu rb e d  in  AD. 
In  p a r t i c u l a r ,  c h o l in e r g ic  invo lvem ent in  v e s t i b u l a r  
fu n c t io n s  h a s  been  w e ll  e s ta b l is h e d .

We a r e  p r e s e n t ly  t e s t i n g  th e  v e s t i b u la r - o c u l a r  
r e f l e x  (VOR) and VOR su p p re s s io n  in  b o th  l i g h t  and 
d a rk n e s s  in  s u b je c ts  w ith  presum ed AD. We m easured 
eye  movements u s in g  th e  in f r a r e d  r e f l e c t i o n  te c h n iq u e  
and head  movements w ith  a  low to rq u e  p r e c i s io n  p o te n 
t io m e te r .  S u b je c ts  w ere in s t r u c te d  t o  m a in ta in  gaze 
on  a  s ta t io n a r y  l i g h t - e m i t t in g  d io d e  (LED) w h ile  
r o t a t i n g  t h e i r  h ead . VOR s u p p re s s io n  was t e s t e d  by 
a t ta c h in g  an  LED t o  th e  head  w ith  i n s t r u c t io n s  t o  th e  
s u b je c t  t o  m a in ta in  f ix a t io n  o f  th e  LED d u r in g  head 
movement.

S tu d ie s  have been  perfo rm ed  in  two s u b je c ts  w ith  
m ild -m o d e ra te  A lzh e im er-ty p e  dem en tia . The d a ta  w ere 
q u a l i t a t i v e l y  norm al in  a l l  fo u r  c o n d i t io n s  when th e  
s u b je c ts  co u ld  m a in ta in  a t t e n t io n  on th e  t a s k .  In  
th e  VOR s u p p re s s io n  ta s k  th e  eye movement re c o rd s  
w ere n o is y , p o s s ib ly  due t o  a t t e n t i o n a l  d r i f t s .  
Q u a n t i ta t iv e  m easurem ents w ere p re c lu d e d  due t o  non- 
comp l i a n c e  w ith  in s t r u c t io n s .

T hese p re l im in a ry  f in d in g s  su g g es t t h a t  p e r i 
p h e ra l  and c e n t r a l  v e s t i b u l a r  mechanisms may be  
i n t a c t  in  th e  e a r ly  s ta g e s  o f  A lz h e im e r 's  d is e a s e .

2 2 4 .14  PRESERVATION OF ACCURATE SPATIAL MEMORY IN AGED RATS.  W.W. 
B e a tty , R.A. B ie r le y * , J .G . Boyd* and W.S. Maki*.  D ep t. of 
P sychology, N orth Dakota S ta te  U n iv ., F argo , ND 58105.

D evelopm ental s tu d ie s  u s ing  c ro s s  s e c t io n a l  des ig n s  
in d ic a te  th a t  s p a t i a l  memory in  o ld  r a t s  i s  le s s  a c c u ra te  
than  in  younger an im a ls . In a s e r ie s  o f experim en ts th a t  
examined th e  e f f e c t s  of v a r io u s  drugs (scopo lam ine , 
p ro p ra n o lo l, p h en to lam in e , h a lo p e r id o l ,  m e th y se rg id e , 
na loxone, morphine and am phetam ine) on th e  accu racy  of 
s p a t i a l  memory we employed the  same an im a ls . To our 
s u rp r is e  the  perform ance of th e se  an im als in  the  8-arm maze 
d id  not d e c lin e  w ith  advancing  age , even though th e  r a t s  
were 22 mo. o ld  a t  the f in a l  drug t e s t .  To determ ine 
w hether or no t a c c u ra te  s p a t i a l  memory was p re se rv ed  when 
th e  r a t s  were unam biguously o ld  they  were no t te s t e d  and 
rem ained d ru g -f re e  u n t i l  they  were 26 mo. o ld . When 
r e t e s te d  a t  th i s  age w ith  a 5 h r .  delay  imposed between 
th e i r  4 th  and 5th  ch o ice s  th e  r a t s  averaged 96% c o r r e c t  on 
ch o ices  5-8 which exceeded th e i r  perform ance a t  6 mo. of age 
(88% c o r r e c t )  when they  were f i r s t  t e s t e d .  The perform ance 
of th e  26 mo. o ld  r a t s  was a ls o  b e t t e r  than  th a t  of a 5 mo. 
o ld  com parison group which averaged  91% c o r r e c t  a t  the 5 h r .  
d e lay .

In a subsequen t experim ent u s in g  a c ro ss  s e c t io n a l  d es ign  
we compared th e  perform ance of n a ive  r a t s  th a t  were 3 o r 22 
months o ld  a t  the  s t a r t  of t r a in in g .  The younger r a t s  
adap ted  to  the  maze and met the le a rn in g  c r i t e r i o n  when no 
delay  was imposed more ra p id ly  than  the  o ld e r  an im a ls . This 
r e p l ic a t e s  f in d in g s  from o th e r  la b o ra to r ie s  u s ing  d i f f e r e n t  
s t r a i n s .  These anim als a re  c u r r e n t ly  being  te s te d  a t  longer 
r e te n t io n  in t e r v a l s  and th e se  d a ta  w i l l  be re p o r te d  a t  th e  
m eeting .

A lthough our o ld  r a t s  m a in ta in ed  h ig h ly  a c c u ra te  
perform ance in  the  r a d i a l  maze which they le a rn ed  when they  
were young and p r a c t ic e d  th roughou t t h e i r  l i v e s ,  they 
perform ed p o o rly  on a d i f f e r e n t  s p a t i a l  ta sk  (a cross-m aze) 
th a t  they  a c q u ired  when they  were a lre a d y  aged. Taken 
to g e th e r  our f in d in g s  dem onstra te  th a t  s p a t i a l  b eh a v io r does 
no t in e v ita b ly  d e t e r io r a t e  w ith  aging  in  r a t s ,  a lth o u g h  the 
c a p a c ity  fo r  le a rn in g  new s p a t i a l  problem s is  c l e a r ly  
im paired . The p re s e rv a t io n  of a w e ll p r a c t ic e d  s k i l l  in  o ld  
r a t s  may be lik en ed  to  " c r y s ta l l i z e d "  in t e l l ig e n c e  ( i . e . ,  
th e  p re s e rv a t io n  of language and the a p p l ic a t io n  of knowledge 
to  problem  s o lu t io n )  d isp la y e d  by e ld e r ly  humans w ithou t 
s e r io u s  b ra in  p a th o lo g y .
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2 2 4 .1 5   BEHAVIORAL AND NEUROPHATHOLOGICAL EFFECTS OF DEFFEREN
T IA L  D IETS IN  2 4  MONTH OLD C 5 7 B l / 6 j  M ICE.  H a s k e r  P .  
D A v is  a n d  L . T r o m b e t t a ,*   D ept. o f  P s y c h o l o g y  a n d  
P h a r m a c e u t i c a l  S c i e n c e s ,  S t .  J o h n ' s  U n i v e r s i t y ,  J a m a i c a ,  
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I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  c h o l i n e r g i c  s y s t e m  m ay 
p l a y  a  s i g n i f i c a n t  r o l e  i n  t h e  m em ory  d e c l i n e  t h a t  
a c c o m p a n i e s  a g i n g .  T h i s  i d e a  i s  s u p p o r t e d  b y  n e u r o 
c h e m ic a l  a n d  n e u r o a n a t o m i c a l  e v i d e n c e  t h a t  d e m o n s t r a t e  a  
c o r r e l a t i o n  b e t w e e n  c h o l i n e r g i c  d e c l i n e  a n d  i m p a i r e d  
c o g n i t i v e  f u n c t i o n .  O ne i n v e s t i g a t i v e  s t r a t e g y  t h a t  h a s  
b e e n  e m p lo y e d  i n  a n i m a l s  t o  a m e l i o r a t e  t h i s  c o g n i t i v e  
d e c l i n e  i s  d i f f e r e n t i a l  d i e t a r y  l o a d i n g  o f  c h o l i n e .  T h e  
p r e s e n t  s t u d y  r e p o r t s  b e h a v i o r a l  a n d  n e u r o p a t h o l o g i c a l  
e f f e c t s  o f  d i f f e r e n t i a l  c h o l i n e  d i e t s  i n  m ic e  a t  24  
m o n th s  o f  a g e .

R e t i r e d  b r e e d e r  C 5 7 B L /6 j m a le  m ic e  a t  8 - 9  m o n th s  o f  a g e  
w e r e  p l a c e d  o n  e i t h e r  a  c h o l i n e  e n r i c h e d  d i e t  ( ≈ 50m g 
c h o l i n e / g m  d i e t ) , c h o l i n e  c o n t r o l  d i e t  ( l - 2 m g  c h o l i n e / g m  
d i e t )  o r  c h o l i n e  d e f i c i e n t  d i e t  ( < l m g  c h o l i n e / g m  d i e t ) .  
An a d d i t i o n a l  g r o u p  o f  m ic e  w e r e  p l a c e d  o n  a  c h o l i n e  
e n r i c h e d  d i e t  a t  1 8  m o n th s  o f  a g e  a f t e r  h a v i n g  b e e n  
m a i n t a i n e d  o n  t h e  c h o l i n e  d i e t  f r o m  8 - 9  m o n th s  o f  a g e .  A t 
2 4  m o n th s  o f  a g e ,  m ic e  w e r e  a s s e s s e d  f o r  7 - d a y  r e t e n t i o n  
o f  o n e - t r i a l  p a s s i v e  a v o i d a n c e  t r a i n i n g .  A p p l i c a t i o n  
o f  t h e  M a n n - W h itn e y  U - t e s t  o n  s t e p - t h r o u g h  l a t e n c i e s  a t  
t e s t  i n d i c a t e d  n o  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  g r o u p s  o f  
m ic e  s t a r t e d  o n  d i f f e r e n t i a l  d i e t s  a t  8 - 9  m o n th s  o f  a g e .  
M ic e  p l a c e d  o n  a  c h o l i n e  e n r i c h e d  d i e t  a t  1 8  m o n th s  o f  a g e  
t e n d e d  t o  p e r f o r m  b e t t e r  t h a n  t h e  m ic e  p l a c e d  o n  d i f f e r e n 
t i a l  d i e t s  a t  8 - 9  m o n th s  o f  a g e  ( p < . 1 0 ) .

E l e c t r o n  m i c r o s c o p i c  a n a l y s i s  o f  h ip p o c a m p u s  r e v e a l e d  
d e g e n e r a t i o n  o f  a s t r o c y t e s  o f  a n i m a l s  o n  t h e  c h o l i n e  
d e f i c i e n t  d i e t .

M i t o c h o n d r i a l  e n l a r g e m e n t  w a s  n o t e d  i n  b o t h  a s t r o c y t e s  
a n d  n e u r o n s .  L a r g e  a b n o r m a l  n o n m e m b ra n e  b o u n d  f i l a m e n 
t o u s  i n c l u s i o n s  w e r e  o b s e r v e d  i n  h i p p o c a m p a l  n e u r o n s  o f  
m ic e  o n  t h e  c h o l i n e  d e f i c i e n t  d i e t .
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L o s s  o f  c h o l i n e r g i c  f u n c t i o n  h a s  b e e n  l i n k e d  t o  c o g n i t i v e  
d e f i c i t s ,  i n c l u d i n g  i m p a i r e d  m em ory  a n d  l e a r n i n g .  C o n s i s t e n t  
w i t h  t h i s  v ie w  i s  t h e  o b s e r v a t i o n  t h a t  d e s t r u c t i o n  o f  t h e  
c e l l s  o f  o r i g i n  o f  t h e  m a j o r  c h o l i n e r g i c  p r o j e c t i o n  t o  t h e  
f o r e b r a i n  ( i . e . ,  n u c l e u s  b a s a l i s  o f  M e y n e r t ,  NbM) i n  r a t s  r e 
d u c e s  n e o c o r t i c a l  l e v e l s  o f  c h o l i n e r g i c  m a r k e r s  (CAT & AChE) 
a n d  i m p a i r s  r e t e n t i o n  o f  s h o c k - a v o i d a n c e  t r a i n i n g .  I n  t h e  
p r e s e n t  s t u d i e s  we h a v e  a t t e m p t e d  t o  i m p r o v e  r e t e n t i o n  o f  
s h o c k - a v o i d a n c e  t r a i n i n g  i n  N b M - le s io n e d  r a t s  b y  a d m i n i s t e r 
i n g  o x o t r e m o r i n e ,  a  p o t e n t  c h o l i n o m im e t i c . ,  i m m e d ia t e l y  a f t e r  
t r a i n i n g  o r  30 m in  p r i o r  t o  r e t e n t i o n  t e s t i n g .  Two h u n d r e d  
a n d  t w e n ty - t w o  a d u l t ,  m a le  S p r a g u e - D a w le y  r a t s  ( 3 0 0 - 3 5 0  g )  
w e r e  s u r g i c a l l y  a n e s t h e t i z e d  a n d  s t e r e o t a x i c a l l y  i n j e c t e d  b i 
l a t e r a l l y  w i t h  t h e  n e u r o t o x i n  I b o t e n i c  a c i d  ( 7 . 5  u g  i n  0 . 5  u l  
a r t i f i c i a l  CSF a s  v e h i c l e ) . An a d d i t i o n a l  20  a n i m a l s  w e r e  
i n j e c t e d  w i t h  v e h i c l e  o n l y  a n d  26 a n i m a l s  w e r e  s h a m - o p e r a t e d  
c o n t r o l s .  A n im a ls  w e r e  a l l o w e d  tw o  w e e k s  p o s t s u r g i c a l  r e c o v 
e r y  b e f o r e  t r a i n i n g .  T r a i n i n g  c o n s i s t e d  o f  p l a c i n g  r a t s  i n t o  
t h e  l i g h t e d  c h a m b e r  o f  a  tw o - c h a m b e r e d  s h u t t l e  b o x ,  a l l o w i n g  
th e m  t o  e n t e r  t h e  o t h e r  d a r k e n e d  c h a m b e r , a n d  t h e n  a d m i n i s t e r 
i n g  a  3 s e c  1 mamp i n e s c a p a b l e  f o o t s h o c k .  A n im a ls  w e r e  t h e n  
re m o v e d  f ro m  t h e  a p p a r a t u s  a n d  t e s t e d  f o r  r e t e n t i o n  o f  t h e  
f o o t s h o c k  e x p e r i e n c e  24 h r  l a t e r  b y  a g a i n  p l a c i n g  th e m  i n t o  
t h e  l i g h t e d  c h a m b e r  a n d  m e a s u r in g  t h e i r  l a t e n c y  t o  e n t e r  t h e  
d a r k e n e d  c h a m b e r .  As e x p e c t e d ,  s h a m - o p e r a t e d  a n d  v e h i c l e -  
i n j e c t e d  a n i m a l s  s h o w e d  lo n g  l a t e n c i e s  t o  e n t e r  t h e  d a r k e n e d  
c o m p a r tm e n t  i n d i c a t i n g  g o o d  r e t e n t i o n  o f  t h e  f o o t s h o c k  e x p e r 
i e n c e .  I n  c o n t r a s t ,  r a t s  w i t h  l e s i o n s  o f  t h e  NbM sh o w e d  
s i g n i f i c a n t l y  s h o r t e r  l a t e n c i e s  t o  e n t e r  t h e  d a r k e n e d  com 
p a r t m e n t  c o m p a re d  t o  s h a m - o p e r a t e d  a n d  v e h i c l e - i n j e c t e d  a n i 
m a l s  i n d i c a t i n g  i m p a i r e d  r e t e n t i o n .  I n j e c t i o n s  o f  o x o t r e m o r 
i n e  i n d o s e s  o f  1 0 ,  3 2 ,  o r  56 u g / k g ,  i p ,  i m m e d ia t e l y  a f t e r  
f o o t s h o c k  f a i l e d  t o  im p r o v e  m em ory t e s t e d  24 h r  l a t e r .  S i m i 
l a r l y ,  i n j e c t i o n s  o f  1 ,  1 0 ,  3 2 ,  5 6 ,  72 o r  1 00  u g / k g ,  i p ,  
o x o t r e m o r i n e  g i v e n  30 m in  p r i o r  t o  r e t e n t i o n  t e s t i n g  w e r e  
a l s o  w i t h o u t  e f f e c t .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  a t  t h e  
d o s e s  e m p lo y e d ,  a n d  u n d e r  t h e  t r a i n i n g  c o n d i t i o n s  d e s c r i b e d ,  
o x o t r e m o r i n e  d o e s  n o t  a p p e a r  t o  b e  a n  e f f e c t i v e  a g e n t  f o r  
a m e l i o r a t i n g  r e t e n t i o n  d e f i c i t s  i n  N b M - le s io n e d  r a t s .   
( S u p p o r t e d  b y  g r a n t s  f ro m  t h e  W ayne S t a t e  U n i v e r s i t y  N e u r o 
s c i e n c e  P r o g ra m  a n d  NIA AGO3 5 7 1 )

2 2 4 .1 7   MHPG EXCRETION IN GERIATRIC PSYCHIATRIC PA TIEN TS.
R .C .  Y o u n g , G .S .  A l e x o p o u lo s * , E . K e n t * , C .A . S h a m o ia n , 
J . J .  M a n n .  C o r n e l l  U n i v e r s i t y  M e d ic a l  C o l l e g e  a n d  
W e s t c h e s t e r  D i v i s i o n ,  T h e  New Y o rk  H o s p i t a l ,  21 B lo o m in g d a le  
R o a d , W h ite  P l a i n s ,  New Y o rk  1 0 6 0 5 .

D y s f u n c t i o n  o f  b r a i n  n o r a d r e n e r g i c  n e u r o t r a n s m i s s i o n  may 
p l a y  a  r o l e  i n  t h e  p a t h o p h y s i o l o g y  o f  b o t h  l a t e  l i f e  
d e p r e s s i o n  a n d  s e n i l e  d e m e n t i a  o f  A l z h e im e r  t y p e .  
3 - M e t h o x y - 4 - h y d r o x y p h e n e t h y l e n e g l y c o l  (MHPG) i s  a  m a j o r  
m e t a b o l i t e  o f  n o r a d r e n a l i n e  ( N E ) . U r i n a r y  e x c r e t i o n  o f  
MHPG h a s  b e e n  u s e d  a s  a n  i n d e x  o f  b r a i n  a n d  p e r i p h e r a l  NE 
m e t a b o l i s m .

G e r i a t r i c  p s y c h i a t r i c  i n p a t i e n t s  w e r e  s t u d i e d  who w e r e  
≥ 6 0  y e a r s  o f  a g e  a n d  m e t  R e s e a r c h  D i a g n o s t i c  C r i t e r i a  a n d  
DSM I I I  c r i t e r i a  f o r  p r i m a r y  m a j o r  d e p r e s s i o n  ( n = 8 ) o r  
DSM I I I  c r i t e r i a  f o r  p r i m a r y  d e g e n e r a t i v e  d e m e n t i a  ( n = 3 ) . 
P a t i e n t s  w e r e  e x c l u d e d  w ho w e r e  r e c e i v i n g  d r u g s  kn o w n  t o  
a l t e r  NE m e t a b o l i s m  o r  w e r e  u n a b l e  t o  c o o p e r a t e  w i t h  t h e  
p r o c e d u r e .  U r i n e  c o l l e c t i o n s  w e r e  p e r f o r m e d  d u r i n g  a  d r u g  
w a s h o u t  p e r i o d  w h i l e  s u b j e c t s  w e r e  o n  a  c a f f e i n e - f r e e  a n d  
lo w  t y r a m i n e  d i e t .  S p e c im e n s  w e r e  c h i l l e d  d u r i n g  c o l l e c 
t i o n ,  a n d  s o d iu m  m e t a b i s u l f i t e  w as  a d d e d .  MHPG w as 
m e a s u r e d  b y  g a s  c h r o m a to g r a p h y - m a s s  s p e c t r o m e t r y  u s i n g  
d 3 -MHPG a s  i n t e r n a l  s t a n d a r d .  C r e a t i n i n e  w a s  m e a s u r e d  b y  
s p e c t r o p h o t o m e t r y .

U r i n a r y  MHPG e x c r e t i o n  v a r i e d  a b o u t  s i x f o l d  am ong t h e  
d e p r e s s i v e s .  I t  r a n g e d  f r o m  5 2 3  -  3 ,1 1 6  u g / 2 4  h  (m ean  
1 ,7 0 9  u g / 2 4  h )  o r  0 . 8 4  -  4 . 2 8  u g /m g  c r e a t i n i n e / 2 4  h  (m ean  
2 . 4 1  u g /m g /2 4  h ) . V a l u e s  i n  i n d i v i d u a l s  w e r e  c o m p a r a b le  i n  
s e r i a l  24 h  d e t e r m i n a t i o n s .  I n  d e m e n te d  p a t i e n t s  t h e  MHPG 
e x c r e t i o n  t e n d e d  t o  b e  l o w e r ,  r a n g i n g  f ro m  4 3 1  -  1 ,1 2 9  u g /
24  h  (m e a n  8 7 0  u g / 2 4  h )  o r  0 . 8 8  -  3 . 7 6  u g /m g  c r e a t i n i n e / 2 4  h 
(m e a n  1 .8 6  u g /m g /2 4  h ) . U r i n e  c r e a t i n i n e  e x c r e t i o n  w as 
s i m i l a r  i n  t h e  tw o  g r o u p s .  Among t h e  d e p r e s s i v e s ,  t r e a t m e n t  
f o r  f o u r  w e e k s  w i t h  t h e  a n t i d e p r e s s a n t  n o r t r i p t y l i n e ,  w h ic h  
i n h i b i t s  NE r e u p t a k e ,  r e d u c e d  MHPG e x c r e t i o n  b y  40 -70%  
(n = 3 ;  p < . 0 0 1 ) .

T h e s e  p r e l i m i n a r y  f i n d i n g s  s u g g e s t  t h a t  m e a s u r e m e n t  o f  
MHPG e x c r e t i o n  m ay b e  u s e f u l  i n  t h e  i n v e s t i g a t i o n  o f  NE 
m e t a b o l i s m  i n  p s y c h i a t r i c  d i s o r d e r s  o f  l a t e  l i f e .  I t  m ay 
a l s o  b e  h e l p f u l  i n  s t u d y i n g  t h e  t r e a t m e n t  o f  t h e s e  d i s o r d e r s .

S u p p o r t e d  b y  t h e  D e p a r tm e n t  o f  P s y c h i a t r y ,  C o r n e l l  
U n i v e r s i t y  M e d ic a l  C o l l e g e ,  T h e  G r e e n w a l l  F o u n d a t i o n ,  a n d  
T h e  X e ro x  C o r p o r a t i o n .  D3 -MHPG w a s  t h e  g i f t  o f  S .  M a rk e y .
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C o r t i c a l  c h o l i n e  a c e t y l t r a n s f e r a s e  (CAT) i s  g r e a t l y  
r e d u c e d  i n  p e o p l e  w i t h  s e n i l e  d e m e n t i a  o f  t h e  A l z h e i m e r 's  
t y p e  w h e n  c o m p a r e d  t o  c o r t i c a l  CAT i n  a g e - m a tc h e d  n o r m a l s .  
R e c e n t  e v i d e n c e  s u g g e s t s  t h a t  t h i s  r e d u c t i o n  i s  c a u s e d  b y  
t h e  l o s s  o f  c h o l i n e r g i c  n e u r o n s  w h ic h  p r o j e c t  f ro m  t h e  
N u c le u s  b a s a l i s  o f  M e y n e r t  (NbM) t o  t h e  c o r t e x .  An 
a n a l o g o u s  g r o u p  o f  n e u r o n s  e x i s t s  i n  r a t s .  L e s i o n i n g  o f  
t h e  NbM i n  r a t s  r e s u l t s  I n  r e d u c e d  c o r t i c a l  CAT a c t i v i t y  
a n d  i m p a i r e d  p a s s i v e  a v o i d a n c e  b e h a v i o r ,  s u g g e s t i n g  t h a t  
s u c h  l e s i o n i n g  m ay p r o v i d e  a  u s e f u l  m o d e l f o r  s t u d y i n g  
i m p a i r e d  c o g n i t i v e  f u n c t i o n .  Y o u n g , m a l e ,  S p r a g u e - D a w le y  
r a t s  w e r e  s t e r e o t a x i c a l l y  i n j e c t e d  ( b i l a t e r a l l y )  w i t h  7 . 5  
µg  o f  i b o t e n i c  a c i d  ( i n  0 . 5  µ l )  i n t o  t h e  r e g i o n  o f  t h e  NbM. 
S h a m - o p e r a t e d  r a t s  s e r v e d  a s  c o n t r o l s .  E a c h  a n im a l  w a s  
p l a c e d  i n t o  t h e  l i g h t e d  c h a m b e r  o f  a  tw o - c h a m b e r e d  s h u t t l e  
b o x ,  a l l o w e d  t o  e n t e r  t h e  l a r g e r  d a r k e n e d  c h a m b e r ,  a n d  
g i v e n  a  1 . 0  mA, 3 s e c ,  i n e s c a p a b l e  f o o t s h o c k .  R e t e n t i o n  o f  
f o o t s h o c k  t r a i n i n g  w a s  t e s t e d  24  h o u r s  l a t e r  b y  m e a s u r i n g  
t h e  a n i m a l ' s  l a t e n c y  t o  a g a i n  e n t e r  t h e  d a r k e n e d  c h a m b e r .  
F o l lo w in g  r e t e n t i o n  t e s t i n g ,  a n i m a l s  w e r e  d e c a p i t a t e d  a n d  
t h e i r  c o r t i c e s  d i s s e c t e d  o u t  f o r  a s s a y  o f  CAT a c t i v i t y .  
A n im a ls  w e r e  t r a i n e d  a n d  t e s t e d  f o r  r e t e n t i o n  o f  p a s s i v e  
a v o i d a n c e  b e h a v i o r  a n d  t h e i r  c o r t i c a l  CAT a c t i v i t y  a s s a y e d  
6 d a y s ,  2 w e e k s ,  o r  12 w e e k s  a f t e r  t h e y  w e r e  l e s i o n e d .  
C o r t i c a l  CAT a c t i v i t y  a l o n e  w a s  d e t e r m i n e d  i n  a  g r o u p  o f  
a n i m a l s  3 d a y s  a f t e r  l e s i o n i n g .  W hen c o r t i c a l  CAT a c t i v i t y  
i n  l e s i o n e d  a n i m a l s  i s  e x p r e s s e d  a s  a  p e r c e n t  o f  a c t i v i t y  
i n  s h a m - o p e r a t e d  a n i m a l s ,  t h e  f o l l o w i n g  v a l u e s  w e r e  f o u n d :  
3 d a y s ,  87±4% ; 6 d a y s ,  80±4% ; 2 w e e k s ,  70±2% ; 12 w e e k s ,  
76±5% . O v e r  a  p e r i o d  o f  2 w e e k s  a f t e r  l e s i o n i n g ,  c o r t i c a l  
CAT a c t i v i t y  d e c l i n e d  t o  i t s  l o w e s t  v a l u e  (70%  o f  c o n t r o l )  
a n d  r e m a in e d  lo w  f o r  u p  t o  12 w e e k s .  L e s io n e d  a n i m a l s  a l s o  
d e m o n s t r a t e d  s i g n i f i c a n t l y  i m p a i r e d  s h o c k  a v o i d a n c e  
b e h a v i o r  a t  6 d a y s ,  2 w e e k s ,  a n d  12 w e e k s  w h e n  c o m p a r e d  t o  
s h a m - o p e r a t e d  c o n t r o l s .  We h a v e  sh o w n  t h a t  l e s i o n i n g  o f  
t h e  NbM i n  r a t s  l e a d s  t o  s u s t a i n e d  l o s s e s  o f  c o r t i c a l  CAT 
a c t i v i t y  a n d  p a s s i v e  a v o i d a n c e  b e h a v i o r .   S u p p o r t e d  b y  t h e  
NIA (A G N S07351) a n d  N e u r o s c i e n c e  S m a ll  G r a n t s  P r o g r a m ,  S c h .  
o f  M e d . , W ayne S t a t e  U n iv .
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2 2 4 .1 9   APOMORPHINE-INDUCED BEHAVIOR IN AGING C 5 7 B L /6 J  M ICE.  P .K .  
R a n d a l l  a n d  J . S .  R a n d a l l .  P h y s i o l o g y  a n d  B i o p h y s i c s  a n d  
A n d r u s  G e r o n to l o g y  C t r .  U . S . C . ,  L os A n g e l e s ,  CA 9 0 0 8 9

A d e t a i l e d  a n a l y s i s  w as m ade o f  a p o m o r p h i n e - i n d u c e d  
b e h a v i o r  i n  5 - ,  1 1 - ,  1 8 - ,  a n d  2 8 - m o n th  o l d  C 5 7 B L /6 J  m ic e .  
B e h a v i o r  w as o b s e r v e d  f o r  3 0  s e c  e v e r y  6 m in  f o r  a  p e r i o d  
o f  1 h o u r  a n d  r a t e d  o n  a  7 p o i n t  s c a l e  a f t e r  a d m i n i s t r a t i o n  
o f  0 . 2 5 ,  0 . 5 ,  1 . 0 ,  2 . 0 ,  4 . 0 ,  o r  8 . 0  m g /k g  a p o m o r p h in e  
h y d r o c h l o r i d e .

W ith  i n c r e a s i n g  a g e  t h e  m a g n i tu d e  o f  r e s p o n s e  w as 
d i m i n i s h e d  a t  s h o r t  i n t e r v a l s  a f t e r  t h e  i n j e c t i o n  w h i l e  i t  
w a s  d r a s t i c a l l y  i n c r e a s e d  a t  l o n g e r  i n t e r v a l s .  S t e r e o t y p e  
r a t i n g s  f e l l  e x p o n e n t i a l l y  w i t h  t im e  f o l l o w i n g  p e a k  
r e s p o n s e  f o r  a l l  a g e s  w i t h  a  p r o g r e s s i v e  i n c r e a s e  i n  
a p p a r e n t  d e c a y  c o n s t a n t  a c r o s s  a g e s  ( 5  m o = 8 .5  m in ,  11 
m o = 1 2 .2  m in ,  18 m o=18 m in ,  a n d  2 8  m o=42 m i n ) .  T he t im e  o f  
p e a k  r e s p o n s e  i n c r e a s e d  w i t h  d o s e  o f  a p o m o r p h in e  a n d  a g e ,  
a n d  w as  m o s t  p r o n o u n c e d  w i t h  t h e  m o re  h i g h l y  r a t e d  
b e h a v i o r s .  E D 5 0 's  f o r  m e e t in g  o r  e x c e e d i n g  e a c h  o f  t h e  
r a t i n g s  c a l c u l a t e d  f ro m  b e s t  f i t t i n g  l o g i s t i c  f u n c t i o n s  a t  
e a c h  o b s e r v a t i o n  t im e  s u p p o r t e d  t h i s  c o n c l u s i o n .  T h e s e  
d a t a  a r e  c o n s i s t e n t  w i t h  p r e v i o u s  r e p o r t s  o f  d e c l i n e  i n  
b o t h  a b s o r p t i o n  ( a n d / o r  a c c u m u l a t i o n  i n  b r a i n )  a n d  
c l e a r a n c e  o f  t h e  d r u g  i n  a g i n g  r o d e n t s .

2 2 4 .2 0   RADIAL ARM MAZE PERFORMANCE AND LESIONS OF RAT BASAL 
FOREBRAIN.  B .E .  L e r e r ,  J .  W a rn e r *  a n d  E . F r i e d m a n * .  D e p t s .  
o f  P s y c h i a t r y  a n d  P h a r m a c o lo g y ,  New Y o rk  U n i v e r s i t y  M e d ic a l  
C e n t e r ,  New Y o r k ,  NY 1 0 0 1 6 .

T h e  m a g n o c e l l u l a r  n u c l e i  o f  t h e  b a s a l  f o r e b r a i n  (M N BF), 
l o c a t e d  v e n t r a l  t o  t h e  g l o b u s  p a l l i d u s  i n  t h e  r a t ,  p r o v i d e  
e x t e n s i v e  c h o l i n e r g i c  i n n e r v a t i o n  t o  c o r t e x .  T h e  MNBF i s  
a n a l o g o u s  t o  t h e  h u m an  n u c l e u s  b a s a l i s  w h ic h  h a s  b e e n  im p 
l i c a t e d  i n  t h e  c h o l i n e r g i c  a n d  c o g n i t i v e  d y s f u n c t i o n  o f  
A l z h e i m e r 's  D i s e a s e .  We p r e v i o u s l y  s h o w e d  t h a t  MNBF l e s i o n s  
p r o d u c e d  d e f i c i t s  i n  a v e r s i v e l y  a n d  a p p e t i t i v e l y  m o t i v a t e d  
b e h a v i o r a l  t a s k s  a n d  c o n c o m i t a n t  d e f i c i t s  i n  c o r t i c a l  
c h o l i n e  a c e t y l t r a n s f e r a s e  ( L e r e r  e t  a l .  S o c .  N e u r o s c i .  A b s t r . 
9 : 9 7 ,  1 9 8 3 ;  F r ie d m a n  e t  a l .  P h a r m a c o l .  B io c h e m . B e h a v .  
1 9 : 3 0 9 - 3 1 2 ,  1 9 8 3 ) .

I n  t h e  p r e s e n t  s t u d y ,  M N B F - le s io n e d  a n d  s h a m - o p e r a t e d  
c o n t r o l  r a t s  w e r e  c o m p a r e d  i n  a c q u i s i t i o n  a n d  r e t e n t i o n  p e r 
f o r m a n c e  i n  a n  8 - a r m  r a d i a l  m a z e .  A rm s w e r e  b a i t e d  w i t h  s u n 
f l o w e r  s e e d s  a n d  e x t r a - m a z e  v i s u a l  a n d  a u d i t o r y  s t i m u l i  p r o 
v i d e d  s p a t i a l  o r i e n t a t i o n  c u e s .  A r a t  w a s  p l a c e d  i n  t h e  m az e  
a n d  a l l o w e d  10 m in  t o  c o l l e c t  s e e d s .  T h e  o p tim u m  s t r a t e g y  
w a s  t o  v i s i t  e a c h  a rm  o n c e  a n d  c o l l e c t  a l l  8 s e e d s  w i t h i n  8 
c h o i c e s .  C r i t e r i o n  p e r f o r m a n c e  c o n s i s t e d  o f  m a k in g  a t  l e a s t  
7 new  c h o i c e s  w i t h i n  t h e  f i r s t  8 c h o i c e s  o n  5 c o n s e c u t i v e  
d a y s .  R a t s  w e r e  t e s t e d  f o r  a  m in im um  o f  10 a n d  a  m axim um  o f  
30  d a y s .  S u b j e c t s  w e r e  f o o d - d e p r i v e d  f o r  23  h r  p r i o r  t o  
e a c h  d a i l y  s e s s i o n .  H a l f  t h e  M N B F - le s io n e d  a n d  s h a m - c o n t r o l  
g r o u p s  w e r e  p r e - o p e r a t i v e l y  t r a i n e d  t o  c r i t e r i o n  p e r f o r m a n c e  
( p r e - t r a i n e d ) . T h e  r e m a i n i n g  r a t s  w e r e  n o t  i n t r o d u c e d  t o  t h e  

m az e  u n t i l  a f t e r  r e c o v e r y  f ro m  s u r g e r y  ( p o s t - t r a i n e d ) . 
T e s t i n g  w a s  c o n d u c te d  n o  s o o n e r  t h a n  20  d a y s  a f t e r  s u r g e r y  
a n d  n o t  u n l e s s  a  r a t  w e ig h e d  20  g m o re  t h a n  i t s  p r e - o p e r a t i v e  
b a s e l i n e  w e i g h t .

T h e  p o s t - t r a i n e d  M N B F - le s io n e d  r a t s  l e a r n e d  t o  c o l l e c t  t h e  
s e e d s  a l t h o u g h  t h e y  n e e d e d  t w i c e  a s  m any  s e s s i o n s  a s  t h e  
c o n t r o l s  d i d  t o  a c q u i r e  t h e  t a s k .  As r e g a r d s  c r i t e r i o n  p e r 
f o r m a n c e ,  a l l  p o s t - t r a i n e d  c o n t r o l s  r e a c h e d  c r i t e r i o n  w i t h i n  
12 d a y s  ( m e d ia n  = 10 d a y s ) . T h e  p o s t - t r a i n e d  M N B F -le s io n e d  
r a t s  w e r e  i m p a i r e d  i n  c r i t e r i o n  a c q u i s i t i o n ;  s e v e r a l  r a t s  
n e v e r  r e a c h e d  c r i t e r i o n  b e f o r e  t h e  3 0  d a y s  c u t o f f  ( m e d ia n  = 
2 6 .5  d a y s ) .  T h e  p r e - t r a i n e d  M N B F -le s io n e d  a n d  s h a m - o p e r a t e d  
c o n t r o l s  w e r e  g e n e r a l l y  u n i m p a i r e d  w h e n  t e s t e d  p o s t  s u r g e r y .

T h e s e  d a t a  s u g g e s t  t h a t  r e t e n t i o n  o f  l e a r n i n g  p r e - o p e r a t 
i v e l y  a c q u i r e d  r e m a in e d  r e l a t i v e l y  i n t a c t  f o l l o w i n g  MNBF 
l e s i o n s ,  w h e r e a s  a c q u i s i t i o n  a n d  r e t e n t i o n  o f  n ew  s k i l l s  w e r e  
i m p a i r e d  a f t e r  MNBF l e s i o n s .   ( S u p p o r t e d  b y  NIMH f e l l o w s h i p  
5T32M H 15137 t o  B .L .  a n d  USPHS RSDA g r a n t  M H00208 t o  E . F . )

MUSCLE AND MUSCLE AFFERENTS

2 2 5 .1   P r im a r y  a f f e r e n t s  f ro m  d i s t a l  f o r e l i m b  m u s c l e s  a n d  d o r s a l  
r o o t  g a n g l i a  t o  t h e  e x t e r n a l  c u n e a t e  n u c l e u s  i n  t h e  c a t . , 
J a s m i n ,  L . * ,  B a k k e r ,  D .A . a n d  C o u r v i l l e ,  J . C e n t r e  d e  
R e c h e r c h e  e n  S c i e n c e s  N e u r o l o g i q u e s ,  Dé p a r t e m e n t  d e  
p h y s i o l o g i e , U n i v e r s i t é  d e  M o n t r é a l ,  M o n t r é a l ,  Q u é b e c .

T r a n s p o r t  o f  h o r s e r a d i s h  p e r o x i d a s e  (H RP) w a s  u s e d  t o  
d e m o n s t r a t e  t h e  d i s t r i b u t i o n  i n  t h e  e x t e r n a l  c u n e a t e  
n u c l e u s  (ECN ) o f  t h e  c a t  o f  p r i m a r y  a f f e r e n t s  o r i g i n a t i n g  
f ro m  1 )  paw  a n d  f o r e a r m  m u s c l e s  a n d  2 )  d o r s a l  r o o t  
g a n g l i a .  I n  t h e  f i r s t  i n s t a n c e ,  n e r v e  b r a n c h e s  w e r e  
s e c t i o n e d  n e a r  t h e i r  r e s p e c t i v e  m u s c l e s .  T h e  p r o x im a l  
s tu m p s  w e r e  i s o l a t e d  w i t h  p a r a f f i n  a n d  e x p o s e d  t o  a  
s o l u t i o n  o f  40% HRP f o r  4 h o u r s .  I n  a  s e c o n d  g r o u p  o f  
c a t s ,  d o r s a l  r o o t  g a n g l i a  C7 a n d  C8 w e r e  i n j e c t e d  w i t h  3 
t o  8 µ L o f  40% HRP. A f t e r  3 d a y s ,  t h e  a n i m a l s  w e r e  
s a c r i f i c e d  a n d  t h e  m e d u l l a e  w e r e  p r o c e s s e d  f o r  HRP u s i n g  
t e t r a m e t h y l b e n z y d i n e . Paw  a n d  f o r e a r m  m u s c l e  a f f e r e n t s  
t e r m i n a t e  w i t h i n  t h e  m e d i a l  t h i r d  o f  t h e  ECN a n d  e x t e n d  
a l o n g  i t s  c a u d a l  tw o  t h i r d s .  T e r m i n a l  l a b e l l i n g  f ro m  
i n d i v i d u a l  m u s c l e s  i s  d i s t r i b u t e d  a l o n g  w e l l  l o c a l i z e d  
l o n g i t u d i n a l  c o lu m n s .  H o w e v e r ,  t e r r i t o r i e s  o f  d i s t r i b u 
t i o n  f r o m  n e i g h b o r i n g  m u s c l e s  o v e r l a p  w i d e l y .  T h e r e  i s  a  
t o p o g r a p h i c a l  p a t t e r n  w h e r e b y  paw  i s  r e p r e s e n t e d  m o s t  
m e d i a l l y ,  a l o n g  t h e  b o r d e r  w i t h  t h e  m a in  c u n e a t e  n u c l e u s  
a n d  m o re  p r o x im a l  m u s c l e  a f f e r e n t s  t e r m i n a t e  m o re  l a t e r 
a l l y .  No t e r m i n a l  l a b e l l i n g  w a s  s e e n  i n  o t h e r  r e g i o n s  o f  
t h e  ECN r e c e i v i n g  a f f e r e n t s  f r o m  p r o x im a l  l i m b ,  n e c k  a n d  
t h o r a c i c  m u s c l e s .  P r im a r y  a f f e r e n t  f i b e r s  l a b e l l e d  b y  
i n j e c t i n g  t h e  d o r s a l  r o o t  g a n g l i a  o f  l e v e l s  C8 a n d  T1 
d e m o n s t r a t e  t e r m i n a l  t e r r i t o r i e s  w h ic h  e x t e n d  w i d e ly  i n  
t h e  m e d i o l a t e r a l  d i r e c t i o n  a s  w e l l  a s  a l o n g  t h e  l o n g i t u 
d i n a l  a x i s .  T h e  d i s t r i b u t i o n s  f ro m  t h e s e  tw o g a n g l i a  
l a r g e l y  o v e r l a p p e d  a n d  w e r e  d e n s e s t  o v e r  t h e  t e r r i t o r i e s  
c o r r e s p o n d i n g  t o  t h e  d i s t r i b u t i o n s  f r o m  d i s t a l  f o r e l i m b  
m u s c l e s .  T e r m i n a l  l a b e l l i n g  w a s  c o n s i s t e n t l y  f o u n d ,  i n  
t h e  v e n t r a l  p a r t s  o f  t h e  m a in  c u n e a t e  n u c l e u s  f o l l o w i n g  
HRP t r a n s p o r t  f r o m  n e r v e s  t o  t h e  f o r e l i m b  m u s c l e s .   
( S u p p o r t e d  b y  a  g r a n t  f ro m  t h e  C a n a d ia n  M e d ic a l  R e s e a r c h  
C o u n c i l ) .

225. 2  PATTERNS OF MUSCLE AFFERENT TERMINATION IN THE EXTERNAL 
CUNEATE NUCLEUS OF THE CAT  D .A . B a k k e r , J .  C o u r v i l l e ,  
F . J . R .  R ichm ond and V .C . A b rah am s.  U n iv e r s i t y  o f  
M o n tr e a l ,  M o n tr e a l ,  Q uebec and Q u e e n 's  U n iv e r s i t y ,  
K in g s to n ,  O n ta r io  K7L 3N6.

The e x t e r n a l  c u n e a te  n u c le u s  (ECN) h a s  lo n g  b een  
known to  r e l a y  p r o p r i o c e p t i v e  in f o r m a t io n  from  th e  
f o r e l im b  to  th e  c e r e b e l lu m .  H ow ever, r e c e n t  a n a to m ic a l  
and e l e c t r o p h y s i o l o g i c a l  s t u d i e s  in  t h e  c a t  (B a k k e r , 
Richmond and A braham s, 1984, J .  Comp. N e u r o l . ,  in  p r e s s ;  
M urakam i and K a to ,  1983, E x p . N e u r o l . 7 9 : 4 7 2 -4 8 7 )  h av e  
shown t h a t  th e  ECN i s  a l s o  a t a r g e t  f o r  p r im a ry  a f f e r e n t  
f i b e r s  from  n ec k  m u s c le s .  In  t h i s  s t u d y ,  p r im a ry  
a f f e r e n t  p r o j e c t i o n s  t o  th e  ECN from  d i f f e r e n t  n e c k , 
s h o u ld e r  and f o r e l im b  m u s c le s  w ere mapped u s in g  th e  
m ethod o f  t r a n s g a n g l i o n i c  h o r s e r a d i s h  -  p e r o x id a s e  (HRP) 
t r a n s p o r t .  N erv es  s u p p ly in g  e a c h  m u sc le  w ere s e c t io n e d  
a t  t h e i r  p o in t s  o f  m u sc le  e n t r y .  T h e ir  c e n t r a l  e n d s  
w ere ex p o sed  to  4 0 % HRP s o l u t i o n  f o r  3 -4  h o u r s .  A f te r  a 
3 -  d ay  s u r v i v a l  p e r i o d ,  t h e  m e d u lla  was rem oved and 
p r o c e s s e d  f o r  HRP a c t i v i t y  u s in g  t e t r a m e th y lb e n z id i n e  a s  
t h e  chrom ogen a g e n t .

A f f e r e n t  f i b e r s  o r i g i n a t i n g  from  d i f f e r e n t  m u sc le  
g ro u p s  w ere found  to  p r o j e c t  t o  s e p a r a t e  r e g io n s  o f  th e  
ECN. The c a u d a l tw o - t h i r d s  o f  th e  ECN r e c e iv e d  
p r o j e c t i o n s  from  a l l  m u sc le  g r o u p s .  A f f e r e n t  
t e r m in a t io n s  from  f o r e l im b  m u s c le s  o c c u p ie d  d i s c r e t e  
z o n e s  in  m e d ia l r e g i o n s ,  w h ile  t h o s e  from  s h o u ld e r  
m u s c le s  w ere found  in  c e n t r a l  r e g i o n s  and th o s e  from  
n e c k  m u s c le s  w ere c o n f in e d  to  r e s t r i c t e d  v e n t r o l a t e r a l  
r e g i o n s  o f  th e  ECN. A d i f f e r e n t  p a t t e r n  o f  t e r m in a l  
d i s t r i b u t i o n  was o b s e rv e d  in  t h e  r o s t r a l  o n e - t h i r d  o f  
th e  ECN. H e re , d e n s e  te r m in a l  l a b e l l i n g  from  n e c k  and 
s h o u ld e r  m u s c le s  o c c u p ie d  m e d ia l p a r t s  o f  th e  n u c l e u s .  
No l a b e l l i n g  was o b s e rv e d  in  t h e  r o s t r a l  ECN fo l lo w in g  
e x p o s u re  o f  f o r e l im b  m u sc le  n e r v e s  to  HRP. The r e s u l t s  
show t h a t  p r im a ry  a f f e r e n t  f i b e r s  s e r v in g  d i f f e r e n t  
m u sc le  g ro u p s  h av e  c h a r a c t e r i s t i c  zo n e s  o f  t e r m in a t io n  
in  t h e  ECN. The f a c t  t h a t  much o f  t h e  ECN i s  o c c u p ie d  
by  m u sc le  a f f e r e n t  p r o j e c t i o n s  from  th e  n ec k  and 
s h o u ld e r  s u g g e s t s  t h a t  th e  ECN may p la y  a m a jo r r o l e  in  
t r a n s m is s i o n  o f  s e n s o r y  in f o r m a t io n  from  p ro x im a l a s  
w e ll  a s  d i s t a l  b ody  m u s c u la tu r e .
S u p p o r te d  b y  t h e  MRC o f  C a n a d a .
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2 2 5 .3   PROJECTIONS FROM THE EXTERNAL CUNEATE NUCLEUS TO THE CERE
BELLUM. AN EXPERIMENTAL STUDY WITH RADIOACTIVE TRACERS.  
C o u r v i l l e ,  J . ,  B a k k e r ,  D . A . a n d  J a s m i n ,  L .*   C e n t r e  d e  
R e c h e r c h e  e n  S c i e n c e s  N e u r o l o g i q u e s ,  D é p a r te m e n t  de  P h y 
s i o l o g i c ,  U n i v e r s i t é  d e  M o n t r é a l ,  M o n t r é a l ,  Q u é b e c .

P r e v i o u s  a n a t o m i c a l  s t u d i e s  b y  G r a n t  ( E x p .  N e u r o l .  
5 : 1 7 9 - 1 9 5 ,  1 9 6 2 )  h a v e  show n  t h a t  t h e  c u n e a t o - c e r e b e l l a r  
p r o j e c t i o n  t e r m i n a t e s  a s  m o s s y  f i b e r s  a n d  i s  l o c a l i z e d  i n  
i p s i l a t e r a l  l o b u l e s  V a n d  a n t e r i o r  p a r t  o f  l o b u l e  V I ,  i n  
r o s t r a l  a n d  c e n t r a l  f o l i a  o f  t h e  p a r a m e d ia n  l o b u l e  a n d  i n  
t h e  p o s t e r i o r  v e r m ia n  l o b u l e  V I I I .  I n  t h e  a n t e r i o r  l o b e ,  
t h e s e  p r o j e c t i o n s  w e r e  o b s e r v e d  t o  be  d e n s e  i n  p a r a m e d ia n  
r e g i o n s  a n d  l i g h t e r  i n  t h e  v e r m i s .  I n  t h e  p r e s e n t  s t u d y ,  
t h i s  p r o j e c t i o n  w as r e i n v e s t i g a t e d  i n  t h e  c a t  w i t h  t h e  
m e th o d  o f  r a d i o a c t i v e  a m i n o a c id  t r a c e r s  a n d  a u t o r a d i o 
g r a p h y .  I n j e c t i o n s  o f  0 . 3  t o  0 . 8  µ l  o f  t r i t i a t e d  l e u c i n e  
( c o n e .  2 50  µ C i /  µ l )  w e r e  p l a c e d  i n  t h e  e x t e r n a l  c u n e a t e  
n u c l e u s  u n d e r  v i s u a l  g u i d a n c e .  S u r v i v a l  p e r i o d s  o f  2 t o  6 
d a y s  w e r e  u t i l i z e d .  T y p i c a l  g r a i n  a c c u m u l a t i o n s  o v e r  
m o ssy  f i b e r  r o s e t t e s  a n d  s i l v e r  g r a i n  a l i g n m e n t s  o v e r  
p r e t e r m i n a l  l a b e l l e d  f i b e r s  w e r e  fo u n d  e x c l u s i v e l y  w i t h i n  
t h e  g r a n u l a r  l a y e r .  T h e  p r o j e c t i o n  w as a b u n d a n t  i p s i l a t -  
e r a l l y  i n  l o b u l e  V , i n  a d j a c e n t  v e r m ia n  p a r t s  o f  l o b u l e  VI 
i n  t h e  d e p t h  o f  t h e  p r im a r y  f i s s u r e ,  a l s o  i n  l o b u l e  V I I I  
a n d  i n  t h e  r o s t r a l  a n d  t h e  c e n t r a l  f o l i a  o f  t h e  p a r a m e d ia n  
l o b u l e .  T h e s e  s i t e s  c o r r e s p o n d  t o  t h o s e  o b t a i n e d  w i t h  
s i l v e r  d e g e n e r a t i o n  m e th o d s .  I n  a d d i t i o n ,  m o d e r a t e l y  
a b u n d a n t  p r o j e c t i o n s  w e r e  p r e s e n t  i n  l o b u l e s  IV , I I I  a n d  
I I  a n d  g r a d u a l l y  d i m i n i s h e d  i n  r o s t r a l  c e r e b e l l a r  l e v e l s .  
L i g h t  s c a t t e r e d  p r o j e c t i o n s  w e r e  o b s e r v e d  i n  l o b u l u s  
s i m p l e x ,  C r u s  I  a n d  l o b u l e  I X .  C o n t r a l a t e r a l l y , p r o j e c 
t i o n s  w e r e  e n c o u n t e r e d  i n  t h e  sam e r e g i o n s  a s  on  t h e  i p s i 
l a t e r a l  s i d e .  T h e i r  d e n s i t i e s  w e r e  m o d e r a te  t o  l i g h t  a n d  
t h e i r  d i s t r i b u t i o n s  p a r a l l e l l e d  t h o s e  o f  t h e  i p s i l a t e r a l  
p r o j e c t i o n s .  A s t r i k i n g  f e a t u r e  w as a  d i s t r i b u t i o n  i n  
s a g i t t a l  s t r i p s  o v e r  t h e  v e r m ia n  a r e a ,  i p s i . -  a n d  c o n t r a 
l a t e r a l l y ,  u p  t o  a  d i s t a n c e  o f  a b o u t  1 mm. f ro m  t h e  m id 
l i n e .  F u r t h e r  l a t e r a l l y ,  t h e  g r a i n  d e p o s i t s  a p p e a r e d  
c o n t i n u o u s .  A l e s s  c o n s p i c u o u s  b a n d in g  p a t t e r n  c o u ld  be  
s e e n  i n  l o b u l e  V I I I .  I n  t h e  p r o j e c t i o n  a r e a ,  t h e  s i l v e r  
g r a i n  a c c u m u l a t i o n s  w e r e  f o u n d  i n  b o t h  s u p e r f i c i a l  a n d  
d e e p  r e g i o n s  o f  c o r t e x .  T h e  p r e s e n t  d i s t r i b u t i o n  i s  m uch 
m o re  e x t e n s i v e  t h a n  t h e  " f o r e l i m b  a r e a s "  i n  t h e  a n t e r i o r  
a n d  p o s t e r i o r  l o b e s  a l t h o u g h  t h e  d e n s e  p r o j e c t i o n s  c o r r e 
s p o n d  t o  t h o s e  r e g i o n s .   ( S u p p o r t e d  b y  t h e  C a n a d ia n  M e d ic a l  
R e s e a r c h  C o u n c i l ) .

2 2 5 . 4   DEPENDENCE OF PRIMARY MUSCLE SPINDLE AFFERENTS' SENSITIVITY 
TO SMALL DISTURBANCES ON THE VELOCITY OF UNDERLYING LARGER 
MOVEMENTS.  T .K .Baum ann* and M. H u l l i g e r * (SPON: R. M a u re r ) ,   
B ra in  R e s e a rc h  I n s t i t u t e ,  U n i v e r s i t y  o f  Z u r ic h ,  S w i t z e r l a n d

A t c o n s t a n t  mean m u sc le  l e n g t h ,  p r im a ry  s p in d l e  a f f e r e n t s  
a r e  e x tr e m e ly  s e n s i t i v e  t o  m in u te  s i n u s o i d a l  s t r e t c h e s .  I t  
h a s  b e e n  s u g g e s te d  ( e . g .  R .B . S t e i n ,  P h y s i o l .  Rev. 5 4 , 1974) 
t h a t  I a a f f e r e n t s  m ig h t  c o n t r i b u t e  t o  c o r r e c t i o n  o f  m ovem ent 
i r r e g u l a r i t i e s  by s e r v o - l i k e  a c t i o n .  We h a v e  i n v e s t i g a t e d  to  
w h at e x t e n t  t h e  s e n s i t i v i t y  o f  I a a f f e r e n t s  t o  s m a l l  d i s t u r 
b a n c e s  i s  m a in ta in e d  d u r in g  c o n c o m ita n t  l a r g e  m ovem ent.

R e sp o n se s  o f  17 p r im a ry  s p in d l e  a f f e r e n t s  t o  s in u s o i d s  
(5 0 , 100 and 1000 µm h a l f - p e a k - t o - p e a k  (hpp) a m p l i tu d e ,  
f re q u e n c y  1 Hz) s u p e r im p o s e d  on and s y n c h ro n iz e d  w i th  s lo w  
t r i a n g u l a r  m ovem ents ( v e l o c i t i e s  r a n g in g  from  0 .0 5  t o  1 .6  
m m /s, 1 .2  mm h p p , c e n te r e d  3 mm b e lo w  m axim al p h y s io l o g ic a l  
l e n g t h  (MPL)) o f  t h e  d e e f f e r e n t e d  s o le u s  m u sc le  w ere  s tu d i e d  
in  12 c a t s  a n e s t h e t i z e d  w i th  p e n t o b a r b i t a l .

F o r  e x tr e m e ly  s lo w  t r i a n g u l a r  m ovem ents (0 .0 5  mm/s) I a 
s e n s i t i v i t y  t o  s m a l l  d i s t u r b a n c e s  (50 µm s in u s o i d s )  was a s  
h ig h  (4 7 2 .8  ± 2 6 0 .9  1/s/m m ) a s  f o r  c o n s t a n t  mean l e n g th  
c o n t r o l s  (452 ± 185 1 /s /m m ). H ow ever, w i th  i n c r e a s e d  v e lo 
c i t y  o f  t h e  u n d e r ly in g  t r i a n g u l a r  m ovem ent t h e  s e n s i t i v i t y  
to  s in u s o i d s  f e l l  p r o g r e s s i v e l y  a lo n g  a sm ooth  s ig m o id a l  
c u rv e ;  r e d u c t io n  to  one  h a l f  o c c u re d  a t  t r i a n g l e  v e l o c i t i e s  
a ro u n d  0 .2 5  m m /s, 90% r e d u c t io n  ( to  6 0 .7  ± 3 5 .6  1/s/m m ) was 
s e e n  a t  1 .6  m m /s. A n a lo g o u s  t r e n d s ,  o n ly  w i th  s l i g h t l y  lo w e r  
a b s o lu t e  v a lu e s  o f  s e n s i t i v i t y ,  w ere  o b t a in e d  w i th  100 µm 
s i n u s o i d s .  In  c o n t r a s t ,  I a s e n s i t i v i t y  t o  s i n u s o i d s  o f  
l a r g e r  a m p l i tu d e  (1000 µm hpp) was v i r t u a l l y  in d e p e n d e n t  o f  
th e  v e l o c i t y  o f  t h e  c o n c o m ita n t  t r i a n g u l a r  m ovem ent and  
n e a r l y  i d e n t i c a l  t o  t h e  s e n s i t i v i t y  o b t a in e d  w i th  s m a l l  
(50 and  100 µm) s i n u s o i d s  a t  t h e  f a s t e s t  t r i a n g l e  v e l o c i t y .  

T h u s , v e l o c i t y  d e p e n d e n t  r e d u c t io n  o f  s e n s i t i v i t y  i s  much 
m ore p ro n o u n c e d  f o r  s m a l l  th a n  f o r  l a r g e  d i s t u r b a n c e s .

The v e l o c i t i e s  o f  t r i a n g u l a r  s t r e t c h  c o v e re d  in  t h i s  
s tu d y  w e re , f o r  t e c h n i c a l  r e a s o n s ,  q u i t e  s lo w  when com pared  
t o  t h e  h i g h e s t  v e l o c i t i e s  o f  m u sc le  l e n g h te n in g  a t t a i n e d  
d u r in g  n a t u r a l  m ovem ents. I s o l a t e d  m ea su rem e n ts  a t  6 .4  mm/s 
( u s in g  4 Hz s in u s o i d s )  a r e  h o w ever c o n s i s t e n t  w i th  t h e  i d e a  
t h a t  I a s e n s i t i v i t y  t o  m ovem ent d i s t u r b a n c e s  re m a in s  low  a t  
f a s t e r  v e l o c i t i e s  a s  w e l l .  T h is  lo w e r  s e n s i t i v i t y  c l e a r l y  
p u t s  e x t r a  dem ands on th e  g a in  o f  t h e  r e f l e x  p a th w a y s  f o r  
s e r v o - l i k e  c o r r e c t i o n  o f  m ovem ent d i s t u r b a n c e s  t o  b e  
e f f e c t i v e .

S u p p o r te d  by S w iss  N a t .  S c i .  F ound . G ra n t  No. 3 .1 5 7 .0 8 1 .

2 2 5 .5   FREEZE-FRACTURE OF MUSCLE SPINDLE SENSORY ENDINGS.
D. C. Q u i c k .   D e p t . o f  A n a t o m y ,  U n i v e r s i t y  o f  M i n n e s o t a ,  
M i n n e a p o l i s ,  MN 5 5 4 5 5 .

I n  m u s c l e  s p i n d l e s ,  f o r c e s  d u e  t o  s t r e t c h i n g  a r e  t r a n s 
m i t t e d  a l o n g  i n t r a f u s a l  m u s c l e  f i b e r s  t o  t h e  s e n s o r y  e n d 
i n g s  a n d  c a u s e  t h e  e n d i n g s  t o  b e c o m e  d e p o l a r i z e d .  I t  i s  n o t  
c e r t a i n  w h i c h  c e l l u l a r  e l e m e n t s  a r e  i n v o l v e d  i n  t h e  t r a n s 
m i s s i o n  o f  f o r c e s  o r  i n  t r a n s d u c t i o n  o f  m e c h a n i c a l  e n e r g y  t o  
e l e c t r i c a l  e n e r g y ,  b u t  i t  a p p e a r s  t h a t  m e c h a n i c a l  l i n k a g e s  
m u s t  be  p r e s e n t  b e t w e e n  m u s c l e  a n d  n e r v e  f i b e r s ,  a n d  t h a t  
t h e  t r a n s d u c t i o n  s y s t e m  m u s t  i n c l u d e  t h e  n e r v e  m e m b r a n e .  A 
f r e e z e - f r a c t u r e  s t u d y  o f  m u s c l e  s p i n d l e s  w a s  u n d e r t a k e n  i n  
h o p e s  o f  r e v e a l i n g  i n t r a m e m b r a n o u s  s p e c i a l i z a t i o n s  t h a t  
m i g h t  b e  a s s o c i a t e d  w i t h  m e c h a n i c a l l y  s t a b l e  i n t r a c e l l u l a r  
j u n c t i o n s  o r  m e c h a n i c a l l y  a c t i v a t e d  i o n  c h a n n e l s .

C a t  t e n u i s s i m u s  m u s c l e s  w e r e  f i x e d  a n d  m u s c l e  s p i n d l e s  
w e r e  d i s s e c t e d  o u t  a n d  g l y c e r i n a t e d .  S p i n d l e s  w e r e  m o u n t e d  
i n  a  f r e e z e - f r a c t u r e  d e v i c e  s u c h  t h a t  t h e  p l a n e  o f  f r a c t u r e  
w o u l d  t r a v e l  a c r o s s  t h e  i n t r a f u s a l  m u s c l e  f i b e r s  a n d  t h e i r  
a s s o c i a t e d  s e n s o r y  e n d i n g s .  I n  e l e c t r o n  m i c r o s c o p y  o f  
f r e e z e - f r a c t u r e  r e p l i c a s ,  no s p e c i a l i z e d  i n t e r c e l l u l a r  j u n c 
t i o n s  w e r e  o b s e r v e d  b e t w e e n  t h e  n e r v e  a n d  m u s c l e  f i b e r s ,  
e x c e p t  f o r  r e l a t i v e l y  r a r e  c a s e s  i n  w h i c h  a  v i l l u s - l i k e  
e x t e n s i o n  o f  t h e  s a r c o l e m m a  p r o t r u d e d  i n t o  a  m a t c h i n g  i n v a 
g i n a t i o n  o f  t h e  n e r v e  e n d i n g  m e m b r a n e .  T h e  m e m b r a n e s  o f  
n e r v e - m u s c l e  i n t e r f a c e s  d i d  n o t  a p p e a r  t o  h a v e  a  s t r i k i n g l y  
d i f f e r e n t  s t r u c t u r e  f r o m  a d j a c e n t  n o n - i n t e r f a c e  a r e a s ,  a n d  
a t  t h e  b o u n d a r i e s  b e t w e e n  i n t e r f a c e  a n d  n o n - i n t e r f a c e  a r e a s ,  
n o  s p e c i a l i z e d  s t r u c t u r e s  o r  d i s c o n t i n u i t i e s  o f  p a r t i c l e  
d i s t r i b u t i o n s  w e r e  o b s e r v e d .  T h e  s i z e s  a n d  a r e a  d e n s i t i e s  
o f  i n t r a m e m b r a n o u s  p a r t i c l e s  w e r e  m e a s u r e d  i n  s i x t e e n  c a t e 
g o r i e s  o f  m e m b r a n e  f r a c t u r e  f a c e s ,  c l a s s i f i e d  a s  P o r  E 
f r a c t u r e  f a c e s ,  n e u r a l  o r  m u s c u l a r  m e m b r a n e s ,  i n t e r f a c e  o r  
n o n - i n t e r f a c e  r e g i o n s ,  a n d  a s s o c i a t e d  w i t h  n u c l e a r  b a g  o r  
n u c l e a r  c h a i n  i n t r a f u s a l  f i b e r s .  T h i s  q u a n t i t a t i v e  a n a l y s i s  
r e v e a l e d  s l i g h t  d i f f e r e n c e s  i n  some o f  t h e  m e m b r a n e  c a t e 
g o r i e s  b u t  t h e  p o s s i b l e  r e l e v a n c e  o f  t h o s e  d i f f e r e n c e s  t o  
t h e  f o r c e  t r a n s m i s s i o n  a n d  t r a n s d u c t i o n  s y s t e m s  w e r e  n o t  
a p p a r e n t .  E x t r e m e l y  h i g h  d e n s i t i e s  o f  i n t r a m e m b r a n o u s  p a r 
t i c l e s  ( o v e r  7 500 p e r  s q u a r e  m i c r o n )  w e r e  f o u n d  i n  some 
m e m b r a n e  c a t e g o r i e s ,  a c c o u n t i n g  f o r  a s  much a s  70% o f  t h e  
m e m b r a n e  s u r f a c e  a r e a .

T h e  f i n d i n g s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  d e p o l a r i z i n g  
f o r c e s  may b e  d i s t r i b u t e d  t o  t h e  n e r v e  e n d i n g  a s  a  w h o l e ,  
r a t h e r  t h a n  t o  d i s c r e t e  p a t c h e s  o f  t h e  e n d i n g ' s  m e m b r a n e .

( S u p p o r t e d  by  N a t i o n a l  S c i e n c e  F o u n d a t i o n  ( U .  S .  A . )  
g r a n t  #BNS 8 3 - 0 0 3 1 3 . )

2 2 5 . 6   SPINDLE ARCHITECTURE AND DISTRIBUTION IN THE PROXIMAL 
HINDLIMB MUSCULATURE OF THE TURTLE.  J .W . H erm an so n , 
P .R . L e n n a rd , and  J . P .  J a c k s o n * .  D e p t . o f  B io lo g y ,  
Emory U n i v . , A t l a n t a ,  GA 3 0322 .

The m am m alian i n t r a f u s a l  f i b e r  r e p r e s e n t s  a  u n iq u e ,  
r e a d i l y  d i s t i n g u i s h e d  f i b e r  c l a s s  e x c l u s i v e l y  a s s o c i a t e d  
w i th  m u sc le  s p i n d l e s .  I n  c o n t r a s t ,  f i b e r s  i n  t u r t l e  
m u sc le  s p in d l e s  seem  to  b e  d raw n  from  a p o o l  o f  v e ry  
s m a l l  d i a m e te r  c e l l s  (VS) w h ich  a r e  n o t  e x c lu s iv e ly -  
a s s o c i a t e d  w i th  t h e  s p in d l e  a p p a r a t u s .  T h e se  VS f i b e r s  
c o u r s e  a lo n g  s u p e r f i c i a l  f a s c i c l e s ,  o f t e n  a p p e a r in g  
a s  l a r g e  b u n d le s  o f  c e l l s .  G roups o f  two t o  s e v e n  
VS f i b e r s  become e n c a p s u la te d  i n t o  s p i n d l e s  a lo n g  a  p a r t  
o f  th e  l e n g t h  o f  t h e  VS b u n d le s ,  w h i le  o t h e r  VS f i b e r s  
re m a in  u n e n c a p s u la te d .  The VS f i b e r s  e x h i b i t  e i t h e r  
f a s t  o r  s lo w  p r o f i l e s  when s t a i n e d  f o r  mATPase, an d  
th e  p r o f i l e  o f  an  i n d i v i d u a l  f i b e r  c a n  c h a n g e  a lo n g  
i t s  l e n g t h .  The VS f i b e r s  o f t e n  t r a v e l  t o  a  p o s i t i o n  
j u s t  b e lo w  th e  s u p e r f i c i a l  m u sc le  f a s c i a  p r i o r  to  
e n c a p s u l a t i o n .  C o n s id e r a b l e  f i b e r  t o r s i o n  o c c u r s  
w i t h in  c a p s u l a r  r e g i o n s .  Tandem s p in d l e s  a r e  common 
a lo n g  t h e  l e n g t h  o f  th e  b u n d le s .

T h e re  i s  a  c h a r a c t e r i s t i c  d i s t r i b u t i o n  o f  s p in d l e s  
an d  VS f i b e r s  w i th  r e s p e c t  t o  o t h e r  f i b e r  t y p e s  i n  
t h e  t u r t l e  p r o x im a l  h in d lim b  m u s c u la tu r e .  F o r  e x a m p le , 
i n  t h e  am b ie n s  m u sc le  (k n ee  e x t e n s o r ,  h ip  a d d u c to r )  th e  
VS f i b e r s  an d  s p in d l e s  a r e  c o n c e n t r a t e d  p r i m a r i l y  in  
s u p e r f i c i a l  f a s c i c l e s  w h ic h  a l s o  c o n ta i n  many s m a ll  
s l o w /o x i d a t i v e  (SO) f i b e r s .  The SO f i b e r s  a r e  s t a t i s 
t i c a l l y  l a r g e r  th a n  th e  VS f i b e r s .  Few s p i n d l e s  and  
VS f i b e r s  o c c u r  i n  i n t e r m e d i a t e  and  d e e p  f a s c i c l e s .  
I n t e r m e d i a t e  f a s c i c l e s  c o n ta i n  a  m o sa ic  o f  l a r g e  
f a s t / g l y c o l y t i c  (FG) f i b e r s ,  a s  w e l l  a s  f a s t / o x i d a t i v e  
(FO) an d  two c l a s s e s  o f  f a s t / o x i d a t i v e  an d  g l y c o l y t i c  
(FOG) f i b e r s .  Deep f a s c i c l e s  c o n ta i n  p r e d o m in a n t ly  
FG f i b e r s .  F ib e r  t y p e  d i s t r i b u t i o n  e s t a b l i s h e s  a 
g r a d i e n t  o f  d e c r e a s in g  o x i d a t i v e  an d  i n c r e a s i n g  
g l y c o l y t i c  c a p a c i ty  a lo n g  t h e  s u p e r f i c i a l  t o  d e e p  
m u sc le  a x i s .

The l o c a l i z a t i o n  o f  s p in d l e s  and  VS b u n d le s  t o  
o x i d a t i v e  p o r t i o n s  o f  t u r t l e  m u sc le  p a r a l l e l s  t h e  
a s s o c i a t i o n  o f  m am m alian m u sc le  s p in d l e s  w i th  
o x i d a t i v e  m u sc le  r e g i o n s .  We p ro p o s e  t h a t  th e  
b u n d le s  o f  VS c e l l s  c o n s t i t u t e  a  p o o l  o f  s p e c i a l i z e d  
m u sc le  f i b e r s  fro m  w h ich  c e r t a i n  c e l l s  c a n  be 
draw n t o  p a r t i c i p a t e  i n  s e n s o r y  f u n c t i o n s .
(S u p p o rte d  by  USPHS g r a n t  N S 1 7 7 3 2 ).
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225 7  MORPHOLOGY AND HISTOCHEMISTRY OF THE FACIAL MUSCLES OF 
MACACA FASCI CULARIS. R .L . S u f i t ,  G. P o u ls e n * ,  C. W elt and  
J .H .  A bbs* .  D e p t .  o f  N e u ro lo g y  an d  S p e e c h  M otor C o n t r o l  
L a b s . ,  U n iv . o f  W is c o n s in ,  M a d iso n , WI 53 7 9 2 .

D e s p i te  t h e  im p o r ta n c e  o f  t h e  f a c i a l  m u sc le s  i n  p r im a te  
c o m m u n ic a tio n , t h e r e  i s  a  p a u c i t y  o f  i n f o r m a t io n  r e g a r d in g  
t h e i r  m o rp h o lo g y  an d  h i s t o c h e m i s t r y .  G e n e r a l ly ,  p h y s io l o g ic  
a n a ly s e s  h a v e  b e e n  b a s e d  on  th e  a s s u m p tio n  t h a t  f a c i a l  mus
c l e s  a r e  a n a to m ic a l ly  s i m i l a r  t o  l im b  o r  m a s t i c a t o r y  mus
c l e s .  We h a v e  i n i t i a t e d  a  s e r i e s  o f  s t u d i e s  t o  d e l i n e a t e  
s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h e  f a c i a l  m u sc le s  and  t o  com
p a r e  t h e s e  w i th  f e a t u r e s  o f  l im b  and  m a s t i c a t o r y  m u sc le s  i n  
t h e  sam e a n im a ls .  T i s s u e  fro m  f a c i a l ,  m a s t i c a t o r y ,  and  lim b  
m u s c le s  was d i s s e c t e d  i n  r e f e r e n c e  t o  b ony  an d  p e r i o r a l  
l a n d m a rk s . The t i s s u e  was m o u n ted  on  t r a g a c a n t h  gum an d  
q u ic k  f r o z e n  a t  m in u s 160° C i n  l i q u i d  n i t r o g e n  c o o le d  i s o 
p e n ta n e .  S e r i a l  s e c t i o n s  (8  µm) w ere  p r o c e s s e d  f o r  m o rp h o l
ogy and  h i s t o c h e m i s t r y  u s in g  H&E, m o d if ie d  Gom ori t r i c h r o m e ,  
N A D H -te tra z o liu m  r e d u c t a s e ,  m y o sin  A T Pase, r e v e r s e  A T Pase, 
PAS, O i l  r e d  0 an d  V e r h o e f f  Van G ie s e n  m e th o d s .

The f a c i a l  m u sc le s  d i f f e r e d  fro m  t h e  l im b  an d  m a s s e te r  
m u sc le s  i n  s e v e r a l  n o t a b l e  w a y s . I n  t h e  f a c i a l  m u s c le s ,  
c o n n e c t iv e  t i s s u e ,  com posed  o f  b o th  c o l l a g e n  an d  e l a s t i n ,  
was p r o m in e n t  b o th  w i t h in  a n d  b e tw e e n  m u sc le  f a s c i c l e s .  
G e n e r a l l y ,  t h e  f a c i a l  m u sc le  f a s c i c l e s  an d  m y o f ib e rs  w ere  
s m a l l e r  an d  l e s s  u n ifo r m  th a n  i n  lim b  m u s c le s .  The f a c i a l  
m u sc le  f a s c i c l e s  a l s o  v a r i e d  i n  t h e  num bers o f  m y o f ib e rs  
o v e r  t h e  l e n g t h  o f  t h e  m u s c le .  A lth o u g h  t h e  p re d o m in a n t  
f i b e r  o r i e n t a t i o n  i n  a  g iv e n  f a c i a l  m u sc le  was l o n g i t u d i n a l ,  
some f i b e r s  a lw a y s  w e re  o r i e n t e d  i n  m ore th a n  o n e  d i r e c t i o n .

No m u sc le  s p i n d l e s  w e re  s e e n  i n  s e r i a l  s e c t i o n i n g  o f  
1800 µm in  t h e  o r b i c u l a r i s  o r i s  i n f e r i o r ,  o r  i n  o t h e r  f a c i a l  
m u s c le s ;  m u sc le  s p i n d l e s  w e re  o b s e rv e d  i n  m a s s e te r  o f  t h e  
same a n im a ls  u s in g  s i m i l a r  t e c h n i q u e s .  D i f f e r e n t i a t i o n  o f  
f a c i a l  m u sc le  f i b e r  ty p e s  was p o s s i b l e  w i th  b o th  o x i d a t i v e  
an d  ATPase s t a i n s .  B o th  ty p e  1 and  ty p e  2 f i b e r s  w ere  p r e s 
e n t  i n  t h e  f a c i a l  m u s c le s ,  w i th  t h e  m a j o r i t y  b e in g  ty p e  2 . 
H ow ever, i n  c o n t r a s t  t o  l im b  m u s c le s ,  t h e r e  was no d i f f e r e n 
t i a t i o n  i n t o  t y p e  2A and  ty p e  2B w i th  t h e  ATPase a f t e r  a c id  
p r e - i n c u b a t i o n  a t  pHs o f  4 . 3 ,  4 . 5 ,  4 . 6 ,  o r  4 .7 .  T h ese  d a t a  
i n d i c a t e  t h a t  w h i le  g e n e r a l  s i m i l a r i t i e s  e x i s t  b e tw e en  l im b , 
m a s t i c a t o r y  and  f a c i a l  m u sc le s  t h e r e  a r e  s i g n i f i c a n t  m orpho
l o g i c a l  and  h i s t o c h e m i c a l  d i f f e r e n c e s  w h ich  p re s u m a b ly  
r e f l e c t  t h e i r  d i f f e r e n t i a l  f u n c t i o n s .   R e s e a rc h  s u p p o r te d  by 
g r a n t s  fro m  NIH (N S-13274 an d  HD-03352) and  NSF 
(B N S -8 0 2 1 6 0 9 ).

225.8  CAN MUSCLE FIBER TYPE PROPORTIONS BE PREDICTED FROM SKELETAL 
 FORM?  M.R. Warn e r* , S.B. Boyd*, W.M . Gonyea , R.A. Finn* and W.H. Bell* 

(SPON: T. Cope).  Dept. o f Cell Biology and Div. Oral i  M axillofacial 
Surgery, Univ. T exas H ealth Science C en ter, D allas , TX 75235.

The purpose of th is  study  w as to  determ ine if  th e  v aria tio n  in  human 
craniofacial morphology and m a sse te r myofiber c h a ra c te ris tic s  such a s  
fib e r type proportion  and mean fib e r a rea , are  in te rre la te d .

Twenty-s ix  causcasions (13 m ales and 13 fem ales, x age=24.8 yrs) 
exhib iting  a  la rge v aria tio n  in  size  and shape of the  fac ia l s ke le to n  
were included in  the  s tudy . Biopsy specim ens (100-150 mg) were taken 
from th e  m asse te r  a t  a s tan d a rd  anatom ical location . To gain  a  b e t te r  
understanding of how th e  myofiber ch a ra c te ris tic s  o f  the  biospy s i te  
corresponded to  th e  myofiber s tru c tu ra l arrangem ent of th e  whole muscle, 
fre sh  whole m a sse te rs  w ere obtained  from six  Caucasian cadavers (3 m ales 
and 3 fem ales, x age=32.5 yrs). Biopsy and whole muscle specim ens were 
processed  using stan d a rd  histochem ical techniques. Individual f ib e rs  
w ere c la ss if ied  a s  e i th e r  Type I o r Type II and th e  d is tr ib u tio n , mean 
fib e r a rea  and c ro ss -se c tio n a l a re a  of each fib e r type w ere determ ined 
by com puter an a ly sis  o f photom icrographs. L a te ra l cephalogram s w ere 
d igitized and analyzed by com puter m ethods to  g ene ra te  a  s e t  o f sk e le ta l 
morphometric and biomechanical v a riab les . M ultivaria te s ta t i s t ic s  were 
used to  determ ine if  s ig n ifican t re la tio n sh ip s  e x is t betw een fac ia l 
sk ele ton  morphology and m a sse te r  muscle morphology.

Whole muscle specim ens dem onstrated  th e  m a sse te r to  be a  heterogenous 
muscle w ith an uneven d is tr ib u tio n  of the  fib e r ty p e s . A nteriorly , Type 
1 f ib e rs  predom inated in both the superfic ia l (x=50.1%) and th e  deep 
(x=64.4%) a sp ec ts , which decreased  to  28.1 % and 44.4%, resp ec tiv e ly , in 
the p o s te rio r  region. The mean fib e r a re a  of th e  d iffe re n t fib e r ty p es  
varied  a lso , w ith th e  Type 1 f ib e rs  generally  la rg e r th an  th e  Type II.

Type I f ib e rs  w ere a lso  found to  be la rg e r than  th e  Type II f ib e rs  in 
th e  biopsy specim ens. M ultivaria te an a ly sis  revealed  th a t  th e  size  of 
the Type I f ib e rs  were p ositively  co rre la ted  (r=0.586, p=0.005) w ith th e  
size  o f the  mandible. Individuals w ith sim ilar skull s ize  but propor
tionally  g re a te r  a n te rio r  facia l leng th , exhib ited  la rg er Type II f ib e rs  
(r=0.582, p=0.005) and a higher proportion  o f Type II f ib e rs  (r=0.745, 
p=0.0001).

The reg ional varia tio n  observed in  th e  whole m a sse te r specim ens 
ind icates  th a t  th e  m asse te r  i s  designed to  function in a  complex manner, 
w ith functionally  d is tin c t subregions ra th e r  than  a s  a s ing le  
homogeneous u n it. This in v estig a tio n  a lso  su g g es ts  th a t  the morphology 
and proportion of th e  m asse te r muscle u n its  i s  in te rre la te d  with the 
morphology o f th e  supporting facial skele ton .

This study w as supported  by NIH Grant 5-ROI-DEO 3794-08 and th e  
American A ssociation  of Oral and M axillofacial Surgeons Research 
Fellow ship, 1983.

225.9  RECEPTORS SUBSERVING CONTROL OF REFLEX STIFFNESS IN HERMIT 
CRAB.  W illiam  D. Chappie.  Ph y s io lo g y  S ec tion . B io log ical 
Sciences Group. U n iv e rs ity  o f  C o n n e c tic u t,  S t o r r s ,  CT. 
06268.

Mechan o recep to rs  in  th e  abdomen o f  th e  h e rm it  c ra b , 
Pagurus p o l l i c a r u s , were s tu d ie d  to  d e te rm in e  t h e i r  r o l e  
in  the  s t r e tc h  r e f le x  m ediating  s t i f f n e s s  c o n tro l .  These 
re c ep to rs  were p ro v is io n a lly  id e n t i f ie d  a s  hypodermal r e 
cep to rs  s in ce  removal o f the  c u t ic le  d id  n o t a b o l i s h  th e  
s t r e tc h  re f le x  and th e re  a re  no known muscle re c e p to r  o r 
gans a s so c ia ted  w ith  t h i s  m u sc le . S in g le  u n i t s  in  th e  
r ig h t  f i r s t  ro o t o f th e  fo u r th  abdominal ganglion  respond
ed to  ramp s t r e tc h  w ith  a  p h asic  d isch a rg e . The d ecay  in  
frequency a t  th e  end o f  the  ramp was f i t t e d  w ith  a  l e a s t  
squares sun o f two ex ponen tia ls  w ith  tim e co n stan ts  o f 0 .5  
s and 4 .3  s .  The re c ep to rs  w ere a c t i v a t e d  by is o m e tr ic  
a c t iv a t io n  o f th e  muscles as w ell as s t r e t c h ,  in d i c a t in g  
t h a t  t h e y  a r e  i n  s e r i e s  w i th  t h e  m u s c l e  f i b e r s .  
Comparison o f peak frequencies under co nd itions  o f  isome
t r i c  a c t iv a t io n  and a s t r e tc h  chosen to  s im u la te  th e  fo rce  
p r o f i l e  generated  by iso m e tric  muscle a c t iv a tio n  in d ic a ted  
th a t  the  re cep to rs  a re  more s e n s i t iv e  to  muscle a c t iv a tio n  
than  s t r e tc h .  Peak frequency was a  fu n c tio n  o f b o th  mus
c le  a c t iv a t io n  and s t r e tc h  in d ic a tin g  t h a t  th e  th r e s h o ld  
o f  th e  r e c e p to r s  i s  red u ced  d u r in g  m uscle  a c t i v a t i o n .  
These recep to rs  a r e  p a r t  o f  a  r e f l e x  t h a t  can  m a in ta in  
co n stan t re f le x  s t i f f n e s s  in  response to  d is tu rb an ces  dur
ing  a c t iv e  movement as w ell as  s t a t i c  p o s tu re .
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226.1  REDUCED MEMBRANE EXCITATION AND PROPAGATION DURING FATIGUE 
DEPENDS ON THE DURATION OF FATIGUE AND THE INTRINSIC 
PROPERTIES OF THE MUSCLE.  H .S . M iln e r-B ro w n *  & R.G . M i l l e r  
 N e u ro lo g y /N e u ro m u s c u la r  R e s e a rc h .  C h i l d r e n 's  H o s p i ta l  o f  
San F r a n c i s c o ,  San F r a n c i s c o ,  CA 94118

M u scle  f a t i g u e  h a s  b e e n  a t t r i b u t e d  t o  many f a c t o r s  i n 
c lu d i n g  a  d e c r e a s e  i n  p h o s p h o c r e a t i n e , a  d e c r e a s e  i n  pH and  
im p a i r e d  im p u ls e  p r o p a g a t io n .  T h e re  i s  s t i l l  some d i s a g r e e 
m en t on  w h e th e r  im p u lse  p r o p a g a t io n  i s  im p a i r e d  d u r in g  
f a t i g u e ;  d u e  i n  p a r t  t o  (1) t h e  d i f f e r i n g  d u r a t i o n  and  
d e g re e  o f  f a t i g u e  i n  d i f f e r e n t  s t u d i e s  an d  (2) t h e  i n h e r e n t  
d i f f e r e n c e s  i n  t h e  i n t r i n s i c  p r o p e r t i e s  o f  t h e  d i f f e r e n t  
m u s c le s  t h a t  w ere  i n v e s t i g a t e d .  The c u r r e n t  s tu d y  was 
u n d e r ta k e n  to  h e lp  r e s o l v e  t h e s e  c o n t r o v e r s i e s .

E voked m u sc le  compound p o t e n t i a l s  (M CP)(and l a t e r  
tw i t c h e s )  w e re  r e c o r d e d ,  b o th  b e f o r e  an d  a f t e r  f a t i g u e ,  
from  t h e  f i r s t  d o r s a l  i n t e r o s s e o u s ,  (FD I) ,  a d d u c to r  p o l l i c i s  
(AP) an d  a n t e r i o r  t i b i a l i s  (AT) m u sc le s  f o l lo w in g  s u p r a 

m ax im al u l n a r  and  p e r o n e a l  n e rv e  s t i m u l a t i o n  r e s p e c t i v e l y .  
The m u sc le s  w e re  f a t i g u e d  by m a in t a in in g  maximum i s o m e t r i c ,  
v o l u n ta r y  in d e x  f i n g e r  a b d u c t io n ,  thum b a d d u c t io n  o r  a n k le  
d o r s i f l e x i o n  f o r  d u r a t i o n s  o f  1 -5  m in . .  The mean % d e c r e a s e  
i n  maximum f o r c e  (FATIGUE INDEX), t h e  m ean d e c r e a s e  i n  
a m p l i tu d e  an d  i n c r e a s e  i n  d u r a t i o n  o f  t h e  MCP, a s  w e l l  a s  
t h e  % d e c r e a s e  i n  t w i t c h  t e n s i o n  a r e  su m m arized  b e lo w .
F a t ig u e  F a t ig u e  Index% %ΔA m p litu d e %ΔD u r a tio n %ΔT w itc h  T e n s io n

(min) FDI AT AP FDI AT AP FDI AT AP FDI AT
1 38 25 22 -3 1 -7 0 +45 +18 0
2 57 38 40 -3 4 -1 4 -5 +74 +19 +25
5 75 65 -5 0 -3 1 +70 + 50 -7 3 -5 5

A f t e r  p r o lo n g e d  f a t i g u e  (3 -5  m in .)  t h e r e  was a  r e 
d u c t i o n  i n  b o th  MCP a m p l i tu d e  and  t w i t c h  t e n s i o n ,  w i th  
s i m i l a r  t im e  c o u r s e s  o f  r e c o v e r y .

The c o n c lu s io n s  from  t h i s  s tu d y  a r e  a s  f o l l o w s :
(1) m u sc le  m em brane e x c i t a t i o n  and  im p u lse  p r o p a g a t io n  
v e l o c i t y  a r e  r e d u c e d  d u r in g  m u sc le  f a t i g u e  an d  (2) t h e  
m a g n itu d e  o f  t h i s  im p a irm e n t d e p e n d s  b o th  on  t h e  d u r a t i o n  
an d  d e g re e  o f  f a t i g u e ,  a s  w e l l  a s  t h e  i n s t r i n s i c  p r o p e r t i e s  
o f  t h e  p a r t i c u l a r  m u sc le .

226.2  QUANTITATIVE CORRELATION BETWEEN ELECTRICAL AND MECHANICAL 
ACTIVITY AND HIGH ENERGY PHOSPHATES DURING FATIGUE AND 
RECOVERY OF A HUMAN HAND MUSCLE . R .G . M i l l e r ,  H .S . M iln e r -  
B row n*, R .B . L a y z e r ,*  D. G i a n n in i ,*  T .L . J a m e s ,*  J .  M urphy- 
B oesch* & M.W. W e in e r . (SPON: P .R . W e in s t e in ) .   D e p a r tm e n t 
o f  N e u ro lo g y , C h i l d r e n 's  H o s p i ta l  o f  San F r a n c i s c o ,  San 
F r a n c i s c o ,  CA 94118 an d  D e p a r tm e n ts  o f  N e u ro lo g y ,  Pharm a
c e u t i c a l  C h e m is t ry ,  R a d io lo g y  an d  M e d ic in e ,  U n i v e r s i t y  o f  
C a l i f o r n i a / S a n  F r a n c i s c o ,  San F r a n c i s c o ,  C a l i f o r n i a  94143

In  o r d e r  t o  i n v e s t i g a t e  t h e  m echanism  o f  m u sc le  f a t i g u e  
an d  r e c o v e r y  31P N u c le a r  M a g n e tic  R eso n an ce  (NMR) m e a s u re 
m en ts  o f  th e  human a d d u c to r  p o l l i c i s  (AP) w ere  c o r r e l a t e d  
w i th  e l e c t r i c a l  a c t i v i t y  (EMG) an d  f o r c e  o f  c o n t r a c t i o n .  
NMR m ea su rem e n ts  w ere  made o f  h e a l t h y  human s u b j e c t s  i n  a 
9 cm b o r e ,  h o r i z o n t a l l y  o r i e n t e d  m ag n e t o p e r a t i n g  a t  
9 5 .8  MHz f o r  31P. The p ro b e  w as c o n s t r u c t e d  so  t h a t  t h e  
AP r e s t e d  on  a  tw o - tu r n  1 .5  cm d ia m e te r  c o i l  an d  t h e  f o r c e  
o f  a  s u s t a i n e d  i s o m e t r i c  maximum v o l u n ta r y  c o n t r a c t i o n  o f  
AP was m e a su re d  u s in g  a  f o r c e  t r a n s d u c e r .  E l e c t r i c a l  
a c t i v i t y  o f  m u sc le  ( s u r f a c e  r e c t i f i e d  EMG) w as r e c o r d e d  w i th  
e l e c t r o d e s  p l a c e d  on  t h e  s k in  o v e r  AP. C o n t r o l  31P NMR 
s p e c t r a  w ere  o b t a i n e d  i n  o n e  m in u te  (60 one  s e c o n d  p u l s e s )  
w i th  e a s i l y  v i s i b l e ,  w e l l  r e s o l v e d  p e a k s  f o r  t h e  s u g a r  
p h o s p h a te s  o f  ATP, PCr and  P i .  C o n t r o l  P C r/P C r + P i  was 0 .9 .  
C o n t r o l  pH was b e tw e e n  7 .0 5  an d  7 .1 .  N e u ro m u sc u la r  e f f i c 
ie n c y  was d e f in e d  a s  t h e  force/E M G  r a t i o  kg /m v  d u r in g  a 
b r i e f ,  50% o f  m ax im al c o n t r a c t i o n .  B o th  NMR an d  Force/EM G 
m ea su rem e n ts  w ere  made u n d e r  r e s t i n g  c o n d i t i o n s ,  d u r in g  
f a t i g u i n g  m u sc le  c o n t r a c t i o n s  an d  d u r in g  r e c o v e r y .

D u rin g  a  s u s t a i n e d  f a t i g u i n g  c o n t r a c t i o n  maximum f o r c e  
f e l l  by 80%, th e  P C r/P C r + P i  f e l l  t o  .2 1  and  pH f e l l  t o  
6 . 3 .  A t t h e  end  o f  t h e  f a t i g u i n g  c o n t r a c t i o n  n e u ro m u s c u la r  
e f f i c i e n c y  was r e d u c e d  t o  57% o f  c o n t r o l ,  and  d u r in g  r e 
c o v e ry  r e t u r n e d  t o  c o n t r o l  w i t h in  f o u r  m in u te s .  The t im e  
c o u r s e  o f  r e c o v e r y  f o r  b o th  PCr an d  pH was r a p i d  an d  s i m i l a r  
t o  t h e  r e c o v e r y  o f  n e u ro m u s c u la r  e f f i c i e n c y ,  a l t h o u g h  t h e r e  
was an  i n i t i a l  f a l l  o f  pH d u r in g  t h e  e a r l y  p h a s e  o f  r e c o v e r y

T h ese  e x p e r im e n ts  a r e  t h e  f i r s t  t o  d i r e c t l y  c o r r e l a t e  
NMR m ea su rem e n ts  o f  h ig h  e n e rg y  p h o s p h a te  w i th  e l e c t r i c a l  
an d  m e c h a n ic a l  a c t i v i t y  o f  human m u sc le  d u r in g  f a t i g u e  and  
r e c o v e r y .  T h is  a p p ro a c h  s h o u ld  b e  u s e f u l  f o r  t h e  i n v e s t i 
g a t i o n  o f  m ech an ism s u n d e r ly in g  m u sc le  f a t i g u e  i n  n o rm a l 
s u b j e c t s  and  i n  a  v a r i e t y  o f  m u sc le  d i s e a s e s .

226.3  MEDIAN FREQUENCY OF THE MYOELECTRIC SIGNAL AS A FUNCTION 
OF ELECTRODE LOCATION.  S.H. Roy* and C .J .  De Luca.  
N euroM uscular R esearch  Lab, C h ild r e n 's  H o s p i ta l ,  B oston , MA 
02115 and L ib e r ty  M utual R es. C t r . ,  H opkinton , MA, 01748

L o c a lized  m uscle f a t ig u e  d u rin g  s u s ta in e d  c o n t r a c t io n s  may 
be m easured by m o n ito rin g  changes i n  th e  m edian freq u en cy  of 
th e  m y o e le c tr ic  (ME) power spec trum . Because t h i s  te ch n iq u e  
r e l i e s  p r im a r i ly  on s u r fa c e  e le c t ro d e s  to  d e te c t  th e  s ig n a l ,  
a t t e n t i o n  must be g iv e n  to  th e  s e n s i t i v i t y  o f th e  power 
spectrum  to  th e  p lacem ent o f  th e  e le c tro d e s  w ith  re s p e c t  to  
th e  in n e rv a t io n  zone and te n d in o u s  p o r t io n s  o f  th e  m uscle .
The shape o f th e  ME s ig n a l  depends on th e  o b s e rv a t io n  d is ta n c e  
from th e  s ig n a l  s o u rc e , th e  d i r e c t i o n  o f  th e  s ig n a l  and 
v a r i a t i o n s  i n  th e  co n d u c tin g  p r o p e r t ie s  o f th e  m uscle f i b e r .

The t i b i a l i s  a n t e r io r  m uscle o f  s ix  norm al s u b je c ts  was 
t e s t e d  d u rin g  s h o r t  term  and f a t ig u in g  is o m e tr ic  c o n t r a c t io n s  
s u s ta in e d  a t  a c o n s ta n t  fo rc e  of 20%MVC and 80%MVC. ME 
s ig n a l s  were d e te c te d  a t  numerous s i t e s  along  th e  le n g th  o f  
th e  m uscle by m u l t ip le  s u r fa c e  e l e c t r o d e s .  The in n e rv a t io n  
zone was d eterm ined  by e l e c t r i c a l  s t im u la t io n  and v e r i f i e d  
l a t e r  by o b se rv in g  th e  re g io n  in  which a c t io n  p o te n t ia l s  were 
i n v e r te d .  The ME s ig n a l s  were ana lyzed  by a com puter 
c o n t ro l le d  d ev ice  c a l le d  th e  M uscle F a tig u e  M onitor (MFM) and 
th e  i n i t i a l  v a lu e  as  w e ll a s  th e  r a t e  o f change o f th e  m edian 
freq u en cy  were d e te rm in ed .

D e sp ite  c o n s id e ra b le  v a r i a b i l i t y  in  th e  lo c a t io n  and 
number (1 o r  2) o f  in n e rv a t io n  zones, th e  h ig h e s t  v a lu es  of 
th e  i n i t i a l  m edian freq u en cy  alw ays o ccu rred  a t  th e  re g io n  o f 
th e  in n e rv a t io n  zone and d ec re a sed  p r o p o r t io n a l ly  w ith  
d is ta n c e  from th e  in n e rv a t io n  zone. When th e  te n d in o u s  
p o r t io n  o f th e  m uscle was approached th e  m edian frequency  
v a lu e  in c r e a s e d .  The fo rc e  l e v e l  o f th e  c o n t r a c t io n  does not 
ap p e a r to  e f f e c t  t h i s  r e l a t i o n s h i p  ex c ep t to  un ifo rm ly  
in c re a s e  th e  v a lu e  o f  th e  m edian freq u e n c y . The r a t e  o f 
d e c re a se  o f th e  m edian freq u en c y  d u rin g  f a t ig u in g  (80%MVC) 
c o n t r a c t io n s  was no t s e n s i t i v e  to  e le c tro d e  lo c a t io n .  These 
r e s u l t s  a re  c o n s i s te n t  w ith  c a lc u la t io n s  w hich in d ic a te  th a t  
th e  s u p e rp o s i t io n  o f  a c t io n  p o te n t ia l s  in  th e  v i c i n i t y  o f  th e  
in n e rv a t io n  zone p ro v id e s  a r e l a t i v e  in c re a s e  o f th e  h igh  
freq u en cy  components o f  th e  ME s ig n a l .  S im i la r ly , th e  "edge 
e f f e c t ” g e n e ra te d  by th e  tendons t r u n c a te  th e  a c t io n  
p o te n t i a l s  and r e l a t i v e l y  in c re a s e  th e  h ig h  frequency  
com ponents o f th e  ME s ig n a l .  The f a c t  t h a t  no tre n d s  were 
no ted  i n  th e  r a t e  o f change o f th e  m edian frequency  i s  
c o n s i s te n t  w ith  th e  n o tio n  th a t  th e  s p e c t r a l  s h i f t  i s  r e l a te d  
to  changes i n  c o n d u c tio n  v e lo c i ty  and m o d if ic a tio n s  o f  th e  
d is c h a rg e  s t a t i s t i c s  o f  th e  m otor u n i t .

(T h is  work was su p p o rted  by L ib e r ty  M utual I n s .  Co.)

226 4  MEASUREMENTS OF SPECIFIC TENSION IN SINGLE SOLEUS AND MEDIAI, 
GASTROCNEMIUS MUSCLE FIBERS OF THE CAT.  S y lv ia  M. L ucas, 
R obert L. R u ff, and Marc D. B in d e r.  D ep t. o f  P h y s io l .  & B io
p h y s .,  U niv. o f W ashington, Sch. o f M ed., S e a t t l e ,  WA 98195.

I n d i r e c t  e s t im a te s  o f s p e c i f i c  te n s io n  ( f o r c e / c r o s s - s e c 
t i o n a l  a re a )  o f t y p e - id e n t i f i e d  m uscle f i b e r s  have been made 
fo r  s e v e ra l  c a t  h ind lim b  m uscles (McDonagh e t  a l . ,  J . Morph
o l .  166:217-230 , 1980). I n t r i g u in g ly , in  each c a s e ,  a 3 to  5 
fo ld  d i f f e re n c e  in  th e  e s tim a te d  s p e c i f i c  te n s io n s  o f slow - 
tw itc h  v s . f a s t - t w i t c h  m uscle f ib e r s  has emerged ( e .g .  0 .6  
kg/cm2 v s . 2 .3  kg/cm2 fo r  Type S and Type F m ed ia l g a s tro c 
nem ius (MG) m uscle f i b e r s ,  r e s p e c t iv e ly ;  Burke and T s a i r i s ,  
J .  P h y s io l.  234:749-765 , 1973).

In  t h i s  s tu d y , we have a ttem p ted  to  d e te rm in e  w hether d i f 
f e r e n t  f i b e r  ty p e s  have c h a r a c t e r i s t i c a l l y  d i s t i n c t  s p e c i f i c  
te n s io n s  by making d i r e c t  m easurem ents o f th e  s iz e s  o f  and 
fo rc e s  produced by s in g le  f i b e r s  o f th e  c a t  s o le u s  and MG 
m u sc les . Our approach  e n t a i l e d  d i s s e c t in g  o u t s in g le  f i b e r s  
(5 mm le n g th s )  whose sarcolem m as had been c h e m ica lly  removed 
u s in g  a 5 mM EGTA " s k in n in g "  s o lu t io n  (pCa 8 ) ,  and th e n  a t 
ta c h in g  th e  f i b e r s  d i r e c t l y  to  a pho tod iode  fo rc e  tr a n s d u c e r .  
Each f i b e r  was f i r s t  p la ced  in  r e la x in g  b a th in g  s o lu t io n  
(22±l°C;pH  7 .0 ;pC a 8 ) ,  i t s  sarcom ere le n g th  s e t  a t  2.7µm 
u s in g  i t s  l a s e r  d i f f r a c t i o n  p a t t e r n ,  and i t s  d ia m e te r  meas
u red  u s in g  a c a l ib r a t e d  g r a d ic u le  o f a m icroscope (±2µm). 
S u b seq u en tly , each f ib e r  was t r a n s f e r r e d  to  a m axim ally a c t 
iv a t in g  b a th in g  s o lu t io n  (pCa 3 .6 ) where te n s io n  was meas
u red  a t  a sarcom ere le n g th  w hich gave th e  maximal v a lu e .

For so le u s  m uscle f i b e r s ,  th e  mean c r o s s - s e c t io n a l  a re a  
and mean s p e c i f i c  te n s io n  v a lu e s  were 3459±201µm2 (SEM;n=45, 
range 1385-6648) and 2 .24±0 .11  kg/cm2 (n=25, range 1 .1 9 -  
3 .3 9 ) ,  r e s p e c t iv e ly .  For th e  MG f ib e r s  s tu d ie d ,  mean c ro s s -  
s e c t io n a l  a re a  and mean s p e c i f i c  te n s io n  v a lu e s  w ere 2934± 
119µm2 (n=83, range 1018-5542) and 2 .46±0 .08  kg/cm 2 (n=56, 
range 1 .0 5 -4 .4 7 ) ,  r e s p e c t iv e ly .  A sm all b u t s i g n i f i c a n t  neg
a t iv e  c o r r e l a t i o n  (p < 0 .0 l)  was found betw een c r o s s - s e c t io n a l  
a re a  and s p e c i f i c  te n s io n  o f f i b e r s  in  b o th  m u sc les . In  sev 
e r a l  ex p e rim e n ts , we a ttem p ted  to  ty p e - id e n t i f y  th e  s in g le  
MG f ib e r s  u s in g  a s ta n d a rd  ac tom yosin  ATPase h is to c h e m ic a l 
a s s a y . Those f i b e r s  w hich appeared  to  be Type S had a mean 
s p e c i f i c  te n s io n  v a lu e  (n= 9 ;2 .43±0 .15  kg/cm2) e q u iv a le n t  to  
th a t  f o r  f ib e r s  which appeared  to  be Type F (n= 22 ;2 .59± 0 .16 
kg/cm2) .  A lthough our sam ple o f t y p e - id e n t i f i e d  MG f ib e r s  i s  
q u i te  sm all a t  p r e s e n t ,  a l l  o f  our r e s u l t s  su g g es t t h a t  p re v 
io u s  in d i r e c t  m easures based  upon m otor u n i t  a n a ly s e s  may 
have u n d e re s tim a te d  th e  s p e c i f i c  te n s io n s  o f Type S m uscle 
f i b e r s .   S upported  by NSF g ra n t BNS 82-06223.
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2 2 6  5  P H Y S IO L O G IC A L  A N D  B IO C H E M IC A L  P R O P E R T IE S  O F  IN D IV ID U A L  
MOTOR UNITS OF CAT MUSCLE. P.M . N em eth , J . L .  P a rk * ,  D.G. 
S t u a r t , R.M. R e in k in g ,  L .  R a n k in , S .  V anden-N ove n  a n d  T.M . 
Hamm.  D e p ts .  o f  N e u ro lo g y  an d  A natom y, W ash in g to n  U n iv . 
Med. S c h . ,  S t ,  L o u is ,  MO 63110 an d  D e p t .  o f  P h y s io lo g y ,  
U n iv . o f  A r i z .  H e a l th  S c i .  C e n te r ,  T u c so n , AZ 8 5 7 2 4 .

A q u a n t i t a t i v e  a p p ro a c h  i s  b e in g  u s e d  t o  a s s e s s  t h e  
r e l a t i o n s h i p  b e tw e e n  n e u ro m e c h a n ic a l  m u sc le  p h y s io lo g y  an d  
b i o c h e m is t r y  o f  e n e rg y  m e ta b o lis m . F o l lo w in g  c o l l e c t i o n  
o f  p h y s i o l o g i c a l  d a ta  on s i n g l e  m o to r  u n i t s  o f  t h e  t i b i 
a l i s  p o s t e r i o r  m u sc le  o f  a d u l t  c a t s  an d  g ly c o g e n  d e p le t i o n  
o f  t h e  c o n s t i t u e n t  m u sc le  u n i t ,  t r a n s v e r s e  s e c t i o n s  o f  
m u sc le  w e re  s t a i n e d  f o r  p e r i o d i c  a c id  S c h i f f  an d  m y o sin  
A T Pase; a l t e r n a t e  s e r i a l  s e c t i o n s  w ere  l y o p h i l i z e d .  F i b e r s  
o f  t h e  m u sc le  u n i t  i d e n t i f i e d  h i s t o c h e m i c a l ly  w ere  d i s 
s e c t e d  fro m  t h e  l y o p h i l i z e d  s e c t i o n s  an d  a n a ly z e d  b i o 
c h e m ic a l ly  w i th  m ic r o a n a l y t i c a l  t e c h n i q u e s .

B io c h e m ic a l  an d  p h y s i o l o g i c a l  d a t a  w e re , t h u s ,  o b t a in e d  
on t h e  sam e 4 f a s t - c o n t r a c t i n g  f a s t - f a t i g u i n g  m o to r  u n i t s :

T a b le  1 . Enzyme A c t i v i t i e s  i n  M otor U n i t  F i b e r s
M otor

U n i t  No. Ad e n y lo k in a s e
L a c ta t e

D e h y d ro g e n a se
M a la te

D eh y d ro g e n a se
1 140±7 ( 4 .9 ) 234±6 ( 2 .4 ) 3 .3 3 ± .2 6  ( 7 .7 )
2 ' 145±7 ( 4 .6 ) 253±9 ( 3 .7 ) 3 . 1 0 ± .18 ( 5 .7 )
3 150±7 ( 4 .4 ) 160±7 ( 4 .1 ) 4 .4 7 ± .3 1  ( 6 .9 )
4 161±12 ( 7 .6 ) 294±6 ( 2 .1 ) 4 . 1 1±. 34 ( 8 .3 )

V a lu e s  a r e  m eans±SD o f  8 f i b e r s  (m o le s /k g  d ry  w t /h r )  
w i th  % c o e f f i c i e n t  o f  v a r i a t i o n  i n  p a r e n t h e s e s

T a b le  2 . N e u ro m e c h a n ic a l  P r o p e r t i e s  o f  M otor U n i t s

M otor
U n i t

N erv e
C o n d u c tio n  

V e l o c i t y

T w itc h
C o n t r a c t io n  

Time
T e ta n i c
T e n s io n

P r o g r e s s iv e
F a t ig u e

In d e x
No. (m /s ) (m /s ) ( g ) ( t 2 . / t 0
1 8 8 . 0 1 7 . 2 2 4 .4 . 0 5 8
2 6 4 .4 2 6 .8 8 1 .3 .0 2 8
3 7 1 .3 2 9 .3 9 2 .7 .0 4 4
4 8 0 .2 2 7 .8 6 7 .8 . 0 1 0

Low c o e f f i c i e n t s  o f  v a r i a t i o n  i n  enzyme a c t i v i t i e s  c o r 
r o b o r a t e  t h e  e a r l i e r  f i n d i n g  o f  b io c h e m ic a l  u n i f o r m i ty  
(N em eth , P e t t e ,  V rb o v a , j .  P h y s i o l .  1981) now on enzym es 
r e p r e s e n t i n g  d i f f e r e n t  b io c h e m ic a l  p a th w a y s .

The m a jo r  p r o f i t s  o f  t h i s  s tu d y  a r i s e  fro m  a n a l y s i s  o f  
m o to r  u n i t s  w i th  a  w ide  s p e c t ru m  o f  c h a r a c t e r i s t i c s  t o  
t e s t  f o r  r e l a t i o n s h i p s  b e tw e en  t h e  p h y s i o l o g i c a l  an d  b io 
c h e m ic a l  v a r i a b l e s  an d  t o  d e te r m in e  t h e  p r e d i c t i v e  v a lu e  
o f  t h e s e  c r i t e r i a  i n  an y  r e s u l t i n g  m o to r  u n i t  g r o u p in g .

226 6  THE EFFECTS OF CAGE SIZE ON THE FUNCTIONAL 
PROPERTIES OF RAT HINDLIMB MUSCLE. 1. FORCE AND 
FATIGABILITY.  L.L. Rankin*, R.M. Enoka, K.A. Volz*, R.M. 
Reinking*. M.3. Joyner*. D.G. Stuart.  Depts. of Physiology and 
Physical Education, Univ. of Arizona, Tucson, AZ 85724.

This project addressed the effects of usage on muscle 
properties with the assumption that m otor-activity level is 
influenced by the extent of the physical environment.

SD weanling rats were raised for 98-155 days in either a small 
FDA-approved laboratory cage (2/cage) or one 476x larger 
(15/cage). Subsequently, some contractile, electrical, and fatigue 
characteristics were determined in vivo for extensor digitorum 
longus (EDL) and soleus (SOL), muscles characterized as 
predominately fast-contracting ("fiber-type" distribution approxi
mately 3%-SO, 59%-FOG, 38%-FG) and slow-contracting (84%-SO, 
16%-FOG), respectively (Ariano e t al., 3. Histochem. Cytochem. 
21: 51, 1973). The results included (n = 7-12):

Selected Large Cage Small Cage
C haracteristics1 EDL SOL EDL SOL

Force:
Body wt. (N) 5.07±0.30 4.20±0.58
Muscle w t.2 0.49±0.06 0.52±0.10 0.56±0.08* 0.53±0.07
Muscle force3 6.53±1.85 4.59±0.68 5.62±2.01 3.58±1.11*

Fatigue te s t4:
Initial force5 2.22±0.60 4.04±0.49 1.97±0.74 3.65±0.87
Max. force5 4.55±1.09 4.11±0.46 3.92±1.22 3.79±0.84
Fat. Resistance6 59±14 90±16 36±21* 69±32*
RT 50-207: initial 7±2 41 ± 14 7±2 42±9

(ms) 6 min 18±4 58±16 24±7* 77±24*

*p< 0.05 between large and small cage; 1 Mean ± SD; 2 Muscle 
weight relative to to tal body weight (mN/N;3 Force (100 Hz 
stimulation) relative to normalized muscle weight in 2(N/mN N-1);4
 13 stimuli a t 40 Hz repeated a t 1/s for 6 min; 5 Normalized as in 

3; 6 Force a t 6 min relative to initial value (%); 7 Relaxation time 
(measured between 50% and 20% values of post-stimulus force).

These results indicate that cage size had an effec t on both SOL 
and EDL. The effects on fatigue resistance and relaxation time 
were comparable for the two muscles. The changes in force and 
muscle weight, however, appeared to be muscle specific; the large- 
cage rats developed a greater maximum force in SOL and a lesser 
normalized muscle weight for EDL.

Supported by grants from NASA (NAGW-338) and NIH 
(HL07249).

226 7  THE EFFECTS OF CAGE SIZE ON THE FUNCTIONAL 
PROPERTIES OF RAT HINDLIMB MUSCLE. 2. EMG AND 
FATIGABILITY.  R.M. Enoka, L.L. Rankin*, K.A. Volz*, R.M. 
Reinking*, M.3. Joyner*, and D.G. Stuart"  Depts. of Physiology 
and Physical Education, Univ. of Arizona, Tucson, AZ 85724.

As an assessment of cage-size effects on the electromyogram 
(EMG), we have monitored the compound muscle action potential 
(AP) during a fatigue test in which the test muscle was activated 
by supramaximal interm ittent stimulation of its nerve. Average 
measurements of the duration, area, "mean" amplitude, and 
normalized depolarization rate for the 13 APs within each train 
were obtained a t selected intervals during the fatigue test (Stuart 
e t al., Proc. XXIX IUPS, XV: 190, 1983). The test muscles (n = 3 
for each group) were SOL and EDL of small- and large-cage reared 
rats.

These param eters were affected differently by fatigue:
1. AP duration increased during the fatigue test for all groups of 
rats. The changes exhibited by SOL were gradual, with final (6 
min) values of 160 and 130% for the small- and large-cage groups, 
respectively, that were not significantly different. In contrast, 
EDL experienced a rapid increase in AP duration (to 210% of the 
initial value a t 1 min) which the small-cage group maintained until 
the end of the te s t but which the large-cage group significantly (p < 
0.05) decreased (to 145% a t 2 min) and maintained a t values 
comparable to those for SOL.
2. Although eventually AP area decreased for all groups, initially 
the area of the EDL APs increased in a manner somewhat parallel 
to the potentiation observed in the force response. Cage size did 
not significantly affec t AP area but there were differences in area 
between the two muscles a t 1, 2, 4, and 6 min: EDL = 62%, 23%; 
SOL = 106%, 80%; a t 1 and 6 min, respectively.
3. "Mean" amplitude declined during the fatigue test for all 4 
groups with significant differences a t 1, 2, 4, and 6 min between 
the muscles (EDL = 18% and SOL = 68% a t 6 min) but with no cage- 
size effect. However, the data do suggest a trend in which the 
large-cage rats maintained initial "mean" amplitude values longer 
into the te st before they began to decline; EDL = 0.67 vs 0.17 min, 
SOL = 3.0 vs 1.5 min for the large- and small-cage groups, 
respectively.
4. Depolarization ra te  decreased within 40 s to its final value (60%) 
for EDL with no differences due to cage size. The decrease for 
SOL was more gradual and was significantly different between the 
small- (73%) and large- (90%) cage groups a t 6 min.

These data suggest that this test produces precontractile 
fatigue in both SOL and EDL with a trend toward a greater cage- 
size effec t (viz., Rankin e t al., accompanying poster) in SOL. 
Supported by grants from NASA (NAGW-338) and NIH (HLO 7249).

226 .8  EFFECT OF "DISUSE" ON MAMMALIAN FAST-TWITCH MUSCLE: JOINT 
FIXATION COMPARED TO NEURALLY APPLIED TTX.  D. S t - P i e r r e * ,  
and P.  G a r d i n e r  (SPON: A. P e t e r s o n ) .   S c i e n c e s  de l ' a c t i v i t é  
p h y s i q u e ,  Univ .  de M o n t r é a l ,  Québe c ,  H3C 3 J7 .

The e f f e c t  o f  " d i s u s e "  on t h e  f u n c t i o n a l  p r o p e r t i e s  o f  
f a s t - t w i t c h  (FT) mammalian m u sc l e  i s  c o n t r o v e r s i a l ,  p e r h a p s  
s i n c e  t h e  v a r i o u s  " d i s u s e "  m odels  r e d u c e  a c t i v i t y  t o  d i f f e 
r e n t  d e g r e e s ,  and may i n t r o d u c e  f a c t o r s  o t h e r  t h a n  r e d u c e d  
a c t i v i t y .  Our g o a l  was t o  compare t h e  e f f e c t s  o f  " d i s u s e "  
p r o d u c e d  by n e u r a l l y  a p p l i e d  t e t r o d o t o x i n  (TTX), and j o i n t  
f i x a t i o n  on t h e  a t r o p h i c  and c o n t r a c t i l e  r e s p o n s e s  o f  t h e  
r a t  g a s t r o c n e m i u s .  TTX was d e l i v e r e d  to  t h e  l e f t  s c i a t i c  
n e r v e ,  s i m i l a r  t o  t h e  t e c h n i q u e  d e s c r i b e d  by Be tz  & C a l d w e l l  
( J .  P h y s i o l . , 1983) and t h e  p a r a l y s i s  m a i n t a i n e d  f o r  2 
w eek s .  In  a s e p a r a t e  g ro u p  o f  r a t s  l e f t  knee  and a n k le  
j o i n t s  were  f i x e d  f o r  2 weeks a c c o r d i n g  t o  F o u r n i e r  e t  a l . 
( E x p . N e u r o l . ,  1 9 8 3 ) .

Muscle  w e i g h t s  and  i n  s i t u  c o n t r a c t i l e  p r o p e r t i e s  a r e  
summ ari zed  b e lo w .  J o i n t  f i x a t i o n  p r o d u c e d  a d e c r e a s e  i n  
m u sc l e  wet w e i g h t  and a b s o l u t e  t e t a n i c  t e n s i o n .  The d e g re e  
o f  a t r o p h y  was more s e v e r e  w i t h  T T X -d i su se  and was accompa 
n i e d  by a d e c r e a s e  i n  t e t a n i c  t e n s i o n  p e r  u n i t  m u sc l e  w e i g h t  
(N /G) .  In  a d d i t i o n ,  T TX -d isu se  r e s u l t e d  i n  an  e l e v a t i o n  o f  
t w i t c h :  t e t a n i c  r a t i o ,  a p r o l o n g e d  t w i t c h ,  and  an i n c r e a s e d  
d e g r e e  o f  f u s i o n  a t  50 Hz. The n o r m a l i z e d  maxim al r a t e  o f  
t e t a n i c  t e n s i o n  d e v e lo p m e n t  ( %P /m s e c )  was h i g h e s t  i n  t h e  
TTX g r o u p .  F a t i g u e  in d e x  was u n a f f e c t e d  by e i t h e r  c o n d i t i o n .  
The d a t a  s u g g e s t  t h a t  c o m p l e t e  d i s u s e  o f  mammalian FT m u sc l e  
c a u s e s  a t r o p h y ,  s lo w in g  o f  c o n t r a c t i l e  s p e e d  and a l o s s  i n  
c o n t r a c t i l e  s t r e n g t h  p e r  gram of t i s s u e ,  and a r e  c o n s i s t e n t  
w i t h  a l o s s  o f  s a r c o p l a s m i c  r e t i c u l u m  f u n c t i o n  and  o f  myo- 
f i b r i l l a r  p r o t e i n  c o n c e n t r a t i o n  w i t h  d i s u s e .  

Pt Po TPT p l u s  
RT½(m s)

Max. T e t . 
d P / d t

( %Po /ms)

7.Po a t  L/R m u s . 
w e i g h t(N /g ) (N /g ) 50 Hz

c 2 .3 16.1 3 1 .2 2.01 5 5 .9 1.12
(n=7 ) 0.8 0 . 7 3 . 3 0 .2 5 1 1 .7 0 . 0 6

F i x e d 2 . 9 1 5 .7 3 0 . 0 2 . 4 0 7 0 .1 0 . 9 4 a
(n= 6) 0 . 9 0 . 9 2 . 9 0 . 3 0 13 .1 0 . 0 8

TTX 3 . 4 a 10. 0 ab 3 9 . 4ab 3 . 16a 8 3 . 2a 0 . 6 2 ab
(n= 10) 0.6 2.0 4 . 8 1 .1 4 8.0 0.11

a S i g n i f i c a n t  d i f f e r e n c e  from g ro u p  C ( p < 0 . 0 l )
bS i g n i f i c a n t  d i f f e r e n c e  b e tw e en  g ro u p s  TTX and f i x e d  ( p < 0 .0 1 )

S u p p o r t e d  by g r a n t s  from NSERC and MRC Canada .
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226. 9   PHYSIOLOGICAL PROPERTIES OF SINGLE MOTOR UNITS IN RAT PLAN- 
TARIS FOLLOWING PARTIAL DENERVATION.  P . F .  G a r d i n e r ,  R. 
M i c h e l * , A .E .  O lha*  and F.  P e t t i g r e w .  Groupe  en R e c h e rc h e  
N e u r o m u s c u l a i r e , S c i e n c e s  de l ' A c t i v i t é  P h y s i q u e ,  U n i v e r s i t é  
de M o n t r é a l ,  M o n t r é a l ,  Q uébec ,  H3C 3 J 7 .

S h o r t  t e r m  f u n c t i o n a l  s p r o u t i n g  o f  m o to n e u r o n e s  f o l l o w i n g  
m u sc l e  p a r t i a l  d e n e r v a t i o n  (PD) h a s  b een  d e m o n s t r a t e d  p r e 
v i o u s l y  v i a  f o r c e  r e s p o n s e s  t o  s t i m u l a t i o n  o f  i n t a c t  ax o n s  
(Brown and I r o n t o n ,  1978 ; G a r d i n e r  e t  a l , 1 9 8 4 ) .  To co m p le 
ment p r e v i o u s  s t u d i e s ,  we p r o p o s e d  t o  d e s c r i b e  c o n t r a c t i l e  
p r o p e r t i e s  o f  s i n g l e  m o to r  u n i t s  (SMU) i n  r a t  p l a n t a r i s  7 
d a y s  f o l l o w i n g  p a r t i a l  d e n e r v a t i o n  (PD) a t  w h ic h  t im e  s p r o u 
t i n g  i s  i n c o m p l e t e ,  and r e i n n e r v a t i o n  h a s  n o t  o c c u r r e d .
Male F i s h e r  r a t s  ( 1 8 0 - 2 4 0 ,  n=8)  had  l e f t h i n d l i m b s  p a r t i a l l y  
d e n e r v a t e d  u n d e r  Na b a r b i t a l  a n e s t h e s i a ,  by s u r g i c a l  t r a n 
s e c t i o n  o f  L4 r a d i c u l a r  n e r v e .  S eve n days  l a t e r ,  i s o m e t r i c  
i n  s i t u  c o n t r a c t i l e  p r o p e r t i e s  o f  SMU were  r e c o r d e d  f o l l o w i n g  
v e n t r a l  r o o t  f i l a m e n t  i s o l a t i o n ,  and compared  t o  c o n t r o l s  
( C ) .  S p r o u t i n g  was n o t  c o m p l e t e  by 7 d ays  ( i n d i r e c t = 35-91% 
o f  d i r e c t  s t i m u l a t i o n - e v o k e d  f o r c e )  C o m p a r i so n s  o f  SMU 
t w i t c h  t e n s i o n s  ( P t )  and  f a t i g u e  c h a r a c t e r i s t i c s  ( F I ,
R e i n k i n g  e t  a l . 1975)  a r e  summ ari zed  b e lo w .  On ly  f a s t -  
t w i t c h  SMU ( e x h i b i t i n g  " s a g "  on u n f u s e d  t e t a n u s ,  and  p o s t -  
t e t a n i c  p o t e n t i a t i o n ) ,  w h ic h  c o n s t i t u t e d  t h e  m a j o r i t y  (>90%) 
o f  SMU, a r e  r e p o r t e d .  Mean P t  was s l i g h t l y  (12%) i n c r e a s e d  
a f t e r  PD, due t o  i n c r e a s e d  p r o p o r t i o n s  o f  SMU i n  t h e  75-  
300mN/g t e n s i o n  c a t e g o r i e s .  F a t i g u e  r e s i s t a n c e  was h i g h e r  
( i . e . ,  l o w e r  F I )  i n  PD u n i t s ,  e s p e c i a l l y  t h o s e  g e n e r a t i n g  
h i g h e r  t e n s i o n s ,  d e s p i t e  t h e  f a c t  t h a t  44%, o f  PD u n i t s  d e 
m o n s t r a t e d  l o s s  o f  EMG n e a r  t h e  end o f  t h e  f a t i g u e  r e g im e n  
(15%, i n  C) .  F o l l o w i n g  p a r t i a l  d e n e r v a t i o n ,  p l a n t a r i s  SMU 
become l a r g e r ,  more f a t i g u e  r e s i s t a n t ,  and  d e m o n s t r a t e  n e u 
r o m u s c u l a r  f a i l u r e  w i t h  t r a i n s  o f  40 Hz. The a b s e n c e  o f  v e r y  
l a r g e  (P t>375m N/g)  SMU i n  PD a n i m a l s  may r e p r e s e n t  t h e i r  
i n a b i l i t y  t o  ex p an d  t h e i r  f u n c t i o n a l  f i e l d  i n  t h i s  s h o r t  
p e r i o d  f o l l o w i n g  PD, a s  s u g g e s t e d  by S l a c k  and  Hopkins  
( 1 9 8 2 ) .   ( S u p p o r t e d  by NSERC and  MRC Canada)

P t  (mN /g ) : 0 -7 5 76 -1 5 0 151- 22 5 2 26-300 3 0 1 -3 7 5 376-4 5 0
C(n= 79 ) 3 9 .7 2 5 .6 8 . 7 14 .1 7 .6 3 . 8

FI ( . 5 7 ) ( . 6 5 ) ( . 7 1 ) ( . 7 0 ) ( . 7 6 ) ( . 7 2 )
P D (n =29) 2 2 .7 3 7 . 1 18 .5 18 .5 3 . 7 -----

FI ( . 5 6 ) ( . 6 2 ) ( . 6 2 ) ( . 6 2 ) ( . 6 0 ) -----

V a l u e s  r e p r e s e n t  % o f  s am p le  i n  e a c h  t e n s i o n  c a t e g o r y ,  w i t h  
mean f a t i g u e  in d e x  ( F I )  i n  p a r e n t h e s e s  b e lo w .

2 2 6 . 10   EFFECT OF VARIED IN TER-PULSE INTERVALS ON EVOKED HUMAN 
MUSCLE CONTRACTIONS.  A .A . V a n d e r v o o r t * ,  J .G .  Q u i n l a n * a n d  
A . J .  M cComas  D e p a r tm e n ts  o f  N e u r o s c i e n c e s  a n d  M e d i c i n e ,  
M c M a s te r  U n i v e r s i t y  M e d ic a l  C e n t r e ,  H a m i l t o n ,  O n t a r i o  
C a n a d a  L8 N 3 Z 5 .

R a p i d i t y  o f  m u s c l e  t e n s i o n  d e v e lo p m e n t  m ay b e  a  
c r i t i c a l  f a c t o r  i n  som e m o v em e n t p a t t e r n s  a n d  i t  h a s  b e e n  
sh o w n  t h a t  t h e  f o r c e  o u t p u t  o f  s i n g l e  m a m m a lia n  m o to r  u n i t s  
c a n  b e  g r e a t l y  e n h a n c e d  b y  tw o  c l o s e l y - s p a c e d  s t i m u l i  i n  a  
t e t a n i c  t r a i n  ( B u r k e ,  R .E .  e t  a l . , S c i e n c e , 1 6 8 : 1 2 2 - 1 2 4 ,  
1 9 7 0 ) .  We h a v e  now  i n v e s t i g a t e d  t h e  i m p o r t a n c e  o f  t h i s  
" c a t c h "  p h e n o m e n o n  a t  t h e  b e g i n n i n g  o f  c o n t r a c t i o n  i n  tw o 
hu m an  m u s c l e  g r o u p s ,  t h e  a n k l e  d o r s i f l e x o r s  (DF) a n d  
p l a n t a r f l e x o r s  ( P F ) .  W ith  t h e  u s e  o f  a  f o o t - h o l d e r  d e s i g n 
e d  t o  m e a s u r e  i s o m e t r i c  t w i t c h  t o r q u e s  ( M a r s h ,  E . , e t  a l . , 
J .  A p p l .  P h y s i o l : R e s p i r a t .  E n v i r o n .  E x e r c i s e  P h y s i o l  5 1 : 
1 6 0 - 1 6 7 ,  1 9 8 1 )  r e s p o n s e s  o f  r e s t i n g  m u s c l e  t o  p a i r e d  s u p r a 
m a x im a l  s t i m u l i  o f  v a r i e d  i n t e r p u l s e  i n t e r v a l s  ( I P I s )  w e r e  
c o m p a r e d  i n  f i v e  y o u n g  a d u l t  v o l u n t e e r s .  Two s t i m u l i  w i t h  
a  1 m i l l i s e c o n d  I P I  h a d  n o  e f f e c t  o n  t h e  p e a k  t w i t c h  
t e n s i o n  ( P t ) .  H o w e v e r ,  t h e  r e s p o n s e  t o  p a i r e d  s t i m u l i  
s e p a r a t e d  b y  4 ms w a s  l a r g e r  t h a n  t h e  t w i t c h  e v o k e d  b y  a  
s i n g l e  s t i m u l u s ,  t h e  r e s p e c t i v e  m ean  v a l u e s  b e i n g  2 . 5 7  ±  
0 . 1 3  f o r  DF a n d  1 . 8 3  ±  0 . 1 1  f o r  P F ( p < . 0 1 ) .  T h i r d  a n d  
f o u r t h  s t i m u l i ,  d e l i v e r e d  w i t h  t h e  sa m e  I P I  ( 4 m s ) ,  g e n e r 
a t e d  f u r t h e r ,  b u t  s m a l l e r ,  i n c r e m e n t s  i n  t e n s i o n .  P a i r e d  
s t i m u l i ,  s e p a r a t e d  b y  4 m s , a l s o  h a d  t h e  e f f e c t  o f  p r o l o n g 
i n g  t h e  c o n t r a c t i o n  t im e  ( C T ) , t h e  r e s p e c t i v e  f a c t o r s  b e i n g  
1 . 3 4  ±  0 . 0 7  f o r  DF a n d  1 .1 7  ±  0 . 0 6  f o r  PF  ( p < . 0 1 ) .  I n  
a b s o l u t e  t e r m s ,  t h e  i n c r e a s e s  i n  CT w e r e  s e v e r a l  t i m e s  
g r e a t e r  t h a n  t h e  I P I .  I n c r e a s e s  i n  I P I  b e y o n d  4 ms r e s u l t 
e d  i n  a  r e v e r s i o n  o f  DF P t  t o  t h e  b a s e l i n e  r e s t i n g  v a l u e ,  
b u t  f o r  t h e  PF m u s c l e ,  t h i s  r e v e r s i o n  d i d  n o t  b e g i n  u n t i l  
a f t e r  1 0 0  ms I P I .  A t l o n g  I P I s  o f  3 0 0  t o  5 0 0  m s , s l i g h t  
d e p r e s s i o n  o f  P t  r e l a t i v e  t o  b a s e l i n e  w a s  o b s e r v e d .  H i g h -  
f r e q u e n c y  d o u b l e t  f i r i n g  o f  m o to r  n e u r o n e s  w o u ld  t h u s  
c o n t r i b u t e  s u b s t a n t i a l l y  t o  r a p i d  t e n s i o n  d e v e lo p m e n t  i n  
t h e s e  m u s c l e s ,  w i t h  a  r e l a t i v e l y  g r e a t e r  r e s p o n s e  i n  t h e  
DF g r o u p .  T he " c a t c h "  e f f e c t  c o u l d  b e  u t i l i z e d  i n  t h e  
p r o g ra m m in g  o f  n e u r o m u s c u l a r  s t i m u l a t o r s .

S u p p o r t e d  b y  t h e  M u s c u l a r  D y s t r o p h y  A s s o c i a t i o n  o f  C a n a d a .  
A .A . V. i s  a  R e s e a r c h  F e l l o w  o f  t h e  G e r o n to l o g y  R e s e a r c h  
C o u n c i l  o f  O n t a r i o .

2 2 6 .1 1   HUMAN PERIORAL MUSCULATURE: NATURAL HISTORY OF A MULTIPLE 
FORCE VECTOR MUSCLE COMPLEX.  C . B l a i r  a n d  E . M ü l l e r .*   
W a ism an  C e n t e r ,  U n iv .  o f  W i s e . ,  M a d is o n ,  W I, 5 3 7 0 6

I n  p r e p a r a t i o n  f o r  a n a l y s e s  o f  m o to r  u n i t  c o n t r o l  
d u r i n g  s p e e c h  m o v e m e n ts ,  w e h a v e  d o n e  s e v e r a l  d e s c r i p t i v e  
s t u d i e s  o f  t h e  p e r i o r a l  m u s c u l a t u r e ,  p a r t i c u l a r l y  t h e  
l o w e r  l i p  m u s c l e  O r b i c u l a r i s  o r i s  i n f e r i o r  ( 0 0 I ) .  A 
su m m a ry  o f  t h e s e  d a t a  w i l l  b e  p r e s e n t e d :

R e c o n s t r u c t i o n s  f ro m  s e r i a l  s e c t i o n s  sh o w  t h a t  t h e  m u s c l e  
f i b e r s  i n  0 0 I  a r e  g r o u p e d  i n t o  s m a l l  f a s c i c l e s  ( 4 - 5 0  f i b e r s )  
w h ic h  o f t e n  a r e  s u r r o u n d e d  b y  s u b s t a n t i a l  a m o u n ts  o f  f a t  a n d  
c o n n e c t i v e  t i s s u e .  T h e  m a j o r i t y  o f  t h e  f a s c i c l e s  a r e  
p a r a l l e l  t o  t h e  v e r m i l l i o n  b o r d e r ,  b u t  t h e r e  a r e  a  
c o n s i d e r a b l e  n u m b e r  i n  o t h e r  p l a n e s .

I n  n o r m a l ,  h e a l t h y ,  y o u n g  a d u l t s ,  m a x im a l  m o d i o l a r  i s o 
m e t r i c  f o r c e s  r a n g e d  f r o m  6 5 0  -  9 0 0  gm . T h e  m ea n  p e a k  
d F / d t  a n d  d2 F / d t  r a n g e d  f r o m  2 - 1 9  a n d  .4  -  3 . 4  gm , a n d  
t h e  t i m e  o f  t h e s e  p e a k s  w i t h  r e s p e c t  t o  t h e  o n s e t  o f  t h e  
c h a n g e s  i n  f o r c e  r a n g e d  f r o m  66  -  94  a n d  31  -  69  m s e c .

T h e  g r o s s  EMG a c t i v i t y  o f  e a c h  o f  6 p e r i o r a l  m u s c l e s  
d u r i n g  s t a t i c  a n d  p h a s i c  i s o m e t r i c  t a s k s  w a s  h i g h l y  
c o r r e l a t e d  am o n g  m u s c l e s  a n d  w i t h  f o r c e ,  e v e n  b e tw e e n  
m u s c l e s  t h a t  a r e  t r a d i t i o n a l l y  c o n s i d e r e d  t o  b e  a n t a g o n i s t s .

E n d u r a n c e  o f  t h e  s y s t e m  w a s  e x a m in e d  d u r i n g  s t a t i c  a n d  
p h a s i c  i s o m e t r i c  c o n t r a c t i o n s .  P e a k  a n d  t h e  t im e  o f  p e a k  
d F / d t  a n d  d 2 F / d t  w e r e  u n c h a n g e d  b y  p r o l o n g e d  s t a t i c  
" c o n d i t i o n i n g "  c o n t r a c t i o n s ,  b u t  t h e  a m p l i t u d e  o f  t h e  
r a p i d  c o n t r a c t i o n s  d e c r e a s e d ,  t h e  d u r a t i o n  i n c r e a s e d ,  a n d  
t h e  o c c u r a n c e  o f  d o u b l e  p e a k s  i n  f o r c e  i n c r e a s e d .  E x a m i
n a t i o n  o f  E M G /fo rc e  r e l a t i o n s h i p s  w i t h  r e p e a t e d  t r i a l ,  t im e  
s e r i e s ,  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  a n d  s p e c t r a l  a n a l y s i s  
o f  t h e  EMG s u g g e s t  t h a t  m u ch  o f  t h e  f a t i g u e  i n d u c e d  b y  t h e s e  
c o n d i t i o n s  i s  n e u r a l .  T h e r e  w a s  n o  e v i d e n c e  o f  f a t i g u e  i n  
t h e  n o r m a l  r a n g e  o f  a d u l t  m u s c l e  u s e .

O b s e r v a t i o n s  o f  OOI m o to r  u n i t  a c t i v i t y  d u r i n g  s t a t i c  a n d  
p h a s i c  i s o m e t r i c  c o n t r a c t i o n s  i n c l u d e :  1 . h i g h  i n t e r s p i k e  
i n t e r v a l ( i s i )  v a r i a b i l i t y  a t  c o n s t a n t  f o r c e s ,  2 . s m a l l  
i n c r e a s e s  o r  d e c r e a s e s  i n  m ea n  i s i  w i t h  i n c r e a s e s  i n  f o r c e ,
3 .  r e c r u i t m e n t  o f  m . u . s  u p  t o  a t  l e a s t  85% m a x im a l  f o r c e ,
4 .  s p i k e - t r i g g e r e d  a v e r a g e d  t w i t c h  t e n s i o n s  r a n g i n g  f ro m  
- 1 . 4  -  4 . 7  gm , a n d  5 .  t w i t c h  t i m e s  t o  p e a k  f r o m  1 0 . 9  -  
9 0  m s e c .  6 . Som e u n i t s  c o u l d  n o t  b e  a c t i v a t e d  v o l u n t a r i l y  
a t  a n y  l e v e l  o f  s t a t i c  f o r c e .

S u p p o r t e d  b y  USPHS G r a n t s  N S 0 0 7 7 0  a n d  N S 1 3 2 7 4 .
C o m p u to r  s o f t w a r e  b y  P .  P e t e r s o n ,  E . M ü l l e r ,  a n d  G . M cL eo d .

2 2 6 . 12  ANALYSIS OF ELECTROMYOGRAPHIC SIGNALS AT VARIOUS SUSTAINED 
ISOMETRIC BITE FORCE LEVELS.  G . T .  C l a r k *  a n d  M .C .  C a r t e r  
(S P ON: W.D. M c C a l l )   S c h o o l  o f  D e n t i s t r y ,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 ,  USA.

P r e v i o u s  r e s e a r c h  o n  t h e  j a w  c l o s i n g - m u s c l e s  h a s  f a i l e d  
t o  s h o w  a  d e c a y  i n  f o r c e  d u r i n g  a  s u s t a i n e d  i s o m e t r i c  
c l e n c h i n g  t a s k  w h e n  a s s e s s e d  w i t h  b r i e f  i n t e r m i t t a n t  
maximum v o l u n t a r y  e f f o r t s  ( C l a r k  a n d  C a r t e r ,  J .  D e n t .  
R e s .  6 1 : 2 5 7 ,  1 9 8 2 ) .  T h i s  p a t t e r n  i s  d i s t i n c t l y  d i f f e r e n t  
f r o m  b r i e f  maximum v o l u n t a r y  f o r c e  p a t t e r n s  o b s e r v e d  i n  
t h e  l i m b  m u s c u l a t u r e  u n d e r  f a t i g u i n g  i s o m e t r i c  c o n d i t i o n s .  
B e c a u s e  o f  t h e s e  d i f f e r e n c e s  a n d  s i n c e  c o m p a r a t i v e  
a n a l y s i s  f o r  f a t i g u e  i n t e r a c t i o n  b e t w e e n  f o r c e  a n d  EMG 
a c t i v i t y  h a s  n o t  b e e n  w i d e l y  p e r f o r m e d  f o r  t h e  j a w ,  t h i s  
s t u d y  w a s  u n d e r t a k e n .

M a x im u m  v o l u n t a r y  b i t e  f o r c e  (MVBF) w a s  m e a s u r e d  
on  s e v e n  h e a l t h y  m a l e  s u b j e c t s  u s i n g  a n  i n t r a o r a l  f o r c e  
t r a n s d u c e r .  S u b j e c t s  r a n d o m l y  s u s t a i n e d  v a r i o u s  f o r c e  
l e v e l s  u n t i l  p a i n  t o l e r a n c e  w a s  r e a c h e d .  E l e c t r o m y o g r a p h i c  
(EMG) a c t i v i t y  w a s  r e c o r d e d  f r o m  t h e  r i g h t  a n t e r i o r  
t e m p o r a l i s  an d  s u p e r f i c i a l  m a s s e t e r  u s i n g  b i p o l a r  s u r f a c e  
e l e c t r o d e s .  T h e  f i r s t  a n d  l a s t  15  s e c o n d s  o f  t h e  s u s t a i n e d  
e f f o r t  t a s k  w e r e  c o m p a r e d  b y  m e a s u r e m e n t  o f  t h e  m e a n  
a m p l i t u d e  v i a  d i g i t i z e d  p o l y g r a p h  r e c o r d s  f r o m  r e c t i f i e d  
i n t e g r a t e d  EMG an d  DC f o r c e  l e v e l  r e c o r d s .  I n  a d d i t i o n ,  
d e t e r m i n a t i o n  o f  t h e  m e a n  p e a k  f r e q u e n c y  f o r  f i v e  1 s e c o n d  
i n t e r v a l s  d u r i n g  b o t h  t h e  f i r s t  a n d  l a s t  15  s e c o n d s  o f  t h e  
50% i s o m e t r i c  t a s k  w a s  p e r f o r m e d  o n  4 s u b j e c t s  u s i n g  
s p e c t r a l  a n a l y s i s  o f  t h e  EMG s i g n a l .

T h e  m e a n  a m p l i t u d e  o f  t h e  r e c t i f i e d  EMG s h o w e d  n o  s i g 
n i f i c a n t  c h a n g e  b e t w e e n  t h e  f i r s t  a n d  l a s t  15 s e c o n d s .  A 
c o m p a r i s o n  o f  t h e  E M G / b i t e  f o r c e  a m p l i t u d e  r a t i o  f o r  t h e  
s a m e  p e r i o d s  a l s o  d e m o n s t r a t e d  n o  c h a n g e .  T h e s e  r e s u l t s  
w e r e  c o n s i s t e n t  f o r  a l l  i s o m e t r i c  f o r c e  l e v e l s  t e s t e d  ( 2 5 ,  
5 0 , 7 5  a n d  1 0 0 % ) .  F i n a l l y  t h e  r e s u l t s  o f  t h e  s p e c t r a l  
a n a l y s i s  d e m o n s t r a t e  t h a t  t h e  m e a n  p e a k  f r e q u e n c y  g e n e r 
a l l y  s h i f t s  t o  l o w e r  v a l u e s  whe n t h e  f i r s t  a n d  l a s t  15 
s e c o n d s  o f  t h e  50% i s o m e t r i c  c l e n c h i n g  t a s k  a r e  c o m p a r e d .

T h e  t y p i c a l  EMG f r e q u e n c y  c h a n g e  c h a r a c t e r i s t i c s  
t h o u g h t  t o  b e  a s s o c i a t e d  w i t h  n e u r o m u s c u l a r  f a t i g u e  w e r e  
p r e s e n t .  T h e  b i t e  f o r c e  a n d  EMG a m p l i t u d e  d a t a ,  h o w e v e r ,  
d i d  n o t  s h o w  t y p i c a l  f a t i g u e  i n d u c e d  c h a n g e s  a s  s e e n  i n  
o t h e r  m o t o r  s y s t e m s .  T h e s e  r e s u l t s  s u g g e s t  a  r e l a t i v e  
r e s i s t e n c e  o f  t h e  j a w  c l o s e r s  t o  n e u r o m u s c u l a r  f a t i g u e  
w i t h  a  s u s t a i n e d  i s o m e t r i c  t a s k  a n d  q u e s t i o n  t h e  u s e  o f  
EMG c r i t e r i a  a l o n e  a s  a  f a t i g u e  i n d e x .

T h i s  r e s e a r c h  w a s  s u p p o r t e d  b y  NIDR G r a n t  N o .  D E 0 6 6 6 5 .
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226.13  THE EFFECT OF MALNUTRITION ON DIAPHRAGMATIC CONTRACTILITY.
M .I. Levis*, G.C. S ie c k , M. Fournier and M.J. Belman (SPON: D. 
A. McAfee)  C ity  of Hope Medical C enter, Duarte, CA 91010.

M aln u tritio n  (MN) is  a com plicating fa c to r  in  a number of 
r e s p ira to ry  d is e a s e s . The purpose of th is  study was to  a ssess  
the  in flu en ce  of MN on the  c o n tra c t i le  p ro p e rtie s  of the  d ia 
phragm in  18 ad u lt male Sprague Dawley r a t s .  The r a t s  were 
randomly d iv ided  in to  a co n tro l group (CTL) fed food and wa
t e r  ad l i b ,  o r a n u t r i t io n a l ly  deprived group (ND) p resented  
w ater ad l i b  but fed only 1/5 of th e i r  estim ated  d a ily  food 
requirem ent. This feeding  paradigm was continued u n t i l  the  
body w eights of the  ND anim als had f a l le n  to  approxim ately 
501 o f the  CTL group (ND: 233.1 ± 2 2 .1g , v s . CTL: 468.2 ±  
4 2 .7g). Isom etric  c o n tr a c t i le  p ro p e rtie s  of uniform i so la ted  
s t r i p s  of diaphragm were then stud ied  in  v i t r o .  The phrenic 
nerve was s tim u la ted  supramaxlmally and f ib e r  leng th  was ad
ju s te d  u n t i l  optim al leng th  (Lo) was s e t .  Force was then meas
ured a t  s tim u la tio n  frequencies of 5 ,10 ,20 ,30 ,40 ,50 ,80  and 100 
Hz w ith  2 min r e s t s  between each stim ulus t r a in .  F a tig u a b ll i t ;  
was assessed  a f t e r  continueous s tim u la tio n  a t  e i th e r  20 or 100 
Hz. Fatigue  was a r b i t r a r i l y  defined  as a fo rce  decrement of 
50% o f the  i n i t i a l  ten sio n  fo r  th a t frequency. The time taken 
to  achieve th is  end po in t was determ ined and defined  as the 
'endurance tim e ' . The e f fe c t  of high (HF) and low frequency 
(LF) fa tig u e  on the  fo rce  frequency curve was assessed  immed
ia te ly  a f t e r  s tim u la tio n . A bsolute tensions  were d ram atica lly  
reduced a t  a l l  frequencies of s tim u la tio n  in  the  ND anim als 
(tw itch  tension-CTL: 35.5 ± 8 .3g ; ND: 17.7 ± 8 .7g; peak te ta n 
ic  ten sio n  -  CTL: 100.5 ± 2 8 .3g; ND: 41.0 ±  21 .4 g ). The time 
to  peak ten sio n  and the  h a lf  re la x a tio n  time did not d i f f e r  
between the  ND and CTL groups. The fo rce  frequency curves 
(FFC) were norm alized to  percen t of maximal te ta n ic  ten sio n . 
Although the r e la t iv e  ten sio n s  a t  low frequencies were s l ig h t 
ly  g re a te r  in  the ND group, the  o v e ra ll FFC’s were not d is 
s im ila r .  Both LF and HF fa tig u e  caused the FFC to  s h i f t  down
ward in  both groups. However, th is  fa tig u e - r e la te d  s h i f t  in 
the FFC was markedly a tte n u a te d  in  the  ND anim als. The endur
ance tim es in  both HF and LF fa tig u e  were s ig n if ic a n t ly  long
e r  in  the  ND anim als (HF: ND = 6.04 ± 1.7 sec; CTL = 2.48 ± 
0.7  sec ; LF: ND = 56.07 ± 12 .9 ; CTL = 42.8 ± 3 .5 ) .  These data 
in d ic a te  th a t MN d ram atica lly  a f f e c ts  the c o n tr a c t i le  proper
t i e s  of the diaphragm with the most s t r ik in g  e f fe c t  being a 
marked reduction  in  d iaphragm atic s tre n g th . Although endurance 
to  fa tig u e  appeared to  be improved in  the  ND an im als, th is  
should be taken in the context of the  severe ly  dim inished 
diaphragm atic fo rces  in  these  anim als.
Suppo r t e d  b y NTH G ra n t  HL29999

2 2 6  1 4   C O-VARIAT ION O F  F O R C E  A N D  S O U N D  R E C O R D E D  F R O M  T H E  H U M A N  
BICEPS MUSCLE.  L.A. J ones ,  I .W.Hunter  and ∫ . 5. O u te rb r i d ge   
D ep t . of  O tolaryngology and Biomedical E n g in ee r in g  U n it ,  
Fac.  o f  Med., McGill U n iv . ,  M on trea l ,  Canada H3G 1Y6.

There has  been a r e c e n t  r e v i v a l  of  i n t e r e s t  in sounds 
rec o rded  over the muscle b e l l y  durin g s k e l e t a l  muscle 
c o n t r a c t i o n s .  These sounds have been r e p o r t e d  t o  have a 
peak Frequency of  25 Hz, and a r e  t h e r e f o r e  i n a u d ib l e  to  th e  
human e a r .  The o b je c t i v e  of  t h i s  s tud y was to  q u a n t i f y  th e  
r e l a t i o n  between muscle f o r c e  and th e se  sounds.  

S u b je c ts  were p o s i t i o n e d  in an exp e rim en ta l  r i g  so t h a t  
th e  an g le  between th e  forearm and upper arm was 90 d e g r e e s .  
The fo r c e s  r e s u l t i n g  from th e  is o m e t r i c  c o n t r a c t i o n  of  th e 
elbow f l e x o r  muscles  were re co rde d  a t  th e w r i s t .  A Bruel  4 
Kjaer  c a p a c i t o r  microphone ( f l a t  f r equency  re s p o n s e  from 2 
to  200 Hz) was a f f i x e d  over  th e  b e l l y  of  th e  b ic e p s  b r a c h i i  
muscle (6 mm above th e  sk in  s u r f a c e ) .  S u b je c ts  produced 
f o r c e s  ran g ing  from 0% to  80% ( in  10% inc rem en ts)  o f  t h e i r  
maximum volun ta ry  c o n t r a c t i o n  (MVC). The t a r g e t  f o r c e s  
were p re s en ted  in a random o rd e r  on an o s c i l l o s c o p e  and 
s u b j e c t s  were r e q u i r e d  to  match th e s e  f o r c e s  and to  
m a in ta in  them a t  a c o n s t a n t  le v e l  f o r  14 sec ond s .  A r e s t  
p e r io d  of  45 seconds s e p a r a t e d  each c o n t r a c t i o n .  The 
ou tp u t  of  th e  sound and fo r c e  a m p l i f i e r s  was low-pass  
f i l t e r e d  (8 -p o le ,  c u t o f f  125 Hz) p r i o r  to  500 Hz sam pl ing .

The mean fo rce and a b s o lu t e  sound p r e s s u r e  ( c o r r e c t e d  
f o r  ambient nois e)  were c a l c u l a t e d  a t  each % MVC l e v e l .  I t  
was found th a t  th e  r e l a t i o n  between f o r c e  and sound 
p r e s s u r e  was monotonic up to  f o r c e s  o f  a p p rox im a te ly  160 
Newtons. At highe r  f o r c e  l e v e l s  th e  sound p r e s s u r e  d id  not  
s y s t e m a t i c a l l y  in c r e a s e .  A na ly s is  of  th e  sound s p e c t r a  
in d i c a t e d  t h a t  t h e r e  was c o n s id e r a b l e  i n t e r - s u b j e c t  
v a r i a t i o n  over  th e  0 to  80% MVC range i n v e s t i g a t e d .  The 
p r e v io u s ly  re p o r te d  peak a t  25 Hz was not  a c o n s i s t e n t  
f e a t u r e  of  the s p e c t r a  a t  var y in g  fo r c e  l e v e l s .  An example 
of  the r e l a t i o n  between fo r c e  and sound p r e s s u r e  i s  shown.

MUSCLE II

2 2 7 .1  cAMP DECREASES THE C a-S E N S IT IV IT Y  OF EDTA-SKINNED BUNDLES 
FROM MYTILUS'  ANTERIOR BYSSUS RETRACTOR MUSCLE (ABRM ).  P.  B.  
C h a s e *  a n d  B . C . A b b o t t .   D e p t .  o f  B i o l .  S c i .  , N e u r o b i o l .  
S e c . ,  U n iv .  S o u . C a l . ,  L . A . , CA 9 0 0 8 9 - 0 3 7 1 .

I n  " s k i n n e d "  ABRM f i b e r  b u g l e s ,  10µM cAMP i n c r e a s e s  t h e  
r a t e  o f  r e l a x a t i o n  i n  lo w  [C a+ + ] ( F .  C o r n e l i u s  ( 1 9 8 2 )  J .  
G e n . P h y s i o l .  7 9 : 8 2 1 ;  G. M a rc h a n d -D u m o n t  a n d  F .  B a g u e t  
( 1 9 7 5 )  P f l ü g e r s  A r c h .  3 5 4 : 8 7 ) .  T h i s  i s  t h o u g h t  t o  b e  
e q u i v a l e n t  t o  r e l e a s e  o f  " c a t c h "  by  5 -H T . O ur e x p e r i m e n t s  
c o n f i r m  t h i s  o b s e r v a t i o n  w h en  EDTA a n d  EGTA ( 10mM e a c h ,  50mM 
B E S, p H 7 .0 )  a r e  u s e d  t o  m ake t h e  p la s m a  m em b ran e  p e r m e a b le  
t o  s m a l l  m o l e c u l e s .  C o n t r a r y  t o  t h e  p u b l i s h e d  r e s u l t s ,  cAMP 
d o e s  n o t  i n c r e a s e  t h e  r e l a x a t i o n  r a t e  o f  d e t e r g e n t  s k in n e d  
b u n d l e s ;  t h e y  r e l a x  a t  a  m a x im a l r a t e  i n  pC a8/0cA M P 
s o l u t i o n .

A t l e a s t  p a r t  o f  t h i s  o b s e r v a t i o n  c a n  b e  e x p l a i n e d  by  t h e  
r e v e r s i b l e  d e c r e a s e  o f  C a - s e n s i t i v i t y  b y  cAMP i n  EDTA 
s k i n n e d  b u n d l e s ;  C a - s e n s i t i v i t y  o f  d e t e r g e n t  (0 .1 %  s a p o n i n )  
s k i n n e d  b u n d l e s  a l s o  d e c r e a s e s  i n  cAMP, b u t  t h i s  e f f e c t  i s  
n o t  r e v e r s i b l e  a n d  o c c u r s  a l o n g  w i t h  a  s lo w  d e c r e a s e  
o b s e r v e d  i n  t h e  a b s e n s e  o f  e x o g e n o u s  cAMP. EDTA s k in n e d  
b u n d l e s  a l s o  sh o w  h y s t e r e s i s  o f  t h e  f o r c e - p C a  r e l a t i o n  
( C a - s e n s i t i v i t y  o f  som e m u s c l e s  i s  i n c r e a s e d  a f t e r  m a x im a l  
s t i m u l a t i o n ;  E .B .  R id g w a y  e t  a l .  ( 1 9 8 3 )  S c i e n c e  2 1 9 : 1 0 7 5 ) ;  
d e t e r g e n t  s k i n n e d  b u n d l e s  do  n o t  sh o w  h y s t e r e s i s .

T h e  i n c r e a s e  i n  s e n s i t i v i t y  i s  d e p e n d e n t  on  t h e  p r e s e n c e  
o f  m e m b r a n e s ;  we c o n s i d e r  2 p o s s i b l e  r o l e s  f o r  m e m b ra n e s :  
t h e  r e s p o n s i b l e  f a c t o r  i s  e i t h e r  ( i )  a n  i n t e g r a l  p a r t  o f  a  
m e m b ran e  o r  ( i i )  s o l u b l e ,  b u t  u n a b l e  t o  d i f f u s e  o u t  o f  t h e  
b u n d l e  b e c a u s e  i t  i s  l a r g e  r e l a t i v e  t o  t h e  s m a l l  l e s i o n s  
c a u s e d  b y  EDTA s k i n n i n g .  Some o f  t h e  d i f f e r e n c e s  b e tw e e n  
EDTA a n d  d e t e r g e n t  s k in n e d  b u n d l e s  m ay b e  e x p l a i n e d  b y  t h i s  
l o w e r  p e r m e a b i l i t y ;  i n t a c t  C a - r e l e a s i n g / s e q u e s t e r i n g  
s t r u c t u r e s  ( o n l y  i n  t h e  EDTA s k i n n e d  b u n d l e s )  m ay o v e rc o m e  
t h e  10mM EGTA C a - b u f f e r .

We c o n c l u d e  t h a t  cAMP c o n t r o l s  r e l a x a t i o n  o f  " l i g h t l y "  
s k i n n e d  ABRM b u n d l e s  b y  d e c r e a s i n g  t h e  C a - s e n s i t i v i t y  o f  t h e  
c o n t r a c t i l e  f i l a m e n t s ;  i t  i s  p r o b a b l e  t h a t  
C a - s e q u e s t e r i n g / r e l e a s e  i s  a l s o  a l t e r e d  b y  cAMP. The 
p r e s e n c e  o f  a  f a c t o r  w h ic h  i n c r e a s e s  C a - s e n s i t i v i t y  i s  
s u g g e s t e d ;  i t  i s  p r o b a b l y  c o n t r o l l e d  b y  Ca++.  T h e s e  
m e c h a n i s m s ,  a l t h o u t h  n o t  u n d e r s t o o d  i n  c o m p l e t e  d e t a i l ,  
c o u l d  b e  r e s p o n s i b l e  f o r  c o n t r o l  o f  c a t c h  i n  t h e  i n t a c t  
m u s c l e .

S u p p o r t e d  i n  p a r t  by  a  USC P r e - d o c t o r a l  F e l l o w s h i p  a n d  a  
G r a n t - i n - A i d  o f  R e s e a r c h  f ro m  S ig m a  X i ,  t h e  R e s e a r c h  
S o c i e t y .

227.2  CALCIUM S EN SIT IVIT Y OF MUSCLE FIBERS FROM TWO PREDOMINANTLY 
SLOW-TWITCH RAT MUSCLES.  B . L .  L a s z e w s k i .  D e p t .  P h y s i o l o g y  
a n d  B i o p h y s i c s ,  S J - 4 0 ,  U n i v e r s i t y  o f  W a s h i n g t o n ,  S e a t t l e ,  
WA 9 8 1 9 5

H i s t o c h e m i c a l  a n a l y s i s  o f  m u s c l e  f i b e r s  o f t e n  c o r r e l a t e s  
w i t h  t h e  p h y s i o l o g i c a l  p r o p e r t i e s  o f  t h e  m u s c l e  f i b e r s .  F o r  
e x a m p l e ,  m o s t  f i b e r s  f r o m  t h e  r a t  e x t e n s o r  d i g i t o r u m  l o n g u s  
(EDL) m u s c l e  h a v e  h i g h  m y o s i n  A T P a s e  a c t i v i t y  ( d e t e r m i n e d  
h i s t o c h e m i c a l l y ) , b r i e f  c o n t r a c t i o n  t i m e s ,  a n d  l o w  Ca s e n 
s i t i v i t y .  On t h e  o t h e r  h a n d ,  m u s c l e  f i b e r s  f r o m  t h e  r a t  
s o l e u s  m u s c l e ,  w h i c h  h i s t o c h e m i c a l l y  sh o w  l o w e r  A T P a s e  a c t i 
v i t y ,  h a v e  l o w  maximum s h o r t e n i n g  v e l o c i t i e s  a s  w e l l  a s  h i g h  
Ca s e n s i t i v i t y .  H o w e v e r ,  t h e r e  i s  n o t  a l w a y s  a  o n e - t o - o n e  
c o r r e l a t i o n  b e t w e e n  t h e  h i s t o c h e m i c a l  f i n d i n g s  a n d  Ca s e n s i 
t i v i t y  a s  sh o w n  b y  Zeman a n d  Wood ( J .  H i s t o c h e m .  C y t o c h e m .  
2 8 : 7 1 4 - 1 6 ,  1 9 8 0 )  w h e r e  b o t h  t h e  f a s t  f i b e r s  a n d  t h e  f e w  s l o w  
f i b e r s  ( d e t e r m i n e d  h i s t o c h e m i c a l l y )  f o u n d  i n  t h e  p r e d o m i 
n a n t l y  f a s t - t w i t c h  EDL s h o w e d  l o w e r  Ca s e n s i t i v i t y  t h a n  s l o w  
f i b e r s  f r o m  t h e  p r e d o m i n a n t l y  s l o w  s o l e u s  m u s c l e  ( i n  t h e  
r a t ) .

T h i s  f i n d i n g  r a i s e s  t h e  f o l l o w i n g  q u e s t i o n :  A r e  t h e  
f i b e r s  f r o m  t h e  s o l e u s  m u s c l e  u n i q u e ,  o r  do  f i b e r s  f r o m  
o t h e r  m u s c l e s  a l s o  sh o w  h i g h  Ca s e n s i t i v i t y  a s  c o m p a r e d  w i t h  
f a s t  f i b e r s  o r  s l o w  f i b e r s  f r o m  t h e  EDL?

To a n s w e r  t h i s  q u e s t i o n ,  I l o o k e d  a t  t h e  Ca s e n s i t i v i t y  
o f  i s o l a t e d ,  c h e m i c a l l y - s k i n n e d  s i n g l e  f i b e r s  f r o m  t h e  
p r e d o m i n a n t l y  s l o w - t w i t c h  r a t  a d d u c t o r  l o n g u s  ( 88% SO, 12% 
FOG) a n d  s o l e u s  m u s c l e s  (84% SO , 16% FOG [ A r i a n o  e t  a l  , J . 
H i s t o c h e m .  C y t o c h e m . 21: 5 1 - 5 5 ,  1 9 7 3 ] ) .  W h o le  m u s c l e s  w e r e  
s k i n n e d  f o r  1 t o  2  d a y s  i n  5 mM EGTA s o l u t i o n ;  s i n g l e  
f i b e r s  w e r e  i s o l a t e d  a n d  a t t a c h e d  t o  h o o k s  c o n n e c t e d  t o  a 
f o r c e  t r a n s d u c e r .  T e n s i o n  w a s  r e c o r d e d  w h i l e  b a t h i n g  t h e  
f i b e r  i n  v a r i o u s  Ca c o n c e n t r a t i o n s .  S o l u t i o n s  w e r e  b u f f e r e d  
w i t h  EGTA r e s u l t i n g  i n  f r e e  [ C a + + ] r a n g i n g  f r o m  1 0 - 8 M t o  
1 0 - 4 M ( p C a =8 t o  4 ) .  B o t h  t h e  s o l e u s  a n d  a d d u c t o r  l o n g u s  
m u s c l e  f i b e r s  h a d  t h e  s a m e  p e r c e n t  maximum f o r c e  p r o d u c t i o n  
a t  e v e r y  Ca c o n c e n t r a t i o n  s t u d i e d .  T h e  Ca t h r e s h o l d  (p C a ≈ 
6 . 4 ) ,  H i l l  f i t  ( p K = 6 . 0 8 ,  n = 2 . 2 )  a n d  maximum f o r c e  d e v e l o p 
m e n t  ( a t  p C a ≈ 5 . 2 )  w a s  i d e n t i c a l  f o r  b o t h  m u s c l e  f i b e r s .

T h e r e f o r e ,  m u s c l e  f i b e r s  f r o m  t h e  s o l e u s  m u s c l e  a r e  n o t  
u n i q u e ,  b u t  h a v e  Ca s e n s i t i v i t i e s  s i m i l a r  t o  a n o t h e r  p r e 
d o m i n a n t l y  s l o w - t w i t c h  m u s c l e ,  t h e  a d d u c t o r  l o n g u s .  T h e s e  
r e s u l t s  do  n o t ,  h o w e v e r ,  a n s w e r  t h e  q u e s t i o n  o f  w h e t h e r  o r  
n o t  s l o w  f i b e r s  f r o m  m i x e d  m u s c l e s  h a v e  d i f f e r e n t  Ca s e n s i 
t i v i t i e s  c o m p a r e d  w i t h  s l o w  f i b e r s  f r o m  p r e d o m i n a n t l y  s l o w  
m u s c l e s .  E x p e r i m e n t s  t o  a n s w e r  t h i s  q u e s t i o n  a r e  u n d e r w a y .   
S u p p o r t e d  by  USPHS g r a n t s  GM07108 a n d  N S 1 6 6 9 6 .
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227.3  CALCIUM PARADOX IN  SKELETAL MUSCLES: PHYSIOLOGICAL 
OBSERVATIONS  M. S o z a ,*  G. K a r p a t i ,  S . C a r p e n t e r *  M o n t r e a l  
N e u r o l o g i c a l  I n s t i t u t e ,  M o n t r e a l ,  Q u e b e c  C a n a d a  H3A 2B4

A m a j o r  r e d u c t i o n  o f  e x t r a c e l l u l a r  Ca2+ c o n c e n t r a t i o n  f o r  
a  b r i e f  p e r i o d  d e p r i v e s  t h e  s a r c o le m m a  of i t s  n o r m a l  a b i l i t y  
t o  p r e v e n t  a  m a s s i v e  l e t h a l  i n f l u x  o f  Ca2 +  i n t o  m u s c le  f i b e r s  
w h en  n o r m a l  e x t r a c e l l u l a r  Ca2+ c o n c e n t r a t i o n  i s  s u b s e q u e n t l y  
r e s t o r e d .  T h i s  p h e n o m e n o n , c a l l e d  c a l c i u m  p a r a d o x  ( C P ) ,  w as 
f i r s t  d e t e c t e d  i n  c a r d i a c  m u s c l e .  We h a v e  p r o d u c e d  CP i n  
s k e l e t a l  m u s c l e s .  R a t  h e m id ia p h r a g m s  w e r e  r e m o v e d  a n d  p l a c e d  
i n  Ca2+ - f r e e ,  o x y g e n a t e d ,  3 7 °C  K r e b s ’ s o l u t i o n  (K S) c o n t a i n 
i n g  15mM e d e t i c  a c i d  (EDTA) f o r  15  m i n u t e s  ( p h a s e  1 )  a n d  
t h e n  i n t o  r e g u l a r  KS f o r  2 0  m i n u t e s  ( p h a s e  2 ) .  M i c r o s c o p i c  
e x a m i n a t i o n  a f t e r  p h a s e  1 sh o w s  s e p a r a t i o n  o f  b a s a l  l a m i n a  
f r o m  p l a s m a  m e m b ra n e  o f  m u s c l e  f i b e r s .  D u r i n g  p h a s e  2 ,  n e c r o 
s i s  o f  m u s c l e  f i b e r s  s e t s  i n .  I s o m e t r i c  t e n s i o n  o f  c u r a r i z e d  
h e m id ia p h r a g m s  w a s  r e c o r d e d  i n  v i t r o  a t  37° C d u r i n g  p h a s e  1 
a n d  2 o f  CP . I n  o u r  e x p e r i m e n t s ,  m axim um  t w i t c h  t e n s i o n  t o  
s u p r a m a x im a l  s t i m u l i  a t  0 .2 H z  i n  r e g u l a r  KS i s  s t a b l e  f o r  
l o n g  p e r i o d s .  U pon  p l a c i n g  t h e  m u s c l e  i n  Ca2+ - f r e e  KS w i t h  
15mM EDTA, a  m a r k e d  t r a n s i e n t  (2  m in )  c o n t r a c t u r e  d e v e l o p e d ,  
a s s o c i a t e d  w i t h  c o n c o m i t a n t  t e m p o r a r y  (1  m in )  p o t e n t i a t i o n  
o f  t w i t c h  t e n s i o n .  A f t e r  t h i s ,  t h e  t w i t c h  t e n s i o n  r a p i d l y  d e 
c l i n e d  a n d  w a s  l o s t  w i t h i n  5 m i n u t e s .  T h e  r e s t i n g  t e n s i o n  
r e m a in e d  s t a b l e  n e a r  c o n t r o l  l e v e l s .  A f t e r  15  m i n u t e s ,  t h e  
KS w i t h  EDTA w a s  re m o v e d  a n d  r e g u l a r  KS r e p l a c e d .  W i t h i n  2 
m i n u t e s ,  a  s t e a d y  m a r k e d  a n d  s u s t a i n e d  r i s e  o f  t e n s i o n  ( c o n 
t r a c t u r e )  d e v e l o p e d ,  w h i l e  t h e  t w i t c h  r e s p o n s e  d i d  n o t  r e t u r n  
D a n t r o l e n e  s o d iu m  ( 1mM) o r  KCl  (50mM) a b o l i s h e d  t h e  c o n t r a c 
t u r e  a n d  t w i t c h  p o t e n t i o n  o f  p h a s e  1 , b u t  n o t  t h e  c o n t r a c t u r e  
o f  p h a s e  2 .  V e r a p a m i l  (50µM ) a b o l i s h e d  t h e  c o n t r a c t u r e  o f  
b o t h  p h a s e  1 a n d  p h a s e  2 .  15mM C a 2+ EDTA, i n  r e g u l a r  KS, 
c a u s e d  n o  p h y s i o l o g i c a l  o r  m i c r o s c o p i c  c h a n g e s  o f  p h a s e  1 a n d  
s u b s e q u e n t l y ,  r e g u l a r  KS p r o d u c e d  n o  m i c r o s c o p i c  o r  p h y s i o 
l o g i c  c h a n g e s  o f  p h a s e  2 .

D u r i n g  p h a s e  1 ,  p r e s u m e d  d e p l e t i o n  o f  Ca2+ f r o m  t h e  s a r c o -  
l e mma c a u s e s  i t s  d e p o l a r i z a t i o n .  D e p l e t i o n  o f  s a r c o l e m m a l  
Ca2+ ( a n d  p o s s i b l y  som e c a l c i u m  b i n d i n g  m o l e c u l e s )  a l s o  l e a d s  
t o  i r r e v e r s i b l e  d a m a g e  t o  v e r a p a m i l - s e n s i t i v e  s a r c o l e m m a l  
c a l c i u m  c h a n n e l s .  U n im p e d e d  C a2+ i n f l u x  f ro m  t h e  e x t r a c e l 
l u l a r  s p a c e  d u r i n g  p h a s e  2 t r i g g e r s  i n t r a c e l l u l a r  d e s t r u c t i v e  
p r o c e s s e s  l e a d i n g  t o  n e c r o s i s  a n d  s u s t a i n e d  c o n t r a c t u r e  o f  
m u s c l e  f i b e r s .

CP i s  a  c o n v e n i e n t  mo d e l  f o r  t h e  s t u d y  o f  s a r c o l e m m a l  
c a l c i u m  c h a n n e l s  a n d  Ca2+ i n d u c e d  s k e l e t a l  m u s c l e  c e l l  
d e a t h .

227.4  ACETYLCHOLINESTERASE MOLECULAR FORMS IN MOUSE DIAPHRAGM.
K.A .  S k a u ,  U n i v .  o f  C i n c i n n a t i  C o l l e g e  o f  P h a r m a c y ,  
C i n c i n n a t i ,  OH 4 5 2 6 7 .

T h r e e  m a j o r  m o l e c u l a r  f o r m s  o f  a c e t y l c h o l i n e s t e r a s e  (AChE) 
a r e  known t o  e x i s t  i n  r a t  a n d  m o u s e  d i a p h r a g m  (HD) m u s c l e .  
H o w e v e r ,  so m e s t r a i n s  o f  m i c e  h a v e  o n l y  t w o  m a j o r  p e a k s  o f  
a c t i v i t y .  To f u r t h e r  i n v e s t i g a t e  t h i s  p h e n o m e n o n ,  c h a r a c 
t e r i s t i c s  o f  d i a p h r a g m  AChE w e r e  e x a m i n e d  i n  d i f f e r e n t  
m o u s e  s t r a i n s .  Two i n b r e d  s t r a i n s  o f  m i c e  a n d  t h e  FI h y b r i d  
g e n e r a t i o n  o f  t h e s e  s t r a i n s  w e r e  s t u d i e d .  AChE m o l e c u l a r  
f o r m s  w e r e  s o l u b i l i z e d  i n  a h i g h  i o n i c  s t r e n g t h  b u f f e r  w i t h  
d e t e r g e n t  a n d  s e p a r a t e d  on  5 - 2 0 %  s u c r o s e  d e n s i t y  g r a d i e n t s .  
Enzym e a c t i v i t y  w a s  d e t e r m i n e d  by  a  r a d i o m e t r i c  a s s a y .  
R e J / 1 2 9  m i c e  e x h i b i t e d  t h r e e  m a j o r  f o r m s  o f  AChE a c t i v i t y  
s e d i m e n t i n g  a t  4S  (G1 ) ,  10 S (G 4) a n d  16S ( A 1 2 ) .  T h e s e  t h r e e  
f o r m s  e x i s t e d  i n  a p p r o x i m a t e l y  e q u a l  p r o p o r t i o n s .  By 
c o n t r a s t ,  C 5 7 B L / 6 J  m i c e  l a c k e d  a  d i s t i n c t  G4 p e a k .  E nzy me 
a c t i v i t y  i n  t h e  r e g i o n  o f  t h e  G4 p e a k  w a s  h i g h e r  t h a n  b a c k 
g r o u n d  a n d  p r o b a b l y  r e f l e c t e d  AChE f r o m  i n t r a m u s c u l a r  
n e r v e s .  I n  a d d i t i o n ,  t h e  Gl f o r m  wa s  e n r i c h e d  i n  t h e s e  
a n i m a l s  a n d  wa s  a p p r o x i m a t e l y  t w i c e  t h e  A12 a c t i v i t y .  T he  
d i s t r i b u t i o n  o f  AChE i n  HD f r o m  R e J / 1 2 9  m i c e  r e s e m b l e d  t h e  
AChE i n  f a s t - t w i t c h  e x t e n s o r  d i g i t o r u m  l o n g u s  m u s c l e  o f  b o t h  
s t r a i n s  w h i l e  t h e  AChE f r o m  HD o f  C 5 7 B L / 6 J  r e s e m b l e d  t h e  
e n z y m e  i n  t h e  s l o w - t w i t c h  s o l e u s .  D i a p h r a g m s  f r o m  t h e  FI 
h y b r i d s  e x h i b i t e d  a n  i n t e r m e d i a t e  p a t t e r n  i n  w h i c h  a  
d i s t i n c t  G4 p e a k  wa s  p r e s e n t  b u t  w a s  s m a l l e r  t h a n  e i t h e r  t h e  
G1 o r  A12 p e a k s .

AChE h a s  b e e n  sh o w n  t o  b e  s e c r e t e d  b y  m u s c l e s  wh en  
c u l t u r e d  f o r  s h o r t  p e r i o d s  o f  t i m e  a f t e r  e x c i s i o n .
D i a p h r a g m s  w e r e  c u l t u r e d  i n  o x y g e n a t e d  H e p e s  b u f f e r  a n d  t h e  
m e d iu m  wa s  a s s a y e d  f o r  AChE m o l e c u l a r  f o r m s .  B o th  R e J / 1 2 9  
a n d  C 5 7 B L / 6 J  d i a p h r a g m s  s e c r e t e d  a  l a r g e  G4 a n d  s m a l l e r  G1 
AChE p e a k .  A v e r y  s m a l l  A12 pe a k,  wa s  a l s o  e v i d e n t .

T he  f a c t o r s  r e g u l a t i n g  t h e  d i s t r i b u t i o n  o f  t h e  AChE m o l e 
c u l a r  f o r m s  a r e  n o t  w e l l  d e f i n e d  b u t  may i n v o l v e  m u s c l e  
a c t i v i t y  a n d  n e u r o n a l  t r o p h i c  f a c t o r s .  T he  r e s u l t s  p r e s e n 
t e d  h e r e  i n d i c a t e  t h a t  d i f f e r e n t  s t r a i n s  o f  m i c e  e x h i b i t  
d i f f e r e n t  p a t t e r n s  o f  AChE i n  d i a p h r a g m s  a n d  t h a t  t h i s  
d i s t r i b u t i o n  i s  g e n e t i c a l l y  c o n t r o l l e d .  I t  r e m a i n s  t o  b e  
d e t e r m i n e d  w h e t h e r  t h e  d i a p h r a g m  f i b e r  t y p e s  o r  m u s c l e  
a c t i v i t i e s  d i f f e r  i n  t h e s e  t w o  s t r a i n s .  H o w e v e r ,  t h e  u s e  o f  
t h e s e  d i f f e r e n t  s t r a i n s  r e p r e s e n t s  a  m o d e l  s y s t e m  f o r  
s t u d y i n g  t h e  m e m b r a n e - b o u n d  G4 e n z y m e  c h a r a c t e r i s t i c s .

2 2 7 .5  THE HUMAN NEUROMUSCULAR JUNCTION IS  STAINED BY MONOCLONAL 
ANTIBODIES FROM TORPEDO CHOLINERGIC SYNAPTOSOMES.
E . B j o r n s k o v * ,  D .T .  S t e p h e n s o n * ,  E . D e n y s * ,  a n d  
P .D .  K u s h n e r  (SPO N : B . T w a ro g )   ALS a n d  N e u r o m u s c u la r  
R e s e a r c h  F o u n d a t i o n ,  P a c i f i c  M e d ic a l  C e n t e r ,  S a n  F r a n c i s c o ,  
CA. 9 4 1 1 5

T e n  m ic r o n  t h i c k  f r o z e n  s e c t i o n s  w e r e  c u t  f r o m  hum an  
i n t e r c o s t a l  m u s c l e  t a k e n  f ro m  b i o p s y  m a t e r i a l .  T h i s  
m u s c l e  w a s  c h o s e n  b e c a u s e  o f  i t s  h i g h  d e n s i t y  o f  i n n e r v a 
t i o n .  T h e  j u n c t i o n a l  s i t e  w a s  l o c a l i z e d  b y  m e a n s  o f  r h o d a 
m in e  c o n j u g a t e d  t o  α - b u n g a r o t o x i n .  T h e  m o n o c lo n a l  a n t i 
b o d i e s  w e r e  f ro m  a  l i b r a r y  p r e p a r e d  u s i n g  t h e  T o r p e d o  r a y  
c h o l i n e r g i c  s y n a p to s o m e  a s  im m u n o g e n  ( K u s h n e r ,  J .N e u r o c h e m .  
4 3 , 1 9 8 4 ) .  T h e  a n t i b o d y  w a s  l o c a l i z e d  w i t h  f l u o r e s c e i n  
l a b e l e d  a n t i - m o u s e  im m u n o g lo b u l in .

On f r o z e n  s e c t i o n s  o f  h um an  i n t e r c o s t a l  m u s c l e ,  21  o f  
t h e  1 4 1  T o r p e d o  m o n o c l o n a l  a n t i b o d i e s  (M ab) t e s t e d  b o u n d  
t o  d i f f e r e n t  c o m p o n e n ts  o f  t h e  m u s c l e ,  n e r v e  a n d  b l o o d  
v e s s e l .  A w id e  d i v e r s i t y  o f  s t a i n i n g  p a t t e r n s  w a s  o b s e r v e d .  
We h a v e  c a t e g o r i z e d  th e m  i n t o  f i v e  g e n e r a l  g r o u p s  b a s e d  
u p o n  t h e i r  s i t e  o f  i m m u n o l o c a l i z a t i o n .

F o u r  M a b 's  b o u n d  t h e  m y o te n d e n o u s  j u n c t i o n  ( T o r  7 7 ,  T o r  
8 1 ,  T o r  1 4 0 ,  T o r  1 7 7 ) ;  tw o  M a b 's  b o u n d  t h e  s a r c o p l a s m  
( T o r  2 ,  T o r  9 1 ) ;  o n e  Mab b o u n d  p r e c i s e l y  t h e  e n d p l a t e  
r e g i o n  o f  t h e  m u s c l e  f i b e r  ( T o r  2 4 4 ) ;  t w e l v e  M ab’ s  b o u n d  
t h e  p e r i p h e r a l  n e r v e  ( T o r  2 3 ,  T o r  2 5 ,  T o r  5 8 ,  T o r  7 5 ,  T o r  
1 0 3 ,  T o r  1 3 2 ,  T o r  1 4 5 ,  T o r  1 9 0 ,  T o r  2 0 1 ,  T o r  2 1 9 ,  T o r  2 3 2 ,  
T o r  2 3 3 ) ;  a n d  s i x  M a b 's  b o u n d  b l o o d  v e s s e l s  ( T o r  1 9 ,  T o r  
1 2 7 ,  T o r  1 7 7 ,  T o r  1 9 0 ,  T o r  2 0 1 ,  T o r  2 3 2 ) .

T h e r e  w a s  som e o v e r l a p  o f  s t a i n i n g  b e tw e e n  t h e  d i f f e r e n t  
g r o u p s .  T h r e e  o f  t h e  M a b 's  h a d  r e a c t i v e  s i t e s  i n  b o t h  
t h e  n e r v e  t i s s u e  a n d  t h e  b l o o d  v e s s e l  ( T o r  1 9 0 ,  T o r  2 0 1 ,  
T o r  2 3 2 ) ;  o n e  Mab s h a r e d  a n t i g e n i c  d e t e r m i n a n t s  f o r  t h e  
m y o te n d e n o u s  j u n c t i o n  a n d  t h e  b l o o d  v e s s e l s  ( T o r  1 7 7 ) .

W i t h i n  e a c h  o f  t h e  f i v e  c a t e g o r i e s ,  s t a i n i n g  v a r i a t i o n s  
b e tw e e n  t h e  d i f f e r e n t  a n t i b o d i e s  w e r e  o b s e r v e d .  We p r e s u m e  
t h e s e  v a r i a t i o n s  r e f l e c t  t h e  d i f f e r e n t  m o l e c u l e s  c o m p r i s i n g  
e a c h  t i s s u e  g r o u p .  M o n o c lo n a l  a n t i b o d i e s  c o m p le m e n t  t r a 
d i t i o n a l  c y t o c h e m i c a l  t e c h n i q u e s  i n  e x a m i n in g  t h e  c e l l u l a r  
a n d  m o l e c u l a r  c o m p o n e n ts  o f  t h e  hu m an  n e u r o m u s c u la r  
j u n c t i o n .

227. 6  C21A, MOLECULAR FORMS OF ACHE, DENERVATION AND 
DYSTROPHY OF THE CHICKEN.  B.W. W i l s o n .  P . S .  
N i e b e r g *  and R.K. E n t r i k i n .   A v ia n  S c i e n c e s ,  
U n i v e r s i t y  o f  C a l i f o r n i a ,  D a v is  CA 95616 .

T h r e e  m a jo r  m o l e c u l a r  f o r m s  o f  AChE a r e  fo u n d  
i n  c h i c k e n  f a s t  t w i t c h  m u s c l e s .  Two s m a l l  (4  and  7 
S) g l o b u l a r  fo r m s  d i s a p p e a r  a f t e r  h a t c h i n g  i n  
n o r m a l ,  a r e  r e t a i n e d  i n  d y s t r o p h i c  and r e a p p e a r  i n  
d e n e r v a t e d  m u s c l e s .  A 20S a s y m m e t r i c  fo rm  i s  
r e t a i n e d  i n  n o rm a l  and d y s t r o p h i c ,  b u t  l o s t  f rom  
d e n e r v a t e d  m u s c l e s .  We h a v e  shown p r e v i o u s l y  t h a t  
a g e n t s  s u c h  a s  c o r t i c o s t e r o i d  2 1 - a c e t a t e  (C21A) 
l o w e r  AChE l e v e l s  i n  d y s t r o p h i c  c h i c k e n s .  
E x p e r i m e n t s  r e p o r t e d  h e r e  ex am in e  w h e t h e r  C21A 
a f f e c t s  t h e  p a t t e r n s  o f  t h e  AChE f o r m s .

Day o ld  d y s t r o p h i c  c h i c k s  w e re  i n j e c t e d  d a i l y  
f o r  5 w eeks  w i t h  10mg/kg C21A. The b i c e p s  m u s c l e s  
w e re  d e n e r v a t e d  i n  4 -  7 week o l d  a n e s t h e t i z e d  
n o rm a l  c h i c k e n s ,  and  t h e  b i r d s  i n j e c t e d  d a i l y  f o r  
1 2 -1 4  d ay s  w i t h  1 0 - 2 0  mg/kg C21A i . p .  A f t e r  
s a c r i f i c e ,  f r o z e n  s e c t i o n s  o f  t h e  m u s c l e s  w ere  
exam in ed  f o r  s i z e  and AChE and d e t e r g e n t  e x t r a c t s  
w e re  l a y e r e d  o n to  5 - 2 0  % s u c r o s e  g r a d i e n t s  and 
c e n t r i f u g e d  a t  1 5 0 , 0 0 0  xg  t o  s e p a r a t e  t h e  AChE 
f o r m s .

C21A t r e a t e d  d y s t r o p h i c  m u s c l e s  c o n s i s t e n t l y  
showed l e s s  t o t a l  AChE t h a n  t h e i r  u n t r e a t e d  
c o u n t e r p a r t s ,  b u t  more  t h a n  n o rm a l  c o n t r o l s .  AChE 
fo r m s  w e re  s i m i l a r l y  a f f e c t e d .  F o r  e x a m p le ,  
r e l a t i v e  mean AChE a c t i v i t i e s  (4  b i r d s )  o f  
u n t r e a t e d  d y s t r o p h i c  m u s c l e s  w ere  ( 5 - 7 S ) :  27;  
( 1 1 S ) :  4 - 9 ;  ( 2 0 S ) :  1 1 . 8  and t h o s e  f o r  t r e a t e d  
d y s t r o p h i c  m u s c l e s  w e re  ( 5 - 7 S ) :  5 . 7 ;  ( 1 1 S ) :  2 . 0 ;  
( 2 0 S ) :  3 . 9 .  D e n e r v a t e d  n o rm a l  m u s c l e s  had h i g h e r  
AChE l e v e l s  t h a n  i n n e r v a t e d  c o n t r o l s  r e g a r d l e s s  o f  
d r u g  t r e a t m e n t .  H ow ever ,  e x t r a j u n c t i o n a l  a c t i v i t y  
and low  m o l e c u l a r  w e i g h t  fo r m s  o f  AChE w e re  
r e d u c e d  i n  d e n e r v a t e d  m u s c l e s  f rom  C21A t r e a t e d  
b i r d s .  20S AChE fo r m s  w e re  n o t  m a i n t a i n e d  i n  C21A 
t r e a t e d  d e n e r v a t e d  m u s c l e .

The r e s u l t s  s u g g e s t  C21A r e d u c e s  some e f f e c t s  
o f  d e n e r v a t i o n  and d y s t r o p h y  on  t h e  l o c a l i z a t i o n  
and  e x p r e s s i o n  o f  AChE fo r m s  i n  f a s t  c h i c k e n  
m u s c l e .   ( S u p p o r t e d  i n  p a r t  by  t h e  NIH, MDA and 
NIHR. D r .  Y. I s h i k a w a ,  C h ib a  U n i v e r s i t y ,  J a p a n  
a s s i s t e d  i n  t h e  d e n e r v a t i o n  e x p e r i m e n t s . )
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2 2 7 .7  THE RELATIONSHIP OF GLUCOCORTICOI D-INDUCED ALTERATION IN 
ACTIVITY AND MUSCLE WASTING IN THE RAT.  R . L .  R u f f ,  D e p t.  
o f  P h y s i o l o g y  B i o p h y s i c s  a n d  M e d i c i n e  ( N e u r o l o g y ) , U n i v .  o f  
W a s h i n g t o n ,  S e a t t l e ,  WA 9 8 1 9 5 .

G l u c o c o r t i c o i d  t r e a t m e n t  c a n  m o d i f y  t h e  p e r f o r m a n c e  o f  
r a t s  i n  c e r t a i n  b e h a v i o r a l  t a s k s  ( M i c c o ,  D . J . ,  McE wen,  B . S .  
J .  Comp.  P h y s i o l .  P s y c h o . 9 4 : 6 2 4 - 6 3 3 ,  1 9 8 0 ) .  I t  i s  t h u s  
c o n c e i v a b l e  t h a t  g l u c o c o r t i c o i d  t r e a t m e n t  c o u l d  s u p p r e s s  
n o r m a l  s p o n t a n e o u s  a c t i v i t y  a n d  t h a t  m u s c l e  w a s t i n g  c o u l d  
b e  p a r t i a l l y  d u e  t o  d i s u s e .

T h e  e f f e c t  o f  g l u c o c o r t i c o i d  t r e a t m e n t  o n  a m b u l a t o r y  a n d  
s t e r e o t y p i c  ( g r o o m i n g  a n d  r e a r i n g )  a c t i v i t i e s  w e r e  r e c o r d e d  
i n  2 0  m a l e  S p r a g u e - D a r l e y  r a t s  ( 3 0 0 g )  u s i n g  a  d i g i s c a n  
a c t i v i t y  m o n i t o r  ( O m i c r o n  I n s t r u m e n t s ) .  T h e  r a t s  w e r e  
a c c l i m a t e d  t o  t h e  a c t i v i t y  m o n i t o r s  f o r  s e v e r a l  d a y s  a n d  
t h e n  b a s e l i n e  a c t i v i t y  d a t a  w a s  r e c o r d e d  f r o m  e a c h  a n i m a l  
d u r i n g  f o u r  15  m i n u t e  p e r i o d s  ( t w o  r e c o r d i n g  p e r i o d s  d u r i n g  
t h e  12 h o u r  d a r k  d i u r n a l  c y c l e  a n d  tw o  p e r i o d s  d u r i n g  t h e  
12 h o u r  l i g h t  c y c l e )  d a i l y  f o r  5 d a y s .  T h e n  t h e  a n i m a l s  
w e r e  r a n d o m l y  d i v i d e d  i n t o  tw o  g r o u p s  o f  t e n  a n i m a l s  e a c h .  
One g r o u p  r e c e i v e d  d e x a m e t h a s o n e  1 . 5  m g / k g / d a y .  T h e  s e c o n d  
g r o u p  r e c e i v e d  a n  e q u i v a l e n t  a m o u n t  o f  s a l i n e  s u b 
c u t a n e o u s l y .  T h e  a n i m a l s  w e r e  t h e n  s t u d i e d  f o r  a n  
a d d i t i o n a l  2 8  d a y s  a f t e r  t r e a t m e n t  s t a r t e d .

D e x a m e t h a s o n e  t r e a t e d  a n i m a l s  s h o w e d  a  s i g n i f i c a n t  
i n c r e a s e  i n  b o t h  a m b u l a t o r y  a n d  s t e r e o t y p i c  a c t i v i t y  i n  t h e  
l i g h t  p e r i o d  d u r i n g  t h e  i n i t i a l  14  d a y s  o f  t r e a t m e n t .  T h e r e  
w a s  a l s o  a  s l i g h t  n o n - s i g n i f i c a n t  i n c r e a s e  i n  d a r k -  
a s s o c i a t e d  a m b u l a t o r y  a n d  s t e r e o t y p i c  b e h a v i o r .  On t h i s  
r e g i m e n ,  s i g n i f i c a n t  m u s c l e  a t r o p h y  a n d  r e d u c e d  f o r c e  
g e n e r a t i n g  c a p a c i t y  a r e  p r e s e n t  a f t e r  14  d a y s  o f  t r e a t m e n t  
( R u f f ,  R . L .  e t  a l .  Am. J .  P h y s i o l . 2 43 : E 5 1 2 - E 5 2 1  , 1 9 8 2 ) .  
A f t e r  24 d a y s ,  d e x a m e t h a s o n e  t r e a t e d  r a t s  s h o w e d  l e s s  d a r k  
a n d  l i g h t  a s s o c i a t e d  a c t i v i t y  t h a n  c o n t r o l  a n i m a l s .

T h e  d a t a  i n d i c a t e s  t h a t  t h e  i n i t i a l  p h a s e  o f  g l u c o 
c o r t i c o i d - i n d u c e d  m u s c l e  a t r o p h y  i s  n o t  a s s o c i a t e d  w i t h  
r e d u c e d  a c t i v i t y .  H o w e v e r ,  i n a c t i v i t y  may c o n t r i b u t e  t o  
t h e  m u s c l e  a t r o p h y  a s s o c i a t e d  w i t h  p r o l o n g e d  g l u c o c o r t i c o i d  
t r e a t m e n t .   S u p p o r t e d  b y  U . S . P . H . S .  g r a n t s  N S0 0 4 9 8  a n d  
N S 1 6 6 9 6 .

227.8  EFFECTS OF PERCUTANEOUS HIGH-FREQUENCY ELECTRO
STIMULATION ON THE BREAST MUSCULATURE OF NORMAL 
AND DYSTROPHIC CHICKENS.  M . S. H udeck i, C . M. 
Po llina* , C . C . G regorio*, R. R. H effner and A. T.  
C affie ro* . D epartm ents of B io logical S c ie n c es , Pathology 
and P hysical Therapy, S ta te  U niversity  of New York a t  
Buffalo, Buffalo, N . Y. 14260.

Percu taneous h igh -frequency  e le c tr ic a l  s tim u la tion  w as 
app lied  to each  s id e  of the b re a s t m uscu latu re  of normal 
line  412 and g e n e tic a lly  dystroph ic  line 413 c h ic k en s . Be
ginning on day 7 ex ovo up to 90 days ex ovo each  bird re 
ceived  five s tim u la tions  per d a ily  s e s s io n  (3 s e s s io n s  per 
w eek ). A pproxim ately 10 mAmps (2500 Hz s in e  w ave m odu
la ted  a t  50 Hz) w as supp lied  to each  s id e  of the b re a s t  to 
e lic i t  maximum con trac tion  by the E lectrostim  180 (Dual 
C lin ica l M odel, M icrom ed Instrum ents I n c . ,  M on treal, C an 
a d a , d is trib u ted  by N u-M ed , Jo lie t, IL ). Each stim u la tion  
cy c le  w as com posed of 15 s "on" follow ed by 50 s "o ff" , 
and rep ea ted  five  tim es . Effects of e le c tro -s tim u la tio n  on 
the p rog ression  of m uscle  d is e a s e  in the d ystroph ic  ch icken  
w as m onitored by a regu larly  adm in is tered  fu n c tio n a l te s t  for 
righting  a b il i ty ,  and w eek ly  a s s a y s  of plasm a c rea tin e  k i
n ase  a c t iv i t ie s .  At the end of each  tria l the  b re a s t m u scu la 
ture (i. e . , p e c to ra lis  major) w as im m ediately rem oved from 
the birds a fte r d ecap ita tio n  for p ro te in , calcium  and a c e ty l
c h o lin e s te ra se  a n a ly s e s .  Sam ples w ere a lso  fixed and imme
d ia te ly  p ro ce ssed  for m orphom etric and h is to ch em ica l q u an 
ti ta t io n s .  These include: fibe r n e c ro s is , reg en era tio n , v a cu 
o la tio n , inflam m ation, and d iam e te rs , and m etabo lic  fiber 
typ ing . Further on-go ing  s tudy  involves e le c tro -s tim u la tio n  
tr ia ls  in com bination w ith the in trape rito n ea l adm in is tra tion  
of the b ran ch ed -ch a in  am ino ac id s  or p ro te in a se  in h ib ito rs .

This study  w as supported by g ran ts  from the M uscu lar 
D ystrophy A sso c ia tio n , N ationa l In s titu te  of N euro log ica l 
and C om m unicative D isorders  and S troke, and Biom edical 
R esearch  Support G rant to the S ta te  U niversity  of New York 
a t  Buffalo from the U. S. Public H ealth  S e rv ice . The au thors 
thank M r. W illiam  De Vries (P re s . ,  N u-M ed S urg ical C orp .) 
for loan of the E lectrostim  180.

2 2 7.9  BIOMECHANICAL BA SIS FOR THE INCREASED STIFFN ESS OF AVIAN 
DYSTROPHIC MUSCLE.  H . F e l t  a n d  M. K a w a i ,*  D e p a r tm e n t s  o f  
N e u r o lo g y  a n d  C e l l  B i o l o g y ,  U n iv .  T x . H1 t h .  S c i .  C t r . , 
D a l l a s ,  T x 7 5 2 3 5  a n d  D e p a r tm e n t  o f  A n a to m y  a n d  C e l l  
B i o l o g y ,  C o lu m b ia  U n i v e r s i t y ,  N .Y . 1 0 0 3 2

R e s t i n g  t e n s i o n  a n d  s t i f f n e s s  a s  a  f u n c t i o n  o f  m u s c l e  
l e n g t h  w e r e  m e a s u r e d  o n  i s o l a t e d  s m a l l  b u n d l e s  o f  
c h e m i c a l l y  s k i n n e d  m y o f i b e r s  o b t a i n e d  f ro m  n o r m a l  a n d  
d y s t r o p h i c  c h i c k e n  p e c t o r a l  m u s c l e s .  I n  d y s t r o p h i c  
m u s c l e ,  t e n s i o n  r o s e  s t e e p l y  a n d  s t i f f n e s s  w a s  m uch  h i g h e r  
t h a n  n o r m a l .  T h i s  s t i f f n e s s  w a s  n o t  re m o v e d  b y  e x t r a c t i o n  
w i t h  e i t h e r  0 . 6  M K I o r  w i t h  5 M g u a n i d i n e  HCl  m ix e d  w i t h  
1% m e r c a p t o e t h a n o l ,  i m p l y i n g  t h a t  a  l a r g e ,  c o v a l e n t l y  
c r o s s - l i n k e d  p r o t e i n ( s )  u n d e r l i e s  t h e  e x c e s s i v e  s t i f f n e s s  
o f  d y s t r o p h i c  m u s c l e .  E x p o s u r e  t o  c o l l a g e n a s e  d i d  n o t  
a f f e c t  t h e  r e s u l t s .  A d d i t i o n a l  e x p e r i m e n t s  o n  n o r m a l  
t e n d o n  sh o w e d  t h a t  t h e  c o l l a g e n a s e  d i g e s t i o n  c o n d i t i o n s  
w e r e  a d e q u a t e .  N y q u i s t  p l o t s  ( f r e q u e n c y  r e s p o n s e  
f u n c t i o n s  p l o t t e d  i n  e l a s t i c  a n d  v i s c o u s  a x e s )  o b t a i n e d  
f r o m  n o r m a l  a n d  d y s t r o p h i c  m y o f i b e r s  d u r i n g  C a - a c t i v a t e d  
i s o m e t r i c  c o n t r a c t i o n  w e r e  v e r y  s i m i l a r  a n d  c o n t a i n e d  
t h r e e  e x p o n e n t i a l  p r o c e s s e s  c h a r a c t e r i s t i c  o f  f a s t - t w i t c h  
m u s c l e .  T h e  u n a l t e r e d  a p p e a r a n c e  o f  t h e  N y q u i s t  p l o t  o f  
d y s t r o p h i c  m u s c l e  i m p l i e s  t h a t  c r o s s - b r i d g e  f u n c t i o n  i s  
n o r m a l  a n d  t h e  s t i f f n e s s  o f  d y s t r o p h i c  m u s c l e  i s  n o t  a  
c o n s e q u e n c e  o f  a b n o r m a l  o r  r i g o r  c r o s s - b r i d g e  f o r m a t i o n .  
O u r s t u d i e s  a l s o  i n d i c a t e  t h a t  t h e  c h a r a c t e r i s t i c  s lo w in g  
o f  f o r c e  d e v e lo p m e n t  a n d  r e l a x a t i o n  i n  d y s t r o p h i c  m u s c l e  
m ay b e  a  c o n s e q u e n c e  o f  t h e  i n c r e a s e d  r e s t i n g  s t i f f n e s s  
a n d  d o e s  n o t  i n v o l v e  a  f a s t - t o - s l o w  t r a n s f o r m a t i o n  o f  
m u s c l e  t y p e s .  B i o c h e m i c a l  e v i d e n c e  s u g g e s t s  t h a t  t h e  
i n c r e a s e d  s t i f f n e s s  o f  d y s t r o p h i c  m u s c l e  d e p e n d s  o n  a n  
a b n o r m a l  f o r m  o f  c o l l a g e n  w h ic h  i s  c o l l a g e n a s e - i n s e n s i t i v e  
b y  v i r t u e  o f  e x c e s s i v e  c r o s s - l i n k i n g .  T h i s  a b n o r m a l  f o rm  
o f  c o l l a g e n  h a s  b e e n  n a m e d  " d y s t r o p h i n "  b e c a u s e  i t  i s  
p r e s e n t  i n  d y s t r o p h i c  m u s c l e  a n d  a b s e n t  i n  n o r m a l  m u s c l e .  
S im p le  h i s t o l o g i c a l  p r o c e d u r e s  f o r  d e m o n s t r a t i n g  
d y s t r o p h i n  h a v e  b e e n  d e v e lo p e d  a n d  w i l l  b e  a p p l i e d  t o  
h u m an  f o r m s  o f  m u s c u l a r  d y s t r o p h y .  O u r w o r k  s u p p o r t s  t h e  
c o n c e p t  t h a t  m u s c u l a r  d y s t r o p h y  r e p r e s e n t s  a n  a b n o r m a l  
f o r m  o f  f i b r o s i s  r e s u l t i n g  i n  a  m is m a tc h  o f  c o m p l i a n c e  
b e tw e e n  t h e  e x t r a c e l l u l a r  m a t r i x  a n d  t h e  m y o p la s m .

2 2 7 . 1 0   NEUROMUSCULAR DISORDERS: MYOTONIA AND MUSCULAR DYSTROPHY IN 
MICE.  R .K .  E n t r i k i n ,  R . T .  A b r e s c h * ,  D .B .  L a r s o n * ,  N. A.  
L e v i n e * ,  R . B .  S h a r m a n * .  P h y s i c a l  M e d i c i n e  & R e h a b i l i t a t i o n ,  
U n i v e r s i t y  o f  C a l i f o r n i a ,  D a v i s ,  CA 9 5 6 1 6 .

A r e c e s s i v e  n e u r o m u s c u l a r  d i s o r d e r  i n  m i c e ,  " m y o t o n i a , "  
w a s  f i r s t - d e s c r i b e d  by  H e l l e r  e t  a l . , ( J .  N e u r o s c i e n c e  7 :  
9 2 4 - 9 3 3 ,  1 9 8 2 ) .  We h a v e  e s t a b l i s h e d  a  c o l o n y  a n d  b e g u n  
s t u d i e s  t o  f u r t h e r  c h a r a c t e r i z e  a n d  d e t e r m i n e  t h e  b a s i s  o f  
s k e l e t a l  m u s c l e  d y s f u n c t i o n  i n  a f f e c t e d  h o m o z y g o t e s  ( m t o /  
m t o ) . T h e  a n i m a l s  s e e m  n o r m a l  a t  r e s t ,  e x c e p t  f o r  s m a l l e r  
b o d y  s i z e  t h a n  u n a f f e c t e d  l i t t e r m a t e s .  When w a l k i n g  t h e  
f o r e l i m b s  move i n  a n o r m a l  m a n n e r ,  b u t  t h e  h i n d l i m b s  a r e  
e x t e n d e d ,  r e s u l t i n g  i n  a  s t i f f - l e g g e d ,  " w a d d l i n g "  h i n d l i m b  
g a i t .  U n l i k e  t r u e  m y o t o n i a  t h e r e  i s  no  a p p a r e n t  d e c r e a s e  
i n  " s t i f f n e s s "  d u r i n g  r e p e a t e d  m o v e m e n t .  EMG i n s e r t i o n a l  
a c t i v i t y  c o n s i s t s  o f  b i z a r r e  h i g h - f r e q u e n c y  d i s c h a r g e s  t h a t  
l a s t  s e v e r a l  s e c o n d s  a f t e r  c e s s a t i o n  o f  e l e c t r o d e  m o v e m e n t  
i n  a n e s t h e t i z e d  m i c e .  A l t h o u g h  r e m i n i s c e n t  o f  m y o t o n i c  EMG 
a c t i v i t y ,  t h e  m u r i n e  p a t t e r n  d i f f e r s  by  t h e  r e l a t i v e  l a c k  
o f  t y p i c a l  " d i v e - b o m b e r "  d i s c h a r g e s .  I n  v i t r o  c o n t r a c t i l e  
s t u d i e s  w e r e  p e r f o r m e d  on  EDL m u s c l e s  o f  4  m t o / m t o , 4 + / ?  
( u n a f f e c t e d )  l i t t e r m a t e s ,  a n d  3 " d y s t r o p h i c "  ( 1 2 9 B 6 F )  m i c e  
k i l l e d  by  c e r v i c a l  d i s a r t i c u l a t i o n  a t  5 - 8  w e e k s  o f  a g e .  
D y s t r o p h i c  m u s c l e s  h a d  a b n o r m a l i t i e s  o n l y  i n  t e n s i o n  p a r a 
m e t e r s ,  b u t  m t o / m t o  m u s c l e s  h a d  p r o m i n e n t ,  c o n s i s t e n t  a b 
n o r m a l i t i e s  i n  t i m e - p a r a m e t e r s  o f  c o n t r a c t i o n .  F o l l o w i n g  
t e t a n i c  s t i m u l a t i o n  ( 6 7 ,  1 -m s  p u l s e s )  + / ?  m u s c l e s  r a p i d l y  
r e t u r n e d  t o  b a s e l i n e  t e n s i o n  l e v e l s  ( F i g  A ) ,  b u t  m t o / m t o  
m u s c l e s  h a d  g r e a t l y  p r o l o n g e d  r e l a x a t i o n  t i m e s  ( F i g  B ) . 
I n t e r e s t i n g l y ,  t h e  d e l a y e d  r e l a x a t i o n  i n  v i t r o - w a s  r e v e r 
s i b l y  a n t a g o n i z e d  by 1 . 5  x 10- 2 mg /ml t u b o c u r a r i n e  i n  t h e  
b a t h  s o l u t i o n  ( F i g  C ) .  From  t h e s e  s t u d i e s  i t  i s  n o t  c l e a r  
w h e t h e r  t h e  " m y o t o n i c "  m o u s e  i s  a  f o r m  o f  " t r u e "  m y o t o n i a .   
( S u p p o r t e d  by  NIHR G r a n t  G 0 0 8 3 0 0 0 7 8 ) .
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227 .11  COMPUTERIZED QUANTITATION OF EMG ACTIVITY IN THE STUDY OF 
FENTANYL-INDUCED MUSCLE RIGIDITY IN RATS.  G. Polansky* and 
P.D. Thut.  Dept o f Pharmacology, Univ. o f Maryland, Sch. of 
D e n tis try , B altim ore, MD 21201.

I t  has long been observed th a t  morphine and o the r op i
o ids can produce d i s t in c t  m uscular r ig id i ty .  Most s tu d ie s  
o f the  opio id-induced r ig id i ty  a re  based on r e la t iv e ly  
su b jec tiv e  t e s t s  ( i . e .  ranking sca le  from 1 to  5 o f 
observed r i g i d i ty ) .  The measurement o f muscular r ig id i ty  
by electromyography (EMG) and the  q u a n tita tio n  o f the  EMG 
by in te g ra tio n  and computer d ig i t iz a t io n  and sto rage  o ffe rs  
many advantages over previous methods.

For EMG reco rd ings , s ta in le s s  s te e l  w ires a re  su tured  
approxim ately 7 to  10 mm ap ar t in  the  l e f t  sp in a l trap ez iu s  
muscle o f a r a t .  Three s ta in le s s  s te e l  screws are  
im planted in  th e  s k u l l .  One o f the  screws i s  so ldered  to  a 
w ire and a c ts  a s  a ground. The o the r two screws serve as 
anchors fo r  a head p iece to  which a re  a ttach ed  the  
e le c tro d es  and ground. The head p iece i s  secured to  the 
sk u ll w ith d en ta l a c r y l ic .  EMG a c t iv i ty  i s  processed by a 
Gould U niversal A m plifier and a Gould In te g ra to r .  Output 
from the  in te g ra to r  i s  ap p ro p ria te ly  am plified  and then fed 
to  a Mountain Hardware analog to  d ig i ta l  converter which i s  
re s id e n t in  a p e rip h e ra l s lo t  o f an Apple I I  Plus 
microcomputer. A Thunderware c lock , in s ta l le d  in  another 
s lo t ,  i s  used by the  Apple fo r  tim ing o f computer 
co n tro lle d  r e s e ts  o f the  in te g ra to r .  Imm ed ia te ly  preceding 
each in te g ra to r  r e s e t ,  th e  peak in te g ra te d  value i s  
d ig it iz e d  and s to red  in  memory. At the  end o f the  
experim ent, a l l  data a re  s to red  on a 5 -1 /4" floppy d isk . 
The computer i s  used to  perform the necessary c a lc u la tio n s , 
which g re a tly  exped ites  data a n a ly s is . A ll drugs a re  
adm in istered  through an indw elling  ju g u la r  cannula.

The opio id  fen tany l was used to  produce r ig id i ty  and to  
t e s t  th i s  method. Percent change in  the  in te g ra te d  EMG was 
measured over a dose range o f 10 to  79 µ g/kg. A l in e a r  log  
dose-response was observed.

This method o f q u a n ti ta t io n  o f muscular r ig id i ty  i s  le s s  
su b jec tiv e  and th e re fo re  he lp s  e lim in a te  experim ental b ia s  
and allow s b e t te r  comparisons o f r e s u l t s  between 
la b o ra to r ie s .  I t  a lso  may be a more s e n s it iv e  measure of 
the  degree o f r ig id i ty  than o ther methods.

SYMPOSIA SUNDAY AM

2 3 1  SYMPOSIUM: DEVELOPMENT OF CNS FUNCTION IN  UTERO. C . J .  
S h a t z ,    S t a n f o r d  U n i v .  S c h .  o f  M ed . a n d  G .M . S h e p h g r d ,  Y a l e  
U n iv .  S c h .  o f  M e d . ,  ( c h a i r p e r s o n s ) ;  J . C .  B i r n h o l z  ,  R u sh  
M ed . C o l l e g e ;  C .M . M i s t r e t t a ,  U n iv .  o f  M i c h i g a n ;  P . E .  
P e d e r s e n ,  Y a l e  U n i v .  S c h .  o f  M ed .

New e v i d e n c e  s u g g e s t s  t h a t  p a th w a y s  w i t h i n  t h e  
m a m m a lia n  c e n t r a l  n e r v o u s  s y s t e m  (CNS) f u n c t i o n  o r  a r e  
c a p a b l e  o f  f u n c t i o n  l o n g  b e f o r e  b i r t h .  T h i s  sy m p o s iu m  
c o n s i d e r s  f o u r  e x a m p le s  o f  f u n c t i o n  i n  u t e r o . T h e  f i r s t  i s  
t h e  d e v e lo p m e n t  o f  t a s t e  f u n c t i o n  (C .M . M i s t r e t t a ) .
G u s t a t o r y  r e c e p t o r s  a p p e a r  e a r l y  i n  f e t a l  s h e e p ,  a n d  s i n c e  
t h e  f e t u s  p e r i o d i c a l l y  s w a l lo w s  l a r g e  v o lu m e s  o f  a m n i o t i c  
f l u i d ,  p o t e n t i a l  s t i m u l i  a r e  a v a i l a b l e .  I n  v i v o  
m i c r o e l e c t r o d e  r e c o r d i n g s  i n d i c a t e  t h a t  p e r i p h e r a l  t a s t e  
n e r v e s  a n d  t h e  s e c o n d  o r d e r  t a s t e  c e l l s  a r e  f u n c t i o n a l  
t h r o u g h o u t  t h e  l a s t  h a l f  o f  g e s t a t i o n .  H o w e v e r ,  a l t h o u g h  
r e s p o n s e s  t o  s p e c i f i c  t a s t e  s t i m u l i  a r e  p r e s e n t ,  t h e  s y s t e m  
d o e s  n o t  r e s p o n d  i n  a  m a t u r e  m a n n e r  a t  t h e  o n s e t  o f  
f u n c t i o n .  O l f a c t o r y  f u n c t i o n  a l s o  a p p e a r s  t o  b e g i n  i n  
u t e r o ; 1 4 C - 2 - d e o x y - D - g l u c o s e  i n j e c t i o n  i n t o  t h e  p r e g n a n t  r a t  
r e v e a l s  d i f f e r e n t i a l l y  h i g h  u p t a k e  i n  t h e  f e t a l  a c c e s s o r y  
o l f a c t o r y  b u l b s  ( P .E .  P e d e r s e n  a n d  G .M . S h e p h e r d ) .  I n  
a d d i t i o n ,  i n j e c t i o n  o f  o d o r o u s  s u b s t a n c e s  i n t o  t h e  a m n i o t i c  
f l u i d  i n f l u e n c e s  t h e  o d o r  c u e  t o  w h ic h  n e w b o r n s  s u c k l e ,  
d e m o n s t r a t i n g  t h a t  t h e  i n t r a u t e r i n e  e n v i r o n m e n t  i n t e r a c t s  
w i t h  d e v e l o p i n g  o l f a c t o r y  f u n c t i o n .  S t u d i e s  o f  t h e  c a t ' s  
v i s u a l  s y s t e m  ( C . J .  S h a t z )  sh o w  t h a t  f u n c t i o n a l  c o n n e c t i o n s  
a r e  p r e s e n t  b e tw e e n  r e t i n a l  g a n g l i o n  c e l l  a x o n s  a n d  t h e i r  
t a r g e t  t h a l a m i c  n e u r o n s  t h r o u g h o u t  t h e  l a s t  h a l f  o f  
g e s t a t i o n .  M i c r o e l e c t r o d e  r e c o r d i n g s  m ad e  f r o m  t h e  f e t a l  
t h a l a m u s  i n  v i t r o  sh o w  t h a t  t h e  p a t t e r n  o f  s y n a p t i c  a c t i v i t y  
c h a n g e s  p r o g r e s s i v e l y  a s  g a n g l i o n  c e l l  a x o n s  f ro m  t h e  tw o  
e y e s  s o r t  o u t  i n t o  t h e i r  a d u l t  l a y e r s ,  s u g g e s t i n g  t h a t  
f u n c t i o n  i t s e l f  m ay p l a y  a  r o l e  i n  p r o d u c i n g  t h e  f i n a l  a d u l t  
p a t t e r n  o f  c o n n e c t i v i t y .  S t u d i e s  o f  h u m an  f e t a l  d e v e lo p m e n t  
b y  m e a n s  o f  u l t r a s o u n d  ( J . C .  B i r n h o l z )  sh o w  t h a t  a  w id e  
r a n g e  o f  i n d e p e n d e n t  m o to r  p a t t e r n s  i s  p r e s e n t  b y  20 w e e k s  
o f  g e s t a t i o n .  S p o n t a n e o u s  e y e  m o v e m e n ts ,  a n d  b l i n k - s t a r t l e  
r e s p o n s e s  t o  s o u n d  a n d  l i g h t ,  c a n  b e  d e t e c t e d  i n d i c a t i n g  
t h a t  t h e  h u m an  f e t u s  c a n  r e s p o n d  t o  e x t e r n a l  s t i m u l i .  T h e s e  
o b s e r v a t i o n s  d e m o n s t r a t e  t h a t  a  c o n s i d e r a b l e  d e g r e e  o f  CNS 
f u n c t i o n a l  d e v e lo p m e n t  o c c u r s  i n  u t e r o ,  a n d  t h e r e f o r e  t h a t  
so m e  a s p e c t s  o f  t h e  m a m m a lia n  CNS a r e  m o re  m a t u r e  a t  b i r t h  
t h a n  h e r e t o f o r e  s u p p o s e d .  (T h a n k s  t o  A c u s o n  f o r  a  t r a v e l  
g r a n t  f o r  J . C . B . )

232  SYMPOSIUM. MECHANISMS OF TRANSMITTER RELEASE.  J . P .  T r a n b l a y ,  
Univ.  Lava l  ( C h a i r p e r s o n ) ;  C. E r x l e b e n  and M.E.  K r i e b e l ,  S t a t e  
U n iv .  o f  N .Y . ;  S .  Y a z u l l a ,  SUNY; Y. D u n a n t ,   Medical  S c h o o l ,  
Ge nev e,  S u i s s e ;  J .  V a u t r i n  an d J .  M am bri n i ,  Un iv .  P a r i s  X I I ,  
F r a n c e ;  M.M. Po o ,  U n iv .  C a l .  I r v i n e .

The s y m p o s i um w i l l  p r e s e n t  d i f f e r e n t  e x p e r i m e n t a l  r e s u l t s  i n d i 
c a t i n g  t h a t  t h e  n e u r o t r a n s m i t t e r  r e l e a s e  may be q u a n t a l , s u b -  
q u a n t a l  o r  non q u a n t a l .  Some o f  t h e s e  r e s u l t s  may be i n t e r p r e t e d  
w i t h i n  t h e  v e s i c u l a r  t h e o r y ,  o t h e r s  s u g g e s t  non v e s i c u l a r  mecha
n i sm s  o f  r e l e a s e .  Drs  E r x l e b e n  and M.E. K r i e b e l  w i l l  p r e s e n t  t h e  
a m p l i t u d e  d i s t r i b u t i o n s  and t i m e  c h a r a c t e r i s t i c s  o f  m i n i a t u r e  
e n d p l a t e  c u r r e n t s  (MEPCs).  At  - 1 4 0  mV h o l d i n g - p o t e n t i a l  (3 0 °C ;  
25mM C a - s a l i n e )  MEPC a m p l i t u d e  h i s t o g r a m s  showed i n t e g r a l  m u l t i 
p l e  pea ks  w i t h  i n t e r v a l s  o f  0 . 4 4  ± 0 . 0 3 5  nA. Peak i n t e r v a l s ,  b u t  
n o t  t h e i r  num b e r ,  ch a n g e d  w i t h  t e m p e r a t u r e  h o l d i n g  p o t e n t i a l  and 
a f t e r  A C h - e s t e r a s e  b l o c k ,  d e m o n s t r a t i n g  t h a t  t h e  quantum o f  
t r a n s m i t t e r  i s  composed o f  11 s u b u n i t s .  Dr Y a z u l l a  s t u d i e s  t h e  
3H-GABA e f f l u x  from  h o r i z o n t a l  c e l l s  evo ke d i n  s u p e r f u s e d  i s o l a 
t e d  r e t i n a s  b y  a c i d i c  amino a c i d s ,  p o t a s s i u m  and d a r k n e s s .
Evoked 3H-GABA e f f l u x  was v o l t a g e  and sodium d e p e n d e n t ,  c a l c i u m  
i n d e p e n d e n t  and i n h i b i t e d  by n i p e c o t i c  a c i d  and d o p a m in e .  His  
r e s u l t s  s u g g e s t  a  n o n - c o n v e n t i o n a l  mode o f  t r a n s m i t t e r  GABA r e 
l e a s e  b y  g o l d f i s h  h o r i z o n t a l  c e l l s .  Dr Du na nt  r e p o r t s  t h a t  i n  
t h e  To rp ed o  e l e c t r i c  o r g a n ,  t r a n s m i s s i o n  o f  a  s i n g l e  n e r v e  im pu l
s e  i s  a c c om pan ie d  by  a  b r i e f  i n c r e a s e  i n  t h e  number o f  in t ra m e m 
b r a n e  p a r t i c l e s  i n  t h e  p r e s y n a p t i c  mem brane.  At  t h e  same t i m e ,  
t h e r e  i s  r a p i d  u t i l i z a t i o n  and renewal  o f  t h e  e x t r a v e s i c u l a r  pool  
o f  a c e t y l c h o l i n e ,  w h e re a s  v e s i c u l a r  a c e t y l c h o l i n e  re m a i n s  u n c h a n
g e d .  He c o n c l u d e s  from  t h e s e  and o t h e r  r e s u l t s  t h a t  a c e t y l c h o l i 
ne r e l e a s e  i s  e n s u r e d  b y  a  membrane-bound  o p e r a t i n g  mec han ism  
wh ich  u s e s  c y t o p l a s m i c  a c e t y l c h o l i n e .  On t h e  o t h e r  h a n d ,  r e g a r d 
in g  a c e t y l c h o l i n e ,  c a l c i u m  and p r o t e i n  m e t a b o l i s m ,  s y n a p t i c  v e s i 
c l e s  p l a y  s e v e r a l  key  r o l e s  wh ich  w i l l  be p r e s e n t e d .  Drs  V a u t r i n  
and Mambrini  i n v e s t i g a t e  t h e  f r o g  u n i t a r y  evoke d p o t e n t i a l  (UEP) 
i n  l o w  c a l c i u m  s o l u t i o n .  Th ey r e p o r t  s t e p w i s e  v a r i a t i o n s  o f  n o t  
o n l y  i n  t h e  UEP b u t  a l s o  i n  t h e  l a t e n c y  bet w e e n  t h e  s t i m u l a t i o n  
and t h e  o n s e t  o f  UEP. T h i s  c l u s t e r i n g  o f  l a t e n c i e s  s u g g e s t s  t h a t  
t h e  r e l e a s e s  a r i s e  f r om a l i m i t e d  number o f  a c t i v e  s i t e s  a t  mor e 
o r  l e s s  r e g u l a r  i n t e r v a l s  ( 10-20 um) a l o n g  t h e  n e r v e  t e r m i n a l .
Dr Poo s t u d i e s  t h e  r e l e a s e  o f  a c e t y l c h o l i n e  (ACh) f r om em b ry o n ic  
Xenopus n e u r o n s  d u r i n g  t h e  e a r l y  p h a s e  o f  s y n a p t o g e n e s i s  b y  i n 
t r a c e l l u l a r  and p a t c h - c l a m p  r e c o r d i n g  t e c h n i q u e s .  T h re e t y p e s  o f  
r e l e a s e  w i l l  be d i s c u s s e d :  t h e  ACh r e l e a s e  from t h e  n e r v e  g ro w th  
c o n e  p r i o r  t o  t h e  c o n t a c t  w i t h  t h e  m u s c l e  c e l l ,  t h e  q u a n t a l  r e 
l e a s e  o f  ACh a f t e r  n e r v e - m u s c l e  c o n t a c t ,  and t h e  s t e a d y  " n o n -  
q u a n t a l "  r e l e a s e  d u r i n g  t h e  e a r l y  p h a s e  o f  s y n a p s e  m a t u r a t i o n .
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233.1  MONOCLONAL ANTIBODIES WITH DEVELOPMENTALLY VARYING BINDING 
DISTRIBUTIONS IN THE RAT NERVOUS SYSTEM.  
M .Copstantine-Paton & C. J .  B arnstab le .  The R ockefeller 
U n iv e rs ity , New York, NY 10021.

Complete understanding of CNS development w ill  req u ire  
probes fo r  biochem ical changes in the in ta c t  t is s u e  th a t 
may not be accompanied by obvious a l te ra t io n s  in 
s t ru c tu re .  To ob ta in  such probes we have begun to  screen 
monoclonal an tibod ies  ra ised  ag a in st f e ta l  r a t  re t in a  
(E12-20). We rep o rt here on th ree  an tibod ies  whose binding 
d is t r ib u t io n s  in neural t is s u e  show dram atic increases and 
then decreases w ith age.

The antibody INDIANA (INDI) binds to  a l l  c e l ls  
comprising the embryonic and extraembryonic e p ith e lia  of 
the  ea r ly  embryo (E 6-7). By E9 INDI binding is  lo ca lized  
to  the p e rip h e ra l gang lia  and a l l  n e u ro e p ith e lia . This 
d is t r ib u t io n  is  re ta in ed  throughout f e ta l  l i f e  even though 
many c e l l s  in  these  regions begin d i f f e r e n t ia t io n  during 
th is  p e rio d . In  the  mature CNS INDI binding is  much more 
r e s t r i c te d .  In r e t in a ,  fo r  example, photoreceptor inner 
segments a re  the  predominant binding s i t e .

A second antibody, JONES, ex h ib its  a punctate  membrane 
a sso c ia ted  p a tte rn  of la b e llin g  in  the  region  of the 
v e n tra l fo reb ra in  and the eye evag ination  around E9. In 
the  CNS of the 12-13 day embryo JONES may in d ic a te  ear ly  
subd iv isions of mature b ra in  reg io n s . I t s  punctate  
s ta in in g  appears in patches sometimes showing abrupt 
d is c o n t in u it ie s  on m orphologically  continuous sheets  of 
c e l l s .  A s im ila r  p a tte rn  of JONES binding is  observed on 
the c e l l  membranes of clumps of c e l l s  w ith in  a cloned 
somatic c e l l  hybrid l in e  made from the fu sion  of a mouse 
neuroblastoma with r a t  embryonic c o r t ic a l  c e l l s .  JONES 
does not bind to  the E12 r e tin a  but by PN1 binding is  
heavy and may be graded along a l l  r e t in a l  la y e rs . In the 
mature re t in a  JONES binds only in the o u te r plexiform  
la y e r .

A th ird  antibody, ADAMS, does not lab e l the ea r ly  
embryo or the  re t in a  u n t i l  la te  g e s ta tio n . However in the 
la te  fe tu s  and the neonate the  an tigen  is  d is tr ib u te d  
throughout the r e t in a l  ep ithelium . In the  ad u lt ADAMS is  
s e le c tiv e  fo r M uller c e l l s .

I t  is  c le a r  th a t monoclonal an tibod ies  an tibod ies can 
be used to  d e te c t developmental changes th a t a re  not 
obvious by o the r anatom ical or biochem ical c r i t e r i a .  S t i l l  
to  be in v estig a ted  is  the question  of whether the 
d is t r ib u t io n  of antibody binding is  tru ly  p re d ic tiv e  of 
any subsequent developmental changes in the labeled  c e l l s .

233.2  NEURONAL DEVELOPMENT IN THE DROSOPHILA RETINA: 
FROM MONOCLONAL ANTIBODY TO GENE.  T. R. V e n k a t e s h ,  S . L.  
Z i p u r s k y ,  D. B. Teplow and S.  B e n z e r .  Di v . o f  B i o l . ,  
C a l t e c h ,  P a s a d e n a ,  CA 9112 5 .

The r e i t e r a t i v e  p a t t e r n  o f  p h o t o r e c e p t o r  c e l l s  i n  t h e  
compound e y e  o f  D r o s o p h i l a  i s  e s t a b l i s h e d  i n  t h e  e y e  
i m a g i n a l  d i s c  d u r i n g  t h e  t h i r d  l a r v a l  i n s t a r .  The m o l e c u l a r  
g e n e t i c  m ec han ism s  t h a t  g i v e  r i s e  t o  t h i s  p r e c i s e  p a t t e r n  
a r e  unknown.  To a p p r o a c h  t h i s  i s s u e  we h a v e  u s e d  m o n o c lo n a l  
a n t i b o d i e s  (MAbs) t o  c h a r a c t e r i z e  m o l e c u l e s  a s s o c i a t e d  w i t h  
s p e c i f i c  p a t t e r n s  and t o  i s o l a t e  t h e  g e n e s  e n c o d i n g  t h e s e  
m o l e c u l e s  ( Z i p u r s k y  e t  a l . , C e l l  36 ,  1 5 - 2 6 ,  1 9 8 4 ) .

MAb 24B10 i s  s p e c i f i c  t o  p h o t o r e c e p t o r  c e l l s  and t h e i r  
a x o n s ;  t h e  s t a i n i n g  a p p e a r s  e a r l y  d u r i n g  p h o t o r e c e p t o r  
d e v e l o p m e n t .  The p o l y p e p t i d e  r e c o g n i z e d  by MAb 24B10 
(Ag24B10) h a s  b e e n  p u r i f i e d  and  a p a r t i a l  amino a c i d  
s e q u e n c e  a t  i t s  N - t e r m in u s  h a s  b e e n  d e t e r m i n e d .  An o l i g o 
n u c l e o t i d e  p r o b e  c o r r e s p o n d i n g  t o  a p o r t i o n  o f  t h i s  s e q u e n c e  
was s y n t h e s i z e d  and u s e d  t o  s c r e e n  c l o n e s  from a  D r o s o p h i l a  
geno mic  l i b r a r y  i n  p h a g e  λ .  A c l o n e  was i s o l a t e d  w hich  
h y b r i d i z e d  w i t h  t h e  p r o b e .  On S o u t h e r n  b l o t s  made w i t h  
r e s t r i c t i o n  d i g e s t s  o f  geno mic  DNA, o r  t h e  c l o n e d  DNA, 
i d e n t i c a l  f r a g m e n t s  were  l i t  up by t h e  p r o b e .  The geno mic  
DNA c l o n e  from t h e  l i b r a r y  c o n t a i n e d  a 1 3 .5  kb i n s e r t .  T h i s  
was c u t  w i t h  enzymes EcoR1 and P s t 1  t o  g e n e r a t e  a  600 b a s e  
p a i r  f r a g m e n t ,  which  h y b r i d i z e d  t o  t h e  o l i g o n u c l e o t i d e  
p r o b e .  T h i s  f r a g m e n t  was s u b c l o n e d  i n t o  p l a s m i d  puc8 t o  
g e n e r a t e  l a r g e  amount s  o f  t h e  DNA. A 250 b a s e  p a i r  f r a g m e n t  
t h a t  would l a b e l  o n l y  a t  t h e  H i n f  end  was g e n e r a t e d  by 
c u t t i n g  t h e  EcoR1, P s t1  f r a g m e n t  w i th  a s e r i e s  o f  r e s t r i c 
t i o n  e n zy m es .  The 250 b a s e  p a i r  f r a g m e n t  was s e q u e n c e d  by 
t h e  Maxam and G i l b e r t  m e th o d .  The DNA s e q u e n c e  showed  an 
open  r e a d i n g  f ra m e  c o n t a i n i n g  t h e  s e q u e n c e  c o r r e s p o n d i n g  t o  
t h e  known N - t e r m i n a l  amino a c i d  s e q u e n c e  o f  Ag24B10.

2 3 3 .3  ABERRANT PATTERN FORMATION OF THE D EV ELOPING PHOTORECEPTOR 
ARRAY IN  DRO SO PH ILA  MUTANTS.  P . J .  R e n f r a n z * a n d  S .  B e n z e r .  
D i v .  o f  B i o l . ,  C a l t e c h ,  P a s a d e n a ,  CA 9 1 1 2 5 .

T h e  e y e - a n t e n n a l  i m a g i n a l  d i s c  o f  t h e  3 r d  i n s t a r  D r o 
s o p h i l a  l a r v a  i s  a  u n i q u e  s y s t e m  f o r  s t u d y i n g  d e v e l o p m e n t a l  
p a t t e r n  f o r m a t i o n .  A m o r p h o g e n e t i c  f u r r o w  s w e e p s  a n t e r i o r l y  
a c r o s s  t h e  e y e  d i s c ,  l e a v i n g  b e h i n d  a  p r e c i s e  a r r a y  o f  
c l u s t e r s  o f  p h o t o r e c e p t o r  c e l l s  w h i c h  s e n d  a x o n s  t o  t h e  
o p t i c  l o b e .  L e b o v i t z  a n d  R e a d y  ( N e u r o s c i .  A b s t r .  8 , 7 0 2 ,  
1 9 8 2 )  s h o w e d  a n  a n t i g e n i c  d e f e c t  i n  e y e  d i s c s  o f  t h e  m u t a n t  
g l a s s .  We h a v e  u s e d  a  p a n e l  o f  f i v e  m o n o c l o n a l  a n t i b o d i e s  
(M A b s )  w h i c h  h i g h l i g h t  s p e c i f i c  p a t t e r n  e l e m e n t s  t o  a n a l y z e  
v a r i o u s  m u t a n t  d i s c s .  MAb 3E1 l i g h t s  u p  t h e  r e g i o n  a h e a d  o f  
t h e  f u r r o w ,  MAb 2 2 G 8  t h e  f u r r o w  i t s e l f ,  MAb 6D6 a  n e t w o r k  o f  
c e l l s  s u r r o u n d i n g  e a c h  c l u s t e r ,  MAb 2 2 C 1 0  a x o n s  i n  g e n e r a l ,  
a n d  MAb 2 4 B 1 0  p h o t o r e c e p t o r  c e l l s  a n d  t h e i r  a x o n s  ( Z i p u r s k y  
e t  a l . ,  C e l l  3 6 ,  1 5 - 2 6 ,  1 9 8 4 ) .

M u t a n t s  s u c h  a s  s p l i t ,  r o u g h  a n d  r o u g h e x , i n  w h i c h  a d u l t  
e y e s  a r e  o f  n o r m a l  s i z e  b u t  i r r e g u l a r  i n  f a c e t  a r r a n g e m e n t ,  
s h o w e d  n o  m a j o r  d e f e c t s  i n  t h e  d i s c ;  t h e  f i v e  a n t i b o d y  
s t a i n i n g  p a t t e r n s  w e r e  s i m i l a r  t o  t h o s e  i n  w i l d  t y p e .

I n  t h e  d o u b l e  m u t a n t  S t a r ,  E n h a n c e r  o f  S t a r ,  t h e  a d u l t  
e y e  i s  r e d u c e d  t o  a  s m a l l ,  c e n t r a l  f a c e t e d  r e g i o n ,  a n d  t h e  
o p t i c  l o b e  i s  s m a l l  a n d  d i s a r r a y e d .  D e v e l o p m e n t  i n  t h e  d i s c  
a p p e a r e d  n o r m a l  i n  e a r l y  s t a g e s :  t h e  p a t t e r n s  o f  M Abs 3E1 
a n d  2 2 G 8  w e r e  c o m p a r a b l e  t o  w i l d  t y p e  a n d ,  i m m e d i a t e l y  
b e h i n d  t h e  f u r r o w ,  a  f i e l d  o f  c l u s t e r s  w a s  v i s i b l e  w i t h  M Abs 
2 2 C 1 0  a n d  2 4 B 1 0 .  H o w e v e r ,  o l d e r  c l u s t e r s  i n  t h e  p o s t e r i o r  
d i s c  h a d  l o s t  t h e i r  n o r m a l  r e a c t i v i t y  w i t h  t h e  l a t t e r  tw o  
M A b s . T h i s  d e v e l o p m e n t a l  d e f e c t  i s  t h u s  m a n i f e s t  a t  t h e  
d i s c  s t a g e .

D r o p  m u t a n t  a d u l t  e y e s  a r e  r e d u c e d  t o  o n l y  a  f e w  f a c e t s  
i n  t h e  p o s t e r i o r  r e g i o n  o f  t h e  e y e ;  i n  t h e  d i s c ,  e x t e n s i v e  
c e l l  d e a t h  o c c u r s  a h e a d  o f  a n d  b e h i n d  t h e  f u r r o w .  M Abs 3E1 
a n d  2 2 G 8  s h o w e d  t h a t  t h e  f u r r o w  i t s e l f  w a s  a l r e a d y  
d i s t o r t e d .  M A bs 6D6 , 2 2 C 1 0  a n d  2 4 B 1 0  r e v e a l e d  a  s e v e r e l y  
r e d u c e d  n u m b e r  o f  c l u s t e r s ;  o n l y  o n e  o r  tw o  c o l u m n s  o f  
c l u s t e r s  m a t u r e d  a t  t h e  p o s t e r i o r  e n d  o f  t h e  d i s c .  T h e  e y e  
o f  t h e  m u t a n t  I r r e g u l a r  f a c e t s  i s  d e v o i d  o f  m o s t  f a c e t s .  I n  
t h e  d i s c ,  t h e  f u r r o w  w a s  i r r e g u l a r  a n d  t h e  fe w  c l u s t e r s  w e r e  
a b n o r m a l l y  o r i e n t e d  t o  t h e  d i s c  s u r f a c e .  T h u s ,  t h e s e  
m u t a t i o n s  a f f e c t  e y e  d e v e l o p m e n t  a t  a n  e a r l y  i m a g i n a l  d i s c  
s t a g e .

F u r t h e r  c h a r a c t e r i z a t i o n  o f  t h e s e  g e n e t i c  a b n o r m a l i t i e s  
i n  d e v e l o p m e n t  m ay b e  u s e f u l  i n  d i s s e c t i n g  t h e  c o m p l e x  
e v e n t s  a s s o c i a t e d  w i t h  p a t t e r n  f o r m a t i o n .

233.4  INITIAL EVENTS OF LAMINATION IN THE MAMMALIAN RETINA.
Colin J .  B arnstable & Martha C onstantin e -P a to n .  The 
R ockefeller U n ivers ity , New York, NY 10021.

The mechanism(s) by which the laminated s tru c tu re  of 
the mammalian re tin a  is  s e t up is  not known. The presumed 
stem c e l l  pool from which r e t in a l  c e l l  types a r is e  
co n sis ts  of v e n tr ic u la r  c e l ls  th a t extend processes across 
the t is s u e  to  both r e t in a l  su rfaces . A fte r th e i r  f in a l  
m itoses, c e l ls  move to  th e i r  c o rrec t p o s itio n s  and acquire  
adu lt c h a r a c te r is t ic s .  To examine the development of 
r e t in a l  c e l l  types and mechanisms of lam ination we have 
used w ell ch arac te rised  c e l l- ty p e  sp ec if ic  monoclonal 
an tibod ies to  lab e l the developing r e t in a .

Antibody HPC-1 lab e ls  c e l l  bodies and processes of 
amacrine c e l ls  in ad u lt re t in a .  In la te  embryonic and 
early  p o s tn a ta l t is s u e  HPC-1 p o s itiv e  c e l l  bodies can be 
found in the forming amacrine and ganglion c e l l  la y e rs . 
The developing inner plexiform  layer is  a lso  la b e lle d . In 
ad d itio n  HPC-1 lab e lled  ra d ia l  c e l ls  were a lso  found in 
the ou ter p o rtions  of the r e tin a  and some of the r a d ia l  
processes could be followed to  the v e n tr ic u la r  su rface . 
This suggests th a t amacrine c e l l s  show d is t in c t  
d if f e r e n t ia t io n  and m igration  soon a f te r  th e i r  f in a l  
m ito s is  and argues again st recru itm ent in to  the amacrine 
c e l l  layer as a r e s u l t  of the ra d ia l  p o s itio n  in which 
u n d iffe ren tia te d  c e l ls  s e t t l e .

Early photoreceptor development has been monitored w ith 
antibody RET-P1. Although a few lab e lled  c e l l s  were found 
in both c en tra l and p e rip h e ra l re t in a  a t  b i r t h ,  by PN 3 
there  was a c le a r  c e n tra l to  p e rip h e ra l g rad ien t of 
la b e ll in g . Although the photoreceptor lay e r was not as 
defined as in the ad u lt most lab e lled  c e l l s  were confined 
to  the  ou ter th ird  of the  re t in a .

Using both h is to lo g ic a l  s ta in in g  of lum sec tio n s  of 
m ethacrylate embedded re tin a s  and immunocytochemical 
la b e llin g  of c ry o s ta t s ec tio n s , we have found th a t 
d if f e r e n t ia te d  h o rizo n ta l c e l ls  are  p resen t a t b i r t h .  
These c e l ls  s t i l l  have ra d ia l  processes connecting them to  
the v e n tr ic u la r  su rface  when they begin to  e lab o ra te  
ta n g e n tia l processes in the otherw ise u n d iffe ren tia te d  
ou te r plexiform  la y e r. I t  is  not yet c le a r  whether these  
ra d ia l  processes are  used by the c e l ls  to  p o s itio n  th e ir  
c e l l  bodies c o rre c tly .  However the ea r ly  appearance of 
th e ir  la te r a l  processes suggests th a t these  c e l l s  may play 
an im portant ro le  in the s tru c tu rin g  of c e l l  and synaptic 
layers  in the ou ter r e t in a .
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233.5  CELL  I NTERACTIONS DURING EARLY DEVELOPMENT OF THE CNS IN THE 
GRASSHOPPER EMBRYO.  C h r i s  Q. D o e * ,  a n d  C o r e v  S . G o o d m a n  
(S P O N : A . H a r r i s ) .   D e p t . o f  B i o l .  S c i . ,  S t a n f o r d  U n i v . ,  
S t a n f o r d ,  CA 9 4 3 0 5 .

D e v e l o p m e n t  o f  t h e  g r a s s h o p p e r  CNS b e g i n s  f o l l o w i n g  
g a s t r u l a t i o n ,  w h e n  t h e  e m b r y o  c o n s i s t s  o f  a  t h i n  v e n t r a l  
s t r i p  o f  e c t o d e r m  a n d  d o r s o l a t e r a l  m e s o d e r m .  D u r i n g  t h e  
n e x t  5% o f  e m b r y o n i c  d e v e l o p m e n t  e c t o d e r m a l  c e l l s  
d e l a m i n a t e ,  l o s i n g  t h e i r  f i l o p o d i a  a n d  t h e i r  c o n t a c t  w i t h  
t h e  v e n t r a l  s u r f a c e .  I t  i s  f r o m  g r o u p s  o f  t h e s e  c u b o i d a l  
d e l a m i n a t e d  c e l l s  ( D C s )  t h a t  e a c h  n e u r o b l a s t  (N B ) f o r m s .  
U n l i k e  e c t o d e r m a l  c e l l s  o r  D C s , NBs f o r m  i n  a  p r e c i s e  
t e m p o r a l  a n d  s p a t i a l  p a t t e r n .  E a c h  s e g m e n t  h a s  a  
c h a r a c t e r i s t i c  n u m b e r  o f  N B s ,  a n d  e v e r y  NB c a n  b e  
i n d i v i d u a l l y  i d e n t i f i e d  a c c o r d i n g  t o  i t s  t im e  o f  f o r m a t i o n ,  
p o s i t i o n  i n  t h e  n e u r o e p i t h e l i u m ,  a n d  t h e  s t e r e o t y p e d  f a m i l y  
o f  n e u r o n s  p r o d u c e d .  We a r e  i n t e r e s t e d  i n  how  t h e  s e e m i n g l y  
u n i f o r m  e c to d e r m  p r o d u c e s  t h i s  a r r a y  o f  u n i q u e  N B s.

N e i t h e r  DCs n o r  N B s f o r m  s i m u l t a n e o u s l y ,  r a t h e r ,  e a r l y  
a r i s i n g  N B s a r e  s e p e r a t e d  b y  g r o u p s  o f  DCs t h a t  w i l l  
u l t i m a t e l y  p r o d u c e  t h e  r e m a i n i n g  N B s. U s in g  l a s e r  a b l a t i o n s  
o f  c e l l s  i n  e m b r y o s  c u l t u r e d  i n  v i t r o  w e sh o w e d  t h a t  a n y  o n e  
o f  t h e  D C s b e t w e e n  NB 7 - 2  a n d  7 - 4  c o u l d  p r o d u c e  NB 7 - 3  
( T a g h e r t ,  D o e ,  G o o d m a n ,  N a t u r e ,  1 9 8 4 ) .  By d o i n g  i n  o v o  
k i l l s  w i t h  t h e  l a s e r  m ic r o b e a m ,  we d i s c o v e r e d  t h a t  t h e  DCs 
i n  p o s i t i o n  7 - 3  c o u l d  a l s o  r e p l a c e  NB 7 - 2  o r  7 - 4  a f t e r  t h e i r  
a b l a t i o n .  T h i s  r e s u l t  h a s  b e e n  c o n f i r m e d  o n  5 o t h e r  N B s ( n  
2 0  f o r  e a c h ) .  R e g u l a t i o n  o f  a  m a t u r e  NB o n l y  o c c u r s  w h e n  
a d j a c e n t  DCs e x i s t ,  t h e r e  i s  n o  c o r r e l a t i o n  w i t h  a g e  o f  t h e  
k i l l e d  NB o r  s e g m e n t  a g e .

S e v e r a l  r e s u l t s  s u g g e s t  t h a t  t h e  f a t e  o f  t h e  r e g u l a t e d  NB 
i s  p o s i t i o n a l l y  d e t e r m i n e d :  ( 1 )  w h e n  NB 7 - 4  i s  k i l l e d  a n d  
r e g u l a t i o n  o c c u r s ,  t h e r e  i s  n e v e r  d u p l i c a t i o n  o f  NB 7 - 3  
p r o g e n y ,  w h i c h  m i g h t  b e  e x p e c t e d  i f  t h e  7 - 3 - p o s i t i o n  DCs 
w e r e  a l r e a d y  d e t e r m i n e d  a n d  y e t  p r o d u c e d  tw o  NBs ( a t  t h e  7 - 3  
a n d  7 - 4  p o s i t i o n s ) ;  ( 2 )  w h e n  NB 1 - 1  i s  k i l l e d ,  a n d  
r e g u l a t i o n  o c c u r s  ( p r e s u m a b l y  f ro m  a  c e l l  i n  t h e  DC g r o u p  a t  
t h e  1 - 2  p o s t i o n ) ,  i n d i v i d u a l  n e u r o n s  n o r m a l l y  p r o d u c e d  b y  NB 
1 - 1  a r e  o b s e r v e d .  A p p a r e n t l y  DCs f r o m  a d j a c e n t  p o s t i o n s  i n  
t h e  n e u r o e p i t h e l i u m  a s s u m e  t h e  NB 1 -1  f a t e .

We c o n c l u d e  f r o m  t h e s e  r e s u l t s  t h a t  t h e  p r e - n e u r o n a l  c e l l  
t y p e ,  D C s, a r e  n o t  d e t e r m i n e d ,  b u t  c a n  a s s u m e  tw o  o r  m o re  NB 
f a t e s ,  a n d  t h a t  s p e c i f i c a t i o n  o f  f a t e  a m o u n g  e c t o d e r m a l  
c e l l s  a n d  DCs i s  p o s i t i o n a l l y ,  n o t  l i n e a l l y ,  r e g u l a t e d .

2 3 3  6  CELL INTERACTIONS UNDERLYING THE ACQUISITION OF SPEC IFIC  
FATES BY SIBLING NEURONS DURING GRASSHOPPER EMBRYOGENESIS.
J o h n  Y . K u w a d a  a n d  C o r e v  S .  G o o d m a n .  D e p t . o f  B i o l .  S c i . ,  
S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  CA 9 4 3 0 5 .

I n  i n s e c t  e m b r y o s ,  n e u r o n s  a r e  p r o d u c e d  b y  g a n g l i o n  
m o th e r  c e l l s  (GM Cs) w h ic h  a r i s e  f r o m  a s y m m e t r i c  d i v i s i o n s  o f  
n e u r o b l a s t s  (N B s ) ,  a n d  b y  m i d l i n e  p r e c u r s o r s  (M P s) . I n  b o t h  
c a s e s ,  p a i r s  o f  s i b l i n g  n e u r o n s  a r e  g e n e r a t e d  b y  s y m m e tr i c  
d i v i s i o n s  o f  e i t h e r  M Ps o r  G M C s; s u c h  p a i r s  o f  s i b l i n g  
n e u r o n a l  p r o g e n y  a r e  a  c o m m o n  f e a t u r e  o f  i n s e c t  
n e u r o g e n e s i s .  I n  g r a s s h o p p e r  e m b r y o s ,  t h e  a c c e s s i b i l i t y  o f  
t h e  n e u r o n a l  p r e c u r s o r  c e l l s  a n d  t h e i r  p r o g e n y  t h r o u g h o u t  
d e v e l o p m e n t  m a k e s  i t  p o s s i b l e  t o  u n d e r t a k e  a  c e l l u l a r  
a n a l y s i s  o f  n e u r o n a l  d e t e r m i n a t i o n .

We p r e v i o u s l y  r e p o r t e d  o n  s t u d i e s  o f  t h e  s i b l i n g  p r o g e n y  
o f  MP3 w h i c h  d e v e l o p  i n t o  t h e  m o r p h o l o g i c a l l y  d i s t i n c t  H 
c e l l  a n d  H c e l l  s i b .  I f  o n e  o f  t h e  tw o  c e l l s  w a s  a b l a t e d  
w i t h i n  5 h r s  o f  t h e i r  b i r t h ,  t h e  r e m a i n i n g  c e l l  d e v e l o p e d  
i n t o  t h e  H c e l l  s i b .  W hen  o n e  o f  t h e  c e l l s  w a s  a b l a t e d  
d u r i n g  t h e  n e x t  5 h r s  ( a n d  s t i l l  b e f o r e  a x o n o g e n e s i s ) ,  50% 
o f  t h e  p r o g e n y  d e v e l o p e d  i n t o  t h e  H c e l l  a n d  50% i n t o  t h e  H 
c e l l  s i b .  T h e s e  r e s u l t s  i n d i c a t e d  t h a t  t h e  MP3 p r o g e n y  a r e  
i n i t i a l l y  e q u i v a l e n t  a t  b i r t h .  A t  t h i s  s t a g e  t h e r e  i s  a  
h i e r a r c h y  o f  f a t e s  w i t h  t h e  H s i b  b e i n g  d o m i n a n t .  
F u r t h e r m o r e ,  a  f e w  h o u r s  l a t e r  i n  d e v e l o p m e n t ,  t h e  tw o  c e l l s  
a c q u i r e d  t h e i r  u n i q u e  d e t e r m i n a t i o n  b y  c e l l  i n t e r a c t i o n s  
(K u w ad a  a n d  G o o d m an , N e u r o s c i .  A b s t r .  1 9 8 3 ) .

We h a v e  n o w  e x t e n d e d  t h i s  a n a l y s i s  o f  n e u r o n a l  
d e t e r m i n a t i o n  t o  a  p a i r  o f  s i b l i n g  n e u r o n a l  p r o g e n y  w h i c h  
a r i s e  f r o m  t h e  f i r s t  GMC o f  NB 1 - 1 :  t h e  m o r p h o l o g i c a l l y  
d i s t i n c t  aCC a n d  pCC n e u r o n s .  A s w i t h  t h e  MP3 p r o g e n y ,  
a b l a t i o n  o f  o n e  o f  t h e  f i r s t  p a i r  o f  NB 1 - 1  p r o g e n y  w i t h i n  5 
h r s  o f  t h e i r  b i r t h  r e s u l t s  i n  f a t e  r e g u l a t i o n  w i t h  t h e  
r e m a i n i n g  c e l l  d e v e l o p i n g  i n t o  t h e  pCC. W hen a b l a t i o n s  a r e  
m a d e  b e t w e e n  5 a n d  1 0  h r s  a f t e r  t h e i r  b i r t h ,  t h e  r e m a i n i n g  
c e l l  b e c o m e s  e i t h e r  t h e  aCC o r  pCC w i t h  e q u a l  p r o b a b i l i t y .  
T h e s e  c o m b in e d  r e s u l t s  s u g g e s t  t h a t  s i b l i n g  n e u r o n a l  p r o g e n y  
a r i s i n g  f ro m  b o t h  NBs a n d  MPs a r e  1 )  i n i t i a l l y  e q u i v a l e n t ,  
2 ) b e c o m e  u n i q u e l y  d e t e r m i n e d  b y  e a r l y  c e l l  i n t e r a c t i o n s ,  
a n d  3 )  e x h i b i t  a  h i e r a r c h y  o f  f a t e s .  P a i r s  o f  s i b l i n g  
n e u r o n s  a r e  u b i q u i t o u s  i n  t h e  i n s e c t  C N S, a n d  w e p r o p o s e  
t h a t  s u c h  p a i r s  w h ic h  u l t i m a t e l y  h a v e  u n i q u e  f a t e s  a r e  b o r n  
i n i t i a l l y  e q u i v a l e n t  w i t h  a  h i e r a r c h y  o f  c e l l  f a t e s .  
M o r e o v e r ,  t h e i r  c e l l - s p e c i f i c  d e t e r m i n a t i o n  i n v o l v e s  c e l l  
i n t e r a c t i o n s  w h ic h  o c c u r  e a r l y  i n  t h e i r  d e v e l o p m e n t .   
( S u p p o r t e d  by  NIH g r a n t s  N S 20299  t o  JYK a n d  N S 18366  t o  CSG.)

2 3 3 .7   P O S IT IO N A L  C O N T R O L  O F  M IT O T IC  W IT H D R A W A L  IN T H E  
D E V E L O P IN G  E Y E  O F  X E N O P U S : A N  A N A L Y S IS  O F  G E N E T IC  
C H IM E R A E .  R .K .  H u n t  a n d  J .S .  C o h e n  ( S P O N : W .M . C o w a n ) .   
T h e  S a lk  I n s t i t u t e ,  L a  J o l l a ,  C A  9 2 0 3 7 .

In X e n o p u s ,  t h e  b a c k  o f  t h e  e m b r y o n ic  e y e  (B O E ) b e c o m e s  
m i t o t i c a l ly  q u i e s c e n t  a t  s t a g e s  2 8 - 3 8  ( 2 .5 - 4  d a y s  p o s t -
f e r t i l i z a t i o n ) .  T h e r e a f t e r ,  m i to s i s  is c o n f in e d  t o  a  g e r m in a l  r in g  
o n  t h e  f r o n t  o f  t h e  e a r l y  l a r v a l  e y e :  t h e  r in g  is  'b i l a y e r e d ' ,  w i th  a n  
o u t e r  m e l a n o g e n ic  l a y e r  t h a t  c o n t r i b u t e s  p o s t - m i t o t ic  c e l l s  t o  t h e  
p i g m e n t  r e t i n a l  e p i t h e l i u m  ( P R E )  p r o x im a l ly  a n d  t o  t h e  i r i s  
d i s t a l l y ,  a n d  a n  in n e r  n e u r o g e n i c  l a y e r  w h ic h  a d d s  p o s t - m i t o t i c  
n e u r o n s  t o  t h e  r im  o f  t h e  n e u r a l  r e t i n a .  T h e  'm e l a n o g e n i c ' l a y e r  
( i r i s ,  g e r m i n a l  r in g  a n d  P R E )  o f f e r s  a  u s e f u l  m o d e l  f o r  
e x p e r i m e n t a l  s t u d i e s  o n  t h e  c o n t r o l  o f  m i t o t i c  w i t h d r a w a l ,  
b e c a u s e  c h i m e r a e  p r e p a r e d  b y  g r a f t i n g  s m a l l  g ro u p s  o f  e y e  c e l l s  
f r o m  p ig m e n t e d  t o  a lb in o  e m b r y o s  c a n  b e  s tu d i e d  b y  s e r i a l  
p h o t o g r a p h y  o f  t h e  e v o lv in g  b l a c k / w h i t e  p a t t e r n  in  t h e  l iv in g  e y e .  
W h en  a  s m a l l  p a t c h  o f  g e r m in a l  r in g / p r e s u m p t iv e  i r i s  is 
t r a n s p o s e d  o r t h o t o p i c a l ly ,  f r o m  a  s t a g e  3 6 - 3 8  p i g m e n t e d  d o n o r  
e y e  ( w i l d - t y p e  o r  h y b r id s  o f  X .  l a e v i s  a n d  X .  b o r e a l i s ) i n to  a  s t a g e  
3 2 - 3 6  a lb in o  h o s t  e y e ,  t h e  p a t c h  h e a l s  s u c c e s s f u l l y  i n to  t h e  h o s t  
g e r m i n a l  r in g  in  a b o u t  7 0 %  o f  c a s e s  a n d ,  t h e r e a f t e r ,  b e g in s  t o  a d d  
c e l l s  t o  t h e  d i s t a l  r im  o f  t h e  P R E  —f o r m in g  a n  e v e r - e lo n g a t in g  
b l a c k  s e c t o r  in  t h e  o t h e r w i s e  a lb in o  e y e  — a n d  ( if  t h e  im p l a n t ,  
w h e n  h e a l e d ,  a b u t s  o n  t h e  p u p i l l a r y  m a r g in )  c o n t r i b u t e s  a  b l a c k  
s e c t o r - t e r r i t o r y  t o  t h e  i r i s  a s  w e l l  (N = 4 2 ) . B y c o n t r a s t ,  w h e n  
s m a l l  p a t c h e s  o f  P R E  f r o m  t h e  m i t o t ic a l ly  q u i e s c e n t  B O E  a r e  
o r t h o t o p i c a l ly  t r a n s p o s e d ,  t h e  t i n y  b l a c k  p a t c h  s to p s  g r o w in g  
w i t h in  t w o  d a y s .  T h e r e a f t e r ,  t h e  p a t c h  r e m a in s  c o n s t a n t  in  s iz e  
a n d  (a s  a d d i t i o n a l  a n n u l i  o f  'a l l  a lb in o ' c e l l s  a r e  a d d e d  t o  t h e  r im  
o f  t h e  P R E )  is  p r o g r e s s iv e l y  d i s p l a c e d  f r o m  t h e  e y e  r im  w i th  
s u b s e q u e n t  l a r v a l  g r o w th  ( N = I 5 ) .  H e t e r o t o p i c  g r a f t s ,  f r o m  t h e  
g e r m in a l  r i n g / p r e s u m p t i v e  i r i s  i n to  t h e  P R E  in  t h e  m i† o † ic a l ly  
q u i e s c e n t  B O E  a ls o  c e a s e  g r o w th  w i th in  t w o  d a y s  a n d  b e h a v e  
t h e r e a f t e r  in  a  m a n n e r  i n d is t i n g u i s h a b le  f r o m  o r t h o t o p i c  B O E  
g r a f t s  ( N = I 6 ) .  S e c t i o n e d  m a t e r i a l  a t  m id - la r v a l  s t a g e s  s h o w s  a  
b l a c k ,  b u t  c y t o lo g ic a l l y  u n r e m a r k a b l e  p a t c h  o f  P R E .  B y c o n t r a s t ,  
P R E  g r a f t s  f r o m  m i t o t i c a l ly  q u i e s c e n t  B O E  in to  t h e  g e r m i n a l  
r i n g / i r i s  t y p i c a l l y  r e c o m m e n c e  g r o w t h  ( 3 3 /4 5  c a s e s )  a n d  e i t h e r  
f o r m  i r i s  (N = 7 ) o r  a n  e lo n g a t in g  b l a c k  s e c t o r  in  b o th  P R E  a n d  i r i s  
(N = 2 6 ) in  a  m a n n e r  s im i l a r  t o  o r t h o t o p i c  g e r m in a l  r in g  g r a f t s .  
S e c t i o n e d  m a t e r i a l  o f  t h e s e  l a t t e r  c a s e s  s h o w s  f u l ly  d i f f e r e n t i a t e d  
g r a f t - d e r i v e d  i r i s  a n d  P R E , in d is t i n g u i s h a b le  in  t h e  l ig h t  
m ic r o s c o p e  f r o m  t h e  P R E - i r i s  s e c t o r s  f o r m e d  b y  o r th o t o p ic  g r a f t s  
o f  g e r m in a l  r i n g / i r i s .  W e c o n c lu d e  t h a t  p o s i t io n a l  c u e s ,  p e r h a p s  
f r o m  t h e  le n s  r u d i m e n t ,  p a r t i c i p a t e  in  t h e  c o n t r o l  o f  m i to s i s  in  
t h e  d e v e lo p in g  e y e .   ( S u p p o r t e d  b y  N S F ) .

2 3 3 .8  A MONOCLONAL ANTIBODY REVEALS EARLY DIFFERENCES BETWEEN 
NEURAL AND NON-NEURAL ECTODERM IN  XENOPUS LAEVIS EMBRYOS.
R. M. A k e r s ,  C . R. P h i l l i p s *  a n d  N . K. W e s s e l l s * .  D e p t . o f  
B i o l o g i c a l  S c i e n c e s ,  S t a n f o r d  U n i v . ,  S t a n f o r d ,  CA 9 4 3 0 5  a n d  
D e p t . o f  Z o o l o g y ,  U n iv .  o f  C a l i f . ,  B e r k e l e y ,  CA 9 4 7 2 0

T h e  e v e n t s  i n v o l v e d  i n  t h e  e a r l i e s t  s t a g e s  o f  n e r v o u s  
s y s t e m  d e v e lo p m e n t  a r e  p o o r l y  u n d e r s t o o d .  T h e  a p p e a r a n c e  
o f  t h e  n e u r a l  p l a t e  a n d  i t s  s u b s e q u e n t  s e g r e g a t i o n  f r o m  
t h e  s u r r o u n d i n g  e c to d e r m  m ay i n v o l v e  a l t e r a t i o n s  i n  i n t e r 
c e l l u l a r  a d h e s i o n  a n d / o r  r e c o g n i t i o n .  M o n o c lo n a l  a n t i 
b o d i e s  p r o v i d e  o n e  m e a n s  b y  w h ic h  s u c h  d e v e l o p m e n t a l  e v e n t s  
m ay b e  s t u d i e d .  T o w ard  t h i s  e n d ,  w e h a v e  g e n e r a t e d  m ono
c l o n a l  a n t i b o d i e s  t o  m e m b ra n e s  i s o l a t e d  f r o m  X e n o p u s  l a e v i s  
e m b r y o s  a t  t h e  o n s e t  o f  n e u r a l  t u b e  c l o s u r e  (N ie u w k o o p  a n d  
F a b e r  s t .  1 9 ) .  H y b r id o m a  s u p e r n a t a n t s  w e r e  s c r e e n e d  o n  
f r o z e n  s e c t i o n s ,  a n d  s e v e r a l  a n t i b o d i e s  r e c o g n i z i n g  s u b s e t s  
o f  e m b r y o n ic  c e l l s  w e r e  d e t e c t e d .  O ne a n t i b o d y ,  ECTO 1 ,  
b i n d s  t o  c e l l s  o f  t h e  n o n - n e u r a l  e c t o d e r m ,  b u t  n o t  t o  c e l l s  
o f  t h e  d e v e l o p i n g  n e u r a l  p l a t e .  T h e  ECTO 1 a n t i g e n  i s  n o t  
d e t e c t a b l e  i n  e m b ry o s  b e f o r e  o r  d u r i n g  g a s t r u l a t i o n ;  i t  
a p p e a r s  i n  t h e  n o n - n e u r a l  e c to d e r m  a t  t h e  o n s e t  o f  n e u r a l  
p l a t e  f o r m a t i o n  ( s t .  1 3 )  a n d  i s  m a i n t a i n e d  t h r o u g h o u t  e a r l y  
t a i l b u d  s t a g e s  ( t h e  l a t e s t  s t a g e s  e x a m i n e d ) .  S p e c i a l i z e d  
r e g i o n s  o f  e c to d e r m  a r i s i n g  l a t e r  i n  d e v e lo p m e n t  ( o t i c  
p l a c o d e ,  l e n s ,  a n d  c e m e n t  g l a n d )  a l s o  l a c k  t h i s  a n t i g e n .  
W e s t e r n  im m u n o b lo t  a n a l y s i s  sh o w s  t h e  a n t i g e n  t o  b e  a  
s i n g l e  b a n d  w i t h  a n  a p p a r e n t  m o l e c u l a r  w e i g h t  o n  SDS g e l s  
o f  3 0 0 - 4 0 0 ,0 0 0  D a l t o n s .  A l t h o u g h  t h e  a n t i g e n  i s  k now n  t o  
b e  m e m b r a n e - a s s o c i a t e d ,  i t s  s p e c i f i c  s u b c e l l u l a r  l o c a l i z a 
t i o n  i s  n o t  k n o w n .

S p e c i a l i z e d  e c t o d e r m a l  s t r u c t u r e s  a r e  t h o u g h t  t o  a r i s e  
v i a  i n d u c t i v e  i n t e r a c t i o n s  w i t h  s u r r o u n d i n g  t i s s u e s .  S u c h  
i n t e r a c t i o n s  m ay t h u s  c o n t r o l  t h e  e x p r e s s i o n  o f  t h e  ECTO 1 
a n t i g e n .  I n  o r d e r  t o  e x a m in e  t h i s  p o s s i b i l i t y ,  w e i s o l a t e d  
e x p l a n t s  o f  e c to d e r m  f r o m  e m b r y o s  d u r i n g  g a s t r u l a t i o n ,  a t  
w h ic h  p o i n t  i t  i s  p o s s i b l e  t o  i d e n t i f y  p r e s u m p t i v e  n e u r a l  
a n d  n o n - n e u r a l  t i s s u e s .  A f t e r  12  h o u r s  i n  c u l t u r e ,  e x 
p l a n t s  o f  b o t h  n e u r a l  a n d  n o n - n e u r a l  e c to d e r m  w e r e  f o u n d  t o  
e x p r e s s  t h e  ECTO 1 a n t i g e n .  T h u s ,  c o n t a c t  b e tw e e n  p r e s u m p 
t i v e  n e u r a l  e c to d e r m  a n d  s u r r o u n d i n g  t i s s u e s  i n  v i v o  m ay 
i n h i b i t  t h e  e x p r e s s i o n  o f  t h e  ECTO 1 a n t i g e n .  T h i s  a n t i g e n  
m ay p r o v e  t o  b e  a  v a l u a b l e  m a r k e r  f o r  f u t u r e  s t u d i e s  o f  
i n d u c t i v e  i n t e r a c t i o n s  i n v o l v i n g  e c t o d e r m a l  t i s s u e s .

[ S u p p o r t e d  b y  g r a n t s  f r o m  t h e  N . I .  H . (HD 0 4 7 0 8 )  a n d  
N. S . F .  (PCM 8 3 - 0 9 2 6 2 1 ) ] .
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2 33.9  STEPW ISE COMMITMENT OF BLAST CELLS TO ONE OF TWO ALTERNATIVE 
DEVELOPMENTAL PATHWAYS IN  THE EMBRYO OF THE LEECH.
M. S h a n k l a n d  a n d  D .A . W e i s b l a t .  D e p t s .  o f  M o l e c u l a r  B i o lo g y  
a n d  Z o o l o g y ,  U. o f  C a l i f o r n i a ,  B e r k e l e y ,  CA 9 4 7 2 0 .

T h e  e c to d e r m  o f  t h e  l e e c h  e m b ry o  c o n t a i n s  tw o  p a r a l l e l  
c o lu m n s  o f  b l a s t  c e l l s - - t h e  o  a n d  p  b a n d l e t s - - w h ic h  d u r i n g  
n o r m a l  d e v e lo p m e n t  g i v e  r i s e  t o  d i s t i n c t  0  a n d  P p a t t e r n s  o f  
b o t h  n e u r a l  a n d  e p i d e r m a l  d e s c e n d a n t s .  P r e v i o u s  w o rk  h a s  
s h o w n  t h a t  t h e  o  b l a s t  c e l l s  a r e  i n i t i a l l y  c a p a b l e  o f  
f o l l o w i n g  e i t h e r  t h e  0  o r  P d e v e l o p m e n t a l  p a th w a y ,  b u t  a r e  
so m eh o w  d i v e r t e d  i n t o  t h e  0  p a th w a y  f ro m  t h e  P p a th w a y  b y  
t h e  p r e s e n c e  o f  t h e  o t h e r  c e l l  l i n e .  I f  t h e  P c e l l  l i n e  i s  
e l i m i n a t e d  b y  a b l a t i n g  i t s  a n c e s t r a l  b l a s t o m e r e ,  t h e n  t h e  
o  b l a s t  c e l l s  a r e  n o t  d i v e r t e d  a n d  f o l l o w  t h e  P p a th w a y  
i n s t e a d .

T o e x a m in e  t h i s  i n t e r a c t i o n  i n  m o re  d e t a i l  we s e l e c t i v e l y  
p h o t o a b l a t e d  t h e  p  b a n d l e t  a n d  f o l l o w e d  t h e  d e v e lo p m e n t  o f  
o  b l a s t  c e l l s  l o c a t e d  a d j a c e n t  t o  t h e  l e s i o n .  P h o t o a b l a t i o n  
w a s  a c c o m p l i s h e d  b y  l a b e l l i n g  t h e  p  b l a s t  c e l l s  w i t h  a  
f l u o r e s c e n t  l i n e a g e  t r a c e r  i n j e c t e d  i n t o  t h e i r  a n c e s t r a l  
b l a s t o m e r e ,  a n d  t h e n  e x p o s i n g  t h i s  t r a c e r  t o  i n t e n s e  p h o t o 
e x c i t a t i o n  w i t h i n  t h e  l i v i n g  c e l l .  T h e  d e v e l o p m e n t a l  f a t e  o f  
t h e  o  b l a s t  c e l l s  w a s  d e t e r m i n e d  b y  l a b e l l i n g  th e m  w i t h  HRP 
i n j e c t e d  i n t o  t h e i r  a n c e s t r a l  b l a s t o m e r e ,  a n d  s t a i n i n g  t h e i r  
d e s c e n d a n t  t i s s u e s  a t  a  l a t e r  s t a g e  o f  e m b r y o g e n e s i s . P h o t o 
a b l a t i o n s  p e r f o r m e d  s o o n  a f t e r  t h e  o  a n d  p  b l a s t  c e l l s  com e 
i n t o  c o n t a c t  c a n  p r e v e n t  t h e  n o r m a l  d i v e r s i o n  o f  t h e  o  b l a s t  
c e l l s  i n t o  t h e  0  p a th w a y .  H o w e v e r ,  l a t e r  p h o t o a b l a t i o n s  d o  
n o t  h a v e  t h i s  e f f e c t ,  s u g g e s t i n g  t h a t  t h e  o b l a s t  c e l l s  h a v e  
l o s t  t h e i r  d e p e n d e n c e  u p o n  i n t e r a c t i o n  w i t h  t h e  p  b l a s t  
c e l l s  a n d  b e c o m e - - w i t h i n  t h e  c o n t e x t  o f  t h e s e  e x p e r i m e n t s - -  
a u to n o m o u s ly  c o m m i t t e d  t o  t h e  0  p a th w a y .

E a c h  o  b l a s t  c e l l  b e c o m e s  c o m m i t t e d  t o  t h e  0  p a th w a y  i n  
a  s e q u e n c e  o f  t h r e e  d i s c r e t e  e v e n t s  s e p a r a t e d  b y  i n t e r v a l s  
o f  a p p r o x i m a t e l y  5 h r .  E a c h  e v e n t  r e n d e r s  a  d i f f e r e n t  s u b s e t  
o f  t h e  b l a s t  c e l l ’ s  d e s c e n d a n t  c l o n e  u n r e s p o n s i v e  t o  a n y  
s u b s e q u e n t  p  b a n d l e t  a b l a t i o n .  T h e s e  t h r e e  c o m m itm e n t e v e n t s  
o c c u r  i n  p h a s e  w i t h  a n d  j u s t  p r i o r  t o  t h e  f i r s t  t h r e e  b l a s t  
c e l l  d i v i s i o n s ,  a n d  m ay r e f l e c t  t h e  s e q u e n t i a l  c o m m itm e n t o f  
d i f f e r e n t  b l a s t  c e l l  d a u g h t e r s .

2 3 3 .10 DEVELOPMENT OF THE MAMMALIAN CNS EXAMINED WITH 
MOLECULAR PROBES,   R .  McKay 1  O . S u n d in  2  S. 
H o c k f ie ld  3 1 . B io lo g y  & W h i t ta k e r  C o l le g e ,  MIT, 
B o s to n , MA; 2 .  MRC Mol B io l  L ab , C am b rid g e , 
E n g la n d ; 3 . C old  S p r in g  H a rb o r ,  NY

We h av e  u sed  h y b rid o m a  and r e c o m b in a n t  DNA 
t e c h n o l o g i e s  to  g e n e r a t e  p ro b e s  f o r  m o le c u la r  
d i f f e r e n c e s  p r e s e n t  d u r in g  th e  d e v e lo p m e n t o f  t h e  
m am m alian c e n t r a l  n e rv o u s  s y s te m .

U sing  m o n o c lo n a l a n t i b o d i e s  g e n e r a t e d  a g a i n s t  
t h e  a d u l t  CNS we h a v e  shown t h a t  many a n t i g e n s  
p r e s e n t  in  m a tu re  n e u ro n s  a r e  e x p r e s s e d  l a t e  in  
d e v e lo p m e n t ,  lo n g  a f t e r  t h e  t e r m i n a l  m i t o s i s  and  
th e  e x p r e s s io n  o f  much o f  t h e  a d u l t  p h e n o ty p e .  We 
h av e  g e n e r a t e d  a n o th e r  g ro u p  o f  m o n o c lo n a l 
a n t i b o d i e s  a g a i n s t  t h e  e m b ry o n ic  CNS and h a v e  u sed  
th e s e  t o  i d e n t i f y  m a jo r  c e l l  ty p e s  and t o  s tu d y  
th e  d e v e lo p m e n ta l  s e q u e n c e  o f  a n t i g e n  e x p r e s s io n  
in  t h e  e m b ry o n ic  n e rv o u s  s y s te m . T h ese  s t u d i e s  
h av e  shown t h a t  t h e  num ber o f  m o le c u la r  
d i f f e r e n c e s  among b o th  d e v e lo p in g  and a d u l t  
n e u ro n s  i s  l i k e l y  t o  be g r e a t .  They h av e  a l s o  
shown t h a t  t h e  e x p r e s s io n  o f  many a n t i g e n s  i s  
u n d e r  d e v e lo p m e n ta l  c o n t r o l  and  t h a t  t h e r e  may be 
a l a r g e  num ber o f  a n t i g e n s  t h a t  a r e  e x p r e s s d  o n ly  
t r a n s i e n t l y  d u r in g  n e u r o g e n e s i s .

The l a r g e  num ber o f  p o t e n t i a l  a n t i g e n s  o f  
i n t e r e s t  and t h e  d i f f i c u l t y  o f  r e a d i l y  o b t a i n i n g  
s u i t a b l e  p ro b e s  u s in g  h y b rid o m a  te c h n o lo g y  
s u g g e s te d  t h a t  a n o th e r  s t r a t e g y  m ig h t p r o v id e  
p ro b e s  w i th  h ig h e r  e f f i c i e n c y .  We h av e  now made a 
cDNA l i b r a r y  from  mRNA p u r i f i e d  from  th e  e m b ry o n ic  
CNS in  t h e  Trp e x p r e s s io n  v e c t o r .  P lu s -m in u s  
s c r e e n in g  o f  t h i s  l i b r a r y  u s in g  p ro b e s  from  
e m b ry o n ic  l i v e r  and CNS h as  shown t h a t  many 
b a c t e r i a l  c o l o n i e s  c o n ta in  DNA i n s e r t s  t h a t  a r e  
m ore p r e v a l e n t  in  CNS th a n  in  l i v e r  A+ 
mRNA. In  o r d e r  t o  lo o k  f o r  s e l e c t i v e  mRNA 
e x p r e s s io n  a t  t h e  s i n g l e  c e l l  l e v e l  we a r e  u s in g  
in  s i t u  h y b r i d i z a t i o n  t o  s e c t i o n s  o f  E15 em b ry o s . 
T h ese  s t u d i e s  h av e  shown t h a t  t h e r e  a r e  a num ber 
o f  m o le c u la r  d i f f e r e n c e s  in  t h e  e m b ry o n ic  CNS, 
b o th  in  t h e  s p a t i a l  and te m p o ra l  p a t t e r n s  o f  
e x p r e s s io n  o f  p r o t e i n s  and mRNA's.

S u p p o r t  by NIH G ra n ts  1 -R 0 1 -N S -1 8 0 4 0  (SH) and 
1 -R 01-N S -1759  (RM)

233 . 11  PHOTOSENSITIZATION AND KILLIN G  OF NEURONAL PRECURSOR CELLS 
BY MEANS OF BUDR AND NEAR-UV IRRA DIATIO N.  K e n n e th  C. S m i t h * ,  
Mu r r a y  S .  F l a s t e r , a n d  E d u a r d o  R. M a c a g n o .  D e p t . o f  B i o l o g 
i c a l  S c i e n c e s ,  C o lu m b ia  U n i v e r s i t y ,  New Y o r k ,  NY 1 0 0 2 7

We h a v e  u s e d  t h e  UV p h o t o s e n s i t i z i n g  e f f e c t s  o f  t h e  t h y 
m id i n e  a n a lo g u e  5 '  - b ro m o d e o x y u r i d i n e  (BUDR) t o  s e l e c t i v e l y  
k i l l  c e l l s  u n d e r g o i n g  m i t o s i s  a t  a  p a r t i c u l a r  t i m e  i n  t h e  
d e v e lo p m e n t  o f  t h e  n e r v o u s  s y s t e m  o f  D a p h n ia  m a g n a . E m b ry o s  
w e r e  i n j e c t e d  a t  41  h o u r s  o f  d e v e lo p m e n t  w i t h  3H-BUDR t o  
g i v e  a  c o n c e n t r a t i o n  i n  t h e  e m b ry o  o f  3uM. One h o u r  l a t e r ,  
t h e  l e f t  s i d e  o f  t h e  e y e - l a m i n a  a n l a g e  w as  i r r a d i a t e d  f o r  
1 0 ,  2 0 ,  o r  1 00  s e c  w i t h  a  f o c u s e d  UV m ic r o b e a m  w h o s e  w a v e 
l e n g t h  p e a k  w as  310nm . No e f f e c t s  w e r e  s e e n  w hen  t h e  i r r a d 
i a t i o n  t i m e s  w e r e  10 o r  20  s e c ,  b u t  i r r a d i a t i o n  f o r  100  s e c  
c a u s e d  t h e  l o s s  o f  a n  a v e r a g e  o f  16  o u t  o f  t h e  88 p h o t o 
r e c e p t o r s  n o r m a l l y  p r e s e n t  p e r  s i d e  o f  t h e  e y e .  T h e r e  w as 
n o  c e l l  l o s s  on  t h e  u n i r r a d i a t e d  r i g h t  s i d e  o f  t h e  e y e .  
C o n t r o l  1 00  s e c  i r r a d i a t i o n s ,  w i t h o u t  BUDR, s e ld o m  c a u s e d  
d e l e t i o n  o f  p h o t o r e c e p t o r s .  A u t o r a d i o g r a p h y  o f  s p e c im e n s  
s e r i a l l y  s e c t i o n e d  a t  o n e  m ic r o n  c o n f i r m s  t h a t  t h e  % -B U D R  
i s  b e i n g  i n c o r p o r a t e d  b y  m i t o t i c  c e l l s  i n  b o t h  t h e  e y e  a n d  
t h e  o p t i c  l a m i n a .  L i g h t  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  
s e r i a l  s e c t i o n s  f a i l s  t o  r e v e a l  a n y  m a j o r  s t r u c t u r a l  e f f e c t s  
o f  t h e  BUDR i n j e c t i o n .  We a r e  p r e s e n t l y  r e f i n i n g  t h i s  t e c h 
n i q u e  f o r  u s e  i n  t h e  s e l e c t i v e  k i l l i n g  o f  t h e  t a r g e t  c e l l s  
o f  t h e  p h o t o r e c e p t o r s  i n  t h e  o p t i c  l a m i n a  i n  o r d e r  t o  t e s t  
t h e  r o l e  o f  c e l l - c e l l  i n t e r a c t i o n s  i n  t h e  d i f f e r e n t i a t i o n  
o f  t h e s e  n e u r o n s .   ( S u p p o r t e d  i n  p a r t  b y  NIH G r a n t  N S - 1 4 9 4 6 ) .

233.12  MUTATIONS AFFECTING CELLS OF THE TOUCH REFLEX CIRCUIT IN 
CAENORHABDITIS ELEGANS.  M. Chalf ie .  Dept. B iol. Sci., 
Coluntoia U niversity , New York, NY 10027.

The nematode C aenorhahd itis eleaans moves forward or 
backward depending on whether the animal i s  touched on the 
t a i l  or head, respec tive ly . These touch re flex e s invo lve 
two d if fe re n t c ir c u its  each with touch receptors, in te r 
neurons, and motor neurons. Removal of each c la s s  of neuron 
by la s e r  ab la tio n  r e su lts  in  animals with d is t in c tiv e  and 
c h a ra c te r is tic  behavioral defects. Mutants showing s im ila r 
defects are  a lso  seen. Over 250 touch in se n sitiv e  mutants 
have been iso la ted . Although most mutants are  touch insensi
t iv e  in  the head and t a i l ,  some animals show a d if fe re n tia l  
touch defect. Most of the mutations producing d if fe re n tia l  
e ffe c ts  are  in  genes fo r which o ther a l l e l e s  e x is t th a t  
produce com pletely in se n sitiv e  animals. For example, some 
of the  recessive mutations in  mec- 12 r e su lt  in  animals th a t 
a re  head in se n sitiv e ; o thers produce animals th a t a re  insen
s i t iv e  in the head and t a i l  (three dominant mutations in 
th is  gene produce head in se n sitiv e  animals in  heterozygotes 
but completely in se n sitiv e  animals in  homozygotes). These 
d if fe re n t phenotypes are  probably not the re s u l t  of d if fe r 
e n tia l  gene a c tiv ity . The weaker mec-12 mutants f a i l  to  
form a term inal branch; the stonger ones in  addition have 
le s s  of the microtubules th a t a re  known to  be required for 
sensory transduction. Since the synapses made on the  branch 
are important for an te rio r touch only, the d if fe re n tia l  
defect seen in  these animals i s  l ik e ly  to  be a consequence 
of the geometry of the  neuronal c irc u itry .

Two mutants with t a i l  in s e n s itiv ity  have been studied.
One mutation (u38) r e su lts  in  the death of the intem eurons 
onto which the t a i l  touch c e l l s  synapse. The other (u282) 
a l t e r s  c e l l  lineages so th a t the t a i l  touch c e l l s  (but not 
the an te rio r touch c e lls )  a re  not produced.

These data suggest th a t  although p a r tic u la r  mutations can 
produce d if fe r e n t ia l ly  touch -insensitive  animals, few, i f  
any, genes appear to  be important in  determining the d i f 
ferences in  the synaptic connections made by the C . elegans 
touch c e l l s .  I t  i s  thus possib le  th a t the touch c e l l s  are  
not in t r in s ic a l ly  d iffe re n t from one another, but form par
t ic u la r  synapses as the r e s u lt  of ex tr in s ic  fac to rs .

Supported by NIH grants GM30997 and AI19399.
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233.13  MICROFILAMENT ORGANIZATION IN REACTIVE ASTROCYTES IN CULT
URE.  S . F e d o r o f f ,  I .  Ahmed* M. O p as*  and  V . I .  K a ln i n s .* 
 D e p a r tm e n ts  o f  A natom y, U n i v e r s i t y  o f  S a s k a tc h e w a n , S a s k a 
to o n ,  S a s k . S7N 0W0 , an d  U n i v e r s i t y  o f  T o r o n to ,  T o ro n to ,  
O n ta r i o ,  M5S 1A8, C anada

A s t r o c y te  p r e c u r s o r  c e l l s  i s o l a t e d  fro m  b r a i n  c a n  grow  
an d  d i f f e r e n t i a t e  i n  c u l t u r e .  I f  dBcAMP i s  ad d e d  to  c u l t 
u r e s  a f t e r  th e y  h a v e  r e a c h e d  th e  a s t r o b l a s t  s t a g e  o f  d i f f e r 
e n t i a t i o n  ( v im e n t in + , GFAP+ ) th e  c e l l s  t r a n s f o r m  i n t o  l a r g e  
s t e l l a t e  c e l l s  w i th  i n c r e a s e d  am ount o f  GFAP, i n c r e a s e d  
n u m b ers  o f  m i to c h o n d r i a  an d  i n c r e a s e d  r a t e  o f  c e l l  r e s p i r a 
t i o n .  T h e se  c e l l s  a r e  c o n s id e r a b ly  l a r g e r  th a n  th e  n o rm a l 
f i b r o u s  a s t r o c y t e s  i n  s i t u  an d  i n  v i t r o . A c c o rd in g  to  m or
p h o lo g y ,  im m u n o c y to c h e m is try  an d  m o rp h o m e tr ic  m e a s u re m e n ts ,  
t h e s e  c e l l s  a r e  s i m i l a r  t o  r e a c t i v e  a s t r o c y t e s  w h ich  fo rm  
i n  s i t u  i n  r e s p o n s e  t o  i n j u r y .  We h a v e  p r e v i o u s l y  r e p o r t e d  
t h e  o r g a n i z a t i o n  o f  m i c r o f i l a m e n t s  (MF) i n  c e l l s  o f  th e  a s t 
r o c y t e  c e l l  l i n e a g e .  Now we h a v e  e x te n d e d  th e s e  s t u d i e s  to  
r e a c t i v e  a s t r o c y t e s  i n  c u l t u r e  by e x a m in in g  t h e i r  m i c r o f i l a 
m en t o r g a n i z a t i o n ,  u s in g  N B D - p h a l la c id in e . I n  a s t r o b l a s t s  
t h e  p e r i n u c l e a r  r e g i o n  h a s  r e l a t i v e l y  few  MF b u n d le s ;  how
e v e r ,  to w a rd  th e  p e r i p h e r y  o f  t h e  c e l l  many f i n e  i n t e r l a c i n g  
b u n d le s  o f  MF a r e  f o u n d . T h e se  te n d  to  be c o n c e n t r i c a l l y  
a r r a n g e d  an d  l o o s e l y  o r g a n i z e d .  Some b u n d le s  o f  MF e x te n d  
i n t o  t h e  c e l l  p r o c e s s e s  an d  i n s e r t  i n t o  th e  c e l l  m em brane 
a lo n g  th e  i n t e r c e l l u l a r  j u n c t i o n s .  I n  r e a c t i v e  a s t r o c y t e s  
w h ic h  fo rm  i n  c u l t u r e s  fro m  a s t r o b l a s t s ,  t h e  l o o s e l y  a r r a n g 
ed  c i r c u m f e r e n t i a l l y  o r i e n t e d  b u n d le s  o f  MF fo u n d  i n  a s t r o -  
b l a s t s ,  a r e  c o n d e n se d  i n t o  a  c i r c u l a r ,  s t r o n g l y  s t a i n i n g  
r i n g  and  o n ly  some s m a l l e r  b u n d le s  o f  MF e x te n d  i n t o  th e  
c e l l  p r o c e s s .  I t  i s  o f  i n t e r e s t  t h a t  n o rm a l f i b r o u s  a s t r o 
c y t e s ,  i n  c o n t r a s t  t o  a s t r o b l a s t s  an d  r e a c t i v e  a s t r o c y t e s ,  
h a v e  v e r y  l i t t l e  p o ly m e r iz e d  a c t i n .  The a s t r o b l a s t s  a r e  
f a i r l y  m o t i l e  i n  c u l t u r e s  an d  h av e  a d h e s io n  p la q u e s  a lo n g  
th e  s u b s t r a tu m  b u t  n e i t h e r  r e a c t i v e  a s t r o c y t e s  n o r  f i b r o u s  
a s t r o c y t e s  h a v e  a d h e s io n  p la q u e s  and  th e y  a r e  r e l a t i v e l y  
n o n - m o t i l e .  S u p p o r te d  by MRC C anada G ra n ts  MT-4325 to  SF 
an d  MT-3302 to  VIK.

BLOOD BRAIN BARRIER I

234.1  POLARITY OF BLOOD-BRAIN BARRIER VALPROATE UPTAKE.  E . M. 
C o r n f o r d , C . P .  D ie p *  a n d  W. M. P a r d r i d g e .  E p i l e p s y  
C e n t e r ,  V .A .  W a d s w o r th  M ed C t r ,  a n d  UCLA S c h o o l  o f  
M e d ic in e ,  L o s A n g e le s ,  CA 9 0 0 2 4 .

T h e  i n t r a c a r o t i d  s i n g l e - i n j e c t i o n  t e c h n iq u e  o f  O ld e n d o r f  
h a s  b e e n  e x t e n s i v e l y  u s e d  t o  s t u d y  b l o o d - b r a i n  b a r r i e r  
(BBB) f u n c t i o n s  i n  v i v o . B r a i n  u p t a k e  i n d i c e s  (=  BU Is) 

p r o v id e  a n  e s t i m a t e  o f  t h e  e x t r a c t i o n  o f  t h e  t e s t  c o m p o u n d  
r e l a t i v e  t o  t h e  e x t r a c t i o n  o f  a  r e f e r e n c e  com pound (s u c h  a s  
t r i t i a t e d  w a t e r ) .  F o r  e x a m p le ,  i n  t h e  p r e s e n c e  o f  0 .1%  
a l b u m i n ,  t h e  v a l p r o a t e  BUI = 42%. T h is  ty p e  o f  m e a su re m e n t 
p r o v id e s  i n f o r m a t i o n  r e g a r d i n g  t r a n s p o r t  o f  m a t e r i a l s  f ro m  
t h e  b l o o d  t o  b r a i n ,  i . e .  t h e  l u m i n a l  s i d e  o f  t h e  b r a i n  
c a p i l l a r y . I n  t h e  p r e s e n t  s t u d y ,  t h e  r a t e  c o n s t a n t  o f  
w a s h o u t  o f  v a l p r o a t e  h a s  b e e n  d e te r m in e d  f ro m  m e a su re m e n ts  
o f  b r a i n  v a l p r o a t e  c o n t e n t  a t  v a r i o u s  t i m e s  a f t e r  a  s i n g l e  
i n t r a c a r o t i d  i n j e c t i o n .  T h e  s l o p e  o f  t h i s  l i n e  (Kt e s t ) = 
0 . 7 4  m in -1,  i s  t h e  r a t e  c o n s t a n t  o f  e f f l u x  o f  t h e  t e s t  
c o m p o u n d  ( i . e .  v a l p r o a t e ) ;  a n d  Kr e f  = 0 .5 5  m in- 1 ,  t h e  r a t e  
c o n s t a n t  o f  e f f l u x  o f  t h e  r e f e r e n c e  co m p o u n d  ( t r i t i a t e d  
w a t e r ) . T h e  r a t i o  o f  t h e  Kt e s t /K r e f  i s  a n  i n d i c a t o r  o f  t h e  
r e l a t i v e  p e r m e a b i l i t y  o f  t h e  a n t i l u m i n a l  s u r f a c e  o f  t h e  
b r a i n  c a p i l l a r y ;  i . e . ,  b r a i n - t o - b l o o d  p e r m e a b i l i t y .  S in c e  
t h i s  r a t i o  0 . 7 4 / 0 . 5 5  = 1 3 4 % ,  i t  i s  a p p a r e n t  t h a t  
b r a i n - t o - b l o o d  p e r m e a b i l i t y  o f  v a l p r o a t e  i s  g r e a t e r  th a n  
t h a t  o f  b l o o d - t o - b r a i n ,  w h ic h  i s  s u g g e s t i v e  o f  a n  a c t i v e  
e f f l u x  m e c h a n i s m  f o r  v a l p r o a t e .  T h e  a s y m m e tr i c  BBB 
t r a n s p o r t  o f  v a l p r o a t e  may p o s s i b l y  b e  a t t r i b u t e d  t o  p la s m a  
p r o t e i n  b i n d i n g  e f f e c t s ,  s i n c e  n o  CNS b in d i n g  i n  b r a i n  h a s  
b e e n  o b s e r v e d ,  b u t  v a l p r o a t e  i s  k now n t o  b i n d  t o  s e r u m  
p r o t e i n .  I f  v a l p r o a t e  i s  b o u n d  t o  a lb u m in  a s  a v i d l y  a s  a r e  
l o n g  c h a i n  f a t t y  a c i d s ,  t h e n  p a r t i a l  m i x i n g  o f  t h e  
s a l i n e - b o r n e  d r u g  w i t h  c i r c u l a t i n g  r a t  p la sm a  m ig h t  r e n d e r  
v a l p r o a t e  p a r t i a l l y  u n a v a i l a b l e  f o r  b l o o d - t o - b r a i n  
t r a n s p o r t .  H o w e v e r ,  t h e  b i n d i n g  o f  v a l p r o a t e  b y  se ru m  o f  
r a t  o r  e i g h t  o t h e r  s p e c i e s  i s  r e l a t i v e l y  w e a k  ( e . g .  f r e e l y  
d i a l y z a b l e  f r a c t i o n  =  5 -8 8 % , d e p e n d i n g  o n  t h e  s p e c i e s )  
co m p ared  t o  t h e  lo n g  c h a in  f a t t y  a c i d  b i n d i n g .  M o r e o v e r ,  
we f i n d  t h a t  t h e  a l b u m in - b o u n d  v a l p r o a t e  i s  a v a i l a b l e  f o r  
t r a n s p o r t  th r o u g h  t h e  BBB. T h e r e f o r e  w e c o n c l u d e  t h a t  t h e  
a s y m m e t r i c  BBB t r a n s p o r t  o f  v a l p r o a t e  i s  n o t  d u e  t o  p la sm a  
p r o t e i n  b i n d i n g  e f f e c t s .  P o l a r i t y  o f  t h e  b l o o d - b r a i n  
b a r r i e r  t o  m a n y  c o m p o u n d s  h a s  b e e n  d e s c r i b e d  o n  t h e  b a s i s  
o f  i n  v i t r o  s t u d i e s  o f  i s o l a t e d  b r a i n  c a p i l l a r i e s ,  b u t  t o  
o u r  k n o w l e d g e  t h i s  r e p r e s e n t s  t h e  f i r s t  i n  v i v o  
d e m o n s t r a t i o n  o f  b lo o d  b r a i n  b a r r i e r  p o l a r i t y .

2 3 4 .2  ELECTRICAL IMPEDANCE CHANGES IN CEREBRAL ISCHEMIA RELATED TO 
INCREASES IN INTRACRANIAL PRESSURE.  P . T in g * , H. W agner, 
K. K i to * ,  T . Y am aguchi* and  I .  K la t z o .  N a tio n a l  I n s t i t u t e s  
o f  H e a l th ,  B e th e s d a ,  MD 2 0 2 0 5 .

The p u rp o s e  o f  t h i s  s tu d y  was to  o b s e r v e  th e  e f f e c t s  o f  
f o c a l  is c h e m ic  b r a i n  edema upon c e r e b r a l  e x t r a c e l l u l a r  s p a c e  
d e te rm in e d  by im p ed an ce  m e a s u re m e n ts . C a ts  w ere  s u b je c t e d  to  
l e f t  m id d le  c e r e b r a l  a rte ry (M C A ) o c c lu s io n  f o r  1 h r .  Im m edi
a t e l y  a f t e r  r e c i r c u l a t i o n ,  2% E vans B lue (E B ) t r a c e r  was 
g iv e n  IV f o r  b lo o d - b r a in  b a r r ie r (B B B )  e v a l u a t i o n .  The c a t s  
w ere  s a c r i f i c e d  b e tw e en  6 and  42 h r s .  f o l l o w in g  r e l e a s e  o f  
MCA o c c l u s i o n .  C e re b ra l  e l e c t r i c a l  im p ed an ce (C E I) and  r e 
g io n a l  c e r e b r a l  b lo o d  flo w (rC B F ) w ere  m e a su re d  u s in g  a 5 
p la t in u m  m ic r o e l e c t r o d e  a r r a y  i n s e r t e d  i n t o  th e  i p s i l a t e r a l  
c a u d a t e .  D u rin g  is c h e m ia (rCBF=11± m l/1 0 0 g /m in ) , im p ed an ce  
r o s e  to  x=211% . Im m e d ia te ly  a f t e r  r e l e a s e ,  CEI d e c re a s e d  
b u t  i t  was fo l lo w e d  by a se co n d  r i s e  to  x=176% w i th i n  15 
h r s .  o f  r e c i r c u l a t i o n  and  t h i s  l a t e  r i s e  was n o t  accom 
p a n ie d  by is c h e m ia  ( rC B F = 5 3 ± 5 m l/1 0 0 g /m in ). A s e c o n d a ry  r i s e  
was a l s o  o b s e rv e d  in  c a t s  in  w h ich  th e  MCA was p e rm a n e n tly  
o c c lu d e d  w ith  is c h e m ia  rCBF=±1m l / 100g /m in .  A ll c a t s  r e 
v e a le d  e x t r a v a s a t i o n  o f  EB in  is c h e m ia  a r e a s .  The s e c o n d a ry  
r i s e  in  CEI a p p e a re d  to  be  r e l a t e d  to  in c r e a s e d  i n t r a c r a n i a l  
p r e s s u r e ( I C P )  in d u c e d  by is c h e m ic  b r a i n  edem a. To t e s t  t h i s  
l a t t e r  h y p o th e s i s ,  b r a i n  c o m p re s s io n  was p ro d u c e d  by e p i 
d u r a l  b a l lo o n  i n f l a t i o n .  When th e  e p i d u r a l  p r e s s u r e  r o s e  
from  a b a s e l i n e  v a lu e  o f  5± 3mmHg, to  26± 6mmHg, t h e  CEI 
in c r e a s e d  to  216% and  rCBF d ro p p e d  from  a b a s e l i n e  v a lu e  
o f  48ml to  2 5 m l/100g /m in .  T h is  s tu d y  s u g g e s t s  t h a t  an  i n 
c r e a s e  in  ICP i t s e l f  c a n  p ro d u c e  a r e d u c t io n  in  e x t r a 
c e l l u l a r  s p a c e  w i th o u t  lo w e r in g  rCBF to  c r i t i c a l  is c h e m ic  
v a lu e s  and  t h a t  s e c o n d a ry  r i s e  o f  CEI in  c e r e b r a l  is c h e m ia  
m ig h t be t h e r e f o r e  r e l a t e d  to  c o m p re s s io n  o f  e x t r a c e l l u l a r  
s p a c e  d u e  to  in c r e a s e d  t i s s u e  p r e s s u r e  in d u c e d  by th e  d e v e l 
o pm ent o f  edem a.



SUNDAY AM BLOOD BRAIN BARRIER I 791

234.3  ANTIBODIES TO BOVINE BLOOD-BRAIN BARRIER PLASMA MEMBRANES 
BIND TO ENDOTHELIAL CELL JUNCTIONS AND TO 46K AND 6 8 K PRO
TEINS.  W.M. P a rd rid g e , J .  Yang* and J .  E isenberg*.  Dept. 
o f  M edicine, UCLA School o f  M edicine, Los Angeles, CA 90024.

S im ila r to  e p i th e l i a l  b a r r ie r s ,  b ra in  c a p i l la r y  endothe
l i a l  c e l l s ,  which form th e  b lo o d -b ra in  b a r r ie r  (BBB) , have 
t i g h t  ju n c tio n s  and e x h ib i t  p o la r iz a tio n  o f  th e  lum inal and 
a n t i - lum inal memb ran es. In  an a ttem pt to  beg in  e lu c id a tin g  
th e  b iochem ical mechanism o f  b ra in  e n d o th e lia l membrane  spe
c i a l i z a t i o n s , we i n i t i a t e d  an i mmunochem ical c h a ra c te r iz a 
t io n  o f  bovine b ra in  c a p i l la r y  plasma membran es. Microves
s e ls  were ob ta in ed  by a  m echanical homogenization technique 
from e i th e r  r a t  o r  bovine b ra in .  The b ra in  c a p i l la r y  plasma 
memb ran e  f r a c t io n  was prepared  according  to  th e  method o f  
L id insky and Drewes (J . Neurochem. 41, 1241, 1983). The 
plasma membranes  were analyzed by SDS polyacrylam ide g e l 
e le c tro p h o re s is  (PAGE) and bo th  th e  r a t  and bovine BBB p la s 
ma memb ran es  had m ajor bands o f  68k and 46K m olecular weight. 
The plasma membrane  f r a c t io n  was en riched  in  a lk a lin e  phos
p h a ta se , gamma g lu tamy l  tra n sp ep tid a se  and in s u l in  re cep to r 
b ind ing  a c t iv i ty .  These plasma memb ran es  from e i th e r  r a t  o r  
bovine b ra in  m icrovesse ls  were in je c te d  in to  ra b b its  and 
p o ly c lo n a l a n tib o d ie s  were p repared . The ra b b it  an tiserum  
a g a in s t  bovine BBB plasma membranes im m unoprecipitated 
th e  68K and 46K bands, whereas th e  ra b b i t  an tiserum  prepared  
a g a in s t th e  r a t  BBB plasma membranes im m unoprecipitated 
th e  68K p ro te in  in  th e  bovine BBB plasma membrane f r a c tio n . 
Both th e  a n t i r a t  BBB an tiserum  and th e  an tibov ine  BBB a n t i 
serum d if f u s e ly  s ta in e d  bovine m icrovessels  w ith  an a v id in /
b io tin /p e ro x id a s e  h istochem ica l techn ique. Since th ese  
m icrovesse ls  have an in ta c t  basement membrane and d if fu se  
b ind ing  o f  an tib o d ie s  to  th e  basement membrane  may obscure 
antibody b ind ing  to  th e  underly ing  plasma membranes, we p re 
pared  bovine e n d o th e lia l c e l l s  using  th e  method o f  Bowman e t  
a l  (Ann. N eurol. 13, 396, 1983). These c a p i l la r y  endothe
l i a l  c e l l s  were try p an  b lu e  n egative  and were p o s it iv e  fo r  
gamma glutam yl tra n sp ep tid a se . The a n t i r a t  BBB antiserum  
gave a f a in t  speckled  p a t te rn  in  th e  a v id in /b io tin /p e ro x i
dase h is to ch em is try , b u t th e  an tibov ine  an tiserum  in te n s e ly  
s ta in e d  th e  l a t e r a l  margins o f  th e  bovine e n d o th e lia l c e l l s  
and th e  c e l l - t o - c e l l  ju n c tio n s . The c o r re la tio n  o f  th e  SDS- 
PAGE im m uno p re c ip ita tio n  s tu d ie s  and th e  immunoperoxidase 
s tu d ie s  suggests  th a t  a m ajor bovine BBB plasma membrane 
an tig en  i s  th e  46K p ro te in .  This p ro te in  appears to  be 
asym m etrically  d is t r ib u te d  on bovine b ra in  c a p i l la r y  endo
t h e l i a l  c e l l  membrane  and p o ss ib ly  to  e n d o th e lia l t i ght  
ju n c tio n s .

2 3 4 .4   IN H IB IT IO N  OF CHOROID PLEXUS Na+ -K +  A T P a se  AND CEREBROSPINAL 
FLU ID FORMATION,  M. P o l l a y ,  E . R e y n o l d s * ,  P . T o m p k in s * ,  A . R o b e r t s *  
a n d  A .S t e v e n s * .  N e u r o s u r g e r y  L a b o r a t o r y ,  U n iv ,  o f  O k l a ,  
H e a l t h  S c i e n c e s  C e n t e r ,  O k la h o m a  C i t y ,  OK 7 3 1 2 6 .

T h e  r e l a t i o n s h i p  b e tw e e n  t r a n s p o r t  A T P a se  a n d  v o lu m e  f lo w  
i n t o  t h e  c e r e b r a l  v e n t r i c l e s  w a s  s t u d i e d  i n  r a b b i t  a n d  d o g  
u s i n g  a  v e n t r i c u l o - a q u e d u c t a l  a n d  v e n t r i c u l o - c i s t e r n a l  p e r 
f u s i o n  s y s t e m  r e s p e c t i v e l y .  T h e  e f f e c t  o f  v a r i o u s  c o n c e n 
t r a t i o n s  o f  o u a b a i n  ( 1 0 - 8  t o  1 0 - 3M) o n  c e r e b r o s p i n a l  f l u i d  
( c s f )  f o r m a t i o n  w a s  c o m p u te d  f r o m  t h e  d i l u t i o n  o f  a  n o n -  
d i f f u s i b l e  m a r k e r  i n  t r a n s i t  t h r o u g h  t h e  v e n t r i c u l a r  s y s t e m .  
T h e  d e g r e e  o f  i n h i b i t i o n  o f  A T P a se  i n  p l e x u s  w a s  m e a s u r e d  
i n  v i t r o  u s i n g  a  r a d i o l a b e l e d  e n z y m a t i c  m e th o d .  T h e  t o t a l  
a m o u n t o f  A T P a se  m e a s u r e d  i n  r a b b i t  c h o r o i d  p l e x u s  w a s  
1 4 .7  m o l e s / h r / k g  d r y  w e i g h t  w i t h  2 6 .3 %  ( 3 , 8 7 )  a c t i v a t e d  b y  
N a+ -K +  a n d  t h e  r e m a i n d e r  b y  Ca+ + /Mg+ + , I n  t h e  d o g  p l e x u s  
t h e  t o t a l ,  Na+ /K +  a c t i v a t e d ,  a n d  t h e  Ca+ + /M g+ +  a c t i v a t e d  
e n z y m e  a c t i v i t y  w a s  1 6 . 9 ,  3 . 4  a n d  1 3 . 5  m o l e s / h r / k g  d o g  
w e i g h t  r e s p e c t i v e l y .  I n  t h e  p r e s e n c e  o f  1 0 - 3M o u a b a i n ,  b o t h  
r a b b i t  a n d  d o g  p l e x u s  t r a n s p o r t  A T P a se  (N a /K )  w a s  c o m p l e t e l y  
i n h i b i t e d .  W hen t h e  c e r e b r a l  v e n t r i c l e s  w e r e  p e r f u s e d  w i t h  
a n  a r t i f i c a l  c s f  c o n t a i n i n g  o u a b a i n  i n  a  c o n c e n t r a t i o n  o f  
1 0 - 4 t o  1 0 - 3M, t h e  r a t e  o f  i n t r a v e n t r i c u l a r  f l u i d  f o r m a t i o n  
f e l l  68% i n  t h e  d o g  a n d  90% i n  t h e  r a b b i t .  T h e s e  r e s u l t s  
i n d i c a t e  t h a t  a  p o r t i o n  o f  i n t r a v e n t r i c u l a r  c s f  f o r m a t i o n  i s  
c a r d i a c  g l y c o s i d e  i n s e n s i t i v e  a n d  s u g g e s t s  t h a t  m o re  t h a n  
o n e  m e c h a n is m  i s  i n v o l v e d  i n  t h e  e l a b o r a t i o n  o f  t h i s  f l u i d .  
T h i s  v i e w  i s  c o m p a t i b l e  w i t h  t h e  n o t i o n  t h a t  t h e r e  i s  a  
p a r t i a l  e x t r a c h o r o i d a l  s o u r c e  f o r  t h e  f o r m a t i o n  o f  i n t r a 
v e n t r i c u l a r  f l u i d  u t i l i z i n g  a  m e c h a n is m  u n r e l a t e d  t o  t r a n s 
p o r t  A T P a se .  I t  i s  a l s o  p o s s i b l e ,  i n  p a r t ,  t h a t  v o lu m e  
f lo w  a c r o s s  t h e  c h o r o i d a l  e p e n d y m a  m ay n o t  b e  s e c o n d a r y  t o  
l o c a l  o s m o t i c  g r a d i e n t s  p r o d u c e d  b y  t h e  a c t i v e  t r a n s p o r t  o f  
s o d iu m .

2 3 4 .5   PROPERTIES OF GLUCOSE 6-PHOSPHATASE IN CEREBROVASCULAR ENDO
THELIUM.  B .M . D j u r i c i c *  a n d  M. S p a t z .  L a b o r a t o r y  o f  N e u r o 
p a t h o l o g y  a n d  N e u r o a n a to m i c a l  S c i e n c e s ,  N a t i o n a l  I n s t i t u t e  
o f  N e u r o l o g i c a l  a n d  C o m m u n ic a t iv e  D i s o r d e r s  a n d  S t r o k e ,  
N a t i o n a l  I n s t i t u t e s  o f  H e a l t h ,  B e t h e s d a ,  M a r y la n d  2 0 2 0 5  USA.

G lu c o s e  6 - p h a s p h a t a s e  (G 6 - P a s e ;  E . C . 3 . 1 . 3 . 2 )  i s  d e t e c t 
a b l e  i n  t h e  b r a i n  t i s s u e  b u t  i t s  r o l e  i s  d e b a t a b l e  s i n c e  t h e  
b r a i n  i s  n e i t h e r  a  g l y c o n e o g e n e t i c  t i s s u e  o r  c o n t a i n s  h ig h  
g l y c o g e n  r e s e r v e s .  T h e  c o n s i d e r a t i o n  o f  G 6 - P a s e  i n v o l v e 
m e n t  i n  t h e  t r a n s f e r  o f  g l u c o s e  a c r o s s  t h e  b lo o d  b r a i n  b a r r 
i e r  (BBB) r e p r e s e n t  t h e  m u s t  a t t r a c t i v e  i m p l i c a t e d  f u n c t i o n  
f o r  t h i s  e n z y m e  w h ic h  a c t i v i t y  i s  a b o u t  20  t i m e s  h i g h e r  i n  
t h e  i s o l a t e d  c e r e b r a l  m i c r o v e s s e l s  t h a t  i n  t h e  b r a i n  p a r e n 
chym a ( 5 3 8 .0 + 6 3  a n d  2 8 .0 + 5  mU m g-1  p r o t e i n ,  r e s p e c t i v e l y ) .  
T h e r e f o r e ,  we i n v e s t i g a t e d  t h e  b i o c h e m i c a l  c h a r a c t e r i s t i c s  
o f  G 6 - P a s e  i n  c e r e b r o v a s c u l a r  e n d o t h e l i u m  u s i n g  tw o  m o d e l s :  
i s o l a t e d  m i c r o v e s s e l s  a n d  p u r e  c u l t u r e s  o f  c e r e b r o v a s c u l a r  
e n d o t h e l i a l  c e l l s  ( 4 t h  -  6 t h  g e n e r a t i o n )  d e r i v e d  f r o m  t h e  
m i c r o v a s c u l a r  f r a c t i o n  o f  r a t  b r a i n .

G lu c o s e  6 - P  (G 6 - P )  w as t h e  b e s t  s u b s t r a t e  am ong t h e  t e s 
t e d  s u g a r  p h o s p h a t e s  ( g l u c o s e  1 - P ,  e r y t h r o s e  4 - P  a n d  4 - P  g l y 
c e r a t e )  i n  b o t h  c e l l  t y p e s .  R ib o s e  5 - P  g a v e  t h e  sam e  r e 
s p o n s e  a s  g l u c o s e  6 - P  w h i l e  f r u c t o s e  6 - P  w as a  g o o d  s u b s t r a t e  
f o r  t h e  c u l t u r e d  c e r e b r o v a s c u l a r  e n d o t h e l i u m  b u t  n o t  f o r  t h e  
i s o l a t e d  m i c r o v e s s e l s .

T h e  c e r e b r o v a s c u l a r  e n d o t h e l i a l  G 6 - P a s e  i n  c o n t r a s t  t o  
t h a t  o f  t h e  l i v e r  f a i l e d  t o  p h o s p h o r y t e  g l u c o s e  u s i n g  c a r b a 
m yl p h a s p h a t e  a s  d o n o r .   K i n e t i c a l l y  a  m a rk e d  a c t i v a t i o n  o f  
G 6 - P a s e  o c c u r e d  a t  h i g h  c o n c e n t r a t i o n  o f  G 6 -P  ( o v e r  2 m m ol
e s / 1  u p  t o  25  m m o le s /1 ) .  A b i p h a s i c  r e s p o n s e  c u r v e  o f  t h e  G 
6- P a s e  a c t i v i t y  w a s s e e n  i n  t h e  p r e s e n c e  o f  e i t h e r  i n c r e a s e d  
r e l a t i v e  c o n c e n t r a t i o n  o f  s u b s t r a t e  o r  t h e  a m o u n t  o f  t i s s u e  
e n z y m e . ATP a s  w e l l  a s  t h e  n o n - h y d r o l y z a b l e  a n a l o g u e  a d e n y l  
( β , γ - m e t h y l e n e )  d i p h o s p h a t e  s t i m u l a t e d  a l s o  t h e  a c t i v i t y  o f  
e n d o t h e l i a l  G 6 - P a s e .  T h e g e l  e l e c t r o p h o r e s i s  sh o w e d  a s i n g 
l e  s i t e  o f  e n z y m a t i c  a c t i v i t y  c o r r e s p o n d i n g  t o  a s i n g l e  p r o 
t e i n  b a n d  i r r e s p e c t i v e  o f  t h e  t i s s u e  s o u r c e .

T he h i g h  c o n c e n t r a t i o n  o f  G 6 - P a s e  i n  t h e  c e r e b r o v a s c u l a r  
e n d o t h e l i u m ,  i t s  k i n e t i c  a c t i v a t i o n  p a t t e r n  [ ( a l l o - )  s t e r i c ]  
d i s t i n c t l y  d i f f e r e n t  f r o m  o t h e r  t i s s u e s  a r e  i n d i c a t i v e  o f  a 
s p e c i f i c  r o l e  o f  t h i s  e n z y m e  i n  t h e  c e r e b r a l  m i c r o v a s c u l a t u r e  
c o m p a t i b l e  w i t h  t h e  p r o p o s e d  p a r t i c i p a t i o n  o f  G 6 - P a s e  i n  t h e  
g l u c o s e  t r a n s p o r  a c r o s s  t h e  BBB.

2 3 4 . 6   CEREBROVASCULAR TRANSPORT OF LARGE NEUTRAL AMINO ACIDS IN 
MATURE AND AGING RATS.  Y . T a k a s a t o * ,  S .  Momma* a n d  Q . R .  
S m i th .  L a b . o f  N e u r o s c i e n c e s ,  N a t i o n a l  I n s t i t u t e  o n  A q i n q ,  
N IH , B e t h e s d a ,  MD 2 0 2 0 5 .

L a r g e  n e u t r a l  a m in o  a c i d s  (LNAA) a r e  t r a n s p o r t e d  a c r o s s  
t h e  b l o o d - b r a i n  b a r r i e r  b y  a  f a c i l i t a t e d  m e c h a n is m  w h ic h  i s  
s t e r e o s p e c i f i c  a n d  s a t u r a b l e .  F a c i l i t a t e d  t r a n s p o r t  i n 
c r e a s e s  u n i d i r e c t i o n a l  i n f l u x  o f  LNAAs b y  ~ 2 0  f o l d ,  w h ic h  
m ay b e  n e c e s s a r y  t o  s u s t a i n  c e r e b r a l  s y n t h e s i s  o f  p r o t e i n s ,  
p e p t i d e s  a n d  so m e n e u r o t r a n s m i t t e r s .  D u r in g  t h e  f i r s t  2 
m o n th s  o f  p o s t n a t a l  l i f e  i n  t h e  r a t ,  i n f l u x  o f  LNAAs i n t o  
t h e  b r a i n  d e c r e a s e s  ~ 1 0  f o l d  a n d  t h e r e  i s  a  c o r r e s p o n d i n g  
d e c l i n e  i n  t h e  r a t e  o f  c e r e b r a l  p r o t e i n  s y n t h e s i s  ( B a n o s  e t  
a l . ,  1 9 7 8 ) .  To d e t e r m i n e  w h e th e r  s i g n i f i c a n t  c h a n g e s  i n  
LNAA i n f l u x  o c c u r  w i t h  s e n e s c e n c e ,  we m e a s u r e d  t h e  c o n c e n 
t r a t i o n  d e p e n d e n t  u p t a k e  o f  c y c l o l e u c i n e ,  a  n o n m e t a b o l i z e d  
m o d e l LNAA, i n  y o u n g  (3  m o) a n d  a g e d  ( 2 4  m o) r a t s .

I n  p e n t o b a r b i t a l - a n e s t h e t i z e d  F i s c h e r - 3 4 4  r a t s ,  t h e  r i g h t  
c e r e b r a l  h e m i s p h e r e  w a s p e r f u s e d  w i t h  p h y s i o l o g i c a l  s a l i n e  
o r  p l a s m a ,  c o n t a i n i n g  1 4 C - c y c l o l e u c i n e ,  3 H - i n u l i n  a n d  0 - 2 0  
µ m o l/m l o f  u n l a b e l e d  c y c l o l e u c i n e .  A f t e r  6 0  s  o f  p e r f u s i o n ,  
t h e  r a t  w a s d e c a p i t a t e d  a n d  s a m p l e s  f r o m  6 b r a i n  r e g i o n s  a n d  
i n f u s i o n  f l u i d  w e r e  a n a l y z e d  f o r  r a d i o t r a c e r  c o n t e n t .  T h e  
m ean c e r e b r o v a s c u l a r  p e r m e a b i l i t y - a r e a  p r o d u c t  (P A ) w a s 
c a l c u l a t e d  f o r  e a c h  c y c l o l e u c i n e  c o n c e n t r a t i o n ,  a n d  t h e  
M i c h a e l i s - M e n t e n  p a r a m e t e r s ,  Vmax a n d  Km, w e r e  d e t e r m i n e d  
f r o m  n o n l i n e a r  r e g r e s s i o n  a n a l y s i s  o f  t h e  PA d a t a .  T h e  
a p p a r e n t  Km f o r  c y c l o l e u c i n e  i n f l u x  f r o m  p la s m a  w a s  c a l c u l 
a t e d  f r o m  t h e  PA f o r  c y c l o l e u c i n e  d u r i n g  p la s m a  p e r f u s i o n .

C e r e b r o v a s c u l a r  PA t o  c y c l o l e u c i n e  d e c r e a s e d  ~ 30 f o l d  i n  
b o t h  y o u n g  a n d  a g e d  r a t s  a s  p e r f u s a t e  c y c l o l e u c i n e  c o n c e n 
t r a t i o n  i n c r e a s e d ,  w h ic h  i s  c o n s i s t e n t  w i t h  s a t u r a t i o n  o f  a  
t r a n s f e r  s i t e .  H o w e v e r ,  Vmax a n d  Km d i d  n o t  v a r y  s i g n i f i 
c a n t l y  w i t h  a g e  a n d  e q u a l e d  9 . 5  ±  1 . 4  x 1 0 - 4  µ m o l / s / g  a n d  
0 . 2 8  ± 0 . 4  µ m o l /m l ,  r e s p e c t i v e l y .  S i m i l a r l y ,  t h e  a p p a r e n t  
Km f o r  c y c l o l e u c i n e  t r a n s p o r t  f r o m  p l a s m a ,  4 . 5  ±  0 . 6  µ m o l /m l ,  
d i d  n o t  c h a n g e  s i g n i f i c a n t l y  b e tw e e n  3 a n d  2 4  m o n th s  o f  a g e .  
L a s t l y ,  t h e  p la s m a  c o n c e n t r a t i o n  o f  e a c h  o f  9  LNAAs d i d  n o t  
v a r y  w i t h  a g e ,  e x c e p t  f o r  t h r e o n i n e  w h ic h  i n c r e a s e d  b y  53% 
a t  2 4  m o n th s  ( p < 0 . 0 5 ) .

T h e s e  d a t a  sh o w  t h a t ,  c o n t r a r y  t o  so m e p r e v i o u s  r e p o r t s ,  
c e r e b r o v a s c u l a r  t r a n s p o r t  o f  LNAAs i s  m a i n t a i n e d  w i t h  a g e .  
I f  LNAA t r a n s p o r t  i s  c o u p l e d  t o  b r a i n  p r o t e i n  s y n t h e s i s ,  
t h e s e  f i n d i n g s  s u g g e s t  t h a t  t h e  r a t e  o f  c e r e b r a l  p r o t e i n  
s y n t h e s i s  d o e s  n o t  d e c l i n e  b e tw e e n  3 a n d  2 4  m o n th s  o f  a g e  
i n  t h e  F -3 4 4  r a t .
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2 3 4 .7   IO NIC PERM EA BILITIES OF THE ENDONEURIAL CAPILLARIES IN THE 
FROG SC IA T IC  NERVE.  A . W e e r a s u r i y a *  a n d  S . I .  R a p o p o r t .  
( S p o n .  R .E .  T a y l o r )   L a b o r a t o r y  o f  N e u r o s c i e n c e s ,  N a t i o n a l  
I n s t i t u t e  on  A g in g ,  N IH , B e t h e s d a ,  M a r y la n d  2 0 2 0 5 .

P e r i p h e r a l  a x o n s  f u n c t i o n  w i t h i n  a  s p e c i a l i s e d  m i c r o 
e n v i r o n m e n t ,  t h e  e n d o n e u r i a l  s p a c e ,  w h ic h  i s  s e p a r a t e d  f r o m  
o t h e r  e x t r a c e l l u l a r  s p a c e s  by  e n d o n e u r i a l  c a p i l l a r i e s  a n d  
p e r i n e u r i u m .  T h e  r e g u l a t i o n  o f  i o n i c  c o n c e n t r a t i o n s  w i t h i n  
t h e  e n d o n e u r i u m ,  a n d  e s p e c i a l l y  i n  t h e  im m e d ia t e  p e r i a x o n a l  
s p a c e ,  i s  e s s e n t i a l  f o r  n o rm a l a x o n a l  f u n c t i o n s .  T h e 
a b s e n c e  o f  e v i d e n c e  f o r  a c t i v e  t r a n s p e r i n e u r i a l  t r a n s p o r t  
o f  Na a n d  K a n d  t h e  lo w  p e r m e a b i l i t y  o f  t h e  p e r i n e u r i u m  t o  
i o n s  (N a p e r m e a b i l i t y  o f  1 .7 x 1 0 - 6  c m / s e c )  i n d i c a t e  t h e  
r e l a t i v e l y  p a s s i v e  r o l e  o f  t h e  p e r i n e u r i u m  i n  d e f i n i n g  a n d  
t i g h t l y  l i m i t i n g  t h e  e n d o n e u r i a l  s p a c e .  U s in g  a n  i n  s i t u  
p e r f u s i o n  t e c h n i q u e  ( R a p o p o r t  & W e e r a s u r i y a ,  S o c .  N e u r o s c i .  
A b s t r . ,  Vol  9 ,  1 6 2 ,  1 9 8 3 )  we i n v e s t i g a t e d  t h e  p e r m e a b i l i t y -  
s u r f a c e  a r e a  p r o d u c t  (P A ) o f  e n d o n e u r i a l  c a p i l l a r i e s  i n  
s c i a t i c  n e r v e s  o f  R a n a  p i p i e n s  t o  4 2 K, 2 2 Na a n d  
36Cl . T h e  PA s o f  [ 14 C ] s u c r o s e  a n d  4 2 K a n d  t h e  
r a t i o s  o f  t h e s e  PAs w e r e  m e a s u r e d  s i m u l t a n e o u s l y  a n d  f o u n d  
t o  b e  i n d e p e n d e n t  o f  p e r f u s a t e  K c o n c e n t r a t i o n  ( 0 . 1  mM t o  
1 0 .0  mM) ( s e e  t a b l e  b e l o w ) .  T h e  PA s o f  4 2 K a n d  3 6 Cl 
w hen  m e a s u r e d  s i m u l t a n e o u s l y  i n  n o rm a l  ( 2 . 5  mM K) R in g e r  
w e r e  3 9 .1  ±  5 . 8  ( S .E .M . )  a n d  3 2 . 8  ±  4 . 5 x 1 0 - 5  s e c - 1  
(n = 1 2 )  r e s p e c t i v e l y .  T h e  C l/K  p e r m e a b i l i t y  r a t i o  ( 0 . 8 6  ±  
0 . 0 2 )  w a s  s i g n i f i c a n t l y  d i f f e r e n t  (p <  0 . 0 2 )  f r o m  t h e  
l i m i t i n g  c o n d u c t a n c e  r a t i o  ( 1 . 0 4 )  o f  t h e s e  i o n s  i n  f r e e  
s o l u t i o n .  T h e  PA s o f  2 2 Na a n d  4 2 K w hen  m e a s u r e d  
s i m u l t a n e o u s l y  i n  n o rm a l  R in g e r  w e r e  2 1 .1  ± 4 . 6  a n d  3 0 .1  ±  
6 . 9 x 1 0 - 5  s e c - 1 ( n = 8 )  r e s p e c t i v e l y .  T h e  K /N a 
p e r m e a b i l i t y  r a t i o  ( 1 . 3 8  + 0 . 0 6 )  w a s  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (p >  0 . 0 5 )  f r o m  t h e  r e s p e c t i v e  l i m i t i n g  c o n d u c t a n c e  
r a t i o  ( 1 . 4 7 ) .  T h u s ,  w i t h i n  t h e  i n v e s t i g a t e d  r a n g e  o f  
p e r f u s a t e  K c o n c e n t r a t i o n s  t h e r e  i s  no  e v i d e n c e  f o r  
f a c i l i t a t e d  t r a n s p o r t  o f  K b y  t h e  e n d o n e u r i a l  c a p i l l a r i e s .  
F u r t h e r m o r e ,  t h e  r e s u l t s  s u g g e s t  t h a t  K , Na a n d  Cl t r a v e r s e  
t h e s e  c a p i l l a r y  w a l l s  p r e d o m i n a n t l y  a l o n g  a  p a r a c e l l u l a r  
r o u t e  w h ic h  m ay b e  so m e w h a t s e l e c t i v e  f o r  c a t i o n s .
[K] n [14C ]sucrose 42K K /su cro se  r a t i o

mM PA ( s e c - 1 ) x 105
0 .1 16 7 .2  ± 0 .7 32 .5  ± 3 .9 4 .43  ± 0 .2 8
2 .5 14 9 .8  ± 0 .8 4 2 .9  ± 4 .2 4 .35  ± 0 .23
4 .7 9 9 .9  ±  1 .3 4 1 .3  ± 6 .7 4 .02  ± 0 .22

10 .0 16 9 .6  ± 0 .8 39.7  ± 4 .5 4 .02  ± 0 .28

2 3 4 . 8   POSITRON EM ISSION TOMOGRAPHIC MEASUREMENT OF CEREBRAL 
BLOOD FLOW AND WATER PERMEABILITY WITH O- 1 5  WATER AND C - 1 1 
BUTANOL.  P .  H e r s c o v i t c h * ,  M .E . R a i c h l e ,  M .R . K i l b o u r n * a n d  
M .J .  W e lc h * .  W a s h in g to n  U n i v e r s i t y  S c h o o l  o f  M e d ic i n e ,  S t .  
L o u i s ,  MO 6 3 1 1 0 .

T r a c e r s  f o r  t h e  m e a s u r e m e n t  o f  r e g i o n a l  c e r e b r a l  b l o o d  
f lo w  (CBF) u s i n g  t h e  K e ty  a u t o r a d i o g r a p h i c  m e th o d  i n  
l a b o r a t o r y  a n i m a l s  ( K e ty ,  M e th o d s  Med R e s  8 : 2 2 8 ,  1 9 6 0 )  o r  
i t s  a d a p t a t i o n  t o  p o s i t r o n  e m i s s i o n  to m o g r a p h y  (P E T ) i n  
h u m an s  ( H e r s c o v i t c h ,  J  N u c l Med 2 4 : 7 8 2 ,  1 9 8 3 )  i d e a l l y  s h o u l d  
f r e e l y  c r o s s  t h e  b l o o d - b r a i n  b a r r i e r .  T r a c e r s  t h a t  a r e  l e s s  
t h a n  f r e e l y  p e r m e a b le ,  e . g .  O- 1 5  w a t e r ,  m ay u n d e r e s t i m a t e  
CB F, e s p e c i a l l y  a t  h i g h e r  f l o w s .  D e t e r m i n a t i o n  o f  t h i s  
u n d e r e s t i m a t i o n ,  i n  r e l a t i o n  t o  f lo w  m e a s u r e d  w i t h  a  f r e e l y  
d i f f u s i b l e  t r a c e r ,  p e r m i t s  t h e  c a l c u l a t i o n  o f  t h e  e x t r a c t i o n  
o f  t h e  l e s s  d i f f u s i b l e  t r a c e r  a n d ,  b y  a p p l i c a t i o n  o f  t h e  
C r o n e - R e n k in  m o d e l ,  i t s  p e r m e a b i l i t y  ( R a i c h l e ,  Adv N e u r o l  
2 8 : 4 2 3 ,  1 9 8 0 ) .  We h a v e  v a l i d a t e d  C- 11 b u t a n o l  a s  a  f r e e l y  
d i f f u s i b l e ,  r e f e r e n c e  CBF t r a c e r  f o r  PET , a n d  u s e d  i t  i n  
h u m an s  t o  d e t e r m i n e  t h e  u n d e r e s t i m a t i o n  o f  CBF w i t h  O- 1 5  
w a t e r  a n d  t h e  p e r m e a b i l i t y  o f  t h e  b r a i n  f o r  w a t e r .  O u r 
m e a s u r e m e n ts  o f  t h e  b r a i n  p e r m e a b i l i t y  o f  C- 11 b u t a n o l  i n  
b a b o o n s ,  u s i n g  a n  i n t r a c a r o t i d  i n j e c t i o n ,  e x t e r n a l  d e t e c t i o n  
m e th o d ,  d e m o n s t r a t e  t h a t  t h i s  t r a c e r  i s  f r e e l y  p e r m e a b le  up  
t o  a  CBF o f  a t  l e a s t  1 70  m l / ( m i n · 1 0 0 g ) , a n d  t h a t  i t  s h o u l d  
a c c u r a t e l y  m e a s u r e  CBF w h en  u s e d  w i t h  PE T . To e s t a b l i s h  t h e  
v a l i d i t y  o f  t h i s  a s s u m p t i o n ,  we m e a s u r e d  CBF w i t h  PET i n  
b a b o o n s  a n d  c o m p a r e d  i t  t o  CBF m e a s u r e d  w i t h  a  s t a n d a r d ,  
i n t r a c a r o t i d  i n j e c t i o n ,  r e s i d u e  d e t e c t i o n  m e th o d .  T he 
c o r r e l a t i o n  w as e x c e l l e n t  [ C B F (P E T + b u ta n o l )  =0 .9 1  C B F ( t r u e )  
+ 0 . 8 3 ,  r = . 9 7 ,  n = 9 ] .  F i n a l l y ,  we m e a s u r e d  CBF i n  h u m an s  
u s i n g  PET a n d  b o t h  C -11  b u t a n o l  a n d  0 - 1 5  w a t e r .  O u r d a t a  
i n d i c a t e  a  m o d e s t  8 % u n d e r e s t i m a t i o n  o f  a v e r a g e  w h o le  b r a i n  
CBF w i t h  0 - 1 5  w a t e r .  U s in g  CBF d a t a  f r o m  c o r t i c a l  r e g i o n s  
( w h i c h ,  b e c a u s e  o f  t h e  l i m i t e d  s p a t i a l  r e s o l u t i o n  o f  PET , 
c o n t a i n  a  m i x t u r e  o f  g r a y  a n d  w h i t e  m a t t e r )  we o b t a i n e d  
r e g i o n a l  e x t r a c t i o n  v a l u e s  f o r  w a t e r  o f  0 . 8 5  ± 0 . 0 4  (SD ) a n d  
p e r m e a b l i t y - s u r f a c e  a r e a  p r o d u c t  m e a s u r e m e n ts  o f  1 55  ± 12 
m l / ( m i n · 10 0 g ) . T h e s e  r e s u l t s  a r e  s i m i l a r  t o  d a t a  o b t a i n e d  
i n  p r i m a t e s  u s i n g  m o re  i n v a s i v e  t e c h n i q u e s  a n d  d e m o n s t r a t e  
f o r  t h e  f i r s t  t im e  t h e  p o t e n t i a l  o f  PET t o  m e a s u r e  b r a i n  
w a t e r  p e r m e a b i l i t y  r e g i o n a l l y ,  i n  v i v o ,  i n  h u m a n s .  T h e  
a b i l i t y  t o  m ake t h i s  m e a s u r e m e n t  i s  o f  s p e c i a l  i m p o r t a n c e  i n  
t e s t i n g  t h e  h y p o t h e s i s  t h a t  r e g u l a t i o n  o f  b r a i n  w a t e r  
p e r m e a b l i t y  i s  a  f u n c t i o n  o f  a  c e n t r a l  n e u r o e n d o c r i n e  s y s t e m  
( R a i c h l e ,  A c ta  N e u r o p a th ,  S u p p l  V I I : 7 5 ,  1 9 8 3 ) .

2 3 4 .9   DIFFERENTIAL EFFECT OF INTRACAROTID MANNITOL ON THE ENDOTHE
LIUM OF LARGE INTRACRANIAL ARTERIES AND CA PILLARIES IN DOGS.  
J .  G o d e r s k y ,  T . S a s a k i * ,  N. K a s s e l l * .  D iv .  o f  N e u r o s u r g e r y , 
U n iv .  o f  I o w a ,  Io w a  C i t y ,  IA 5 2 2 4 2

T h i s  s t u d y  w a s d e s i g n e d  t o  i n v e s t i g a t e  i f  t h e r e  w a s  a 
d i f f e r e n c e  i n  t h e  r e s p o n s e  o f  t h e  e n d o t h e l i u m  o f  l a r g e  i n 
t r a c r a n i a l  v e s s e l s  c o m p a re d  t o  t h e  b r a i n  c a p i l l a r i e s ,  f o l 
lo w in g  i n t e r n a l  c a r o t i d  ( I C )  a r t e r y  m a n n i t o l  i n j e c t i o n  i n  
d o g s .  T h e  s t u d y  c o n s i s t e d  o f  2 p a r t s .  P a r t  o n e ,  6 a n i m a l s  
h a d  45  c c  o f  25% m a n n i t o l  i n j e c t e d  i n t o  t h e  l e f t  IC  o v e r  30 
s e c o n d s .  E v a n s  b l u e  a n d  I 125 l a b e l e d  a lb u m in  w e r e  i n j e c t e d  
p r i o r  t o  t h e  m a n n i t o l .  T h e  d o g s  w e r e  s a c r i f i c e d  30  m i n u te s  
l a t e r .  B lo o d  b r a i n  b a r r i e r  (BBB) b re a k d o w n  t o  E v a n s  b l u e  o c 
c u r r e d  i p s i l a t e r a l  t o  t h e  m a n n i t o l  i n j e c t i o n  a n d  a  s i g n i f i 
c a n t  d i f f e r e n c e  b e tw e e n  r i g h t  a n d  l e f t  h e m i s p h e r e  I 125 
c o u n t s  w as n o t e d .  No d i f f e r e n c e  w a s n o t e d  i n  I 125 a c t i v i t y  
o f  t h e  c a v e r n o u s  I C ,  i n t r a c r a n i a l  I C ,  m i d d le  c e r e b r a l  a r t e r 
i e s  on  t h e  2 s i d e s .  No b l u e  s t a i n i n g  o f  t h e  i n t r a c r a n i a l  
v e s s e l s  w a s s e e n .  F o u r  a d d i t i o n a l  d o g s  h a d  m a n n i t o l  i n j e c 
t i o n  i n t o  t h e  common c a r o t i d  a r t e r y .  BBB b re a k d o w n  w a s n o t  
s e e n  a n d  no d i f f e r e n c e  i n  r i g h t  a n d  l e f t  I 125  b r a i n  o r  v e s 
s e l  a c t i v i t y  w a s  n o t e d .

P a r t  tw o  ( 5  d o g s ) ,  m o r p h o lo g y  o f  t h e  c e r e b r a l  v e s s e l s  w as 
s t u d i e d  by  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  (T E M ). T h e  sam e  
p r o c e d u r e  w a s u s e d  e x c e p t  h o r s e r a d i s h  p e r o x i d a s e  (H RP) w as 
s u b s t i t u t e d  f o r  I 125  l a b e l e d  a lb u m in  a n d  t i m e  t o  s a c r i f i c e  
w as s h o r t e n e d  t o  1 0 - 2 0  m i n u t e s .  M i c r o s c o p ic  o b s e r v a t i o n  o f  
t h e  c e r e b r a l  v e s s e l s  d e m o n s t r a t e d  v a r i a b l e  s t a i n i n g  w i t h  HRP 
r e a c t i o n  p r o d u c t s  a l o n g  t h e  c o u r s e  o f  t h e  v e s s e l .  When t h e  
s t a i n i n g  w a s l i g h t ,  i t  w a s  m o s t  p r o n o u n c e d  a t  b r a n c h  p o i n t s ,  
w hen  i t  w a s d a r k  t h e  e n t i r e  v e s s e l  w as i n v o l v e d .  T h e  b r a i n  
s t a i n i n g  w i t h  r e a c t i o n  p r o d u c t  o c c u r r e d  i n  t h e  sam e  d i s t r i 
b u t i o n s  a s  t h a t  o f  t h e  E v a n s  b l u e .  By TEM, HRP w a s s e e n  i n  
t h e  i n t e r c e l l u l a r  a n d  s u b e n d o t h e l i a l  s p a c e s  o f  t h e  c a p i l l a r 
i e s .  P e n e t r a t i o n  o f  t h e  HRP t h r o u g h  t h e  e n d o t h e l i u m  o f  t h e  
m a j o r  v e s s e l s  w a s  l e s s  p r o n o u n c e d  t h a n  i n  t h e  c a p i l l a r i e s  
a n d  v a r i a b l e  i n  e x t e n t .  V a r i o u s  s i z e  v e s i c l e s  a n d  c h a n n e l s  
c o n t a i n i n g  HRP w e r e  e v i d e n t  i n  t h e  e n d o t h e l i a l  c e l l s  o f  t h e  
l a r g e  v e s s e l s  a n d  o c c a s i o n a l l y  HRP w as p r e s e n t  i n  t h e  s u b e n 
d o t h e l i a l  s p a c e  o f  t h e s e  v e s s e l s .  E n d o t h e l i a l  d i s r u p t i o n  
w a s  s e e n  i n c o n s i s t e n t l y .  C o n c l u s i o n :  L a r g e  v e s s e l  a n d  c a p 
i l l a r y  e n d o t h e l i u m  r e s p o n d  d i f f e r e n t l y  t o  h y p e r o s m o l a r  
s t r e s s .
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2 3 5 .1  CEREBELLAR PATHWAYS IN THE CONDITIONED NICTITATING MEMBRANE 
RESPONSE.  C .H .Y eo * , M .J .  H ard im an*  and M .G 1 ic k s te in .  MRC 
U n it  on N e u ra l M echanism s o f  B e h a v io u r ,  U n i v e r s i t y  C o l le g e  
L ondon , London WC1E 7JG, U.K.

L a rg e  c e r e b e l l a r  l e s i o n s  a b o l i s h  th e  c o n d i t i o n e d  n i c t i t 
a t i n g  m em brane r e s p o n s e  (NMR) in  r a b b i t s  b u t  l e a v e  th e  
u n c o n d i t i o n e d  r e s p o n s e  t o  a i r p u f f  o r  sh o c k  i n t a c t .  L e s io n s  
r e s t r i c t e d  t o  a n t e r i o r  p a r t s  o f  th e  i n t e r p o s i t u s  n u c le u s  a r e  
a s  e f f e c t i v e  in  a b o l i s h in g  th e  c o n d i t i o n e d  NMR a s  c o m p le te  
c e r e b e l l e c to m y .  R e c e n tly  we fo u n d  t h a t  sm a ll l e s i o n s  r e s t r 
i c t e d  t o  th e  h e m is p h e ra l  p o r t i o n  o f  lo b u le  VI (HVI ) and  
s p a r i n g  th e  u n d e r ly in g  n u c le i  a l s o  a b o l i s h  th e  c o n d i t i o n e d  
NMR. In o r d e r  t o  s tu d y  th e  e f f e r e n t  and  a f f e r e n t  c o n n e c t 
io n s  o f  t h i s  sm a ll c o r t i c a l  a r e a  we i n j e c t e d  w h ea tg erm  a g g l 
u t i n a t e d  h o r s e r a d i s h  p e r o x id a s e  (HRP) i n to  HVI o f  f o u r  
r a b b i t s .  A f t e r  two d a y s  th e y  w ere  d e e p ly  a n a e s t h e t i s e d  and 
p e r f u s e d .  The b r a i n s  w e re  s e c t i o n e d  and  r e a c t e d  w i th  t e t r a 
m e th y l b e n z i d e n e  to  r e v e a l  o r th o g r a d e  and  r e t r o g r a d e  t r a n s p 
o r t  o f  HRP.

We fo u n d  a d e n s e  p r o j e c t i o n  to  th e  a n t e r i o r  i n t e r p o s i t u s  
n u c le u s .  The p r e t e r m in a l  o r th o g r a d e  l a b e l  was d e n s e s t  in 
t h a t  r e g io n  o f  t h e  n u c le u s  w h ich  we h av e  found  to  be n e c e s s 
a r y  f o r  NMR c o n d i t i o n i n g .  T h e re  w ere  r e t r o g r a d e l y  l a b e l l e d  
c e l l s  in  th e  l a t e r a l  r e t i c u l a r ,  s p in a l  t r i g e m in a l  and pon
t i n e  n u c l e i .  One o f  th e  p o n t in e  c e l l  g ro u p s  was in  th e  d o r 
s o l a t e r a l  n u c le u s  -  an  a r e a  known to  r e c e i v e  a u d i t o r y  and 
v i s u a l  i n p u t .  We a l s o  fo u n d  t h a t  a sm a ll g ro u p  o f  r e t r o g r a 
d e ly  l a b e l l e d  c e l l s  in  th e  m o st m ed ia l p o r t i o n  o f  th e  d o r s a l  
l e a f  o f  t h e  p r i n c i p a l  d i v i s i o n  o f  th e  i n f e r i o r  o l i v e  and in  
th e  a d jo i n i n g  m e d ia l p a r t  o f  th e  d o r s a l  a c c e s s o r y  d i v i s i o n .  
In c a t s ,  t h i s  a r e a  r e c e i v e s  in p u t  from  th e  s p in a l  t r i g e m in a l  
n u c le u s  and  i t s  c e l l s  re s p o n d  t o  s o m a to s e n s o ry  s t i m u l a t i o n  
o f  t h e  f a c e .

The a n a to m ic a l  r e s u l t s  a r e  c o n s i s t e n t  w i th  th e  s u g g e s t io n  
t h a t  p o n t in e  c e l l s  r e l a y  a u d i t o r y  an d  v i s u a l  in fo r m a t io n  
r e l a t e d  t o  th e  c o n d i t i o n a l  s t im u lu s  (C S ) , v i a  m ossy  f i b r e s ,  
to  HVI . O l iv a r y  c e l l s  r e l a y  i n fo r m a t io n  a b o u t  s t i m u l a t i o n  
o f  t h e  e y e  o r  p a r a o r b i t a l  r e g io n  r e l a t e d  to  th e  u n c o n d i t i o n 
a l  s t im u lu s  (U S ), v i a  c l im b in g  f i b r e s ,  to  HVI . The 
a s s o c i a t i o n  b e tw een  CS and  US m ig h t th e n  be made a t  th e  
l e v e l  o f  th e  P u r k in j e  c e l l  in  th e  c e r e b e l l a r  c o r t e x .

2 3 5 2   BRACHIUM CONJUNCTIVUM AND RUBROBULBAR TRACT: BRAIN STEM 
PROJECTIONS OF RED NUCLEUS ESSENTIAL FOR THE CONDITIONED 
NICTITA TIN G  MEMBRANE RESPONSE  J .W . M o o re ,  M .E . R o s e n f i e l d *  
a n d  A . D o v y d a i t i s *   D e p a r tm e n t  o f  P s y c h o l o g y ,  U n i v e r s i t y  o f  
M a s s a c h u s e t t s ,  A m h e r s t ,  MA 0 1 0 0 3

T h e  r u b r o b l b a r  t r a c t  (R T ) i n  r a b b i t  t o  t h e  l e v e l  o f  t h e  
a c c e s s o r y  a b d u c e n s  n u c l e u s  i s  d e s c r i b e d :  O r t h o g r a d e  l a b e l 
i n g  o f  f i b e r s  o f  RT f o l l o w i n g  h o r s e r a d i s h  p e r o x i d a s e  
i m p l a n t s  i n t o  r e d  n u c l e u s  (RN) o f  8  a n i m a l s  p e r m i t t e d  a d  h o c  
a n a l y s i s  o f  t h e  e f f e c t s  o f  b r a i n  s te m  l e s i o n s  o f  t h e  
r a b b i t ' s  c o n d i t i o n e d  n i c t i t a t i n g  m e m b ra n e  (NM) r e s p o n s e ;  24 
r a b b i t s ,  t r a i n e d  t o  g i v e  NM CRs f r o m  b o t h  e y e s ,  r e c e i v e d  
u n i l a t e r a l  l e s i o n s  o f  t h e  r i g h t  p o n t i n e  b r a i n  s t e m .  S i x  o f  
t h e  7 c a s e s  o f  p o s t - l e s i o n  d i s r u p t i o n  o f  i p s i l a t e r a l  CRs 
i n v o l v e d  e i t h e r  i p s i l a t e r a l  b r a c h i u m  c o n j u n c t i v u m  o r  RT . 
URs w e r e  n o t  a f f e c t e d .  T h e s e  f i n d i n g s ,  t o g e t h e r  w i t h  a  
r e e x a m i n a t i o n  o f  d a t a  f r o m  2 r e l a t e d  s t u d i e s  f r o m  t h i s  
l a b o r a t o r y  (D e sm o n d , J . E .  a n d  J .W . M o o re ,  P h y s i o l .  B e h a v .  
2 8 :1 0 2 9 - 1 0 3 3 ,  1 9 8 2 ;  R o s e n f i e l d ,  M .E . a n d  J .W . M o o re ,  B e h a v .  
B r a i n  R e s .  1 0 :  3 9 3 - 3 9 8 ,  1 9 8 3 ) ,  s t r o n g l y  s u p p o r t  t h e  
c o n c l u s i o n  t h a t  a n  e s s e n t i a l  p r e m o t o r  c o m p o n e n t  o f  t h e  
c o n d i t i o n e d  NM r e s p o n s e  i s  a  d o u b l y  d e c u s s a t i n g  c i r c u i t  
f ro m  t h e  i n t e r p o s i t u s  n u c l e u s  o f  t h e  c e r e b e l l u m  ( s e e  
G l i c k s t e i n ,  M, M .J .  H a r d im a n  a n d  C .H . Y e o , J .  P h y s i o l .  
( L o n d . )  3 4 1 :  3 0 - 3 1 P ,  1 9 8 3 ;  M c C o rm ic k , D .A . a n d  R . F . 
T h o m p so n , S c i e n c e  2 2 3 :  2 9 6 - 3 0 0 ,  1 9 8 4 )  t o  m a g n o c e l l u l a r  RN 
v i a  b r a c h i u m  c o n j u n c t i v u m  a n d  f r o m  RN c a u d a l l y  t o  t h e  
a c c e s s o r y  a b d u c e n s  n u c l e u s  w h e r e  m o to n e u r o n s  i n v o l v e d  i n  t h e  
NM r e s o n s e  a r e  l o c a t e d .  D esm ond  a n d  M o o re  f o u n d  10 c a s e s  
o f  CR d i s r u p t i o n  o u t  o f  3 0 ;  R o s e n f i e l d  f o u n d  11 d i s r u p t e d  
c a s e s  o u t  o f  1 6 : a l l  i n v o l v e d  som e l i n k  i n  t h i s  c i r c u i t .  
E q u a l l y  r e l e v a n t  t o  t h e  c i r c u i t  h y p o t h e s i s  a r e  t h e  42  
n o n d i s r u p t e d  c a s e s  f ro m  t h e  3 s t u d i e s .  T h e  l e s i o n  o f  1 
n o n d i s r u p t e d  a n im a l  f r o m  t h e  D esm ond  a n d  M o o re  s t u d y  
i n c l u d e d  r o s t r a l  p o r t i o n s  o f  RT. N o n e  o f  t h e  5 
n o n d i s r u p t e d  c a s e s  f r o m  t h e  R o s e n f i e l d  a n d  M o o re  s t u d y  
i n v o l v e d  t h e  c i r c u i t ,  a n d  n o n e  o f  t h e  n o n d i s r u p t e d  c a s e s  
o f  t h e  p r e s e n t  s t u d y  i n v o l v e d  t h e  c i r c u i t .  W ith  o n l y  2 
c l e a r  c o u n t e r  i n s t a n c e s  o u t  o f  70 c a s e s  f r o m  t h e  3 s t u d i e s ,  
t h e  p h i  c o r r e l a t i o n  c o e f f i c i e n t  r e l a t i n g  d i s r u p t i o n  o f  
c o n d i t i o n e d  r e s p o n d i n g  t o  l e s i o n s  o f  t h e  c i r c u i t  i s  .9 4  
( p < . 0 0 1 ) .  T h e  p o s s i b l e  r o l e  o f  t h e  s u p r a t r i g e m i n a l  
r e t i c u l a r  f o r m a t i o n  (D e sm o n d , J . E .  a n d  J .W . M o o re ,  B r a i n  
R e s .  B u l l .  1 0 : 7 6 5 - 7 7 3 ,  1 9 8 3 )  i n  t h i s  l e a r n e d  b e h a v i o r  i s  
a l s o  d i s c u s s e d .

235.3 WITHDRAWN

2 3 5 .4   N6 -(L -P H E N Y L IS OPROPY L )ADENOSIN E RETARDS A CQU ISITION OF 
THE CLASSICALLY CONDITIONED RA BB IT’ S N ICTITA TIN G  MEMBRANE 
RESPONSE.  L . W in s k y ,  I .  G o r m e z a n o ,  a n d  J .  A . H a r v e y .  D e p t s .  
o f  P s y c h o lo g y  a n d  P h a r m a c o lo g y ,  T h e  U n i v e r s i t y  o f  I o w a ,  
Io w a  C i t y ,  Io w a  5 2 2 4 2

T h e  a d e n o s i n e  r e c e p t o r  a g o n i s t  N6 - ( L - p h e n y l i s o p r o p y l )  
a d e n o s i n e  ( L -P IA )  h a s  b e e n  i d e n t i f i e d  a s  a  p o t e n t  
p s y c h o a c t i v e  c o m p o u n d . I n  t h i s  s t u d y ,  t h e  e f f e c t s  o f  L -P IA  
w e r e  e x a m in e d  i n  r e l a t i o n  t o  a c q u i s i t i o n  o f  t h e  c o n d i t i o n e d  
n i c t i t a t i n g  m e m b ra n e  r e s p o n s e .  New Z e a la n d  a l b i n o  r a b b i t s  
w e r e  g i v e n  s u b c u t a n e o u s  i n j e c t i o n s  o f  0 ,  0 . 0 1 ,  o r  5 . 0  
u m o l /k g  o f  L - P I A  p r i o r  t o  e a c h  o f  10 d a i l y  c o n d i t i o n i n g  
s e s s i o n s .  E a c h  s e s s i o n  c o n s i s t e d  o f  60  t r i a l s  c o m p o s e d  o f  
30 t o n e  a n d  30  l i g h t  c o n d i t i o n e d  s t i m u l i  (C S s )  p a i r e d  w i t h  
a  1 0 0  m se c  e l e c t r i c  s h o c k  (3mA) u n c o n d i t i o n e d  s t i m u l u s .  
E f f e c t s  o f  L - P I A  o n  a c q u i s i t i o n  w e r e  d e t e r m i n e d  b y  t h e  
f r e q u e n c y  o f  c o n d i t i o n e d  r e s p o n s e s  (C R s) a n d  r e s p o n s e  
l a t e n c i e s  o v e r  t h e  10 d a i l y  s e s s i o n s  a n d  b y  t h e  n u m b e r  o f  
t r i a l s  r e q u i r e d  t o  r e a c h  t h e  c r i t e r i a  o f  1 ,  5 ,  a n d  10 
c o n s e c u t i v e  C R s. I t  w a s  f o u n d  t h a t  L - P I A  s i g n i f i c a n t l y  
r e t a r d e d  CR a c q u i s i t i o n  t o  b o t h  t h e  t o n e  a n d  l i g h t  CSs a t  
b o t h  d o s e s  e x a m in e d  w i t h  t h e  g r e a t e s t  r e t a r d a t i o n  a t  t h e  
5 . 0  u m o l / k g  d o s e .  W h i l e  a l l  s a l i n e  c o n t r o l  r a b b i t s  (N = 1 1 ) 
a t t a i n e d  t h e  c r i t e r i o n  o f  10  c o n s e c u t i v e  CRs ( i r r e s p e c t i v e  
o f  CS m o d a l i t y ) ,  o n l y  58% o f  t h o s e  a t  t h e  0 . 0 1  u m o l /k g  
d o s e  ( 7 / 1 2 )  a n d  27% o f  r a b b i t s  r e c e i v i n g  5 . 0  u m o l /k g  ( 3 / 1 1 )  
r e a c h e d  t h i s  c r i t e r i o n .  I n  a  s e p a r a t e  e x p e r i m e n t ,  t h e  
e f f e c t s  o f  c a f f e i n e  b a s e  o n  CR a c q u i s i t i o n  w e r e  a l s o  
e x a m in e d .  O v e r a l l ,  d o s e s  o f  0 . 0 0 3 ,  0 . 0 1 ,  0 . 0 3 ,  0 . 1 0 ,  a n d  
0 . 3 0  m m o l/k g  o f  c a f f e i n e  a d m i n i s t e r e d  v i a  s u b c u t a n e o u s  
i n j e c t i o n  d i d  n o t  a f f e c t  CR a c q u i s i t i o n .

T h e  a g o n i s t  a c t i v i t y  o f  L - P I A  h a s  b e e n  a s s o c i a t e d  w i t h  
a c t i v a t i o n  o f  A1 a d e n o s i n e  r e c e p t o r s  t h a t  p r o d u c e  d e c r e a s e s  
i n  b r a i n  l e v e l s  o f  cAMP. T h u s ,  t h e  e f f e c t s  o f  L -P IA  o n  
CR a c q u i s i t i o n  m ay h a v e  b e e n  d u e  t o  a n  e f f e c t  o n  cAMP 
l e v e l s .  T h e  a d e n o s i n e  r e c e p t o r  a n t a g o n i s t  a c t i v i t y  o f  
c a f f e i n e  i s  l e s s  s p e c i f i c  s i n c e  c a f f e i n e  a p p e a r s  t o  h a v e  
s i m i l a r  a f f i n i t i e s  f o r  b o t h  t h e  A 1. a n d  A2 r e c e p t o r  s u b t y p e s .  
I n  c o n t r a s t  t o  A1 , a c t i v a t i o n  o f  t h e  A2 r e c e p t o r s  h a s  b e e n  
a s s o c i a t e d  w i t h  s t i m u l a t i o n  o f  cAMP p r o d u c t i o n .  T h e  
a b s e n c e  o f  a n y  e f f e c t  o f  c a f f e i n e  o n  CR a c q u i s i t i o n  m ay 
som ehow  b e  r e l a t e d  t o  i t s  l e s s  s p e c i f i c  e f f e c t s  o n  t h e  
cAMP s y s t e m .

S u p p o r t e d  b y  G r a n t s  M H16841 a n d  M H15773

2 3 5 . 5  STRYCHNINE INCREASES ACOUSTIC STARTLE AMPLITUDE BUT DOES 
NOT ALTER SHORT-TERM OR LONG-TERM HABITUATION.  J . H .  K e h n e * 
a n d  M. D a v i s . (S P ON: C .A . S o r e n s o n ) .  D e p t . o f  P s y c h i a t r y ,  
Y a le  U n i v .  S c h .  o f  M e d .,  New H a v e n ,  CT 0 6 5 0 8 .

T h e o r i e s  o f  h a b i t u a t i o n  h a v e  i n c l u d e d  a n  a c c r u e m e n t  o f  
p o s t s y n a p t i c  i n h i b i t i o n  a s  o n e  p o s s i b l e  m e c h a n is m  
u n d e r l y i n g  r e s p o n s e  d e c r e m e n t  f o l l o w i n g  r e p e t i t i v e  s t i m u l u s  
p r e s e n t a t i o n .  T he  p r e s e n t  s t u d y  u s e d  t h e  g l y c i n e  a n t a g o n i s t  
s t r y c h n i n e  ( 1 . 0  m g /k g ,  i p ,  10 m in  p r e t r e a t m e n t )  t o  
i n v e s t i g a t e  t h e  i n v o lv e m e n t  o f  g l y c i n e r g i c  n e u r o n s  i n  t h e  
d e v e lo p m e n t  a n d / o r  e x p r e s s i o n  o f  s h o r t - t e r m  
( w i t h i n - s e s s i o n )  h a b i t u a t i o n  ( E x p e r i m e n t  1 ) a n d  l o n g - t e r m  
( b e t w e e n - s e s s i o n )  h a b i t u a t i o n  ( E x p e r i m e n t s  2 a n d  3 )  o f  t h e  
a c o u s t i c  s t a r t l e  r e s p o n s e  i n  r a t s .  O v e r  a  r a n g e  o f  
e l i c i t i n g  s t i m u l u s - i n t e n s i t i e s  ( 9 5 ,  1 0 5 ,  a n d  1 15  dB ) a n d  
i n t e r - s t i m u l u s  i n t e r v a l s  ( 3 ,  7 ,  1 3 , a n d  27  s e c ) ,  s t r y c h n i n e  
m a r k e d ly  i n c r e a s e d  s t a r t l e  a m p l i t u d e  r e l a t i v e  t o  w a t e r  
i n j e c t i o n  w h e r e a s  i t  f a i l e d  t o  a t t e n u a t e  t h e  r a t e  o f  
w i t h i n - s e s s i o n  h a b i t u a t i o n .  E x p e r im e n t  2 a s s e s s e d  t h e  
e f f e c t  o f  s t r y c h n i n e  o n  t h e  e x p r e s s i o n  o f  b e t w e e n - s e s s i o n  
h a b i t u a t i o n  o f  s t a r t l e .  R a t s  t h a t  w e r e  e x p o s e d  t o  d a i l y  
s e s s i o n s  o f  s t a r t l e - e l i c i t i n g  s t i m u l i  f o r  f o u r  d a y s  a n d  
t h e n  t e s t e d  o n  t h e  f i f t h  d a y  s h o w e d  l o w e r  o v e r a l l  l e v e l s  o f  
s t a r t l e  a m p l i t u d e  r e l a t i v e  t o  r a t s  t h a t  h a d  n o t  r e c e i v e d  
p r i o r  h a b i t u a t i o n  t r a i n i n g .  S t r y c h n i n e  i n j e c t e d  p r i o r  t o  
t h e  t e s t  s e s s i o n  a g a i n  i n c r e a s e d  s t a r t l e  a m p l i t u d e ,  b u t  d i d  
n o t  b l o c k  t h e  e x p r e s s i o n  o f  b e t w e e n - s e s s i o n  h a b i t u a t i o n .  
E x p e r im e n t  3 t e s t e d  t h e  p o s s i b i l i t y  t h a t  g l y c i n e r g i c  
n e u r o n s  m ig h t  b e  i n v o l v e d  i n  t h e  d e v e lo p m e n t  ( r a t h e r  t h a n  
t h e  e x p r e s s i o n )  o f  b e t w e e n - s e s s i o n  h a b i t u a t i o n .  R a t s  
i n j e c t e d  w i t h  e i t h e r  s t r y c h n i n e  o r  w a t e r  p r i o r  t o  e a c h  o f  
t h r e e  d a i l y  h a b i t u a t i o n  t r a i n i n g  s e s s i o n s  a n d  s u b s e q u e n t l y  
t e s t e d  o n  D ay 4 s h o w e d  s i m i l a r  b e t w e e n - s e s s i o n  h a b i t u a t i o n  
r e l a t i v e  t o  u n t r a i n e d  r a t s  t h a t  h a d  r e c e i v e d  d a i l y  
i n j e c t i o n s  i n  t h e  a n im a l  r o o m . I n  s u m m a ry , s t r y c h n i n e  
i n c r e a s e d  s t a r t l e  a m p l i t u d e  w i t h o u t  a f f e c t i n g  e i t h e r  
w i t h i n - s e s s i o n  o r  b e t w e e n - s e s s i o n  h a b i t u a t i o n  o f  a c o u s t i c  
s t a r t l e .  T h e s e  r e s u l t s  e m p h a s i z e  t h e  n e e d  t o  d i s c e r n  
b e tw e e n  d r u g  e f f e c t s  o n  r e s p o n s e  a m p l i t u d e  p e r  s e  a n d  
e f f e c t s  o n  r e s p o n s e  h a b i t u a t i o n .  F u r t h e r m o r e ,  t h e  d a t a  
i n d i c a t e  t h a t  a n  a c c r u e m e n t  o f  i n h i b i t i o n  i n  g l y c i n e r g i c  
n e u r o n s  d o e s  n o t  e x p l a i n  e i t h e r  w i t h i n - s e s s i o n  o r  
b e t w e e n - s e s s i o n  h a b i t u a t i o n  o f  a c o u s t i c  s t a r t l e  i n  r a t s .  
T h e s e  r e s u l t s  a r e  d i s c u s s e d  i n  l i g h t  o f  c u r r e n t  t h e o r i e s  o f  
h a b i t u a t i o n .
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2 3 5 .6  REGIONAL METABOLIC ACTIVATION IN  CORTEX, THALAMUS, AND 
HIPPOCAMPAL FORMATION DURING CLASSICAL CONDITIONING: A 2 -  
DEOXYGLUCOSE STUDY.  F .  G o n z á l e z - L i m a  a n d  H . S c h e i c h .
D e p t . o f  A n a t . ,  P o n c e  S c h .  o f  M e d . ,  P o n c e ,  PR 0 0 7 3 2  a n d  
Z o o l .  I n s t . ,  T e c h .  U n i v . , 6 1 0 0  D a r m s t a d t ,  W e s t G e rm a n y .

T h e  ( 1 4 C) 2 - d e o x y g l u c o s e  (2DG) a u t o r a d i o g r a p h i c  m e th o d  
w a s  u s e d  t o  e x a m in e  t h e  m e t a b o l i c  a c t i v i t y  i n  a l l  t e l e n c e 
p h a l i c  a n d  d i e n c e p h a l i c  s t r u c t u r e s  o f  t h e  r a t  b r a i n  d u r i n g  
a n d  a f t e r  c o n d i t i o n i n g .  A t r i a l  w a s  m ad e  o f  a  4 - 5  KHz f r e 
q u e n c y  m o d u la t e d  t o n e  (C S , 2 s ,  6 0 d B ) p a i r e d  w i t h  m i d b r a i n  
r e t i c u l a r  s t i m u l a t i o n  (U S , 0 . 5 s ,  4 0 H z , 3 0 0 - 6 0 0  µ A) w i t h  t h e  
US s h o c k  o v e r l a p p i n g  t h e  l a s t  0 . 5 s  o f  t h e  t o n e  C S . T h e  
c o n d i t i o n e d  r e s p o n s e  w a s  a  r a p i d  b r a d y c a r d i a  e l i c i t e d  b y  t h e  
US . A l e r t  r a t s  w e r e  i n j e c t e d  w i t h  2DG ( i . p .  18 µ C i / 1 0 0 g ) 
a n d  p l a c e d  i n  a  s o u n d - p r o o f  c h a m b e r .  S i x  g r o u p s  o f  r a t s  
w e r e  s u b j e c t e d  d u r i n g  90  m in .  t o  a  g i v e n  s t i m u l u s  t r e a t m e n t : 
1 ) t h e  t o n e  CS b e f o r e  c o n d i t i o n i n g ,  2 )  t h e  US a l o n e ,  3 )  t h e  
p a i r e d  C S -U S , 4 )  t h e  t o n e  CS a f t e r  c o n d i t i o n i n g ,  5 ) t h e  
u n p a i r e d  US a n d  C S , a n d  6 )  n o  s t i m u l a t i o n .  T h e  m a j o r  f i n d 
i n g s  c o n s i s t e d  o f  s p e c i f i c  p a t t e r n s  o f  m e t a b o l i c  a c t i v a t i o n  
e v o k e d  d u r i n g  c o n d i t i o n i n g  ( g r o u p  3 )  i n  t h e  a u d i t o r y  c o r t e x ,  
p r e f r o n t a l  c o r t e x ,  p o s t e r i o r  p a r i e t a l  c o r t e x ,  m e d i a l  
t h a l a m u s ,  l a t e r a l  h a b e n u l a ,  a n d  h i p p o c a m p a l  f o r m a t i o n .  O f 
t h e s e  o n l y  t h e  h i p p o c a m p a l  f o r m a t i o n  s h o w e d  a  s i g n i f i c a n t  
i n c r e a s e  o f  2DG u p t a k e  t o  t h e  t o n e  CS a f t e r  c o n d i t i o n i n g  
( g r o u p  4 ) .  2DG w a s  c o n c e n t r a t e d  i n  a  c e n t r a l  b a n d  a lo n g  t h e  
s i d e s  o f  t h e  h i p p o c a m p a l  f i s s u r e  w h ic h  c o r r e s p o n d e d  t o  t h e  
m o l e c u l a r  l a y e r s .  O n ly  t h i s  n e u r o p i l  b a n d  o f  g r e a t e r  m e t a 
b o l i c  a c t i v i t y  sh o w e d  t h e  l e a r n i n g - r e l a t e d  c h a n g e .  A 
c o lu m n a r  o r g a n i z a t i o n  w a s  w e l l - d e f i n e d  i n  t h e  p o s t e r i o r  
p a r i e t a l  c o r t e x  o f  r a t s  s u b j e c t e d  t o  CS-U S p a i r i n g .  S i g n i 
f i c a n t  2DG c h a n g e s  i n  t h e  p a r i e t a l  c o r t e x  a n d  l a t e r a l  
h a b e n u l a  w e r e  f o u n d  o n l y  i n  t h e  r i g h t  h e m i s p h e r e .  W h ile  t h e  
l e a r n e d  v a l u e  o f  t h e  CS s e e m e d  t o  b e  r e p r e s e n t e d  m a i n l y  i n  
t h e  h ip p o c a m p a l  f o r m a t i o n ,  t h e  o t h e r  s t r u c t u r e s  a c t i v a t e d  
d u r i n g  c o n d i t i o n i n g  m ay b e  a s s o c i a t e d  w i t h  f u n c t i o n s  
i n v o l v e d  i n  t h e  f o r m a t i o n  o f  a  m em ory  t r a c e  ( i . e .  d i r e c t e d  
a t t e n t i o n ,  m o t i v a t i o n ,  t e m p o r a l  i n t e g r a t i o n ) . T h e  c h a n g e s  
r e v e a l e d  b y  2DG m ay p r o v i d e  a  u s e f u l  a p p r o a c h  t o  t h e  p r o b le m  
o f  l o c a l i z a t i o n  i n  tw o  w a y s .  F i r s t ,  b y  i d e n t i f i c a t i o n  o f  
s t r u c t u r e s  ( o r  s u b s y s t e m s )  t h a t  p a r t i c i p a t e  i n  a  l e a r n e d  
r e s p o n s e ;  a n d  s e c o n d , b y  i d e n t i f i c a t i o n  o f  c e l l u l a r  s u b s t r a t e s  
( i . e .  s y n a p t i c  e l e m e n t s )  u n d e r l a y i n g  p l a s t i c i t y  i n  s u i t a b l e  
s t r u c t u r e s  w i t h  c l e a r l y  d e f i n e d  c y t o a r c h i t e c t u r e  a n d  c o n e c 
t i o n s  ( e g .  h i p p o c a m p u s ) .   ( S u p p o r t e d  b y  NIH-MBRS g r a n t  
R R 0 8 0 6 7 ; b y  D F G -S F B 45 , a n d  b y  t h e  H u m b o l d t - S t i f t u n g ) .

235. 7  INTRACELLULAR CONSEQUENCES OF US PRESENTATIONS IN CELLS OF 
THE MOTOR CORTEX OF CATS.  D. B i r t  a n d  C .D . W oody.  D e p t s .  o f  
A n a to m y  a n d  P s y c h i a t r y ,  UCLA M ed. C e n t e r ,  L o s  A n g e l e s ,  CA 
9 0 0 2 4

P r e s e n t a t i o n  o f  u n c o n d i t i o n e d  s t i m u l i  s u c h  a s  g l a b e l l a  
t a p  p r o d u c e s  a n  i n i t i a l  i n c r e a s e  i n  u n i t  a c t i v i t y  i n  c e l l s  
o f  t h e  m o to r  c o r t e x ,  f o l l o w e d  ( 2 0 - 4 0  m s) b y  a  p r o n o u n c e d  
d e c r e a s e  i n  a c t i v i t y  a n d  t h e n  a  s e c o n d  p e r i o d  o f  i n c r e a s e d  
a c t i v i t y  ( B i r t  a n d  W oody, S o c .  N e u r o s c i .  A b s t r . , 1 9 8 3 ) .  T he 
d e c r e a s e  i n  a c t i v i t y  i s  c h a r a c t e r i s t i c  o f  s t i m u l i  w h ic h  
s e r v e  a s  e f f e c t i v e  USs f o r  c l a s s i c a l  c o n d i t i o n i n g  b u t  n o t  
s t i m u l i  u s e d  a s  CSs ( e . g . ,  6 5 - 7 0  d b  c l i c k s ) .

We h a v e  now  s t u d i e d  i n t r a c e l l u l a r  c o n s e q u e n c e s  o f  g l a 
b e l l a  t a p - U S  p r e s e n t a t i o n  i n  81 c e l l s  o f  t h e  m o to r  c o r t e x .  
M o st c e l l s  sh o w e d  s h o r t  l a t e n c y  ( < 2 0  m s)  d e p o l a r i z i n g  p o t e n 
t i a l s  ( E P S P s )  f o l l o w e d  b y  h y p e r p o l a r i z i n g  p o t e n t i a l s  ( I P S P s )  
o c c u r r i n g  a t  l a t e n c i e s  o f  2 0 - 4 0  m s . T h e  l a t t e r  w e r e  t y p i 
c a l l y  o f  s m a l l  m a g n i tu d e  a n d  w e r e  o f t e n  o b s c u r e d  b y  s u p e r i m 
p o s e d  c o n t i n u i n g  E P S P s . I n  3 5  o f  t h e s e  c e l l s  h y p e r p o l a r i z i n g  
c u r r e n t s  w e r e  i n j e c t e d  t h r o u g h  t h e  r e c o r d i n g  e l e c t r o d e .  
T y p i c a l l y ,  t h i s  i n c r e a s e d  t h e  s i z e  o f  t h e  s h o r t  l a t e n c y  
E PS P . Some IP S P s  d e c r e a s e d  i n  m a g n i t u d e  a n d  t h e n  r e v e r s e d  
w i t h  i n c r e a s i n g  l e v e l s  o f  h y p e r p o l a r i z a t i o n  i n  a  m a n n e r  
s i m i l a r  t o  I P S P s  r e c e n t l y  d e m o n s t r a t e d  i n  h ip p o c a m p a l  p y r a 
m id a l  c e l l s  ( N i c o l l  a n d  A l g e r ,  S c i e n c e .  1 9 8 1 ) .  H o w e v e r ,  i n  
n i n e  c e l l s ,  IP S P s  w h ic h  i n c r e a s e d  i n  s i z e  w i t h  i n c r e a s i n g  
h y p e r p o l a r i z a t i o n  w e r e  o b s e r v e d .  T h e s e  I P S P s  r e s e m b le d  IP S P s  
r e c o r d e d  f ro m  c e l l s  o f  t h e  m o to r  c o r t e x  f o l l o w i n g  p y r a m i d a l  
t r a c t  (P T )  s t i m u l a t i o n  (B in d m a n  e t  a l . ,  S o c .  N e u r o s c i .
A b s t r . , 1 9 8 2 ) .  T he l a t t e r  I P S P s  a r e  a s s o c i a t e d  w i t h  a  d e 
c r e a s e  i n  m e m b ran e  c o n d u c t a n c e .

B o th  g l a b e l l a  t a p  a n d  PT s t i m u l a t i o n  r e s u l t  i n  l o n g - t e r m  
i n c r e a s e s  i n  t h e  e x c i t a b i l i t y  o f  n e u r o n s  o f  t h e  m o to r  c o r t e x  
( B r o n s  a n d  W oody, J . N e u r o p h v s io 1 . , 1 9 8 0 ) .  PT s t i m u l a t i o n  
h a s  a l s o  b e e n  u s e d  s u c c e s s f u l l y  a s  a  US f o r  c o n d i t i o n i n g  
( O 'B r i e n  e t  a l . ,  J .  Comp. P h y s i o l .  P s y c h o l . , 1 9 7 7 ) .  T he 
f i n d i n g  t h a t  tw o  d i f f e r e n t  s t i m u l i  w h ic h  c a n  s e r v e  a s  USs 
f o r  c o n d i t i o n i n g  b o t h  p r o d u c e  l o n g - t e r m  e x c i t a b i l i t y  i n 
c r e a s e s  i n  n e u r o n s  o f  t h e  m o to r  c o r t e x  a n d  p r o d u c e  s i m i l a r  
E P S P -IP S P  s e q u e n c e s  r a i s e s  t h e  p o s s i b i l i t y  t h a t  s e q u e n c e s  o f  
t h e  t y p e  o b s e r v e d  c o u ld  b e  i m p o r t a n t l y  i n v o l v e d  i n  p r o d u c i n g  
t h e  l o n g - t e r m  e x c i t a b i l i t y  i n c r e a s e s .   ( S u p p o r t e d  b y  NIH a n d  
AFOSR)

2 3 5 .8   PO SIT IV E  REINFORCEMENT DURING INSTRUMENTALLY CON
DITIONED BEHAVIOR CAUSES PHASIC RANDOMIZATION OF NEURO
NAL FIR IN G  PATTERNS IN  THE FELIN E CENTRUM MEDIANUM.
T . J .  M a r c z y n s k i  a n d  L .L .  B u r n s * ,   D e p a r tm e n t  o f  P h a rm a 
c o l o g y ,  U n iv .  o f  I l l i n o i s  C o l l e g e  o f  M e d .,  C h i c a g o ,  
I l l i n o i s  6 0 6 1 2 .

T h e  m e c h a n is m s  b y  w h ic h  b i o l o g i c a l  r e w a r d s  i n f l u e n c e  
t h e  f u n c t i o n  o f  t h e  t h a l a m i c  a s s o c i a t i o n  n u c l e i  a r e  
p o o r l y  u n d e r s t o o d .  E l i m i n a t i o n  o f  p e r s e v e r a t i v e  t e n 
d e n c i e s ,  l e a r n i n g  a n d  n o v e l  b e h a v i o r a l  m o d e s  c a n  o n l y  
b e  a c h i e v e d  a f t e r  t h e  p r e v i o u s l y  e s t a b l i s h e d  a n d  d o m i
n a n t  f u n c t i o n a l  c o n n e c t i v i t i e s  b e tw e e n  t h e  a s s o c i a t i o n  
n e u r o n a l  e n s e m b l e s  h a d  b e e n  t e m p o r a r i l y  d i s r u p t e d .  T h e  
" b e h a v i o r "  o f  m o d e ls  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m s  
s u p p o r t  t h i s  n o t i o n  ( N i c o l i s  e t  a l .  B i o l .  C y b e r n e t . ,  
1 7 : 1 8 3 ,  1 9 7 5 ) .  H e n c e ,  o u r  w o r k in g  h y p o t h e s i s  w a s  t h a t  
p o s i t i v e  r e i n f o r c e m e n t  w o u ld  d e c o u p l e  t h e  d o m in a n t  
c o n n e c t i v i t i e s  b e tw e e n  t h e  c e n t r u m  m e d ia n u m  a n d  o t h e r  
s y s t e m s  a n d  t h a t  t h i s  p r o c e s s  c a n  b e  q u a n t i f i e d  b y  s t u 
d y i n g  t h e  s t a t i s t i c a l  d i s t r i b u t i o n  o f  n e u r o n a l  f i r i n g  
p a t t e r n s .  I n  15 f r e e l y  m o v in g  c a t s  b e a r i n g  m i c r o e l e c 
t r o d e s  i n  t h e  c e n t r u m  m ed ia n u m  (C M ), t e m p o r a l  p a t t e r n s  
i n  s p i k e  t r a i n s  w e r e  a n a l y z e d  i n  r e c o r d s  t h a t  c o n i n c i 
d e d  w i t h  5 s e c  p o s t r e i n f o r c e m e n t  p e r i o d s  a n d  i n  r e 
c o r d s  t h a t  c o i n c i d e d  w i t h  a t t e n t i v e  w a k e f u l n e s s  (A W ). 
T h e  f i r i n g  p a t t e r n s  w e r e  a n a l y z e d  u s i n g  a  n o n - p a r a m e t 
r i c  m e th o d  b a s e d  o n  r e l a t i v e  r e l a t i o n s  b e tw e e n  s e q u e n 
t i a l  s p i k e  i n t e r v a l s  a n d  t h e  d i s t r i b u t i o n  o f  p a t t e r n s  
c o m p o s e d  o f  4 , 5 ,  a n d  6 i n e q u a l i t y  s i g n s .  T h e  d e v i a 
t i o n s  o f  p a t t e r n  o c c u r r e n c e s  f ro m  t h e  ra n d o m  m o d e l  
w e r e  q u a n t i f i e d  u s i n g  c h i  s q u a r e  s t a t i s t i c s  ( M a rc z y n 
s k i  e t  a l .  B r a i n  R e s .  B u l l . , 8 : 5 6 5 , 1 9 8 2 ;  I n t .  J .  B i o -  
M ed . C o m p u t . , 1 4 : 4 6 3 ,  1 9 8 3 ) .  A t o t a l  o f  44  n e u r o n s  w e r e  
a n a l y z e d ,  a n d  t h e  r e s u l t s  s h o w e d  t h a t  t h e  d i s t r i b u 
t i o n  o f  p a t t e r n s  d u r i n g  AW s t r o n g l y  d e v i a t e d  f ro m  t h e  
ra n d o m  m o d e l  ( d f = 1 3 6 4 ;  X2 = 1 5 8 1 ;  P< .0 0 0 1 ) w h i l e  
t h e  d i s t r i b u t i o n  o f  p a t t e r n s  d u r i n g  t h e  p o s t r e i n f o r c e 
m e n t  p e r i o d s  c l o s e l y  f o l l o w e d  t h e  ra n d o m  m o d e l  
( d f = 1 3 6 4 ;  X2=1247; P > .4  ) .  -  S u p p o r t e d  b y  PHS MH 8 3 9 6 .

235.9  PROJECTIONS FROM THE MEDIAL GENICULATE NUCLEUS TO 
AN ARCHI-NEOSTRIATAL FIELD MEDIATE AUDITORY FEAR 
CONDITIONING.  J.E. LeDoux, A. Sakaguchi, J . Iwata, and D.J. 
Reis, Lab. Neurobiol. Cornell U. Med. doll. NY, NY 10021

Auditory fear conditioning in rats is abolished by lesions of the 
inferior colliculus and medial geniculate (MG) but not of auditory 
cortex (LeDoux e t al, J. Neurosci. 4: 683-696, 1984). We have 
therefore sought to identify subcortical targets of MG efferents 
and to evaluate their role in emotional conditioning.

Subcortical efferents of MG in rats were defined using 
anterograde and retrograde HRP tracing. Following 
microinjection of WGA-HRP (7-10 nl) in MG, anterograde 
transport was observed in the ventromedial hypothalamus (VMH), 
subparafascicular thalamus (SPF), and in a s tria ta l field (STR), 
involving the portions of the caudal neostriatum (caudal third of 
caudate-putamen, CP) and and the underlying archistriatum 
(central and la tera l amygdala), confirming our earlier 
observations (LeDoux et al, ibid.). Injection of VMH (n=2) 
retrogradely labeled cells in the peripeduncular region ventral to 
MG. Injection of SPF labeled the nucleus of the optic trac t, 
dorsal to MG, and incosistently the medial MG. Injections into 
the archistriatal (n=2) or neostriatal (n=4) aspects of STR resulted 
in dense labeling of cells in the medial and dorsal MG.

Lesions were placed unilaterally in MG and in the 
contralateral VMH (n=6), SPF (n=6), STR (n=6), or anterior CP 
(n=4). Controls were unoperated (n=8) or received unilateral MG 
lesion alone (n=6). After 14 days the animals were classically 
conditioned (conditioned stimulus, CS: 800 Hz, 82 db, 10 sec pure 
tone; unconditioed stimulus (US): 2.0 mA, 0.5 sec, d.c.) and 
implanted with an arteria l cannula for recording mean arterial 
pressure (MAP). Increases in MAP and the suppression of 
exploratory activity (as indicated by the duration of freezing) by 
the CS were measured.

The CS elicited elevations in MAP (16+3 mmHg) and induced 
freezing (90±15 sec) in unoperated controls. Unilateral lesion of 
MG alone or in combination with the contralateral VMH, SPF, or 
rostral CP did not a ffec t responses. Lesions of MG and the 
contralateral STR reduced MAP by 67±1% (p<01) and freezing by 
68±1% (p<01). Lesions involving the amygdala and caudal caudate 
had the same effects. Lesions of MG and the ipsilateral STR had 
no effect.

These findings demonstrate that the medial and dorsal regions 
of MG project to a stria ta l field involving the posterior 
neostriatum and dorsal amygdala and that interruption of these 
projections disrupts auditory fear conditioning. We conclude that 
auditory fear conditioning is mediated by projections terminating 
in or passing through STR. Supported by PHS grant HL 18974.
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2 3 5 .10  MULTIPLE RESPONSE DIMENSIONS IN PASSIVE AVOIDANCE BEHAVIOR: 
I I I .  ASSESSMENT OF NEUROTOXICANT-INDUCED MEMORY DYSFUNCTION.  
C.F. M actutus,  Lab. Behav. Neurol. T o x ico l., NIH-NIEHS, 
Research T riang le  Park, NC 27709.

Behavior in a passive avoidance t e s t  is  composed of in 
h ib ito ry  and v a c i l la to ry  response components which are d i f 
f e r e n t ia l ly  a ffe c te d  by length  of re te n tio n  in te rv a l ,  p r io r  
tra in in g  experience , and a high dose of d-amphetamine 
(Mactutus & Wise, 1984a). A dm inistration of noncontingent 
footshock, a p u ta tiv e  re a c tiv a tio n  trea tm en t, p r io r  to a r e 
te n tio n  t e s t  a lso  d i f f e r e n t ia l l y  a f fe c ts  in h ib ito ry  and vac
i l l a to r y  behavior (Mactutus & Wise, 1984b). We s im ila r ly  
examined re te n tio n  of a passive avoidance response follow ing 
ad m in is tra tio n  o f chlordecone, a neuro tox ican t which a l te r s  
membrane e x c i ta b i l i ty  and is  suspected o f im pairing memory.

Fischer-344 r a t  pups were adm inistered a s in g le  s .c .  in 
je c tio n  (20 µ l) o f e i th e r  corn o il or of 1 mg/10 g ch lo rde
cone d isso lved  in corn o il on postnata l day 4. Body weights 
weights were s l ig h t ly ,  but s ig n if ic a n t ly ,  depressed on days 
14 (10.5%) and 21 (9.5%) by the chlordecone exposure. On 
p ostnata l day 18, h a lf  of the pups were tra in e d  in a one- 
t r i a l  passive avoidance ta sk , the o th e r h a lf  received a com
p a rab le , but noncontingent, footshock in a neu tra l env iron
ment. O ne-half o f each group of animals were te s ted  a f te r  a 
1-day re te n tio n  in te rv a l ,  while the remaining animals were 
te s te d  a f te r  a 7-day re te n tio n  in te r v a l . Seven dependent 
measures were c o lle c ted  and subjected  to p rin c ip a l compo
nents an a ly sis  to  remove redundancy and id e n tify  the r e 
sponse dimensions underlying the behavior. Chlordecone had 
no e f f e c t  on tra in in g  response la te n c ie s .  As prev iously  ob
served , t e s t  behavior was composed of in h ib ito ry  and v a c i l 
la to ry  response dim ensions, and these  dimensions were d i f 
f e r e n t ia l ly  a ffec ted  by length of re te n tio n  in te rv a l and 
p r io r  tra in in g  experience. Chlordecone did not a f fe c t  in h i
b it io n  or v a c i l la t io n  a t  the 1-day re te n tio n  in te rv a l in 
e i th e r  tra in e d  animals or noncontingent footshock c o n tro ls . 
A fte r the  7-day re te n tio n  in te rv a l ,  however, chlordecone-ex
posed animals demonstrated s ig n if ic a n t ly  le ss  in h ib itio n  
than v e h ic le - in je c te d  co n tro ls  and th e i r  in h ib ito ry  behavior 
was not d is tin g u ish ab le  from th a t of noncontingent footshock 
c o n tro ls . V ac illa to ry  behavior was not a ffec ted  by the neo
n a ta l chlordecone exposure a f te r  the 7-day re te n tio n  in t e r 
val . C o lle c tiv e ly , these  observations in d ica te  th a t  c h lo r
decone may s e le c tiv e ly  im pair the in h ib ito ry  component of 
passive  avoidance behavior, and fu r th e r  support the u t i l i t y  
o f employing a m u ltiv a ria te  approach fo r  passive avoidance 
behavior when in v e s tig a tin g  p o ten tia l memory dysfunction .

2 3 5 .11  REVERSIBLE INACTIVATION OF THE HIPPOCAMPUS PREVENTS 
RETRIEVAL. Douglas C. Smith and James Talman*,  Developmental 
Biopsychology Program and Medical School, Southern I l l i n o i s  
U n ive rs ity - Carbondale, IL. 62901.

Lidocaine i s  a lo c a l a n e s th e tic  which, when in je c ted  in to  
the b ra in , completely and re v e rs ib ly  in a c tiv a te s  a l l  neura l 
a c t iv i ty  in  the area  a ffe c te d . Last year a t th is  m eeting, 
evidence was p resented  th a t p o s t - t r i a l  b i l a te r a l  in je c tio n s  
of lid o ca in e  in to  the hippocampus (HC) produced d e f ic i t s  in  
both sh o rt-te rm  and long-term  memory. We now rep o rt th a t 
lid o ca in e  in je c tio n s  in to  the HC p r io r  to a 24 hr re te n tio n  
t e s t  re s u l ts  in  a complete re t r i e v a l  fa i lu r e .

In a o n e - tr ia l  in h ib ito ry  avoidance ta sk , 30 Long Evans 
r a ts  received  a 1.5 ma, 1.0 sec shock immediately upon e n te r
ing the dark compartment fro m the lig h te d  side  of a two 
compartment a l le y .  Two experim ental groups consis ted  of 10 
animals each. For one group, 1 µ l of lid o ca in e  was in je c ted  
in to  each HC w ith in  5 sec a f te r  the lea rn in g  t r i a l  and were 
te s ted  24 hr l a t e r  (group PL). For the o ther group, b i l a te r a l  
HC in je c tio n s  were delayed u n t i l  one minute before the 24 hr 
re te n tio n  te s t  (group PR). The 10 con tro l r a ts  had HC cannu
lae  implanted and the same tra in in g  and te s t in g  procedure but 
received  no lid o ca in e  (group SO). When te s ted  24 h rs  a f te r  
the tra in in g  t r i a l ,  group SO had a median la tency  to  en te r 
the dark of 300 sec ( c e i l in g ) , dem onstrating complete re te n 
tio n . For group PL, the median la tency  to en te r the dark was 
51 sec in d ica tin g  th a t b i l a te r a l  in je c tio n s  of lid o ca in e  in to  
the HC following the tra in in g  t r i a l  in te r f e r e  w ith consolida
tio n  of the learned  event. This is  tru e  d e sp ite  the fa c t th a t 
the lidoca ine  had worn o ff  and the HC had been func tion ing  
normally fo r around 22 h rs p r io r  to the re te n tio n  te s t  (U= 
12.3, p< .0 5 ). For group PR, the median la tency  to en te r  the 
dark was 8.3 sec . Compared to SO co n tro l r a t s ,  lid o ca in e  
adm inistered to the PR ra ts  p r io r  to the re te n tio n  te s t  pro
duces s ig n if ic a n t d e f ic i t s  in  the a b i l i ty  to re tr ie v e  a 
p rev iously  learned  in h ib ito ry  avoidance ta sk  (U=0, p < .0 0 1 ) .

From these data  i t  is  concluded th a t the technique of 
re v e rs ib le  in a c tiv a tio n  of neura l t is su e  v ia  lid o ca in e  in je c 
tio n s  has allowed us to  d is so c ia te  two processes which have 
confounded a l l  memory research  based on the le s io n  technique. 
Namely, co n so lid a tio n  vs r e t r i e v a l .  Further, such re v e rs ib le  
in a c tiv a tio n  of the HC produces d e f ic i t s  in co n so lid a tio n  
when given sh o rtly  a f te r  the tra in in g  t r i a l  and these 
d e f ic i t s  are apparent with the HC being com pletely fu n c tio n a l 
a t the time of te s t in g . In a d d itio n , these data demonstrate 
th a t the HC must be o p e ra tio n a l in  o rder fo r the ra t  to 
re tr ie v e  a learned in h ib ito ry  avoidance ta sk .

235.12  COMPARISON OF THE TIME COURSE OF DEVELOPMENT OF AMNESIA IN 
MICE PRODUCED BY ANISOMYCIN AND OUABAIN.  T.A. P a tte rs o n , 
S .J.Y . Mizumori, M.R. Rosenzweig and E.L. B ennett.  D ept. 
of Psychology and Melvin Calvin Lab., U n ivers ity  of C a l if 
o rn ia , Berkeley, CA 94720.

I t  has been suggested th a t d if f e r e n t  s tages of memory 
form ation have d if f e r e n t  c e l lu la r  bases. Gibbs and Ng 
(1977) proposed th a t ,  in  ch icks, form ation of sh o rt-te rm , 
in te rm ed ia te -te rm  and long-term  memory are dependent, 
r e s p e c tiv e ly , on K+ conductance, Na+/K+ ATPase a c t iv i ty  and 
p ro te in  sy n th e s is . The ex ten t to  which s tu d ie s  w ith the 
chick can be generalized  to  rodents was assessed  in  the 
follow ing experim ents.

Male CD-1 mice were tra in e d  in  a o n e - t r i a l ,  s tep-th rough  
passive  avoidance ta sk . Intrahippocam pal in je c tio n s  of the 
Na+/K+ ATPase in h ib i to r  ouabain (25 ng, 0.5 µl  per s ide) 
were adm inistered  under l ig h t  an es th e sia . I t  was found 
th a t  ouabain was e f fe c tiv e  in  producing amnesia (te s te d  a t 
two days a f te r  tra in in g )  when in je c ted  up to  s ix  hours 
before  tra in in g  and th ree  minutes a f te r  tra in in g . Amnesia 
did not develop in  animals in je c ted  w ith ouabain 24 hours 
before  t ra in in g  or i f  in je c tio n  was delayed fo r  ten  minutes 
or longer a f te r  tra in in g .  When ouabain was adm inistered 
th ree  minutes a f te r  tra in in g ,  mice te s te d  15 minutes a f te r  
t ra in in g  showed good re te n tio n . O uabain-in jected  mice 
te s te d  30 m inutes p o s t- tra in in g  or l a te r  were amnesic. 
Doses of ouabain le s s  than 25 ng did not produce amnesia, 
w hile doses of 50 ng or g re a te r  re su lte d  in  adverse behav
io r a l  s id e - e f f e c t s .  In je c tio n  of 25 ng produced l i t t l e  or 
no s id e - e f f e c t s .  Biochemical experim ents in d ic a te  th a t 
3H-ouabain co n cen tra tion  remains high in  the  mouse b ra in  
fo r a t le a s t  s ix  hours.

Experiments w ith intrahippocam pally  in je c te d  anisomycin, 
a p ro te in  sy n th esis  in h ib i to r ,  in d ic a te  th a t anisomycin 
(80 µ g , 0.5 µ l  per s id e) i s  e f fe c tiv e  in  producing amnesia 
when in je c ted  45 m inutes before t ra in in g ,  but not when in 
je c te d  a f te r  t r a in in g . P re tra in in g  in je c tio n s  of an iso 
mycin produced amnesia which developed by 90 m inutes p o s t
tra in in g .

The d if f e r e n t  time courses of development of amnesia a f te r  
ouabain and anisomycin treatm ent provide evidence fo r two of 
the th ree  stages  of memory form ation proposed by Gibbs and 
Ng. The exact time courses d i f f e r  between th e i r  s tu d ie s  and 
ou rs , but i t  i s  not ye t known whether d iffe ren ces  in  species 
of su b jec ts  or of ta sk  i s  c h ie f ly  re sp o n sib le .

Supported by NIMH g ran t 1-R01-MH36042-01A1: We g ra te fu lly  
acknowledge the  a ss is tan c e  of M. A lb e rti and M. Warton.

235. 13  SUBICULAR LESIONS AND DISCRIMINATIVE NEURONAL ACTIVITY IN 
THE CINGULATE CORTEX AND ANTEROVENTRAL THALAMUS DURING 
LEARNING IN RABBITS.  M. G ab rie l, S . P. Sparenborg, N. 
S to la r* , D. Ragsdale* and S. K1ein*.  Dept. P sycho l., Univ. 
I l l i n o i s ,  Champaign, IL 61820.

G reater neuronal discharges to  a CS+ (a tone in i t i a te d  
5 sec . in advance of a footshock US) than to  a CS- (a tone 
p red ic tin g  no US), develop during a cq u is itio n  of 
d iscr im in a tiv e  (locomotory) avoidance behavior in ra b b its .  
The a c t iv i ty  develops seq u e n tia ll y , f i r s t  in the  a n te r io r  
c in g u la te  cortex [a reas 24 and 32], next in the  medial 
dorsal thalam ic nucleus and the  p o s te r io r  c in g u la te  cortex 
[area  29], and f in a l ly ,  as asym ptotic d iscr im in a tiv e  
performance is  a t ta in e d , in the  an teroven tra l thalam ic 
nucleus (AVN) [Gabriel e t a l , Sc ience , 208: 1050, 1980;
Orona & G abrie l, Brain Resea rch , 263: 295, 1982]. Damage in 
area 29 or AVN impairs performance of the  w e ll-learned  
behavior, not i t s  a cq u is itio n  [G abriel e t a l . ,  Behavioral 
N euroscience, 97: 675, 1983; Neurosci . A b st., 1984] . 
A cquisition  is  blocked by a n te r io r  c o rtic a l damage [Lambert 
& G abrie l, Neurosci. Abst. 86.19: 318, 1982]. Thus, the 
a n te r io r  and p o s te r io r  c o rtic e s  and th e i r  re la te d  thalam ic 
nuclei co n trib u te  re sp ec tiv e ly  to  o rig in a l a cq u is itio n  and 
performance of the  w e ll-learned  behav ior. Recent s tu d ies  of 
the e f fe c ts  of AVN damage have shown the  thalam ic a ffe re n t 
to  be the  p rin c ip a l source of C S -e lic ited  e x c ita tio n  of area 
29 neurons [Gabriel e t a l . ,  op c i t . ,  1983]. To examine the  
co n trib u tio n  of su b icu lar a f fe re n ts  b i la te r a l  e le c tr o ly t ic  
le sio n s  of the  dorsal su b icu lar complex, and im plantation  of 
m icroelectrodes in area 29 and AVN were performed in 10 
ra b b its .  Controls (N=11) underwent surgery fo r im plantation  
of recording e le c tro d es , but susta ined  no le s io n s . Following 
recovery, d isc r im in a tiv e  tra in in g  to  c r i te r io n ,  
o v e rtra in in g , e x tin c tio n , and rea cq u is itio n  were g iven . As 
in past s tu d ie s , d iscr im in a tiv e  C S -e lic ited  d ischarges 
occurred in area 29 in the  c o n tro ls , during the i n i t i a l  and 
la te r  tra in in g  ses s io n s . However, in su b jec ts  with le sio n s  
the discharges were a ttenuated  and th e  ear ly  developing 
d iscr im in a tiv e  e f fe c t  was ab sen t. In c o n tra s t ,  C S -e lic ited  
f i r in g  was enhanced, and d iscr im in a tiv e  discharge 
a cq u is itio n  acce le ra ted  in th e  AVN in su b jec ts  with le s io n s . 
These data suggest th a t su b icu lar a ffe re n ts  support the  
early  development and maintenance of d iscr im in a tiv e  a c t iv i ty  
in area 29, but they suppress neuronal f i r in g  and re ta rd  the 
development of d iscr im in a tiv e  a c t iv i ty  in the  AVN.
(Supported by NIMH 31351 to  M.G.)
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235.14  DETOUR PROBLEM-SOLVING BEHAVIOR IN RATS WITH EARLY LESIONS 
TO THE "GENERAL LEARNING SYSTEM."  R. Thompson, D. Harmon* 
and J .  Yu.  Dept. Physical Medicine and R eh a b ilita tio n , 
U niversity  o f C a lifo rn ia  Irv in e  Medical C tr . ,  Orange, CA 
92668 and Fairview  S ta te  Hosp., Costa Mesa, CA 92626.

The "general lea rn in g  system" (GLS), an ensemble of 
neural s tru c tu re s  conceived to  play a s ig n if ic a n t  ro le  in 
the  a c q u is itio n  o f a broad spectrum o f lab o ra to ry  ta s k s ,  o f 
the  r a t  b rain  has been proposed to  comprise a number o f 
brainstem  reg io n s , includ ing  those occupied by the  globus 
p a llid u s  (GP), su b s ta n tia  n ig ra  (SN), median raphe (MR) 
and pontine r e t i c u la r  form ation (PRF). This proposal is  
based on the  find ings  th a t  damage to  any one o f these  
regions in weanling (Thompson, R. and Yu, J . ,  P h y s io l. 
Psychol. ,  11, 225, 1983) or ad u lt (Thompson, R. P h y s io l. 
Psychol. ,  10, 293, 1982) r a ts  leads to  d e f ic ie n t l earning 
o f both v isual and nonvisual d iscr im in a tio n  h a b its . One of 
the  questions a r is in g  from these  data  is  whether the 
d is ru p tiv e  e f fe c ts  o f le s io n s  to  the  GLS are  r e s t r ic te d  to  
simple a s s o c ia t iv e  le a rn in g  o r whether these  e f fe c ts  extend 
to  more complex kinds o f le a rn in g .

This study was done to  a sse ss  the  e f fe c ts  o f s e le c tiv e  
le s io n s  to  the  GP, SN, MR and PRF in weanling r a ts  on 
subsequent a c q u is itio n  o f th re e  sep a ra te  "climbing" detour 
problems--m ounting a ra ised  p la tfo rm , en te rin g  an e levated  
cy lin d e r and clim bing a ladder to  gain access to  the  goal 
box con ta in ing  food and w ater. E rrors con sis ted  o f passing 
beyond the ra ised  p la tfo rm , opening o f  the cy lin d e r and 
lad d er. E a r l ie r  fin d in g s  suggest th a t  performance on T ria l 
1 is  s e n s it iv e  to  a co g n itiv e  function  th a t  is  d if f e r e n t  
from th a t  concerned w ith simple a ss o c ia tiv e  le a rn in g , as 
measured by performance on T r ia ls  2-5.

Lesions to  any one o f these  s tru c tu re s  impaired 
performance ( r e la t iv e  to  th a t  o f sham-operated c o n tro ls ) on 
T ria l 1 as well as on T r ia ls  2-5 on a l l  th ree  problems. 
N onspecific e f fe c ts  a r is in g  from brainstem  damage cannot 
re a d ily  account fo r  these  re s u l ts  s ince  r a ts  w ith la rg e  
le s io n s  to  the  l a te r a l  p o rtions  o f the  brainstem  a t  ponto
mesencephalic le v e ls  did not e x h ib it  impairments on T ria l 
1 or T r ia ls  2-5 on these  problems. These find ings  provide 
fu r th e r  support fo r  the  notion  th a t  the  GP, SN, MR and PRF 
are  components o f the  ro d e n t 's  GLS.
(Supported by a g ran t from the R eh a b ilita tio n  Center fo r  
Brain D ysfunction, In c .)

PAIN: CENTRAL PATHWAYS II

236.1  CAT NASAL RECEPTORS INVOLVED IN PROTECTIVE REFLEXES HAVE 
NOCICEPTIVE INPUT TO TRIGEMINAL NUCLEUS CAUDALIS. G.E. 
Lucier and R. E g iz ii* .  Department of Medical Physiology. 
U n iv e rs ity  of C algary, C algary, A lberta  T2N 1N4, Canada.

The ethm oidal nerve innerva tes  the  a n te r io r  p o rtion  of 
the  n a sa l mucosa and c o n s ti tu te s  the a f fe re n t limb of 
s ev e ra l upper re s p ira to ry  t r a c t  p ro te c tiv e  re f le x e s .  
Previous anatom ical s tu d ie s  (L ucier and E g iz i i .  P roc. of 
IUPS, 2 5 :123.30. 1983) shoved th a t ethm oidal a f fe re n ts  
p ro jec ted  to  a l l  reg ions of the  sp in a l tr ig em in a l nuc leus. 
The purpose of th is  study was to  c h a rac te r iz e  the  na tu re  
o f the  ethm oidal inpu ts  onto c e l l s  in the subnucleus 
c a u d a lis .

Adult c a ts  were an aes th e tized  with alpha ch lo ra lo se . 
Two tra c h e a l cannulae were in s e r te d , one to  provide access 
to  the  lungs fo r v e n t i la t io n  and a second to  allow  a i r  and 
t e s t  odorants to  be pu lled  through the  upper airw ay. 
A r te r ia l  blood p ressu re  and end t i d a l  CO2 were m onitored. 
B ipolar s tim u la tin g  e le c tro d es  were placed on the 
ethm oidal, vagus (X), hypoglossal (X II), g lossopharyngeal 
(IX ), and su p erio r laryngea l (SLN) nerves as w ell as in 
the ip s i l a t e r a l  m ax illa ry  canine to o th  pu lp . During 
reco rd in g , a l l  anim als were paralyzed  w ith gallam ine 
tr ie th io d id e  and a r t i f i c i a l l y  v e n t i la te d .  The a c t iv i ty  of 
fu n c tio n a lly  id e n t i f ie d  s in g le  neurons in nucleus cauda lis  
was recorded using  tungsten  m ic ro e lec tro d es.

The in p u ts to  over 200 cau d a lis  neurons which had a 
d is c re te  tr ig em in a l re cep tiv e  f ie ld  were s tu d ied . Of 
th e se , those th a t  received  input from the ethm oidal nerve 
could be d iv ided  in to  two c a te g o r ie s : neurons receiv ing  
sho rt la tency  ethm oidal input (2-8 msec) and neurons 
rece iv in g  long la tency  ethm oidal input (10-30 msec). 
Neurons which received  sh o rt la tency  input o ften  received  
inpu ts  from SLN and X II, but not from too th  pu lp . These 
sh o rt la tency  u n its  a lso  received  input from non-noxious 
s tim u li ( l ig h t  touch, a i r  p u ff s , e t c . ) .  One in te re s tin g  
d is tin g u ish in g  fe a tu re  between the  two groups was th a t the 
neurons having lo ng -la tency  input a lso  received  input of a 
no c icep tiv e  n a tu re  from o th e r trig em in a l d iv is io n s  ( i . e .  
to o th  pulp s tim u la tio n , noxious ra d ia n t heat app lied  to  
the  fa c e ) . These u n its  o cca s io n a lly  had inpu ts from SLN 
and X II. They could a lso  be stim u la ted  by a 
n o n -e le c tr ic a l  noxious ethm oidal input ( i . e .  ammonia 
vapour). Supported by the Canadian MRC.

236.2  THE DISTRIBUTION OF SPINAL AFFERENTS AND TRIGEMINOSPINAL 
EFFERENTS WITHIN TRIGEMINAL NUCLEUS INTERPOLARIS AND ORALIS.
K. D. Phelan and W. M. F a l l s .  Department of Anatomy, 
Michigan S ta te  U n iv e rs ity , East Lansing, MI 48824-1316.

The Spinal Trigem inal Nucleus (STN) g ives r i s e  to  ex ten
s ive  p ro je c tio n s  to  the  sp in a l cord. Lesion s tu d ie s  in d i
ca te  th a t  STN a lso  rece iv es  a s p in a l a f fe re n t in p u t. How
ever, the p re c ise  d is t r ib u t io n  of sp in a l a f fe re n ts  w ith in  
STN and th e ir  re la tio n s h ip  to  lo c a tio n s  of trig em in o sp in a l 
p ro je c tio n  neurons has not been described . In  the  p re sen t 
study , an terograde and re tro g rad e  tra n sp o rt of HRP and 
an terograde tra n sp o rt of t r i t i a t e d  amino acid s were used to  
define  and compare the lo c a tio n  of sp in a l a f fe re n ts  to  the 
lo c a tio n  of trigem inosp ina l p ro je c tio n  neurons w ith in  t r i 
geminal n u c le i in te rp o la r is  (Vi) and o r a l i s  (Vo) of the  
ad u lt r a t .  Following u n i la te r a l  in je c tio n s  in to  upper 
c e rv ic a l  segments, two main sp in a l a f fe re n t r e c ip ie n t zones 
a re  labe led  w ith in  i p s i l a t e r a l  Vi and Vo. In  tra n sv e rse  
s e c tio n s , one zone is  a wedge-shaped region  in  the  d o rs o la t
e r a l  o n e -th ird  of STN, loca ted  ad jacen t to  the  s p in a l t r i 
geminal t r a c t  (SVT), which extends along the  e n t i r e  leng th  
of Vi and in to  caudal Vo. Spinal a f fe re n ts  to  th i s  area  
appear as a v e n tro la te ra l  ex tension  of sp in a l a f fe re n ts  to  
cuneate and ex te rn a l cuneate n u c le i. Some s p in a l p ro je c tin g  
neurons w ith 15-30µm somata occur in  th is  a re a , a lthough the  
m a jo rity  of c e l l s  lo ca ted  here a re  trigem ino thalam ic p ro
je c t io n  neurons. The second zone i s  a narrow reg ion  (up to  
120µm wide) ly ing  ad jacen t to  the  v e n tro la te r a l  two-th ird s  
of the  medial border of SVT along the e n t i r e  leng th  of Vi and 
Vo and extending in to  the  tr ig em in a l main sensory nucleus. 
A ffe ren ts  w ith in  th is  zone a re  continuous w ith  s p in a l a f f e r 
en ts  in  the  ventrom edial r e t i c u la r  form ation. In  a d d itio n , 
sp in a l a f fe re n ts  in  th is  v e n tro la te ra l  zone extend in to  c e re 
b e l la r  p ro je c tin g  reg ions of the  i n t e r s t i t i a l  nucleus of the 
SVT. Many c lu s te r s  of sp in a l p ro je c tin g  neurons w ith  ~15µm 
somata occur in  th is  v e n tro la te ra l  a rea  as do numerous t r i 
gem inocerebellar neurons. In  summary, th is  study demon
s t r a te s  th a t  sp in a l a f fe re n ts  p ro je c t p r in c ip a lly  to  two 
r e s t r i c te d  zones bordering  SVT in  i p s i l a t e r a l  Vi and Vo. The 
sm aller trigem inosp ina l neurons a re  p rim arily  lo ca ted  w ith in  
these  zones and may receive  a g re a te r  sp in a l in flu en ce  than 
the  la rg e r  tr igem inosp ina l c e l l s  loca ted  in  v e n t ro la te r a l  
p o rtio n s  of Vi and Vo. In  a d d itio n , sp in a l a f fe re n ts  in  
these  zones may a lso  in fluence  known trigem ino thalam ic as 
w ell as tr ig em in o cereb e lla r p ro je c tio n  c e l l s .   Supported by 
N .I.H . Grant DE 06725.
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236 .3  RESPONSES OF HAMSTER SUPERIOR COLLICULUS NEURONS TO GRADED 
TACTILE, THERMAL, AND NOXIOUS STIMULI.  M.A. Larson* and 
B.E. S te in  (SPON: K. C o rley ),  D ept. of Physiology & 
B iophysics, Medical College o f V irg in ia , Richmond, VA 23298

There a re  many somatosensory c e l l s  in  the  ham ster su p e ri
o r  c o l l ic u lu s  (SC): some respond to  innocuous t a c t i l e  stim 
u l i  and o th e rs  e i th e r  p r e f e r e n t ia l ly ,  o r on ly , to  noxious 
s tim u li (S te in  & Dixon, 1978). Yet, th e re  i s  l i t t l e  q u an ti
ta t iv e  d a ta  d esc rib in g  the  responses o f these  c e l l s .  We 
sought to  provide such d a ta  by r e la t in g  stim ulus in te n s i ty  
to  impulse frequency using  innocuous and noxious (mechanical 
and therm al) s t im u li .

F if ty -n in e  somatosensory SC c e l l s  were s tud ied  in  u re
thane a n es th e tiz ed  ham sters. C ells  were c h a rac te riz ed  by 
responses to :  a) c o n tro lle d  mechanical s t im u li ,  and 
b) graded 5-s  tem perature s h i f t s  from a b ase lin e  of 35°C 
then stepped to  43°C and in  2° s tep s  to  51°C.

Most (53%) were low th re sh o ld  (LT), had fo rce  th resh o ld s  
le s s  than  1 g and adapted ra p id ly  to  m aintained s t im u li. 
Noxious pinch o r h ea t (45-51°C) d id  not produce h igher f r e 
quencies, o r number of im pulses, per response and these  LT 
c e l l s  d id  no t respond to  therm al s t im u li .  A second and 
sm alle r popu la tion  of c e l l s  (19%) responded to  g en tle  me
ch an ica l s tim u la tio n  w ith low impulse freq u en c ies, to  moder
a te - in te n s i t y  s tim u la tio n  w ith h igher impulse frequenc ies, 
and to  noxious p inch and h e a t (45-51°C) w ith the  h ig h est 
f req u en c ie s . The in te n s ity -re sp o n se  frequency p r o f i le s  of 
th ese  wide dynamic range (WDR) neurons were l in e a r ,  most WDR 
neurons adapted slow er than d id  the  LT Neurons and th e i r  re 
cep tiv e  f ie ld s  were la rg e r .  A th ir d  popula tion  (25%) was 
a c t iv a te d  only by moderate o r high in te n s i ty  mechanical 
s tim u la tio n  and responded maximally to  pinch w ith toothed  
fo rcep s . Receptive f ie ld s  of these  's p e c i f ic  n o c icep tiv e ' 
c e l l s  were sm aller and th e i r  borders more d i s t i n c t  th a t  WDR 
u n i ts ,  but of the  seven c e l l s  th a t  responded to  therm al 
s tim u li th e i r  responses were s im ila r  to  WDR neurons by being 
l in e a r ly  re la te d  to  in c rea se s  in  sk in  tem peratures from 43°- 
51°C. Two c e l l s  (3%) ex h ib ited  a complete suppression  of 
spontaneous a c t iv i ty  when e i th e r  gen tle  mechanical s tim u li 
and /or noxious pinch were p resen ted .

These experim ents dem onstrated th a t  somatosensory SC 
c e l l s  a re  not only capable of s ig n a l l in g  the  presence and 
lo c a tio n  of a s tim u lu s , bu t i t s  in te n s i ty  as w e ll. Both WDR 
and s p e c if ic  n o c icep tive  c e l l s  e x h ib it  in te n s i ty  coding 
c a p a b i l i t ie s  though th e i r  fu n c tio n a l ranges dif f e r  s ig n i f i 
c a n t ly .  Supported by a g ra n t from the  J e f f r e s s  Foundation.

236.4  NEURONAL RESPONSES IN ROSTRAL TRIGEMINAL BRAINSTEM 
NUCLEI OF MACAQUE FOLLOWING CHRONIC TRIGEMINAL 
TRACTOTOMY.  R.F. Young and K.M. Perryman*
UCLA School o f  M edicine, 10833 Le Conte Avenue, 
Los A ngeles, C a l ifo rn ia  90024

U n ila te ra l  tr ig em in a l tracto tom y was c a r r ie d  o u t in  
f iv e  young a d u lt  Macacca fa s c ic u la r i s  monkeys. The 
anim als had been t ra in e d  p rev io u s ly  to  perform  a 
beh av io ra l shock avoidance ta sk  in  response to  p re 
sumably p a in fu l e l e c t r i c a l  s tim u la tio n  o f  d e n ta l pu lp  
and cutaneous e l e c t r i c a l  s tim u la tio n  o f  f a c ia l  sk in . 
Tractotomy produced an e le v a tio n  in  th e  stim u lus 
s tre n g th  which e l i c i t e d  escape behav ior when f a c ia l  sk in  
was s tim u la te d , b u t n o t when the  to o th  pu lp  was 
s tim u la ted .

U nit a c t iv i ty ,  evoked by e l e c t r i c a l  s tim u la tio n  o f  th e  
to o th  pu lp  and f a c ia l  s k in , a s  w e ll a s  innoccuous and 
noxious mechanical s tim u la tio n  o f  o ro fa c ia l  re g io n s , 
was recorded from neurons in  th e  tr ig em in a l n u c le i 
p r in c ip a l i s ,  o r a l i s  and in te r p o la r i s  8-12 weeks a f t e r  
t ra c to to my . T h ir ty -fo u r u n i ts  c o n t r a la te r a l  and f i f t y  
u n its  i p s i l a t e r a l  to  th e  tracto tom y were s tu d ie d . T h ir ty -  
s ix  o f  th e  u n i ts  were low th re sh o ld  m echanoreceptors, 
fo r ty - s ix  were wide dynamic range u n i ts  and s ix  were 
n o c icep to rs . No s t a t i s t i c a l l y  s ig n i f ic a n t  d iffe re n c e s  
between th e  popu la tions  o f  neurons i p s i l a t e r a l  and 
c o n t r a la te r a l  to  th e  tra c to to m ie s  were found fo r  s iz e  o r  
lo c a tio n  o f p e rip h e ra l re c ep tiv e  f i e ld s ,  la te n c ie s ,  
th re s h o ld s , mean f i r in g  d e n s i t ie s  o r  responsiveness to  
th e  v a rious  forms o f  s tim u la tio n . The beh av io ra l r e s u l t s  
suggest th a t  tr ig em in a l re la y  neurons r o s t r a l  to  th e  obex 
a re  ab le  to  s ig n a l d e n ta l pa in  sen sa tio n  and n o t 
s u rp r is in g ly  th e  p h y s io lo g ica l s tu d ie s  confirm  th a t  th e  
f i r in g  p a tte rn s  o f such neurons i s  una ffec ted  by 
t r a c to tomy .  The p h y s io lo g ic a l s tu d ie s  dem onstrate th a t  
th e  f i r in g  p a tte rn s  o f  re la y  neurons in  tr ig em in a l 
b rainstem  n u c le i r o s t r a l  to  th e  obex a re  a ls o  n o t 
a ffe c te d  by t r a c to tomy . The cutaneous f a c ia l  a n a lg es ia  
observed a f t e r  tracto tom y thus  appears to  be due to  de
a f fe re n ta tio n  o f  re la y  neurons in  tr ig em in a l nucleus 
cau d a lis  r a th e r  than  to  in te r ru p tio n  o f  in tr a tr ig e m in a l 
re la y s  between th e  caudal and r o s t r a l  n u c lea r groups.

Supported by Grant DE 05208 from th e  N ationa l 
I n s t i t u t e  o f  Dental Research.

236.5  PHRENIC NERVE STIMULATION: ITS EFFECT ON THE ACTIVITY OF 
t2- t5 SPINOTHALAMIC TRACT CELLS IN THE PRIMATE.  R.D. 
Foreman, W.S. Ammons, and N.-M. Gi ra rd o t* .  Univ. of Oklahoma 
HSC, Dept. Physiology & B iophysics. Oklahoma C ity , OK 73190.

The phrenic  nerve i s  thought to  con ta in  p rim arily  motor 
f i b e r s  th a t  inn e rv a te  the  diaphram. Anatomical evidence in  
the  r a t  in d ic a te s  th a t  43% of the  nerve i s  sensory (Langford 
and Schmidt, Anat. Rec. 205:207-213, 1983). An anecdotal 
s ta tem en t in  a review  on h ep atic  nerves ra is e s  the possi
b i l i t y  th a t  the phrenic nerve con ta ins h epatic  noc icep to r 
f ib e r s .  (L au t, Can. J .  of P h y s io l. & Pharm. 58:105-123, 
1980). These re p o rts  coupled w ith our in te r e s t  in  v is c e ra l  
pain  and the  c lo se  proxim ity of the  nerve to  the vagus nerve 
led us to  examine the e f f e c ts  of phrenic nerve a c t iv i ty  in  
sp ino thalam ic t r a c t  (STT) c e l l s  of 5 monkeys (Macaca fa s c i
c u la r is )  an es th e tiz ed  w ith α-c h lo ra lo s e  (60 mg/kg). STT 
c e l l s  were obtained  in  the l e f t  gray m atte r by antidrom ic
a l ly  a c t iv a tin g  th e i r  axons in  the  v e n tra l p o s te r io r  l a t e r a l  
nucleus of the  thalamus and the  medial thalam ic nucleus in  
or near the  c e n t r a l i s  l a t e r a l i s .  A fte r a STT c e l l  was is o 
la te d ,  cardiopulmonary sym pathetic a f fe re n t f ib e rs  were 
e l e c t r i c a l l y  s tim u la ted  and the somatic f ie ld s  were d e te r
mined. A ll c e l l s  received  v iscerosom atic  convergence. Hook 
e le c tro d es  were placed around the phrenic nerve e i th e r  near 
the  h e a r t o r the diaphragm. The nerve u su a lly  was tran sec ted  
d i s t a l  to  the  s tim u la tin g  e le c tro d e s . Three STT c e l l s  in 
creased  th e i r  d ischarge  ra te  from 6 sp ik e s /s  to  a peak ac
t i v i t y  of 18 sp ik e s /s  during  phrenic s tim u la tio n  (20V, 1 ms, 
20 Hz). Phrenic  s tim u la tio n  decreased a c t iv i ty  in  3 c e l l s .  
The e f fe c ts  on 2 STT c e l l s  was determined by s tim u la tin g  the 
n e rv e  w h ile  pinching the sk in  o r sk in  and muscle of the re 
c e p t iv e  f ie ld ;  d ischarge  r a te  decreased from an average of 
28 sp ik e s /s  to  2 s p ik e s /s  during the  s tim u la tio n  p e rio d . In 
the  o th e r c e l l  phrenic s tim u la tio n  decreased spontaneous ac
t i v i t y  by 11 s p ik e s /s .  Two c e l l s  did not respond to phrenic 
s tim u la tio n . Phrenic a f fe re n t f ib e rs  were most l ik e ly  a c t i 
v a te d  because tra n s e c tio n  of the  nerve proximal to  the 
e le c tro d e s  abo lished  the  response. The c e l l s  were found in  
lam inae I ,  IV, V and VII and received  Aδ or Aδ and C -fi ber 
inpu t from cardiopulmonary a f f e re n ts .  In  conclusion these  
r e s u l t s  dem onstrate th a t  s tim u la tio n  of a f fe re n t f ib e rs  in  
the  phrenic nerve can modify the  a c t iv i ty  of STT c e l l s .  We 
sp ecu la te  th a t  a f fe re n t in fo rm ation  a r is in g  from the d ia 
phragm and subdiaphragm atic s t ru c tu re s ,  such as the  l iv e r ,  
m ight co n tr ib u te  inform ation  about v is c e ra l  pa in .  (Supported 
by NIH g ra n ts , HL22732, HL27260, HL00557, NS07114 and 
HL07340).

236.6  CORRELATION OF PRIMATE MEDULLARY DORSAL HORN NEURONAL 
RESPONSES WITH THERMAL DETECTION IN THE NOXIOUS RANGE.
W. M aixner, D.R. Kenshalo, J r . ,  M.C. B ushnell, J .L . O liveras 
and R. Dubner.  Neurobiology and A nesthesiology Branch, 
NIDR, NIH, Bethesda, MD 20205.

Previous s tu d ie s  from th is  lab o ra to ry  (Bushnell e t a l . , 
Soc. N eurosci. A bstr. , 9:473, 1983) have dem onstrated th a t 
both monkeys and humans are able to  d e te c t sm all tem perature 
changes in  the noxious range. In th is  s tudy , we have co rre 
la ted  the a c t iv i ty  of medullary d o rsa l horn wide-dynamic- 
range (WDR) and n o c icep tive  s p e c if ic  (NS) neurons w ith the 
a b i l i t y  of behaving monkeys to  d e te c t sm all tem perature 
in c reases  in  the  noxious range.

Two rhesus monkeys were tra in ed  to  perform a therm al 
d e te c tio n  task  in  the noxious range. Monkeys in i t i a te d  a 
t r i a l  by depressing  an illum inated  panel bu tto n . Following 
panel p re s s , a con tact thermode positioned  on the upper l ip  
increased  in  tem perature from a b a se lin e  of 38 C to  a 
noxious (45° C to 48° C) tem perature (T1) .  A fte r a random 
time period  of 3 to  9 sec the thermode increased  an addi
t io n a l  0 .2 °  to  1.0°C (T2). Monkeys received  a f r u i t  ju ic e  
reward fo r re le a s in g  the panel bu tton  w ith in  2 sec of the 
onset of T2. Single u n it a c t iv i ty  was recorded from 12 WDR 
and 10 NS m edullary d o rsa l horn neurons during the behav
io r a l  ta sk . In ad d itio n , median d e te c tio n  la tency  (MDL) to  
the onset of T2 was determ ined.

The MDL of the response to  a 1°C s h i f t  ( T2) was sh o rte r 
the g re a te r  the preceding T1 (44°, 45°, 46 , 47° or 48°C). 
S im ila r ly , the MDL was in v e rse ly  re la te d  to  the magnitude of 
peak n eu ra l d ischarge frequency produced by the 1° C s h i f t  
fo r  both WDR and NS neurons. In  s i tu a t io n s  when T2 in 
creased 0 .2° to  1.0°C from a preceding T1 of e i th e r  45 or 
46 C, MDL decreased as T2 inc reased . The MDL was a lso  
in v e rse ly  re la te d  to  the magnitude of peak n eu ra l d ischarge 
produced by a given T2 fo r  both WDR and NS neurons. Equiv
a le n t MDL values fo r  a T2 from a preceding Tl of e i th e r  45 
or 46 C were asso c ia ted  w ith equ iva len t peak n eu ra l d is 
charge ra te s  fo r  3 WDR neurons.

These d a ta  dem onstrate th a t  the  magnitude of d ischarge of 
WDR or NS neurons p re d ic ts  d e te c tio n  la te n c ie s  to  sm all tem
p era tu re  in c reases  in the noxious range. We conclude th a t 
both WDR and NS neurons are  p a r t of sp ec ia liz ed  c e n tra l 
neu ra l pathways capable of provid ing  noxious therm al sensory- 
d isc r im in a tiv e  inform ation .
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2 3 6 .7  THE A CTIVITY OF WIDE-DYNAMIC-RANGE NEURONS AND NOT NOCICEP
T IV E  S P E C IF IC  NEURONS PREDICTS THE DETECTION OF SMALL INCRE
MENTS IN  NOXIOUS THERMAL STIM ULI IN  THE PRIMATE.
D .R .  K e n s h a l o ,  J r . ,  W. M a i x n e r ,  J . L .  O l i v e r a s , M .C . B u s h n e l l  
a n d  R . D u b n e r .  N e u r o b i o l o g y  a n d  A n e s t h e s i o l o g y  B r a n c h ,  
N ID R , N IH , B e t h e s d a ,  MD 2 0 2 0 5 .

M o n k e y s  c a n  d e t e c t  s m a l l  i n c r e m e n t s  i n  t e m p e r a t u r e  t h a t  
a r e  s u p e r i m p o s e d  o n  n o x i o u s  t h e r m a l  s t i m u l i .  We e x a m in e d  
t h e  r e s p o n s e s  o f  m e d u l l a r y  d o r s a l  h o r n  n e u r o n s  t h a t  m ig h t  
s u b s e r v e  t h e  m o n k e y s ’ a b i l i t y  t o  d e t e c t  t h e s e  s m a l l  c h a n g e s  
i n  t e m p e r a t u r e  i n  t h e  n o x i o u s  r a n g e .

Two m o n k e y s  w e r e  t r a i n e d  t o  d e t e c t  a  s e c o n d  i n c r e a s e  o f  
0 . 2 °  t o  1 .0 ° C  ( T 2) a f t e r  a  t e m p e r a t u r e  c h a n g e  f ro m  a  3 9 °C  
b a s e l i n e  t o  45  o r  4 6 °C  ( T 1) ( S e e  M a ix n e r  e t  a l . , t h i s  
v o lu m e  f o r  c o m p l e t e  d e t a i l s  o f  p s y c h o p h y s i c a l  t a s k ) . We 
r e c o r d e d  f ro m  12 w i d e - d y n a m i c - r a n g e  (WDR) n e u r o n s  a n d  10 
n o c i c e p t i v e  s p e c i f i c  (N S) m e d u l l a r y  d o r s a l  h o r n  n e u r o n s  
w h i l e  t h e  m o n k e y  w a s  p e r f o r m i n g  t h e  p s y c h o p h y s i c a l  t a s k .  
Two WDR a n d  4 NS n e u r o n s  w e r e  a n t i d r o m i c a l l y  a c t i v a t e d  f ro m  
VPM o f  t h e  t h a l a m u s .

T h e  s l o p e s  o f  s t i m u l u s - r e s p o n s e  f u n c t i o n s  o b t a i n e d  
d u r i n g  T 1 a n d  T2 w e r e  m o n o to n i c  f o r  b o t h  WDR a n d  NS n e u r o n s .  
H o w e v e r ,  t h e  s l o p e  o f  t h e  s t i m u l u s - r e s p o n s e  f u n c t i o n  w a s  
g r e a t e r  f o r  WDR n e u r o n s  t h a n  f o r  NS n e u r o n s  f o r  b o t h  T 1 a n d  
T 2 .  T h e  a n i m a l s '  a b i l i t y  t o  d e t e c t  n e a r  t h r e s h o l d  i n c r e 
m e n t s  i n  n o x i o u s  t e m p e r a t u r e  ( 0 . 2  a t  46 ° C) w a s  c o r r e l a t e d  
w i t h  t h e  d i s c h a r g e  o f  WDR n e u r o n s .  A c o r r e c t  d e t e c t i o n  b y  
t h e  m o n k e y  o f  T2 r e s u l t e d  i n  a  s t a t i s t i c a l l y  s i g n i f i c a n t  (p  
< . 0 5 )  i n c r e a s e  i n  d i s c h a r g e  f r e q u e n c y  o f  WDR n e u r o n s  a s  
c o m p a r e d  t o  o c c a s i o n s  w h en  t h e  m o n k ey  d i d  n o t  d e t e c t  T 2 . I n  
c o n t r a s t ,  t h e  r e s p o n s e  o f  NS n e u r o n s  t o  T2 w a s  n o t  s t a t i s 
t i c a l l y  r e l a t e d  t o  t h e  m o n k e y s ' d e t e c t i o n  o f  t h e  s t i m u l u s .

T h e s e  d a t a  s u g g e s t  t h a t  WDR a n d  NS n e u r o n s  e n c o d e  b o t h  
l a r g e  a n d  s m a l l  t e m p e r a t u r e  c h a n g e s  i n  t h e  n o x i o u s  r a n g e .  
H o w e v e r ,  t h e  i n c r e a s e  i n  d i s c h a r g e  f r e q u e n c y  o f  o n l y  WDR 
n e u r o n s  d u r i n g  T2 p r o v i d e s  a n  a c c u r a t e  p r e d i c t i o n  o f  t h e  
m o n k e y s ' a b i l i t y  t o  d e t e c t  n e a r  t h r e s h o l d  c h a n g e s  i n  n o x i o u s  
t h e r m a l  s t i m u l a t i o n .

2 3 6 .8  RECEPTIVE FIELD  PROPERTIES OF SPINAL NEURONS PROJECTING TO 
THE ROSTRAL AND CAUDAL MIDBRAIN.  R .P .  Y e z i e r s k i  a n d  R .H . 
S c h w a r t z * .   D e p a r tm e n t  o f  A n a to m y , U n i v e r s i t y  o f  M i s s i s s i p p i  
M e d ic a l  C e n t e r ,  J a c k s o n ,  M i s s i s s i p p i  3 9 2 1 6 .

R e c e n t  a n a t o m i c a l  s t u d i e s  u s i n g  t h e  a n t e r o g r a d e  t r a n s p o r t  
o f  WGA-HRP h a v e  sh o w n  t h a t  t h e r e  i s  a  s i g n i f i c a n t  s p i n a l  
p r o j e c t i o n  t o  t h e  r o s t r a l  a n d  c a u d a l  m i d b r a i n  i n  t h e  c a t  
(W ib e rg  a n d  B l o m q v i s t ,  1 9 8 4 ;  Y e z i e r s k i ,  u n p u b l i s h e d  o b s e r 
v a t i o n s )  . A l t h o u g h  i t  h a s  b e e n  sh o w n  t h a t  t h e  s p in o m e s e n c e 
p h a l i c  t r a c t  m ay c o n s t i t u t e  a n  i m p o r t a n t  a f f e r e n t  p a th w a y  t o  
s u p r a s p i n a l  s t r u c t u r e s  i n v o l v e d  i n  n o c i c e p t i o n  ( Y e z i e r s k i  
a n d  S c h w a r t z ,  1 9 8 4 ) ,  t h e  f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  n e u 
r o n s  p r o j e c t i n g  t o  t h e  r o s t r a l  v e r s u s  c a u d a l  m i d b r a i n  h a v e  
n o t  b e e n  s y s t e m a t i c a l l y  e v a l u a t e d .  T h e  p r e s e n t  s t u d y  w a s ,  
t h e r e f o r e ,  d e s i g n e d  t o  e v a l u a t e  t h e  r e s p o n s e  a n d  r e c e p t i v e  
f i e l d  (R F) p r o p e r t i e s  o f  s p i n a l  n e u r o n s  p r o j e c t i n g  t o  t h e s e  
m i d b r a i n  r e g i o n s .

R e c o r d i n g s  w e r e  m ad e  f ro m  55 i d e n t i f i e d  s p i n o m e s e n c e p h a l i c  
t r a c t  c e l l s  i n  t h e  l u m b o s a c r a l  s p i n a l  c o r d  o f  a d u l t  c a t s .  
C e l l s  w e r e  a c t i v a t e d  a n t i d r o m i c a l l y  f ro m  s t i m u l a t i n g  e l e c 
t r o d e s  p o s i t i o n e d  i n  t h e  c o n t r a l a t e r a l  m i d b r a i n  a t  t h r e s h o l d s  
r a n g i n g  f ro m  5 0 - 6 5 0  uA . A n im a l s  w e r e  a n e s t h e t i z e d  w i t h  a l p h a 
c h l o r a l o s e  a n d  s o d iu m  p e n t o b a r b i t a l  (2  m g / k g / h r ) ; e x p i r e d  CO2 
a n d  c o r e  t e m p e r a t u r e  w e r e  m a i n t a i n e d  w i t h i n  n o r m a l  l i m i t s .

C e l l s  p r o j e c t i n g  t o  t h e  r o s t r a l  m i d b r a i n  w e r e  a c t i v a t e d  
f ro m  t h e  p e r i a q u e d u c t a l  g r a y  a n d  a d j a c e n t  r e t i c u l a r  f o r m a t i o n  
o r  f ro m  n u c l e u s  o f  D a r k s c h e w i t s c h .  C e l l s  p r o j e c t i n g  t o  t h e s e  
l o c a t i o n s  w e r e  d i v i d e d  i n t o  t h r e e  c a t e g o r i e s :  ( a )  h i g h  
t h r e s h o l d  (HT) w i t h  s m a l l  e x c i t a t o r y  R Fs (9  c e l l s ) ; w id e  
d y n a m ic  r a n g e  (WDR) w i t h  e x c i t a t o r y  R F s c o n f i n e d  t o  t h e  i p s i 
l a t e r a l  h i n d l i m b  ( 5 ) ;  a n d  ( c )  c e l l s  w i t h  n o  d e m o n s t r a b l e  R Fs 
( 1 5 ) .  C e l l s  i n  t h e  l a t t e r  c a t e g o r y  t y p i c a l l y  h a d  n o  b a c k 
g r o u n d  a c t i v i t y ,  w h i l e  HT a n d  WDR c e l l s  h a d  m o d e r a t e  b a c k 
g r o u n d  a c t i v i t y  w h ic h  c o u ld  b e  i n h i b i t e d  b y  n o x i o u s  s t i m u l i  
a p p l i e d  t o  t h e  i p s i -  a n d  c o n t r a l a t e r a l  f o r e l i m b s ,  f a c e  o r  
h i n d l i m b s .  C o n d u c t io n  v e l o c i t i e s  f o r  c e l l s  p r o j e c t i n g  t o  t h e  
r o s t r a l  m i d b r a i n  r a n g e d  f ro m  8 - 7 8  m / s .  S p i n a l  n e u r o n s  p r o 
j e c t i n g  t o  t h e  c a u d a l  m i d b r a i n  r e s p o n d e d  t o  v a r y i n g  i n t e n 
s i t i e s  o f  m e c h a n i c a l  s t i m u l i  ( 1 2  c e l l s ) ,  s t i m u l a t i o n  o f  d e e p  
t i s s u e  ( 4 )  o r  e x c l u s i v e l y  t o  h i g h  t h r e s h o l d  s t i m u l i  ( 1 0 ) .  
S e v e n  c e l l s  p r o j e c t i n g  t o  t h e  c a u d a l  m i d b r a i n  h a d  w h o le  b o d y  
e x c i t a t o r y  R F s . E x t e n s i v e  i n h i b i t o r y  R F s w e r e  r a r e l y  o b s e r v e d  
f o r  c e l l s  p r o j e c t i n g  t o  t h e  c a u d a l  m i d b r a i n .  C o n d u c t io n  v e 
l o c i t i e s  f o r  c a u d a l l y  p r o j e c t i n g  c e l l s  r a n g e d  f ro m  9 - 9 2  m / s .

S u p p o r t e d  b y  NIH g r a n t  NS 1 9 5 0 9  t o  RPY.

236.9  THE AXONAL BIFURCATION AND TERMINATION OF THE 
DOUBLY PROJECTING SPINAL DORSAL HORN NEURONS.
G.W .LU, S . ZHANG*, G .R.HE * , Y .XIA* , AND Q .J .L I * . 
D e p t . o f  N e u r o p h y s io lo g y ,  B e i j i n g  S eco n d  M e d ic a l  
C o l l e g e ,  B e i j i n g ,  100 0 5 4 , C h in a .

P h y s i o l o g i c a l  a n d  m o r p h o lo g ic a l  e v id e n c e  h a s  
b e e n  p r e s e n t e d  f o r  t h e  s p i n a l  d o r s a l  h o rn  n e u ro n s  
(SDHN) w i th  b ra n c h e d  a x o n s  a s c e n d in g  b o th  t h e  d o r
s a l  c o lu m n s (DC) a n d  d o r s o l a t e r a l  f u n i c u l u s (DLF) .
The p r e s e n t  s tu d y  i s  a im e d  a t  p h y s i o l o g i c a l l y  
s e a r c h i n g  t h e  b r a n c h in g  an d  t e r m i n a t i n g  s i t e s  o f  
t h e  n e u r o n s .

L a m in e c to m ie s  e x p o s e d  s p i n a l  s e g m e n ts  C1 , C3- 
C 6, an d  L 6-S 1  i n  t h e  c a t  a n e s t h e t i z e d  w i th  so d iu m  
p e n t o b a r b i t a l  a n d  p a r a l y z e d  w i th  F l a x e d i l .  A n t i 
d ro m ic  s t i m u l a t i o n  w e re  d e l i v e r e d  t o  t h e  c e r v i c a l  
(C 4) DC a n d  DLF t h a t  w e re  d i s s e c t e d  an d  e l e c t r i c a l 
l y  i s o l a t e d  a p a r t  f ro m  one a n o t h e r  an d  a p a r t  fro m  
th e  r e s t  o f  t h e  s p i n a l  c o r d .  F o l lo w in g  i d e n t i f i c a 
t i o n  o f  t h e  n e u r o n s ,  h ig h  v o l t a g e  s t i m u l a t i o n  o f  
DLF a t  C l w as u s e d  to  ju d g e  th e  t e r m i n a t i o n  o f  t h e  
n e u r o n s .  A c a u d a l  d i s s e c t i o n  b e tw e e n  DC a n d  DLF 
w as t h e n  made t o  f i n d  o u t  t h e  b r a n c h in g  s i t e s .

T w en ty  f i v e  n e u ro n s  a t  d e p th  c o r r e s p o n d in g  to  
la m in a e  I I I - I V  o f  lu m b o s a c r a l  e n la r g e m e n t  w ere  
a n t i d r o m i c a l l y  d r i v e n  fro m  b o th  t h e  DC a n d  th e  
i p s i l a t e r a l  DLF. A n tid ro m ic  s p i k e s  ev o k ed  fro m  one 
o f  t h e  f u n i c u l a r  s t i m u l a t i o n  w e re  fo u n d  t o  d i s a p 
p e a r  w hen t h e  d i s s e c t i o n  b e tw e e n  DC and  DLF re a c h e d  
a  p o i n t  a t  s e g m e n ts  C 7-T 4 . No a n t id r o m ic  r e s p o n s e s  
c o u ld  b e  e v o k ed  b y  C l s t i m u l a t i o n  e v en  a t  s t im u lu s  
i n t e n s i t y  up  t o  100Vo l t s .  The t h r e s h o l d s  o f  DC an d  
DLF a c t i v a t i o n  ra n g e d  fro m  1 to  30 V o l t s .  The 
a x o n a l  c o n d u c t io n  v e l o c i t i e s  in  tw o f u n i c u l i  w ere  
3 4 - 6 5  m /s e c .  The d i f f e r e n c e s  in  t h e  c o n d u c t io n  
v e l o c i t i e s  b e tw e e n  DC a n d  DLF v a r i e d  fro m  0 t o  21 
m /s e c .  A lm o s t e q u a l  n um ber o f  low  t h r e s h o l d  
mec h a n o r e c e p t i v e  a n d  w id e  d ynam ic  r a n g e  n e u ro n s  
w e re  c l a s s i f i e d  b y  r e c e p t i v e  f i e l d  s t i m u l a t i o n s . 
The d i a m e te r s  o f  a f f e r e n t  f i b e r s  t o  t h e  n e u ro n s  
w e re  fo u n d  i n  t h e  A - b e ta  r a n g e .

The r e s u l t s  s u g g e s t  t h a t  a s c e n d in g  e i t h e r  DC o r  
DLF, t h e  SDHN' s  m a jo r  a x o n s  seem ed  t o  g iv e  r i s e  a  
b r a n c h  a t  t h e  u p p e r  t h o r a c i c  an d  lo w e r  c e r v i c a l  
s e g m e n ts  o f  t h e  s p i n a l  c o r d ;  i n  a d d i t i o n  t o  p r o j e c t 
t o  t h e  d o r s a l  co lum n  n u c l e i ,  t h e  SDHN's a x o n s  a l s o  
t e r m i n a t e d  i n  t h e  l a t e r a l  c e r v i c a l  n u c l e u s .

2 3 6 .1 0   CORTICAL PROJECTION OF NOCICEPTIVE NEURONS IN THE 
PARALAMINAR ZONE OF THE CAT’ S VENTROPOSTEROLATERAL 
NUCLEUS.  A. D. C ra ig  and  K .-D . K n i f f k i .  P h y s i o l o 
g i s c h e s  I n s t i t u t  d e r  U n i v e r s i t ä t ,  R ö n tg e n r in g  9 , 
D -8700 W ü rzb u rg , F .R .G .

P r e v io u s  r e s u l t s  h av e  d e m o n s t r a te d  t h a t  t h e  v e n 
t r a l  m a rg in ,  o r  p a r a l a m in a r  z o n e , o f  th e  c a t ' s  v e n 
t r o p o s t e r o l a t e r a l  n u c le u s  (VPL) i s  d i f f e r e n t i a b l e  
from  VPL p r o p e r  i n  t h a t  i t  r e c e i v e s  a m o d e r a te ly  
d e n se  s p in o th a l a m i c  i n p u t  and  c o n t a i n s  n e u ro n s  r e 
s p o n s iv e  to  b o th  c u ta n e o u s  and  d eep  n o x io u s  s t im u 
l a t i o n  ( C ra ig  and  B u r to n ,  N e u r o s c i . A b s t r . ,  5 :7 0 5 ,  
1979 ; Honda e t  a l . ,  J . N e u r o p h y s i o l . ,  4 9 :6 6 2 ,  1 9 8 3 ; 
K n i f f k i  and  M izum ura , J .  N e u r o p h y s i o l . ,  4 9 :6 4 9 ,  
1 9 8 3 ) .  S i m i l a r  n o c i c e p t i v e  n e u ro n s  h av e  b e e n  r e c o r 
ded  in  a r e a  3a o f  t h e  c a t ' s  c o r t e x  (Iw am ura  e t  a l . , 
P a i n , S u p p l .  1 :S 2 1 3 , 1 9 8 1 ) .  We a r e  t e s t i n g  th e  p o s 
s i b i l i t y  t h a t  t h e s e  a r e a s  may be r e l a t e d  by u s in g  
a n t id r o m ic  a c t i v a t i o n  and  r e t r o g r a d e  l a b e l i n g  to  
ex am in e  th e  c o r t i c a l  p r o j e c t i o n  o f  n o c i c e p t i v e  n e u 
ro n s  in  th e  p a r a l a m in a r  VPL.

Up to  now th e  m o st d i s t i n c t  r e s u l t s  h a v e  b e en  
o b ta in e d  f o r  th o s e  p a r a l a m in a r  n e u ro n s  r e s p o n s iv e  
to  n o x io u s  s t i m u l a t i o n  o f  th e  h in d l im b  t h a t  o c c u r  
v e n t r a l  to  t h e  fo re p a w  r e p r e s e n t a t i o n  i n  VPL p r o p 
e r .  Such n e u ro n s  c an  be a n t i d r o m i c a l l y - a c t i v a t e d  
from  th e  m e d ia l  ( h in d l im b )  p e r i c r u c i a t e  m o to r  c o r 
t e x ,  i n  s t a r k  c o n t r a s t  to  t h e  l a t e r a l  s ig m o id a l  
( fo re p a w ) s e n s o r y  c o r t i c a l  p r o j e c t i o n  o f  t h e  d o r -  
s a l l y  a d j a c e n t  c e l l s  i n  VPL p r o p e r .  S i m i l a r  d i f f e 
r e n c e s  h av e  b e e n  o b s e r v e d  f o r  p a r a l a m in a r  n e u ro n s  
w i th  f o r e l i m b  r e c e p t i v e  f i e l d s .  P a r a la m in a r  n o c i 
c e p t i v e  n e u ro n s  h a v e  so  f a r  n o t  b e e n  a n t i d r o m i c a l 
l y - a c t i v a t e d  from  th e  l a t e r a l  s u p r a s y l v i a n  o r  a n 
t e r i o r  e c t o s y l v i a n  c o r t i c e s .  R e t r o g r a d e  l a b e l i n g  
e x p e r im e n ts  w i th  HRP a n d /o r  F a s t  B lu e  i n j e c t i o n s  
g u id e d  by a n t id r o m ic  r e c o r d in g s  c o n f i rm  t h a t  some 
p a r a l a m in a r  n e u ro n s  v e n t r a l  to  t h e  m e d ia l  p a r t  o f  
VPL p r o j e c t  to  m e d ia l  p e r i c r u c i a t e  c o r t e x .

T h ese  r e s u l t s  p r o v id e  f u r t h e r  e v id e n c e  d i f f e r 
e n t i a t i n g  th e  p a r a l a m in a r  zone o f  VPL, an d  i n d i 
c a t e  t h a t  i t s  c o r t i c a l  p r o j e c t i o n  m a in t a in s  a  s e 
p a r a t e ,  to p o g r a p h ic  o r d e r .

S u p p o r te d  by th e  D e u tsc h e  F o r s c h u n g s g e m e in 
s c h a f t .
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237. 1  CYTOCHROME OXIDASE STAINING OF ON AND OFF REGIONS IN THE 
RETINA, LGN AND STRIATE CORTEX OF TREE SHREW.  T.T. Norton 
and M. Wong-Riley.  Dept. of Physio log ical O p tics, Univ. of 
Ala. in Birmingham, Birmingham, AL 35294 and Dept. of 
Anatomy, Med. C o ll. of W isconsin, Milwaukee, WI 53226.

Segregation  of ON- and OFF-center channels has been 
reported  in the  LGN and s t r i a t e  co rtex  of tre e  shrew (Con
way & S c h i l le r  '83 ; Norton, Kretz & Rager ' 83). In the  LGN 
o f monkey and f e r r e t ,  where ON and OFF channel seg rega tion  
has a lso  been rep o rted , the  ON and OFF regions d i f f e r  in 
the  p a tte rn s  of cytochrome oxidase (C .O .) s ta in in g  (Kage
yama & Wong-Riley '8 3 ). We examined whether a s im ila r  
p a tte rn  occurs in the  r e t in a ,  LGN and s t r i a t e  cortex  of 10 
t r e e  shrews which had been reacted  h istochem ica lly  fo r 
C .O ., In the  r e t i n a , the  o u te r and inner plexiform  laye rs  
were h igh ly  re a c tiv e  fo r  C.O.. A c le a r  zone separated  the 
a and b inner plexiform  sublaminae which seemed about 
equally  re a c tiv e  fo r  C.O.. In the  LGN, laminae 1 and 2, 
which con ta in  mostly ON-center c e l l s ,  were highly  re a c tiv e  
fo r  C.O.. Laminae 4 and 5, which con tain  mostly OFF-center 
c e l l s ,  were a lso  highly  re a c tiv e  fo r C.O.. LGN lamina 3 
was d i s t in c t ly  p a le r  than the  o th e r 4 laminae while lam i
na 6 seemed in te rm ed ia te . These two laminae (3 and 6) 
rece iv e  inpu t from small re t in a l  ganglion c e l l s ,  p ro je c t to  
lay e r I I I  of s t r i a t e  co rtex  and may be p a r t  of a W-like 
a f fe re n t  pathway. In the s t r i a t e  c o r te x , lay e r IV was 
d i s t in c t ly  more re a c tiv e  fo r C.O. than were the o ther 
c o r t ic a l  la y e rs . However, th is  lay e r was not enzym atically  
homogeneous. Sublayer IVb, in which predom inantly OFF 
responses have been found, was c o n s is te n tly  more re a c tiv e  
than sub layer IVa, in which predom inantly ON responses have 
been found. Approximately the  middle 1/3 of lay e r IV 
s ta in ed  more p a le ly  than e i th e r  IVa or IVb. This pale  
region  includes the  c e l l- s p a r s e  c l e f t  but extends co n sid e r
ably beyond the c l e f t  in to  IVa and IVb. These re s u l ts  
in d ic a te  th a t  both the  ON and OFF channels are q u ite  a c tiv e  
a t  the  r e t i n a l ,  LGN and c o r tic a l  lev e ls  in the  normal tre e  
shrew. In the  c o rtex , the predom inantly OFF subd iv ision  
(IVb) appears more re a c tiv e  than the ON, while the middle 
th ir d  of lay e r IV has a m etabolic level th a t  is  d is t in c t ly  
lower. The p a tte rn  a t  all  3 lev e ls  of the  v isual system 
may a lso  r e f le c t  d iffe ren c e s  in the  W, X and Y systems. An 
in tr ig u in g  question  ra ised  by the c o r tic a l  data is :  why is  
IVa separa ted  from IVb by a broad zone of low C.O. re a c t iv 
ity ?  Could th is  pale  zone be produced by inpu ts from LGN 
lamina 3 which have eluded d e tec tio n  in pathway tra c in g  
experim ents?  Supported by NIH gran ts  EY02909 and NS18121.

237.2  O CULAR DOMINANCE AND DISPARITY-SENSITIVITY IN CAT VISUAL 
CORTEX.  J i l l  C. Gardner,  Research Laboratory of E lec tro n ic s , 
M assachusetts I n s t i tu te  of Technology, Rm. 36-864, Cambridge, 
Mass. 02139.

Ocular dominance "columns" or "bands" in  the v is u a l cortex  
have been demonstrated in  a v a r ie ty  of sp ec ie s , but they have 
no known func tion . I t  has been widely accep ted , however, 
th a t c e l ls  driven  equally  by the two eyes subserve b inocu la r 
v is io n , w hile "monocular" c e l ls  subserve monocular v is io n .
We rep o rt here on the re la tio n s h ip  between ocu lar dominance 
(OD) and d is p a r i ty - s e n s i t iv i ty  in  u n its  of cat v is u a l co rtex .

B inocular in te ra c tio n s  were examined in  250 u n its  of cat 
area  18, and the 17/18 border. S tim uli were p resented  a t 
d if f e r e n t  r e t in a l  d is p a r i t i e s ,  and were moved in the same 
and in  opposite  d ire c tio n s  on the two recep tiv e  f i e ld s .  
Ind ices of d i s p a r i ty - s e n s i t iv i ty ,  b inocu la r in h ib it io n  and 
b inocu lar f a c i l i t a t i o n  were c a lcu la ted  fo r u n its  of d i f 
fe re n t ocu lar dominance groups.

A c le a r  and c o n sis te n t re la tio n s h ip  was seen between ocu
l a r  dominance and d is p a r i ty - s e n s i t iv i ty ,  and th is  r e la t io n 
ship was seen independently among u n its  of the 17/18 border 
and u n its  of area  18. S eventy-five  percen t of the u n its  en
countered showed d is p a r i ty - s p e c if ic  b inocu la r in te ra c t io n s ,  
and these u n its  were from a l l  o cu lar dominance c la s s e s . Dis
p a r i ty - s e n s i t iv i ty  varied  sy s tem a tica lly  w ith o cu lar domi
nance, and con tra ry  to what might have been expected , ocu la r 
unbalanced c e l ls  showed la rg e r  b inocu la r in te ra c tio n s  than 
ocu lar balanced c e l l s .  Units which could be driven  only by 
one eye (OD groups 1 and 7) were most s e n s it iv e  to r e t in a l  
d is p a r i ty ,  while u n its  d riven  equally  by the two eyes (OD 
group 4) were the le a s t  s e n s it iv e  to d is p a r i ty .  O vera ll, 
u n its  dominated by the ip s i l a t e r a l  eye (OD groups 5 ,  6 and 7) 
showed la rg e r  b inocu lar in te ra c tio n s  than u n its  dominated 
by the c o n tra la te r a l  eye (OD groups 1 ,  2 and 3 ). Larger 
b inocu lar in te ra c tio n s  in  u n its  were due to both stro n g er 
b inocu lar in h ib it io n  and s tro n g er b inocu lar f a c i l i t a t i o n .

The r e s u l ts  of the p resen t experiment in d ic a te  th a t u n its  
of a l l  ocu lar dominance c la s s e s ,  and p a r t ic u la r ly  the "mono
cu la r"  c e l ls  of OD groups 1 and 7, play a ro le  in  b inocu lar 
v is io n . The s trong  re la tio n s h ip  seen between ocu lar 
dominance and d is p a r i ty - s e n s i t iv i ty ,  suggests th a t common 
mechanisms underly these  d if f e r e n t  responses. The re s u l ts  
in d ic a te  th a t the ocu lar dominance columns of cat v isu a l co r
tex function  in  the o rg an iza tio n  of d is p a r i ty -s e n s i t iv e  
neuronal system s.

237.3  CONTRAST COLUMNS IN THE STRIATE CORTEX OF THE MINK.  S. LeVay 
and S.K. McConnell,  Salk I n s t i t u t e ,  La J o l la ,  CA 92137.

On- and o f f -c e n te r  re la y  neurons occupy sep a ra te  laminae 
in  the  m ink 's LGN, and th e i r  axons te rm ina te  in  a lte rn a t in g ,  
p a r t i a l l y  overlapping  patches in  la y e r 4 o f the  s t r i a t e  c o r
tex  (PNAS 81:1590; 1984). We have now stud ied  the  response 
p ro p e r tie s  o f neurons in  th i s  a rea , w ith sp ec ia l a t te n tio n  
to  t h e i r  c o n tra s t p re fe ren ce . Most p ro p e r tie s  were stud ied  
q u a l i ta t iv e ly ,  but histogram s were prepared o f averaged on-  
 and o ff-re sp o n se s  to  s ta t io n a ry , o p tim a lly -o rien ted  s l i t s  as 
a fu n c tio n  o f p o s itio n  across the  re cep tiv e  f i e ld .

The types o f  v isu a l responses obtained  in  each lay e r were 
g e n e ra lly  s im ila r  to  those described  in  the  c a t .  In la y e r 4, 
simple c e l l s ,  E-on, E -o ff, and a few complex c e l l s  were r e 
corded. Most simple c e l l s  had only two e x c ita to ry  su b fie ld s , 
one on and one o f f .  These could be about equal in  s tre n g th , 
or one su b fie ld  could be considerab ly  more powerful than the 
o th e r (on- o r off-dom inated simple c e l l s ) .  At the  extremes 
o f  th is  range were the  E-on and E -o ff c e l l s :  these  possessed 
only one e x c i ta to ry  reg ion , though responses were g en era lly  
suppressed by enlargement o f the  stim ulus in to  flank ing  
zones. Layer 4 c e l l s  o ften  showed a p reference  fo r  l ig h t  or 
dark moving edges in  a manner p re d ic ta b le  from th e i r  s t a 
t io n a ry  responses. Most c e l l s  responded to  both l ig h t  and 
dark moving s l i t s ,  but a few responded s e le c tiv e ly  to  s l i t s  
o f the same sign o f c o n tra s t as the  p re fe rred  s ta t io n a ry  
stim u lus. In la y e r  6, both simple and complex c e l l s  were 
found. In la y e rs  2 ,  3 and 5 most c e l l s  had complex f i e ld s .  
Tested w ith s ta t io n a ry  s l i t s ,  they  lacked s u b fie ld s , but 
th e re  was a spectrum o f response types from ex c lu siv e ly  on, 
through eq ually  balanced, to  o f f .  Compared w ith simple c e l ls ,  
th e re  was a r e la t iv e  predominance o f eq ually  balanced u n i ts .

In p e n e tra tio n s  pe rpend icu lar to  the  la y e rs ,  successive 
u n its  showed s im ila r  c o n tra s t p reference  (on-dominated, b a l
anced, or o f f -dom inated), while on ta n g e n tia l p en e tra tio n s  
c o n tra s t p reference  changed at ir r e g u la r  in te rv a ls .  The group
ing was most obvious in  la y e rs  4 and 6, but i t  was also d e te c t
ab le  in  o th e r la y e rs . On occasions when we were ab le  to  r e 
cord g e n ic u la te  a f fe re n t a c t iv i ty  sim ultaneously  with c o r t i 
cal u n i t s ,  the c o n tra s t p reference  o f  the  two was s im ila r . 
O rie n ta tio n  and ocu la r dominance columns were a lso  p re sen t.

We conclude th a t  the  anatom ical so rtin g  o f the  on- and off- 
c en te r a f fe re n ts  in  the  m ink 's co rtex  g ives r i s e  to  a func
tio n a l columnar system fo r  c o n tra s t p re fe ren ce , analogous to 
th a t  fo r  o cu la r dominance. I t  remains to  be determined whe
th e r  c o n tra s t  columns are  a p e c u l ia r i ty  of the  m ink 's v isu a l 
system.  (Supported by NIH EY0551 and NSF SPI81-66337.)

237.4  ABOLITION OF CORTICAL DIRECTIONAL SELECTIVITY IMPAIRS DIREC
TION DISCRIMINATION OF CATS.  T atiana P aste rn ak , Robert A. 
Schumer, M artin S. G izzi and J .  Anthony Movshon.  Center fo r 
V isual Science and Center fo r  Brain Research, U n iversity  of 
Rochester and Department of Psychology, New York U n ivers ity .

We ra ised  7 ca ts  in  an environment illum inated  a t 8 Hz by 
a 3 µsec strobe  f la s h . At the age of 8 months, they were 
moved to a normally l i t  environment, and sub jected  to beha
v io ra l  te s t in g .  We compared the a b i l i t y  of four of these 
ca ts  to d e tec t moving s in u so id a l g ra tin g s  w ith th e i r  a b i l i ty  
to d iscrim in a te  the d ire c tio n  of the g ra tin g s ' motion. Con
t r o l  data  were obtained from 3 norm ally-reared  anim als. In 
the d e tec tio n  experiment the ca ts  were p resented  with a v e r
t i c a l  g ra tin g  and a uniform f ie ld  of the same mean luminance 
and were rewarded fo r se le c tin g  the g ra tin g . In the d i s 
crim ina tion  experiment they viewed two id e n t ic a l  v e r t ic a l  
g ra tin g s  moving in  opposite  d ire c tio n s  and were rewarded fo r 
s e le c tin g  the rightw ard moving g ra tin g . We measured con
t r a s t  s e n s i t iv i ty  using th is  paradigm fo r 0.28 c/deg g ra tin g s  
moving a t 1 .1 , 2 .2 , 4.4 and 8.8 Hz (4, 8 , 16 and 32 deg/sec).

Normal ca ts  showed equal s e n s i t iv i ty  in  the d e te c tio n  and 
d ire c tio n  d iscr im in a tio n  ta sk s . The c o n tra s t s e n s i t iv i ty  of 
s tro b e -rea red  ca ts  fo r d e tec tin g  the moving g ra tin g s  was 
w ith in  the normal range. Their c o n tra s t s e n s i t iv i ty  fo r 
d iscr im in a tin g  the d ire c tio n  of motion was, however, markedly 
reduced a t a l l  stim ulus speeds.

At the conclusion of the behav iora l te s t in g ,  we recorded 
from 173 u n its  in  the s t r i a t e  cortex  of th ree  such anim als. 
Like Cynader and Chernenko (1976), we found th a t 8-Hz s t r o 
boscopic re a rin g  u t te r ly  abolished  d ire c tio n a l s e le c t iv i ty  
in th is  neu ra l popu la tion , w hile leaving  such o the r funda
mental re cep tiv e  f ie ld  c h a r a c te r is t ic s  as co n tra s t s e n s i t i 
v ity  and o r ie n ta t io n a l ,  s p a t ia l  and temporal s e le c t iv i ty  
la rg e ly  u n a lte red . Furtherm ore, the u n its  in  s tro b e -rea red  
cats  tra in ed  and te s ted  beh av io ra lly  fo r some months were 
in d is tin g u ish ab le  from those recorded from o ther ca ts  s tro b e -  
reared  u n t i l  the day of record ing .

Our r e s u l ts  dem onstrate th a t the d e tec tio n  of moving g ra
tin g s  does not req u ire  the presence of c o r t ic a l  d ire c tio n a l 
s e le c t iv i ty .  In the absence of d ire c tio n a l neurons, however, 
the d iscr im in a tio n  of d ire c tio n  of motion is  g ro ssly  
im paired. Indeed, given th a t only 5% of the c o r t ic a l  neurons 
in  these  cats  showed s ig n if ic a n t d ire c tio n a l assymetry in  
th e i r  responses, the a b i l i ty  of the c a ts  to d iscrim in a te  
d ire c tio n  a t  supra th resho ld  c o n tra s ts  was rem arkable. 
(NIH g ran ts : EY04118,  EY01319,  EY02017,  EY00187; NSF g ran t: 
BNS582-16950.)
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2 3 7 .5  F U N C T IO N A L  T O PO G R A PH Y  IN  A R E A S 1 7  AND 1 8  OF CAT 
V IS U A L  C O R T E X .  M . C v n a d e r , J . A .  M a t s u b a r a , N . V .  
S w i n d a l e .  D e p t s  o f  P s y c h o l o g y  a n d  P h y s i o l o g y ,  D a l 
h o u s i e  U n i v .  H a l i f a x ,  N . S .  CANADA B3H  4 J 1 .

We h a v e  e x a m i n e d  p h y s i o l o g i c a l  r e s p o n s e  
p r o p e r t i e s  a c r o s s  t h e  c o r t i c a l  s u r f a c e  i n  c a t  
v i s u a l  c o r t e x .  R e c o r d i n g  s i t e s  w e r e  s p a c e d  a p p r o 
x i m a t e l y  3 0 0  µ m a p a r t  i n  a  g r i d - l i k e  p a t t e r n  o n  
t h e  c o r t i c a l  s u r f a c e .  T h e  d e p t h  o f  t h e  r e c o r d i n g s  
w a s  a b o u t  4 0 0  µ m . A t  e a c h  r e c o r d i n g  s i t e  t h e  
f o l l o w i n g  p r o p e r t i e s  w e r e  s t u d i e d :  1 )  r e c e p t i v e  
f i e l d  l o c a t i o n ,  2 )  r e c e p t i v e  f i e l d  s i z e ,  3 )  o c u l a r  
d o m i n a n c e ,  4 )  o r i e n t a t i o n ,  5 )  d i r e c t i o n  a n d  6 )  
v e l o c i t y  s e l e c t i v i t y .

A r e a s  1 7  a n d  1 8  d i f f e r e d  i n  a  v a r i e t y  o f  w a y s .  
R e c e p t i v e  f i e l d  a r e a ,  f o r  c o m p a r a b l e  e c c e n t r i c i 
t i e s ,  w a s  a b o u t  f o u r  t i m e s  l a r g e r  i n  a r e a  1 8  t h a n  
i n  1 7 .  P r e f e r r e d  v e l o c i t i e s  o f  a r e a  1 8  c e l l s  w e r e  
h i g h e r  t h a n  t h o s e  o f  1 7 .  T h e  r e t i n o t o p i c  m a p  w a s  
m a r k e d l y  a n i s o t r o p i c  i n  1 8 ,  w i t h  t h e  m a g n i f i c a t i o n  
f a c t o r  f o r  v e r t i c a l  a t  l e a s t  t w i c e  t h a t  f o r  
h o r i z o n t a l  v i s u a l  s p a c e .  No c o m p a r a b l e  t o p o g r a 
p h i c  a n i s o t r o p y  w a s  o b s e r v e d  i n  a r e a  1 7 .

I n  b o t h  a r e a s ,  n e u r o n s  w i t h  s i m i l a r  f u n c t i o n a l  
p r o p e r t i e s  o c c u r e d  i n  p a t c h e s .  T h e  f i n e  g r a i n  m a p s  
r e v e a l e d  c l u s t e r s  o f  c e l l s  d o m i n a t e d  b y  o n e  o r  t h e  
o t h e r  e y e .  C e l l s  w i t h  s i m i l a r  v e l o c i t y  p r e f e r e n c e s  
w e r e  a l s o  c l u s t e r e d  t o g e t h e r  a s  w e r e  c e l l s  
w i t h  s i m i l a r  o r i e n t a t i o n  s e l e c t i v i t y .  H o w e v e r ,  
t h e  c o r t i c a l  s u r f a c e  r e p r e s e n t a t i o n s  o f  d i f f e r e n t  
r e s p o n s e  f e a t u r e s  v a r i e d  i n  t h e i r  o r d e r l i n e s s ,  
p e r i o d i c i t y ,  i n t e r a n i m a l  c o n s i s t e n c y  a n d  d i r e c t i o n  
o f  e l o n g a t i o n .  T h e  m o s t  r e g u l a r l y - a r r a n g e d  
f e a t u r e  o b s e r v e d  i n  t h e s e  e x p e r i m e n t s  w a s  t h a t  f o r  
p r e f e r r e d  o r i e n t a t i o n .  U n i t s  p r e f e r r i n g  t h e  s a m e  
o r i e n t a t i o n  w e r e  l a i d  o u t  i n  b r a n c h i n g  b a n d s  
r u n n i n g  r o u g h l y  m e d i a l - l a t e r a l  ( a r e a  1 8 )  o r  
d o r s a l - v e n t r a l  ( a r e a  1 7 ) .  T h e  p e r i o d  o f  t h e s e  
b a n d s  m e a s u r e d  b y  s p e c t r a l  a n a l y s i s  w a s  r o u g h l y  
1 . 2  5 m m .

S t u d y i n g  t h e  s u r f a c e  d i s t r i b u t i o n  o f  n e u r o n a l  
p r o p e r t i e s  m a k e s  i t  c l e a r  t h a t  i t  i s  n o t  a l w a y s  
p o s s i b l e  t o  p r o v i d e  f u l l  c o v e r a g e  o f  e a c h  p o i n t  i n  
t h e  v i s u a l  f i e l d  b y  n e u r o n s  r e s p o n s i v e  t o  a l l  
c o m b i n a t i o n s  o f  s t i m u l u s  p r e f e r r e d  o r i e n t a t i o n ,  
o c u l a r i t y  a n d  v e l o c i t y .  T h e  c o n s e q u e n c e s  o f  t h e s e  
i n c o m p l e t e  r e p r e s e n t a t i o n s  w i l l  b e  c o n s i d e r e d .

237.6  P H Y S IO L O G IC A L  C O R R E L A T E S  OF THE A N A T O M IC A L  
C O N N E C T IO N S  W IT H IN  AND BETW EEN A R EA S 1 7  AND 1 8  OF 
CAT V IS U A L  C O R T E X :  J . A .  M a t s u b a r a , M . C v n a d e r , N . V .  
S w i n d a l e .  D e p t s  o f  P s y c h o l o g y  a n d  P h y s i o l o g y ,  D a l 
h o u s i e  U n i v .  H a l i f a x ,  N . S .  CANADA B3H  4 J 1 .

We p r e v i o u s l y  r e p o r t e d  o n  t h e  p h y s i o l o g i c a l  
r u l e s  g o v e r n i n g  t h e  l o c a l  c o n n e c t i o n s  w i t h i n  a r e a  
1 8 .  H e r e  w e  c o n s i d e r  t h e  p h y s i o l o g i c a l  c o r r e l a t e s  
o f  t h e  i n t r i n s i c  c o n n e c t i o n s  w i t h i n  a r e a  1 7  a n d  
t h e  e x t r i n s i c  c o n n e c t i o n s  b e t w e e n  a r e a s  1 7  a n d  1 8 .

O u r  m e t h o d s  c o n s i s t  o f  m a p p i n g  p o r t i o n s  o f  
b o t h  a r e a s  1 7  a n d  1 8  i n  t h e  s a m e  h e m i s p h e r e .  
I n j e c t i o n s  o f  W G A -H RP a n d  s u c c i n y l a t e d - C o n c a n a v a 
l i n  A a r e  p l a c e d  i n t o  p h y s i o l o g i c a l l y - i d e n t i f i e d  
p o i n t s  i n  o u r  m a p s .  B o t h  t r a c e r s  t r a v e l  a n t e r o -  a s  
w e l l  a s  r e t r o - g r a d e  a n d  b o t h  c a n  b e  v i s u a l i z e d  i n  
t h e  s a m e  s e c t i o n  o f  t i s s u e .

T h e  i n t r a c o r t i c a l  a n d  i n t e r c o r t i c a l  c o n n e c t i o n s  
a r i s i n g  f r o m  a n  i n j e c t i o n  s i t e  d i f f e r  a s  f o l l o w s :

1 . W h e r e a s  t h e  l o c a l ,  i n t r i n s i c  c o n n e c t i o n s  
w i t h i n  a  g i v e n  a r e a  a r e  t y p i c a l l y  p u n c t a t e  i n  
t h e i r  d i s t r i b u t i o n  t h e  e x t r i n s i c  c o n n e c t i o n s  f o r m  
b a n d s  o v e r  t h e  c o r t i c a l  s u r f a c e .  T h e  b a n d s  r u n  
r o u g h l y  p e r p e n d i c u l a r  t o  t h e  1 7 / 1 8  b o r d e r .

2 .  A s p h e r i c a l  i n j e c t i o n  i n  a r e a  1 7  
p r o d u c e s  l a b e l l i n g  i n  a r e a  1 8  w h i c h  e x t e n d s  
f u r t h e r  i n  t h e  a n t e r i o r - p o s t e r i o r  t h a n  t h e  m e d i a l -  
l a t e r a l  d i r e c t i o n .  I n  c o n t r a s t  a  s p h e r i c a l  
i n j e c t i o n  i n  a r e a  1 8  p r o d u c e s  l a b e l l i n g  i n  a r e a  1 7  
w h i c h  s p r e a d s  f u r t h e r  i n  t h e  d o r s a l - v e n t r a l  t h a n  
t h e  a n t e r i o r - p o s t e r i o r  d i r e c t i o n .  T h i s  i s  c o n s i s 
t a n t  w i t h  a  r e c i p r o c a l  p r o j e c t i o n  b e t w e e n  c o r r e 
s p o n d i n g  r e t i n a l  p o i n t s  i n  t w o  a r e a s ,  o n e  o f  
w h i c h  c o n t a i n s  a n  a n i s o t r o p i c  m a p  o f  v i s u a l  s p a c e .

3 .  T h e  l o c a l  c o n n e c t i o n s  w i t h i n  a  g i v e n  a r e a  
a r e  s t r i c t l y  r e c i p r o c a l :  t h e  a r e a s  w h i c h  c o n t a i n  
l a b e l l e d  c e l l  b o d i e s  a l s o  c o n t a i n  t h e  g r a n u l a r  
r e a c t i o n  p r o d u c t  t y p i c a l  o f  a n t e r o g r a d e  a n d / o r  
c o l l a t e r a l  t r a n s p o r t .  H o w e v e r ,  t h e  e x t r i n s i c  
c o n n e c t i o n s  o f t e n  e x h i b i t  a r e a s  o f  p u r e  
a n t e r o g r a d e  a n d / o r  c o l l a t e r a l  t r a n s p o r t .

4 .  N e u r o n s  a s s o c i a t e d  w i t h  t h e  l o c a l  
c o n n e c t i o n s  a r e  d i s t r i b u t e d  i n  a  c o l u m n a r  f a s h i o n  
w h e r e a s  t h e  n e u r o n s  a s s o c i a t e d  w i t h  t h e  
i n t e r c o r t i c a l  c o n n e c t i o n s  a r e  n o t .

We t h a n k  D r .  D .W . N a n c e  f o r  a s s i s t a n c e  w i t h  
i m m u n o c y t o c h e m i c a l  t e c h n i q u e s .

237 .7  QUANTITATIVE ANALYSIS OP CAT SIM PLE RECEPTIVE 
F IE L D S  IN  TWO S P A T IA L  AND SPATI AL FREQUENCY 
DIMENSIONS.  P a lm e r  and  J .  J o n e s .   U n i v e r s i t y  o f  
P e n n s y lv a n ia ,  P h i l a d e l p h i a ,  Pa. 19104

R e c e n t t h e o r e t i c a l  w ork  w i th  s im p le  c e l l s  h a s  
e m p h a s iz e d  th e  im p o r ta n c e  o f  th e  2 - d i m e n s i o n a l i t y  
o f  t h e  r e c e p t i v e  f i e l d  (RF) i n  D o th  s p a c e  (S )  an d  
s p a t i a l  f r e q u e n c y  ( SF) d o m a i n s .  To d a t e ,  2 -  
d im e n s io n a l  p r o p e r t i e s  o f  th e  s im p le  RF h a v e  o n ly  
b e e n  i n f e r r e d .  We d e s c r i b e  h e r e  g e n e r a l  
t e c h n iq u e s  f o r  o b t a i n i n g  f u l l  2D c h a r a c t e r i z a t i o n s  
and d raw  some i m p o r t a n t  c o n c l u s io n s  from  th e  d a t a  
so  o b ta in e d  in  t h i s  and  th e  a cc o m p a n y in g  a b s t r a c t .

A c o m p u te r  c o n t r o l l e d  CRT im a g e  g e n e r a t o r  
( I n n i s f r e e )  w as u s e d  in  b o t h  d o m a in s .  In  t h e  S 
d o m a in , a  16x16 g r i d  w as c e n t e r e d  on th e  RF u s in g  
a  c o m p u t e r - a s s i s t e d  h a n d p l o t t i n g  p r o c e d u r e .  S m a ll 
b r i g h t  a n d  d a r k  s t i m u l i  w e re  p r e s e n t e d  s i n g l y  i n  
ra n d o m  o r d e r  a t  e a c h  o f  t h e  256  n e t  p o i n t s .  S t i m 
u l u s  d u r a t i o n  w as t y p i c a l l y  25 t o  100 m s e c s . C ro s s  
c o r r e l a t i o n  w as  p e r f o r m e d  o n - l i n e  b e tw e e n  t h e  
s p i k e  t r a i n  an d  t h e  s t i m u l u s  s e q u e n c e .  The d i f 
f e r e n c e  b e tw e e n  t h e  tw o  c o r r e l a t i o n s  ( b r i g h t  -  
d a r k )  w as i n t e r p r e t e d  a s  t h e  2D s p a t i a l  i m p u l s e  
r e s p o n s e  o f  t h e  RF. In  t h e  SF d o m a in ,  a n o t h e r  
1 6 x 1 6  g r i d  w as s p e c i f i e d  c e n t e r e d  on t h e  r e s p o n 
s i v e  r e g io n  o f  th e  c e l l .  D r i f t i n g  s i n u s o i d a l ,  non 
s a t u r a t i n g  g r a t i n g  s t i m u l i  w e re  ra n d o m ly  p r e s e n te d  
a t  e a c h  S F - o r i e n t a t i o n  c o o r d i n a t e  i n  t h e  g r i d .  
C y c le g r a m s  w e re  g e n e r a t e d  f o r  t h e  l a s t  4 o f  5 
c y c l e s  a t  e a c h  g r i d  p o i n t  i n  e a c h  p a s s .  F rom  t h e  
256  c y c l e g r a m s  r e s p o n s e  a m p l i t u d e  a t  s e l e c t e d  
h a rm o n ic s  w as p l o t t e d  a s  a  16x16 s u r f a c e .

In  t h e  S d o m a in ,  s i m p l e  RFs w e re  fo u n d  t o  
c o n s i s t  o f  2 t o  4 e l o n g a t e d ,  p a r a l l e l  r e g i o n s  
e x c i t e d  a l t e r n a t e l y  t o  b r i g h t  o r  d a r k .  The m o s t 
r e s p o n s i v e  r e g i o n s  w e re  a lw a y s  n e a r  th e  RF c e n t e r  
an d  t h e  r e s p o n s e  d i m i n i s h e d  s m o o t h l y  i n  b o t h  t h e  
w i d t h  an d  l e n g t h  d i m e n s i o n s .  In  t h e  SF d o m a in ,  
r e s p o n s i v e  a r e a s  w e re  c i r c u l a r  o r  e l l i p t i c a l .  
R e s p o n s e s  t o  c h a n g in g  o r i e n t a t i o n  w e re  s y m m e t r ic a l  
a b o u t t h e  o p t im a l  a t  a l l  SFs. P eak  s e n s i t i v i t y  t o  
SF w as  o f t e n  s k e w e d  t o w a r d s  t h e  h i g h  o r  lo w  en d  o f  
t h e  c e l l ' s  r a n g e ;  t h i s  w as t r u e  a t  a l l  o r i e n t a 
t i o n s .  In  d i r e c t i o n  s e l e c t i v e  c e l l s  t h e  tw o  p e ak s  
w e re  s y m m e t r i c a l l y  p la c e d  and had e x a c t l y  t h e  sam e 
s h a p e .   S u p p o r t e d  by  EY -04638.

237 .8  SIMPLE RECEPTIVE FIELDS IN CAT STRIATE CORTEX: A 
COMPARISON WITH GABOR FUNCTIONS IN TWO DIMENSIONS 
OF SPACE AND TWO DIMENSIONS OF SPATIAL FREQUENCY.  
J . J o n e s  a n d  L . P a l m e r  ( S p o n :  J .  S a u n d e r s )   
U n i v e r s i t y  o f  P e n n s y lv a n i a ,  P h i l a . ,  Pa. 19104

R e c e n t l y ,  s e v e r a l  a u t h o r s  h a v e  a d v a n c e d  t h e  
h y p o th e s i s  t h a t  s im p le  r e c e p t i v e  f i e l d s  in  s t r i a t e  
c o r t e x  c a n  b e  m o d e l l e d  a s  G ab o r f u n c t i o n s .  The 
G a b o r f u n c t i o n  i s  i n t e r e s t i n g  in  t h i s  c o n t e x t  
b e c a u s e  i t  h a s  b e e n  sh o w n  t o  p r o v i d e  a n  'o p t i m a l  
t r a d e o f f ' b e tw e e n  s im u l ta n e o u s  l o c a l i z a t i o n  o f  a 
s t i m u l u s  in  s p a c e  and s p a t i a l  f r e q u e n c y .  The G abor 
f u n c t i o n  can  be g e n e r a l i z e d  to  tw o  d im e n s io n s  (2D) 
w h i l e  p r e s e r v i n g  i t s  o p t i m a l  p r o p e r t i e s .  T h i s  
g e n e r a l i z a t i o n  i s  o f  o b v io u s  i n t e r e s t  t o  th e  s tu d y  
o f  s im p le  r e c e p t i v e  f i e l d s .

We h av e  d e v e lo p e d  m e th o d s  f o r  m e a s u r in g  th e  2D 
r e s p o n s e  p r o p e r t i e s  o f  v i s u a l  r e c e p t i v e  f i e l d s  in  
s p a c e  and  s p a t i a l  f r e q u e n c y .  We h a v e  u s e d  t h e s e  
m e th o d s  to  ex am in e  th e  2D r e s p o n s e  s u r f a c e s  o f  25 
s i m p l e  c e l l s  i n  c a t  s t r i a t e  c o r t e x .  H e r e  we 
co m p are  th e  o b s e rv e d  r e s p o n s e  s u r f a c e s  w i th  t h o s e  
p r e d i c t e d  b y  t h e  2D g e n e r a l i z a t i o n  o f  t h e  G a b o r 
f u n c t i o n .

In  th e  s p a c e  d o m a in , we f i n d  t h a t  e v e r y  s im p le  
r e c e p t i v e  f i e l d  i s  w e l l - f i t  b y  a  2D G a b o r  
f u n c t i o n .  A l th o u g h  we h a v e  n o t  y e t  p e r f o r m e d  a  
s t a t i s t i c a l  a n a l y s i s  o f  t h i s  r e s u l t ,  t h e  f i t  i s  so  
r o b u s t  t h a t  th e  c o m p a r is o n  can  be  m ade b y  e y e .

We a l s o  co m p ared  t h e  o b s e rv e d  s p a t i a l  f r e q u e n c y  
t u n i n g  s u r f a c e s  w i t h  t h e  2D f o u r i e r  t r a n s f o r m  o f  
t h e  s p a c e  d o m ain  d a t a .  We f in d  t h a t  in  som e c a s e s ,  
t h e  p r e d i c t e d  tu n in g  s u r f a c e s  a g r e e  w e l l  w i th  th e  
o b s e r v e d  d a t a .  In  t h e  r e m a i n d e r  o f  t h e  c a s e s ,  
o b s e rv e d  s u r f a c e s  a g r e e  w i th  p r e d i c t e d  s u r f a c e s  in  
o n e  d i r e c t i o n  ( p a r a l l e l  t o  t h e  s p a t i a l  f r e q u e n c y  
a x i s  a t  o p t i m a l  o r i e n t a t i o n )  b u t  o b s e r v e d  
b a n d w i d t h s  a r e  n a r r o w e r  t h a n  p r e d i c t e d  i n  t h e  
o r t h o g o n a l  d i r e c t i o n .  T h i s  s u g g e s t s  n o n - l i n e a r  
s p a t i a l  e f f e c t s  in  s im p le  c e l l s  a lo n g  t h e  ' l e n g t h '  
a x i s ,  b u t  l i n e a r  s p a t i a l  s u m m a t io n  a l o n g  t h e  
'w i d t h '  a x i s .  We c o n c l u d e  t h a t  2D G ab o r f u n c t i o n s  
p r o v i d e  a  g o o d  m o d e l f o r  s i m p l e  c e l l  r e c e p t i v e  
f i e l d s  in  2D s p a c e ,  b u t  t h e  a s s u m p t io n  o f  s p a t i a l  
l i n e a r i t y  d o e s  n o t  a c c o u n t  f o r  a l l  o f  t h e  d a t a  i n  
2D s p a t i a l  f r e q u e n c y .   S u p p o r t e d  b y  E Y -0 4 6 3 8 .
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2 3 7 .9   RED, BLUE, GREEN, YELLOW AND NONCOLOR ZONES IN FOVEAL STRIATE 
CORTEX OF THE AWAKE MONKEY.  B .M . Dow a n d  R .G . V a u t i n * ,   
N e u r o b i o lo g y  D i v i s i o n ,  P h y s i o l o g y  D e p a r t m e n t ,  S c h o o l o f  M e d i
c i n e ,  U n i v e r s i t y  a t  B u f f a l o ,  SUNY, B u f f a l o ,  NY 1 4 2 2 6 .

C o l o r  t u n i n g  c u r v e s  h a v e  b e e n  o b t a i n e d  f r o m  2 1 8  c e l l s  i n  
f o v e a l  s t r i a t e  c o r t e x  o f  a l e r t ,  b e h a v i n g  m o n k e y s*  . T h e  
p r e s e n t  r e p o r t  i s  b a s e d  o n  a  s u b s e t  o f  171 c e l l s  r e c o r d e d  in  
4 3  s y s t e m a t i c  v e r t i c a l  o r  n e a r l y  v e r t i c a l  p e n e t r a t i o n s  ( 3 - 7  
c e l l s  p e r  p e n e t r a t i o n ) .

Two t y p e s  o f  p e n e t r a t i o n s  t h r o u g h  z o n e s  w i t h  n o n o r i e n t e d  
u p p e r  l a y e r  c e l l s  ( p r e s u m e d  c y to c h r o m e  o x i d a s e  p u f f s 2 ) a r e  
f o u n d  t o  o c c u r  i n  a p p r o x i m a t e l y  e q u a l  n u m b e r s .  T y p e  R ( r e d )  
p e n e t r a t i o n s  c o n t a i n  m o s t l y  l o n g - w a v e l e n g t h - s e n s i t i v e  c e l l s  
i n  t h e  u p p e r  l a y e r s ;  T y p e  B ( b l u e )  p e n e t r a t i o n s  c o n t a i n  
m o s t l y  s h o r t - w a v e l e n g t h - s e n s i t i v e  c e l l s  i n  t h e  u p p e r  l a y e r s .  
T y p e s  R p l u s  B c o n s t i t u t e  a p p r o x i m a t e l y  1 / 3  o f  f o v e a l  s t r i 
a t e  p e n e t r a t i o n s ,  w h ic h  i s  c o n s i s t e n t  w i t h  m e a s u r e m e n t s  o f  
t h e  r a t i o  o f  D u f f  s i z e  t o  t o t a l  c o r t i c a l  s u r f a c e  a r e a  i n  t h e  
f o v e a l  r e g i o n 2.

C o l o r  t u n i n g  i n  b o t h  T y p e  R a n d  T y p e  B p e n e t r a t i o n s  i s  
m a x im a l i n  t h e  m i d d le  l a y e r s  ( m i c r o e l e c t r o d e  d e p t h  r a n g e :  
0 . 6 - 1 .4  m m ), r a t h e r  t h a n  i n  t h e  u p p e r  l a y e r s  w h e r e  t h e  p u f f s  
a r e  l o c a t e d .  A s a  r e c o r d i n g  e l e c t r o d e  d e s c e n d s ,  t h e  t u n i n g  
c u r v e s  b e c o m e  p r o g r e s s i v e l y  n a r r o w e r  a n d  t h e  p e a k s  m ove 
to w a r d  o n e  o r  t h e  o t h e r  e n d  o f  t h e  s p e c t r u m .  T y p i c a l l y  a t  
m i c r o d r i v e  d e p t h s  o f  0 . 8 - 1.0  mm o n e  b e g i n s  t o  e n c o u n t e r  
s e c o n d a r y  t u n i n g  c u r v e  p e a k s  a t  t h e  o p p o s i t e  e n d  o f  t h e  s p e c 
t r u m  f r o m  t h a t  o f  t h e  m o re  s u p e r f i c i a l l y  l o c a t e d  c e l l s .  
Some c e l l s  i n  t h i s  t r a n s i t i o n a l  z o n e ,  w h ic h  m ay c o r r e s p o n d  
t o  l a y e r  4 B , c h a r a c t e r i s t i c a l l y  r e s p o n d  t o  s t i m u l i  a t  
e i t h e r  e n d  o f  t h e  s p e c t r u m ,  b u t  f a i l  t o  r e s p o n d  t o  m i d s p e c 
t r a l  s t i m u l i  ( e n d s p e c t r a l  d o u b l e  p e a k  c e l l s ) .  B e lo w  t h e  
t r a n s i t i o n a l  z o n e  o n e  s o m e t im e s  e n c o u n t e r s  c e l l s  w i t h  a  s i n 
g l e  r e s p o n s e  p e a k  a t  t h e  o p p o s i t e  e n d  o f  t h e  s p e c t r u m  f r o m  
t h a t  o f  t h e  u p p e r  l a y e r  c e l l s .

P e n e t r a t i o n s  w i t h  o r i e n t e d  c e l l s  i n  t h e  u p p e r  l a y e r s  ( p r e 
su m ed  i n t e r p u f f  p e n e t r a t i o n s )  c o n t a i n  m o s t l y  c e l l s  t h a t  r e 
s p o n d  w e l l  t o  m i d s p e c t r a l  s t i m u l i .  T h e r e  a r e  3 c l a s s e s  o f  
s u c h  p e n e t r a t i o n s :  T y p e  G ( g r e e n ) ,  T y p e  Y ( y e l l o w ) ,  a n d  
n o n c o l o r .

T h e o r d e r l i n e s s  w i t h  w h ic h  c o l o r  i s  o r g a n i z e d  i n  f o v e a l  
s t r i a t e  c o r t e x  i s  c o m p a r a b l e  t o  w h a t  h a s  b e e n  d e s c r i b e d  p r e 
v i o u s l y  f o r  o r i e n t a t i o n  a n d  o c u l a r  d o m in a n c e .
S u p p o r t e d  b y  NIH g r a n t s  E Y 02349  a n d  T 32  E Y 0 7 0 1 9 ) .
R e f e r e n c e s :
1 .  V a u t i n  a n d  Dow, N e u r o s c .  A b s .  9 :  8 2 2 ,  1 9 8 3 .
2 .  L i v i n g s t o n e  a n d  H u b e i ,  J .  N e u r o s c .  4 :  3 0 9 - 3 5 6 ,  1 9 8 4 .

237.10   I n te r  h e m isp h e r ic  c o n n e c t io n s  o f  a re a  17 in  a d u l t  t r e e  
shrew s (T u p aia  b e la n g e r i ) .
G. R a g e r , M. P r i t z e l *  a n d  R . K r e t z * ,  I n s t i t u t e  o f  A n a to m y , 
1 , r u e  G o c k e l ,  C H -1 7 0 0  F r i b o u r g ,  S w i t z e r l a n d

T h e  c a l l o s a l  p r o j e c t i o n  o f  t h e  p r i m a r y  v i s u a l  c o r t e x  i n  
c a t s  a n d  r h e s u s  m o n k e y s  i s  c o n f i n e d  t o  t h e  v e r t i c a l  
m e r i d i a n  a l o n g  t h e  a r e a  1 7 /1 8  b o r d e r .  T h i s  i s  t r u e  f o r  t h e  
a d u l t  a n im a l  o n l y .  In  t h e  n e w b o r n ,  h o w e v e r ,  a  m uch l a r g e r  
p a r t  o f  a r e a  17 i s  c o n n e c t e d  t o  t h e  c o n t r a l a t e r a l  s i d e .  
D u r in g  d e v e lo p m e n t  t h i s  p r o j e c t i o n  b e c o m e s  c o n f i n e d  t o  t h e  
n a r r o w  s t r i p e  o b s e r v e d  i n  t h e  a d u l t  a n i m a l .  S i n c e  t h e  t r e e  
s h r e w  d i f f e r s  f r o m  c a t s  a n d  r h e s u s  m o n k e y s  i n  t h a t  t h e  tw o  
e y e s  a r e  r e p r e s e n t e d  n o t  i n  a l t e r n a t i n g  c o lu m n s  b u t  i n  
s u b l a m i n a e ,  o n e  c o u l d  e x p e c t  t h a t  c a l l o s a l  p r o j e c t i o n s  m ay 
b e  d i f f e r e n t ,  t o o .  T h e r e f o r e ,  w e. h a v e  i n v e s t i g a t e d  t h e  
i n t e r h e m i s p h e r i c  p r o j e c t i o n s  o f  a r e a  17 i n  t h i s  a n i m a l .

T h e v i s u a l  c o r t e x  o f  a n e s t h e t i z e d  a n i m a l s  w as i n j e c t e d  
a t  s e l e c t e d  s t e r e o t a c t i c  c o o r d i n a t e s  u s i n g  m i c r o p i p e t t e s  
( i n n e r  t i p  d i a m e t e r  a p p r o x .  30  µ ) .  P i p e t t e s  w e re  f i l l e d  
w i t h  30% HRP d i s s o l v e d  i n  0 .0 1  M N a C l.  A t d e p t h s  o f  5 0 0 , 
1 0 0 0  a n d  1 5 0 0  µ HRP w as e j e c t e d  e i t h e r  i o n t o p h o r e t i c a l l y  o r  
b y  p r e s s u r e .  A f t e r  a  s u r v i v a l  t i m e  v a r i i n g  b e tw e e n  20  t o  51 
h o u r s ,  b r a i n s  w e re  c u t  on  a f r i g o t o m e  a n d  p r o c e s s e d  u s i n g  
TMB a s  c h r o m o g e n .

T he f o l l o w i n g  r e s u l t s  w e re  o b t a i n e d .  A lo n g  t h e  1 7 /1 8  
b o r d e r  we f o u n d  a  h e a v y  p r o j e c t i o n  t o  t h e  c o r r e s p o n d i n g  
s i t e  i n  t h e  c o n t r a l a t e r a l  h e m i s p h e r e  w i t h  a  p r e p o n d e r a n c e  
o f  t h e  r e p r e s e n t a t i o n  o f  t h e  c e n t r a l  r e t i n a l  a r e a .  T h i s  
p r o j e c t i o n  a l o n g  t h e  v e r t i c a l  m e r i d i a n  c a n  b e  c a l l e d  
h o m o t o p i c a l .  A s y s t e m a t i c  a n a l y s i s  o f  t h e  r e m a i n in g  
b i n o c u l a r  s e g m e n t  o f  a r e a  1 7 , a c c e s s i b l e  t o  p e n e t r a t i o n s ,  
sh o w e d  t h a t  i t  i s  a l s o  i n t e r c o n n e c t e d  w i t h  t h e  c o n t r a l a t e 
r a l  h e m i s p h e r e .  H o w e v e r , n e u r o n s  p r o j e c t i n g  t o  a g i v e n  
i n j e c t i o n  s i t e  a r e  no  l o n g e r  c o n f i n e d  t o  t h e  h o m o to p ic a l  
p l a c e  b u t  c a n  a l s o  b e  w i d e l y  d i s p e r s e d ,  t h u s ,  t h e y  a r e  a l s o  
h e t e r o t o p i c a l . In  a d d i t i o n ,  t h e  h e t e r o t o p i c  p r o j e c t i o n  
se e m s  t o  b e  l e s s  d e n s e  t h a n  t h e  h o m o to p ic  o n e .

As t h e s e  d a t a  s h o w , t h e  c a l l o s a l  p r o j e c t i o n s  do  n o t  
bec o m e r e s t r i c t e d  t o  t h e  1 7 /1 8  b o r d e r  d u r i n g  d e v e l o p m e n t .  
T h u s ,  t h e  t r e e  s h r e w  i s  d i f f e r e n t  f r o m  c a t s  a n d  m o n k e y s  n o t  
o n l y  b y  t h e  f a c t  t h a t  i t s  b i n o c u l a r  r e p r e s e n t a t i o n  i n  t h e  
v i s u a l  c o r t e x  i s  s e g r e g a t e d  i n  l a m i n a e  r a t h e r  t h a n  i n  
c o lu m n s ,  i t  a l s o  m a i n t a i n s  i t s  c a l l o s a l  c o n n e c t i o n s ,  a t  
l e a s t  t o  a  c e r t a i n  e x t e n t ,  d u r i n g  o n t o g e n e s i s .
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2 3 8 .1   RECONSTRUCTION OF THREE DIMENSIONAL ORGANIZATION OF MUSCLES 
AT THE H IP  JO IN T  USING COMPUTED TOMOGRAPHY,  P .  D e v , S .T .  
W o o ls o n * ,  a n d  L . L .  F e l l i n g h a m * ,  C o n to u r  M e d ic a l  S y s t e m s ,  
M o u n ta in  V ie w , CA 9 4 0 4 3 .

A b i o m e c h a n i c a l  m o d e l f o r  p o s t u r e  c o n t r o l  r e q u i r e s  
k n o w le d g e  o f  j o i n t  g e o m e t r y ,  m u s c l e  f o r c e  a n d  m om ent a r m s .  
A n o n - i n v a s i v e  m e th o d  o f  m e a s u r i n g  t h e s e  p a r a m e t e r s  a l l o w s  
t h e  m o d e l t o  b e  m o re  r i g o r o u s ,  t a k e  i n t o  a c c o u n t  i n d i v i d u a l  
d i f f e r e n c e s  a n d  o b t a i n  m e a s u r e m e n t s  f ro m  hum an s u b j e c t s .  
A m e th o d  i s  p r e s e n t e d  o f  u s i n g  a c o m p u te d  to m o g r a p h y  (C T ) 
s c a n  t o  o b t a i n  a d e s c r i p t i o n  o f  t h e  t h r e e - d i m e n s i o n a l  (3 D ) 
o r g a n i z a t i o n  o f  m u s c l e s  a r o u n d  t h e  h i p  j o i n t .

CT d a t a  f r o m  s c a n s  o f  c a d a v e r s  a n d  p a t i e n t s  a r e  t r a n s 
f e r r e d  t o  a s y s t e m  w h ic h  i s  c o m p o s e d  o f  a  32 b i t  m i c r o 
p r o c e s s o r ,  a h ig h  r e s o l u t i o n  c o l o r  m o n i t o r ,  a l a r g e  d i s k  
f o r  s t o r a g e  a n d  a t a b l e t  f o r  r a p i d  i n t e r a c t i o n  w i t h  t h e  
s y s t e m .  E a c h  s c a n  s l i c e  i s  a u t o m a t i c a l l y  a n a l y z e d  t o  
s e l e c t  o u t  m u s c l e  t i s s u e  a n d  a n  a l g o r i t h m  r a p i d l y  d e f i n e s  
t h e  s u r f a c e  o f  m u s c l e .  T he c o n t o u r s  f r o m  e a c h  s l i c e  a r e  
s t a c k e d  i n  t h e  c o m p u t e r ,  r o t a t e d  t o  a n y  a n g l e  o f  v ie w  a n d  
d i s p l a y e d  o n  t h e  m o n i t o r  a s  a s h a d e d  s o l i d  (3D  d i s p l a y ) .

M u s c le  g r o u p s  a n d  so m e i n d i v i d u a l  m u s c l e s  a r e  c l e a r l y  
d i s t i n g u i s h e d  i n  t h e  3D d i s p l a y .  T h ro u g h  g r a p h i c s  e d i t i n g ,  
i n d i v i d u a l  m u s c l e s  a r e  s e p a r a t e d  o u t  f o r  r o t a t i o n  a n d  
v i e w i n g .  T h e  m u s c l e  m om ent a rm  i s  m e a s u r e d .  M u s c le  c r o s s -  
s e c t i o n a l  a r e a  i s  o b t a i n e d  a s  a m e a s u r e  o f  m u s c l e  p e a k  
f o r c e .

T h i s  m e th o d  f o r  m u s c l e  c o n t o u r i n g ,  d i s p l a y  a n d  m e a s u r e 
m e n t o f  m om ent a rm  a n d  c r o s s - s e c t i o n a l  a r e a  h a s  b e e n  t e s t e d  
on  c a d a v e r s  a n d  p a t i e n t s  w i t h  c o n g e n i t a l  h i p  d y s p l a s i a .
T h e a b d u c t o r  m u s c l e s ,  g l u t e u s  m a x im u s , m e d iu s  a n d  m in im u s  
a n d  t h e  a d d u c t o r ,  i l i a c u s ,  a r e  c l e a r l y  d i s t i n g u i s h e d  a n d  
a r e  s e p a r a b l e .  M u s c le  a t r o p h y  on  t h e  a f f e c t e d  s i d e  i s  
c l e a r l y  s e e n  a n d  i s  m e a s u r a b l e .

M e a s u r e m e n ts  o f  f o r c e  a n d  m om ent a rm s  i n  p a t i e n t s  a r e  
u s e d  i n  a  s i m p l e  f o r c e  b a l a n c e  m o d e l t o  sh o w  t h e  d i f f e r e n c e  
i n  e q u i l i b r i u m  p o s i t i o n  o f  t h e  n o rm a l  a n d  a f f e c t e d  l e g s .

238.2  PROCESSES UNDERLYING THE INITIATION AND SPECIFICATION OF 
RAPID ISOMETRIC PULSES IN A HUMAN TRACKING TASK.  W. Hening 
and C. Ghez,  Dept. of Neurology and Center fo r  Neurobiology 
and Behavior, C olum bia-Presbyterian  Med. C tr., NY, NY 10032.

When s u b je c t s  (Ss) aim  ra p id  fo r c e  p u ls e s  a t  t a r g e t s  o f 
v a r ie d  a m p litu d e s  (ch o ice  c o n d i t io n ) ,  t h e i r  re s p o n se s  a re  
a c c u ra te ly  sca led  i f  Ss can respond "when ready." However, 
i f  Ss respond a s  soon as  p o ss ib le  (RT c o n s tr a in t) ,  th e  range 
o f response am plitudes i s  c o n s tr ic te d . This c o n s tr ic t io n  i s  
n o t seen  in  b lo c k s  o f c o n s ta n t  t a r g e t  s i z e  (s im p le  con
d i t i o n )  (H ening, V ic a r io ,  and Ghez, 1983). These f in d in g s  
suggest th a t ,  in  a choice RT co n d itio n , responses a re  i n i t i 
a te d  before  th e i r  d e s ired  am plitudes a re  com pletely  sp ec i
f ie d . The p re sen t experim ents were perform ed to  uncover the  
ta sk  fe a tu re s  th a t  determ ine the  range o f choice responses 
and to  e s ta b l is h  the  tim e course o f response s p e c if ic a tio n .

Four norm al a d u l t  Ss p roduced  r a p id ly  r i s i n g  i s o m e t r ic  
fo r c e  p u ls e s  ( f in g e r  o r elbow  f le x io n s )  to  m atch t a r g e t  
s h i f t s  d is p la y e d  on an o s c i l lo s c o p e .  In  e x p e r im e n t 1 , Ss 
responded under an RT c o n s tra in t  w hile  p resen ted  w ith  b locks 
o f t r i a l s  in  w hich e i t h e r  th e  ran g e  o f t a r g e t  f o r c e s  o r 
t h e i r  p r o b a b i l i t i e s  was v a r ie d .  We found  t h a t  th e  con
s t r i c te d  range of choice responses r e s u l t s  from a "c en tra l 
tendency b ias"  dependent upon the  frequency d is t r ib u t io n  of 
t a r g e t  a m p litu d e s .  In  e x p e r im e n t 2 , Ss w ere ta u g h t  to  
i n i t i a t e  responses in  synchrony w ith  the  l a s t  o f a s e r ie s  of 
3 c lic k s .  T arget s h i f t s  were p resen ted  fo r  in te rv a ls  o f 50 
to  500 msec (S-R in te rv a l)  before  the  synchronizing  c l ic k ,  
a l lo w in g  us to  c o n t ro l  S-R i n t e r v a l  and to  d i s s o c i a t e  th e  
p rocess of response i n i t i a t i o n  from th a t  o f response s c a l
in g . For long  S-R i n t e r v a l s  (>400 m sec), c h o ic e  re s p o n se s  
were a cc u ra te ly  sca led . However, as  S-R in te rv a l  was s h o r t
ened, the  range of response am plitudes became in c re a s in g ly  
c o n s tr ic te d . For in te rv a ls  equal to  p rev io u sly  observed RTs 
(150-300 m sec), c o n s t r i c t i o n  o f  range  was s i m i l a r .  For 
b r i e f  S-R i n t e r v a l s  (<100 m sec), re s p o n se s  to  a l l  t a r g e t  
a m p litu d e s  w ere  c lu s t e r e d  n e a r  th e  c e n te r  o f th e  t a r g e t  
f o r c e  ra n g e . Based on th e s e  r e s u l t s ,  we p ro p o se  t h a t  th e  
re s p o n se  to  a t a r g e t  s t im u lu s  i n i t i a l l y  d e r iv e s  from  a 
precomputed e s tim a te  of the  req u ired  response which, fo llo w 
in g  t a r g e t  p r e s e n ta t io n ,  i s  g ra d u a l ly  re p la c e d  by a more 
accu ra te  re p re sen ta tio n . Thus, response s p e c if ic a tio n  i s  a 
c o n tin u o u s  o r i t e r a t i v e  p ro c e ss  e v o lv in g  o v e r an i n t e r v a l  
th a t  g re a tly  exceeds the  minimum re a c tio n  tim e and response 
i n i t i a t i o n  does no t depend upon com pletion o f t h i s  p rocess. 
Supported by the  Dystonia Medical Research Foundation and 
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2 3 8 .3   DOES P R O P R IO C E P T IV E  IN PU T  INFLUENCE ACCURACY OF ONGOING 
VOLUNTARY FORCE R E SP O N S E S ?  P . J .  C o r d o . N e u r o l o g i c a l  
S c i e n c e s  I n s t i t u t e ,  G o o d  S a m a r i t a n  h o s p i t a l  a n d  M e d ic a l  
C e n t e r ,  P o r t l a n d ,  OR 9 7 2 0 9 .

D u r i n g  i s o m e t r i c  f o r c e  t r a c k i n g  b y  hum an s u b j e c t s ,  a 
s h o r t  l a t e n c y  e r r o r  c o r r e c t i o n  i s  p r o d u c e d  a b o u t  1 0 0  ms 
a f t e r  r e s p o n s e  o n s e t  w h ic h  h a s  b e e n  sh o w n  t o  b e  u n r e l a t e d  
t o  v i s u a l  f e e d b a c k .  S e v e r a l  m e c h a n i s m s  m i g h t  b e  r e s p o n 
s i b l e  f o r  e r r o r  d e t e c t i o n  a n d  t h i s  c o r r e c t i v e  a c t i o n ,  o n e  
o f  w h ic h  i s  c l o s e d - l o o p  p r o p r i o c e p t i v e  f e e d b a c k  c o n t r o l .  
P r e v i o u s  s t u d i e s  e x a m i n i n g  t h e  r o l e  o f  p r o p r i o c e p t i v e  
f e e d b a c k  i n  p r o d u c i n g  a c c u r a t e  v o l u n t a r y  m o v e m e n t  h a v e  
e m p lo y e d  v a r i o u s  t e c h n i q u e s  t o  e l i m i n a t e  p o s s i b l e  p r o p r i o 
c e p t i v e  i n f l u e n c e s  on m o v e m e n t a c c u r a c y :  i s c h e m i c  n e r v e  
b l o c k ,  t e n d o n  v i b r a t i o n  a n d  u s e  o f  p a t i e n t s  w i t h  d o r s a l  
c o lu m n  l e s i o n s  o r  p a n - s e n s o r y  n e u r o p a t h y .  H o w e v e r ,  e a c h  
o f  t h e s e  t e c h n i q u e s  h a s  p a r t i c u l a r  p r o b l e m s  w h ic h  m ak e  
t h e i r  r e s u l t s  e q u i v o c a l .  I n  t h e  p r e s e n t  s t u d y ,  p r o p r i o 
c e p t i v e  c o n t r o l  w a s  e x a m i n e d  b y  c r e a t i n g  an  e r r o r  w h ic h  
c o u l d  b e  d e t e c t e d  o n l y  b y  p r o p r i o c e p t i v e  f e e d b a c k  a n d  
d e t e r m i n i n g  w h e t h e r  a p p r o p r i a t e  c o r r e c t i v e  a c t i o n  was 
t a k e n .

S e a t e d  h u m a n  s u b j e c t s  p e r f o r m e d  i s o m e t r i c  f o r c e  
t r a c k i n g  r e s p o n s e s  w i t h  t h e  e lb o w  m u s c u l a t u r e  t o  a v i s u a l  
s t e p  s t i m u l u s .  When s t i m u l u s  a m p l i t u d e  w as u n p r e d i c t a b l e ,  
s u b j e c t s ' i n i t i a l  r e s p o n s e  w a s  s t e r e o t y p e d  a n d  u n c o r r e 
l a t e d  w i t h  s t i m u l u s  a m p l i t u d e  a n d  t h i s  p h a s e  f o l l o w e d  b y  a 
v i s u a l l y  u n r e l a t e d  f o r c e  c o r r e c t i o n .  I n  o r d e r  t o  d e t e r 
m i n e  w h a t ,  i f  a n y ,  p r o p r i o c e p t i v e  c o n t r o l  w as i n v o l v e d  in  
t h i s  c o r r e c t i o n ,  t h e  e f f e c t  o f  s m a l l  u n e x p e c t e d  m o v e m e n t s  
o f  t h e  m a n ip u la n d u m  w e re  e x a m in e d .  T h e s e  h a n d l e  m o v e m e n ts  
w e r e  d e s i g n e d  t o  p r o d u c e  s l i g h t l y  l a r g e r  f o r c e  e r r o r s  
p r i o r  t o  t h e  c o r r e c t i o n  c o m p a r e d  t o  t o t a l l y  i s o m e t r i c  
r e s p o n s e s .  R e s p o n s e  e r r o r s  a t  t h e  b e g i n n i n g  a n d  e n d  o f  
t h i s  f o r c e  a d j u s t m e n t  w e r e  c o m p a r e d  f o r  t r i a l s  w i t h  an d  
w i t h o u t  m e c h a n i c a l  p e r t u r b a t i o n s  t o  s e e  i f  a n y  o f  t h e  
a d d i t i o n a l  e r r o r  p r o d u c e d  b y  t h e  p e r t u r b a t i o n  w as c o r 
r e c t e d .  I n  t r i a l s  w i t h  h a n d l e  m o v e m e n t s ,  t h e  a d d i t i o n a l  
e r r o r  i n d u c e d  a t  t h e  o n s e t  o f  t h i s  c o r r e c t i o n  w as s t i l l  
p r e s e n t  a f t e r  t h e  c o r r e c t i o n .  F u r t h e r m o r e ,  t h e  a b s o l u t e  
a m o u n t o f  e r r o r  c o r r e c t e d  in  e i t h e r  s e t  o f  t r i a l s  ( w i t h  o r  
w i t h o u t  p e r t u r b a t i o n )  w a s  t h e  s a m e .  T h e s e  r e s u l t s  
i n d i c a t e  t h a t  t h i s  c o r r e c t i o n  i s  n o t  b a s e d  o n  s e n s o r y  
f e e d b a c k  r e l a t i n g  t o  t h e  i n i t i a l  r e s p o n s e  a n d ,  t h e r e f o r e ,  
m u s t  b e  p r o d u c e d  b y  s o m e  f o r m  o f  o p e n - l o o p  o r  e f f e r e n c e  
c o p y  m e c h a n i s m .

2 3 8 .4   ACCURACY OF PLANAR ARM MOVEMENTS.  T . Ze f f i r o  a n d  D . C la m a n * .   
N e u r o lo g y  S e r v i c e ,  M a s s .  Ge n .  H o s p . ,  P o s t o n ,  MA 0 2 1 1 4  a n d  
D e p t .  P s y c h o lo g y ,  M IT , C a m b r id g e ,  MA 0 2 1 3 9 .

I n  o r d e r  t o  e x p l o r e  t h e  s p a t i a l  c h a r a c t e r i s t i c s  o f  hum an 
m o v e m e n t,  we i n v e s t i g a t e d  e r r o r s  m ad e  in  a c h i e v i n g  f i n a l  
p o s i t i o n  w h i l e  s u b j e c t s  p e r f o r m e d  arm  m o v e m e n ts  w i t h o u t  
v i s u a l  g u i d a n c e .

F i v e  r i g h t - h a n d e d  s u b j e c t s  p e r f o r m e d  a s t e p - t r a c k i n g  t a s k  
i n  d a r k n e s s  w h i l e  c o m f o r t a b l y  r e s t r a i n e d  in  f r o n t  o f  a 2 0 "  x 
2 0 "  d i g i t i z i n g  t a b l e t .  Be n e a t h  t h e  t r a n s l u c e n t  s u r f a c e  o f  
t h e  t a b l e t  w e r e  m o u n te d  a r r a y s  o f  LEDs t h a t  w e r e  i n v i s i b l e  
u n t i l  a c t i v a t e d .  T h e  s u b j e c t ,  h o l d i n g  a s t y l u s  i n  o n e  o r  
t h e  o t h e r  h a n d ,  w as i n s t r u c t e d  t o  m ove t o  a s t a r t i n g  
p o s i t i o n  t h a t  w o u ld  a p p e a r  i n  v a r i o u s  l o c a t i o n s  o n  t h e  
t a b l e t ' s  s u r f a c e .  O n c e  t h e  p r o p e r  s t a r t i n g  p o s i t i o n  w as 
a t t a i n e d ,  a t r i a l  w o u ld  be  i n i t i a t e d  b y  t h e  a p p l i c a t i o n  o f  
l i g h t  p r e s s u r e  t o  t h e  s t y l u s  t i p .  T h i s  w o u ld  r e s u l t  i n  t h e  
im m e d ia te  a p p e a r a n c e  o f  t h e  t a r g e t  LED , w h ic h  w as 
e x t i n g u i s h e d  a s  t h e  m o v em e n t c o m m e n c e d , l e a v i n g  t h e  s u b j e c t  
i n  t o t a l  d a r k n e s s .  S u b j e c t s  w e r e  i n s t r u c t e d  t o  m ove a s  
q u i c k l y  an d  a c c u r a t e l y  a s  p o s s i b l e  w i t h o u t  m a k in g  c o r r e c t i v e  
m o v e m e n ts .  No f e e d b a c k  a s  t o  t h e  m a g n i t u d e  o f  t h e  f i n a l  
p o s i t i o n  e r r o r  w as p r o v i d e d .  S ix  d i f f e r e n t  s t a r t  a n d  36 
t a r g e t  l o c a t i o n s  w e r e  s t u d i e d ;  c o m b i n a t i o n s  t h e r e o f  w e r e  
p r e s e n t e d  i n  p s e u d o ra n d o m  o r d e r .  E a c h  s u b j e c t  p e r f o r m e d  a 
t o t a l  o f  1 7 4 8  m o v e m e n ts ,  a l t e r n a t i n g  h a n d s  a f t e r  e a c h  1 0 8 
t r i a l s .  F i n a l  h a n d  p o s i t i o n  w as s a m p le d  a n d  s t o r e d  f o r  
l a t e r  a n a l y s i s .

F o r  e a c h  m o v e m e n t,  we d e f i n e d  t h e  c o n s t a n t  e r r o r  v e c t o r  
(CEV) a s  t h e  v e c t o r  o r i g i n a t i n g  a t  t h e  t a r g e t  p o s i t i o n  a n d  
t e r m i n a t i n g  a t  t h e  f i n a l  h a n d  p o s i t i o n .  S t a t i s t i c a l  
a n a l y s i s  o f  t h e  v a r i a t i o n  o f  t h e  CEV w i t h  h a n d ,  s t a r t i n g  
l o c a t i o n ,  t a r g e t  l o c a t i o n ,  m o v em e n t a m p l i t u d e ,  a n d  m o v em e n t 
d i r e c t i o n  y i e l d s  t h e  f o l l o w i n g  o b s e r v a t i o n s :  ( 1 )  t h e  m a jo r  
c o m p o n e n t  o f  t h e  CEV t e n d s  t o  b e  a l i g n e d  w i t h  t h e  m o v em e n t 
d i r e c t i o n ;  ( 2 )  t h e  m a g n i t u d e  o f  t h e  CEV i s  l i n e a r l y  r e l a t e d  
t o  t h e  m o v em e n t a m p l i t u d e  e x c e p t  a t  t h e  f a r t h e s t  t a r g e t s ;  
( 3 )  t h e  v a s t  m a j o r i t y  o f  e r r o r s  a r e  o v e r s h o o t s ;  ( 4 )  CEV 
a m p l i t u d e  i s  u n i f o r m  a c r o s s  t a r g e t  l o c a t i o n s ;  a n d  ( 5 )  CEV 
a m p l i t u d e  i s  i n d e p e n d e n t  o f  t h e  h a n d  u s e d .

We c o n c lu d e  t h a t  t h e  c o n s t a n t  e r r o r s  a t t e n d i n g  p l a n a r  arm  
m o v e m e n ts  a r e  s t r o n g l y  d e p e n d e n t  u p o n  m o v em e n t a m p l i t u d e  a n d  
d i r e c t i o n  a n d  r e l a t i v e l y  u n r e l a t e d  t o  a b s o l u t e  l o c a t i o n  i n  
t h e  t a s k  s p a c e .  T h e  o b s e r v e d  a b s e n c e  o f  h a n d  e f f e c t s  
s u g g e s t s  t h a t  t h e  c o n t r o l  o f  t h i s  c l a s s  o f  arm  m o v e m e n ts  i s  
n o t  l a t e r a l i z e d .
S u p p o r t e d  b y  g r a n t s  5T 32  GMO 7 4 8 4  a n d  MH 2 4 4 3 3 .

2 3 8 . 5  COORDINATION BEFORE HEEL-OFF IN  SQUAT JUMPS BY HUMANS IS  
CR ITIC A L TO THE ACHIEVEMENT OF MAXIMAL HEIGHT.  F . E . Z a j a c 1 , 2 , 
W .S . L e v i n e 3* , Y .M . C ho3*  a n d  M .R . Z o m l e f e r 2 .  M e ch . E n g . D e p t . , 
S t a n f o r d  U n i v . , S t a n f o r d ,  CA 9 4 3 0 5 1 , P a l o  A l t o  VA M ed. C t r .  
a n d  E l e c t .  E n g . D e p t . ,  U n iv .  o f  M a r y la n d 3 .

B a s e d  o n  o u r  p a s t  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  s t u d i e s  o f  
m a x im a l  h e i g h t  ju m p s  by h u m an s  a n d  c a t s  ( L e v in e  e t  a l . , IEEE 
T r a n s . ,  V o l .  A C -2 8 : 1 0 0 8 - 1 0 1 6 ,  1 9 8 3 ) ,  we h a v e  h y p o t h e s i z e d  
t h a t  o n c e  t h e  h e e l s  l e a v e  t h e  g r o u n d  m u s c l e s  s h o u ld  be  
e i t h e r  f u l l y  a c t i v a t e d  o r  i n a c t i v a t e d  u n t i l  t h e  r e s t  o f  t h e  
b o d y  l i f t s  o f f .  H o w e v e r ,  o n - o f f  c o o r d i n a t i o n  o f  m u s c l e s  i s  
n o t  n e e d e d  p r i o r  t o  h e e l - o f f .  T he e v e n t  s e p a r a t i n g  t h e  
f i r s t  p a r t  o f  p r o p u l s i o n  f r o m  t h e  s e c o n d  p a r t  i s  t h e  
b i o m e c h a n i c a l  a n d  m u s c l e  s t a t e  a t  h e e l - o f f .  To u n d e r s t a n d  
b e t t e r  t h e  r o l e  o f  t h e  h e e l - o f f  s t a t e  i n  i n t e g r a t i n g  t h e s e  
tw o  p a r t s  o f  p r o p u l s i o n ,  we s t u d i e d  ju m p s  t h a t  s t a r t e d  f r o m  
a  s q u a t ,  i n  o n e  c a s e  w i t h  f e e t  f l a t  o n  t h e  g r o u n d  a n d  i n  t h e  
o t h e r  w i t h  t o e s  c o n t a c t i n g  t h e  f o r c e - p l a t e .  A S e l s p o t  
s y s t e m  w as u s e d  t o  d e t e c t  l e g  j o i n t  t r a j e c t o r i e s  a n d  t r u n k  
m o t i o n .  A n k l e ,  k n e e  a n d  h i p  t o r q u e s  w e r e  e s t i m a t e d  by 
s o l v i n g  t h e  i n v e r s e  d y n a m ic s  p r o b le m .  EMG a c t i v i t y  w as 
r e c o r d e d  i n t r a m u s c u l a r l y  f r o m  k n e e  a n d  a n k l e  f l e x o r  a n d  
e x t e n s o r  m u s c l e s .  C o m p le m e n ta r y  t h e o r e t i c a l  d a t a  w as 
o b t a i n e d  f r o m  a  c o m p u te r  m o d e l  o f  t h e  h e e l - o f f  t o  l i f t - o f f  
p h a s e  o f  t h e s e  j u m p s .  T h e  4 - s e g m e n t  m o d e l  i n c l u d e d  s k e l e t a l  
d y n a m ic s  a n d  t o r q u e  d y n a m ic s  a t  t h e  a n k l e ,  k n e e  a n d  h i p .  
T o r q u e  d y n a m ic s  w e r e  e s t i m a t e d  f r o m  i s o m e t r i c  a n d  
i s o v e l o c i t y  r e c o r d s  o b t a i n e d  f r o m  MVC by  t h e  sam e  s u b j e c t s .  
We f o u n d  t h a t  t h e  k i n e m a t i c s  o b t a i n e d  f ro m  t h e  s o l u t i o n  t o  
t h e  o p t i m a l  c o n t r o l  p r o b le m  a r e  s i m i l a r  t o  t h e  o b s e r v e d  
k i n e m a t i c s ,  s i n c e  j o i n t  a n g l e s  a r e  n o t  s e n s i t i v e  t o  c h a n g e s  
i n  t h e  c o n t r o l .  T o r q u e s  g e n e r a t e d  by  o u r  s u b j e c t s  w e r e ,  
h o w e v e r ,  n o t i c e a b l y  d i f f e r e n t  f ro m  t o r q u e s  c o m p u te d  f ro m  t h e  
m o d e l .  We b e l i e v e  t h a t  s e r i e s  e l a s t i c i t y  i n  t e n d o n  a n d  
m u s c l e  m u s t  b e  a c c o u n t e d  f o r  b e f o r e  t h e s e  d i f f e r e n c e s  c a n  
p o s s i b l y  b e  r e s o l v e d .  A l s o ,  a  r e d u c t i o n  by  50% i n  k n e e  
s t r e n g t h  i n  t h e  m o d e l  p r o d u c e s ,  q u a l i t a t i v e l y ,  t h e  sam e 
a n a l y t i c a l  r e s u l t .  T he r e a s o n  i s  t h a t  t h e  t o r q u e  a t  h e e l -  
o f f  i s  s t i l l  a c h i e v a b l e  d e s p i t e  t h e  h a l v e d  k n e e  s t r e n g t h  a n d  
m u s c l e  d y n a m ic s  a r e  s lo w  r e l a t i v e  t o  d u r a t i o n .  S t r e n g t h  
d o e s  l i m i t ,  s o m e w h a t ,  t h e  a c h i e v a b l e  h e e l - o f f  s t a t e .  T he 
p o i n t  i s ,  p e r f o r m a n c e  i s  m o re  s e n s i t i v e  t o  h e e l - o f f  s t a t e  
t h a n  i t  i s  t o  s t r e n g t h  p e r  s e .  O u r r e s u l t s  s u g g e s t  t h a t  t h e  
c r u c i a l  f e a t u r e  o f  t h e  ju m p  i s  t h e  a t t a i n m e n t  o f  t h e  o p t i m a l  
h e e l - o f f  s t a t e ,  w h ic h  r e q u i r e s  n e i t h e r  m a x im a l  a c t i v a t i o n  o f  
m u s c l e s  n o r  u n i q u e  m u s c u l a r  c o o r d i n a t i o n .  S u p p o r t e d  b y  NIH 
g r a n t  N S 1 7 6 6 2  a n d  t h e  V e t e r a n s  A d m i n i s t r a t i o n .

2 3 8 .6   SYNCHRONIZATION OF MOTOR UNITS W ITHIN DIFFERENT MUSCLES. 
C . J . De L u c a ,  H . B ro m an  a n d  B . M a m b r i to .  N e u r o M u s c u la r  
R e s e a r c h  L a b o r a t o r y ,  C h i l d r e n ’ s  H o s p i t a l  B o s t o n ,  MA 0 2 1 1 5 ,  
a n d  L i b e r t y  M u tu a l  R e s e a r c h  C e n t e r ,  H o p k i n t o n ,  Ma 0 1 7 4 8 .

S y n c h r o n i z a t i o n  o f  m o to n e u r o n  o r  m o to r  u n i t  d i s c h a r g e s  m ay 
b e  d e f i n e d  a s  t h e i r  t e n d e n c y  t o  d i s c h a r g e  a t  o r  n e a r l y  a t  t h e  
sa m e  t i m e .  T h i s  p h e n o m e n o n  h a s  b e e n  t h e  o b j e c t  o f  
f a s c i n a t i o n  f o r  m any i n v e s t i g a t o r s  s i n c e  1 9 0 7  w h e n  P i p e r  
f i r s t  d e s c r i b e d  t h e  " r h y th m "  i n  t h e  m y o e l e c t r i c  s i g n a l .  
A l t h o u g h ,  m o to r  u n i t s  h a v e  b e e n  r e p o r t e d  t o  " s y n c h r o n i z e "  
d u r i n g  s t r o n g  a n d  f a t i g u i n g  c o n t r a c t i o n s ,  t h e  e v i d e n c e  i s  
w e a k  d u e  t o  t h e  t e c h n i c a l  c o m p l e x i t y  o f  o b t a i n i n g  c o r r e c t  
d a t a .  T h e  m y o e l e c t r i c  s i g n a l  d e c o m p o s i t i o n  t e c h n i q u e  w h ic h  
we h a v e  d e s c r i b e d  a t  p r e v i o u s  m e e t i n g s  o f  t h i s  s o c i e t y  
e n a b l e s  u s  t o  o b t a i n  a c c u r a t e  m e a s u r e m e n ts  o f  t h e  i n t e r - p u l s e  
i n t e r v a l s  o f  m o to r  u n i t  d i s c h a r g e s  t h r o u g h o u t  t h e  f u l l  r a n g e  
o f  m u s c l e  c o n t r a c t i o n  l e v e l s .

E x p e r im e n t s  w e r e  p e r f o r m e d  o n  12 n o r m a l  s u b j e c t s .  T h e y  
w e r e  r e q u i r e d  t o  m a i n t a i n  a n  i s o m e t r i c  c o n t r a c t i o n  a t  e i t h e r  
30% o r  60% MVC f o r  a t  l e a s t  2 0  s e c o n d s .  A t o t a l  o f  1 02  m o to r  
u n i t  a c t i o n  p o t e n t i a l  t r a i n s  f ro m  3 0  c o n t r a c t i o n s  w e r e  
a n a l y z e d .  T h e  d e l t o i d  a n d  f i r s t  d o r s a l  i n t e r o s s e o u s  m u s c l e s  
w e r e  s t u d i e d .  T he  c o n d i t i o n a l  i n t e n s i t y  f u n c t i o n  ( s i m i l a r  t o  
t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n )  w a s  c a l c u l a t e d  a n d  u s e d  t o  
m e a s u r e  t h e  a m o u n t o f  s y n c h r o n i z a t i o n  am ong t h e  m o to r  u n i t s .  
E a c h  c o n t r a c t i o n  sh o w e d  e v i d e n c e  o f  s y n c h r o n i z a t i o n  w h ic h  
c o n s i s t e d  o f  d i s c h a r g e s  t h a t  o c c u r e d  w i t h i n  3 m s . No 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  w a s  n o t e d  i n  t h e  a m o u n t 
o f  s y n c h r o n i z a t i o n  a t  t h e  tw o  f o r c e  l e v e l s ,  b u t  t h e  f i r s t  
d o r s a l  i n t e r o s s e o u s  d i s p l a y e d  a p p r o x i m a t e l y  t w i c e  a s  m u ch  
s y n c h r o n o u s  a c t i v i t y  t h a n  t h e  d e l t o i d  a t  b o t h  f o r c e  l e v e l s .  
( E a c h  c o m p a r i s o n  w a s  b a s e d  o n  2 ,0 0 0  t o  5 , 0 0 0  m o to r  u n i t  
d i s c h a r g e s . )

I n  o n e  s u b j e c t  i t  w a s  p o s s i b l e  t o  o b t a i n  c o r r e c t  d a t a  f ro m  
f o u r  m o to r  u n i t s  i n  t h e  t i b i a l i s  a n t e r i o r  d u r i n g  50% MVC 
i s o m e t r i c  c o n t r a c t i o n  l a s t i n g  14 4  s .  I n  t h i s  c a s e  i t  w as  
n o t e d  t h a t  t h e  a m o u n t o f  s y n c h r o n i z a t i o n  d i d  n o t  i n c r e a s e  
w i t h  t i m e ,  b u t  i n s t e a d  i t  w as m o s t  o f t e n  p r e s e n t  a t  t i m e s  
w h e n  t h e  f o r c e  o u t p u t  d e m o n s t r a t e d  s h a r p  p e r t u r b a t i o n s .  
S y n c h r o n i z a t i o n  t e n d e d  t o  d e c r e a s e  w h e n  a  new  m o to r  u n i t  w as  
r e c r u i t e d .  T h i s  l a t t e r  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t h e  
o b v s e r v a t i o n  t h a t  t h e  d e l t o i d  m u s c l e ,  w h ic h  u s e s  r e c r u i t m e n t  
a s  t h e  p r im e  m e c h a n is m s  f o r  a u g m e n t in g  t h e  f o r c e  o u t p u t ,  
d i s p l a y e d  l e s s  s y n c h r o n i z a t i o n  t h a n  t h e  f i r s t  d o r s a l  
i n t e r o s s e o u s .

T h e  d a t a  s u p p o r t s  t h e  n o t i o n  t h a t  som e ( p o s s i b l y  m o s t )  o f  
t h e  s y n c h r o n y  i s  i n d u c e d  b y  t h e  s t r e t c h  r e f l e x  l o o p .

( T h i s  w o rk  w a s  s u p p o r t e d  b y  L i b e r t y  M u tu a l  I n s .  C o . )
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2 3 8 . 7   GROUP I I  MUSCLE AFFERENTS AND NOCICEPTIVE CUTANEOUS AF
FERENTS INTERACTING IN  SEGMENTAL REFLEX PATHWAYS IN  THE 
CAT.  E. D. S c h o m b u rg * ,  H. S t e f f e n s * ,  a n d  T. B e h r e n d s *  
(SPO N : U. K u h n t ) .   P h y s i o l o g i s c h e s  I n s t i t u t  d e r  U n i v e r s i t ä t ,  
D - 3 4 0 0  G ö t t i n g e n ,  W e s t  G e rm a n y .

G ro u p  I I  a f f e r e n t s  m ay c o n v e r g e  o n t o  comm on i n t e r n e u 
r o n e s  i n  r e f l e x  p a th w a y s  u s e d  b y  a f f e r e n t s  f ro m  lo w  t h r e s 
h o l d  m e c h a n o r e c e p t o r s  ( B e h r e n d s ,  T. , S c h o m b u rg , E. D . , a n d  
S t e f f e n s ,  H . , B r a i n  R e s .  , 2 6 5 : 1 2 5 ,  1 9 8 3 )  o r  g r o u p  I I I  a n d  
IV  m u s c l e  a f f e r e n t s ,  w h ic h  o r i g i n a t e  f ro m  e r g o c e p t o r s  o r  
n o c i c e p t o r s  ( K n i f f k i ,  K .- D .  , S c h o m b u rg ,  E. D . , a n d  S t e f f e n s ,  
H. , B r a i n  R e s . , 2 1 8 : 3 4 2 ,  1 9 8 1 ) .  T h i s  r o s e  t h e  q u e s t i o n  
w h e t h e r  g r o u p  I I  m u s c l e  a f f e r e n t s  m ay i n t e r a c t  w i t h  a s s u r e d  
n o c i c e p t i v e  a f f e r e n t s  i n  s e g m e n t a l  r e f l e x  p a th w a y s  t o  
α - m o t o n e u r o n e s .

I n  a n a e m i c a l l y  d e c a p i t a t e  h i g h  s p i n a l  c a t s  l u m b a r  
α - m o t o n e u r o n e s  w e r e  i n t r a c e l l u l a r l y  r e c o r d e d  a n d  t h e  s p a 
t i a l  i n t e r a c t i o n  b e tw e e n  r e s p o n s e s  f ro m  e l e c t r i c a l l y  a c 
t i v a t e d  g r o u p  I I  m u s c l e  a f f e r e n t s  a n d  a f f e r e n t s  f ro m  th e r m 
i c a l l y  ( r a d i a n t  h e a t  g r a d e d  f ro m  4 0 ° C -6 0 ° C) a c t i v a t e d  c u 
t a n e o u s  n o c i c e p t o r s  o f  t h e  h in d p a w  w a s  i n v e s t i g a t e d .

E P S P s i n  f l e x o r  a n d  e x t e n s o r  mo t o n e u r o n e s  a s  w e l l  a s  
I P S P s  i n  e x t e n s o r  m o to n e u r o n e s  e v o k e d  b y  g r o u p  I I  m u s c l e  
a f f e r e n t s  w e r e  d i s t i n c t l y  f a c i l i t a t e d  b y  n o c i c e g t i v e  a f 
f e r e n t s  a c t i v a t e d  b y  r a d i a n t  h e a t  o f  m o re  t h a n  4 3  C t o  4 5  C 
( m e a s u r e d  a t  t h e  s k i n  s u r f a c e ) .  T h e  a f f e r e n t  n o c i c e p t i v e  
i n f l o w  p a r t l y  i n d u c e d  a  c h a n g e  o f  t h e  m e m b ra n e  p o t e n t i a l  o f  
t h e  m o to n e u r o n e s .  T h e  f a c i l i t a t i o n  o f  t h e  g r o u p  I I  EPS Ps 
d i d  n o t  c o r r e l a t e  t o  s u c h  c h a n g e s  o f  t h e  m e m b ra n e  p o t e n 
t i a l .  F o r  i n c r e a s e d  IP S P s  a  f a c i l i t a t i o n  w as  o n l y  a s s u m e d ,  
i f  t h e  m e m b ra n e  p o t e n t i a l  w a s  n o t  c h a n g e d  o r  s l i g h t l y  h y 
p e r p o l a r i z e d .  T h e  o b s e r v e d  f a c i l i t a t i o n  o f  t h e  P S P s w as  
n o t  a c c o m p a n ie d  b y  c o m p a r a b le  c h a n g e s  i n  m e m b ra n e  r e s i s 
t a n c e .

T h e  r e s u l t s  r e v e a l  t h a t  g r o u p  I I  m u s c l e  a f f e r e n t s  may 
n o t  o n l y  p r o j e c t  o n t o  com m on s e g m e n t a l  r e f l e x  p a th w a y s  w i t h  
n o n - n o c i c e p t i v e  b u t  a l s o  w i t h  n o c i c e p t i v e  a f f e r e n t s .  T h i s  
c o n f i r m s  t h e  i m p o r t a n t  r o l e  g r o u p  I I  m u s c l e  a f f e r e n t s  may 
p l a y  i n  t h e  m u l t i s e n s o r i a l  c o n t r o l  o f  m o v e m e n ts  ( c f .  
L u n d b e r g ,  A., P r o g r .  B r a i n  R e s . , 5 0 :  1 1 , 1 9 7 9 ) .

S u p p o r t e d  b y  t h e  D e u t s c h e  F o r s c h u n g s g e m e i n s c h a f t ,  
SFB 3 3 .

2 3 8 .8   EARLY AND LATE CONDITIONED REFLEXES DURING DEVELOPMENT IN  
THE CAT.  P . B a w a ,  D e p a r tm e n t  o f  K i n e s i o l o g y ,  S im o n  F r a s e r  
U n i v e r s i t y ,  B u r n a b y ,  B .C .  V5A 1S6

I n  a d u l t  c a t s  i t  h a s  b e e n  shown (E c c le s  an d  R a i l ,  1951) 
t h a t  a f t e r  t h e  a p p l i c a t i o n  o f  a  c o n d i t i o n in g  s t i m u l u s  t o  
m u sc le  a f f e r e n t s ,  t h e  t e s t  p u l s e  r e v e a l s  a n  i n i t i a l  r e f l e x  
a c t i v i t y  (TR1 ) , p r e s u m a b ly  m o n o s y n a p t ic ,  a t  t e s t  i n t e r v a l s  
o f  a b o u t  10 m sec an d  no  r e f l e x  r e s p o n s e  f o r  t e s t  i n t e r v a l s  
o f  15 t o  60 m se c . A s e c o n d  p h a s e  o f  r e f l e x  a c t i v i t y  (TR2) 
a p p e a r s  f o r  t e s t  i n t e r v a l s  l o n g e r  t h a n  5 0 -6 0  m se c . The 
b e h a v io u r  o f  t h e  c o n d i t i o n in g  r e f l e x  (C R ), TR1 an d  TR2 w ere  
i n v e s t i g a t e d  i n  young k i t t e n s  i n  o r d e r  t o  s tu d y  t h e  n a tu r e  
o f  t im e  c o u r s e  o f  d e v e lo p m e n t o f  t h e  m o n o sy n a p t ic  r e f l e x .

MG an d  LGS m u sc le  n e r v e s  w ere  s t i m u l a t e d  i n  n e m b u ta l  
a n a e s t h e t i s e d  k i t t e n s  o f  d i f f e r e n t  a g e s .  R e f le x  r e s p o n s e s  
w ere  r e c o r d e d  from  p r o x im a l  e n d s  o f  c u t  L7 o r  S1 v e n t r a l  
r o o t s .  The c o n d i t i o n i n g - t e s t i n g  s t i m u l u s  i n t e r v a l  was 
v a r i e d  fro m  1 m sec t o  2 s e c o n d s .

F o r  a l l  a g e s ,  t h e  a m p l i tu d e  o f  TR1 (when p r e s e n t )  was 
i n v e r s e l y  r e l a t e d  t o  t h e  a m p l i tu d e  o f  CR, w h i le  t h e  
a m p l i tu d e  o f  TR2 was d i r e c t l y  r e l a t e d  t o  t h e  a m p l i tu d e  o f  
CR. In  k i t t e n s  y o u n g e r  t h a n  2 w eeks o f  a g e  no  TR1 was e v e r  
o b s e r v e d , and  TR2 c o u ld  n e v e r  be e l i c i t e d  b e f o r e  a  t e s t  
i n t e r v a l  o f  90 m se c . I n  k i t t e n s  b e tw e en  2 -4  w eeks o f  a g e ,  
TR1 was v e r y  s m a l l  and  p e a k e d  b e tw e e n  1 -2  m sec f o l lo w in g  
CR; TR2 was s e e n  f o r  i n t e r v a l s  o f  6 0 -7 0  m se c . In  k i t t e n s  
o l d e r  t h a n  f o u r  w e e k s , a  m ax im al TR1 was o b s e rv e d  f o r  t e s t  
i n t e r v a l s  o f  6 -1 0  m sec , an d  TR2 was o b s e r v a b le  f o r  t e s t  
i n t e r v a l s  a s  s h o r t  a s  40 m se c .

T h ese  o b s e r v a t io n s  on  m o n o sy n a p tic  r e f l e x e s  may be 
i n t e r p r e t e d  t o  r e f l e c t  t h e  p r o p e r t i e s  o f  t h e  a p p r o p r i a t e  
m o to n e u ro n  p o o l s .  The b e h a v io u r  o f  TR1 s u g g e s t s  t h a t  t h e  
am ount an d  t im e  c o u r s e  o f  t e m p o r a l  su m m atio n  i n  m o to n e u ro n s  
o f  young  k i t t e n s  i s  v e r y  d i f f e r e n t  fro m  t h a t  i n  a d u l t  c a t s .  
The n a tu r e  o f  TR2 s u g g e s t s  e x t r e m e ly  lo n g  a f t e r  h y p e r 
p o l a r i s a t i o n s  i n  m o to n e u ro n s  o f  young  k i t t e n s  w h ich  
a p p ro a c h  m ore a d u l t - l i k e  v a lu e s  i n  k i t t e n s  o l d e r  t h a n  4 
w e e k s . The c o n t r i b u t i o n  o f  r e c u r r e n t  i n h i b i t i o n  t o  t h e  
b e h a v o u r  o f  TR1 an d  TR2 m u st a l s o  be c o n s id e r e d  when 
i n t e r p r e t i n g  t h e  v a r y in g  n a t u r e  o f  t h e s e  t e s t  r e s p o n s e s .

T h is  w ork was s u p p o r te d  by NSERC.

2 3 8 . 9   STRETCH REFLEX BEHAVIOR OF A LIMB WHEN MORE THAN ONE LIMB 
SEGMENT IS  FREE TO MOVE.  J .  F .  S o e c h t i n g  a n d  F .  
L a c q u a n i t i * .  L a b o r a t o r y  o f  N e u r o p h y s i o l o g y ,  U n i v e r s i t y  o f  
M i n n e s o t a ,  M i n n e a p o l i s ,  MN 5 5 4 5 5 .

T h e  b e h a v i o r  o f  t h e  s t r e t c h  r e f l e x  h a s  b e e n  c u s t o m a r i l y  
s t u d i e d  b y  a p p l y i n g  f o r c e  p e r t u r b a t i o n s  ( s u c h  a s  t o r q u e  
p u l s e s )  t o  a  g i v e n  l im b  s e g m e n t  a n d  r e c o r d i n g  e l e c t r o 
m y o g r a p h ic  a c t i v i t y  e v o k e d  b y  t h e  p e r t u r b a t i o n .  M o t io n  o f  
o t h e r  l im b  s e g m e n t s  i s  u s u a l l y  p r e v e n t e d  b y  m e a n s  o f  
s u i t a b l e  r e s t r a i n t s .  I n  g e n e r a l ,  h o w e v e r ,  a  p e r t u r b a t i o n  
a p p l i e d  t o  o n e  l im b  s e g m e n t  w i l l  r e s u l t  i n  a n g u l a r  m o t i o n  
o f  a l l  s e g e m e n t s  o f  t h a t  l i m b .  L i t t l e  i s  kn o w n  a b o u t  t h e  
b e h a v i o r  o f  t h e  s t r e t c h  r e f l e x  i n  t h i s  c o n d i t i o n .  T h e  
q u e s t i o n  i s  o f  i n t e r e s t  b e c a u s e  i t  may m o re  c l o s e l y  
a p p r o x i m a t e  b e h a v i o r a l  s i t u a t i o n s  a n d  a l s o ,  b e c a u s e  
d i f f e r e n t  f u n c t i o n a l  i n t e r p r e t a t i o n s  o f  t h e  s t r e t c h  r e f l e x  
l e a d  t o  q u a l i t a t i v e l y  d i f f e r e n t  p r e d i c t i o n s  r e g a r d i n g  
r e f l e x  b e h a v i o r .

F o r  e x a m p l e ,  a  f o r c e  a p p l i e d  t o  t h e  u p p e r  a rm  t e n d i n g  t o  
p r o d u c e  b a c k w a r d  e x t e n s i o n  a t  t h e  s h o u l d e r  w i l l  a l s o  r e s u l t  
i n  f l e x i o n  o f  t h e  f o r e a r m  b y  v i r t u e  o f  t h e  d y n a m ic  l i n k a g e  
b e tw e e n  t h e  tw o  l im b  s e g m e n t s .  I f  t h e  s t r e t c h  r e f l e x  a c t s  
a s  a  l e n g t h  s e r v o ,  o n e  s h o u l d  e x p e c t  r e f l e x  a c t i v a t i o n  o f  
e lb o w  e x t e n s o r s ,  w h ic h  l e n g t h e n ,  a n d  i n a c t i v a t i o n  o f  e lb o w  
f l e x o r s ,  w h ic h  s h o r t e n .  I n s t e a d ,  i f  t h e  r e f l e x  a c t s  t o  
c o u n t e r a c t  c h a n g e s  i n  t o r q u e  a t  t h e  e lb o w  j o i n t ,  o n e  w o u ld  
e x p e c t  a c t i v a t i o n  o f  e lb o w  f l e x o r s  t o  c o u n t e r a c t  t h e  
e l a s t i c  f o r c e s  d u e  t o  t h e  s t r e t c h i n g  o f  e lb o w  e x t e n s o r s .  A t 
t h e  s h o u l d e r ,  b o t h  h y p o t h e s e s  w o u ld  p r e d i c t  a c t i v a t i o n  o f  
s h o u l d e r  f l e x o r s .  E x p e r i m e n t s  w e r e  d o n e  o n  hu m an  s u b j e c t s  
t o  t e s t  f o r  t h e s e  h y p o t h e s e s .  P u l s e s  o f  f o r c e  w e r e  a p p l i e d  
t o  t h e  f o r e a r m  o r  t h e  u p p e r  a rm ,  a n g u l a r  m o t i o n  o f  t h e  tw o  
l im b  s e g m e n t s  w a s  m e a s u r e d  a n d  e l e c t r o m y o g r a p h i c  a c t i v i t y  
o f  b i c e p s ,  t r i c e p s  a n d  a n t e r i o r  d e l t o i d  w as  r e c o r d e d .  I t  
w a s  o b s e r v e d  e x p e r i m e n t a l l y  t h a t  r e f l e x  a c t i v i t y  i n  e lb o w  
f l e x o r s  a n d  e x t e n s o r s  w as  a lw a y s  i n  o p p o s i t i o n  t o  t h e  
c h a n g e s  i n  e lb o w  t o r q u e  e v o k e d  b y  t h e  p e r t u r b a t i o n  b u t  n o t  
c o n s i s t e n t l y  i n  o p p o s i t i o n  t o  t h e  c h a n g e s  i n  m u s c l e  l e n g t h .  
T h e  d a t a  a r e  t h u s  q u a l i t a t i v e l y  c o n s i s t e n t  w i t h  t h e  
h y p o t h e s i s  t h a t  t h e  s t r e t c h  r e f l e x  a c t s  t o  c o u n t e r a c t  
c h a n g e s  i n  n e t  t o r q u e  a t  a  j o i n t .  S t u d i e s  a r e  i n  p r o g r e s s  
t o  t e s t  t h i s  h y p o t h e s i s  q u a n t i t a t i v e l y .

S u p p o r t e d  b y  USPHS G r a n t  N S -1 5 0 1 8  a n d  NSF G r a n t  
B N S -8 1 1 7 6 2 5 .

238.10  REFLEX EFFECTS OF AN INSECT PROPRIOCEPTOR CHANGE 
DURING PERIODS OF ACTIVE SEARCHING MOVEMENTS.  Sasha 
N. Zill,  Dept. Anatomy, Univ. Colo. Med. Sch., Denver, CO 80262.

Reflex effects of many types of proprioceptive sense organs 
have been shown to change during active movement (Vedel, J . P., 
3. Exp. Biol., 101; 121, 1983) or walking (Forssberg, H., e t al., Brain 
Res., 85:103, 1975), but few previous studies have examined this 
plasticity of reflexes at a cellular level. I have examined the 
reflex effects of a joint angle receptor of the locust hindleg, the 
m etathoracic femoral chordotonal organ, through intracellular 
recordings from identified motoneurons to leg muscles and have 
found that these reflexes systematically change in sign and mode 
of action during periods of active searching movements.

Locusts (Schistocerca gregaria) were restrained in wax with one 
hindleg free to move and the m etathoracic ganglion exposed for 
intracellular recording from motoneurons to tibial muscles. Step 
displacements were applied to the main ligament of the chordo
tonal organ that mimicked 10 - 15° changes in the angle of the 
femoro-tibial joint. The tibial segment of the leg was initially 
allowed to rest against a support during a recording then released 
to induce active searching movements.

Tibial motoneurons showed resistance reflex responses opposing 
apparent joint movements when the tibia was resting against a 
support. These responses consisted of constant, short latency (18- 
22 msec.) phasic excitatory post-synaptic potentials th a t were 
followed by periods of tonic excitation of variable magnitude and 
duration. These resistance reflexes could function in load compen
sation when the leg is used in postural support.

Sudden removal of support often induced active searching 
movements of the tibia. Reflex responses of motoneurons to 
chordotonal organ stimulation changed during active searching. All 
flexor motoneurons showed consistent short latency (18 - 22 msec.) 
excitatory post-synaptic potentials to chordotonal inputs indicating 
apparent movement in any direction. These responses were always 
phasic and resulted in brief, rapid flexion movements. Extensor 
motoneurons were generally inhibited during flexor excitation. 
These flexor motoneuron responses may serve an exteroceptive 
function and produce leg withdrawal if any stimulus impinges upon 
the tibia when it is raised from a walking surface. Experiments are 
currently being performed to test these hypotheses and examine 
the cellular mechanisms underlying changes in reflex mode. Reflex 
effects of many other proprioceptors may however show similar 
complex changes during active movements.

Supported by NIH Grants 5F32NS06373 and BRSG-05357.
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3 8 .1 1   MOVEMENT DURATION I S  CONTROLLED IN  SIM ILAR WAYS IN LIMB AND 
SPEECH SYSTEMS.  D . J .  O s t r y * ,  J .D .  C o o k e  a n d  K .G . M u n h a l l*  
(SPON : J .D .  B r o w n ) .   M c G i l l  U n i v e r s i t y ,  M o n t r e a l ,  Q u e b e c  a n d  
U n i v e r s i t y  o f  W e s te r n  O n t a r i o ,  L o n d o n ,  O n t a r i o .

A c e n t r a l  p r o b l e m  i n  t h e  s t u d y  o f  m o t o r  c o n t r o l  i s  t h e  
i d e n t i f i c a t i o n  o f  v a r i a b l e s  t h a t  a r e  c o n t r o l l e d  b y  t h e  
n e r v o u s  s y s t e m  t o  a f f e c t  c h a n g e s  i n  t h e  p o s i t i o n  o f  t h e  
l i m b s .  A s  m o v e m e n t s  d i f f e r  g r e a t l y  i n  t h e i r  s u p e r f i c i a l  
c o m p l e x i t y ,  a n  i m p o r t a n t  a s p e c t  o f  t h i s  p r o b l e m  i s  w h e t h e r  
t h e  n e r v o u s  s y s t e m  c o n t r o l s  m o t o r  a c t i v i t i e s  a s  d i v e r s e  a s  
l i m b  m o v e m e n t s  a n d  s p e e c h  i n  s i m i l a r  w a y s .  I n  t h i s  p a p e r  w e 
h a v e  e x a m i n e d  t h i s  t i s s u e  d i r e c t l y  b y  c o m p a r i n g  t h e  m o t o r  
o r g a n i z a t i o n  o f  s p e e c h  w i t h  t h e  o r g a n i z a t i o n  o f  v o l u n t a r y  
m o v e m e n t s  a b o u t  t h e  e l b o w ,  c o n c e n t r a t i n g  o n  t h e  k i n e m a t i c  
r e g u l a r i t i e s  t h a t  a c c o m p a n y  c h a n g e s  i n  d u r a t i o n .  T h e  a r m  
m o v e m e n t  s t u d y  e x a m i n e d  k i n e m a t i c  p a t t e r n s  a s s o c i a t e d  w i t h  
d i f f e r e n c e s  i n  r a t e  a n d  m o v e m e n t  a m p l i t u d e  f o r  h o r i z o n t a l  
m o v e m e n t s  a b o u t  t h e  e l b o w ;  t h e  s p e e c h  s t u d i e s  e x a m i n e d  
k i n e m a t i c  p a t t e r n s  o f  t o n g u e  d o r s u m  a n d  v o c a l  f o l d  m o v e m e n t s  
w i t h  c h a n g e s  i n  s p e e c h  r a t e ,  s t r e s s ,  v o w e l  a n d  c o n s o n a n t .  
We f o u n d  t h a t  t h e  k i n e m a t i c  p a t t e r n s  f o r  a l l  t h r e e  
a r t i c u l a t o r s  w e r e  s i m i l a r .  T h e r e  w e r e  r e l i a b l e  c o r r e l a t i o n s  
b e t w e e n  m o v e m e n t  a m p l i t u d e  a n d  m a x im u m  v e l o c i t y ;  t h e  s l o p e  
o f  t h e  r e g r e s s i o n  i n c r e a s e d  w i t h  d e c r e a s e s  i n  m o v e m e n t  
d u r a t i o n .  T h e  e x a c t  n a t u r e  o f  t h i s  r e l a t i o n s h i p  w a s  s t u d i e d  
b y  p l o t t i n g  o n  a  t r i a l  b y  t r i a l  b a s i s  t h e  r a t i o  o f  t h e  
m a x im u m  v e l o c i t y  t o  t h e  a m p l i t u d e  o f  t h e  m o v e m e n t  a s  a  
f u n c t i o n  o f  m o v e m e n t  d u r a t i o n .  T h e  r a t i o  m e a s u r e  w a s  
s e l e c t e d  f o r  t h i s  p u r p o s e  b e c a u s e  i t  h a s  b e e n  s h o w n  t o  
r e f l e c t  d i f f e r e n c e s  i n  m o v e m e n t  t r a j e c t o r y ,  a n d  i n  a d d i t i o n ,  
m a y  p r o v i d e  a  t r i a l  b y  t r i a l  i n d i c a t o r  o f  a r t i c u l a t o r  
s t i f f n e s s .  F o r  e a c h  o f  t h e  a r t i c u l a t o r s  a l l  c h a n g e s  i n  t h e  
d u r a t i o n  o f  i n d i v i d u a l  m o v e m e n t s  c o u l d  b e  r e a d i l y  
a c c o m m o d a t e d  b y  a  s i n g l e  c o n t i n u o u s  f u n c t i o n  o f  t h e  f o r m  
V m ax  /  A = c  /  T ,  w h e r e  V m ax  /  A i s  t h e  r a t i o  o f  m a x im u m  
v e l o c i t y  t o  m o v e m e n t  a m p l i t u d e ,  T i s  m o v e m e n t  d u r a t i o n  a n d  c  
i s  a  c o n s t a n t  i n d i c a t i v e  o f  a  s p e c i f i c  v e l o c i t y  p r o f i l e .  
T h e  f a c t  t h a t  a  w i d e  v a r i e t y  o f  c h a n g e s  i n  t h e  d u r a t i o n  o f  
i n d i v i d u a l  m o v e m e n t s  c a n  a l l  b e  a c c o m m o d a t e d  b y  a  s i n g l e  
f u n c t i o n  s u g g e s t s  t h a t  t h e  n e r v o u s  s y s t e m  p r o d u c e s  c h a n g e s  
i n  m o v e m e n t  d u r a t i o n  i n  d i f f e r e n t  s t r u c t u r e s  i n  c o m p a r a b l e  
w a y s .  T h e  d a t a  a l s o  i n d i c a t e  t h a t  b o t h  f o r  a r m  a n d  s p e e c h  
s y s t e m s  d u r a t i o n a l  c h a n g e  c a n  b e  a c h i e v e d  b y  s c a l a r  
t r a n s f o r m a t i o n  o f  t h e  d u r a t i o n  a n d  m a g n i t u d e  o f  v e l o c i t y  
p r o f i l e s .
S u p p o r t e d  b y  g r a n t s  f r o m  FCAC ( Q u e b e c ) ; MRC a n d  NSERC 
( C a n a d a ) .

2 3 8 . 1 2   POSTURA L A DA PTA TION FOLLOW ING ST R O K E .  R .  P .  D i F a b i o ,  
a n d  M. B . B a d k e * .  P o s t u r a l  C o n t r o l  R e s .  L a b s . ,  
U n i v .  o f  W i s c o n s i n - M a d i s o n ,  W I 5 3 7 0 6 .

R e a c t i o n  t o  u n e x p e c t e d  h o r i z o n t a l  s u p p o r t  s u r f a c e  
d i s p l a c e m e n t  i s  f a c i l i t a t e d  w h e n  l o n g  l a t e n c y  p o s t u r a l  
r e s p o n s e s  s t a b i l i z e  a n t e r i o r - p o s t e r i o r  (A P )  s w a y .  
C o n v e r s e l y ,  d i r e c t  r o t a t i o n  o f  t h e  a n k l e s  r e q u i r e s  a n  a t t e n 
u a t i o n  o f  d i s c h a r g e  f r o m  l e n g t h e n e d  m u s c l e  i n  o r d e r  t o  
p r e v e n t  l o s s  o f  b a l a n c e .  P r e v i o u s  r e p o r t s  h a v e  d e s c r i b e d  
v a r i a t i o n s  i n  t h i s  p h e n o m e n o n  w i t h  a g e  ( F o r s s b e r g  a n d  
N a s h n e r ,  J .  N e u r o s c i . ,  2 : 5 4 5 , 1 9 8 2 )  a n d  w i t h  c e r e b e l l a r  
d e g e n e r a t i o n  ( N a s h n e r ,  L .  M . , E x p . B r a i n  R e s . ,  2 6 : 5 9 , 1 9 7 6 ) .  
T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  a n a l y z e  p a t t e r n s  o f  
p o s t u r a l  a d a p a t i o n  i n  t h r e e  S s  w i t h  l e f t  c e r e b r o v a s c u l a r  
a c c i d e n t  r a n g i n g  f r o m  f o u r  m o n t h s  t o  tw o  y e a r s  d u r a t i o n .

E a c h  S s t o o d  o n  a  m o v e a b l e  p l a t f o r m .  P e r t u r b a t i o n s  w e r e  
p r e s e n t e d  i n  t h e  h o r i z o n t a l  AP p l a n e  ( 5 c m / s e c )  u n e x p e c t e d l y  
a f t e r  t h r e e  r o t a t i o n a l  ( u p / d o w n )  d i s p l a c e m e n t s  ( 8 ° / s e c ) . 
R e v e r s a l s  o f  t h i s  s e q u e n c e  w e r e  i n t r o d u c e d  r a n d o m l y .
A v e r a g e d  s u r f a c e  e l e c t r o m y o g r a p h s  w e r e  i n t e g r a t e d  (IE M G ) 
1 0 0 m s  f r o m  o n s e t  a n d  w e r e  o b t a i n e d  f r o m  t i b i a l i s  a n t e r i o r  
a n d  m e d i a l  g a s t r o c n e m i u s  m u s c l e s  b i l a t e r a l l y .

B a s i c  f a c i l i t a t i o n  a n d  a t t e n u a t i o n  o f  l o n g  l a t e n c y  
m u s c l e  r e s p o n s e s  w e r e  f o u n d  i n  a l l  S s .  T h e  f i g u r e  b e l o w  
s h o w s  r e l a t i v e  s y m m e t r y  i n  a d a p t a t i o n  f o r  p a r e t i c  
a n d  n o n - p a r e t i c  l o w e r  e x t r e m i t i e s  i n  o n e  S w i t h  a n  
i n f a r c t  l o c a l i z e d  t o  t h e  a n t e r i o r  d i s t r i b u t i o n  o f  t h e  
l e f t  m i d d l e  c e r e b r a l  a r t e r y .  M u s c l e  o n s e t  l a t e n c i e s  
f r o m  g r o u p e d  d a t a  p r o v i d e d  c l e a r  e v i d e n c e  o f  p o s t u r a l  
a d a p a t i o n s  i n  t h e  n o n - p a r e t i c  l i m b  w h i c h  p r e c e e d e d  
t h o s e  i n  t h e  p a r e t i c  e x t r e m i t y  ( p < . 0 1 ) .

P r e f e r e n t i a l  a c t i v a t i o n  o f  t h e  m o s t  s t a b l e  l i m b  w a s  a  
c o n s i s t a n t  f e a t u r e  o f  b a l a n c e  b e h a v i o r  a f t e r  s t r o k e .
T h e  c a p a c i t y  f o r  b o t h  l o w e r  l i m b s  t o  m o d u l a t e  r e s p o n s e  
a m p l i t u d e  w a s  u n a l t e r e d  i n  t h i s  s a m p l e .

NEUROMODULATORS I

239.1  DOPAMINE (DA) AGONIST INDUCED COMPULSIVE BITING (CB) 
BEHAVIOR IN MONKEYS: ANIMAL MODEL FOR LESCH-NYHAN 
SYNDROME.  M . G o ld s t e i n  and  S. K uga*.  New York U niv . Med. 
C e n te r ,  N e u r o c h e m is t r y  R e s e a rc h  L a b s .,  New Y ork , N.Y. 
1 0 0 1 6 .

We h a v e  i n v e s t i g a t e d  th e  e f f e c t s  o f  DA a g o n i s t s  on 
t r e m o r  and  on  th e  o c c u r r e n c e  o f  a b n o rm a l i n v o l u n t a r y  move
m e n ts  (A IM 's) i n  m onkeys w i th  u n i l a t e r a l  v e n t r o m e d ia l  
(VMT) l e s i o n s  o f  t h e  b r a i n  s te m  ( G o ld s t e i n  e t  a l . ,  S c ie n c e .  
1 7 9 :8 1 6 , 1 9 7 3 ). As an  e x t e n s io n  o f  t h i s  s tu d y ,  we h a v e  
now i n v e s t i g a t e d  t h e  e f f e c t s  o f  DA a g o n i s t s  i n  m onkeys 
w i th  u n i l a t e r a l  VMT l e s i o n s  w h ic h  w e re  p la c e d  1 0 -1 2  y r s  
ag o  ( t h e  m onkeys w e re  2-3  y r s  o ld  w hen th e  l e s i o n  w as 
p l a c e d ) .  The a d m i n i s t r a t i o n  o f  L -d o p a  (100  m g /k g ; i . p . ,  i n  
c o m b in a t io n  w i th  t h e  p e r i p h e r a l  d o p a  d e c a r b o x y la s e  i n h i b 
i t o r  MK-486 (15  m g /k g ; i .p . )  o r  o f  a p o m o rp h in e  ( 1-2  m g /k g ; 
i .m .)  r e s u l t e d  i n  a  t r a n s i e n t  r e l i e f  o f  t r e m o r  w i th  co n 
c o m i t a n t  o c c u r r e n c e  o f  AIMs. The m a jo r  f e a t u r e s  o f  th e  
A IM 's w e re  t h e  a p p e a r a n c e  o f  c h o r e o a t h e t o s i s  and  
c o m p u ls iv e  l i c k i n g  and  b i t i n g  o f  t h e  e x t r e m i t i e s .  P re 
t r e a t m e n t  w i th  f lu p h e n a z in e  (0 .2- 1.0 m g /k g ; i.m .)  o r  w i th  
t h e  s e l e c t i v e  D -1 DA r e c e p t o r  a n t a g o n i s t  SCH 233 9 0 (0 .2 -  
0.5 m g /k g ; i.m .)  p r e v e n te d  t h e  o c c u r r e n c e  o f  t h i s  
b e h a v io r .  CB b e h a v io r  w as d im in s h e d  o r  c o m p le t e ly  
a b o l i s h e d  5 -1 0  m in  a f t e r  a d m i n i s t r a t i o n  o f  SCH 23390 (0 .2 -  
0 .5  m g /k g ; i .m .) .  T h e se  r e s u l t s  s u g g e s t  t h a t  CB b e h a v io r  
i n  m onkeys w i th  VMT l e s i o n s  m ig h t b e  d u e  t o  s t i m u l a t i o n  o f  
s u p e r s e n s i t i v e  D-1 DA r e c e p t o r s  by DA a g o n i s t s .  T h u s, 
m onkeys w i th  p ro lo n g e d  s u p e r s e n s i t i v e  DA r e c e p t o r s  m ig h t 
s e r v e  a s  a n im a l  m o d e ls  f o r  t h e  L e sc h -N y h an  sy n d ro m e , w h ic h  
i s  c h a r a c t e r i z e d  by c h o r e o a t h e t o s i s  and  CB b e h a v io r .  S in c e  
i n  L e sc h -N y h a n  sy n d ro m e  th e  d e f i c i e n c y  i n  t h e  HGPRT enzym e 
m ig h t  r e s u l t  i n  a  d e f i c i e n c y  o f  b r a i n  GTP, i t  i s  p o s s i b l e  
t h a t  t h e  m o d u la t i o n  o f  c e n t r a l  DA r e c e p t o r s  by  t h e  n u c l e o 
t i d e  i s  a b n o rm a l. The d e f e c t  i n  t h e  m o d u la t io n  o f  DA 
r e c e p t o r s  by  GTP m ig h t  a l s o  b e  a s s o c i a t e d  w i th  o t h e r  
d i s o r d e r s  o f  a b n o rm a l DA t r a n s m i s s i o n .   S t u d i e s  s u p p o r te d  
b y  G r a n ts  NIMH 02717 and  NINCDS 068 0 1 .

239.2 6-M ETH O X Y -TETR A H Y D R O -β -C A R B O L IN E  : A PU T A T IV E  ENDOGENOUS 
MODULATOR OF THE 3 H -IM IP R A M IN E  R E C O G N IT IO N  S IT E  A SSO C IA T E D
W ITH  THE SERO TO N IN  TR A N SPO RTE R.  H . S c h o e m a k e r * ,  L . T a h r a o u i * ,  
T .  T a t e i s h i * ,  A . S e g o n z a c * ,  C . R .  L e e *  a n d  S . Z .  L a n g e r ,  
D e p a r t m e n t  o f  B i o l o g y ,  L a b o r a t o i r e s  d ' E t u d e s  e t  d e  
R e c h e r c h e s  S y n t h é l a b o ,  5 8  r u e  d e  1 a  G l a c i è r e ,  7 5 0 1 3  P a r i s ,  
F r a n c e .

T e t r a h y d r o - β - c a r b o l i n e s  ( T H B C 's )  i n h i b i t  3 H - i m i p r a m i n e  
b i n d i n g  a n d  s e r o t o n i n  u p t a k e  i n  t h e  b r a i n  a s  w e l l  a s  i n  
p l a t e l e t s  ( L a n g e r  e t  a l . , E u r .  J .  P h a r m a c o l . ,  1 9 8 4 ,  9 8 , 
1 5 3 ) .  6 - M e th o x y - T H B C  w a s  t h e  m o s t  p o t e n t  a n a l o g  o n  
3 H - i m i p r a m i n e  b i n d i n g .  T h e  p r e s e n t  e x p e r i m e n t s  f u r t h e r  
c h a r a c t e r i z e  t h e  e f f e c t  o f  6 - m e t h o x y - T H B C .

3 H - I m i p r a m i n e  b i n d i n g  t o  t h e  r a t  b r a i n  a n d  r a b b i t  a n d  
h u m a n  p l a t e l e t  m e m b r a n e s  w a s  m e a s u r e d  a c c o r d i n g  t o  L a n g e r  e t  
a l .  ( 1 9 8 4 ) .  3 H -5 H T  a n d  3 H - t r y p t a r a i n e  u p t a k e  w a s  s t u d i e d  a s  
d e s c r i b e d  b e f o r e .

T h e  T H B C 's  i n h i b i t e d  w i t h  h i g h  a f f i n i t y  3 H - i m i p r a m i n e  
b i n d i n g  i n  t h e  r a t  b r a i n  w i t h  H i l l  s l o p e s  l e s s  t h a n  u n i t y .  
6- M e th o x y - T H B C  w a s  m o s t  p o t e n t  ( I C 5 0  =  1 7 9  nM ) f o l l o w e d  b y  
6- h y d r o x y - T H B C  a n d  THBC ( I C 5 0  =  8 2 5  a n d  4 6 7 5  n M ) . T h e  
c o r r e s p o n d i n g  o p e n - c h a i n  i n d o l e a m i n e s  h a d  l o w e r  a f f i n i t y .  
N - M e t h y l a t i o n  o f  t h e  o p e n  c h a i n  i n d o l e a m i n e s  i n c r e a s e s  
a f f i n i t y  w h e r e a s  t h e  N - a c e t y l a t e d  d e r i v a t i v e s  a r e  i n a c t i v e .  
D i h y d r o - β - c a r b o l i n e s  h a v e  l o w e r  a f f i n i t i e s  t h a n  T H B C 's .  I n  
c o n t r a s t  t o  3 H - i m i p r a m i n e  b i n d i n g  i n  t h e  b r a i n ,  
3 H - i m i p r a m i n e  b i n d i n g  t o  r a b b i t  a n d  h u m a n  p l a t e l e t s  w a s  
i n h i b i t e d  w i t h  H i l l  s l o p e s  c l o s e  t o  u n i t y .  P l a t e l e t  
3 H - i m i p r a m i n e  b i n d i n g  w a s  m o s t  p o t e n t l y  i n h i b i t e d  b y  
6- m e th o x y - T H B C  ( I C 5 0  = 4 0  nM ) f o l l o w e d  b y  6 - h y d r o x y - T H B C  
( I C 5 0  =  4 5 0  n M ) .  THBC w a s  l e a s t  p o t e n t  ( I C 5 0  = 1 6 5 0  nM ) 
U p t a k e  o f  3 H -5 H T  a n d  3 H - t r y p t a m i n e  i n t o  h u m a n  p l a t e l e t s  w a s  
i n h i b i t e d  e q u i p o t e n t l y  w i t h  a n  i d e n t i c a l  r a n k  o r d e r  : 
6- m e t h o x y  > 6 - h y d r o x y  > THBC ( I C 5 0  =  6 0 0 ,  1 3 0 0 ,  4 0 0 0  n M ) .

S e r o t o n i n  a n d  t r y p t a m i n e  a f f e c t  3 H - i m i p r a m i n e  b i n d i n g  
t h r o u g h  a n  a l l o s t e r i c  m e c h a n i s m ,  w h i l e  f o r  6 - m e th o x y - T H B C  
t h e  i n h i b i t i o n  o f  3 H - i m i p r a m i n e  b i n d i n g  i s  s t r i c t l y  
c o m p e t i t i v e  i n  h u m a n  p l a t e l e t  m e m b r a n e s .  T h u s ,  i n  c o n t r a s t  
t o  5HT a n d  t r y p t a m i n e ,  6 - m e t h o x y - T H B C ,  i n  c o n c e n t r a t i o n s  u p  
t o  1 0 0  µ M , d o e s  n o t  a f f e c t  t h e  r a t e  o f  d i s s o c i a t i o n  o f  
3 H - i m i p r a m i n e  f r o m  i t s  r e c e p t o r .

T h e s e  d a t a  i n d i c a t e  t h a t  6 - m e th o x y - T H B C  ( e n d o t r y p t o l i n e ) , 
w h i c h  o c c u r s  e n d o g e n o u s l y  i n  b r a i n  a s  w e l l  a s  i n  p l a t e l e t s ,  
m ay  b e  a n  e n d o g e n o u s  l i g a n d  a c t i n g  a t  t h e  3 H - i m i p r a m i n e  
r e c o g n i t i o n  s i t e  w h i c h  m o d u l a t e s  5HT u p t a k e .  I t  c a n  n o t  b e  
e x c l u d e d  t h a t ,  a s  s u c h ,  t h e s e  T H B C 's  m a y  p l a y  a n  i m p o r t a n t  
r o l e  i n  a f f e c t i v e  d i s o r d e r s .
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239 .3  C a2 +  AND cAMP REGULATION OF PROTEIN PHOSPHORYLATION IN  THE 
HERMISSENDA NERVOUS SYSTEM.  J . T .  N e a r y ,  S .A .  D e R ie m e r ,  L .K  
K a c z m a r e k ,  a n d  D .L .  A l k o n .  L a b .  o f  B i o p h y s i c s ,  N IN C D S-N IH , 
MBL, W oods H o l e ,  MA 0 2 5 4 3 ;  D e p t s .  P h a r m . a n d  P h y s i o l . ,  Y a le  
U n i v .  S c h .  M e d . ,  New H a v e n ,  CT 0 6 5 1 0 .

P r o t e i n  p h o s p h o r y l a t i o n  a p p e a r s  t o  p l a y  a  r o l e  i n  i o n  
c h a n n e l  a c t i v i t y  a n d  i n  l e a r n i n g  a n d  b e h a v i o r ,  b u t  l i t t l e  
i s  k n o w n  a b o u t  t h e  s p e c i f i c  p h o s p h o r y l a t i o n  m e c h a n is m s  t h a t  
u n d e r l i e  t h e s e  p r o c e s s e s .  I n  H e r m i s s e n d a , p h o s p h o r y l a t i o n  o f  
a  2 0 ,0 0 0  Mr p h o s p h o p r o t e i n  (2 0 K  P P ) i s  i n c r e a s e d  f o l l o w i n g  
a s s o c i a t i v e  l e a r n i n g  ( N a t u r e  2 9 3 : 6 5 8 ,  1 9 8 1 ) ,  a n d  3 2 P i n c o r 
p o r a t i o n  i n  a  2 5 ,0 0 0  Mr p h o s p h o p r o t e i n  (2 5 K  P P ) i s  d e c r e a s e d  
b y  a g e n t s  t h a t  b l o c k  t h e  e a r l y ,  t r a n s i e n t  K+  c u r r e n t  ( J .  
B i o l . C hem . 2 5 8 : 8 9 7 9 ,  1 9 8 3 ) ,  a  c u r r e n t  w h ic h  i s  r e d u c e d  f o l 
l o w i n g  c o n d i t i o n i n g  ( S c i e n c e  2 1 5 : 6 9 3 ,  1 9 8 2 ) .  T h e  p u r p o s e  o f  
t h i s  s t u d y  i s  t o  i n v e s t i g a t e  t h e  p h o s p h o r y l a t i o n  e n z y m e  s y s 
te m s  i n  H e r m i s s e n d a  n e u r a l  t i s s u e  a n d  t h e  s e c o n d  m e s s e n g e r s  
t h a t  r e g u l a t e  t h e  l e v e l  o f  p h o s p h o r y l a t i o n  o f  20K PP a n d  
25K  P P . I n  v i t r o  p r o t e i n  p h o s p h o r y l a t i o n  w a s  s t u d i e d  b y  i n 
c u b a t i n g  [ γ - 32P ]A T P , M gC l2 , EGTA a n d  c i r c u m e s o p h a g e a l  n e r 
v o u s  s y s t e m  (CN S) h o m o g e n a te s  w i t h  C a C l2 o r  8 -B r-c A M P . C a2+ 
a n d  cAMP s t i m u l a t e  a  m in im u m  o f  12  a n d  19 p h o s p h o p r o t e i n  
b a n d s ,  r e s p e c t i v e l y ,  a n d  a t  l e a s t  4 b a n d s  a r e  s t i m u l a t e d  b y  
b o t h  cAMP a n d  C a2 + . CNS p r o t e i n s  a r e  a l s o  p h o s p h o r y l a t e d  b y  
e x o g e n o u s  c a t a l y t i c  s u b u n i t  o f  c A M P -d e p e n d e n t  p r o t e i n  k i n 
a s e  ( b o v i n e  h e a r t )  a n d  b y  p h o s p h o r y l a s e  k i n a s e  ( r a b b i t  s k e 
l e t a l  m u s c l e ) ,  b o t h  p u r i f i e d  b y  E .G . K r e b s  a n d  a s s o c i a t e s .  
C a2 + - s t i m u l a t e d  p h o s p h o r y l a t i o n  i n  s e v e r a l  b a n d s  p e a k s  a t  
a b o u t  1 m in  a n d  d e c l i n e s  t h e r e a f t e r ;  3 2 P l e v e l s  i n  o t h e r  
b a n d s  r e m a in  r e l a t i v e l y  c o n s t a n t  f ro m  1 t o  10  m in .  C a2+  
s t i m u l a t e d  b a n d s  c a n  b e  d e t e c t e d  a t  < 1 µM f r e e  C a2 + ; m a x i 
mum s t i m u l a t i o n  f o r  m o s t  b a n d s  o c c u r s  b e tw e e n  a b o u t  1 a n d  
2 0  µM f r e e  C a2 + . A t h i g h e r  f r e e  C a2 +  ( 5 0 - 5 0 0  µ M ), p h o s p h o r y 
l a t i o n  o f  s e v e r a l  b a n d s  i s  d e c r e a s e d .  T h e  c a l m o d u l i n  b l o c k 
i n g  d r u g  R 2 4 5 7 1  i n h i b i t s  p h o s p h o r y l a t i o n  i n  s o m e , b u t  n o t  
a l l ,  C a2 + - s t i m u l a t e d  b a n d s .  T h e  20K PP a n d  25K  PP a p p e a r  t o  
b e  s t i m u l a t e d  b y  cAMP a n d  C a2 + , r e s p e c t i v e l y ,  b u t  tw o - d im e n 
s i o n a l  g e l  e l e c t r o p h o r e s i s  a n d  p e p t i d e  m ap s  a r e  n e e d e d  t o  
c o n f i r m  t h e  s i m i l a r i t y  o f  t h e  b a n d s  l a b e l e d  i n  v i t r o  a n d  i n  
v i v o .  T h e s e  e x p e r i m e n t s  i n d i c a t e  t h a t  H e r m i s s e n d a  CNS c o n 
t a i n s  cA M P -and  C a2 + - d e p e n d e n t  p r o t e i n  k i n a s e s  a n d  p r o t e i n  
p h o s p h a t a s e s  w h ic h  m ay r e g u l a t e  p h o s p h o r y l a t i o n  i n  20K PP 
a n d  25K PP a n d  t h a t  t h e  C a2 + - d e p e n d e n t  p r o t e i n  k i n a s e  s y s t e m  
c a n  r e s p o n d  t o  i n c r e a s e s  i n  i n t r a c e l l u l a r  Ca+ +  i n  t h e  r a n g e  
t h a t  o c c u r s  i n  r e s p o n s e  t o  e x t r a c e l l u l a r  s i g n a l s .  T he  p o s s 
i b l e  r o l e  o f  t h e s e  e n z y m e s  a n d  t h e i r  p r o t e i n  s u b s t r a t e s  i n  
t h e  f u n c t i o n  o f  i o n  c h a n n e l s  i s  a  s u b j e c t  f o r  f u r t h e r  s t u d y .

2 3 9 . 4   ON THE EXISTENCE OF A PUTATIVE ENDOCOID FOR THE 3H-IMIPRAMINE 
BINDING S I T E .   M. L .  B a r b a c c i a * ,  O . G a n d o l f i ,  D. - M .  C h u a n g *  
a n d  E .  C o s t a  ( S P ON: M. H a d j i c o n s t a n t i n o u ) .   L a b .  P r e c l i n .  
P h a r m a c o l . ,  NIMH, S t .  E l i z a b e t h s  H o s p . ,  W a s h i n g t o n ,  D . C .  
2 0 0 3 2 .

I n  s e r o t o n e r g i c  t e r m i n a l s ,  t h e  s i t e  t h a t  r e c o g n i z e s  s e r o 
t o n i n  (5H T)  a n d  t h e  s i t e  t h a t  b i n d s  3H - i m i p r a m i n e  a r e  d i f f e 
r e n t  b u t  f u n c t i o n a l l y  c o u p l e d .  An e n d o g e n o u s  b r a i n  m o d u l a t o r  
( e n d o c o i d )  i n  a  d o s e  d e p e n d e n t  m a n n e r  s e l e c t i v e l y  d i s p l a c e s  
s p e c i f i c a l l y  b o u n d  3 H - i m i p r a m i n e  a n d  i n h i b i t s  t h e  5HT r e u p 
t a k e  ( PNAS 8 0 : 5 1 3 4 ,  1 9 8 3 ) .  T h i s  p u t a t i v e  e n d o c o i d  a c t i n g  o n  
t h e  3H - i m i p r a m i n e  b i n d i n g  s i t e  i s  r e s i s t a n t  t o  p r o n a s e  a n d  
t r y p s i n  d i g e s t i o n ,  h a s  b a s i c  c h a r a c t e r i s t i c s  a n d  c a n  b e  s e p a 
r a t e d  f r o m  b r a i n  5HT w i t h  a  c a t i o n  e x c h a n g e r  r e s i n  a n d  w i t h  a  
µ - B o n d a p a k  C - 1 8  r e v e r s e  p h a s e  HPLC c o l u m n .  M o r e o v e r  i t  i s  
s o l u b l e  i n  m e t h a n o l  a n d  e t h a n o l  w h i l e  i t  i s  p r a c t i c a l l y  i n 
s o l u b l e  i n  p r o p a n o l .  T h e  p h a r m a c o l o g i c a l  a n d  b i o c h e m i c a l  
p r o f i l e  o f  a  n u m b e r  o f  i n d o l e a l k y l a m i n e s  o r  i n d o l e - r e l a t e d  
s t r u c t u r e s  ( 5 - h y d r o x y i n d o l e a c e t i c  a c i d ,  t r y p t o p h o l ,  5 -  
h y d r o x y t r y p t o p h o l , k y n u r a m i n e ,  D - L - k y n u r e n i n e ,  k y n u r e n i c  
a c i d ,  m e t h y l - β - c a r b o l i n e ,  N - a c e t y l - s e r o t o n i n ,  t r y p t a m i n e ,  5 -  
m e t h o x y t r y p t a m i n e ,  h a r m o l ,  h a r m a l o l ,  h a r m a l i n e ,  h a r m i n e ,  
h a r m a n e ,  n o r h a r m a n e )  h a s  b e e n  c o m p a r e d  w i t h  t h e  p r o f i l e  o f  
t h e  e n d o g e n o u s  a u t a c o i d .  No ne o f  t h e s e  i n d o l e - r e l a t e d  s t r u c 
t u r e s  i n h i b i t e d  t h e  3 H - i m i p r a m i n e  s p e c i f i c  b y i d i n g  o r  t h e  5HT 
r e u p t a k e  i n  c o n c e n t r a t i o n s  s m a l l e r  t h a n  1 0 - 5M. I n  c o n t r a s t  
t h e  t e t r a h y d r o - β - c a r b o l i n e - r e l a t e d  c o m p o u n d s  ( t r y p t o l i n e ,  6-  
m e t h o x y t r y p t o l i n e  a n d  6- h y d r o x y - t r y p t o l i n e )  i n h i b i t e d  3H- 
i m i p r a m i n e  b i n d i n g  ( I C 5 0  o f  3 . 0 ;  0 . 2 ;  0 . 6 µM,  r e s p e c t i v e l y )  
a n d  5HT u p t a k e .  A l t h o u g n  t h e  t r y p t o l i n e s  a p p e a r  t o  b e  a  v e r y  
i n t e r e s t i n g  c l a s s  o f  m o l e c u l e s  s u i t a b l e  t o  b e  c o n s i d e r e d  a s  
p o s s i b l e  c a n d i d a t e s  f o r  t h e  r o l e  o f  e n d o g e n o u s  e f f e c t o r ( s )  o f  
t h e  3H - i m i p r a m i n e  b i n d i n g  s i t e  t h e y  s h o w  a n  e l u t i o n  p r o f i l e  
f r o m  r e v e r s e  p h a s e  HPLC w h i c h  i s  d i f f e r e n t  f r o m  t h e  o n e  o f  t h e  
p u t a t i v e  e n d o c o i d  w h i c h  i s  b e i n g  e x t r a c t e d  f r o m  r a t  b r a i n .

239.5  ENKEPHALIN AND SUBSTANCE P MODULATE DISTINCT SYNAPTIC PRO
PERTIES OF CHICK CILIARY GANGLION NEURONS.  J .F . M argiotta 
and D.K. Berg.  Dept. o f B io l.,  Univ. of C a l i f . ,  S.D .; La 
J o l la ,  CA. 92093.

P regang lion ic  te rm in a ls  in  the  chick c i l i a r y  ganglion are 
known to  contain  enkephalin - and substance P - lik e  immu
no reac tiv e  m a te r ia l, though the  only known form of chemical 
transm ission  through the ganglion is  c h o lin e rg ic . We exam
ined the e f fe c ts  o f enkephalin (Enk) and substance P (SP) on 
c i l i a r y  ganglion neurons in c e l l  c u ltu re  to  gain inform ation 
about th e i r  ro le s  i n v ivo . N either neuropeptide acted as a 
conventional n e u ro tran sm itte r, but each depressed synaptic 
events a sso c ia ted  w ith ch o lin e rg ic  input to  the  neurons.

I n t r a c e l lu la r  record ing  from c i l i a r y  ganglion neurons 
grown in d is so c ia te d  c e l l  c u ltu re  revealed  no change in mem
brane p o te n tia l  or conductance when e i th e r  Enk or SP a t 10- 
100 µM was applied  to  c e l l  somata by p ressu re  e je c tio n  from 
a p ip e t .  Enk, however, re v e rs ib ly  depressed the mean ampli
tude of spontaneous ch o lin e rg ic  p ostsynap tic  p o te n tia ls  
(PSPs) th a t  r e s u l t  from synapses formed between the neurons 
in  c u ltu re .  A reduction  of 55 + /-  5% (mean + /-  SE, n=12 
neurons) was observed with 10-40 µM Enk; the  e f fe c t  was 
blocked by 10 µM naloxone. Enk had no e f fe c t  on neuronal 
a ce ty lch o lin e  (ACh) responses as determined by co
ap p lic a tio n  of ACh and Enk to  the  c e l l s ,  suggesting  th a t  the 
e f fe c t  on transm ission  might be p resy n ap tic . C onsisten t 
w ith th i s ,  Enk (10-40 µM) was found to  reduce the  duration  
o f the  Ca++ component of the  action  p o te n tia l  by 30 + /- 5% 
(n=14). This e f fe c t  was a lso  blocked by 10 µM naloxone. A 
reduction  in  Ca++ c u rren t a t a c tiv e  nerve te rm ina ls  would be 
expected to  reduce the amount of ACh re le a se d , and thereby 
r e s u l t  in a depression  o f PSP am plitude.

In c o n tra s t to  Enk, SP did have a d ire c t  e f fe c t  on ACh 
recep to r fu n c tio n . Membrane d ep o la riz a tio n s  induced by pro
longed a p p lic a tio n  of 100 µM ACh + 50 µM SP decayed with a 
h a lf-t im e  o f 1.4 + /-  0 .2  sec , w hile responses to  ACh alone 
decayed w ith a h a lf-t im e  o f 2 .9 + /-  0.3 sec (n=15). This 
im plies an increased  ra te  of recep to r d e se n s itiz a tio n  
brought on by SP.

Previous s tu d ie s  in o ther systems have documented s im ila r 
e f f e c ts  of Enk on Ca++ cu rre n ts  and o f SP on ACh re c ep to rs . 
The p resen t r e s u l ts  in d ic a te  th a t  Enk and SP re leased  from 
a c tiv e  p regang lion ic  te rm in a ls  in the  c i l i a r y  ganglion would 
be l ik e ly  to  a c t a t p re -  and postsy n ap tic  s i t e s ,  respec
t iv e ly ,  to  dim inish ch o lin e rg ic  transm ission  through the 
gang lion .  (Supported by NS 12601; JFM is  an NRS Fellow .)

2 3 9 .6   EFFECT OF D IA LY SIS AND CALCIUM ON TYROSINE HYDROXYLASE FLUC
TUATION STA BILITY PARAMETERS.  P a t r i c k  V. R u s s o * ,  A r n o l d  J .  
M a n d e l l .  D e p t . o f  P s y c h i a t r y ,  U n iv .  o f  C a l i f o r n i a ,  S a n  D i e g o ,  
L a J o l l a ,  CA 9 2 0 9 3 .

T e t r a h y d r o b i o p t e r i n  (BH4 ) i n  a d d i t i o n  t o  i t s  r o l e  a s  c o 
f a c t o r  f o r  t y r o s i n e  h y d r o x y l a s e  (TH) h a s  b e e n  sh o w n  t o  b e  o n e  
o f  t h e  c r i t i c a l  f a c t o r s  i n  c o n t r o l l i n g  t h e  p a t t e r n  o f  k i n e t i c  
s t a b i l i t y  o f  t h i s  e n z y m e  ( R u s s o  & M a n d e l l ,  B r a i n  R e s . ,  i n  
p r e s s  1 9 8 4 ) .  T h i s  p r o p e r t y  o f  BH4 h a s  b e e n  l i k e n e d  t o  t h e  
e f f e c t  o f  t h e  f o r c e  p a r a m e t e r  s e e n  i n  m any n o n l i n e a r  d y n a m i
c a l  s y s t e m s .  T h i s  p r o p o s e d  g e n e r a l i z e d  f o r c e  p a r a m e t e r  m ay 
a l s o  i n c l u d e  t h e  n e t  e f f e c t s  o f  i o n s ,  p e p t i d e s  a n d  o t h e r  mo
l e c u l a r  a g e n t s  b e s i d e s  BH4 .

To a s s e s s  t h e  e f f e c t  o f  c a l c i u m  i o n ,  t h e  35KG s u p e r n a t a n t  
f r a c t i o n  o f  r a t  c a u d a t e  w a s  f i r s t  d i a l y z e d  f o r  1 h r  i n  100 
v o l  o f  5 mM p o t a s s i u m  p h o s p h a t e  b u f f e r ,  pH 7 . 0 ,  a n d  t h e n  
v a r y i n g  c o n c e n t r a t i o n s  o f  c a l c i u m  w e r e  a d d e d  b a c k ,  o n e  c a l 
c iu m  c o n c e n t r a t i o n  p e r  e x p e r i m e n t .  TH v e l o c i t y  w a s  m e a s u r e d  
r a d i o c h e m i c a l l y  a t  50  p o i n t s  i n  t r i p l i c a t e ,  a  new  p o i n t  
s t a r t e d  e v e r y  2 m in  a n d  i n c u b a t e d  f o r  2 m in  o v e r  a  100 - mi n  
" t i m e  c o u r s e , "  a n d  t h e  p a t t e r n  o f  t h e  t im e  c o u r s e  f l u c t u a 
t i o n s  w a s  a s s e s s e d  u s i n g  m e t r i c s  f ro m  n o n l i n e a r  d y n a m ic s  a s  
d e s c r i b e d  e l s e w h e r e  ( R u s s o  & M a n d e l l ,  A n a l .  B i o c h e m . , i n  
p r e s s  1 9 8 4 ) :  e . g .  t h e  a m p l i t u d e  ( r o o t - m e a n - s q u a r e  [R M S ]), t h e  
f r e q u e n c y  (p o w e r  s p e c t r a l  d e n s i t y  [ P S D ] ) ,  t h e  v a r i a n c e  o f  t h e  
PSD c a l l e d  t h e  s p e c t r a l  e n t r o p y  [ H ( f ) ] ,  a n d  a  c o m p o s i t e  f r e 
q u e n c y  (D ) c a l l e d  t h e  f r a c t a l  d i m e n s io n  w e r e  m e a s u r e d .

D i a l y s i s  s i g n i f i c a n t l y  d i s r u p t s  t h e  o r g a n i z a t i o n  s e e n  i n  
t h e  f l u c t u a t i o n s  o f  n o r m a l  c o n t r o l  p r e p a r a t i o n s  a t  1 0  µM BH4 , 
c a u s i n g  a n  i n c r e a s e  i n  r a n d o m n e s s ,  w i t h  t h e  a b o v e  m e a s u r e s  
r e f l e c t i n g  t h i s  a t  p < 0 . 0 5 .  A d d in g  i n c r e a s i n g  c a l c i u m  (u p  
t o  25 µM) t o  t h e  d i a l y z e d  p r e p a r a t i o n s  s y s t e m a t i c a l l y  b r i n g s  
a l l  t h e  m e a s u r e s  o f  f l u c t u a t i o n  s t a b i l i t y  g r a d u a l l y  b a c k  t o  
n o n d i a l y z e d  c o n t r o l  l e v e l s .  C a l c iu m  i s  t h e r e f o r e  p r o p o s e d  
a s  a n o t h e r  o f  t h e  f a c t o r s  w h o s e  c o m b i n a t i o n  a s  a  g e n e r a l i z e d  
f o r c e  p a r a m e t e r  a f f e c t s  t h e  d y n a m ic  s t a b i l i t y  o f  TH. T h i s  
w o r k  i s  s u p p o r t e d  b y  D A - 0 0 2 6 5 -1 1 .
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2 3 9 . 7   S T A B IL IT Y  PARAM ETERS OF RAT RAPHE TRYPTOPHAN HYDROXYLASE: 

THE EFFECTS OF THYROTROPIN RELEASING HORMONE.  S . K n ap p  a n d  
A . J .  M a n d e l l .   D e p t .  P s y c h i a t r y ,  U n i v .  o f  C a l i f o r n i a ,  S a n  
D i e g o ,  L a  J o l l a ,  CA 9 2 0 9 3 .

I n  t h e  p r e s e n c e  o f  s a t u r a t i n g  c o n c e n t r a t i o n s  o f  s u b s t r a t e  
a n d  c o f a c t o r ,  t r y p t o p h a n  h y d r o x y l a s e  (TPOH; E .C . 1 . 1 4 . 1 6 . 4 )  
f ro m  r a t  r a p h e  n u c l e i  m a n i f e s t s  v e l o c i t y  f u n c t i o n s  t h a t  a r e  
c h a r a c t e r i s t i c a l l y  h y p e r b o l i c .  H o w e v e r ,  a t  m o re  n e a r l y  
p h y s i o l o g i c a l ,  c l o s e - t o - e q u i m o l a r  r a t i o s  o f  c o r e a c t a n t  a n d  
e n z y m e  c o n c e n t r a t i o n s ,  m e a s u r e s  a c r o s s  s m a l l  ( 0 . 5  µM) i n t e r 
v a l s  o f  t e t r a h y d r o b i o p t e r i n  (BH4 ) , s u b s t r a t e  ( T R P ) , o r  t im e  
b e c o m e  u n s t a b l e ,  d e v e l o p i n g  r e i t e r a t i v e  a s y m p t o t i c  z o n e s  
(K n a p p  & M a n d e l l ,  J .  N e u r a l  T r a n s m . 4 5 : 1 ,  1 9 7 9 )  s i m i l a r  t o  
t h e  i n t e r m e d i a r y  p l a t e a u s  n o t e d  b y  o t h e r s  i n  s u b s t r a t e  s a t 
u r a t i o n  c u r v e s  o f  o t h e r  r e g u l a t o r y  e n z y m e s .  T h e  k i n e t i c  i n 
s t a b i l i t i e s  o f  r a t  r a p h e  TPOH a r e  c o n s i s t e n t  w i t h  t h e  p r e 
s e n c e  o f  m u l t i p l e  m e t a s t a b l e  s t a t e s ,  a s  d e m o n s t r a t e d  b y  b o t h  
t h e r m a l  a n d  s t o r a g e  i n a c t i v a t i o n  t e c h n i q u e s  a p p l i e d  t o  t h e  
b r a i n  e n z y m e  a n d  t r a n s i t i o n s  am ong  t h r e e  a c t i v i t y  s t a t e s  t h a t  
w e r e  s e n s i t i v e  t o  c h a n g e s  i n  r e d u c i n g  c o n d i t i o n s ,  o b s e r v e d  i n  
m o u se  m a s to c y to m a  TPOH.

T h y r o t r o p i n  r e l e a s i n g  h o rm o n e  (TRH) a n d  i t s  r e c e p t o r s  a r e  
l o c a t e d  i n  b o t h  c e n t r a l  s e r o t o n e r g i c  a n d  d o p a m i n e r g i c  s y s t e m s  
m a k in g  i t  a  c a n d i d a t e  f o r  a  r o l e  i n  r e g u l a t i n g  t h e  s t a b i l i t y  
o f  a  r e p r e s e n t a t i v e  b r a i n  m i x e d - f u n c t i o n  o x y g e n a s e  s u c h  a s  
TPOH. Am ong t h e  s t a t i s t i c a l  a n a l y t i c a l  a p p r o a c h e s  t o  t h e  
f a r - f r o m - e q u i l i b r i u m  k i n e t i c  d a t a  a r e  t h e  p o w e r  f r e q u e n c y  
s p e c t r a l  t r a n s f o r m s  f ro m  tw o  e x p e r i m e n t s  e a c h  p e r f o r m e d  i n  
t h e  a b s e n c e  ( l e f t )  a n d  p r e s e n c e  ( r i g h t )  o f  3 µM TRH a c r o s s  
t i m e .  T h e  m o re  r a n d o m  a p p e a r a n c e  o f  t h e  c o n t r o l  p o p u l a t i o n s  
i s  s h o w n  b y  t h e  m u l t i p l e  b r o a d b a n d  p o w e r  p e a k s  i n  t h e  s p e c 
t r u m ,  c o n s i s t e n t  w i t h  t h e  s i m u l t a n e o u s  e x p r e s s i o n  o f  m u l t i p l e  
d y n a m i c a l  m o d e s .  T h e  TRH i n f l u e n c e  i s  s e e n  a s  a  a  s i n g l e  
b r o a d  b a n d  o n  t h e  s lo w  s i d e  o f  t h e  s p e c t r u m ,  r e p r e s e n t i n g  a  
s t a b i l i z e d  p o p u l a t i o n  h a v i n g  r e d u c e d  d e g r e e s  o f  f r e e d o m .
T h i s  r e s e a r c h  i s  s u p p o r t e d  b y  D A - 0 0 2 6 5 -1 1 .

2 3 9 .8  AN IN VIVO SEMIDERIVATIVE ELECTROANALYSES OF DYNORPHIN(1 - 1 3 )  
ON DOPAMINE AND SEROTONIN RELEASE FROM RAT STRIATUM.
P .A .  B r o d e r i c k ,  D e p a r tm e n t s  o f  P s y c h i a t r y  a n d  N e u r o s c i e n c e ,  
T h e  A l b e r t  E i n s t e i n  C o l l e g e  o f  M e d i c i n e ,  1 3 0 0  M o r r i s  P a r k  
A v e . , B r o n x ,  New Y o rk  1 0 4 6 1 .

D y n o r p h in  ( 1 - 1 3 )  i s  a  p o t e n t  o p i o i d  p e p t i d e  ( G o l d s t e i n  e t  
a l . ,  P r o c .  N a t l .  A c a d .  S c i .  , 7 6 : 6 6 6 , 1 9 7 9 ) .  D y n o r p h i n ( 1- 1 3 )  
h a s  b e e n  sh o w n  t o  s u b s t i t u t e  f o r  m o r p h i n e  i n  m o r p h i n e - d e p e n 
d e n t  m o n k e y s .  Y e t ,  t h e  o p i o i d  p e p t i d e  w a s  i n c a p a b l e  o f  p r o 
d u c i n g  m o r p h i n e - l i k e  o v e r t  e f f e c t s  i n  n o n - t o l e r a n t  m o n k e y s ,  
t h u s  p e r h a p s  p o t e n t i a t i n g  m o r p h in e  e f f e c t s  o n l y  i n  t o l e r a n t  
a n i m a l s  ( A c e to  e t  a l . ,  E u r .  J .  P h a r m a c o l . ,  8 3 : 1 3 9 ,  1 9 8 2 ) .  
T h e  p u r p o s e  o f  t h e  p r e s e n t  p a p e r  w a s  t o  s t u d y  t h e  u n d e r l y i n g  
n e u r o c h e m i s t r y  o f  t h e  p e p t i d e ,  d y n o r p h i n ( 1 - 1 3 ) .

T h e  e f f e c t  o f  d y n o r p h i n ( 1 - 1 3 )  o n  t h e  s i m u l t a n e o u s  r e l e a s e  
o f  t h e  n e u r o t r a n s m i t t e r s  d o p a m in e  a n d  s e r o t o n i n  f ro m  s t r i a t a  
o f  m a l e ,  S p r a g u e - D a w le y  r a t s  w a s  s t u d i e d  b y  s e m i d e r i v a t i v e  
e l e c t r o a n a l y s e s ,  a n  i n  v i v o  e l e c t r o c h e m i c a l  m e t h o d o l o g y .  
C h l o r a l  h y d r a t e ,  a n e s t h e t i z e d  r a t s  (b o d y  t e m p e r a t u r e  m a in 
t a i n e d  a t  3 7 °  C) u n d e r w e n t  s t e r e o t a x i c  s u r g e r y  f o r  p o s i t i o n 
i n g  o f  a  t e f l o n - c o a t e d  w o r k i n g  e l e c t r o d e  ( 1 5 0 - 1 7 5 µ )  ( s t e a r a t e  
m o d i f i c a t i o n ,  B l a h a  a n d  L a n e ,  B r a i n  R e s .  B u l l . , 1 0 : 8 6 1 ,  1 9 8 3 )  
i n  a n t e r i o r  s t r i a t u m .  A A g /A g C l r e f e r e n c e  e l e c t r o d e  a n d  P t  
a u x i l i a r y  e l e c t r o d e  w a s  p l a c e d  i n  c o n t a c t  w i t h  t h e  r a t  c o r 
t e x .  S e m i d e r i v a t i v e  v o l ta m m o g r a m s  w e r e  r e c o r d e d  e v e r y  t e n  
m in .  P o t e n t i a l s  w e r e  a p p l i e d  b e tw e e n  - 2 0 0  a n d  + 5 0 0  m v , a t  
a  s c a n  r a t e  o f  10 mv s e c - 1 . C a l i b r a t i o n  o f  t h e  w o r k i n g  e 
l e c t r o d e  t o o k  p l a c e  i n  p h y s i o l o g i c a l  p h o s p h a t e  b u f f e r  s o 
l u t i o n .

T h e  r e s u l t s  sh o w e d  t h a t  d y n o r p h i n ( 1- 1 3 )  ( 1 . 5  m g /k g  s c )  d e 
c r e a s e d  t h e  d o p a m in e  s i g n a l  39% b e lo w  t h a t  s i g n a l  p r o d u c e d  
b y  e n d o g e n o u s l y  r e l e a s e d  d o p a m in e .  S i m u l t a n e o u s l y ,  d y n o r 
p h i n ( 1- 1 3 )  i n c r e a s e d  t h e  s e r o t o n i n  s i g n a l  40% o v e r  b a s e 
l i n e  v a l u e s .  T h e  o p p o s in g  e f f e c t s  o f  d y n o r p h i n ( 1- 1 3 )  o n  
d o p a m in e  a n d  s e r o t o n i n  r e l e a s e  o c c u r r e d  g r a d u a l l y  o v e r  a  
t h r e e  h o u r  t im e  p e r i o d .  P r e l i m i n a r y  d a t a  f ro m  s t u d i e s  
u s i n g  a  l o w e r  d o s e  o f  d y n o r p h i n ( 1 - 1 3 )  ( 0 . 4  m g /k g  s c )  sh o w e d  
a  s m a l l e r  (18% ) d e c r e a s e  i n  d o p a m in e  r e l e a s e  a n d  l i t t l e  o r  
n o  e f f e c t  o n  s e r o t o n i n  r e l e a s e  f ro m  r a t  s t r i a t u m .  S a l i n e  
h a d  n o  e f f e c t  o n  e n d o g e n o u s l y  r e l e a s e d  s t r i a t a l  d o p a m in e  
a n d  s e r o t o n i n .

T h e s e  d a t a  a r e  c o n s i s t e n t  w i t h  p r e v i o u s  s u g g e s t i o n s  t h a t  
d y n o r p h i n ( 1- 1 3 )  m ay f u n c t i o n  a s  a  m o d u l a t o r y  p e p t i d e .  T h e s e  
d a t a  f u r t h e r  s u g g e s t  t h a t  t h i s  m o d u l a t o r y  r o l e  m ay t a k e  
p l a c e  t h r o u g h  n e u r o t r a n s m i t t e r  r e l e a s e  r e g u l a t i o n .

S u p p o r t e d  b y  USPHS G r a n t  M H 15788. Th e  a u t h o r  i s  g r a t e f u l  t o  
D r .  N . L e e ,  U. o f  C a l i f . ,  S a n  F r a n . ,  f o r  d y n o r p h i n ( 1- 1 3 ) .

2 3 9 . 9   PURIFICATION AND CHARACTERIZATION OF AN ENDOGENOUS MODULATOR 
WITH ACTIVITY AT BENZODIAZEPINE RECEPTORS.  L .  A n t o n i a n * ,  
B .  B e e r ,  A . S .  L i p p a * .   D e p t . o f  CNS R e s . ,  M e d i c a l  R e s e a r c h  
D i v i s i o n  o f  A m e r i c a n  C y a n a m i d  C o . ,  L e d e r l e  L a b s ,  P e a r l  
R i v e r ,  NY 1 0 9 6 5 .

S p e c i f i c  r e c e p t o r s  f o r  b e n z o d i a z e p i n e s  e x i s t  i n  t h e  b r a i n  
a n d  i n  p e r i p h e r a l  t i s s u e .  T h e  i d e n t i t y  o f  t h e  p h y s i o l o g i c a l  
l i g a n d ( s )  f o r  t h e  b e n z o d i a z e p i n e  r e c e p t o r s  r e m a i n s  e q u i v 
o c a l ,  a l t h o u g h  n u m e r o u s  e n d o g e n o u s  s u b s t a n c e s  w h i c h  a c t  o n .  
t h e  b e n z o d i a z e p i n e  r e c e p t o r  h a v e  b e e n  i s o l a t e d  f r o m  v a r i o u s  
t i s s u e s  a n d  b i o l o g i c a l  e x t r a c t s .

We h a v e  i s o l a t e d  a  h i g h l y  p o t e n t  s u b s t a n c e  f r o m  hu man  
a n d  r a t  s e r u m  w h i c h  c o m p e t i t i v e l y  a n d  i n  a  d o s e  d e p e n d e n t  
m a n n e r  i n h i b i t s  b i n d i n g  o f  [ 3H ] - f l u n i t r a z e p a m .  A 50% i n 
h i b i t i o n  o f  0 . 2 5  nM [ 3H ] - f l u n i t r a z e p a m  i s  a c h i e v e d  w i t h  
25  µ l o f  s e r u m .  B a s e d  o n  S c a t c h a r d  a n a l y s e s  50  µ l o f  s e r u m  
i s  e q u i p o t e n t  w i t h  2 nM c l o n a z e p a m  i n  r e d u c i n g  t h e  a f f i n i t y  
o f  [ 3 H ] - f l u n i t r a z e p a m  1 . 5 - 2  f o l d  . G e n e r a l l y ,  8 0  u n i t s  o f  
b i o a c t i v i t y  (10% i n h i b i t i o n  o f  [ 3 H] -F L U  b i n d i n g  e q u a l s  o n e  
u n i t  o f  b i o a c t i v i t y )  p e r  mL o f  s e r u m  i s  o b s e r v e d .  T h e  
p o t e n c y  o f  t h i s  s u b s t a n c e  i s  n o t  a f f e c t e d  b y  GABA m o d u l a t i o n  
o f  [ 3H ] -F L U  b i n d i n g .  T h i s  f a c t o r  h a s  b e e n  p u r i f i e d  1 2 - f o l d  
f r o m  s e r u m  u s i n g  a  B l u e  S e p h a r o s e  C L -6B a f f i n i t y  c o l u m n .
T h e  i s o l a t e d  c o m p l e x ,  " a l b u m i n  a n d  a c t i v e  s u b s t a n c e " ,  r e 
t a i n s  f u l l  a c t i v i t y  a t  [ 3H ] -F L U  b i n d i n g  s i t e s  (~ 8 0  u n i t s  o f  
a c t i v i t y  p e r  mL o f  p u r i f i e d  c o m p l e x ) .  T h i s  a f f i n i t y  p u r 
i f i e d  c o m p l e x  i s  a l s o  p o t e n t  a t  p e r i p h e r a l  BDZ r e c e p t o r s  
a s  m e a s u r e d  b y  i n h i b i t i o n  o f  [ 3 H] R 0 5 - 4 8 6 4  b i n d i n g .  T h e  
b i o a c t i v i t y  o f  " a l b u m i n  a n d  a c t i v e  s u b s t a n c e "  i s  r e s i s t a n t  
t o  t r y p s i n  d i g e s t i o n .

C h e m i c a l  m o d i f i c a t i o n  o f  t h e  a f f i n i t y  p u r i f i e d  c o m p l e x  
w i t h  d i t h i o t h r e i t o l  s e p a r a t e s  t h e  a c t i v e  s u b s t a n c e  f r o m  
a l b u m i n  w h i c h  i s  t h e n  c h r o m a t o g r a p h i c a l l y  p u r i f i e d  b y  HPLC 
o n  m o l e c u l a r  s i e v i n g  a n d  r e v e r s e  p h a s e  c o l u m n s .

T h i s  p u r i f i e d  e n d o g e n o u s  m o d u l a t o r ,  a l t h o u g h  a s  y e t  o f  
a n  u n k n o w n  m o l e c u l a r  n a t u r e ,  i s  a c t i v e  a t  BDZ r e c e p t o r s  
b u t  may p l a y  a  m o r e  g e n e r a l  r o l e  i n  m e m b r a n e  r e c e p t o r  
f u n c t i o n .
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240.1  EFFECT OF LESIONS OF THE NUCLEUS OF THE TRACTUS DIAGONALIS 
(TD) ON PROTEINS IN THE HIPPOCAMPUS AND OCCIPITAL CORTEX AS 
ANALYZED BY TWO-DIMENSIONAL GEL ELECTROPHORESIS (2DE).
W. E. Heydorn, K.Q. Nguyen* , G .J. Creed* and D.M. Jacobow itz.
Lab. of C lin ic a l  Science, NIMH, Bethesda, MD 20205.

2DE i s  a method by which complex m ixtures o f p ro te in s  can 
be reso lved  based upon d iffe ren c e s  in  mass and charge.
When combined w ith  h igh ly  s e n s it iv e  s ta in in g  techniques and 
com pu ter-assis ted  densitom etry , the  r e la t iv e  co n cen tra tion  of 
each p ro te in  p resen t on the  ge ls  can be determ ined. Recent
ly ,  we have embarked on a s e r ie s  of s tu d ie s  designed to  as
c e r ta in  which p ro te in s  a re  reg u la ted  by th e  major neu ro trans
m it te r  systems in  the  CNS. Since the  td  provides the  major 
c h o lin e rg ic  in p u t to  both the  hippocampus (H) and the  occip
i t a l  co rtex  (OC) (Brain Res. B ull. 10:365, 1983), we decided 
to  e le c t r o ly t i c a l ly  a b la te  the  td  and examine p ro te in  concen
t r a t io n s  in  th ese  two b ra in  a reas using  2DE. Rats received  
e i th e r  a sham o r an e le c t r o ly t i c  le s io n  o f the  td . Nine or 
35 days l a t e r ,  the  anim als were k i l le d  and t is s u e  was o b ta in 
ed from the  H, OC and caudate nucleus (CN) fo r determ ination  
o f both cho line  a c e ty ltr a n s fe ra s e  (ChAT) a c t iv i ty  and fo r 
s ep a ra tio n  o f p ro te in s  by 2DE. The td  le s io n  produced a s ig 
n i f i c a n t  red u c tio n  in  ChAT a c t iv i ty  in  both the  H (55%) and 
th e  OC (43%), w hile having no e f f e c t  on enzyme a c t iv i ty  in  
the  CN, a reg ion  no t re ce iv in g  i t s  ch o lin e rg ic  in p u t from the 
td . Of the  140 p ro te in s  analyzed q u a n t i ta t iv e ly , only four 
were found to  be a l te re d  in  con cen tra tio n  in  both the  H and 
the  OC a f t e r  the  td  le s io n . P ro te in  82 (MW 39 Kd, pI  6 .5) 
was reduced 71% in  the  H and 50% in  the  OC nine days a f te r  
th e  le s io n , w hile p ro te in  109 (MW 32 Kd, pI  6 .4) was e levated  
140% in  th e  H and 130% in  th e  OC a t  the  same tim e p o in t. 
T h ir ty -f iv e  days a f t e r  the  le s io n , the  co n cen tra tion  of both 
th ese  p ro te in s  had re tu rn ed  to  co n tro l le v e ls .  A th ir d  pro
te in ,  designa ted  as No. 6 (MW 58 Kd, pI 5 .7 ) ,  was unchanged 
in  co n cen tra tio n  n ine days a f te r  the  le s io n , but was e levated  
44% in  the  H and 27% in  the  OC 35 days a f te r  le s io n . The 
fo u r th  p ro te in  a f fe c te d  by th e  le s io n , No. 74 (MW 39 Kd, pI  
5 .8 ) ,  was s ig n if ic a n t ly  e lev a ted  in  co n cen tra tio n  both 9 and 
35 days a f t e r  the  le s io n  in  the  OC, bu t only a t  day 35 in  the 
H. In  a l l  c ases, no e f f e c t  o f the  le s io n  was d e tec ted  in  the 
CN. These r e s u l t s  suggest th a t  the  con cen tra tio n  of these  4 
p ro te in s  in  b ra in  may be reg u la ted  by the  ch o lin e rg ic  inpu t 
to  th ese  b ra in  a re a s . The p o s s ib i l i ty  e x is ts  th a t  one or 
more o f th ese  p ro te in s  in  b ra in  may be re la te d  to  the  
m uscarin ic  ch o lin e rg ic  re cep to r.

240.2  EFFECTS OF DIETARY CHOLINE SUPPLEMENTATION ON THE 
BEHAVIORAL AND NEUROCHEMICAL EFFECTS OF 
PENTOBARBITAL.  L. Wecker and G. C aw ley*.  D epartm ent 
o f  P harm acology , L o u is ia n a  S t a t e  U niv . Med. C t r . ,  
New O r le a n s , LA 70112.

C hro n ic  su p p le m e n ta tio n  w ith  c h o l in e  to  r a t s  
in c r e a s e s  th e  l e v e l s  o f  c h o l in e  in  b lo o d , does n o t  
a l t e r  th e  c o n c e n t r a t io n  o f  c h o l in e  o r  a c e t y l 
c h o l in e  (ACh) in  b r a i n ,  b u t  m ark ed ly  a l t e r s  th e  
r e s p o n s iv e n e s s  o f  c h o l in e r g ic  n e u ro n s  to  pharm 
a c o lo g ic a l  m a n ip u la t io n .  We h ave p o s tu l a t e d  t h a t  
th e s e  e f f e c t s  a r e  n o t  m e d ia te d  by s p e c i f i c  
a l t e r a t i o n s  in  th e  c h o l in e r g ic  sy s te m , b u t  r a t h e r  
r e f l e c t  a n o n - s p e c i f i c  e f f e c t  o f  c h o l in e  on 
n e u ro n a l  m em branes. To f u r t h e r  c h a r a c t e r i z e  th e  
e f f e c t s  o f  c h o l in e  su p p le m e n ta tio n ,  we in v e s t i g a t e d  
th e  e f f e c t s  o f  d i e t a r y  c h o l in e  a v a i l a b i l i t y  on th e  
b e h a v io r a l  and n e u ro c h e m ic a l e f f e c t s  o f  p e n to b a r 
b i t a l  (PB, 50 m g/kg, i . p . ) .  M ale S p rague -Dawley 
r a t s  ( i n i t i a l  w e ig h t 180-200g) w ere m a in ta in e d  on 
e i t h e r  b a s a l  c h o l in e  chow (0 .2  % c h o l in e  c h lo r id e )  
o r  c h o lin e -su p p le m e n te d  chow (2 .0  % c h o l in e  
c h lo r id e )  f o r  28-32 d a y s . The b e h a v io r a l  e f f e c t s  
o f  PB w ere a s s e s s e d  by m easu rin g  th e  tim e  o f  l o s s  
o f  r i g h t i n g  r e f l e x  and th e  n e u ro c h e m ic a l e f f e c t s  
a s s e s s e d  by q u a n t i t a t i n g  changes in  th e  co n 
c e n t r a t i o n  o f  ACh in  b r a i n .  The s e d a t iv e /h y p n o t ic  
e f f e c t s  o f  PB w ere e v id e n t  in  80% o f  r a t s  
m a in ta in e d  on th e  b a s a l  chow and th e  d u r a t io n  o f  
t h i s  e f f e c t  was 60-100 m in . R a ts  f e d  th e  
su pp lem en ted  chow w ere somewhat r e s i s t a n t  to  th e  
e f f e c t s  o f  PB. Only 25% o f  th e  r a t s  l o s t  t h e i r  
r i g h t i n g  r e f l e x ,  and th e  d u r a t io n  o f  t h i s  e f f e c t  
was 60-75 m in . In  r a t s  t h a t  had  l o s t  t h e i r  
r i g h t i n g  r e f l e x ,  th e  l e v e l s  o f  ACh (30 min a f t e r  
i n j e c t i o n  o f  PB) in c r e a s e d  by 25%, 65%, and 100% 
in  s t r i a tu m ,  h ippocam pus, and c o r te x  r e s p e c t i v e l y , 
r e g a r d le s s  o f  w hich  d i e t a r y  reg im en  th e  r a t s  w ere 
f e d .  S im i la r ly ,  in  a l e r t  r a t s  t h a t  had  been  i n j e c 
te d  w ith  PB, no change in  th e  l e v e l s  o f  ACh w ere 
n o te d  in  th e  h ippocam pus o r  c o r te x ,  d e s p i te  th e  
d i f f e r e n t  d i e t s .  R e s u l ts  i n d i c a t e  t h a t  supp lem en
t a t i o n  w ith  c h o l in e  does n o t  a l t e r  th e  c h o l in e r g ic  
re sp o n s e  o f  b r a in  n e u ro n s  to  PB, b u t  does s i g n i f i 
c a n t ly  a t t e n u a t e  th e  b e h a v io r a l  r e s p o n s e .
(S u p p o rted  by USDHHS g r a n t  NIMH 3 3 4 4 3 .)

2 4 0 .3   FACTORS A F FE C T IN G  THE S I Z E  OF CH O L IN E R G IC  NEURONS IN  THE 
BASAL FO REBRA IN  OF THE RAT: EV ID E N C E  FOR P L A S T IC IT Y .
M .V . S o f r o n i e w ,  R .C .A . P e a r s o n *  a n d  T .P .S . P o w e l l * .   D e p t . o f  
Human A n a to m y , U n i v e r s i t y  o f  O x f o r d ,  O x f o r d  OX1 3QX, U.K.

I n  p r e v i o u s  s t u d i e s  we e x a m in e d  t h e  r e s p o n s e  o f  c h o l i n e r 
g i c  n e u r o n s  i n  t h e  b a s a l  n u c l e u s  o f  M e y n e r t  (B N ) t o  d a m a g e  
o f  t h e  c e r e b r a l  c o r t e x  u p o n  w h i c h  t h e y  p r o j e c t .  F o l l o w i n g  
u n i l a t e r a l  d a m a g e , i p s i l a t e r a l  c e l l s  s h r i n k  b u t  do  n o t  d i e 1 
a n d  c o n t r a l a t e r a l  c e l l s  h y p e r t r o p h y  ( i n  p r e s s ) .  F o l l o w i n g  
b i l a t e r a l  d a m a g e , c e l l s  o n  b o t h  s i d e s  s h r i n k  b u t  d o  n o t  d i e .  
I n  o r d e r  t o  s t u d y  t h e  f a c t o r s  u n d e r l y i n g  t h e s e  c h a n g e s ,  
f u r t h e r  e x p e r i m e n t s  h a v e  b e e n  c o n d u c t e d .  F i f t y - t w o  W i s t a r  
r a t s  w e r e  u s e d .  E x p e r i m e n t a l  r a t s  a n d  t h e i r  m a tc h e d  c o n t r o l s  
w e r e  p e r f u s e d ,  t h e  b r a i n s  p r o c e s s e d  f o r  im m u n o h i s t o c h e m ic a l  
d e t e c t i o n  o f  c h o l i n e  a c e t y l t r a n s f e r a s e  (ChAT) a n d  t h e  c r o s s  
s e c t i o n a l  a r e a s  o f  BN c e l l s  m e a s u r e d  o n  b o t h  s i d e s 1 . T h e  
i m p o r t a n c e  o f  a g e  a t  o p e r a t i o n  a n d  s u r v i v a l  t i m e  o n  t h e  
h y p e r t r o p h y  o f  c e l l s  o n  t h e  s i d e  o p p o s i t e  t o  u n i l a t e r a l  
c o r t i c a l  d a m a g e  w a s  e x a m i n e d  i n  l i t t e r m a t e  p a i r s .  I t  w a s  
g r e a t e s t  w h e n  a n i m a l s  w e r e  o p e r a t e d  o n  w h e n  i m m a t u r e ,  b u t  
o c c u r r e d  a t  a l l  a g e s .  I t  w a s  p r e s e n t  b y  s e v e n  d a y s ,  w a s  
m ax im u m  b y  o n e  m o n t h ,  a n d  p e r s i s t e d  a f t e r  a  y e a r  p o s t -  
o p e r a t i v e l y .  T h e  i m p o r t a n c e  o f  c o m m i s s u r a l  p r o j e c t i o n s  t o  
t h e s e  c h a n g e s  w a s  e x a m i n e d  b y  t r a n s e c t i o n  o f  t h e  c o r p u s  
c a l l o s u m .  T h i s  r e s u l t e d  i n  a  h y p e r t r o p h y  o f  c e l l s  o n  b o t h  
s i d e s  o f  t h e  BN o f  a  s i m i l a r  s c o p e  a n d  d i m e n s i o n  t o  t h a t  
p r e v i o u s l y  s e e n .  T h e  e f f e c t  o f  d e s t r u c t i o n  o f  c o r t i c a l  n e u 
r o n s  w i t h o u t  d a m a g e  t o  c h o l i n e r g i c  a f f e r e n t s  w a s  e x a m in e d  by  
a p p l i c a t i o n  o f  k a i n i c  a c i d  u n i l a t e r a l l y  t o  t h e  c o r t e x .  T h i s  
r e s u l t e d  i n  s h r i n k a g e ,  b u t  n o t  d e a t h  o f  i p s i l a t e r a l  c e l l s ,  
i n  a  m a n n e r  i d e n t i c a l  t o  c o r t i c a l  d e s t r u c t i o n .  H o w e v e r ,  i n  
c o n t r a s t  t o  c o r t i c a l  d e s t r u c t i o n ,  t h e r e  d i d  n o t  a p p e a r  t o  b e  
a n y  h y p e r t r o p h y  o f  c o n t r a l a t e r a l  c e l l s .  T h e s e  f i n d i n g s  i n d i 
c a t e  t h a t  c h o l i n e r g i c  c e l l s  o f  t h e  BN w i l l  u n d e r g o  p r o n o u n c 
e d  c h a n g e s  i n  c e l l  s i z e  u n d e r  a  v a r i e t y  o f  c i r c u m s t a n c e s .  O f 
p a r t i c u l a r  i n t e r e s t  i s  t h e i r  c a p a c i t y  t o  h y p e r t r o p h y .  I n  
o t h e r  s y s t e m s ,  n e u r o n a l  h y p e r t r o p h y  h a s  b e e n  c o r r e l a t e d  w i t h  
t e r m i n a l  s p r o u t i n g . I n  t h i s  s y s t e m ,  r e c o v e r y  w i t h  t im e  o f  
c o r t i c a l  ChAT a c t i v i t y  h a s  b e e n  r e p o r t e d  f o l l o w i n g  s u b t o t a l  
l e s i o n  o f  t h e  BN. T o g e t h e r  t h e s e  f i n d i n g s  s u g g e s t  a  m a rk e d  
c a p a c i t y  f o r  p l a s t i c i t y  o f  t h e s e  n e u r o n s .
1 S o f r o n i e w ,  M .V . e t  a l . ,  B r a i n  R e s .  2 8 9  ( 1 9 8 3 )  3 7 0 - 3 7 4 .
2 G o l d s c h m i d t  & S t e w a r d ,  J .C o m p .N e u r o l .  1 8 9  ( 1 9 8 0 )  3 5 9 - 3 7 9 .
3 W e n k , G .L . & O l t o n ,  D .S . ,  B r a i n  R e s .  2 9 3  ( 1 9 8 4 )  1 8 4 - 1 8 6 .

2 4 0 .4   INTRACELLULAR ANALYSIS OF FUNCTIONAL CONNECTIONS BETWEEN 
TRANSPLANTED SEPTAL CHOLINERGIC NEURONS AND HOST HIPPOCAMPUS  
M. S e g a l , *  C e n t e r  f o r  N e u r o s c i e n c e s ,  T h e  W eizm an n  I n s t i t u t e  
o f  S c i e n c e .  7 6 1 0 0  R e h o v o t ,  I s r a e l (SPON : E . H a z u m ) .

A c e t y l c h o l i n e  (A ch ) t r i g g e r s  a  n u m b e r  o f  p o s t s y n a p t i c  
r e s p o n s e s  i n  h ip p o c a m p a l  n e u r o n s .  T h e s e  i n c l u d e  a c t i v a t i o n  
o f  a  t r a n s i e n t  K+ c u r r e n t ,  b l o c k a d e  o f  a  n o n - i n a c t i v a t i n g  
K c u r r e n t  a c t i v a t e d  b y  d e p o l a r i z a t i o n  ( I m ) . a n d  b l o c k a d e  o f  
Ca d e p e n d e n t  K c u r r e n t  ( I c )  a n d  p e r h a p s  o t h e r  K c u r r e n t s  a s  
w e l l .  C a l c iu m ,  t e m p e r a t u r e  a n d  m em b ran e  p o t e n t i a l  d e t e r m i n e  
so m e e f f e c t s  o f  A c h . T h e  s l i c e  p r e p a r a t i o n ,  w h e r e  t h e s e  o b 
s e r v a t i o n s  w e r e  m a d e , l a c k s  a n  i n t a c t  c h o l i n e r g i c  p a th w a y .  
T h u s ,  a  c o m p a r i s o n  b e tw e e n  e f f e c t s  o f  A ch a n d  a c t i v a t i o n  o f  
a  c h o l i n e r g i c  s y n a p s e  c a n n o t  b e  m ad e  d i r e c t l y .  T h e  t r a n s 
p l a n t a t i o n  o f  s e p t a l  n e u r o n s  i n t o  a  h o s t  h ip p o c a m p u s  c a n  
p r o v i d e  s u c h  a  t e s t  s y s t e m .

T h e  s e p t a l  n u c l e i  o f  e m b r y o n ic  r a t s  w e r e  d i s s o c i a t e d  
m e c h a n i c a l l y  u n d e r  s t e r i l e  c o n d i t i o n s .  C e l l  s u s p e n s i o n s  w e r e  
i n j e c t e d  s t e r e o t a x i c a l l y  i n t o  t h e  h ip p o c a m p u s  o f  f o r n i x  
t r a n s e c t e d  a d u l t  r a t s ,  a c c o r d i n g  t o  t h e  m e th o d  o f  B j ö r k l u n d  
e t  a l .  ( A c ta  P h y s i o l .  S c a n d .  S u p p l . 5 2 2 : 1 - 7 ,  1 9 8 3 ) .  T h e  
h o s t  r a t s  w e r e  s a c r i f i c e d  so m e 1 - 3  m o n th s  a f t e r  t h e  o p e r a t i o n  
a n d  t h e  h ip p o c a m p u s  s l i c e d  i n t o  3 5 0 µm t r a n s v e r s e  s l i c e s .  
I n t r a c e l l u l a r  r e c o r d i n g  w as m ade f ro m  CAI n e u r o n s  a d j a c e n t  
t o  t h e  g r a f t .  E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  g r a f t  p r o d u c e d  
a  v o l t a g e  d e p e n d e n t  d e p o l a r i z a t i o n  i n  so m e r e c o r d e d  n e u r o n s .  
T h i s  w as a s s o c i a t e d  w i t h  a n  i n c r e a s e  i n  s p o n t a n e o u s  a n d  
a n o d a l  b r e a k  a c t i o n  p o t e n t i a l  d i s c h a r g e s .  In  a d d i t i o n ,  a  
h y p e r p o l a r i z i n g  r e s p o n s e  w h ic h  t y p i c a l l y  f o l l o w s  a  b u r s t  d i s 
c h a r g e  w as b l o c k e d  d u r i n g  t h e  d e p o l a r i z a t i o n  i n d i c a t i n g  t h a t  
t h e  s t i m u l a t i o n  m ay b l o c k  I c .  T h e  e f f e c t s  o f  t h e  s t i m u l a t i o n  
w e r e  a n t a g o n i z e d  b y  a t r o p i n e .  A r e s p o n s e  t o  t h e  s t i m u l a t i o n  
w as s e e n  tw o  w e e k s  b u t  n o t  o n e  w e e k  a f t e r  g r a f t i n g .  O v e r  
t i m e ,  c e l l s  t h a t  w e r e  l o c a t e d  aw ay  f ro m  t h e  g r a f t  b e c a m e  
a c t i v a t e d  b y  t h e  s t i m u l a t i o n .  T h i s  w as  c o r r e l a t e d  w i t h  t h e  
e x t e n t  o f  p r o l i f e r a t i o n  o f  a c e t y l c h o l i n e - e s t e r a s e  c o n t a i n i n g  
f i b e r s  a r o u n d  t h e  g r a f t .  Som e o f  t h e  e f f e c t s  o f  g r a f t  s t i m u 
l a t i o n  w e r e  m im ic k e d  b y  t o p i c a l  a p p l i c a t i o n  o f  A c h .

T h e s e  r e s u l t s  s u g g e s t  t h a t  g r a f t e d  s e p t a l  n e u r o n s  m ake v i 
a b l e  c h o l i n e r g i c  c o n n e c t i o n s  w i t h  a  h o s t  h i p p o c a m p u s .
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240.5 PHYSIOLOGY OF CORTICALLY PROJECTING NEURONS IN MONKEY 
NUCLEUS BASALIS OF MEYNERT.  G. Agton-Jones1, J. Rogers, S. 
G ra n t2 , M. E n n is* 1 , R.  S haver*1 and R. B a r tu s 3 .  D ept. 
N eu ro lo g y , U. M ass. Med. C n tr . ,  W o rc e s te r , MA 01605;  
1D e p t. B io lo g y ,  NYU, New Y o rk , NY 10003 ; 2D ep t. 
P s y c h ia t r y ,  Y ale  Univ. Med. Sch ., New Haven, CT 06508; 
3L ederle  Labs., P ea rl R iver, NY 10965.

A d i r e c t  ch o lin e rg ic  p ro je c tio n  to  cereb ro co rtex from 
b a sa l fo reb ra in  (nucleus b a s a l is  o f Meynert in  p rim ates) 
(nBM) has been dem onstrated  fo r  many sp ec ie s . This system  
i s  o f  in t e r e s t  bo th  because i t  i s  a nonthalam ic source o f 
w idespread c o r t i c a l  in n e rv a tio n  (s im ila r  to  catecholam ine 
and in d o la m in e  sy stem s) and b e cau se  nBM d e g e n e ra t io n  i s  
im p lica ted  in  A lzheim er's D isea se . We r e c e n t ly  r e p o r te d  
on th e  physio logy o f p u ta tiv e ly  ch o lin e rg ic  nBM neurons in  
young a d u lt  and aged ro d en ts  (Aston-Jones e t  a l . ,  N eurosci 
A b st, 1983; N e u ro sc i L e t t ,  1984; B ra in  R es, in  p r e s s ;  
R ogers e t  a l . ,  N e u ro sc i A b st, 1983). In  th e  p r e s e n t  
s tudy , we in v e s t ig a te d  th i s  system  in  young a d u l t  monkeys.

To d a te , s in g le  u n i t  nBM reco rd in g s  have been ob tained  
in  3 C . a p p e l la  monkeys u n d er h a lo th a n e  a n e s th e s i a .  
C o r t i c a l ly  p r o j e c t i n g  n e u ro n s  w e re  i d e n t i f i e d  by 
a n t id ro m ic  a c t i v a t i o n  ( v e r i f i e d  w ith  h ig h -f re q u e n c y  
d r iv in g  o r  c o l l i s i o n  t e s t i n g ) .  F i f t e e n  h i s t o l o g i c a l l y  
lo c a liz e d  nBM neurons met a n tid ro m ic ity  c r i t e r i a ,  w ith  13 
d r iv e n  from  f r o n t a l  and 2 from  so m ato sen so ry  c o r te x .  
Spon taneous d is c h a rg e  p a t t e r n s  v a r ie d  among c e l l s ;  in  
f a c t ,  many d riv en  c e l l s  were nonspontaneous.

The ra n g e  o f  c o n d u c t io n  l a t e n c i e s  was 4 .6 -39 .0  ms 
(m edian = 8.0 ms) in  p r e f r o n t a l  c o r te x ,  and 6 .2 -31 .0  ms 
(m edian = 17.0 ms) i n  m id f ro n ta l  c o r te x .  Based on e s t i 
mated f ib e r  len g th s  o f 28 and 43 mm, re s p e c tiv e ly , th e se  
l a t e n c i e s  t r a n s l a t e  to  c o n d u c tio n  v e l o c i t i e s  o f  0 .7 -6 .9  
m /s. Such va lues  suggest th a t  many nBM f ib e r s  a re  m yeli
n a te d .  C o n d uction  l a t e n c i e s  f o r  so m ato sen so ry  c o r te x  
ran g ed  from  33 .0 -84 .0  ms (m edian = 61.5 ms). M ost c e l l s  
e x h ib ite d  m u ltip le  an tid rom ic  la te n c ie s  from s in g le  stim u
l a t i o n  s i t e s .  In d eed , f o r  many c e l l s  th e  d r iv e n  s p ik e  
"jum ped" b e tw een  tw o c o n s ta n t  l a t e n c i e s  on s u c c e s s iv e  
s t im u li .  In  a d d itio n , 12 o f  14 c e l l s  te s te d  were a n tid ro 
m ica lly  a c t iv a te d  from d i f f e r e n t  c o r t ic a l  s i t e s  separa ted  
by 2 -12 mm m e d io la te r a l ly .  T hese r e s u l t s ,  s i m i l a r  to  
those  ob ta ined  in  ro d en ts , in d ic a te  th a t  nBM f ib e r s  branch 
s u b s ta n t ia l ly  w ith in  f r o n ta l  and som atosensory co rtex .

S u p p o r te d  by  NINCDS NS19360 (G .A .-J .) an d  th e  
A lzheim er's D isease and R elated  D isorders Assoc. (J. R.).

2 4 0 . 6   CENTRAL CHOLINESTERASE IN H IB IT IO N  AND BEHAVIORAL DEPRESSION 
PRODUCED BY INTRASTRIATAL D FP.  M .R .L y n c h , M .A .R ic e *  a n d  S .E .  
R o b in s o n .  D e p t . o f  P h a r m a c o lo g y  a n d  T o x i c o l o g y ,  M e d ic a l  
C o l l e g e  o f  V a . ,  R ic h m o n d , V a. 2 3 2 9 8  (S P ON: M .J .K a l l m a n )

C e n t r a l  AChE i n h i b i t i o n  w a s i n d u c e d  by  b i l a t e r a l  i n f u s i o n  
o f  DFP ( 4 0 . 7 5 ,  8 1 . 5  o r  1 6 3 n m o l)  d i s s o l v e d  i n  1 : 9  e m u l p h o r :  
CSF v e h i c l e  a n d  m e a s u r e d  by  t h e  m e th o d  o f  E l lm a n  e t  a l .  ( B io 
c h e m . P h a rm . , 7 : 8 8 ,  1 9 6 1 ) .  E ac h  d o s e  w a s e v a l u a t e d  a t  2 0  m in ,  
1 h r  a n d  24  h r  a f t e r  i n t r a s t r i a t a l  a d m i n i s t r a t i o n  i n  u n a n e s 
t h e t i z e d  r a t s .  I n  a d d i t i o n ,  s p o n t a n e o u s  l o c o m o t o r  b e h a v i o r  
w a s m e a s u r e d  a t  a l l  t h r e e  t i m e  p o i n t s  f o r  t h e  8 1 . 5  a n d  163  
nm ol d o s e s .  S t e r e o t a x i c a l l y  i m p la n t e d  g u i d e  c a n n u l a s  w e r e  
a im e d  a t  A P + 7 .2 ,L ± 3 ,D V -3  (K o n ig  & Kl i p p e l )  72  h r  p r i o r  t o  
d r u g  o r  v e h i c l e  i n f u s i o n .  T u b in g  c o n n e c t e d  i n t e r n a l  c a n n u 
l a s  t o  tw o  50 µ l H a m i l to n  s y r i n g e s ,  s i m u l t a n e o u s l y  d r i v e n  b y  
a n  i n f u s i o n  pump a t  1 µ l / m i n .  S p e c t r o p h o t o m e t r i c  d e t e r m i n a 
t i o n s  o f  a c e t y l t h i o c h o l i n e  h y d r o l y z e d / m i n  w e r e  m ad e  w i t h  h o 
m o g e n a te s  f r o m  b i l a t e r a l l y  p o o l e d  s t r i a t a ,  p a r i e t a l  c o r t i c e s ,  
h i p p o c a m p i ,  a m y g d a lo id  c o m p le x e s  a n d  t h e  h y p o th a l a m u s  a n d  
m e d u l l a / p o n s ,  a s  w e l l  a s  f r o m  f r e s h  t r u n k  b lo o d .

S i g n i f i c a n t  e n z y m e  i n h i b i t i o n  w a s p r o d u c e d  b y  a l l  d o s e s  
a t  a l l  t i m es f o r  t h e  s t r i a t u m ,  m e d u l l a / p o n s  a n d  p a r i e t a l  
c o r t e x  (X=40% o f  c o n t r o l  f o r  t h e  s t r i a t u m  v s  5 9 -7 0 %  f o r  
o t h e r  a r e a s  w i t h  8 1 .5 n m o l  a t  b o t h  2 0  m in  a n d  1 h r ) .  A l l  b u t  
t h e  2 0  m in  m e a s u r e  f o r  4 0 .7 5 n m o l  y i e l d e d  s i g n i f i c a n t  i n h i b i 
t i o n  i n  t h e  h y p o th a l a m u s  a n d  h ip p o c a m p u s  (6 8 - 7 0 % , a s  a b o v e ) ,  
w i t h  t h e  a m y g d a la  s h o w in g  a  d i f f e r e n t  p a t t e r n  f o r  a l l  m e a s 
u r e s .  T ru n k  b lo o d  w a s s i g n i f i c a n t l y  l o w e r  o n l y  a t  1 h r  w i t h  
163 n m o l a n d  24  h r  w i t h  8 1 .5 n m o l .  E x a m in a t io n  o f  t h e  % v e h i 
c l e - c o n t r o l  v a l u e s  f o r  e a c h  b r a i n  a r e a  r e v e a l e d  s i g n i f i c a n t 
l y  l o w e r  %s f o r  t h e  h i g h  d o s e  i n  a l l  a r e a s .  A l t h o u g h  t h i s  
d o s e  sh o w e d  a  t r e n d  to w a r d  e n z y m e  r e c o v e r y  o v e r  t i m e ,  t h i s  
w a s  n o t  s i g n i f i c a n t .

L o c o m o to r  b e h a v i o r ,  m e a s u r e d  i n  5 m in  i n t e r v a l s  o v e r  3 0 -  
m in  s e s s i o n s ,  w a s  d e t e r m i n e d  b y  t h e  n u m b e r  o f  a c t i v i t y  
c o u n t s  f r o m  c a p a c i t y - c o u p l e d  p l a t f o r m s .  S i g n i f i c a n t  d e p r e s 
s i o n s  w e r e  n o t e d  w i t h  t h e  16 3 n m o l d o s e  a t  2 0  m in  a n d  1 h r ,  
w hen t h e r e  w as a n  o v e r a l l  i n h i b i t i o n  o f  AChE i n  a l l  b r a i n  
a r e a s  (<40%  f o r  a l l  b u t  a m y g d a la  a t  1 h r ) .  A c t i v i t y  w a s  
n o rm a l a t  24  h r  h o w e v e r ,  w h i l e  e n z y m e  i n h i b i t i o n  r e m a in e d  
s i g n i f i c a n t l y  r e d u c e d .  F o r  8 1 .5 n m o l , t h e r e  w a s  s i g n i f i c a n t  
b e h a v i o r a l  d e p r e s s i o n  o n l y  a t  2 0  m in .  T h i s  i s  i n t e r e s t i n g  
i n  l i g h t  o f  t h e  f a c t  t h a t  e n z y m e  a c t i v i t y  i n  t h e  s t r i a t u m  
w a s  t w i c e  t h a t  o b s e r v e d  a f t e r  t h e  163 n m o l d o s e  (3 8  v s  2 0 % ) , 
w h i l e  a l l  o t h e r  a r e a s  r e m a in e d  a t  >70%  c o n t r o l  v a l u e s  ( e x 
c e p t  f o r  t h e  p a r i e t a l  c o r t e x  a t  6 0 % ). ( S u p p o r t e d  b y  DAMD17- 
8 3 - C - 3 1 8 3  f r o m  t h e  USAMRDC).

240.7  ACETYLCHOLINESTERASE FROM THE SKELETAL MUSCLE OF 
THE LAMPREY, PETROMYZON MARINUS.  Leo Pezzementi .  
Depts. o f  Biology and Chem istry, O berlin C ollege, 
O berlin , Ohio 44074

The lamprey is  considered to  be one o f the most 
p rim itiv e  su rv iv ing  v e r te b ra te s .  A cety lch o lin este rase  
hydrolyzes a ce ty lch o lin e  a t  the neuromuscular junc tion  
o f v e r te b ra te s ,  and thus plays an im portant ro le  in  
neuromuscular tran sm issio n . A biochem ical study o f the 
a c e ty lc h o lin e s te ra s e  from the s k e le ta l  muscle o f the 
lamprey, Petromyzon m arinus, could provide evidence 
concerning the evo lu tion  o f a ce ty lc h o lin e s te ra se  in  
v e r te b ra te s .

I  found th a t  e x tra c ts  of lamprey s k e le ta l  muscle 
hydrolyzed ace ty lth io ch o lin e  a t  a ra te  o f 0.83 nmoles 
min-1 mg- 1 (SD = 0.23 nmoles min-1 mg- 1 , N = 11). 
Optimal e x tra c tio n  o f a ce ty lc h o lin e s te ra s e  a c t iv i ty  
was obtained  in  10 mM NaHPO4, pH 7 .2 , 0.25 mM EDTA, 150 
mM NaCl, and 0.5% T riton  X-100. The apparent Km o f the 
a c e ty lc h o lin e s te ra s e  a c t iv i ty  was 31 µM (SD = 10.1 µM, 
N = 3 ), and the  enzyme was in h ib ite d  by excess 
s u b s tr a te .  The a c e ty lc h o lin e s te ra s e  a c t iv i ty  was a lso  
in h ib ite d  by BW 284c51, an in h ib i to r  o f 
a c e ty lc h o lin e s te ra s e  (IC50 = 5.6 nM, SD = 1.5 nM, 
N = 5 ) . However, i s o-OMPA and e thopropazine, 
in h ib i to r s  o f p seu d o ch o lin este rase , did not in h ib i t  the 
a c e ty lc h o lin e s te ra s e  a c t iv i ty  u n t i l  high co n cen tra tio n s  
o f drug were reached. These data  in d ic a te  th a t  the 
a ce ty lc h o lin e s te ra s e  a c t iv i ty  o f lamprey s k e le ta l  
muscle is  due to  a c e ty lc h o lin e s te ra s e  and not to  
p seu d o ch o lin este rase .

V elocity  sedim entation  on sucrose g rad ien ts  
revealed  a s in g le  m olecular form o f 
a c e ty lc h o lin e s te ra s e  w ith an apparent sedim entation  
c o e f f ic ie n t  o f  8 .3  S (SD = 0.01 S, N = 3 ) . This i s  
unusual fo r v e rte b ra te  s k e le ta l  muscle. I  performed 
th ese  sed im entation  v e lo c ity  experim ents w ith frozen  
(-80° C) muscle e x trac ted  in  b u ffers  th a t  lacked 
p ro tease  in h ib i to r s .  I  plan to  rep ea t and extend these  
experim ents w ith fre sh  muscle ex trac ted  in  the presence 
o f  p ro tease  in h ib i to r s .

No 125I- α -bungarotoxin binding to  e x tra c ts  of 
lamprey s k e le ta l  muscle was d e te c te d . This research  
was supported by a g ran t from O berlin  C ollege.

2 4 0 .8   PRE- AND POSTSYNAPTIC ACTIONS OF ACETYLCHOLINE (A C h) IN THE 
CINGULATE CORTEX IN V ITRO .  D .A . M cC o rm ick  a n d  D .A . P r i n c e . 
D e p t .  N e u r o l . ,  S t a n f o r d  M ed. C t r . ,  S t a n f o r d ,  CA 9 4 3 0 5 .

A p p l i c a t i o n  o f  ACh t o  n e u r o n s  o f  t h e  m o t o r - s e n s o r y  c o r t e x  
o r  h ip p o c a m p u s  c a u s e s  a l o n g  l a t e n c y  m u s c a r i n i c  s lo w  d e p o 
l a r i z a t i o n  a n d  i n c r e a s e  i n  i n p u t  r e s i s t a n c e  (R N) .  ACh a l s o  
h a s  p r e s y n a p t i c  a c t i o n s  i n  h ip p o c a m p u s  w h e r e  i t  r e d u c e s  t h e  
a m p l i t u d e  o f  E P SP s a n d  IP S P s  o n  CAT p y r a m i d a l  n e u r o n s ,  how 
e v e r  s u c h  e f f e c t s  h a v e  n o t  b e e n  e x a m in e d  i n  t h e  n e o c o r t e x .  
We t h e r e f o r e  s t u d i e d  t h e  a c t i o n s  o f  ACh on  n e u r o n s  o f  g u i n e a  
p i g  c i n g u l a t e  c o r t e x  s l i c e s ,  m a i n t a i n e d  i n  v i t r o  a t  3 6 ° C .

R e c o r d i n g s  f r o m  1 8 5  l a y e r  V c e l l s  w e r e  o b t a i n e d  d u r i n g  
a p p l i c a t i o n  o f  ACh ( 5 - 2 0  mM) m i c r o d r o p s  f r o m  a  5 - 1 0 µ  p i p e t t e  
n e a r  t h e  r e c o r d i n g  e l e c t r o d e .  A t  r e s t i n g  m em b ra n e  p o t e n t i a l  
(Vm ) ACh e v o k e d  a  s h o r t  (<  0 . 5  s e c )  l a t e n c y  b a r r a g e  o f  d e p o 
l a r i z i n g  P S P s ;  a d e c r e a s e  i n  RN ; a d e c r e a s e  i n  t h e  a m p l i t u d e  
o f  o r t h o d r o m i c  P S P s ;  b u t  no  s lo w  d e p o l a r i z a t i o n .  I n  c o n 
t r a s t ,  w hen  n e u r o n s  w e r e  d e p o l a r i z e d  f r o m  r e s t  b y  1 0 - 1 5  mV 
w i t h  DC c u r r e n t ,  ACh e l i c i t e d  a  s h o r t  l a t e n c y  h y p e r p o l a r i 
z a t i o n ,  a  b a r r a g e  o f  d e p o l a r i z i n g  a n d  h y p e r p o l a r i z i n g  P S P s ,  
a n d  a  d e c r e a s e  i n  RN i n  n e a r l y  a l l  c e l l s .  T h i s  w a s  f o l 
lo w e d  a f t e r  3 - 5  s e c  b y  a  l o n g  l a s t i n g  d e p o l a r i z a t i o n  a n d  
r e p e t i t i v e  s p i k i n g  i n  a b o u t  50% o f  c e l l s .  A l l  r e s p o n s e s  
w e r e  b l o c k e d  b y  a t r o p i n e  ( 1 0 -6M) b a t h  p e r f u s i o n .  T h e  e a r l y  
h y p e r p o l a r i z i n g  r e s p o n s e  h a d  a n  a v e r a g e  r e v e r s a l  p o t e n t i a l  
o f  - 7 5 . 8  mV, w h ic h  w a s s i m i l a r  t o  t h a t  f o r  o r t h o d r o m i c  IP S P s  
( - 6 9 . 6  mV) a n d  h y p e r p o l a r i z i n g  r e s p o n s e s  p r o d u c e d  b y  GABA 
a p p l i c a t i o n .  T h e  P S P s a n d  t h e  h y p e r p o l a r i z i n g ACh r e s p o n s e  
w e r e  b lo c k e d  b y  b a t h  a p p l i c a t i o n  o f  3 mM Mn+ + , 0 . 5  mM Ca+ + , 
o r  TTX ( 1 µ M ), w h i l e  t h e  l a t e  d e p o l a r i z a t i o n  w a s  n o t .  T h e  
e a r l y  h y p e r p o l a r i z a t i o n  a n d  s p o n t a n e o u s  h y p e r p o l a r i z i n g  P SP s 
s e e n  i n  d e p o l a r i z e d  n e u r o n s  w e r e  b lo c k e d  b y  b i c u c u l l i n e  o r  
p i c r o t o x i n  ( 5 0  µ M ), a l t h o u g h  E PSPs c o u l d  s t i l l  b e  e v o k e d  by  
ACh a p p l i c a t i o n .  I n  TTX, ACh c o u l d  e l i c i t  s l o w  d e p o l a r i z a 
t i o n s  a n d  s u p e r im p o s e d  s p i k e s  p r o b a b l y  m e d i a t e d  b y  Ca+ + . IV 
p l o t s  i n  TTX s h o w e d  t h a t  ACh p r o d u c e d  a  v o l t a g e - d e p e n d e n t  
i n c r e a s e  i n  RN a t  V ms  < - 6 5  mV. N e u ro n s  w i t h  s lo w  d e p o l a r 
i z i n g  r e s p o n s e s  w e r e  i d e n t i f i e d  a s  p y r a m i d a l  t y p e  c e l l s  w i t h  
L u c i f e r  Y e l lo w .  O u r d a t a  a r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  
t h a t  ACh h a s  tw o  e f f e c t s :  1 )  a r a p i d  d e p o l a r i z a t i o n  o f  
G A B A e rg ic  ( a n d  o t h e r )  n e u r o n s  o r  t h e i r  t e r m i n a l s  w h ic h  
c a u s e s  a n  i n i t i a l  b a r r a g e  o f  P S P s ,  c o n c u r r e n t  w i t h  p r e s y n a p 
t i c  i n h i b i t i o n  d u e  t o  o c c l u s i o n  o r  t e r m i n a l  d e p o l a r i z a t i o n ;  
a n d  2 )  a  s lo w  d e c r e a s e  i n  v o l t a g e - d e p e n d e n t  K+ c u r r e n t  (M - 
c u r r e n t ? )  i n  p y r a m i d a l  c e l l s .  S u p p o r t e d  b y  NIH g r a n t s  NS 
12151  a n d  NS 0 6 4 7 7  f r o m  t h e  NINCDS (D AP) a n d  a  f e l l o w s h i p  
f r o m  t h e  CCHD (DAM).
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2 4 0 .9   ACETYLCHOLINE SYNTHESIS AND RELEASE IN THE PRESENCE OF A 
COMPOUND THAT BLOCKS UPTAKE OF TRANSMITTER BY SYNAPTIC 
V E SIC L E S.  B . C o l l i e r *  a n d  S .A .  W e in e r *  (SPON: B .A . 
E s p l i n ) .   D e p t .  P h a r m a c o l . ,  M c G ill  U n i v e r s i t y ,  M o n t r e a l  H3G 
1 Y 6 , C a n a d a .

T h e  co m p o u n d  2 - ( 4 - p h e n y l p i p e r i d i n o )  c y c l o h e x a n o l  
(A H 5 1 8 3 ) b l o c k s  t h e  a b i l i t y  o f  c h o l i n e r g i c  s y n a p t i c  
v e s i c l e s  t o  a c c u m u l a t e  a c e t y l c h o l i n e  (A C h ) . To m e a s u r e  t h e  
t r a n s m i t t e r  s t o r e  p r e - p a c k a g e d  i n r e l e a s a b l e  v e s i c l e s ,  t h e  
r e l e a s e  o f  ACh w as m e a s u r e d  f ro m  t h e  p e r f u s e d  s u p e r i o r  
c e r v i c a l  g a n g l i o n  o f  t h e  c a t  d u r i n g  5Hz s t i m u l a t i o n  o f  t h e  
p r e g a n g l i o n i c  n e r v e .  I n  t h e  a b s e n c e  o f  A H 5183 , r e l e a s e  w as 
w e l l  m a i n t a i n e d ,  b u t  i n t h e  d r u g ' s  p r e s e n c e  i t  w as n o t .  
D u r in g  p e r f u s i o n  w i t h  A H 5183 , e v o k e d  ACh r e l e a s e  i n t h e  
f i r s t  2 mi n o f  s t i m u l a t i o n  w as n o r m a l ,  b u t  s u b s e q u e n t l y  i t  
d e c l i n e d  t o  z e r o  w i t h i n  1 0 -1 2  mi n .  T h e  t o t a l  a m o u n t  o f  ACh 
r e l e a s e d  1n t h e  p r e s e n c e  o f  A H5183 w as 1 9 4  ± 9 p m o le s ;  t h e  
i n i t i a l  s t o r e  o f  ACh i n  t h e s e  g a n g l i a  w as 1 3 7 8  ± 61 p m o le s .  
T h u s ,  so m e 15% o f  t h e  t r a n s m i t t e r  s t o r e  i s  a v a i l a b l e  f o r  
r e l e a s e  i n t h e  p r e s e n c e  o f  A H 5 1 3 8 , a s  i f  85% o f  t i s s u e  ACh 
i s  i n  a  s t o r e  o t h e r  t h a n  r e a d i l y  r e l e a s a b l e  s y n a p t i c  
v e s i c l e s .

T o  t e s t  t h e  e f f e c t  o f  AH5183 on  ACh s y n t h e s i s ,  we 
m e a s u r e d  t r a n s m i t t e r  r e l e a s e  a n d  f i n a l  t i s s u e  c o n t e n t .  ACh 
s y n t h e s i s  w as a c t i v a t e d  d u r i n g  a c t i v i t y  by  a  s i m i l a r  a m o u n t 
1n t h e  p r e s e n c e  ( 7 8  ± 3 p m o le s /m i n )  o r  i n  t h e  a b s e n c e  (8 3  ±  
1 0  p m o le s /m i n )  o f  t h e  d r u g ;  a s  A H5183 d e p r e s s e d  r e l e a s e ,  
t h e  s y n t h e s i z e d  ACh i n c r e a s e d  t i s s u e  c o n t e n t .  T h u s ,  i t  i s  
a p p a r e n t  t h a t ,  i f  AH5183 b l o c k s  v e s i c l e  u p t a k e  o f  A Ch, t h a t  
p r o c e s s  d o e s  n o t  r e g u l a t e  ACh s y n t h e s i s .  When t r a n s m i t t e r  
r e l e a s e  w a s d e p r e s s e d  by  Mg+ + , ACh s y n t h e s i s  w as n o t  
i n c r e a s e d  d u r i n g  s t i m u l a t i o n  a n d  t i s s u e  c o n t e n t  r e m a in e d  
n o r m a l .  M e a s u r e s  o f  u p t a k e  a n d  a c e t y l a t i o n  o f  d i e t h y l h o m o 
c h o l i n e  c o m p le m e n te d  s t u d i e s  o f  ACh t u r n o v e r .  T h i s  c h o l i n e  
a n a l o g u e  i s  t a k e n  up  by  t h e  n e r v e  t e r m i n a l  c h o l i n e  u p t a k e  
m e c h a n is m ,  som e o f  i t  i s  a c e t y l a t e d ,  b u t  t h e  e s t e r  i s  n o t  
t a k e n  up  by  s y n a p t i c  v e s i c l e s  a n d  i s  n o t  r e l e a s a b l e .  
P r e g a n g l i o n i c  s t i m u l a t i o n  i n c r e a s e d  t h e  u p t a k e  ( 4 - f o l d )  a n d  
t h e  a c e t y l a t i o n  ( 7 . 5 - f o l d )  o f  d i e t h y l h o m o c h o l i n e ;  AH5183 
h a d  no e f f e c t  on  t h e s e  m e a s u r e s ;  b u t  Mg++ b l o c k e d  t h e  
e n h a n c e d  a c e t y l a t i o n  w i t h o u t  e f f e c t  on t h e  e n h a n c e d  u p t a k e  
o f  t h e  c h o l i n e  a n a l o g u e .  Mg++ b l o c k s  C a++ i n f l u x  w h e r e a s  
A H 5183 d o e s  n o t ;  t h u s ,  i t  1 s  c o n c l u d e d  t h a t  i n c r e a s e d  
p r e c u r s o r  d e l i v e r y  c a n  i n c r e a s e  e s t e r  p r o d u c t i o n  i f  
a c t i v i t y  a l s o  I n c r e a s e s  C a++ i n f l u x .
( S u p p o r t e d  by  MRC o f  C a n a d a ) .

2 4 0 .1 0   M o n o c lo n a l  A n t i b o d y  A s s i s t e d  P u r l f i c a t i o n  o f  R a t  B r a i n  
C h o l i n e  A c e t y l  t r a n s f e r a s e .   G .D . C r a w f o r d * 1 , L . C o r r e a y *2 
a n d  P .M . S a l v a t e r r a 2 .  1D e p t .  o f  N e u r o l . ,  B a y l o r  C o l l . o f  
M e d . ,  H o u s t o n ,  T x . a n d  B eckm an  R e s e a r c h  I n s t . o f  C i t y  o f  
H o p e , N e u r o s c i .  D i v . ,  D u a r t e ,  CA.

C h o l i n e  a c e t y l  t r a n s f e r a s e  (C h A T ;E .C . 2 . 3 . 1 . 6 )  m ay b e  
p u r i f i e d  i n  h i g h  y i e l d s  f r o m  r a t  b r a i n  e x t r a c t s  b y  a  s i m p l e  
tw o  s t a g e  p r o c e d u r e .  A w e l l - c h a r a c t e r i z e d  n o n - i n h i b i t o r y  
m o n o c lo n a l  a n t i b o d y  1E6 ( C r a w f o r d  e t  a l , PNAS 7 9 : 7 0 3 1 - 7 0 3 5 ,  
1 9 8 2 ) )  w a s  c o u p l e d  t o  S e p h a r o s e  4B a n d  u s e d  t o  q u a n t i 
t a t i v e l y  a d s o r b  ChAT e n z y m e  a c t i v i t y  f r o m  am m onium  s u l f a t e  
c o n c e n t r a t e d  f r a c t i o n s .  T h e  e n z y m e  a c t i v i t y  r e m a in e d  
a d s o r b e d  t o  t h e  r e s i n  a f t e r  e x h a u s t i v e  w a s h in g  w i t h  h i g h  
s a l t  b u f f e r s .  I n  s e v e r a l  p r e p a r a t i o n s  7 0 -8 0 %  o f  t h e  e n z y m e  
a c t i v i t y  p r e s e n t  i n  t h e  am m onium  s u l f a t e  f r a c t i o n ,  a n d  
4 0 -6 0 %  o f  t h e  t o t a l  a c t i v i t y  o v e r a l l  w a s  r e c o v e r e d  a s  
S e p h a r o s e - a n t i b o d y  im m o b i l i z e d  e n z y m e . T h e  a d s o r b e d  e n z y m e  
w a s e f f i c i e n t l y  e l u t e d  u n d e r  d e n a t u r i n g  c o n d i t i o n s  a n d  a n  
a n a l y s i s  b y  SDS p o l y a c r y l a m i d e  e l e c t r o p h o r e s i s  i n d i c a t e s  
t h a t  t h e  p r o d u c t  c o n t a i n s  p r i m a r i l y  ( ∞90% ) a  6 8 ,0 0 0  d a l t o n  
p o l y p e p t i d e .  T h e  r e m a i n in g  s p e c i e s  a r e  d i v i d e d  am ong 
5 4 , 0 0 0 ,  4 0 - 3 6 , 0 0 0 ,  1 8 ,0 0 0  a n d  1 3 ,0 0 0  d a l t o n  f r a g m e n t s  w i t h  
som e u n e x p l a i n e d  m a t e r i a l  a t  t h e  e l e c t r o p h o r e t i c  f r o n t  e v e n  
i n  h i g h  d e n s i t y  g e l s .  T h i s  p a t t e r n  i s  r e m i n i s c e n t  o f  t h a t  
d e t e r m i n e d  f o r  D r o s o p h i l a  m e l a n o g a s t e r  ChAT p u r i f i e d  b y  
c l a s s i c a l  b i o c h e m i c a l  s t r a t a g i e s .  As i n  t h i s  c a s e ,  
i n c l u s i o n  o f  t h e  p r o t e a s e  i n h i b i t o r s  p e p s t a t i n  a n d  t r i s a l y l  
d u r i n g  t h e  e x t r a c t i o n  d i d  n o t  r e d u c e  t h e  c o m p l e x i t y  o f  t h e  
e l e c t r o p h o r e t i c  p a t t e r n .  T h e  r e l a t i o n s h i p  o f  t h e s e  p e p t i d e s  
t o  t h e  68,000  d a l t o n  p r o t e i n  i s  c u r r e n t l y  b e i n g  e x a m in e d  b y  
p e p t i d e  m a p p in g .

A s i m i l a r ,  i f  n o t  i d e n t i c a l ,  m a t e r i a l  w a s  p u r i f i e d  f r o m  
b r a i n  e x t r a c t s  u s i n g  a  s e c o n d  m o n o c lo n a l  a n t i b o d y ,  4G5 
o b t a i n e d  f r o m  t h e  sam e  p a n e l  a s  1EG. P r o t e i n  i n  t h e  r a n g e  
o f  3 5 - 4 0  µg c a n  b e  o b t a i n e d  f r o m  175  gm t i s s u e  a t  a n  o v e r a l l  
e f f i c i e n c y  o f  45 % , w h ic h  a l l o w s  a n  e s t i m a t e  o f  p u r i f i c a t i o n  
i n  e x c e s s  o f  2 0 0 ,0 0 0  f o l d .  M em b ran e b o u n d  ChAT w a s  a l s o  
p u r i f i e d  b y  a n  i d e n t i c a l  p r o c e d u r e .  T h e  s o u r c e  w a s  a 
d e t e r g e n t  e x t r a c t  o f  b r a i n  r e s i d u e  p r e v i o u s l y  w a s h e d  t o  
c o n s t a n t  s p e c i f i c  a c t i v i t y .  T h i s  m a t e r i a l  y i e l d s  a p r o d u c t  
s i m i l a r  t o  t h e  s o l u b l e  f o r m ,  b u t  d i f f e r i n g  q u a n t i t a t i v e l y  i n  
t h e  r e l a t i v e  a m o u n ts  o f  68,000  a n d  lo w  m o l e c u l a r  w e i g h t  
p o l y p e p t i d e s .  R e s e a r c h  s u p p o r t e d  b y  N A 19481 a n d  t h e  H a r k i n s  
F o u n d a t i o n  4 7 0 G 0 1 1 4 3 5 .

2 4 0 .11  DIFFERENT POPULATIONS OF RAT CORTICAL 
NEURONS STAIN FOR CHOLINE ACETYLTRANSFERASE AND 
ACETYLCHOLINESTERASE.  B.H. W ainer a , A .I . 
L e v e y a , D.B. Rye a , A. B lu e m k e  a , E .J .  M u fso n  b, 
M.-M. M esulam  b.  The D e p a r tm e n ts  o f P a th o lo g y  
and P e d i a t r i c s ,  The U n iv . o f  C h ic a g o , C h ic a g o , 
IL 6 0 6 3 7 a . D e p t. o f  N e u ro lo g y ,  H a rv a rd  U n iv .,  
B e th  I s r a e l  H o s p i t a l ,  B o s to n , MA 0 2 2 1 5 b .

A lth o u g h  c o n t r o v e r s y  has  e x i s t e d  o v e r  th e  
p r e s e n c e  o f  i n t r i n s i c  c o r t i c a l  c h o l i n e r g i c  
i n n e r v a t i o n  ( s e e  W ain er e t  a l .  N eurochem . 
I n t l . 6, 163 , 1 9 8 4 ), c h o l i n e  a c e ty l t r a n s f e r a s e  
(ChAT) im m u n o r e a c t iv i ty  h a s  b een  l o c a l i z e d  to  
s m a l l  c o r t i c a l  n e u ro n s  in  th e  r a t  (H o u se r e t  
a l  B r a i n  R e s . ,  2 6 6 . 97 , 1 9 8 3 ) .  We f u r t h e r  
s t u d i e d  th e s e  n e u ro n s  u s in g  ChAT 
im m unohi s t o c h e m i s t r y , a c e t y l c h o l i n e s t e r a s e  
(AChE) h i s t o c h e m i s t r y  and c o - l oca l i z a t i o n  o f  
ChAT and AChE. ChAT l o c a l i z e d  m a in ly  to  s m a l l  
u p p e r - l a y e r  b i p o l a r  n e u ro n s  in  i s o c o r t e x ,  and 
s m a l l  m u l t i p o l a r  n e u ro n s  s t a i n e d  in  
a l l o c o r t e x .  AChE was s e e n  in  p o ly m o rp h ic  c e l l s  
t h r o u g h o u t  a l l  l a y e r s .  Com bined s t a i n i n g  f o r  
ChAT and AChE l o c a l i z e d  th e  m a rk e rs  to  
d i f f e r e n t  c e l l  p o p u l a t i o n s .  C o lo c a 1 i z a t i o n  o f 
G A B A -im m u n o re a c tiv ity  and AChE, h o w ev er 
r e v e a l e d  some d o u b l e - l abe l ed c e l l s .  P o s s i b l e  
c o n n e c t io n s  o f th e  c o r t i c a l  ChAT- 
im m u n o r e a c t iv e  c e l l s  w ere  s t u d i e d  in  r a t s  
r e c e i v i n g  i n j e c t i o n s  o f  h o r s e r a d i s h  
p e r o x i d a s e - w h e a tg e r m a g g l u t i n i n  (HRP-WGA) i n t o  
e i t h e r  c o r t e x  o r  b r a in s t e m .  U sin g  a t e c h n iq u e  
f o r  c o - l o c a l i z i n g  ChAT and t r a c e r  (W a in e r and 
R y e , J .  H i s to c h e m .  C y to c h e m . 3 6 , 4 3 9 , 1 9 8 4 ) ,  
ChAT and r e t r o g r a d e  HRP-WGA l o c a l i z e d  to  
d i f f e r e n t  n e u r o n a l  p o p u l a t i o n s .  We c o n c lu d e  
t h a t  c o r t i c a l  c h o l i n e r g i c  c e l l s  a r e  n o t 
v i s u a l i z e d  by AChE and a r e  m ost l i k e l y  l o c a l  
c i r c u i t  n e u r o n s .  Some A C h E -p o s i t iv e  c o r t i c a l  
n e u ro n s  a r e  l i k e l y  to  be GA BA ergic. S u p p o r te d  
by USPHS H D -04583, N S -17661 , th e  M cK night 
F o u n d a t i o n  (B .H .W .); 5 -T 32G M 07281  (D .B .R . an d  
A .B .); N S -09211 , NS-07011 and E s s e l  F o u n d a t io n  
(M .M .-M .) .
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241.1  PRO-SOMATOSTATIN-RELATED PEPTIDES ALTER THE DISCHARGE RATE 
OF RAT CORTICAL AND HIPPOCAMPAL NEURONS IN VIVO; AN 
IONTOPHORETIC STUDY.  G.R. S igg ins  and E.D. F ren ch .  D iv . 
P re c l in .  N eurosci. and End o c r i n . ,  R esearch  I n s t i t u t e  o f  
S cripps C l in ic ,  Ia  J o l l a ,  CA 92037, and Mery lan d  P sy ch ia tric  
Research C en ter , B altim ore , MD 21228.

Previous immunohistochsmical s tu d ie s  suggest th e  presence 
o f  two p ro -somatos t a t i n  r e la te d  p e p t id e s ,  s o m a to s ta t in  28 
(SS28) and S S 28(1-1 2 ) , a s  w e ll as  th e  o r i g i n a l  SS14 o r 
SS28(15-28) , in  f ib e r s  and c e l l  b o d ie s  o f  c e r e b r a l  c o r te x  
(Morr is o n  e t  a l , B rain Res. 262:344, 1983) and hippocampus 
(M o rr is o n  e t  a l , N e u r o s c i .  L e t t .  3 4 :1 3 7 ,  1 9 8 2 ) .  
F urtherm ore, SS28(1-12) can be  re le a sed  from b ra in  s l ic e s  by 
a Ca++-dependent mechanism (B ak h it, e t  a l  N a tu re ,  301 :524 , 
1 9 8 3 ), s u g g e s t in g  a p o s s i b l e  n e u r o t r a n s m i t t e r  r o l e .  
T h e re fo r e ,  th e  p r e s e n t  s tu d y  was d e s ig n e d  to  t e s t  t h e  
e f f e c ts  o f  SS28 and SS28(1-12) on s in g l e  sp o n tan eo u s  and 
a c e ty l c h o l in e - a c t iv a t e d  neu ro n s  in  p a r i e t a l  c o r te x  and 
d o rsa l hippocampus.

S tan d a rd  e x t r a c e l l u l a r  r e c o rd in g  and i o n t o p h o r e t i c  
methods were used in  h a lo  th an e  a n e s th e t iz e d  r a t s  (n=18). 
SS28 and SS28(1-12) were d isso lv ed  in norm al s a l i n e  (3 mM; 
pH 6 .5 )  and a p p l i e d  from  5 - b a r r e l  m i c r o p i p e t t e s  b y  
e le c tr o o smo s i s .

Of th e  54 t e s t s  on 42 c o r t i c a l  n eu rons  e v a lu a te d ,  we 
found th a t  both  p ro -so m a to s ta tin  p ep tid es  were predom inately 
in h ib ito ry :  SS28 in h ib ite d  67% and excited  12%; SS28(1-12) 
i n h i b i t e d  40% and e x c i t e d  12%. In  49 t e s t s  on 33 
hippocampal neurons, SS28 was more o fte n  e x c i ta to r y ,  whereas 
SS28(1-12) was predom inantly  in h ib ito ry : SS28 in h ib i te d  6% 
and e x c i te d  81% o f  h ip p o c a m p a l n e u r o n s ;  S S 2 8 (1 -1 2 ) 
i n h i b i t e d  52% and  e x c i t e d  26% o f  t h e s e  n e u r o n s .  
I n te r e s t in g ly ,  a ta c h y p h y la x is  to  th e  i n i t i a l  in h ib i to r y  
a c t i o n s  o f  SS28 was o b s e rv e d  in  a p p r o x im a te ly  70% o f  
c o r t i c a l  c e l l s .  T h is  phenom enon d id  n o t  o c c u r  w ith  
SS28(1-12) . A lso , when SS28 and SS28(1-12) were compared on 
th e  same neuron  (7 in  c o r t e x ,  10 in  hippocam pus), b o th  
produced responses in  th e  same d i r e c t io n ;  g e n e r a l ly ,  SS28 
had a longer and m ore pronounced a c t io n  th a n  th e  s m a lle r  
SS28 (1 -12 ).

These r e s u l t s  suggest th a t  both  SS28 and SS28(1-12) have 
e le c tro p h y s io lo g ica l e f fe c ts  on c e n t ra l  neurons; th e y  might 
th u s  s e r v e  a s  p e p t id e  m e sse n g ers  in  th e s e  b r a in  a r e a s ,  
p e rh a p s  in d e p e n d e n tly  o f  SS14 o r  a s  c o - t r a n s m i t t e r s . 
C urren t s tu d ie s  a r e  aim ed a t  com paring  th e  re s p o n se s  and 
p o s s ib l e  i n t e r a c t i o n s  o f  th e s e  two p e p t id e s  w ith  SS14. 
Supported by th e  USPHS (AM 26741).

241. 2  HYPERRESPONSIVENESS OF THE MESOLIMBIC DOPAMINE SYSTEM 
AFTER REPEATED PEPTIDE INJECTION INTO THE VENTRAL 
TEGMENTAL AREA.  P. W. Kalivas* (SPON: B. V. Updyke)  
Dept. Pharmacology, LSU Med. C tr . ,  New O rleans, LA 70112

Acute m ic ro in jec tio n  with neurotensin  (NT), substance P 
(SP) or the enkephalin analogue, D-Ala2-Met5- 
enkephalinamide (DALA), in to  the v en tra l tegmental area  
(VTA) o f the r a t  a c t iv a te s  the  mesolimbic dopamine (DA) 
system. This is  shown by peptide-induced in c reases  in 
DA m etabo lites  in  the nucleus accumbens and locomotor 
a c t iv i ty .  In th is  s tudy , male S.D. r a ts  were s te re o 
ta x ic a l ly  implanted with chronic b i la te r a l  in je c tio n  
cannulae over the VTA. One wk a f te r  su rg e ry , r a ts  received  
one intra-VTA m ic ro in jec tio n  per day fo r  5 days with e i th e r  
NT (1 .0  µg ), DALA (1 .0  µg ) ,  substance P (10.0 µg) or 
s a l in e .  Immediately a f te r  m ic ro in jec tio n  the r a ts  were 
placed in a photocell apparatus and locomotor a c t iv i ty  
measured fo r  120 min. While a l l  th ree  pep tides e l i c i t e d  
a locomotor response g re a te r  than s a l in e ,  the locomotor 
response was p ro g ressiv e ly  enhanced a f te r  each p rog ressive  
in je c tio n  w ith DALA and NT, but not SP. F u rth er , r a ts  
which had received  d a ily  in je c tio n  with DALA o r NT 
demonstrated an enhanced response to  acute peptide  in 
je c tio n  up to  2 wks a f te r  d a ily  trea tm en t. This pro
g ressiv e  enhancement of locomotor a c t iv i ty  was a sso c ia ted  
with an enhanced DALA o r NT-induced increased  in  DA meta
b o li te s  in  the nucleus accumbens. These data  in d ic a te  
th a t  d a ily  in je c tio n  with some endogenous pep tides in to  
the VTA can r e s u l t  in a mesolimbic DA system th a t  is  
hyperresponsive to  pharmacological s tim u la tio n . This con
c lu sion  is  supported by the observation  th a t  r a ts  receiv ing  
d a ily  intra-VTA in je c tio n  with DALA o r NT dem onstrated an 
enhanced motor response to  amphetamine, a drug which pro
duces increased  locomotor a c t iv i ty  v ia  in c reasin g  meso
lim bic DA re le a s e , but not c a f f ie n e , which ac ts  v ia  a non- 
DA mechanism to  in c rease  motor a c t iv i ty .

241.3  EFFECT OF SYNTHETIC HUMAN PANCREATIC GROWTH 
HORMONE RELEASING FACTOR ON SOMATOSTATIN 
RELEASE IN VITRO.  M .C. A guila* and S.M. M cCann.  
D epartm ent o f Physio logy, U niversity  of T exas Health 
Science C en ter a t D allas, D allas, Texas 75235.

The e ffec t of sy n th e tic  human pancrea tic  grow th 
hormone re leasing  fac to r (hpGRF-40) on som atostatin 
(SRIF) re lease  from th e  median eminence (ME) of the  
hypothalam us, was evaluated  using  an i n v itro  incubation 
system . A dult male ra ts  w ere used  as tis su e  d o nors . The 
MEs w ere f ir s t  p re in cu b a ted  in 0 .4  ml of K rebs-R inger 
b ica rbona te-g lucose  b u ffe r ,  pH 7 .4 , a t 37°C, in an 
atm osphere  of 95% O2 , 5% CO2 , with co n stan t sh ak ing . 
A fte r 30 min p re in cu b a tio n , medium was d isca rded  and 
replaced  by  medium contain ing  various concen tra tions of hp 
GRF-40, o r hpGRF-40 p lus e ith e r  Pimozide o r dopamine 
(DA). HpGRF-40 stim ulated SRIF re lease  in a dose-re la ted  
m anner. T his e ffec t was sign ifican t a t concen tra tions 
v a ry in g  from 1 0 -11 to 10-7 M. Maximal stim ulation was 
ob serv ed  a t 10- 10M. To determ ine if th e  e ffec t of 
hpGRF-40 on SRIF re lease  was m ediated by DA, Pimozide 
was added in v itro  a t a concen tration  of 10-6 M, and the  
e ffec t of hpG RF-40 was then  ev a lu a ted . Pimozide did not 
a lte r the  s tim ulatory  e ffec t of hpGRF-40. This su ggested  
th a t GRF induces SRIF re lease  by a mechanism which does 
not involve DA. To determ ine the  possib ility  th a t DA and 
GRF may sh a re  a common pathw ay to  stim ulate SRIF 
re lease , ME fragm ents w ere sim ultaneously exposed to 
submaximal concen tra tio n s  of both  DA (0 .6  µM) and 
hpGRF-40 (10-1 2 M). By them selves each of th ese  doses 
had little  e ffec t on SRIF re lease . When added to g e th e r a 
m arked stim ulation was no ted . The re su lts  su g g es t th a t 
GRF may be physiologically  involved in th e  regulation  of 
SRIF re lease . Stimulation of SRIF release  may be a 
mechanism by which GRF e x e r ts  an u ltra s h o r t feedback to 
inh ib it GH re lease . Supported  by NIH G ran t AM-10073.

241.4  SECRETIN ELEVATES CYCLIC AMP LEVEL OF RAT BRAIN SLICES.  
R.T. Fremeau, J r . , L. Korman* and T.W. Moody.  Dept. of 
Biochem., The George Washington Univ. Med. C tr . ,  W ashington, 
D.C. 20037, and Dept. of G astroentero logy/H epato logy, VA 
Med. C tr . ,  Washington, D.C. 20422.

S ec re tin , a 27-amino acid  pep tide  hormone is o la te d  i n i 
t i a l l y  from acid  e x tra c ts  of the duodenum, i s  b io lo g ic a lly  
a c tiv e  in  the  mammalian c e n tra l  nervous system (CNS). 
I n tr a v e n tr ic u la r  in je c tio n  of s e c re tin  in  r a t s  produces a l 
t e ra tio n s  in  dopamine metabolism , a reduction  in  p ro la c tin  
sec re tio n  and reductions  in  both open f ie ld  a c t iv i ty  and 
novel item  approach. In  the  r a t  su p erio r c e rv ic a l gang lion , 
s e c re tin  produces an acute dose-dependent in c rease  in  ty ro 
s ine  hydroxylase a c t iv i ty ,  probably by e lev a tin g  gang lion ic  
cy c lic  AMP (cAMP) le v e ls  (Zigmond e t a l . , Society  fo r  Neuro
sc ien ce , 9 : A bstract #9.12, 1983). Endogenous s e c re t in - l ik e  
immunore a c t iv i ty  has been d e tected  in  mammalian b ra in  ex
t r a c t s  (O 'Donohue e t a l . ,  PNAS USA, 78: 5221, 1981) and r e 
cep to rs  fo r  s e c re tin  have been de tected  in  r a t  b ra in  
(Fremeau et  a l . ,  J. N eurosci. , 3 : 1620, 1983). S e c re tin  r e 
cep to rs  on neuroblastoma c e l l  membranes couple w ith and 
s tim u la te  adeny late  cyclase  (Roth e t  a l . , J. Neurochem. , 42: 
1145, 1984). P rev iously , Propst e t  a l .  (J .  Neurochem. , 32: 
1495, 1979) found th a t  s ec r- (5 -2 7 ) , a carboxy-term inal f ra g 
ment of s e c re tin ,  in h ib ite d  the  s ec re tin -s tim u la te d  accumu
la t io n  of cAMP by neuroblastoma x glioma hybrid c e l l s .  We 
th e re fo re  decided to  t e s t  whether sec r-(5 -2 7 ) could fu n c tio n  
as a s e c re tin  re cep to r an tag o n ist in  the  CNS.

S ec re tin  produced a dose-dependent in c rease  in  the  cAMP 
content of r a t  b ra in  f ro n ta l  co rtex  s l ic e s  when incubated 
w ith 10mM th eophy lline . Half-maximal in c reases  occurred  
w ith a s e c re tin  co ncen tra tion  of 1µM which increased  the  
cAMP le v e l from 21.8 ± 4 .3 (x  ± SD; n=6) pmols/mg p ro te in  to 
a sec re tin -s tim u la te d  value of 53.7 ± 6.1 (x ± SD; n=6) . In 
c o n tra s t to  the  2.5x e lev a tio n  in  cAMP content produced by 
1µM s e c re t in ,  1µM VIP produced 6- 8x e le v a tio n s . P reincuba
tio n  w ith 25µM s e e r - (5-27) p r io r  to the  a d d itio n  of 1µM 
s e c re tin  or 1µM VIP com pletely blocked the  sec re tin -s t im u 
la te d  in c rease  but had no e f fe c t  on the V IP-stim ulated  in 
crease  in  cAMP content of fro n ta l  cortex  s l i c e s .  Receptor 
binding s tu d ie s  in d ica ted  th a t sec r-(5 -2 7 ) in h ib ite d  125I -  
s e c re tin  binding to  r a t  b ra in  membranes w ith  high a f f in i t y  
(Ki =400nM).

These d a ta  in d ic a te  th a t s e c re tin  s tim u la te s  cAMP produc
tio n  in  r a t  b ra in  s l ic e s  and th a t secr - (5-27) may fu n c tio n  
as a c e n tra l  s e c re tin  an tag o n ist.



SUNDAY AM PEPTIDES: PHYSIOLOGICAL EFFECTS I 811

241. 5  EFFECT OF THE MICROINJECTION OF SUBSTANCE P (SP) ANTAGONIST 
[D -P ro 2 ,  D-Trp7 ,9 ] - SP INTO THE LATERAL HYPOTHALAMUS (LH) ON 
STRIATAL DOPAMINE METABOLISM.  M. R. M elis and K. Gale.  
D ept. P h a rm a c o l.,  Georgetown U n iv ., Schools of Med. & 
D ent., W ashington, DC 20007.

We have re c e n t ly  repo rted  th a t  th e  in tr a n ig ra l  in je c tio n  
of [D -P ro 2 ,D -T rp 7 , 9] - sp a t  a dose (20 ug) which does not 
modify th e  k in e tic  p ro p e rtie s  of s t r i a t a l  ty ro s in e  hydroxy
la s e  (TH), p re v e n te d  th e  a c t iv a t i o n  o f s t r i a t a l  TH and 
a tten u ated  th e  in c rease  in s t r i a t a l  hom ovanillic acid (HVA) 
le v e ls  induced by ha loperido l (N.S. Arch. Pharm., in p ress) 
p ro v id in g  fu r th e r  evidence fo r  an e x c i ta to ry  ro le  of SP in 
the  s u b s ta n tia  n ig ra  (SN). In support of th is  we found th a t  
th e  i n t r a n i g r a l  a p p l ic a t i o n  o f th e  SP ag o n ist [pGlu8, 
MePhe8 , MeGly9]-S P 5 - 11 (20 ug) increased  s t r i a t a l  HVA by 
53%. However, p a rad o x ica lly , th e  in tr a n ig ra l  in je c tio n  of 
20 ug o f [D -P ro 2 ,D -T rp7 , 9] -SP by i t s e l f  a lso  increased  
s t r i a t a l  HVA by 51%. Experiments were undertaken to  c la r i f y  
t h i s  ap p aren t c o n tra d ic to ry  e f f e c t .  We re p o rt now th a t  the  
m ic ro in jec tio n  of as l i t t l e  as 1 ug of [D-Pro2 ,D-Trp7, 9] -SP 
in to  th e  LH, rostrom edial to  SN, induced a 60% inc rease  in 
s t r i a t a l  HVA; in  a d d i t io n ,  a s im ila r  in c rease  occurred in 
o l f a c to r y  t u b e r c le  and nucleus accumbens. In c o n tra s t to  
th e  SN i n j e c t i o n s ,  LH in j e c t io n s  (1 or 20 ug) did not 
p re v e n t th e  haloperido l-induced  a c tiv a tio n  of s t r i a t a l  TH. 
To see  i f  th e  in c re a s e  in  HVA le v e ls  a f t e r  in tra n ig ra l  
ap p lic a tio n  of [D-Pro2, D-Trp7, 9] -SP was due to  a d iffu s io n  
in to  th e  LH, th e  SP agon ist [pGlu5, MePhe8 , MeGly9]-SP5-11 
was m ic ro in je c te d  in to  th e  LH o f r a t s  rece iv in g  th e  SP 
a n ta g o n is t  in to  SN. I n te re s t in g ly ,  in th e  presence of the  
SP a g o n is t  in  th e  LH, w hich , p e r s e ,  d id  not induce any 
change in  HVA l e v e l s ,  i n t r a n ig r a l  in je c tio n  of 
[D -P ro2 ,D -T rp 7 , 9 ]-SP s ig n i f ic a n t ly  decreased s t r i a t a l  HVA 
l e v e l s .  The p re s e n t  r e s u l t s  in d ic a te  th a t  a t le a s t  two 
s e p a ra b le  m echanisms e x i s t  by which [D-Pro2,D-Trp7, 9] -SP 
can in f lu e n c e  s t r i a t a l  dopamine metabolism: 1) a mechanism 
which in v o lv e s  the  SN, whereby th e  SP agonist can increase  
and th e  SP an tag o n is t can decrease  s t r i a t a l  DA metabolism, 
r e s p e c t iv e ly ;  and 2) a mechanism which involves th e  LH, 
whereby blockade of SP a c t iv i ty  can cause an in c rease  in DA 
metabolism , not r e s t r ic te d  to  the  s tria tu m .

Supported by HHS g ran ts  MH32359 and DA02206.

241.6  CENTRAL CONCENTRATIONS OF α -MSH AND CRF: EFFECTS OF FEVER 
AND HYPERTHERMIA.  M. Hol deman*. O. Khorram*, W.K. Samson 
and J . M. L ip ton .  Physiology and Anesthes i o l ogy Department s ,  
Southwestern Med ica l School, UTHSCD, D a lla s , TX 75235

The concen tra tion  o f  α-MSH w ith in  the septum in c reases  
during  fev e r and sep ta l in je c tio n s  o f  α-MSH are 
a n t ip y re t ic .  CRF, when in jec ted  ICV, is  a lso  a n t ip y re t ic .  
Using s e n s it iv e  radioimmunoassays of m icrod issected  t is s u e  
e x t r a c ts ,  we have e s tab lish ed  the presence of 
im m unoreactive α-MSH ( i r  MSH) and CRF ( i r  CRF) w ith in  
d is c r e te  CNS s i t e s  of the r a b b it .  Leukocytic 
pyrogen-induced feve r (a v g .  Δ °C=1.78) and hypertherm ia due 
to  h e a t - s t re s s  (a v g .  Δ°C=2.31) did not a l t e r  co n cen tra tio n s  
of i r  MSH or i r  CRF in t is s u e  ex trac ted  from midbrain 
c e n tra l grey or p re o p tic /a n te r io r  hypothalamic reg io n s . 
However, s ig n if ic a n t ly  g re a te r lev e ls  of i r  MSH were 
d e tec ted  in sep ta l e x tra c ts  of f e b r i l e  ra b b its  
(0 .3 3 ± 0 .0 4  pg/µg p ro te in ,n=10) than in sep ta l e x tra c ts  
from a fe b r i le  c o n tro ls  (0 .1 2 ± 0 . 02 pg/µg p ro te in ,  n=8) or 
h e a t-s t re s s e d  animals (0 . 11 ± 0 .02  pg/µg p ro te in ,n=12 ) . A 
s ig n if ic a n t  decrease in i r  CRF was de tected  in 
p a ra v en tr ic u la r  nucleus e x tra c ts  from f e b r i l e  animals 
( 6 .24± 0.40 pg/µg p ro te in ,  n=10) compared to  e x tra c ts  from 
a fe b r i le  c o n tro ls  (1 3 .1 2 ± 0 .6 4  pg/yg p ro te in ,n=8) or 
h e a t-s t re s s e d  ra b b its  (1 2 .9 3 ±1.49 pg/yg p ro te in ,  n=9). Our 
r e s u l t s  support the hypothesis th a t  these  cen tra l p ep tides  
have a ro le  in tem perature con tro l during fe v e r . Since no 
changes were de tected  in e x tra c ts  from hypertherm ic 
ra b b i ts ,  i t  appears th a t  changes in co ncen tra tion  of these  
neuropeptides in p a r t ic u la r  b rain  regions are s p e c if ic  to 
the  f e b r i l e  s ta te  and are not caused by simple e lev a tio n  of 
body tem perature . Neuropeptide a c t iv i ty  may be induced by 
the presence of endogenous pyrogen ( in te r le u k in  1 ), or some 
o ther m ediator of the f e b r i l e  response, as a p ro te c tiv e  
measure again st acute tem perature e lev a tio n  during 
in fe c tio n . The decrease in p a ra v en tr ic u la r  CRF may r e f le c t  
tra n s p o rt from the CRF-producing c e l l bodies of the PVN to 
a region ye t to be determ ined. (Supported by NINCDS Grant 
10046)

241.7  IONTOPHORETIC APPLICATION OF HUMAN PANCREATIC TUMOR-DERIVED 
GROWTH HORMONE RELEASING FACTOR: ELECTROPHYSIOLOGICAL INVES
TIGATION OF NEURONAL SENSITIVITY IN RAT FOREBRAIN.  M.J. 
Twery* and R.L. Moss,  Dept. P h y s io l.,  UT H lth . S c i. C t r . ,  
D a lla s , TX 75235.

Human p a n crea tic  tum or-derived growth hormone re le a s in g  
fa c to r  (hpGRF) i s  a p o ten t growth hormone (GH) secretagogue 
w ith b io lo g ic a l and chemical p ro p e rtie s  which c lo se ly  resem
b le  those of the  p u ta tiv e  hypothalamic GRF. The p resen t in 
v e s tig a tio n  s tu d ied  the  ac tio n  o f hpGRF on the  e x tr a c e l lu la r ,  
s in g le  c e l l  a c t iv i ty  o f neurons lo c a liz e d  in  r a t  fo reb ra in , 
the  d is t r ib u t io n  o f hpGRF-sensitive neurons, and the  e le c 
tro p h y s io lo g ic a l response o f these  neurons to  som atosta tin  
(SS), a GH re le a se  in h ib it in g  f a c to r .  Experiments were p e r
formed on male Long Evans r a ts  (250-400g) an es th e tiz ed  with 
urethane (1.2 mg/kg, IP ). A m u lti-b a r re lle d  g la ss  m icro
e le c tro d e  was used fo r  e x tr a c e l lu la r  record ing  of s in g le  
u n its  (cen te r b a r r e l ,  4M NaCl, 3-9MΩ) and io n to p h o re tic  ap
p l ic a t io n  of chem icals.

Of 109 c e l l s  from which a c tio n  p o te n tia ls  were recorded 
in  experim ents w ith 13 r a t s ,  the  membrane s e n s i t iv i ty  to  
both hpGRF and SS was determ ined in  67 c e l l s ,  the  e f f e c t  of 
only hpGRF was te s te d  in  13 c e l l s ,  and the  remaining 29 
c e l l s  were excluded from the  a n a ly sis  due to  in s u f f ic ie n t  
da ta  or questio n ab le  lo c a liz a tio n . hpGRF a l te re d  the  s in g le  
u n it  a c t iv i ty  o f over h a l f  the  c e l ls  to  which the  pep tide  
was app lied  (43 of 80). Of the  neurons s e n s it iv e  to  hpGRF, 
the  predominant response was a decrease  in  f i r in g  r a te  (33 
o f 43). Neurons in h ib ite d  by hpGRF were found in  co rtex  (9 
of 13), thalamus (9 o f 34), and hypothalamus (15 of 33). 
hpGRF increased  the  f i r in g  ra te  o f few neurons in  the  th a la 
mus (N=6) , and hypothalamus (N=4). Of the  c e l ls  te s te d  with 
hpGRF and SS; 52% o f the  27 c e l l s  in h ib ite d  by hpGRF were 
a lso  in h ib ite d  by SS, 37% o f the  8 c e l ls  s tim u la ted  by hpGRF 
were a lso  s tim u la ted  by SS, and in  59% of the  32 c e l ls  whose 
f i r in g  r a te  was una ffec ted  by hpGRF, SS a lso  produced no 
change. The re s u l t s  c le a r ly  dem onstrate th a t  hpGRF is  able 
to  a l t e r  the  e x c i ta b i l i ty  o f neurons in  sev e ra l b ra in  r e 
g ions. The d is t r ib u t io n  o f G RF-sensitive neurons suggests 
th a t  hypothalam ic GRF, in  a d d itio n  to  i t s  w ell documented 
ro le  in  the  re g u la tio n  o f p i tu i t a r y  GH s e c re tio n , may sub
serve a broad neuromodulatory func tion  in  the  CNS.

We thank Dr. Wylie Vale (Salk In s t i tu te )  fo r provid ing  
the  hpGRF used in  th is  study . Supported by NIH g ran t 
NS10434.

241.8  BRAIN AND SPINAL CORD NEUROPEPTIDES AFTER SCIATIC NERVE 
SECTION OR CHRONIC ARTHRITIS. A .E .P an era i. P .S acerdo te* , V. Loca
t e l l i * .  P.  Manteqazza* .  Dept.  Pharmacology.  School of M edicine, 
Univ .  of M ilano, M ilano, 20129, I ta ly .

We evaluated  B-endorphin(BE), M et-enkephalin(M E), Somatosta 
t i n ,  Substance P in the  b rain  areas and d if f e r e n t  sec tio n s  
of the  sp inal cord in r a ts  th a t  underwent e i th e r  m onolateral 
sec tio n  of the  s c ia t ic  n e rv e , or Freund adjuvant induced 
chronic a r t h r i t i s .  The aim of th e  study was to  determ ine i f  
and how did periphera l supposedly pain fu l le s io n s  of 
d if f e r e n t  o r ig in  in fluence  the  cen tra l nervous system 
concen tra tions  of neuropeptides involved in the  modulation 
of pain . Peptides were evaluated  by radioimmunoassay and 
immunohystochemistry. In r a ts  th a t  underwent the  sec tio n  of 
the  s c ia t ic  nerve,measurements of neuropeptides were done 
tw entyfour hours and seven , fo u r te e n , twentyone and th i r ty f iv e  
days a f te r  the  le s io n . In r a ts  w ith a r t h r i t i s ,  neuropeptides 
were evaluated  seven , fo u r te e n , twentyone, and th i r ty f iv e  days 
a f te r  the  induction  of a r t h r i t i s  by in je c tio n  of complete 
Freund adjuvant a t the  base of the  t a i l .  In the  case of 
s c ia t ic  nerve s ec tio n , s ince th is  was always made on the  
r ig h t s id e ,  l e f t  and r ig h t  b rain  areas were evaluated  
sep a ra te ly , w hile th is  precau tion  was not extended to  
chronic a r t h r i t i s ,  s ince th is  was always b i l a t e r a l .  BE 
co n cen tra tions  decreased b i l a te r a l ly  20/80% in b ra in  areas 
a t d if f e r e n t  tim es s ince sec tio n  of the  s c ia t ic  nerve or 
induction  of a r t h t r i t i s  and showed a trend  toward normal 
values in a r th r i t i c  r a ts  a f te r  day tw entyone, when the  degree 
of a r t h r i t i s  decreases . ME increased  s ig n if ic a n t ly  in the  
lumbosacral sp inal cord a t twentyone and th i r ty f iv e  days 
since the  sec tio n  of the  s c ia t ic  n e rv e , and twentyone days 
since the  induction  of a r t h r i t i s .  Of the  o ther 
p e p tid e s , only substace P showed a trend  toward an in c re se  in 
the  lumbosacral sp inal c o rd , in both experim ental models. 
Pharmacological trea tm en ts  were a lso  a ttem p ted , in order to  
norm alize the  co n cen tra tions  of neuropep tides. In 
c o n clu sio n , our data  in d ic a te  a prompt and severe involvement 
of b rain  neuropeptides in response to  "p e rip h e ra l"  m o d ifica tio  
ns of inpu ts  probably re la te d  to  pain fu l s t im u li .
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2 4 1 .9   SUBSTANCE K EXCITES SUBSTANTIA NIGRA NEURONS IN RAT.  R .B . 
I n n i s ,  R . A n d r a d e  a n d  G .K . A g h a j a n i a n .  D e p t . o f  P s y c h i a t r y ,  
Y a le  U n i v .  S c h .  o f  M e d .,  New H a v e n ,  CT 0 6 5 0 8 .

S u b s t a n c e  K (S K ) i s  a  r e c e n t l y  d i s c o v e r e d  n e u r o p e p t i d e ,  
w h ic h  h a s  s i g n i f i c a n t  a m in o  a c i d  h o m o lo g y  t o  s u b s t a n c e  P (S P )  
a n d  i s  e n c o d e d  i n  a  r e g i o n  a d j a c e n t  t o  SP i n  t h e  
p r e p r o t a c h y k i n i n  g e n e d ) .  T h e  d i s c o v e r y  o f  t h i s  new  
m a m m a lia n  t a c h y k i n i n  m ay e x p l a i n  t h e  a p p a r e n t  l a c k  o f  
e l e c t r o p h y s i o l o g i c  a c t i v i t y  i n  b r a i n  a r e a s  w h ic h  a r e  b e l i e v e d  
t o  h a v e  r i c h  SP i n n e r v a t i o n .  F o r  e x a m p le ,  t h e  s u b s t a n t i a  
n i g r a  ( S . N . )  i s  d e n s e l y  i n n e r v a t e d  w i t h  S P - l i k e  
i m m u n o r e a c t i v e  n e r v e  t e r m i n a l s .  H o w e v e r ,  we h a v e  f o u n d  t h a t  
t h e  m i c r o i o n t o p h o r e t i c  a d m i n i s t r a t i o n  o f  SP i n  c h l o r a l  
h y d r a t e  a n e s t h e t i z e d  r a t  i s  w i t h o u t  e f f e c t  o n  t h e  v a s t  
m a j o r i t y  o f  S .N .  d o p a m i n e r g i c  a n d  n o n - d o p a m i n e r g i c  n e u r o n s .  
S i m i l a r l y ,  n o  c l e a r  e f f e c t  o f  SP o n  g l u t a m a t e ,  d o p a m in e ,  
GABA, n e u r o t e n s i n ,  o r  s e r o t o n i n  r e p o n s e s  h a s  b e e n  o b s e r v e d .

I n  c o n t r a s t  t o  t h e  r e s u l t s  w i t h  S P ,  we h a v e  f o u n d  t h a t  
m i c r o i n o n t o p h o r e t i c a l l y  a p p l i e d  SK e x c i t e s  g r e a t e r  t h a n  25% 
o f  d o p a m i n e r g i c  a n d  n o n - d o p a m i n e r g i c  n e u r o n s  i n  r a t  S .N .  
K a s s i n i n ,  a  p e p t i d e  v e r y  s i m i l a r  t o  SK a l s o  e x c i t e s  S .N .  
n e u r o n s .  T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  r e c e p t o r  
a u t o r a d i o g r a p h i c  s t u d i e s  w h ic h  sh o w  a  l a c k  o f  SP r e c e p t o r s ( 2 )  
b u t  a n  a b u n d a n c e  o f  SK r e c e p t o r s  i n  t h e  S .N .  ( J .  M a g g io ,  
p e r s o n a l  c o m m u n i c a t i o n ) .  I n  t h i s  c a s e ,  t h e  s p e c i f i c i t y  o f  
p e p t i d e  a c t i o n  i s  d e t e r m i n e d  b y  t h e  s p e c i f i c i t y  o f  t h e  p o s t -  
s y n a p t i c  r e c e p t o r .

N e u r o t e n s i n  p r o v i d e s  a  f u r t h e r  e x a m p l e .  T h e  S .N .  
r e c e i v e s  i n n e r v a t i o n  w i t h  t h i s  p e p t i d e  a n d  n e u r o t e n s i n  
r e c e p t o r s  a r e  p r e s e n t  o n  d o p a m i n e r g i c  n e u r o n s ,  w h ic h  a r e  
l o c a t e d  i n  t h e  z o n a  c o m p a e ta  o f  S . N . ( 3 ) .  C o n s i s t e n t  w i t h  
t h i s ,  w e h a v e  f o u n d  t h a t  m i c r o i o n t o p h o r e t i c a l l y  a p p l i e d  
n e u r o t e n s i n  e x c i t e s  m any  o f  t h e  d o p a m i n e r g i c  b u t  n o n e  o f  t h e  
n o n - d o p a m i n e r g i c  n e u r o n s  o f  t h e  SN .

I n  s u m m a ry , w e h a v e  f o u n d  t h a t  SK e x c i t e s  d o p a m i n e r g i c  a n d  
n o n - d o p m i n e r g i c  n e u r o n s  i n  t h e  S .N .  I n  c o n t r a s t ,  
n e u r o t e n s i n  e x c i t e s  e x c l u s i v e l y  t h e  d o p a m i n e r g i c  n e u r o n s ,  
a n d  SP i s  l a r g e l y  w i t h o u t  a n y  e f f e c t .  T h e s e  p h y s i o l o g i c a l  
r e s u l t s  a r e  c o n s i s t e n t  w i t h  r e c e p t o r  a u t o r a d i o g r a p h i c  
s t u d i e s  w h ic h  sh o w  i n  t h e  S .N .  a  l a c k  o f  SP r e c e p t o r s ,  d e n s e  SK 
r e c e p t o r s ,  a n d  n e u r o t e n s i n  r e c e p t o r s  s p e c i f i c a l l y  o n  
d o p a m i n e r g i c  n e u r o n s .
1 .  H . N aw a e t  a l .  N a t u r e  3 0 6 : 3 2 ,  1 9 8 3 .
2 .  R . Q u i r i o n  e t  a l . N a t u r e  3 0 3 : 7 1 4 ,  1 9 8 3 .
3 .  J .  P a l a c i o s  a n d  M. K u h a r  N a t u r e  2 9 4 : 5 8 7 ,  1 9 8 1 .

241.10   THE CHOLECYSTOKININ AGONIST CERULETIDE STIMULATES GROWTH 
HORMONE AND PROLACTIN RELEASE IN  RHESUS MONKEYS.  G .R . 
H e n i n g e r , R . B .  I n n i s ,  D .S .  C h a r n e y * ,  a n d  B .S .  B u n n e y .  D e p t . 
o f  P s y c h i a t r y ,  Y a le  M ed . S c h .  New H a v e n ,  CT 0 6 5 0 8 .

C h o l e c y s t o k i n i n  (CCK) a n d  g a s t r i n  (GAS) a r e  c l a s s i c a l  
g a s t r o i n t e s t i n a l  p o l y p e p t i d e  h o r m o n e s  w h ic h  h a v e  b e e n  sh o w n  
t o  h a v e  i m p o r t a n t  e f f e c t s  o n  t h e  r e l e a s e  o f  a n t e r i o r  
p i t u i t a r y  h o r m o n e s  a n d  o t h e r  CNS f u n c t i o n s .  CCK a n d  GAS 
s h a r e  a  common 5 - a m in o  a c i d  s e q u e n c e  a t  t h e  c a r b o x y  
t e r m i n u s .  I n  o r d e r  t o  a s s e s s  t h e i r  e f f e c t s  o n  a n t e r i o r  
p i t u i t a r y  f u n c t i o n  i n  p r i m a t e s ,  t h e  CCK a g o n i s t  c e r u l e t i d e  
a n d  t h e  GAS a g o n i s t  p e n t a g a s t r i n  w e r e  a d m i n i s t e r e d  t o  
r h e s u s  m o n k e y s  w i t h  a n d  w i t h o u t  p r i o r  a d m i n i s t r a t i o n  o f  t h e  
c e n t r a l l y  a c t i v e  CCK a n t a g o n i s t  p r o g l u m i d e .

METHODS: S e v e n  a d u l t  m a le  r h e s u s  m o n k e y s  ( 7 - 1 0  k g )  w e r e  
c h a i r  a d a p t e d  a n d  h a d  r e p e a t e d  s a p h e n o u s  v e i n  
c a t h e t e r i z a t i o n s .  A 2 h r .  a d a p t a t i o n  p e r i o d  w a s  f o l l o w e d  
by r e p e a t e d  b l o o d  s a m p l i n g  b e g i n n i n g  30  m in .  p r i o r  t o  a n d  
c o n t i n u i n g  90 m in .  a f t e r  t h e  15 m in .  IV i n f u s i o n  o f  
p e p t i d e s .  P la s m a  w as a s s a y e d  f o r  g r o w t h  h o rm o n e  (GH) a n d  
p r o l a c t i n  ( PRL) w i t h  s t a n d a r d  RIA m e t h o d s .

RESULTS: A t t h e  3 d o s e s  u s e d  ( 0 . 5 ,  2 ,  a n d  8 u g / k g ) ,  
c e r u l e t i d e  p r o d u c e d  a  m ea n  p e a k  i n c r e a s e  f ro m  b a s e l i n e  i n  
GH o f  5 ,  6 , a n d  10 n g /m l  a n d  i n  PRL o f  1 0 , 1 7 ,  a n d  37 
n g / m l ,  r e s p e c t i v e l y .  A t t h e  8 u g / k g  d o s e  e v e r y  m o n k ey  
v o m i t e d  i n  t h e  m i d d l e  o f  t h e  i n f u s i o n .  P e n t a g a s t r i n  
p r o d u c e d  n o  c h a n g e  i n  GH o r  PRL l e v e l s  a n d  n o  v o m i t i n g  a t  
a n y  o f  t h e  4 d o s e s  s t u d i e d  ( 1 , 2 , 4 ,  a n d  8 u g / k g ) .  
P r o g lu m id e  a t  40 m g /k g  p r o d u c e d  a  29% a n d  63% a n d  a t  120  
m g /k g  a  62% a n d  60% i n h i b i t i o n  o f  t h e  2 u g / k g  c e r u l e t i d e  
s t i m u l a t i o n  o f  GH a n d  PRL, r e s p e c t i v e l y .  P r o g lu m id e  h a d  n o  
e f f e c t  w hen  g i v e n  a l o n e .

D ISCU SSIO N : T h e  f a i l u r e  o f  .3  u g / k g  o f  1M c e r u l e t i d e  t o  
a l t e r  GH a n d  PRL i n  h u m a n s  ( L a l , S .  P r o g .  
N e u r o - P s y c h o p h a r m a c o l . & B i o l .  P s y c h i a t .  7 : 5 3 7 ,  1 9 8 3 )  m ay 
b e  d u e  t o  t h e  r e l a t i v e l y  l o w e r  d o s e .  T h e  s p e c i f i c i t y  o f  
c e r u l e t i d e ' s  a c t i o n  i s  s u p p o r t e d  by  t h e  d o s e - r e l a t e d  
i n c r e a s e s  i n  GH a n d  PRL, t h e  a b i l i t y  o f  t h e  c e n t r a l l y  
a c t i v e  a n t a g o n i s t  p r o g lu m id e  t o  b l o c k  t h e  i n c r e a s e s ,  a n d  b y  
t h e  i n a b i l i t y  o f  t h e  c l o s e l y  r e l a t e d  p e p t i d e  p e n t a g a s t r i n  
t o  p r o d u c e  t h e  h o r m o n a l  r e s p o s e .  C e r u l i t i d e  s t i m u l a t i o n  o f  
a n t e r i o r  p i t u i t a r y  h o r m o n a l  f u n c t i o n  m ay b e  a  u s e f u l  m e th o d  
t o  a s s e s s  t h e  CCK m o d u l a t i o n  o f  n e u r o e n d o c r i n e  f u n c t i o n  i n  
a  v a r i e t y  o f  m e d i c a l ,  n e u r o l o g i c  a n d  p s y c h i a t r i c  
c o n d i t i o n s .

2 4 1 .1 1   INTRATHECAL ( I . T . )  IN JECTION OF BOMBESIN AND RAT CRF IN H I
B IT S  GASTRIC ACID SECRETION IN RATS.  D . H a m e l* , a n d  Y. 
T a c h e .   C e n t e r  f o r  U l c e r  R e s e a r c h  a n d  E d u c a t i o n  (C U R E), 
U n i v e r s i t y  o f  C a l i f o r n i a ,  S c h o o l  o f  M e d i c i n e ,  VA W a d s w o r th ,  
L o s  A n g e l e s ,  CA.

I n t r a c i s t e r n a l  i n j e c t i o n  o f  b o m b e s i n ,  c o r t i c o t r o p i n -  
r e l e a s i n g  f a c t o r  (C R F ) , c a l c i t o n i n - g e n e - r e l a t e d  p e p t i d e  
(C G R P ), a n d  d y n o r p h i n  d o s e  d e p e n d e n t l y  i n h i b i t e d  a n d  
t h y r o t r o p i n - r e l e a s i n g  h o rm o n e  (TRH) o r  RX 7 7 3 6 8  a  s t a b l e  
TRH a n a l o g ,  s t i m u l a t e d  g a s t r i c  a c i d  s e c r e t i o n  i n  r a t s .  
B a s e d  o n  t h e  s u p r a s p i n a l  a n d  s p i n a l  l o c a l i z a t i o n  o f  t h e s e  
p e p t i d e s ,  s t u d i e s  w e r e  u n d e r t a k e n  t o  i n v e s t i g a t e  i f  r a t  
CRF ( r C R F ) ,  r a t  CGRP (rC G R P ), TRH a n d  d y n o r p h i n  d e l i v e r e d  
i n t o  t h e  s p i n a l  s u b a r a c h r o i d  s p a c e  a t  t h e  l u m b a r  L2 l e v e l  
w i l l  a l s o  i n f l u e n c e  g a s t r i c  s e c r e t i o n .

I n  2 4 h - f a s t e d  m a le  S p r a g u e - D a w le y  r a t s  ( 2 2 0 - 2 6 0 g )  
u n d e r  e t h e r  a n e s t h e s i a ,  8 . 5  cm l e n g t h  p o l y e t h y l e n e  c a t e t e r s  
w e r e  i n s e r t e d  t h r o u g h  a  s l i t  m ad e i n  t h e  c i s t e r n a l  
m e m b ra n e , a n d  p e p t i d e s  o r  0 . 1% b o v i n e  s e r u m  a lb u m i n  w e r e  
i n j e c t e d  w i t h  5 u l  v o lu m e  f o l l o w e d  b y  5 u l  v e h i c l e  t o  w a sh  
t h e  c a t h e t e r .  T h e  p y l o r u s  w a s t h e n  l i g a t e d  a n d  2h l a t e r ,  
c o n s c i o u s  r a t s  w e r e  d e c a p i t a t e d  f o r  c o l l e c t i o n  o f  g a s t r i c  
s e c r e t i o n .  RX 7 7 368  ( 3 , 3 ' - d i m e t h y l  ) 3TRH ( 0 . 0 1 - l u g )  
i n j e c t e d  i . t .  d i d  n o t  s i g n i f i c a n t l y  m o d i f i e d  g a s t r i c  s e c r e 
t i o n  w h e r e a s  i n t r a c i s t e r n a l  i n j e c t i o n  m a r k e d l y  e l e v a t e d  
g a s t r i c  a c i d  o u t p u t .  B o m b e s in  ( 0 . 0 5 - l u g )  a n d  rCRF 
( 0 . 0 1 - 1 0 u g )  g i v e n  i . t .  i n d u c e d  a d o s e - d e p e n d e n t  i n h i b i t i o n  
o f  g a s t r i c  s e c r e t i o n  .  H i g h e s t  d o s e s  o f  b o m b e s in  a n d  rCRF 
r e d u c e d  g a s t r i c  a c i d  o u t p u t  b y  8 1 -8 6 % . CRF a c t i o n  w as n o t  
r e v e r s e d  b y  a d r e n a l e c t o m y .  By c o n t r a s t  d y n o r p h i n  o r  rCGRP 
( 0 . 1 - 10m g) g i v e n  i . t .  d i d  n o t  m o d i f y  g a s t r i c  a c i d  s e c r e 
t i o n .  T h e s e  r e s u l t s  s u g g e s t  t h a t  b o m b e s in  a n d  rCRF u n l i k e  
rC G RP h a v e  s u p r a s p i n a l  a n d  s p i n a l  s i t e s  o f  a c t i o n  t o  i n h i 
b i t  g a s t r i c  a c i d  s e c r e t i o n .  T h e  s t i m u l a t o r y  a c t i o n  o f  TRH 
a p p e a r s  t o  r e q u i r e  d i r e c t  a c t i o n  o n  s p e c i f i c  s u p r a s p i n a l  
s t r u c t u r e s .

S u p p o r t e d  b y  AM 3 0 1 1 0  a n d  AM 3 3 0 6 1  ( Y . T . ) .  T h e  
a u t h o r s  t h a n k  J .  R i v i e r ,  T h e  S a l k  I n s t i t u t e ,  La J o l l a ,  CA 
f o r  h i s  g e n e r o u s  d o n a t i o n s  o f  t h e  p e p t i d e s .

241. 12  ACTIVATION OF BENZODIAZEPINE RECEPTORS SUPPRESSES CHOLECYS
TOKININ-INDUCED EXCITATION OF HIPPOCAMPAL PYRAMIDAL NEU
RONS: A MICROIONTOPHORETIC STUDY IN THE RAT.  J .  Bradwejn* 
and C. de Montigny,  Neuroscience Research C en ter, Univer
s i t é  de M ontréal, M ontréal, Canada, H3C 3J7.

Male Sprague-Dawley r a t s  (225-300g) were an es th e tiz ed  
w ith urethane (1 .25g/kg , i . p . ) .  F iv e -b a rre lle d  m icropi
p e t te s  were used fo r  e x t r a c e l lu la r  u n ita ry  record ing  o f CA3 
d o rsa l hippocampus pyramidal neurons. The follow ing so lu 
tio n s  were used fo r  m icroio n to p h o res is : su lphated  cholecys
to k in in  o c tapep tide  [CCK-8S ] (10 µ M in  NaCl 0 .2  M, PH: 5; 
Squibb), a c e ty lc h o lin e . HCl [ACh] (20 mM in  NaCl 0 .2  M, EH: 
4; Calbiochem), flurazepam . HCl [FLU] (20 mM, PH: 4; 
Hoffman-Laroche), chlordiazepoxide.H Cl [CDP] (10 mM in  NaCl 
0.02 M, PH: 3; Hoffman-Laroche) and m ethionine-enkephaline 
[mENK] (0.5 mM in  NaCl 0.2  M w ith BSA 0.01%, PH: 4 .6 ; 
Sigm a).

The i . v .  ad m in is tra tio n  o f high doses o f FLU, lorazepam 
[LOR] (Wyeth) and diazepam [DZ] (Hoffman-Laroche) complete
ly  abolished  the  CCK-8S-induced a c t iv a tio n  in  a s e le c t iv e  
manner as mENK- and ACh-induced a c t iv a tio n s  were not a f 
fe c te d . The ED50  o f DZ and LOR obtained  from dose-response 
curves fo r  suppressing  CCK-8S-induced a c t iv a tio n  were 100 
µg/k g and 20  µg/k q ,  r e s p e c tiv e ly . M icro ion tophoretic  
ap p lic a tio n s  o f FLU and CDP reversed  the  CCK-8S-induced ac
t iv a t io n  but not th a t  induced by mENK o r  ACh. Both th e  e f 
fe c ts  o f i . v .  LOR and m ic ro ion tophoretic  FLU were complete
ly  prevented o r  reversed  by RO 15-1788 (3 .5  mg/k g , i . v . ) .

PK 8165, a non-benzodiazepine [BZD] q u in o le in e  d e riv a 
t iv e ,  i s  an an x io ly tic  agent which b inds to  BZD re c ep to rs . 
Low i . v .  doses and m icro ion tophoretic  a p p lic a tio n s  o f PK 
8165 a lso  suppressed s e le c t iv e ly  the  CCK-8S-induced a c t iv a 
tio n  (ED50 = 250 µg/k g , i . v . ) .  This e f f e c t  o f  PK 8165 was 
antagonized by RD 15-1788 (3.5 mg/k g , i . v . ) .  High i . v .  
doses o f PK 8165 fa ile d  to  suppress the  CCK-8S-induced 
a c t iv a tio n  but antagonized the  e f fe c t  of LOR on th e  a c t iv a 
tio n  by CCK-8S .

These r e s u l t s  show th a t  a c t iv a tio n  o f BZD re c ep to rs  sup
p resses  s e le c t iv e ly  the  e x c i ta tio n  o f hippocampal pyram idal 
neurons by CCK-8S and th a t ,  in  keeping w ith  biochem ical 
f in d in g s , PK 8165 is  a mixed ag o n is t-a n tag o n is t of BZD 
re c e p to rs . The ED50's  obtained w ith LOR, DZ and PK 8165 
f a l l  e x ac tly  in  the  range o f th e i r  a n x io ly tic  doses in  
humans, thus suggesting  th a t  th is  neuropharm acological 
phenomenon might be involved in  m ediating th e  a n x io ly tic  
e f f e c t  o f drugs a c t iv a tin g  the  BZD re c e p to rs .
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242 . 1  THE FIBROUS CYTOPATHOLOGY OF DEGENERATING NEURONS IN  
ALZHEIMER’ S D ISE A SE : AN ULTRASTRUCTURAL REAPPRAISAL. D . J .  
S e l k o e . H a r v a r d  M ed. S c h o o l ,  M a ilm a n  R e s e a r c h  C e n t e r ,  
M cL ean  H o s p i t a l ,  B e l m o n t ,  MA 0 2 1 7 8 .

C l a s s i c a l  d e s c r i p t i o n s  o f  t h e  c y t o p a t h o l o g y  o f  hum an  n e u 
r o n a l  d e g e n e r a t i o n  d u r i n g  a g i n g  a n d  i n  d e m e n t i a  o f  t h e  A l z 
h e im e r  t y p e  (AD) i n c l u d e  t h e  a c c u m u l a t i o n  o f  a b n o r m a l  c y t o 
p l a s m i c  f i b e r s  i n  n e u r o n a l  c e l l  b o d i e s  [ a s  n e u r o f i b r i l l a r y  
t a n g l e s  (N F T )] a n d  i n  a l t e r e d  n e u r i t e s  ( a s  n e u r i t i c  p l a q u e s ) . 
U l t r a s t r u c t u r a l  a n a l y s e s  d u r i n g  t h e  p a s t  tw o  d e c a d e s  h a v e  
c o n c l u d e d  t h a t  t h e  p r i n c i p a l  p a t h o l o g i c a l  f i b e r s  i n  t h e s e  
l e s i o n s  a r e  p a i r s  o f  i n t e r m e d i a t e  (~10  nm ) f i l a m e n t s  t w i s t e d  
i n t o  d o u b l e  h e l i c e s  w i t h  a  h a l f - p e r i o d i c i t y  o f  ~ 80  nm . How
e v e r ,  r e p o r t s  o f  NFT c o m p o s e d  o f  s t r a i g h t  15  nm f i l a m e n t s  i n  
c e r t a i n  c a s e s  o f  AD h a v e  r e c e n t l y  b e e n  p u b l i s h e d .  We h a v e  
e x a m in e d  f o r m a l i n - f i x e d  h i p p o c a m p a l  t i s s u e s  o b t a i n e d  p o s t 
m o r te m  f r o m  3 c a s e s  o f  AD, i n c l u d i n g  o n e  w i t h  f a m i l i a l  ( a u t o 
s o m a l  d o m in a n t )  AD, b y  t r a n s m i s s i o n  e l e c t r o n  m ic r o s c o p y  (E M ). 
I n  a l l  c a s e s ,  l i g h t  m ic r o s c o p y  d e m o n s t r a t e d  a b u n d a n t  NFT a n d  
n e u r i t i c  p l a q u e s  s h o w in g  c l a s s i c a l  m o r p h o lo g y  a n d  a r g y r o 
p h i l i a .  H o w e v e r ,  EM r e v e a l e d  t h a t  b o t h  n e u r o n a l  p e r i k a r y a  
a n d  n e u r i t e s  d i s p l a y e d  a  c o m p le x  m i x t u r e  o f  a b n o r m a l  c y t o 
p l a s m i c  f i b e r s ,  i n c l u d i n g :  ( 1 ) s t r a i g h t  ( n o n - h e l i c a l )  f i l a 
m e n t s  w i t h  a  s p e c t r u m  o f  d i a m e t e r s  b e tw e e n  10  a n d  20  nm , m o s t  
co m m o n ly  15  nm ; ( 2 )  p a i r e d  h e l i c a l  f i l a m e n t s  (PH F) v a r y i n g  
b e tw e e n  2 0  a n d  2 4  nm i n  m a x im a l  d i a m e t e r  a n d  h a v i n g  h a l f 
p e r i o d s  o f  7 5 - 8 5  nm ; ( 3 )  1 5 - 2 0  nm f i l a m e n t s  w h ic h  w e r e  n o t  
e n t i r e l y  s t r a i g h t  b u t  a p p e a r e d  t o  s h o w  s u b t l e  p e r i o d i c  c o n 
s t r i c t i o n s .  R andom  m i x t u r e s  o f  1 5 - 2 0  nm s t r a i g h t  f i l a m e n t s  
a n d  PHF o c c u r r e d  w i t h i n  t h e  sa m e  f i b r o u s  b u n d l e  i n  c e r t a i n  
n e u r o n a l  p e r i k a r y a  o r  n e u r i t e s ;  t h i s  w a s  p a r t i c u l a r l y  common 
i n  t h e  a u t o s o m a l  d o m in a n t  AD c a s e .  We a l s o  o b s e r v e d  a p p a r 
e n t l y  e x t r a c e l l u l a r  b u n d l e s  o f  s t r a i g h t  1 5 - 2 0  nm f i l a m e n t s  
i n  t h e  l a t t e r  c a s e .  L i k e  P H F , 1 5 - 2 0  nm s t r a i g h t  f i l a m e n t s  
w e r e  p r e s e n t  i n  t h e  i n s o l u b l e  f r a c t i o n  o f  AD c o r t e x  f o l l o w 
i n g  SDS e x t r a c t i o n .  I n  a  c a s e  o f  t h e  m u ch  l e s s  common p r e -  
s e n i l e  d e m e n t i a ,  P i c k ' s  d i s e a s e ,  EM o f  t h e  c h a r a c t e r i s t i c  
i n t r a n e u r o n a l  P i c k  b o d i e s  a l s o  sh o w e d  a  s p e c t r u m  o f  a b n o r m a l  
f i b e r s ,  p r i n c i p a l l y  1 2 -2 0  nm s t r a i g h t  f i l a m e n t s ,  w i t h  o c c a 
s i o n a l  t y p i c a l  ( ~ 8 0  nm h a l f - p e r i o d i c i t y )  o r  a t y p i c a l  (>100 
nm h a l f - p e r i o d i c i t y )  PHF f o u n d  i n  t h e  sa m e  n e u r o n .  We c o n 
c l u d e  t h a t  t h e  f i b r o u s  c y t o p a t h o l o g y  o f  n e u r o n s  i n  AD i s  m o re  
c o m p le x  a n d  h e t e r o g e n e o u s  t h a n  g e n e r a l l y  s t a t e d  a n d  i n c l u d e s  
t h e  a c c u m u l a t i o n  o f  s t r a i g h t  c y t o p l a s m i c  f i b e r s  w i t h  a  s p e c 
t r u m  o f  d i a m e t e r s  f r o m  1 0  t o  2 0  nm a s  w e l l  a s  PH F . M o le c u 
l a r  m o d e l s  a n d  h y p o t h e s e s  f o r  t h e  r e o r g a n i z a t i o n  o f  t h e  
f i b r o u s  n e u r o n a l  c y t o s k e l e t o n  i n  AD w i l l  n e e d  t o  t a k e  t h i s  
c o m p l e x i t y  i n t o  a c c o u n t .

242.2  CHOLINE ACETYLTRANSFERASE IMMUNOREACTIVITY IN HEREDITARY 
CANINE SPINAL MUSCULAR ATROPHY.  L. C. Cork*, R. J .  
A ltsch u ler* , J .  W. G r if f in ,  D. L. P rice  and B. H. M ainer.  
Neuropathology Laboratory, The Johns Hopkins U niversity  
School of M edicine, B altim ore, MD 21205.

Immunocytochemical (p e ro x id a se /an tiperoxidase) methods 
re ly ing  upon a monoclonal antibody d irec ted  ag a in st cho line  
a ce ty ltra n s fe ra s e  (ChAT) were used to  examine the  
p ro p e rtie s  of motor neurons in  dogs with H ereditary  Canine 
Spinal Muscular Atrophy (HCSMA), an autosomal dominant 
motor neuron d isease ., HCSMA has th re e  phenotypes: 
a cce le ra ted , in te rm ed ia te , and chron ic . Dogs with 
acce le ra ted  d isease  a re  homozygous fo r  th e  HCSMA t r a i t  and 
develop quadraparesis  by four months of age. Heterozygous 
HCSMA dogs have in te rm ed ia te  or chronic d isea se . Dogs with 
in te rm ed ia te  d isease  develop marked p a re s is  between two and 
th re e  years of age; those  w ith chronic d isease  have 
denervation atrophy in  proximal muscle groups but a re  not 
severely  compromised a t seven years of age. Dogs w ith 
HCSMA show la rg e , proxim al, n e u ro fila m e n t-f ille d  in te rn o d a l 
axonal sw e llings, and gel fluorograph ic  s tu d ie s  d isc lo se  
impairment of tra n s p o r t of neurofilam ent polypeptides and, 
to  a le s s e r  degree, tu b u lin  and a c t in .  Using a monoclonal 
antibody ag a in st bovine ChAT, we compared ChAT 
imm unoreactivity in one in te rm ed ia te  and two chronic HCSMA 
dogs (3 and 7 years o ld ) to  th a t  of contro l dogs. Motor 
neurons showed ChAT imm unoreactivity in c o n tro l ,  ch ron ic , 
and some, but not a l l ,  motor neurons in in te rm ed ia te  HCSMA 
dogs. However, some la rg e  ventra l horn neurons in  dogs 
with in te rm ed ia te  HCSMA did not appear to  express ChAT 
im m unoreactivity, although ChAT-immunoreactive f ib e rs  
appeared to  te rm ina te  on th e i r  su rface . Unlike c o n tro ls ,  
th e  su rface  of many ChAT-immunoreactive neurons in HCSMA 
dogs contained la rg e  ChAT-immunoreactive f ib e r  te rm in a ls . 
Axonal sw ellings in dogs with in te rm ed ia te  HCSMA showed 
ChAT Im m unoreactivity; chronic HCSMA dogs had v i r tu a l ly  no 
axonal sw e llin g s. These observations suggest th a t  ChAT may 
be re ta in ed  in axonal sw ellings i n dogs with in te rm ed ia te  
HCSMA and th a t  a l l  motor neurons in th e se  dogs may not 
express ChAT a c t iv i ty .  Our r e s u lts  ra is e  th e  p o s s ib i l i ty  
th a t  abnorm alities  in th e  sy n th esis  and/or tra n s p o r t  of 
ChAT may have func tiona l c o rre la te s  in  HCSMA and, p o ss ib ly , 
in  i t s  human co u n te rp a rt, fam ilia l motor neuron d isea se .

242.3  NEUROPEPTIDE Y-CONTAINING CELLS IN HUNTINGTON'S CHOREA, 
AND IN THE KAINIC ACID LESIONED STRIATUM AS AN ANIMAL 
MODEL OF THE DISEASE.  Y. S. A llen*, G. Cole*, T .J . 
Crow+, B. Brownell++ and J.M. Polak.  Dept. of 
H istochem istry , Royal Postgraduate  Medical School, 
London, U .K., +D ivision of P sy ch ia try , C lin ica l Research 
C entre , Harrow, Middlesex and ++Department of 
Neuropathology, Frenchay H o sp ita l, B r is to l ,  U.K.

H untington 's Chorea is  an in h e rited  degenerative  
d iso rd e r of the  cen tra l nervous system which m anifests 
i t s e l f  in middle age with the  symptoms of dem entia, 
neuroendocrine d is tu rbance  and severe d y sk in esia . 
N europathological exam ination has revealed su b stan tia l 
c e ll  lo ss  from many b rain  reg io n s , but most markedly the  
caudate nucleus. Neurochemical analyses have described 
a gen era lised  d ep le tion  of enzyme markers fo r the 
n eu ro tran sm itte rs  contained w ith in  c e l ls  of the s tria tum  
while the  n ig ro s tr i a ta l  dopaminergic innerva tion  remains 
u n a lte re d . I t  is  commonly agreed th a t  these  
morphological and biochemical changes are  well mimicked 
by the  le sio n in g  of the  animal s tria tu m  with kain ic  
a c id , a neurotoxin s e le c tiv e  fo r ce ll bodies (Coyle, 
J .T . and Schwarcz, R ., Nature (L ond.), 263: 244, 1976; 
McGeer, E.G. and McGeer, P.L. Nature (L ond.), 263: 517, 
1976).

R ecently , a number of neuropeptides (inc lud ing  
neuropeptide Y) have been described  to  be contained 
w ith in  c e l ls  of the  s tria tu m . Furtherm ore, reported  
radioimmunoassay re s u l ts  would in d ic a te  th a t  neuronal 
elements con tain ing  neuropeptide Y are preserved in 
H untington 's Chorea (Emson, P .C ., R osser, M.N. and Hunt, 
S .P .,  Peptides and Neurological D isease, Cambridge, 
England, Aug. 1983). Indeed, our immunocytochemical 
in v e s tig a tio n s  on th ic k , vibratome sec tio n s  of 
H untington 's t is s u e  would support th is  view. However, 
our s tu d ie s  show th a t  these  c e l ls  do not surv ive ka inate  
le sio n in g  of the  ra t  s tr ia tu m , a treatm ent which 
otherw ise mimicked the  changes seen in H untington 's 
Chorea. These observations have im portant im plications 
both fo r  in d ic a tin g  the  s e le c t iv i ty  of ce ll lo ss  from 
the  s tria tu m  inheren t in the  d isease  p rocess, and fo r 
h ig h lig h tin g  the  more s u b tle ,  neurochemical changes the  
ka in a te  model of H untington 's Chorea cannot d u p lic a te .

242.4  EFFECTS OF QUINOLINIC ACID ON STRIATAL GLUCOSE CONSUMPTION 
OF RATS.  M.P.Heyes* and E .S .G arnett* (SPON: J .S e g g ie ) .  
Section of Radiology and Nuclear M edicine, McMaster 
U n ivers ity  Medical C entre, Hamilton, O ntario , Canada, L8N3Z5.

G arnett e t a l  (J . Neurosci: In P ress) using p o s itro n  
em ission tomography dem onstrated th a t  p a tie n ts  in  the  very 
e a rly  s tages  of ju v e n ile -o n se t H unting ton 's  d isea se  (HD) 
have depressed s t r i a t a l  glucose consumption (CMRgiuc). 
These p a tie n ts  have l i t t l e  or no s t r i a t a l  a trophy , assessed  
by CAT scan , and p resen t w ith  p s y c h ia tr ic  d is tu rb an ces  
ra th e r  than movement d iso rd e r . The decreased s t r i a t a l  
CMRgl uc may r e f le c t  changes in  neuron e l e c t r i c a l  a c t iv i ty  
due to  imbalances in  n eu ro tran sm itte r a c tio n . C erta in  
anatom ical and neurochem ical c h a r a c te r is t ic s  of HD, 
inc lud ing  depressed s t r i a t a l  CMRgl u c , can be re p lic a te d  in  
r a t s  by in je c tin g  k a in ic  acid (KA) d ir e c t ly  in to  the 
s tria tu m . KA does not occur n a tu ra lly  in  the  b ra in  but 
because i t  i s  a s t ru c tu ra l  analog of glutam ate i t  has been 
p o s tu la ted  th a t  excessive g lu tam aterg ic  a c t iv i ty  i s  
re sp o n sib le  fo r the  s t r i a t a l  c e l l  death  of HD. I t  has 
re c en tly  been shown th a t  when q u in o lin ic  acid  (QA) i s  
in je c ted  in to  the s tria tu m  i t  has neurotoxic  p ro p e rtie s  
s im ila r  to  those of KA (Schwarcz e t a l  Science 219: 316, 
1983). QA is  a n a tu ra l product of tryptophan metabolism. 
I t  i s  p o ssib le  th e re fo re  th a t  excessive q u a n t i t ie s  of QA 
might be produced in  HD. We have stud ied  the  e f fe c ts  of 
QA on s t r i a t a l  CMRgl uc measured by the  [14C]-2-deoxyglucose 
(2-DG) techn ique. An i n t r a s t r i a t a l  in je c tio n  of 250 nmoles 
of QA (d isso lved  in  1 .8 µL of sa lin e  infused  over a 25 min 
period) caused an immediate in c rease  in  CMRgl uc in  the  
i p s i l a t e r a l  s tr ia tu m . Four days l a te r  s t r i a t a l  CMRgl uc was 
reduced and the s tria tu m  i t s e l f  was s l ig h t ly  sw ollen. Our 
observations show th a t QA is  s im ila r  to  KA with re sp ec t to  
i t s  e f fe c ts  on s t r i a t a l  CMRgl uc . We suggest th a t the 
reduction  of CMRgl uc in  HD may be a consequence of an 
increased  amount of QA or increased  s e n s i t iv i ty  of s t r i a t a l  
neurons to  QA.

MPH is  a re c ip ie n t of a p o s t-d o c to ra l fe llow sh ip  from the 
Huntington Society of Canada.
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24 2 .5 METABOLISM OF THYROTROPIN-RELEASING HORMONE 
(p G lu -H is -P ro N H 2 , TRH) IN THE CEREBROSPINAL FLUID 
(CSF) OF PATIENTS WITH NEUROLOGIC DISORDERS.  T . 
FREDERICK,* A. JAYARAMAN. R .M. EDWARDS,* AND C . 
PRASAD. ( SPON: L . HAPPEL) .  D e p ts .  o f  N e u ro lo g y , 
M e d ic in e  an d  B io c h e m is t r y ,  L o u i s ia n a  S t a t e  
U n i v e r s i t y  S c h o o l o f  M e d ic in e ,  New O r l e a n s ,  LA. 
7 0 1 1 2 .

TRH h a s  b e en  s u g g e s te d  t o  be b e n e f i c i a l  in  t h e  
n e u r o l o g i c a l  r e c o v e r y  in  e x p e r im e n ta l  s p i n a l  c o rd  
t r a u m a ,  s t r o k e  an d  ALS. To u n d e r s ta n d  th e  
p o t e n t i a l  r o l e  o f  TRH in  t h e s e  d i s o r d e r s ,  we h av e  
s t u d i e d  TRH m e ta b o l is m  in  CSF o f  31 c o n s e c u t iv e  
p a t i e n t s  a d m i t te d  w i th  n e u r o l o g i c a l  d i s o r d e r s .
CSF w as i n c u b a te d  w i th  [ 3H -Pro] -TRH u n d e r  o p t im a l  
c o n d i t i o n s  (50 mM T r i s - a c e t a t e  b u f f e r ,  pH 6 . 8 ,  
37C ) . TLC a n a l y s e s  show t h a t  TRH i s  m e ta b o l iz e d  
t o  p r o l i n e ,  a c i d  TRH (A -TRH), an d  c y c lo  (H is -P r o )  
(c H P ). The c H P /(p ro lin e + A -T R H ) r a t i o  was g r e a t e r  
th a n  f i v e ,  s u g e s t i n g  t h a t  p G lu - p e p t id a s e  t o  be 
t h e  m a jo r  p a th w ay  in  human CSF. T h e re  was no 
a p p a r e n t  c o r r e l a t i o n  b e tw ee n  th e  i n d i v i d u a l  
n e u r o l o g i c a l  d i s e a s e s  an d  th e  r a t e  o f  f o r m a t io n  
o f  TRH m e t a b o l i t e s .  H ow ever, in  a c u t e  
d e s t r u c t i v e  l e s i o n s  w i t h i n  CNS o r  i n  a c u t e  
e x a c e r b a t i o n  o f  c h r o n ic  n e u r o l g i c a l  c o n d i t i o n s ,  
t h e  m e ta b o l is m  o f  TRH th ro u g h  t h e  a m id a se  p a th w ay  
(A -T R H + p ro lin e ) was i n c r e a s e d ,  w i th  a 
c o m p e n s a to ry  d e c r e a s e  o f  t h e  m e ta b o l is m  th ro u g h  
th e  p e p t i d a s e  p a th w a y .

N e u r o lo g ic  
d i s o r d e r

T o t a l  TRH 
m e ta b o l iz e d

% OF TRH m e ta b o l iz e d  t o

A-TRH+Pro cHP

A c u te  (13) 7 4 .8 + 2 8 .4 2 8 . 7 ± 6 .2 7 1 .2 + 6 .1

C h ro n ic  (18) 4 9 .0 + 1 3 .9 1 2 . 0 ± 2 .7 8 8 .0 + 2 .7

p - v a lu e
v s .  a c u t e > 0 .2 0 < 0 .0 2 < 0 .0 1

* p m o ls /m in /m g /p r o te in  (mean+SEM)
The a l t e r e d  T R H -m e ta b o lic  p a t t e r n  may be 

r e l a t e d  t o  t i s s u e  d am age, t i s s u e  r e p a i r  o r  due  t o  
s t r e s s  a s s o c i a t e d  w i th  t h e s e  c o n d i t i o n s .

242.6 THE NEW APPROACH FOR CLASSIFICATION OF SCHIZOPHRENIA USING 
POSITRON CT (PET).  H.Kishimoto, H.Kuwabara,* T.Miyauchi,* 
S.Oono,* Y.Nomura,* O.Takazu,* T .I s h i i ,* S.Yokoi* and M .Iio*.
(SPON: T.Takenaka)  Department of P sy ch ia try , Yokohama City 
U n iv e rs ity , Yokohama 232 and Nakano National H o sp ita l, 
Nakano, Tokyo 165, JAPAN.

The concept of schizophrenia was e s ta b lish e d  by B leu ler 
in 1911. The schizophrenic p a tie n ts  r e a lly  e x is ts  a l l  over 
the w orld, however, most of the b io lo g ica l bases fo r  sch izo 
phrenia are s t i l l  unknown. The p ositron  em ission tomography 
is  an im portant new instrum ent fo r  understanding the func
tio n  of the working b ra in . I t  is  expected th is  instrum ent 
w ill provide new b io lo g ica l inform ation leading  to  a b e t te r  
understanding of mental i l ln e s s  e sp e c ia lly  schizophrenia  and 
a f fe c tiv e  d iso rd e rs . In th is  p resen ta tio n  we would l ik e  to  
describe  the find ing  of experim ents using PET in a new c la s s 
i f i c a t io n  of schizophrenia.

Twelve schizophrenic p a tie n ts  ( 8  men, 4 women, mean age 
4 0 )  who were out and in p a tie n ts  a t  the  Yokohama U niversity  
H o sp ita l, and s ix  contro l su b jec ts  (men,mean age 4 1 )  who 
agreed to  cooperate with th is  t e s t  p a r tic ip a te d  in th is  s tu 
dy. Diagnoses were based on DSM-III c r i t e r i a .  The p a t ie n ts ' 
h is to r ie s  of i l ln e s s  were from seven to  tw enty-six  years in 
leng th . The su b jec ts  were la id  down on the CT bed in  a dark
ened room with eyes closed and given 10mCi 11CO2 with oxygen 
by in h a la tio n  or 20mCi 11C-glucose by per os. A fte r the 11C- 
tra c e r  a d m in is tra tio n , two to  s ix  h o riro n ta l b rain  scans 
p a ra lle l to  the OM lin e  were done.

The major find ings of th is  study were as follows : There 
was no s ig n if ic a n t  d iffe ren ce  between the counts ( 2 5  p ix e ls  
c o u n ts /to ta l counts ) of contro l su b jec ts  and schizophrenic  
p a tie n ts  in the area of the tempolar co rte x , the o c c ip ita l 
co rtex , s tria tu m  and thalam us; however, s t a t i s t i c a l  s i g n i f i 
cance was found in the area o f the fro n ta l cortex  by 11CO2 
(p<0.05 ) and 11C-glucose (p<0.05) ad m in is tra tio n . In 
d e ta i l ,  th e re  are a t  le a s t  two types of PET image (I )  hypo
fro n ta l schizophrenic p a tie n ts  ( number 8 ) and ( I I )  normal 
fro n ta l schizophrenic p a tie n ts  ( number 4 ). When hypofron
ta l p a tie n ts  were taken to g e th e r , the s t a t i s t i c a l  s ig n if ic a n 
ce in the area of the fro n ta l cortex  became remarkable in 
both 11CO2 (p<0.001 ) and 11C-glucose (p<0.001) adm inist
r a t io n ,  however, normal fro n ta l p a tie n ts  had no s t a t i s t i c a l  
s ig n ific an ce  compared to  co n tro ls . The type of c l in ic a l  p ic 
tu re  fo r hypofrontal p a tie n t is  s im ila r  to  Residual Type and 
th a t  fo r  normal fro n ta l p a tie n t is  s im ila r  to  U n d iffe re n tia t
ed Type by DSM-III c r i t e r i a .  Supported by Grant 83-10-11 
(NCNMMD) of the M inistry  of Health and W elfare, Japan.

242.7  NMR STUDIES OF SCHIZOPHRENIA.  R.C. Smith, M. Calderon, R . 
Baum gartner, G.K. Ravichandran, J .C . S choolar.  B io log ical 
P sy c h ia try , Texas Research I n s t i t u t e  of Mental Sciences, 
and Houston Imaging C enter, Houston, Texas 77030.

S everal s tu d ie s  of our own and o the r groups have de
m onstrated m orphological abno rm alities  in  the  b ra in s  of 
sch izophren ic  p a tie n ts  using q u a n ti ta t iv e  measurements 
from CT scans and re la te d  techn iques. Nuclear Magnetic 
Resonance Scans (NMR) provide much g re a te r  d e ta i l  of b ra in  
anatom ical s tru c tu re  and sev e ra l d if f e r e n t  imaging modes 
which provide inform ation  re lev an t to  p ro p e rtie s  of the 
atomic n u c le a rs , which may be used to  ch a rac te r iz e  b ra in  
t i s s u e s ,  such as pro ton  den sity  (p) and T1 and T2 re la x a tio n  
tim es. We re p o rt the  f i r s t  s tu d ie s  of q u a n ti ta t iv e  mea
surements in  the  b ra in s  of schizophrenic p a tie n ts  u t i l i z in g  
NMR. Tw enty-five schizophrenic  and 20 co n tro ls  were 
scanned w ith  a .3 T esla  NMR scanner using sev e ra l scanning 
modes (Spin-Echo (SE)-30, Inversion  Recovery (IR )-30 , and 
SE-120) which h ig h lig h ted  the  p , T1 and T2 p ro p e r tie s ,  
r e s p e c tiv e ly . The g re a te r  d e ta i l  av a ilab le  on NMR scans 
allowed measurement of many s tru c tu re s  not e a s ily  v is u a l iz 
ed on CT scans. Q u a n tita tiv e  a n a ly sis  of l in e a r  and area  
measures of image in te n s i t i e s  revealed : (a) schizophrenics 
had h igher image in te n s i t i e s  of w hite m a tte r and grey mat
t e r  in  the  r ig h t  and l e f t  a n te r io r  reg ion  of coronal s l ic e s ,  
scanned in  the  IR30 mode; (b) schizophrenics had lower 
image in te n s i ty  of the  l e f t  putamen-globus p a llid u s  than 
c o n tro ls ; (c) th e re  was a s trong trend  fo r  la rg e r  b icaudate  
w id ths, and re v e rs a l of normal l e f t  vs r ig h t  a reas  asymme
t r i c a l  of th e  l a t e r  v e n tr ic le s  in  sch izophren ics than con
t r o l s ;  (d) th e re  were s ig n if ic a n t  c o rre la tio n s  of q u a n tita 
t iv e  measures of psychopathology r e f le c t in g  of "p o s itiv e "  
and "negative" sch izophren ic  symptoms w ith b ra in  morphology 
m easures. The d iffe ren c e s  in  d e n s it ie s  in  the  IR30 mode 
between schizophrenic  and co n tro ls  a re  co n sis te n t w ith the  
in te rp r e ta t io n  th a t  the  t is s u e  in  some areas of the  b ra in s  
of sch izophren ics may have longer T1 re la x a tio n  tim es than 
normal co n tro ls .

242.8  QUANTITATIVE ANALYSIS OF REGIONAL BRAIN VOLUMES FROM MEDICAL 
IMAGE DATA.  D.S. S ch lu sse lb e rg , W.K. Smith, B.G. C u lte r* , 
R.B. Parkey* and D .J. Woodward,  D epts. o f  C ell Biology and 
Radiology, Univ. Texas H ealth  Science C tr . ,  D a lla s , Texas 
75235.

A computer system developed fo r  th ree-d im ensional 
re c o n s tru c tio n  o f  s e r i a l l y  sec tioned  m a te ria l has been 
adapted fo r  a n a ly s is  o f  d a ta  acqu ired  from m edical imaging 
m o d a litie s  such as Computed Tonography (CT) and Magnetic 
Resonance Imaging (MRI) .  The a b i l i t y  to  q u a n t i ta te  bo th  
normal and p a th o lo g ica l v a r ia tio n s  in  s p e c if ic  b ra in  reg ions  
in  humans i s  made p o ss ib le  by th e  general purpose n a tu re  o f  
th e  computer g raph ics system th a t  i s  used.

CT p rov ides s e r ia l  tra n s v e rse  sec tio n s  o f  human b ra in  
w ith  h igh  s p a t ia l  re s o lu tio n , b u t w ith  c o n tra s t  lim ited  to  
g ross changes in  t i s s u e  d e n s ity  ( i . e .  bone, w ater, f a t ) .  
S p a tia l re s o lu tio n  i s  u su a lly  g re a te r  in  th e  p lane  o f  
sec tio n in g  than  between s e c tio n s . MRI can g enerate  s e r i a l  
s ec tio n  images in  any orthogonal p lane , and i s  capable o f  
t ru e  th ree-d im ensional d a ta  a c q u is it io n  w ith  equal s p a t ia l  
re s o lu tio n  in  a l l  th re e  dim ensions. C on trast between g rey  
and wh i t e  m a tte r allow s assesm ent o f  c o r t ic a l  g rey  m a tte r 
and s u b co r tic a l nu c lear reg io n s . High F ie ld  MRI w il l  
provide images o f  m etabolic a c t iv i ty  w ith in  th e  b ra in .

In d iv id u a l s ec tio n s  from th e se  imaging m o d a litie s  a re  
d isp layed  on a r a s te r  scan CRT w ith  g rap h ics  o v e rlay . 
Boundaries o f  o b je c ts  o f  i n te r e s t  a re  e i th e r  manually tra c e d  
o r  generated  au to m a tica lly  by a  h igh-speed  edge d e te c tio n  
a lgo rithm . A so p h is tic a te d  h ie ra rc h ic a l  da tabase  i s  used to  
s to re  perim eters  and image d e n s ity  in form ation  w ith in  th e  
b oundarie s . Three-dim ensional reg ions a re  se le c te d  by 
combining d a ta  from seq u e n tia l s e c tio n s , and t h i s  
c o n n ec tiv ity  inform ation  i s  s to red  in  th e  da tabase . 
Q u a n tita tiv e  inform ation  such as volume, su rface  a re a , long 
and sh o rt axes, and reg io n a l d e n s ity  d i s t r i b u t i o n can be 
ob tained  fo r  se le c te d  th ree-d im ensional s tru c tu re s  th a t  have 
been defined  in  th e  d a tab ase . Our view i s  th a t  th i s  
f le x ib le  system fo r determ ining b ra in  volumes w i l l  be u se fu l 
fo r  th e  study o f  c e reb ra l hem ispheric and reg io n a l b ra in  
asymm etries, and m onitoring th e  p ro g ression  o f  m etabo lic  and 
m alignant d is ea s e .

(Support from NIAAA 1F32-5198 to  DSS, and B io l. Humanics 
Foundation)
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2 4 2 .9   SELECTIVE LABELING OF ISCHEMIC BRAIN DAMAGE BY RADIOLABELED 
IONS.  G.A. D ienel and W.A. P u l s in e l l i .  Dept. Neurology, 
C ornell Univ. Med. Col. New York, N.Y. 10021.

C lin ic a l d iagnosis  of human ischem ic b ra in  in ju ry  and 
assement of the  s iz e ,  lo c a tio n , and temporal p rogression  
o f the  in ju ry  could be improved i f  markers fo r le th a l ly  
in ju red  c e l ls  were av a ilab le  fo r  positron -em iss ion  tomogra
ph ic  (PET) scanning of p a t ie n ts .  P o sitro n -em ittin g  ions 
th a t  mimic calcium , an ion known to  be sequestered  by 
dying t i s s u e ,  could be used to  lo ca te  and q uan tify  ischemic 
in ju ry . To id e n tify  radiochem icals th a t  are  p re fe re n t ia l ly  
concen trated  in  b ra in  regions undergoing neuronal n e c ro s is , 
we measured the  reg iona l concen tra tions  of rad ionuclides 
a f te r  fo reb ra in  ischemia in  the r a t .  Forebrain  ischemia 
was produced by temporary (30 min) occlusion  of the ca ro tid  
a r te r ie s  and permanent occlusion  of the v e rte b ra l a r t e r ie s .  
The animals were allowed to  surv ive fo r 24h a f te r  re s to ra 
t io n  of c a ro tid  a r te ry  blood flow. At th is  tim e, the 
m a jo rity  o f the  medium-sized neurons in  the s tria tu m  are 
i r r e v e r s ib ly  damaged, whereas most of the n e o co rtic a l 
neurons escape in ju ry . At 24h su rv iv a l, the  radiochem icals 
were in je c te d  in travenously  and allowed to  c irc u la te  fo r 5 
h. The b ra in s  were perfused  to  remove blood from the 
cephalic  c irc u la t io n ,  and radiochem ical concen trations 
were determined in  d issec ted  regions or by autoradiography. 
In normal c o n tro ls , au to rad iog raph ic  an a ly sis  of the 
d is t r ib u t io n  p a tte rn s  of some of these  ions showed th a t  
TcO4 and Ni were most uniform ly d is tr ib u te d  throughout the 
b ra in ; PO4 la b e lin g  was heterogeneous, w ith h igher amounts 
of PO4 in  the o u te r lay e rs  of the neocortex , and in  the 
p e r iv e n tr ic u la r  t is s u e  and choroid p lexus. Pm was lo ca lized  
p rim a r ily  in  the  choroid p lexus, w ith very l i t t l e  p en e tra 
t io n  of the  b ra in  t i s s u e .  The pe rm eab ility  of the b ra in  
to  th ese  rad io lab e led  ions va ried  over a la rg e  range. The 
ions a re  l i s t e d  in  order of decreasing  b ra in  co ncen tra tion , 
expressed as pe rcen t of the  in je c ted  dose a t  5 h a f te r  the  
in je c t io n  (given in  p a ren th e se s) : Na(45%), PO4 (4%),
Ni(0.2% ), and TcO4 and Pm (0 .0 1-0.05%). In postischem ic 
anim als, four rad ionuclides  (Na, N i, TcO4 , PO4) were 
concen trated  in  the  damaged s tria tu m  in  amounts ranging 
from 1.4 to  5 -fo ld  g re a te r  than in  the  undamaged neocortex; 
la b e lin g  of the  s tria tu m  by Pm was not s ig n if ic a n t ly  
g re a te r  than co rtex . Of the  rad ionuclides  te s ted  to  da te , 
sodium, n ic k e l,  and technetium  have p o s itro n -em ittin g  
iso topes  which may be su ita b le  fo r positron -em iss ion  
scanning in  humans.

242. 10  PROTEIN PATTERNS IN VARIOUS HUMAN BRAIN TUMORS USING TWO-
DIMENSIONAL GEL ELECTROPHORESIS.  R.K. Narayan , W.E. Heydom, 
G.J. Creed* , P.L. K om blith  and D.M. Jacobowi t z .  Lab. of 
C lin ic a l Science, NIMH and S u rg ica l Neurology Branch, NINCDS, 
Bethesda, MD 20205.

Brain tumor samples from 50 p a tie n ts  includ ing  24 a s tro 
cytomas, 9 meningiomas, 5 p i tu i ta r y  adenomas, 4 medullo
blastom as, 2 craniopharyngiomas, 3 ju v e n ile  astrocytom as,
1 ependymoma, 1 schwannoma and 1 choroid plexus papillom a 
were s tud ied  using two-dim ensional gel e le c tro p h o re s is  (2DE) 
w ith s i lv e r  s ta in in g . In a d d itio n , 12 d if f e r e n t  samples of 
fre sh -fro zen  normal human ce reb ra l co rtex , p rev iously  i r r a d 
ia te d  co rtex  and post-mortem co rtex  were analyzed using  com
p u te rized  densitom etry . Tissue samples obtained  a t surgery  
were sectioned  by a lte rn a tin g  300 µm th ic k  sec tio n s  w ith 
th in  sec tio n s . The l a t t e r  were s ta in ed  and used to  lo c a liz e  
the a rea  o f in te r e s t  fo r micropunch sampling from the frozen 
th ic k  sec tio n s , thus e s ta b lis h in g  the  h is to lo g ic a l  co rre 
la te s  o f the  biochem ical p a tte rn s . 130 c o n sis ten t p ro te in  
spo ts  were noted on ge ls  from normal human c e reb ra l cortex  
w ith a MW range of 14.4 K to  100 K and a pI range of 4 .7  to 
7 .0 . There were s ig n if ic a n t q u a n ti ta t iv e  d iffe ren c e s  be
tween the th ree  groups o f "normal" human co rtex , although 
the  q u a l i ta t iv e  p a tte rn s  were very s im ila r  from p a tie n t to  
p a tie n t.  However, even more remarkable was the find ing  
th a t  h is to lo g ic a l  tumor type was a sso c ia ted  w ith i t s  own 
f a i r l y  d is t in c t iv e  and reproducib le  p ro te in  p a tte rn . For 
example, the astrocytom as demonstrated prominent albumin 
and g l ia l  f i b r i l l a r y  a c id ic  p ro te in  (GFAP) spots w ith high 
but v a ria b le  concen tra tions o f neuron s p e c if ic  enolase 
(NSE). Meningiomas, on the o th e r hand, d id  not con tain  
any NSE o r GFAP. So f a r ,  s ix  o f the  major spo ts  on these  
g e ls  have been id e n t i f ie d  (albumin, a c t in ,  alpha and b e ta  
tu b u lin , GFAP and NSE). These find ings  in d ic a te  th a t  b io 
chemical d iagnosis and grading of human b ra in  tumors based 
on th e i r  p ro te in  f in g e rp r in ts  i s  a r e a l i s t i c  p o s s ib i l i ty .  
Using ju s t  a few m illigram s o f tumor t is s u e ,  such a system 
could supplement da ta  provided by h is to lo g ic a l  s tu d ie s  and 
y ie ld  in s ig h ts  in to  b ra in  tumor a sso c ia ted  an tig en s.

2 4 2 .1 1   BLOOD CONCENTRATION OF BRADYKININ IN EXPERIMENTAL ALLERGIC 
ENCEPHALOMYELITIS.
L . G e r m a i n , J . B a r a b é  a n d  C . G a l e a n o  . ( S P ON : E .  R a m o n - M o l i n e r )   
D e p a r t m e n t  o f  P h y s i o l o g y  a n d  P h a r m a c o l o g y , F a c u l t y  o f  M e d e 
c i n e ,  U n i v e r s i t y  o f  S h e r b r o o k e ,  S h e r b r o o k e ,  Q u é b e c ,  C a n a d a  
J 1 H 5N4

E x p e r i m e n t a l  a l l e r g i c  e n c e p h a l o m y e l i t i s  (EAE) i s  a  d e m y e  
l i n a t i n g  d i s e a s e  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  ( C N S ) c a u s e d  
b y  a n  h y p e r s e n s i b i l i t y  r e a c t i o n  t o  m y e l i n  b a s i c  p r o t e i n .  
Among s e v e r a l  i n f l a m m a t o r y  m e d i a t o r s  t h a t  h a v e  b e e n  p o s t u 
l a t e d  t o  p l a y  a  r o l e  i n  t h e  m o d u l a t i o n  a n d  /  o r  c o n t r o l  o f  
t h i s  a u t o - immune p r o c e s s  t h e  k a i l i k r e i n - k i n i n s  s y s t e m  h a s  
b e e n  u n d e r e v a l u a t e d .  H o w e v e r  k i n i n s  h a v e  s e v e r a l  p r o - i n f l a 
m m a t o r y  a c t i o n  s u c h  a s  p r o d u c i n g  p a i n  a n d  v a s o d i l a t a t i o n ,  
i n c r e a s i n g  v a s c u l a r  p e r m e a b i l i t y  a n d  p r o m o t i n g  t h e  p r o l i 
f e r a t i o n  o f  l y m p h o c y t e s .  B e s i d e  c o n d u c t i o n  f a i l u r e  a  m a j o r  
p h y s i o l o g i c a l  a l t e r a t i o n  i n  EAE i s  t h e  i n c r e a s e  i n  b l o o d -  
b r a i n  b a r r i e r  p e r m e a b i l i t y .  We t h e r e f o r e  m a n a g e  t o  e v a l u a t e  
t h e  p o s s i b l e  r o l e  o f  k i n i n s  i n  EAE b y  m e a s u r i n g  t h e  b l o o d  
c o n c e n t r a t i o n  o f  b r a d y k i n i n  d u r i n g  EAE.

M e t h o d s : N e w - Z e a l a n d  r a b b i t  w e r e  i n o c u l a t e d  w i t h  g u i n a  
p i g s  s p i n a l  c o r d  i n  c o m p l e t e  F r e u n d ' s  a d j u v a n t .  T h e  a n i m a l s  
d e v e l o p e d  c l i n i c a l  s i g n s  o f  EAE a n d  t h e n  u n d e r  c h l o r a l o s e  
a n e s t h e s i a  a r t e r i a l  b l o o d  s a m p l i n g  w a s  w i t h d r a w  f r o m  c a r o  
t i d .  T h e  b l o o d  s a m p l e s  w e r e  p r o c e e d  t o  m e a s u r e  b r a d y k i n i n  
l e v e l  b y  r a d i o i m m u n o a s s a y .  T h e  a n i m a l s  w e r e  s a c r i f i c e d  a n d  
p e r f u s e d  w i t h  f o r m a l i n .  T h e  CNS w e r e  h a r v e s t e d  a n d  p r e p a r e d  
f o r  h i s t o l o g i c a l  e x a m i n a t i o n  a t  h y p o t h a l a m i c ,  m i d b r a i n ,  p o n t 
i n e ,  b u l b a r  a n d  s p i n a l  l e v e l s .

R e s u l t s :  I n  a  f i r s t  e x p e r i m e n t  6 EAE a n d  4 C o n t r o l s  a n i 
m a l s  w e r e  e x a m i n a t e d .  I n  t h e  EAE g r o u p  a m ea n  o f  18 p e r i v a s 
c u l a r  i n f i l t r a t i o n  s i t e s / C N S  w a s  o b s e r v e d ,  m ea n  b r a d y k i n i n  
l e v e l  w a s  97  p g / m l .  C o n t r o l  h a d  no  i n f l a m m a t i o n  s i t e s  a n d  a  
m e a n  l e v e l  o f  b r a d y k i n i n  o f  21 p g / m l .  I n  a  s e c o n d  e x p e r i m e n t  
o n  3 EAE a n d  9 c o n t r o l s  we  o b s e r v e d  a  m e a n  o f  37 p e r i v a s 
c u l a r  i n f i l t r a t i o n  s i t e s /  CNS i n  t h e  EAE g r o u p  a n d  a  m ea n 
b r a d y k i n i n  l e v e l  o f  2 1 6  p g / m l .  T h e  c o n t r o l  g r o u p  h a d  no i n 
f l a m m a t i o n  s i t e s  a n d  a  m e a n  b r a d y k i n i n  l e v e l  o f  94 p g / m l .

C o n c l u s i o n :  B r a d y k i n i n  b l o o d  l e v e l  i n c r e a s e  d u r i n g  EAE 
s i n c e  b r a d y k i n i n  i s  a  v e r y  a c t i v e  v a s o d i l a t a t i n g  p e p t i d e  i t  
i s  p o s s i b l e  t h a t  b r a d y k i n i n  c o n t i b u t e  t o  t h e  i n c r e a s e  i n  
b l o o d - b r a i n - b a r r i e r  p e r m e a b i l i t y  o b s e r v e d  i n  EAE.

242 12 INTERACTION OF COMPRESSION AND CONTACT VELOCITY 
IN DETERMINING THE SEVERITY OF SPINAL CORD INJURY.  
T.E. Anderson.  Biomedical Science Department, General Motors 
Research Laboratories, Warren, MI 48090-9058.

Previous experimental models for spinal cord contusion 
injury did not allow independent control of compression and 
contact velocity. Interpretation of experimental data relating 
kinematics of vertebral injury to potential for spinal cord injury 
and loss of conduction requires a better understanding of the 
respective roles of compression and velocity in defining injury 
severity, both functionally and histologically. Our controlled 
dynamic compression, model for experimental spinal cord injury 
was used in this study to evaluate the interaction of compression 
and contact velocity as independent variables, relative to injury 
severity.

Cord conduction was assessed using somatosensory evoked 
potentials in response to hindlimb stimulation. Latency to the 
first positive peak was determined at 20, 120 and 240 min. post
contusion. The increase in latency was found to correlate with 
the amount of compression delivered, with a significant dif
ference between control and 50% compression, and between 25% 
and 50% compression. Although a small increase in latency was 
observed a t 10 m/s compared to 0.6 m/s contact velocity, the 
difference was not statistically  significant.

The extent of hemorrhagic necrosis was also assessed, and 
found to correlate with contact velocity. Such an injury is 
poorly modeled with weight-drop injury techniques, but can be 
addressed using the controlled contusion technique.
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242. 13  EARLY PATHOLOGICAL EFFECTS OF TRIMETHYLTIN (TMT) ON THE 
BASKET CELLS IN THE FASCIA DENTATA OF THE HIPPOCAMPAL FORMA
T IO N .  L .W . C h a n g  a n d  R .S .  D y e r * .  D e p t . o f  P a t h o l o g y ,  U ni v .  
o f  A r k .  f o r  M ed. S c i . ,  L i t t l e  R o c k ,  AR 7 2 2 0 5  a n d  N e u r o t o x i 
c o l o g y  D i v i s i o n ,  EPA H e a l t h  E f f e c t s  L a b . ,  R e s e a r c h  T r i a n g l e  
P a r k ,  NC 2 7 7 1 1 .

TMT i s  f o u n d  t o  b e  a  p o t e n t  n e u r o t o x i c a n t  w i t h  s i g n i f i 
c a n t  p a t h o l o g i c a l  i m p a c t  o n  t h e  l i m b i c  s y s t e m ,  p a r t i c u l a r l y  
t h e  h ip p o c a m p a l  f o r m a t i o n .  E l e c t r o p h y s i o l o g i c a l  i n v e s t i g a 
t i o n s  s u g g e s t e d  t h a t  TMT m ay r e d u c e  r e c u r r e n t  i n h i b i t i o n  o f  
t h e  b a s k e t  c e l l s  i n  t h e  d e n t a t e  g y r u s  r e s u l t i n g  i n  h y p e r 
a c t i v a t i o n  o f  t h e  d e n t a t e  g r a n u l e  c e l l s  ( D y e r  e t  a l . ,  S o c . 
N e u r o s c i . A b s t r . 8 : 8 2 ,  1 9 8 2 ) .  B io c h e m i c a l  d a t a  a l s o  i n d i 
c a t e d  t h a t  t h e  i n h i b i t o r y  GABA s y s t e m  i n  t h e  b r a i n  w a s  a l s o  
d i s r u p t e d  b y  TMT ( D o c t o r  e t . a l . ,  T o x i c o l . 2 5 : 2 1 3 ,  1 9 8 2 ) .  
O u r p r e s e n t  s t u d y  w a s  d e s i g n e d  t o  e x a m in e  t h e  p a t h o l o g i c a l  
c h a n g e s  i n  t h e  b a s k e t  c e l l s  ( i n h i b i t o r y  n e u r o n s )  i n  t h e  
d e n t a t e  g y r u s  u n d e r  t h e  t o x i c  i n f l u e n c e  o f  TMT. M a le  L o n g -  
E v a n s  r a t s  w e r e  i n j e c t e d  ( i . p . )  w i t h  t r i m e t h y l t i n  c h l o r i d e  
(TM T-Cl ) a t  t h e  d o s a g e  o f  6 . 0  mg T M T -C l/k g  b .w .  A n i m a l s ,  i n  
g r o u p s  o f  f o u r ,  w e r e  s a c r i f i c e d  a t  2 4  a n d  7 2  h o u r s  a f t e r  TMT 
e x p o s u r e .  A l l  a n i m a l s  w e r e  p e r f u s e d  i n t r a c a r d i a l l y  w i t h  
s a l i n e  s o l u t i o n  f o l l o w e d  b y  2 .5 %  b u f f e r e d  g l u t a r a l d e h y d e .  
T h e  h ip p o c a m p a l  f o r m a t i o n s  w e r e  d i s s e c t e d  o u t  c a r e f u l l y  a n d  
f u r t h e r  f i x e d  f o r  l i g h t  a n d  e l e c t r o n  m i c r o s c o p y  e x a m i n a t i o n .  
A t  2 4  h o u r s ,  n o  r e m a r k a b l e  l i g h t  m i c r o s c o p i c  c h a n g e s  w e r e  
o b s e r v e d  am ong  t h e  d e n t a t e  g r a n u l e  c e l l s ,  t h e  b a s k e t  c e l l s ,  
a n d  t h e  p y r a m i d a l  n e u r o n s  o f  t h e  A m m on 's h o r n .  By 72 h o u r s ,  
s c a t t e r e d  n e u r o n a l  s w e l l i n g  a n d  n e c r o s i s  w a s  o b s e r v e d  i n  t h e  
CA3 c n e u r o n s .  W ith  e l e c t r o n  m i c r o s c o p y ,  h o w e v e r ,  s i g n i f i 
c a n t  m o r p h o l o g i c a l  c h a n g e s  w e r e  d e m o n s t r a b l e  am ong t h e  d e n 
t a t e  b a s k e t  c e l l s  a s  e a r l y  a s  2 4  h o u r s  a f t e r  i n t o x i c a t i o n .  
S e v e r e  v a c u o l a t i o n  a n d  b re a k d o w n  o f  t h e  G o lg i  c o m p le x  a n d  
e n d o p l a s m i c  r e t i c u l u m  c h a r a c t e r i z e d  t h e  e a r l y  c h a n g e s .  
Edem a o f  so m e  b a s k e t  c e l l s  a n d  s y n a p t i c  t e r m i n a l s  w e r e  a l s o  
e v i d e n t .  No r e m a r k a b l e  d e g e n e r a t i v e  c h a n g e s  w e r e  o b s e r v e d  
am ong  t h e  d e n t a t e  g r a n u l e  c e l l s  a n d  A m m on 's h o r n  n e u r o n s  a t  
t h i s  t i m e .  By 72  h o u r s ,  m o s t  o f  t h e  e d e m a to u s  c h a n g e s  i n  
t h e  b a s k e t  c e l l s  h a d  s u b s i d e d ,  h o w e v e r ,  l a r g e  a c c u m u l a t i o n  
o f  l y s o s o m e s  a n d  i n c r e a s e d  d e n s i t y  o f  t h e  r o u g h  e n d o p l a s m i c  
r e t i c u l u m  w e r e  f o u n d  i n  m any  b a s k e t  c e l l s .  Some b a s k e t  c e l l s  
a l s o  s h o w e d  s i g n s  o f  d e g e n e r a t i o n .  T h i s  s t u d y  p r o v i d e d  t h e  
f i r s t  e v i d e n c e  o f  e a r l y  c h a n g e s  i n  t h e  d e n t a t e  b a s k e t  c e l l s  
a s  a  r e s u l t  o f  TMT p o i s o n i n g .  C h a n g e s  o f  t h e s e  i n h i b i t o r y  
n e u r o n s  m ay a l t e r  t h e  f u n c t i o n  o f  t h e  l i m b i c  s y s t e m  l e a d i n g  
t o  s u b s e q u e n t  m o r p h o l o g i c a l  a n d  f u n c t i o n a l  c h a n g e s  i n  t h i s  
a r e a .

REGULATION OF PITUITARY FUNCTION IV

243. 1  HYPOPHYSIOTROPIC REGULATION OF ACTH SECRETION IN RESPONSE 
TO INSULIN-INDUCED HYPOGLYCEMIA.  P.M. Plotsky . T.O. Bruhn* 
and S . Otto*.  Peptide Biology Laboratory, The Salk (CRF), 
arg in ine vasopressin (AVP) and epinephrine (E) in  mediation 
of ACTH secre tion  in  response to  hypoglycemia. Systemic 
adm inistration of 0.1 IU (iv) in su lin  in  urethane-anes
thetized , overnight-fasted male r a ts  resu lted  in  a 70 % 

decrease of peripheral plasma glucose from a mean concen
tra t io n  of 139 ± 18 mg/dl (n=6). This was associated with 
a maximal 2 .5 -fo ld  elevation  of mean systemic ACTH concen
tra tio n s  w ithin 30 min of in su lin  in jec tio n . The ACTH- 
secretory response was dependent upon the presence of CRF, 
as treatm ent with antiserum rC-70 to  synthetic r a t  CRF (0.5 
ml, iv ; n=6) abolished the response. Pretreatment with the 
AVP antagonist deaminopenicillamine, 2 -(0-m ethyl)tyrosine 
AVP (150 ug/kg, ip ; n=7) g rea tly  attenuated the response, 
while ganglionic blockade with chlorisondamine (3 mg/kg, 
ip ; n=7) resu lted  in  only mild attenuation  of ACTH secre
tion . The hypoglycemic response was unaffected by these 
treatm ents. These observations led us to the hypothesis 
th a t hypoglycemia-induced elevation  of systemic ACTH con
cen tra tion  would be positive ly  corre la ted  with hypophysial 
portal plasma irCRF concentration. Portal blood was ob
tained in  sequential 30 min co llec tions and assayed fo r 
irCRF and irAVP in  a te s t  of our hypothesis. Hypoglycemia 
was not associated with any s ig n if ican t deviation of portal 
plasma irCRF lev e ls  from an in i t i a l  mean concentration of 
348 ± 33 pg/ml (n=5); however, portal plasma irAVP levels 
were elevated 1.8-fold above the in i t i a l  mean concentra
tion . In the current paradigm, we believe th a t ACTH 
secre tion  is  conditional upon the presence of CRF, which 
a c ts  in  a permissive fashion to  allow expression of the 
ACTH-releasing a c tiv ity  of AVP and, possibly, E. This is  
in  con trast to  the dynamic ro les of CRF, AVP and E in  
mediation of hemorrhage-induced ACTH secre tion .

243. 2 CORTICOTROPIN RELEASING FACTOR RELEASE FROM THE MEDIAN 
EMINENCE IN VITRO: EFFECT OF ADRENALECTOMY.  M.C. Holmes*, 
F.A. Antoni*#, K .J. Catt* and G. A guilera* . (SPON: M.G. 
M ille r)  ERRB, NICHD and #LCB, NIMH, N ational I n s t i tu te s  
of H ealth , Bethesda, MD 20205.

C o rtico tro p in  re le a s in g  fa c to r  (CRF) syn thesized  in  the 
p a ra v en tr ic u la r  nucleus is  re leased  from te rm ina ls  in  the  
median eminence (ME), in to  the  p o r ta l  blood. CRF i s  ac
cumulated in  the ME suggesting  th a t  s ec re tio n  of the pep
tid e  could be reg u la ted  a t  th is  le v e l .  In an attem pt to  
determ ine the mechanisms of co n tro l of CRF s e c re tio n , we 
developed a system to measure the re le a se  of CRF from the 
ME in  v i t r o . CRF re le a se  in  response to  high concen tra
tio n s  of potassium  (K+) in  ME removed from co n tro l or 
4-day adrenalectom ized (ADX) r a ts  was analyzed in  an 
e f fo r t  to  determ ine i f  CRF re le a se  from is o la te d  nerve 
te rm ina l could account fo r  increased  ACTH le v e ls  fo llow 
ing ADX. Median eminences were incubated in  a Krebs- 
Ringer b icarbonate  so lu tio n  (KRBG) or KRBG con ta in ing  
high concen tra tions  of K+. The medium was rep laced  every 
15 min fo r a to t a l  incubation  time of 6 hours. CRF 
s ec re tio n  was measured in  the medium by radioimmunoassay. 
Basal s ec re tio n  was u n d e tec tab le , and in c reasin g  concen
t r a t io n s  of K+ (20-60 mM) e l i c i t e d  dose-dependent in 
creases in  CRF re le a se . When calcium free-KRBG plus 2 mM 
EGTA was su b s ti tu te d  fo r  KRBG, no e f fe c t  of K+ (60 mM) 
was observed, in d ic a tin g  th a t  a calcium dependent sec re 
to ry  mechanism is  involved. In ME removed from 4-day ADX 
r a t s ,  K +-stim ulated CRF re le a se  was markedly decreased 
(2.47 ± 0.55 fmol/ME compared to  7.7 ± 1.62 fmol/ME in  
c o n tro ls ) .  In je c tio n  of 50 or 100 µg dexamethasone 
s .c . / r a t /d a y  reversed  the  e f fe c t  of ADX on K+-stim ulated 
CRF re le a se  to  give responses s im ila r  to  those of c o n tro l 
t i s s u e .  The content of CRF in  the median eminence of ADX 
animals was reduced to  43% of co n tro ls  (sham, 537 ± 61 
fmol/ME; 4-day ADX, 232 ± 29 fmol/ME; mean CRF ± SEM; 
n=5), probably as a re s u l t  of increased  CRF tu rnover 
a f te r  ADX. Dexamethasone treatm ent re tu rned  the  CRF 
content to  co n tro l le v e ls  (594 ± 29 fmol/ME). The 
r e s u l ts  show th a t  K+ evoked CRF re le a se  from the ME in  
v i t r o  i s  re la te d  to  CRF con ten t. Hence, i t  can be sug
gested  th a t  the enhancement of CRF re le a se  upon ad ren a l
ectomy is  the  r e s u l t  of increased  a c t iv i ty  of the  CRF 
c e l l  bodies and i s  not accompanied by a marked a l te r a t io n  
of the  fun c tio n  of nerve te rm ina ls  in  the  ME.
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243.3   PROSTAGLANDIN-DEPENDENT AND INDEPENDENT HYPOTHALAMIC- 
MEDIATED ACTH SECRETION IN VITRO.  E . R e d e i* , B . J .  B ran ch *  
an d  A .N . T a y l o r .  D e p t . o f  A natom y an d  BRI L ab . o f  N eu ro en d o 
c r i n o l o g y ,  UCLA an d  W est L .A . VA Med. C t r . , B ren tw o o d  D i v . , 
Los A n g e le s ,  CA 9 0 0 2 4 .

We a r e  s tu d y in g  th e  m ech an ism s u n d e r l y in g  th e  d i s c h a r g e  
o f  ACTH i n  r e s p o n s e  t o  s t r e s s  i n  a n  i n  v i t r o  s y s te m . O ur 
p r e v i o u s  d a t a  i n d i c a t e d  t h a t  p r o s t a g l a n d i n s  (PG) a r e  i n v o l v 
e d  i n  t h e  n e g a t iv e  f e e d b a c k  a c t i o n  o f  c o r t i c o s t e r o n e  (Cpd B) 
on  th e  h y p o th a la m u s  (H )- p i t u i t a r y  (P ) - a d r e n a l  (A) a x i s .  I n  
t h i s  s tu d y  we p e r f u s e d  H, a n t e r i o r  P , an d  A f r a g m e n ts  and  
c o l l e c t e d  2 -m in  f r a c t i o n s  fro m  P an d  A, i n  w h ic h  ACTH an d  B, 
r e s p e c t i v e l y ,  w e re  m e a s u re d  by  RIA. B ac k flo w  ( f e e d b a c k )  t o  
H w as e s t a b l i s h e d  w i th  1 /3  o f  t h e  p e r f u s a t e  fro m  A. To 
s tu d y  t h e  r o l e  o f  PG an d  i t s  mode o f  a c t i o n ,  t h r e e  s t a g e s  i n  
th e  s t i m u l u s - s e c r e t i o n  c o u p l in g  o f  t h e  HPA a x i s  w ere  i n v e s t 
i g a t e d :  Cpd B i n h i b i t i o n  o f  t h e  r e l e a s e  o f  a r a c h id o n ic  a c id  
(AA) , a  PG p r e c u r s o r ,  an d  i t s  r e v e r s a l  by  AA; PGE b io s y n th e 
s i s  an d  i t s  i n h i b i t i o n ;  an d  a d r e n e r g i c  r e c e p t o r  m e d ia t io n  o f  
PG a c t i o n s .  A c e t y l c h o l i n e  (A c h ) , ad d e d  t o  H, w as u s e d  a s  a  
s t im u lu s  f o r  t h e  HPA a x i s .

Ach p ro d u c e d  f o u r  s u r g e s  o f  ACTH: th e  f i r s t  (p eak  1) a t  
6 -8  m in , t h e  s e c o n d  (p eak  2) a t  1 0 -1 2  m in , t h e  t h i r d  (p eak  3) 
a t  1 6 -1 8  m in  an d  t h e  f o u r t h  (p eak  4) a t  28 m in a f t e r  a d d i 
t i o n  o f  A ch. PGE2 ' a d d e d  t o  H, p ro d u c e d  p e a k s  1 , 3 an d  4 .
PG b i o s y n t h e s i s  i n h i b i t o r s  ( a s p i r i n  an d  in d o m e th a c in )  
b lo c k e d  A c h -in d u c e d  p e a k s  1 , 3 an d  4 , w i th o u t  a f f e c t i n g  p e a k  
2 . CRF ad d e d  t o  P p ro d u c e d  m a in ly  p e a k  2 . Cpd B, ad d e d  t o  
H, a b o l i s h e d  A ch -in d u c e d  p e a k  2 , w h i le  p a r t i a l l y  i n h i b i t i n g  
p e a k s  1 , 3 a n d  4 . F e e d b a c k  fro m  A i n h i b i t e d  a l l  A ch -in d u c e d  
p e a k s  t o  v a r y i n g  d e g r e e s .  AA i n  t h e  p r e s e n c e  o f  Ach an d  
fe e d b a c k  fro m  A r e v e r s e d  th e  f e e d b a c k  e f f e c t s  on  p e a k s  1 and  
4 a n d  p a r t i a l l y  on  p e a k  3 . PGE2 an d  th e  β - a d r e n e r g i c  b lo c k 
e r ,  p r o p r a n o l o l ,  i n h i b i t e d  p e a k  1 w i th o u t  a f f e c t i n g  p e a k s  3 
an d  4 , w h i le  t h e  α- b l o c k e r ,  P r a z o s in ,  o n ly  i n h i b i t e d  p e a k  3 .

T h e se  d a t a  s u p p o r t  t h e  e x i s t e n c e  o f  m u l t i p l e  m echan ism s 
i n  t h e  HPA r e s p o n s e  t o  s t r e s s .  I t  a p p e a r s  t h a t  t h e  f i r s t  
ACTH p e a k  i n v o l v e s  a  β- a d r e n o c e p t i v e  m ech an ism ; t h a t  CRF 
p r o d u c e s  t h e  s e c o n d  p e a k ;  t h a t  t h e  t h i r d  p e a k  r e p r e s e n t s  an  
α - a d r e n o c e p t i v e  m e ch an ism ; an d  t h a t  t h e  f o u r t h  p e a k  i s  p r o 
b a b ly  d i r e c t l y  m e d ia te d  by  PG. F u r t h e r ,  i t  a p p e a r s  t h a t  
d e p l e t i o n  o f  AA by c o r t i c o s t e r o i d s  may b e  p a r t i a l l y  r e s p o n s i 
b l e  f o r  t h e  n e g a t iv e  fe e d b a c k  a c t i o n s  o f  Cpd B on th e  h y p o 
th a la m u s .  (S u p p o r te d  by  NIH-HD 07228 an d  VA M e d ic a l R e s e a rc h  
S e r v i c e . )

243.4   INVOLVEMENT OF ARACHIDONIC ACID METABOLITES IN ACTH RELEASE.
A. L u in i*  and  J ,  A x e lro d ,  L a b o ra to ry  o f  C l i n i c a l  S c ie n c e ,  
N a tio n a l  I n s t i t u t e  o f  M en ta l H e a l th ,  B e th e s d a ,  MD 2 0 2 0 5 .

The m ouse p i t u i t a r y  tu m o r c e l l  l i n e  A tT -2 0  s e c r e t e s  ACTH 
in  r e s p o n s e  to  a v a r i e t y  o f  a g e n ts  i n c lu d in g  c o r t i c o t r o p i n  
r e l e a s i n g  f a c t o r  (C R F ), i s o p r o t e r e n o l ,  d ib u t y r y l  cAMP, t h e  
Ca++ io n o p h o re  A23187 an d  p o ta s s iu m  a s  w e ll a s  m e l i t t i n  and  
p h o rb o l m y r is t a t e  a c e t a t e .  The l a t t e r  two a g e n ts  a r e  known 
a c t i v a t o r s  o f  p h o s p h o l ip a s e  A 2, t h e  enzym e t h a t  l i b e r a t e s  
a r a c h id o n ic  a c id  fro m  m em brane l i p i d s .  T h is  s u g g e s te d  t h a t  
a r a c h id o n ic  a c id  o r  some o f  i t s  m e t a b o l i t e s  a r e  r e q u i r e d  f o r  
ACTH s e c r e t i o n .  The p h o s p h o l ip a s e  A2 b lo c k e r s  m e p a c r in e  an d  
p -b ro m o p h e n acy l b ro m id e  i n h i b i t e d  t h e  ACTH r e l e a s e  s t im u 
l a t e d  by  CRF o r  i s o p r o t e r e n o l  w i th  IC 5 0 ' s  o f  50 µM and  80 µM 
r e s p e c t i v e l y .  M e ta b o lism  o f  f r e e  a r a c h id o n ic  a c i d  can  o c c u r  
th ro u g h  t h r e e  e n z y m a tic  p a th w a y s , t h e  c y c lo x y g e n a s e ,  t h e  
l i p o x y g e n a s e  and  t h e  e p o x y g e n a s e . In d o m e th a c in e  (1 -1 0 0  µM), 
a c y c lo x y g e n a s e  b l o c k e r ,  d id  n o t  a f f e c t  b a s a l  an d  CRF ( o r  
i s o p r o t e r e n o l )  s t i m u l a t e d  ACTH r e l e a s e ,  w h e re a s  n o r d ih y d r o -  
g u a i e r e t i c  a c id  (NDGA) (IC 50  = 12 µM) and  b u t y l a t e d  h y d ro x y -  
to l u e n e  ( IC 50 = 22 µM), b o th  l i p o x y g e n a s e  i n h i b i t o r s ,  
a b o l i s h e d  th e  s t i m u l a t i o n  o f  ACTH r e l e a s e  p ro d u c e d  by th e  
two s e c r e t a g o g u e s .  S in c e  CRF an d  i s o p r o t e r e n o l  e n h a n c e  
r e l e a s e  v ia  an  i n c r e a s e  in  cAMP g e n e r a t io n  we t e s t e d  w h e th e r  
t h i s  e f f e c t  w o u ld  b e  re d u c e d  by th e  a b o v e  p h o s p h o l ip a s e  and  
l ip o x y g e n a s e  i n h i b i t o r s .  None o f  t h e s e  com pounds c h a n g e d  
th e  b a s a l  o r  s t im u la t e d  cAMP l e v e l s  w i th  t h e  e x c e p t io n  o f  
m e p a c r in e  (2 0 0  µM ). NDGA (1 0 0  µM) a l s o  a b o l i s h e d  th e  r e 
l e a s e  in d u c e d  by d ib u t y r y l  cAMP and  p o ta s s iu m  an d  re d u c e d  
th e  s t i m u l a t i o n  by p h o rb o l m yris t a t e  a c e t a t e ,  m e l i t t i n  and  
com pound A 23187. T h e se  com pounds do n o t  i n c r e a s e  c e l l u l a r  
cAMP l e v e l s .  The r e s u l t s  s u g g e s t  t h a t  l i p o x y g e n a s e  p r o d u c t s  
a r e  in v o lv e d  in  ACTH r e l e a s e  a t  a s t e p  d i s t a l  t o  cAMP 
g e n e r a t i o n .  From p r e l im i n a r y  e x p e r im e n ts  on  a r a c h id o n ic  
a c id  m e ta b o l is m  u s in g  HPLC c h ro m a to g ra p h y , i t  a p p e a r s  t h a t  
l i p o x y g e n a s e  and  e p o x y g e n a se  p r o d u c t s  a r e  q u a n t i t a t i v e l y  
p ro m in e n t  in  u n s t im u la t e d  c e l l s  and  t h a t  e x p o s u re  o f  t h e  
c e l l s  to  10 - 7M CRF e l e v a t e s  t h e  l e v e l s  o f  s e v e r a l  a s  y e t  
u n i d e n t i f i e d  m e t a b o l i t e s .

2 4 3 .5  THE ROLE OF HYPOPHYSIAL PORTAL PLASMA CORTICOTROPIN
RELEASING FACTOR, VASOPRESSIN, AND OXYTOCIN IN THE HYPO
THERMIA-INDUCED INHIBITION OF CORTICOTROPIN RELEASE. D.M. 
G ib b s ,  D e p t . o f  R e p ro . M ed ., UCSD, La J o l l a ,  CA 9 2 0 9 3 .

Al th o u g h  c o r t i c o t r o p i n  (ACTH) s e c r e t i o n  i s  u s u a l l y  
s t i m u l a t e d  by c o ld  e x p o s u re  in  c o n s c io u s  a n i m a l s ,  t r u e  
h y p o th e rm ia  in  h i b e r n a t i n g  o r  a n e s t h e t i z e d  a n im a ls  i s  
a s s o c i a t e d  w i th  i n h i b i t i o n  o f  ACTH r e l e a s e .  T h is  was c o n 
f irm e d  in  p e n t o b a r b i t a l - a n e s t h e t i z e d  m a le  r a t s  p la c e d  on 
i c e .  ACTH l e v e l s  d e c re a s e d  s i g n i f i c a n t l y  w i th i n  15 m in 
u t e s  in  p a r a l l e l  w i th  a d e c r e a s e  in  body t e m p e r a t u r e .  To 
i n v e s t i g a t e  t h e  m ech an ism  by w h ich  ACTH s e c r e t i o n  i s  i n 
h i b i t e d ,  h y p o p h y s ia l  p o r t a l  b lo o d  was c o l l e c t e d  from  e u 
th e r m ic  and  h y p o th e rm ic  r a t s  and  t h e  c o n c e n t r a t i o n s  o f  
CRF, v a s o p r e s s in  (AVP) and  o x y to c in  ( OT) w ere  m e asu red  by 
RIA. B o th  AVP and OT ca n  m o d u la te  t h e  s e c r e t i o n  o f  ACTH 
by e n h a n c in g  th e  p i t u i t a r y  r e s p o n s iv e n e s s  t o  CRF (V a le  e t  
a l . ,  E n d o c r in o lo g y  1 1 3 :1 1 2 1 , 1 9 8 3 ) . W hereas CRF l e v e l s  in  
p o r t a l  p la sm a  w ere  n o t  d i f f e r e n t  in  t h e  tw o g ro u p s  ( e u 
th e r m ic :  447±104 p g /m l ; h y p o th e rm ic :  570±66 p g /m l) ,  AVP 
( e u t h e r m ic :  1 .2 8 ± .2 1  n g /m l ; h y p o th e rm ic :  0 .8 4 ± 0 .0 8  n g /m l) 
and  OT ( e u t h e r m ic :  1 .3 8 ± 0 .1 8  n g /m l;  h y p o th e rm ic :  0 .9 4 ± 0 .0 9  
n g /m l)  l e v e l s  w ere  s i g n i f i c a n t l y  lo w e r  in  h y p o th e rm ic  r a t s  
( P < 0 .0 5 ) .  The c o n c e n t r a t i o n  o f  AVP and OT in  p e r i p h e r a l  
p la sm a  was a l s o  s i g n i f i c a n t l y  lo w e r  in  h y p o th e rm ic  r a t s  
com p ared  t o  e u th e r m ic  c o n t r o l s .

The p i t u i t a r y  r e s p o n s iv e n e s s  t o  CRF d u r in g  h y p o th e rm ia  
was t e s t e d  i n v iv o  and i n v i t r o . In p e n t o b a r b i t a l - a n e s 
t h e t i z e d  m a le  r a t s  i n j e c t e d  iv  w ith  0 .1  o r  1 .0  nm o les  o f  
CRF, t h e  ACTH r e s p o n s e  was s i g n i f i c a n t l y  s m a l l e r  in  h y p o 
th e r m ic  com pared  t o  e u th e rm ic  a n im a l s .  H ow ever, h e m ip i tu 
i t a r i e s  s u p e r f u s e d  a t  31°C r e l e a s e d  th e  same am ount o f  
ACTH in  r e s p o n s e  t o  1 nM CRF a s  h e m i p i t u i t a r i e s  s u p e r f u s e d  
a t  37°C (3 1 °C : 541±90 p g ; 37°C : 563±29 pg) d e s p i t e  re d u c e d  
b a s e l i n e  s e c r e t i o n  (3 1 °C : 77±10 p g / 10 m in ; 37°C : 114±14 
p g / 10 m in ; p < 0 .0 5 ) .

The d a t a  s u g g e s t  t h a t  t h e  i n h i b i t i o n  o f  ACTH s e c r e t i o n  
d u r in g  h y p o th e rm ia  i s  m e d ia te d  by d e c re a s e d  h y p o th a la m ic  
s e c r e t i o n  o f  AVP and  OT w h ich  in  t u r n  d e c r e a s e s  t h e  p i t u i 
t a r y  r e s p o n s iv e n e s s  t o  CRF.

T h is  w ork was s u p p o r te d  in  p a r t  by NIH g r a n t  AM32517 
and a M ello n  F o u n d a tio n  F a c u l ty  S c h o la r  A ward.

243.6  COLOCALIZATION OF CCK AND CRF IN THE HYPOTHALAMIC NEURO- 
SECRETORY SYSTEM: A POSSIBLE ROLE IN THE REGULATION OF ACTH 
RELEASE  E . M ezey, T .D . R e i s i n e ,  L .R . S k i r b o l l ,  M. B e i n f e l d ,  
J .Z .K i s s .  L a b . o f  C e l l  B i o l ,  and  C l i n .  N e u ro s c ie n c e  B ra n c h , 
NIMH, B e th e s d a ,  MD 20205 and  D e p t.  P h a rm a c o lo g y , S t .  L o u is  
U n iv . ,  S t .  L o u i s ,  MO 6 3 1 0 4 .

C h o le c y s to k in in  (CCK) h a s  b e e n  d e m o n s t r a te d  i n  
m a g n o c e l lu la r  n e u r o s e c r e to r y  c e l l s  o f  th e  p a r a v e n t r i c u l a r  
(PVN) and s u p r a o p t i c  n u c l e i  (SON) o f  t h e  h y p o th a la m u s  
(V a n d e rh a e g e n , J . J .  e t  a l . ,  C e l l  and  T i s s .  R e s . ,  2 2 1 :2 7 7 , 
1 9 8 1 ) . R e c e n t ly ,  we r e p o r t e d  t h a t  CCK i s  a l s o  p r e s e n t  i n  
p a r v o c e l l u l a r  n e u ro n s  o f  th e  PVN i n  o v e r l a p p in g  d i s t r i b u t i o n  
w i th  CRF c o n t a in i n g  c e l l s  ( K i s s ,  J .  e t  a l . ,  J .  Comp. 
N e u r o l . ,  1 9 8 4 ) .

U s in g  i n d i r e c t  im m u n o f lu o re sc e n c e  h i s t o c h e m i s t r y  w i th  th e  
e l u t i o n - r e s t a i n i n g  te c h n iq u e  o f  Tramu e t  a l . ,  J .  H is to c h e m . 
C y tochem . 6 :3 2 2 ,  19 7 8 , we o b ta in e d  e v id e n c e  t h a t  n e u ro n s  i n  
t h e  p a r v o c e l l u l a r  s u b d i v i s i o n  o f  t h e  PVN c o n t a in  b o th  CCK 
and  c o r t i c o t r o p i n  r e l e a s i n g  f a c t o r  (C R F ). S in c e  t h e s e  c e l l s  
h av e  b e e n  shown to  p r o v id e  i n n e r v a t i o n  to  t h e  e x t e r n a l  z o n e  
o f  th e  m ed ian  em in en ce  (ME) w h ere  th e  p o r t a l  c a p p i l a r i e s  a r e  
l o c a t e d ,  we ex a m in ed  th e  r o l e s  o f  CCK, CRF and  t h e i r  
c o m b in a t io n  on ACTH r e l e a s e  from  m o n o la y e r  c u l t u r e s  o f  th e  
a n t e r i o r  p i t u i t a r y .  CRF e x e r t e d  a  p o t e n t  (EC50=1nM) an d  a  
p ro n o u n c e d  s t i m u l a t i o n  o f  ACTH r e l e a s e  fro m  t h e s e  c e l l s .  
CCK s t im u la t e d  ACTH r e l e a s e  a t  c o n c e n t r a t i o n s  o f  1 0 -1 0 0  nM 
b u t  t h i s  e f f e c t  w as much l e s s  th a n  t h a t  o b s e rv e d  f o r  CRF. 
When ad d e d  s im u l t a n e o u s l y ,  CCK d id  n o t  p o t e n t i a t e  n o r  add  to  
th e  ACTH r e l e a s e  in d u c e d  by 100nM o f  CRF. T h e se  d a t a  
s u g g e s t  t h a t  u n d e r  c e r t a i n  p h y s io lo g i c  c o n d i t i o n s ,  CCK may 
a c t  a s  a  c o r t i c o t r o p i n  r e l e a s i n g  f a c t o r .

F i n a l l y ,  s i n c e  n e u ro e n d o c r in e  m a n ip u la t io n  s u c h  a s  
a d re n a le c to m y  (ADX) h a s  b e e n  shown to  e f f e c t  ACTH a n d / o r  CRF 
s y n t h e s i s / r e l e a s e ,  t h e  e f f e c t  o f  ADX on h y p o th a la m ic  CCK 
l e v e l s  w ere  ex am in ed  u s in g  RIA t e c h n i q u e s .  We fo u n d  t h a t  
ADX s i g n i f i c a n t l y  re d u c e d  CCK l e v e l s  i n  t h e  PVN and ME w h i le  
h a v in g  no e f f e c t  on th e  SON o r  p o s t e r i o r  p i t u i t a r y .

I n  sum m ary, e v id e n c e  i s  p r e s e n t e d  t h a t  CCK and  CRF 
c o e x i s t  i n  p a r v o c e l l u l a r  n e u ro n s  o f  th e  PVN. I n  a d d i t i o n ,  
CCK h a s  b e e n  shown to  s t i m u l a t e  ACTH fro m  p i t u i t a r y  
c u l t u r e s .  F i n a l l y ,  ADX i s  n o t  o n ly  e f f e c t i v e  i n  a l t e r i n g  
ACTH and CRF l e v e l s  b u t  a l s o  s e r v e d  to  s i g n i f i c a n t l y  r e d u c e  
h y p o th a la m ic  CCK l e v e l s .  T h u s , i n  a d d i t i o n  to  th e  
m a g n o c e l lu la r  h y p o th a lm ic  n e u ro h y p o p h y s e a l  CCK s y s te m , t h e r e  
i s  a  p a r v o c e l l u l a r  CCK s y s te m  w h ich  may b e  in v o lv e d  in  
r e g u l a t i n g  th e  r e l e a s e  o f  ACTH.
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243.7  EFFECTS OF NEONATAL ADMINISTRATION OF MONOSODIUM 
L-GLUTAMATE (MSG) ON GONADOTROPIN SECRETION, GONADOTROPES 
AND MAMMOTROPES IN PREPUBERTAL FEMALE FATS.  M .O. D ada* 
and  C .A . B la k e  (SPON: A.M . E a r l e ) .   D e p a r tm e n t o f  A natom y, 
U n iv e r s i t y  o f  N e b ra sk a  M e d ic a l C e n t e r ,  Omaha, NE 6 8 1 0 5 .

A d m in i s t r a t i o n  o f  MSG t o  n e o n a ta l  r a t s  d e s t r o y s  
p e r i k a r y a  in  t h e  h y p o th a la m ic  a r c u a t e  n u c l e i ,  i n c lu d in g  
m ost o f  t h e  G roup A12 d o p a m in e rg ic  c e l l s  and  c a u s e s  
r e p r o d u c t i v e  d i s o r d e r s .  We h a v e  i n v e s t i g a t e d  th e  e f f e c t s  o f  
MSG t r e a tm e n t  t o  n e o n a te s  on  g o n a d o t r o p in  s e c r e t i o n  and  
l u t e i n i z i n g  horm one (L H ), f o l l i c l e - s t i m u l a t i n g  horm one 
(FSH) and  p r o l a c t i n  (PRL) c e l l s  d u r in g  th e  l a t e  p r e p u b e r t a l  
p e r i o d  i n  fe m a le  r a t s .  R a ts  w e re  i n j e c t e d  w i th  MSG (4m g/g  
body  w e ig h t )  o r  s a l i n e  on  d a y s  1 , 3 , 5 , 7  and  9 o f  l i f e  and  
w ere  d e c a p i t a t e d  on  d a y  3 5 .  T ru n k  b lo o d  was c o l l e c t e d  f o r  
ra d io im m u n o a s sa y  o f  se ru m  LH and FSH c o n c e n t r a t i o n s .  
A n t e r i o r  p i t u i t a r y  g la n d s  (APGs) w e re  b i s e c t e d .  One h a l f  
w as h o m o g e n ized  an d  a s s a y e d  f o r  LH and  FSH . The o t h e r  h a l f  
was p la c e d  i n  c u l t u r e  m edium t o  s tu d y  th e  b a s a l  LH and  FSH 
r e l e a s e  r a t e s .  P i t u i t a r y  s e c t i o n s  f ro m  a d d i t i o n a l  r a t s  
w ere  im n m n o s ta in e d  f o r  LH, FSH o r  PRL. APG w e ig h ts  and  APG 
w e ig h t s /b o d y  w e ig h ts  w e re  re d u c e d  in  th e  M S G -tre a te d  g r o u p .  
Y e t ,  MSG t r e a tm e n t  d id  n o t  lo w e r  t h e  se ru m  LH o r  FSH 
l e v e l s ,  t h e  APG c o n c e n t r a t i o n  o r  c o n t e n t  o f  LH o r  FSH, o r  
t h e  b a s a l  r e l e a s e  r a t e s  o f  LH o r  FSH p e r  mg APG o r  p e r  
e n t i r e  g l a n d .  MSG t r e a tm e n t  d id  r e d u c e  th e  c r o s s - s e c t i o n a l  
a r e a s  o f  LH an d  FSH c e l l s  b u t  t h e  vo lum e d e n s i t y ,  t h e  
n u m e r ic a l  d e n s i t y  an d  th e  p e r c e n ta g e  o f  APG c e l l s  t h a t  
c o n t a in e d  LH o r  FSH w ere  u n a f f e c t e d  by M S G -tre a tm e n t. I n  
b o th  g r o u p s ,  a l l  FSH c e l l s  a l s o  c o n ta in e d  LH b u t  t h e r e  was 
a s m a l l  p e r c e n ta g e  o f  g o n a d o t r o p e s  t h a t  c o n ta in e d  o n ly  LH. 
S u r p r i s i n g l y ,  t h e  v o lum e d e n s i t y  o f  PRL c e l l s  w as n o t  
a l t e r e d  in  t h e  M S G -tre a te d  g r o u p .  The r e s u l t s  s u g g e s t  t h a t  
in  3 5 - d a y - o ld  fe m a le  r a t s  t r e a t e d  n e o n a t a l l y  w i th  MSG 1) 
t h e  p e r c e n t  o f  g o n a d o t r o p e s  t h a t  a r e  LH o r  LH/FSH c e l l s  a r e  
n o r m a l ,  2 )  t h e  LH and  LH/FSH c e l l s  a r e  s m a l l e r  b u t  c o n t a in  
t h e  sam e am ount o f  h o rm o n e( s )  a s  th o s e  o f  LH o r  LH/FSH 
c e l l s  i n  n o rm a l r a t s ,  and  3 ) th e  g o n a d o t r o p e s  a r e  r e l e a s i n g  
s u f f i c i e n t  horm one t o  m a in ta in  n o rm a l t o n i c  l e v e l s  o f  se ru m  
LH an d  FSH. We a l s o  fo u n d  no  e v id e n c e  t o  s u g g e s t  t h a t  th e  
G roup A12 d o p a m in e rg ic  c e l l s  p l a y  an y  r o l e  i n  c o n t r o l l i n g  
th e  v o lum e d e n s i t y  o f  p r o l a c t i n  c e l l s  in  th e  APG.
S u p p o r te d  by  g r a n t s  fro m  th e  NIH (HD 1 1 0 1 1 ) and  th e  C o l le g e  
o f  M e d ic in e ,  U n i v e r s i t y  o f  L a g o s , L a g o s , N i g e r i a .

243.8  EFFECTS OF DAYLENGTH ON NUCLEAR ANDROGEN RECEPTOR OCCUPANCY 
 IN  NEUROENDOCRINE TISSU ES OF THE GOLDEN HAMSTER.  E . B i t t m a n  

a n d  L .C .  K r e y *,  R o c k e f e l l e r  U n i v e r s i t y ,  New Y o r k ,  N .Y . 1 0 0 2 1 .
D a y l e n g th  m o d u la t e s  t h e  n e u r o e n d o c r i n e  e f f e c t s  o f  g o n a d a l  

s t e r o i d s  i n  s e a s o n a l  b r e e d e r s .  I n  m a le  h a m s t e r s ,  lo w  d o s e s  
o f  t e s t o s t e r o n e  (T ) s u p p r e s s  s e r u m  LH l e v e l s  i n  s h o r t  d a y s  
b u t  n o t  i n  l o n g  d a y s .  I n  c o n t r a s t ,  h i g h e r  l e v e l s  o f  T a r e  
n e e d e d  t o  a c t i v a t e  m a le  s e x u a l  b e h a v i o r  i n  s h o r t  t h a n  l o n g  
p h o t o p e r i o d s .  We d e t e r m i n e d  w h e t h e r  p h o t o p e r i o d  a l t e r s  l e 
v e l s  o f  t r a n s l o c a t e d  a n d r o g e n + r e c e p t o r  c o m p le x e s  i n  n u c l e a r  
p e l l e t s  f ro m  p r e o p t i c  a r e a  (P O A ), m e d i a l  b a s a l  h y p o t h a l a m u s  
(M BH), p i t u i t a r y  ( P I T )  a n d  s e m i n a l  v e s i c l e  (SV ) b y  e x c h a n g e  
a s s a y  ( B r a i n  R e s . 2 7 5 : 7 5 ) .  G r o u p s  o f  36 h a m s t e r s  w e r e  c a s t r a 
t e d  i n  l o n g  d a y s  ( 1 4 L :1 0 D ) .  T h r e e  w e e k s  l a t e r ,  h a m s t e r s  r e 
c e i v e d  n o  i m p l a n t s  o r  w e r e  g i v e n  S i l a s t i c  T c a p s u l e s  c a l c u 
l a t e d  t o  m a i n t a i n  s e r u m  a n d r o g e n s  w i t h i n  t h e  lo w  (5mm) o r  i n 
t e r m e d i a t e  (7 .5 m m ) p h y s i o l o g i c a l  r a n g e .  H a l f  t h e  h a m s t e r s  
w e r e  t h e n  m oved  t o  s h o r t  d a y s  ( 1 0 L :1 4 D ) .  A f t e r  56  d a y s ,  we 
m e a s u r e d  e x c h a n g e a b l e  n u c l e a r  a n d r o g e n  i n  t i s s u e s  f ro m  p o o l s  
o f  3 h a m s t e r s .  O ne g r o u p  (SAT) w a s  g i v e n  a d d i t i o n a l  T c a p 
s u l e s  t o  g e n e r a t e  s u p e r p h y s i o l o g i c a l  T l e v e l s  4 8 h  b e f o r e  s a c 
r i f i c e .  S e ru m  LH a n d  T l e v e l s  w e r e  a s s a y e d  i n  t r u n k  b l o o d .

E x p o s u r e  o f  i n t a c t  h a m s t e r s  t o  s h o r t  d a y s  r e d u c e d  r e l a 
t i v e  t e s t i s  w e i g h t  ( 5 . 7 ± 1 . 0  m g /g  b .w .  i n  1 0 L :1 4 D  v s .  2 4 . 8 ±  
0 . 7  i n  1 4 L :1 0 D , m ean+SE M , p < .0 0 1 )  a n d  s e r u m  T . E x c h a n g e a b l e  
n u c l e a r  a n d r o g e n  r e c e p t o r  l e v e l s  ( f m o le  3 H -R 1 8 8 1 /m g  DNA) w a s  
c o r r e s p o n d i n g l y  r e d u c e d  i n  MBH ( 9 1 ± 27 v s .  2 0 4 ± 6 0 ,  . 2 > p > . 1) ,  
POA (8 0 + 2 6  v s .  2 1 6 ± 2 2 ,  p < . 0 1 ) ,  P IT  ( 1 3 7 ± 4 3  v s .  3 8 0 ± 4 0 ,  p< .01 ) ,  
a n d  SV (3 7 6 ± 3 24  v s .  1 0 2 6 ± 2 1 5 ,  p < . 0 5 ) .  C a s t r a t e s  r e c e i v i n g  n o  
T h a d  l i t t l e  o r  n o  m e a s u r a b l e  n u c l e a r  a n d r o g e n  i n  a n y  t i s s u e  
s t u d i e d .  S e ru m  LH l e v e l s  w e r e  l o w e r  i n  T - t r e a t e d  c a s t r a t e s  
k e p t  i n  s h o r t  d a y s .  T h e  5mm, 7 .5 m m , a n d  SAT c a p s u l e s  g e n e r a l 
l y  p r o d u c e d  p r o g r e s s i v e l y  i n c r e a s i n g  l e v e l s  o f  e x c h a n g e a b l e  
a n d r o g e n  i n  b o t h  s h o r t  d a y s  (MBH 1 2 1 ± 1 0 2 ,  2 5 4 ± 3 5 ,  a n d  6 5 3 ±  
2 3 8 ;  POA 8 3 ± 4 5 ,  2 4 9 ± 1 2 , a n d  4 1 5 ± 2 1 ;  P IT  1 6 1 ± 2 6 ,  2 9 5 ± 2 3 ,  a n d  
4 0 5 ± 4 9 ;  SV 3 8 4 ± 6 8 ,  8 3 2 ± 3 8 ,  a n d  9 1 6 ± 7 7 ,  r e s p e c t i v e l y )  a n d  
l o n g  d a y s  ( MBH 1 0 5 ± 2 7 ,  2 4 4 ± 1 3 . a n d  5 1 6 ± 1 1 5 ;  POA 1 1 0 ± 3 2 ,  251  
± 3 1 ,  a n d  6 5 5 ± 7 7 ;  P IT  2 5 2 ± 2 6 ,  4 8 3 ± 3 3 ,  a n d  5 1 1 ± 1 9 ;  SV 4 0 4 ± 6 6 ,  
1 0 3 6 ± 1 6 5 ,  a n d  1 0 2 3 ± 4 0 ,  r e s p e c t i v e l y ) .  D a y l e n g th  d i d  n o t  a f 
f e c t  MBH o r  SV a n d r o g e n  r e c e p t o r  o c c u p a n c y  a t  a n y  d o s e  o f  T ; 
l e v e l s  w e r e  e l e v a t e d  i n  l o n g  d a y  P IT  o f  5mm a n d  7 .5m m  g r o u p s  
a n d  i n  POA o f  t h e  SAT g r o u p  ( p < . 0 5 ) .  T h e s e  r e s u l t s  d o  n o t  s u 
p p o r t  t h e  h y p o t h e s i s  t h a t  s h o r t  d a y s  m a g n i f y  T n e g a t i v e  f e e d 
b a c k  b y  i n c r e a s i n g  t r a n s l o c a t i o n  i n  n e u r o e n d o c r i n e  t i s s u e s .  
S u c h  a  m e c h a n is m  m a y , h o w e v e r ,  c o n t r i b u t e  t o  p h o t o p e r i o d i c  
m o d u l a t i o n  o f  b e h a v i o r a l  e f f e c t s  o f  T . S u p p o r t e d  b y  NIH g r a n t  
N S 2 0 2 7 9 .

243 .9  LOSS OF SEX DIFFERENCE IN GONADOTROPIN RELEASE IN RATS 
TREATED WITH AN OPIATE ANTAGONIST DURING EARLY L IF E .  D .K . 
S a r k a r , *  a n d  S .  L i r a *  (SPO N : W .A. H a r r i s ) .   D e p t . o f  R e p r o .  
M e d . ,  U n iv .  o f  C a l i f o r n i a ,  S an  D i e g o ,  La J o l l a ,  CA 9 2 0 9 3 .

T h e r o l e  o f  o p i a t e s  i n  t h e  s e x u a l  d i f f e r e n t i a t i o n  o f  
t h e  b r a i n  w a s  t e s t e d  i n  r a t s  b y  i n j e c t i n g  t h e  o p i a t e  
a n t a g o n i s t  n a l t r o x o n e  d u r i n g  t h e  c r i t i c a l  p e r i o d  o f  s e x  
d i f f e r e n t i a t i o n  o f  t h e  b r a i n  a n d  s t u d y i n g  t h e  r e l e a s e  o f  
g o n a d o t r o p i n  d u r i n g  p u b e r t a l  p e r i o d .  N ew born  S p r a g u e - D a w 
l e y  r a t s  w e r e  g i v e n  d a i l y  s u b c u t a n e o u s  i n j e c t i o n  o f  n a l 
t r o x o n e  ( 5 0  m g /k g )  i n  s a l i n e  o r  s a l i n e  ( 0 . 1  m l)  u n t i l  7 
d a y s  o f  a g e .  A f t e r  w e a n in g  o n  d a y  2 1 ,  so m e o f  t h e  a n i m a l s  
w e r e  i n j e c t e d  w i t h  e s t r a d i o l  b e n z o a t e  (E B ; 1 µ g /1 0 0  g 
B .W .)  o r  o i l  ( 0 . 1  m l )  o n  d a y  21  a n d  d a y  23  a f t e r  b i r t h .  
F o l l o w i n g  d a y ,  t h e s e  r a t s  w e r e  s a c r i f i c e d  b e tw e e n  1 6 0 0 -  
1 6 3 0 h ,  p l a s m a  a n d  p i t u i t a r y  LH l e v e l s  a n d  h y p o t h a l a m i c  a n d  
p r e o p t i c  LHRH c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d .  T h e r e s t  o f  
t h e  a n i m a l s  w e r e  k e p t  i n  t h e  a n im a l  h o u s e  a n d  i n s p e c t e d  
d a i l y  f o r  v a g i n a l  o p e n i n g  u n t i l  4 5  d a y s  a f t e r  b i r t h .

T h e  c o n c e n t r a t i o n  o f  p l a s m a  LH w a s  s i g n i f i c a n t l y  i n 
c r e a s e d  a f t e r  EB t r e a t m e n t  i n  f e m a l e  r a t s  b u t  n o t  i n  m a le  
r a t s .  H o w e v e r ,  a d m i n i s t r a t i o n  o f  n a l t r o x o n e  d u r i n g  t h e  
c r i t i c a l  p e r i o d  c o m p l e t e l y  a b o l i s h e d  E B - in d u c e d  LH s u r g e  
i n  60% o f  t h e  f e m a l e s  a n d  p a r t i a l l y  r e d u c e d  E B - in d u c e d  LH 
r e l e a s e  i n  t h e  r e s t  o f  t h e  f e m a l e  r a t s .  P i t u i t a r y  LH c o n 
c e n t r a t i o n  i n  f e m a l e  r a t s  w e r e  s l i g h t l y  h i g h e r  t h a n  i n  
m a l e s .  N a l t r o x o n e  d i d  n o t  c h a n g e  t h e  c o n c e n t r a t i o n  o f  
p i t u i t a r y  LH i n  f e m a l e  a n d  m a le  r a t s .  T he c o n c e n t r a t i o n  
o f  LHRH i n  t h e  p r e o p t i c  a r e a  w a s l o w e r  i n  b o t h  s e x e s  o f  
r a t s  a f t e r  n a l t r o x o n e  t r e a t m e n t  w hen  c o m p a re d  w i t h  t h a t  i n  
s a l i n e - t r e a t e d  g r o u p s .  H y p o th a l a m ic  LHRH l e v e l s  w e r e  s im 
i l a r  i n  b o t h  m a l e s  a n d  f e m a l e s  t r e a t e d  w i t h  n a l t r o x o n e  o r  
s a l i n e .  O v a r i e c to m y  o n  t h e  d a y  o f  t h e  b i r t h  d i d  n o t  p r e 
v e n t  t h e  i n h i b i t o r y  a c t i o n  o f  n a l t r o x o n e  o n  E B - in d u c e d  LH 
r e l e a s e  n o r  b l o c k  t h e  r e d u c t i o n  o f  LHRH i n  t h e  p r e o p t i c  
a r e a  b y  t h e  a n t a g o n i s t .  N a l t r o x o n e - t r e a t e d  a n i m a l s  a l s o  
s h o w e d  no  s i g n  o f  v a g i n a l  o p e n i n g  ( p u b e r t y )  u n t i l  a t  l e a s t  
d a y  4 7 ,  w h e r e a s  s a l i n e - t r e a t e d  a n i m a l s  h a d  v a g i n a l  o p e n i n g  
b e tw e e n  d a y s  3 6 - 3 7  a f t e r  b i r t h .  T h e s e  r e s u l t s  s u g g e s t  t h a t  
( 1 ) o p i a t e  a n t a g o n i s t  a d m i n i s t r a t i o n  d u r i n g  t h e  c r i t i c a l  
p e r i o d  c a n  p r e v e n t  t h e  d i f f e r e n t i a t i o n  o f  f e m a l e  c y c l i c  
b r a i n  p o s s i b l y  b y  a  d i r e c t  a c t i o n  o n  t h e  b r a i n ,  ( 2 ) e n d o 
g e n o u s  o p i a t e s  m ay  b e  i n v o l v e d  i n  t h e  s e x u a l  d i f f e r e n t i 
a t i o n  o f  t h e  b r a i n .

( S u p p o r t e d  b y  M e l lo n  F o u n d a t i o n  F a c u l t y  S c h o l a r  A w ard 
t o  D . K . S . )

243.10  EVIDENCE OF TACHYPHYLAXIS-LIKE RESPONSES OF DISPERSED 
PITUITARY CELLS JO ZEARALENONE AND ESTRADIOL.  G.E. RESCH* 
(SPON: A. D IC K ).  D e p t . o f  B i o l .  & S c h l .  o f  M e d ., U n iv .  o f  
M is s u o r i  -  K a n s a s  C i t y ,  K a n s a s  C i t y ,  M3 6 4 1 1 0 .

E f f o r t s  t o  c h a r a c t e r i z e  a  p r e v i o u s l y  r e p o r t e d  z e a r a l e n 
o n e  ( F 2 )  s t i m u l a t i o n  o f  p r o l a c t i n  r e l e a s e  f r o m  d i s p e r s e d  
p i t u i t a r y  c e l l s ,  s u g g e s t  a  t a c h y p h y l a x i s - l i k e  r e s p o n s e .  
E q u im o la r  d o s e s  o f  F2 a n d  e s t r a d i o l  w e r e  a d m i n i s t e r e d  t o  a 
c o n t i n u o u s l y  p e r f u s e d  c o lu m n  o f  t r y p s i n - d i s p e r s e d  r a t  p i t 
u i t a r y  c e l l s .  P e r f u s i o n  m e d ia  w e r e  m ade u s i n g  t i s s u e  
c u l t u r e  m ed iu m  199 w i t h  g l u c o s e  a n d  a g o n i s t s  a s  a p p r o p r i a t e .  
M ed ia a t  3 7 ° C w e r e  b u b b l e d  w i t h  O 2 :CO2 ( 9 5 : 5 )  t o  m a i n t a i n  
t h e  pH a t  6.8  t o  7 . 0 .  A g o n i s t s  w e r e  i n j e c t e d  o n t o  t h e  
c o lu m n  s e r i a l l y  a t  t i m e  i n t e r v a l s  s u f f i c i e n t  t o  a l l o w  e a c h  
p r o l a c t i n  r e s p o n s e  t o  r e t u r n  t o  b a s e l i n e .  R e s p o n s e  c u r v e s  
w e r e  c o r r e c t e d  f o r  l a t e n c y  b e tw e e n  i n j e c t i o n  s i t e  a n d  t h e  
c o lu m n  c e l l  l a y e r .

T h e  d a t a  i n d i c a t e  s u c c e s s i v e  r e s p o n s e s  s e r i a l l y  a d m in 
i s t e r e d  a g o n i s t s  d i f f e r e d  b y  1 ) i n c r e a s e d  l a t e n c i e s ,  2 ) d e 
c r e a s e d  a m p l i t u d e s  a n d  3 )  i n c r e a s e d  d u r a t i o n s .  P r o l a c t i n  
r e s p o n s e s  t o  e q u i m o l a r  d o s e s  o f  e s t r a d i o l  w e r e  q u a l i t a t i v e l y  
s i m i l a r .  T h e  r e s u l t s  i n d i c a t e  t h a t  c o m p a r i s o n s  o f  r e s p o n s e s  
e l i c i t e d  i n  t h i s  e x p e r i m e n t a l  p r e p a r a t i o n  s h o u l d  b e  i n t e r 
p r e t e d  w i t h  c a u t i o n .  ( S u p p o r t e d  i n  p a r t  b y  W eld o n  S p r i n g  
G r a n t  N o. K 3 - 4 0 1 1 0 ) .
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2 4 3 .11  PINEALECTOMY DURING INFANTILE DEVELOPMENT FAILS TO INTER
RUPT THE PREPUBERTAL HIATUS IN GONADOTROPIN SECRETION IN 
THE MALE RHESUS MONKEY (MACACA MULATTA) .  T.M . P l a n t  and  
D .S . Z o ru b * .   D e p ts .  P h y s io lo g y  &  N e u r o lo g ic a l  Su r g e r y ,  
U n iv . o f  P i t t s b u r g h  S c h . o f  Med. an d  D iv . N e u r o lo g ic a l  
S u r g e r y ,  S h a d y s id e  H o s p i t a l ,  P i t t s b u r g h ,  PA 1 5 2 6 1 .

In  h i g h e r  p r im a te s ,  th e  p o s t n a t a l  o n to g e n y  o f  g o n ad o 
t r o p i n  s e c r e t i o n  i s  c h a r a c t e r i z e d  by e l e v a t i o n s  i n  p la sm a  
c o n c e n t r a t i o n s  o f  LH an d  FSH d u r in g  i n f a n t i l e  and  p o s tp u 
b e r t a l  d e v e lo p m e n t t h a t  a r e  s e p a r a t e d  by a p ro lo n g e d  p h a se  
o f  d im in is h e d  g o n a d o t r o p in  r e l e a s e  d u r in g  much o f  p r e p u 
b e r t a l  d e v e lo p m e n t . The p r e p u b e r t a l  h i a t u s  in  g o n a d o t r o p ic  
a c t i v i t y ,  w h ich  u n d e r l i e s  th e  p r o t r a c t e d  d e l a y  in  th e  
o n s e t  o f  p u b e r ty  i n  h ig h e r  p r im a te s ,  a p p e a r s  to  be o c c a 
s io n e d  by a  n o n -g o n a d a l r e s t r a i n t  o f  h y p o th a la m ic  GnRH 
s e c r e t i o n .  In  o r d e r  t o  d e te rm in e  th e  r o l e ,  i f  a n y ,  o f  th e  
p in e a l  g la n d  i n  i n i t i a t i n g  th e  a r r e s t  o f  th e  h y p o th a la m ic -  
g o n a d o tro p h  a x i s ,  6 n e o n a ta l l y  o r c h id e c to m iz e d  r h e s u s  mon
k e y s  w ere  p in e a le c to m i z e d  a t  4 -6  w eeks o f  ag e  u s in g  m ic r o -  
n e u r o s u r g i c a l  t e c n n iq u e .  The p a t t e r n s  o f  LH an d  FSH s e c r e 
t i o n  d u r in g  i n f a n t i l e  d e v e lo p m e n t ( b i r t h  u n t i l  35 we e k s  o f  
a g e )  w ere  m o n i to r e d  in  th e  p in e a le c to m iz e d  a n im a ls  by RIA 
o f  p la sm a  s a m p le s  c o l l e c t e d  a t  w eek ly  i n t e r v a l s ,  an d  th e n  
co m p ared  to  th o s e  in  2 s i m i l a r  a n im a ls  s u b je c t e d  to  a sham 
p r o c e d u r e  an d  to  th o s e  p r e v i o u s l y  e s t a b l i s h e d  f o r  n e o n a 
t a l l y  o r c h id e c to m iz e d  a n im a ls  w i th  i n t a c t  c e n t r a l  n e rv o u s  
s y s te m s  (E n d o c r in o lo g y  1 0 6 :1 4 5 1 , 1 9 8 1 ) . The p in e a l e c to m i z 
e d  a n im a ls  w e re  s u b s e q u e n t l y  s a c r i f i c e d  an d  th e  c o m p le t e 
n e s s  o f  th e  p r o c e d u r e  e s t a b l i s h e d  by h i s t o l o g i c a l  e v a lu a 
t i o n .  The p a t t e r n  o f  g o n a d o t r o p in  s e c r e t i o n  d u r in g  i n f a n 
t i l e  d e v e lo p m e n t in  t h e  p in e a le c to m iz e d  a n im a ls  d id  n o t  
d i f f e r  fro m  t h a t  i n  sham o p e r a t e d  s u b j e c t s ,  and  in  b o th  
g ro u p s  th e  t im e  c o u r s e s  o f  LH an d  FSH s e c r e t i o n  w ere  s im i 
l a r  t o  th o s e  p r e v i o u s l y  d e s c r i b e d  f o r  a g o n a d a l n e o n a te s  
w i th  i n t a c t  n e rv o u s  s y s te m s .  M ost n o t a b ly ,  th e  e l e v a t e d  
o p e n - lo o p  l e v e l s  o f  LH and  FSH t h a t  a r e  c h a r a c t e r i s t i c a l 
l y  o b s e rv e d  d u r in g  e a r l y  n e o n a ta l  l i f e  in  t h i s  s p e c i e s  
b eg a n  to  d e c l i n e  a t  2 m o n th s  o f  a g e  i n  th e  p in e a le c to m iz e d  
a n i m a l s ,  a s  in  th e  sham and  c o n t r o l  g r o u p s ,  r e a c h in g  by 34 
w eek s o f  a g e  c o n c e n t r a t i o n s  t h a t  w ere  no lo n g e r  d e t e c t a b l e  
by  RIA. The f a i l u r e  o f  p in e a le c to m y  t o  a b o l i s h  th e  p r e p u 
b e r t a l  h i a t u s  in  o p e n - lo o p  LH and  FSH s e c r e t i o n ,  an d  p r e 
su m ab ly  t h e r e f o r e  t o  i n t e r u p t  th e  r e s t r a i n t  o f  h y p o th a la 
m ic GnRH r e l e a s e ,  p r o v id e s  c o m p e ll in g  e v id e n c e  a g a i n s t  th e  
v ie w  t h a t  th e  p in e a l  g la n d  i s  a  m a jo r  d e t e r m in a n t  o f  th e  
t im in g  o f  th e  o n s e t  o f  p u b e r ty  in  h ig h e r  p r im a te s .  
S u p p o r te d  by NIH G ra n ts  HD13254 an d  0 8 6 1 0 .

PINEAL GLAND

2 4 4 .1   PERSISTEN CE OF PHOTIC RESPONSES IN THE PINEAL GLAND AFTER 
IT S  PEDUNCULOTOMY AND GANGLIONECTOMY OF THE CERVICAL 
SYMPATHETIC.  C . B a r a j a s - L ó p e z * ,  M .A . B a r r i e n t o s - M a r t í n e z * , 
M .V . G a r c í a - G a r d u ñ o *  a n d  C . R e y e s - V á z q u e z .  D e p t o .  d e  F i s i o 
l o g í a ,  D iv .  d e  I n v e s t i g a t i ó n ,  F a c .  d e  M e d i c i n a ,  UNAM. M é x ic o  
0 4 5 1 0 ,  D . F . ,  MEXICO.

E l e c t r o p h y s i o l o g i c a l  s t u d i e s  h a v e  sh o w n  t h a t  t h e  l a s t  
c o m p o n e n t s  o f  t h e  v i s u a l  e v o k e d  p o t e n t i a l s  (V E P s) r e c o r d e d  
i n  t h e  p i n e a l  g l a n d  (PG ) d i s a p p e a r  a f t e r  b i l a t e r a l  e x t i r p a 
t i o n  o f  t h e  c e r v i c a l  s y m p a t h e t i c  g a n g l i a  (C S G ) . H o w e v e r ,  i n  
a n o t h e r  s i m i l a r  s t u d y  n o  m o d i f i c a t i o n s  w e r e  fo u n d  a f t e r  t h e  
sa m e  m a n e u v e r ,  w h e r e a s  t h e  t r a n s e c t i o n  o f  t h e  p i n e a l  s t a l k  
a b o l i s h e d  t h e  VEPs c o m p l e t e l y .  I n  t h e  p r e s e n t  p a p e r ,  we 
a n a l i z e ,  s i m u l t a n e o u s l y ,  t h e  p a r t i c i p a t i o n  o f  t h e  p i n e a l  
s t a l k  a n d  o f  CSG i n  t h e  g e n e r a t i o n  o f  VEPs i n  PG . We r e 
c o r d e d  V EPs i n  PG , l a t e r a l  h i p o t h a l a m u s  ( L H ) , a n d  h a b e n u l a r  
c o m p le x  (H C ) , t h e  l a t t e r  tw o  s t r u c t u r e s  a r e  s u p p o s e d  t o  b e  
i n v o l v e d  i n  t h e  t r a n s m i s s i o n  o f  v i s u a l  i n f o r m a t i o n  t o  PG . 
S e m i - m i c r o e l e c t r o d e s  w e r e  i m p l a n t e d  i n  m a le  a n e s t h e t i z e d  
r a t s  i n  t h e  a f o r e m e n t i o n e d  s t r u c t u r e s  b y  c o n v e n t i o n a l  
s t e r e o t a x i c  t e c h n i q u e s .  I n  som e r a t s  a  l e s i o n i n g  e l e c t r o d e  
w a s  i m p l a n t e d  i n  t h e  p i n e a l  s t a l k  a n d  i n  o t h e r s  i t  w a s  
t r a n s e c t e d .  T h e  V EPs w e r e  r e c o r d e d  u s i n g  a  c o m m u te r ,  w h ic h  
a l l o w e d  f r e e  m o v e m e n t.  T h e  p o t e n t i a l s  w e r e  a m p l i f i e d ,  r e 
c o r d e d ,  a n d  a v e r a g e d  b y  c o n v e n t i o n a l  e l e c t r o p h y s i o l o g i c a l  
t e c h n i q u e s .  V i s u a l  s t i m u l a t i o n  w e r e  f l a s h e s  d e l i v e r e d  b y  a  
G r a s s  p h o t o s t i m u l a t o r  (P S 2 2 )  . R e c o r d i n g s  w e r e  b e g u n  2 t o  3 
d a y s  a f t e r  t h e  i m p l a n t a t i o n .  T h r e e  r e c o r d i n g  s e s s i o n s  w e r e  
p e r f o r m e d  ( o n e  e v e r y  24  h r s )  b e f o r e  a n d  a f t e r  e x t i r p a t i o n  o f  
CSG o r  e l e c t r o l y t i c  l e s i o n  o f  p i n e a l  s t a l k .  T h e  VEPs r e 
c o r d e d  i n  LH a n d  HC w e r e  c h a r a c t e r i z e d  b y  3 c o m p o n e n ts  (PN P). 
T h e  l a t e n c i e s  o f  t h e  f i r s t  w a v e s  w e r e  o f  33  a n d  34  m s , 
r e s p e c t i v e l y ,  w h e r e a s  t h e .  r e c o r d i n g s  i n  PG h a d  a  d i f f e r e n t  
p o l a r i t y  (NPN ) a n d  t h e  f i r s t  c o m p o n e n t  h a d  a  l a t e n c y  o f  
36  m s . T h e  V E Ps p e r s i s t e d  i n  a l l  t h r e e  s t r u c t u r e s  a f t e r  t h e  
e x t i r p a t i o n  o f  CSG o r  e l e c t r o l y t i c  l e s i o n  o f  t h e  p i n e a l  
s t a l k .  V EPs w e r e  a l s o  o b s e r v e d  i n  t h e  p i n e a l  s t a l k  t r a n s e c t 
e d  r a t s .  E l e c t r o d e  p l a c e m e n t s  w e r e  d e t e r m i n e d  a f t e r  t h e  l a s t  
r e c o r d i n g s  b y  h i s t o l o g i c a l  s e c t i o n s .

T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  VEPs r e c o r d e d  i n  PG a r e  
n o t  g e n e r a t e d  i n  t h i s  s t r u c t u r e ,  s i n c e  t h e y  p e r s i s t  a f t e r  
i n t e r r u p t i n g  i t s  c o n n e c t i o n s  t o  t h e  r e s t  o f  t h e  c e n t r a l  
n e r v o u s  s y s t e m .

2 4 4 .2   HAMSTER AND RAT PINEAL GLAND β-ADRENOCEPTOR CHARACTERIZA
TION WITH I ODOCYANOPINDOLOL AND THE EFFECT OF DECREASED 
CATECHOLAMINE SYNTHESIS ON THE RECEPTOR.  C.M. C ra ft, W.W. 
Morgan, 1D .J. Jones, and R .J . R e i te r ,  Department of 
C e llu la r and S tru c tu ra l Biology and 1Department of 
A nesthesiology, The Univ. of TX H lth . S c i. C tr. a t  San 
Antonio, San Antonio, TX 78284.

Although catecholam ine content does not vary during the 
24 hr period  in  the hamster p in e a l,  in  both the r a t  and 
ham ster, catecholam ine sy n th esis  is  g re a te r  in  the  dark 
(Neuroendocrinology 38:193-194, 1984). F u rth er s tu d ie s  of 
hamsters exposed to  continuous l ig h t  (LL) fo r  36 h rs ,  a f te r  
su p erio r c e rv ic a l ganglia  d e c e n tra liz a tio n  or gang lion
ectomy (SCGX) produced a s ig n if ic a n t  decrease in  p in ea l 
catecholam ine sy n th esis  and th e re fo re  decreased noradren
e rg ic  neuron a c t iv i ty  in  the dark compared to co n tro ls  (C) 
(p<0.001). The d ep le tio n  of norepinephrine was never 
complete in  any experim ental group. Even though these  
experim ental cond itions decrease noradrenerg ic  neuron 
a c t iv i ty ,  they do not induce p o stsy n ap tic  s u p e r s e n s i t iv ity ,  
determined by inc reases  in  m elatonin co n ten t, in  the 
hamster p in ea l when exogenous norepinephrine is  admin
is te re d .  This is  in  d ire c t  c o n tra s t to  the  re s u lts  
obtained in  experiments with r a ts .  T herefore, p inea l 
β-recep to rs  in hamster and r a t  were stud ied  to  determ ine 
p o ssib le  m ediation of th is  d iffe ren c e . The new β-s p e c if ic  
rad io lig an d , iodocyanopindolo l, was u t i l iz e d  to  charac
te r iz e  the p in ea l β-ad renerg ic  recep to r in  both sp ec ies. 
Under equ ilib rium  co n d itio n s , the recep to r was s a tu ra b le , 
and the ligand demonstrated s e le c t iv i ty  and s te r e o s p e c i f i 
c i ty  in both sp ec ies. The den sity  of recep to rs  in  the r a t  
p in ea l was 15-fold g re a te r  than th a t  in  the hamster p in ea l 
while the a f f in i ty  of the r a t  p in ea l recep to r was o n e -th ird  
th a t of the ham ster. U tiliz in g  th is  re cep to r binding 
techn ique, i t  was determined th a t  decreased catecholam ine 
sy n th esis  did not a l t e r  recep to r den sity  or a f f in i ty  of 
(3-receptors in  the hamster p in ea l (Bmax: C, 55±6 vs SCGX, 
45±14 vs LL, 53±4 fm/mg p ro te in ; KD: 0.052+0.003 nM. In 
c o n tra s t ,  the den sity  of the (3-receptor increased  in  the 
ra t  p inea l w ith no change in  a f f in i ty .  (Bmax: C, 596±17 vs 
SCGX, 816±20 fm/mg p ro te in ; C, 548±13 vs LL, 621±9 fm/mg 
p ro te in  (p<0.05); KD: 0.15+0.02 nM. This provides a 
p la u s ib le  exp lanation  fo r the v a r ia b i l i ty  of p o stsy n ap tic  
responses in  the two sp ec ies.  (Supported by NSF gran t 
#PCM 8304706 to  RJR, NIH g ran t #DA 00755 & #DA 00083 to  WWM 
& NIH-NINCDS gran t #14546 to D JJ.)
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2 4 4 .3   AMINERGIC EFFECTS ON RAT PINEAL UNIT A C T IV IT Y ,  C. 
R e y e s - V a z q u e z , B. P r i e t o - G o m e z * a n d  N. D a fn y  (SPON: R. 
W i g g i n s ) ,   D e p to .  F i s i o l o g i a ,  Fa c .  M ed. UNAM, M e x ic o  0 4 5 1 0 ,  
a n d  N e u r o b i o lo g y  D e p a r t m e n t ,  U n i v e r s i t y  o f  T e x a s  M e d ic a l  
S c h o o l  a t  H o u s t o n ,  H o u s t o n ,  T e x a s  7 7 0 2 5 .

M o st p i n e a l  s t u d i e s  h a v e  u s e d  p h a r m a c o l o g i c a l ,  c h e m ic a l  o r  
s u r g i c a l  i n t e r r u p t i o n  o f  t h e  p i n e a l  s y m p a t h e t i c  n e u r a l  
i n p u t ,  t o  s t u d y  i t s  p r o p e r t i e s .  T h e r e  a r e  no  
n e u r o p h y s i o l o g i c a l  s t u d i e s  i n v e s t i g a t i n g  t h e  
e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  o f  t h e  r a t  p i n e a l  r e l a t e d  
b o t h  t o  s u p e r i o r  c e r v i c a l  g a n g l i o n  (SCG ) i n p u t  a n d  
n o r e p i n e p h r i n e  (N E) a p p l i c a t i o n .  T h e p r e s e n t  s t u d y  w as 
i n i t i a t e d  t o  d e t e r m i n e  t h e  e l e c t r o p h y s i o l o g i c a l  
r e l a t i o n s h i p  b e tw e e n  t h e  e f f e c t s  o f  SCG s t i m u l a t i o n  a n d  
l o c a l  a p p l i c a t i o n  o f  NE on  p i n e a l  e l e c t r i c a l  d i s c h a r g e s .  
S e v e n t y  s i x  p i n e a l  u n i t s  w e r e  r e c o r d e d  f r o m  26 
a n e s t h e t i z e d  r a t s .  A b o u t 50% o f  t h e  u n i t s  sh o w e d  an  
a v e r a g e  s p o n t a n e o u s  f i r i n g  r a t e  l o w e r  t h a n  14 s p i k e s / s e c .  
SCG s t i m u l a t i o n  c a u s e d  e x c i t a t i o n  i n  4 2 / 7 6  o f  t h e  r e c o r d e d  
p i n e a l  u n i t s .  S ix  o f  t h e s e  u n i t s  d i d  n o t  e x h i b i t  
s p o n t a n e o u s  a c t i v i t y .  M i c r o i o n t o p h o r e t i c  a p p l i c a t i o n  o f  
NE a f f e c t e d  6 1% o f  t h e  p i n e a l  u n i t s  t e s t e d .  Two p a t t e r n s  
o f  a c t i v i t y  f o l l o w i n g  NE e j e c t i o n  w e r e  o b s e r v e d :  
i n c r e a s e s  o f  f i r i n g  r a t e  (64% ) a n d  d e c r e a s e d  i n  f i r i n g  
r a t e  (3 6 % ) . N E - in d u c e d  e x c i t a t i o n  w a s  o b s e r v e d  o n l y  i n  
t h o s e  u n i t s  e x c i t a t e d  b y  SCG s t i m u l a t i o n .  When NE a n d  SCG 
s t i m u l a t i o n  w e r e  a p p l i e d  t o g e t h e r ,  p a r t i a l  s u m m a tio n  o f  
t h e  e x c i t a t i o n  i n d u c e d  by  e a c h  o n e  a l o n e  w a s o b s e r v e d .  
A l l  o f  t h e  u n i t s  a f f e c t e d  b y  NE w i t h  a d e c r e a s e  i n  f i r i n g  
r a t e  f a i l e d  t o  r e s p o n d  t o  SCG s t i m u l a t i o n .  In  m o s t  c a s e s ,  
t h e  l o c a l  a p p l i c a t i o n  o f  p r o p r a n o l o l  ( N E - a n t a g o n i s t )  
s i g n i f i c a n t l y  b l o c k e d  b o t h ,  t h e  e x c i t a t i o n  i n i t i a t e d  by  
SCG s t i m u l a t i o n  (69% ) a s  w e l l  a s  t h e  a c t i v a t i o n  in d u c e d  by 
NE (8 1 % ) . M o r e o v e r ,  p r o p r a n o l o l  a l s o  w a s a b l e  t o  b l o c k  
t h e  NE i n d u c e d  d e c r e a s e s  o f  p i n e a l  u n i t  a c t i v i t y .

244.4  PINEAL MELATONIN SYNTHESIS IN THE HAMSTER: SENSITIVITY TO 
LIGHT. D . J .  H udson and  M. Menak e r .  I n s t i t u t e  o f  
N e u r o s c ie n c e ,  U n iv e r s i t y  o f  O reg o n , E u g en e , OR 9 7 4 0 3 .

We h av e  p r e v i o u s l y  i d e n t i f i e d  n o v e l  p h o to r e c e p to r  
p r o p e r t i e s  o f  th e  c i r c a d i a n  p h a se  s h i f t i n g  sy s te m  o f  th e  
g o ld e n  h a m s te r  (T a k a h a s h i  e t  a l . , 1 9 8 4 , N a tu re  3 0 8 :1 8 6 ) .  The 
s p e c t r a l  s e n s i t i v i t y  o f  th e  p h a s e  s h i f t i n g  r e s p o n s e  h a s  a 
maximum n e a r  500 nm, and  i s  v e r y  s i m i l a r  to  th e  a b s o r p t i o n  
s p e c tru m  o f  r h o d o p s in .  H ow ever, th e  t h r e s h o l d  o f  t h i s  
r e s p o n s e  i s  q u i t e  h ig h ,  and  th e  r e c i p r o c a l  r e l a t i o n s h i p  
b e tw e e n  i n t e n s i t y  and  d u r a t i o n  h o ld s  f o r  v e r y  lo n g  
d u r a t i o n s .  The p h o to r e c e p t i v e  sy s te m  t h a t  m e d ia te s  p h a s e  
s h i f t i n g  a p p e a r s  to  be m a rk e d ly  d i f f e r e n t  from  t h a t  
in v o lv e d  in  v i s u a l  im age f o r m a t io n .  To i n v e s t i g a t e  th e  
r e l a t i o n s h i p  b e tw e e n  c i r c a d i a n  and  p h o to p e r io d i c  
( r e p r o d u c t iv e )  p h o to r e c e p t i o n  we ex am in ed  th e  e f f e c t s  o f  
l i g h t  on th e  h a m s te r  p i n e a l  g la n d .

We m e a su re d  th e  a c u te  e f f e c t s  o f  l i g h t  p u ls e s  o f  
d i f f e r e n t  i n t e n s i t i e s  ( c o v e r in g  a p p r o x im a te ly  3 lo g  u n i t s )  
in  s u p p r e s s in g  p i n e a l  m e la to n in .  M ale S y r ia n  h a m s te r s  h e ld  
i n  lo n g  d ay s  (LD 1 4 :1 0 )  w ere e x p o se d  to  4 m in u te  l i g h t  
p u l s e s  (515 nm) d u r in g  th e  n ig h t  ( a t  CT 1 8 , a tim e  a t  w h ic h  
we h av e  a l s o  m e a su re d  an  i n t e n s i t y - r e s p o n s e  c u rv e  f o r  p h a s e  
s h i f t i n g ) ,  r e t u r n e d  to  th e  d a r k  f o r  a p e r io d  o f  30 m in u te s ,  
and  s a c r i f i c e d .  P in e a l s  w ere  rem oved and f r o z e n  f o r  
s u b s e q u e n t  m e la to n in  e x t r a c t i o n  and  m e a su re m e n t by 
ra d io im m u n o a s sa y . A d a r k  c o n t r o l  g ro u p  w as h a n d le d  and 
p la c e d  in t o  th e  l i g h t  p u ls e  a p p a r a tu s  b u t  was n o t  e x p o s e d  
to  l i g h t .  A l i g h t  c o n t r o l  g ro u p  w as e x p o s e d  to  b r i g h t  
f l u o r e s c e n t  l i g h t  f o r  th e  e n t i r e  30 m in u te s  b e f o r e  
s a c r i f i c e .

P in e a l  m e la to n in  s u p p r e s s io n  i s  n o t  an  " a l l - o r - n o n e "  
r e s p o n s e  to  l i g h t  e x p o s u r e ,  b u t  i s  g ra d e d  w i th  l i g h t  
i n t e n s i t y .  The s e n s i t i v i t y  o f  t h i s  p i n e a l  r e s p o n s e  i s  a t  
l e a s t  2 lo g  u n i t s  g r e a t e r  th a n  th e  s e n s i t i v i t y  o f  th e  
c i r c a d i a n  p h a se  s h i f t i n g  s y s te m . P e rh a p s  t h e r e  e x i s t  
p a th w a y s  by w h ich  l i g h t  a f f e c t s  p i n e a l  m e la to n in  s y n t h e s i s  
d i r e c t l y  w i th o u t  s h i f t i n g  th e  c i r c a d i a n  c l o c k .  I f  s o , i t  
m ig h t be p o s s i b l e  to  d i s s o c i a t e  th e  e f f e c t s  o f  l i g h t  on 
r e p r o d u c t iv e  s t a t e  from  i t s  e f f e c t s  on th e  c i r c a d i a n  sy ste m  
by th e  u se  o f  l i g h t  p u l s e s  o f  c a r e f u l l y  c h o s e n  i n t e n s i t y .  
I n  p r e l im i n a r y  e x p e r im e n ts  we h av e  d e la y e d  t e s t i c u l a r  
r e g r e s s i o n  ( a f t e r  t r a n s f e r  o f  a n im a ls  from  lo n g  d ay s  i n t o  
d a r k n e s s )  by  th e  r e p e a t e d  p r e s e n t a t i o n  o f  l i g h t  p u l s e s  
w h ic h  do n o t  c a u s e  p h a s e  s h i f t s  i n  th e  lo c o m o to r  rh y th m .

S u p p o r te d  by NIH HD13162.

2 4 4 .5   M ATURATION OF M ELA TO N IN  RHYTHMS IN  FEMALE LAMBS UNDER 
A R T IF IC IA L  AND NATURAL PHOTOPERIODS.  S .M . Y e l lo n *  a n d  D .L .  
F o s t e r .  R e p r o d u c t i v e  E n d o c r i n o l o g y  P r o g r a m ,  T h e  U n i v e r s i t y  
o f  M i c h i g a n ,  A nn A r b o r ,  MI 4 8 1 0 9 .

T h e  a b i l i t y  t o  r e c o g n i z e  e n v i r o n m e n t a l  p h o t o p e r i o d  i s  
p r o p o s e d  t o  d e p e n d  u p o n  d e v e l o p m e n t  o f  a  s t a b l e ,  
p h o t o p e r i o d - e n t r a i n e d  p i n e a l  m e l a t o n i n  r h y t h m .  I n  t h e  
f e m a l e  s h e e p ,  t h i s  r h y t h m  p r o v i d e s  i m p o r t a n t  i n f o r m a t i o n  
a b o u t  d a y l e n g t h  w h i c h  i s  u s e d  t o  t i m e  p u b e r t y  ( c a . ,  2 5 - 3 5  
w e e k s ) .  T h e  p r e s e n t  r e p o r t  d e s c r i b e s  c e r t a i n  f e a t u r e s  o f  
t h e  s e r u m  m e l a t o n i n  p a t t e r n  d u r i n g  s e x u a l  m a t u r a t i o n .  
M a r c h - b o r n  l a m b s  w e r e  r e a r e d  u n d e r  c o n t i n u o u s  a r t i f i c i a l  
p h o t o p e r i o d s ,  i e . ,  l o n g  d a y s  ( 1 5 L : 9 D ,  n = 5 )  o r  s h o r t  d a y s  
( 9 L :1 5 D ,  n = 5 ) ,  o r  o u t d o o r s  u n d e r  c h a n g in g  n a t u r a l  d a y l e n g t h s  
( n = 6 ) .  B l o o d  s a m p l e s  ( n = 1 2 )  w e r e  c o l l e c t e d  a t  1 - 3  h  
i n t e r v a l s  o v e r  a  2 4 - h  p e r i o d  e v e r y  4 t o  8 w e e k s  b e g i n n i n g  a t  
3 o r  6 w e e k s  o f  a g e .  S e r u m  m e l a t o n i n  c o n c e n t r a t i o n s  w e r e  
d e t e r m i n e d  b y  r a d i o i m m u n o a s s a y .  A t y p i c a l  2 4 - h  m e l a t o n i n  
r h y th m  i n  p o s t p u b e r t a l  l a m b s  ( n = 1 0 ) u n d e r  n a t u r a l  s h o r t  d a y s  
w a s  c h a r a c t e r i z e d  b y  lo w  d a y t i m e  l e v e l s  ( 3 2  ±  2 p g / m l , m ean  
±  S E ,  5 s a m p l e s )  a n d  a  n i g h t t i m e  r i s e  ( 3 6 2  ±  5 0  p g / m l ,  7 
s a m p l e s )  t h a t  w a s  p r o p o r t i o n a l  t o  t h e  d u r a t i o n  o f  d a r k n e s s .  
I n  l a m b s  u n d e r  a r t i f i c i a l  p h o t o p e r i o d s , d a y / n i g h t  
d i f f e r e n c e s  i n  s e r u m  m e l a t o n i n  w e r e  n o t  o b s e r v e d  a t  3 ( s h o r t  
d a y s )  o r  6 ( l o n g  d a y s )  w e e k s  o f  a g e .  D i f f e r e n c e s  w e r e  
e v i d e n t  b y  10  w e e k s  o f  a g e  u n d e r  b o t h  l o n g  d a y s  ( d a y ,  3 0 ± 4 
p g / m l ,  7 s a m p l e s ;  n i g h t ,  1 4 2  ±  42  p g / m l ,  5 s a m p l e s )  a n d  
s h o r t  d a y s  ( d a y ,  39  ±  5 p g / m l ,  5 s a m p l e s ;  n i g h t ,  1 9 4  ±  2 8  
p g / m l ,  7 s a m p l e s ) .  B y c o n t r a s t ,  i n  l a m b s  u n d e r  n a t u r a l  
p h o t o p e r i o d s ,  a  d i s t i n c t  d a y / n i g h t  m e l a t o n i n  r h y th m  w a s  n o t  
o b s e r v e d  a t  6 , 10  o r  16  w e e k s  o f  a g e ;  f o r  e x a m p l e  a t  10 
w e e k s  o f  a g e :  d a y =  1 3 8  ±  43  p g /m l  (7  s a m p l e s ) ;  n i g h t  = 162 ±  
36  p g /m l  ( 5  s a m p l e s ) .  By 22  w e e k s  o f  a g e ,  m e l a t o n i n  r h y th m s  
r e f l e c t i n g  t h e  d u r a t i o n  o f  d a r k n e s s ,  w e r e  e s t a b l i s h e d  ( d a y ,  
2 4 ± 5 p g / m l ,  6 s a m p l e s ;  n i g h t ,  144  ±  20  p g / m l ,  6 s a m p l e s ) .  
A t a g e s  w h e n  d a y / n i g h t  d i f f e r e n c e s  w e r e  n o t  e s t a b l i s h e d ,  < 
10 w e e k s  u n d e r  a r t i f i c i a l  p h o t o p e r i o d s  a n d  < 22  w e e k s  i n  
n a t u r a l  p h o t o p e r i o d s ,  m e l a t o n i n  p a t t e r n s  w e r e  c h a r a c t e r i z e d  
b y  i n c o n s i s t e n t l y  h i g h  s e r u m  l e v e l s  d u r i n g  b o t h  d a y  a n d  
n i g h t .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  d a y / n i g h t  d i f f e r e n c e s  i n  
m e l a t o n i n  s e c r e t i o n  d e v e l o p  e a r l i e r  i n  l a m b s  r a i s e d  u n d e r  
a r t i f i c i a l  p h o t o p e r i o d s  c o m p a r e d  t o  n a t u r a l  p h o t o p e r i o d .  I t  
r e m a i n s  t o  b e  d e t e r m i n e d  w h i c h  p r o p e r t i e s  o f  a r t i f i c i a l  
p h o t o p e r i o d  a r e  r e s p o n s i b l e  f o r  t h e  a d v a n c e d  o n s e t  a n d  
s t a b i l i z a t i o n  o f  t h e  m e l a t o n i n  r h y t h m .   ( S u p p o r t e d  b y  N IH  
H D -0 6 4 7 1 , H D -1 1 3 1 1  a n d  H D - 1 8 3 9 4 .)

2 4 4 . 6  HORIZONTAL KNIFE CUTS IN  THE SUPRACHIASMATIC AREA PREVENT 
GONADAL RESPONSES TO PHOTOPERIOD.  G .A . E s k e s *  a n d  B . R u s a k  
(SPON: I . A .  M e i n e r t z h a g e n ) .  D e p t . o f  P s y c h o l o g y ,  D a l h o u s i e  
U n i v . , H a l i f a x ,  N o v a  S c o t i a .

P i n e a l  r e g u l a t i o n  o f  p h o t o p e r i o d i c  e f f e c t s  o n  g o n a d a l  
f u n c t i o n  i s  m e d i a t e d  b y  a  r e t i n a l  p r o j e c t i o n  t h a t  t e r m i n a t e s  
i n  t h e  s u p r a c h i a s m a t i c  n u c l e i  (S C N ). T h e  SCN a p p e a r  t o  
p r o j e c t  t o  t h e  p i n e a l  g l a n d  v i a  a  d o r s a l  p e r i v e n t r i c u l a r  
r o u t e  t h a t  t e r m i n a t e s  i n  t h e  p a r a v e n t r i c u l a r  n u c l e u s  (P V N ). 
L e s i o n s  d o r s a l  t o  t h e  SCN ( E s k e s ,  G .A . e t  a l . , B i o l . R e p r o d ., 
i n  p r e s s ,  1 9 8 4 )  o r  PVN l e s i o n s  ( K l e i n ,  D .C . e t  a l . ,  B r a i n  
R e s . B u l l . 1 0 :  6 4 7 ,  1 9 8 3 ;  P i c k a r d ,  G .E .  & T u r e k ,  F .W . , 
N e u r o s c i . L e t t . 4 3 :  6 7 ,  1 9 8 3 )  p r e v e n t  p i n e a l  r e s p o n s e s  t o  
p h o t i c  i n p u t  a n d  g o n a d a l  r e g r e s s i o n  d u r i n g  s h o r t  d a y  e x p o 
s u r e .  I n t e r p r e t a t i o n  o f  t h e  e f f e c t s  o f  l e s i o n s  d o r s a l  t o  
t h e  SCN i s  d i f f i c u l t  s i n c e  t h e s e  l e s i o n s  d i s r u p t  p e r i v e n 
t r i c u l a r  c e l l  g r o u p s  a s  w e l l  a s  SCN e f f e r e n t s .  We s t u d i e d  
t h e  r o l e  o f  t h e  SCN d o r s a l  p r o j e c t i o n  t o  t h e  PVN i n  h a m s t e r  
p h o t o p e r i o d i s m  b y  i n t e r r u p t i n g  t h i s  p a th w a y  b y  h o r i z o n t a l  
k n i f e  c u t s  w h ic h  p r e s u m a b ly  l e a v e  m o s t  c e l l  g r o u p s  i n t a c t .

H a m s te r s  w i t h  sh am  o p e r a t i o n s  ( S h a m s ) ,  h o r i z o n t a l  k n i f e  
c u t s  a im e d  a t  t h e  p e r i v e n t r i c u l a r  a r e a  (PVA) d o r s a l  t o  t h e  
SCN ( C u t s )  o r  l e s i o n s  o f  t h e  PVN (PVN x) w e r e  h e l d  i n  s h o r t  
d a y s  ( L D 1 0 :1 4 )  f o r  91  d a y s .  A l l  m a l e s  w e r e  l a p a r o t o m i z e d  o n  
d a y s  60  a n d  91  f o r  t e s t i s  m e a s u r e m e n t .  T e s t i s  l e n g t h s  (T L ) 
o f  C u t a n i m a l s  w e r e  g r e a t e r  (p  < . 0 5 )  t h a n  t h o s e  o f  Sham s o n  
d a y s  6 0  (T L = 1 5 .6  ± .9mm v s  1 2 .5  ± .7m m , X ± SEM) a n d  91  (TL= 
1 5 . 4  ± .9mm v s  1 2 . 0  ± .5 m m ). T e s t e s  o f  8 / 1 3  a n i m a l s  w i t h  
c u t s  e x h i b i t e d  i n c o m p l e t e  o r  n o  r e g r e s s i o n  a f t e r  91  d a y s  
(TL= 1 7 . 8  ± .5 m m ). H o r i z o n t a l  c u t s  e f f e c t i v e  i n  b l o c k i n g  
r e g r e s s i o n  w e r e  f o u n d  i n  2 s e p a r a t e  a r e a s :  1 )  d o r s a l  t o  a n d  
e x t e n d i n g  o v e r  t h e  e n t i r e  r o s t r o c a u d a l  e x t e n t  o f  t h e  SCN, 
a n d  2 ) i n  t h e  v e n t r a l  p r e o p t i c  a r e a  e x t e n d i n g  c a u d a l l y  o n l y  
t o  t h e  a n t e r i o r  b o r d e r  o f  t h e  SCN. PVN l e s i o n s  a l s o  a f f e c t 
e d  g o n a d a l  r e s p o n s e s  (T L = 1 6 .1  ± 1.1m m  o n  d a y  60  a n d  1 4 . 9  ± 
1.1m m  o n  d a y  9 1 ,  p  < . 0 5 ) .  T he  g o n a d s  o f  8 / 1 3  m a l e s  w i t h  
d a m a g e  t o  t h e  PVA a n d  m e d i a l  p o r t i o n s  o f  t h e  PVN e x h i b i t e d  
n o  o r  i n c o m p l e t e  r e g r e s s i o n  a f t e r  91  d a y s  ( T L = 1 8 .6  ± .7 m m ).

T h e s e  d a t a  c o n f i r m  t h e  i n v o lv e m e n t  o f  t h e  PVN i n  h a m s t e r  
g o n a d a l  r e s p o n s e s  t o  p h o t o p e r i o d  a n d  s u g g e s t  t h e  e x i s t e n c e  
o f  2 p a th w a y s  n e a r  t h e  SCN w h ic h  a r e  c r i t i c a l  f o r  p h o t o 
p e r i o d i c  r e s p o n s e s ;  o n e  e x t e n d i n g  f ro m  t h e  SCN t o  t h e  PVN 
a n d  a  s e c o n d  i n  t h e  POA. POA c u t s  m ay h a v e  i n t e r r u p t e d  t h e  
i d e n t i f i e d  r e c i p r o c a l  c o n n e c t i o n s  o f  t h e  MPOA a n d  SCN, o r  
t h e y  m ay h a v e  a f f e c t e d  s t r u c t u r e s  i n d e p e n d e n t  o f  t h e  SCN.

S u p p o r t e d  b y  NICHHD, NSERC o f  C a n a d a  a n d  D a l h o u s i e  RDFS.
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244.7  ULTRASTRUCTURAL CORRELATES TO THE SUMMER R IS E  IN  PINEAL 
ARGININE VASOTOCIN (AVT) A C TIV ITY : A MORPHOMETRIC ANALYSIS 
OF PINEALOCYTES IN  MALE RATS.  J . A .  M c N u l ty * , M.M. P r e c h e l * , 
T .K .  A u d h y a * , D . T a y l o r * , L . F o x * , T .A .  D o m b ro w s k i*  a n d  
W .H . S im m o n s* . (SPON : F .  L a V e l l e ) .  D e p a r tm e n t s  o f  A n a to m y  
a n d  B i o c h e m i s t r y ,  L o y o l a  U n i v .  M ed. C t r . ,  M ayw ood , IL  6 0 1 5 3 .

A s i g n i f i c a n t  a n d  p r e d i c t a b l e  r i s e  i n  A V T -im m uno
r e a c t i v i t y  h a s  b e e n  r e p o r t e d  i n  t h e  p i n e a l  g l a n d  o f  r a t s  
d u r i n g  A u g u s t  ( P r e c h e l  e t  a l . , N e u r o s c i .  A b s t r .  7 3 0 ,  1 9 8 3 ) .  
T h e  h y p o t h e s i s  t h a t  t h e  p i n e a l  i s  t h e  s o u r c e  o f  t h i s  AVT 
p r o m p te d  t h e  p r e s e n t  s t u d y  t o  d e t e r m i n e  i f  s p e c i f i c  u l t r a -  
s t r u c t u r a l  c h a n g e s  o c c u r  d u r i n g  t h i s  p e r i o d  t h a t  m ay b e  
r e l a t e d  t o  p e p t i d e  s y n t h e s i s  a n d / o r  s t o r a g e .

S p r a g u e - D a w le y  m a le  r a t s  (K in g  A n im a l  L a b s ,  O r e g o n ,  W I) 
w e r e  h o u s e d  i n  e n v i r o n m e n t a l  c h a m b e r s  i l l u m i n a t e d  b y  f l u o r 
e s c e n t  l a m p s ,  a n d  e n t r a i n e d  f o r  tw o  w e e k s  t o  a  1 2 :1 2  L :D  
c y c l e .  F o o d  a n d  w a t e r  w e r e  a v a i l a b l e  a d  l i b i t u m . T e n  a n i 
m a l s ,  3 6 - 4 3  d a y s  o f  a g e ,  w e r e  s a c r i f i c e d  a t  m i d - l i g h t  a n d  
m i d - d a r k  o n  21 J u l ,  6 A u g , 12  A u g , 18 A u g , a n d  8 S ep  1 9 8 3 . 
P i n e a l  g l a n d s  w e r e  r e m o v e d  a n d  u s e d  f o r  m e a s u r e m e n t  o f  AVT 
b y  R IA  ( n = 5 )  ( F e r n s t r o m  e t  a l . , E n d o c r i n o l .  1 0 6 : 2 4 3 ,  1 9 8 0 )  
o r  f o r  r o u t i n e  TEM ( n = 5 ) . M ic r o g r a p h s  o f  6 g r i d  s p a c e s  
( 3 0 0 - m e s h )  w e r e  r e c o r d e d  f o r  e a c h  s p e c i m e n .  M e a s u r e m e n t s  o f  
v o lu m e  d e n s i t i e s  a n d  n u m b e r  o f  n u c l e i ,  l i p i d  i n c l u s i o n s ,  a n d  
RER s t a c k s  w e r e  m ad e  u s i n g  a  1 00  p o i n t  g r i d .  N u c l e o l a r  s i z e  
w a s  e s t i m a t e d  o n  a n  im a g e  a n a l y z e r .  N u m b er o f  d e n s e  v e s i 
c l e s  (DCV) a n d  s y n a p t i c  r i b b o n s  (S R ) i n  3 g r i d  s p a c e s  w e r e  
a l s o  c o u n t e d .  D a t a  w e r e  a n a l y s e d  b y  t h e  S t u d e n t ’ s  t - t e s t .

M ean A V T - a c t i v i t y  w a s  a t  t h e  l o w e r  l i m i t s  o f  d e t e c t i o n  
(< 5 0  p g / g l a n d )  o n  21 J u l y ,  b u t  i n c r e a s e d  b y  6 A ug ( 2 3 4 - 4 7 9  
p g / g l a n d ) .  T h e  h i g h e s t  l e v e l  o f  A V T - a c t i v i t y  w a s  r e c o r d e d  
o n  12 A ug ( 1 , 0 1 5 - ,  1 ,0 6 2  p g / g l a n d ) ;  t h e n  t h e  l e v e l  g r a d u a l l y  
d e c l i n e d  d u r i n g  t h e  l a t t e r  p a r t  o f  A ug ( 7 5 4 - 9 0 7  p g / g l a n d )  
a n d  e a r l y  S e p  ( 1 4 7 - 1 6 4  p g / g l a n d ) .  U l t r a s t r u c t u r a l  c h a n g e s  
t h a t  w e r e  c o r r e l a t e d  w i t h  t h e  A V T - a c t i v i t y  i n c l u d e d  t r e n d s  
f o r  a  g r e a t e r  a m o u n t  o f  RER s t a c k s  a n d  l i p i d  d u r i n g  d a y t i m e  
s a m p l e s  w i t h  p e a k  v a l u e s  o f  t h e s e  v a r i a b l e s  o c c u r i n g  o n  12 
A u g . T h e  l i p i d  w a s  f r e q u e n t l y  r e l a t e d  t o  t h e  RER s t a c k s .  
O ne s p e c i m e n  f r o m  12 A ug h a d  a n  u n u s u a l l y  l a r g e  n u m b e r  o f  
" a n n u l a t e  l a m e l l a e " .  N u c l e o l a r  s i z e  a n d  n u m b e r  o f  DCV w e r e  
g r e a t e s t  o n  e i t h e r  s i d e  o f  t h e  12 A ug p e a k  i n  A V T - a c t i v i t y .  
No t r e n d s  w e r e  d e t e c t a b l e  w i t h  r e g a r d  t o  SR a n d  n u c l e i .

A f u n c t i o n a l  r e l a t i o n s h i p  b e tw e e n  p i n e a l  A V T - a c t i v i t y  
a n d  s t r u c t u r e s  i n v o l v e d  i n  p e p t i d e / p r o t e i n  s y n t h e s i s  i s  
s u g g e s t e d  b y  t h e s e  r e s u l t s .  L i p i d  s t o r e s  a n d  t h e  e n i g m a t i c  
" a n n u l a t e  l a m e l l a e "  m ay a l s o  p a r t i c i p a t e  i n  t h e s e  p r o c e s s e s .   
S u p p o r t e d  b y  NIH  G r a n t s  A M 30970, H L 2 8 7 1 0  a n d  N S 2 0 2 5 2  t o  WHS.

2 4 4 .8   INCREASES IN PINEAL SEROTONIN N-ACETYLTRANSFERASE AND 
MELATONIN CONTENT BY ACUTE INSULIN STRESS.  T.H. Champney, 
D.S. C hrist ie *  and R. J .  R e i te r .  Dept. C e l l . and S tru c t . 
B io l.,  Univ. of Texas H ealth  S c i. C t r . ,  San Antonio, TX 
78284.

The p r in c ip le  n eu ro tran sm itte r involved in  sero to n in  
N -a c e ty ltra n sfe ra se  (NAT) and m elatonin (MEL) reg u la tio n  in  
r a ts  i s  norep inephrine (NE), which in c reases  in  the  plasma 
during s t r e s s .  S tre ss  re la te d  in c reases  in  p in e a l NAT and 
MEL con ten t have been seen in  r a ts  th a t  were immobilized or 
given a carbohydrate load , bu t not during swim s t r e s s .  NE 
or i t s  ag o n ists  do not s tim u la te  p in ea l NAT or MEL 
production  in  Syrian ham sters. T herefore, i t  was of 
in te r e s t  to  compare the  e f fe c ts  of acute  in s u lin  s t r e s s  on 
p in ea l NAT and MEL con ten t in  male r a ts  and ham sters. Both 
ra ts  and hamsters were in je c te d  w ith e i th e r  5 IU/kg or 10 
IU/kg of in s u lin  (bov ine), i . p .  E ight animals of each 
dosage were k i l le d  a t  1, 2 or 3 h rs  a f te r  in je c t io n .  E ight 
animals were k i l le d  a t  the  onset of the  experim ent to  serve 
as p re trea tm en t co n tro ls . The p in e a l,  l e f t  ad renal and 
trunk  blood were c o lle c te d . Adrenal and plasma 
catecholam ines were determined by high performance l iq u id  
chromatography. The p in e a ls  were assayed fo r  NAT a c t iv i ty  
(radioenzyme assay) and m elatonin con ten t (radioimmuno
assay ). The plasma glucose le v e ls  were a lso  measured and 
were lower a t  1, 2 and 3 h rs a f te r  both dosages of in s u lin  
in  the  r a t s .  In the  ham sters, plasma glucose le v e ls  were 
only depressed a t  1 h r a f te r  the  10 IU/kg in je c t io n  of 
in s u lin .  Plasma NE was increased  a t  2 (ham sters) and 3 hrs 
(hamsters and r a ts )  a f t e r  both dosages of in s u lin .  Plasma 
epinephrine (EPI) was increased  a t  1 ( r a t s ) ,  2 ( r a t s ) ,  and 
3 hrs ( r a ts  and ham sters) a f t e r  both dosages of in s u lin .  
Plasma dopamine (DA) was unchanged in  both sp ec ie s. 
Hamster adrenal catecholam ine con ten t remained unchanged 
throughout the  experim ent. Rat adrenal DA was increased  
and adrenal EPI was decreased a t  2 and 3 h rs  a f te r  both 
in s u lin  dosages. P inea l NAT was unchanged and MEL content 
was depressed in  ham sters, even though th e i r  plasma 
catecholam ines were e lev a ted . In r a t s ,  p in ea l NAT and MEL 
content were increased  3 h rs a f te r  in s u lin  in je c t io n ,  the 
same time th a t  in c reases  in  plasma NE were seen. These 
s tu d ie s  show th a t  plasma catecholam ine e le v a tio n s  accompany 
increased  p in ea l NAT and MEL con ten t in  the  r a t  and 
decreased MEL content in  the ham ster. F u rth er s tu d ie s ,  
includ ing  the  use of adrenalectomy to  block these  e f fe c ts  
are  being form ulated.  (Supported by NSF Grant No. PCM 
8304706.)

2 4 4 . 9   TIME COURSE OF INTRAVENOUSLY ADMINISTERED 3H-MELATONIN IN 
MOUSE S C IA T IC  NERVE AND SPINAL CORD.  S . S .  E r l i c h ,  
L . P .  W e i n e r ,  M .H . W e is s *  a n d  P . J .  S y a p i n .  D e p t s .  o f  
N e u r o l o g i c a l  S u r g e r y  a n d  N e u r o l o g y ,  U n i v e r s i t y  o f  S o u th e r n  
C a l i f o r n i a  S c h o o l  o f  M e d i c i n e ,  L o s  A n g e l e s ,  CA 9 0 0 3 3

A l t h o u g h  a  f e w  p r e v i o u s  u p t a k e ,  b i o a s s a y ,  a n d  a x o n a l  
t r a n s p o r t  s t u d i e s  s u g g e s t  t h a t  p e r i p h e r a l  n e r v e  m ay b e  a 
s i t e  o f  a c t i o n  f o r  m e l a t o n i n ,  t h i s  s i t e ,  a s  w e l l  a s  t h e  
s p i n a l  c o r d ,  h a s  r e m a i n e d  l i t t l e - e x p l o r e d .  T h e  m o u s e ,  t o o ,  
h a s  r e c e i v e d  l i t t l e  a t t e n t i o n  i n  u p t a k e  a n d  l o c a l i z a t i o n  
s t u d i e s ,  e x c e p t  f o r  o n e  r e p o r t  a n a l y z i n g  t h e  h a l f - l i f e  o f  
i n t r a v e n o u s l y  i n j e c t e d  3 H - m e la t o n in  i n  w h o le  m o u s e .  
T h e r e f o r e ,  t h e  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  w a s t o  a n a l y z e  
3 H - m e la t o n in  d i s t r i b u t i o n  i n  t h e  m o u s e ,  a n d  t o  c o m p a re  t h e  
s c i a t i c  n e r v e  a n d  s p i n a l  c o r d  t o  o t h e r  a n a t o m i c  s i t e s .

E i g h t y  4  t o  6 m o n th  o l d  m a le  C 5 7 B L /6 J  m i c e ,  h o u s e d  u n d e r  
L D 1 4 :1 0  ( o n  a t  0 5 0 0 ,  o f f  a t  1 9 0 0 ) ,  r e c e i v e d  i n t r a v e n o u s  
i n j e c t i o n s  o f  a  3 H - m e la t o n in  s o l u t i o n  c o n t a i n i n g  4 x 10 6 dpm . 
I n j e c t i o n s  w e r e  s p r e a d  t h r o u g h o u t  t h e  p h o t o p h a s e ,  f r o m  
1 0 1 8 - 1 8 4 2 .  M ic e  w e r e  d e c a p i t a t e d  a t  8  t i m e  p o i n t s  f r o m  30  
s e c  t o  3  h r  p o s t - i n j e c t i o n .  N u m e ro u s  n e r v o u s  s y s t e m  a n d  
p e r i p h e r a l  s i t e s  w e r e  p r o c e s s e d  f o r  l i q u i d  s c i n t i l l a t i o n  
c o u n t i n g .  T h e  % c o u n t s  d u e  t o  3 H - m e la t o n in  w a s d e t e r m i n e d  
b y  e x t r a c t i o n  p r o c e d u r e s  a n d  t h i n - l a y e r  c h r o m a t o g r a p h y .

I n  w h o le  b l o o d ,  dpm /m g w a s  m axim um  a t  3 0 s e c ,  d e c r e a s i n g  
s h a r p l y  f r o m  3 0 s e c  t o  10m in ,  m o re  g r a d u a l l y  f r o m  10 m in  t o  
1 h r ,  a n d  r e m a i n i n g  c o n s t a n t  f r o m  1 h r  t o  3 h r .  B o th  lu m b a r  
c o r d  a n d  s c i a t i c  n e r v e  sh o w e d  p e a k  dpm /m g a t  2 m in  p o s t 
i n j e c t i o n ,  a  s h a r p  d e c l i n e  f r o m  2 m in  t o  1 h r ,  a n d  s t a b i l i z a 
t i o n  f r o m  1 h r  t o  3  h r .  When dpm /m g w e r e  a n a l y z e d  a s  a  % 
o f  t h a t  o f  w h o le  b l o o d ,  b o t h  s c i a t i c  n e r v e  a n d  lu m b a r  c o r d  
sh o w e d  s t r i k i n g  c o n t i n u o u s  i n c r e a s e s  f r o m  10 m in  t o  3 h r  
p o s t - i n j e c t i o n .  T h e  % o f  t h e  t o t a l  r a d i o a c t i v i t y  d u e  t o  
3 H - m e la t o n in  w a s  v e r y  s i m i l a r  f o r  b o t h  s c i a t i c  n e r v e  a n d  
lu m b a r  c o r d ,  a v e r a g i n g  40% a t  2 m in ,  25% a t  10 m in ,  a n d  
3% a t  2 h r  p o s t - i n j e c t i o n .

T h e s e  r e s u l t s  sh o w  t h a t  c i r c u l a t i n g  m e l a t o n i n  i s  r a p i d l y  
t a k e n  up  b y  m o u se  s c i a t i c  n e r v e  a n d  lu m b a r  c o r d ,  a n d  c o n f i r m  
t h e  r a p i d  r a t e  o f  m e t a b o l i s m  o f  m e l a t o n i n  i n  t h e  m o u s e .  T h e  
c o n t i n u a l  r i s e  i n  % b l o o d  o v e r  t i m e  m ay  i n d i c a t e  a  p o s s i b l e  
r e t e n t i o n  o r  a c c u m u l a t i o n  o f  3 H - m e la t o n in  a n d / o r  i t s  m e t a 
b o l i t e s  i n  s c i a t i c  n e r v e  a n d  lu m b a r  c o r d .  D a ta  a r e  c u r r e n t l y  
u n d e r  a n a l y s i s  t o  d e t e r m i n e  w h e th e r  a  s e l e c t i v e  u p t a k e  i s  
p r e s e n t  i n  a n y  o f  t h e  n u m e ro u s  s i t e s  o b t a i n e d ,  a n d  w h e th e r  
d i f f e r e n c e s  e x i s t  b e tw e e n  d i f f e r e n t  c o r d  l e v e l s ,  o r  b e tw e e n  
d i f f e r e n t  t i m e s  o f  d a y  o f  i n j e c t i o n .  T h e  t y p i c a l  l a b o r a t o r y  
m o u se  m ay  p r o v e  t o  b e  a  u s e f u l  a n im a l  f o r  s t u d y i n g  m e l a t o n i n .
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2 4 5 .1  BETA-ENDOREHIN SUPPRESSION OF SOCIOSEXUAL PROCLIVITY: A 
TEST OF BEHAVIORAL SPECIFICITY USING A CHOICE PARADIGM.  
J . B .  W iesner and R .L .M oss.  D e p a r tm e n t o f  P h y s io lo g y ,  
U n iv e rs ity  o f  Texas H ealth Science C en ter , D a lla s , TX 75235.

In tr a v e n tr ic u la r  a d m in is tra tio n  o f  b e ta -e n d o rp h in  (BE) 
has b een  shown to  s u p p re s s  l o r d o s i s  b e h a v i o r  o f  r a t s  
(W ie sn e r  and  M o ss , 1 9 8 2 ) .  To t e s t  t h e  b e h a v i o r a l  
s p e c i f i c i ty  o f  th i s  e f f e c t ,  a four-way c h o ic e  paradigm  was 
used to  a sse ss  th e  p re fe ren ce  o f  e x p e r im e n ta l  fem ale  r a t s  
fo r  e i t h e r  (1) a s tu d  m a le ,  (2) a c a s t r a t e d  m a le ,  (3) a 
p ro e s tru s  f e m a le ,  o r  (4) an o v a rie c to m iz ed  fe m a le . The 
"cho ice  box" a p p a ra tu s  c o n s is te d  o f  4 in n e r  boxes whic h  
formed a lle y s  lead ing  from a c e n te r  box. At th e  end o f  each 
a l l e y  was an o u te r box which held  one o f th e  four in c e n t iv e  
anim als (choices) and which th e  e x p e r im e n ta l an im al co u ld  
p a r t i a l l y  e n t e r .  P h o to c e l l s  l i n in g  th e  a l l e y s  a llo w e d  
automated scoring  o f (1) freq u en cy  o f  e n t r a n c e s  in to  each  
inner box ( IBF) ; (2) frequency  o f  p a r t i a l  e n tra n c e s  in to  
each o u te r  box (nose poke frequency, NPF) ; (3) t o t a l  tim e  
spen t p a r t i a l l y  w ith in  each o u te r  box (nose poke tim e , NPT).

At weekly i n t e r v a l s ,  14 ovarie c to m ized  Sprague-D aw ley 
r a t s  were e s tro g e n -p ro g e s te ro n e  prim ed and te s t e d  30 min 
a f t e r  in tr a v e n tr ic u la r  in fu sio n  with s a l in e  (1 ul) or BE (1 
ug) . Subcutaneous trea tm en t o f  s a l in e  or naloxone (2 mg/kg) 
was adm in istered  in co n ju n c tio n  w ith  th e  i n t r a v e n t r i c u l a r  
in fu s io n s . The 15 min cho ice  box t e s t  was con d u cted  under 
dim red l i g h t ;  da ta  analysed  by  2-way ANOVA ( tr e a tm e n t  x 
c h o ice ) . O v e ra ll IBF, NPF, and NPT w ere s i g n i f i c a n t l y  
g re a te r  fo r the  stud  m ale than  fo r each o f  th e  o th e r cho ices 
(p<.001) in d ica tin g  a c le a r  p re fe re n c e  fo r  th e  s tu d  m a le . 
BE fa i le d  to a l t e r  th is  p re fe re n c e  even though  i t  c l e a r l y  
s u p p re ss e d  r e c e p t iv e  and p r o c e p t iv e  b e h a v i o r  in  o t h e r  
experim ents. However, BE s i g n i f i c a n t l y  low ered  t o t a l  NPF 
fo r  a l l  in c e n tiv e  anim als (p< .05); th i s  e f f e c t  was reversed  
by naloxone (p<.05) . The change in  to t a l  NPF by BE was n o t 
due to  g eneral behav io ra l suppression  s in ce  to t a l  IBF ( i . e .  
locom otion) was s i g n i f i c a n t l y  h ig h e r  a f t e r  BE tre a tm e n t  
(p<.005) , an e f f e c t  a lso  reversed  by naloxone (p<.025).

The p re fe re n c e  fo r  an an im al o f  th e  o p p o s i te  sex  i s  
c o n s is te n t with our p re v io u s  r e s u l t s  u s in g  t h i s  paradigm  
(Dudley e t  a l . ,  1983, 1984) and r e f le c ts  sexual m o tiv a tio n  a s  
d e fin ed  b y  Meyerson and L indstrom  (1973) . BE f a i l e d  to  
a l t e r  th is  p re fe re n c e , b u t d e c re a s e d  th e  te n d e n cy  to  seek  
g eneral c o n sp e c ific  c o n ta c t ( to t a l  NPF); BE may th e r e f o r e  
suppress " so c io sex u a l"  m o tiv a t io n  a s  a who l e  r a th e r  th an  
sexual m o tiva tion  s p e c i f i c a l l y .  (S upported  by  NIH g r a n t  
HD11814.)

245. 2  INTRACEREBRAL INFUSIONS OF OXOTREMORINE AFFECT MALE SEX 
BEHAVIOR.  E . M. H u l l ,  D . B i t r a n * ,  E . A . P e h e k * ,  R . K . 
W a r n e r * ,  a n d  L . C . B a n d * .  D e p t . o f  P s y c h o l o g y ,  SUNY a t  
B u f f a l o ,  A m h e r s t ,  NY 1 4 2 2 6 .

I n t r a c e r e b r a l  i n f u s i o n s  o f  c h o l i n e r g i c  a g o n i s t s  f a c i l i 
t a t e  f e m i n i n e  s e x u a l  b e h a v i o r .  T h i s  f a c i l i t a t i o n  i s  b l o c k e d  
b y  p e r i p h e r a l  i n j e c t i o n s  o f  t h e  m u s c a r i n i c  a n t a g o n i s t  
a t r o p i n e .  We h a v e  r e c e n t l y  r e p o r t e d  t h a t  i n f u s i o n s  o f  t h e  
c h o l i n e r g i c  a g o n i s t  c a r b a c h o l  i n t o  t h e  l a t e r a l  v e n t r i c l e  o f  
m a le  r a t s  s i g n i f i c a n t l y  d e l a y e d  t h e i r  i n i t i a t i o n  o f  s e x  
b e h a v i o r ,  b u t  d i d  n o t  a l t e r  a n y  o t h e r  m e a s u r e .  H o w e v e r ,  
c a r b a c h o l  i n f u s i o n s  i n t o  t h e  p r e o p t i c  a r e a  (POA) p r o d u c e d  
o n l y  a  s l i g h t  d e l a y ,  a n d  t h e n  s i g n i f i c a n t l y  r e d u c e d  t h e  
n u m b e r  o f  i n t r o m i s s i o n s  r e q u i r e d  f o r  e j a c u l a t i o n .  S i n c e  
c a r b a c h o l  a f f e c t s  b o t h  m u s c a r i n i c  a n d  n i c o t i n i c  r e c e p t o r s ,  
we w i s h e d  t o  t e s t  t h e  e f f e c t i v e n e s s  o f  a  m o re  s p e c i f i c  
m u s c a r i n i c  a g o n i s t ,  o x o t r e m o r i n e  ( OXO) i n  p r o d u c i n g  t h e s e  
e f f e c t s .

C a n n u la e  w e r e  i m p l a n t e d  u n i l a t e r a l l y  i n t o  t h e  POA o f  
m a le  L o n g - E v a n s  r a t s .  OXO ( . 5 ,  1 ,  o r  2 µ g )  o r  n o r m a l  s a l i n e  
w a s  i n f u s e d  i n  .5  µ l  v o l u m e s .  T e s t s  w i t h  a  r e c e p t i v e  f e m a le  
b e g a n  i m m e d ia t e l y  a n d  l a s t e d  u n t i l  30  m in  a f t e r  t h e  f i r s t  
i n t r o m i s s i o n .  A d d i t i o n a l  s e x  b e h a v i o r  t e s t s  f o l l o w e d  p e r 
i p h e r a l  i n j e c t i o n s  o f  OXO ( 1 6  o r  32 µ g / k g )  o r  s a l i n e .

C o m p a re d  t o  t h e  v e h i c l e ,  OXO ( 1µ g )  i n f u s i o n s  i n t o  t h e  
POA s i g n i f i c a n t l y  r e d u c e d  t h e  n u m b e r  o f  i n t r o m i s s i o n s  
r e q u i r e d  f o r  t h e  f i r s t  e j a c u l a t i o n .  P e r i p h e r a l  i n j e c t i o n s  
o f  OXO d e l a y e d  t h e  o c c u r r e n c e  o f  t h e  f i r s t  i n t r o m i s s i o n ,  
b u t  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  o t h e r  c o p u l a t o r y  m e a s u r e s .

T h e s e  d a t a  s u p p o r t  o u r  e a r l i e r  f i n d i n g s  o f  c h o l i n e r g i c  
i n h i b i t i o n  o f  s e x u a l  a r o u s a l  a n d  a  m o re  l o c a l i z e d  e n h a n c e 
m e n t ,  w i t h i n  t h e  POA, o f  a  c o p u l a t o r y  m e c h a n is m .  F u r t h e r 
m o r e ,  t h e y  s u g g e s t  t h a t  m u s c a r i n i c  r e c e p t o r s  c o n t r i b u t e  t o  
b o t h  t h e s e  m e c h a n is m s .

245.3  MIDBRAIN INVOLVEMENT IN  CHOLINERGIC FA CILITA TIO N  OF FEMININE 
SEXUAL BEHAVIOR.  G . R ic h m o n d *  & L .G .  C le m e n s . ( S P ON : J .  Z a c k s )   
M ic h i g a n  S t a t e  U n i v e r s i t y ,  E .  L a n s i n g ,  MI 4 8 8 2 4 .

A c e n t r a l  c h o l i n e r g i c  m e c h a n is m  p l a y s  a n  i m p o r t a n t  r o l e  
i n  e s t r o g e n  i n d u c t i o n  o f  f e m i n i n e  s e x u a l  b e h a v i o r  ( l o r d o s i s ) .  
W h il e  t h e  s i t e  o f  t h i s  m e c h a n is m  i s  n o t  f u l l y  i d e n t i f i e d ,  
w e s u g g e s t  t h i s  f a c i l i t a t i o n  r e s u l t s ,  i n  p a r t ,  f ro m  
a c t i v a t i o n  o f  m u s c a r i n e  r e c e p t o r s  i n  t h e  m i d b r a i n  c e n t r a l  
g r a y  (M C G ).

To d e t e r m i n e  t h e  i n f l u e n c e  o f  t h e  MCG o n  l o r d o s i s ,  o v a r 
i e c t o m i z e d  f e m a le  r a t s  ( S h e rm a n  s t r a i n )  w i t h  l e s i o n s  o f  t h i s  
a r e a  w e r e  t e s t e d  f o r  r e s p o n s e  t o  m u s c a r i n e  a g o n i s t s / a n t a g o 
n i s t s .  T h e s e  f e m a l e s  w e r e  i m p l a n t e d  w i t h  b i l a t e r a l  c a n n u l a e  
t e r m i n a t i n g  i n  t h e  v e n t r o m e d i a l  n u c l e u s  o f  t h e  h y p o t h a l a m u s  
(VMH) o r  t h e  l a t e r a l  v e n t r i c l e s  o f  t h e  b r a i n  ( L V ) . F o l lo w 
i n g  r e c o v e r y  f r o m  s u r g e r y ,  a n i m a l s  w e r e  g i v e n  3 d a i l y  
i n j e c t i o n s  o f  e s t r a d i o l  ( E B ; .1 7 5 u g )  a n d  t e s t e d  f o r  l o r d o s i s  
o n  t h e  f o u r t h  d a y .  T h e y  t h e n  w e r e  i n f u s e d  u n i l a t e r a l l y  w i t h  
s c o p o l a m i n e  (S C O P ), a  m u s c a r i n e  r e c e p t o r  a n t a g o n i s t  ( 1 0 u g )  
o r  v e h i c l e  s o l u t i o n .  F i f t e e n  m in  l a t e r  t h e s e  f e m a l e s  w e r e  
i n f u s e d  o n  t h e  c o n t r a l a t e r a l  s i d e  w i t h  . 5 u g  o x o t r e m o r i n e  
( OXO) ,  a  m u s c a r i n e  a g o n i s t ,  o r  v e h i c l e .  A n im a ls  w e r e  t e s t e d  
f o r  l o r d o s i s  5 a n d  2 0  m in  a f t e r  t h e  l a s t  i n f u s i o n .  F e m a le s  
w e r e  n o t  r e c e p t i v e  f o l l o w i n g  EB t r e a t m e n t  a l o n e .  W h i l e  t h o s e  
w i t h  MCG l e s i o n s  d i s p l a y e d  so m e f a c i l i t a t i o n  o f  l o r d o s i s  
f o l l o w i n g  OXO i n f u s i o n s ,  t h i s  f a c i l i t a t i o n  w a s  s i g n i f i c a n t l y  
s m a l l e r  t h a n  t h a t  o b s e r v e d  i n  s h a m - l e s i o n e d  f e m a l e s .  I n  b o t h  
g r o u p s ,  p r e t r e a t m e n t  w i t h  SCOP c e n t r a l l y  a b o l i s h e d  f a c i l i t a 
t i o n .  T h e s e  e f f e c t s  w e r e  s e e n  i n  a n i m a l s  w i t h  VMH a n d  LV 
i m p l a n t s .

I n  a  s e c o n d  p a r t  o f  t h i s  s t u d y ,  d e s i g n e d  t o  d e t e r m i n e  
w h e t h e r  a d d i t i o n a l  m u s c a r i n e  r e c e p t o r s ,  i m p o r t a n t  f o r  l o r d o 
s i s ,  e x i s t  o u t s i d e  t h e  MCG, t h e s e  sa m e  f e m a l e s  w e r e  t r e a t e d  
w i t h  EB a n d  p r o g e s t e r o n e  a n d  t e s t e d  f o r  l o r d o s i s .  I m m e d ia t e 
l y  f o l l o w i n g  t h i s  t e s t  t h e y  w e r e  i n j e c t e d  w i t h  SCOP a n d  
r e t e s t e d  4 5  m in  l a t e r .  B o th  MCG a n d  sh a m  f e m a l e s  r e s p o n d e d  
w i t h  h i g h  l e v e l s  o f  l o r d o s i s  a f t e r  t r e a t m e n t  w i t h  t h e  
o v a r i a n  h o r m o n e s .  H o w e v e r ,  i n j e c t i o n  o f  SCOP r e s u l t e d  i n  a  
s i g n i f i c a n t  d e c l i n e  i n  l o r d o s i s ,  a n d  t h i s  d e c l i n e  w a s  m uch  
g r e a t e r  f o r  f e m a l e s  w i t h  MCG l e s i o n s  t h a n  f o r  c o n t r o l s .

T h e  MCG t h u s  a p p e a r s  t o  b e  a n  i m p o r t a n t  p a r t  o f  t h e  
c e n t r a l  c h o l i n e r g i c  m e c h a n is m  m e d i a t i n g  f e m i n i n e  s e x u a l  
b e h a v i o r .  F u r t h e r m o r e ,  t h i s  f a c i l i t a t i o n  s e e m s  t o  b e  m e d i 
a t e d  b y  m u s c a r i n e  r e c e p t o r s .

S u p p o r t e d  b y  USPHS G r a n t  H D -0 6 7 6 0 .

245.4 CHOLI NERGI C MECHANISMS OF LORDOSIS IN  RATS IN  THE BASO
MEDIAL HYPOTHALAMUS AS REVEALED BY INTRACRANIAL APPLICATION 
OF SCOPOLAMINE.  L . S .  K a u fm a n , D.W . P f a f f ,  a n d  B .S .  M cEw en.  
SPON: R .L .  M e i s e l ,  R o c k e f e l l e r  U n i v e r s i t y ,  1 2 3 0  Y o rk  A v e . , 
New Y o r k ,  NY 1 0 0 2 1 .

I t  w a s  sh o w n  p r e v i o u s l y  (C le m e n s  e t  a l . ,  P h a r m a c ,  B lo 
c h e m . B e h a v . 1 3 :  8 1 ,  1 9 8 0  & 1 9 8 0 a )  t h a t  l o r d o s i s  b e h a v i o r  
i n  r a t s  c o u ld  b e  f a c i l i t a t e d  b y  c h o l i n e r g i c  i n f u s i o n s  i n t o  
t h e  p r e o p t i c  a r e a  o r  b a s a l  h y p o t h a l a m u s .  O t h e r  w o rk  
s t r o n g l y  s u g g e s t s  t h a t  t h e  v e n t r o m e d i a l  n u c l e u s  (VMN) i s  
t h e  m a j o r  n u c l e u s  t h a t  m e d i a t e s  t h e  h o r m o n a l  a s p e c t  o f  
l o r d o s i s ,  a n d  m ig h t  a l s o  b e  r e s p o n s i b l e  f o r  m e d i a t i n g  t h e  
c h o l i n e r g i c  c o m p o n e n t  o f  i t .  T h e  p r e s e n t  s t u d y  w a s  a im e d  
a t  e x p l o r i n g  t h e  m e c h a n is m s  b y  w h ic h  c h o l i n e r g i c  a c t i v i t y  
m ig h t  i n f l u e n c e  l o r d o s i s .

N in e  a l b i n o  r a t s  w e r e  c h r o n i c a l l y  i m p l a n t e d  u n d e r  a n e s 
t h e s i a  w i t h  b i l a t e r a l  c a n n u l a e  a im e d  a t  t h e  VMN. F i v e  d a y s  
a f t e r  s u r g e r y ,  e s t r a d i o l  b e n z o a t e  (E )  m ix e d  w i t h  c h o l e s t e r 
o l  ( 1 : 7 5 )  w a s  p l a c e d  i n  t h e  c a n n u l a e ,  u s i n g  a  s y s t e m  o f  
r e m o v a b le  i n n e r  c a n n u l a e .  B a h a v i o r  w a s  t e s t e d  3 d a y s  
l a t e r ,  e i t h e r  i n  r e s p o n s e  t o  s t u d  m a le  r a t s  ( l o r d o s i s  
q u o t i e n t ,  LQ) o r  r e f l e x  t e s t i n g  ( m a n u a l  s t i m u l a t i o n  (MS) 
s c o r e ) .  T h e s e  t e s t s  w e r e  r e p e a t e d  h o u r l y  f o r  4 h r s . 
F o l l o w i n g  t h i s , t h e  i n n e r  c a n n u l a e  w e r e  re m o v e d  a n d  
r e p l a c e d  w i t h  e m p ty  c a n n u l a e .  A r e g i m e n  o f  s y s t e m i c  E p l u s  
p r o g e s t e r o n e  (P )  w a s  b e g u n ,  y i e l d i n g  LQs o f  5 0 - 9 0 .  T h e  
e m p ty  c a n n u l a e  w e r e  t h e n  r e p l a c e d  w i t h  o n e s  c o n t a i n i n g  
s c o p o la m in e  m e t h y l  b r o m id e  ( e i t h e r  u n d i l u t e d  o r  d i l u t e d  
1 : 1 0 ) .  R a t s  w e r e  t e s t e d  h o u r l y  f o r  4 h r s  a n d  t h e  e f f e c t s  
o f  s c o p o la m in e  o n  b e h a v i o r  w e r e  a s s e s s e d .  T h e  p r i n c i p a l  
f i n d i n g  w a s  t h a t  t h e  5 r a t s  t h a t  r e s p o n d e d  t o  i n t r a c r a n i a l  
E b y  i n c r e a s i n g  t h e i r  LQs d i s p l a y e d  a  s t r o n g  i n h i b i t i o n  o f  
l o r d o s i s  f o l l o w i n g  s c o p o l a m i n e .  T h e  p e r c e n t  r e d u c t i o n  i n  
a l l  5 r a t s  w a s  100% , w i t h  l a t e n c i e s  o f  1 - 3  h r s .  T h e  
i n h i b i t i o n  l a s t e d  t h r o u g h o u t  t h e  t e s t i n g  s e s s i o n .  O ne r a t  
r e c e i v e d  a  1 :1 0  d i l u t i o n  o f  s c o p o la m in e  a n d  d i s p l a y e d  
c o m p l e t e  r e c o v e r y  a f t e r  2 h r s .  T he  a b o v e  p h e n o m e n a  w e r e  
e l i c i t e d  i n  p a r a l l e l  w i t h  MS. I n  1 r a t ,  h o w e v e r ,  MS w a s  
u s e d  a l o n e .  I n  c o n t r a s t  t o  t h e  a b o v e  r e s u l t s ,  r a t s  ( 4 )  
t h a t  d i d  n o t  r e s p o n d  t o  E a l s o  d i d  n o t  r e s p o n d  t o  i n t r a 
c r a n i a l  s c o p o l a m i n e .  T h e i r  m ea n  LQ p r i o r  t o  s c o p o la m in e  
a p p l i c a t i o n  w a s  9 0  a n d  a f t e r w a r d s  w a s  7 7 .  T h e s e  d a t a  im p ly  
t h a t  t h e  i n h i b i t o r y  e f f e c t  o f  s c o p o la m in e  o n  l o r d o s i s  m ay 
b e  l o c a l i z e d  t o  o r  n e a r  a n  e s t r o g e n  s e n s i t i v e  a r e a  i n  t h e  
b a s o m e d i a l  h y p o t h a l a m u s .

S u p p o r t e d  b y  H D 06425 a n d  N S 0 7 0 8 0 .
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245. 5  CHOLINERGIC FA CILITA TIO N  OF LORDOSIS IN  PROGESTERONE 
D E SEN SITIZED  FEMALE RATS.  P . J .  B a r r * , T .C .  M e y e r s *  a n d  
L .G .  C le m e n s .  D e p t . o f  Z o o lo g y  a n d  N e u r o s c i e n c e  P r o g r a m ,  
M ic h i g a n  S t a t e  U n i v e r s i t y ,  E .  L a n s i n g ,  MI 4 8 8 2 4 .

E s t r o g e n  a n d  p r o g e s t e r o n e  r e g u l a t e  t h e  e x p r e s s i o n  o f  
f e m i n i n e  s e x u a l  b e h a v i o r  ( l o r d o s i s )  i n  t h e  l a b o r a t o r y  r a t .  
P r e v i o u s  w o r k  h a s  sh o w n  t h a t  c e n t r a l  c h o l i n e r g i c  a c t i v i t y  
i s  i m p o r t a n t  f o r  t h i s  b e h a v i o r .  T h e  p r e s e n t  e x p e r i m e n t  
e x a m in e d  t h e  r e l a t i o n  o f  c h o l i n e r g i c  f a c i l i t a t i o n  t o  p r o 
g e s t e r o n e  f a c i l i t a t i o n  o f  l o r d o s i s  i n  t h e  e s t r o g e n  p r im e d  
f e m a l e .

A s i n g l e ,  s y s t e m i c  p r o g e s t e r o n e  ( P )  t r e a t m e n t  f o l l o w i n g  
e s t r o g e n  p r i m i n g  w i l l  f a c i l i t a t e  l o r d o s i s ;  h o w e v e r ,  a  
s e c o n d  p r o g e s t e r o n e  t r e a t m e n t  24  h o u r s  l a t e r  i s  i n e f f e c t i v e  
(P  d e s e n s i t i z a t i o n ) . To d e t e r m i n e  w h e t h e r  t h i s  f a i l u r e  o f  
a  s e c o n d  P t r e a t m e n t  t o  f a c i l i t a t e  l o r d o s i s  r e f l e c t s  a  
d e c r e a s e  i n  c h o l i n e r g i c  s e n s i t i v i t y ,  t h e  c h o l i n e r g i c  a g o n i s t  
e s e r i n e  w a s  i n f u s e d  i n t r a v e n t r i c u l a r l y  i n t o  P d e s e n s i t i z e d  
f e m a l e s .

O v a r i e c t o m i z e d  S h e rm a n  s t r a i n  r a t s  w e r e  b i l a t e r a l l y  
i m p l a n t e d  w i t h  s t a i n l e s s  s t e e l  c a n n u l a e  t e r m i n a t i n g  i n  t h e  
l a t e r a l  v e n t r i c l e s .  I n  a  s e q u e n t i a l  h o rm o n e  p a r a d i g m  0 . 2 5  u g  
e s t r a d i o l  b e n z o a t e  (E B ) w a s  g i v e n  d a i l y  f o r  3 d a y s .  On 
d a y  4 1 . 5  mg P w a s  g i v e n  a n d  o n  d a y  5 0 . 5  mg P w a s  a d m i n i s 
t e r e d .  I n  a  c o n c u r r e n t  p a r a d i g m  2 . 0 u g  EB p l u s  0 . 5  mg P 
w a s  g i v e n  o n  d a y s  1 t h r o u g h  4 a n d  0 . 5  mg P w a s  g i v e n  o n  d a y  
5 .  T e s t s  f o r  l o r d o s i s  w e r e  c o n d u c te d  4 - 5  h o u r s  a f t e r  t h e  P 
t r e a t m e n t  o n  d a y s  4 & 5 .  F o l l o w i n g  t e s t i n g  o n  d a y  5 ,  f e m a le s  
w e r e  b i l a t e r a l l y  i n f u s e d  w i t h  5 u g  e s e r i n e  o r  v e h i c l e .  
T h i s  d o s e  o f  e s e r i n e  h a s  b e e n  sh o w n  t o  f a c i l i t a t e  l o r d o s i s  
i n  e s t r o g e n  p r im e d  f e m a le  r a t s .  P o s t  i n f u s i o n  t e s t s  w e r e  
c o n d u c t e d  5 a n d  2 0  m in  a f t e r  e s e r i n e  a d m i n i s t r a t i o n .

No i m p a i r m e n t  o f  e s e r i n e  f a c i l i t a t i o n  o c c u r r e d  i n  e i t h e r  
t h e  s e q u e n t i a l  o r  c o n c u r r e n t  p a r a d i g m .  We s u g g e s t  t h a t  
i n t r a c e r e b r a l  c h o l i n e r g i c  f a c i l i t a t i o n  o f  l o r d o s i s  i s  i n d e 
p e n d e n t  o f  t h e  m e c h a n is m  r e s p o n s i b l e  f o r  p r o g e s t e r o n e  d e 
s e n s i t i z a t i o n .

S u p p o r t e d  b y  USPHS G r a n t  H D -0 6 7 6 0 .

2 4 5 .6   ANALYSIS OF THE N IC O T IN IC  CHOLINERGIC FA CILIT A TIO N  OF 
LORDOSIS. D .R . W e a v e r*  a n d  L .G .  C le m e n s  (SPO N : J . I .  
J o h n s o n ,  J r . ) ,   D e p t . o f  Z o o lo g y  a n d  N e u r o s c i e n c e  P r o g r a m ,  
M ic h i g a n  S t a t e  U n i v e r s i t y ,  E .  L a n s i n g ,  M I, 4 8 8 2 4 .

S y s t e m ic  t r e a t m e n t  w i t h  n i c o t i n e  h a s  b e e n  sh o w n  t o  
f a c i l i t a t e  f e m i n i n e  s e x u a l  b e h a v i o r  ( l o r d o s i s )  i n  
o v a r i e c t o m i z e d ,  e s t r o g e n - p r i m e d  f e m a le  r a t s  ( F u x e  e t  a l . , 
1 9 7 7 ,  P h a r m . B io c h e m . B e h a v .  7 ; 1 4 7 - 1 5 1 ) .  T h i s  n i c o t i n i c  
f a c i l i t a t i o n  w a s  b l o c k e d  b y  t h e  n i c o t i n i c  r e c e p t o r  
a n t a g o n i s t ,  m e c a m y la m in e .  T h e  p u r p o s e  o f  t h e  p r e s e n t  
e x p e r i m e n t  w a s  t o  d e t e r m i n e  w h e t h e r  n i c o t i n i c  r e c e p t o r s  
a r e  n e c e s s a r y  f o r  e s t r o g e n  p l u s  p r o g e s t e r o n e  i n d u c e d  
l o r d o s i s .  To t e s t  t h i s  p r o p o s a l ,  we e x a m in e d  t h e  e f f e c t  
o f  m e c a m y la m in e  t r e a t m e n t  o n  l o r d o s i s  b e h a v i o r  u n d e r  tw o  
c o n d i t i o n s :  i n  f e m a l e s  w h ic h  w e r e  s h o w in g  h i g h  l e v e l s  o f  
s e x u a l  r e c e p t i v i t y  ( 1 )  f o l l o w i n g  s e q u e n t i a l  t r e a t m e n t  
w i t h  e s t r o g e n  a n d  n i c o t i n e  a n d  ( 2 )  f o l l o w i n g  s e q u e n t i a l  
t r e a t m e n t  w i t h  e s t r o g e n  a n d  p r o g e s t e r o n e  ( P ) .

S e x u a l  r e c e p t i v i t y  w a s  f a c i l i t a t e d  i n  o v a r i e c t o m i z e d ,  
e s t r o g e n - p r i m e d  [ .13 u g  e s t r a d i o l  b e n z o a t e  ( E B ) /d a y  x  3 ]  
r a t s  b y  i . p .  n i c o t i n e  t r e a t m e n t  ( 1 5 0 µ g / k g ,  5 m i n u t e s  
b e f o r e  t e s t i n g ) .  M e c a m y la m in e  t r e a t m e n t  ( 2 . 5  o r  10 
m g /k g )  a d m i n i s t e r e d  30  m i n u t e s  b e f o r e  n i c o t i n e  p r e v e n t e d  
n i c o t i n i c  f a c i l i t a t i o n  o f  l o r d o s i s .  T h e s e  r e s u l t s  a g r e e  
w i t h  t h o s e  o f  F u x e  e t  a l . , 1 9 7 7 .

I n  c o n t r a s t ,  s y s t e m i c  m e c a m y la m in e  t r e a t m e n t  (5  o r  10 
m g /k g )  d i d  n o t  s i g n i f i c a n t l y  r e d u c e  l o r d o s i s  i n  f e m a l e s  
g i v e n  EB ( 0 . 5  µ g / d a y  x  3 )  p l u s  .5  mg P .  F u r t h e r m o r e ,  
b i l a t e r a l  i n t r a c e r e b r o v e n t r i c u l a r  i n f u s i o n  o f  m e c a m y la m in e  
(5  o r  10 µ g /  .5  µ 1 /  s i d e )  a l s o  f a i l e d  t o  b l o c k  l o r d o s i s  
i n  EB p l u s  P p r im e d  f e m a l e s .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  w h i l e  m e c a m y la m in e  (5  o r  
10 m g /k g )  b l o c k e d  n i c o t i n e - i n d u c e d  l o r d o s i s  b e h a v i o r ,  i t  
w a s  n o t  e f f e c t i v e  i n  b l o c k i n g  h o r m o n a l l y - i n d u c e d  l o r d o s i s .  
We s u g g e s t  t h a t  n i c o t i n i c  c h o l i n e r g i c  r e c e p t o r s  d o  n o t  p l a y  
a  m a j o r  r o l e  i n  t h e  e s t r o g e n - p r o g e s t e r o n e  i n d u c t i o n  o f  
s e x u a l  r e c e p t i v i t y  i n  f e m a le  r a t s .

T h i s  r e s e a r c h  w a s  s u p p o r t e d  b y  NIH g r a n t  H D -0 6 7 6 0  t o  
L .G .C .  a n d  a n  NSF p r e - d o c t o r a l  f e l l o w s h i p  t o  D .R .W .

2 4 5 .7   SEROTONERGIC IN H IB IT IO N  OF FEMALE RAT SEXUAL BEHAVIOR IN 
THE BASOMEDIAL HYPOTHALAMUS.  J . M o r e i n e s ,  D . P f a f f ,  a n d  
B .M cE w en ,  T h e  R o c k e f e l l e r  U n i v . , New Y o r k ,  NY 1 0 0 2 1 .

O p t im a l  s e x u a l  r e c e p t i v i t y  ( l o r d o s i s )  o f  f e m a le  r a t s  
r e q u i r e s  t h e  o v a r i a n  s e c r e t i o n  o f  e s t r a d i o l  ( E 2 )  f o l l o w e d  
b y  p r o g e s t e r o n e  ( P ) .  S e r o t o n i n  i s  t h o u g h t  t o  i n h i b i t  
l o r d o s i s  a t  t h e  l e v e l  o f  t h e  v e n t r o m e d i a l  h y p o t h a l a m u s  
(VMH) ( L u i n e ,  e t  a l . ,  1 9 8 3 .  B r a i n  R e s . , 2 6 4 : 3 4 4 ) ,  a n d  P m ay 
r e v e r s e  5HT i n h i b i t i o n  i n  E 2 - p r im e d  a n i m a l s  ( e . g . ,  E s p i n o ,  
e t  a l . ,  1 9 7 5 .  P h a r m .  B io c h e m .  B e h a v . , 3 : 5 5 7 ) .  To t e s t  t h e  
r e l a t i o n s  o f  E2 a n d  P t o  5H T , p h y s i o l o g i c a l  d o s e s  o f  t h e s e  
h o r m o n e s  w e r e  a d m i n i s t e r e d  t o  o v a r i e c t o m i z e d  f e m a l e s  
d e p r i v e d  o f  5HT f o l l o w i n g  b i l a t e r a l  s t e r e o t a x i c  i n j e c t i o n s  
o f  t h e  n e u r o t o x i n ,  5 , 7 - d i h y d r o x y t r y p t a m i n e  ( 5 , 7  DHT) i n t o  
t h e  r e g i o n  o f  t h e  VMH. L o r d o s i s  f r e q u e n c y  ( p e r c e n t a g e  o f  
m o u n ts  b y  s e x u a l l y  v i g o r o u s  m a l e s  e l i c i t i n g  a  l o r d o t i c  
r e s p o n s e ) ,  a n d  i n t e n s i t y  ( 0  t o  3 r e p r e s e n t i n g  t h e  a b s e n c e  
t o  m a x im a l d o r s i f l e x i o n  o f  t h e  s p i n e ,  r e s p e c t i v e l y )  w e r e  
m e a s u r e d .

We f o u n d  t h a t  t h e  5 , 7  DHT i n j e c t i o n s  e n h a n c e d  t h e  
e f f e c t s  o f  E2 i n  t h e  a b s e n c e  o f  P .  D o s e s  o f  E2 s u f f i c i e n t  
t o  a c t i v a t e  l o r d o s i s  i n  5HT l e s i o n e d  f e m a l e s  w e r e  
i n s u f f i c i e n t  i n  sh a m  l e s i o n e d  c o n t r o l s  ( p < . 0 5 ) .  L o r d o s i s  
f r e q u e n c y  w a s  44% f o l l o w i n g  5 , 7  DHT a n d  9% f o r  s h a m s .  
H o w e v e r ,  t h e  i n t e n s i t y  o f  l o r d o s i s  w a s  l e s s  t h a n  t h a t  
n o r m a l l y  o b s e r v e d  f o l l o w i n g  o v a r i a n  E2 a n d  P s e c r e t i o n  
( M o r e in e s  a n d  P o w e r s ,  1 9 7 7 .  P h y s i o l .  B e h a v . , 1 9 : 2 2 7 ) .  
L o r d o s i s  i n t e n s i t i e s  o f  0 . 6  ±  0 . 1  a n d  0 . 1  ±  0 . 1  w e r e  
o b t a i n e d  b y  5HT a n d  sh a m  l e s i o n e d  f e m a l e s ,  r e s p e c t i v e l y ;  i n  
c o n t r a s t ,  o p t i m a l  i n t e n s i t y  i s  a p p r o x i m a t e l y  2 . 6 .

We t h e n  e s t a b l i s h e d  t h a t  f o l l o w i n g  5HT l e s i o n s  P 
c o n t i n u e s  t o  p r o m o te  l o r d o s i s  a n d  r e m a in s  o b l i g a t o r y  f o r  
o p t i m a l  s e x u a l  r e s p o n d i n g .  B o th  t h e  f r e q u e n c y  a n d  
i n t e n s i t y  o f  l o r d o s i s  w e r e  e l e v a t e d  f o r  a l l  f e m a l e s  w h en  P ,  
b u t  n o t  t h e  v e h i c l e ,  w a s  a d m i n i s t e r e d  f o l l o w i n g  E2 ( p < . 0 5 ) .  
T h e  f r e q u e n c y  w a s  100% f o l l o w i n g  5 , 7  DHT a n d  75% f o r  s h a m s ;  
t h e  i n t e n s i t y  w a s  2 . 4  ±  0 . 3  ( 5 , 7  DHT) a n d  2 . 2  ±  0 . 7  
( s h a m s ) .

O u r r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  5HT i n p u t  a t  t h e  
VMH i n h i b i t s  h o rm o n e  a c t i o n s  m e d i a t i n g  l o r d o s i s .  S e l e c t i v e  
r e d u c t i o n s  i n  5HT p o t e n t i a t e d  h o r m o n e - in d u c e d  b e h a v i o r .  
H o w e v e r ,  t h e  a b s e n c e  o f  5HT f r o m  t h e  VMH a p p e a r s  t o  h a v e  a  
g r e a t e r  i n f l u e n c e  o n  E2 s e n s i t i v i t y  t h a n  o n  t h e  s y n e r g i s t i c  
e f f e c t s  o f  P .  W h e th e r  q u a n t i t a t i v e  r e d u c t i o n s  i n  
s e n s i t i v i t y  t o  P o c c u r  a s  a  r e s u l t  o f  5HT l e s i o n s  i s  
c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .  ( S u p p o r t e d  b y  # MH 1 5 1 2 5 )

245.8  SEROTONIN IN VENTROMEDIAL HYPOTHALAMUS INHIBITS LORDOSIS 
BEHAVIOR  D.L. A llen* , K .J. Renner* and V.N. Luine.  
R ockefeller U n iv e rs ity , New York, NY 10021

Increasing  evidence suggests  th a t  female sexual behavior 
i s  reg u la ted  by hypothalamic monoaminergic system s. 
Lordosis responding can be blocked by p o te n tia tio n  of 
monoaminergic systems with p a rg y lin e , an in h ib i to r  of the  
degradative  enzyme monoamine ox idase , placed in  the 
hypothalamus. In th is  study , pargy line  was s te r e o ta x ic a l ly  
placed in to  the  hypothalamus and the  e f f e c ts  on lo rd o s is  
were c o rre la te d  with le v e ls  of sero to n in  (5-HT), 
5-hydroxyindole a c e tic  acid  (5-HIAA), norepinephrine (NE), 
and dopamine (DA) in  hypothalamic n u c le i im plica ted  in  the  
hormonal c o n tro l of behavior.

Ovariectomized ad u lt female r a t s  were p re tre a te d  w ith 5 
ug e s tr a d io l  benzoate. Two days l a t e r  they were 
b i l a te r a l ly  in je c te d  w ith pargy line  (35 ug) or s a lin e  (0 .5  
u l)  in to  the  ventrom edial nucleus of the  hypothalamus 
(VMN). Progesterone (500 ug) was in je c te d  subcutaneously 1 
hour a f te r  the  in te r c ra n ia l  in je c t io n ,  and sexual behavior 
was te s te d  4-5 hours l a t e r .  B rains were removed and 
samples of l a t e r a l  VMN, dorsomedial nucleus (DMN), 
arcuate-m edian emminence (ARC-ME), medial p reo p tic  area  
(POA) and a n te r io r  hypothalamus (AH) were d issec ted  using 
the  micropunch techn ique. These samples were analyzed by 
HPLC w ith e lectrochem ica l d e te c tio n .

In tr a c ra n ia l  in je c tio n  of s a lin e  (SAL) alone did not 
a f fe c t  lo rd o s is  q u o tien ts  (Mean LQ ± SEM: 90 ± 7 ). 
P a rg y lin e- tre a te d  r a ts  were d ivided in to  two groups, one 
in  which sexual behavior was in h ib ite d  (INH, Mean LQ 28 ± 
7, Range 0 to  40) and the  o ther in  which behavior was not 
in h ib ite d  (NI, Mean LQ 96 ± 4, Range 80 to  100). Only 5-HT 
in  VMN and ARC-ME was c o rre la te d  with the  in h ib it io n  of 
lo rd o s is  by p a rg y lin e . Levels of DA and 5-HIAA were not 
d if f e r e n t between groups fo r any of the  f iv e  hypothalamic 
nuc le i analyzed. No d iffe ren c e s  in  monoamine le v e ls  
between the groups were found in  AH or POA. In DMN, 5-HT 
was increased  in  both pargy line  groups, but they were not 
d if f e r e n t  from each o th e r . In ARC-ME, NE was e lev ated  in  
the NI group, but the INH and SAL groups were s im ila r .  In 
VMN and ARC-ME, le v e ls  of 5-HT in  SAL and NI were lower 
than the  INH group, but not from each o th e r .

These r e s u l t s  provide fu r th e r  evidence of the  in h ib ito ry  
ro le  of 5-HT con ta in ing  endings in  the  VMN on hormone 
dependent lo rd o t ic  behavior.  (Supported by HD12011 and NSF 
Graduate Fellow ship)
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2 4 5.9   NORADRENERGIC INFLUENCES ON PROGESTIN RECEPTORS AND LORDOSIS 
IN  GUINEA P IG S  -  CELL NUCLEAR ACCUMULATION OF PROGESTIN RE
CEPTORS BY NORADRENERGIC IN H IB IT O R S .  J e f f r e y  D . B l a u s t e i n .  
D i v i s i o n  o f  N e u r o s c i e n c e  a n d  B e h a v i o r ,  D e p a r tm e n t  o f  P s y c h 
o l o g y ,  U n i v .  o f  M a s s . ,  A m h e r s t ,  MA 0 1 0 0 3

A s e r i e s  o f  e x p e r i m e n t s  w a s  p e r f o r m e d  t o  s t u d y  t h e  
p o s s i b l e  b e h a v i o r a l  r e l e v a n c e  o f  t h e  a p p a r e n t  r e g u l a t i o n  
o f  h y p o t h a l a m i c  c y t o s o l  p r o g e s t i n  r e c e p t o r s  b y  n o r a d r e n 
e r g i c  t r a n s m i s s i o n  i n  f e m a le  g u i n e a  p i g s .  I n  t h e  f i r s t  
e x p e r i m e n t ,  o v a r i e c t o m i z e d  g u i n e a  p i g s  w e r e  i n j e c t e d  w i t h  
e s t r a d i o l  b e n z o a t e  f o l l o w e d  36  h  l a t e r  b y  t h e  d o p a m i n e - β -  
h y d r o x y l a s e  i n h i b i t o r ,  U - 1 4 ,6 2 4  o r  v e h i c l e .  T w e lv e  h  
l a t e r ,  t h e y  w e r e  i n j e c t e d  w i t h  p r o g e s t e r o n e  a n d  t e s t e d  
h o u r l y  f o r  s e x u a l  b e h a v i o r .  S i x  h  a f t e r  t h e  p r o g e s t e r o n e  
i n j e c t i o n ,  a  t i m e  a t  w h ic h  i n h i b i t i o n  o f  s e x u a l  b e h a v i o r  
b y  t h e  U - 1 4 ,6 2 4  w a s  c o n f i r m e d ,  t h e y  w e r e  k i l l e d ,  a n d  c y t o 
s o l  a n d  n u c l e a r  p r o g e s t i n  r e c e p t o r s  w e r e  a s s a y e d  i n  t h e  
h y p o t h a l a m u s  a n d  c e r e b r a l  c o r t e x .  No d i f f e r e n c e  w a s  s e e n  
i n  t h e  c o n c e n t r a t i o n  o f  h y p o t h a l a m i c  p r o g e s t i n  r e c e p t o r s  
a f t e r  d r u g  t r e a t m e n t  i n  t h e s e  a n i m a l s  t h a t  a l s o  r e c e i v e d  a  
p r o g e s t e r o n e  i n j e c t i o n .  I n  s u b s e q u e n t  e x p e r i m e n t s ,  i t  w a s  
c o n f i r m e d  t h a t  t h e  U - 1 4 , 6 2 4 - i n h i b i t i o n  o f  p r o g e s t e r o n e -  
f a c i l i t a t e d  s e x u a l  b e h a v i o r  i s  n o t  a c c o m p a n ie d  b y  t h e  e x 
p e c t e d  i n h i b i t i o n  o f  n u c l e a r  p r o g e s t i n  r e c e p t o r  a c c u m u la 
t i o n .  T h e  p r e v i o u s l y  r e p o r t e d  d e c r e a s e  i n  h y p o t h a l a m i c  
c y t o s o l  p r o g e s t i n  r e c e p t o r s  b y  U - 1 4 ,6 2 4  p r i o r  t o  p r o g e s 
t e r o n e  i n j e c t i o n  w a s  c o n f i r m e d .  H o w e v e r ,  t h i s  d e c r e a s e  w a s  
a c c o m p a n ie d  b y  a n  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  h i g h  
a f f i n i t y ,  n u c l e a r  p r o g e s t i n  r e c e p t o r s  b y  6 h  a f t e r  d r u g  i n 
j e c t i o n .  T h e  i n c r e a s e  i n  n u c l e a r  p r o g e s t i n  r e c e p t o r s  w a s  
a l s o  s e e n  a f t e r  t r e a t m e n t  w i t h  t h e  α - a d r e n e r g i c  a n t a g o n i s t ,  
p r a z o s i n .  U - 1 4 ,6 2 4  d o e s  n o t  c o m p e te  w i t h  [ 3 H ]R  5 0 2 0  f o r  
b i n d i n g  t o  t h e  p r o g e s t i n  r e c e p t o r ,  s u g g e s t i n g  t h a t  i t  d o e s  
n o t  d i r e c t l y  c a u s e  t r a n s l o c a t i o n  o f  p r o g e s t i n  r e c e p t o r s .  
A l s o ,  U - 1 4 ,6 2 4  d o e s  n o t  c a u s e  r e l e a s e  o f  p r o g e s t e r o n e  f ro m  
t h e  a d r e n a l  g l a n d .  T h e  r e s u l t s  o f  t h e s e  e x p e r i m e n t s  
s u g g e s t  t h a t  t h e  d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  c y t o s o l  
p r o g e s t i n  r e c e p t o r s  c a u s e d  b y  n o r a d r e n e r g i c  i n h i b i t o r s  i n  
g u i n e a  p i g s  i s  n o t  d u e  t o  a n  i n t e r f e r e n c e  w i t h  t h e  f o r m a 
t i o n  o f  c y t o s o l  p r o g e s t i n  r e c e p t o r s .  R a t h e r ,  i t  s e e m s  
t h a t  t h e s e  d r u g s ,  i n  so m e w a y ,  c a u s e  t h e  a c c u m u l a t i o n  o f  
p r o g e s t i n  r e c e p t o r s  i n  c e l l  n u c l e i .  F u r t h e r m o r e ,  t h e  
r e s u l t s  s u g g e s t  t h a t  t h e  m e c h a n is m  b y  w h ic h  t h e s e  d r u g s  
i n h i b i t  s e x u a l  b e h a v i o r  m ay n o t  b e  b y  i n t e r f e r e n c e  w i t h  
t h e  p r o g e s t i n  r e c e p t o r  s y s t e m .
( S u p p o r t e d  b y  BNS 1 3 0 5 0  f r o m  NSF a n d  NS 1 9 3 2 7  f ro m  N I H .)

245.10 EFFECTS OF TESTOSTERONE ON BIOAMINE METABOLITES IN  CSF AND 
 SEXUAL BEHAVIOR IN  RHESUS MONKEYS.  G .A . D a v i s ,  S .M . P o m e r a n tz ,  

G .W. K r a e m e r , M.M. R o y *  a n d  R.W . G o y .  W is c o n s in  R e g i o n a l  
P r i m a t e  R e s .  C e n t e r ,  U n i v .  o f  W I, M a d is o n ,  WI 5 3 7 1 5 - 1 2 9 9 .

T h a t  b i o a m i n e s  p l a y  a  r o l e  i n  t h e  c o n t r o l  o f  s e x u a l  a c t i 
v i t y  i s  s u p p o r t e d  b y  m an y  s t u d i e s ,  m o s t l y  i n  t h e  r o d e n t .  I n  
o r d e r  t o  i n v e s t i g a t e  t h i s  r o l e  i n  t h e  p r i m a t e  w e u t i l i z e d  t h e  
l e v e l s  o f  b i o a m i n e  m e t a b o l i t e s  i n  c i s t e r n a l  c e r e b r o s p i n a l  
f l u i d  (C S F ) a s  i n d i c a t o r s  o f  b i o a m i n e r g i c  a c t i v i t y  i n  b r a i n .  
We s t u d i e d  s e v e r a l  g r o u p s  o f  r h e s u s  m o n k e y s  u n d e r  d i f f e r e n t  
r e p r o d u c t i v e  c o n d i t i o n s ,  i n c l u d i n g  i n t a c t  m a l e s  ( IM , n = 7 ) , 
c a s t r a t e d  m a l e s  (CM, n = 8 ) , o v a r i e c t o m i z e d  f e m a l e s  (O F , n = 5 )  
a n d  o v a r i e c t o m i z e d  f e m a le  p s e u d o h e r m a p h r o d i t e s  (O PH , n = 9 ) . 
A l l  g r o u p s  e x c e p t  IM w e r e  g i v e n  d a i l y  i n j e c t i o n s  o f  t e s t o s 
t e r o n e  p r o p i o n a t e  (T P , 2 m g /k g ) . CSF w a s  o b t a i n e d  b y  c i s 
t e r n a l  p u n c t u r e  ( u n d e r  k e t a m i n e  a n e s t h e s i a )  b e f o r e  TP t r e a t 
m e n t  w a s  b e g u n  a n d  a t  tw o  a n d  f o u r  w e e k s  t h e r e a f t e r .  M e ta 
b o l i t e  l e v e l s  w e r e  d e t e r m i n e d  b y  HPLC a n d  w e r e  f o u n d  t o  
r a n g e ,  f o r  t h e  s e r o t o n i n  m e t a b o l i t e ,  5 - h y d r o x y i n d o l e a c e t i c  
a c i d  (5 -H IA A ) ,  a r o u n d  4 5  n g / m l  a n d  f o r  t h e  d o p a m in e  m e t a 
b o l i t e s ,  d i h y d r o x y p h e n y l a c e t i c  a c i d  (DOPAC) a n d  h o m o v a n i l l i c  
a c i d  (H V A ), a r o u n d  3 n g / m l  a n d  2 0 0  n g / m l ,  r e s p e c t i v e l y .  To 
t e s t  f o r  s e x u a l  b e h a v i o r  e a c h  a n i m a l  w a s  o b s e r v e d  w e e k l y  i n  
a  1 5  m in  s e s s i o n  w i t h  a n  e s t r o g e n - p r i m e d  s t i m u l u s  f e m a l e .

B e f o r e  TP t r e a t m e n t  w a s  b e g u n  a  s i g n i f i c a n t  d i f f e r e n c e  
b e tw e e n  g r o u p s  w a s  f o u n d  i n  t h e  l e v e l s  o f  DOPAC, HVA a n d  
5-H IA A  w i t h  IM s h o w in g  t h e  l o w e s t  l e v e l s .  By t h e  f o u r t h  w e e k  
o f  t r e a t m e n t ,  t h e  l e v e l s  o f  DOPAC a n d  HVA w e r e  s i g n i f i c a n t l y  
( p < 0 .0 0 1 )  d e c r e a s e d  ( 1 3  t o  20% ) b e lo w  p r e t r e a t m e n t  v a l u e s  i n  
CM a n d  OPH, w h i l e  i n  OF a n d  IM t h e r e  w e r e  n o  s i g n i f i c a n t  
c h a n g e s .  5 -H IA A  l e v e l s  w e r e  s i g n i f i c a n t l y  ( p < 0 .0 0 1 )  d e 
c r e a s e d  (1 8  t o  21%) b y  t h e  f o u r t h  w e e k  i n  a l l  TP t r e a t e d  g r o u p s ,  
b u t  sh o w e d  n o  c h a n g e  i n  IM . T h e  g o n a d e c t o m iz e d  g r o u p s  d i s 
p l a y e d  l i t t l e  o r  n o  s e x u a l  b e h a v i o r  b e f o r e  TP t r e a t m e n t , b u t  
a f t e r  f o u r  w e e k s  o f  t h e  s t e r o i d ,  t h e r e  w a s  a  s i g n i f i c a n t  
( p < 0 .0 1 )  i n c r e a s e  i n  m a l e  c o u r t s h i p  b e h a v i o r  i n  CM a n d  OPH, 
b u t  n o t  i n  O F. S e x u a l  b e h a v i o r  w a s  h i g h  i n  IM t h r o u g h o u t  
t h e  e x p e r i m e n t a l  p e r i o d .

T h e s e  r e s u l t s  s u g g e s t  t h a t  c h a n g e s  i n  d o p a m i n e r g i c  a c t i 
v i t y  m ay b e  r e l a t e d  t o  t h e  a c t i o n  o f  TP i n  i n c r e a s i n g  m a le  
c o u r t s h i p  b e h a v i o r ,  s i n c e  t h o s e  g r o u p s ,  CM a n d  OPH, w h ic h  
sh o w e d  i n c r e a s e d  l e v e l s  o f  b e h a v i o r  w i t h  TP t r e a t m e n t  a l s o  
sh o w e d  r e d u c t i o n s  i n  t h e  l e v e l s  o f  d o p a m in e  m e t a b o l i t e s  t o 
w a r d s  t h e  v a l u e s  s e e n  i n  IM . T P - i n d u c e d  c h a n g e s  i n  s e r o t o 
n e r g i c  a c t i v i t y  m ay a l s o  b e  r e l a t e d  t o  m a l e  s e x u a l  b e h a v i o r ,  
b u t  o t h e r  p h y s i o l o g i c a l  a c t i o n s  o f  TP c o u l d  b e  i n v o l v e d  a s  
w e l l .  ( S u p p o r t e d  b y  g r a n t s  H D 1 4 8 2 1 ,M H 2 1 3 1 2 , R R 0 0 1 6 7 .)

245. 11  INCREASED SELF-ADMINISTRATION OF COCAINE FOLLOWING 
HALOPERIDOL IS ATTENUATED BY OVARIECTOMY,  
D.C.S. Roberts, G. Vickers* and J . Dalton*,  Dept. of Psychology, 
Carleton Univ,, Ottawa, Canada, K1S 5B6.

Recent studies have shown that manipulation of female sex-related 
hormones can affect the behavioral response to dopamine agonists and 
antagonists, These data indicate that the s ta tu s  of ovarian hormones 
could influence the extrapyramidal and/or the therapeutic effects of 
neuroleptic drugs.

We have recently shown that there is an extremely high 
correlation between the clinical (antipsychotic) dose and the degree 
to which neuroleptic drugs increase cocaine self-administration 
(Roberts & Vickers, Psychopharm, 82 (1984) 135). We have suggested 
that the self-administration procedure may provide a useful screening 
technique for evaluating the antipsychotic effects of neuroleptic 
drugs, because i t  may reflect an action on mesolimbic rather than 
extrapyramidal dopamine function. Therefore, we sought to investigate 
whether manipulation of ovarian hormones would influence the effect 
of haloperidol on cocaine self-adm inistration.

Sexually mature female ra ts  were anaesthetized with 
pentobarbital, ovariectomized (OVX) or sham operated then implanted 
with a chronically indwelling intravenous cannula, For 4 hrs/day 
subjects were given access to a lever which initiated a 4 sec 
infusion of cocaine (1.5 mg/kg/inj.) on a CRF schedule. Approximately 
one week after being given access to the drug, the animals displayed 
a stable pattern of daily cocaine intake. No sta tis tica l differences 
in the rate of self-adm inistration were found between ovariectomized 
and sham operated animals, nor was the ra te  of intake affected by 
administration of estradiol benzoate (EB) (50 ug, s .c. X 3 days).

Haloperidol (0,025 -  0,1 mg/kg) produced a dose-dependent 
increase in self-administration in the sham operated female ra ts . 
This effect was significantly attenuated in the OVX group. To date, 
we have been unable to reverse th is effect with either acute or 
repeated administration of EB (50 ug/kg X 3 days).

In contrast to  the attenuation of the effects of haloperidol seen 
in the self-adm inistration te s t , and in agreement with previous 
reports, we have observed an EB reversible augmentation of the 
cataleptic effects of a larger dose of haloperidol (1 mg/kg), These 
data indicate that the factors which govern ra te  of cocaine self
administration are qualitatively different than those which affect 
the extrapyramidal response (ie. catalepsy). Inasmuch as the self
administration procedure can predict therapeutic efficacy, these data 
indicate that the antipsychotic action is sensitive to ovarian 
function. (Supported by the M.R.C of Canada).
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246.1  LOCALIZATION OF THE RESPIRATORY EFFECTS OF TEH IN THE RAT 
MEDULLA.  T .J .  McCown, R.A. M ueller. A.C. Towle*, and G.R. 
B reese .  D epts. of A nesthesio logy, P sy ch ia try , Pharmacology, 
and the B io lo g ica l Sciences Research C enter, Univ. of North 
C aro lina  School of M edicine, Chapel H i l l ,  NC 27514.

I t  has p rev io u sly  been shown th a t  th y ro tro p in  re le a s in g  
hormone (TRH) induces a shorten ing  of both in s p ira to ry  and 
ex p ira to ry  (Ti  and Te , re sp ec tiv e ly )  phases of the re s p ira 
to ry  cy c le . The sho rten ing  of Ti  i s  rap id  in  o n se t, w hile 
the  b a s is  fo r  the  pronounced tachypnea, a shorten ing  of Te , 
i s  l a t e r  in  o n se t. Since we have observed many TRH immuno
re a c tiv e  nerve te rm ina ls  throughout the  nucleus t ra c tu s  so
l i t a r i u s  (NTS) and nucleus raphe obscurus (RO), we sought to 
examine the re la tio n s h ip  between TRH lo c a l iz a t io n  and the  
re s p ira to ry  response to  m ic ro in jec tio n  of TRH in  these  a reas 
of the  m edulla. Rats were prepared fo r  TRH immunocytochem
i s t r y  by acro len  f ix a t io n  and im m unoreactivity was demon
s tra te d  using antiserum  ra ised  a g a in st a TRH-BSA conjugate 
formed w ith  b is -d ia z o tis e d  benzid ine. G enerally , TRH reac
tiv e  c e l l s  were found in  the l a t e r a l  and m edial p o rtio n s  of 
the v e n tra l  su rface  of the  m edulla. F ibers  were widely d is 
t r ib u te d  throughout the  m edulla, and appeared concentrated  
in  the  NTS and the  m idline raphe s t ru c tu re s .

For the  re s p ira to ry  s tu d ie s ,  r a t s  were im planted s te re o 
ta x ic a l ly  w ith 26 guage s ta in le s s  s te e l  cannulae which t e r 
minated ju s t  d o rsa l to  the  RO ( in te r a u r a l- 4 .8 ,0 .0 1 a t ,0 .5 v e r t ,  
according to  the  a t l a s  of Paxinos and Watson, 1982). A fte r 
f iv e  days of recovery , the r a t s  were p laced in  a closed  
chamber plethysm ograph, b rea th ing  0.7% halo thane in  O2. Mi
c ro in je c tio n  of 100ng of TRH (0 .5µ l over 3 min. through a 
32 guage in je c t io n  cannulae) in to  the RO caused s ig n if ic a n t 
decreases in  the  Ti  and the re s p ira to ry  duty cycle (Ti /  
Tt o t a l ) .  Concommitantly, no changes were observed in  the 
re s p ira to ry  frequency, minute volume, PaCO2 , blood p ressu re  
or h e a r t r a te  fo r a 15 min. p o st-tre a tm en t p e rio d . Con
v e rs e ly , when TRH(100ng) was m ic ro in jec ted  in to  the c e n tra l 
c an a l, l a t e r a l  NTS o r ambiguous nucleus, no changes were 
found.

These fin d in g s  in d ic a te  th a t  TRH's a c tio n  on the appear 
to  be lo c a liz e d  to the  a rea  around the  RO in  the medulla 
where TRH re a c t iv e  f ib e rs  a re  p re sen t, w hile TRH's e f fe c ts  
on Te most probably occur elsew here in  the b ra in .   (Supported 
by HL-31424 from the NHLBI and N5-17509)

246.2  INTRAUTERINE POSITION DOES NOT ACCOUNT FOR VARIATION IN THE 
MORPHOLOGY AND BEHAVIOR OF INBRED MICE.  C. K insley , J . 
Broida, L. G h ira ld i, C. Konen, J . M iele, and B. Svare. 
(SPON: R. O e s te rre ic h ) .  D ept. of Psychology, SUNY-Albany, 
Albany, N. Y ., 12222.

During f e ta l  l i f e  in m u ltip le  b ir th  sp ec ie s , male and 
female fe tu ses  develop contiguous to ,  and are influenced 
by, s te ro id  sec re tio n s  of the same and opposite  sex. The 
" in tr a u te r in e  p o s itio n  (IUP) phenomenon" has been s tud ied  
in  outbred mice and ra ts  and d iffe ren c e s  in morphology 
(anogen ita l d is tan ce  (AGD)) and behavior (p a ren ta l ca re , 
aggression  and sex) have been id e n tif ie d  ( e .g . ,  vom Saal & 
Bronson, S cience, 208: 597, 1980; vom Saal e t a l , Sc ience , 
220: 1306, 1983; M eisel & Ward, S cience, 213: 239, 1981). 
Because the g e n e ra lity  of the above find ings in outbred 
animals has not been examined, we stud ied  the ex ten t to 
which IUP could account fo r v a r ia b i l i ty  in AGD and p a ren ta l 
behavior in male and female mice from the C57BL/6J and 
DBA/2J inbred l in e s .  In the f i r s t  experim ent, 668 C57BL/6J 
and 445 DBA/2J fe tu ses  were de liv e red  by caesarean  sec tio n  
on the 18th day of g e s ta tio n . The in u te ro  p o s itio n  ( i . e . ,  
2M = fe tu s  surrounded by 2 males; 1M = fe tu s  surrounded by 
1 male and 1 female; 0M = fe tu s  surrounded by 2 fem ales), 
sex , AGD, and body weight of each fe tu s  was recorded. 
Although v a r ia b i l i ty  in AGD of both males and females of 
each inbred lin e  was as g rea t as th a t p rev iously  reported  
fo r outbred mice, IUP did not account fo r any of the 
v a r ia tio n  in th is  androgen-dependent morphological in d ica 
to r .  Examination of the same data  using the "upstream-down
stream  (UD)" c la s s i f ic a t io n  scheme ( i . e . ,  fe tu ses  are 
c atego rized  in re la t io n  to the presence or absence of males 
located  caudally in the u te ru s ) ,  a lso  did not account for 
any of the v a r ia tio n  observed in AGD. In the second ex p eri
ment, 103 C57BL/6J male mice and 150 DBA/2J male mice were 
caesarean  de liv e red  and the in tr a u te r in e  lo ca tio n  of each 
fe tu s  was noted. The animals were then fo s te red  to re cen tly  
p a r tu r ie n t fo s te r  mothers. At 60 days of age, the  animals 
were te s ted  for p a ren ta l behavior ( i . e . ,  1 hr exposure to a 
1-3 day old neonate) and c la s s if ie d  as re tr i e v in g ,  igno r
ing , or k i l l in g  the pup. Once again , w hile v a r ia t io n  in the 
p a ren ta l care of male mice was as extreme as th a t reported  
fo r outbred anim als, IUP and UD c la s s i f ic a t io n  schemes did 
not account fo r any of the behav ioral v a r ia t io n . The find 
ings suggest th a t IUP and UD phenomena may be genotype 
dependent. They fu r th e r  suggest th a t o ther ex tra -o rgan ism ic  
fa c to rs  may modulate morphological and behav iora l v a r ia tio n  
in  inbred mice.

246.3  SEXUAL DIFFERENCES AND STEROID-INDUCED CHANGES IN METABOLIC 
ACTIVITY IN TOADFISH SONIC MUSCLE.  K.R. Pennypacker, M.L. 
Fine and R.R. M ills* .  Dept. of Biology, V irg in ia  Common
w ealth  U niv ., Richmond, VA 23284.

The sonic apparatus (swimbladder and sonic muscles) of 
the  o y s te r to a d fish  Opsanus tau  grows la rg e r  in  males than 
in  fem ales, as do the sonic motor neurons which innerva te  
the  sonic  m uscles. Since the male i s  more a c tiv e  in  sound 
p roduction  than the fem ale, we hypothesized th a t sonic 
muscles of the  male a re  b iochem ically  s p ec ia liz ed  to per
form more work.

In o rder to  (1) c a teg o rize  the f ib e r  type, (2) t e s t  fo r 
sexual d if fe re n c e s ,  and (3) examine the endocrine b a sis  
fo r any d if fe re n c e s ,  we measured the a c t iv i ty  of two 
anaerob ic  enzymes, 3 phosphoglyceraldehyde dehydrogenase 
(3PG) and l a c t i c  dehydrogenase (LDH), and two aerobic 
enzymes, m alate dehydrogenase (MDH) and glutam ic 
o x a lo ace tic  transam inase (GOT).

Mean a c t iv i ty  le v e ls  fo r  the enzymes from sonic muscles 
a re  p resen ted  fo r 6 males and 6 fem ales:

3PG LDH GOT MDH
M 94.00 0.12 10.04 0.67
F 39.38* 0.00 4.51* 0.05

*p <.05
From th is  and o th e r da ta , we conclude th a t to ad fish  

sonic muscle c o n s is ts  of f a s t  fa tig u e  r e s is ta n t  f ib e r s .  
High 3PG and low LDH le v e ls  in d ic a te  a su sta in ed  le v e l of 
g ly c o ly s is , w ith  pyruvate s h u ttle d  in to  aerob ic  metabolism. 
High GOT and low MDH le v e ls  in d ic a te  th a t  the  alpha 
k e to g lu ta ra te  formed from pyruvate i s  transam inated with 
a s p a r ta te  to  produce glutam ate and o x a lo ace ta te , thus by
passing  p a r t  of the K reb 's cycle  and in c rea sin g  the ra te  
of metabolism .

The endocrine b a s is  fo r  these  sexual d iffe ren c e s  was 
examined by im planting  s te ro id  p e l le ts  in to  ovariectom ized 
fem ales. T esto sterone  induced a doubling of 3PG a c t iv i ty  
(p <.05) and d ih y d ro tes to s te ro n e  induced a four fo ld  in 
crease  (p < .05) in  GOT co n cen tra tio n  over c o n tro ls . The 
s te ro id s  had no e f fe c t  on LDH and MDH a c t iv i t i e s .  There
fo re , the  a c t iv i ty  of both of the  enzymes p resen t in  
h igher c o n cen tra tio n  in  males could be increased  by andro
gen im plan ts .

Supported by V irg in ia  Commonwealth Univ. Biomedical 
g ra n t- in -a id  and by NIMH g ran t MH38921.

246.4  BIDIRECTIONAL EFFECTS OF ESTRUS CYCLE ON CHOICE PERFORMANCE 
IN STRESSED AND NON-STRESSED RATS.  S.M. Ryan and S.F. Maier  
Dept. of Psychology, Univ. of Colorado, Boulder, CO 80309.

Gonadal hormones have been shown to  in flu en ce  behaviors 
such as choice le a rn in g  and avoidance le a rn in g  in  ro d en ts . 
S tre s s , which in fluences  the  p i tu ita ry -a d re n a l a x is ,  pro 
duces lea rn in g  and m o tiva tiona l d e f ic i t s  on some of these  
same ta sk s . Taken to g e th e r, gonadal hormone cond itions 
during s t r e s s  as w ell as s tre ss -in d u ced  n eu ra l and hormonal 
changes may be im portant to  su ccessfu l perform ance. In 
female r a t s ,  stage  of e s tr u s ,  r e a c t iv i ty  to  s t r e s s f u l  events 
and p ro fic ien cy  in  various ta sk s  a re  l ik e ly  to  in te r a c t .
In  the  follow ing study , performance in  a choice-escape ta sk  
was examined as a func tion  of e s tru s  c y c l ic i ty  and p r io r  
exposure to s t r e s s .

Subjects were exposed to  inescapable  t a i l  shock or were 
simply re s tra in e d . Approximately 24 hr l a t e r ,  r a t s  were 
te s ted  fo r cho ice-escape lea rn in g  in  a Y-shaped maze. In 
order to  determ ine phase of e s tr u s ,  a vag ina l smear was 
taken ju s t  p r io r  to  te s t in g .  For each t r i a l ,  a one-mA shock 
was d e liv e red  through a g rid  f lo o r  in  the  maze and shock was 
term inated  by tu rn ing  l e f t  in to  the ad jacen t maze arm. Only 
animals judged c le a r ly  in  p ro e s tru s (P ) , e s tru s (E ) ,  m etestrus 
(M), or d ie stru s(D ) were used. N either shock nor r e s t r a in t  
observably a lte re d  e s tru s  c y c l ic i ty  in  an e a r l i e r  group of 
r a t s  smeared on both days.

Subjects re s tra in e d  during D or P and te s te d  during P or 
E, performed w ell in  the  choice ta sk . However, i f  r e s t r a in t  
occurred during  E or M, and te s t in g  occurred during M or D, 
su b jec ts  made s ig n if ic a n t ly  more e rro rs  than the D/P and P/E 
re s tra in e d  groups. Subjects exposed to  inescapab le  shock 
during D or P, and te s te d  during P or E, made more e rro rs  
than did the  D/P or P/E re s tra in e d  groups. In  c o n tra s t ,  sub
je c ts  shocked during E, te s te d  during M, performed s l ig h t ly  
b e t te r  than did the  E/M re s tra in e d  group. The M/D shocked 
group showed a la rg e r  trend  toward improved performance over 
the M/D re s tra in e d  group.

These da ta  suggest th a t  stage  of e s tru s  and the  concomi
ta n t hormonal environment may in flu en ce  le a rn in g  on a cog
n i t iv e  performance ta sk . F u rth er , in ten se  s t r e s s  24 hr e a r l i 
e r may in te ra c t  w ith these  hormonal cond itions  in  a b id ir e c 
tio n a l fash ion  to  produce a choice d e f ic i t  or to  am elio ra te  
poor performance. O vera ll, th is  study i l l u s t r a t e s  the  im
portance of considering  gonadal s te r o id s —and concom itant 
neu ra l and p e rip h e ra l changes—in  lea rn in g  and performance 
p ro fic ien cy , and s u s c e p t ib i l i ty  to  s tre ss -in d u c e d  d e f ic i t s .

Research supported by NSF Grant BNS8200944 to  S.F. M aier.
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2 4 6 .5   HYDROCORTISONE INFLUENCES MEMORY PERFORMANCE OF HUMAN 
MALES.  B . E . B e c k w i t h ,*  T .  P e t r o s , * C . S c a g l i o n e *  a n d  
J .  N e l s o n *  (SPON : D. C . R i c c i o ) .  P s y c h o l .  D e p t .  U n iv  
o f  N o r t h  D a k o t a ,  B ox 7 1 8 7 ,  G r a n d  F o r k s ,  ND 5 8 2 0 2 .

S e v e r a l  a n im a l  s t u d i e s  h a v e  i n d i c a t e d  t h a t  t r e a t m e n t  
w i t h  g l u c o c o r t i c o i d  h o r m o n e s  h a s  i n f l u e n c e d  m em ory  
p r o c e s s e s  i n  i n f r a h u m a n  a n i m a l s  ( s e e  B o h u s  e t  a l . i n  
G a n te n  a n d  P f a f f  [ E d s . ]  A d r e n a l  A c t i o n s  o n  B r a i n , 
New Y o r k :  S p r i n g e r - V e r l a g , 1 9 8 2 ,  p p  1 0 7 - 1 4 8 ) .  H o w e v e r ,  
n o  s t u d i e s  h a v e  e x p l o r e d  t h e  p o s s i b i l i t y  t h a t  g l u c o r t i 
c o i d  h o r m o n e s  m ay a l s o  i n f l u e n c e  m em ory  p r o c e s s e s  i n  
h u m a n s .  T h e  p r e s e n t  s t u d y  w a s  d e s i g n e d  t o  i n v e s t i g a t e  
t h e  e f f e c t s  o f  h y d r o c o r t i s o n e  o n  m em ory  f o r  w o rd  l i s t s .

S e v e n t y - f i v e  m a le  u n d e r g r a d u a t e s  p r o v i d i n g  v o l u n t a r y ,  
i n f o r m e d  c o n s e n t  w e r e  a d m i n i s t e r e d  e i t h e r  g l u c o s e  o r  
5 ,  1 0 ,  2 0  o r  4 0  m g . o f  h y d r o c o r t i s o n e  p l u s  g l u c o s e  
i n  a  c l e a r  c a p s u l e .  T r e a t m e n t  c o n d i t i o n s  w e r e  c o d e d  
t o  i n s u r e  a  d o u b l e - b l i n d  p r o c e d u r e .  A f t e r  a  6 0  m in .  
a b s o r p t i o n  p e r i o d  s u b j e c t s  w e r e  a s k e d  t o  l i s t e n  t o  
e i g h t  1 2 - w o r d  l i s t s  p r e s e n t e d  b y  m e a n s  o f  a  t a p e  
r e c o r d e r .  S u b j e c t s  w e r e  a s k e d  t o  p e r f o r m  im m e d ia te  
o r a l  r e c a l l  a f t e r  e a c h  l i s t  w a s  p r e s e n t e d ,  d i s r e g a r d i n g  
o r d e r  o f  i n p u t .  An ANOVA w a s  p e r f o r m e d  t o  e v a l u a t e  
t r e a t m e n t  e f f e c t s  o n  m ean  p r o p o r t i o n a l  r e c a l l .  T h e  
r e s u l t s  i n d i c a t e d  a  s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  
d o s e  o f  h y d r o c o r t i s o n e  a n d  p r a c t i c e  ( a s  i n d e x e d  b y  
o r d e r  o f  l i s t  p r e s e n t a t i o n ) . W h e re a s  a l l  d o s e s  
f a c i l i t a t e d  r e c a l l  d u r i n g  p r e s e n t a t i o n  o f  t h e  i n i t i a l  
l i s t ,  r e c a l l  o f  l a t e r  l i s t s  w a s  f a c i l i t a t e d  b y  t h e  40  
mg d o s e  a n d  w a s  i n h i b i t e d  b y  t h e  5 mg d o s e .  T h e  o t h e r  
d o s e s  (20  mg a n d  10  mg) a l s o  f a c i l i t a t e d  r e c a l l  o f  
t h e  i n i t i a l  l i s t  b u t  h a d  n o  i n f l u e n c e  o n  r e c a l l  o f  
l a t e r  l i s t s .

T h e s e  r e s u l t s  s u g g e s t  t h a t  g l u c o c o r t i c o i d  h o r m o n e s  
m ay i n f l u e n c e  m em ory  i n  h u m a n  s u b j e c t s  i n  a  d o s e  
d e p e n d e n t  m a n n e r .  T h e s e  f i n d i n g s  s u g g e s t  t h a t  
i n t e r p r e t a t i o n s  o f  t h e  i n f l u e n c e  o f  p i t u i t a r y - a d r e n o 
c o r t i c a l  h o r m o n e s  (ACTH a n d  g l u c o c o r t i c o i d s )  a n d  
v a s o p r e s s i n  ( w h ic h  r e l e a s e s  ACTH) n e e d  t o  b e  m ade w i t h  
c a u t i o n  a n d  t h a t  t h e  i n f l u e n c e  o f  t h e s e  h o r m o n e s  o n  
m em ory  m ay b e  c o m p le x .

246.6  THE PITUITARY - THYROID AXIS IN PREMENSTRUAL SYNDROME,  
N. Brayshaw*, M.S. Gold,  Research F a c i l i t i e s ,  F a ir  Oaks 
H o sp ita l, Summit, N . J .  07901

Lethargy, fa tig u e , increased  a p p e t i te ,  s leep  
d is tu rbance  and o th e r symptoms repo rted  in  prem enstrual 
syndrome (PMS) a re  c o n s is te n t w ith  th y ro id  hypofunction. 
However, almost every hormonal system bu t the  th y ro id  has 
been s tud ied  in  PMS p a t ie n ts .  Since the  th y ro tro p in  
re le a s in g  hormone (TRH) t e s t  has become an e s s e n t ia l  p a r t  
in  the  comprehensive ev a lu a tio n  of the  p a t ie n t  w ith  a 
f a i l in g  th y ro id , i t s  use provides an opportun ity  to  
ev alu ate  the  th y ro id  ax is  in  PMS.

A fte r an overnight f a s t  each p a t ie n t  was a t  r e s t  in  
bed a t  800 h fo r  the  ad m in is tra tio n  of TRH a t  900 h. 
Blood was taken a t  859 fo r  r T3U, T3RIA, T4 , and TSH 
and a t  9:15, 9 :30, 10:00, 10:30 fo r  TSH. The d iffe ren c e  
between the  peak and b a se lin e  TSH (TSH) was then  
determ ined (normal i s  7-15 u n i ts ) .

We found an augmented TSH response in  20 consecu tive  
p a t ie n ts ,  e x h ib itin g  PMS, as compared to  th e  absence of 
such a response in  13 age and sex matched p a t ie n ts  who d id  
not complain of PMS. A ll p a tie n ts  w ith  IMS have a TSH 
g re a te r  than 15 and many a re  considerab ly  h ig h e r. The 
mean TSH fo r  those w ith  PMS is  ( TSH=22.3) 
s ig n if ic a n t ly  (p 0 . 0 1 ) h igher when compared to  matched 
p a tie n ts  (TSH=9) w ithout PMS.

Hypothyroidism i s  not an a l l  or none phenomenon. 
There a re  grades of thy ro id  f a i lu r e .  An augmented TSH 
l ik e  th a t  repo rted  here  fo r  p a tie n ts  w ith  PMS i s  found in  
p a tie n ts  w ith  f a i l in g  th y ro id  fu n c tio n s . P rev iously  only 
those w ith Grade 1 or o v e rt myxedema were s tu d ied  in  PMS 
s tu d ie s . Here, p a tie n ts  w ith  su b tle  abno rm alitie s  in  TSH 
re sp o n siv ity  to  TRH, described  as Grade 3 o r su b c lin ic a l  
hypothyroidism , were id e n t i f ie d .  In  th ese  PMS p a tie n ts  
50% were Grade 3 s u b c lin ic a l hypothyroidism , 35% were 
Grade 2 or mild hypothyroidism ; and 15% were Grade 1 or 
o v e rt hypothyroidism . An a d d itio n a l im portant subgroup 
accounting fo r  35% of a l l  the  p a t ie n ts  w ith  IMS were those 
w ith the  d isease  re fe rre d  to  as symptomless autoimmune 
th y ro id i t i s  (SAT), ch a rac te riz e d  by an augmented TSH, 
symptoms of a mood d is tu rb an ce , and presence of 
a n tith y ro id  antibodies(ATA). I t  i s  c e r ta in ly  not 
" symptomless" in  IMS.

Thyroid hypofunction may be an e tio lo g y  of PMS o r a 
s ig n if ic a n t subgroup of p a tie n ts  complaining of PMS.

2 4 6 .7   IN H IB IT IO N  OF CELL NUCLEAR ANDROGEN RECEPTOR BINDING AND 
MASCULINE COPULATORY BEHAVIOR BY A NEW ANTIANDROGEN, 
S C H 1 6 4 2 3 .  M .Y .M c G in n is * , M .C .M ir th *  a n d  A .R .L u m ia * 
( S P O N : J . E . S h r i v e r ) .  D e p t . o f  A n a to m y , M oun t S i n a i  S c h o o l  
o f  M e d ic i n e  o f  t h e  C i t y  U n iv .  o f  New Y o r k ,  NY, NY 1 0 0 2 9 .

T h e  a n t i a n d r o g e n ,  f l u t a m i d e ,  d o e s  n o t  c o n s i s t e n t l y  
i n h i b i t  c o p u l a t o r y  b e h a v i o r  i n  m a le  r a t s ,  n o r  d o e s  i t  
i n h i b i t  a n d r o g e n  r e c e p t o r  b i n d i n g  i n  v i t r o . T h i s  h a s  l e d  t o  
t h e  s u g g e s t i o n  t h a t  a  m e t a b o l i t e ,  r a t h e r  t h a n  f l u t a m i d e  
i t s e l f ,  m ay  b e  t h e  a n t i a n d r o g e n i c  a g e n t .  We h a v e  t e s t e d  t h e  
e f f e c t s  o f  a  f l u t a m i d e  m e t a b o l i t e ,  SC H 16423 ( S c h e r i n g ,  
C o r p . )  , o n  t h e  d i s p l a y  o f  m a s c u l i n e  c o p u l a t o r y  b e h a v i o r  a n d  
o n  c e l l  n u c l e a r  a n d r o g e n  r e c e p t o r  b i n d i n g  i n  b r a i n .  We 
a s s e s s e d  t h e  e f f e c t i v e n e s s  o f  SC H 16423 t o  i n h i b i t  b o t h  
m a i n t e n a n c e  a n d  r e s t o r a t i o n  o f  c o p u l a t i o n  i n  L o n g - E v a n s  m a le  
r a t s .  To t e s t  r e s t o r a t i o n ,  a n i m a l s  w e r e  c a s t r a t e d  4 w e e k s  
p r i o r  t o  s c  i m p l a n t a t i o n  o f  2  10mm t e s t o s t e r o n e  ( T ) - f i l l e d  
S i l a s t i c  c a p s u l e s .  R a t s  r e c e i v e d  e i t h e r  15 mg SC H 16423 
d a i l y  o r  o i l  v e h i c l e .  P o s t - h o r m o n e  t e s t s  w e r e  g i v e n  o n  d a y s  
4 ,  7  a n d  1 1 .  C o p u l a t o r y  b e h a v i o r  w as  v i r t u a l l y  e l i m i n a t e d  
a f t e r  11 d a y s  o f  SC H 16423 t r e a t m e n t .  To t e s t  t h e  r o l e  o f  
SC H 16423 i n  t h e  m a i n t e n a n c e  o f  c o p u l a t i o n ,  T - f i l l e d  c a p s u l e s  
w e r e  i m p l a n t e d  s c  a t  t h e  t i m e  o f  c a s t r a t i o n .  A n im a ls  
r e c e i v e d  d a i l y  i n j e c t i o n s  o f  0 , 1 , 5 , o r  30  mg SC H 16423 
s t a r t i n g  o n  t h e  d a y  o f  c a s t r a t i o n .  A l th o u g h  s e v e r a l  
p a r a m e t e r s  o f  m a s c u l i n e  c o p u l a t o r y  b e h a v i o r  w e r e  a f f e c t e d  b y  
S C H 16423 t r e a t m e n t  d u r i n g  t h e  t h r e e  p o s t - h o r m o n e  t e s t s ,  
e j a c u l a t i o n  w as  n o t  p r e v e n t e d  b y  S C H 1 6 4 2 3 . I n  t h e  
b i o c h e m i c a l  s t u d i e s ,  we u s e d  a n  e x c h a n g e  a s s a y  t o  d e t e r m i n e  
t h e  e f f e c t i v e n e s s  o f  SC H 16423 i n  b l o c k i n g  c e l l  n u c l e a r  
a n d r o g e n  r e c e p t o r  b i n d i n g  b o t h  i n  v i v o  a n d  i n  v i t r o .  F o r  i n  
v i v o  t e s t s ,  c a s t r a t e ,  T - i m p l a n t e d  r a t s  r e c e i v e d  a  s i n g l e  
i n j e c t i o n  o f  0 , 1 , 5 , 15 o r  30 mg SC H 16423 1 h r  p r i o r  t o  
k i l l i n g .  R e s u l t s  i n d i c a t e  t h a t  a n d r o g e n  r e c e p t o r  b i n d i n g ,  
i n  c o m b in e d  h y p o t h a l a m u s ,  p r e o p t i c  a r e a ,  a m y g d a la  a n d  s e p tu m  
(H PA S) i s  i n h i b i t e d  a t  a l l  SC H 16423 d o s e s .  F o r  i n  v i t r o  
a s s a y s  s a m p l e s  f ro m  HPAS w e r e  i n c u b a t e d  w i t h  
10- 9 - 10- 6 M d i h y d r o t e s t o s t e r o n e  (D H T ), SC H 16423 o r  
f l u t a m i d e .  DHT w a s  a  s t r o n g  c o m p e t i t o r  a n d  SC H 16423 a  
m o d e r a t e  c o m p e t i t o r  f o r  a n d r o g e n  r e c e p t o r  b i n d i n g  i n  v i t r o . 
F l u t a m i d e  w a s  i n e f f e c t i v e .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  
SC H 16423 e f f e c t i v e l y  r e d u c e s  m a s c u l i n e  c o p u l a t o r y  p o t e n t i a l ,  
p r i m a r i l y  a f f e c t i n g  r e s t o r a t i o n  o f  b e h a v i o r ,  a n d  t h a t  
SC H 16423 i n h i b i t s  c e l l  n u c l e a r  a n d r o g e n  r e c e p t o r  b i n d i n g  
b o t h  i n  v i v o  a n d  i n  v i t r o .  SC H 16423 m ay s e r v e  a s  a  v a l u a b l e  
t o o l  f o r  t h e  e x p l o r a t i o n  o f  a n d r o g e n  a c t i o n  i n  b r a i n .

( S u p p o r t e d  b y  a  g r a n t  f ro m  M o u n t S i n a i  M e d ic a l  C t r )

2 4 6 .8   RETENTION OF HYPOTHALAMIC NUCLEAR PROGESTIN RECEPTORS MAY 
MODULATE HEAT DURATION IN  FEMALE GUINEA P IG S .  T h e o d o r e  J .  
B row n*  a n d  J e f f r e y  D . B l a u s t e i n  (SPO N : J e r r o l d  M e y e r ) .   D iv .  
o f  N e u r o s c i .  a n d  B e h a v i o r ,  U n iv .  o f  M a s s . ,  A m h e r s t ,  MA 0 1 0 0 3

E s t r a d i o l  ( E 2 ) a n d  p r o g e s t e r o n e  ( P )  i n t e r a c t  t o  a c t i v a t e  
a  p e r i o d  o f  s e x u a l  r e c e p t i v i t y  ( h e a t )  i n  f e m a le  g u i n e a  p i g s .  
T h i s  a c t i v a t i o n  i s  t h o u g h t  t o  b e  m e d i a t e d  b y  h y p o t h a l a m i c  
i n t r a c e l l u l a r  p r o g e s t i n  r e c e p t o r s  ( P R s ) .  We h a v e  r e c e n t l y  
s u g g e s t e d  t h a t  t h e  r e t e n t i o n  o f  h y p o t h a l a m i c  n u c l e a r - b o u n d  
PR s a f t e r  P t r e a t m e n t  m o d u la t e s  h e a t  d u r a t i o n  i n  f e m a le  
g u i n e a  p i g s .  E x p e r im e n t s  w e r e  c o n d u c te d  t o  i n v e s t i g a t e  
f u r t h e r  t h e  r e l a t i o n s h i p  b e tw e e n  h e a t  d u r a t i o n  a n d  n u c l e a r  
PR r e t e n t i o n .

I n  o v a r i e c t o m i z e d  (O V X ), h o r m o n a l ly  t r e a t e d  g u i n e a  p i g s ,  
h e a t  t e r m i n a t i o n  o c c u r s  d e s p i t e  t h e  c o n t i n u e d  p r e s e n c e  o f  E2 
a n d  P .  I f  h e a t  d u r a t i o n  i s  m o d u la t e d  b y  n u c l e a r  r e t e n t i o n  
o f  P R s , t h e n  r e c e p t o r  l e v e l s  s h o u ld  d e c l i n e  i n  t h e  p r e s e n c e  
o f  e l e v a t e d  b l o o d  E2 a n d  P l e v e l s .  A S i l a s t i c  c a p s u l e  c o n 
t a i n i n g  E 2 w as i n s e r t e d  ( s c )  i n t o  OVX g u i n e a  p i g s .  F o r t y -  
e i g h t  h l a t e r ,  a  3 cm P - f i l l e d  o r  e m p ty  c a p s u l e  w as  i n s e r t e d  
a n d  h y p o t h a l a m i c  c y t o s o l  a n d  n u c l e a r  PR l e v e l s  w e r e  m e a s u r e d  
4 ,  1 4 ,  1 8 ,  a n d  20  h l a t e r .  As p r e d i c t e d ,  n u c l e a r  PR l e v e l s  
a p p r o a c h e d  b a s e l i n e  a t  a b o u t  t h e  sam e  t im e  a s  h e a t  t e r m i n a 
t e d  i n  s i m i l a r l y - t r e a t e d  a n i m a l s .

I n  a  s e c o n d  e x p e r i m e n t ,  OVX g u i n e a  p i g s  w e r e  i n j e c t e d  
w i t h  10 u g  e s t r a d i o l  b e n z o a t e  a n d  r e c e i v e d  a  1 cm P c a p s u l e  
o r  a n  e m p ty  c a p s u l e  4 0  h  l a t e r .  Two h l a t e r ,  t h e  c a p s u l e s  
w e r e  re m o v e d  f ro m  o n e - h a l f  o f  t h e  a n i m a l s ,  a n d  n u c l e a r  PR 
l e v e l s  w e r e  d e t e r m i n e d  1 ,  4 ,  8 , a n d  16  h  a f t e r  c a p s u l e  
r e m o v a l .  A t 4 a n d  8 h ,  r e c e p t o r  l e v e l s  w e r e  d e c r e a s e d  i n  
a n i m a l s  e x p o s e d  t o  c a p s u l e s  f o r  2 h  a s  c o m p a r e d  t o  l e v e l s  
m e a s u r e d  i n  c o n t i n u o u s l y - e x p o s e d  a n i m a l s .  By 16  h ,  r e c e p t o r  
l e v e l s  h a d  r e t u r n e d  t o  b a s e l i n e  i n  t h e  2 h  e x p o s e d  g r o u p  
w h i l e  l e v e l s  w e r e  s t i l l  s l i g h t l y  e l e v a t e d  i n  t h e  c o n t i n u 
o u s l y - e x p o s e d  g r o u p .  I n  a  s e p a r a t e  e x p e r i m e n t ,  s i m i l a r l y -  
t r e a t e d  a n i m a l s  w e r e  t e s t e d  h o u r l y  f o r  l o r d o s i s .  C o n t r a r y  t o  
o u r  p r e d i c t i o n  b a s e d  o n  t h e  r e s u l t s  o f  t h e  PR a s s a y s ,  n o  
d i f f e r e n c e  w as  o b s e r v e d  i n  t h e  t im e  o f  h e a t  t e r m i n a t i o n  f o r  
r e s p o n d i n g  a n i m a l s .  H o w e v e r ,  f e w e r  a n i m a l s  r e s p o n d e d  i n  t h e  
g r o u p  e x p o s e d  t o  P c a p s u l e s  f o r  2 h  (42%  v s . 6 3 % ).

T h e s e  d a t a  f u r t h e r  s u p p o r t  t h e  h y p o t h e s i s  t h a t  n u c l e a r  PR 
r e t e n t i o n  m o d u la t e s  h e a t  d u r a t i o n .  H o w e v e r ,  t h e  c o r r e l a t i o n  
b e tw e e n  PR r e t e n t i o n  a n d  h e a t  d u r a t i o n  m ay n o t  b e  a s  t i g h t  a s  
o r i g i n a l l y  p r o p o s e d .  E x p e r im e n ts  u s i n g  a  p r o g e s t i n  a n t a g 
o n i s t  a r e  c u r r e n t l y  b e i n g  c o n d u c te d  t o  i n v e s t i g a t e  t h i s  
r e l a t i o n s h i p  f u r t h e r .

S u p p o r t e d  b y  NS 1 9 3 2 7  f ro m  N . I .H .
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246.9  BLOCKADE OF PROGESTERONE FACILITATION IN FEMALE HAMSTERS BY 
 ANISOMYCIN IN HYPOTHALAMIC AND MIDBRAIN SITES.  E.T. Pleim* 

and J .F .  DeBold.  Dept. Psych. T ufts U niv ., Medford MA 02155.
The behav io ra l e f fe c ts  of s te ro id  hormones a re  thought to 

be mediated by recep tor-induced  changes in  p ro te in  syn thesis  
in  c e n tra l  ta rg e t  neurons. Because the  time course fo r pro
geste rone  (P) ac tio n  is  so much sh o rte r  than th a t fo r E 
(0 .5 -3  h rs vs 1-2 days) a p ro te in  syn thesis  mechanism fo r P 
a c tio n  has been questioned . However, the p ro te in  syn thesis  
in h ib i to r  anisomycin blocks P f a c i l i t a t i o n  of sexual recep
t i v i t y  in estrogen-prim ed female r a ts  when given system ica l
ly ,  or i f  i t  is  app lied  d ir e c t ly  to  the VMH, but not a f te r  
POA or m idbrain a p p lic a tio n s ,  supporting  the view th a t both 
E and P may have th e i r  e s s e n t ia l ,  f a c i l i t a t i n g  e f fe c ts  on 
female sexual behavior in  the same area  of the b ra in . 
However, the VMH may not be the only s u f f ic ie n t  s i t e  fo r P 
f a c i l i t a t i o n  in  o the r sp ec ie s . Since th e re  a re  2 s e n s itiv e  
s i te s  fo r P a c tio n  in ham sters: the v e n tra l tegm ental area  
(VTA) and the  VMH, we te s te d  these  s i t e s ,  and the mPOA, fo r 
s e n s i t iv i ty  to  anisomycin blockade of P f a c i l i t a t i o n  in es
trogen-prim ed female ham sters.

Female ham sters were s te r e o ta x ic a lly  implanted w ith b i l a 
te r a l  guide tubes aimed a t e i th e r  the mPOA, VMH, or VTA. 
One week l a t e r ,  44 hrs a f te r  priming w ith 10 ug EB (SC) 30 
ga inner cannulae con tain ing  anisomycin were lowered to  the 
ta rg e t s i t e s .  Then 30 mins l a t e r ,  the females were in je c ted  
w ith  500 ug P. Two hrs a f te r  P, anisomycin in s e r ts  were 
withdrawn. Four h rs a f te r  receiv in g  the P, the females were 
given a 10 minute t e s t  fo r  re c e p t iv ity  in  10 g a l.  aquaria  
w ith sex u a lly  a c tiv e  m ales. The same procedure was repeated  
one week l a t e r ,  except w ithout anisomycin in the in s e r ts .  
Only animals which showed sexual re c e p t iv ity  on the te s t  one 
week a f te r  anisomycin were included in  the a n a ly s is .

Anisomycin im plants blocked re c e p t iv ity  in a 
s i t e - s p e c i f i c  fashion  but did not have any o the r observable 
e f fe c ts  on behav ior. R ecep tiv ity  was in h ib ite d  w ith in t r a 
c ra n ia l  anisomycin in 18/19 VMH anim als, 12/13 VTA ham sters, 
but only 2/12 POA implanted hamsters were in h ib ite d . 
Anisomycin app lied  to  o th e r b ra in  regions did not gen era lly  
in h ib i t  the response to  P. These r e s u l ts  are  d if f e r e n t  than 
those repo rted  fo r r a ts  in  which only VMH anisomycin in h i
b i t s  P response. This species d iffe ren ce  may r e f le c t  the 
added importance of m esencephalic s i t e s  of a c tio n  fo r P in 
ham sters. Two s i te s  of P ac tio n  appear to  be e s s e n tia l  for 
f a c i l i t a t i o n  of r e c e p t iv ity  in  ham sters. This may be r e l a t 
ed to the r ig id ,  immobile lo rd o s is  posture  the female ham
s te r  assumes when she is  re c ep tiv e .

246.10  GONADAL STEROIDS AND PROTEINS IN THE MEDIAL PREOPTIC (MPO) 
 AND VENTROMEDIAL HYPOTHALAMIC (VMH) NUCLEI OF BOTH SEXES.

C. W. Scouten, W.E. Heydom, G .J. Creed* C.W. Malsbury and 
D. M. Jacobow itz.  Laboratory o f C lin ic a l  Science, NIMH, 
Bethesda, MD 20205.

Several l in e s  of evidence converge on the  cu rren t view 
th a t  the  e f fe c ts  o f gonadal s te ro id s  on behavior a re  medi
a ted  by d ire c t  e f f e c ts  o f these  hormones on p ro te in  synthe
s is  in  neurons o f the  hypothalamus and lim bic  system th a t  
con ta in  s p e c if ic  re cep to r p ro te in s .  Neurons m ediating the  
e f f e c ts  o f androgen on male sexual behavior a re  be liev ed  to  
be concen trated  in  the  MPO, w hile those m ediating th e  e f fe c ts  
o f estrogen -p rogeste rone  on female sexual behavior a re  be
liev ed  to  be concen trated  in  the  l a t e r a l  VMH.

We compared p ro te in  p ro f i le s  from both the  l a t e r a l  VMH 
and the  MPO of male and female r a t s  s a c r if ic e d  in  s te ro id  
s ta te s  th a t  decide copu lato ry  p o te n t ia l .  The MPO and VMH 
were punched from b ra in s  o f gonadally  in ta c t  m ales, induced
e s tro u s  females (Ovx+E2+P ), and males and females gonadecto
mized fo r  one month. P ro te in s  from each nucleus were sepa
ra te d  by 2-dim ensional ge l e le c tro p h o re s is . The g e ls  were 
s i lv e r  s ta in ed  and about 150 p ro te in s  from each nucleus were 
q u a n tif ie d  by computerized o p t ic a l  densitom etry .

Sex d iffe ren c e s  in  the  l ev e ls  o f 15 p ro te in s  in  the  MPO 
(6 males h igh , 9 females high) and 2 p ro te in s  in  th e  VMH 
(1 male h igh , 1 female high) were d e tec ted . Of the  15 sex 
d iffe ren c e s  in  POM, 7 were e lim ina ted  by gonadectomy, 3 were 
a tte n u a te d , and 5 were no t a ffe c te d . In  the  VMH, 1 was 
e lim in a ted , 1 a tten u a ted . In  a l l ,  14 p ro te in s  in  the  MPO of 
males (10 reduced, 4 increased  by c a s t r a t io n ) , 11 p ro te in s  in  
the  MPO o f females (9 reduced, 2 increased  by ovariectom y), 
10 p ro te in s  in  the  VMH of males (2 reduced, 8 inc reased  by 
c a s tra tio n )  and 11 p ro te in s  in  the  VMH of females (4 reduced, 
7 increased  by ovariectomy) were in fluenced  by gonadectomy. 
Several in te r e s t in g  p a tte rn s  were noted . Serum albumin was 
high in  the  MPO o f in ta c t  males as compared to  a l l  o th e r 
groups and high in  the VMH of e s tro u s  females as compared to  
ovariectom ized fem ales. Three o th e r p ro te in s  showed s im ila r  
re v e rs a ls  o f p a tte rn  between MPO and VMH. In c lu s io n  of the 
sexua lly  dimorphic nucleus of the  p re o p tic  a rea  may be re s 
ponsib le  fo r  the  h ighe r incidence o f sex d iffe ren c e s  in  pro
te in  d en sity  in  MPO as compared to  the  VMH. P ro te in  changes 
in  the  female MPO follow ing gonadectomy may be a r e f le c t io n  
o f  gonadal s te ro id  e f fe c ts  on m aternal behavior and p i tu i ta r y  
re g u la tio n  of gonadotropins. The changes in  p ro te in  d en sity  
observed in  the  VMH follow ing c a s tra t io n  may suggest a func
t io n a l  ro le  of gonadal s te ro id s  in  th i s  nucleus in  the  male.

246 .11  CHANGES IN DORSAL MIDBRAIN SINGLE UNIT EXCITABILITY DUE 
TO OVARIAN HORMONE ADMINISTRATION IN GOLDEN HAMSTERS.  
M.D. Havens and J.D . Rose  Dept. of Psychol. Univ. of 
Wyoming, Laramie, Wy 82071

The d o rsa l m idbrain i s  c r i t i c a l  to  the n eu ra l con
t r o l  of ham ster lo rd o s is  s ince  b i l a t e r a l  le s io n s  of the 
deep tectum a b o lish  th is  behavior. The tectum a lso  con
ta in s  neurons which respond s tro n g ly  to  lo rd o s is -  
e l i c i t i n g  types of somatic s tim u la tio n . These u n it 
responses a re  s e le c tiv e ly  enhanced by a d m in is tra tio n  of 
a lo rd o s is -in d u c in g  in je c t io n  sequence of e s tr a d io l  and 
progesterone (Rose and B ieber, J .  N europhysio l., 1984,
51, 1040-1054). In  the p resen t s tudy , we evaluated  the 
p o s s ib i l i ty  of a d i r e c t  in flu en ce  of ovarian  hormones on 
the e x c i ta b i l i ty  of deep t e c t a l  neurons by examining the 
responses of these  c e l l s  to  orthodrom ic and antidrom ic 
a c t iv a t io n  by v e n tra l  m idbrain s tim u la tio n . T ec ta l 
neurons were recorded from p rev iously -ovariec tom ized , 
u re th an e -an es th e tiz ed  golden ham sters before and a f te r  
a d m in is tra tio n  of progesterone in  propylene g lyco l ve
h ic le .  The ham sters were e i th e r  primed w ith 10 ug 
e s t r a d io l  benzoate 40 h r p r io r  to  p rep a ra tio n  fo r  re 
cording or unprimed. The a c t iv i ty  of some s in g le  u n its  
was recorded both before and a f te r  progesterone in je c 
t io n ,  whereas o th e r c e l l s  were recorded e i th e r  before or 
a f t e r  the  hormone ad m in is tra tio n . P rogesterone de
creased  the  orthodrom ic e x c i ta b i l i ty  of d o rsa l m idbrain 
s in g le  u n its  in  e s trad io l-p rim ed  anim als such th a t  the 
average number of sp ik es /s tim u lu s  was reduced. Pro
geste rone  a lso  reduced the antidrom ic e x c i ta b i l i ty  of 
some t e c t a l  neurons, a t te n u a tin g  the som a-dendritic  
p o rtio n  of the sp ike waveform. Other c e l l s  showed en
hanced e x c i ta b i l i ty  in  the form of a more rap id  r i s e  
ra te  of the  antidrom ic sp ike waveform. Both of these  
e f fe c ts  on antidrom ic sp ikes occured in  the  f i r s t  30 min 
fo llow ing a progesterone in je c t io n  and were seen whether 
or not the animal was e s trad io l-p rim e d . C ontrol in je c 
tio n s  of propylene g ly co l v eh ic le  w ithout progesterone 
did  not a f f e c t  u n it  orthodrom ic or an tidrom ic e x c i t 
a b i l i t y .  Thus, i t  appears th a t  progesterone may a f f e c t  
both tra n ssy n a p tic  and antidrom ic e x c i ta b i l i ty  of d o rsa l 
m idbrain neurons. However, the  n eu ra l locus of these  
hormone e f f e c ts  i s  u n ce rta in  and may involve a remote 
s i t e  of a c tio n  w ith secondary e f f e c ts  in  the tectum.

Supported by N .I.H . Grant NS 13748.

246. 12  EFFECTS OF ASYMMETRICAL SEPTAL LESIONS AND FRONTOLATERAL 
HYPOTHALAMIC KNIFE CUTS ON LORDOSIS BEHAVIOR OF RATS.  T.R. 
King* and D.M. Nance.  Dept. of Anatomy, Dalhousie U niv., 
H alifax , Nova S co tia , B3H 4H7 (Spon: J.A . Armour).

I t  i s  believed  th a t  two prim ary c o n tro l systems re g u la te  
female sexual behav ior. E le c tro ly t ic  le s io n s  and k n ife  cu t 
experim ents have shown th a t  f a c i l i t a to r y  c o n tro l o r ig in a te s  
from the medial hypothalamic region  whereas in h ib ito ry  con
t r o l  i s  mediated by extrahypothalam ic reg ions such as the  
s ep ta l a re a . I t  has been proposed th a t  th ese  two opposing 
systems e x e r t independent co n tro l over female sexual behav
io r  (Yamanouchi, P&B, 25 , 1983). To t e s t  t h i s  hypothesis 
we have in v e s tig a te d  the  e f fe c ts  of u n i la te r a l  hypothalamic 
d e a ffe re n ta tio n s  followed by u n i la te r a l  e le c t r o ly t i c  s e p ta l  
le s io n s  on female sexual behav ior. Using an ex trudab le  
Halász type k n ife  (1.5 mm rad iu s) ovariectom ized female r a t s  
were given f r o n to la te r a l  hypothalamic k n ife  cu ts  on e i th e r  
the  l e f t  or r ig h t  s ide  of the b ra in  (FLC-L, FLC-R) or sham 
surgery . Female sexual behavior was te s te d  tw ice , f i r s t  
w ith 2 µg e s tr a d io l  benzoate (EB) fo r  3 days and te s te d  on 
day 4 (EB a lo n e ) , and then immediately fo llow ing the  t e s t ,  
r a t s  were in je c te d  w ith 0.5 mg of progesterone (P) and 
te s te d  4-6 hours l a t e r  (EB+P). Subsequently, a l l  anim als 
received  u n i la te r a l  e le c t r o ly t i c  le s io n s  of the  l a t e r a l  
s e p ta l a rea  on the  r ig h t  s id e of the  b ra in . Animals were 
then re te s te d  fo r  female sexual behavior as o u tlin ed  above 
(EB alone and EB+P). Rats were then perfu sed  and b ra in s  
processed fo r  h is to lo g y . The behav io ra l d a ta  was analyzed 
by ANOVA with repeated  measures and s ig n if ic a n t  find ings  
were as fo llow s: FLC-L and FLC-R groups ex h ib ited  le v e ls  
of lo rd o s is  behavior comparable to  sham operated  r a t s  
follow ing both EB alone and EB+P tre a tm en ts . Following u n i
l a t e r a l  e le c t r o ly t ic  s ep ta l le s io n s  th e re  was an in c rease  
(p<0.05) in  lo rd o s is  behavior across a l l  groups which was 
sp e c if ic  to  the EB alone t e s t .  However, th e re  were no group 
d iffe ren c e s  between the  anim als w ith i p s i l a t e r a l  v s . co n tra 
la t e r a l  hypothalamic kn ife  cu ts  and s e p ta l  le s io n s  and r e 
la t iv e  to  anim als w ith u n i la te r a l  s e p ta l le s io n s  and sham 
k n ife  c u ts .  Thus the  in c rease  in  lo rd o s is  behavior a sso c ia 
ted  w ith s e p ta l  le s io n s  i s  independent of the medial hypo
thalam ic connections which m ediate f a c i l i t a to r y  c o n tro l over 
female sexual behav ior. These r e s u l t s  support the  concept 
th a t  these  f a c i l i t a to r y  and in h ib ito ry  systems ex e r t inde
pendent c o n tro l over female sexual behavior and i s  not 
mediated by l a t e r a l  sep tal-hypothalam ic connections.  
(Supported by MRC of Canada).
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246.13  METHYLTRIENOLONE (R1881) FACILITATES FEMALE MATING BEHAVIOR 
IN ESTROGEN-PRIMED OVARIECTOMIZED RATS AND HAMSTERS.  K.L. 
O lsen, E.T. Plelm*, C.A. L lsc lo tto *  and J .F .  DeBold.  D ept. 
P sy ch ia try  and Behav. S c i . ,  SUNY, Stony Brook, NY 11794; and 
D ept. of Psychology, T ufts  U n iv e rs ity , Medford, MA 02155

M ethy ltrieno lone (R1881 -  17α-hydroxy-17α-m e th y l-e s tra -  
4 ,9 ,11- tr ie n -3 -o n e )  has been shown to be a va luab le  ligand 
in  both behav io ra l and s te ro id -re c e p to r  binding s tu d ie s .  
This s y n th e tic  s te ro id  binds w ith  high a f f in i ty  to  androgen 
re c e p to rs , b u t, u n like  te s to s te ro n e  or d ih y d ro te s to s te ro n e , 
i t  i s  not re a d ily  m etabolized . One p o te n tia l  problem in  
using R1881 as an androgen re s u l t s  from i t s  m u lt ip l ic i ty  of 
a c t io n s .  P ro g es tin s , as w ell as androgens, compete s ig n i f i 
c an tly  fo r 3H-R1881 binding in  the preoptic-hypothalam ic 
area  and p i tu i ta r y  (O lsen and Etgen, N eurosci. Abs., 1983). 
Since R1881 in te ra c ts  w ith n eu ra l p ro g estin  binding then 
th is  s y n th e tic  s te ro id  may a lso  have p ro g e s tin - l ik e  
b ehav io ra l p ro p e r tie s .  The p resen t study examines the  
a b i l i t y  of R1881 to  synergize w ith e strogen  in  f a c i l i t a t in g  
female mating behavior in  ovariectom ized r a ts  and ham sters.

In estrogen-prim ed r a t s ,  R1881 was more e f fe c t iv e  than 
p rogesterone in  s tim u la tin g  lo rd o t ic  behav ior. As l i t t l e  as 
5 ug of R1881 f a c i l i t a t e d  both re c ep tiv e  and p rocep tive  
behaviors when given to  females primed 48 and 24 hr e a r l i e r  
w ith 2 ug of e s tr a d io l  benzoate (EB). Mean lo rd o s is  q uo tien t 
fo r th is  group was 9 3 ± 5 .6 . In c o n tra s t ,  25 ug of proges
te rone  was in e f fe c tiv e  in  a c t iv a tin g  female-mating behavior 
even when the EB priming dose i s  h igher than in  the p resen t 
s tudy . Futherm ore, R 1881-treated r a t s  began to  e x h ib it some 
behavior 30 min a f te r  in je c tio n  and the behav io ra l response 
was maximal 1 .5  h r l a t e r .

In  estrogen-prim ed ham sters, R1881 was no more e f fe c tiv e  
than progesterone in  a c t iv a tin g  lo rd o t ic  behav ior, but le s s  
e f fe c t iv e  a t  in h ib it in g  la te r  r e c e p t iv i ty .  We found th a t 
100 ug of R1881 both i n i t i a l l y  f a c i l i t a te d  and la t e r  
in h ib ite d  r e c e p t iv ity  when given to  female ham sters primed 
48 hr e a r l i e r  w ith 10 ug of EB. While 100 ug of progesterone 
was a lso  requ ired  to  f a c i l i t a t e  lo rd o s is ,  only 25 ug of pro
geste rone  was necessary  to  in h ib i t  subsequent re c e p t iv i ty .  
Hamsters tre a te d  w ith 100 ug R1881 began to  e x h ib it lo rd o s is  
by 2 hr and the  response was maximal by 3 h r .

These da ta  in d ic a te  th a t R1881 can be a b eh av io ra lly  
po ten t p ro g es tin  in  both sp ec ie s . While r a t s  and hamsters 
a re  s im ila r  in  th e i r  responsiveness to p rogesterone, r a ts  
a re  more s e n s it iv e  to the p ro g e s tin - l ik e  q u a l i t ie s  of R1881 
than are  ham sters.

246.14  EFFECTS OF THE STEROID ANTAGONIST RU 38486 ON BRAIN CYTOSOL 
PROGESTIN RECEPTOR BINDING AND PROGESTERONE FACILITATION OF 
ESTROUS RESPONSIVENESS IN FEMALE RATS.  A.M. Etgen and R .J. 
B a r f ie ld .  Dept. B io l. S c i . ,  Rutgers U niv ., New Brunswick, 
NJ 08903.

In estrogen-prim ed female ra ts  progesterone (P) 
f a c i l i t a t e s  the  appearance of e s tro u s  responsiveness v ia  an 
action  on the  ventromedial nucleus of the  hypothalamus 
(VMN). In the  p resen t study the  a n ti p ro g estin  RU 38486 was 
implanted in to  the VMN and o th e r b ra in  regions in o rder to  
determ ine (1) i f  the  compound would in te r f e r e  w ith P 
a c t iv a tio n  of e stro u s  behavior and (2) i f  the  an tag o n is t 
would ex e r t i t s  e f fe c ts  a t  the presumed s i t e  of P action  
and /or a t  o th e r lo c i involved in the  reg u la tio n  of e stro u s  
behavior. I t  appears th a t  im plants of RU 38486 in to  the  
VMN antagonize the  e f fe c ts  of sy stem ica lly  adm inistered  P 
on e stro u s  behavior. P relim inary  evidence a lso  suggests 
th a t  the ac tio n  of P on o th e r b ra in  s tru c tu re s  might be 
necessary fo r  the  fu l l  expression  of e s tro u s  responsiveness.

We explored the mechanism of RU 38486 ac tio n  in b ra in  by 
determ ining i t s  a b i l i ty  to  in te r a c t  w ith hypothalamus- 
p reo p tic  area (HPOA) s te ro id  re c ep to rs . RU 38486 appeared 
to  be a com petitive in h ib i to r  of p rogestin  binding to  b ra in  
cytosol recep to rs  with an apparent a f f in i ty  equal to  th a t  
of the  po ten t sy n th e tic  p rogestin  R5020. Binding isotherm s 
constructed  with increasing  concen tra tions  of rad io lab e led  
RU 38486 showed th a t  binding did not s a tu ra te  u n ti l  
r e la t iv e ly  high ligand concen tra tions  (10 nM) were added. 
The number of RU 38486 binding s i t e s  in HPOA cy toso ls  
increased  approxim ately 50% in female r a ts  primed w ith 8 µg 
of e s tra d io l benzoate. In com petition s tu d ie s ,  RU 38486 
was the  most e f fe c tiv e  com petitor fo r  i t s  own binding 
s i t e s .  The p rogestin s  R5020 and P a lso  competed fo r  RU 
38486 binding but were 4- to  5 -fo ld  le s s  e f fe c tiv e  than RU 
38486. The c o rtic o id s  c o rtic o s te ro n e , c o r t i s o l ,  dexoy
c o rtico s te ro n e  and triam cinolone competed 4 -fo ld  le ss  
e f fe c tiv e ly  than the  p ro g e s tin s . T estosterone  and 
e s tra d io l did not d isp lace  rad io lab e led  RU 38486 except a t 
high concen tra tions  (2-10 µM). Thus RU 38486 appears to 
bind with h ighest a f f in i ty  to  HPOA p ro g estin  re c ep to rs ; 
however, i t  is  apparent th a t  the  an tag o n is t binds to  o th e r 
s i t e s  ( e .g . ,  g lu co co rtico id  recep to rs) as w e ll. These data 
suggest th a t  the  in h ib it io n  of e stro u s  responsiveness 
re s u lts  from the compound's in te rfe ren c e  w ith p rogestin  
b inding . Supported by g ran ts  MH36041 to  AME and HD04484 to  
RJB. The RU 38486 was a generous g i f t  of Roussel -UCLAF, 
Rom a in e v ille , France.

246.15  INDUCTION OF MALE-TYPICAL AGGRESSION BY ANDROGENS BUT NOT 
BY ESTROGENS IN ADULT FEMALE MICE.  N.G. Simon,  Dept. of 
Psychology, Lehigh U niv ., Bethlehem, PA 18015,  R.E. 
Whalen, and M.P. T ate ,  Dept. of Psychology, Univ. of 
C a l i f . ,  R iv e rsid e , CA 92521.

A major controversy  in  neuroendocrinology concerns the 
ro le  of the arom atized and 5a reduced m etabo lites  of 
te s to s te ro n e  (T) in  the  a c t iv a tio n  of interm ale  
agg ress ion . To fu r th e r  explore  th is  is su e , we examined 
the a b i l i t y  of various androgens and estrogens to  induce 
m a le -ty p ica l aggression  in  ad u lt female mice, a commonly 
used model system in  aggression  re sea rch .

CF-1 female mice were m aintained according to  the 
"P r in c ip le s  fo r  Use of A nim als." They were ovariectom ized 
under e th e r  a n e s th e sia  and were given a s i l a s t i c  im plant 
co n ta in in g  e i th e r  T, d ihyd ro tes te rone  (DHT), 
m ethy ltrieno lone  (R1881, a sy n th e tic  androgen), E, 
d ie th y l s t i lb e s t r o l  (DES, a s y n th e t ic  e strogen) o r o i l  
v e h ic le . In  t e s t s  fo r  aggression  toward a stim ulus male 
over a 35 day pe rio d , only the  androgen trea tm en ts  
a c t iv a te d  aggression  (p ropo rtion  f ig h t in g : T (8 /1 2 ); DHT 
(6 /1 2 ); R1881 (6 /1 2 ) . The estrogen  trea tm en ts  were 
com pletely in e f f e c t iv e .  A dd itiona l comparisons showed 
th a t  th e re  were no d iffe ren c e s  among the  androgen 
trea tm en ts  e i th e r  in  the  p ro p o rtio n  f ig h t in g  o r in  the 
la ten cy  in  days fo r  aggression  to  appear ( a l l  groups about 
20 days).

Subsequent in  v i t r o  and in  vivo com petition s tu d ie s  
e s ta b lis h e d  the s p e c i f i c i ty  of the  DES and R1881 
trea tm en ts  in  mouse b ra in . DES did  no t compete fo r  3H-DHT 
la b e le d  androgen recep to r w hile R1881 d id  not d isp lace  
3H-DES from estrogen  re c ep to r .

The r e s u l t s  dem onstrate th a t  androgenic s tim u la tio n  
alone i s  s u f f ic ie n t  fo r  the  a c t iv a t io n  of agg ression . The 
d a ta  a ls o  in d ic a te  th a t  arguments fo r  aromat iz a t io n  as the  
prim ary neuroendocrine mechanism fo r  the  induction  of 
aggression  by T re q u ire  m o d ifica tion .

246.16  NON-AROMATIZABLE ANDROGEN ALTERS SNB MOTONEURONAL 
MORPHOLOGY IN ADULT RATS.  Darrell S. Hall*, Renata B. 
Fishman and S. Marc Breedlove (SPON: I.Zucker).  Department of 
Psychology, University of California, Berkeley, CA 94720.

The motoneurons of the spinal nucleus of the bulbocavernosus 
(SNB) innervate the striated perineal muscles bulbocavernosus (BC) 
and levator ani (LA), which mediate androgen-sensitive penile re
flexes important for copulatory plug formation in rats. Both the 
SNB cells and their target muscles possess androgen receptors and 
morphologically respond to androgen manipulations in adulthood. In 
Nissl-stained material, the cross-sectional area of SNB somas and 
nuclei shrink following castration and this effect can be amelio
rated by testosterone propionate treatm ent. We have found that 
treatm ent with the non-aromatizable androgen, dihydrotestoster
one (DHT) also masculinizes the structure of SNB motoneurons.

Adult male Sprague-Dawley rats were castrated and implanted 
s.c. with 3 cm-long Silastic capsules (3.2 mm o.d., 1.6 mm i.d.) 
filled with either testosterone (T) or DHT (Steraloids). Control 
groups were sham operated males with blank capsules and cas tra t
ed males with blank capsules. After 42 days, 8 rats in each group 
were sacrificed and examined. Castration significantly decreased 
BC/LA and seminal vesicle (SV) weight, and both androgens coun
teracted this effect. Injections of DHT augment BC/LA weight 
more than equal dose injections of T. Therefore the smaller 
response of BC/LA to DHT than T capsules indicates that DHT was 
released more slowly than was T. The size of thionin-stained SNB 
motoneuron somata and nuclei also decreased after castration, and 
both T and DHT compensated for this effect (means +SEM):

SV (g) BC/LA(g) SNB soma size Nuclei (µm2)
Sham males: 1.7 ±.12 1.5 ±.07 1326.9 ±70.1 204.7 ±11.3
Castrates: 0.1 ±.02 0.5 ±.03 1091.0 ±47.1 181.4 ± 3.5
Cast. +T: 1.7 ±.07 1.5 ±.06 1302.3 ±43.8 214.9 ±11.8
Cast. +DHT: 1.0 ±.07 1.1 ±.06 1220.5 ±32.7 199.4 ±12.8

Having established that DHT can masculinize SNB system morph
ology, we next attempted to test the hypothesis that T alters SNB 
structure via conversion to DHT. If so, then inhibition of 5-∞ -re
ductase should block the effects of T. The drug 4MA (17β-N,N-di
ethylcarbamoyl-4-methyl-4-aza-5∞-androstan-3-one) is reported to 
act solely as a reductase inhibitor (Brooks et al., 1983, Endoc. 
109, 830) and, as expected, 4-cm silastic capsules of 4MA (Dr.3. 
Brooks, Merck Inst., Rahway, N3) inhibited the effect of T cap
sules on SV weight in castra te  males (from 1.73 ± .07 to 1.54 ± .07 
g). However, this 4MA regimen also inhibited the effec t of DHT 
upon SV (from 1.0 ± .07 to 0.76 ± .05 g), indicating that the drug 
interfered with androgen receptor binding. Thus we can not use 
4MA to test whether T alters SNB structure via reduction to DHT.

Supported by NIH grants # NS19790 and BRSG # RR07006.
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2 4 6 .1 7   EVIDENCE FOR TWO PHASES OF ESTROGEN ACTION IN  THE BRAIN.
A .S .  C l a r k  a n d  E . J .  R o y .  P s y c h o lo g y  D e p a r t m e n t ,  U n i v e r s i t y  
o f  I l l i n o i s ,  C h a m p a ig n ,  I l l i n o i s  6 1 8 2 0 .

T h e  b e h a v i o r a l  a c t i o n s  o f  e s t r o g e n s  (E )  a r e  c h a r a c t e r i z e d  
b y  a  lo n g  i n t e r v a l  b e tw e e n  t h e  a d m i n i s t r a t i o n  o f  t h e  h o rm o n e  
a n d  t h e  b e h a v i o r a l  r e s p o n s e .  Two m a in  t h e o r i e s  d e s c r i b e  t h e  
m e c h a n is m  b y  w h i c h  E m ig h t  a c t  on  t h e  CNS d u r i n g  t h i s  t i m e  
t o  i n d u c e  f e m a l e  s e x u a l  b e h a v i o r  1 )  E " t r i g g e r s "  a n  i n i t i a l  
e v e n t  t h a t  r e s u l t s  i n  a  c h e m i c a l  c a s c a d e  a n d  2 )  E m u s t  b e  
" m a i n t a i n e d "  f o r  a  p e r i o d  d u r i n g  w h ic h  t h e  h o r m o n e  i s  s l o w l y  
c h a n g in g  t h e  c h e m i s t r y  o f  t h e  t a r g e t  c e l l .  A t h i r d  a l t e r n a 
t i v e  i s  t h a t  tw o  o r  m o r e  p r o c e s s e s  a r e  s e q u e n t i a l l y  s t i m u l a 
t e d  b y  t h e  h o r m o n e ;  e v i d e n c e  f r o m  o u r  l a b o r a t o r y  a n d  o t h e r s  
i n d i c a t e s  t h a t  e x p o s u r e  t o  E n e e d  n o t  b e  c o n t i n u o u s  i n  o r d e r  
f o r  a  b e h a v i o r a l  r e s p o n s e  t o  o c c u r ,  b u t  c a n  b e  b r o k e n  dow n 
i n t o  tw o  b r i e f  p e r i o d s  o f  s t i m u l a t i o n .  We h a v e  i n v e s t i g a t e d  
so m e  o f  t h e  c e l l u l a r  e v e n t s  w h ic h  a c c o m p a n y  t h e  tw o  p h a s e s  
o f  e s t r o g e n  a c t i o n .

A f i r s t  e x p e r i m e n t  d e t e r m i n e d  w h e t h e r  t h e  i n d u c t i o n  o f  
n e u r a l  p r o g e s t i n  r e c e p t o r s  (P R ) sh o w s  t h e  sam e  s e n s i t i v i t y  
t o  t h e  t e m p o r a l  p a t t e r n  o f  E a c t i v i t y  a s  d o e s  t h e  b e h a v i o r a l  
r e s p o n s e .  F e m a le  r a t s  r e c e i v i n g  tw o  s e p a r a t e  p u l s e s  o f  
0 . 5  u g  f r e e  e s t r a d i o l  (E 2 ) h a d  i n c r e a s e d  PR r e l a t i v e  t o  
u n t r e a t e d  c o n t r o l  f e m a l e s .  F e m a le s  w ho r e c e i v e d  t h e  sa m e  
t o t a l  d o s e  i n  a  s i n g l e  p u l s e  ( 1 . 0  u g  E2 ) h a d  PR l e v e l s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l s .

We e x a m in e d  t h e  d y n a m ic s  o f  t h e  e s t r o g e n  r e c e p t o r  (ER) 
s y s t e m  d u r i n g  t h e  tw o  p h a s e s  o f  E a c t i o n ,  e v a l u a t i n g  
p o s s i b l e  a l t e r a t i o n s  d u r i n g  t h e  f i r s t  p h a s e  w h ic h  m ig h t  
p o t e n t i a t e  s u b s e q u e n t  h o rm o n e  a c t i o n  i n  t h e  n u c l e u s  d u r i n g  
t h e  s e c o n d  p h a s e .  T h e r e  d i d  n o t  a p p e a r  t o  b e  a n y  r e b o u n d  
i n c r e a s e  i n  c y t o s o l  ER a s  a  c o n s e q u e n c e  o f  p r i o r  E e x p o s u r e .  
We sa w  n o  c h a n g e  i n  E a f f i n i t y  f o r  c y t o s o l  ER a s  m e a s u r e d  b y  
S c a t c h a r d  a n a l y s i s  f o l l o w i n g  e x p o s u r e  t o  E . T h e r e  w a s  n o  
d i f f e r e n c e  i n  d i s s o c i a t i o n  r a t e s  o f  h o rm o n e  f r o m  n u c l e a r  ER 
a f t e r  s i n g l e  v s .  s e p a r a t e  p u l s e s  o f  E2 . H o w e v e r ,  t h e  tw o  
p h a s e s  m ay  d i f f e r  i n  w h a t  h a s  b e e n  t e r m e d  " p r o c e s s i n g "  o f  
r e c e p t o r s .  A r e d u c t i o n  i n  t o t a l  r e c e p t o r  c o n t e n t  ( c y t o s o l  +  
n u c l e a r )  r e f l e c t s  p r o c e s s i n g  o f  r e c e p t o r s .  F e m a le  r a t s  
r e c e i v i n g  tw o  p u l s e s  o f  E2 12 h  a p a r t  h a v e  r e d u c e d  t o t a l  ER 
a f t e r  t h e  s e c o n d  p u l s e  c o m p a r e d  t o  f e m a l e s  r e c e i v i n g  a  
s i n g l e  p u l s e  o f  E2 . I t  m ay  b e  t h a t  tw o  s e p a r a t e  p u l s e s  o f  
E2 i n d u c e  c h a n g e s  i n  t o t a l  ER c o n t e n t  t h a t  a r e  n e c e s s a r y  f o r  
t h e  d i s p l a y  o f  f e m a l e  s e x u a l  b e h a v i o r .

S u p p o r t e d  b y  M H 33577 t o  E JR  a n d  P H S -5 -3 2 -G M 0 7 1 4 3  t o  ASC.

246.18  AROMATASE ACTIVITY IN  RAT HYPOTHALAMIC AND LIM BIC NU CLEI.
C .E .  R o s e l l i *  a n d  J . A .  R e s k o *  (SPO N : H .G . S p i e s ) .   P h y s i o l 
o g y  D e p t . ,  O r e g o n  H e a l t h  S c i e n c e s  U n i v e r s i t y ,  P o r t l a n d ,  OR 
9 7 2 0 1  a n d  R e p r o d u c t i v e  B i o l o g y  a n d  B e h a v i o r ,  O r e g o n  R e g i o n a l  
P r i m a t e  R e s e a r c h  C e n t e r ,  B e a v e r t o n ,  OR 9 7 0 0 6 .

C o n v e r s io n  o f  a n d r o g e n  t o  e s t r o g e n  i n  t h e  r a t  b r a i n  i s  
c a t a l y z e d  b y  a r o m a t a s e  e n z y m e s .  T h e  m axim um  c o n c e n t r a t i o n  
o f  t h e s e  e n z y m e s  a r e  f o u n d  w i t h i n  t h e  h y p o t h a l a m u s  a n d  a m y g 
d a l a  w h e r e  t h e y  a p p e a r  t o  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  
p r o c e s s  b y  w h ic h  a n d r o g e n s  a f f e c t  b o t h  b e h a v i o r  a n d  n e u r o 
e n d o c r i n e  f u n c t i o n .  I n  t h e  p r e s e n t  s t u d y ,  w e h a v e  q u a n t i 
f i e d  t h e  l e v e l s  o f  a r o m a t a s e  a c t i v i t y  (AA) i n  t w e n ty  n u c l e i  
a n d  b r a i n  r e g i o n s  o f  t h e  a d u l t  r a t  b r a i n .  I n d i v i d u a l  n u c l e i  
w e r e  d i s s e c t e d  f ro m  3 0 0 -µ m  f r o z e n  s e c t i o n s  a c c o r d i n g  t o  t h e  
P a l k o v i t z  t e c h n i q u e .  T i s s u e s  f ro m  t h r e e  a n i m a l s  w e r e  
p o o l e d  a n d  AA w a s  m e a s u r e d  b y  a n  i n  v i t r o  r a d i o m e t r i c  a s s a y  
t h a t  q u a n t i f i e s  t h e  s t e r e o s p e c i f i c  p r o d u c t i o n  o f  3H2O f ro m  
[ 1 β - 3H ] a n d r o s t e n e d i o n e  a s  a n  i n d e x  o f  e s t r o g e n  f o r m a t i o n .  

We r e p o r t  t h a t  AA i s  h e t e r o g e n e o u s l y  d i s t r i b u t e d  w i t h i n  t h e  
r a t  b r a i n .  T h e  g r e a t e s t  a m o u n ts  o f  a c t i v i t y  w e r e  f o u n d  i n  
t h e  b e d  n u c l e u s  ( n . )  o f  t h e  s t r i a  t e r m i n a l i s  (N ST) 
(8 0 0  f m o l . h - 1 · mg p r o t e i n - 1 ) a n d  i n  t h e  n .  m e d i a l i s  (MA) a n d  
n .  c o r t i c a l i s  (CA) a m y g d a l o i d i s  ( ~  7 0 0  f m o l · h - 1 · mg 
p r o t e i n - 1 ) o f  t h e  m a l e .  T h e r e  w a s  a n  e v i d e n t  r o s t r a l -  
c a u d a l  a n d  m e d i a l - l a t e r a l  g r a d i e n t  i n  AA t h r o u g h o u t  t h e  
d i e n c e p h a l o n .  A c t i v i t y  w a s  h i g h  i n  t h e  n .  p r e o p t i c u s  p e r i 
v e n t r i c u l a r i s  (PVPO ) a n d  n .  p r e o p t i c u s  m e d i a l i s  (M P N ); 
i n t e r m e d i a t e  i n  t h e  n .  p r e o p t i c u s  s u p r a c h i a s m a t i c a ,  
n .  a n t e r i o r  h y p o t h a l a m i  (A H T ), p e r i v e n t r i c u l a r  a n t e r i o r  
h y p o t h a l a m u s  (PV A H ), a n d  n .  v e n t r o m e d i a l i s  (VM N): a n d  lo w  
i n  t h e  a r c u a t e  n u c l e u s - m e d i a n  e m i n e n c e ,  n .  p r e o p t i c u s  
l a t e r a l i s ,  a n d  l a t e r a l  h y p o t h a l a m u s .  R e g i o n s  d e v o i d  o f  
m e a s u r a b l e  AA i n c l u d e d  t h e  m e d i a l  a n d  l a t e r a l  s e p tu m ,  c a u 
d a t e - p u t a m e n ,  h ip p o c a m p u s ,  a n d  p a r i e t a l  c o r t e x .  I n  t h e  
f e m a l e ,  AA w a s  g r e a t e s t  i n  t h e  MA a n d  CA b u t  c o n s i s t e n t l y  
lo w  i n  a l l  o t h e r  a r e a s .  We f o u n d  t h a t  AA i n  t h e  N ST , PVPO, 
MPN, AHT, a n d  VMN w a s  s i g n i f i c a n t l y  g r e a t e r  i n  m a l e s  t h a n  
i n  f e m a l e s .  O r c h id e c to m y  r e d u c e d  AA t o  l e v e l s  s e e n  i n  
f e m a l e s ,  a n d  a d m i n i s t r a t i o n  o f  t e s t o s t e r o n e  t o  c a s t r a t e d  
m a l e s  r e s t o r e d  AA i n  t h e s e  a r e a s .  No s e x  o r  t e s t o s t e r o n e -  
i n d u c e d  d i f f e r e n c e s  w e r e  o b s e r v e d  i n  a n y  o t h e r  h y p o t h a l a m i c  
o r  a m y g d a lo id  n u c l e i .

O u r  r e s u l t s  p r o v i d e  a  q u a n t i t a t i v e  p r o f i l e  o f  AA i n  d i s 
c r e t e  h y p o t h a l a m i c  a n d  l i m b i c  n u c l e i  o f  t h e  r a t  b r a i n ,  a s  
w e l l  a s  i n f o r m a t i o n  o n  t h e  c o n t r o l  o f  AA w i t h i n  t h e s e  
d i s c r e t e  r e g i o n s .  S u p p o r t e d  b y  NIH g r a n t  1 - P 5 0 -H D - 1 1 9 8 .
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2 4 7 .1   DORSAL HORN NEURONS RECEIVING AFFERENT RENAL INFORMATION.
M.M. K n u e p f e r  a n d  L .P .  S c h ra m m .  D e p t .  B io me d .  E n g r . ,  T h e  
J o h n s  H o p k in s  U n iv .  S c h .  M e d . ,  B a l t i m o r e ,  MD 2 1 2 0 5 .

E l e c t r o p h y s i o l o g i c a l  s t u d i e s  h a v e  d e m o n s t r a t e d  n e u r o n s  i n  
t h e  m e d u l l a  a n d  h y p o t h a l a m u s  w h ic h  r e c e i v e  i n f o r m a t i o n  f ro m  
t h e  k i d n e y .  N e u r o a n a to m ic a l  s t u d i e s  h a v e  sh o w n  t h a t  t h e  m a
j o r i t y  o f  p r i m a r y  r e n a l  a f f e r e n t s  p r o j e c t  t h r o u g h  d o r s a l  
r o o t s  t o  t h e  d o r s a l  h o r n  a t  T 10  t o  T 1 3 . I n  t h e  p r e s e n t  
s t u d y ,  we d e s c r i b e  so m e n e u r o p h y s i o l o g i c a l  p r o p e r t i e s  o f  d o r 
s a l  h o r n  n e u r o n s  r e c e i v i n g  a f f e r e n t  r e n a l  i n f o r m a t i o n .  T he  
C l t o  C3 l e v e l  o f  t h e  s p i n a l  c o r d  w a s  e x p o s e d  i n  c h l o r a l o s e -  
a n e s t h e t i z e d ,  a r t i f i c i a l l y  r e s p i r e d  r a t s .  A t C 2 , f o u r  m i c r o 
e l e c t r o d e s  w e r e  p l a c e d  i n  t h e  d o r s a l  a n d  v e n t r a l  w h i t e  m a t t e r  
i n  o r d e r  t o  s t i m u l a t e  s e l e c t i v e l y  e a c h  s p i n a l  q u a d r a n t .  In  
so m e  r a t s ,  t h e  s p i n a l  c o r d  w as  t r a n s e c t e d  5 - 1 0  mm r o s t r a d  t o  
t h e  s t i m u l a t i n g  e l e c t r o d e s .  T h e  l e f t  r e n a l  n e r v e  w a s  e x p o s e d  
a n d  g e n t l y  p l a c e d  o n  b i p o l a r ,  s t a i n l e s s  s t e e l  h o o k  e l e c t r o d e s  
f o r  s t i m u l a t i o n  o f  a f f e r e n t s .  T h e  lo w e r  t h o r a c i c  s p i n a l  c o r d  
w a s  e x p o s e d  f o r  tw o  s e g m e n t s  b e tw e e n  T 10 a n d  L1 . We r e c o r d 
e d  f r o m  s i n g l e  n e u r o n s  i n  t h e  T 11 t o  T 13  d o r s a l  h o r n  u s i n g  
m e t a l  m i c r o e l e c t r o d e s  ( 3 - 5  MΩ) .  T w e n ty  n e u r o n s  r e c o r d e d  i n  
1 0  s p i n a l l y - i n t a c t  r a t s  a n d  t e n  n e u r o n s  r e c o r d e d  i n  4 s p i n a l 
l y - t r a n s e c t e d  r a t s  r e s p o n d e d  t o  s t i m u l a t i o n  o f  t h e  r e n a l  
n e r v e s .  T h e  r e s p o n s e  w a s  t y p i c a l l y  a  b u r s t  o f  a c t i v i t y  ( o n 
s e t  l a t e n c y  = 26  m s , e s t i m a t e d  c o n d u c t i o n  d i s t a n c e  = 4 0  mm). 
T h e  r e s p o n s e  w a s  g e n e r a l l y  s i m i l a r  i n  r a t s  w i t h  i n t a c t  
a n d  t r a n s e c t e d  s p i n a l  c o r d s .  S p o n t a n e o u s  f i r i n g  r a t e s  o f  r e 
s p o n s i v e  n e u r o n s  r a n g e d  f ro m  0 - 5 0  H z . F i r i n g  w a s  t y p i c a l l y  
a p e r i o d i c  a n d  o c c a s i o n a l l y  b u r s t i n g  i n  b o t h  g r o u p s .  S t i m u l a 
t i o n  o f  t h e  r i g h t  v e n t r a l  q u a d r a n t  o f  t h e  c e r v i c a l  s p i n a l  
c o r d  e l i c i t e d  a n t i d r o m i c  a c t i o n  p o t e n t i a l s  i n  23% o f  t h e  n e u 
r o n s  r e c e i v i n g  r e n a l  i n p u t .  T h e  a n t i d r o m i c  c o n d u c t i o n  v e l o 
c i t y  w a s  15 m / s .  I n  s p i n a l l y - i n t a c t  r a t s ,  s t i m u l a t i o n  o f  
o t h e r  s i t e s  i n  t h e  c e r v i c a l  s p i n a l  c o r d  o f t e n  o r t h o d r o m i c a l l y  
e x c i t e d  b u r s t s  o f  a c t i v i t y  i n  d o r s a l  h o r n  n e u r o n s  r e c e i v i n g  
a f f e r e n t  r e n a l  i n f o r m a t i o n .  H o w e v e r ,  i n  s p i n a l l y - t r a n s e c t e d  
r a t s ,  s p i n a l  s t i m u l a t i o n  n e v e r  e l i c i t e d  e x c i t a t i o n ,  a n d  i n h i 
b i t i o n  o f  s p o n t a n e o u s  o r  e v o k e d  a c t i v i t y  w a s  o c c a s i o n a l l y  
o b s e r v e d .  T h e  m a j o r i t y  o f  n e u r o n s  r e c e i v i n g  r e n a l  i n p u t  w e r e  
a l s o  r e s p o n s i v e  t o  s t i m u l a t i o n  o f  t h e  s k i n  o n  t h e  l e f t  f l a n k  
a n d  h i n d l i m b .
S u p p o r t e d  b y  NIH g r a n t  H L -1 6 3 1 6  a n d  NRSA H L -0 6 3 3 6 .

2 4 7 . 2   DORSAL MOTOR NUCLEUS OF THE VAGUS CONTROLS GLUCAGON RELEASE  
W .B . L a u g h t o n * ,  H . - R .  B e r t h o u d ,  a n d  T . L .  P o w l e y  (S P O N : G . 
W a s s e r m a n ) .   L a b .  o f  R e g u l a t o r y  P s y c h o b i o l o g y ,  P u r d u e  U n i v . ,  
W e s t  L a f a y e t t e ,  IN 4 7 9 0 7 .

R e l e a s e  o f  p a n c r e a t i c  g l u c a g o n  i s  k n o w n  t o  b e  u n d e r  v a g a l  
c o n t r o l  ( e . g . ,  H o l s t  e t  a l . A c t a  P h y s .  S c a n d .  1 1 1 : 1 ,  1 9 8 1 ) ,  
h o w e v e r  t h e  o r g a n i z a t i o n  o f  t h e  p r e g a n g l i o n i c  p a r a s y m p 
a t h e t i c  n e u r o n s  m e d i a t i n g  t h i s  r e s p o n s e  i s  n o t  u n d e r s t o o d .  
A l t h o u g h  t h e  d o r s a l  m o t o r  n u c l e u s  o f  t h e  v a g u s  (D M V ) h a s  
b e e n  i d e n t i f i e d  a s  o n e  o f  t h e  t w o  m a j o r  s i t e s  o f  o r i g i n  o f  
v a g a l  e f f e r e n t  f i b e r s  t o  t h e  a b d o m e n  b y  b o t h  a n a t o m i c a l  
( K a l i a  & M e s u l a m ,  J C N ,  1 9 3 :  4 6 7 , .  (1 9 8 0 )  a n d  p h y s i o l o g i c a l  
( l o n e s c u  e t  a l . E n d o c r i n o 1 . 1 1 2 : 9 0 4 ,  1 9 8 3 )  t e c h n i q u e s ,  n o  
s t u d i e s  h a v e  b e e n  p e r f o r m e d  t o  d a t e  o n  t h e  r o l e  o f  t h e  DMV 
i n  t h e  c o n t r o l  o f  g l u c a g o n  r e l e a s e .

M a l e  S p r a g u e - D a w I e y  r a t s  w i t h  p r e - i m p l a n t e d  g a s t r i c  
f i s t u l a e  w e r e  f o o d  d e p r i v e d  o v e r n i g h t ,  a n e s t h e t i z e d ,  a n d  
e q u i p p e d  w i t h  a r t e r i a l  a n d  v e n o u s  c a t h e t e r s .  S y m p a t h e t i c  
r e s p o n s e s  w e r e  c o n t r o l l e d  w i t h  α -  a n d  β -  b l o c k e r s .  S e m i 
m i c r o e l e c t r o d e s  ( < 5 0 µ )  w e r e  i n t r o d u c e d  i n t o  t h e  b r a i n s t e m  
r e g i o n s  o f  t h e  DMV i n  a  p a t t e r n  i n t e n d e d  t o  y i e l d  a  
s y s t e m a t i c  m a p .  E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  m e d u l l a  
( 5 0 µA, 5 0 H z , 1 m s e c ,  1 0 m i n )  w a s  c a r r i e d  o u t ,  w i t h  c o n c o m i t a n t  
m o n i t o r i n g  o f  p l a s m a  g l u c o s e ,  i n s u l i n ,  g l u c a g o n ,  g a s t r i c  
a c i d  s e c r e t i o n ,  h e a r t  r a t e ,  a n d  b l o o d  p r e s s u r e  a s  d e s c r i b e d  
p r e v i o u s l y  ( L a u g h t o n  e t  a l . ,  N e u r o s c i . A b s . ,  9 :  1 1 3 ,  1 9 8 3 ) .

S t i m u l a t i o n  o f  t h e  DMV ( n = 1 2 )  l e d  t o  a n  i m m e d i a t e  
( < 2 . 5 m i n )  i n c r e a s e  i n  IRG f r o m  3 3 3  t o  6 6 9  p g / m l  ( + 1 0 1 ± 1 5 % ) ,  
a n d  l e v e l s  o f  t h e  h o r m o n e  r e m a i n e d  e l e v a t e d  t h r o u g h o u t  t h e  
s t i m u l a t i o n  p e r i o d .  A d d i t i o n a l l y ,  s t i m u l a t i o n  o f  t h e  r e g i o n  
i m m e d i a t e l y  s u r r o u n d i n g  t h e  DMV ( < 2 0 0 µ ;  n = 1 9 )  o r  o f  t h e  
e f f e r e n t  a x o n s  o f  t h e  DMV a l o n g  t h e i r  i n t r a m e d u l l a r y  c o u r s e  
( n = 1 4 )  a l s o  c a u s e d  s i g n i f i c a n t l y  i n c r e a s e d  I R G - l e v e l s .  
N e i t h e r  c o n t r o l  s a m p l i n g  ( n = 1 5 )  n o r  s t i m u l a t i o n  o f  s i t e s  
> 2 0 0 µ  f r o m  t h e  DMV ( n = 2 0 )  r e s u l t e d  i n  s i g n i f i c a n t  c h a n g e s  in  
IR G  ( + 2 ± 3 % a n d  + 9 ± 8 % r e s p e c t i v e l y ) .  O n  a v e r a g e ,  p l a s m a  
i n s u l i n  a n d  g a s t r i c  a c i d  s e c r e t i o n  w e r e  a l s o  s i g n i f i c a n t l y  

e l e v a t e d  in  t h e s e  a n i m a l s  f o l l o w i n g  s t i m u l a t i o n  o f  t h e  DMV. 
A t  i n d i v i d u a l  e l e c t r o d e  p o i n t s  w i t h i n  t h e  DMV, h o w e v e r ,  t h e  
t h r e e  s u b d i a p h r a g m a t i c  r e s p o n s e s  w e r e  u n c o r r e l a t e d  ( a l l  r ' s  
< . 1 6 ) ,  i n d i c a t i n g  t h a t  i n d u c t i o n  o f  o n e  r e s p o n s e  w i t h  t h e  
s t i m u l a t i n g  e l e c t r o d e  w a s  n o t  n e c e s s a r i l y  a c c o m p a n i e d  b y  t h e  
o t h e r s .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  t h e s e  
r e s p o n s e s  a r e  i n d e p e n d e n t l y  o r g a n i z e d  w i t h i n  t h e  DMV. (U SPH S 
g r a n t  A M 2 7 6 2 7 .)
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2 4 7 .3  AREA POSTREMA LESIONS AND RESTRICTED FEEDING ATTENUATE 
SYMPATHOADRENAL HYPERGLYCEMIA E L IC IT E D  BY 4TH VENTRICULAR 
BUT NOT SYSTEMIC GLUCOPRIVATION.  F .W . F l y n n ,  T .H .  H yde 
R .R .  M i s e l i s  a n d  H . J .  G r i l l .  D e p t .  P s y c h o lo g y  a n d  A n a to m y , 
I n s t .  N e u r o l .  S c i . ,  U n i v e r s i t y  o f  P e n n s y l v a n i a ,
P h i l a d e l p h i a ,  PA 1 9 1 0 4 .

C a u d a l  b r a i n s t e m  m e t a b o l i c  r e c e p t o r s  s t i m u l a t e d  b y  
g l u c o p r i v i c  a g e n t s  p r o v i d e  a n  a f f e r e n t  l im b  f o r  t h e  
c o m p e n s a to r y  r e s p o n s e s  o f  f e e d i n g  a n d  s y m p a t h o a d r e n a l  
h y p e r g l y c e m i a .  W i t h i n  t h e  c a u d a l  b r a i n s t e m ,  t h e  a r e a  
p o s t r e m a  (A P) h a s  b e e n  i m p l i c a t e d  a s  a  s i t e  f o r  t h i s  
m e t a b o l i c  d e t e c t i o n .  We r e p o r t  t h a t  AP l e s i o n s  (APX) 
a t t e n u a t e  t h e  s y m p a t h o a d r e n a l  h y p e r g l y c e m i c  r e s p o n s e  
e l i c i t e d  b y  4 t h  v e n t r i c u l a r  (IC V ) 5TG b u t  n o t  t h a t  e l i c i t e d  
b y  p e r i p h e r a l l y  a d m i n i s t e r e d  2DG.

R a t s  (N =8 ) w e r e  f i t t e d  w i t h  4 t h  v e n t r i c u l a r  c a n n u l a e .  
F o o d  w a s  r e m o v e d  a n d  t a i l  b l o o d  s a m p l e s  w e r e  c o l l e c t e d  
p r i o r  t o  t h e  4 t h  ICV i n j e c t i o n s ,  a n d  0 . 5 ,  1 ,  2 ,  3 ,  a n d  
6 h r  p o s t  i n j e c t i o n .  B e f o r e  APX, r a t s  w e r e  i n j e c t e d  4 t h  
ICV s a l i n e  a n d  2 1 0  u g  5TG . F o u r  r a t s  t h e n  r e c e i v e d  APX 
a n d  4 o t h e r s  sh am  l e s i o n s .  Sham  l e s i o n e d  r a t s  w e r e  y o k e 
f e d  t o  APX r a t s .  R a t s  w e r e  a g a i n  t e s t e d  w i t h  4 t h  ICV 
s a l i n e  a n d  2 1 0  u g  5TG a t  1 a n d  3 w e e k s  p o s t l e s i o n .  P o s t 
l e s i o n ,  4 t h  ICV 5TG e l i c i t e d  h y p e r g l y c e m i a  i n  b o t h  sham  
a n d  APX r a t s ,  P / s < . 0 5 .  T h e  h y p e r g l y c e m i c  r e s p o n s e  e l i c i t e d  
i n  APX r a t s  w a s ,  h o w e v e r ,  o f  s i g n i f i c a n t l y  l o w e r  a m p l i t u d e  
a n d  d u r a t i o n  t h a n  t h a t  o f  t h e i r  p r e l e s i o n  l e v e l  a n d  t h a t  o f  
t h e  sh am  l e s i o n e d  y o k e  f e d  r a t s .  R e s t r i c t e d  f o o d  a c c e s s  i n  
t h e  n o n l e s i o n e d  sh a m  g r o u p  a l s o  s i g n i f i c a n t l y  a t t e n u a t e d  
t h e  h y p e r g l y c e m i c  r e s p o n s e  e l i c i t e d  b y  4 t h  ICV 5TG c o m p a r e d  
t o  t h e i r  p r e l e s i o n  f r e e  f e e d i n g  r e s p o n s e .

I n  a  s e c o n d  e x p e r i m e n t ,  t a i l  b l o o d  s a m p l e s  w e r e  c o l l e c t e d  
f ro m  r a t s  (N=6 ) p r i o r  t o  IP  i n j e c t i o n s  ( s a l i n e ,  2 5 0  m g /k g  
2DG, a n d  5 0 0  m g /k g  2DG) a n d  0 . 5 ,  1 ,  2 ,  3 ,  a n d  6 h r  
f o l l o w i n g  t h e  i n j e c t i o n .  T h e  AP w a s  t h e n  a s p i r a t e d .  O ne a n d  
3 w e e k s  p o s t l e s i o n ,  r a t s  w e r e  r e t e s t e d  w i t h  IP  2 50  m g /k g  
2DG a n d  5 0 0  m g /k g  2DG, r e s p e c t i v e l y .  P r e l e s i o n  a n d  p o s t 
l e s i o n  p l a s m a  g l u c o s e  l e v e l s  f o l l o w i n g  2 5 0  m g /k g  2DG w e r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a n y  t i m e .  AP l e s i o n s  
s i g n i f i c a n t l y  e n h a n c e d  t h e  h y p e r g l y c e m i c  r e s p o n s e  a t  2 h r  
a n d  3 h r  f o l l o w i n g  I P  5 0 0  m g /k g  2DG c o m p a r e d  t o  p r e l e s i o n  
l e v e l s .  T h u s ,  AP l e s i o n s  d i s r u p t  t h e  n e u r a l  c i r c u i t r y  
c o n t r o l l i n g  t h e  c o m p e n s a to r y  s y m p a t h o a d r e n a l  h y p e r g l y c e m i c  
r e s p o n s e  e l i c i t e d  b y  t h e  c e n t r a l ,  b u t  n o t  p e r i p h e r a l ,  
a d m i n i s t r a t i o n  o f  g l u c o p r i v i c  d r u g s .

2 4 7 .4  THE FOREBRAIN I S  NOT ESSENTIAL FOR SUPPRESSION OF GASTRIC 
ACID SECRETION FOLLOWING INTRACISTERNAL BOMBESIN IN  RATS.
M.W. G u n io n  a n d  Y . T a c h e . C e n t e r  f o r  U l c e r  R e s e a r c h  a n d  E d
u c a t i o n ,  V .A . M ed . C t r . - W a d s w o r t h ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 ,  
a n d  D e p t .  M e d i c i n e ,  U . C . L . A . ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 .

I n t r a c i s t e r n a l  ( I C )  i n j e c t i o n  o f  b o m b e s in  r e l i a b l y  s u p 
p r e s s e s  g a s t r i c  a c i d  s e c r e t i o n .  C e l l  b o d i e s  a n d  t e r m i n a l s  
c o n t a i n i n g  b o m b e s in ,  a s  w e l l  a s  b o m b e s in  r e c e p t o r s ,  h a v e  
b e e n  i d e n t i f i e d  i n  t h e  l o w e r  b r a i n s t e m  ( e . g . ,  n u c l e u s  t r a c 
t u s  s o l i t a r i u s ) . T h i s  a r e a  i s  i n v o l v e d  i n  t h e  c o n t r o l  o f  
a u to n o m ic  f u n c t i o n ,  a n d  i s  q u i t e  c l o s e  t o  t h e  s i t e  o f  IC  
a d m i n i s t r a t i o n .  T h i s  e x p e r i m e n t  t e s t e d  t h e  p o s s i b i l i t y  t h a t  
l o w e r  b r a i n s t e m  m e c h a n is m s  m ig h t  a c c o u n t  f o r  so m e  o f  t h e  
s u p p r e s s i o n  o f  g a s t r i c  a c i d  s e c r e t i o n  s e e n  a f t e r  IC  b o m b e s in .

M a le  a l b i n o  r a t s  ( 1 7 0 - 2 5 5  g )  w e r e  f o o d  d e p r i v e d  f o r  24  h .  
U n d e r  e t h e r ,  t h e y  w e r e  p l a c e d  i n  a  s t e r e o t a x i c  i n s t r u m e n t .  
T h e  s k u l l  w a s  t r e p h i n e d  ( c o n t r o l  s u r g e r y ) , a n d  a n  e n c e p h a l o 
to m e  w a s  u s e d  t o  c o m p l e t e l y  t r a n s e c t  t h e  b r a i n  i n  t h e  c o r o 
n a l  p l a n e  a t  t h e  l e v e l  o f  t h e  s u p e r i o r  c o l l i c u l u s .  An IC  
i n j e c t i o n  w a s  g i v e n  i m m e d ia t e l y  t h e r e a f t e r  ( 0 ,  3 0 ,  1 0 0 ,  3 0 0  
n g  b o m b e s in - 1 4  i n  10 u l  s a l i n e ) .  T h e  p y l o r u s  w a s  l i g a t e d ,  
a n d  p e n t a g a s t r i n  w a s  g i v e n  t o  a l l  r a t s  ( 5 0 0  u g / k g ,  s c ) .  R a t s  
w e r e  d e c a p i t a t e d  2 h  f o l l o w i n g  IC  i n j e c t i o n .

B o m b e s in  r e l i a b l y  s u p p r e s s e d  g a s t r i c  a c i d  s e c r e t i o n  i n  
b o t h  t r a n s e c t e d  a n d  c o n t r o l  r a t s .  T o t a l  a c i d  o u t p u t  w a s  r e 
l i a b l y  d e c r e a s e d  i n  t r a n s e c t e d  r a t s  b y  100  a n d  3 0 0  n g  ( -7 8 % , 
- 8 4 % ; p < .0 5 ) , b u t  n o t  b y  30  n g  ( - 6 0 % ) .  R e l i a b l e  s u p p r e s s i o n  
w a s  s e e n  i n  c o n t r o l  r a t s  a f t e r  30  a n d  3 0 0  n g  ( - 9 1 % ,- 9 4 % ;p <  
. 0 2 ) ,  b u t  n o t  a f t e r  100  n g  ( - 6 5 % ) .  C o n t r o l  a n d  t r a n s e c t e d  
r a t s  d i d  n o t  d i f f e r  i n  b a s a l  a c i d  o u t p u t  ( 1 7 9 ,1 7 3  u e q / 2  h ) . 
A c id  c o n c e n t r a t i o n  w a s  d e c r e a s e d  b y  b o m b e s in  i n  b o t h  c o n t r o l  
a n d  t r a n s e c t e d  r a t s  ( -8 3 % ,- 4 3 % ;  b o t h  p < . 0 5 ;  3 0 0  n g ) .

T h e s e  f i n d i n g s  s u g g e s t  t h a t  1) b o m b e s in  t e r m i n a l s  a n d  r e 
c e p t o r s  l o c a t e d  i n  t h e  l o w e r  b r a i n s t e m  m ay b e  i n v o l v e d  i n  
t h e  r e g u l a t i o n  o f  g a s t r i c  a c i d  s e c r e t i o n ;  2 ) t h e  f o r e b r a i n  
d o e s  n o t  c o n t a i n  n e u r a l  c i r c u i t r y  e s s e n t i a l  f o r  t h e  s u p p r e s 
s i o n  o f  g a s t r i c  a c i d  s e c r e t i o n  b y  IC  b o m b e s i n ;  3 )  IC  b o m b e 
s i n  n e e d  n o t  t r a v e l  t h r o u g h  t h e  v e n t r i c u l a r  s y s t e m  t o  a c t  i n  
t h e  h y p o t h a l a m i c  p a r a v e n t r i c u l a r  n u c l e u s ,  a  s i t e  a t  w h ic h  
b o m b e s in  a l s o  s u p p r e s s e s  g a s t r i c  a c i d  s e c r e t i o n ;  4 )  b o m b e -  
m ay b e  i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  g a s t r i c  a c i d  s e c r e t i o n  
a t  s e v e r a l  l e v e l s  i n  t h e  b r a i n .

( S u p p o r t e d  b y  AM 3 0 1 1 0  a n d  AM 3 3 0 6 1  [ Y . T . ] .  T h e  a u t h o r s  
t h a n k  J .  R i v i e r  f o r  h i s  g e n e r o u s  d o n a t i o n s  o f  b o m b e s i n . )

247. 5  EFFECTS OF GLUCOSE AND AUTONOMIC DRUG TREATMENTS ON INSULIN 
AND GLUCOSE LEVELS IN CHRONIC DECEREBRATE RATS.  H . J .  G r i l l  
a n d  F .W . F l y n n .  D e p t .  P s y c h o lo g y  a n d  I n s t .  N e u r o l .  S c i . ,  
U n i v e r s i t y  o f  P e n n s y l v a n i a ,  P h i l a d e l p h i a ,  PA 1 9 1 0 4 .

P r e v i o u s l y ,  G r i l l  a n d  B e r r i d g e  ( N e u r o s c i .  A b s t . ,  7: 2 9 ,  
1 9 8 1 )  r e p o r t e d  t h a t  c h r o n i c  d e c e r e b r a t e  r a t s  w e r e  h y p e r -  
i n s u l i n e m i c  y e t  n o r m o g l y c e m i c .  T h e  p r e s e n t  e x p e r i m e n t s  i n  
d e c e r e b r a t e  r a t s  e x t e n d  t h i s  w o rk  b y  e x a m i n in g  w h e t h e r  
h y p e r i n s u l i n e m i a  i s  a  c h r o n i c  c o n d i t i o n  a n d  i f  i t  c a n  b e  
m o d i f i e d  b y  a u to n o m i c  d r u g  t r e a t m e n t s .

M e th o d : A l l  r a t s  w e r e  m a i n t a i n e d  e x c l u s i v e l y  o n  3 d a i l y ,  
12 m l t u b e  f e d  s w e e te n e d  m i l k  m e a l s .  I n s u l i n  a n d  g l u c o s e  
l e v e l s  w e r e  m o n i t o r e d  p r i o r  t o  a n d  f o r  3 h r s  f o l l o w i n g :
1 .  c o m p l e t e  s u p r a c o l l i c u l a r  d e c e r e b r a t i o n  (N = 7) o r  sham  
s u r g e r y  ( N = 5 ) ; 2 .  g a s t r i c  c a r b o h y d r a t e  l o a d s  ( 1 2  m l s w e e t 
e n e d  m i l k ) ;  3 .  g a s t r i c  g l u c o s e  l o a d s  ( 1 . 0  g / k g ) ; 4 .  i n t r a 
v e n o u s  g l u c o s e  l o a d s  ( 0 . 7 5  g / k g ) ;  a n d ,  5 .  IP  i n j e c t i o n s  o f  
s a l i n e ,  p r o p r a n o l o l  (2  m g /k g ) ,  p h e n t o l a m i n e  (5  m g /k g ) ,  a n d  
a t r o p i n e  (5  m g /k g ) .  I n j e c t i o n s  w e r e  m ad e  a f t e r  a n  o v e r n i g h t ,  
17  h r  f a s t .  R e s u l t s : A t t h e  t i m e  o f  s u r g e r y ,  d e c e r e b r a t i o n  
d i d  n o t  s i g n i f i c a n t l y  a f f e c t  p l a s m a  i n s u l i n  o r  g l u c o s e  
l e v e l s  c o m p a r e d  t o  sh a m  o p e r a t e d  c o n t r o l  r a t s .  R e s t i n g  
( a f t e r  a n  o v e r n i g h t  f a s t )  i n s u l i n  l e v e l s  o f  c o n t r o l  a n d  
d e c e r e b r a t e  r a t s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ;  a l t h o u g h  
d e c e r e b r a t e  r a t s  t e n d e d  t o  b e  h i g h e r  o n  so m e d a y s .  R e s t i n g  
g l u c o s e  l e v e l s  o f  c o n t r o l  a n d  d e c e r e b r a t e  r a t s  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  F o l l o w i n g  b o t h  t h e  g a s t r i c  c a r b o 
h y d r a t e  a n d  g l u c o s e  l o a d s  a n d  IV  g l u c o s e  l o a d ,  p l a s m a  
i n s u l i n  a n d  g l u c o s e  l e v e l s  w e r e  s i g n i f i c a n t l y  h i g h e r  i n  
d e c e r e b r a t e  t h a n  i n  c o n t r o l  r a t s .  I n  r e s p o n s e  t o  a u to n o m ic  
t r e a t m e n t s ,  n e i t h e r  a t r o p i n e  n o r  p r o p r a n o l o l  a f f e c t e d  p l a s m a  
i n s u l i n  o r  g l u c o s e  l e v e l s  i n  e i t h e r  c o n t r o l  o r  d e c e r e b r a t e  
r a t s .  P h e n t o l a m i n e  s t i m u l a t e d  i n s u l i n  s e c r e t i o n  i n  b o t h  
g r o u p s  b u t  s i g n i f i c a n t l y  m o r e s o  i n  d e c e r e b r a t e  r a t s .  T h e s e  
d a t a  i n d i c a t e  t h a t  c o m p a r e d  t o  t h e  r e p o r t s  o f  h y p e r i n s u l i n 
e m ia  i n  r a t s  w i t h  VMH l e s i o n s ,  h y p e r i n s u l i n e m i a  i n  
d e c e r e b r a t e  r a t s  d e v e l o p s  m o re  s l o w l y .  T h e  h y p e r i n s u l i n e m i a  
i n  d e c e r e b r a t e  r a t s  i s  l a r g e l y  a  p o s t a b s o r b t i v e  o c c u r r e n c e ;  
f a s t i n g  r e t u r n e d  i n s u l i n  l e v e l s  t o  n o r m a l  o r  n e a r  n o r m a l  
l e v e l s .  L a s t ,  t u b e  f e e d i n g  d i d  n o t  m im ic  t h e  e f f e c t s  o f  
d e c e r e b r a t i o n  o n  i n s u l i n  s e c r e t i o n  f o l l o w i n g  n u t r i e n t  l o a d s .  

( s u p p o r t e d  b y  g r a n t s  AM 31397 a n d  M H 15092)

2 4 7 .6   CENTRALLY MEDIATED HYPOGLYCEMIC EFFECT OF ENDOTOXIN; 
INVOLVEMENT OF L IP ID  A AND ENDORPHINS.  S .  AMIR a n d  M. HAREL*  
D e p t .  I s o t o p e  R e s . ,  T h e  W eizm an n  I n s t i t u t e  o f  S c i e n c e ,  
7 6 1 0 0  R e h o v o t ,  I s r a e l

T h e  p a t h o p h y s i o l o g i c  e f f e c t s  o f  e n d o t o x i n  a d m i n i s t r a t i o n  
i n c l u d e  p r o g r e s s i v e l y  d e v e l o p i n g  h y p o g l y c e m ia ,  s y s t e m i c  h y 
p o t e n s i o n ,  a n d  d e a t h .  T h e  c e n t r a l  n e r v o u s  s y s t e m  (CNS) h a s  
b e e n  i m p l i c a t e d  i n  t h e  h y p o t e n s i v e  a n d  l e t h a l  e f f e c t s  a n d  
r e c e n t  s t u d i e s  h a v e  sh o w n  t h a t  e n d o g e n o u s  o p i a t e  ( e n d o r p h i n )  
m e c h a n is m s  m ig h t  b e  i n v o l v e d  i n  t h e s e  e n d o t o x i n - i n i t i a t e d  
a c t i o n s .  E n d o r p h in s  h a v e  a l s o  b e e n  i m p l i c a t e d  i n  e n d o t o x i n  
h y p o g l y c e m ia ,  b u t  t h e  r o l e  o f  t h e  CNS h a s  n o t  b e e n  e l u c i d a t 
e d .  I n  t h e  p r e s e n t  s t u d y ,  t h e  i n t r a c e r e b r o v e n t r i c u l a r  (IC V ) 
a d m i n i s t r a t i o n  o f  e n d o t o x i n  ( E .  c o l i  0 5 5 :B 5 , 2 . 5  u g )  i n  ICR 
m ic e  r e s u l t e d  i n  s i g n i f i c a n t  h y p o g l y c e m ia .  T h e  p l a s m a  g l u 
c o s e  d e c r e a s e d  f ro m  a  l e v e l  o f  1 8 9 .6 + 6 .9  mg% i n  c o n t r o l  m ic e  
(n = 1 4 )  t o  9 6 . 1 ± 3 .0 1  mg% i n  ICV e n d o t o x i n  t r e a t e d  m ic e  (n = 1 4 )  
w i t h i n  3 h  (p  0 . 0 5 ) .  T h i s  c e n t r a l l y - m e d i a t e d  h y p o g l y c e m ia  
p e r s i s t e d  f o r  24 h ;  b y  72 h  t h e  p l a s m a  g l u c o s e  i n c r e a s e d  t o  
a  l e v e l  o f  1 5 5 .1 ± 4 . 6  mg% (n = 1 0 ) . M o d i f i c a t i o n  o f  t h e  e n d o 
t o x i n  m o l e c u l e  b y  i n c u b a t i n g  w i t h  t h e  c a t i o n i c  a n t i b i o t i c  
p o l y m i x i n  B (PMB 1 0 : 1 ) ,  w h ic h  b i n d s  t h e  l i p i d  A r e g i o n  o f  
e n d o t o x i n ,  c o m p l e t e l y  p r e v e n t e d  t h e  c e n t r a l l y - m e d i a t e d  h y p o 
g l y c e m i a .  M o r e o v e r ,  PMB, 25  u g ,  a d m i n i s t e r e d  ICV s i g n i f i c a n t 
l y  a t t e n u a t e d  t h e  h y p o g l y c e m ic  r e s p o n s e  t o  i n t r a v e n o u s  ( IV )  
e n d o t o x i n  ( 2 . 5  u g ) . I n  t h i s  e x p e r i m e n t ,  t h e  p l a s m a  g l u c o s e  
i n c r e a s e d  f ro m  a  l e v e l  o f  9 1 . 9 ± 3 . 8  mg% i n  IV  e n d o t o x i n -  
t r e a t e d  m ic e  (n = 1 4 )  t o  1 4 7 .9 + 2 .1  mg% i n  IV  e n d o to x i n / I C V  
P M B - t r e a te d  m ic e  ( n = 1 4 ,  p  0 . 0 5 ) .  F u r t h e r m o r e ,  t h e  ICV a d m in 
i s t r a t i o n  o f  t h e  o p i a t e  a n t a g o n i s t  n a l t r e x o n e  ( 2 5  u g )  t o 
g e t h e r  w i t h  e n d o t o x i n  ( 2 . 5  u g )  a t t e n u a t e d  t h e  c e n t r a l l y -  
m e d i a t e d  h y p o g l y c e m ia  ( p l a s m a  g l u c o s e  o f  ICV n a l t r e x o n e -  
e n d o t o x i n  m ic e  w a s  1 3 7 .2 ± 1 .8  mg% ( n = 8 ) 3 h  p o s t  i n j e c t i o n  
a n d  1 5 6 . 0 ± 1 0 .6 2  mg% ( n = 8 ) 24 h  p o s t  i n j e c t i o n ;  p  0 . 0 5  f ro m  
r e s p e c t i v e  ICV e n d o t o x i n - t r e a t e d  c o n t r o l s ) .  F i n a l l y ,  ICV 
i n j e c t i o n  o f  25 u g  n a l t r e x o n e  a t t e n u a t e d  t h e  h y p o g l y c e m ic  
r e s p o n s e  t o  IV e n d o t o x i n  ( p l a s m a  g l u c o s e  o f  ICV n a l t r e x o n e /  
IV  e n d o t o x i n  t r e a t e d  m ic e  = 1 3 9 . 5 ± 2 . 9  mg%, n = 1 0 ;  p  0 . 0 5  f ro m  
IV  e n d o t o x i n - t r e a t e d  c o n t r o l s ) . T h e s e  r e s u l t s  s u g g e s t  t h e  
e x i s t a n c e  o f  CNS e n d o t o x i n  s e n s i t i v e  r e c e p t o r s  w h o s e  o u t p u t s  
i n f l u e n c e  t h e  p e r i p h e r a l  m e c h a n is m s  ( h e p a t i c ,  p a n c r e a t i c )  
i n v o l v e d  i n  r e g u l a t i o n  o f  p l a s m a  g l u c o s e  h o m e o s t a s i s .  
F u r t h e r m o r e ,  t h e  r e s u l t s  i m p l i c a t e  l i p i d  A a s  t h e  c r i t i c a l  
d e t e r m i n a n t  o f  t h e  c e n t r a l  h y p o g l y c e m ic  e f f e c t  o f  e n d o t o x i n  
a n d  s u g g e s t  t h a t  t h i s  l i p i d  A - m e d i a t e d  a c t i o n  i n v o l v e s  a c t i 
v a t i o n  o f  c e n t r a l  n a l t r e x o n e - s e n s i t i v e  e n d o r p h i n  m e c h a n i s m s .
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247.7  EFFECTS OF STIMULATION OF RAT MEDIAL FRONTAL INFRALIM BIC 
CORTEX ON GASTRIC M O TILITY .  E . J .  N e a f s e y  a n d  K .M . H u r l e y * ,  
D e p t .  A n a to m y ,  L o y o l a  U n iv .  M ed. C e n t r . ,  M ayw ood , IL  6 0 1 5 3

Our  l a b o r a t o r y  h a s  r e c e n t l y  d e m o n s t r a t e d  a  d i r e c t  p r o 
j e c t i o n  f r o m  t h e  i n f r a l i m b i c  r e g i o n  o f  r a t  m e d i a l  f r o n t a l  
c o r t e x  ( IL C )  t o  t h e  n u c l e u s  o f  t h e  s o l i t a r y  t r a c t ,  s u g g e s t 
i n g  t h i s  c o r t i c a l  r e g i o n  m ay m o d u la t e  v a g a l  n e r v e  a c t i v i t y  
( T e r r e b e r r y  a n d  N e a f s e y ,  B r a i n  R e s . 2 7 8 : 2 4 5 - 2 4 9 ,  1 9 8 3 ) .  To 

v e r i f y  t h i s  r e l a t i o n s h i p ,  we h a v e  s t u d i e d  t h e  e f f e c t s  o f  
e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  ILC  o n  g a s t r i c  m o t i l i t y  i n  
r a t s  ( n = 1 4 )  a n e s t h e t i z e d  w i t h  k e t a m i n e  HCl . I n  e a c h  a n i m a l ,  
a  b a l l o o n  c a t h e t e r  w a s  i n s e r t e d  i n t o  t h e  s to m a c h  lu m e n  v i a  
a  s m a l l  i n c i s i o n  i n  t h e  c a r d i a c  r e g i o n  o f  t h e  s to m a c h  a n d  
s u t u r e d  i n t o  p l a c e .  T h e  o t h e r  e n d  o f  t h e  c a t h e t e r  w a s  a t 
t a c h e d  t o  a  p r e s s u r e  t r a n s d u c e r  w h o s e  o u t p u t  w a s  d i s p l a y e d  
o n  a  c h a r t  r e c o r d e r  a l o n g  w i t h  t h e  o c c u r r e n c e  o f  s t i m 
u l a t i o n  a n d  r e s p i r a t o r y  a c t i v i t y .  B e f o r e  s t i m u l a t i o n  b e g a n  
a  b a c k g r o u n d  r h y th m  o f  5 - 6  c o n t r a c t i o n s  p e r  m in u t e  w a s  o b 
t a i n e d  b y  i n f l a t i n g  t h e  b a l l o o n  w i t h  2 - 4 c c  o f  w a t e r .  S t im 
u l a t i o n  w a s  d e l i v e r e d  b i l a t e r a l l y  v i a  a  p a i r  o f  p a r a l l e l ,  
g l a s s  i n s u l a t e d  t u n g s t e n  e l e c t r o d e s  i n s e r t e d  o n  e i t h e r  s i d e  
o f  t h e  s u p e r i o r  s a g i t t a l  s i n u s  ( t i p  s e p a r a t i o n  1 .5 m m ). I n  
e a c h  e x p e r i m e n t  3 - 5  s t i m u l a t i n g  t r a c k s  w e r e  m ad e  b e tw e e n  
2 . 5  a n d  5 .0m m  r o s t r a l  t o  b r e g m a .  S t i m u l a t i o n  w a s  d e l i v e r e d  
e v e r y  .5mm a l o n g  e a c h  t r a c k  b e tw e e n  2 a n d  5mm b e lo w  t h e  c o r 
t i c a l  s u r f a c e .  T h e  s t i m u l a t i o n  p a r a m e t e r s  w e r e  6 0 s e c  t r a i n s  
o f  n e g a t i v e ,  . 5  m se c  p u l s e s  a t  1 0 H z , c u r r e n t s  < 1 0 0  µ a m p s .

O f 2 4 1  s t i m u l a t e d  p o i n t s ,  36% h a d  a n  e f f e c t  o n  g a s t r i c  
m o t i l i t y .  T h i s  e f f e c t  w a s  g e n e r a l l y  i n h i b i t o r y  a n d  t o o k  s e v 
e r a l  f o r m s .  A r e d u c t i o n  i n  g a s t r i c  t o n e  w a s  m o s t  f r e q u e n t l y  
o b s e r v e d  ( 2 1 %) a n d  c o u l d  b e  e l i c i t e d  f ro m  a  m o re  w i d e s p r e a d  
a r e a  o f  ILC  t h a n  t h e  o t h e r  r e s p o n s e s .  T h e  n e x t  m o s t  f r e 
q u e n t l y  o b s e r v e d  e f f e c t  ( 6 %) w a s  a  c o m b in e d  r e d u c t i o n  o f  
b o t h  g a s t r i c  t o n e  a n d  t h e  a m p l i t u d e  o f  c o n t r a c t i o n s .  T h e  
t h i r d  c a t e g o r y  o f  i n h i b i t o r y  r e s p o n s e s  w a s  a  s u b s t a n t i a l  
r e d u c t i o n  i n  o n l y  t h e  a m p l i t u d e  o f  t h e  g a s t r i c  c o n t r a c t i o n s  
( 6 % ). T h e  l e a s t  f r e q u e n t l y  o b s e r v e d  e f f e c t  w a s  a  c o m b in e d  
r e d u c t i o n  i n  t o n e  a n d  f r e q u e n c y  a s s o c i a t e d  w i t h  a n  i n c r e a s e  
i n  a m p l i t u d e  (3 % ) . S i n c e  i n  t h e  r a t  d i r e c t  v a g a l  s t i m u l a t i o n  
p r o d u c e s  a n  i n i t i a l ,  a t r o p i n e  r e s i s t a n t  i n h i b i t i o n  o f  mo
t i l i t y  f o l l o w e d  b y  a  s t r o n g  i n c r e a s e  i n  t h e  a m p l i t u d e  o f  
g a s t r i c  c o n t r a c t i o n s ,  t h e  o b s e r v e d  i n h i b i t i o n s  f o l l o w i n g  c o r 
t i c a l  s t i m u l a t i o n  c o u l d  w e l l  b e  m e d i a t e d  b y  t h e  v a g u s  n e r v e s .  
I n  a d d i t i o n ,  s t i m u l a t i o n  e f f e c t s  w e r e  a b o l i s h e d  w h e n  t h e  v a 
g u s  n e r v e  w a s  s e c t i o n e d  b e lo w  t h e  d i a p h r a g m .  T h e  r e s u l t s  
s u g g e s t  t h e  ILC  m ay a c t  a s  a  " v i s c e r a l  m o to r  c o r t e x " .

( S u p p o r t e d  b y  NIH g r a n t  N S 1 6 1 4 6  a n d  L o y o l a  BRSG R R 0 5 3 6 8 .)

247. 8   SUBCORTICAL PROJECTIONS TO THE AMYGDALOID CENTRAL NUCLEUS IN 
THE RABBIT.  B .S .  K a o p . J . S .  S c h w a b e r 1 a n d  P .A .  D r i s c o l l * .  
D e p t . o f  P s y c h o lo g y ,  U n iv .  o f  V e r m o n t ,  B u r l i n g t o n ,  VT 0 5 4 0 5  
& 1 D u p o n t  C e n t r a l  R e s e a r c h  N e u r o b io l o g y  G r o u p ,  G l e n o l d e n ,  
PA 1 9 0 3 6 .

We h a v e  p r e s e n t e d  e v i d e n c e  s u g g e s t i n g  t h a t  t h e  a m y g d a l o id  
c e n t r a l  n u c l e u s  (ACE) p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  a c q u i 
s i t i o n  a n d / o r  e x p r e s s i o n  o f  c o n d i t i o n e d  c a r d i o v a s c u l a r  
a d j u s t m e n t s  i n  t h e  r a b b i t  d u r i n g  P a v l o v i a n  f e a r  c o n d i t i o n 
i n g  (K ap p  e t  a l . , 1 9 8 2 ) ,  q u i t e  p o s s i b l y  v i a  d i r e c t  p r o 
j e c t i o n s  t o  c a r d i o r e g u l a t o r y  n u c l e i  o f  t h e  m e d u l l a  
( S c h w a b e r  e t  a l . , 1 9 8 2 ) .  As o n e  o f  a  s e r i e s  o f  s t u d i e s  
d e s i g n e d  t o  f u r t h e r  e l u c i d a t e  t h e  n a t u r e  o f  t h i s  r o l e ,  we 
a r e  i n v e s t i g a t i n g  t h e  a f f e r e n t a t i o n  o f  t h e  ACE i n  t h e  
r a b b i t .  T h e  p r e s e n t  s t u d y  e x a m in e d  t h e  s u b c o r t i c a l  a f f e r e n 
t a t i o n  o f  t h e  ACE u s i n g  r e t r o g r a d e  a n d  a n t e r o g r a d e  t r a c i n g  
t e c h n i q u e s .

New Z e a la n d  r a b b i t s  r e c e i v e d  i n j e c t i o n s  o f  HRP (2 5 -5 0 % ; 
1 0 - 5 0  n l )  o r  t h e  r e t r o g r a d e  f l u o r e s c e n t  t r a c e r  B i s b e n z i m i d e  
(1 0 % , 2 0 - 6 0  n l )  i n t o  t h e  ACE. A n im a ls  w e r e  s a c r i f i c e d  f ro m  
o n e  t o  t h r e e  d a y s  f o l l o w i n g  t h e  i n j e c t i o n .  T h e  H R P - i n j e c t e d  
b r a i n s  w e r e  p r o c e s s e d  u s i n g  t h e  TMB p r o c e d u r e  (M e s u la m , 
1 9 7 8 ) ,  w h i l e  t h o s e  i n j e c t e d  w i t h  B i s b e n z i m i d e  w e r e  e x a m in e d  
u s i n g  f l u o r e s c e n c e  m i c r o s c o p y .  S e c t i o n s  t h r o u g h o u t  t h e  
b r a i n  w e r e  e x a m in e d  f o r  r e t r o g r a d e l y - l a b e l e d  n e u r o n s .

T h e  f o l l o w i n g  s u b c o r t i c a l  r e g i o n s  c o n t a i n e d  s u b s t a n t i a l  
n u m b e r s  o f  r e t r o g r a d e l y - l a b e l e d  n e u r o n s :  t h e  b e d  n u c l e u s  o f  
t h e  s t r i a  t e r m i n a l i s ,  t h e  s u b s t a n t i a  i n n o m i n a t a ,  t h e  a m y g d a 
l o i d  b a s o l a t e r a l  n u c l e u s ,  t h e  l a t e r a l  h y p o t h a l a m i c  a r e a ,  
t h e  v e n t r o m e d i a l  n u c l e u s  o f  t h e  h y p o t h a l a m u s ,  t h e  t h a l a m i c  
p a r a v e n t r i c u l a r  a n d  p a r a t a e n i a l  n u c l e i ,  t h e  m e d i a l  c o m p o n e n t  
o f  t h e  m e d i a l  g e n i c u l a t e  n u c l e u s ,  t h e  s u b s t a n t i a  n i g r a -  
v e n t r a l  t e g m e n t a l  a r e a ,  t h e  l o c u s  c o e r u l e u s ,  t h e  m e d i a l  a n d  
l a t e r a l  p a r a b r a c h i a l  r e g i o n s ,  t h e  m e s e n c e p h a l i c  a n d  p o n t i n e  
r a p h e  n u c l e i  a n d  t h e  n u c l e u s  o f  t h e  s o l i t a r y  t r a c t / v a g a l  
d o r s a l  m o to r  n u c l e u s  c o m p le x .  A n t e r o g r a d e  t r a c i n g  e x p e r i 
m e n t s  i n  w h ic h  HRP o r  3H - l e u c i n e / p r o l i n e  i n j e c t i o n s  ( 1 0 - 6 0  
n l )  w e r e  m ade i n t o  m o s t  o f  t h e  a b o v e  r e g i o n s  r e s u l t e d  i n  
a n t e r o g r a d e l y - t r a n s p o r t e d  l a b e l  i n  t h e  ACE, c o n f i r m i n g  t h e  
e x i s t e n c e  o f  t h e s e  s u b c o r t i c a l - A C E  a f f e r e n t s .

T h e  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  ACE i s  r e c i p i e n t  o f  p r o 
j e c t i o n s  f ro m  a  v a r i e t y  o f  s u b c o r t i c a l  s t r u c t u r e s ,  m any  o f  
w h ic h  h a v e  b e e n  i m p l i c a t e d  i n  a u to n o m i c  f u n c t i o n  a n d  w h ic h  
p o s s e s s  t h e  p o t e n t i a l  t o  i n f l u e n c e  t h e  a c t i v i t y  o f  t h e  
p r o m i n e n t  ACE d e s c e n d i n g  p r o j e c t i o n  t o  c a r d i o v a s c u l a r /
a u to n o m i c  r e g u l a t o r y  n u c l e i  o f  t h e  d o r s a l  m e d u l l a .
S u p p o r t e d  b y  PHS N S 1 6 1 0 7 .

2 4 7 .9   PARAVENTRICULAR NUCLEUS CONTROL OVER DORSAL VAGAL NEURONS 
AND GASTRIC ACID SECRETION.  R .C . R o g e r s  a n d  P . J .  K a h r i l a s * ,  
D e p a r t m e n t s  o f  P h y s i o l o g y , S u r g e r y  a n d  G a s t r o e n t e r o l o g y  
N o r t h w e s t e r n  U n iv .  S c h .  M ed. C h ic a g o ,  IL  6 0 6 1 1

T h e  p a r a v e n t r i c u l a r  n u c l e u s  o f  t h e  h y p o th a l a m u s  (PVN) h a s  
b e e n  i m p l i c a t e d  a s  a n  i m p o r t a n t  s o u r c e  o f  d i r e c t  c o n t r o l  
o v e r  t h e  d o r s a l  m o to r  n u c l e u  o f  t h e  v a g u s  (DMN) a s  w e l l  a s  
t h e  n u c l e u s  o f  t h e  s o l i t a r y  t r a c t  (N S T ) . S i n c e  t h e s e  s t r u c 
t u r e s  a r e  know n t o  m e d i a t e  v i s c e r a l  a f f e r e n t  f u n c t i o n s  s u c h  
a s  g a s t r i c  a c i d  s e c r e t i o n ,  i t  i s  l i k e l y  t h a t  t h e  PVN may 
e x e r t  c o n t r o l  o v e r  g a s t r i c  f u n c t i o n  b y  a . )  d i r e c t l y  a c t i v a t 
i n g  DMN n e u r o n s  a n d  b . )  c h a n g i n g  t h e  g a i n  o f  v a g o - v a g a l  r e f 
l e x e s  b y  a c t i v a t i n g  v a g a l  NST c e l l s .

I n  p r e l i m i n a r y  e l e c t r o p h y s i o l o g i c a l  s t u d i e s  i n  t h e  r a t ,  we 
h a v e  e s t a b l i s h e d  t h a t :
a . )  50% o f  a n t i d r o m i c a l l y  i d e n t i f i e d  DMN n e u r o n s  a r e  e x c i t 
e d  b y  PVN m i c r o s t i m u l a t i o n  ( 6 - 5 0  u A , 0 . 5  h z ) .
b . ) 38% o f  o r t h o d r o m i c a l l y - i d e n t i f i e d  NST n e u r o n s  a r e  e x c i t 
e d  b y  PVN m i c r o s t i m u l a t i o n  ( 8 - 5 0  u A , 0 . 5  h z ) .
c . )  i n  s t u d i e s  a  a n d  b a b o v e ,  PVN n e r u o n s  c o u l d  b e  f o u n d  i n  
s t i m u l a t e d  r e g i o n s  w h ic h  w e r e  a n t i d r o m i c a l l y  a c t i v a t e d  by  
m i c r o s t i m u l a t i o n  t h r o u g h  t h e  NST/DMN r e c o r d i n g  e l e c t r o d e s .  
C o n d u c t i o n  v e l o c i t i e s  m e a s u r e d  i n  s t u d i e s  a ,  b ,  a n d  c  w e re  
a l l  a p p r o x i m a t e l y  0 . 4  m / s e c .

By u s i n g  s t a n d a r d  i n  v i v o  g a s t r i c  p e r f u s i o n  a n d  H+ t i t r a 
t i o n  m e t h o d s ,  we h a v e  e s t a b l i s h e d  t h a t :
a . )  PVN m i c r o s t i m u l a t i o n  (5 0  uA , 2 0  h z ,  1 m s e c , 10 m in )  p r o 
v o k e s  a c i d  s e c r e t o r y  r a t e s  280% h i g h e r  t h a n  b a s a l  r a t e s .
b . )  o x y t o c i n  m i c r o p r e s s u r e  e j e c t e d  i n t o  a n  i d e n t i f i e d  DMN 
r e g i o n  know n t o  p r o d u c e  a c i d  s e c r e t i o n  w h e n a c t i v a t e d  ( 5 0 n L ,  
0 .0 0 1  M o x y t o c i n )  p r o d u c e d  a  d o u b l i n g  o f  H s e c r e t i o n  r a t e .  
5 0 0 n L  e j e c t i o n s  o f  s a l i n e  w e r e  w i t h o u t  e f f e c t .

We t e n t a t i v e l y  c o n c l u d e  t h a t  t h e  PVN c a n  m o d u l a t e  g a s t r i c  
s e c r e t i o n  b y  d i r e c t  c o n t a c t  w i t h  n e u r o n s  i n  b r a i n s t e m  a r e a s  
know n t o  m e d i a t e  c e p a h a l i c  a n d  g a s t r i c  p h a s e  s e c r e t o r y  
e v e n t s .  T h e  c a n d i d a t e  t r a n s m i t t e r  s u b s t a n c e  o x y t o c i n  m ay b e  
t h e  m e d i a t o r  o f  PVN e f f e c t s  on  g a s t r i c  f u n c t i o n .

T h i s  w o rk  s u p p o r t e d  i n  p a r t  b y  NIADDK g r a n t  AM32980 t o  RCR.

2 4 7 .1 0   CONTRIBUTION OF THE CERVICAL SYMPATHETIC CHAIN TO THE 
GASTRIC AFFERENT INPUT TO THE HYPOTHALAMUS. I .  Z a r c o  d e  Co
r o n a d o , F .C .  B a r o n e  a n d  M .J ,  W a y n e r .  B r a i n  R e s e a r c h  L a b o r a 
t o r y ,  U n i v e r s i t y  o f  S y r a c u s e ,  S y r a c u s e ,  N .Y . 1 3 2 1 0 .   D e p t . 
o f  P h y s i o l o g y  M e d ic a l  S c h o o l ,  U n i v e r s i t y  o f  M e x ic o ,  M é x ic o ,  
D .F .
O ur p r e v i o u s  r e p o r t s  i n d i c a t e  t h a t  s i n g l e  u n i t  r e s p o n s e s  o f  
t h e  l a t e r a l  h y p o t h a l a m u s  (LH) t o  t h e  g a s t r i c  d i s t e n s i o n  w e r e  
c a n c e l l e d  b y  t h e  c e r v i c a l  s p i n a l  c o r d  (C 1 l e v e l )  t r a n s e c 
t i o n  o r  t h e  p e r i a c u e d u c t a l  g r a y  (PAG) e l e c t r o l i t i c  l e s i o n .  
T h o s e  r e s p o n s e s  w e r e  n o t  e l i m i n a t e d  a f t e r  t h e  b i l a t e r a l  
c e r v i c a l  v a g u s  o r  c e r v i c a l  s p i n a l  c o r d  (C 2 l e v e l )  t r a n s e c 
t i o n s .  T h i s  s t u d y  p r e s e n t s  e v i d e n c e  t h a t  g a s t r i c  d i s t e n s i o n  
e f f e c t s  o n  t h e  u n i t a r y  a c t i v i t y  o f  t h e  LH a l s o  d e p e n d  o f  
t h e  i n t e g r i t y  o f  t h e  c e r v i c a l  s y m p a t h e t i c  s y s t e m s .
M a le  L o n g  E v a n s  r a t s  16 h r s ,  f o o d  d e p r i v e d  w e r e  a n e s t h e t i z e d  
w i t h  u r e t h a n e  a n d  p r e p a r e d  f o r  h y p o t h a l a m i c  e x t r a c e l u l a r  
s i n g l e  n e u r o n  r e c o r d i n g s .  A b a l l o o n  w a s  p o s i t i o n e d  i n  t h e  
s to m a c h  a n d  w a s  f i l l e d  w i t h  5 - 1 2  m l o f  w a t e r  w h i l e  s i m u l t a 
n e o u s l y  m o n i t o r i n g  LH u n i t a r y  a c t i v i t y .  T h e  c e r v i c a l  
s y m p a t h e t i c  c h a i n  w a s  d i s s e c t e d  i n  g r o u p s  o f  f i b e r s  a n d  
r e f e r e d  b y  t h i n  w i r e  l o o p s .  T h e  w i r e  w a s  p a s s e d  t h r o u g h  a  
g l a s s  t u b e  a n d  f i x e d  t o  t h e  s k i n .  A t r a c t i o n  o f  t h e  l o o p s  
d u r i n g  t h e  o n g o i n g  e x p e r i m e n t s  p e r m i t e d  t o  t r a n s e c t  b i l a t e 
r a l l y  t h e  s y m p a t h e t i c  f i b e r s .
T he c h a n g e s  o f  t h e  b a s a l  u n i t a r y  a c t i v i t y  i n  t h e  LH d u r i n g  
t h e  d i s t e n s i o n  w e r e  a t t e n u a t e d  o r  e l i m i n a t e d  b y  t h e  i n t e r r u p 
t i o n  o f  t h e  c e r v i c a l  s y m p a t h e t i c  c h a i n .  I n  a d d i t i o n  t h e r e  
w e r e  c h a n g e s  i n  b l o o d  p r e s s u r e  d u r i n g  t h e  d i s t e n s i o n  n o t  
d e p e n d in g  o f  t h e  m e c h a n i c a l  c o m p r e s io n  o v e r  t h e  s p l a n c h n i c  
b lo o d  v e s s e l s .
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247.11  RIGHT AND LEFT SIDED BARORECEPTOR AFFERENTS EACH CONVEY 
BLOOD PRESSURE INFORMATION TO BOTH SID ES OF CORTEX.
E .H .  R u b in  a n d  B .K . H a r tm a n .  D e p t . o f  P s y c h i a t r y ,  W a s h in g 
t o n  U n i v e r s i t y  M e d ic a l  S c h o o l ,  S t .  L o u i s ,  MO 6 3 1 1 0 .

T h e  c e r e b r a l  e x t r a c t i o n  f r a c t i o n  o f  w a t e r  (Ew ) i s  d e f i n e d 
a s  t h e  f r a c t i o n  o f  3H - w a t e r  e x t r a c t e d  f ro m  t h e  v a s c u l a r  com 
p a r t m e n t  i n t o  b r a i n  d u r i n g  a  s i n g l e  t r a n s i t .  Ew i s  a s s a y e d  
b y  a  m e th o d  i n v o l v i n g  m e a s u r e m e n t  o f  t h e  r a t i o  o f  3H & 14C 
i n  b r a i n  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  3H - w a t e r  a n d  
1 4 C - b u t a n o l  t o  a n e s t h e t i z e d ,  p a r a l y z e d ,  v e n t i l a t e d  r a t s .  
C h a n g e s  i n  Ew o c c u r  a f t e r  v a r i o u s  p h y s i o l o g i c a l  a n d  p h a rm a 
c o l o g i c  m a n i p u l a t i o n s  a n d  t h i s  r e g u l a t i o n  i s  d e p e n d e n t  o n  
t h e  i n t e g r i t y  o f  t h e  c e n t r a l  n o r a d r e n e r g i c  s y s t e m .

A c u t e  i n c r e a s e s  i n  b l o o d  p r e s s u r e  (B P ) t r i g g e r  r a p i d ,  
n e u r o g e n i c  m e d i a t e d ,  d e c r e a s e s  i n  Ew i n  c o r t e x .  E l u c i d a t 
i n g  t h e  a n a to m y  o f  t h i s  r e s p o n s e  s h o u l d  a i d  i n  t h e  u n d e r 
s t a n d i n g  o f  t h e  c e n t r a l  n o r a d r e n e r g i c  s y s t e m ’ s  r o l e  i n  
c e n t r a l  a u to n o m i c  r e g u l a t i o n  a n d  a l l o w  f o r  m o re  s p e c i f i c  
s t u d i e s  o f  t h e  e f f e c t s  o f  d r u g s  o n  t h e  s y s t e m .

H y p e r t e n s i o n  ( h y )  i n d u c e d  d e c r e a s e s  i n  c o r t i c a l  Ew 
r e q u i r e  b a r o r e c e p t o r  m e d i a t e d  i n f o r m a t i o n  c o n v e y e d  b y  
c r a n i a l  n e r v e s  (CN) IX  a n d  X . I n  o r d e r  t o  a s c e r t a i n  i f  
t h i s  i n f o r m a t i o n  i s  c a r r i e d  i p s i l a t e r a l l y , c o n t r a l a t e r a l l y , 
o r  b i l a t e r a l l y ,  t h e  e f f e c t  o f  r i g h t  u n i l a t e r a l ,  l e f t  u n i 
l a t e r a l  o r  b i l a t e r a l  b l o c k a d e  o f  CN IX  a n d  X w a s  s t u d i e d .
BP w a s  i n c r e a s e d  40 -50m m  Hg b y  a n g i o t e n s i n  I I .  I n j e c t i o n  
o f  5% l i d o c a i n e  o i n t m e n t  i n t o  b o t h  c a r o t i d  s h e a t h s  b l o c k e d  
64% o f  t h e  B P - i n d u c e d  c h a n g e s  i n  Ew. I n j e c t i n g  t h e  l e f t  
o r  r i g h t  c a r o t i d  s h e a t h  a l o n e  d i d  n o t  i n h i b i t  t h e  r e s p o n s e  
i n  t h e  c o r t e x .  F u r t h e r m o r e ,  t h e  h y - i n d u c e d  d e c r e a s e s  i n  
Ew o c c u r r e d  e q u a l l y  i n  r i g h t  a n d  l e f t  c o r t e x  r e g a r d l e s s  
o f  w h ic h  c a r o t i d  s h e a t h  w a s  i n j e c t e d .  I m p o r t a n t l y ,  
u n i l a t e r a l  a s  w e l l  a s  t h e  b i l a t e r a l  i n j e c t i o n s  i n c r e a s e d  
t h e  h e a r t  r a t e  a n d  b l o c k e d  t h e  h y - i n d u c e d  d e c r e a s e  i n  
h e a r t  r a t e  w h ic h  i s  s e e n  i n  c o n t r o l  a n i m a l s .

T h e s e  d a t a  s u g g e s t  t h a t  e a c h  s i d e  o f  c o r t e x  r e c e i v e s  
i n f o r m a t i o n  f r o m  b o t h  l e f t  a n d  r i g h t  b a r o r e c e p t o r s  a n d  
t h a t  t h e  a f f e r e n t s  f ro m  o n e  s i d e  a r e  a b l e  t o  c o m p e n s a te  
f o r  t h e  l o s s  o f  i n f o r m a t i o n  c a u s e d  b y  b l o c k i n g  t h e  o t h e r  
s i d e .  O u r  w o r k i n g  h y p o t h e s i s  i s  t h a t  p e r i p h e r a l  BP i n 
f o r m a t i o n  i s  c o n v e y e d  t o  t h e  i p s i l a t e r a l  n u c l e u s  t r a c t u s  
s o l i t a r i u s .  I n f o r m a t i o n  t h e n  t r a v e l s  b i l a t e r a l l y  o v e r  
p o l y s y n a p t i c  p a th w a y s  t o  t h e  l o c u s  c o e r u l e u s  (L C ) a n d  t h e n  
f r o m  t h e  LC t o  t h e  i p s i l a t e r a l  c o r t e x .

247.12  CATAPLEXY RELATED TO BLOOD PRESSURE AND PULSE TRANSIT TIME 
** CHANGES.  L.  S c r im a ,  P .  H a r tm a n * ,  J . And e r s o n *  a n d  R . 

W i n t e r s * .  N e u r o lo g y ,  U . o f  M iam i S c h .  o f  M e d .,  M iam i FL
N a r c o l e p t i c s  h a v e  b e e n  r e p o r t e d  t o  h a v e  lo w e r  t h a n  n o r m a l  

b lo o d  p r e s s u r e .  T h i s  f a c t  c o u p l e d  w i t h  t h e  c u r i o u s  b e h a v i 
o r a l  p r e c i p i t a t o r  o f  c a t a p l e x y ,  i . e . ,  s u d d e n  s t r o n g  e m o t i o n ,  
l e d  t o  t h e  h y p o t h e s i s  t h a t  a  s u d d e n  i n c r e a s e  i n  b l o o d  p r e s 
s u r e  i n  n a r c o l e p t i c s  t r i g g e r s  c a t a p l e x y .  B e c a u s e  o f  t h e  r a 
p i d  o n s e t  a n d  b r e v i t y  o f  m o s t  c a t a p l e x y  a t t a c k s ,  c u f f  m e a s 
u r e m e n t  o f  b l o o d  p r e s s u r e  i s  n o t  s e n s i t i v e  e n o u g h  t o  o b t a i n  
r e a d i n g s  i m m e d ia t e l y  p r i o r  t o ,  d u r i n g  a n d  a f t e r  a n  a t t a c k .  
P u l s e  t r a n s i t  t im e  (PTT) h a s  b e e n  r e p o r t e d  t o  b e  h i g h l y  c o r 
r e l a t e d  w i t h  c h a n g e s  i n  s y s t o l i c  b l o o d  p r e s s u r e ,  i s  p r i m a r i 
l y  d e t e r m i n e d  by  v a s o t o n e  a n d  i s  c o n s t a n t l y  c h a n g i n g ,  a f 
f e c t i n g  t h e  c o n t i n u o u s  b a r o r e c e p t o r  f e e d b a c k  t o  t h e  s o l i t a 
r i i  n u c l e i  ( S N ) , w h ic h  a r e  i m p o r t a n t  i n  t h e  r e g u l a t i o n  o f  
b l o o d  p r e s s u r e .  H e n c e  PTT may d e t e c t  c h a n g e s  i n  b l o o d  p r e s 
s u r e  t h a t  may b e  a s s o c i a t e d  w i t h  c a t a p l e x y .

T h e  p r e s e n t  s t u d y  c o m p a r e s  PTT a v e r a g e d  o v e r  i n t e r v a l s  o f  
a t  l e a s t  9 s e c o n d s  d u r a t i o n .  T h u s  t a r ,  4 n a r c o l e p t i c  v o 
l u n t e e r s  (2 f e m a l e s  & 2 m a l e s )  p a r t i c i p a t e d  i n  t h i s  w i t h i n  
s u b j e c t s  r e p e a t e d  m e a s u r e m e n ts  e x p e r i m e n t .  I n  a d d i t i o n  t o  
EEG, EOG a n d  c h in -E M G , EKG, b l o o d  p r e s s u r e  ( u s i n g  a  D y n am ap , 
t a k i n g  a  r e a d i n g  a t  1 m in  i n t e r v a l s )  a n d  p u l s e  t r a n s i t  t im e  
(PTT) w e r e  m o n i t o r e d  a n d  r e c o r d e d  f o r  a n  e n t i r e  a f t e r n o o n  

w h i l e  a t t e m p t s  w e r e  mad e  t o  i n d u c e  c a t a p l e x y  ( e . g . ,  b y  j o k 
i n g ,  d e b a t i n g ,  e t c . ) .  T h e  d i f f e r e n c e  b e tw e e n  t h e  c a t a p l e x y  
a n d  p r e - c a t a p l e x y  ( e q u a l  t o  c a t a p l e x y  d u r a t i o n )  PTT m e a n s  i s  
h i g h l y  s i g n i f i c a n t  ( p a i r e d - t ,  p  . 0 2 ) .

T h e  d e c r e a s e  i n  PTT d u r i n g  c a t a p l e x y  i m p l i e s  t h a t  a n  i n 
c r e a s e  i n  v a s o t o n e  o c c u r s  w i t h  c a t a p l e x y .  T h e s e  p r e l i m i n a r y  
r e s u l t s  a p p e a r  t o  s u p p o r t  t h e  h y p o t h e s i s  t h a t  c h r o n i c  h y p o 
t e n s i o n  i s  a n  i m p o r t a n t  f a c t o r  i n  u n d e r s t a n d i n g  t h e  e t i o l o g y  
o f  n a r c o l e p s y - c a t a p l e x y  a n d  t h a t  s u d d e n  i n c r e a s e s  i n  b l o o d  
p r e s s u r e  t r i g g e r  c a t a p l e x y .  O ne p o s s i b l e  e t i o l o g y  i s  t h a t  
c h r o n i c  d r o w s i n e s s  i n d u c e s  h y p o t e n s i o n ,  c a u s i n g  1 r e s e t t i n g  
o f  t h e  b a r o r e c e p t o r s  t o  a  l o w e r  b l o o d  p r e s s u r e  l e v e l ,  
r e n d e r i n g  th e m  h y p e r s e n s i t i v e  t o  s u d d e n  i n c r e a s e s  i n  b l o o d  
p r e s s u r e ;  t h e  b a r o r e c p t o r s  t h e n  e x e r t  s t r o n g e r  t h a n  n o r m a l  
i n f l u e n c e  o n  t h e  s o l i t a r i i  n u c l e i .  T h e  d e p r e s s o r  c e n t e r s  o f  
t h e  s o l i t a r i i  w o u ld  t h e n  g e n e r a t e  a  l a r g e  d e p r e s s o r  r e s p o n s e  
t o  l o w e r  b l o o d p r e s s u r e  a n d  a l s o  c o u l d  s t i m u l a t e  t h e  REM 
s l e e p  a t o n i a  m e c h a n is m  v i a  s o l i t a r i i  n u c l e i  c o l l a t e r a l s  t o  
t h e  g i g a n t o c e l l u l a r  t e g m e n t a l  f i e l d  (GTF) a n d  G IF  i n t e r c o n 
n e c t i o n s  w i t h  t h e  l o c u s  c o e r u l e u s .  T h e  l o c u s  c o e r u l e u s  h a s  
d i r e c t  a f f e r e n t s  t o  t h e  p r e s s o r  c e n t e r s  o f  t h e  s o l i t a r i i ,  
c o m p l e t i n g  a  l o o p .

247. 13   TEM PERATURE-SENSITIVE DORSAL RAPHE NEURONS IN  V ITR O .  C. 
L a r r y  K e e n a n  a n d  N a i - S h i n  C h u .  D e p a r tm e n t  o f  N e u r o lo g y ,  
C a l i f o r n i a  C o l l e g e  o f  M e d i c i n e ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  
I r v i n e ,  CA 9 2 7 1 7 .

C o r e  t e m p e r a t u r e  i s  u s e d  c l i n i c a l l y  a s  a  c r i t e r i o n  o f  
h e a l t h .  T he s t u d y  o f  n e u r a l  s u b s t r a t e s  u n d e r l y i n g  
t h e r m o s t a s i s  i s  i m p o r t a n t  t o  g a i n  f u r t h e r  u n d e r s t a n d i n g  o f  
t h e  n e u r o n a l  m e c h a n is m s  t h a t  r e g u l a t e  t e m p e r a t u r e  c e n t r a l l y  
a n d  p e r i p h e r a l l y .  A p r i m a r y  e x t r a h y p o t h a l a m i c  s i t e  t h o u g h t  
t o  f u n c t i o n  i n  t h e r m o r e g u l a t i o n  i s  t h e  d o r s a l  r a p h e  n u c l e u s  
( M y e rs  a n d  W a l l e r ,  1 9 7 8 ) .  N e u r o n s  i n  t h e  d o r s a l  r a p h e  (D R) 
h a v e  b e e n  sh o w n  t o  a l t e r  f i r i n g  r a t e s  i n  r e s p o n s e  t o  b o t h  
p e r i p h e r a l  a n d  l o c a l  t e m p e r a t u r e  c h a n g e s  ( C r o n in  a n d  B a k e r ,  
1 9 7 6 ;  D i c k e n s o n ,  1 9 7 7 ;  J a h n s ,  1 9 7 6 ) .  I t  i s  n o t  kn o w n  i f  t h e s e  
c e l l s  a r e  i n t r i n s i c a l l y  t e m p e r a t u r e - s e n s i t i v e .  T h e r e f o r e  we 
e l e c t r o p h y s i o l o g i c a l l y  s t u d i e d  t h e r m o s e n s i t i v i t y  o f  57  DR 
n e u r o n s  i n  b r a i n s t e m  s l i c e s  o b t a i n e d  f ro m  46  m a l e ,  
S p r a g u e -D a w le y  r a t s .  C o r o n a l  s l i c e s  ( 4 0 0  m ic r o n s  t h i c k )  w e r e  
c o n t i n u o u s l y  p e r f u s e d  i n  o x y g e n a te d  (95% O2 , 5% CO2 ) 
a r t i f i c i a l  c e r e b r o s p i n a l  f l u i d  (A CSF) (C h u  a n d  K e e n a n ,  
1 9 8 3 ) .  S p o n t a n e o u s  e x t r a c e l l u l a r  a c t i o n  p o t e n t i a l s  w e r e  
r e c o r d e d  a s  t e m p e r a t u r e  w as  v a r i e d  f ro m  3 4  C t o  4 2  C f ro m  
b o t h  w arm  -  a n d  c o l d - r e s p o n d i n g  c e l l s .  T h r e e  c a t e g o r i e s  o f  
t h e r m o s e n s i t i v e  DR c e l l s  w e r e  f o u n d .  B ip h a s i c  r e s p o n d i n g  
c e l l s  c o m p r i s e d  13% o f  t h e  c e l l s  s t u d i e d .  T h e s e  c e l l s  f i r e d  
m a x i m a l ly  o r  m i n i m a l l y  o v e r  n a r r o w  t e m p e r a t u r e  r a n g e s  w i t h  
b e l l  o r  i n v e r t e d  b e l l  f u n c t i o n s .  T h e  m a j o r i t y  ( 6 1 %) o f  
t h e r m o s e n s i t i v e  n e u r o n s  r e s p o n d e d  t o  r i s i n g  t e m p e r a t u r e  w i t h  
i n c r e a s e d  f i r i n g  r a t e s .  D e c r e a s i n g  d i s c h a r g e  r a t e s  i n  
r e s p o n s e  t o  i n c r e a s i n g  t e m p e r a t u r e  w e r e  m e a s u r e d  i n  15% o f  
t h e  c e l l s .  O n ly  1 1 % o f  t h e  c e l l s  s t u d i e d  w e r e  f o u n d  t o  b e  
t h e r m o - i n s e n s i t i v e .  T h e  t e m p e r a t u r e - d e p e n d e n t  f i r i n g  r a t e s  
o f  m o s t  w a r m - s e n s i t i v e  c e l l s  w e r e  b e s t  f i t  b y  a  s i n g l e  
e x p o n e n t i a l .  M o s t c o l d - r e s p o n d i n g  c e l l s  h a d  
t e m p e r a t u r e - d e p e n d e n t  r a t e s  b e s t  f i t  b y  s ig m o id  c u r v e s  t h a t  
d e c a y e d  a s  t e m p e r a t u r e  w as  i n c r e a s e d .  T h e r m a l  c o e f f i c i e n t s  
a n d  Q1 0 ' s  a r e  c o m p a r a b le  t o  t h o s e  o b t a i n e d  f ro m  DR 
t h e r m o s e n s i t i v e  n e u r o n s  i n  v i v o  ( C r o n i n  a n d  B a k e r ,  1 9 7 6 )  a n d  
f ro m  t h e r m o r e g u l a t o r y  h y p o t h a l a m i c  n e u r o n s  b o t h  i n  v i v o  a n d  
i n  v i t r o  ( B o u l a n t  1 9 7 7 ;  K e l s o  a n d  B o u l a n t ,  1 9 8 2 ) .  T h i s  i s  
t h e  f i r s t  s t u d y  t h a t  h a s  d e m o n s t r a t e d  t h a t  t h e r m o s e n s i t i v i t y  
p e r s i s t s  i n  DR n e u r o n s  i n  a  d e a f f e r e n t e d  s l i c e  p r e p a r a t i o n .  
T h e  r e s u l t s  s u g g e s t  t h a t  a t  l e a s t  so m e  o f  t h e  n e u r o n s  m ay b e  
i n t r i n s i c a l l y  t h e r m o s e n s i t i v e .  C o n s i d e r i n g  t h e  p r o p o s e d  
t h e r m o r e g u l a t o r y  r o l e  o f  t h e  r a p h e ,  t h e  q u e s t i o n  i s  r a i s e d ;  
do  t h e  r a p h e  m e d i a t e  t h e r m o r e g u l a t o r y  i m p a i r m e n t s  e l i c i t e d  
b y  m any  p s y c h o a c t i v e  d r u g s  i n  m am m als?

247.14  NEURONAL ACTIVITY IN THE SOLITARY COMPLEX RELATED 
TO AUTONOMIC FUNCTIONS.  W.D. B a rb e r .  D ep t. o f Anatomy, 
Coll, of Medicine, Univ. of A rizona, Tucson, A rizona 85724.

T h is  s tu d y  has charac te rized  a novel specific population 
of neu rons  in the  so litary  complex (nuc leus and tra c tu s  
so lita riu s) re la ted  to autonomic function . T h is  s tudy  
iden tified  neu ra l un its  activated  by  g a str ic  d isten tion  
p rov id ing  fu r th e r  in s igh t into the  organization  of th is  
reg ion  of th e  medulla o lbongata in term s of the  proxim ity of 
neu rona l populations which o rc h e stra te  ce r ta in  v iscera l 
activ itie s; namely d igestive , card io v ascu la r and 
re s p ira to ry . N euronal activ ity  synchron ized  to these  
v isce ra l functions was often observed , each in a specific 
location, in a single m icroelectrode tra ck  th ro u g h  the  
so lita ry  system  a t the  level of the  obex. E lectro- 
physiological and labelling stud ies  by o th e rs  have re su lted  
in  ch arac te riza tion  of the  dorso la te ra l and v en tro la te ra l 
subnucle i of th e  so litary  g roup being  re fe rre d  to 
re sp ec tiv e ly  as the  ’’card iovascu lar” and " re s p ira to ry ” 
s u b n u cle i. A new catego ry  of a "gastric"  sub n u cleu s  can  now 
b e  added . E x trace llu la r reco rd ings  from an esth e tized  cats 
in  th is  s tu d y  revealed  in o rd e r 1) card io v ascu la r, 2) 
re s p ira to ry  and 3) g a s tr ic  re la ted  activ ity  as the  
m icroelectrode advanced th ro u g h  the  so litary  system  in  a 
d o rso v e n tra l d irec tion . Units re la ted  to  g a str ic  activ ity  
ex tended  medially tow ard th e  a rea  postrem a. T hese b rainstem  
u n its  were identified  on the  basis  of d isch a rg e  p a tte rn s  
which were phase-locked to  d isten tion  o r re laxation  of the  
stom ach du ring  phasic d isten tion  by an in tr a g a s tr ic  balloon. 
T he  majority of th ese  units b u rs t  phasically  o r showed an 
inc rea se  in d ischarge  frequency  during  g a s tr ic  d is ten tion . 
T he d ischarge  ra te  of th ese  un its  ranged  from 3 to 6 Hz. 
Approxim ately 10% of the  neuronal population su rv ey ed  were 
tonically active and were inhib ited  by d is ten tio n  of the  
body  of the  stom ach. The response  of th e se  u n its  to 
su sta in ed  g astr ic  d isten tion  suggests  th a t th ey  a re  slowly 
a d ap tin g . Local adm inistration of su b stan ces  into the 
stom ach via a splenic a r te r ia l c a th e te r su g g es ts  th a t these  
b rainstem  un its  respond  to g astr ic  chem oreceptors as well as 
s tre tc h  recep to rs . The functional s ign ificance and 
in te rac tio n s  among these  neuronal populations re s id ing  in 
th e  so lita ry  complex is  not known a t th is  tim e. T h e ir close 
proxim ity and common inpu t from vagal a ffe ren t f ib e rs , 
how ever, su g g es ts  th a t the  activ ity  of a g iven population 
may also re flec t th e  summation of moment to moment changes 
in  adjacent v iscera l neuronal populations.  (S u p p o rted  by 
USPHS g ra n t AM31804.



SUNDAY AM REGULATION OF AUTONOMIC FUNCTION 833

247.15  CONTROL OF ARTERIAL PRESSURE AND GASTRIC M OTILITY BY THE 
NUCLEUS TRACTUS SOLITARIUS IN  RAT.  S .E .  S p e n c e r  a n d  
W .T . T a lm a n .  L a b .  o f  N e u r o b i o l o g y ,  U n iv .  o f  Io w a  a n d  
V e t e r a n s  A d m in . M ed. C t r . ,  Io w a  C i t y ,  IA  5 2 2 4 2 .

T h e  n u c l e u s  t r a c t u s  s o l i t a r i u s  (N T S) i s  t h e  s i t e  o f  
t e r m i n a t i o n  o f  v i s c e r a l  a f f e r e n t s .  I t s  r o l e  i n  t h e  r e g u l a 
t i o n  o f  a r t e r i a l  p r e s s u r e  (A P ) h a s  b e e n  w e l l  d e s c r i b e d  b u t  
i t s  r o l e  i n  p r i m a r y  a n d  i n t e g r a t i v e  c o n t r o l  o f  g a s t r i c  
m o t i l i t y  i s  l e s s  w e l l  u n d e r s t o o d .  We h a v e  s o u g h t  t o  d e t e r 
m in e  w h e t h e r  s e l e c t i v e  s t i m u l a t i o n  o f  n e u r o n s  i n  s u b n u c l e a r  
r e g i o n s  o f  t h e  NTS p r o d u c e s  t o n i c  a n d / o r  p h a s i c  g a s t r i c  
m o t i l i t y  c h a n g e s  a n d  w h e t h e r  t h o s e  c h a n g e s  a r e  i n d e p e n d e n t  
o f  c h a n g e s  i n  A P. T w e n t y - f o u r  a n e s t h e t i z e d  S p r a g u e  D a w le y  
r a t s  w e r e  i n s t r u m e n t e d  f o r  i n t r a - a r t e r i a l  r e c o r d i n g  o f  A P , 
d e l i v e r y  o f  i . v .  d r u g s  a n d  r e c o r d i n g  ( f r o m  b a l l o o n  s e n s o r s )  
r e l a t i v e  a n t r a l  (A ) a n d  f u n d a l  ( F )  g a s t r i c  p r e s s u r e  c h a n g e s  
( G P ) .  T h e  r a t s  w e r e  p l a c e d  i n  a  s t e r e o t a x i c  f r a m e ,  p a r a 
l y z e d ,  a n d  v e n t i l a t e d .  T h e  d o r s a l  s u r f a c e  o f  t h e  b r a i n  
s te m  w as  e x p o s e d  a n d  m i c r o i n j e c t i o n s  ( 2 5 n l )  o f  s o d iu m  L -  
g l u t a m a t e  ( L - g l u ;  3 0 0  p m o le s )  o r  s a l i n e  v e h i c l e  w e r e  m ade 
t h r o u g h  g l a s s  m i c r o p i p e t t e s  s t e r e o t a x i c a l l y  p l a c e d  i n  t h e  
v e n t r o m e d i a l  (v m ) o r  d o r s o m e d i a l  (d m ) NTS o r  s u r r o u n d i n g  
s t r u c t u r e s .  T h e  i n j e c t i o n  s i t e s  m a r k e d  w i t h  f a s t  g r e e n  
w e r e  c o n f i r m e d  h i s t o l o g i c a l l y .  I n  som e e x p e r i m e n t s  t h e  
s p i n a l  c o r d  w as t r a n s e c t e d  a t  C l o r  t h e  v a g i  w e r e  t r a n 
s e c t e d  b i l a t e r a l l y  i n  t h e  n e c k .  L - g l u ,  b u t  n o t  s a l i n e ,  
i n j e c t e d  i n t o  t h e  vm N TS, e l i c i t e d  a  f a l l  o f  GP o f  1 .2  ± 
0 . 2  cm H2O (m e a n  ± SEM; N =5; p <  0 . 0 0 5 )  a n d  a b o l i s h e d  t h e  
b a s e l i n e  ( 5 - 6 / m i n )  p h a s i c  AGP w a v e .  AP w as n o t  a f f e c t e d  b y  
t h e  vm NTS i n j e c t i o n .  H o w e v e r ,  t h e  i n j e c t i o n  o f  L - g l u ,  b u t  
n o t  s a l i n e ,  i n t o  t h e  dm NTS e l i c i t e d  a  f a l l  o f  AP o f  3 6 .7  ± 
9 . 3  mmHg f r o m  a  b a s e l i n e  o f  1 3 0  ± 6 .6  mmHg c o n c o m i t a n t  w i t h  
a  f a l l  o f  GP o f  0 . 8  ± 0 . 2  cm H2 O a n d  l o s s  o f  p h a s i c  AGP 
w a v e s .  C l t r a n s e c t i o n  d i d  n o t  a f f e c t  t h e  GP c h a n g e s  
e l i c i t e d  b y  dm NTS o r  vm NTS i n j e c t i o n  ( n = 2 ) .  V a g o to m y  
a b o l i s h e d  t h e  GP c h a n g e s  b u t  n o t  t h e  AP c h a n g e s  p r o d u c e d  b y  
i n j e c t i o n s  i n  e i t h e r  r e g i o n  o f  t h e  NTS ( n = 4 ) .  I n j e c t i o n s  
i n t o  t h e  d o r s a l  m o to r  n u c l e u s  o f  t h e  v a g u s  r a i s e d  GP w i t h 
o u t  a f f e c t i n g  A P; i n j e c t i o n s  i n t o  t h e  a r e a  p o s t r e m a  a n d  
h y p o g l o s s a l  d i d  n o t  a f f e c t  e i t h e r .  T h e s e  d a t a  s u g g e s t  t h a t  
p h a s i c  a n d  t o n i c  GP a c t i v i t y  i s  n e u r a l l y  c o n t r o l l e d  b y  
s p e c i f i c  r e g i o n s  o f  t h e  NTS i n d e p e n d e n t  o f  c a r d i o v a s c u l a r  
c o n t r o l ,  w h i l e  o t h e r  s u b n u c l e a r  r e g i o n s  i n t e g r a t e  b o t h  
a c t i v i t i e s .  WTT i s  a n  E s t a b l i s h e d  I n v e s t i g a t o r  f o r  t h e  
A m e r ic a n  H e a r t  A s s o c i a t i o n .  SES i s  t h e  r e c i p i e n t  o f  a 
p o s t d o c t o r a l  f e l l o w s h i p  t h r o u g h  NIH H L 0 7 1 2 1 .

247. 16  FUNICULAR TRAJECTORIES AND LIKELY SITES OF TERMINA
TION OF CAT RAPHESPINAL SYMPATHOINHIBITORY NEU
RONS.  S .F. M orrison and G.L. G ebber.  D epts. o f P harm aco l. and 
Physiol., M ich. S ta te  Univ., E. Lansing, MI 48824.

We previously iden tified  neurons in  th e  c a t m edullary raphe 
nuclei w ith the  following c h a ra c te ris tic s . 1) They exhib it spon ta
neous ac tiv ity  co rre la ted  to  in fe rio r ca rd iac  sym pathetic  nerve 
d ischarge (as d em onstra ted  w ith sp ike-triggered  averaging). 2) 
They a re  exc ited  by raising  ca ro tid  sinus p ressure. 3) They have 
spinally p ro jec ting  axons, som e o f which b ranch  in widely sep ara ted  
th o rac ic  spinal segm ents. We have c lassified  the se  raphespinal 
neurons as sym pathoinhib itory  and re fe r  to  them  here  as RS 
neurons.

The p resen t study was in itia ted  to  define th e  funicular 
tra je c to r ie s  and likely s ite s  of te rm in a tio n  o f RS neurons. The 
second th o rac ic  spinal segm ent was sy stem a tica lly  explored for 
s ite s  from  w hich individual RS neurons could be an tid rom ically  
ac tiv a ted . Threshold cu rren t for an tid rom ic ac tiv a tio n  and r e 
sponse onset la tency  w ere recorded  for each  s tim u la tion  s ite . The 
position of the m ain axon of the neuron was assum ed to  be a t  the 
s ite  in th e  spinal w hite m a tte r  from  which th e  sh o rtes t la ten cy  
an tid rom ic response was e lic ited  w ith  the low est th reshold  cu rren t 
(70±12 µA, n=45). The likely te rm ina tion  s ite  of axonal b ranches 
was assum ed to  be a t the  point in the  spinal gray m a tte r  from  
which the  longest la tency  an tid rom ic response was e lic ited  w ith 
the  low est threshold  cu rren t (89±23 µA, n=24).

The m ain axons of 20 RS neurons w ere lo ca ted  in the  dorso
la te ra l  funiculus w hile those of 25 RS neurons w ere found in e ith e r 
the  v en tra l funiculus or th e  m edial portion  of the  v en tro la te ra l 
funiculus. M ean conduction velocity  for d o rso la te ra l axons was 
2.8±0.5 m /s w hile th a t for v en tra lly  located  axons was 2.1±0.1 m /s. 
The som ata  of RS neurons w ith v en tra lly  lo c a ted  axons w ere 
d is tribu ted  d iffe re n tly  from  those of neurons w ith  do rso la te ra l 
axons. The ce ll bodies of m ost RS neurons w ith  ven tra lly  located  
axons w ere located  in a  region  2-4 mm ro s tra l to  th e  obex including 
the  v en tra l portion  of nucleus raphe obscurus and th e  dorsal portion  
o f nucleus raphe pallidus. The som ata  o f RS neurons w ith dorso
la te ra l  axons w ere co n cen tra ted  m ore ven tra lly  in nucleus raphe 
pallidus. The axonal branches of RS neurons appeared  to  te rm in a te  
1) ip s ila te ra lly  in the  in te rm e d io la te ra l nucleus (IML; n=16), 2) 
co n tra la te ra lly  in IML (n=3), 3) b ila te ra lly  in IML (n=3) and 4) 
m edial to  IML in th e  ip s ila te ra l lam ina VII (n=2). The la t te r  tw o 
p a tte rn s  w ere observed only for do rso la te ra l axons. These resu lts  
ind ica te  th a t sym pathoinhibitory influences of the  m edullary raphe 
nuclei a re  m ediated  over tw o spinal pathw ays w hich appear to  
te rm in a te  in the IML and m ore m edial portions of lam ina VII. 
(Supported by NIH g ran t HL13187.)

24 7 .17  PARALLEL EXCITATION OF LOCUS COERULEUS NEURONS AND  
SPLANCHNIC NERVES DURING NOXIOUS STIMULATION.  T .H . 
S v e n s s o n ,  M. E la m *  a n d  P . T h o r é n * .  D e p a r tm e n t s  o f  P h a rm a 
c o l o g y  a n d  P h y s i o l o g y ,  K a r o l i n s k a  I n s t i t u t e t  a n d  U n i v e r s i t y  
o f  G o t h e n b u r g ,  Box 6 0  4 0 0 ,  S - 1 0 4  01 S to c k h o l m ,  S w e d e n .

S i n g l e  u n i t  r e c o r d i n g  f r o m  n e u r o n s  i n  t h e  p o n t i n e  n u c l e u s  
l o c u s  c o e r u l e u s  (L C ) a n d  m u l t i f i b e r  r e c o r d i n g  o f  p e r i p h e r a l  
s y m p a t h e t i c  n e r v e  a c t i v i t y  (SNA) w e r e  s i m u l t a n e o u s l y  p e r 
f o r m e d  i n  S p r a g u e - D a w le y  r a t s  w i t h  t h e  o b j e c t i v e  t o  s t u d y  
a  p u t a t i v e  c o r r e l a t i o n  b e tw e e n  c e n t r a l  a n d  p e r i p h e r a l  n o r 
e p i n e p h r i n e  (N E) n e u r o n a l  a c t i v i t y  d u r i n g  s e n s o r y  n o x i o u s  
s t i m u l a t i o n .

S h o r t - t e r m  n o x i o u s  s t i m u l a t i o n  (p a w  p i n c h )  c a u s e d ,  a s  
p r e v i o u s l y  d e s c r i b e d ,  a  b i p h a s i c  r e s p o n s e  i n  LC a c t i v i t y  
w i t h  a  b r i e f  e x c i t a t i o n  f o l l o w e d  b y  a  s h o r t  q u i e s c e n t  p e r i o d .  
T h e s e  c h a n g e s  i n  LC a c t i v i t y  w e re  e x a c t l y  p a r a l l e l l e d  b y  
c h a n g e s  i n  SNA. P r o l o n g e d  n o x i o u s  s t i m u l a t i o n  ( t h e r m a l  s t i 
m u l a t i o n )  c a u s e d  a l s o  a  p a r a l l e l  i n c r e a s e  i n  c e n t r a l  a n d  
p e r i p h e r a l  NE n e u r o n a l  a c t i v i t y .  B o th  LC f i r i n g  r a t e  a n d  
SNA r e t u r n e d  t o  b a s e  l i n e  l e v e l  w hen t h e  l o n g - t e r m  n o x i o u s  
s t i m u l a t i o n  w as t e r m i n a t e d .

I n  a d d i t i o n ,  b o t h  LC a n d  s p l a n c h n i c  n e u r o n a l  a c t i v i t i e s  
w e r e  c o n c o m i t a n t l y  a n d  d o s e - d e p e n d e n t l y  i n h i b i t e d  b y  i n t r a 
v e n o u s  i n j e c t i o n  o f  t h e  α 2 - r e c e p t o r  a g o n i s t  c l o n i d i n e  i n  
s m a l l  d o s e s .  T h i s  a c t i o n  w a s ,  a g a i n ,  i n  p a r a l l e l  a n t a g o n i z e d  
b y  a d m i n i s t r a t i o n  o f  t h e  α 2 - r e c e p t o r  a n t a g o n i s t  y o h i m b in e .

T h e p r e s e n t  f i n d i n g s  t o g e t h e r  w i t h  o u r  p r e v i o u s  r e s u l t s  
u n d e r l i n e  t h e  n o t i o n  o f  a  s t r o n g  s i m i l a r i t y  i n  r e g u l a t i o n  
o f  c e n t r a l  NE-LC n e u r o n s  a n d  p e r i p h e r a l  NE-SNA.

( S u p p o r t e d  b y  t h e  S w e d is h  M e d ic a l  R e s e a r c h  C o u n c i l  
g r a n t s  No 4 7 4 7  a n d  4 7 6 4 ) .

247.18  STIMULATION IN  THE REGION OF THE SUBFORNICAL ORGAN INFLUEN
CES THE EX CITABILITY OF HYPOTHALAMIC PARAVENTRICULAR NUCLEUS 
NEURONS (PVN) PROJECTING TO THE DORSOMEDIAL MEDULLA.  A .V . 
F e r g u s o n ,  T .A . D a y , L . P .  R e n a u d .  N e u r o s c i e n c e s  U n i t ,  M o n t r e a l  
G e n e r a l  H o s p i t a l  a n d  M c G i l l  U n i v e r s i t y ,  M o n t r e a l ,  Q u e b e c .

A n a t o m i c a l  a n d  e l e c t r o p h y s i o l o g i c a l  s t u d i e s  h a v e  s u g g e s t e d  
t h a t  a  g r o u p  o f  PVN n e u r o n s  w h ic h  p r o j e c t  t o  t h e  d o r s o m e d i a l  
m e d u l l a  a r e  i n v o l v e d  i n  CNS r e g u l a t i o n  o f  c a r d i o v a s c u l a r  
f u n c t i o n .  We h a v e  r e c e n t l y  r e p o r t e d  t h a t  e l e c t r i c a l  s t i m u 
l a t i o n  i n  t h e  s u b f o r n i c a l  o r g a n  (SFO ) c a u s e s  r a p i d  o n s e t  
e l e v a t i o n s  i n  b l o o d  p r e s s u r e  w h ic h  c a n  b e  r e d u c e d  b y  l e s i o n s  
o f  t h e  PVN. T h e s e  d a t a  s u g g e s t  t h a t  SFO e f f e r e n t  p r o j e c t i o n s  
t o  PVN n e u r o n s  w h ic h  i n  t u r n  p r o j e c t  t o  b r a i n s t e m  a n d / o r  
s p i n a l  c o r d  r e g i o n s  m ay m e d i a t e  t h e s e  c a r d i o v a s c u l a r  c h a n g e s .

T he  w o rk  r e p o r t e d  h e r e  w a s  d e s i g n e d  t o  i n v e s t i g a t e  t h e  
e f f e c t s  o f  e l e c t r i c a l  s t i m u l a t i o n  i n  t h e  r e g i o n  o f  t h e  SFO on  
t h e  e x c i t a b i l i t y  o f  n e u r o n s  i n  t h e  PVN a n t i d r o m i c a l l y  i d e n 
t i f i e d  a s  p r o j e c t i n g  t o  t h e  d o r s o m e d i a l  m e d u l l a .  E x p e r im e n t s  
w e r e  c a r r i e d  o u t  on  a n a e s t h e t i s e d  m a le  S p r a g u e  D a w le y  r a t s  
( 1 5 0 - 2 5 0 g ) . A c o n c e n t r i c  b i p o l a r  s t i m u l a t i n g  e l e c t r o d e  ( t i p  
r i n g  s e p a r a t i o n  < 0 .5m m ) d i r e c t e d  t o w a r d s  t h e  SFO w a s  im 
p l a n t e d  a n d  t h e  m e d i a l  h y p o t h a l a m u s  a n d  m e d u l l a  w e r e  e x p o s e d  
t h r o u g h  a  v e n t r a l  a p p r o a c h .  A g l a s s  c o a t e d  t u n g s t e n  m o n o p o la r  
e l e c t r o d e  ( t i p  e x p o s u r e  <50µm ) w a s  p o s i t i o n e d  i n  t h e  d o r s o 
m e d i a l  m e d u l l a  f o r  t h e  a n t i d r o m i c  a c t i v a t i o n  o f  PVN n e u r o n s  
p r o j e c t i n g  t o  t h i s  r e g i o n .  E x t r a c e l l u l a r  a c t i o n  p o t e n t i a l s  
w e r e  r e c o r d e d  u s i n g  g l a s s  m i c r o p i p e t t e s  f i l l e d  w i t h  2 .0 M  
N aC l a n d  t h e s e  s i g n a l s  w e r e  f e d  t o  a n  o n - l i n e  PDP 1 1 /3 4  
c o m p u te r  p ro g ra m m e d  f o r  s p i k e  t r a i n  a n a l y s i s .  A n a t o m i c a l  
l o c a t i o n s  o f  e l e c t r o d e  s i t e s  w e r e  v e r i f i e d  h i s t o l o g i c a l l y .  
T h e  e f f e c t  o f  s t i m u l a t i o n  i n  t h e  r e g i o n  o f  t h e  SFO w as 
a s s e s s e d ,  u s i n g  p e r i - s t i m u l u s  h i s t o g r a m s  i n  42 s u c h  a n t i 
d r o m i c a l l y  i d e n t i f i e d  n e u r o n s .  O f t h e s e  c e l l s ,  2 4  (57% ) 
i n c r e a s e d  ( l a t e n c y  7 3 . 1  ± 1 8 .6  m s e c :  d u r a t i o n  1 4 1 .7  ± 2 7 .5  
m s e c )  a n d  2 (5% ) d e c r e a s e d  t h e i r  e x c i t a b i l i t y ,  w h i l e  16 (38%) 
w e r e  u n a f f e c t e d  f o l l o w i n g  s t i m u l a t i o n  i n  t h e  r e g i o n  o f  t h e  
SFO.

T h e s e  d a t a  sh o w  t h a t  e l e c t r i c a l  s t i m u l a t i o n  i n  t h e  r e g i o n  
o f  t h e  SFO i n c r e a s e s  t h e  e x c i t a b i l i t y  o f  t h e  m a j o r i t y  o f  PVN 
c e l l s  a n t i d r o m i c a l l y  i d e n t i f i e d  a s  p r o j e c t i n g  t o  t h e  d o r s o 
m e d i a l  m e d u l l a  a n d  t h e r e f o r e  s u p p o r t  a  r o l e  f o r  t h e s e  
n e u r o n s  i n  t h e  p r e s s o r  r e s p o n s e  t o  SFO s t i m u l a t i o n .
S u p p o r t e d  b y  C a n a d ia n  MRC a n d  A .H .F .M .R .
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247.19  THE A C T IO N  OF γ 2  M SH , A N A T R IU R E T IC / P R E S S O R  A G E N T, ON 
MAGNOCELLULAR A C T IV IT Y .  K .A .  G r u b e r ,  L .D .  M i t c h e l l ,  L . D . 
W i l k i n ,  M .F .  C a l l a h a n ,  a n d  A .K .  J o h n s o n .  D e p t s .  o f  P s y c h 
o l o g y ,  P h a r m a c o l o g y ,  a n d  A n a to m y ;  a n d  t h e  C a r d i o v a s c u l a r  
C e n t e r ,  U n i v e r s i t y  o f  I o w a ,  I o w a  C i t y ,  IA  5 2 2 4 2 .

P e p t i d e s  c o n t a i n i n g  t h e  ACTH 4 - 1 0 /  γ  MSH 3 - 9  s e q u e n c e  
h a v e  d o s e  d e p e n d e n t  p r e s s o r  a c t i v i t y  ( G r u b e r  e t .  a l .  H y p e r 
t e n s i o n ,  i n  P r e s s ,  1 9 8 4 ) .  γ 2 MSH i s  a  d i d e c a p e p t i d e  d e 
r i v e d  f r o m  t h e  1 6 K  N - t e r m i n u s  o f  p r o - o p i o c o r t i n ,  a n d  c o n 
t a i n s  t h e  γ  MSH 3 - 9  s e q u e n c e .

T h e  a c t i v i t y  o f  i m m u n o h i s t o c h e m i c a l l y  i d e n t i f i e d  m a g n o 
c e l l u l a r  n e u r o s e c r e t o r y  n e u r o n s  i n  t h e  s u p r a o p t i c  n u c l e u s  
(SO N  o f  6 m a l e  S p r a g u e - D a w l e y  r a t s  ( 3 5 0 - 4 0 0  g )  w a s  u s e d  t o  
d e t e r m i n e  t h e  e f f i c a c y  o f  γ 2 MSH i n  a r o u s i n g  t h e  h y p o 
t h a l a m i c  c a r d i o v a s c u l a r  a x i s .  S i n g l e  u n i t s  w e r e  i d e n t i f i e d  
b y  c o n s t a n t  l a t e n c y  f o l l o w i n g  s t i m u l a t i o n  o f  t h e  n e u r o h y p o 
p h y s e a l  t r a c t ,  b y  t h e  a b i l i t y  o f  a n t i d r o m i c a l l y  i n d u c e d  
a c t i o n  p o t e n t i a l s  t o  f o l l o w  s t i m u l a t i o n  o f  7 0 - 1 1 0  H z a n d  
b y  e l e c t r i c a l  d i s c r i m i n a t i o n  t o  d i s t i n g u i s h  b e t w e e n  i n 
d u c e d  a n d  s p o n t a n e o u s l y  o c c u r r i n g  a c t i o n  p o t e n t i a l s .
C e n t r a l  b l o o d  p r e s s u r e  w a s  m o n i t o r e d  t h r o u g h  t h e  f e m o r a l  
a r t e r y  a n d  γ 2 MSH w a s  i n f u s e d  t h r o u g h  s m a l l  b o r e  t u b i n g  
( P E 5 0 )  i m p l a n t e d  i n t o  t h e  b i f u r c a t i o n  o f  t h e  c a r o t i d  a r t e r y .  
A l l  d a t a  w a s  t r a n s c r i b e d  o n  b o t h  p a p e r  a n d  m a g n e t i c  t a p e  
a n d  t h e n  a n a l y z e d  b y  a n  A p p l e  I I  c o m p u t e r .  F o l l o w i n g  
e x p e r i m e n t a t i o n ,  p l a c e m e n t  o f  t h e  r e c o r d i n g  e l e c t r o d e s  w e r e  
c o n f i r m e d  b y  v a s o p r e s s i n  i m m u n o h i s t o c h e m i s t r y .

W h en  t h e  v e h i c l e  o f  1 0 0  µ l  d H 2 O w a s  i n f u s e d  o v e r  a  1 0  s e c .  
p e r i o d  i n t o  t h e  c a r o t i d  a r t e r y ,  n o  c h a n g e  i n  e i t h e r  n e u r a l  
a c t i v i t y  o r  b l o o d  p r e s s u r e  w a s  o b s e r v e d .  H o w e v e r ,  a  γ 2 MSH 
i n c r e a s e d  n e u r a l  a c t i v i t y  a n d  b l o o d  p r e s s u r e  i n  a  d o s e -  
d e p e n d e n t  m a n n e r .  T h e  s m a l l e s t  d o s e  o f  1 0 0  n g  c a u s e d  s l i g h t  
i n c r e a s e  i n  n e u r a l  a c t i v i t y .  I n f u s i o n  o f  5 0 0  n g  c a u s e d  a  
10 f o l d  i n c r e a s e  i n  n e u r a l  a c t i v i t y  w i t h  l i t t l e  c h a n g e  i n  
b l o o d  p r e s s u r e .  D o s e s  o f  1 ,  2 . 5 ,  5 ,  1 0 ,  4 0  µ g  i n c r e a s e d  
b o t h  f r e q u e n c y  o f  n e u r a l  a c t i v i t y  a n d  b l o o d  p r e s s u r e .  
T h r o u g h o u t  t h e  d o s e  r a n g e  a d m i n i s t e r e d ,  t h e r e  w a s  l i t t l e  
s l o w i n g  o f  h e a r t  r a t e ,  s u g g e s t i n g  a n  u n c o u p l i n g  o f  t h e  
b a r o r e f l e x .

We c o n c l u d e  t h a t  γ 2 MSH m a y  b e  a  p o t e n t  m o d u l a t o r  o f  
h y p o t h a l a m i c  c a r d i o v a s c u l a r  i n t e r a c t i o n s .

2 4 7 . 2 0   HYPOTHALAMIC NEURAL RESPONSES TO THERMAL STIMULATION OF THE 
HYPOTHALAMUS AND SPINAL CORD IN UNANESTH ETIZED UNRESTRAINED 
RA BBITS.  R .L . G e r b e r  , F.W . K l u s s m a n n  , a n d  H .C . H e l l e r ,  
D e p t . o f  B i o l o g i c a l  S c i e n c e s ,  S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  
CA 9 4 3 0 5 ,  a n d  I n s t .  f u r  N o r m a l e  u n d  P a t h o l o g i s c h e  
P h y s i o l o g i e  d e r  U n i v e r s i t a t ,  K o l n ,  FDR.

C u r r e n t  u n d e r s t a n d i n g  o f  t h e  i n f l u e n c e  o f  h y p o t h a l a m i c ,  
a m b i e n t ,  a n d  s p i n a l  t e m p e r a t u r e s  o n  t h e r m o r e g u l a t i o n  i s  
p r i m a r i l y  b a s e d  o n  o b s e r v a t i o n s  o f  t h e r m o r e g u l a t o r y  
e f f e c t o r s  i n  u n a n e s t h e t i z e d  a n i m a l s .  S t u d i e s  o f  t h e  
c h a r a c t e r i s t i c s  o f  t h e  n e u r a l  i n t e g r a t i v e  m e c h a n i s m ,  
h o w e v e r ,  r e l y  h e a v i l y  on  d a t a  f ro m  a n e s t h e t i z e d  o r  l i g h t l y  
a n e s t h e t i z e d ,  r e s t r a i n e d  a n i m a l s .  We know  f ro m  m any s t u d i e s  
t h a t  s p i n a l  i n f o r m a t i o n  i s  t r a n s m i t t e d  t o  t h e  h y p o t h a l a m u s ,  
a n d ,  a l t h o u g h  t h e r m o e f f e c t o r s  a r e  i n  s o m e  c a s e s  
p r e f e r e n t i a l l y  f a c i l i t a t e d  o r  i n h i b i t e d  b y  s p i n a l  o r  
p r e o p t i c / a n t e r i o r  (PO A H ) t e m p e r a t u r e  m a n i p u l a t i o n s ,  t h e  
n a t u r e  o f  a n d  l o c a t i o n  o f  t h e  i n t e g r a t i o n  i s  u n c l e a r .

We h a v e  c o n d u c t e d  e x p e r i m e n t s  i n  u n a n e s t h e t i z e d  
u n r e s t r a i n e d  r a b b i t s  u s i n g  p a r y l e n e - c o a t e d  e t c h e d  f i n e - w i r e  
m i c r o e l e c t r o d e s  d e v e l o p e d  i n  o u r  l a b o r a t o r y .  E i g h t  a d u l t  
f e m a l e  New Z e a l a n d  W h i t e  r a b b i t s  w e r e  i m p l a n t e d  w i t h  U -  
s h a p e d  p o l y e t h y l e n e  (PE  6 0 )  t h e r m o d e s  15 t o  20  cm a n t e r i o r l y  
e n t e r i n g  t h e  s p i n a l  c a n a l  a t  L 7 - S 1 .  A n i m a l s  w e r e  a l s o  
i m p l a n t e d  w i t h  a n  a s s e m b ly  c o n t a i n i n g  f o u r  t h e r m o d e s  a n d  a  
m i c r o d r i v e  a l l o w i n g  a c c e s s  t o  f o u r  r e g i o n s  o f  t h e  POAH. S ix  
o f  t h e  a n i m a l s  a l s o  r e c e i v e d  a  r e e n t r a n t  t u b e  t o  a l l o w  
m e a s u r e m e n t  o f  s p i n a l  c a n a l  t e m p e r a t u r e .  As t h e  m i c r o d r i v e  
w a s  a d v a n c e d ,  c e l l s  h a v i n g  a  s i g n a l  t o  n o i s e  r a t i o  o f  ≥2 : 1 
w e r e  r e c o r d e d  o n - l i n e  b y  a  c o m p u t e r  w h i l e  POAH a n d  s p i n a l  
t e m p e r a t u r e s  w e re  m a n i p u l a t e d .

I n i t i a l l y ,  m o s t  c e l l s  o b s e r v e d  h a d  f i r i n g  r a t e s  l e s s  t h a n  
10 H z. A lh o u g h  m o s t  o f  t h e  a n i m a l s  a r e  s t i l l  b e i n g  s t u d i e d ,  

h i s t o l o g y  i n  o t h e r s  i n d i c a t e s  t h a t  t h e  c e l l s  w e r e  i n  t h e  
c a u d a l  a s p e c t  o f  t h e  a n t e r i o r  h y p o t h a l a m u s  (AH). T h i r t e e n  
o f  2 2  c e l l s  i n  t h i s  r a n g e  w e r e  r e s p o n s i v e  t o  POAH t e m p 
e r a t u r e .  T h r e e  w e r e  r e s p o n s i v e  t o  s p i n a l  t e m p e r a t u r e .  O f 
t h e s e ,  o n e  r e s p o n d e d  i n  t h e  sa m e  d i r e c t i o n  a s  t o  POAH te m p 
e r a t u r e ,  o n e  r e s p o n d e d  i n  t h e  o p p o s i t e  d i r e c t i o n ,  a n d  o n e  
w a s  i n s e n s i t i v e  t o  POAH t e m p e r a t u r e .  R e c o r d in g s  f ro m  m o re  
r o s t r a l  l o c a t i o n s  a r e  c u r r e n t l y  t a k i n g  p l a c e ,  a n d ,  o f  t h e  
f e w  c e l l s  r e c o r d e d  t h u s  f a r ,  t h e  o n l y  n o t a b l e  d i f f e r e n c e  i s  
t h a t  b a s a l  f i r i n g  r a t e s  a r e  1 .5  t o  2  t i m e s  t h o s e  s e e n  m o r e  
c a u d a l l y .  T h o u g h  a  h i g h  p r o p o r t i o n  o f  AH c e l l s  r e s p o n d e d  
c o n s i s t e n t l y  t o  POAH t e m p e r a t u r e ,  r e l a t i v e l y  f e w  w e r e  
r e s p o n s i v e  t o  c h a n g e s  i n  s p i n a l  t e m p e r a t u r e .   ( S u p p o r t e d  by  
N IH  N S 1 6 3 1 7  t o  H .C .H . a n d  D .F .G . g r a n t  t o  F .W .K .)

2 4 7 .21  THE MYOELECTRIC RESPONSES OF THE GASTROINTESTINAL 
TRACT ASSOCIATED WITH EMESIS IN THE DOG.  I.M. Lang, S.K. 
Sarna* and R.E. Condon*.  Depts of Surgery and Physiology, Med. 
Coll. WI, Milw., WI 53226 and VAMC, Wood, WI 53193.

The myoelectric responses of the gastrointestinal tract 
associated with emesis have not been completely described. Studies 
using the cat have not included the stomach, and those using the 
dog have not included the majority of the small intestine. In 
addition, prior studies have not compared responses during 
spontaneous vomiting with drug-induced responses. These studies 
were conducted to describe the myoelectric responses of the gut 
from gastric antrum to ileum during spontaneous and apomorphine- 
induced vomiting. Mongrel dogs of either sex were implanted 
with bipolar seromuscular electrodes using sterile surgical 
techniques. Experiments were begun after a two week recovery 
period. Emesis was initiated using apomorphine (2.5 to 15 µg/kg, 
i.v.) or was observed spontaneously. The specificity of action of 
apomorphine was determined using the dopamine antagonists 
domperidone (0.5 µg/kg, i.v.) or haloperidol (50 µg/kg, i.c.v.). 
The responses associated with spontaneous vomiting episodes are 
listed below in order of occurrence: 1) slowing of gastric electrical 
control activity  (ECA), 2) disruption of intestinal ECA, 3) a 
retrograde myoelectric response (RMR), 4) bursts of electrical 
response activity  (ERA) on a slowed intestinal ECA cycle, and 5) 
retching and vomitus expulsion. The slowing of gastric and 
intestinal ECA lasted from 1 to 2 minutes. The RMR began about 
200 cm aborad to the ligament of Treitz and traveled to the 
gastric antrum a t 23 cm/s. These responses were similar to those 
occurring a fte r moderate (5-10 µg/kg) doses of apomorphine. 
Lower doses (2.5-5 µg/kg) stimulated the gastrointestinal responses 
only and the lowest dose (2.5 µg/kg) stimulated the gastric response 
only. Higher doses of apomorphine (10-15 µg/kg) caused repeated 
vomiting episodes with the gastrointestinal responses evident in 
the first episode only. Domperidone or haloperidol blocked all 
responses to apomorphine and vagotomy eliminated the gut 
responses. The results indicated that 1) spontaneous vomiting was 
preceded by complex myoelectric events of the gut including 
retrograde peristalsis; 2) apomorphine-induced responses (5-10 
µg/kg, i.v.) were similar to resonses occurring during a spontaneous 
vomit; 3) high doses of apomorphine (> 10 µg/kg, i.v.) caused non- 
physiologic responses; 4) the gastrointestinal responses associated 
with vomiting may be observed independent of retching and vomitus 
expulsion and are vagally mediated; and 5) all responses stimulated 
by apomorphine were mediated by dopaminergic receptors probably 
situated within the chemoreceptive trigger zone.
This research was supported by VA grant #7722-01P and BRSG 
#202-46-01.
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248.1  RETINAL ROD OUTER SEGMENT-DERIVED PHAGOSOMES IN HYPOTHYROID 
AND HYPERTHYROID RATS.  C.H. Gray, M.D. Troy* and D.R. Luis*  
B io logical Sciences D ept., C a lifo rn ia  Polytechnic S ta te  
U n iv e rs ity , San Luis Obispo, CA 93407.

I t  is  well e s ta b lish e d  in many v e rte b ra te  spec ies th a t  
the  d is ta l  o u te r segments o f rods a re  phagocytized by the 
ad jacen t r e t in a l  pigment ep ithe lium  (RPE) as an e ss e n tia l  
p a rt o f the  pho torecep tor renewal cycle . We have examined 
the  in fluence  o f thyroxine on the  number and s ize  o f photo
recep to r-d e riv ed  phagosomes, ind ices o f re t in a l  pigment 
e p i th e l ia l  a c t iv i ty ,  during the  usual peak time o f o u te r 
segment shedding a f te r  l ig h t  o n se t.

Inbred male a lb ino  r a ts  were separated  in to  th ree  groups 
of nine each: c o n tro l, thyrox ine (T 4 )- tre a te d , and pro
p y lth io u ra c il (PTU )-treated. Hyperthyroidism was induced by 
d a ily  in je c tio n s  of T4 (20 µg/100g BW) fo r  8 days. Other 
groups were v e h ic le - in je c te d . Hypothyroidism induction  was 
by 0 .1 % PTU in drink ing  w ater fo r  31 days. A 12:12 hr 
lig h t-d a rk  cycle  was m aintained.

S a c r if ic e  o rder was ro ta te d  to  prevent time b ias ag a in st 
any trea tm en t group. F ixation  in g lu taraldehyde-paraform 
aldehyde followed rapid  enuclea tion  under a n e s th e sia . 
Plastic-em bedded p o s te r io r  re t in a s  were sectioned m erid
io n a lly  on an ultram icrotom e a t  0 .5  µm and s ta in ed  with 
to lu id in e  b lue .

Phagosomes a t  le a s t  0.75 µm in the  g re a te s t  dimension 
were measured and counted w ith in  the  RPE c e l ls  and among 
th e i r  p ro cesses. R esults a re  based on ten oil-im m ersion 
m icroscopic f ie ld s  per eye examined.

Phagosomes/100 µm RPE Phaqosome Diameter (µm)

Control 19.8 ± 1.6 1.04 ± 0.02
T4-Treated 11.0 ± 0.7* 1.18 ± 0.04**
PTU-Treated 6.0 ± 0.7* 1.10 ± 0.04

*=p < 0.001 **=p< 0.05

R esults suggest th a t  d ev ia tio n  from euthyroidism  in 
e i th e r  d ire c tio n  in h ib i ts  RPE phagocytosis during the  usual 
peak time o f o u te r segment shedding. In h ib itio n  is  g re a te r  
in hypothyroidism . The s ig n if ic a n t ly  g re a te r  s ize  o f phago
somes in hyperthyroid  ra ts  did not seem to  c o rre la te  with 
o u te r segment d iam eter, e s s e n t ia l ly  the  same in a l l  th ree  
groups.

248.2  EFFECTS OF DOPAMINE AND VIP ON FISH CONE HORIZONTAL CELLS.  
S.C. Mangel* and J .E . Dowling .  The B io log ical L ab o ra to ries , 
Harvard U n iv e rs ity , Cambridge, MA 02138.

We have in v e s tig a te d  th e  in fluence  o f in te rp lex ifo rm  c e l ls  
o f th e  f is h  r e t in a  upon cone h o riz o n ta l c e l l s  by an an a ly sis  
o f th e  e f fe c ts  o f dopamine (DA), fo rsk o lin , h a lo p e rid o l and 
vasoac tive  in te s t in a l  pep tide  (VIP) upon the  e le c tro p h y s io l
og ica l p ro p e rtie s  o f th ese  c e l l s .  Experiments were perform
ed on superfused , whole carp r e t in a s .  Test drugs were added 
to  th e  superfusion  medium, w hile membrane p o te n tia l  and 
ligh t-evoked  responses were monitored w ith in t r a c e l lu la r  
e le c tro d es .

As repo rted  by o the rs  (Laufer e t a l . , 1981; Gerschenfeld 
e t a l. , 1982), we have found th a t  DA ap p lic a tio n  a f fe c ts  the  
s p a t ia l  response p ro p e rtie s  of cone h o riz o n ta l c e l l s .  That 
i s ,  DA in c reases  the  am plitude o f the  responses of th ese  
c e l ls  to  small spot s tim u li and decreases th e  am plitude of 
th e  responses to  la rg e r  spot s t im u li. The d i f f e r e n t ia l  e f 
fe c t o f DA on the  responses to  la rg e  and small spot s tim u li 
is  mimicked by th e  a p p lic a tio n  o f fo rsk o lin ,  a s tim u la to r of 
adenylate cy c lase , and blocked by ap p lic a tio n  o f h a lo p e rid o l, 
a DA recep to r a n tag o n is t. These find ings suggest th a t  the  
d i f f e r e n t ia l  e ffe c t  o f DA on th e  responses o f cone horizon
t a l  c e l ls  to  la rg e  and small spot s tim u li involves an a c t i 
vation  of adenylate  cyclase  through D1 recep to rs  on the  
h o riz o n ta l c e l l s .

We have a lso  found th a t  DA ap p lic a tio n  induces o the r 
changes in  the  responses o f cone h o riz o n ta l c e l l s .  In p a r t i 
c u la r ,  DA a f fe c ts  the  response waveform o f th ese  c e l ls  in  
th a t  i t  in c reases  th e  tr a n s ie n t  ch a rac te r of the  responses 
to  small spot s tim u li. In f a c t ,  during DA ap p lic a tio n  t r a n 
s ien t responses occur a t sm aller response am plitudes than 
occur during th e  co n tro l s i tu a t io n .  In a d d itio n , DA a p p li
c ation  reduces the  responses o f cone h o riz o n ta l c e l l s  to  
steady or f l ic k e r in g  red l ig h t  s tim u li more than the  respon
ses to  steady or f l ic k e r in g  blue or green l ig h t  s tim u li.

F in a lly , we have found th a t  VIP does not induce a d i f f e r 
e n t ia l  e f fe c t  on the  responses of cone h o riz o n ta l c e l ls  to  
la rg e  and small spot s tim u li but does induce inc reases  in 
cAMP production . Because VIP has a lso  been shown to  induce 
an accumulation o f cAMP in  is o la te d  h o riz o n ta l c e l ls  (Wat
lin g  and Dowling, 1983), i t  i s  p o ssib le  th a t  the  a c tio n  of 
VIP-induced cAMP is  d if f e r e n t from th a t  of DA-induced cAMP.

248 .3  EFFECTS OF DOPAMINE ON TRANSMISSION AT SYNAPSES FORMED BY 
CHOLINERGIC RETINAL NEURONS.  W-H. Tsai and D.G. Puro,  
Laboratory of V ision Research, National Eye I n s t i tu te ,  
N ational In s t i tu te s  o f Health, Bethesda, MD 20205.

The purpose of th is  study was to  in v e s tig a te  the e f fe c ts  
of dopamine on the  func tion  of synapses formed by cho lin e rg ic  
neurons derived from the r a t  re t in a .  We used an experim ental 
c u ltu re  system in which s t r ia te d  muscle c e l ls  served as post- 
synap tic  ta rg e ts  fo r  cho lin e rg ic  neurons of r e t in a .  This 
c u ltu re  system perm itted the physio logical monitoring of 
a ce ty lc h o lin e  re le a se  a t  synapses formed by re tin a l  neurons.

The re s u lts  o f our e lectro p h y sio lo g ica l experiments in d i
c a te  th a t  the  m icro ion tophoretic  ap p lic a tio n  of dopamine can 
induce a rap id  and profound in h ib ito ry  e f fe c t  on cho line rg ic  
transm ission  a t  re tina-m usc le  synapses. This in h ib ito ry  
e f f e c t  ceases promptly with the te rm ina tion  o f dopamine ap
p lic a tio n . Thus, th is  in h ib ito ry  e f fe c t  o f dopamine occurs 
ra p id ly  and reverses qu ick ly . In ad d itio n  to  an in h ib ito ry  
ac tio n  of dopmaine, we a lso  observed a marked f a c i l i t a t in g  
e f f e c t  o f th is  p u ta tiv e  n eu ro tran sm itte r on stim ulus-evoked 
transm ission  a t  re tina-m usc le  synapses. When compared to  the 
time course fo r  the  in h ib ito ry  e f f e c t ,  the  dopamine-mediated 
f a c i l i t a t i o n  of evoked synaptic  transm ision  had a slower 
onset and longer la s t in g  du ra tion  (10 min or more a f te r  
the  te rm ina tion  of dopamine a p p lic a tio n ) .  Both the  short-te rm  
in h ib it io n  and long-term  f a c i l i t a t i o n  could be blocked by 
h a lo p e rid o l. Since dopamine was not found to  in fluence  the 
menbrane p o ten tia l of muscle c e l ls  nor the  responses of 
myotubes to  m ic ro io n to p h o re tica lly  app lied  ace ty lc h o lin e , 
dopamine appeared to  have mediated i t s  e f fe c ts  on ch o lin e rg ic  
transm ission  by a f fe c tin g  r e tin a l  neurons.

Our find ings  a re  co n s is te n t with the  hypothesis th a t  the 
ac tio n  of dopamine on r e tin a l  neurons may include a tra n s ie n t 
in h ib ito ry  e f fe c t  and a long-term  modulatory in fluence .

248.4  ELECTROPHYSIOLOGICAL CORRELATES OF DOPAMINE DEPLETION IN 
FROG RETINA.  M.C. C itron . L. E r in o ff , D. Rickman*.  
Neurology Research, Childrens H osp ital of Los Angeles, Los 
Angeles, CA 90054

Frog re tin a s  (Rana p i p ie n s ) were s e le c tiv e ly  depleted  
of dopamine by in je c tin g  6-hydroxydopamine (6-HDA), 100µg 
in  5µl sa lin e -asco rb a te  in t r a v i t r e a l ly  in to  one eye; 
veh ic le  was in je c ted  in to  the o ther eye as a c o n tro l. From 
seven to  ten  days a f te r  in je c tio n , eyes were excised and 
s in g le  u n it responses or ERGs were recorded from an eyecup 
p rep a ra tio n . A fter recording  i n i t i a l  e le c tro p h y sio lo g ica l 
responses, 100µM apomorphine was dripped onto the eyecup 
to  examine the e f fe c ts  of th is  dopamine agon ist on these  
responses.

ERGs were evoked using a b r ig h t f u l l  f ie ld  f la s h  of 40 
msec d u ra tio n . S ingle u n it responses were recorded and 
recep tive  f ie ld s  were p lo tte d  by p resen ting  fla sh in g  spots 
and moving b a rs . In  ad d itio n , a spatio tem poral white 
noise (STWN) stim ulus was applied  to  the recep tiv e  f i e ld .  
This stim ulus con sis ted  of a 16 by 16 a rray  of square 
p ic tu re  elements (p ix e ls ) the in te n s i ty  of each was 
independently modulated by a b in a ry , random s ig n a l . The 
f i r s t  and second order ke rne ls  fo r each p ix e l or p a ir  of 
p ix e ls  was estim ated  by c ro s sc o rre la tio n  of the response 
w ith the in te n s ity  of the s tim u li.

R etinas in je c ted  w ith 6-HDA had an average dopamine 
dep le tion  of 90%; sero ton in  le v e ls  were unchanged. All 
dopamine-depleted r e tin a s  had lower amplitude ERGs. An 
increased  la ten cy  in  the b-wave was observed in  dep leted  
re t in a s ,  confirm ing our previous find ings (Neuroscience 
A b strac ts , 9 , 804, 1983). Apomorphine treatm ent decreased 
the la ten cy  of the b-wave in  both dep leted  and nondepleted 
re t in a s .  I t  a lso  shortened the ov e ra ll tim ecourse of the 
b-wave. This e ffe c t  was most pronounced in  dep leted  
r e t in a s .

H orizontal c e l l  responses from dep leted  r e tin a s  were 
not d if f e r e n t from those recorded in  co n tro l re t in a s .  
N either the responses to  f la s h e s ,  f i r s t  order k e rn e ls , nor 
p red ic ted  responses based on the ke rne ls  was a ffe c te d . 
This find ing  supports the hypothesis th a t b-wave a c t iv i ty  
is  not generated in  the outer r e t in a .  Ganglion c e l l  
responses are c u rre n tly  being recorded in  both depleted  
and co n tro l re t in a s ;  d iffe ren ces  in  responses may y ie ld  
inform ation regarding s p ec if ic  ac tio n s  of dopaminergic 
input to  these c e l l s  and th e ir  ro le  in  b-wave a c t iv i ty .

Supported in  p a rt by NIH gran ts  EY04711 and EY00250.
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248.5  SOME EFFECTS OF HALOPERIDOL UPON THE RECEPTIVE FIELD 
CHARACTERISTICS OF CAT RETINAL GANGLION CELLS.
Gregory W. Maguire and D .I . Hamasaki.  Bascom Palmer Eye 
I n s t i tu te ,  U niversity  of Miami School of Medicine, Miami, 
FL, 33101.

The reputed dopamine s p e c if ic  a n ta g o n is t, Haloperidol was 
in jec ted  in to  the v itreo u s  of the in ta c t c a t eye, and the 
recep tive  f ie ld  c h a r a c te r is t ic s  of pho top ica lly  adapted 
re tin a l  ganglion c e l ls  were monitored before and a f te r  
in je c tio n  by s in g le -u n it  o p tic  t r a c t  record ings.

At the doses of 50ug and 100ug, Haloperidol has i t s  most 
dram atic a f fe c ts  upon the OFF-center Y -ce ll. Approximately 
30 min p o s t- in je c tio n , the time a t which the e f fe c ts  are 
most ro b u st, the maintained a c t iv i ty  f a l l s  to  zero , the OFF- 
e x c ita tio n  to  a fla sh in g  spot is longer in la tency , more 
t r a n s ie n t ,  and sm aller in am plitude, The peripheral s h if t  
response is dim inished. These responses recover to  normal 
about four hours p o s t- in je c tio n , w hile some responses 
recover to  supra-normal leve ls  a t varying tim es.

In c o n tra d is t in c t io n , the recep tive  f ie ld  c h a r a c te r is t ic s  
of the ON-center X -cells  are  le a s t a ffec ted  by the 
H aloperidol in je c tio n , w ith only the susta ined  portion  of 
the cen ter response dim inished. Both the OFF-center X -cells 
and the ON-center Y-cel ls  e x h ib it moderate changes in th e ir  
recep tive  f ie ld  c h a r a c te r is t ic s  following Haloperidol 
trea tm en t. The OFF-center X -cells  show both a longer latency 
response to  recep tive  f ie ld  c en ter s tim u la tion  and a 
decrease in th e i r  maintained a c t iv i ty .  The ON-center Y -cells 
show an increase  in maintained a c t iv i ty  and a reduction in 
th e ir  recep tiv e  f ie ld  c en ter peak f i r in g  ra te .  The recep tive  
f ie ld  cen te r s ize s  of a l l  c e l l  types are  uneffected by 
H aloperidol. The recep tive  f ie ld  c en ter s ize  was taken as 
the diam eter of a fla sh in g  spot of white lig h t which 
e l i c i t e d  the h ighest peak f i r in g  r a te .  Some of the e f fe c ts  
have been dem onstrated to  be dose dependent.

The re s u lts  in d ica te  th a t the  response of the c a t 's  
re t in a l  dopaminergic recep to rs  to  Haloperidol is complex, 
and suggests th a t the dopaminergic amacrine c e ll makes a 
su b s ta n tia l co n trib u tio n  to  re tin a l  inform ation processing 
in the photopic s ta te .

248.6  THE EFFECTS OF SEROTONINERGIC DRUGS ON THE RESPONSES OF 
RABBIT GANGLION CELLS.  W. J .  Brunken, R. J .  Jensen , 
and N. W. Daw.  Dept. o f  Physio logy and Biophy s ic s .  
Washington U niversity  School of Medicine. St Louis, MO. 
63110

Indoleam ine-accum ulating amacrine c e l ls  have been iden
t i f i e d  in  a v a rie ty  of mammalian sp ec ies. In  the ra b b it 
these c e l ls  have th e ir  processes in  C a ja l 's  lay e r 5 of the 
inner plexiform  lay e r and synapse predom inately on the 
term inals of b ip o la r  c e l l s .  The exact id e n ti ty  of the 
indoleamine these c e l ls  use as a tra n s m itte r  has not been 
ye t e s ta b lis h e d . S ero ton in , which has been id e n t i f ie d  in 
non-mammalian r e t in a s ,  appears to  be p resen t in  only small 
q u a n ti t ie s  in  the ra b b it re t in a  and dem onstration of i t s  
sy n th e tic  enzymes has not been made. On the o th e r hand 
sero ton in  has been reported  to  a f fe c t  the e x c i ta b l i ty  of 
ra b b it ganglion c e l ls  (Ames and P o llen  '69) Other 
indoleamine p u ta tiv e  n eu ro tran sm itte r candidates may a lso  
emerge: fo r example m elatonin has been shown to  a f fe c t  
the re le a se  of dopamine in the ra b b it re t in a .

As a f i r s t  s te p  i n try ing  to e lu c id a te  the ro le  of an 
indole  in  processing  in  the ra b b it r e t in a ,  the e f fe c ts  of 
various sero to n in e rg ic  agon ists  and an tag o n ists  were moni
to red . The drugs employed included: the sero ton in  
ag o n ist, 5-methoxy N,N, dime thy ltryp tam ine (5-MDT); 
sero ton in  (5-HT) and two an ta g o n is ts , k e tan se rin  and 
m ethysergide. L ight-evoked responses  of r e t i n a l  ganglion 
c e l ls  were reco rded  from e i th e r  the in ta c t  eye in s i tu  or 
from a perfused in  v i t r o  eyecup p rep a ra tio n . In t he fo rm 
e r experim ental se t up  th e  drugs were in troduced  to  the 
blood supply v ia  the c a ro tid  a r te ry ;  whereas in  the 
l a t t e r  case drugs w ere supplied  in  the bath ing  medium.

O ff- tra n s ie n t ganglion c e l l s ,  p a r t ic u la r ly  the la rge  
f ie ld  u n i t ,  c o n s ti tu te  the m ajority  of c e l ls  from which we 
have obtained reco rd ings. In  these c e l ls  5-MDT has the 
following e f f e c ts :  1) reduces or e lim ina tes  a lto g e th e r  
the o n -tran s ie n t response seen with la rg e  spots of l ig h t :  
2) produces a period  of prominent o n -in h ib itio n  and 3) 
reduces the spontaneous a c t iv i ty .  Thus 5-MDT s h i f t s  the 
response of the c e l l  in  favor of the c en tra l mechanism. 
These e f fe c ts  of 5-MDT are  reversab le  in  5-20 min. 
K etanserin  and methysergide both e lim ina te  the surround 
r e s p o n s e s  of o f f - t r a n s ie n t  c e l ls  and reduce th e  spontane
ous a c t iv i ty .  K etanserin  un like  methysergide has a 
bimodal e f fe c t  on the cen ter-surround  balance. In  e a r ly  
phases of drug a p p lic a tio n  ( f i r s t  5-10 min) ke tan se rin  
causes a tra n s ie n t increase  in  the surround component; 
followed u ltim a te ly  be an e lim in a tio n  of th is  component of 
the c e l l ' s response. In  p relim inary  experiments with 
5-HT, l i t t l e  e f fe c t  of th is  drug on the cen ter-su rround  
balance could be dem onstrated un less high co n ce tra tio n s  
were achieved. However, spontaneous a c t iv i ty  was g en era l
ly  increased . Prelim inary  data  on o the r c e l l  types 
(o n - tra n s ie n t and on-sustained  c e l ls )  w ill  a lso  be 
p resen ted .

248 .7  INTERACTIONS BETWEEN ENKEPHALINS AND GAMMA-AMINOBUTYRIC 
ACID (GABA) IN AN AVIAN RETINA.  D.M.K. Lam, Y.Y.T. Su and 
C.B.Watt*. Cullen Eye I n s t i tu te ,  Baylor College of 
M edicine, Houston, Texas 77030.

In ad d itio n  to conventional n eu ro tran sm itte rs  such as 
a ce ty lc h o lin e , dopamine and gamma-aminobutyric acid (GABA), 
a number o f peptide  immunoreactive substances have been 
lo c a liz e d  to  the v e rte b ra te  re tin a  (Brecha, 1983).
U til iz in g  the  avian re tin a  as a model system, we have 
attem pted to  determ ine the functional ro le s  fo r a c la ss  of 
opio id  p ep tid e s , the enkephalins, in the processing o f v is 
ual in fo rm ation . On the basis  of an e a r l i e r  d iscovery  th a t  
enkephalin in h ib i ts  the re le a se  o f GABA in the  g o ld fish  
re tin a  (Djamgoz e t  a l . ,  1981), we proceeded to  examine 
whether s im ila r  in te ra c tio n s  occur in the  chicken re tin a  and 
i f  they do, what a re  the anatomical re la tio n s h ip s  between 
the enkephalin and GABA systems.

The e f fe c t  of op ia te s  on the K+-stim uated  re le a se  o f 
preloaded GABA was stud ied  using a method reported  
p rev iously  (Ayoub and Lam, 1984). Met5-enkephalin  in h ib ited  
the  re le a se  o f GABA in a dose-responsive manner. This 
in h ib it io n  was mimicked by the enkephalin analogue D-Ala2 -D 
-Leu5-enkephalin  (DADL) and the opioid agon ist morphine but 
was reversed  by the  opioid an tag o n ist naloxone. The maximal 
in h ib it io n  o f 3H-GABA re le a se  by any op ia te  te s ted  was about 
40%.

A l ig h t  m icroscopic exam ination o f re tin a l  sec tions  
processed s e q u e n tia lly  fo r both enkephalin-immunocytochem
is t r y  and 3H-GABA uptake autoradiography revealed c le a r ly  
th a t  some amacrine c e l l s  con tain  both enkephalin and GABA, 
w hile o th e r amacrine c e l l s  con ta in  only enkephalin or GABA. 
To b e tte r  understand the mechanisms behind the  enkephalin
-induced in h ib it io n  o f GABA re le a s e , s tu d ie s  a re  p resen tly  
underway a t  the u l t r a s tru c tu ra l  level which examine the 
synap tic  re la tio n s h ip s  between those c e l ls  th a t  contain  
e i th e r  enkephalin , GABA or both enkephalin and GABA.

(Supported by NIH gran ts  EY02423 and EY02608 to DMKL, 
EY03701 to  YYTS and EY02590 to  CBW).

248.8  EFFECTS OF GABA TRANSAMINASE INHIBITORS AND BICUCULLINE 
ON THE TEMPORAL FREQUENCY TRANSFER FUNCTIONS OF HORIZONTAL 
CELLS IN A CYPRINID FISH RETINA.  Deborah J .  Prince* and 
M.B.A. Djamgoz.  Dept of Pure and Applied Biology, Im perial 
C ollege, London S.W.7, U.K.

E lec tro p h y s io lo g ic a l, u l t r a s t r u c tu r a l  and pharm acological 
s tu d ies  s tro n g ly  suggest th a t th e re  are in h ib ito ry  feedback 
pathways between photopic , red s e n s it iv e  L1/H1-type  horizon
ta l  c e l ls  (HCs) and cone photorecep tors in  cyprin id  f is h  
re t in a e ,  and th a t the tra n s m itte r  a t these  synapses is  γ - 
aminobutyric acid  (GABA). One of the func tions th is  re c ip ro 
ca l in te ra c tio n  appears to  subserve is  to  enhance the range 
of frequencies of f l ic k e r in g  l ig h t  th a t can be s ig n a lled  by 
the pho to recep to rs . In th is  communication we provide fu r th e r  
evidence th a t augmentation and in h ib it io n  of GABA ac tio n  in  
the re t in a  by GABA-T in h ib ito rs  and b ic u c u ll in e ,  re s p e c tiv e 
ly ,  produce e le c tro p h y sio lo g ica l e f fe c ts  c o n sis te n t w ith th is  
hypo thesis. L1/H1 type HCs were impaled in  re tin a e  is o la te d  
from dark-adapted roach (R utilus r u t i l u s ) . Their response to 
a s e r ie s  of s in u so id a lly  f l ic k e r in g  red l ig h t  s tim u li de
liv e red  from a stroboscope were measured and the re la t iv e  
response am plitude a t a given frequency of s tim u la tio n  was 
c a lcu la te d . Data were obtained in  un trea ted  re t in a e ,  averaged 
and compared w ith measurements taken in  the same p rep a ra tio n  
follow ing drug a p p lic a tio n . T y p ica lly , HC responses e l i c i te d  
by s in u so id a lly  f l ic k e r in g  l ig h t  of inc reasing  frequency in  
a co n tro l re t in a  showed s im ila r am plitudes in  the range 1-  
10 Hz. At h igher frequencies of l ig h t  s tim u la tio n  a gradual 
decay in  response amplitude was observed. Following atomised 
ap p lic a tio n s  of 150 µm gabaculine or 150 µM γ -a c e ty le n ic  
GABA a general increase  of the e f fe c tiv e  frequency range was 
observed. For example, a t 25 Hz, HCs in  co n tro l s ta te s  of 
the re t in a  showed average response amplitude reductions of 
94% w h ils t follow ing gabaculine and y -a c e ty len ic  GABA t r e a t 
ment the c e l ls  gave response amplitude decreases of only 
80% and 50%, re sp ec tiv e ly . Conversely, GABA antagonism , using 
160 µM b ic u c u llin e ,  re su lte d  in  a narrowing of the  frequency 
domains of the HCs. For example, a t 25 Hz, c e l ls  in  re tin a e  
showing an average response amplitude reduction  of 28% in  
the con tro l s ta te  y ie lded  a 94% reduction  a f te r  b ic u c u llin e  
a p p lic a tio n . The p o s s ib i l i ty  th a t th is  e f fe c t  might be due 
to  a dectease  in  the recep tiv e  f ie ld  s iz e  of the c e l ls  was 
a lso  in v e s tig a te d . B icucu lline  was not found to  reduce spa
t i a l  summation in  HCs; in  f a c t ,  a small bu t s ig n if ic a n t  en
hancement was observed.
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248.9  VASOACTIVE INTESTINAL PEPTIDE (VIP) STIMULATES RELEASE OF 
GABA AND GLUTAMATE FROM MAMMALIAN RETINAL SYNAPTOSOMES.
M.H. Makman*, J .F .  C u b e l ls , D. S m ith* , and B. D vork in* . 
(SPON: E .L . G a rd n e r .)   D epartm ents o f  B io c h em istry , 
M o lecu la r Pharm acology, and N eu ro sc ien c e , A lb e r t  E in s te in  
C o lleg e  o f  M ed ic ine , Bronx, NY 10461

R e t i n a l  a m a c r i n e  c e l l s  o f  a  n u m b e r  o f  s p e c i e s  c o n t a i n  
V I P .  We h a v e  p r e v i o u s l y  r e p o r t e d  t h a t  b o v i n e ,  r a b b i t  a n d  
r a t  r e t i n a  c o n t a i n  a  h i g h l y  a c t i v e  V I P - s t i m u l a t e d  a d e n y l a t e  
c y c l a s e  (AC) ( L o n g s h o r e  a n d  M akm an, E u r .  J .  P h a r m a c o l . ,  
70: 23 , 1 9 8 1 ) .  In  b o v i n e  r e t i n a  d o p a m in e  (DA)- a n d  V IP -  
s t i m u l a t e d  ACs a p p e a r  t o  b e  l o c a t e d  o n  s e p a r a t e  n e u r o n s ;  
a l s o  V IP  d o e s  n o t  r e g u l a t e  DA n e u r o n s  p r e s y n a p t i c a l l y  
(M akm an e t  a l . ,  R e g u l a t o r y  P e p t i d e s , 6: 3 1 7 , 1 9 8 3 ) . H o w e v e r ,  
t h e  p r e c i s e  l o c a t i o n  o f  VI P r e c e p t o r s  a n d / o r  V I P - s t i m u l a t e d  
AC in  m a m m a lia n  r e t i n a  i s  n o t  k n o w n . In  t h e  p r e s e n t  s t u d y  we 
h a v e  e x a m in e d  t h e  i n f l u e n c e  o f  V I P ,  r e l a t e d  p e p t i d e s  a n d  
o t h e r  t r a n s m i t t e r s  o n  t h e  i n  v i t r o  r e l e a s e  o f  l a b e l e d  
g l u t a m a t e  a n d  GABA f ro m  p r e l a b e l e d  b o v i n e  r e t i n a l  s y n a p t o 
s o m e s .  A l s o  w e h a v e  i n v e s t i g a t e d  t h e  r e l e a s e  o f  3 H-GABA 
n e w ly  f o rm e d  f r o m  3 H - g l u t a m a t e .  V IP  d i d  n o t  a f f e c t  s y n 
a p to s o m a l  u p t a k e  o f  14 C - g l u t a m a t e  o r  3 H-GABA. H o w e v e r ,  
f o l l o w i n g  p r e l a b e l i n g  w i t h  g l u t a m a t e  o r  GABA, a d d i t i o n  o f  
V IP  ( 1 0 - 8 - 1 0 - 5 M) r e s u l t e d  i n  a  m a r k e d ly  e n h a n c e d  ( 2 - 4  
f o l d )  r a t e  o f  r e l e a s e  o f  l a b e l ,  c h r o m a t o g r a p h i c a l l y  i d e n 
t i f i e d  a s  g l u t a m a t e  o r  GABA. V IP  a l s o  s t i m u l a t e d  t h e  r e 
l e a s e  o f  3 H-GABA t h a t  h a d  b e e n  n e w ly  f o rm e d  f ro m  3 H - g l u -  
t a m a t e  d u r i n g  a  p r e i n c u b a t i o n  p e r i o d .  3 H-GABA r e l e a s e  w as  
a p p r e c i a b l y  e n h a n c e d  by  a s  l i t t l e  a s  1 0 - 8 M V IP . T h e  
s t r u c t u r a l l y  r e l a t e d  p e p t i d e s  PHl , s e c r e t i n  a n d  g l u c a g o n  
a l s o  s t i m u l a t e d  3 H-GABA r e l e a s e ,  w i t h  r e l a t i v e  p o t e n c i e s  
r e s e m b l i n g  t h o s e  f o r  V I P - s t i m u l a t e d  AC a c t i v i t y .  T h e  
e f f e c t  o f  V IP  w a s  n o t  a d d i t i v e  t o  a  s t i m u l a t o r y  e f f e c t  o f  
5 0  mM KCl . T h e  a d e n o s i n e  A2 r e c e p t o r  a g o n i s t  N - e t h y l c a r 
b o x a m id e  a d e n o s i n e  w a s  w e a k ly  a c t i v e .  DA, n o r e p i n e p h r i n e ,  
i s o p r o t e r e n o l ,  c a r b a c h o l  a n d  f o r s k o l i n  w e r e  i n a c t i v e .  
8 - T h i o m e t h y l c y c l i c  AMP s t i m u l a t e d  (+66% ) b u t  t o  a  l e s s e r  
e x t e n t  t h a n  V I P .  N e i t h e r  c a r b a c h o l  n o r  DA a l t e r e d  t h e  
e f f e c t  o f  V IP . V IP  s t i m u l a t e d  3 H-GABA r e l e a s e  i n  r a t  r e t 
i n a ,  b u t  w a s  w i t h o u t  e f f e c t  in  r a t  s t r i a t u m  o r  f r o n t a l  
c o r t e x .  I t  i s  p r o p o s e d  t h a t  V IP  r e c e p t o r s  o n  r e t i n a l  GABA 
n e u r o n s  f u n c t i o n  t o  r e l e a s e  GABA by  a  m e c h a n is m  t h a t  may 
i n v o l v e  c y c l i c  AMP f o r m a t i o n .  A l s o ,  V IP  r e l e a s e s  3 H - g l u 
t a m a t e  e i t h e r  f ro m  GABA n e u r o n s  o r  a l t e r n a t i v e l y  f ro m  
o t h e r  n e u r o n s  o r  c e l l s  c a p a b l e  o f  a c c u m u l a t i n g  l a b e l e d  
g l u t a m a t e .
Supported  by USPHS G ran ts EY-04633 and 5T32 GM-07260.

2 4 8 .10   EFFECTS OF THE PUTATIVE NEUROTRANSMITTER BLOCKERS, 2 -A M IN O -4 - 
PHOSPHONOBUTYRATE AND MECAMYLAMINE,  ON NEURAL PATHWAYS IN  
GOLDFISH RETIN A.  S t e v e n  E .  W a lk e r *  a n d  W i l l i a m  K . S t e l l   
L i o n s '  S i g h t  C e n t r e ,  U n i v e r s i t y  o f  C a l g a r y  F a c u l t y  o f  
M e d i c i n e ,  C a l g a r y  C a n a d a  T2N 4 N 1 .

S p e c i f i c  b l o c k e r s  o f  t r a n s m i s s i o n  a t  c h e m i c a l  s y n a p s e s  a r e  
i m p o r t a n t  t o o l s  f o r  p h a r m a c o l o g i c a l  a n a l y s i s  o f  n e u r a l  p a t h 
w a y s .  We h a v e  a p p l i e d  tw o  f a m i l i a r  p u t a t i v e l y  p o s t s y n a p t i c  
b l o c k e r s  t o  t h e  i s o l a t e d ,  s u p e r f u s e d  g o l d f i s h  r e t i n a  w h i l e  
r e c o r d i n g  g a n g l i o n  c e l l  (GC) r e s p o n s e s  w i t h  e x t r a c e l l u l a r  
m i c r o e l e c t r o d e s ,  u s i n g  p o s t - s t i m u l u s  t im e  h i s t o g r a m s  a n d  
d o s e - r e s p o n s e  f u n c t i o n s  t o  a n a l y z e  t h e  r o l e  o f  p h a r m a c o lo g 
i c a l l y  i d e n t i f i e d  r e c e p t o r s  i n  s p a t i a l  r e c e p t i v e  f i e l d  o r g a n 
i z a t i o n  a n d  c h r o m a t i c  p a th w a y s .

T w o - a m in o - 4 - p h o s p h o n o b u t y r a t e  (APB) i s  s a i d  t o  b l o c k  
r e t i n a l  ON p a th w a y s  b y  a c t i n g  a t  s i g n - i n v e r t i n g  s y n a p s e s  o f  
p h o t o r e c e p t o r s  t o  d e p o l a r i z i n g  b i p o l a r s .  We f o u n d  t h a t  1 - 1 0  
µM APB b l o c k e d  a l l  l i g h t - e v o k e d  r e s p o n s e s  (ON o r  O F F , r e d  o r  
g r e e n ,  c e n t r e  o r  s u r r o u n d )  i n  r e d - O N - c e n t r e  c e l l s  b u t  e n 
h a n c e d  th e m  i n  r e d - O F F - c e n t r e  c e l l s .  M o s t s i g n i f i c a n t l y ,  APB 
b l o c k e d  t h e  g r e e n - O F F  r e s p o n s e  o f  r e d - O N - c e n t r e  GCs b u t  d i d  
n o t  b l o c k  t h e  g r e e n - O N  r e s p o n s e  o f  r e d - O F F - c e n t r e  c e l l s .  
T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  b l o c k i n g  a c t i o n  o f  APB a t  
a l l  s y n a p s e s  o f  c o n e s  u p o n  d e p o l a r i z i n g  b i p o l a r s ,  p r o v i d e d  
t h a t  t h e  s i g n a l  f ro m  g r e e n - d e p o l a r i z i n g  b i p o l a r s  i s  i n v e r t e d  
t h r o u g h  o n e  o r  m o re  a d d i t i o n a l  s y n a p s e s  b e f o r e  t h e  GC.

We a l s o  e m p lo y e d  t h e  n i c o t i n i c  a n t a g o n i s t ,  m e c a m y la m in e  
(MCA) t o  s t u d y  c h o l i n e r g i c  p a th w a y s  i n  t h e  i n n e r  p l e x i f o r m  
l a y e r .  P u r e  ON- o r  O F F - c e n t r e  c e l l s  ( s h o w in g  b o t h  t r a n s i e n t  
a n d  s u s t a i n e d  r e s p o n s e  c o m p o n e n t s )  w e r e  a f f e c t e d  b y  MCA o n l y  
a t  v e r y  h i g h  d o s e s  ( c a .  10 4M ), a t  w h ic h  a n  o v e r a l l  d e p r e s 
s i o n  o f  a c t i v i t y ,  p r o b a b l y  n o n s p e c i f i c ,  w a s  o b s e r v e d .  I n  
c o n t r a s t ,  a t  a  m uch  lo w e r  d o s e  ( < 1 0 - 5 M) MCA t o t a l l y  a b o l i s h e d  
l i g h t - e v o k e d  a c t i v i t y  b u t  s l i g h t l y  i n c r e a s e d  d a r k  a c t i v i t y  i n  
a n  ON-OFF t r a n s i e n t  c e l l .  T h i s  s u g g e s t s  t h a t  i n  t h e  g o l d f i s h  
n i c o t i n i c  c h o l i n e r g i c  p a th w a y s  a r e  i n s t r u m e n t a l  i n  g e n e r a t i n g  
t h e  r e s p o n s e s  o f  ON-OFF GCs b u t  n o t  t h o s e  o f  ON- o r  O F F - 
c e n t r e  G C s.
S u p p o r t e d  b y  t h e  A l b e r t a  H e r i t a g e  F o u n d a t i o n  f o r  M e d ic a l  
R e s e a r c h  a n d  t h e  M e d ic a l  R e s e a r c h  C o u n c i l  o f  C a n a d a .

24 8.11  EFFECTS OF EXCITATORY AMINO ACID ANTAGONISTS ON AMACRINE AND 
GANGLION CELLS IN  AXOLOTL RETIN A.  D a v id  D v o r a k * , (SPON : I .G .  
M o r g a n ) ,   D e p t . o f  B e h a v i o u r a l  B i o l o g y ,  R . S . B . S . ,  A u s t r a l i a n  
N a t i o n a l  U n i v e r s i t y ,  C a n b e r r a ,  2 6 0 1 ,  A u s t r a l i a

T h e  p h a r m a c o lo g y  o f  e x c i t a t i o n  i n  t h e  i n n e r  r e t i n a  w as 
i n v e s t i g a t e d  b y  a s s e s s i n g  t h e  e f f e c t s  o f  a  r a n g e  o f  e x c i t a t 
o r y  a m in o  a c i d  a n t a g o n i s t s  o n  t h e  r e s p o n s e s  o f  a m a c r in e  a n d  
g a n g l i o n  c e l l s  i n  a x o l o t l  r e t i n a .  I n t r a c e l l u l a r  r e c o r d i n g s  
w e r e  m ad e  i n  t h e  s u p e r f u s e d  e y e c u p  p r e p a r a t i o n  a n d  t e s t  
d r u g s  w e r e  b a t h - a p p l i e d .  M e m b ran e  r e s i s t a n c e  w a s  e s t i m a t e d  
f ro m  t h e  s l o p e  o f  c u r r e n t - v o l t a g e  r e l a t i o n s  m e a s u r e d  i n  
d a r k n e s s  a n d  d u r i n g  t h e  l i g h t  r e s p o n s e  i n  n o r m a l  R i n g e r ' s  
a n d  i n  t h e  p r e s e n c e  o f  e a c h  a n t a g o n i s t .  L i g h t  r e s p o n s e s  a n d  
c r i t e r i a  f o r  c e l l  i d e n t i f i c a t i o n  w e r e  l i k e  t h o s e  d e s c r i b e d  
i n  m u d p u p p y  ( B e lg u m , J . H . ,  D v o r a k ,  D .R . & M c R e y n o ld s ,  J . S . ,  
J . P h y s io l.  3 2 6 : 9 1 - 1 0 8 ,  1 9 8 2  a n d  J . P h y s io l.  3 4 0 : 5 9 9 - 6 1 0 ,  
1 9 8 3 ) .

T h e  k a i n a t e / q u i s q u a l a t e  a n t a g o n i s t  ( + / - ) - c i s - 2 , 3 - p i p e r 
i d i n e  d i c a r b o x y l i c  a c i d  (PDA ; 2-5mM ) e l i m i n a t e d  O F F - r e s p o n s e s  
a n d  r e d u c e d  s u s t a i n e d  e x c i t a t o r y  i n p u t  n o r m a l l y  p r e s e n t  i n  
d a r k n e s s .  PDA h a d  m i l d e r  e f f e c t s  o n  O N - r e s p o n s e s . I n  ON- 
OFF c e l l s  t h e  O N - e . p . s . p .  t y p i c a l l y  b e c a m e  m o re  t r a n s i e n t  
a n d  w a s  r e d u c e d  10 -4 0 %  i n  a m p l i t u d e ,  a l t h o u g h  i t  a lw a y s  
e x c e e d e d  a c t i o n  p o t e n t i a l  t h r e s h o l d .  I n  a b o u t  o n e  h a l f  o f  
t h e  c e l l s  t e s t e d  t h e  n e t  i n c r e a s e  i n  c o n d u c t a n c e  u n d e r l y i n g  
t h e  O N - r e s p o n s e  w a s  u n c h a n g e d  b y  PDA. γ - D - g l u t a m y l g l y c i n e  
(DGG; 2-5mM ) h a d  q u a l i t a t i v e l y  s i m i l a r  b u t  r e d u c e d  e f f e c t s ,  
w h i l e  g l u t a m i c  a c i d  d i e t h y l  e s t e r  (GDEE; 5mM) w as  w i t h o u t  
e f f e c t .

T h e  N - m e t h y l - D - a s p a r t a t e  (NMDA) a n t a g o n i s t ,  2 - a m i n o - 5 -  
p h o s p h o n o v a l e r i c  a c i d  (2 -A P V ; 2 5 0 µ M -1mM) e l i m i n a t e d  ON- 
r e s p o n s e s  a n d  h a d  l i t t l e  e f f e c t  o n  O F F - r e s p o n s e s  o r  o n  
m e m b ra n e  p o t e n t i a l  a n d  c o n d u c t a n c e  i n  d a r k n e s s .  ON-OFF c e l l s  
t y p i c a l l y  h a d  a  so m e w h a t m o re  t r a n s i e n t  O F F - e . p . s . p .  i n  t h e  
p r e s e n c e  o f  t h e  d r u g .  Low Mg2 + , a  s e c o n d  s e l e c t i v e  b l o c k i n g  
a g e n t  a t  t h e  NMDA r e c e p t o r  i n  o t h e r  r e g i o n s  o f  t h e  CNS, w as 
a p p l i e d  i n  c o n c e n t r a t i o n s  o f  l - 5 0 µM a n d  h a d  n o  e f f e c t  o n  
m e m b ra n e  p o t e n t i a l ,  c o n d u c t a n c e  o r  l i g h t  r e s p o n s e  o f  a n y  
c e l l  t y p e .

T h e  s e l e c t i v e  e l i m i n a t i o n  o f  ON- o r  O F F - r e s p o n s e s  r e p o r t e d 
h e r e  c a n  b e  b e s t  e x p l a i n e d  b y  t h e  k now n a c t i o n s  o f  t h e  
a n t a g o n i s t s  i n  t h e  o u t e r  r e t i n a .  T h e  s t u d y  r a i s e s  som e 
d o u b t s  a b o u t  r e c e n t  c l a i m s  t h a t  t h e  b i p o l a r  c e l l  t r a n s m i t t e r  
i s  a n  e x c i t a t o r y  a m in o  a c i d  ( S l a u g h t e r ,  M.M. & M i l l e r ,  R .F .  
N ature  3 0 3 : 5 3 7 - 5 3 8 ,  1 9 8 3 ) .

2 4 8 .12   D E N D R ITIC -FIEL D  ORIENTATION OF HUMAN RETINAL GANGLION 
CELLS. K .F . BINMOE LLER*, J.D IN E E N *  AND R .W . RODIECK.  D e p t  
o f  O p h th a lm o lo g y ,  U n i v e r s i t y  o f  W a s h i n g t o n ,  S e a t t l e ,  
9 8 1 9 5 .

We h a v e  s t u d i e d  G o l g i - i m p r e g n a t e d  g a n g l i o n  c e l l s  i n  
f l a t - m o u n t e d  hum an  r e t i n a s .  S e v e r a l  m o r p h o l o g i c  f o r m s  
w e r e  o b s e r v e d ,  a n d  we c o n c e n t r a t e d  o n  a  d i s t i n g u i s h a b l e  
s u b g r o u p  t h a t  h a d  t h i c k l y  b r a n c h i n g  d e n d r i t i c  f i e l d s  t h a t  
s t r a t i f i e d  w i t h i n  a  n a r r o w  z o n e  o f  t h e  i n n e r  p l e x i f o r m  
l a y e r .  A s c a t t e r  d i a g r a m  o f  d e n d r i t i c - f i e l d  s i z e  v s .  
e c c e n t r i c i t y  f o r  c e l l s  o f  t h i s  s u b g r o u p  s h o w e d  tw o  d i s 
t i n c t  c l u s t e r s ,  s u c h  t h a t  a t  a n y  e c c e n t r i c i t y  t h e  c e l l s  
h a d  e i t h e r  s m a l l  o r  l a r g e  d e n d r i t i c  f i e l d s .  M o r p h o l o g i c  
a n a l y s i s  sh o w e d  t h a t  t h o s e  w i t h  t h e  l a r g e  f i e l d s  c o r r e s 
p o n d  t o  t h o s e  d e s c r i b e d  b y  P o l y a k  a s  ' P a r a s o l '  c e l l s  i n  
G o l g i - s t a i n e d  t r a n s v e r s e  s e c t i o n s  o f  m o n k ey  a n d  c h im p a n z e e  
r e t i n a s .  L i k e w i s e  t h o s e  w i t h  s m a l l  f i e l d s  c o r r e s p o n d  t o  
h i s  'M i d g e t '  g a n g l i o n  c e l l s .

T h e  d e n d r i t i c - f i e l d s  o f  m any  w e l l - f i l l e d  h um an  P a r a 
s o l  a n d  M id g e t  g a n g l i o n  c e l l s  t e n d  t o  b e  e l o n g a t e d  r a t h e r  
t h a n  c i r c u l a r .  S i m i l a r  e l o n g a t i o n  h a s  b e e n  d e s c r i b e d  f o r  
c a t  g a n g l i o n  c e l l s ,  a s  d i s c u s s e d  b e lo w .  To q u a n t i f y  t h i s  
e l o n g a t i o n ,  a  s i m p l e  a l g o r i t h m  w a s  u s e d  t o  c a l c u l a t e  t h e  
b e s t - f i t t i n g  e l l i p s e  t o  e a c h  d e n d r i t i c - f i e l d  o u t l i n e .  T h e  
p o s i t i o n  o f  e a c h  a n a l y z e d  c e l l  o n  t h e  f l a t - m o u n t e d  r e t i n a  
w a s  m a p p e d  t o  i t s  r e l a t i v e  p o s i t i o n  o n  t h e  r e t i n a l  h e m i s 
p h e r e  a n d  t h e  o r i e n t a t i o n  o f  t h e  m a j o r  a x i s  o f  t h e  e l l i p s e  
f o r  i t s  d e n d r i t i c - f i e l d  w a s  m a r k e d  a t  t h i s  p o s i t i o n .  A 
s e c o n d  a l g o r i t h m  w a s  u s e d  t o  d e t e r m i n e  t h e  p o i n t  o n  t h i s  
h e m i s p h e r e  a t  w h ic h  t h e  m a j o r  a x e s  o f  t h e s e  c e l l s  t e n d e d  
t o  p o i n t ,  u s i n g  t h e  m e a n - s q u a r e  e r r o r  a s  t h e  m i n i m i z a t i o n  
c r i t e r i o n .

T h e  l o n g  a x e s  o f  t h e  d e n d r i t i c  f i e l d s  o f  P a r a s o l  
c e l l s  t e n d  t o  p o i n t  t o  a  l o c a t i o n  c l o s e  t o  t h e  f o v e a  
(<10  d e g ) ,  w i t h  a  h i g h  s i g n i f i c a n c e  l e v e l  o v e r  r a n d o m iz e d  
o r i e n t a t i o n s .  A s i m i l a r  a n a l y s i s  o f  h um an  M id g e t  g a n g l i o n  
c e l l s  sh o w e d  t h a t  t h e y  l i k e w i s e  t e n d  t o  p o i n t  t o  a  l o c a 
t i o n  c l o s e  t o  t h e  f o v e a  (< 1 0  d e g ) , b u t  w i t h  a  l o w e r  s i g n i 
f i c a n c e  l e v e l .

T h e  d e n d r i t i c  f i e l d s  o f  m o s t  g a n g l i o n  c e l l s  i n  t h e  
c a t  r e t i n a  a l s o  sh o w  a  r a d i a l  o r i e n t a t i o n ,  c e n t e r e d  a t  o r  
n e a r  t h e  a r e a  c e n t r a l i s  ( L e v e n t h a l  a n d  S c h a l l ,  ' 8 3 ) ,  w h ic h  
i s  a l s o  r e f l e c t e d  i n  t h e i r  r e c e p t i v e  f i e l d  p r o p e r t i e s  
( L e v ic k  a n d  T h i b o s ,  ' 8 2 ) .

S u p p o r t e d  b y  G r a n t s  N o . E Y -0 2 9 2 3  & E Y -0 1 7 3 0  a n d  t h e  
E .K . B i s h o p  F o u n d a t i o n .
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248.13 LIGHT MICROSCOPY OF HRP FILLED CAT RETINAL GANGLION CELLS.
D e n n is  D acey * (SPO N .: D. T r a c e y ) .   S c h o o l o f  A natom y, 
Un i v e r s i t y  o r  New S o u th  W a le s , K e n s in g to n  NSW, A u s t r a l i a  
2 0 3 3 .

R e c e n t  a n a to m ic a l  s t u d i e s  o f  c a t  r e t i n a l  g a n g l io n  c e l l s  
h a v e  e x te n d e d  t h e  t h r e e  g ro u p ,  a lp h a /b e ta /g a m m a  
c l a s s i f i c a t i o n  by  r e c o g n i z in g  new c e l l  t y p e s .  H ow ever, 
t h e r e  i s  p e r s i s t i n g  d i s a g r e e m e n t  w h e th e r  new o b s e r v a t io n s  
s u g g e s t  a d d i t i o n a l ,  d i s c r e t e  g a n g l io n  c e l l  t y p e s  o r  a r e  
b e s t  v iew e d  a s  v a r i a t i o n  w i t h in  t h e  gamma c e l l  c l a s s . A 
m a jo r  d i f f i c u l t y ,  f o r  e i t h e r  i n t e r p r e t a t i o n ,  h a s  b e e n  i n  
a c q u i r i n g  a  d e t a i l e d  d e s c r i p t i o n  o f  a l a r g e  sam p le  o f  
i d e n t i f i e d  g a n g l io n  c e l l s .  I n  t h e  p r e s e n t  s tu d y  s m a l l ,  
i o n t o p h o r e t i c  i n j e c t i o n s  o f  h o r s e r a d i s h  p e r o x id a s e  (HRP) 
w e re  made d i r e c t l y  i n t o  t h e  r e t i n a  an d  t h e  m o rp h o lo g y  o f  
HRP f i l l e d  g a n g l io n  c e l l s  was ex a m in e d  i n  c o b a l t  e n h a n c e d , 
d ia m in o b e n z id in e  r e a c t e d  r e t i n a l  w h o le  m o u n ts .  The r e s u l t s  
d e m o n s t r a te  t h e  d e n d r i t i c  an d  ax o n  m o rp h o lo g y  o f  a lp h a  
( C la s s  1) an d  b e t a  ( C la s s  2) c e l l s  an d  s u g g e s t  t h e  p r e s e n c e  
o f  t h r e e  a d d i t i o n a l  g a n g l io n  c e l l  t y p e s ,  a s  f o l l o w s .

C la s s  3 c e l l s  h a v e  d i s c o i d ,  m u l t i p o l a r  so m a ta  (2 4 -3 0  µm 
i n  d i a m e t e r ) . A m edium  c a l i b e r  ax o n  ( 0 .8 - 1 .2  µm) t y p i c a l l y  
a r i s e s  fro m  a  p r im a ry  d e n d r i t e ,  c lo s e  t o  t h e  som a. P r im a ry  
d e n d r i t e s  a r e  sm o o th , r a d i a t e  a n d ,  i n  t h e i r  p ro x im a l  two 
t h i r d s ,  b r a n c h  s p a r s e l y  by  b i f u r c a t i n g .  D i s t a l  d e n d r i t e s  
b r a n c h  f r e q u e n t l y  an d  b e a r  a  co m p lem en t o f  e lo n g a t e ,  
v a r i c o s e  a p p e n d a g e s .  The d e n d r i t i c  f i e l d  i s  l a r g e  (up  t o  
900 µm i n  t h e  r e t i n a l  p e r i p h e r y )  an d  i s  n a r r o w ly  s t r a t i f i e d  
i n  t h e  in n e r m o s t  p o r t i o n  o f  t h e  i n n e r  p l e x i f o r m  l a y e r  
( IP L ) .  C la s s  4 c e l l s  h a v e  s p h e r i c a l  o r  f u s i f o r m  so m ata  
(1 5 -2 5  µm i n  d i a m e t e r ) .  A s m a l l  c a l i b e r  axon  ( 0 .5 - 1 .0  µ m) 
a r i s e s  d i r e c t l y  fro m  th e  som a. P ro x im a l  d e n d r i t e s  a r e  
sm o o th , m e a n d e r in g  an d  f r e q u e n t l y  b r a n c h e d .  D i s t a l  
d e n d r i t e s  a r e  v a r i c o s e ,  o f t e n  r e c u r v e  an d  s p o r t  o c c a s i o n a l  
s h o r t  k n o b s  o r  s p i n e - l i k e  e x t e n s i o n s .  The d e n d r i t i c  t r e e  i s  
b r o a d l y  s t r a t i f i e d  i n  e i t h e r  t h e  i n n e r  ( s u b la m in a  b ) o r  t h e  
o u t e r  ( s u b la m in a  a )  p o r t i o n  o f  t h e  IP L . The f i e l d  s i z e  i s  
m edium  (u p  t o  450 µm i n  t h e  r e t i n a l  p e r i p h e r y )  an d  i s  th u s  
a b o u t  h a l f  t h e  s i z e  o f  t h e  C la s s  3 f i e l d  a t  a  g iv e n  
e c c e n t r i c i t y .  C la s s  5  c e l l s  h a v e  s m a l l ,  s p h e r i c a l  so m a ta  
(8 -1 5  pm i n  d i a m e te r ) an d  f i n e  c a l i b e r  a x o n s  ( 0 .5  µm o r  
l e s s ) .  The d e n d r i t e s  a r e  e x t r e m e ly  t h i n  ( l e s s  th a n  1 µm ), 
show d e n s e ,  i n t r i c a t e  b r a n c h in g  an d  a r e  h e a v i l y  s tu d d e d  
w i th  s p i n e s ,  k n o b l ik e  e x t r u s i o n s  an d  l o n g ,  b r a n c h e d ,  
l e a f - l i k e  a p p e n d a g e s .  The d e n d r i t i c  t r e e  e x te n d s  
th r o u g h o u t  t h e  IPL an d  t h e r e f o r e  a p p e a r s  r e l a t i v e l y  b u sh y  
i n  w h o le  m o u n ts .  The f i e l d  i s  s m a l l  (u p  t o  250 pm i n  th e  
r e t i n a l  p e r i p h e r y )  an d  i s  t h u s  a b o u t  o n e  f o u r t h  t h e  s i z e  o f  
t h e  C la s s  3 f i e l d  a t  a  g iv e n  r e t i n a l  e c c e n t r i c i t y .

G a n g l io n  c e l l  c l a s s e s  3 , 4 an d  5 , l i k e  C la s s  1 ( a lp h a )  
an d  C la s s  2 ( b e t a )  c e l l s ,  i n c r e a s e  i n  d e n d r i t i c  f i e l d  s i z e  
w i th  i n c r e a s i n g  d i s t a n c e  fro m  t h e  a r e a  c e n t r a l i s  b u t ,  a t  
an y  g iv e n  e c c e n t r i c i t y ,  e a c h  show s a  d i s c r e t e  axon  
d i a m e te r ,  soma s i z e  an d  d e n d r i t i c  t r e e  s i z e ,  s t r u c t u r e  and  
s t r a t i f i c a t i o n .

(S u p p o r te d  by  an  NIH p o s t d o c t o r a l  f e l l o w s h i p . )

248.14 DISTRIBUTION OF GANGLION CELLS IN LARVAL LAMPREY RETINA.
H. C a in * an d  K. R u b in s o n .  D e p t . o f  P h y s i o l .  B io p h y s . ,  
New Y ork U n iv . Med. C t r . ,  New Y o rk , NY 1 0 0 1 6 .

The t r a c i n g  o f  d e g e n e r a te d  c e n t r a l  p r o j e c t i o n s  
d e m o n s t r a te d  t h e  e x i s t a n c e  o f  g a n g l io n  c e l l s  i n  t h e  
r e t i n a s  o f  v e ry  y o u n g , f u n c t i o n a l l y  b l i n d ,  l a r v a l  la m p re y s  
(K ennedy an d  R u b in s o n , 1 9 7 7 ) . T h e se  l a r v a e  h a v e  a  
m o r p h o lo g ic a l ly  d i f f e r e n t i a t e d  c e n t r a l  r e t i n a  an d  a  
r e l a t i v e l y  u n d i f f e r e n t i a t e d  p e r i p h e r a l  r e t i n a .  P u t a t i v e  
g a n g l io n  c e l l s  ca n  be fo u n d  i n  th e  p e r i p h e r a l  r e t i n a  y e a r s  
b e f o r e  th e  d i s t a l  l a y e r s  d i f f e r e n t i a t e  (R u b in s o n  an d  C a in ,  
198 3 ; R u b in so n  an d  C a in ,  i n  p r e p . ) .  The e n u c l e a t i o n  
te c h n iq u e  u s e d  i n  th e  d e g e n e r a t i o n  s t u d i e s  d id  n o t  p e r m it  
i d e n t i f i c a t i o n  o f  th e  p o s i t i o n  o f  th e  g a n g l io n  c e l l s  i n  
th e  r e t i n a .

I n  o r d e r  to  l o c a t e  th e  g a n g l io n  c e l l s ,  t h e  o p t i c  n e r v e  
w as c u t  an d  a  c r y s t a l  o f  HRP (B o e r in g e r-M a n n h e im ) was 
p la c e d  b e tw e e n  th e  c u t  s u r f a c e s .  A f te r  10 d a y s ,  t h e  e y e  
was rem oved  an d  p r o c e s s e d  a c c o r d in g  t o  a  TMB p r o c e d u r e .

I n  g ro u p  3 l a r v a e ,  r e t r o g r a d e l y  f i l l e d  g a n g l io n  c e l l s  
w ere  fo u n d  i n  t h e  c e n t r a l  and  p e r i p h e r a l  r e t i n a .  T h e se  
a r e  th e  y o u n g e s t  a n im a ls  i n  w h ich  th e  g a n g l io n  c e l l  l a y e r  
(GCL) e x te n d s  a l l  th e  way to  th e  p e r i p h e r a l  e d g e  o f  th e  
r e t i n a  w h i le  th e  m ore d i s t a l  l a y e r s  a r e  u n d i f f e r e n t i a t e d .  
L a b e l l e d  g a n g l io n  c e l l s  w ere  fo u n d  i n  t h e  GCL an d  i n  th e  
i n n e r  p o r t i o n  o f  th e  i n n e r  n u c l e a r  l a y e r  ( IN L ) . I t  s h o u ld  
be n o te d  t h a t ,  i n  t h e  la m p re y , t h e  n e rv e  f i b e r  l a y e r  i s  
s i t u a t e d  b e tw e en  th e  d i s p l a c e d  g a n g l io n  c e l l s  (DGCs) o f  
t h e  INL an d  th e  o r t h o t o p i c  g a n g l io n  c e l l s  . The e s t i m a t e d  
r a t i o  o f  d i s p l a c e d  t o  o r t h o t o p i c  g a n g l io n  c e l l s  i s  1 :3 .

The r a t i o  o f  d i s p l a c e d  to  o r t h o t o p i c  g a n g l io n  c e l l s  i s  
s u r p r i s i n g l y  h ig h  w i th  r e s p e c t  t o  t h e  r a t i o s  fo u n d  in  
o t h e r  v e r t e b r a t e s .  P o s s i b l e  r e a s o n s  f o r  t h i s  a p p a r e n t l y  
h ig h  r a t i o  i n c l u d e :  1) a  s u b s t a n t i a l  p o p u la t i o n  o f  c e l l s  
o f  o r t h o t o p i c  g a n g l io n  c e l l s  may re m a in  u n l a b e l l e d  d ue t o  
t h e  r e l a t i v e l y  s m a l l  s i z e  o f  t h e i r  a x o n , 2 )  som e o f  th e  
DGCs p r e s e n t  a t  t h i s  s t a g e  may be d e s t i n e d  t o  l o s e  t h e i r  
a x o n s  an d  becom e a m a c r in e  c e l l s  (H in d s  an d  H in d s , 1 9 7 8 ) , 
3 ) c e l l  d e a th  may o c c u r  w i th i n  t h e  DGC p o p u l a t i o n ,  o r  4 )  
t h i s  h ig h  r a t i o  may be c h a r a c t e r i s t i c  o f  b o th  l a r v a l  and  
a d u l t  la m p re y  r e t i n a e .

S u p p o r te d  by g r a n t  NS15252 t o  KR.

2 4 8 . 15   THE NEURONAL LOCALIZATION OF CALCIUM-BINDING PROTEIN IN  
ROD OR CONE DOMINANT RETIN A .  K .G . B a i m b r i d g e , J . J .  M i l l e r  
a n d  D .B .  F a r b e r .  D e p t .  P h y s i o l o g y ,  UBC, V a n c o u v e r ,  B . C . ,  
V6T 1W5 a n d  J u l e s  S t e i n  E y e  I n s t i t u t e ,  UCLA S c h o o l  o f  
M e d i c i n e ,  CA 9 0 0 2 4 .

C a lc iu m  b i n d i n g  p r o t e i n  ( C a B P ) ,  a  n e u r o n a l  s p e c i f i c  
c y t o s o l i c  p r o t e i n ,  h a s  b e e n  sh o w n  t o  b e  p r e s e n t  i n  a  v a r i 
e t y  o f  c e l l  t y p e s  i n  t h e  CNS. I n  v i e w  o f  t h e  w e l l  know n  
a n a t o m i c a l  a n d  p h y s i o l o g i c a l  o r g a n i z a t i o n  o f  n e u r o n s  w i t h 
i n  t h e  r e t i n a  i t  w a s  o f  i n t e r e s t  t o  e x a m in e  t h e  d i s t r i 
b u t i o n  a n d  l o c a l i z a t i o n  o f  CaBP i n  t h i s  s t r u c t u r e  f ro m  
r o d - d o m i n a n t  ( r a t ,  m o u s e )  o r  c o n e - d o m in a n t  ( s q u i r r e l )  
s p e c i e s  t o  d e t e r m i n e  w h e t h e r  t h i s  p r o t e i n  w a s  a s s o c i a t e d  
w i t h  a  p a r t i c u l a r  f u n c t i o n a l  p o p u l a t i o n  o f  n e u r o n s .

C r y o s t a t  s e c t i o n s  ( 6 - 1 0  µ )  o f  r e t i n a l  t i s s u e  w e r e  c u t  
f o l l o w i n g  f i x a t i o n  i n  10% f o r m a l i n ,  2 % c a l c i u m  a c e t a t e  a n d  
s t a i n e d  a c c o r d i n g  t o  p r o c e d u r e s  p r e v i o u s l y  o u t l i n e d  u s i n g  
a  s p e c i f i c  a n t i b o d y  t o  h u m an  c e r e b e l l a r  CaBP ( B a im b r id g e  
a n d  M i l l e r  1 9 8 2 ;  B r a i n  R e s e a r c h  2 4 5 , 2 2 3 - 2 2 9 ) .

I n  t h e  m o u se  a n d  r a t  i n t e n s e l y  l a b e l l e d  o v o i d  n e u r o n s  
a n d  t h e i r  p r o c e s s e s  c o r r e s p o n d i n g  t o  h o r i z o n t a l  c e l l s  w e r e  
p r e s e n t  i n  t h e  d i s t a l  p o r t i o n  o f  t h e  i n n e r  n u c l e a r  l a y e r  
( I N L )  c l o s e  t o  t h e  o u t e r  p l e x i f o r m  l a y e r .  O t h e r  c e l l  t y p e s  
w i t h i n  t h e  IN L  w e r e  m uch  m o re  l i g h t l y  s t a i n e d  a n d  w e r e  fe w  
r e l a t i v e  t o  t h e  t o t a l  n u m b e r  o f  c e l l s  i n  t h i s  r e g i o n .  I n  
t h e  g a n g l i o n  c e l l  l a y e r  a  s u b p o p u l a t i o n  o f  m o d e r a t e l y  
s t a i n i n g  c e l l s  w a s  e v i d e n t .  CaBP i m m u n o r e a c t i v i t y  w a s  
n o t a b l y  a b s e n t  f ro m  t h e  r e c e p t o r  c e l l s  a n d  t h e i r  p r o c e s s e s .

R e t i n a l  n e u r o n s  o f  t h e  s q u i r r e l  e x h i b i t e d  a  d i f f e r e n t  
p a t t e r n  o f  C a B P - l ik e  i m m u n o r e a c t i v t y . I n  a d d i t i o n  t o  t h e  
d e n s e  b a n d  o f  s t a i n  i n  t h e  o u t e r  p o r t i o n  o f  t h e  IN L c o r 
r e s p o n d i n g  t o  h o r i z o n t a l  c e l l s ,  m o r p h o l o g i c a l l y  d i s t i n c t  
b i p o l a r  a n d  a m a c r in e  c e l l s  l o c a l i z e d  t o  t h e  o u t e r  a n d  
i n n e r  p o r t i o n  o f  t h e  IN L r e s p e c t i v e l y  w e r e  i n t e n s e l y  
l a b e l l e d .  P r o c e s s e s  o f  t h e s e  c e l l s  e x t e n d e d  i n t o  t h e  IP L  
a n d  f o r m e d  tw o  d i s t i n c t  a n d  i n t e n s e l y  s t a i n e d  b a n d s  i n  
l a m i n a r  1 , 2  a n d  4 , 5 .  G a n g l i o n  c e l l s  e x h i b i t e d  m o d e r a t e  t o  
h e a v y  l a b e l l i n g  w i t h  a  f a r  g r e a t e r  n u m b e r  o f  p o s i t i v e  
c e l l s  t h a n  t h a t  o b s e r v e d  i n  e i t h e r  t h e  m o u se  o r  r a t .  CaBP 
i m m u n o r e a c t i v i t y  w a s  t o t a l l y  a b s e n t  f r o m  r e c e p t o r  c e l l s .

T h e  o b s e r v e d  d i f f e r e n c e s  b e tw e e n  l a b e l l e d  n e u r o n s  i n  
t h e  s p e c i e s  e x a m in e d  a n d  t h e  f a c t  t h a t  n o t  a l l  n e u r o n s  o f  
a  p a r t i c u l a r  p o p u l a t i o n  e x h i b i t e d  C a B P - l ik e  im m uno
r e a c t i v i t y  s u g g e s t s  t h a t  t h i s  p r o t e i n  m ay b e  a  s p e c i f i c  
m a r k e r  f o r  s u b p o p u l a t i o n s  o f  r e t i n a l  n e u r o n s  w h ic h  m ay b e  
f u n c t i o n a l l y  d i s t i n c t .

2 4 8 .16  OPIO ID  PATHWAYS IN THE LARVAL TIGER SALAMANDER RETINA: 
ANATOMICAL AND ELECTROPH Y SIOLOGICAL STU D IE S.  C . B . W a t t* ,  
S .E .  F e i n g o l d * ,  S .M . Wu, K .R . F ry  a n d  D .M .K . Lam . ( S p o n .  
C .D .B . B r i d g e s )   C u l l e n  E ye I n s t i t u t e ,  B a y l o r  C o l l e g e  o f  
M e d i c i n e ,  H o u s to n ,  T e x a s  7 7 0 3 0 .

L i g h t  m i c r o s c o p i c  im m u n o h i s to c h e m ic a l  a n a l y s e s  r e v e a l e d  
tw o  p o p u l a t i o n s  o f  n e u r o n s  w h ic h  e x h i b i t  e n k e p h a l i n  ( e n k ) -  
l i k e  i m m u n o r e a c t i v i t y .  T h e m a j o r i t y  o f  e n k - im m u n o s t a i n e d  
c e l l s  h a v e  so m as  s i t u a t e d  i n  t h e  i n n e r  n u c l e a r  l a y e r  a l o n g  
t h e  b o r d e r  o f  t h e  i n n e r  p l e x i f o r m  l a y e r  a n d  m ay c o r r e s p o n d  
t o  t y p e  1 a m a c r i n e  c e l l s  ( W o n g - R i l e y ,  1 9 7 4 ) .  A s m a l l  num
b e r  o f  e n k - s t a i n e d  c e l l  b o d i e s  w e re  o b s e r v e d  i n  t h e  g a n g l i o n  
c e l l  l a y e r .  S u c h  c e l l s  w e re  t e n t a t i v e l y  i d e n t i f i e d  t o  b e  
d i s p l a c e d  a m a c r i n e  c e l l s ,  s i n c e  e n k - i m m u n o r e a c t i v i t y  w as 
n o t  o b s e r v e d  i n  t h e  g a n g l i o n  c e l l  a x o n  l a y e r  o r  i n  t h e  o p t i c  
n e r v e .  I n  t h e  i n n e r  p l e x i f o r m  l a y e r  e n k - s t a i n i n g  a p p e a r e d  
a s  p u n c t a t e  d e p o s i t s  i n  s u b l a m i n a  1 a n d  a s  a  b r o a d e r  b a n d  
i n  s u b la m im a  5 a d j a c e n t  t o  t h e  g a n g l i o n  c e l l  l a y e r .

A t t h e  u l t r a s t r u c t u r a l  l e v e l ,  e n k - im m u n o r e a c t i v e  p r o 
c e s s e s  w e re  o b s e r v e d  t o  p a r t i c i p a t e  i n  s e v e r a l  s y n a p t i c  
r e l a t i o n s h i p s .  In  s u b l a m i n a  1 e n k - s t a i n e d  v a r c o s i t i e s  w e re  
m o s t  o f t e n  o b s e r v e d  t o  c o n t a c t  u n s t a i n e d  v e s i c l e -  o r  
n o n - v e s i c l e - c o n t a i n i n g  p r o f i l e s .  O c c a s i o n a l l y ,  e n k - p o s i t i v e  
p r o f i l e s  r e c e i v e d  c o n v e n t i o n a l  s y n a p s e s  f r o m  u n s t a i n e d  
v e s i c l e - c o n t a i n i n g  p r o f i l e s .  E n k - s t a i n e d  v a r i c o s i t i e s  i n  
s u b la m in a  5 w e re  m o s t  o f t e n  f o u n d  t o  b e  t h e  p r e s y n a p t i c  
m em ber o f  a s y n a p t i c  a r r a n g e m e n t  i n  w h ic h  t h e  p o s t s y n a p t i c  
e l e m e n t  w a s u n s t a i n e d  a n d  w as e i t h e r  a  v e s i c l e - f i l l e d  
p r o f i l e  ( w i t h  o r  w i t h o u t  a  s y n a p t i c  r i b b o n ) ,  a  n o n - v e s i c l e
- c o n t a i n i n g  p r o f i l e  o r  t h e  som a o f  a  c e l l  s i t u a t e d  i n  t h e  
g a n g l i o n  c e l l  l a y e r .  L e s s  f r e q u e n t l y ,  e n k - s t a i n e d  v a r i 

c o s i t i e s  w e re  o b s e r v e d  t o  r e c e i v e  e i t h e r  c o n v e n t i o n a l  o r  
r i b b o n  s y n a p t i c  i n p u t  fro m  o t h e r  u n s t a i n e d  p r o f i l e s .

I n i t i a l  e l e c t r o p h y s i o l o g i c a l  s t u d i e s  u t i l i z i n g  i n t r a 
c e l l u l a r  r e c o r d i n g s  i n d i c a t e  t h a t  e n k e p h a l i n s  a n d  m o r p h in e  

a f f e c t  t h e  o n - c e n t e r  p a th w a y s  o f  g a n g l i o n  c e l l s  i n  t h i s  
r e t i n a .

( S u p p o r t e d  by  NIH g r a n t s  EY 02590 t o  CBW a n d  E Y 02423 
a n d  E Y 02608 t o  DMKL, a  g r a n t  f ro m  t h e  R e t i n a  R e s e a r c h  
F o u n d a t i o n  t o  SMW a n d  a g r a n t  fro m  t h e  A l b e r t a  H e r i t a g e  
F o u n d a t i o n  t o  K R F ).
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248.17 FMRFamide-IMMUNOREACTIVE TERMINAL NERVE EFFERENT FIBRES AND 
PANCREATIC POLYPEPTIDE-IMMUNOREACTIVE INTRINSIC NEURONES IN 
GOLDFISH RETINA.  L.E. Muske, W.K. S te l l  and K.S. Chohan*  
Department o f Anatomy and L ions' S ight C entre , U n iversity  of 
Calgary F acu lty  of M edicine, C algary, A lberta  T2N 4N1.

R ecently  we have shown th a t  r e t in a l  p ro je c tio n s  from the 
te rm ina l nerve in  g o ld fish  con ta in  one or more pep tides 
immunochemically  s im ila r  to  the  m olluscan card io e x c ita to ry  
pep tide  H-Phe-Met-Arg-Phe-NH2 , o r FMRFamide (S te l l  e t  a l . ,  
1984 PNAS 8 1:940). The C -term inal sequence of th is  peptide  
re se mb le s  th a t  of the  36 -residue  p an crea tic  polypeptides 
(PP), most of which, includ ing  the  neuropeptide NPY, 
te rm ina te  in  -Arg-Tyr-NH2 . Since some a n tis e ra  to  FMRF
amide might recognize th is  sequence in  PP -like  p e p tid e s , we 
used immunofluorescence techniques (w ith app rop ria te  
p reab so rp tio n  c o n tro ls )  to  compare the  lo c a lis a tio n s  of 
FMRFamide- and PP-immunoreactive (IR) s tru c tu re s  in  the 
g o ld fish  r e t in a  and o p tic  nerve. Antiserum to  FMRFamide 
(Dockray, "L135") revealed  only e f fe re n t f ib re s  in  o p tic  
nerve and r e t in a ,  as p rev iously  desc rib ed , whereas a n tis e ra  
to  avian  PP (Kimmel, "Lance") and NPY (T iren iu s , "102B") 
revealed  only r e t in a l  neurones w ith  somata in  the  amacrine 
c e l l  lay e r and n e u r ite s  in  s t r a t a  1, 3 and 5 of the  inner 
plexiform  la y e r .  Antiserum to  bovine PP (Chance, "615-R110- 
146-17") recognized both the  e f fe re n t FMRFamide-IR f ib re s  
and the  i n t r in s ic  PP-I R neurones.

The o b je c tiv e  of our s tu d ie s  is  to  id e n tify  pep tides 
s p e c if ic  to  id e n t i f ie d  neurones and to  understand th e i r  
ro le  in  r e t in a l  fu n c tio n . Since th i s  goal may be confounded 
by the  presence of m u ltip le  chem ically  s im ila r  p e p tid e s , we 
crushed the  o p tic  nerve u n i la te r a l ly  to  in te r ru p t the 
tra n s p o r t of te rm ina l nerve p e p tid e (s ) in to  the  re t in a  
w ithout a f fe c tin g  the  p ep tide  content of in t r in s ic  neurones. 
Immunofluorescent lo c a liz a tio n  revealed  a marked lo ss  of 
FMRFamide-IR pep tide  in  e f fe re n t f ib re s  d i s ta l  to  the  o p tic  
nerve crush  (v s . c o n tr a la te r a l  normal co n tro l)  beginning 
5-13 days a f te r  su rgery , whereas NPY-IR r e t in a l  neurones 
were u n a ffec ted . The g o ld fish  re tin a - te rm in a l nerve system 
o ffe r s  an a t t r a c t iv e  opportun ity  to  ch a rac te r iz e  v e rte b ra te  
FMRFamide- and P P -like  p ep tides  and to  understand th e i r  
ro le s  in  n eu ra l fu n c tio n .
( S u p p o r t e d  b y  t h e  A l b e r t a  H e r i t a g e  F o u n d a t i o n  f o r  M e d id a l  
R e s e a r c h ,  t h e  M e d ic a l  R e s e a r c h  C o u n c i l  o f  C a n a d a ,  a n d  t h e  
N a t u r a l  S c i e n c e s  a n d  E n g i n e e r i n g  R e s e a r c h  C o u n c i l  o f  C a n a d a ) .

248.18 CHOLINE ACETYLTRANSFERASE-LIKE IMMUNOREACTIVITY IN THE PIGEON 
RETINA.  K. T. Keyser*, H.  J .  K arten , M. L.  E pste in  and 
C. D. Johnson*.  Dept. of P sy ch ia try , SUNY a t  Stony Brook, 
NY 11794; D ept. of Anatomy, Univ. of W isco n s in , M adison, 
WI 53706.

A c e ty lch o lin e  (ACh) o ccu rs  w ith in  many nervous system  
s tru c tu re s ,  includ ing  r e t in a .  P rev io u s  s tu d ie s  em ployed a 
number of techniques fo r the dem onstration of ACh, in c lu d in g  
a c e ty lc h o l in e s te r a s e  s t a i n in g ,  a u to ra d io g ra p h y  fo llo w in g  

H -choline uptake and -Bungarotoxin b ind ing .
The re c e n t  a v a i l a b i l i t y  o f a n t i s e r a  a g a i n s t  c h o l in e  

a c e t y l t r a n s f e ra s e  (CAT) has a llo w ed  us to  reexam ine th e  
lo c a l iz a t io n  o f ACh in  th e  p ig eo n  r e t i n a  in  te rm s  o f th e  
c e l l s  c o n t r ib u t in g  to  s p e c i f i c  la m in a e  a s  w e l l  a s  th e  
r e l a t i o n s h i p  o f CAT r e a c t i v i t y  t o  o t h e r  p u t a t i v e  
n eu ro tran sm itte rs  in  the  r e t i n a .  The a n tis e ru m  used  was a 
ra b b it  po lyc lona l ag a in s t a f f in i ty  p u r if ie d  CAT from chicken.

Three types of c e l l s  ex h ib ited  CAT-like im m u n o rea c tiv ity  
(CATLI) in  the  pigeon r e t in a ;  (1) somata (7um in  d ia m e te r)  
t h a t  were found in  th e  o u te r  t i e r s  o f th e  am acrine  c e l l  
la y e r ,  (2 ) sm aller c e l l s  (6um in  d ia m e te r)  l im i t e d  to  th e  
f i r s t  t i e r  o f am acrine c e l l s  a t  th e  b o rd e r  o f th e  in n e r  
p lexiform  la y e r (IPL2) (the  d e n s i ty  of th e s e  two c e l l  ty p e s  
to g e th e r was 2200/mm2 ), and (3) c e l l s  c h a rac te riz ed  by sm all 
c e l l  b o d ies  (5-6um) found w ith in  th e  g a n g lio n  cel l  la y e r  
(GCL). In th is  case , th e re  were about 1800 cells/mm2 .

Two major bands of C A T-positive p ro c e s s e s  were o b serv ed  
w ith in  the IPL. The outerm ost band was found in  a s p e c i f i c  
p o rtio n  of lamina 1 ( C a j a l 's  schem e), term ed  lam ina 1c by 
Karten and Brecha. This band o r ig i n a t e s  from th e  c e l l s  in  
the  amacrine c e l l  lay e r which, in  some c a s e s ,  co u ld  be seen  
to  give r i s e  to  la rg e  c a l ib e r  d en d rite s  e n te r in g  lam ina 1c. 
R arely , processes were observed pass ing  between laminae 1 and 
4. However, the major source of CATLI in  lamina 4 appears to  
be the  small c e l l s  in  the  GCL. In a very few in s ta n c e s ,  we 
observed a th in  band of CATLI in  lam ina 3 o f th e  IPL. The 
source of th ese  f ib e rs  has not been determ ined.

The id e n t i ty  of th e  im m unoreactive  c e l l s  in  th e  GCL i s  
u n c e r ta in . CATLI has not been o b serv ed  in  th e  o p t ic  ne rve  
head nor has i t  been p o ss ib le  to  la b e l the  sm all CAT-positive 
c e l l s  by the in je c tio n  of HRP in to  th e  te c tu m . These d a ta  
s u p p o r t  th e  s u g g e s t io n  o f  Baughman & B ad er t h a t  th e  
C A T-positive c e l l s  in  th e  GCL a re  n o t g a n g lio n  c e l l s  b u t 
ra th e r  d isp laced  amacrine c e l l s  whose p ro c e s s e s  a r b o r iz e  in  
the  r e t in a .  Supported by EY04796 (HJK) and AM32978 (MLE).

2 4 8 .19  CROSS-SPECIES COMPARISON OF RETINAL STRUCTURES USING MONO
CLONAL ANTIBODIES.  J .  C. B lanks,* C. M ill e r# and S. 
Benzer*+ .  Doheny Eye Foundation and Departments of Ophthal
mology and Pathology# , USC School o f M edicine, Los Angeles, 
CA, and D ivision of Biology+ , C a lifo rn ia  I n s t i tu te  of 
Technology, Pasadena, CA.

Monoclonal an tib o d ies  (Mabs), ra ised  with Drosophila 
m elangaster head and eyes as immunogens, have been shown to 
have ex tensive  c ro s s - r e a c t iv i ty  with human b rain  t is s u e . 
Both mammalian and Drosophila b ra ins contain  so many d i f 
f e re n t s tru c tu re s  th a t i t  is d i f f i c u l t  to make d ire c t  co r
r e la tio n s  between them. However, the Drosophila v isual 
system, l ik e  the v e rte b ra te  re t in a ,  is divided in to  layers 
corresponding to pho torecep tor s t ru c tu re s ,  th e ir  c e ll bodies 
and successive  ganglion c e ll and synap tic  reg ions, thus p ro
v id ing  a system fo r c ro ss-sp ec ies  comparison.

C ryostat sec tio n s  of human, monkey, mouse and f ly  eyes 
were s ta in ed  fo r immunofluorescence microscopy. All Mabs 
te s ted  were re a c tiv e  fo r f ly  t i s s u e .  A system atic  compari
son, layer by la y e r, has been made fo r each Mab. In a ll  
v e r te b ra te  spec ies s tu d ied , approxim ately one -h a lf of the 
Mabs te s ted  showed re a c t iv i ty .  Some Mabs were s p e c if ic  fo r 
various su b stru c tu res  in the v e rte b ra te  re t in a s ,  such as 
pho torecep tor o u te r segments, inner and o u te r synaptic  
layers  and g l ia l  c e l l s .  Some of the  Mabs a lso  recognized 
s im ila r  s tru c tu re s  in the f ly  eye. The homologies detected  
by the Mabs w ill be desc ribed .

These Mabs extend the range of anatomical mapping to un
known m olecules, providing new markers fo r s t ru c tu re s ,  ce ll 
types and s u b c e llu la r  elem ents. We are  pursuing the com
parison  of D rosophila and. mammalian nervous system antigens 
and p o ssib le  corresponding g en etic  homologies.

These c ro ss-sp ec ies  in v e s tig a tio n s  approach the question  
of to what ex ten t new nervous sy stem -sp ec ific  molecules 
appear in e v o lu tio n , and whether conserved molecules are 
used in the same fashion  in various nervous systems.

(This work was supported in p a rt by NIH gran ts  EY00188 
and EY03042 [JCB], NSF g ran t PCM 79-11771 [SB], and the 
Barbara V anderb ilt Peck Foundation o f the Amyotrophic 
L atera l S c le ro s is  Society  of America, the Muscular Dys
trophy A sso c ia tio n , and the H ereditary  Disease Foundation 
[CM].)

748.20  MONOCLONAL ANTIBODIES AGAINST RETINAL CELLS IN THE ADULT AND 
DEVELOPING RABBIT.  K.R. Fry, N.X. Chen+* , Y.W. Peng* and 
D.M.K.  Lam, Program in Neuroscience and Cullen Eye I n s t i 
tu te ,  Baylor College o f M edicine, Houston, TX 77030 and 
Zhongshan Medical C ollege, Guangzhou, Chi.na+*

The in tro d u ctio n  o f  hybridoma technology has re su lte d  in 
the production o f monoclonal an tib o d ies  ag a in st many sp ec i
f ic  c e l l types. We rep o rt here on two new monoclonal a n t i 
bod ies, one which s ta in s  ganglion c e l l s  and another which 
s ta in s  M uller c e l l s  in the ra b b it re t in a .  BALB/c mice were 
immunized with a 50% (NH4 )2SO4 p re c ip i ta te  of cow b rain  
homogenate. The an tib o d ies  obtained were screened using 
in d ire c t  fluorescence o f ra b b it r e t in a l  s ec tio n s . One of 
the an tib o d ie s , AB5, was observed to  s ta in  ganglion c e l l s .  
D endritic  processes in the  inner plexiform  lay e r as well as 
bundles o f axons in the nerve f ib re  lay e r s ta ined  b r ig h t ly .  
AB5 immunostaining o f ganglion c e l l s ,  although weak was 
f i r s t  observed a t  1 day p ostnata l and appeared a d u l t- l ik e  
by 6 days p o s tn a ta l. The s p e c i f i c i ty  o f AB5 fo r ganglion 
c e l l s  was te s ted  in two days: 1) by an is o la ted  c e ll p re
p a ra tio n , and 2) by a b a ck f ill p repara tion  in which a 
flu o rescen t dye was in jec ted  in to  the c o n tra la te r a l  la te r a l  
g en icu la te  nucleus. A second an tibody , AC4, s ta in ed  Muller 
c e l l s  in the ra b b it .  Immunostained processes extended from 
the inner to the ou ter lim itin g  membrane with the c e ll 
bodies located  in the inner nuclear la y e r . AC4 immuno
r e a c t iv i ty  was f i r s t  observed a t  approxim ately 6 days 
p ostnatal and appeared a d u l t- l ik e  a t  approxim ately 12 days 
p o s tn a ta l. The s p e c if i c i ty  o f AC4 fo r M uller c e l l s  was 
te s ted  in an iso la ted  ce ll p rep a ra tio n . The ex isten ce  of 
such markers fo r ganglion and M uller c e l l s  w ill be 
invaluab le  in s tu d ie s  o f functional o rg an iza tio n  of the  
developing re tin a  and v isual system.

Supported by NIH gran ts  EY02423 and EY02608 (DMKL) and 
the A lberta H eritage Foundation (KRF).
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248.21  A MONOCLONAL ANTIBODY THAT RECOGNIZES THE FIBER BASKET OF 
MULLER CELLS IN THE TIGER SALAMANDER RETINA.  M. Wilson and 
K. S. S te im er*.  Department o f Zoology, U n ivers ity  of 
C a lifo rn ia , Davis, CA 95616 and Chiron C orporation , 
Em eryville , CA 94608.

Balb/c mice were immunized i n t r ap e r ito n e a lly  on day 0 and 
day 21 w ith Freund’s complete adjuvant and a crude membrane 
p rep a ra tio n  obtained  from the neu ra l re tin a e  o f t ig e r  
salam anders. Mouse sp lenocy te s  were fused w ith the myeloma 
derived  c e l l  l in e  P3X63Ag8653 on day 30  fo llow ing  an 
in travenous boost w ith  immunogen on day 27. Of the 
r e s u l t in g  314 1g producing c lones, 27 s ta b le  l in e s  made 
a n tib o d ie s  th a t  showed lo c a liz e d  b inding w ith in  the  r e t in a  
as revealed  by an in d ir e c t  immunoperoxidase assay on l ig h t ly  
fixed  frozen  se c tio n s .

Four monoclonal a n tib o d ie s  (MAbs) recognized M uller c e l l s  
and 8  recognized re c ep to r c e l l s  o f which 3  were s p e c if ic  fo r  
o u te r segments. Exclusive binding to  the  in n e r plexiform  
la y e r  was shown by 8 MAbs and a fu r th e r  2 s ta in ed  both in n e r 
and o u te r  plexiform  la y e rs .  9 MAbs s ta in ed  more than one 
r e t i n a l  la y e r  and the  m a jo rity  o f these  d id so in  a way th a t  
precluded s p e c i f i c i ty  to  a s in g le  c e l l  type, e . g . , b inding 
to  both ganglion  c e l l  f ib e r s  and re cep to r in n e r segments. 
No MAbs were found th a t  ex c lu siv e ly  bound to  the  o u te r 
p lexiform  la y e r ,  nor were any found th a t  bound e x c lu siv e ly  
to  c e l l  bodies o f in n e r or o u te r n uc lear la y e rs .

One MAb, 2E10, s ta in ed  a th in  la y e r  ju s t  s c le r a l  to  the 
e x te rn a l l im it in g  membrane. E lec tro n  microscopy showed 
peroxidase  re a c t io n  product ad jacen t to  the  membranes o f 
f ib e r s  com prising the  f ib e r  basket found between recep to r 
in n e r segments. We conclude th a t  2E10 recognizes an 
an tig en , probably membrane a sso c ia ted , th a t  i s  found on the 
basket f ib e r s  o f M uller c e l l s ,  but i s  absent o r scarce  
elsew here on th ese  c e l l s .  The na tu re  o f  the  an tigen  i s  
p re sen tly  unknown.

248.22  INTRAOCULAR RETINAL TRANSPLANTS.  M. de l C erro, D. M. 
Gash, G. N. Rao, M. F. D. N o tte r, S. J .  Wiegand and M. 
Gupta,  Center fo r  B rain Research, and Departments o f 
Anatomy and Ophthalmology, U n iv e rs ity  of Rochester 
School o f M edicine, R ochester, New York.

We are  performing in tra o c u la r  r e t in a l  tra n s p la n t 
experim ents in  th e  r a t  to  study w ith a v a r ie ty  o f 
h is to lo g ic a l  and h istochem ical methods th e  h is to g e n e tic  
ev o lu tio n  o f f e ta l  r e t in a l  tra n s p la n ts ,  im plan t-host 
in te r a c t io n s ,  and the c a p a b il i ty  of the  im plants to  
m igrate and repopu la te  damaged a reas  o f th e  host 
r e t in a .  The tran sp lan ted  r e t in a s ,  from Long-Evans 
s t r a in  dams, con ta in  a d i f f e r e n t ia te d  pigment 
ep ithe lium  and a th ic k , u n d if f e re n t ia te d  and 
m ito t ic a l ly  a c t iv e , n e u ro b la s tic  mass. I n i t i a l  
r e s u l t s ,  obtained up to  two months a f te r  
tra n s p la n ta tio n  o f re t in a s  in to  the  a n te r io r  chamber o f 
a d u lt normal eyes, show l ig h t  and e le c tro n  m icroscopic 
evidence of t is s u e  growth and m ig ration . Unequivocal 
evidence o f d i f f e r e n t ia t io n  o f pigment ep ithe lium , 
ou te r and inne r n uc lear c e l l s ,  n e u r i te s ,  and synap tic  
co n tac ts  has been ob ta ined . V ascu la riz a tio n  o f the 
tra n s p la n t by host ocu la r s t ru c tu re s  has been observed.

Supported in  p a rt by g ran ts  from The N ational Eye 
I n s t i t u t e  (EY02632-06 and EY05262) and The Rochester 
Eye & Human P a rts  Bank.

2 4 8 .23   PHYSIOLOGY AND MORPHOLOGY OF MAMMALIAN RETINAL NEURONS IN 
DISSOCIATED CELL CULTURE. H e r m e s  H. Y e h , L a b o r a t o r y  o f  V i s i o n  
R e s e a r c h ,  N a t i o n a l  E ye I n s t i t u t e ,  N I H ,  B e t h e s d a ,  MD 2 0 2 0 5 .

A l o n g - t e r m  c e l l  c u l t u r e  s y s t e m  c o n s i s t i n g  o f  d i s s o c i a t e d  
c e l l s  f r o m  t h e  r a t  r e t i n a  h a s  b e e n  d e v e l o p e d  t o  f a c i l i t a t e  
c h a r a c t e r i z a t i o n  o f  t h e  p h y s i o l o g i c a l  p r o p e r t i e s  a n d  p h a r m a 
c o l o g i c a l  r e s p o n s e s  o f  m a m m a l i a n  r e t i n a l  n e u r o n s .  T h e  a i m  o f  
t h i s  i n i t i a l  s u r v e y  w a s  t o  r e v e a l  t h e  m o r p h o l o g i c a l  f e a t u r e s  
o f  s i n g l e ,  v i s u a l l y - i d e n t i f i e d  r e t i n a l  n e u r o n s  m a i n t a i n e d  i n  
c u l t u r e ,  t o  d e s c r i b e  so m e  o f  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  
r e t i n a l  n e u r o n s  a n d  t o  e x a m i n e  t h e i r  s e n s i t i v i t y  t o  c e r t a i n  
e x o g e n o u s l y - a p p l i e d  p u t a t i v e  r e t i n a l  n e u r o t r a n s m i t t e r  a g e n t s .

I n  t h e  f i n a l  a d o p t e d  m e t h o d  f o r  p r e p a r i n g  t h e  c u l t u r e s ,  
r e t i n a s  w e r e  d i s s e c t e d  f ro m  t h e  e y e s  o f  e m b r y o n i c  d a y - 19 r a t  
e m b r y o s  i n  a  Ca+ + - ,  Mg+ + - f r e e  D u l b e c c o ' s  p h o s p h a t e  b u f f e r  
s o l u t i o n ,  e x p o s e d  b r i e f l y  t o  0 . 0 5 %  t r y p s i n ,  m e c h a n i c a l l y  d i s 
s o c i a t e d  a n d  t h e n  p l a t e d  ( 1 - 3 X 1 0 °  c e l l s / p l a t e )  o n  c o l l a g e n -  
c o a t e d  35mm p l a s t i c  P e t r i  d i s h e s .  T h e  g r o w t h  m e d i u m  c o n s i s t 
e d  o f  N u t r i e n t  M i x t u r e  F12  (HAM) a n d  D u l b e c c o ' s  M o d i f i e d  
E a g l e  M ed iu m  ( 1 : 1 )  s u p p l e m e n t e d  w i t h  10% d i a l y z e d  f e t a l  
b o v i n e  s e r u m .  No a n t i b i o t i c s  w e r e  u s e d .  T h e  c u l t u r e s  w e r e  
i n c u b a t e d  w i t h o u t  m o v e m e n t  i n  a  h u m i d i f i e d  a i r - C O 2 e n v i r o n 
m e n t  a n d  f e d  d a i l y  ( u p  t o  8  w e e k s )  w i t h  t h e  g r o w t h m e d i u m .  
I n t r a c e l l u l a r  r e c o r d i n g s  w e r e  m a d e  i n  b a l a n c e d  s a l t  s o l u t i o n  
u s i n g  c o n v e n t i o n a l  e l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s .

R e t i n a l  n e u r o n s  b e g a n  e m i t t i n g  n e u r i t e s  s o o n  a f t e r  p l a t i n g  
a n d  t h e  g r o w t h  p r o c e s s  s t a b i l i z e d  b y  t h e  e n d  o f  t h e  2 n d  w e e k .  
B e y o n d  t h i s  t i m e ,  c e l l  d e a t h  o c c u r r e d  b u t  t h e  m a j o r i t y  o f  t h e  
r e m a i n i n g  n e u r o n s  i n c r e a s e d  i n  s i z e ( u p  t o  20µ w , som a d i a m e t e r ) .  
I n t r a c e l l u l a r  f i l l i n g  w i t h  L u c i f e r  Y e l l o w  r e v e a l e d  t h a t  man y  
r e t i n a l  n e u r o n s  co mman d  p r o c e s s e s  w i t h  p r o f u s e  a r b o r i z a t i o n s  
a n d  t h a t  s e v e r a l  d i s t i n c t  t y p e s  o f  n e u r o n s  c o u l d  b e  d i s t i n 
g u i s h e d  b a s e d  o n  s i z e  a n d  s h a p e  o f  t h e  so m a a n d  b r a n c h i n g  
p a t t e r n  o f  t h e  p r o c e s s e s .  I n j e c t i o n  o f  d e p o l a r i z i n g  c u r r e n t  
p u l s e s  t r i g g e r e d  a c t i o n  p o t e n t i a l s ,  a n d  s p o n t a n e o u s  d e p o l a r i 
z i n g  o r  h y p e r p o l a r i z i n g  p o t e n t i a l s  o r  b o t h  w e r e  o b s e r v e d  i n  
m o s t  r e t i n a l  n e u r o n s  s t u d i e d .  E x o g e n o u s l y - a p p l i e d  GABA r e 
v e r s i b l y  i n c r e a s e d  m e m b r a n e  c o n d u c t a n c e  w h i c h  w a s  a s s o c i a t e d  
w i t h  a  h y p e r p o l a r i z a t i o n  a n d  s u p p r e s s e d  o n g o i n g  s y n a p t i c  
a c t i v i t y .  G l u t a m a t e  a n d  a c e t y l c h o l i n e  i n  t u r n  i n c r e a s e d  mem
b r a n e  c o n d u c t a n c e  a n d  p r o d u c e d  d e p o l a r i z i n g  r e s p o n s e s .  One 
g o a l  i s  t o  e x a m i n e  t h e  i n t e r a c t i o n s  b e t w e e n  r e t i n a l  n e u r o n s  
w h i c h  m ay u t i l i z e  t h e s e  s u b s t a n c e s  a s  n e u r o t r a n s m i t t e r s .

I n  s u m m a r y ,  m a m m a l i a n  r e t i n a l  n e u r o n s  a r e  v i a b l e  a n d  s y n a p 
t i c a l l y - a c t i v e  u n d e r  t h e  p r e s e n t  l o n g - t e r m  c u l t u r e  c o n d i t i o n s .  
T h i s  c u l t u r e  s y s t e m  s h o u l d  b e  u s e f u l  f o r  e l u c i d a t i n g  t h e  p h y s 
i o l o g i c a l  a n d  p h a r m a c o l o g i c a l  p r o p e r t i e s  o f  r e t i n a l  n e u r o n s .
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2 4 9 . 1   DETECTABILITY OF THE RATE RESPONSE OF AUDITORY NERVE FIBERS 
NEAR MASKED THRESHOLD.  E . D. Y oung,  D e p t . o f  B io m e d ic a l  
E n g in e e r in g ,  J o h n s  H o p k in s  U n i v e r s i t y ,  B a l t im o r e ,  Md. 21205

The p s y c h o p h y s i c a l  t h r e s h o l d  f o r  a  t o n e  m asked  by  b r o a d 
b a n d  n o i s e  i s  a p p ro x im a te ly  a  c o n s t a n t  num ber o f  dB ab o v e  
t h e  n o i s e  l e v e l .  T h a t  i s ,  a s  t h e  n o i s e  l e v e l  i s  i n c r e a s e d ,  
t h e  m asked  t h r e s h o l d  i n c r e a s e s  w i th  a p p ro x im a te ly  1 dB o f  
e l e v a t i o n  p e r  dB i n c r e a s e  i n  n o i s e  l e v e l .  The r a t e  r e 
s p o n s e  o f  a u d i t o r y  n e rv e  f i b e r s  b e h a v e s  s i m i l a r l y  i n  t h a t  
r a t e  v e r s u s  l e v e l  f u n c t i o n s  f o r  b e s t  f r e q u e n c y  t o n e s  a r e  
s h i f t e d ,  i n  t h e  p r e s e n c e  o f  n o i s e ,  t o  h i g h e r  so u n d  l e v e l s  
( C o s ta lu p e s  e t  a l . , J .  N e u r o p h y s io l .  5 1 : 1 3 2 6 , 1 9 8 4 ) .  How
e v e r  t h e  s h i f t ,  m e a s u re d  a s  d i s p l a c e m e n t  o f  t h e  s a t u r a t i o n  
p o i n t ,  i n c r e a s e s  w i th  t h e  n o i s e  l e v e l  a t  o n ly  0 . 6 - 0 .8  dB /dB . 
The d a t a  s u g g e s t ,  h o w e v e r , t h a t  t h r e s h o l d  b e h a v e s  d i f f e r 
e n t l y  fro m  s a t u r a t i o n .  T h is  p o s t e r  d e s c r i b e s  t h e  b e h a v io r  
o f  r a t e  r e s p o n s e  a t  m asked  t h r e s h o l d .

R a te  v e r s u s  l e v e l  f u n c t i o n s  f o r  t o n e s  i n  t h e  p r e s e n c e  o f  
c o n t in u o u s  b a c k g ro u n d  n o i s e  a r e  e x p r e s s e d  a s  d e t e c t a b i l i t y ,  
d e f i n e d  a s  r a t e  c h a n g e  ( r a t e  t o  t o n e  p l u s  n o i s e  m in u s r a t e  
t o  n o i s e  a lo n e )  d i v id e d  b y  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  
r a t e  t o  t h e  n o i s e  a lo n e .  T h is  n o r m a l i z a t i o n  g i v e s  an  in d e x  
o f  t h e  e a s e  o f  d e t e c t i o n  o f  t h e  r a t e  c h a n g e  p ro d u c e d  by  th e  
t o n e .  R e s p o n s e s  a r e  a v e ra g e d  a c r o s s  p o p u l a t i o n s  o f  f i b e r s  
t o  a l l o w  s m a l l  r a t e  c h a n g e s  t o  b e  e s t i m a t e d  r e l i a b l y .  As 
n o i s e  l e v e l  i n c r e a s e s ,  d e t e c t a b i l i t y  d e c r e a s e s  f o r  tw o 
r e a s o n s .  F i r s t ,  r a t e  c h a n g e s  t o  t o n e s  d e c r e a s e  a s  f i b e r s '  
r e s p o n s e s  t o  t h e  b a c k g ro u n d  n o i s e  a p p ro a c h  s a t u r a t i o n  r a t e .  
S e c o n d , t h e  v a r i a b i l i t y  o f  t h e  r e s p o n s e  r a t e  t o  t h e  n o i s e  
a lo n e  i n c r e a s e s  a s  t h e  r a t e  t o  t h e  n o i s e  i n c r e a s e s .  T h re e  
r e s u l t s  a r e  d e s c r i b e d .  1) The e m p i r i c a l  v a r i a n c e  o f  r a t e  
r e s p o n s e  i s  s m a l l e r  t h a n  t h a t  p r e d i c t e d  by  th e  com m only- 
a ssu m ed  P o i s s o n  p r o c e s s  m o d el f o r  a u d i t o r y  n e rv e  f i b e r  s p ik e  
t r a i n s .  2) D e t e c t a b l e  r a t e  c h a n g e s  a r e  o b s e rv e d  a t  n o i s e  
l e v e l s  up t o  a t  l e a s t  30 dB s p e c tru m  l e v e l .  T h e se  r a t e  
c h a n g e s  a r e  much l a r g e r  i n  low  an d  medium s p o n ta n e o u s  r a t e  
f i b e r s  them  i n  h ig h  s p o n ta n e o u s  r a t e  f i b e r s ,  b u t  a r e  p r e s e n t  
i n  a l l  g ro u p s  o f  f i b e r s .  3) As n o i s e  l e v e l  i n c r e a s e s ,  t h e  
t h r e s h o l d  f o r  r a t e  ch a n g e  i n c r e a s e s  a t  1 dB /dB . The t h r e s 
h o ld s  f o r  r a t e  c h a n g e  c o r r e s p o n d  c l o s e l y  t o  c a t ' s  b e h a v 
i o r a l  m asked  t h r e s h o l d s  a t  t h e  same n o i s e  l e v e l s .

S u p p o r te d  by  g r a n t s  fro m  t h e  N a t io n a l  I n s t i t u t e s  o f  
H e a l th .

249.2  RAPID ADAPTATION IN SINGLE AUDITORY NERVE FIBERS.
L. A. Wester man and R. L. Smith.  Institute for Sensory Research, 
Syracuse University, Syracuse , NY 13210.

Auditory nerve fibers respond to tone bursts with a high onset 
firing ra te . The response then rapidly decreases (adapts). In gerbil, 
rapid adaptation appears to be well described by an exponential 
process with a time constant of several milliseconds (Westerman & 
Smith, Hearing Res., submitted). As sound intensity increases, the 
re la tive  magnitude of the rapidly adapting component increases, 
while the time constant decreases, resulting in improved temporal 
resolution of the response onset. These effects are independent of 
the rise time of the stimulus for rise times of 5 msec or less. H us 
the effects of transient spectral components at onset (frequency 
splatter and/or two-tone suppression) are not responsible for rapid 
adaptation. Similarly we have shown that rapid adaptation is not 
produced by refractory e ffects. At high intensities a given fiber 
fires with high probability at stimulus onset. The distribution of 
the interval between the onset spike and the next following spike 
reflects a short absolute refractory  period during which the prob
ability of another spike is zero. After this period the probability 
of a spike increases (relative refractory  period). However, the 
conditional probability of the first occurrence of a spike reaches 
a maximum 1-3 msec a fte r the onset spike, following which it 
rapidly decreases with a tim e constant similar to that of rap id  
adaptation. Furthermore, when a correction for refractory  effects 
is applied to nerve fiber responses, using the model of Gaumond 
et al. (J. Acoust. Soc. Am. 74:1392-8, 1983), the resulting histo
grams still show a prominent rapidly adapting component. These 
results support the hypothesis that the rapidly adapting component 
of auditory nerve fiber responses re f le c ts  a corresponding 
decrease in the output of the synapse between the hair cell and 
auditory nerve fiber. Research supported by NIH and NSF.

249.3  Excitatory Amino Acid Pharmacology and Auditory Nerve 
Transmission in the Nucleus Magnocellularis of the Chicken. M. R. 
Martin, Lab. of Neuro-otolaryngology, NIH, Bethesda, MD 20205.

There is substantial evidence that an excitatory amino acid is 
released from the auditory nerve, activates NMDA type receptors in 
the cochlear nucleus of mammals and is term inated by an uptake 
process. In the present study a tissue slice preparation of the 
nucleus magnocellularis of the chicken, with the attached auditory 
nerve, is used to study the comparative pharmacology of this 
synapse.

A 400 µm transverse tissue slice of the 20-day chicken embryo 
brainstem was prepared and recordings were made in an interface- 
type recording chamber. Cells of the nucleus magnocellularis were 
antidromically and othrodromically stimulated using bipolar metal 
electrodes. Field potential recordings were made with low re
sistance glass electrodes filled with artificial cerebral spinal fluid. 
Evoked potentials were averaged and their amplitude and duration 
recorded. Once baseline conditions had been established drugs were 
added to the perfusion media in known concentrations.

Baclofen, a compound which blocks the release of excitatory 
amino acids, blocked orthodromically-evoked activity without 
affecting antidromically-evoked activity (ED5 0  = 4.9 µM). Kainate, 
N-m ethyl-D-aspartate and quisqualate, selective agonists for the 
three known excitatory amino acid receptors, induced alterations of 
antidromically-evoked activity. Threshold concentrations were 8  

µM, 4 mM and 100 µM, respectively. 2,3-Cis Piperidine dicar- 
boxy late (5 mM) reversibly blocked the actions of all three agonists. 
D-α -aminoadipate (5 mM) and glutam ate diethylester (5 mM) re
versibly blocked only the actions of N-m ethyl-D-aspartate and 
quisqualate, respectively. Of the three antagonists, only 2,3-cis- 
piperidine dicarboxylate affected orthodromically-evoked activity 
without affecting antidromically-evoked activity (ED50 = 2.0 mM). 
Dihydrokainate, a compound tha t blocks uptake of glutam ate and 
aspartate, increased the duration of orthodromically-evoked activity 
(3-5 mM) without affecting antidromically-evoked activity.

The results suggest that, as in mammals, an excitatory amino acid 
is released from the chicken auditory nerve, it activates a kainate- 
type receptor on nucleus magnocellularis neurons (as opposed to the 
NMDA-type receptor found in mammals) and its action is 
term inated by an uptake process similar to those which exist for 
glutam ate and aspartate.

2 4 9 .4   ANALYSIS OF THE SURFACE ANATOMY AND SPATIAL 
TOPOGRAPHY OF THE COCHLEAR NUCLEI IN MAN WITH THE 
AID OF 3-D RECONSTRUCTION.  L. T e r r  and  B. 
E d g e r to n * ,  House E ar I n s t i t u t e ,  Los A n g e le s ,  CA 
9 0 0 5 7 .

A p ro g ram  to  d e v e lo p  and r e f i n e  p r o c e d u r e s  f o r  
e l e c t r i c a l  s t i m u l a t i o n  o f  th e  c o c h l e a r  n u c le u s  
(CN) to  r e s t o r e  h e a r in g  h a s  b e en  u n d e r ta k e n  by 
t h i s  i n s t i t u t e .  To d e te r m in e  th e  o p t im a l  
s u r g i c a l  a p p ro a c h  and e l e c t r o d e  c o n f i g u r a t i o n ,  
a c c u r a t e  p h y s i c a l  m o d e ls  o f  th e  CN and  a d j a c e n t  
s t r u c t u r e s  o f  th e  b r a in s te m  w ere  c o n s t r u c t e d .  A 
s y n o p s i s  o f  th e  t e c h n iq u e  u sed  to  d e r i v e  th e  
m o d e ls  f o l l o w s :  t i s s u e  b lo c k s  f i x e d  in  f o r m a l in  
w ere  d i s s e c t e d  from  th e  a r e a  2 0 mm c a u d a l l y  and 
2 0 mm r o s t r a l l y  to  th e  p o n to m e d u l la r y  j u n c t i o n .  
A lig n m e n t h o l e s  w ere  d r i l l e d  in  th e  f r o z e n  t i s s u e  
b lo c k s  p e r p e n d i c u l a r  to  th e  c a u d o r o s t r a l  a x i s  o f  
th e  m e d u lla  o b l o n g t a .  The t i s s u e  was s e c t i o n e d  
in  a c r y o s t a t ;  s e c t i o n s  w ere  28µm t h i c k  and  w ere  
s t a i n e d  w ith  t h y o n i n - l u x o l  f a s t  (K lü v e r  and 
B a r r e r a ,  1 9 5 3 ) .  P h o to g r a p h s  o f  th e  s e c t i o n s  w ere  
e n la r g e d  and th e  b o r d e r s  o f  th e  CN, a d j a c e n t  
p a r t s  o f  th e  v e s t i b u l o c o c h l e a r  n e r v e ,  t e n i a  o f  
th e  c h o r o id  p le x u s  and b r a in s te m  w ere  t r a c e d  o n to  
a c r y l i c  o r  p o ly c a r b o n a te  p l a s t i c  s h e e t s .  The 
s h e e t s  w ere  c u t ,  a l ig n e d ,  and a s s e m b le d  to  form  
th e  m o d e ls ,  w h ich  p r o v id e  f u l l  m e d ia l ,  l a t e r a l ,  
a n t e r i o r ,  and p o s t e r i o r  v ie w s  o f  t h e  CN and 
a d j a c e n t  V I I I  n e r v e .  The a c c u r a t e  l o c a l i z a t i o n  
o f  th e  c o c h l e a r  n u c l e i  b o u n d a r ie s  on th e  
b r a in s te m  s u r f a c e  was r e v e a l e d .  Q u a n t i t a t i v e  3 -d  
t o p o g r a p h ic a l  c h a r a c t e r i s t i c s  o f  t h e  r e l i e f  o f  
th e  CN and a p a r t  o f  t h e  V I I I  n e r v e  a d j a c e n t  to  
th e  po n s  w ere  o b t a i n e d .  The a t t a c h m e n t  o f  th e  
t e n i a  o f  th e  c h o r o id  p le x u s  to  th e  CN s u r f a c e  was 
s t u d i e d .  A p a r t  o f  t h e  CN w as fo u n d  h id d e n  
w i th in  th e  l a t e r a l  r e c e s s  and a n o th e r  p a r t  
l o c a t e d  o u t s i d e  o f  t h e  r e c e s s .  The p o r t i o n  o f  
th e  CN o u t s i d e  o f  th e  r e c e s s  i s  much s m a l l e r  and 
fo rm s  a n a rro w  s t r i p  a d j a c e n t  to  th e  p o s t e r i o r  
and v e n t r a l  b o r d e r s  o f  th e  d o r s a l  and v e n t r a l  
c o c h l e a r  n u c l e u s .  A s u r g i c a l  a p p ro a c h  to  th e  
a r e a  o f  th e  CN l o c a t e d  w i th in  th e  r e c e s s  was 
p ro p o s e d  and i s  b e in g  s t u d i e d  m ore e x t e n s i v e l y .
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249.5  GOLGI-EM ANALYSIS OF SYNAPSES TO BUSHY CELLS IN  THE 
POSTERIOR ANTEROVENTRAL COCHLEAR NUCLEUS (AV CN-P) OF THE 
CAT.  E .-M . O s t a p o f f  a n d  D .K . M o r e s t ,  D e p t . o f  A n a to m y , 
U n iv .  o f  C o n n . H e a l t h  C e n t e r ,  F a r m i n g t o n ,  CT 0 6 0 3 2 .

To u n d e r s t a n d  t h e  s t r u c t u r a l  b a s i s  f o r  s i g n a l  p r o c e s s i n g  
r e q u i r e s  k n o w le d g e  o f  t h e  s y n a p t i c  i n p u t s  o f  t h e  e n t i r e  
c e l l .  I n  t h e  AV CN -P, g l o b u l a r  b u s h y  c e l l s  h a v e  b e e n  sh o w n  
t o  r e c e i v e  e x c i t a t o r y  a x o s o m a t i c  e n d i n g s  c h a r a c t e r i z e d  b y  
l a r g e  s p h e r i c a l  (L S ) v e s i c l e s  w h ic h  a r e  t h o u g h t  t o  u s e  a c i d  
a m in o  a c i d s  a s  t r a n s m i t t e r s .  H o w e v e r ,  t h e  a r r a n g e m e n t  o f  t h e  
n o n - c o c h l e a r  t y p e s  o f  s y n a p t i c  e n d i n g s ,  e s p e c i a l l y  o n  t h e  
d e n d r i t e s ,  h a s  n o t  b e e n  s o  w e l l  s t u d i e d  a n d  t h e i r  
f u n c t i o n a l  p r o p e r t i e s  r e m a in  t o  b e  e l u c i d a t e d .

G o l g i - a l d e h y d e  i m p r e g n a t i o n s  o f  c o c h l e a r  n u c l e i  f ro m  3 
c a t s ,  2 - 3 . 5  m o n th s  o l d ,  w e r e  p r e p a r e d  b y  a  g o l d  s u b s t i t u 
t i o n  m e th o d .  I n  e a c h  c a t  a  w e l l  i m p r e g n a t e d  g l o b u l a r  b u s h y  
c e l l  w a s  d r a w n  i n  i t s  e n t i r e t y  f r o m  100 µm t h i c k  s l i c e s .
T h e  e n t i r e  c e l l  w a s  s e c t i o n e d  s e r i a l l y  a t  3 µm a n d  r e c o n 
s t r u c t e d  a t  8 0 0 0  X w i t h  a  c o m p u t e r i z e d  g r a p h i c s  s y s t e m  
p e r m i t t i n g  3 -D  r o t a t i o n s .  F o r  e l e c t r o n  m i c r o s c o p y ,  t h i n  
s e c t i o n s  w e r e  s e l e c t e d  f r o m  e a c h  o f  f i v e  z o n e s :  a x o n  
h i l l o c k - i n i t i a l  s e g m e n t ,  c e l l  b o d y ,  1 s t - o r d e r ,  2n d - o r d e r ,  
a n d  3 r d  ( o r  h i g h e r ) - o r d e r  d e n d r i t e s .  A l l  e n d i n g s  f r o m  e a c h  
s a m p le  w e r e  t y p e d  a n d  t h e i r  r e l a t i v e  p r o p o r t i o n s  d e t e r m i n e d .

T h e  f i n d i n g s  a r e  t h a t  t h e  LS e n d i n g s  a r e  h e a v i l y  c o n c e n 
t r a t e d  o n  t h e  c e l l  b o d y ,  a x o n  h i l l o c k ,  a n d  1s t - o r d e r  
d e n d r i t e s .  T e r m i n a l s  w i t h  p l e o m o r p h i c  o r  s m a l l  s p h e r i c a l  
v e s i c l e s  a r e  p r e f e r e n t i a l l y  d i s t r i b u t e d  t o  h i g h e r - o r d e r  
d e n d r i t e s .  E n d i n g s  w i t h  f l a t t e n e d  v e s i c l e s  a r e  r e l a t i v e l y  
e v e n l y  d i s t r i b u t e d  o n  t h e  c e l l  b u t  a r e  m o re  c o n c e n t r a t e d  o n  
t h e  a x o n  h i l l o c k .

LS e n d i n g s  p r o v i d e  s y n a p t i c  s e c u r i t y  d u e  t o  t h e i r  h e a v y  
i n p u t  t o  t h e  so m a a n d  p r o x i m a l  p r o c e s s e s .  T h e  p o s t - s y n a p t i c  
e f f e c t s  o f  t h e  o t h e r  t y p e s  o f  e n d i n g s  a r e  u n c e r t a i n .  I n  
o t h e r  s y s t e m s ,  f l a t  v e s i c l e  e n d i n g s  m ak e  i n h i b i t o r y  s y n a p s e s  
u s i n g  GABA. I f  t h a t  i s  t h e  c a s e  h e r e ,  t h e y  c o u l d ,  b y  t h e i r  
a r r a n g e m e n t ,  e f f e c t i v e l y  s u p p r e s s  b u s h y  c e l l  o u t p u t .  
P l e o m o r p h ic  e n d i n g s  o f  t h e  c r o s s e d  o l i v o - c o c h l e a r  b u n d l e  a r e  
t h o u g h t  t o  m ak e  i n h i b i t o r y  c h o l i n e r g i c  s y n a p s e s — i n  AVCN-P 
s u c h  e n d i n g s  c o u l d  m o d u la t e  d e n d r i t i c  p o t e n t i a l s .  E n d in g s  
w i t h  s m a l l  s p h e r i c a l  v e s i c l e s  h a v e  b e e n  i m p l i c a t e d  i n  
e x c i t a t o r y  s y n a p s e s  o f  g r a n u l e  c e l l s  u s i n g  a c i d i c  a m in o  
a c i d s  a s  t r a n s m i t t e r s .  T h e  s o u r c e s  o f  a l l  t h e s e  e n d i n g s  
( e x c e p t  f o r  L S ) w i l l  h a v e  t o  b e  d e t e r m i n e d  b e f o r e  h y p o t h e s e s  
c o n c e r n i n g  t h e i r  f u n c t i o n  c a n  b e  t e s t e d .  S u p p o r t e d  b y  PHS 
g r a n t  5 R 0 1N S1 4 3 4 7  a n d  U C onn R e s e a r c h  F o u n d a t i o n .

249.6  NEURONAL CIRCUITRY OF DORSAL COCHLEAR NUCLEUS: A COMPUTER 
MODEL. T.A.McMu lle n *  and H.F.Voi g t (spon: M.A.Casey).  D ep t. 
of B io m ed ica l E n g in ee rin g , B oston  U n iv e r s i ty ,  B oston , MA 
02215.

S in g le  u n i t  re s p o n se s  and c ro s s -c o rre la tio n  an a ly sis  of 
type  I I  and type  IV u n i t s  in  the  d o rs a l  c o c h le a r  n u c le u s  
(DCN) of u n a n e s th e t iz e d ,  d e c e re b ra te  c a t s  su g g es t t h a t :  
1) type  I I  u n i t s  i n h i b i t  type  IV u n i t s  and 2) type IV u n i t s  
sh are  a sou rce  of sp o n tan e o u s ly  a c t iv e  in p u t.  We have 
a ttem pted  to  t e s t  and explore these  hypotheses of type I I -  
type I I  and type IV -type IV fu n c t io n a l  i n t e r a c t i o n s  by 
d i g i t a l  com puter s im u la t io n  of n eu ro n a l c i r c u i t r y  in  th e  
DCN. The model in c lu d e s  a s e t  of p r in c ip a l  (P) c e l l s  and a 
s e t  of in te rn e u ro n  (I )  c e l l s ,  bo th  hav ing  th e  same b e s t  
frequency. Both P and I  c e l ls  receive e x c ita to ry  input from 
p rim ary  and n o n -p rim ary  a f f e r e n t s ,  and I  c e l l s  make 
i n h ib i to r y  synapses on P c e l l s .  D e ta i l s  o f th e  model a re  
described  elsew here (Voigt and McMullen, Abstr. 7 th  midwin
te r  meeting ARO, 67, 1984).

R esu lts  of the sim u la tio n  dem onstrate: 1) r a te  vs lev e l 
f u n c t io n s  of P c e l l s  and I  c e l l s  a re  s im i l a r  to  th o se  o f 
type IV and type I I  u n i t s  a t  b e s t  freq u en cy . 2) C ro ss- 
c o rre lo g ra m s  o f I -P  c e l l  p a i r s  have an in h ib i to r y  tro u g h  
s im i l a r  to  w hat i s  seen  in  the  c ro s s -c o r r e lo g ra m s  of 
type II - ty p e  IV p a irs  in  cat. 3) C ross-correlogram s of P-P 
c e l l  p a irs  o ften  e x h ib it a c en tra l peak or mound s im ila r  to  
th a t  o b serv ed  in  c ro s s -c o r r e lo g ra m s  o f type IV -type  IV 
p a i r s .  We have found th a t  th e  o c cu rren ce  and s t r e n g th  of 
th e  c e n t r a l  peak i s  r e l a t e d  to  th e  number o f i n h ib i to r y  
inpu ts  from the I  c e l l  popu la tion  which are common to  both P 
c e l l s .  The r a t i o  of th e  peak to  mean f i r i n g  r a t e  i s  an 
in c re a s in g  f u n c t io n  of th e  number of sh a red  in h ib i to r y  
in p u ts .

2 4 9 .7   INTRACELLULAR RECORDINGS FROM BRAIN SLIC E S OF THE DORSAL 
COCHLEAR NUCLEUS OF THE MOUSE.  J . A . H i r s c h  a n d  D. O e r t e l .   
D e p t . o f  N e u r o p h y s i o l o g y ,  U n iv .  o f  W i s c o n s in ,  M a d is o n ,  WI 
5 3 7 0 6 .

T o  l e a r n  how  n e u r o n a l  p r o p e r t i e s  a n d  i n t e r c o n n e c t i o n s  in  
t h e  c o c h l e a r  n u c l e i  s h a p e  r e s p o n s e s  t o  s o u n d s ,  we m ade i n t r a 
c e l l u l a r  r e c o r d i n g s  i n  b r a i n  s l i c e s  o f  t h e  d o r s a l  c o c h l e a r  
n u c l e i  (DCN) o f  m ic e .  We r e c o r d e d  s y n a p t i c  r e s p o n s e s  t o  e l e c 
t r i c a l  s t i m u l a t i o n  o f  t h e  a u d i t o r y  n e r v e  a n d  we s t u d i e d  t h e  
e l e c t r i c a l  p r o p e r t i e s  o f  n e u r o n s .  S l i c e s ,  a b o u t  200µm  t h i c k ,  
w e r e  m ad e  w i t h  a  s i n g l e , o b li q u e  c u t  t a n g e n t i a l  t o  t h e  s u r f a c e  
a n d  i n c l u d e d  t h e  s tu m p  o f  t h e  a u d i t o r y  n e r v e  a n d  p a r t s  o f  t h e  
d o r s a l  a n d  v e n t r a l  c o c h l e a r  n u c l e i .

E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  n e r v e  e v o k e d  b o t h  e x c i t a t o r y  
(E P S P ) a n d  i n h i b i t o r y  ( I P S P )  s y n a p t i c  p o t e n t i a l s .  T h e  EPSPs 
w e r e  g r a d e d  w i t h  s t i m u l u s  s t r e n g t h  a n d  w e r e  a l m o s t  a lw a y s  c u t  
s h o r t  b y  t r a i n s  o f  IP S P s .  T h e  s y n a p t i c  r e s p o n s e s  t o  s t i m u l a 
t i o n  o f  t h e  n e r v e  l a s t e d  a s  l o n g  a s  9 0 m s e c .  S p o n ta n e o u s  IP S P s  
a n d  a c t i o n  p o t e n t i a l s  w e r e  r e g u l a r l y  r e c o r d e d ;  we saw  n o  e v i 
d e n c e  t h a t  s p o n t a n e o u s  f i r i n g  w a s  t r i g g e r e d  b y  E P S P s .

I n t r a c e l l u l a r  i n j e c t i o n  o f  c u r r e n t  sh o w e d  t h a t  t h e  e l e c 
t r i c a l  p r o p e r t i e s  o f  c e l l s  in  t h e  DCN a r e  c o m p le x .  W hen d e 
p o l a r i z e d  by  a s  l i t t l e  a s  1mV f r o m  t h e  r e s t i n g  p o t e n t i a l  
(62±3m V , m ean  SD, n = 1 7 )m a n y  c e l l s  f i r e d  a c t i o n  p o t e n t i a l s .  
T h e s e  w e r e  e i t h e r  l a r g e ,  a l l - o r - n o n e  a n d  b r i e f ,  o r  s m a l l e r  
a n d  g r a d e d .  T h e  u n d e r s h o o t s  o f  a c t i o n  p o t e n t i a l s  c o m p r i s e d  a 
f a s t  c o m p o n e n t  f o l l o w e d  by  a  s l o w e r  o n e  w h o s e  d u r a t i o n  v a r i e d  
T h o u g h  a l l  c e l l s  f i r e d  l a r g e  a c t i o n  p o t e n t i a l s ,  d i f f e r e n t  
c e l l s  v a r i e d  s u b t l y  a n d  i t  i s  u n c l e a r  w h e t h e r  w e r e c o r d e d  
f r o m  o n e  o r  m o re  a n a t o m i c a l  c l a s s e s  o f  n e u r o n s .

R em o v a l o f  e x t r a c e l l u l a r  C a 2+  a n d  b l o c k a g e  o f  t h e  v o l t a g e -  
s e n s i t i v e  Na +  c h a n n e l s  w i t h  1µM TTX a l l o w e d  u s  t o  s tu d y  t h e  
i o n i c  b a s i s  o f  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  c e l l s  i n  t h e  DCN. 
In  a l l  c e l l s  t h a t  w e r e  t e s t e d  ( 6 / 6 ) ,  a f t e r  e x t r a c e l l u l a r  C a2+ 

w a s  re m o v e d ,  c e l l s  f i r e d  i n  b u r s t s  a n d  e v e n t u a l l y  r e m a in e d  
d e p o l a r i z e d  u n t i l  a f t e r  C a2+ w a s  r e i n t r o d u c e d ,  s u g g e s t i n g  
t h a t  n o r m a l l y  C a2+- a c t i v a t e d - K +  c o n d u c t a n c e s  h e l p  t o  m a i n t a i n  
c e l l s  a t  t h e i r  r e s t i n g  p o t e n t i a l s .  In  TTX, t h e  l a r g e  a c t i o n  
p o t e n t i a l s  d i s a p p e a r e d ,  l e a v i n g  t h e  s m a l l e r  g r a d e d  o n e s .  
S u b s e q u e n t  r e m o v a l  o f  e x t r a c e l l u l a r  C a2 +  a b o l i s h e d  a l l  a c t i o n  
p o t e n t i a l s .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  i n  a d d i t i o n  t o  C a 2+ -  
a c t i v a t e d - K +  c o n d u c t a n c e s ,  v o l t a g e - s e n s i t i v e  Na+  a n d  C a 2 +  c o n 
d u c t a n c e s  i n f l u e n c e  t h e  e l e c t r i c a l  a c t i v i t y  o f  c e l l s  i n  t h e  
DCN.

T h i s  w o r k  w a s  s u p p o r t e d  by  a  g r a n t  f ro m  t h e  N a t i o n a l  
I n s t i t u t e s  o f  H e a l t h ,  NS 1 7 5 9 0 .

2 4 9 .8   INHIBITORY SYNAPTIC RESPONSES OF CELLS IN BRAIN SLICE S OF 
THE VENTRAL COCHLEAR NUCLEUS.  S .H .  Wu* a n d  D. O e r t e l .   D e p t . 
o f  N e u r o p h y s io l o g y ,  U n iv .  o f  W is c o n s in ,  M a d is o n ,  WI 5 3 7 0 6 .

S y n a p t i c  r e s p o n s e s  o f  c e l l s  i n  t h e  a n t e r o v e n t r a l  c o c h l e a r  
n u c l e u s  (AVCN) t o  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  a u d i t o r y  
n e r v e  h a v e  b e e n  r e c o r d e d  i n t r a c e l l u l a r l y  i n  b r a i n  s l i c e  
p r e p a r a t i o n s  ( O e r t e l ,  J .  N e u r o s c i .  3 : 2 0 4 3 ,  1 9 8 3 ) .  In  s u c h  
p r e p a r a t i o n s  a lm o s t  a l l  c e l l s  r e s p o n d  t o  s t i m u l a t i o n  o f  t h e  
a u d i t o r y  n e r v e  w i t h  e x c i t a t o r y  s y n a p t i c  p o t e n t i a l s  (E P S P s )  
w h ic h  p r o b a b l y  r e f l e c t  d i r e c t  e x c i t a t i o n  b y  a u d i t o r y  n e r v e  
f i b e r s .  In  a d d i t i o n ,  m o s t  c e l l s  a l s o  r e s p o n d  w i t h  a  l a t e r  
i n h i b i t o r y  s y n a p t i c  p o t e n t i a l  ( I P S P ) .  B e c a u s e  IP S P s  c o n s i s 
t e n t l y  h a v e  l o n g e r  l a t e n c i e s  t h a n  EPS Ps a n d  t h e  l a t e n c y  a n d  
a m p l i t u d e  o f  IP S P s  f l u c t u a t e  in  r e p e a t e d  m e a s u r e m e n ts ,  t h e y  
p r o b a b l y  a r i s e  t h r o u g h  a  d i s y n a p t i c  p a th w a y .  E x c i t a t o r y  a n d  
i n h i b i t o r y  s y n a p t i c  r e s p o n s e s  t o  e l e c t r i c a l  s t i m u l a t i o n  o f  
t h e  n e r v e  a r e  c o n s i s t e n t l y  r e c o r d e d  b o t h  i n  b u s h y  a n d  s t e l 
l a t e  c e l l s ,  w h ic h  c a n  b e  d i s t i n g u i s h e d  by  t h e i r  i n t r i n s i c  
e l e c t r i c a l  p r o p e r t i e s  (Wu a n d  O e r t e l ,  J .  N e u r o s c i .  4 , 1 9 8 4 ) .

T o  l e a r n  w h ic h  n e u r o t r a n s m i t t e r s  m ig h t  b e  i n v o lv e d  in  
m e d i a t i n g  t h e  IP S P s , we h a v e  t e s t e d  t h e  s e n s i t i v i t y  o f  6 9  
c e l l s  i n  3 4  s l i c e s  t o  GABA a n d  g l y c i n e  a n d  r e l a t e d  b l o c k e r s .  
IP S P s  in  b o t h  b u s h y  a n d  s t e l l a t e  c e l l s  w e r e  c o m p l e t e l y  a n d  
r e v e r s i b l y  b l o c k e d  by  1µM s t r y c h n i n e  ( 5 / 5  c e l l s ) ;  t h e y  w e r e  
n o t  b l o c k e d  by  0 .1  mM b i c u c u l l i n e  ( 0 / 3  c e l l s )  o r  b y  0 . 1 mM 
p i c r o t o x i n ( 1 /1 1  c e l l s ) .  GABA a n d  g l y c i n e  a p p l i e d  i n  t h e  
b a t h  c a u s e d  l a r g e ,  r e v e r s i b l e  c o n c e n t r a t i o n - d e p e n d e n t  
c h a n g e s  i n  i n p u t  r e s i s t a n c e .  A t lo w  c o n c e n t r a t i o n s ,  n o  c h a n 
g e s  i n  i n p u t  r e s i s t a n c e  c o u ld  b e  m e a s u r e d ;  o v e r  a  s m a l l  ( 5 -  
f o l d )  c o n c e n t r a t i o n  r a n g e  t h e  i n p u t  r e s i s t a n c e  d r o p p e d  
s t e e p l y  a s  a  f u n c t i o n  o f  c o n c e n t r a t i o n ;  a t  h i g h e r  c o n c e n t r a 
t i o n s  t h e  i n p u t  r e s i s t a n c e  w as  s o  low  a s  t o  b e  im m e a s u r a b le .  
T h e  l o w e s t  c o n c e n t r a t i o n s  o f  GABA a n d  g l y c i n e  a t  w h ic h  c h a n 
g e s  i n  i n p u t  r e s i s t a n c e  c o u ld  b e  d e t e c t e d , v a r i e d  am ong  c e l l s  
f ro m  0 .1  t o  10mM b u t  w a s  n o t  c o r r e l a t e d  w i t h  c e l l  t y p e .  D e
s e n s i t i z a t i o n  b o t h  t o  GABA a n d  g l y c i n e  w a s  o f t e n  o b s e r v e d .  
T h e  a m p l i t u d e  o f  IP S P s  w a s  n o t  a l t e r e d  b y  d e s e n s i t i z a t i o n .

S e v e r a l  c o n c l u s i o n s  c a n  b e  d ra w n  f ro m  t h e s e  e x p e r i m e n t s .  
S t r y c h n i n e  i s  a  p o t e n t  a n d  s p e c i f i c  b l o c k e r  o f  IP S P s  i n  t h e  
AVCN. B o th  b u s h y  a n d  s t e l l a t e  c e l l s  a r e  s e n s i t i v e  t o  GABA 
a n d  t o  g l y c i n e .  B e c a u s e  d e s e n s i t i z a t i o n  t o  GABA a n d  g l y c i n e  
d i d  n o t  a f f e c t  t h e  a m p l i t u d e  o f  IP S P s , h o w e v e r ,  i t  i s  
p o s s i b l e  t h a t  n e i t h e r  GABA o r  g l y c i n e  m e d i a t e  t h e  IP S P s  t h a t  
we r e c o r d  in  b u s h y  a n d  s t e l l a t e  c e l l s .

T h i s  w o r k  w a s  s u p p o r t e d  by  a  g r a n t  f r o m  t h e  N IH , NS 1 7 5 9 0 .
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249.9  STIMULUS DEPENDENT NEURAL CORRELATIONS BETWEEN TYPE IV UNITS 
IN DORSAL COCHLEAR NUCLEUS.  H .F .V oig t .  D e p t. o f  B io med. 
E n g ., B o s to n  U n iv .,  B o s to n , MA 02215 a nd  E.D.Young,  D e p t.o f  
Biomed. Eng., Johns  H opkins U niv., Bal t o . ,  MD 21205.

N eu ro n s  i n  th e  d o r s a l  c o c h le a r  n u c l e u s  (DCN) o f  u n a n e s 
th e t i z e d ,  d e c e re b ra te  c a ts  a re  c l a s s i f i e d  p h y s io lo g ic a l ly  on 
th e  b a s i s  o f  s p o n ta n e o u s  a c t i v i t y  (SPAC), and r e s p o n s e s  to  
2 0 0 a s  b e s t  f r e q u e n c y  (BF) to n e s .  Type I I  u n i t s  h a v e  l i t t l e  
o r  no SPAC and g ive e x c i ta to r y  re sp o n se s  to  BF to n e s  of a l l  
l e v e l s .  Type IV u n i t s  a r e  e x c i t e d  by low  l e v e l  200m s BF 
t o n e s ,  b u t  a r e  i n h i b i t e d  a t  h ig h e r  l e v e l s .  R e s u l t s  fro m  a 
p re v io u s  c r o s s - c o r r e l a t i o n  stu d y  a re  c o n s is te n t  w ith  type  I I  
u n i t s  p r o v id i n g  i n h i b i t i o n  to  ty p e  IV u n i t s ,  and  ty p e  IV 
u n i t s  s h a r in g  a s o u r c e ( s )  o f  s p o n ta n e o u s ly  a c t i v e  i n p u t .  
S ince  type  I I  u n i t s  la c k  SPAC, th e y  a re  n o t r e s p o n s ib le  f o r  
th e  c o r r e l a t i o n s  s e e n  b e tw e e n  ty p e  IV u n i t s  i n  s i l e n c e .  
A ls o , i f  ty p e  I I  u n i t s  p r o j e c t  to  s e v e r a l  ty p e  IV u n i t s ,  i t  
n ay  be p o s s ib le  to  d em o n stra te  c o r r e l a te d  a c t i v i t y  in  type  
IV u n i t s  u n c o r r e l a t e d  i n  s i l e n c e .  We r e p o r t  h e r e  r e s u l t s  
o b ta in e d  from  35 type  IV -  type  IV p a i r s  re c o rd e d  s im u l ta 
n e o u s ly  w i th  tw o in d e p e n d e n tly  m aneuvered m ic ro e le c tro d e s . 
Of 31 p a i r s  s tu d i e d  in  s i l e n c e ,  6 h ad  c r o s s - c o r r e lo g r a m s  
(CCs) w ith  a c e n tr a l  mound in d i c a t in g  th e  p re sen ce  o f sh ared  
in p u t; th e  o th e r s  w ere f e a t u r e l e s s .  CCs w ere o b ta in e d  f o r  18 
p a i r s  u n d e r  a c o u s t i c  s t i m u l a t i o n  c o n d i t i o n s  a s  w e l l  a s  i n  
s i le n c e .  We used  60s, √BF1×BF2 to n e s  a t  v a r io u s  l e v e l s  above 
th e  u n i t s '  th r e s h o ld s  a t  t h a t  f r e q u e n c y . O th e r  f r e q u e n c ie s  
w ere used  when tim e  p e rm it te d .  In  a l l  c a se s  (6) when th e  CC 
o b ta in e d  i n  s i l e n c e  h ad  a c e n t r a l  m ound, th e  CCs o b ta in e d  
u n d e r  √BF1×BF2 s t i m u l u s  c o n d i t i o n s  w e re  a l s o  n o n - f l a t .  
T y p i c a l l y  th e  s i z e  o f  th e  c o r r e l a t i o n  w as re d u c e d  f o r  low  
SPLs, c o m p ared  t o  th e  SPAC c o n d i t i o n ,  and e n h a n c e d  f o r  
m o d e ra te  SPLs. A t m o d e ra te  l e v e l s ,  s e c o n d a ry  f e a t u r e s  
f l a n k e d  th e  c e n t r a l  mound. I n  7 o f  12 c a s e s ,  th e  CCs w ere  
f l a t  f o r  b o th  SPAC and a c o u s t ic  s t im u la t io n  c o n d itio n s . In  
th e  rem a in in g  5 o f th e se  12 c a se s , how ever, th e  CCs o b ta in e d  
u n d e r  a c o u s t i c  s t i m u l a t i o n  e x h i b i t e d  c e n t r a l  m ounds o f  
v a r io u s  s iz e s  fo r  c e r t a in  freq u en cy  and le v e l  co m b in a tio n s . 
For one p a i r  a f re q u e n c y - le v e l c o r r e l a t i o n  map was c o n s tru c 
te d  showing th e  tu n in g  p r o p e r t i e s  of th e  u n i t ( s )  r e s p o n s ib le  
f o r  th e  induced  c o r r e l a t i o n .  The d e r iv e d  tu n in g  curve  i s  V- 
sh a p e d , l i e s  w i t h i n  th e  i n h i b i t o r y  a r e a  o f  b o th  ty p e  IV 
u n i t s ,  and may co rresp o n d  to  t h a t  o f a type  I I  u n i t  o r  a low 
SPAC a u d i to ry -n e rv e  f ib e r .

249. 10  RELATIONSHIPS BETWEEN EXCITATORY/INHIBITORY RESPONSE TYPES 
AND SHORT-TONE RESPONSES IN COCHLEAR NUCLEUS OF DECEREBRATE 
CATS.  W. P. Shofner and E. D. Young,  Dept. of Biomedical 
Engineering, Johns Hopkins U niv., B altim ore, Md. 21205

P hysio log ica l c la s s i f ic a t io n  of neurons in  the  cochlear 
nucleus (CN) has been based on d ischarge  p a tte rn s  in  r e 
sponse to  sh o rt tone b u rs ts  a t  b e s t  frequency (BF) o r on the 
r e la t iv e  prominence of e x c ita to ry  and in h ib ito ry  responses 
to  tones and to  n o ise . The f i r s t  scheme has been s tu d ied  in  
an es th e tiz ed  anim als, w hile the  second has been s tu d ied  
mainly in  u n anesthe tized , dece reb ra te  anim als. Because 
a n es th e sia  can a l t e r  the  p ro p e rtie s  of neurons, we have 
stu d ied  the  c h a r a c te r is t ic s  of CN neurons in  u n anesthe tized , 
dece reb ra te  c a ts  using both schemes.

Type I u n its  give e x c ita to ry  responses to  tones and n o ise , 
and do not have in h ib ito ry  sidebands. T heir d ischarge 
p a tte rn s  a re  e i th e r  p rim ary like  o r chopper. Some type I 
u n its  have p re p o te n tia ls .  Most, b u t not a l l ,  o f th e se  give 
p rim ary like  d ischarge p a tte rn s .

Type I I I  u n its  give e x c ita to ry  responses to  BF tones and 
n o ise , and have in h ib ito ry  sidebands. Most type I I I  u n its  
g ive chopper d ischarge p a tte rn s .  Such u n its  a re  recorded 
throughout the CN. Some type I I I  u n its  in  d o rsa l CN give 
pauser p a tte rn s ,  o ften  w ith chopping a t  the o nset peak.

Type I / I I I  u n its  g ive e x c i ta to ry  responses to  tones and 
n o ise . They cannot be te s te d  fo r  in h ib ito ry  sidebands be
cause they lack spontaneous a c t iv i ty .  Most type I / I I I  u n its  
give chopper d ischarge p a t te rn s .  One group of type I / I I I  
choppers have monotonic BF r a te  versus le v e l fu n c tio n s  w ith 
sloping  s a tu ra t io n .

Type I I  u n its  are  non-spontaneous and g ive e x c i ta to ry  r e 
sponses to  to n es, b u t weak or no response to  n o ise . These 
u n its  give a v a r ie ty  of d ischarge p a tte rn s ,  and cannot be 
ch a rac te rized  as a group in  terms of any p a r t ic u la r  d is 
charge p a tte rn . However, they have s te reo ty p ic  r a te  versus 
le v e l fu n c tio n s . The response la tency  fo r  type I I  u n its  i s  
longer than any of the  o th e r types.

Type IV u n its  give e x c ita to ry  responses to  noise  and a re  
ch a rac te riz ed  by th e i r  s tro n g ly  non-monotonic r a te  versus 
le v e l fu n c tio n s . They give in h ib ito ry  responses to  tones 
over a wide range of freq u en c ies, inc lud ing  BF. At le v e ls  
of BF tones g iv ing  in h ib i t io n ,  type IV d ischarge  p a tte rn s  
con tain  e ith e r  on or o n /o ff responses. The la te n c ie s  of the 
on (off) responses are  s l ig h t ly  sh o rte r  (longer) than type 
I I  u n i t s ’ response la te n c ie s .

Supported by g ran ts  from NIH.

249.11  COCHLEA REMOVAL ELIMINATES PHYSIOLOGICAL ACTIVITY IN BRAIN 
STEM AUDITORY NUCLEI OF THE CHICKEN.  D.E. Born* and E.W 
Rube I (SPON: D. Durham).  D ept. o f O to la ry n g o lo g y , Univ. o f 
V irg in ia  Sch. of Med., C h a r lo tte s v il le ,  VA 22908.

Rapid changes in the s tru c tu re  and metabolism of second 
o rd e r  a u d i to ry  neurons of n u c leu s  m a g n o c e l lu la r is  (NM) 
o ccu r fo llo w in g  co ch lea  rem oval in  young c h ic k en s . S ince 
the ip s i l a t e r a l  cochlea provides the major e x c ita to ry  input 
to  NM n eu ro n s , i t  is  of i n t e r e s t  to  d e te rm in e  th e  e x te n t 
and tim e  co u rse  of changes in  p h y s io lo g ic a l  a c t i v i t y  
fo llow ing p e rip h e ra l m anipu lations. We in v e stig a ted  changes 
in spontaneous and a c o u s tic a lly  evoked a c t iv i ty  in NM and 
in  i t s  t a r g e t ,  n u c leu s  la m in a r is  ( NL), b e fo re  and a f t e r  
removal of the cochlea.

R eco rd ings  were made from a n e s th e t iz e d  3 week o ld  
ch ic k en s  m a in ta in e d  in  a double  w a lle d  IAC a c o u s t ic  
chamber. Metal e le c tro d es  (2-5 Mohms) were used in order to 
m onitor a c t iv i ty  from many neuronal elem ents. "Spike ra te s"  
were d e te rm in e d  by s e t t i n g  a p u lse  h e ig h t d i s c r im in a to r  
ju s t  above th e  n o n -p h y s io lo g ic a l  n o is e  le v e l  of the  
re c o rd in g  sy stem , where i t  rem ained  fo r  th e  e n t i r e  
e x p e r im e n t. Spontaneous sp ik e  r a te s  w ere 500 -  1200 
sp ik es /sec  w ith th is  co n fig u ra tio n . A c tiv ity  in NM and NL 
was m o n ito red  b e fo re ,  d u rin g , and a f t e r  each of the  
fo llo w in g  m a n ip u la tio n s :  a) in c is io n  of th e  tym panic  
membrane; b) removal of the middle ear o s s ic le  (colum ella); 
and c) rem oval of th e  b a s i l a r  p a p i l l a  (c o c h le a ) ,  le a v in g  
the  e ig h th  nerve g a n g lio n  c e l l s  i n t a c t .  Each of th e s e  
m anipulations could be made w ithout a l te r in g  the recording  
f i e l d .

Following in c is io n  of the tympanic membrane or removal 
o f th e  c o lu m e l la  t h e r e  was no ch an g e  in  NM o r NL 
spontaneous spike ra te .  Removal of one cochlea e lim ina ted  
s p ik e s  in  th e  i p s i l a t e r a l  NM. NL r e c e i v e s  b i n a u r a l  
e x c i ta to ry  inpu t. Removal of one cochlea caused a 10 -  20% 
decrease in spike ra te .  The e ffe c tiv e n ess  of s tim u la tio n  of 
th e  rem a in in g  ea r was unchanged. Removal of the  second 
cochlea re s u lte d  in to t a l  c essa tio n  of NL a c t iv i ty  w ith in  
30 seconds. There was no recovery of a c t iv i ty  fo r up to s ix  
h o u rs . We conclude  th a t  a l l  e x c i ta to r y  p h y s io lo g ic a l  
a c t i v i t y  in th e  c o c h le a r  nerve  and NM neurons is  of 
r e c e p to r  o r ig i n .  Rapid s t r u c t u r a l  and m e ta b o lic  changes 
fo llow ing cochlea removal could be due to the immediate and 
complete c essa tio n  of p h y sio lo g ica l a c t iv i ty .

Supported by NIH g ran ts  NS 15359 and MSTP 5T32GM 07267 
and the Lions of V irg in ia  Hearing Foundation.

249.12  GAD-LIKE IMMUNOREACTIVITY IN THE COCHLEAR NUCLEI AND 
SUPERIOR OLIVARY COMPLEX.  J .  K. Moore1 and R. Y. Moore2.  
Departments of Anatomical Sciences1 , Neurology2 , and Neuro
b io logy2, SUNY a t Stony Brook, Stony Brook, NY 11794

Glutamic acid d eca rboxy lase -like  immunoreactive (GADLI) 
neuronal somata and te rm ina ls  were dem onstrated in  the lower 
brainstem  aud ito ry  n u c le i of the r a t  and guinea p ig  using 
the PAP method w ith an antibody to  r a t  b ra in  GAD (k indly  
supplied by I .  Kopin and W. O e rte l) .

Cochlear n u c le i. GADLI c e l l  bodies a re  p resen t only in 
the ou te r la y e rs  of the d o rsa l nucleus: these  a re  small 
(15 µm) neurons w ith scant cytoplasm . GADLI te rm in a ls  are  
d is tr ib u te d  through the e n t i r e  d o rsa l nucleus but more 
densely in  i t s  ou ter m olecular and g ranu lar la y e rs  than in  
the c e n tra l reg ion . In the v e n tra l nuc leus, GADLI te rm ina ls  
are  numerous in  a l l  reg ions except the nerveroo t and bundles 
of e ig h th  nerve axons, which show no im m unoreactivity . In 
some a reas , p a r t ic u la r ly  along the  medial and l a t e r a l  margin 
of the nucleus, GADLI te rm ina ls  form dense p e r ic e l lu la r  
a rray s  which o u tlin e  the  somata of sm aller neurons and 
presumably rep resen t a dense axosomatic in n e rv a tio n . Small 
fa s c ic le s  of GADLI ve rico se  axons a re  observed ad jacen t to  
the n u c le i in  the aco u stic  s t r i a  and v e s tib u la r  nerve.

Superior o liv a ry  complex. The la t e r a l  o liv a ry  nucleus 
con ta in s a popu lation  of GADLI neurons whose s iz e ,  shape, 
and d is t r ib u t io n  suggest th a t they may re p re sen t a subset of 
the p r in c ip a l neurons of the nucleus. In a d d itio n , sparse  
s tran d s  of te rm ina ls  ra d ia te  from the h ilu s  of the  nucleus. 
In the medial o liv a ry  nucleus, no GADLI neurons a re  p resen t 
but te rm ina ls  a re  d is tr ib u te d  over the somata and h o riz o n ta l 
d en d rite s  of i t s  neurons. In the nucleus of the  trap ezo id  
body, GADLI te rm in a ls  surround the oval somata of i t s  c e l l s  
and continue over the proximal d e n d rite s . The p e r io liv a ry  
n u c le i g en erally  con ta in  s c a tte re d  immunoreactive te rm ina ls  
and l ig h t ly  s ta in ed  round or fusiform  c e l l s .  However, in  
the v e n tra l p e r io liv a ry  region  th e re  i s  an extrem ely dense 
band of GADLI te rm ina ls  and a group of in te n s e ly  re a c tiv e  
pe rik a ry a .

These observations in d ic a te  th a t  GADLI neurons are  ra th e r  
r e s t r ic te d  in  th e i r  d is t r ib u t io n ,  but th a t GADLI te rm ina ls  
a re  so ub iqu itous th a t they can p o te n t ia l ly  in fluence  the 
p rocessing  of aud ito ry  inform ation  in  a l l  su b d iv isions  of 
the prim ary and secondary brainstem  au d ito ry  n u c le i. 
(Supported by the Deafness Research Foundation and USPHS 
Grant NS-16304).
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2 4 9 .1 3   RESPONSE PROPERTIES OF TRAPEZOID BODY F IB E R S . G .A . S p i r o u * ,  
W .E . B r o w n e l l ,  a n d  M. Zi d a n i c * .   D e p t . o f  N e u r o s c i e n c e ,  
U n iv .  o f  F l o r i d a ,  G a i n e s v i l l e ,  F L , 3 2 6 1 0 .

S i n g l e  u n i t s  h a v e  b e e n  r e c o r d e d  f r o m  t h e  m i d l i n e  t r a p e 
z o i d  b o d y  o f  a d u l t  c a t s  e i t h e r  d e c e r e b r a t e  o r  u n d e r  b a r b i t u 
r a t e  a n e s t h e s i a  u s i n g  b o t h  g l a s s  a n d  P t - I r  m i c r o e l e c t r o d e s .  
In  a d d i t i o n ,  t h e  s p a t i a l  d i s t r i b u t i o n  o f  c l i c k  e v o k e d  f i e l d  
p o t e n t i a l s  h a v e  b e e n  m e a s u r e d  w i t h i n  t h e  t r a p e z o i d  b o d y .

T h i r t y - o n e  u n i t s  h a v e  b e e n  s a m p l e d ,  18  f r o m  b a r b i t u r a t e  
c a t s  a n d  1 3  f r o m  d e c e r e b r a t e  c a t s .  T h e  a v e r a g e  s p o n t a n e o u s  
r a t e  w as 11 ± 14  i n  b a r b i t u r a t e  c a t s  a n d  3 8  ± 2 3  i n  d e c e r e 
b r a t e  c a t s .  P S T H 's  w e r e  g e n e r a t e d  a t  3 0  a n d  5 0  dB a b o v e  
t h r e s h o l d  a t  t h e  c h a r a c t e r i s t i c  f r e q u e n c y ,  a n d  do  n o t  d i f 
f e r  g r e a t l y  b e tw e e n  t h e  g r o u p s .  T h e p r e d o m i n a n t  PST t y p e  
i s  p r i m a r y - l i k e ,  a l t h o u g h  som e sh o w  a  s lo w  d e c l i n e  t o  lo w  
r a t e s  t h r o u g h o u t  t h e  s t i m u l u s  ( 5 0  m sec  d u r a t i o n ) .  S e v e r a l  
u n i t s  h a v e  a  l a r g e  o n s e t  r e s p o n s e  f o l l o w e d  by  lo w  r a t e  
s u s t a i n e d  a c t i v i t y .  U n i t s  i n  d e c e r e b r a t e  c a t s  w e re  m o re  
d i f f i c u l t  t o  h o l d  f o r  l o n g  p e r i o d s ;  o n l y  3 u n i t s  w e re  
a d e q u a t e l y  i n v e s t i g a t e d  f o r  r e c e p t i v e  f i e l d  p r o p e r t i e s .  
O ne o f  t h e s e  u n i t s ,  l o c a l i z e d  t o  t h e  p o p u l a t i o n  o f  l a r g e  
d i a m e t e r  f i b e r s ,  sh o w e d  w eak  l o w e r  i n h i b i t o r y  s i d e b a n d s  
c o m p a r a b le  t o  t h o s e  r e c o r d e d  i n  b a r b i t u r a t e  p r e p a r a t i o n s  
( B r o w n e l l ,  B r .  R e s .  9 4 :  4 1 3 ,  1 9 7 5 ) .  T h i s  u n i t  h a d  a  lo w  
s p o n t a n e o u s  r a t e  o f  1 0 s / s  a n d  a  p r i m a r y - l i k e  PSTH . Two 
m ed iu m  s p o n t a n e o u s  r a t e  u n i t s  h a d  no  i n h i b i t o r y  s i d e b a n d s .  
P h a s e  l o c k i n g  t o  lo w  f r e q u e n c i e s  h a s  b e e n  m e a s u r e d  i n  
d e t a i l  i n  2 u n i t s ,  a n d  f r o m  t h i s  i n f o r m a t i o n  d e l a y  t i m e s  
w e r e  c a l c u l a t e d  t o  b e  3 .9 5  a n d  3 . 7 5  m s e c .  T h e s e  v a l u e s  
c o r r e l a t e  w e l l  w i t h  t o n e  e v o k e d  s p i k e  l a t e n c i e s ,  u s i n g  a  
r i s e  t i m e  o f  2 . 5  m s e c .

C l i c k  e v o k e d  f i e l d  p t o e n t i a l s  r e c o r d e d  a t  t h e  m i d l i n e  
c o n s i s t  o f  5 p r o m i n e n t  n e g a t i v e  p e a k s .  T h i s  p a t t e r n  o c c u r s  
i n  b o th  b a r b i t u r a t e  a n d  d e c e r e b r a t e  c a t s ,  u s i n g  e i t h e r  m on
a u r a l  o r  b i n a u r a l  a c t i v a t i o n .  As t h e  e l e c t r o d e  a d v a n c e s  
f r o m  t h e  v e n t r a l  s u r f a c e  o v e r  t h e  p y r a m id s  N3 a t  2 . 0  m se c  
i n c r e a s e s  i n  a m p l i t u d e  t h e n  d e c r e a s e s .  W h i le  N3 i s  d e 
c r e a s i n g ,  N4 a t  2 . 5  m s e c  i n c r e a s e s  t h e n  d e c r e a s e s  a t  t h e  
m o s t  d o r s a l  l o c a t i o n s .  S i n g l e  u n i t  c l i c k  l a t e n c i e s  g e n e r 
a l l y  f a l l  b e tw e e n  2 . 0  a n d  2 . 5  m s e c  f o r  h ig h  f r e q u e n c y  u n i t s .

T he i n c r e a s e d  s p o n t a n e o u s  r a t e  o f  u n i t s  f r o m  d e c e r e b r a t e  
c a t s  s h o u l d  p e r m i t  d e m o n s t r a t i o n  o f  i n h i b i t o r y  p r o c e s s e s  i n  
t h e  v e n t r a l  c o c h l e a r  n u c l e u s  t h a t  m ay n o t  b e  r e v e a l e d  u n d e r  
b a r b i t u r a t e  a n e s t h e s i a .  F u r t h e r  e x p e r i m e n t s  a r e  a im e d  
t o w a r d  i n t e r p r e t i n g  e v o k e d  p o t e n t i a l  w a v e fo r m s  i n  t e r m s  o f  
t r a p e z o i d  b o d y  a n d  s u p e r i o r  o l i v e  n e u r a l  g e n e r a t o r s .

2 4 9 .1 4   MORPHOLOGICAL CHARACTERISTICS OF THREE NEURONAL TYPES IN  THE 
CAT LATERAL SUPERIOR OLIVARY NUCLEUS.  R .H . H e l f e r t  a n d  
I . R .  S c h w a r t z .  D e p a r tm e n t s  o f  A n a to m y  a n d  H e a d  a n d  N e c k  
S u r g e r y ,  UCLA S c h o o l  o f  M e d i c i n e ,  L o s  A n g e l e s ,  CA, 9 0 0 2 4 .

T h r e e  d i s t i n c t  n e u r o n a l  t y p e s :  p r i n c i p a l  ( P R ) ,  m u l t i p o l a r  
(M U ), a n d  m a r g i n a l  (M A ); c a n  b e  o b s e r v e d  i n  G o l g i  i m p r e g n a t e d  
m a t e r i a l  f ro m  t h e  l a t e r a l  s u p e r i o r  o l i v a r y  n u c l e u s  (LSO ) o f  
k i t t e n s  a n d  a d u l t  c a t s .  F u r t h e r  e v i d e n c e  o f  m u l t i p l e  n e u 
r o n a l  c l a s s e s  w i t h i n  t h e  LSO i s  p r o v i d e d  b y  d i f f e r e n c e s  i n  
t h e  N i s s l  s t a i n s  o f  p e r i k a r y a l  c y t o p l a s m ,  a n d  t h e  e l e c t r o n  
m i c r o s c o p i c  o b s e r v a t i o n s  o f  a t  l e a s t  tw o  d i s c r e t e  p a t t e r n s  
o f  s y n a p t i c  t e r m i n a l  d i s t r i b u t i o n  o n  n e u r o n a l  p e r i k a r y a .

T h e  m o s t  a b u n d a n t  c e l l  t y p e ,  r e c o g n i z e d  b y  R am on y  C a j a l ,  
i s  u n i p l a n a r  a n d  m u l t i p o l a r ,  o r i e n t e d  r o s t r o c a u d a l l y  i n  a  
p l a n e  p e r p e n d i c u l a r  t o  t h e  t r a n s v e r s e  c u r v e s  o f  t h e  LSO 
( S c h e i b e l  a n d  S c h e i b e l ,  E x p . N e u r o l .  4 3 : 3 3 9 , 1 9 7 4 ) .  I n  t r a n s 
v e r s e  s e c t i o n s ,  t h e  s o m a s  o f  t h e s e  " d i s c o i d "  PR c e l l s  a p p e a r  
f u s i f o r m  a n d  b i p o l a r ,  1 6 -3 5 µ m  l o n g ,  6 -1 5 µ m  w i d e ,  v a r y i n g  i n  
s h a p e  f ro m  a  n a r r o w  s p i n d l e  t o  a  b r o a d  o v a l .  A p p r o x i m a t e l y  
85% o f  t h e  s u r f a c e  o f  PR c e l l s  i n  t h e  m id d l e  l im b  i s  a p p o s e d  
b y  s y n a p t i c  t e r m i n a l s ,  p r i m a r i l y  t h o s e  c o n t a i n i n g  f l a t  v e s i 
c l e s  ( C a n t ,  N e u r o s c i .  A b s t .  9 : 7 6 6 ,  1 9 8 3 ) .  We s e e  a  s i m i l a r  
a r r a n g e m e n t  o n  t h e  PR c e l l s  i n  t h e  l a t e r a l  a n d  m e d i a l  l i m b s .

T h e  l e s s  f r e q u e n t l y  o b s e r v e d  MU c e l l s  a r e  d i s t i n g u i s h e d  i n  
t r a n s v e r s e  G o l g i  s e c t i o n s  b y  t h e i r  m u l t i p o l a r  s h a p e ,  i n  c l e a r  
c o n t r a s t  t o  t h e  f u s i f o r m  s h a p e  o f  t h e  PR c e l l s .  I n  t h e  sa m e  
p l a n e ,  N i s s l  s t a i n e d  MU c e l l s  a p p e a r  r o u n d  o r  p o l y g o n a l .
Some o f  t h e  l a r g e s t  p e r i k a r y a  i n  t h e  LSO m a t r i x ,  MU a s  w e l l  
a s  t h e  l a r g e s t  PR c e l l s ,  h a v e  a  d i f f u s e  N i s s l  p a t t e r n .  
E l e c t r o n  m i c r o g r a p h s  sh o w  a  p a t t e r n  o f  s y n a p t i c  i n p u t  t o  
t h e  MU c e l l  s i m i l a r  t o  t h a t  o b s e r v e d  i n  t h e  PR c e l l s .

T h e  MA n e u r o n  i s  r e c o g n i z e d  b y  i t s  s h a p e  a n d  i t s  c h a r a c t e r 
i s t i c  l o c a t i o n  a t  t h e  c o n t o u r s  o f  t h e  L SO , i m m e d ia t e l y  
b e n e a t h  t h e  m y e l i n a t e d  f i b e r s  e n c i r c l i n g  t h e  n u c l e u s .  I n  t h e  
N i s s l  s t a i n e d  t r a n s v e r s e  s e c t i o n s ,  MA c e l l s  a r e  s e e n  a s  
b i p o l a r ,  o r i e n t e d  p e r p e n d i c u l a r l y  t o  t h e  PR c e l l s  a n d  f o u n d  
t h r o u g h o u t  t h e  b o r d e r s  o f  t h e  LSO . An MA c e l l  a x o n  w a s  
o b s e r v e d  f o r m in g  a  t e r m i n a l  p l e x u s  w i t h i n  t h e  LSO .

T h r o u g h o u t  t h e  m a t r i x  o f  t h e  L SO , a  fe w  c e l l s  a r e  o b s e r v e d  
w h o s e  p e r i k a r y a l  s u r f a c e  i s  l a r g e l y  c o v e r e d  b y  t h i n  g l i a l  
s h e e t s ;  w i t h  o n l y  a n  o c c a s i o n a l ,  u s u a l l y  s m a l l ,  s y n a p t i c  
t e r m i n a l .  I t  i s  n o t  y e t  kn o w n  w h ic h  n e u r o n a l  t y p e  h a s  t h i s  
p a t t e r n  o f  s o m a l  c o n t a c t s .  S t u d i e s  a r e  c o n t i n u i n g  t o  f u r t h e r  
d e s c r i b e  a n d  c o r r e l a t e  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h e  
n e u r o n a l  a n d  d e n d r i t i c  s h a p e s  w i t h  t h e  i n n e r v a t i o n  p a t t e r n s  
o f  t h e  m u l t i p l e  c l a s s e s  o f  LSO n e u r o n s .

S u p p o r t e d  b y  NS 0 9 8 2 3 ,  NS 1 4 5 0 3 ,  a n d  NSRA NS 0 7 0 5 9 .

249.15   INTERAURAL TIME SENSITIVITY IN THE MEDIAL SUPERIOR OLIVE OF 
THE CAT: COMPARISONS WITH THE INFERIOR COLLICULUS.  J .C .K . 
Chan a n d. T .C .T . Y in .  D e p t . o f  N e u ro p h y s io lo g y ,  U n iv . o f  
W is c o n s in  M e d ic a l S c h o o l ,  M a d iso n , WI 5 3 7 0 6 .

The s u p e r i o r  o l i v a r y  co m p lex  (SOC) i s  t h e  p r im a ry  s i t e  
o f  b i n a u r a l  c o n v e rg e n c e  i n  th e  a u d i t o r y  s y s te m . We s t u d i e d  
s i n g l e  n e u r o n s  i n  t h e  SOC o f  b a r b i t u r a t e - a n e s t h e t i z e d  c a t s  
by r e c o r d i n g  e x t r a c e l l u l a r l y  w h i le  s t i m u l a t i n g  d i c h o t i c a l l y  
w i th  i n t e r a u r a l l y  d e l a y e d  t o n e s  an d  n o i s e  a s  w e l l  a s  
b i n a u r a l  b e a t s .  T h is  r e p o r t  f o c u s e s  o n  lo w - f r e q u e n c y  c e l l s  
t h a t  w e re  l o c a t e d  i n  o r  a ro u n d  th e  m e d ia l  s u p e r i o r  o l i v e  
(MSO), a s  i n d i c a t e d  by th e  l o c a t i o n s  o f  l e s i o n s  made a t  th e  
t im e  o f  r e c o r d i n g .  T h e se  c e l l s  p r o v id e  a  m a jo r  i n p u t  t o  
t h e  lo w - f r e q u e n c y  c e l l s  o f  t h e  c e n t r a l  n u c l e u s  o f  th e  
i n f e r i o r  c o l l i c u l u s  ( IC C ) , w h ic h  h a s  b e e n  th e  s u b j e c t  o f  
o u r  p r e v i o u s  s t u d i e s .

As i n  t h e  IC C , m o st c e l l s  i n  t h e  MSO a r e  s e n s i t i v e  t o  
i n t e r a u r a l  p h a s e  an d  a  l a r g e  m a j o r i t y  (8 0 %) o f  t h e s e  show ed 
a  c h a r a c t e r i s t i c  d e l a y  (CD) a s  d e te r m in e d  by th e  o b j e c t i v e  
c r i t e r i a  o f  Y in  an d  Kuwada ( 1 9 8 3 ) . U n lik e  t h e  ICC, h o w e v e r, 
c e l l s  i n  t h e  MSO u s u a l l y  h a v e  t h e i r  CDs a t  t h e  p o i n t  o f  
m ax im a l d i s c h a r g e .  The i n t e r a u r a l  p h a s e  a t  w h ich  th e  
d i s c h a r g e  r a t e  w as m ax im a l c o u ld  be p r e d i c t e d  fro m  th e  
m o n a u ra l r e s p o n s e s ,  w h ic h  w ere  p h a s e - lo c k e d  t o  s t i m u l a t i o n  
o f  e i t h e r  e a r  f o r  a b o u t  tw o - t h i r d s  o f  t h e  c e l l s .  T h is  
s u p p o r t s  t h e  c o i n c id e n c e  m odel o f  J e f f r e s s  (1 9 4 8 )  an d  
a g r e e s  w i th  e a r l i e r  s t u d i e s  o f  t h e  MSO. The v a l u e s  o f  th e  
CD g e n e r a l l y  f e l l  w i t h i n  th e  p h y s i o l o g i c a l  r a n g e  o f  
i n t e r a u r a l  t im e  d e l a y s  (IT D s) f o r  t h e  c a t  (4 0 0  µ s e c )  an d  
show ed a  s t r o n g  b i a s  to w a rd s  s i g n a l s  w i th  d e l a y s  t o  th e  
i p s i l a t e r a l  s t i m u l u s .  When t o n a l  r e s p o n s e s  a t  d i f f e r e n t  
f r e q u e n c i e s  w ere  summed f o r  e a c h  c e l l  t o  fo rm  a  c o m p o s i te  
r e s p o n s e  c u r v e ,  t h e  d i s t r i b u t i o n  o f  t h e  p e a k s  o f  t h e s e  
c u r v e s  w as s i m i l a r  t o  t h e  d i s t r i b u t i o n  o f  CDs. T h e se  c e l l s  
a l s o  show ed ITD s e n s i t i v i t y  t o  b ro a d  b an d  n o i s e  s t i m u l i  and  
t h e s e  r e s p o n s e s  w e re  p r e d i c t a b l e  fro m  t h e i r  t o n a l  c o m p o s i te  
r e s p o n s e  c u r v e s .

We c o n c lu d e  t h a t  t h e  r e s p o n s e s  o f  m o s t c e l l s  i n  t h e  MSO 
a r e  i n  a g re e m e n t w i th  a  c o i n c id e n c e  m odel o f  b i n a u r a l  
i n t e r a c t i o n .  The te n d e n c y  f o r  b i n a u r a l  c e l l s  a t  a l l  l e v e l s  
o f  t h e  a u d i t o r y  s y s te m  a b o v e  th e  SOC t o  r e s p o n d  
p r e f e r e n t i a l l y  t o  so u n d  s o u r c e s  i n  th e  c o n t r a l a t e r a l  so u n d  
f i e l d  i s  s e t  up i n i t i a l l y  f o r  low  f r e q u e n c i e s  i n  t h e  MSO. 
F u r th e r m o r e ,  t h e r e  m u s t b e  a d d i t i o n a l  b i n a u r a l  p r o c e s s in g  
a t  t h e  l e v e l  o f  t h e  i n f e r i o r  c o l l i c u l u s .

S u p p o r te d  by  NIH g r a n t s  EY02606 a n d  N S12732.

2 4 9 .1 6   AUDITORY BRAINSTEM CONNECTIONS TO ANDFROM THE  CENTRAL 
NUCLEUS OF THE TORUS SEMICIRCULARIS IN THE RED-EARED 
TURTLE,  CHRYSEMYS SCRIPTA ELEGANS. R .H . B ro w n e r , 
D. M arbey and  D.M. P i e r z .  D e p t . o f  A natom y, New York 
M e d ic a l C o l le g e ,  V a l h a l l a ,  N.Y. 1 0 5 9 5 .

TS i s  l o c a t e d  d e e p  t o  t h e  o p t i c  te c tu m  an d  i n  t h e  f l o o r  
o f  t h e  o p t i c  t e c t a l  v e n t r i c l e  (B row ner e t  a l . ,  J .  M orph. 
1 6 9 :2 0 7 -2 2 3 ,  '8 1 ) .  The t u r t l e  w as a n e s t h e t i z e d  w i th  
B r e v i t a l  Sodium  (0 .70% ) and  th e n  m a in t a in e d  w i th  o x y g en  
(250 c c / m i n ) , h a lo th a n e  (0 .5 - 2 % ) ,  and  n i t r o u s  o x id e  (100 
c c /m in )  on a  s t e r e o t a x i c  a p p a r a t u s .  The m u s c le s  w e re  
rem oved  o v e r  th e  d o r s o l a t e r a l  s k u l l  an d  t h e  b o n e  rem o v e d . 
The m en in g e s  w e re  c a u t e r i z e d ,  t h e  o p t i c  te c tu m  c u t  away 
and  t h e  t e c t a l  v e n t r i c l e  e x p o s e d .  The f l o o r  o f  t h e  t e c t a l  
v e n t r i c l e ,  fo rm e d  by t h e  CN and  la m in a r  n u c l e i ,  w as p e n e 
t r a t e d  by  a  g l a s s  m ic r o p ip e t t e  f i l l e d  w i th  25% h o r s e r a d i s h  
p e r o x id a s e ,  (HRP, Sigm a ty p e  V I ) .  The HRP was i n j e c t e d  
i n t o  th e  CN by p r e s s u r e  o r  i o n t o p h o r e s i s  f o r  10 t o  15 
m in s .  F o l lo w in g  t h e  i n j e c t i o n  g e lfo a m  was p l a c e d  o v e r  t h e  
o p e n in g  i n  t h e  t e c t a l  v e n t r i c l e ,  t h e  s k u l l  s e a l e d  w i th  
d e n t a l  c e m e n t an d  t h e  s k in  wound c l i p p e d  c l o s e d .  S even 
a n im a ls  s u r v iv e d  fro m  5 t o  7 d a y s  an d  w e re  p e r f u s e d  an d  
r e a c t e d  f o r  HRP w i th  t h e  TMB m eth o d  (B ro w n e r , H e a r in g  
R e s . ,  12:1 3 9 -1 4 3 ,  '8 3 ) .  A f f e r e n t  an d  e f f e r e n t  f i b e r s  from  
th e  CN c o u r s e  th ro u g h  th e  l a t e r a l  le m n is c u s  (L L ). T h is  
t r a c t  c o u r s e d  v e n t r a l l y  and  c a u d a l l y  t o  t h e  r o s t r a l  e n d  o f  
t h e  m e d u l la .  H ere t h e  f i b e r s  s e p a r a t e d  i n t o  a t  l e a s t  3 
s e p a r a t e  t r a c t s .  The v e n t r a l  t r a c t  f o l l o w e d  t h e  b a s a l  
s u r f a c e  o f  t h e  b r a in s te m  an d  c r o s s e d  t h e  m id l in e  t o  t h e  
c o n t r a l a t e r a l  s i d e .  In  i t s  p a th w a y  i t  i n t e r c e p t e d  t h e  
i p s i l a t e r a l  an d  c o n t r a l a t e r a l  SO w h ere  t h e r e  w e re  f i l l e d  
n e u ro n s .  The v e n t r a l  r o u t e  c o n t in u e d  c a u d a l l y  an d  t u r n e d  
d o r s a l l y  t o  r e a c h  th e  c o n t r a l a t e r a l  a c o u s t i c  t u b e r c l e  
(A T); a s  w e l l  a s  a  s m a l l  i n p u t  t o  th e  i p s i l a t e r a l  AT. The 
i n t e r m e d i a t e  p a th w a y  fa n n e d  o u t  m e d ia l l y  a c r o s s  t h e  b r a i n 
s te m  and  e n t e r e d  t h e  c o n t r a l a t e r a l  (A T ). The d o r s a lm o s t  
g ro u p  c o u r s e d  v e n t r a l  t o  t h e  4 th  v e n t r i c l e  an d  t h e  m e d ia l  
l o n g i t u d i n a l  f a s c i c u l u s  t o  r e a c h  th e  c o n t r a l a t e r a l  (A T ). 
The CN r e c e i v e d  t h e  m a j o r i t y  o f  i t s  i n p u t  f ro m  t h e  c o n t r a 
l a t e r a l  a u d i t o r y  b r a in s te m  n u c l e i .  I p s i l a t e r a l l y  t h e  a f 
f e r e n t s  came fro m  th e  s u p e r i o r  o l i v e  (S O ), t h e  n u c l e i  
m a g n o c e l lu l a r i s  (NM) an d  l a m i n a r i s  (N L ), c o n t r a l a t e r a l l y  
fro m  t h e  SO, NM, NL an d  t o  t h e  n u c le u s  a n g u l a r i s  (N A ). In  
a d d i t i o n  t h e r e  w as an  e f f e r e n t  p r o j e c t i o n  f ro m  t h e  CN t o  
th e  c o n t r a l a t e r a l  NM and  NL. A few  c e l l s  w e re  l a b e l l e d  i n  
t h e  i p s i l a t e r a l  n u c le u s  o f  t h e  l a t e r a l  l e m n i s c u s .
S u p p o r te d  by  t h e  W h it e h a l l  F o u n d a t io n  # 4 8 -2 5 9 .
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2 5 0 .1  MORPHOLOGY OF PHYSIOLOGICALLY CHARACTERIZED CELLS IN  RAT 
MEDULLARY DORSAL HORN (M DH).  W .E . R e n e h a n * ,  M .F . J a c q u i n , 
R .D . M oo n ey  & R .W . R h o a d e s  (SPON : W. G r a h a m ) .   D e p t . o f  A n a t 
om y , U n i v .  o f  M ed. & D e n t . o f  N . J .  -  S c h o o l  o f  O s t e o p a t h i c  
M ed . & R u t g e r s  M ed . S c h o o l ,  P i s c a t a w a y ,  N . J .  0 8 8 5 4

We ( J a c q u i n  e t . a l . ,  B r . R e s . ,  '8 4 )  h a v e  p r e v i o u s l y  show n  
t h a t  v i b r i s s a e  (V IB ) a n d  g u a r d  h a i r  (GH) p r i m a r y  a f f e r e n t s  
e a c h  h a v e  d i s t i n c t  a r b o r i z a t i o n  p a t t e r n s  i n  t h e  l a m i n a  I I I -  
IV  r e g i o n  o f  t h e  MDH. I n  t h e  p r e s e n t  s t u d y ,  s t a n d a r d  i n t r a -  
c e l l u l a r - H R P  t e c h n i q u e s  w e r e  u s e d  t o  d e t e r m i n e  w h e t h e r  s u c h  
a  d i s t i n c t i o n  e x t e n d e d  t o  MDH c e l l s .  T h u s  f a r ,  we h a v e  r e c o v 
e r e d  7 c e l l s  w h ic h  r e s p o n d e d  o n l y  t o  VIB d e f l e c t i o n ,  7 w h ic h  
w e r e  s e n s i t i v e  o n l y  t o  GH s t i m u l a t i o n  a n d  6 w h ic h  c o u l d  b e  
a c t i v a t e d  b y  b o t h  VIB a n d  GH. A l l  o f  t h e s e  c e l l s  h a d  n o  s p o n 
t a n e o u s  a c t i v i t y ,  r e s p o n d e d  i n  a  r a p i d l y  a d a p t i n g  f a s h i o n  t o  
g e n t l e  d e f l e c t i o n  o f  t h e  a p p r o p r i a t e  h a i r ( s )  a n d  w e r e  d r i v e n  
b y  t r i g e m i n a l  g a n g l i o n  s h o c k s  w i t h  l a t e n c i e s  o f  1 . 0 - 2 .1  m s. 
T h e  m o r p h o l o g i e s  o f  c e l l s  w i t h i n  a  g i v e n  p h y s i o l o g i c a l l y  d e 
f i n e d  c l a s s  w e r e  q u i t e  d i v e r s e .  T h e  s o m a ta  o f  a l l  V I B - o n ly  
c e l l s  w e r e  l o c a t e d  i n  t h e  d e e p  ½ o f  l a y e r  I I I - I V  o r  l a m i n a  V, 
a n d  t h e i r  d e n d r i t e s  w e r e  r e s t r i c t e d  t o  a l l  o r  som e p o r t i o n  o f  
t h e s e  l a m i n a e .  T h e  d e n d r i t i c  a r b o r s  o f  V I B - s e n s i t i v e  n e u r o n s  
d i d  n o t  a p p e a r  t o  d i f f e r  a s  a  f u n c t i o n  o f  t h e  n u m b e r  o f  VIB 
( 1 - 2 1 )  w h ic h  c o u l d  a c t i v a t e  t h e  c e l l .  Two o f  t h e s e  c e l l s  h a d  
t h e i r  a x o n  e n t e r  t h e  t r i g e m i n a l  s p i n a l  t r a c t .  O n ly  o n e  o f  
t h e s e  n e u r o n s  c o u l d  b e  a n t i d r o m i c a l l y  a c t i v a t e d  f r o m  t h e  
c o n t r a l a t e r a l  t h a l a m u s ,  a n d  i t s  a x o n  g a v e  o f f  c o l l a t e r a l s  i n  
t h e  d e e p  r e t i c u l a r  c o r e  p r i o r  t o  d e c u s s a t i o n .

T h e  s o m a ta  o f  n e u r o n s  s e n s i t i v e  o n l y  t o  GH s t i m u l a t i o n  
w e r e  a l l  l o c a t e d  i n  t h e  l a m i n a  I I I - I V  r e g i o n  a n d ,  w i t h i n  t h e  
l i m i t s  o f  o u r  s m a l l  s a m p l e ,  t e n d e d  t o  b e  m o re  d o r s a l  t h a n  
t h o s e  o f  V I B - o n l y  c e l l s .  D e n d r i t e s  o f  t h e s e  c e l l s  w e r e  l o 
c a t e d  i n  l a m i n a e  I I - I V .  N o n e  o f  t h e s e  n e u r o n s  w e r e  a n t i d r o m 
i c a l l y  a c t i v a t e d  b y  t h a l a m i c  s t i m u l a t i o n .

N e u r o n s  s e n s i t i v e  t o  b o t h  VIB a n d  GH s t i m u l a t i o n  h a d  som 
a t a  i n  l a y e r s  I I I - V .  T h e  d e n d r i t i c  a r b o r s  o f  t h e s e  c e l l s  w e r e  
q u i t e  v a r i e d ,  b u t  som e e x t e n d e d  t o  l a m i n a  I .  O v e r a l l ,  t h e y  
e n c o m p a s s e d  l a y e r s  I - V .  O ne o f  t h e s e  c e l l s  h a d  a n  a x o n  w h ic h  
i n n e r v a t e d  l a m i n a e  I  a n d  I I  a l m o s t  e x c l u s i v e l y .  A n o t h e r  w a s  
a n t i d r o m i c a l l y  a c t i v a t e d  b y  t h a l a m i c  s h o c k s  a n d  i t s  a x o n  a l s o  
c o l l a t e r a l i z e d  i n  t h e  r e t i c u l a r  f o r m a t i o n  p r i o r  t o  d e c u s s a 
t i o n .  W h il e  o u r  s a m p le  i s  q u i t e  s m a l l ,  t h e  d a t a  do  s u g g e s t  
t h a t  MDH n e u r o n s  w i t h  GH i n p u t  m ay b e  d i s t i n g u i s h e d  f ro m  
t h o s e  w i t h  o n l y  VIB i n p u t  b y  a  t e n d e n c y  t o  h a v e  m o re  d o r s a l l y  
l o c a t e d  s o m a t a ,  a s  w e l l  a s  a x o n s  a n d  d e n d r i t e s  w h ic h  o f t e n  
e x t e n d  i n t o  l a y e r s  I  & I I .  S u p p o r t :  D E 0 6 5 2 8 , E Y 0 4 1 7 0 ,E Y 0 3 5 4 6 , 
M a rc h  o f  D im e s ,  UMDNJ F o u n d a t i o n  (RW R), NRSA N S 0 7 4 4 4  (W E R ).

2 5 0 .2  MORPHOLOGY OF PHYSIOLOGICALLY CHARACTERIZED PRIMARY AFFERENTS 
IN  RAT SPINAL TRIGEMINAL SUBNUCLEUS INTERPOLARIS ( S p V i ) .
M .F . J a c q u i n ,  W .E . R e n e h a n * ,  R .D . M ooney  & R .W . R h o a d e s .
D e p t . o f  A n a to m y , U n i v .  o f  M ed. & D e n t ,  o f  N .  J .  -  S c h o o l  o f  
O s t e o p a t h i c  M ed. & R u t g e r s  M ed. S c h . ,  P i s c a t a w a y ,  N . J .  0 8 8 5 4

We h a v e  p r e v i o u s l y  sh o w n  t h a t  v i b r i s s a e - s e n s i t i v e  p r i m a r y  
a f f e r e n t s  ( P A 's ) ,  r e g a r d l e s s  o f  t h e i r  f u n c t i o n a l  c h a r a c t e r i s 
t i c s ,  a r b o r i z e  i n  a  r e s t r i c t e d  p o r t i o n  o f  t h e  l a m i n a  I I I - I V  
r e g i o n  i n  t h e  m e d u l l a r y  d o r s a l  h o r n  (MDH); w h i l e  g u a r d  h a i r  
P A 's  c o l l a t e r a l i z e  m o re  d i f f u s e l y  i n  l a y e r s  I I I - V  ( J a c q u i n  
e t  a l . ,  Br . R e s . ,  '8 4 ) . I n  t h e  p r e s e n t  s t u d y ,  w e h a v e  a n a l y z e d  
t h e  c o l l a t e r a l s  o f  t h e s e  sa m e  f i b e r s  i n  S p V i,  a  n o n - l a m i n a t e d  
V s u b n u c l e u s .  T h u s  f a r ,  we h a v e  r e c o v e r e d  2 6  i d e n t i f i e d  H R P- 
l a b e l e d  P A 's  w h ic h  g a v e  o f f  c o l l a t e r a l s  i n  b o t h  t h e  MDH a n d  
S p V i.  N i n e t e e n  w e r e  s e n s i t i v e  o n l y  t o  s t i m u l a t i o n  o f  1 l o n g  
s i n u s  h a i r  ( s l o w l y  a d a p t i n g  t y p e  I :N = 6 , t y p e  I I : N = 5 ;  r a p i d l y  
a d a p t i n g : N = 6 ; v i b r a t i o n - b i a s e d : N = 1 ; v e l o c i t y - b i a s e d : N = 1 ) ; 6 
r e s p o n d e d  o n l y  t o  g u a r d  h a i r  s t i m u l a t i o n .  A s i n  t h e  MDH, f u n 
c t i o n a l l y  d i s t i n c t  v i b r i s s a e - s e n s i t i v e  P A 's  w e r e  m o r p h o l o g i 
c a l l y  i n d i s t i n g u i s h a b l e .  E a c h  p r o v i d e d  a  l a r g e l y  c o n t i n u o u s  
s e r i e s  o f  r a d i a l l y  o r i e n t e d  c o l l a t e r a l s  t h a t  g a v e  r i s e  t o  
d e n s e l y  p a c k e d  a n d  h i g h l y  c i r c u m s c r i b e d  t e r m i n a l  a r b o r s .

C o n t r a r y  t o  a  p r e v i o u s  r e p o r t  ( H a y a s h i ,  B r . R e s . ,  '8 2 )  u s 
i n g  i d e n t i c a l  m e t h o d s ,  lo w  t h r e s h o l d  c u t a n e o u s  a x o n s  a r b o r 
i z e d  i n  a  m a n n e r  c o n s i s t e n t  w i t h  o t h e r  h i s t o c h e m i c a l , t r a n s -  
g a n g l i o n i c  t r a c i n g  a n d  e l e c t r o p h y s i o l o g i c a l  s t u d i e s .  P A 's  
w i t h  r o s t r a l  f a c i a l  r e c e p t i v e  f i e l d s  ( R F 's )  t e r m i n a t e d  m e d i 
a l l y ,  w h i l e  t h o s e  w i t h  c a u d a l  R F 's  a r b o r i z e d  l a t e r a l l y .  P A 's  
w i t h  d o r s a l  R F 's  i n n e r v a t e d  v e n t r a l  S p V i a n d  t h o s e  w i t h  v e n t 
r a l  R F 's  t e r m i n a t e d  d o r s a l l y .  A xon  a r b o r s  i n  S p V i d i d  n o t  a p 
p e a r  t o  f o l l o w  a n  " o n i o n  l e a f "- l i k e  r o s t r o c a u d a l  t o p o g r a p h y .  
T h u s ,  u n l i k e  t h e  c a s e  i n  t h e  MDH, t h e  e n t i r e  i p s i l a t e r a l  f a c e  
w a s  r e p r e s e n t e d  a t  e a c h  r o s t r o c a u d a l  l e v e l .  T h e  t e r m i n a l  a r 
b o r s  o f  lo w  t h r e s h o l d  P A 's  w e r e  a l s o ,  a s  a  w h o l e ,  c o n s i d e r a b 
l y  s m a l l e r  i n  S p V i t h a n  i n  t h e  MDH. T h i s  m ay b e  d u e  t o  t h e  
a b o v e - d e s c r i b e d  d i f f e r e n c e s  i n  t o p o g r a p h i c  o r g a n i z a t i o n .

O ne a d d i t i o n a l  PA r e s p o n d e d  o n l y  t o  a  n o x i o u s  p i n c h  d e e p  
t o  t h e  v i b r i s s a e  p a d  a n d  i t s  l a t e n c y  t o  V g a n g l i o n  s h o c k s  w a s  
m uch  l o n g e r  t h a n  t h a t  o f  t h e  a b o v e - d e s c r i b e d  P A 's .  W h il e  a r 
b o r i z i n g  e x t e n s i v e l y  i n  l a m i n a e  I , I I ,  a n d  V i n  t h e  MDH, t h i s  
f i b e r  d i d  n o t  i n n e r v a t e  S p V i,  b u t  d i d  g i v e  o f f  1 c o l l a t e r a l  
i n t o  a  g e l a t i n o u s  i n t e r s t i t i a l  p o c k e t  i n  t h e  V s p i n a l  t r a c t  
l a t e r a l  t o  S p V i.  S t u d i e s  i n  p r o g r e s s  w i l l  d e t e r m i n e  t h e  e x 
t e n t  t o  w h ic h  v i b r i s s a e ,  g u a r d  h a i r ,  a n d  n o c i c e p t i v e - b i a s e d  
P A 's  a r e  q u a l i t a t i v e l y  d i s t i n g u i s h a b l e  i n  S p V i,  a s  t h e y  a r e  
i n  t h e  MDH.  S u p p o r t e d  b y  D E 0 6 5 2 8 , E Y 0 4 1 7 0 , E Y 0 3 5 4 6 , t h e  
M a rc h  o f  D im e s ,  t h e  UMDNJ F o u n d a t i o n  (RW R), NRSA N S 0 7 4 4 4  (WR)

250.3 CYTOARCHITECTURE, HISTOCHEMICAL AND GOLGI STUDIES OF THE 
CELLS IN  THE REGION OF THE BRACHIUM CONJUNCTIVUM OF THE 
GUINEA P IG .  R .R .  P i n d z o l a  a n d  R .E .  F o s t e r .  N e u r o t o x l c o l o g y  
B r a n c h ,  U .S .  Arm y M e d ic a l  R e s e a r c h  I n s t i t u t e  o f  C h e m ic a l  
D e f e n s e ,  A b e r d e e n  P r o v i n g  G r o u n d ,  MD 2 1 0 1 0

T h e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  n e u r o n s  i n  t h e  c a u 
d a l  p a r a b r a c h i a l  a r e a  (PB A ; p o s t e r i o r  t o  t h e  i n f e r i o r  
c o l l i c u l u s )  w e re  s t u d i e d  u s i n g  G o lg i - C o x  a n d  N i s s l  s t a i n e d  
p r e p a r a t i o n s  o f  y o u n g  g u i n e a  p i g  b r a i n s .  A c e t y l c h o l i n e s t e r 
a s e  (A C hE ) d i s t r i b u t i o n  w a s s t u d i e d  i n  t h e  sam e  a r e a  b y  u s e  
o f  t h e  e n z y m e  h i s t o c h e m i c a l  s t a i n  o f  K o e l l e .  T h e  g u i n e a  p i g  
PBA i s  p a r t i t i o n e d  b y  t h e  b r a c h l u m  c o n j u n c t i v u m  (BC) i n t o  
m e d ia l  a n d  l a t e r a l  d i v i s i o n s  w h i c h ,  i n  t u r n ,  c a n  b e  s u b d i 
v i d e d  b y  c y t o a r c h i t e c t o n i c s .  I n  c o n t r a s t ,  n e i t h e r  m y e lo -  
a r c h i t e c t o n i c s  n o r  AChE e n z y m e  h i s t o c h e m i s t r y  p r o v i d e  c r i 
t e r i a  f o r  f u r t h e r  s u b d i v i s i o n  o f  t h e  tw o  PBA d i v i s i o n s .
T h e  d i s t r i b u t i o n  o f  AChE i n  t h e  tw o  d i v i s i o n s  i s  f a i r l y  
u n i f o r m  w i t h  t h e  c o n t e n t  b e i n g  m uch l e s s  t h a n  t h e  a d j a c e n t  
m o to r  V n u c l e u s .  C y t o a r c h i t e c t o n i c  a n a l y s i s  o f  t h e  m e d ia l  
a n d  l a t e r a l  PBA r e v e a l s  t h e  f o l l o w i n g :  1 )  t h e  l a t e r a l  d i v i 
s i o n  c o n s i s t s  o f  p e r i b r a c h i a l ,  I n t e r m e d i a t e ,  e x t e r n a l  a n d  
v e n t r a l  c e l l  g r o u p s  a n d  2 )  t h e  m e d i a l  d i v i s i o n  c o n s i s t s  o f  
p e r i b r a c h i a l  a n d  m e d ia l  c e l l  g r o u p s .  T h e r e  a r e  a l s o  s c a t 
t e r e d  c e l l s  i n  t h e  BC p r o p e r  w h ic h  we r e f e r  t o  a s  t h e  
i n t e r s t i t i a l  c e l l  g r o u p .  I n  N i s s l  p r e p a r a t i o n s  t h e  i n t e r 
s t i t i a l  BC n e u r o n s  a r e  o v a l ,  a p p r o x i m a t e l y  1 3 . 5 - 2 1 µ  m i n  
s i z e .  T h e  n e u r o n s  n e a r e s t  t o  t h e  BC ( m e d i a l  a n d  l a t e r a l  
p e r i b r a c h i a l )  a r e  f u s i f o r m  i n  t h e  s a g i t t a l  p l a n e  w i t h  a n  
a v e r a g e  s i z e  o f  18 x 7 µ  m. T h e  n e u r o n s  o f  t h e  i n t e r m e d i a t e ,  
e x t e r n a l  a n d  v e n t r a l  l a t e r a l  PBA a r e  m u l t i p o l a r  o r  s l i g h t l y  
f u s i f o r m  c e l l s .  N e u r o n s  i n  t h e  m e d ia l  PBA v a r y ,  t h e  c e l l s  
p r o x i m a l  t o  t h e  b r a c h iu m  b e i n g  m o re  f u s i f o r m  a n d  t h a n  t h e  
c e l l s  m o re  d i s t a l l y l o c a t e d .  B a s e d  o n  G o lg i - C o x  im p r e g n a 
t i o n s  o f  n e u r o n s  i n  t h e  d i f f e r e n t  PBA c e l l  g r o u p s ,  i t  
a p p e a r s  t h a t  t h e  i n t e r s t i t i a l  BC n e u r o n s  a n d  t h e  im m e d i a t e 
l y  a d j a c e n t  p e r i b r a c h i a l  c e l l s  a r e  r e l a t i v e l y  s i m p l e  w i t h  
t h e  s e v e r a l  p r i m a r y  d e n d r i t e s  h a v i n g  f e w  b r a n c h e s  d e v o i d  o f  
a p p e n d a g e s .  I n  c o n t r a s t ,  n e u r o n s  i n  t h e  PBA c e l l  g r o u p s  
d i s t a l  t o  t h e  BC a r e  m o re  c o m p le x  w i t h  g r e a t e r  d e n d r i t i c  
b r a n c h i n g  a n d  l a r g e r  n u m b e rs  o f  d e n d r i t i c  a p p e n d a g e s / -  
s p i n e s .  N e u r o n s  i n t h e  l a t e r a l  i n t e r m e d i a t e  c e l l  g r o u p  
a p p e a r  t h e  m o s t  c o m p le x .  W h i le  t h e  c e l l  b o d i e s  o f  t h e  f u s i 
fo r m  PBA n e u r o n s  a r e  o r i e n t e d  i n  t h e  s a g i t t a l  p l a n e  i n  
N i s s l  s t a i n e d  p r e p a r a t i o n s ,  t h e i r  d e n d r i t e s  see m  n o t  t o  
h a v e  a  p r e f e r r e d  o r i e n t a t i o n .  T h u s ,  f r o m  o u r  a r c h i t e c t o n i c  
a n a l y s e s  t h e r e  a r e  a t  l e a s t  s e v e n  s u b d i v i s i o n s  o f  t h e  PBA 
i n  t h e  g u i n e a  p i g .

250.4  INTRACELLULAR RECORDINGS FROM MITRAL/TUFTED CELLS 
IN THE OLFACTORY BULB OF THE TIGER SALAMANDER.
K . A .  H a m ilto n  a n d  J. S . K a u e r .  D e p ts .  o f  
N e u ro s u r g e r y ;  Anatomy and C e l l  B io lo g y ,  T u f t s -  New 
E n g lan d  M ed ic a l C e n te r ,  B o s to n , MA 0 2 1 1 1 .

In  o r d e r  to  s tu d y  i n t e g r a t i v e  m echan ism s in  t h e  
o l f a c t o r y  b u lb ,  we a r e  r e c o r d in g  t h e  i n t r a c e l l u l a r  
r e s p o n s e s  o f  m i t r a l / t u f t e d  c e l l s  to  e l e c t r i c a l  
s t i m u l a t i o n  and to  d i f f e r e n t  o d o r a n t s  a t  a ra n g e  
o f  c o n c e n t r a t i o n s .  The c e l l s  s u b s e q u e n t ly  a r e  
s t a i n e d  f o r  m o r p h o lo g ic a l  e x a m in a t io n  u s in g  a 
h o r s e r a d i s h  p e r o x id a s e  (HRP) t e c h n iq u e .

The m i t r a l / t u f t e d  c e l l s  s p ik e  a c t i v e l y ,  u s u a l l y  
a t  r a t e s  o f  b e tw ee n  1 and 5 i m p u l s e s / s e c . 
E l e c t r i c a l  s t i m u l a t i o n  o f  th e  m e d ia l  o l f a c t o r y  
t r a c t  o r  o l f a c t o r y  n e r v e ,  o r  a p p l i c a t i o n  o f  an 
o d o r a n t  to  th e  o l f a c t o r y  m u co sa , u s u a l l y  r e s u l t s  
in  s u s t a i n e d  h y p e r p o l a r i z a t i o n  and s u p p r e s s i o n  o f  
s p ik in g  f o r  up to  7 s e c .  The s u p p r e s s io n  i s  l o n g e r  
in  r e s p o n s e  to  a s u p r a t h r e s h o l d  e l e c t r i c a l  
s t im u lu s  th a n  in  r e s p o n s e  to  th e  t h r e s h o l d  
s t im u lu s  t h a t  w i l l  e l i c i t  a s i n g l e  s p ik e  p r e c e d in g  
th e  s u p p r e s s i o n .  In  some c e l l s  th e  i n i t i a l  p o r t i o n  
o f  th e  r e s p o n s e  to  o r th o d r o m ic  s t i m u l a t i o n  
in c lu d e s  a b r i e f  d e p o l a r i z a t i o n  and a b u r s t  o f  
s p i k e s ,  t h e  num ber o f  w h ich  i n c r e a s e s  w ith  
s t im u lu s  i n t e n s i t y  u n d e r  c e r t a i n  s t im u lu s  
c o n d i t i o n s .

Num erous b r a n c h e s  e x te n d  from  th e  s t a i n e d  c e l l  
b o d ie s  i n t o  th e  p l e x i f o r m  l a y e r ,  and a t  l e a s t  in  
s e v e r a l  o f  th e  c e l l s  d e n d r i t e s  b ra n c h  in  two o r  
m ore g l o m e r u l i .  The s t a i n i n g  c h a r a c t e r i s t i c s  
i n d i c a t e  th e  r e c o r d i n g / s t a i n i n g  m ic r o e l e c t r o d e  
c o n t a i n i n g  th e  HRP so m e tim es  i s  p o s i t i o n e d  in  t h e  
p le x i f o r m  l a y e r  a t  th e  l e v e l  o f  th e  l a r g e r  
d e n d r i t e s ,  r a t h e r  th a n  a t  t h e  l e v e l  o f  t h e  c e l l  
b o d y . The c h a r a c t e r i s t i c s  o f  th e  r e c o r d i n g s  o f t e n  
s u p p o r t  t h e  id e a  t h a t  th e y  a r e  o b ta in e d  from  
d e n d r i t e s  o r  t h a t  d e n d r i t i c  s p ik e s  p r o p a g a te  to  
t h e  r e c o r d in g  s i t e .

The i n t e r a c t i o n s  o f  th e  m i t r a l / t u f t e d  c e l l s  
w ith  o t h e r  ty p e s  o f  c e l l s  fo rm in g  th e  l a y e r s  o f  
th e  b u lb  a r e  b e in g  s t u d i e d  u s in g  com bined  
e l e c t r i c a l  and o d o r a n t  s t i m u l a t i o n s .

S u p p o r te d  by NS-20003 (J S K ).
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25 0 .5  V O L T A G E -S E N S IT IV E  DYE RECORDING FROM THE 
OLFACTORY SYSTEM OF THE TIG E R  SALAMANDER.  J . S . 
K a u e r . D . S e n s e m a n * a n d  L . B . C o h e n .  D e p t s .  
N e u r o s u r g e r y ,  A n a to m y  a n d  C e l l  B i o l o g y ,  T u f t s -  
New E n g l a n d  M e d i c a l  C e n t e r ,  B o s t o n ,  MA 0 2 1 1 1 ;  
D i v .  L i f e  S c i e n c e s ,  Un i v .  T e x a s ,  S a n  A n t o n i o ,  
TX 7 8 2 8 5 ;  D e p t .  P h y s i o l . ,  Y a l e  Un i v .  S c h .  
M e d i c i n e ,  New H a v e n ,  CT 0 6 5 1 0 .

A v o l t a g e - s e n s i t i v e  d y e  h a s  b e e n  u s e d  t o  
m o n i t o r  n e u r o n a l  a c t i v i t y  i n  t h e  i n t a c t  
s a l a m a n d e r  o l f a c t o r y  b u l b  a f t e r  o d o r  
s t i m u l a t i o n  o f  t h e  m u c o s a .  C e r t a i n  d y e s ,  w h e n  
i n c o r p o r a t e d  i n t o  n e u r o n a l  m e m b r a n e s ,  c h a n g e  
t h e i r  f l u o r e s c e n t  p r o p e r t i e s  w i t h  v o l t a g e  
c h a n g e  a c r o s s  t h e  m e m b r a n e .  By r e c o r d i n g  t h e  
o p t i c a l  s i g n a l s  g e n e r a t e d  b y  t h e  d y e s ,  o n e  c a n  
m e a s u r e  v o l t a g e  c h a n g e s  i n  n e u r o n a l  t i s s u e  
w i t h o u t  t h e  u s e  o f  i n v a s i v e  e l e c t r o d e  
p e n e t r a t i o n s .  By u s i n g  a n  a r r a y  o f  o p t i c a l  
r e c o r d i n g  d e v i c e s ,  s i g n a l s  f r o m  a  n u m b e r  o f  
s i t e s  c a n  b e  m e a s u r e d  s i m u l t a n e o u s l y  w i t h  a  
t i m e  r e s o l u t i o n  o f  0 . 7  m s e c  ( r e v i e w -  C o h e n  a n d  
S a l z b e r g ,  1 9 7 8 ,  R e v .  P h y s i o l .  B i o c h e m .  P h a r m .  
8 3 : 3 5 ) .

I n  t h e  p r e s e n t  s t u d y  t h e  s t y r y l  d y e  RH 414 
h a s  b e e n  u s e d  t o  o b s e r v e  a c t i v i t y  i n  t h e  
o l f a c t o r y  b u l b  a f t e r  s t i m u l a t i o n  o f  t h e  n o s e .  A 
s q u a r e  a r r a y  o f  1 2 4  d e t e c t o r s  w a s  c e n t e r e d  o v e r  
t h e  b u l b  t o  r e c o r d  f l u o r e s c e n c e  c h a n g e s  w i t h  
b o t h  e l e c t r i c a l  a n d  c o n t r o l l e d  o d o r  
s t i m u l a t i o n .  I n  t h i s  w ay  s e t s  o f  l a r g e  s i g n a l s  
w e r e  r e c o r d e d  w h i c h  w e r e  a l i g n e d  p a r a l l e l  t o  
t h e  b u l b a r  l a y e r s .  U n l i k e  b u l b a r  l a y e r s  o f  t h e  
m a m m a l, t h e  c e l l  l a y e r s  i n  t h e  s a l a m a n d e r  a r e  
s t a c k e d  i n  a  p l a n a r  c o n f i g u r a t i o n  a n d  e x t e n d  t o  
t h e  s u r f a c e  o f  t h e  b u l b  s o  t h a t  t h e  
f l u o r e s c e n c e  s i g n a l s  c a n  b e  c o r r e l a t e d  d i r e c t l y  
w i t h  t h e  b u l b a r  s t r a t a .  T h e s e  s t u d i e s  a l l o w  
o b s e r v a t i o n  o f  t h e  s p a t i a l  d i s t r i b u t i o n  o f  
r a p i d  n e u r o n a l  e v e n t s  a n d  a r e  b e i n g  c o m p a r e d  
w i t h  t h e  s p a t i a l  d i s t i b u t i o n  o f  a c t i v i t y  we 
h a v e  o b s e r v e d  u s i n g  t h e  2 - d e o x y g l u c o s e  m e t h o d .

S u p p o r t e d  b y  USPHS g r a n t s  N S - 2 0 0 0 3  ( J S K )  a n d  
N S - 8 0 4 3 7  ( L B C ) .

250.6  SOMATOTOPIC ORGANIZATION AND BIMODAL REPRESENTATION IN 
THE ELECTRORECEPTIVE MIDBRAIN OF THE ELASMOBRANCH, 
PLATYRHINOIDIS TRISERIATA.   J .  Schw eitzer.  Neurobiology 
U nit, Scripps I n s t . of Oceanog., Univ. of C a l i f . ,  San 
Diego, La J o l la ,  CA 92093

E lec tro senso ry  recep tiv e  f ie ld s  in  the  thornback ray 
are som atotopically  organized along a ro s tro -ca u d a l ex ten t 
of the neuraxis p rev iously  div ided  in to  2 d i s t in c t  e le c 
tro senso ry  n u c le i on the b asis  of anatom ical (Bodznick, 
D.A., N orthcu tt, R.G. Brain Res. , in  p ress) and physio
lo g ic a l (Schw eitzer, J .  J . Comp. P h y s io l. , 153:331-341, 
1983) evidence. The find ing  of a s in g le ,  continuous, 
un frac tu red  map extending from the r o s t r a l  t ip  of the 
a n te r io r  nucleus (AN) to  the caudal border of the l a t e r a l  
m esencephalic nucleus (LMN) now suggests th a t  LMN and AN 
are  in  fa c t a s in g le  m esencephalic s t ru c tu re .

Minimum recep tiv e  f ie ld s  (RFs) of s in g le  e le c tro sen so ry  
u n its  or m u ltiu n it c lu s te r s ,  f i r s t  is o la te d  in  response to 
a un ifo rm  e l e c t r i c  f i e l d ,  were d e te rm in ed  w ith  a 
ju s t-su p ra th re sh o ld  500 ms square wave e le c t r i c  s tim ulus 
produced between a remote s ta t io n a ry  re fe rence  and a 
roving ch lo rided  s i lv e r - b a l l  monopole a ttached  to  a f le x 
ib le  m anipulator arm. Receptive f ie ld s  of the a n te r io r ,  
m id-, and p o s te r io r  body were recorded in  the r o s t r a l ,  
m id-, and caudal reg ions of d o rsa l AN-LMN, re s p e c tiv e ly . 
A ll re cep tiv e  f ie ld s  r e s t r ic te d  to  the v e n tra l su rface  
(78%) are c o n tra la te r a l  and are ra re ly  la rg e r  than 1 cm2 . 
The remaining u n its  have d is ju n c t re cep tiv e  f ie ld s  on both 
the do rsa l and v e n tra l su rfaces ; the p o s itio n  of one i s  
not p re d ic tiv e  of the o the r and the d o rsa l f ie ld  can be 
e ith e r  ip s i -  or c o n tr a la te r a l .  Somatotopy has not been 
demonstrated in  the v e n tra l aspect of th is  nucleus or from 
the d o rsa l su rface  of the body.

Nearly a l l  e lec tro sen so ry  u n its  a re  bimodal, responding 
v igorously  to the gen tle  touch of a cam el-hair b rush . 
Ascending sp in a l input to the shark m idbrain p rev iously  
demonstrated by degeneration  (Ebbesson, S .O .E ., Hodde, 
K.C. C ell T i s s . Res. , 216:313-331, 1981) provides an ana
tom ical b asis  fo r th is  m ech an o sen sitiv ity . Mechanosensory 
RFs are  g en era lly  la rg e r  than but in v a ria b ly  overlap  w ith 
e le c tro sen so ry  RFs, dem onstrating th a t the som atotopic 
maps of the 2 m oda litie s  a re  n early  c o in c id en t. This e v i
dence suggests th a t ,  as in  o ther v e r te b ra te s ,  the m idbrain 
in  e la s mobranchs is  an im portant c en ter fo r multimodal 
sensory in te g ra tio n .

Supported by NIH and NSF g ran ts  to  T.H. Bullock.

EEG AND ERP

2 5 1.1  HUMAN MEDIAL TEMPORAL LOBE POTENTIALS EVOKED IN  MEMORY AND 
LANGUAGE TASKS.  M .E . S m i t h ,  J .M .  S t a p l e t o n  a n d  E .  H a l g r e n ,  
L a b .  f o r  C o g n i t i v e  N e u r o p h y s i o l o g y ,  B r a i n  R e s .  I n s t . ,  U n i v .  
C a l i f . a t  L o s  A n g e l e s ,  9 0 0 2 4 .

We h a v e  p r e v i o u s l y  r e p o r t e d  t h a t  e v e n t - r e l a t e d  p o t e n t i a l s  
(E R P s) c a n  b e  r e c o r d e d  f r o m  t h e  h u m an  m e d i a l  t e m p o r a l  l o b e  
(MTL) d u r i n g  r e c e n t  m em ory  t a s k s  ( S o c  N e u r o s c i  9: 6 4 7 )  . F u r 
t h e r  s t u d i e s  h a v e  c l a r i f i e d  t h e  c o m p o n e n t  s t r u c t u r e  o f  t h e s e  
E R P s , t h e i r  p s y c h o l o g i c a l  c o r r e l a t e s ,  a n d  t h e i r  r e l a t i o n s h i p  
t o  s c a l p  r e c o r d e d  p o t e n t i a l s .  R e c o r d i n g s  w e r e  o b t a i n e d  f ro m  
t h e  a m y g d a l a ,  h ip p o c a m p u s ,  a n d  p a r a h i p p o c a m p a l  g y r u s ,  a n d  
f r o m  t h e  c a l v a r i a l  e l e c t r o d e s  p l a c e d  a t  1 0 -2 0  c o o r d i n a t e s ,  i n  
13 p a t i e n t s  b e i n g  e v a l u a t e d  f o r  s u r g i c a l  t r e a t m e n t  o f  e p i 
l e p s y .  E v o k in g  t a s k s  i n c l u d e d  d e t e c t i o n  o f  r e p e a t e d  w o r d s  i n  
a  r e c e n t  m em ory  r e c o g n i t i o n  t e s t ,  d i s c r i m i n a t i n g  w o r d s  f ro m  
n o n - w o r d s ,  c u e d - r e p o r t  n a m in g  o f  p i c t u r e s ,  a n d  m e n t a l  c o u n t 
i n g  o f  " r a r e "  h i g h  p i t c h e d  t o n e s  i n  a  t r a i n  o f  lo w  p i t c h e d  
t o n e s .

T a s k s  r e q u i r i n g  p r i m a r y  m em ory  a n d  s e m a n t i c  a n a l y s i s  f o r  
t h e i r  p e r f o r m a n c e  ( l e x i c a l  d e c i s i o n  a n d  n a m in g )  w e r e  o b s e r v 
e d  t o  e l i c i t  a  c o m p o n e n t  p e a k i n g  a b o u n d  400m s p o s t - s t i m u l u s  
o n s e t .  T h i s  c o m p o n e n t  w a s  n e g a t i v e  a t  t h e  s c a l p  a n d  u s u a l l y  
n e g a t i v e  i n  t h e  MTL. I t  w a s  s i m i l a r  i n  l a t e n c y ,  m o r p h o lo g y ,  
a n d  t a s k  c o r r e l a t e s  t o  t h e  N4 c o m p o n e n t  o f  t h e  s c a l p  r e c o r 
d e d  ERP r e p o r t e d  b y  o t h e r s  t o  b e  e l i c i t e d  i n  s i m i l a r  t a s k s  
( B e n t i n  e t  a l .  S o c  N e u r o s c i  9 : 1 1 9 9 , 1 9 8 3 ; S t u s s  e t  a l .  EEG 
C l i n  N e u r o p h y s  5 6 : 1 3 3 - 1 4 6 ,  1 9 8 3 ) .  T h i s  s a m e  c o m p o n e n t  w a s  
a l s o  r e l i a b l y  e l i c i t e d  d u r i n g  v e r b a l  t a s k s  r e q u i r i n g  s e c o n 
d a r y  m em ory  f o r  t h e i r  p e r f o r m a n c e ,  w h e r e  i t  d e c r e a s e s  i n  
a m p l i t u d e  t o  r e p e a t e d  i t e m s  d u r i n g  m em ory  t e s t i n g .  T h e  N4 
c o m p o n e n t  r e v e r s e s  p o l a r i t y  o v e r  s h o r t  d i s t a n c e s  i n  t h e  h i p 
p o c a m p u s  a n d  p a r a h i p p o c a m p a l  g y r u s ,  a n d  a t t e n u a t e s  i n  a m p l i 
t u d e  a t  m o re  l a t e r a l  r e c o r d i n g  s i t e s .  A s e c o n d  e n d o g e n o u s  
c o m p o n e n t  o c c u r s  a f t e r  t h e  N 4 , a n d  i t s  d e p t h  d i s t r i b u t i o n  
w a s  i d e n t i c a l  t o  t h e  P 3  c o m p o n e n t  o f  t h e  MTL r e s p o n s e  t o  r a r e  
s t i m u l i  a n d  w a s  d i s t i n c t  f ro m  t h e  d i s t r i b u t i o n  o f  t h e  N4 com
p o n e n t .  T h i s  p o s i t i v e  c o m p o n e n t  i n c r e a s e s  i n  a m p l i t u d e  t o  r e 
p e a t e d  w o r d s .  We c o n c l u d e  t h a t  t h e  MTL N4 c o m p o n e n t  o b s e r v e d  
i n  t h e s e  t a s k s  i s  p r o b a b l y  o f  l o c a l  o r i g i n ,  b u t  g e n e r a t e d  b y  
d i f f e r e n t  s y n a p s e s  t h a n  t h o s e  i n v o l v e d  w i t h  t h e  MTL P 3  r e s 
p o n s e .  T h e  d e c r e a s e  i n  N4 a m p l i t u d e  a s s o c i a t e d  w i t h  a c t i v a 
t i o n  i n  P r i m a r y  M e m o ry , p r e v i o u s l y  d e m o n s t r a t e d  b y  o t h e r  a u 
t h o r s ,  h a s  b e e n  e x t e n d e d  h e r e  t o  r e p e a t e d  w o r d s  i n  S e c o n d a r y  
M e m o ry . We g r a t e f u l l y  a c k n o w le d g e  t h e  c o l l a b o r a t i o n  o f  P .  
C r a n d a l l ,  J .  E n g e l ,  J r . ,  W. S u t h e r l i n g ,  L . C a h a n ,  M. N u w e r, 
a n d  t h e  s t a f f  o f  t h e  C l i n i c a l  N e u r o p h y s io l o g y  P r o g r a m  a t  UCLA. 
S u p p o r t e d  b y  USPHS G r a n t  N S 1 8 7 4 1 .

251.2  DEPTH AND SURFACE COMPONENTS OF POTENTIALS EVOKED IN SIMPLE 
COGNITIVE TASKS.  J .  M. S t a p l e t o n  a n d  E . H a l g r e n .  B r a i n  
R e s e a r c h  I n s t i t u t e ,  UCLA a n d  VA S o u th w e s t  R e g io n a l  E p i l e p s y  
C e n t e r ,  L os A n g e l e s ,  CA.

We h a v e  b e e n  s t u d y i n g  p o t e n t i a l s  e v o k e d  d i f f e r e n t i a l l y  
i n  s e v e r a l  s i m p l e  c o g n i t i v e  t a s k s ,  i n c l u d i n g  AA- c o u n t i n g  
r a r e  h i g h  t o n e s  i n  a  s e r i e s  o f  t o n e s  ( 1 4 0 0  ms I S I ) ,  A I -  
i g n o r i n g  t h e  sa m e  s t i m u l i ,  AD- sa m e  a s  AA b u t  w i t h  
o c c a s i o n a l  n o n t a r g e t  s t r a n g e  s o u n d s ,  OM- c o u n t i n g  o m i s s i o n s  
o f  t o n e s  i n  a  s e r i e s  (6 0 0  ms I S I ) ,  CO- c o u n t i n g  a l l  t o n e s  
( r a n d o m  3 t o  9 s e c  I S I ) ,  VO- s i m i l a r  t o  AA i n  t h e  v i s u a l  
m o d a l i t y .  D a ta  h a v e  b e e n  c o l l e c t e d  f o r  so m e o r  a l l  t a s k s  
f o r  24  p a t i e n t s  u n d e r g o in g  d i a g n o s t i c  d e p t h  e l e c t r o d e  
e v a l u a t i o n  f o r  e p i l e p s y ,  a n d  15  n o rm a l s u b j e c t s  (2 2  s c a l p  
s i t e s ,  1 0 - 2 0  s y s t e m ) .  I n  t h e  d e p t h ,  t h e r e  a r e  m u l t i p l e  
c o m p o n e n ts  w i t h  b o t h  t i m e  a n d  t a s k  r e l a t i o n s h i p s  t o  t h e  
s u r f a c e  N 1 -P 2 -N 2 -P 3 -S W . T h e s e  c o m p o n e n ts  m ay b e  r e v e a l e d  
by  d e t a i l e d  v i s u a l  i n s p e c t i o n  o f  t h e  d a t a ,  b y  q u a n t i t a t i v e  
a n a l y s i s  u s i n g  P r i n c i p a l  C o m p o n e n ts  A n a l y s i s ,  o r  by  
m e a s u r e m e n t  o f  p e a k  a m p l i t u d e s  i n  l a t e n c y  w in d o w s  d e f i n e d  
by  s u r f a c e  c o m p o n e n ts .  T h e r e  a r e  d i f f e r e n c e s  am ong th e m  
i n  b o t h  d e p t h  a n d  s c a l p  t o p o g r a p h y .

A d i s t i n c t i o n  m ay b e  d ra w n  b e tw e e n  tw o  v a r i e t i e s  o f  
e n d o g e n o u s  l i m b i c  p o t e n t i a l s  ( E L P s ) .  T h e  l a r g e ,  p o l a r i t y -  
r e v e r s i n g  p o t e n t i a l s  (E L P b ) p r e v i o u s l y  f o u n d  i n  M e d ia l  
T e m p o r a l  L o b e  (MTL) i n  t h e  l a t e n c y  r a n g e  o f  t h e  s u r f a c e  
P3 a n d  SW h a v e  b e e n  r e p l i c a t e d  i n  t h i s  s e r i e s  o f  p a t i e n t s .  
T h e y  a r e  o f t e n  v e r y  l a r g e  a n d  n e g a t i v e  i n  t h e  a n t e r i o r  
h ip p o c a m p u s ,  l a r g e  a n d  p o s i t i v e  i n  o t h e r  MTL s i t e s ,  a n d  
f a l l  r a p i d l y  i n  a m p l i t u d e  i n  m o re  s u p e r f i c i a l  s i t e s .  An 
a d d i t i o n a l  n e g a t i v e - p o s i t i v e  c o m p o n e n t  (E L P a )  i s  e v i d e n t  
i n  m any  d e p t h  s i t e s  j u s t  b e f o r e  t h e  s u r f a c e  N 2 /P 3 .  A l th o u g h  
i t  a l s o  m ay r e v e r s e  p o l a r i t y  o v e r  s h o r t  d i s t a n c e s  w i t h i n  t h e  
MTL, i t  d e c l i n e s  r e l a t i v e l y  l i t t l e  i n  a m p l i t u d e  a s  t h e  
s u r f a c e  i s  a p p r o a c h e d .  B o th  ELPa a n d  ELPb a r e  l a r g e s t  t o  
r a r e ,  a t t e n d e d  s t i m u l i ,  b u t  ELPa i s  r e l a t i v e l y  e n h a n c e d  t o  
w e i r d ,  n o n t a r g e t  s o u n d s  i n  AD. B o th  a r e  a l s o  e v o k e d  b y  CO, 
a l t h o u g h  s o m e t im e s  a t  s h o r t e r  l a t e n c y  t h a n  i n  AA.

D e p th  r e c o r d i n g s  a p p e a r  t o  b e  u s e f u l  i n  s e p a r a t i n g  
e v o k e d  p o t e n t i a l  c o m p o n e n ts  t h a t  a r e  d i f f i c u l t  t o  d i s t i n 
g u i s h  i n  s c a l p  r e c o r d i n g s  b e c a u s e  t h e y  o v e r l a p  i n  l a t e n c y ,  
t o p o g r a p h y ,  a n d / o r  t a s k  c o r r e l a t e s .

S u p p o r t e d  b y  N S 18741 a n d  b y  t h e  V e t e r a n s  A d m in . We 
a c k n o w le d g e  t h e  c o l l a b o r a t i o n  o f  P .  C r a n d a l l  a n d  J .  E n g e l ,  
J r .
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2 5 1. 3   I S  N 400 SPECIFICA LLY  RELATED TO THE PROCESSINF OF SEMANTIC 
MISMATCH ?   M. B e s s o n * ,  F .  M a c a r*  a n d  J .  P y n te *  (SPON :  
J .  R e q u i n ) .   D e p t .  P s y c h o b i o l .  e x p e r . ,  I n s t .  N e u r o p h y s i o l .  
P s y c h o p h y s i o l . ,  M a r s e i l l e ,  F r a n c e .

K u t a s  a n d  H i l l y a r d  ( 1 9 8 0 ,  1 9 8 2 )  sh o w e d  t h e  e x i s t e n c e  o f  
a  c o m p o n e n t  p e a k i n g  4 0 0  m se c  a f t e r  t h e  p r e s e n t a t i o n  
o f  a n  i n c o n g r u o u s  w o rd  w i t h i n  a  g i v e n  s e n t e n c e  c o n t e x t .  
T h e  a im  o f  t h e  p r e s e n t  s t u d y  i s  t o  v e r i f y  w h e t h e r  t h e  
o c c u r r e n c e  o f  N 400 d e p e n d s  o n  t h e  o v e r l e a r n e d  n a t u r e  o f  
t h e  m e c h a n is m s  i n v o l v e d  i n  t a s k s  s u c h  a s  r e a d i n g  o r  
w h e t h e r  N 400 a l s o  a p p e a r s  w h en  a n  a r b i t r a r y  r u l e  l e a r n e d  
d u r i n g  t h e  e x p e r i m e n t  i s  v i o l a t e d .  V i s u a l  a n d  a u d i t o r y  
m o d a l i t i e s  w e r e  t e s t e d .  F o u r  e x p e r i m e n t a l  c o n d i t i o n s  
w e r e  u s e d .  T h e  tw o  f i r s t  i n v o l v e d  o v e r l e a r n e d  r e l a t i o n s  
b e tw e e n  t h e  p r o b e  s t i m u l i  a n d  t h e i r  c o n t e x t .  I n  t h e  
o t h e r  tw o ,  p r o b e  s t i m u l i  w e r e  l i n k e d  t o  t h e i r  c o n t e x t  
b y  a  l o g i c a l  a n d  a r b i t r a r y  r u l e .  T h e  c o n d i t i o n s  i n v o l v e d :  
1 )  W o rd s i n  t h e  c o n t e x t  o f  s e n t e n c e s  v i s u a l l y  p r e s e n t e d .  
2 )  M u s ic a l  n o t e s  o f  w e l l - k n o w n  F r e n c h  m e l o d i e s  a u d i t o r y  
p r e s e n t e d .  3 )  G e o m e t r i c  f i g u r e s  o r d e r e d  i n  i n c r e a s i n g  
o r  d e c r e a s i n g  s i z e ,  v i s u a l l y  p r e s e n t e d .  4 )  S c a l e - n o t e s ,  
a u d i t o r y  p r e s e n t e d .  F o r  25% o f  t h e  t r i a l s  i n  e a c h  c o n d i 
t i o n  t h e  l a s t  s t i m u l u s  w a s  i n c o n g r u o u s .  T h e  s t a r t  o f  e a c h  
t r i a l  w a s  s i g n a l e d  b y  t h e  a p p a r i t i o n  o f  a  l i n e  o f  X 's ,  
a t  t h e  c e n t e r  o f  a  s c r e e n ,  d u r i n g  5 0 0  m se c  a n d  f o l l o w e d  
1 5 0 0  m se c  l a t e r  b y  t h e  s e q u e n t i a l  p r e s e n t a t i o n  o f  s e v e n  
s t i m u l i  l a s t i n g  7 0 0  m se c  e a c h ,  a t  t h e  r a t e  o f  o n e  s t i m u l u s  
p e r  s e c .

EEG r e c o r d i n g s  f ro m  F z , C z , P z ,  W2 a n d  W1 c o n f i r m  
t h a t  N 400 o n l y  o c c u r s  w h en  t h e r e  e x i s t s  a  s e m a n t i c  
m is m a tc h  b e tw e e n  w o r d s .  I n  t h e  o t h e r  s i t u a t i o n s ,  i n c o n 
g r u o u s  s t i m u l i  p r o d u c e  P 3 0 0 ,  w h ic h  a r e  l a r g e s t  i n  t h e  
m e l o d i e s .  C l e a r - c u t  d i f f e r e n c e s  a l s o  a p p e a r  r i g h t  f ro m  
t h e  N1 c o m p o n e n t ,  l a r g e r  i n  t h e  a u d i t o r y  c o n d i t i o n s ,  
a n d  f o r  i n c o n g r u o u s  c o m p a r e d  t o  c o n g r u o u s  s t i m u l i  i n  
a l l  c o n d i t i o n s .  C h a n g e s  i n  t h e  a m p l i t u d e  a n d  d u r a t i o n  
o f  t h e s e  t h r e e  c o m p o n e n ts  c a n  b e  i n t e r p r e t e d  a s  d i r e c t l y  
r e l a t e d  t o  t h e  c o m p l e x i t y  o f  t h e  i n f o r m a t i o n  b e i n g  
p r o c e s s e d .
K u t a s ,  M .,  H i l l y a r d ,  S . A . , 1 9 8 0 .  S c i e n c e ,  2 0 7 ,  2 0 3 - 2 0 5 .  
K u t a s ,  M . , H i l l y a r d ,  S . A . ,  1 9 8 2 .  N e u r o p s y c h o l o g i a , 2 0 ,  
5 7 9 - 5 9 0 .

2 5 1 .4  INTRACRANIALLY RECORDED EVENT-RELATED POTENTIALS DURING 
SENTENCE PROCESSING.  G . M c C a r th y *  a n d  C .C .  W ood.  VA M e d ic a l  
C e n t e r ,  W e s t H a v e n ,  CT 0 6 5 1 6  a n d  Y a l e  U . ,  New H a v e n ,  CT 
0 6 5 2 0 .

K u t a s  a n d  H i l l y a r d  ( S c i e n c e , 1 9 8 0 ,  2 0 7 : 2 0 3 - 2 0 5 ;  N a t u r e , 
1 9 8 4 ,  3 0 7 : 1 6 1 - 1 6 3 )  d e s c r i b e d  a  n e g a t i v e - g o i n g  d e f l e c t i o n  
( " N 4 0 0 " )  i n  s c a l p  ER Ps t h a t  a p p e a r s  t o  b e  s e n s i t i v e  t o  t h e  
a m o u n t  o f  s e m a n t i c  p r i m i n g  o r  e x p e c t a n c y  f o r  a  s t i m u l u s  w o rd  
c r e a t e d  b y  i t s  s e n t e n c e  c o n t e x t .  H e r e  w e d e s c r i b e  t h e  m o r
p h o l o g y  a n d  i n t r a c r a n i a l  d i s t r i b u t i o n  o f  ER Ps r e c o r d e d  i n  
c h r o n i c a l l y  i m p l a n t e d  e p i l e p t i c  p a t i e n t s  u n d e r  t h e  sa m e  c o n 
d i t i o n s  w h ic h  e l i c i t  N 400 i n  s c a l p  r e c o r d i n g s .  R e c o r d i n g s  
w e r e  o b t a i n e d  f r o m  3 - 6  d e p t h  p r o b e s  (1 8  c o n t a c t s  p e r  p r o b e )  
i n  e a c h  o f  11 p a t i e n t s  u n d e r g o i n g  c h r o n i c  d e p t h  EEG m o n i t o r 
i n g  a s  p a r t  o f  a n  e x t e n s i v e  e v a l u a t i o n  f o r  p o s s i b l e  e p i l e p s y  
s u r g e r y .  S i x -  t o  t w e lv e - w o r d  s e n t e n c e s  w e r e  p r e s e n t e d  o n e  
w o r d  a t  a  t im e  o n  a  CRT s c r e e n  ( e x p o s u r e  d u r a t i o n :  2 0 0  m s e c ;  
i n t e r v a l  b e tw e e n  w o rd  o n s e t s :  5 0 0  m s e c ;  i n t e r v a l  b e tw e e n  
s e n t e n c e s :  3 - 4  s e c ) .  F i n a l  w o r d s  w e r e  s e m a n t i c a l l y  c o r r e c t  
i n  h a l f  t h e  s e n t e n c e s ,  a n d  a n o m a lo u s  i n  t h e  o t h e r  h a l f .  A s 
i n  t h e  i n i t i a l  K u t a s  a n d  H i l l y a r d  s t u d i e s ,  s u b j e c t s  w e r e  i n 
s t r u c t e d  t o  r e a d  t h e  s e n t e n c e s  s i l e n t l y  f o r  u n d e r s t a n d i n g  
a n d  w e r e  i n f o r m e d  t h a t  som e o f  th e m  m ig h t  s e e m  o d d .  ERPs 
w e r e  r e c o r d e d  s i m u l t a n e o u s l y  f r o m  5 0 - 6 4  i n t r a c r a n i a l  e l e c 
t r o d e  s i t e s  (4  o r  6 m s e c / p o i n t ) ,  b e g i n n i n g  1 00  m se c  b e f o r e  
t h e  o n s e t  o f  t h e  l a s t  w o rd  i n  e a c h  s e n t e n c e .  T h e  l a r g e s t  a n d  
m o s t  c o n s i s t e n t  d i f f e r e n c e  b e tw e e n  ER Ps f o r  s e m a n t i c a l l y  
a n o m a lo u s  a n d  c o r r e c t  s e n t e n c e s  ( s o l i d  a n d  d o t t e d  l i n e s  i n  
f i g u r e )  w a s  a  p r o m i n e n t  n e g a t i v e  d e f l e c t i o n  p e a k i n g  b e tw e e n  
4 0 0  a n d  5 0 0  m s e c .  T h i s  a c t i v i t y  w a s  f o c a l l y  d i s t r i b u t e d  a t  
e l e c t r o d e  s i t e s  i n  t h e  v i c i n i t y  o f  
t h e  a m y g d a la  a n d  a n t e r i o r  t e m p o r a l  
p o l e  (E R Ps f r o m  t h i s  r e g i o n  a r e  sh o w n  
i n  t h e  f i g u r e  f o r  t h r e e  d i f f e r e n t  
s u b j e c t s ;  c a l :  2 0 µ V ), a n d  w a s  m uch  
s m a l l e r  b o t h  p o s t e r i o r l y  n e a r  t h e  
h ip p o c a m p u s  a n d  d o r s o f r o n t a l l y  i n  
o r b i t a l - f r o n t a l  c o r t e x .  T h u s ,  i t s  
d i s t r i b u t i o n  w a s  d i s t i n c t  f r o m  t h a t  
o f  t e m p o r a l  l o b e  p o t e n t i a l s  c o i n c i 
d e n t  w i t h  s c a l p  P 3 0 0  w h ic h  a r e  
m a x im a l  i n  t h e  v i c i n i t y  o f  t h e  h i p p o 
c a m p u s  (M c C a r th y  e t  a l . , S o c . N e u r o -  
s c i . A b s . ,  1 9 8 2 ,  8 : 9 7 6 ) .

( S u p p o r t e d  b y  t h e  V e t e r a n s  A dm in
i s t r a t i o n  a n d  NIMH G r a n t  M H -0 5 2 8 6 ) .

2 5 1 .5   ER P AND P 3 0 0  A C T IV IT Y  IN  P A T IE N T S  FOLLOW ING U N ILA TER A L 
TEMPORAL LOBECTOMY.  R. Johnson, J r . * and P. Fedio* (SPON: 
J . Rohrbaugh).  NIH/NINCDS/C lin ica l Neurosciences Branch, 
Building 10, Room 4N246, Bethesda, MD 20205

In re c en t y ears , reco rd ings  from human in tr a c ra n ia l  
e le c tro d es  have suggested th a t  the P300 component o f the  
e v en t-re la ted  b ra in  p o te n tia l (ERP) may be generated  by 
lim bic  s tru c tu re s  ( i . e . ,  pes, uncus and amygdala). To 
determ ine i f  th i s  a c t iv i ty  i s  the source o f  the  sca lp - 
recorded ERP, we evaluated  p a tie n ts  with re s e c tio n s  o f  the  
l e f t  or r ig h t  a n te r io r  temporal lo b e . We reasoned th a t ,  i f  
P300 were generated  ex clu siv e ly  by lim bic s t ru c tu re s ,  
removal o f one o f  two symmetrical neural sources should 
d ra m a tic a lly  a l te r  the  sca lp -recorded  P300.

Eight p a tie n ts  with a l e f t  temporal lobectomy (LTL) and 
e ig h t with a r ig h t  temporal lobectomy (RTL) were matched 
w ith normal c o n tro ls  (NC). The re s ec tio n  included the 
a n te r io r  p o rtion  o f  the  temporal lobe (averaging  5.0 cm for 
the LTLs, and 6 .5  cm for the RTLs), with complete removal 
o f  the  pes, uncus and amygdala and p a r t ia l  removal o f  the  
hippocampus (1 .5 -2 .5  cm). All performed the standard 
"Oddball" paradigm under two in s tru c tio n a l co n d itio n s : 
Count and Reaction Time ( RT). In sepa ra te  s e r ie s ,  low- 
pitched tones were presented  a t  p ro b a b i l i t ie s  of .10, .30 
and .50. The EEG was recorded from Fz, Cz, Pz, F3, F4, C3, 
C4, P3, P4, T3, and T4, a l l  re fe rre d  to  linked  mastoid 
e le c tro d e s .  Eye movement a c t iv i ty  was a lso  recorded .

P300 amplitude was in v e rse ly  p ro p o rtio n a l to  stim ulus 
p ro b a b il i ty  in a l l  th ree  groups and la rg e r  P300s were 
e l ic i te d  in the  RT c o n d itio n . P300 a c t iv i ty  was e s s e n t ia l ly  
id e n tic a l  in RTLs and NCs. LTLs, however, had sm aller 
P300S owing to a negative  s h i f t  th a t  began about 90  msec 
a f te r  s tim ulus o n se t. The la te n c ie s  o f  N2 and P300 were 
delayed by approxim ately 50 msec in the  RTLs compared to 
the LTLs. The w ithin-group hem ispheric comparisons 
revealed  th a t ,  in most c a se s , th e re  was a s l ig h t  asymmetry 
in P300 am plitude in the Count and RT ta sk s  with la rg e r  
p o te n tia ls  p resen t over the  r ig h t  hemisphere in both 
lobectomy groups and NCs. In c o n tr a s t ,  the N1 component 
was asymm etrical with the  la rg e s t  p o te n tia ls  occurring  over 
the  operated  hem isphere.

In the da ta  c o lle c te d  to d a te ,  we have not observed any 
c o n s is te n t hemispheric asymmetries in the  d is t r ib u t io n  o f 
P300 th a t  d is t in g u is h  e i th e r  the LTLs from the RTLs, or 
e i th e r  group from the NCs. The c u rre n t da ta  do not support 
the hypothesis th a t  P300 a c t iv i ty  i s  generated  ex c lu siv e ly  
by lim bic s t ru c tu re s .

2 5 1 .6   SEQUENTIAL STIMULUS EFFECTS ON THE LATE P O SIT IV E  COMPONENT 
OF THE AUDITORY EVENT-RELATED POTENTIAL (E R P) IN  MONKEY.
D. L . A r t h u r *  a n d  A . S t a r r . ( S p o n :  T . O 'C o n n o r ) .   D e p t s .  o f  
P s y c h o b i o l o g y  a n d  N e u r o lo g y ,  C a l i f o r n i a  C o l l e g e  o f  M e d ic i n e  
I r v i n e ,  CA 9 2 7 1 7 .

T h e  l a t e  p o s i t i v e  c o m p o n e n t  o f  t h e  h u m an  E R P , P 3 0 0 ,  i s  
a n  e n d o g e n o u s  c o m p o n e n t  w h o s e  a m p l i t u d e  i s  r e l a t e d  t o  a t  
l e a s t  t h r e e  i n t e r a c t i v e  f a c t o r s ;  1 ) t a s k  r e l e v a n c e ,  2 ) 
s t i m u l u s  p r o b a b i l i t y  a n d  3 )  t h e  p r e c i s e  s e q u e n c e  o f  
p r e c e d i n g  s t i m u l i .  We p r e v i o u s l y  r e p o r t e d  ( A r t h u r ,  D . L . 
a n d  S t a r r ,  A . ,  S c i e n c e , 2 2 3 : 1 8 6 ,  1 9 8 4 )  a  l o n g  l a t e n c y  
(3 0 0  m s e c ) , v e r t e x  p o s i t i v e  c o m p o n e n t  o f  t h e  ERP r e c o r d e d  
f ro m  m o n k e y s  ( M a c a c a  n e m e s t r i n a )  w h ic h  w a s  p r e s e n t  o n l y  
w h e n  t h e  e l i c i t i n g  s t i m u l u s  w a s  r e l e v a n t  t o  t h e  l e a r n e d  
d i s c r i m i n a t i o n  t a s k .  T h e  a m p l i t u d e  o f  t h i s  c o m p o n e n t  
v a r i e d  i n v e r s e l y  w i t h  s t i m u l u s  p r o b a b i l i t y  a n d  w a s  
d i s s o c i a b l e  f ro m  m o to r  r e s p o n s e s .

To f u r t h e r  a s s e s s  t h e  c o r r e s p o n d e n c e  b e tw e e n  t h e  l a t e  
p o s i t i v e  c o m p o n e n t  e l i c i t e d  i n  m o n k e y s  w i t h  t h e  h u m an  P 3 0 0  
c o m p o n e n t ,  we a r e  i n v e s t i g a t i n g  t h e  e f f e c t s  o f  t h e  
p r e c i s e  s e q u e n c e  o f  s t i m u l i  p r e c e d i n g  t h e  e l i c i t i n g  (C S+ ) 
s t i m u l u s .  On e a c h  t r i a l  a  h i g h  p i t c h e d  ( C S - )  a n d  lo w  
p i t c h e d  (C S+ ) t o n e  a r e  e q u a l l y  l i k e l y  t o  o c c u r .  S i n g l e  
t r i a l  EEG r e c o r d e d  f ro m  t h e  v e r t e x  i s  d i g i t i z e d  o n  l i n e  
a n d  s t o r e d  o n  d i s k  w h i l e  t h e  a n i m a l s  p e r f o r m  t h e  
d i s c r i m i n a t i o n  t a s k .  S i n g l e  t r i a l  d a t a  i s  s u b s e q u e n t l y  
s o r t e d  a n d  a v e r a g e d  a c c o r d i n g  t o  t h e  p r e c i s e  s e q u e n c e  o f  
s t i m u l i  p r e c e d i n g  t h e  C S+. P r e l i m i n a r y  r e s u l t s  i n d i c a t e  
t h a t  w h en  t h e  e l i c i t i n g  t o n e  (C S+ ) i s  p r e c e d e d  b y  a  r u n  
o f  n o n - t a r g e t  ( C S - )  t o n e s  ( e g . ,  AAAAB), t h e  l a t e  p o s i t i v e  
c o m p o n e n t  i s  l a r g e r  i n  a m p l i t u d e  t h a n  w h e n  t h e  t o n e s  d i d  
n o t  c h a n g e  ( e g . ,  BBBBB). T h i s  t r e n d  r e s e m b l e s  t h e  
r e l a t i o n s h i p  b e tw e e n  ERP a m p l i t u d e  a n d  s t i m u l u s  s e q u e n c e  
s e e n  i n  t h e  hu m an  P 3 0 0  c o m p o n e n t .

S u p p o r t e d  b y  PHS g r a n t  M H 1 4 5 9 9 -0 8  a n d  NIH g r a n t  N S 11 8 7 6 - 1 0
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251.7   NORMAL LATENCY VA RIABILITY IN THE AUDITORY EVENT-RELATED 
PO TENTIA L.  H . J .  M ic h a l e w g k i* ,  D. P r a s h e r *  a n d  A . S t a r r .  
D e p a r tm e n t  o f  N e u r o lo g y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  I r v i n e ,  
CA 9 2 7 1 7 .

T r a d i t i o n a l  a v e r a g i n g  p r o c e d u r e s  m ay s o m e t im e s  o b s c u r e  
f e a t u r e s  o f  t h e  e v e n t - r e l a t e d  p o t e n t i a l  ( E R P ) ,  s u c h  a s  
c o m p o n e n t  v a r i a b i l i t y .  We h a v e  a t t e m p t e d  t o  e s t i m a t e  t h e  
l a t e n c i e s  o f  N 1 , P 2 , N 2, a n d  P3 i n  t h e  ERP w a v e f o rm  on  a  
t r i a l - b y - t r i a l  b a s i s .  I n  a d d i t i o n  t o  m e a s u r e s  o f  
c o m p o n e n t  v a r i a b i l i t y ,  t h e  r e l a t i o n s h i p  a m ong  c o m p o n e n ts  
t o  t h e  p r e d i c t i o n  o f  P3  l a t e n c y  w as e x a m in e d .

A u d i t o r y  ERPs w e r e  c o l l e c t e d  f ro m  a  g r o u p  o f  n o r m a l  (N 
= 1 2 )  i n d i v i d u a l s  i n  a n  o d d b a l l  p a r a d i g m .  S u b j e c t s  w e re  
r e q u i r e d  t o  d e t e c t  a n  o c c a s i o n a l  h i g h  f r e q u e n c y  t o n e  ( 6 4 0  
H z) i n t e r s p e r s e d  am ong  a  s e q u e n c e  o f  lo w  f r e q u e n c y  (4 4 0  
H z ) t o n e s .  S c a l p  p o t e n t i a l s  w e r e  r e c o r d e d  f ro m  m i d l i n e  
s i t e s  F z ,  C z , a n d  P z  r e f e r e n c e d  t o  l i n k e d  e a r l o b e s .  E a c h  
to n e  t r i a l  w as d i g i t i z e d  a n d  s a v e d  t o  d i s k .  A v e r a g e s  w e r e  
c o m p u te d  t o  t a r g e t  ( h i g h )  t o n e s  (N  = 6 0 ) .  T he s i n g l e  
t r i a l  a n a l y s i s  u s e d  a  m o d i f i e d  v e r s i o n  o f  t h e  W oody 
c o r r e l a t i o n a l - t e m p l a t e  t e c h n i q u e  t o  i d e n t i f y  t h e  m a jo r  
p e a k s  o f  t h e  E R P. S e p a r a t e  t e m p l a t e s ,  d e r i v e d  f ro m  t h e  
i n d i v i d u a l  p e a k s  o f  t h e  a v e r a g e  w a v e f o rm , w e r e  u s e d  t o  
d e f i n e  c o m p o n e n t  s h a p e s .  E s t i m a t e s  o f  p e a k  l a t e n c y  w e r e  
c o m p u te d  s e p a r a t e l y  f o r  e a c h  c o m p o n e n t  s u c c e s s i v e l y .

B a s e d  on  t h e  r e s u l t s  o f  t h e  W oody a n a l y s i s ,  t h e  
f o l l o w i n g  m ean  p e a k  l a t e n c i e s  ( m s e c )  a n d  ( s t a n d a r d  
d e v i a t i o n s )  w e r e  f o u n d :  ( 1 )  f o r  P z ,  N1 = 9 1 . 1 ( 2 0 . 2 ) ,  P2 
-  1 7 0 .2  ( 2 7 . 1 ) ,  N2 = 2 4 2 .5  ( 5 1 . 9 ) ,  a n d  P3 = 3 2 4 . 3 ( 5 2 . 1 ) ;  
( 2 )  f o r  C z , N1 = 8 8 . 9  ( 1 6 . 4 ) ,  P2 = 1 6 6 .8  ( 2 4 . 1 ) ,  N2 = 
2 4 6 . 9  ( 5 5 . 5 ) ,  a n d  P3  = 3 4 1 .1  ( 5 9 . 9 ) ;  a n d  ( 3 )  f o r  F z ,  N1 =  
8 9 . 9 ( 1 6 . 8 ) ,  P2 = 1 7 2 .1  ( 2 6 . 0 ) ,  N2 -  2 4 4 . 4  ( 5 3 . 9 ) ,  a n d  P3 
= 3 2 7 .3  ( 5 8 . 9 ) . A n a l y s i s  o f  p e a k  v a r i a n c e s  i n d i c a t e d  t h a t  
t h e  v a r i a n c e  o f  N1 w as  s i g n i f i c a n t l y  l e s s  t h a n  t h e  
v a r i a n c e  o f  P 2 ,  t h e  v a r i a n c e  o f  P2 w a s  l e s s  t h a n  e i t h e r  
t h e  v a r i a n c e  o f  N2 o r  P 3 , b u t  t h a t  t h e  v a r i a n c e  o f  N2 w as  
n o t  d i f f e r e n t  f ro m  t h e  v a r i a n c e  o f  P 3 .

T h e  c o n t r i b u t i o n  o f  v a r i o u s  p e a k s  t o  t h e  p r e d i c t i o n  o f  
P3 l a t e n c y  w as e v a l u a t e d  i n  a  s e r i e s  o f  r e g r e s s i o n  
a n a l y s e s .  P r e d i c t o r s  o f  P3 i n c l u d e d  N1 , P 2 , a n d  N2 
c o n s i d e r e d  s e p a r a t e l y  o r  i n  c o m b i n a t i o n .  O v e r  6 0 % o f  t h e  
v a r i a n c e  o f  P3 w as  a c c o u n t e d  f o r  b y  N 2 . I n c l u d i n g  N1 
a n d / o r  P2 d i d  n o t  a d d  t o  t h e  p r e d i c t i o n  o f  P 3 . M e a s u r e s  
o f  v a r i a n c e  a n d  t h e  r e l a t i o n s h i p s  am ong  p e a k s  m ay a d d  
u s e f u l  i n f o r m a t i o n  i n  c h a r a c t e r i z i n g  t h e  ERP c o m p o n e n t s .

S u p p o r t e d  i n  p a r t  b y  G r a n t  # N S 1 1 8 7 6 .

251.8  STA TISTICA L COMPARISON OF PR IN CIPA L COMPONENT 
ANALYSES OF EVENT-RELATED POTENTIAL DATA.  D. 
G u th r ie * ,  A. B. J .  S t r a n d b u r g ,  J . T .  M a r s h ,  W. S .  
B ro w n * ,  R .F .  A sa rn o w * . D e p t . o f  P s y c h i a t r y ,  UCLA 
M e d ic a l  S c h o o l ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 .

P r i n c i p a l  C o m p o n e n ts  A n a l y s i s  (PCA) i s  com m on
l y  u s e d  i n  ERP r e s e a r c h  t o  i d e n t i f y  c o m p o n e n ts  
u n d e r l y i n g  t h e  a v e r a g e d  w a v e fo rm , p r o v i d e  an  
o b j e c t i v e  m e a n s  o f  q u a n t i f y i n g  t h e i r  p r e s e n c e  i n  
e a c h  ERP, a n d ,  t h e r e b y ,  r e d u c e  t h e  n u m b e r o f  
v a r i a b l e s  t o  b e  e x a m in e d  i n  s u b s e q u e n t  a n a l y s e s .  
When c o m p a r in g  ERP d a t a  f r o m  i n d e p e n d e n t  g r o u p s ,  
s u b j e c t s  a r e  t y p i c a l l y  c o m b in e d  i n  a  s i n g l e  PCA 
s o  t h a t  f a c t o r  s c o r e s  w i l l  b e  m e t r i c a l l y  e q u i v a 
l e n t  a c r o s s  g r o u p s .  T h i s  a s s u m e s ,  h o w e v e r ,  t h a t  
t h e  s u b j e c t  g r o u p s  d i f f e r  o n l y  i n  t h e  d e g r e e  t o  
w h ic h  e a c h  f a c t o r  i s  p r e s e n t  i n  t h e i r  ER Ps (com 
p o n e n t  a m p l i t u d e )  a n d  n o t  i n  t h e  f a c t o r  s t r u c t u r e  
( n u m b e r ,  l a t e n c y  a n d  d u r a t i o n  o f  c o m p o n e n t s ) .

We w i l l  p r e s e n t  a  s t a t i s t i c  f o r  d e t e r m i n i n g  
t h e  d e g r e e  o f  o v e r l a p  b e tw e e n  f a c t o r  s t r u c t u r e s  
f ro m  s e p a r a t e  s u b j e c t  g r o u p s  ( o r  e l e c t r o d e s  o r  
e x p e r i m e n t a l  c o n d i t i o n s )  a n d  w i l l  s u g g e s t  a p p l i 
c a t i o n s  o f  t h i s  s t a t i s t i c  t o  o t h e r  p r o b le m s  i n  
ERP r e s e a r c h .

E s s e n t i a l l y ,  t h e  a n g l e  i n  m u l t i - d i m e n s i o n a l  
s p a c e  b e tw e e n  e i g e n s p a c e s  i s  c o m p u te d  f o r  a n y  tw o  
f a c t o r  s t r u c t u r e s  ( c o m p a r i s o n  o f  " f a c t o r s "  o r  
b a s i s  v e c t o r s ) .  As t h e r e  i s  n o  know n s a m p l in g  
d i s t r i b u t i o n  f o r  s u c h  a  s t a t i s t i c ,  an  e m p i r i c a l  
d i s t r i b u t i o n  i s  c o m p u te d  u s i n g  a  s e r i e s  o f  ra n d o m  
s u b j e c t  a l l o c a t i o n s .  F a c t o r  s t r u c t u r e  s i m i l a r i t y  
i s  t h e n  a s s e s s e d  b y  o b s e r v i n g  w h e re  t h e  v a l u e  
o b t a i n e d  f ro m  t h e  a c t u a l  s u b j e c t  g r o u p i n g  f a l l s  
i n  t h i s  s i m u l a t e d  d i s t r i b u t i o n .

T h i s  s t a t i s t i c  c a n  b e  u s e d  t o  d e t e c t  l a t e n c y  
d i f f e r e n c e s ,  d e t e r m i n e  t h e  a p p r o p r i a t e  n u m b e r  o f  
e x t r a c t e d  f a c t o r s ,  a n d  i d e n t i f y  f a c t o r s  w h ic h  
m ig h t  r e f l e c t  u n i q u e  p r o p e r t i e s  o f  e a c h  g r o u p .

T h i s  p r o c e s s  w i l l  b e  i l l u s t r a t e d  w i t h  ERP d a t a  
f r o m  o u r  p r e v i o u s l y  r e p o r t e d  s t u d i e s  o f  s c h i z o 
p h r e n i c ,  a g e - m a tc h e d  n o r m a l ,  a n d  y o u n g e r  n o rm a l  
c h i l d r e n  ( S t r a n d b u r g  e t  a l . ,  E l e c t r o e n c e p h  cl i n .  
Neu r o p h y s i o l . , 1 9 8 4 , 5 7 :  2 3 6 - 2 5 3 ) .

S u p p o r t e d  b y  USPHS R R 05756  a n d  NIMH MH 3 0 8 9 7 .

251.9  ATTENTION SELECTIVELY MODULATES PARALLEL VISUAL 
 PROCESSES.  G . S c h e c h te r *  and  E . C a l la w a y . L a n g le y  

P o r t e r  P s y c h i a t r i c  I n s t i t u t e .  U n i v e r s i t y  o f  C a l i f o r n i a ,  
S an  F r a n c i s c o ,  C a l i f o r n i a  9 4 1 4 3 .

The c o m p le x i ty  o f  t h e  v i s u a l  e n v iro n m e n t 
n e c e s s i t a t e s  c o n t in u o u s  s e l e c t i o n  o f  o n ly  r e l e v a n t  
i n f o r m a t i o n  f o r  p r o c e s s i n g .  S e l e c t i v e  a t t e n t i o n  i s  
in f l u e n c e d  b y  b o th  t h e  p h y s i c a l  p a r a m e te r s  o f  th e  
s e n s o r y  s t i m u l i  an d  t h e  c o g n i t i v e  s t r a t e g i e s  em ployed  
b y  t h e  p e r c e i v e r .  C h a r a c t e r i s t i c s  o f  v i s u a l  s t i m u l i  
h a v e  b e e n  d e f i n e d  i n  te r m s  o f  s p a t i a l  f r e q u e n c y  ( lo w -  
h ig h )  , s i z e  ( l a r g e - s m a l l ) ,  and  l e v e l  o f  o r g a n i z a t i o n  
( g l o b a l - l o c a l ) .  A lth o u g h  t h e s e  d i s t i n c t i o n s  o v e r l a p ,  
i t  i s  g e n e r a l l y  a s s u med t h a t  in f o r m a t io n  o f  d i f f e r e n t  
s p a t i a l  f r e q u e n c i e s ,  s i z e s  o r  l e v e l s  i s  p r o c e s s e d  in  
p a r a l l e l  c h a n n e l s  e x t e n d in g  from  t h e  r e t i n a  t o  t h e  
c o r t e x .  In  a d d i t i o n  t o  s t im u lu s  c h a r a c t e r i s t i c s ,  
e v id e n c e  s u g g e s t s  a  c r u c i a l  r o l e  f o r  a t t e n t i o n a l  
m o d u la t io n  o f  in c o m in g  s t i m u l i .

Evoked p o te n tia l  (recorded a t  
v e rte x )  and re a c tio n  tim e responses 
to  id e n t ic a l  s t im u l i , la rg e  l e t t e r s  
composed of sm all l e t t e r s ,  obtained 
from 2 8  normal a d u lts  were compared 
under in s tru c t io n s  to  a tten d  to  
designa ted  la rg e  l e t t e r s ,  sm all 
l e t t e r s ,  o r bo th .

Z Z H H
Z Z H H

ZZZZZ HHHHH
Z Z H H
Z Z H H

(Examples)
A r e p e a t e d  m e a s u re s  a n a l y s i s  o f  v a r i a n c e  was u sed  t o  

e v a l u a t e  t h e  e f f e c t s  o f  s t im u lu s  t y p e ,  a t t e n t i o n  
c o n d i t i o n ,  and  t h e i r  i n t e r a c t i o n .  R e s u l t s  show ed a  
s i g n i f i c a n t  s t i m u l u s  e f f e c t :  b o th  P3 l a t e n c y  an d  RT 
w e re  f a s t e r  t o  l a r g e  co m p ared  t o  s m a l l  t a r g e t s .  A 
s i g n i f i c a n t  a t t e n t i o n  e f f e c t  i n d i c a t e d  t h a t  r e s p o n s e  
t i m e s  t o  a t t e n d e d  s t i m u l i  w ere  s p e e d e d  w h i le  t h o s e  t o  
n o n a t te n d e d  s t i m u l i  w ere  s lo w e d . Th u s ,  b o th  p r o c e s s in g  
f a c i l i t a t i o n  o f  r e l e v a n t  in f o r m a t io n  and p r o c e s s in g  
i n h i b i t i o n  o f  i r r e l e v a n t  in f o r m a t io n  o c c u r r e d .  A 
s i g n i f i c a n t  s t i m u l u s - a t t e n t i o n  i n t e r a c t i o n  r e v e a le d  
s t r o n g e r  e f f e c t s  o f  a t t e n t i o n  on l a r g e  th a n  on s m a l l  
s t i m u l i ,  i n d i c a t i n g  t h a t  g l o b a l  p r o c e s s in g  w as m ore 
a m e n ia b le  t o  c o g n i t i v e  m o d u la t i o n .  A l l  e f f e c t s  w ere  
g r e a t e r  f o r  RT th a n  f o r  P3 l a t e n c y  r e c o r d e d  fro m  th e  
v e r t e x ,  and  EP c o m p o n e n ts  o c c u r r i n g  e a r l i e r  th a n  300 
m sec  a f t e r  s t i m u l u s  o n s e t  showed no s i g n i f i c a n t  c h a n g e s  
w i th  a t t e n t i o n  c o n d i t i o n .  The p a t t e r n  o f  r e s u l t s  
s u g g e s t s  a  l a t e  t im e  c o u r s e  f o r  t h i s  c o g n i t i v e  a c t i v i t y  
an d  i m p l i c a t e s  h ig h e r  c o r t i c a l  c e n t e r s  a s  t h e  l o c u s .

T h is  s t u d y  d e m o n s t r a t e s  t h a t  a t t e n t i o n a l  m o d u la t i o n ,  
q u a n t i f i e d  a s  r e s p o n s e  f a c i l i t a t i o n  o r  i n h i b i t i o n ,  i n  
p r o c e s s in g  s e l e c t e d  e l e m e n t s  from  a  com p lex  v i s u a l  
d i s p l a y  o c c u r s  i n  n o rm a l a d u l t s .  R e s u l t s  s h o w  t h a t  
i n f o r m a t i o n  p r o c e s s e d  i n  p a r a l l e l  i s  d i f f e r e n t i a l l y  
s e n s i t i v e  t o  a t t e n t i o n a l  d e p lo y m e n t . The s t i m u l u s -  
a t t e n t i o n  i n t e r a c t i o n  s u g g e s t s  in d e p e n d e n t  f u n c t i o n s  
f o r  t h e  p a r a l l e l  s y s te m s  t h a t  a r e  c o n s i s t e n t  w ith  
n e u r o a n a to m i c a l , n e u r o p h y s io l o g ic a l  and  b e h a v io r a l  
e v i d e n c e .

251. 10   MULTIPLE GENERATORS OF THE P 3 POTENTIAL: IM PLICATIONS OF 
HIPPOCAMPAL E P IL E P T IC  S P IK E S .  I .  A l t a f u l l a h * , E .  H a lg r e n , 
J . M .  S t a p l e t o n ,  & P .  C r a n d a l l .  B r a i n  R e s e a r c h  I n s t .  & V .A . 
S o u th w e s t  R e g . E p i l e p s y  C t r . ,  UCLA, L o s A n g e l e s ,  CA 9 0 0 2 4

T h e  ' P 3 ' i s  a n  e n d o g e n o u s  s c a l p  p o t e n t i a l  t y p i c a l l y  
e v o k e d  w i t h  a  l a t e n c y  o f  a b o u t  3 0 0  ms b y  r a r e  s t i m u l i  i n  a 
d e t e c t i o n  t a s k .  I t  h a s  u s u a l l y  b e e n  a s s u m e d  t h a t  t h e  P3 i s  
g e n e r a t e d  b y  s y n c h r o n o u s  a c t i v a t i o n  o f  s p e c i f i c  n e o c o r t i c a l  
s y n a p s e s .  H o w e v e r ,  we f o u n d  ( S c i e n c e  2 1 0 :  8 0 3 ,  1 9 8 0 )  
l a r g e  p o l a r i t y - r e v e r s i n g  f i e l d  p o t e n t i a l s  i n  t h e  hum an 
m e d ia l  t e m p o r a l  l o b e  (MTL) a n d  c h a n g e s  i n  MTL n e u r o n a l  
f i r i n g  s i m u l t a n e o u s  w i t h  t h e  s c a l p - P 3 .

We c o m p a re  h e r e  t h e  MTL v o l t a g e  d i s t r i b u t i o n s  o f  e p i l e p t i c  
i n t e r i c t a l  s p i k e - w a v e s  ( I I S )  w i t h  t h o s e  o f  t h e  M TL-P3 
r e c o r d e d  f r o m  t h e  sam e  e l e c t r o d e s  d u r i n g  a n  a u d i t o r y  o d d b a l l  
t a s k .  MTL e l e c t r o d e s  w e r e  i m p l a n t e d  i n  12  p a t i e n t s  t o  l o c a l 
i z e  t h e  o n s e t  o f  s e i z u r e s .  F i e l d  p o t e n t i a l s  ( 0 . 1  t o  1 0 0  H z) 
w e r e  r e c o r d e d  f r o m  F p z ,  c a l v a r i a l  e l e c t r o d e s  a t  Fz a n d  C z , 
a n d  f r o m  19 t o  1 14  d e p t h  c o n t a c t s ,  a l l  r e f e r r e d  t o  t h e  n o s e  
t i p .  I I S  f r o m  e a c h  p a t i e n t  w e r e  a v e r a g e d  t o g e t h e r .  9  o f  
t h e  12  p a t i e n t s  d i s p l a y e d  a  s t e r e o t y p e d  I I S  w i t h  a n  i n i t i a l  
f o c a l  s p i k e ,  r e v e r s i n g  p o l a r i t y  b e tw e e n  a m y g d a la  a n d  h i p p o 
c a m p u s ,  f o l l o w e d  b y  a  m o re  d i f f u s e  MTL s lo w  w a v e  l a s t i n g  
3 0 0 - 6 0 0  m s e c .  T h i s  t y p i c a l  s lo w  w a v e  (TSW) w a s  s m a l l  a n d  
p o s i t i v e  i n  t h e  m o s t  s u p e r f i c i a l  l e a d s ,  i n c r e a s e d  i n  a m p l i 
t u d e  a s  t h e  h ip p o c a m p u s  w as a p p r o a c h e d  a n d  r e v e r s e d  p o l a r i t y  
o v e r  s h o r t  d i s t a n c e s  i n  t h e  d e e p e s t  h ip p o c a m p a l  l e a d s .  
L a r g e s t  a m p l i t u d e  w a s  u s u a l l y  i n  t h e  a n t e r i o r  h ip p o c a m p u s .  
I n  t h e  s i t e s  o b s e r v e d  t o  d a t e ,  t h i s  d i s t r i b u t i o n  h a s  b e e n  
e s s e n t i a l l y  i d e n t i c a l  i n  p o l a r i t y  a n d  r e l a t i v e  a m p l i t u d e  
t o  t h a t  o f  t h e  M T L -P 3 , s u g g e s t i n g  t h a t  t h e  tw o  a r e  g e n e r a t e d  
b y  s y n a p t i c  a c t i v a t i o n  o f  t h e  sa m e  MTL n e u r o n s .  A p o s i t i v e  
p o t e n t i a l  w as r e l i a b l y  r e c o r d e d  a t  t h e  v e r t e x  d u r i n g  t h e  
TSW, p r e s u m a b ly  r e p r e s e n t i n g  p a s s i v e  v o lu m e  c o n d u c t i o n  o f  
t h e  TSW t o  t h e  s c a l p .  C o m p a r i s o n  o f  r e l a t i v e  a m p l i t u d e s  o f  
t h e  s u r f a c e  p o s i t i v i t y  w i t h  t h e  TSW a m p l i t u d e ,  a n d  r e l a t i v e  
a m p l i t u d e s  o f  t h e  s c a l p - P 3  w i t h  t h e  M T L -P 3 , i n d i c a t e  g r e a t e r  
a t t e n t u a t i o n  o f  t h e  TSW t h a n  t h e  M T L -P 3. I n  m u l t i c o n t a c t  
e l e c t r o d e s  t h e  p o s i t i v i t y  d u r i n g  t h e  M TL-P3 d o e s  n o t  d r o p  
o f f  i n  t h e  l a t e r a l  c o r t i c a l  c o n t a c t s ,  a s  i t  d o e s  f o r  t h e  TSW 
a n d  o f t e n  r i s e s  a g a i n  i n  t h e  s u p e r f i c i a l  l e a d s .  T h u s  t h e  
s c a l p - P 3  a p p e a r s  t o  r e p r e s e n t  a c t i v a t i o n  o f  t h e  MTL a s  w e l l  
a s  o t h e r ,  p r o b a b l y  m o re  s u p e r f i c i a l ,  g e n e r a t o r s .

S u p p o r t e d  b y  USPHS-NS 1 8 7 4 1 ,  V e t .  A d m in . & E p i l e p s y  F o u n d , 
o f  A m e r ic a .  We a c k n o w le d g e  t h e  c o l l a b o r a t i o n  o f  J .  E n g e l  J r ,  
L .  C a h a n ,  W . S u t h e r l i n g ,  M . N u w e r , R .  M e n d iu s ,  C .  W i l s o n ,  J .  L i e b ,  
& t h e  s t a f f  o f  t h e  C l i n i c a l  N e u r o p h y s i o lo g y  P r o g r a m .
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251. 11  INFORMATION PROCESSING IN  THE MONKEY CORTEX WITH 
EVOKED RESPONSES FROM BIPOLAR TRANSCORTICAL ELECTRODES.  
R i c h a r d  K . N a k a m u ra ,  R i c h a r d  C o p p o l a ,  a n d  A l l a n  F .  M i r s k y .  
L a b .  o f  P s y c h ,  a n d  P s y c h o p a t h . ,  NIMH, B e t h e s d a ,  MD 2 0 2 0 5 .

We a r e  a t t e m p t i n g  t o  m ap i n f o r m a t i o n  p r o c e s s i n g  a c r o s s  
t h e  c e r e b r a l  c o r t e x  o f  t h e  m o n k ey  b a s e d  o n  c o r t i c a l  e v o k e d  
r e s p o n s e s .  P r e v i o u s  a n a l y s e s  h a v e  s u f f e r e d  f r o m  l a c k  o f  
s e n s i t i v i t y ,  r e l i a b i l i t y ,  r e p l i c a b i l i t y ,  o r  i n t e r p r e t a b i l 
i t y .  S u c h  p r o b le m s  a r e  r e d u c e d  i n  t h i s  i n v e s t i g a t i o n  b y  a  
v a r i e t y  o f  s t r a t e g i e s ,  t h e  m o s t  i m p o r t a n t  b e i n g :  a )  a r r a y s  
o f  b i p o l a r  t r a n s c o r t i c a l  ( s u r f a c e  t o  d e p t h )  e l e c t r o d e s ,  b )  
a  h i g h l y  c o n t r o l l e d  b e h a v i o r a l  t a s k  w i t h  s e v e r a l  v a r i a 
t i o n s ,  a n d  c )  a  l a r g e  n u m b e r  o f  t r i a l s  ( 2 0 0 0 ) p e r  d a y .

E l e c t r o d e s  a r e  p l a c e d  o v e r  t h e  c o r t i c a l  s u r f a c e  o f  o n e  
h e m i s p h e r e  w i t h  s u l c a l  i m p r e s s i o n s  i n  t h e  c o n c a v i t y  o f  t h e  
s k u l l  a s  l a n d m a r k s .  T he  b a s i c  t a s k  i s  a  g o / n o - g o  v i s u a l  
p a t t e r n  d i s c r i m i n a t i o n  t h a t  i s  r e v e r s e d  d a i l y .  T he  v i s u a l  
s t i m u l i  a r e  p r e s e n t e d  f o r  100  ms o n  a  s h u t t e r  c o n t r o l l e d  
s c r e e n .  T a s k  v a r i a t i o n s  i n c l u d e :  c h a n g i n g  v i s u a l  p a t t e r n s ,  
m a n i p u l a t i n g  b r i g h t n e s s ,  u s i n g  a n  a u d i t o r y  s t i m u l u s ,  r e 
q u i r i n g  a l l - g o  r e s p o n s e s ,  a n d  a l t e r i n g  t h e  p e r c e n t a g e  o f  
c o r r e c t  g o  r e s p o n s e s  t h a t  a r e  r e w a r d e d .  E v o k e d  r e s p o n s e s  
r e c o r d e d  f r o m  e l e c t r o d e s  i n  a n  a n im a l  p e r f o r m i n g  t h i s  t a s k  
a r e  b a n d p a s s e d  a t  . 1  t o  1 0 0  Hz a n d  s a m p le d  a t  2 0 0  t i m e s / s e c .

I n  t h e  t h r e e  m o n k e y s  t e s t e d  t h u s  f a r  we f o u n d  h i g h  r e l i 
a b i l i t y  o v e r  t im e  i n  s i g n a l s  f ro m  i n d i v i d u a l  e l e c t r o d e s .  
E v o k e d  r e s p o n s e  p a t t e r n s  w e r e  a l s o  r e p l i c a t e d  i n  b o t h  f o rm  
a n d  r e s p o n s e  t o  t a s k  m a n i p u l a t i o n  a t  c o r r e s p o n d i n g  b r a i n  
s i t e s  a c r o s s  a n i m a l s .  R e s p o n s e s  a t  i n d i v i d u a l  s i t e s  w e r e  
s e n s i t i v e  t o  d i f f e r e n t  a s p e c t s  o f  t h e  t a s k  i n c l u d i n g :  
s t i m u l u s  p a t t e r n ,  s t i m u l u s  m e a n in g ,  s t i m u l u s  m o d a l i t y ,  
m o to r  r e s p o n s e ,  a n d  r e w a r d  d e l i v e r y .  R e s p o n s e s  m e a s u r e d  a t  
d i f f e r e n t  s i t e s  sh o w e d  c o n s i d e r a b l e  v a r i a t i o n  e v e n  w hen  
t h e y  w e r e  o n l y  a  f e w  m i l l i m e t e r s  a p a r t .  I n  g e n e r a l ,  e l e c 
t r o d e s  i n  t h e  o c c i p i t a l  a n d  i n f e r i o r  t e m p o r a l  c o r t e x  w e r e  
s e n s i t i v e  o n l y  t o  v i s u a l  i n f o r m a t i o n  w h e r e a s  p a r i e t a l  e l e c 
t r o d e s  a n t e r i o r  t o  t h e  v i s u a l  s y s t e m  w e r e  s e n s i t i v e  m a i n l y  
t o  t h e  m o to r  r e s p o n s e  o r  r e w a r d  d e l i v e r y .  E v o k e d  r e s p o n s e s  
i n  t h e  p r e c e n t r a l  g y r u s  r e f l e c t e d  n o t  o n l y  t h e  m o to r  r e 
s p o n s e  b u t  s t i m u l u s  a n d  r e w a r d  d e l i v e r y  a s  w e l l .  P r e f r o n t a l  
e l e c t r o d e s  sh o w e d  t h e  g r e a t e s t  v a r i e t y  o f  r e s p o n s e s .

T he  p o w e r  o f  t h i s  a p p r o a c h  l i e s  i n  i t s  p o t e n t i a l  t o  
s u m m a r iz e  i n f o r m a t i o n  p r o c e s s i n g  a c r o s s  a l l  t h e  c y t o a r c n i 
t e c t o n i c  r e g i o n s  o f  t h e  c o r t i c a l  m a n t l e  s i m u l t a n e o u s l y . Ou r  
r e s u l t s  t o  d a t e  s u g g e s t  t h e  n e c e s s a r y  s e n s i t i v i t y ,  
r e l i a b i l i t y ,  a n d  r e p l i c a b i l i t y  t o  f u l f i l l  t h i s  p o t e n t i a l .

251. 1 2   EVOKED POTENTIAL ANALYSIS OF EVENTS UNDERLYING REACTION 
TIME DIFFERENCES IN  THE MONKEY.  R i c h a r d  C o p p o l a ,  N o r a  J .  
B e s a n s k y * ,  a n d  R i c h a r d  K . N a k a m u ra .  L a b .  o f  P s y c h o lo g y  a n d  
P s y c h o p a t h o l o g y ,  NIMH, B e t h e s d a ,  MD 2 0 2 0 5 .

R e a c t i o n  t im e  (R T ) i s  a  u b i q u i t o u s  p h y s i o l o g i c a l  a n d  
b e h a v i o r a l  m e a s u r e  t h a t  m u s t  o f t e n  b e  t r e a t e d  a s  u n i v a r i 
a t e .  T h e  s p a t i a l  a n d  t e m p o r a l  s e n s i t i v i t y  o f  o u r  s y s t e m  
f o r  m a p p in g  c o r t i c a l  i n f o r m a t i o n  p r o c e s s i n g  i n  t h e  m o n k ey  
a l l o w s  d i f f e r e n t i a t i o n  o f  t h e  c e r e b r a l  e v e n t s  u n d e r l y i n g  
a n  a n i m a l ' s  RT. T h i s  i s  c l e a r l y  i l l u s t r a t e d  b y  a  d o u b l e  
d i s s o c i a t i o n  o f  e f f e c t s  f o l l o w i n g  tw o  d i f f e r e n t  m a n i 
p u l a t i o n s  t h a t  r e d u c e  RT.

F i r s t ,  RT c a n  b e  r e d u c e d  b y  i n c r e a s i n g  t h e  b r i g h t n e s s  
o f  a  v i s u a l  t r i g g e r  s t i m u l u s .  H o w e v e r ,  t h e  r e l a t i v e  c o n 
t r i b u t i o n s  o f  t h e  v a r i o u s  CNS p r o c e s s i n g  s t a g e s  t o  t h e  
o v e r a l l  c h a n g e s  i n  RT w i t h  b r i g h t n e s s  h a v e  n o t  y e t  b e e n  
f i r m l y  e s t a b l i s h e d .  On o u r  g o / n o - g o  v i s u a l  p a t t e r n  d i s 
c r i m i n a t i o n  t a s k ,  a n  8 :1  b r i g h t n e s s  i n c r e a s e  i n  t h e  v i s u a l  
p a t t e r n s  p r o d u c e d  a  s a v i n g s  o f  a p p r o x i m a t e l y  3 0  ms i n  a n  
o v e r a l l  RT t h a t  a v e r a g e d  a p p r o x i m a t e l y  3 0 0  m s . An a n a l y s i s  
o f  t h e  e v o k e d  c o r t i c a l  r e s p o n s e s  i n d i c a t e s  t h a t  t h e  
e a r l i e s t  c l e a r  p e a k s ,  w h ic h  a p p e a r e d  a t  8 9  ms t o  t h e  
d im m e r  s t i m u l i  o c c u r r e d  2 4  ms e a r l i e r  t o  t h e  b r i g h t e r  
s t i m u l i .  T h i s  s u g g e s t s  t h a t  8 0 % o f  t h e  RT d i f f e r e n c e  i s  
a t t r i b u t a b l e  t o  p r e c o r t i c a l  d e l a y s  w h ic h  o c c u r  i n  t h e  
f i r s t  q u a r t e r  o f  t h e  t o t a l  RT. S i n c e  p e a k s  a p p e a r i n g  a f t e r  
100  ms sh o w  t h e  f u l l  RT d i f f e r e n c e ,  t h e  e n t i r e  RT s a v i n g s  
i s  a c c o u n t e d  f o r  b y  p r o c e s s i n g  t h a t  i s  c o m p l e t e d  i n  t h e  
f i r s t  t h i r d  o f  t h e  t o t a l  RT.

S e c o n d ,  RT c a n  b e  r e d u c e d  by  s i m p l i f i c a t i o n  o f  t h e  
d e c i s i o n s  r e q u i r e d  b e f o r e  a  r e s p o n s e .  We c o m p a r e d  r e a c t i o n  
t im e s  w h en  a n  a n im a l  i s  r e q u i r e d  t o  d o  t h e  s t a n d a r d  
g o / n o - g o  t a s k  t o  t h o s e  w h en  t h e  a n im a l  h a s  t o  ' g o '  o n  a l l  
t r i a l s .  T h i s  g o  t a s k  y i e l d e d  a  2 0  ms s a v i n g s  i n  R T . T he  
l a t e n c i e s  t o  a l l  t h e  i d e n t i f i a b l e  e v o k e d  r e s p o n s e  p e a k s  
p r i o r  t o  t h e  m o to r  p e a k ,  w e r e  w i t h i n  3 ms o f  e a c h  o t h e r .  
On t h e  o t h e r  h a n d ,  t h e  m o to r  p e a k  r e f l e c t e d  t h e  f u l l  20  ms 
d i f f e r e n c e .  T he l a s t  i d e n t i f i a b l e  p e a k  b e f o r e  t h e  m o to r  
p e a k  i s  a t  18 0  m s . T h u s  a l l  t h e  RT s a v i n g s  i n  t h i s  c a s e  
o c c u r e d  i n  t h e  l a s t  t h i r d  o f  t o t a l  p r o c e s s i n g  t i m e .  I n  
c o n t r a s t  t o  t h e  c a s e  o f  b r i g h t n e s s  m a n i p u l a t i o n  w h e r e  
l a r g e r  s t i m u l u s - r e l a t e d  p e a k s  w e r e  a s s o c i a t e d  w i t h  f a s t e r  
r e a c t i o n  t i m e s ,  i n  t h i s  c a s e ,  s m a l l e r  s t i m u l u s  r e l a t e d  
p e a k s  w e r e  a s s o c i a t e d  w i t h  f a s t e r  r e a c t i o n  t i m e s .

2 5 1 .1 3   EVOKED POTENTIAL ANALYSIS OF VISUAL INPUT TO PRECENTRAL 
GYRUS (MOTOR CORTEX) OF MONKEYS.  N o ra  J .  B e s a n s k y *  a n d  
R i c h a r d  K . N a k a m u ra  ( S p o n . : C . C . D u n c a n - J o h n s o n ) .  L a b .  o f  
P s y c h o lo g y  a n d  P s y c h o p a t h . ,  NIMH, B e t h e s d a  MD 2 0 2 0 5 .

W h ile  s t u d i e s  h a v e  sh o w n  t h a t  t h e  p r e c e n t r a l  g y r u s  c o n 
t a i n s  n e u r o n s  t h a t  r e s p o n d  t o  v i s u a l  a n d  a u d i t o r y  s t i m u l i ,  
t h e r e  i s  l i t t l e  a g r e e m e n t  a b o u t  t h e  s i g n i f i c a n c e  o f  t h e s e  
r e s p o n s e s .  We h a v e  i m p l a n t e d  a r r a y s  o f  t r a n s c o r t i c a l  e l e c 
t r o d e s  i n  m o n k e y s  t r a i n e d  t o  d o  a  g o / n o - g o  v i s u a l  d i s c r i m i 
n a t i o n  t a s k .  E v o k e d  r e s p o n s e s  f ro m  e l e c t r o d e s  i n  t h e  p r e 
c e n t r a l  g y r u s  o f  t h e  m o n k ey  sh o w e d  a  c h a r a c t e r i s t i c  s e t  o f  
w a v e s .  T he e a r l i e s t  c o m p o n e n t ,  w h ic h  b e g i n s  a t  a p p r o x i m a t e 
l y  65  m s, w as t i g h t l y  t i m e - l o c k e d  t o  t h e  o n s e t  o f  t h e  
s t i m u l u s  a n d  a p p e a r e d  i n  e x a c t l y  t h e  sa m e  f o rm  a n d  a m p l i 
t u d e  w h e t h e r  o r  n o t  t h e  a n im a l  m ade a  ' g o '  r e s p o n s e .  T h i s  
c o m p o n e n t  f i r s t  a p p e a r e d  5 - 1 0  ms b e f o r e  a n y  d e t e c t a b l e  a c 
t i v i t y  i n  v i s u a l  c o r t e x  a n d  h a d  a  p o l a r i t y  o p p o s i t e  t o  t h a t  
s e e n  i n  t h e  v i s u a l  c o r t e x .  A l a t e r  c o m p o n e n t  p r e d i c t e d  a n d  
w as  t im e  l o c k e d  t o  t h e  r e s p o n s e  o f  t h e  a n i m a l .  T h i s  s t a r t e d  
b y  1 5 0  ms a n d ,  o n  g o  t r i a l s ,  p e a k e d  j u s t  a f t e r  t h e  r e s p o n s e  
w h ic h  o c c u r r e d  b e tw e e n  2 5 0  a n d  3 3 0  m s . A l t h o u g h  t h e  s e n s o r y  
c o m p o n e n t  o f  t h e  e v o k e d  r e s p o n s e  a p p e a r e d  w i d e l y  i n  t h e  
p r e c e n t r a l  g y r u s ,  i t  w as v e r y  w e a k  o r  n o n e x i s t e n t  i n  b o t h  
p o s t c e n t r a l  g y r u s  a n d  p r e f r o n t a l  c o r t e x .

V a r y in g  t h e  b r i g h t n e s s  o f  t h e  s t i m u l u s  a f f e c t e d  b o t h  t h e  
a m p l i t u d e  a n d  l a t e n c y  o f  t h e  s e n s o r y  c o m p o n e n t  i n  t h e  p r e 
c e n t r a l  g y r u s  a s  w e l l  a s  i n  t h e  v i s u a l  c o r t e x .  U n l i k e  
v i s u a l  c o r t e x ,  h o w e v e r ,  t h e  p r e c e n t r a l  g y r u s  w as  n o t  
s e n s i t i v e  t o  c h a n g e s  i n  t h e  s t i m u l u s  p a t t e r n .  F u r t h e r ,  
m a n i p u l a t i o n  o f  t a s k  p a r a m e t e r s  t h a t  c h a n g e  t h e  m e a n in g  o f  
t h e  s t i m u l u s  c o u l d  a l s o  i n f l u e n c e  a c t i v i t y  i n  v i s u a l  a r e a s  
w i t h o u t  d o i n g  s o  i n  p r e c e n t r a l  g y r u s .  T h e  d i f f e r e n c e s  
b e tw e e n  t h e  p a t t e r n s  o f  e v o k e d  r e s p o n s e s  i n  v i s u a l  c o r t e x  
a n d  p r e c e n t r a l  g y r u s  o f  l a t e n c y ,  f o r m ,  a n d  r e s p o n s e  t o  
m a n i p u l a t i o n s  o f  m e a n in g  r a i s e  t h e  p o s s i b i l i t y  t h a t  t h e  
s i g n a l  i n  p r e c e n t r a l  g y r u s  w as  d e r i v e d  f ro m  9 n o n c o r t i c a l  
v i s u a l  a r e a  s u c h  a s  t h e  o p t i c  t e c t u m .

O ne m o n k ey  t h a t  h a s  b e e n  t r a i n e d  t o  r e s p o n d  t o  a u d i t o r y  
s t i m u l i  sh o w e d  a  s e n s o r y  c o m p o n e n t  i n  t h e  p r e c e n t r a l  g y r u s  
s i m i l a r  t o  t h e  o n e  e v o k e d  by  v i s u a l  s t i m u l i  b u t  a t  a  20  ms 
l a t e n c y .  T h i s  a p p e a r e d  o n l y  a f t e r  t h e  a n im a l  h a d  b e e n  
t r a i n e d  t o  r e s p o n d  q u i c k l y  t o  t h e  a u d i t o r y  s i g n a l .

T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  p r e c e n t r a l  g y r u s  r e c e i v e s  
b e h a v i o r a l l y  r e l e v a n t  s e n s o r y  i n f o r m a t i o n  a n d  m ay d e r i v e  
t h i s  i n f o r m a t i o n  f ro m  a  s u b c o r t i c a l  s o u r c e .  T he  f u n c t i o n  o f  
t h e  s e n s o r y  i n p u t  m ay b e  t o  p r e p a r e  t h e  m o to r  s y s t e m  f o r  a 
f a s t  s t i m u l u s - t r i g g e r e d  r e s p o n s e .

2 5 1 .1 4   MONKEYS WITH LESIONS OF HIPPOCAMPUS AND AMYGDALA EXHIBIT 
EVENT-RELATED BRAIN POTENTIALS THAT RESEMBLE THE HUMAN P300 
WAVE.  K . A. P a l l e r ,  S . Z o la -M o rg an , L .R . S q u i r e ,  a n d  S .A . 
H i l l y a r d .  D e p ts .  o f  N e u r o s c ie n c e s  a n d  P s y c h i a t r y ,  U .C .S .D . 
S c h . o f  M ed ., an d  VA M e d ic a l  C e n t e r ,  La J o l l a ,  CA 9 2 0 9 3 .

P e r c e p t u a l  a n d  c o g n i t i v e  e v e n ts  i n  hum ans a r e  r e l i a b l y  
c o r r e l a t e d  w i th  n e u r o p h y s i o lo g i c a l  m e a s u re s  known a s  e v e n t -  
r e l a t e d  b r a i n  p o t e n t i a l s  (E R P s) . Among t h e s e ,  t h e  P300 wave 
h a s  b e e n  c o n s id e r e d  t o  r e f l e c t  i n f o r m a t io n  p r o c e s s in g  
r e l a t e d  t o  e x p e c ta n c y ,  o r i e n t i n g ,  an d  m em ory. M e d ia l  
te m p o r a l  l o b e  b r a i n  s t r u c t u r e s  h a v e  b e e n  i m p l i c a t e d  a s  
p o s s i b l e  s o u r c e s  o f  t h i s  e l e c t r i c a l  a c t i v i t y .  To im p ro v e  
o u r  u n d e r s t a n d in g  o f  t h e  n e u r a l  b a s e s  o f  t h e s e  p o t e n t i a l s  
an d  t h e  a s s o c i a t e d  c o g n i t i v e  p r o c e s s e s , s i m i l a r  p o t e n t i a l s  
h a v e  b e e n  i n v e s t i g a t e d  i n  t h e  m onkey.

E ig h t  C ynom olgous m onkeys (M acaca f a s i c u l a r i s )  h a d  sc re w  
e l e c t r o d e s  c h r o n i c a l l y  im p la n te d  a t  s e l e c t e d  s k u l l  s i t e s . 
" O d d b a ll"  s e q u e n c e s  o f  ran d o m ly  o r d e r e d  1450 Hz (90%) an d  
300 Hz (10%) to n e  b u r s t s  h a v in g  no c o n d i t i o n e d  s i g n i f i c a n c e  
w e re  p r e s e n t e d  w i th  a  o n e  s e c  i n t e r s t i m u l u s  i n t e r v a l .
ERPs t o  t h e  r a r e  to n e s  in c lu d e d  a  p r o m in e n t  p o s i t i v e  wave 
b e tw e en  150 an d  450 m sec a f t e r  s t i m u l u s - o n s e t ,  o f  m ax im al 
a m p l i tu d e  a t  c e n t r a l  m id l in e  s i t e s .  S i m i l a r  ERPs w e re  
e l i c i t e d  by  s t i m u l i  t h a t  re s e m b le d  m onkey v o c a l i z a t i o n s .  
D u rin g  o t h e r  s e q u e n c e s  i n  w h ic h  two s t i m u l i  w ere  e q u a l l y  
p r o b a b l e ,  t h e  a m p l i tu d e  o f  t h e  l a t e  p o s i t i v e  w ave v a r i e d  
s y s t e m a t i c a l l y  i n  t h e  m an n er o f  t h e  human P300 co m p o n e n t; 
t h e  p o s i t i v i t y  w as l a r g e s t  when t h e  e v o k in g  s t i m u l u s  
d i f f e r e d  fro m  p r e v io u s  s t i m u l i .  F o u r  m onkeys w e re  t r a i n e d  
i n  a  t o n e - f re q u e n c y  d i s c r i m i n a t i o n  t a s k .  A s i m i l a r  l a t e  
p o s i t i v e  ERP was e l i c i t e d  by t h e  t a s k - r e l e v a n t  r a r e  to n e s  
u n d e r  t h e s e  c o n d i t i o n s ,  an d  i t s  a m p l i tu d e  g r a d u a l l y  h a b i t u 
a t e d  when m an ip u lan d u m  an d  re w a rd  a p p a r a t u s  w e re  rem o v e d .

S i m i l a r  ERPs w e re  r e c o r d e d  fro m  hum ans u n d e r  c o m p a ra b le  
c o n d i t i o n s .  C r o s s - s p e c i e s  p a r a l l e l s  s u g g e s t  t h a t  t h e  
monkey l a t e  p o s i t i v e  w aves an d  t h e  human P300 w aves may 
r e f l e c t  hom o lo g o u s n e u r o p h y s i o lo g i c a l  p r o c e s s e s .

E ach  o f  f i v e  m onkeys w i th  b i l a t e r a l  m e d ia l  t e m p o r a l  lo b e  
r e s e c t i o n s  e x h i b i t e d  l a t e  p o s i t i v e  ER Ps, a l t h o u g h  w av efo rm s  
w ere  a l t e r e d  i n  some c o n d i t i o n s .  ERP d i f f e r e n c e s  w e re  
a n a ly z e d  i n  b e tw e e n -g ro u p  c o m p a r is o n s  ( t h r e e  i n t a c t  m onkeys 
an d  t h r e e  l e s i o n e d  m onkeys) an d  w i t h in - g r o u p  c o m p a r is o n s  
(tw o m onkeys p r e -  an d  p o s t - s u r g e r y ) . T h e se  d a t a  i n d i c a t e  
t h a t  a t  l e a s t  some l a t e  p o s i t i v e  a c t i v i t y  i n  t h e  monkey i s  
n o t  d e p e n d e n t  on  t h e  h ip p o cam p u s  o r  a m y g d a la , t h u s  
s u p p o r t i n g  t h e  h y p o th e s i s  t h a t  t h e s e  b r a i n  s t r u c t u r e s  a r e  
n o t  t h e  e x c lu s i v e  g e n e r a t o r s  o f  t h e  P300 i n  hum ans.
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251.15  ENDOGENOUS COMPONENES OF EVENT RELATED POTENTIALS OF THE CAT  
BRAIN. C . B aş a r *  a n d  E . Baş a r * ,  I n s t i t u t e  o f  P h y s io lo g y ,  Me
d i c a l  U n i v e r s i t y  Lüb e c k ,  2400 L ü b e c k , FRG

S e v e r a l  i n v e s t i g a t o r s  h a v e  shown t h a t  human e n d o g e n o u s  
e v e n t  r e l a t e d  p o t e n t i a l s  (ERPs) c a n  b e  r e l a t e d  t o  b r a i n ' s  
m a tc h in g  an d  d e c is io n - m a k in g  p r o c e s s in g  s in c e  i t s  d i s c o v e r y  
b y  S u t to n  e t  a l .  ( S c ie n c e ,  1 5 0 , 118 7 , 1 9 6 5 ) .  H ow ever, o n ly  
few  i n v e s t i g a t o r s  h a v e  s t a r t e d  i n v e s t i g a t i o n s  w i th  a n im a l ex 
p e r im e n t s  t o  e s t a b l i s h  a  c o r r e s p o n d e n c e  w i th  human ERPs. 
(B u ch w ald , J . S . ,  an d  S q u i r e s ,  N .:  I n .  Woody, C .D . ( E d .) :  Con

d i t i o n i n g .  P lenum  P r e s s ,  New Y o rk , 1 9 8 2 ) . I n  o u r  e a r l i e r  r e 
p o r t s ,  we h a v e  b e e n  a b l e  t o  show t h a t  t h e  s e n s o r y  ev o k e d  p o 
t e n t i a l s  c a n  b e  d e s c r i b e d  a s  a  s u p e r p o s i t i o n  o f  t h e  e n h a n ce d  
EEG i n  v a r i o u s  f r e q u e n c y  c h a n n e l s .  F o r  e x a m p le , t h e  c o r t i c a l  
a u d i t o r y  e v o k e d  p o t e n t i a l  o f  t h e  c a t  i s  com posed  o f  e n h a n ce d  
dam ped o s c i l l a t i o n s  i n  1 - 3 .5  H z, 3 .5 - 8  H z, 8 -1 5  H z, 1 5 -2 0  Hz 
an d  40 Hz f r e q u e n c y  r a n g e s .  T h is  w o rk in g  h y p o t h e s i s  was d e 
v e lo p e d  b y  u s in g  a  co m b in ed  EEG-ERP a lg o r i th m  an d  t h e  u s e  o f  
r e s p o n s e  a d a p t i v e  d i g i t a l  f i l t e r s  w h ich  a l lo w e d  an  e f f i c i e n t  
s i g n a l / n o i s e  e x t r a c t i o n  in  t h e  a n a l y s i s  o f  s i n g l e  ERP sw eep s. 
(E . B aş a r :  E E G -B ra in  D y n a m ic s , E l s e v i e r / N o r t h - H o l l a n d , Am
s te r d a m ,  New Y o rk , 1 9 8 0 ) . I n  o r d e r  t o  a n a ly z e  t h e  e n d o g e n o u s  
c o m p o n e n ts  o f  ERPs i n  5 c h r o n i c a l l y  im p la n te d  an d  f r e e l y  
m oving  c a t s  we h a v e  u s e d  t h e  o d d - b a l l  p a ra d ig m  by  a c o u s t i c a l  
s t i m u l a t i o n  o f  c a t s  w i th  1550 Hz ( r a r e )  t o n e s  p r e s e n t e d  r a n 
dom ly  a m o n g s t 1500 Hz ( f r e q u e n t )  t o n e s .  The phenom enon o f  
e n h a n ce m e n t h a s  b e e n  a l s o  o b s e rv e d  in  ERPs d u r in g  t h e  e x p e r i 
m en ts  w i th  t h e  o d d - b a l l  p a ra d ig m  i n  t h e  same f re q u e n c y  b a n d s  
a s  t h e  s e n s o r y  e v o k e d  p o t e n t i a l s .  H ow ever, t h e  d u r a t i o n  o f  
t h e  e n h a n c e d  r e a c t i o n s  i n  t h e  0 .5 - 3 . 5  H z, 3 .5 - 8  H z, 8 -1 3  Hz 
an d  40 Hz a r e  d e la y e d  an d  p r o lo n g e d  in  c o m p a r is o n  t o  t h e  r e 
a c t i o n  t o  s im p le  1500 Hz s t i m u l i .  F o r  e x a m p le , t h e  3 -8  Hz 
c o r t i c a l  r e s p o n s e s  t o  s im p le  a u d i t o r y  t o n e  b u r s t s  o f  1500 Hz 
u s u a l l y  h a v e  t h e  sh a p e  o f  a  w ave p a c k e t  w i th  2 o r  3 dam ped 
o s c i l l a t i o n s  w h e re a s  s t i m u l a t i o n  w i th  c o m p lex  s e q u e n c e  ( e s 
p e c i a l l y  r a r e  t o n e s )  e l i c i t  ERP r e a c t i o n s  h a v in g  m ore th a n  
2 o r  3 o s c i l l a t i o n s  (so m e tim es  up  t o  6) i n  t h e  same f r e q u e n c y  
r a n g e .  The dam ped o s c i l l a t i o n s  a r e  p r o lo n g e d  a l s o  i n  t h e  0 .5 -  
3 .5  H z, 8 -1 3  Hz a n d  40 Hz f r e q u e n c y  r a n g e s .  P r i n c i p i a l l y , 
s i m i l a r  r e c o r d in g s  h a v e  b e e n  e s t a b l i s h e d  in  s u b c o r t i c a l  
s t r u c t u r e s  a s  r e t i c u l a r  f o r m a t io n ,  h ip p o ca m p u s  an d  m e d ia l  
g e n i c u l a t e  n u c le u s  o f  t h e  c a t  b r a i n .  We t e n t a t i v e l y  c o n c lu d e  
t h a t  d u r in g  m a tc h in g  an d  d e c is io n -m a k in g  p r o c e s s e s  t h e  r e 
a c t i o n s  o f  t h e  d e l t a ,  t h e t a  an d  a lp h a  e n h a n c e m e n ts  h av e  
l o n g e r  d u r a t i o n s  i n  c o m p a r is o n  t o  E P -e n h a n ce m e n t phenom ena 
e l i c i t e d  w i th  s im p le  s t i m u l a t i o n .

2 5 1 .1 6   EFFECTS OF STIMULUS RELEVANCE AND PROBABILITY ON NEURONAL 
ACTIVITY OF LIMBIC STRUCTURES IN RABBITS.  N. S t o l a r * ,  S . P .  
S p a r e n b o r g ,  M. G a b r i e l . ,  R . Ma r k e s e * ,  E . D o n c h in .   D e p t .  
P s y c h o l . ,  Un i v .  I l l i n o i s ,  C h a m p a ig n , I L ,  6 1 8 2 0 .

T h i s  s t u d y  c o n t i n u e s  t h e  a s s e s s m e n t  o f  a  c o n d i t i o n i n g  
p a r a d ig m  w i t h  r a b b i t s  a s  a m o d e l s y s t e m  f o r  s t u d y  o f  t h e  
n e u r a l  s u b s t r a t e s  o f  t h e  P 3 0 0  c o m p o n e n t  o f  t h e  e v e n t - r e l a t e d  
p o t e n t i a l  (E R P ) i n  h u m a n s .

P a s t  w o rk  h a s  show n s u r f a c e  a n d  i n t r a c r a n i a l  ERPs t h a t  
c o v a r i e d ,  a s  P 3 0 0 , w i t h  t h e  p r o b a b i l i t y  a n d  s i g n i f i c a n c e  o f  
t h e  e l i c i t i n g  s t i m u l i  ( G a b r i e l  e t  a l . ,  N e u r o s c i  A b s t . ,  
3 4 7 . 2 8 ,  1 9 8 3 ) .  H e r e ,  t h e  n e u r o n a l  a c t i v i t y  r e c o r d e d  f r o m  t h e  
s t r u c t u r e s  y i e l d i n g  t h e  m a c r o p o t e n t i a l s  i s  d e s c r i b e d  t o  
p r o v i d e  i n f o r m a t i o n  on t h e  i n t r a c r a n i a l  o r i g i n s  o f ,  a n d  
p o s s i b l e  r e g i o n a l  d i f f e r e n c e s  i n  t h e  n e u r a l  r e s p o n s e .

R a b b i t s  w i t h  u n i t  r e c o r d i n g  e l e c t r o d e s  w e re  t r a i n e d  t o  
m ove i n  a n  a c t i v i t y  w h e e l t o  a v o i d  a f o o t s h o c k  w h e n e v e r  t h e y  
h e a r d  a t o n e  (C S + ) .  T hey  a l s o  l e a r n e d  t o  i g n o r e  a s e c o n d  
t o n e  (C S - )  t h a t  w as n o t  p r e d i c t i v e  o f  t h e  f o o t s h o c k .  1 2 0  
t r i a l s  (6 0  w i t h  e a c h  s t i m u l u s ,  i n  a ra n d o m  o r d e r )  w e re  
p r e s e n t e d  d a i l y  u n t i l  a c r i t e r i o n  o f  d i s c r i m i n a t i v e  
p e r f o r m a n c e  w as a t t a i n e d .  F o l l o w i n g  c r i t e r i o n ,  t h r e e  
a d d i t i o n a l  s e s s i o n s  w e re  g i v e n  i n  w h ic h  t h e  p r o b a b i l i t i e s  o f  
t h e  CS+ a n d  C S - w e r e ,  r e s p e c t i v e l y ,  . 5 / . 5 ,  . 2 / . 8 ,  a n d  . 8 / . 2 .  
T h e  o r d e r  o f  t h e  l a s t  tw o  s e s s i o n s  w as c o u n t e r b a l a n c e d .

N e u ro n a l  r e c o r d s  o b t a i n e d  f r o m  t h e  a n t e r i o r  c i n g u l a t e  
c o r t e x  ( a r e a  2 4 , N= 1 0 ) ,  t h e  p o s t e r i o r  c i n g u l a t e  c o r t e x  ( a r e a  
2 9 ,  N= 7 ) ,  t h e  d e n t a t e  g y r u s  ( N= 6 ) ,  t h e  m e d ia l  d o r s a l  
t h a l a m i c  n u c l e u s  ( N= 4 ) ,  a n d  t h e  a n t e r i o r  v e n t r a l  t h a l a m i c  
n u c l e u s  ( N= 5 ) m a n if e s t e d  t h e  d e v e lo p m e n t  o f  a " t a r g e t  
e f f e c t " ,  i . e . ,  g r e a t e r  n e u r o n a l  d i s c h a r g e  t o  t h e  CS+ t h a n  t o  
t h e  C S - ,  d u r i n g  t h e  c o u r s e  o f  t r a i n i n g .  In  a d d i t i o n ,  a l l  
r e c o r d s  sh o w e d  i n c r e a s e d  f i r i n g  t o  t h e  C S - w hen  i t  w a s 
p r e s e n t e d  r a r e l y ,  a n d  d e c r e a s e d  f i r i n g  w hen i t  w as p r e s e n t e d  
f r e q u e n t l y ,  r e l a t i v e  t o  t h e  d i s c h a r g e s  e l i c i t e d  b y  t h e  
s t a n d a r d  C S - .  T h e c i n g u l a t e  c o r t i c a l  b u t  n o t  t h e  t h a l a m i c  
r e c o r d s  a l s o  m a n i f e s t e d  a n  i n c r e a s e d  d i s c h a r g e  t o  t h e  r a r e  
C S+ , r e l a t i v e  t o  t h e  s t a n d a r d  C S+ . T h e s e  r e s u l t s  e s s e n t i a l l y  
r e p l i c a t e  t h o s e  p r e v i o u s l y  o b t a i n e d  w i t h  m a c r o p o t e n t i a l s  a n d  
t h e y  i n d i c a t e  t h a t  a c t i v i t y  a n a l o g o u s  t o  t h e  P 3 0 0  i s  
m a n i f e s t e d  by  n e u r o n s  i n  t h e  c i n g u l a t e  c o r t e x ,  r e l a t e d  
t h a l a m i c  n u c l e i ,  a n d  t h e  h ip p o c a m p u s .  O b s e r v e d  r e g i o n a l  
d i f f e r e n c e s  s u g g e s t  t h a t  s t i m u l u s  i n f r e q u e n c y  c a n  a u g m e n t  
t h e  c o r t i c a l  r e s p o n s e  t o  a t a r g e t  s t i m u l u s ,  w h e r e a s  s u c h  
a u g m e n ta t io n  d o e s  n o t  o c c u r  i n  t h e  t h a l a m u s .

2 5 1 .17  IMAGERY MODULATION OF EXPERIMENTAL TONIC HUMAN PA IN : BEHAVIO
RAL AND CORTICAL POWER SPECTRUM ANALYSES.  A .C .N .  C h e n ,  S . F .  
D w o rk in *  & L . L e r e s c h e * ,  P a i n  C e n t e r ,  U o f  W a s h i n g t o n ,  9 8 1 9 5 .

L a t e  c o m p o n e n t s  o f  t h e  e v o k e d  p o t e n t i a l s  a r e  sh o w n  t o  b e  
f u n c t i o n a l  c o r r e l a t e s  o f  i n d u c e d  p a i n  i n  m an . B u t ,  d u e  t o  
r e p e t i t i o n s  o f  n o x i o u s  s t i m u l i  w i t h  v e r y  b r i e f  d u r a t i o n ,  s u c h  
p h a s i c  p a i n  i s  k n o w n  t o  l a c k  a  n a t u r a l  a n a l o g u e .  To e v a l u a t e  
t h e  b r a i n ' s  r e s p o n s e s  t o  n o c i c e p t i o n  o f  c l i n i c a l  r e l e v a n c e ,  
w e s t u d i e d  t h e  c o r t i c a l  p o w e r  s p e c t r u m  (C PS) d u r i n g  l o n g e r  
l a s t i n g  d i f f u s e  p a i n  u s i n g  t h e  c o l d - p r e s s o r  t e s t  a s  a  t o n i c  
p a i n  m o d e l .  We a im e d  t o  e x a m in e  w h e t h e r  c h a n g e  i n  CPS c om po
n e n t s  i s  r e l a t e d  t o  s u b j e c t i v e  p a i n f u l  e x p e r i e n c e  a n d  w h e t h e r  
s u c h  p a i n  e x p e r i e n c e  i s  a s s o c i a t e d  w i t h  l a t e r a l i z e d  EEG.

EEG w a s  r e c o r d e d  f o r  b o t h  l e f t  a n d  r i g h t  h e m i s p h e r e s , a t  
F 3 - P 3  a n d  F 4 - P 4  w i t h  l i n k e d  e a r  r e f e r e n c e ,  i n  25  h e a l t h y  m a le  
s u b j e c t s  ( a g e  24± 3 ). EEG w a s  c u t  o f f  a t  1 0 0  H z , s a m p l in g  a t  
2 5 0  H z , a n d  FFT a n a l y s e s  r e s u l t e d  i n  p o w e r  d e n s i t y  f o r  d e l t a ,  
t h e t a ,  a l p h a  a n d  b e t a  b a n d s .  E a c h  s t u d y  s t a g e  w a s  a  r e c o r d 
i n g  o f  10  e p o c h s / s p e c t r u m ,  6 s p e c t r a / m i n  f o r  a  t o t a l  o f  5 m in  
CPS. T h r e e  s t a g e s  o f  EEG w e r e  r e c o r d e d :  B a s e l i n e ,  1 ° C C o l d -  
P r e s s o r  T e s t ,  a n d  I m a g e r y  M o d u la t io n  i n  c o m b i n a t i o n  w i t h  t h e  
c o l d - p r e s s o r .  A l s o  g a t h e r e d  w e r e  V i s u a l  P a i n  A n a l o g u e s ,  S t a 
t e  A n x i e ty  S c a l e  a n d  t h e  M c G i l l  P a i n  Q u e s t i o n n a i r e .  B e f o r e  
t h e  r e c o r d i n g ,  s u b j e c t s  c o m p l e t e d  s c a l e s  o f  T r a i t  A n x i e t y ,  
F e a r  o f  P a i n ,  T e l l e g e n ' s  A b s o r b a n c e  S c o r e  a n d  R o s e n b a u m 's  
S e l f - R e g u l a t i o n  I n v e n t o r y .

B e h a v i o r a l l y ,  t h e r e  w a s ,  u n e x p e c t e d l y ,  a  d i s t i n c t  b i m o d a l  
d i s t r i b u t i o n  o f  s u b j e c t  r e s p o n s e s  t o  t h e  c o l d - p r e s s o r  t e s t :  
a  p a i n  t o l e r a n c e  g r o u p  (P T = 1 6 )  c o u l d  t o l e r a t e  t h e  e n t i r e  5 m in  
t e s t ,  w h i l e  a  p a i n  s e n s i t i v e  g r o u p  (P S = 9 )  h e l d  t h e i r  h a n d s  i n  
t h e  i c e w a t e r  f o r  o n l y  a  m ea n  o f  1 . 5 ±1 0 . 5  m in  ( t = 1 3 . 4 ,  p < . 0 0 0 1 ) .  
T h e s e  tw o  g r o u p s  d i f f e r e d  a t  B a s e l i n e  o n  m e a s u r e s  o f  S t a t e  
A n x i e t y  ( P T = 3 1 .8 ,  P S = 3 7 . 8 ;  t = 1 . 9 2 ,  p < . 0 7 )  a n d  F e a r  S c o r e  (PT= 
3 7 . 8 ,  P S = 4 7 .0 ;  t = 2 . 0 4 ,  p ~ . 0 5 ) .  A n x i e t y  S c o r e  w a s  i n c r e a s e d  
d u r i n g  t h e  C o l d - P r e s s o r  T e s t  ( P T = 3 8 .1 ,  P S = 4 0 .7 )  a n d  r e d u c e d  
t o  B a s e l i n e  l e v e l s  d u r i n g  I m a g e r y  M o d u l a t i o n  ( P T = 3 1 .6 ,  P S = 3 6 . 
6 ) .  T h e s e  c h a n g e s  w e r e  a s s o c i a t e d  w i t h  r e p o r t s  o n  V i s u a l  P a i n  
A n a lo g u e s  ( P T = 4 1 .3 ,  P S = 7 9 .1 )  d u r i n g  t h e  C o l d - P r e s s o r  a n d  a  
s l i g h t  r e d u c t i o n  i n  I m a g e r y  M o d u l a t i o n  ( P T = 3 8 .1 ,  P S = 6 4 . 4 ) .  No 
l a t e r a l i t y  d i f f e r e n c e  i n  CPS w a s  o b s e r v e d  i n  B a s e l i n e ,  C o l d -  
P r e s s o r  T e s t ,  o r  I m a g e r y  M o d u l a t i o n  s t a g e s .  α - d e s y n c h r o n i z a 
t i o n  w a s  o b s e r v e d  (24%  r e d u c t i o n )  u n d e r  t h e  C o l d - P r e s s o r  T e s t  
a n d  f u l l y  r e c o v e r e d  t o  B a s e l i n e  v a l u e s  i n  t h e  I m a g e r y  M o d u la 
t i o n  s t a g e .  No c h a n g e  i n  t h e t a  p o w e r  w a s  o b s e r v e d .  I n  c o n 
t r a s t ,  d e l t a  p o w e r  i n c r e a s e d  b y  65% f o r  t h e  PT g r o u p  b u t  n o t  
c h a n g e d  f o r  t h e  PS g r o u p  d u r i n g  t h e  C o l d - P r e s s o r ,  a n d  t h e n  
s i g n i f i c a n t l y  d e c r e a s e d  i n  t h e  I m a g e r y  M o d u l a t i o n  f o r  b o t h .

(SUPPORTED BY NIH  GRANT D E 0 5 1 3 0 )

2 51.1 8   THE CONTINGENT NEGATIVE VARIATION IN HYPERKINETIC 
CHILDREN. R.T. P iv ik  and F. Bylsma*.  Psychophysiol. Lab, 
Dept. P sy c h ia t. & Sch. o f Psychol. ,  Univ. o f Ottawa, 
Ottawa, O ntario , Canada K1H 8L6.

The con tingen t n egative  v a r ia tio n  (CNV) is  thought to  
r e f l e c t  mechanisms involved in  a t te n t io n  and a ro u sa l— 
fu n c tio n s  considered  to  be impaired in  h y p erk in e tic  (Hk) 
c h ild re n . In th e  p re sen t in v e s t ig a tio n  th ese  responses 
were examined in  16 Hk and 7 age-matched normal co n tro l 
c h ild re n .

S ub jec ts  were unmedicated 8-12 year old males w ith I.Q . 
sco res in  the  normal range. Diagnoses of h y p e ra c tiv ity  
were based on p sycho log ica l e v a lu a tio n s  and sco res  o f >15 
on the  h y p e ra c tiv ity  sc a le  o f C onner's Parent and Teacher 
B ehavioral Rating S ca le s . CNV responses were recorded 
from a c e n tra l  d e r iv a tio n  (Cz re ferenced  to  linked  
m asto id s). The sk in  under th e se  placem ents was scratched  
to  e lim in a te  contam ination of CNV p o te n t ia ls  by slow sk in  
p o te n t ia ls .  V e rtic a l eye movements were a lso  recorded and 
responses a sso c ia ted  w ith such a c t iv i ty  were excluded from 
a n a ly s is .  Seventy p a ir s  of 1500 Hz tones (70 dB; 200 and 
100 msec d u ra tio n , re sp ec tiv e ly ) separa ted  by 4 seconds 
w ith in te r - p a i r  in te rv a ls  o f 11 seconds, were d e liv e red  
v ia  an ear in s e r t  microphone. The su b jec ts  were aware of 
th e  tim ing o f the  tones and were in s tru c te d  to  p re ss  a 
handheld bu tton  as soon as the  second tone occurred . EEG 
a c t iv i ty  was d ig i t iz e d  (200 sam ples/sec) and d e v ia tio n s  
from a 1 second pre-w arning stim ulus (Al) b a se lin e  
determ ined fo r the  4 second in te r- s tim u lu s  in te rv a l .

A ll su b jec ts  ex h ib ited  su sta in ed  CNV responses and mean 
response am plitudes fo r  the  4 sec in te r - s tim u lu s  in te rv a l 
d id  not d i f f e r  s ig n if ic a n t ly  across  groups [X am plitudes 
(µV): C=5.8 ± 3 .0 ; Hk=5.4 ± 2 .7 ) .  Reaction tim es to  th e  
b u tto n -p re ss  response were slower and more v a r ia b le  fo r  Hk 
than C c h ild ren  [X response tim es (msec): Hk=457.8 ± 
158.5; C=419.2 ± 9 0 .4 ] . CNV responses in  unmedicated Hk 
c h ild re n  a re  comparable in  amp l i tu d e  to  those o f non-Hk 
c o n tro ls .  I t  remains to  be determ ined whether the  
enhanced v a r ia b i l i ty  o f the  a sso c ia ted  motor responses 
r e f le c t s  le s s  s ta b le  CNV-related mechanisms in  Hk 
c h ild re n , w ith in  group h e te ro g en eity , or a  com bination o f 
th e se  fa c to rs .

Supported by th e  O ntario  Mental H ealth and H osp ita l fo r 
Sick C hildren Foundations.
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251.19  UNILATERAL 6-OHDA LESIONS IN THE NIGROSTRIATAL SY
STEM OF WISTAR RATS: ELECTROCORTICOGRAPHIC EFFECTS 
AND THEIR PHARMACOLOGICAL MODULATION.  A .C .  R o s s i* 
R .M a j* , G .P a g a n i* ,  L .P e g r a s s i*  an d  M.  B u o n a m ic i* 
(SPON: P .F .  S p a n o ) .   B i o l o g i c a l  R.& D .,  F a r m i t a l i a  
C .E rb a  N e r v ia n o ,  I t a l y  2 0 0 1 4 .

The m e th o d  o f  u n i l a t e r a l  6-OHDA l e s i o n s  i n  th e  
n i g r o s t r i a t a l  s y s te m  o f  th e  r a t ,  a s  f i r s t  d e s c r i 
b e d  by U n g e r s t e d t  U. , e t  a l . ( B r a in  R e s . ,  24 : 4 8 5 , 
1 9 7 0 ) ,  i s  a  q u i t e  ak n o w led g e d  e x p e r im e n ta l  m odel 
f o r  s t u d i e s  o f  d i f f e r e n t  f u n c t i o n a l  s t a t e s  i n  n i 
g r o s t r i a t a l  d o pam ine  s y s te m . Anyway no in f o r m a t io n  
seem s a v a i l a b l e  on th e  e l e c t r o e n c e p h a l o g r a p h i c  con  
s e q u e n c e s  o f  t h i s  l o c a l i z e d  6-OHDA l e s i o n .

We h av e  r e p r o d u c e d  U n g e r s t e d t ' s  m e th o d  in  12 ma 
l e  W is t a r  r a t s  w e ig h in g  2 0 0 -2 1 0  g . S t e r e o t a x i c  l e 
s i o n s  w ere  p l a c e d  by i n j e c t i n g  12 meg o f  d i s s o l v e d  
6-OHDA in  a  vo lum e o f  4 m cl o v e r  4 m in th ro u g h  a 
H a m ilto n  c a n n u la  ( d ia m e te r  0 .5  mm) i n s e r t e d  j u s t  
r o s t r a l  to  th e  r i g h t  s u b s t a n t i a  n i g r a  o f  6 a n im a ls . 
C o n t r o l  i n j e c t i o n s  o f  th e  s o l v e n t  a lo n e  w ere  made 
i n  t h e  s i x  re m a in in g  a n im a ls  a s  d e s c r i b e d  a b o v e . 
42 d a y s  a f t e r  th e  i n j e c t i o n s  th e  a n im a ls  w ere  im
p l a n t e d  w i th  c h r o n ic  e l e c t r o d e s  f o r  e l e c t r o c o r t i 
c o g r a p h ic  (ECoG) r e c o r d i n g s  a s  r e p o r t e d  e ls e w h e re  
(B u o n a m ic i,  M ., e t  a l . ,  N e u ro p h a rm a c o l. ,  2 1 : 8 2 5 ,
1 9 8 2 ) .  ECoG r e c o r d i n g s  o c c u r r e d  49 an d  56 d a y s  
a f t e r  th e  i n t r a s t r i a t a l  i n j e c t i o n s .

The p o w e r - s p e c t r a l  a n a l y s i s  o f  ECoG r e c o r d in g s  
show ed th e  q u i t e  u n iq u e  a p p e a ra n c e  o f  h ig h - f r e q u e n 
cy w aves  o f  3 0 -4 0  Hz (HFW) e x c l u s i v e l y  e m i t t e d  by 
th e  a f f e c t e d  c e r e b r a l  h e m is p h e re  o f  l e s i o n e d  a n i 
m a ls .  S y s te m ic  t r e a t m e n t s  w i th  d opam ine  o r  a c e t i l 
c h o l i n e  a g o n i s t s  and  a n t a g o n i s t s  d id  show t h a t  HFW 
te m p o r a r i l y  d i s a p p e a r e d  a f t e r  a p o m o rp h in e  o r  a t r o 
p i n e .  M o re o v e r , th e  p h y s o s t ig m in e - in d u c e d  i n c r e a s e  
o f  HFW w as p ro m p t ly  r e v e r s e d  by a p o m o rp h in e , w h ich  
i n  a d d i t i o n  e l i m i n a t e d  HFW f o r  a b o u t  1 h o u r .  The 
e x p l o r a t i o n  o f  o t h e r  p h a r m a c o lo g ic a l  t r e a t m e n t s  i s  u n d e r  w ay .

REGIONAL NEUROPHARMACOLOGY

252 .1  PHARMACOLOGICAL MANIPULATION OF THE SUBSTANTIA INNOMINATA
CORTICAL CHOLINERGIC PATHWAY.  G.L. Wenk.  Department of 
Psychology, The Johns Hopkins Un iv . ,  B altim ore, MD 21218.

N eocortical ch o lin e rg ic  a f fe re n ts  o r ig in a tin g  in the 
su b s ta n tia  innominata (SI) a re  c o n s is te n tly  a ffec ted  in the 
b ra in s  of p a tie n ts  with A lzheim er's D isease (AD). The 
design of e f fe c tiv e  pharm acotherapies fo r  the trea tm ent of 
AD w ill be a s s is te d  by a thorough knowledge o f neuronal 
systems which reg u la te  the a c t iv i ty  of the ch o lin e rg ic  
neurons in the  SI. Male, Sprague-Dawley ra ts  received  a 
u n ila te ra l  m icro infusion  of a pharmacological agent (1 .0  u l ) 
in to  the  SI v ia a chronic indw elling cannula. In v itro  
sodium-dependent high a f f in i ty  cho line  uptake (SDHACU) was 
determ ined in the  fro n ta l co rtex  50 minutes a f te r  the 
in fusion  to  in d ic a te  the  in vivo a c t iv i ty  of ch o lin e rg ic  
c e l l s  in the SI. SDHACU in the  cortex  i p s i l a te ra l  to  the 
in fusion  was compared to  SDHACU in the c o n tra la te ra l  co rtex . 
The r e s u l ts  are  summarized in the ta b le  below.

AGENTS THAT ALTER FOREBRAIN CHOLINERGIC ACTIVITY
Decreases SDHACU Amount In jec ted  (nm oles/ul)
Muscimol 44

88
Leu, M et-Enkephalin 40
Imipramine 100
Apomorphine? 16
Increases SDHACU
Gl utamate 20
Does not a f f e c t  SDHACU
S aline  v e h ic le , iso to n ic ,  pH 7.4
LSD 10
Serotonin 1000
Clonidine 10
Muscimol 11
Isopro tereno l 100

These r e s u l ts  add support to  immunocytochermcal evidence 
fo r  the presence of GABAnergic, enkephalinerg ic  and 
dopaminergic te rm ina ls  in the SI and suggest possib le  
neuronal systems which may in fluence  the  a c t iv i ty  of the 
basal fo reb ra in  ch o lin e rg ic  system.  (Supported by gran t 
DAMD 17-82-C-2225)

252.2  LONG-TERM AMPHETAMINE TREATMENT REDUCES THE NEURONAL 
RESPONSE TO IONTOPHORETIC DOPAMINE AND THE ELECTROCHEMICAL 
RESPONSE TO AMPHETAMINE IN THE NEOSTRIATUM.  R. L. W ilson*, 
K. Kamata, K. D. Alloway and G. V. Rebec (SPON: R.M. Wight
man).  Depts. Chem. and P sy ch o l., Ind iana U niv., Bloomington, 
IN 47405.

The behav io ra l response to amphetamine depends, in  la rg e  
measure, on the  in te g r i ty  of dopamine (DA)-co n ta in in g  neu
rons th a t  p ro je c t from the  s u b s ta n tia  n ig ra  to the i p s i l a t 
e r a l  neostria tum . With long-term  ad m in is tra tio n , c e r ta in  
components of th is  response a re  enhanced (Rebec, G.V. e t  a l . , 
Psychopharmacology, 77:360, 1982) and th e re  i s  a correspond
ing change in  the  a c t iv i ty  of both n ig ra l  (Kamata, K. and 
Rebec, G.V. , Neuropharmacology, 22: 1377, 1983) and neo
s t r i a t a l  (Alloway, K.D. and Rebec, G.V., B rain Res. , 273:71, 
1983) neurons. In  the  p resen t s e r ie s  of experim ents, we 
began an in v e s t ig a tio n  of the  mechanisms underly ing  the 
neurophysio log ical changes produced by long-term  amphetamine 
treatm ent in  the  neostria tum  of the  r a t .

In  one s tudy , ion tophores is  was used to  in v e s t ig a te  the 
response of n e o s t r ia ta l  neurons to  DA follow ing tw ice d a ily  
in je c tio n s  of s a lin e  or 5 .0 mg/kg d-amphetamine fo r  6 days. 
DA was app lied  a t  reg u la r in te rv a ls  in  in c rea s in g  e je c tio n  
cu rren ts  to  g lu tam ate -ac tiv a ted  neurons. In  s a lin e  co n tro ls , 
DA produced a p rog ressive  in h ib i t io n  of f i r in g  ra te  in  a l l  
28 neurons recorded from 12 d if f e r e n t  an im als. DA a lso  sup
pressed neuronal a c t iv i ty  (n=31) in  amphetamine p re tre a te d  
r a ts  (n=13) but th is  response was s ig n if ic a n t ly  le s s  
pronounced. These r e s u l t s  support the  view th a t  long-term  
amphetamine treatm ent reduces the  s e n s i t iv i ty  of postsynap
t i c  DA rec ep to rs .

In sep a ra te  groups of s im ila r ly  p re tre a te d  r a t s ,  carbon- 
f ib e r  e le c tro d es  were used to  record  e lectrochem ica l s ig n a ls  
in  response to  a challenge in je c t io n  of 2.5 mg/kg d-ampheta
mine. P retreatm ent w ith 5.0 mg/kg s ig n if ic a n t ly  reduced the 
r i s e  in  o x ida tion  cu rren t compared to  s a lin e -p re tre a te d  con
t r o l s .  In  f a c t ,  p re trea tm en t w ith even h igher doses of 
amphetamine reduced the  e lectrochem ica l response even more. 
Although voltam m etric scans confirmed previous evidence 
(Ewing, A.G. e t a l . ,  B rain Res. , 249:361, 1982) th a t  the 
amphetamine-induced r i s e  in  ox id a tio n  cu rren t resembled th a t  
obtained fo r asco rb ic  acid  (AA), in t r a n ig r a l  in je c tio n  of 6- 
hydroxydopamine, which dep le ted  n e o s t r ia ta l  DA by more than 
98%, s ig n if ic a n t ly  reduced the  e lectrochem ica l s ig n a l in  a l l  
groups. Thus, to le ran ce  to the  amphetamine-induced r i s e  in  
an AA-like substance appears to  be c o n tro lle d , a t  le a s t  in  
p a r t ,  by DA neurons.
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252.3  SUBSTANTIA NIGRA PARS RETICULATA NEURONS: ENHANCED RESPONSE 
TO AMPHETAMINE FOLLOWING LONG-TERM TREATMENT.  K . K a m a ta  a n d  
G. V. R e b e c .  D e p t .  P s y c h o l o g y ,  I n d i a n a  U n i v e r s i t y ,  
B l o o m i n g t o n ,  IN  4 7 4 0 5 .

T h e  s u b s t a n t i a  n i g r a  p a r s  r e t i c u l a t a  (SNR) i s  p a r t  o f  a  
n e u r o n a l  c i r c u i t  t h a t  i n c l u d e s  t h e  i p s i l a t e r a l  n e o s t r i a t u m  
a n d  d o p a m i n e r g i c  n e u r o n s  i n  t h e  s u b s t a n t i a  n i g r a  p a r s  
c o m p a c ta  ( S N C ) . T h i s  c i r c u i t  h a s  b e e n  i m p l i c a t e d  i n  t h e  
b e h a v i o r a l  r e s p o n s e  t o  a m p h e ta m in e ,  a  w i d e l y  a b u s e d  p s y c h o 
m o to r  s t i m u l a n t .  We h a v e  p r e v i o u s l y  sh o w n  t h a t  w h e r e a s  
a c u t e  a m p h e ta m in e  i n h i b i t s  n e u r o n a l  a c t i v i t y  i n  t h e  SNC, 
l o n g - t e r m  t r e a t m e n t  w i t h  a  r e l a t i v e l y  h i g h  d o s e  ( 5 . 0  m g /k g )  
s i g n i f i c a n t l y  a t t e n u a t e s  t h i s  r e s p o n s e  ( K a m a ta ,  K . a n d  R ebec , 
G .V . , N e u r o p h a r m a c o lo g y , 22: 1 3 7 7 ,  1 9 8 3 ) .  I n  t h e  n e o s t r i a 
tu m ,  h o w e v e r ,  m u l t i p l e  a m p h e ta m in e  i n j e c t i o n s  s h i f t  t h e  
n e u r o n a l  r e s p o n s e  t o  a  p r o l o n g e d  e x c i t a t i o n  ( A l lo w a y , K .D . 
a n d  R e b e c ,  G . V . , B r a i n  R e s . ,  2 7 3 : 7 1 ,  1 9 8 3 ) .  B e c a u s e  t h e  
n e o s t r i a t u m  h a s  b e e n  r e p o r t e d  t o  r e g u l a t e  a c t i v i t y  i n  t h e  
SNR, w e e x t e n d e d  o u r  i n v e s t i g a t i o n  t o  n e u r o n s  i n  t h i s  s i t e .

M a le ,  S p r a g u e - D a w le y  r a t s  (3 0 0  g )  w e r e  p r e t r e a t e d  w i t h  
s a l i n e  o r  5 . 0  m g /k g  d - a m p h e ta m in e  t w i c e  d a i l y  f o r  6 c o n s e c u 
t i v e  d a y s .  On t h e  f o l l o w i n g  d a y ,  t h e  a n i m a l s  w e r e  p r e p a r e d  
f o r  s i n g l e - u n i t  r e c o r d i n g .  I n  a l l  c a s e s ,  s p o n t a n e o u s  
n e u r o n a l  a c t i v i t y  i n  t h e  SNR w a s  f a s t :  2 4 .9 4  (± 2 . 3 4 )
s p i k e s / s e c  i n  s a l i n e  c o n t r o l s  ( n  = 17) a n d  2 9 .0 7  ( ± 2 . 7 4 )  
s p i k e s / s e c  i n  a m p h e t a m i n e - p r e t r e a t e d  a n i m a l s  ( n  = 1 9 ) .  A l l  
t h e s e  n e u r o n s  d i s p l a y e d  i n i t i a l l y  p o s i t i v e  a c t i o n  p o t e n t i a l s  
o f  l e s s  t h a n  2 . 0  m se c  d u r a t i o n .

I n  b o t h  g r o u p s ,  i n t r a v e n o u s  c h a l l e n g e  i n j e c t i o n s  o f  
d - a m p h e ta m in e  ( f r o m  0 . 2 5  t o  2 . 0  m g /k g )  t y p i c a l l y  a c c e l e r a t e d  
SNR a c t i v i t y .  I n  s a l i n e  c o n t r o l s ,  t h e  i n c r e a s e  w a s  r e l a 
t i v e l y  s m a l l ,  n e v e r  e x c e e d i n g  25% o f  t h e  b a s e l i n e  r a t e .  
F o l l o w i n g  a m p h e ta m in e  p r e t r e a t m e n t ,  h o w e v e r ,  t h e  i n c r e a s e  i n  
f i r i n g  r a t e  w a s  s i g n i f i c a n t l y  e n h a n c e d .  I n  f a c t ,  a  c h a l 
l e n g e  d o s e  o f  2 . 0  m g /k g  i n  t h i s  g r o u p  r o u t i n e l y  d o u b l e d  t h e  
a c t i v i t y  o f  SNR n e u r o n s .  I n t e r e s t i n g l y ,  a  s m a l l  n u m b e r  o f  
c e l l s  i n  b o t h  g r o u p s  o f  r a t s  ( n  = 5 ) w e r e  d e p r e s s e d  b y  a n  
a m p h e ta m in e  c h a l l e n g e  b u t  i n  t h e  a n i m a l s  p r e t r e a t e d  w i t h  
t h i s  d r u g  t h e  d e p r e s s i o n  o f  a c t i v i t y  w a s  a l s o  g r e a t e r  t h a n  
i n  s a l i n e  c o n t r o l s .  T h u s ,  l o n g - t e r m  a m p h e ta m in e  a d m i n i s t r a 
t i o n  p o t e n t i a t e d  t h e  r e s p o n s e  o f  SNR n e u r o n s  t o  s u b s e q u e n t  
c h a l l e n g e  i n j e c t i o n s  o f  t h i s  d r u g .  T h e s e  r e s u l t s ,  w h ic h  
p a r a l l e l  t h o s e  o b t a i n e d  i n  t h e  n e o s t r i a t u m ,  s u g g e s t  t h a t  t h e  
SNR i s  a n  i n t e g r a l  c o m p o n e n t  o f  t h e  n i g r o - n e o s t r i a t o - n i g r a l  
l o o p  t h a t  m ay m e d i a t e ,  i n  p a r t ,  t h e  b e h a v i o r a l  a l t e r a t i o n s  
p r o d u c e d  b y  m u l t i p l e  a m p h e ta m in e  i n j e c t i o n s .
S u p p o r t e d  b y  USPHS G r a n t  D A -0 2 4 5 1  (G V R ).

2 5 2 .4   POSSIBLE S IT E S  OF ACTION OF TRH AS A MODULATOR OF MOTOR 
CONTROL PATHWAYS. R . J .  A n d e r s o n ,  G. W. C a m p b e l l*  a n d  
D. K. B o y d *  (S p o n :  J .  W. A l d r i d g e ) ,   W a r n e r - L a m b e r t / P a r k e -  
D a v is  P h a r m a c e u t i c a l  R e s e a r c h ,  Ann A r b o r ,  MI 4 8 1 0 5 .

T h y r o t r o p i n  R e l e a s i n g  H o rm one (TRH) h a s  b e e n  sh o w n  
t o  h a v e  a  b e n e f i c i a l  e f f e c t  i n  c a s e s  o f  a m y o t r o p h i c  l a t e r a l  
s c l e r o s i s ,  (E n g e l  e t  a l ,  L a n c e t ,  2: 7 3 ,  1 9 8 3 )  a  m o to r  
n e u r o n  d i s e a s e  a n d  i n  som e c a s e s  o f  s p i n a l  c o r d  t r a u m a  
( F a d e n  e t  a l  NEJM, 3 0 5 : 1 0 6 3 ,  1 9 8 1 ) .  A l th o u g h  t h e  m e c h a n is m  
o f  t h i s  a c t i o n  i s  u n k n o w n , s t u d i e s  h a v e  sh o w n  t h a t  TRH 
m o d i f i e s  s p i n a l  a n d  p e r h a p s  s u p r a s p i n a l  p a th w a y s  a s s o c i a t e d  
w i t h  m o to r  c o n t r o l  (O no e t  a l , 2 1 :  7 3 9 ,  1 9 8 2 ) .  T h e  p u r p o s e  
o f  t h i s  s t u d y  w as t o  d e t e r m i n e  w h e th e r  TRH w o u ld  m o d i f y  
o r  r e v e r s e  a b n o r m a l i t i e s  i n  m o to r  a c t i v i t y  i n d u c e d  b y  
s e l e c t i v e  d i s r u p t i o n  o f  s e v e r a l  n e u r o t r a n s m i t t e r  p a th w a y s  
know n t o  m e d i a t e  m o to r  c o n t r o l .  To d e t e r m i n e  w h e th e r  
TRH w o u ld  m o d i f y  s p i n a l  i n h i b i t i o n ,  m ic e  w e r e  t r e a t e d  
w i t h  a  s u b c o n v u l s a n t  d o s e  o f  s t r y c h n i n e  ( 0 . 4 2 5  m g /k g )  
w h ic h  i m p a i r s  t h e  r i g h t i n g  r e f l e x ,  i n c r e a s e s  m u s c l e  
a c t i v i t y ,  i n d u c e s  s o m a t o s e n s o r y  r e f l e x - i n d u c e d  s e i z u r e s  
i n  20% o f  t h e  m ic e  b u t  i s  o n l y  f a t a l  i n  5%. P r e t r e a t m e n t  
w i t h  TRH ( l , 10 o r  1 00  m g /k g )  i . v .  i m m e d i a t e l y  p r i o r  t o  
s t r y c h n i n e  a d m i n i s t r a t i o n  d i d  n o t  m o d i f y  t h e  
s t r y c h n i n e - i n d u c e d  d e f i c i t s .  T h e  1 00  m g /k g  d o s e  g i v e n  
a l o n e  p r o d u c e d  p t o s i s  a n d  r e s t i n g  t r e m o r  i n  t h e  a n i m a l s .  
S in c e  b u l b o s p i n a l  p a th w a y s  c o n t a i n i n g  n o r e p i n e p h r i n e  a n d  
s e r o t o n i n  a r e  w e l l  know n a s  m o d u l a t o r s  o f  f u s i m o t o r  a n d  
a l p h a  m o to r  a c t i v i t y  i n  t h e  s p i n a l  c o r d  ( S t e g ,  A c ta  P h y s i o l  
S c a n .  61  S u p p . 2 2 5 ,  1 9 6 4 ) ,  r a t s  w e re  g i v e n  r e s e r p i n e  
(10 m g /k g )  w h ic h  e n h a n c e s  m o n o - a m i n e r g i c a l l y  m e d i a t e d  
m o to r  e f f e c t s  s u c h  a s  t r e m o r  a n d  m u s c l e  t o n e .  H in d l im b 
m u s c l e  t o n e  w as m e a s u r e d  q u a n t i t a t i v e l y  u s i n g  a  f o r c e  
d i s p l a c e m e n t  t r a n s d u c e r .  P r e t r e a t m e n t  w i t h  a  2 m g /k g  
i . v .  b o l u s  o f  TRH f o l l o w e d  b y  i . v .  i n f u s i o n  a t  a  r a t e  
o f  2 m g /k g  p e r  h o u r  p r o t e c t e d  r a t s  a g a i n s t  t h e  e f f e c t s  
o f  s u b s e q u e n t l y  a d m i n i s t e r e d  r e s e r p i n e .  T h e r e  w as no  
s i g n i f i c a n t  c h a n g e  i n  m u s c l e  t o n e  a f t e r  r e s e r p i n e  
a d m i n i s t r a t i o n  i n  5 a n i m a l s  p r e t r e a t e d  w i t h  TRH. T h r e e  
o f  t h e s e  w e re  c o m p l e t e l y  p r o t e c t e d ;  t h e  tw o  o t h e r s  e x h i b i t e d  
p a r t i a l  p r o t e c t i o n .  T h e  i n f u s i o n  o f  TRH a l o n e  h a d  no  
e f f e c t  o n  m u s c l e  t o n e .  T h e s e  r e s u l t s  sh o w  t h a t  TRH 
a n t a g o n i z e d  t h e  m o to r  d e f i c i t s  i n d u c e d  b y  r e s e r p i n e  b u t  
n o t  b y  s t r y c h n i n e .  T h e  d a t a  t h e r e f o r e  s u g g e s t  t h a t  t h e  
c l i n i c a l  e f f i c a c y  o f  TRH m ay b e  d u e  t o  m o d i f i c a t i o n  o f  
d e s c e n d i n g  m o n o - a m i n e r g i c  m o to r  p a th w a y s  r a t h e r  t h a n  
e n h a n c i n g  t h e  l e v e l  o f  s p i n a l  c o r d  i n h i b i t i o n  
p o s t s y n a p t i c a l l y .

252.5  REGIONAL GLUCOSE UTILIZATION AND EEG CHANGES IN THE KETAMINE 
ANESTHETIZED RAT BRAIN.  J . F re n c h  an d  D .V e c c h io * ,  N e u ro lo g y , 
C o r n e l l  U n i v e r s i t y  M e d ic a l C o l l e g e ,  New Y o rk , N .Y . 10021

The a n e s t h e t i c  p r o p e r t i e s  o f  k e ta m in e  HCL h a v e  b ee n  
d e s c r i b e d  a s  d i s s o c i a t i v e  b e c a u s e  p a r t s  o f  t h e  b r a i n  a p p e a r  
t o  b e  e l e c t r i c a l l y  i n h i b i t e d  by t h e  d ru g  w h i le  o t h e r  
s t r u c t u r e s  a p p e a r  t o  be a c t i v a t e d .  S e v e r a l  s t u d i e s  h a v e  
r e c e n t l y  c h a l le n g e d  t h i s  c o n c e p t  an d  s u g g e s t  i n s t e a d  t h a t  
k e ta m in e  a n e s t h e s i a  i s  t h e  r e s u l t  o f  e p i l e p t i f o r m  a c t i v i t y  
i n  t h e  h ip p o c a m p u s  an d  a m y g d a la . The p r e s e n t  s tu d y  u s e d  th e  
1 4 C -2 -d e o x y g lu c o s e  (2-D G ) m e th o d  o f  a s s e s s i n g  r e g i o n a l  
c e r e b r a l  g lu c o s e  m e ta b o l is m  d u r in g  k e ta m in e  a n e s t h e s i a  t o  
i n d i c a t e  w h ic h  a r e a s  o f  b r a i n  a r e  a c t i v a t e d  an d  w h ich  a r e  
s u p p r e s s e d .  EEG c o r r e l a t e s  fro m  t h e s e  s i t e s  w ere  th e n  
d e te r m in e d  i n  a  s e c o n d  g ro u p  o f  a n i m a l s .

A d u lt  m a le  r a t s  r e c e iv e d  t a i l  v e in  an d  c a r o t i d  a r t e r y  
c a n n u la s  u n d e r  e t h e r  a n e s t h e s i a .  F o llo w in g  3 h r s  o f  r e c o v e r y  
f ro m  a n e s t h e s i a ,  w i th  t h e  r a t s  n o r m o te n s iv e ,  n o rm o th e rm ic  an d  
p a r t i a l l y  r e s t r a i n e d ,  k e ta m in e  (4 0  m g /k g ) w as i n j e c t e d  i n t r a 
m u s c u l a r ly .  F o llo w in g  45 m in u te s  o f  a n e s t h e s i a ,  0 .2  mCi o f  
[1 -1 4 C ] 2-DG w as i n j e c t e d  i n t r a - a r t e r i a l l y .  V enous b lo o d  was 
sa m p le d  a t  i n t e r v a l s  f o r  2-DG s p e c i f i c  a c t i v i t y .  A f t e r  45 
m i n u te s ,  t h e  r a t s  w e re  d e c a p i t a t e d ,  t h e  b r a i n s  w ere  rem o v ed , 
f r o z e n  an d  s e c t i o n e d  a t  20 um f o r  a u t o r a d io g r a p h y  w i th  
c a l i b r a t e d  14C s t a n d a r d s  ( S o k o lo f f  e t  a l ,  1 9 7 7 ) .

L o c a l  c e r e b r a l  g lu c o s e  u t i l i z a t i o n  ( u m o l /100g /m in )  was 
s i g n i f i c a n t l y  i n c r e a s e d  an d  d e c re a s e d  i n  s p e c i f i c  n e u ro a n a 
to m ic a l  a r e a s  ( p < . 0 5 )  i n  r a t s  g iv e n  k e ta m in e  (n = 5 )  o v e r  
c o n t r o l  r a t s  (n = 6 ) . I n c r e a s e s  i n  g lu c o s e  m e ta b o l is m  w ere  
fo u n d  i n  t h e  b a s o l a t e r a l  a m y g d a la  (148% o f  c o n t r o l ) ,  t h e  
p a ra m e d ia n  z o n e  o f  t h e  p a r i e t a l  c o r t e x  (1 3 5 % ), an d  th e  CA4 
r e g i o n  o f  t h e  d o r s a l  (134% ) an d  v e n t r a l  (126% ) h ip p o c a m p u s . 
A re a s  i n  w h ic h  a  d e c r e a s e  i n  g lu c o s e  m e ta b o l is m  w as fo u n d  
in c lu d e d  t h e  i n f e r i o r  c o l l i c u l u s  (50% o f  c o n t r o l ) ,  t h e  m e d ia l  
g e n i c u l a t e  (5 7 % ), t h e  d o r s a l  (58% ) an d  v e n t r a l  (63% ) f r o n t a l  
c o r t e x ,  t h e  c e r e b e l l a r  w h i te  m a t t e r  (71% ) an d  t h e  s u p e r i o r  
o l i v a r y  n u c l e u s  (7 3 % ). EEG d a t a  show ed a  s h i f t  t o  h ig h e r  
f r e q u e n c i e s  i n  m e t a b o l i c a l l y  a c t i v e  a r e a s  an d  a  s h i f t  t o  
lo w e r  f r e q u e n c i e s  i n  i n a c t i v e  a r e a s .

The d a t a  s u p p o r t  t h e  c o n t e n t i o n  t h a t  k e ta m in e  h a s  a  
d i s s o c i a t i v e  a c t i v i t y .  I n h i b i t i o n  o f  b r a i n  g lu c o s e  m e ta b o lis m  
an d  EEG i n  a r e a s  a s s o c i a t e d  w i th  s e n s o r y  s y s te m s  ( m e d ia l  
g e n i c u l a t e ,  i n f e r i o r  c o l l i c u l u s )  may e x p l a i n ,  i n  p a r t ,  t h e  
a n e s t h e t i c  a c t i o n  o f  k e t a m in e .  The a c t i v a t i o n  o f  h ip p o c a m p a l 
a n d  a m y g d a la r  a r e a s  may d i s r u p t  n o rm a l p r o c e s s in g  o f  s e n s o r y  
in f o r m a t i o n  an d  may b e  r e l a t e d  t o  t h e  c a t e l e p t o i d  phenom enon 
a s s o c i a t e d  w i th  k e ta m in e .

2 5 2 .6   EFFECTS OF CHRONIC ADMINISTRATION OF FLUPHENAZINE ON BRAIN 
CYTOCHROME OXIDASE AND BEHAVIOR IN M ICE.  L . M. A a n o n s e n * ,  R . 
P .  E ld e  a n d  G . L . W i l c o x .  D e p t s .  o f  P h a r m a c o lo g y  a n d  A n a to m y , 
U n iv .  o f  M i n n e s o t a ,  M i n n e a p o l i s ,  MN 5 5 4 5 5

T he c h r o n i c  b e h a v i o r a l  e f f e c t s  o f  f l u p h e n a z i n e  h a v e  b e e n  
s t u d i e d  i n  r a t s  ( W a d d in g to n ,  J .  D . ,  e t  a l . S c i . ,  2 2 0 : 5 3 0 ,  
1 9 8 3 ) .  T h e s e  s t u d i e s ,  h o w e v e r ,  h a v e  n o t  d i r e c t l y  a d d r e s s e d  
t h e  l o c a t i o n  o f  a r e a s  o f  t h e  b r a i n  t h a t  may b e  t a r g e t s  f o r  
t h e  a c t i o n  o f  f l u p h e n a z i n e .  T h i s  s t u d y  a t t e m p t s  t o  i d e n t i f y  
a f f e c t e d  a r e a s  i n  m o u se  b r a i n  u s i n g  a h i s t o c h e m i c a l  p r o c e d u r e  
f o r  t h e  d e t e r m i n a t i o n  o f  c y to c h r o m e  o x i d a s e  a c t i v i t y  (W ong- 
R i l e y ,  M ., B r a in  R e s e a r c h ,  1 7 1 : 1 1 ,  1 9 7 9 ) .

M ale  S w i s s - W e b s t e r  m ic e  w e re  i n j e c t e d  ( i . m . )  w i t h  
f l u p h e n a z i n e  d e c a n o a t e  (2 .5 m g  i n  100  µl s e s a m e  o i l  p e r  m o u s e )  
o r  s e s a m e  o i l  a l o n e  ( c o n t r o l )  o n c e  p e r  w eek  f o r  a  p e r i o d  o f  
tw o  m o n t h s .  A t 1 ,  2 ,  4 ,  a n d  8 w e e k s  e a c h  m o u se  w as o b s e r v e d  
f o r  5 m in .  i n  an  13 cm d i a m e t e r ,  g l a s s  c y l i n d e r  a n d  v a r i o u s  
b e h a v i o r s  w e re  n o t e d .  A f t e r  e a c h  p e r i o d  o f  o b s e r v a t i o n ,  a 
ra n d o m  s a m p le  f ro m  e a c h  g r o u p  w as s e l e c t e d  f o r  t h e  
d e t e r m i n a t i o n  o f  c y to c h r o m e  o x i d a s e  a c t i v i t y  i n  t h e  b r a i n .  
B r i e f l y ,  e a c h  m o u se  w as a n e s t h e s i z e d  w i t h  3 5 0 m g /k g  c h l o r a l  
h y d r a t e  a n d  p e r f u s e d  t h r o u g h  t h e  l e f t  v e n t r i c l e  o f  t h e  h e a r t  
w i t h  a  low  pH p h o s p h a t e  b u f f e r e d  p a r a f o r m a l d e h y d e  s o l u t i o n  
f o l l o w e d  by  a h ig h  pH b o r a t e  b u f f e r e d  p a r a f o r m a l d e h y d e  
s o l u t i o n .  T he b r a i n s  w e re  s t o r e d  i n  a s u c r o s e  s o l u t i o n  u n t i l  
s e c t i o n i n g .  B r a i n s  w e re  s e c t i o n e d  on a  f r e e z i n g  m ic r o to m e  
(5 0  µ s e c t i o n s )  f o l l o w e d  by  i n c u b a t i o n  a t  37°C  f o r  1 .5  h i n  
t h e  c y to c h r o m e  o x i d a s e  m e d i a .  T he s l i c e s  w e re  t h e n  m o u n te d  
a n d  p r o c e s s e d  f o l l o w i n g  s t a n d a r d  p r o c e d u r e s .

C h a n g e s  i n  c y to c h r o m e  o x i d a s e  a c t i v i t y  w e re  q u a n t i t a t e d  in  
u n i t s  o f  r e l a t i v e  o p a c i t y  u s i n g  an  a u t o m a t i c  e x p o s u r e  c o n t r o l  
u n i t  (m o d e l PMCBAD) on an  O ly m p u s (m o d e l BH2) m i c r o s c o p e .  
R e l a t i v e  o p a c i t y  i s  e x p r e s s e d  a s  a r a t i o  b e tw e e n  t h e  
re c o m m e n d e d  e x p o s u r e s  a t  d i f f e r e n t  m a g n i f i c a t i o n s .  R e s u l t s :

BEHAVIOR CONTROL FLUPHENAZINE SIG N IF
p e r i o r a l  m ov em en t 0/8 4 / 5 a
b o d y  t w i t c h e s 0/8 3 / 5 a

RELATIVE OPACITY
n e o c o r t e x 7 .1 1 + .2 9 ( 6 ) 7 . 5 7 + .3 3 ( 5 )
s u s t a n t i a  n i g r a 7 .1 9 + .3 5 ( 6 ) 9 .4 9 + .4 1 ( 4 ) b
n u c l e u s  a c c u m b e n s 6 .7 6 + .2 1 ( 6 ) 8 . 0 3 + . 0 4 ( 5 ) b

a -  p < 0 .0 5  u s i n g  C h i - s q u a r e ;  b -  p < 0 .0 5  u s i n g  2 - t a i l e d  t - t e s t  
T h e s e  r e s u l t s  i n d i c a t e  t h e  u t i l i t y  o f  c h r o n i c  m e t a b o l i c  

m a p p in g  f o r  l o c a l i z a t i o n  o f  t h e  s i t e s  o f  a c t i o n  o f  c h r o n i c a l 
l y  a d m i n i s t e r e d  d r u g s .  T he m e t a b o l i c  a c t i v i t y  o f  tw o  l o c i  
t h o u g h t  t o  b e  i n v o l v e d  i n  f l u p h e n a z i n e  a c t i o n  may b e  a l t e r e d  
by  c h r o n i c  f l u p h e n a z i n e  t r e a t m e n t .
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2 5 2 . 7   D ISTIN CT PATTERNS OF CNS METABOLIC ACTIVITY ARE ASSOCIATED 
WITH THREE BEHAVIORS PRODUCED BY APOMORPHINE.  A . B r a u n * , 
P .M .C a r v e y * , L .C .  K a o * , a n d  H .L . K la w a n s *  (SPON: B. D ia m o n d ),  
D e p t s .  o f  P h a r m a c o lo g y  a n d  N e u r o l o g i c a l  S c i e n c e s ,  R u s h -  
P r e s b y t e r i a n - S t .  L u k e 's  M e d ic a l  C e n t e r ,  C h i c a g o ,  IL 6 0 6 12

T h e  s . c .  i n j e c t i o n  o f  v a r y i n g  d o s e s  o f  a p o m o r p h in e  (APO) 
i n t o  t h e  r a t  p r o d u c e s  a  p r o g r e s s i o n  o f  b e h a v i o r a l  r e s p o n s i v e 
n e s s  r a n g i n g  f ro m  c a t a l e p s y  t o  s t e r e o t y p y .  T h e  p a r a d o x i c a l  
e x p r e s s i o n  o f  n e u r o l e p t o i d  b e h a v i o r  (NB) i n d u c e d  b y  0 . 0 3  m g /
kg  APO a s  o p p o s e d  t o  c l a s s i c  l o c o m o to r  a c t i v i t y  (LA) 0 .4 5 m g /
k g ,  o r  s t e r e o t y p i c  b e h a v i o r  (SB ) 1 .2 5  m g /k g  s u g g e s t s  a  d i s 
c o n t i n u i t y  in  t h e  p a t t e r n  o f  CNS a c t i v a t i o n .  T h i s  p o t e n t i a l  
d i s c o n t i n u i t y  w as  e x p l o r e d  u s i n g  t h e  2DG m e th o d .  D o s e s  o f  
APO p r o d u c i n g  SB a p p e a r e d  t o  s e l e c t i v e l y  i n c r e a s e  m e t a b o l i c  
a c t i v i t y  (MA) in  t h e  p o s t e r i o r  ( c i n g u l a t e )  a n d  l a t e r a l  ( s u 
p r a r h i n a l )  d o p a m i n e r g i c  (DA) p r o j e c t i o n  c o r t i c e s  a n d  in  t h e  
d o r s o m e d ia l  t h a l a m i c  n u c l e u s  w i t h  w h ic h  t h e s e  a r e  r e c i p r o 
c a l l y  c o n n e c t e d .  SB d o s e s  a l s o  i n c r e a s e d  a c t i v i t y  in  t h e  
p r i m a r y  m o to r  a n d  s o m a t o - s e n s o r y  (S S ) c o r t i c e s ,  t h e  r e t i 
c u l a r ,  VA, a n d  p a r a f a s c i c u l a r  (P F )  t h a l a m i c  n u c l e i ,  m o s t  r e 
g i o n s  o f  t h e  h y p o t h a l a m u s  (H T ) , a n d  in  t h e  r e d  a n d  d e e p  m e s 
e n c e p h a l i c  n u c l e i .  SB d o s e s  a l s o  s e l e c t i v e l y  i n c r e a s e d  MA 
in  t h e  SNC-VTA-A8 c o m p le x  a n d  w i t h i n  t h e  r o s t r a l  s t r i a t u m  a n d  
i t s  p r o j e c t i o n s :  N. a c c u m b e n s ,  o l f a c t o r y  t u b e r c l e ,  a n t e r i o r  
( d o r s a l )  c a u d a t e - p u t a m e n  ( C P ) ,  a n t e r i o r  GP., a n d  SNR. D o s e s  
p r o d u c i n g  LA h a d  a n  e q u i v a l e n t  e f f e c t  u p o n  t h e  SS c o r t e x ,  VA 
a n d  PF t h a l a m i c  n u c l e i ,  a n d  a p p e a r e d  t o  p r i m a r i l y  s t i m u l a t e  
MA in  t h e  p o s t e r i o r  l i m b i c  ( p y r i f o r m  a n d  e n t o r h i n a l )  c o r t i 
c e s .  LA d o s e s  a l s o  s t i m u l a t e d  MA in  m o s t  f o r e b r a i n  l i m b i c  
n u c l e i  e x c l u s i v e  o f  HT, a s  w e l l  a s  t h e  c a u d a l  s t r i a t u m  a n d  
i t s  p r o j e c t i o n s :  r o s t r a l  ( v e n t r a l )  CP, c a u d a l  CP, c a u d a l  GP, 
s u b t h a l a m i c ,  e n t o p e d u n c u l a r , p e d u n c u l o p o n t i n e  n u c l e i ,  a n d  VL 
a n d  VM o f  t h e  t h a l a m u s .  D o s e s  w h ic h  p r o d u c e d  NB a p p e a r e d  t o  
s e l e c t i v e l y  i n c r e a s e  MA in  t h e  o r b i t a l  a n d  m e d ia l  p r e f r o n t a l  
( a n t e r i o r  DA p r o j e c t i o n )  c o r t i c e s ,  a s  w e l l  a s  t h e  m i d l i n e ,  
a n d  a n t e r i o r - m e d i a l  t h a l a m i c  n u c l e i  r e c i p r o c a l l y  c o n n e c t e d  
w i t h  th e m . T h e  NB d o s e s  m o s t  s i g n i f i c a n t l y  i n c r e a s e d  MA in  
t h e  l a t e r a l  h a b e n u l a ;  t h i s  a l s o  r e p r e s e n t s  t h e  p r i n c i p a l  
a c u t e  a f f e c t  o f  m o s t  t y p i c a l  n e u r o l e p t i c  a g e n t s  u p o n  MA. A l 
t h o u g h  n o  c o n c l u s i o n s  c a n  b e  d ra w n  r e g a r d i n g  w h ic h  m e t a b o l i c  
c h a n g e s  r e p r e s e n t  p r im a r y  e x c i t a t o r y  o r  i n h i b i to r y  p h e n o m e n a , 
t h e s e  d a t a  do  n o t  a p p e a r  t o  r e p r e s e n t  a  c l a s s i c a l  d o s e  r e 
s p o n s e  o f  APO u p o n  CNS m e t a b o l i s m ,  b u t  a p p e a r  t o  i d e n t i f y  
u n i q u e  p a t t e r n s  o f  m e t a b o l i c  a c t i v i t y  a s s o c i a t e d  w i t h  d i s 
t i n c t  b e h a v i o r a l  s t a t e s  i n d u c e d  by  t h i s  a g e n t .

2 5 2 .8  THREE-DIMENSIONAL RECONSTRUCTION OF THE RAT BRAIN FROM  
STEREOTAXIC ATLASES.  K .A .W a g n e r* . A. W. T o g a , N. S . 
K r o p f * ,  C . L e v i n t h a l ,  a n d  L . C . M u r r i n  (S P O N : L .G . 
L e ib r o c k ) .   D e p t. o f  P h a rm a c o lo g y , U n iv . o f  N e b ra s k a  Med. 
C t r . ,  O m aha, NE 6 8 1 0 5 ,  D e p t . o f  N e u r o l o g y ,  W a s h in g to n  
U n iv .  S c h . o f  M ed ., S t .  L o u i s ,  MO 6 3 1 1 0 ,  a n d  D e p t . o f  
B i o l o g i c a l  S c ie n c e s ,  C o lu m b ia  U n iv .,  NY, NY 10027.

As th r e e - d im e n s i o n a l  c o m p u te r  r e c o n s t r u c t i o n  b e c o m e s  
i n c r e a s i n g l y  a v a i l a b l e  t o  th e  n e u r o s c i e n t i f i c  com m unity , 
i t  i s  i m p e r a t iv e  t o  s t a n d a r d i z e  i n f o r m a t i o n  i n t e r c h a n g e .  
S e v e r a l  l a b o r a t o r i e s  h a v e  d e v e lo p e d  d i f f e r e n t  h i e r a r c h i c a l  
d a t a  b a s e  s y s te m s  f o r  s t o r a g e  o f  g r a p h i c  t h r e e - d im e n s i o n a l  
a n a to m i c  d a t a  f ro m  s e r i a l  r e c o n s t r u c t i o n  ( S m i t h  e t  a l ,  
C o n f .  P r o c .  NCGA, 1 9 8 3 ) .

The p u rp o s e  o f  t h i s  s tu d y  was t o  r e c o n s t r u c t  t o  t h r e e -  
d i m e n s i o n s  a n  a c c e p t e d  s t a n d a r d  f o r  n e u r o s c i e n c e ,  t h e  
s t e r e o t a x i c  r a t  b r a i n  a t l a s .  W ith  p e r m is s io n s  fro m  a u t h o r s  
an d  p u b l i s h e r s ,  tw o r a t  b r a i n  a t l a s e s  w ere  r e c o n s t r u c t e d ,  
"T h e  R a t  B r a i n  i n  S t e r e o t a x i c  C o o r d i n a t e s " ,  P a x in o s  a n d  
W atso n , A cadem ic P r e s s ,  A u s t r a l i a ,  1982, an d  "A S t e r e o t a x 
i c  A t l a s  o f  t h e  R a t  B r a i n "  P e l l e g r i n o ,  e t  a l . ,  P le n u m  
P r e s s ,  New Y ork , 1979.

A t l a s  d i g i t i z i n g  w as p e r f o r m e d  a t  t h e  L a b o r a t o r y  o f  
N euro  I m a g in g  , W ash . U. S c h .  o f  M ed. D a ta  c a p t u r e  w as 
a u t o m a t e d  by  t h e  u s e  o f  a  s c a n n i n g  d i g i t i z e r .  T e s t s  i n  
o u r  r e s p e c t i v e  l a b o r a t o r i e s  h a v e  sh o w n  t h a t  i t  i s  n o t  
p r a c t i c a l  ( t im e w is e )  n o r  d e s i r a b l e  fro m  th e  s t a n d p o i n t  o f  
r e p e a t a b i l i t y  an d  a c c u r a c y  t o  m a n u a l l y  i n p u t  v o lu m in o u s  
a m o u n ts  o f  g r a p h i c  d a t a .  R a s t e r  t o  v e c t o r  c o n v e r s i o n  a s  
w e l l  a s  t h e  r e c o n s t r u c t i o n s  w e re  c a r r i e d  o u t  u s i n g  a  
m o d i f i e d  v e r s i o n  o f  t h e  C o lu m b ia  CARTOS s y s t e m  (M a c a g n o  
e t  a l ,  ( 1 9 7 9 ) ,  A nn. R e v . B io p h y s .  B io e n g .  8 : 3 2 3 - 3 5 1 ) .

The im p o r ta n c e  o f  a  t h r e e - d im e n s i o n a l  s t e r e o t a x i c  a t l a s  
i s  th e  o n - l i n e  a v a i l a b i l i t y  o f  n e u ro a n a to m ic  b o u n d a r i e s  a s  
an  e s t a b l i s h e d  r e f e r e n c e  i n  t h r e e - s p a c e  f o r  r e c o n s t r u c t i o n  
e x p e r im e n t s .  T h e se  p r e d e f i n e d  b o u n d a r ie s  ( o f  n u c l e i ,  e t c . )  
w i l l  p r o v i d e ,  t h r o u g h  s u p e r i m p o s i t i o n , a  r a p i d  a n d  
r e p e a t a b l e  m e an s  o f  o r i e n t a t i o n  a n d  n e u r o a n a t o m i c a 1 
s t r u c t u r e  i d e n t i f i c a t i o n  t h r o u g h o u t  t h e  e n t i r e  b r a i n .  
A p p l i c a t i o n s  i n c l u d e  t h r e e - d i m e n s i o n a l  m a p p in g  o f  mu 
o p i a t e  r e c e p t o r s  i n  r a t  s t r i a t u m  f ro m  s e r i a l  s e c t i o n  
a u t o r a d io g r a p h i c  d a t a .
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253.1  IDENTIFICATION OF ELECTRORECEPTORS IN LAMPREYS  
M ark R onan an d  D av id  B o d z n ic k .  D e p a r tm e n t o f  B io lo g y  
W e sley an  U n i v e r s i t y ,  M id d le to w n , CT. 06457

R e c e n t a n a to m ic a l  and  p h y s i o l o g i c a l  e v id e n c e  s u g g e s t s  t h e  
e l e c t r o s e n s o r y  s y s te m  o f  la m p re y s  i s  hom ologous w i th  th o s e  
o f  e l a s m o b r a n c h s , p r i m i t i v e  bony f i s h e s ,  an d  some u r o d e l e s .  
Y e t ,  s t r u c t u r e s  s i m i l a r  to  th e  a m p u lla ry  e l e c t r o r e c e p t o r s  o f  
t h e s e  g n a th o s tom es a r e  n o t  fo u n d  i n  la m p re y s . E x p e r im e n ta l  
r e s u l t s  now i n d i c a t e  t h a t  th e  e l e c t r o r e c e p t o r s  o f  a d u l t  lam 
p re y s  a r e  th e  l o n g - r e c o g n iz e d  e p id e rm a l end  b u d s . End b uds 
a r e  c o m p ris e d  o f  s e n s o r y  and s u p p o r t in g  c e l l s  a n d , i n  c r e s y l  
v i o l e t - s t a i n e d  s k in  s e c t i o n s  fro m  a d u l t  s i l v e r  ( Ic th y o m y zo n  
u n i c u s p l s ) and  s e a  la m p re y s  ( P e tro m y z o n  m a r in u s ) , a p p e a r  
r o u g h ly  c o n i c a l  w i th  th e  b a s e  ( a p p r o x im a te ly  50 m ic ro n s  
a c r o s s )  a t  th e  e p id e rm a l  s u r f a c e  and th e  ap ex  e x te n d in g  to  
t h e  d e r m is .  Not n o r m a l ly  v i s i b l e  i n  l i v i n g  t i s s u e ,  end  b u d s  
c a n  be s t a i n e d  by im m e rs in g  a d u l t  a n im a ls  i n  5% m e th y le n e  
b l u e .  End b uds a r e  l o c a t e d  o v e r  th e  e n t i r e  b o d y , a p p e a r  m ore 
d e n s e ly  d i s t r i b u t e d  on th e  h ea d  th a n  on th e  t r u n k  o r  t a i l ,  
an d  a r e  o f t e n  o r g a n iz e d  i n t o  s h o r t  l i n e s  o r  s m a l l  c l u s t e r s .

I n  t h r e e  a d u l t  s i l v e r  la m p re y s , 18-27cm  t o t a l  l e n g t h ,  HRP 
(S ig m a V I) p a s t e  on  th e  s h a rp e n e d  t i p  o f  a  f i n e  m e ta l  w ir e  
was i n t r o d u c e d  i n t o  3 0 -4 0  m e th y le n e  b l u e - s t a i n e d  end buds on 
o n e  s i d e  o f  t h e  h ead  an d  i n t o  a n  e q u a l  num ber of. s p o t s  i n  
s k i n  b e tw e e n  end  b u d s on th e  o t h e r .  A f t e r  e i g h t  to  t e n  d ay s  
s u r v i v a l  a t  9 - 1 1°C , a n im a ls  w ere  p r o c e s s e d  w i th  s t a n d a r d  HRP 
p r o c e d u r e s  u s in g  a  m o d if ie d  H a n k e r -Y a te s  p r o t o c o l .  I n  each  
c a s e ,  l a b e l e d  f i b e r s  t e r m i n a t i n g  i n  th e  d o r s a l  n u c l e u s  (D N), 
t h e  m e d u l la ry  e l e c t r o s e n s o r y  n u c l e u s ,  a s  w e l l  a s  l a b e l e d  
c e l l s  i n  t h e  a n t e r i o r  l a t e r a l  l i n e  n e r v e  (ALLN) g a n g l io n  
w e re  p r e s e n t  on th e  end  b u d - in j e c t e d  s id e  and now here e l s e .

I n  a d d i t i o n ,  u n i -  o r  b i l a t e r a l  HRP in o c u l a t i o n s  o f  DN w ere  
made i n  s i x  a d u l t  s i l v e r  la m p re y s .  A n im a ls  s u r v iv e d  te n  to  
21 d a y s  a t  9 - 1 1°C . I n o c u l a t i o n s  i n c lu d e d  m ost o r  a l l  o f  DN 
w i th  v a r i a b l e  s p r e a d  i n t o  u n d e r ly in g  s t r u c t u r e s .  I n  fo u r  
c a s e s ,  in c lu d in g  o ne i n o c u l a t i o n  l a r g e l y  c o n f in e d  to  DN, 
t r a n s g a n g l i o n i c  HRP t r a n s p o r t  l a b e l e d  a f f e r e n t s  t e r m in a t in g  
on  some i p s i l a t e r a l  en d  b u d s . F i n a l l y ,  end  buds w ere lo c a t e d  
h i s t o l o g i c a l l y  i n  s i l v e r  and s e a  la m p re y  s k in  sam p les  p h y s 
i o l o g i c a l l y  shown to  c o n t a in  r e c e p t i v e  f i e l d s  o f  p r im a ry  
e l e c t r o r e c e p t i v e  f i b e r s  i n  th e  r e c u r r e n t  c o l l a t e r a l  ALLN.

End b u d s  w ere  i n t i a l l y  c h a r a c t e r i z e d  a s  c h e m o re c e p to r s  
w i th  a p i c a l  m i c r o v i l l i  on th e  s e n s o r y  c e l l s  ( J o h n s t o n ,  '0 2 ;  
F a h r e n h o lz ,  ' 3 6 ) ;  p r e s e n t  r e s u l t s  c o n f i r m  a  l a t e r  i n t e r p r e 
t a t i o n  o f  end b uds a s  l a t e r a l i s  end o rg a n s  (W h ite a r  and  Lane , 
' 8 1 ) an d  i d e n t i f y  them  a s  p e t ro m y z o n t id  e l e c t r o r e c e p t o r s .

S u p p o r te d  by NIH f e l l o w s h i p  to  MR and  NIH g r a n t  to  DB.

253.2   CEREBELLAR AFFERENTS IN THE LITTLE SKATE (BATOIDEA).  R. G. 
N o r th c u t t  and  W. J .  B ru n k e n * .  D iv i s io n  o f  B io l o g ic a l  
S c i e n c e s ,  U n iv e r s i t y  o f  M ic h ig a n , Ann A rb o r ,  MI 48109  and 
D e p a rtm e n t o f  P h y s io lo g y  and  B io p h y s ic s ,  W a sh in g to n  
U n i v e r s i t y ,  S t .  L o u i s ,  MO 6 3 1 1 0 .

The l o c a t i o n  o f  n e u ro n s  t h a t  g iv e  r i s e  t o  a f f e r e n t  p a t h 
ways to  th e  c o rp u s  o f  th e  c e re b e l lu m  o f  th e  l i t t l e  s k a t e  
( R a ja  e r i n a c e a ) w ere d e te rm in e d  by u n i l a t e r a l  p r e s s u r e  i n 
j e c t i o n  o r  i n n o c u la t i o n  o f  th e  a n t e r i o r  (5  c a s e s )  o r  p o s t e r 
i o r  (4  c a s e s )  lo b e  o f  th e  c o rp u s  w ith  HRP (S igm a V I ) .  F o l
lo w in g  s u r v iv a l  t im e s  o f  6 -1 4  d ay s  a t  1 1 -1 4 ° C , t h e  a n im a ls  
w ere  r e a n e s t h e t i z e d  and  p e r f u s e d  t r a n s c a r d i a l l y  w i th  c o ld  
p h o s p h a te  b u f f e r .  B ra in s  w ere rem oved and  some em bedded in  
25% g e l a t i n  p r i o r  to  t r a n s v e r s e  s e c t i o n i n g  (3 0 - 4 0 µ ) .  S e c 
t i o n s  w ere r e a c t e d  w ith  o - d i a n i s i d i n e ,  t e t r a m e th y l  b e n z id in e  
o r  H a n k e r-Y a te s  r e a g e n t  to  v i s u a l i z e  r e t r o g r a d e l y  l a b e l e d  
c e l l  b o d ie s  and  f i b e r s  and  w ere  s u b s e q u e n t ly  c o u n t e r s t a i n e d  
w ith  1% n e u t r a l  re d  o r  m e th y l g r e e n .

U n i l a t e r a l  c e r e b e l l a r  i n j e c t i o n s  r e t r o g r a d e l y  l a b e l e d  
c e l l s  i p s i l a t e r a l l y  th r o u g h o u t  th e  s u p e r f i c i a l  and  c e n t r a l  
p r e t e c t a l  n u c l e i .  The p a th w ay  from  th e  s u p e r f i c i a l  p r e t e c 
t a l  n u c le u s  i s  th e  m o st e x t e n s iv e  c e r e b e l l a r  p r o j e c t i o n  a r i s 

in g  in  th e  f o r e b r a i n  and  in c lu d e s  a sm a ll c r o s s e d  c o m p o n e n t 
A t m id b ra in  l e v e l s ,  r e t r o g r a d e l y  l a b e l e d  c e l l s  w ere  s e e n  i p 
s i l a t e r a l l y  in  t h e  d o r s a l  and  v e n t r a l  a c c e s s o r y  o p t i c  n u c l e i  
and  b i l a t e r a l l y  in  two m id b ra in  te g m e n ta l  n u c l e i .  The f i r s t  
o f  t h e s e  c o n s i s t s  o f  l a r g e  c e l l s  s c a t t e r e d  th r o u g h o u t  th e  
c e n t r a l  p o r t i o n  o f  th e  teg m en tu m , e x t e n d in g  from  th e  v i c i n 
i t y  o f  t h e  r u b e r  n u c le u s  d o r s a l l y  t o  in c lu d e  some n e u ro n s  in  
th e  p e r i v e n t r i c u l a r  g r a y ;  t h e  se c o n d  i s  a m ore l a t e r a l  t e g 
m e n ta l n u c le u s  w hose c e l l s  a r e  em bedded in  th e  a n t e r i o r  
c e r e b e l l a r  p e d u n c le .  T h is  n u c le u s  i s  a p p a r e n t l y  t h a t  p r e v 
io u s l y  i d e n t i f i e d  a s  n u c le u s  H (S m ee ts  e t  al . , 1 9 8 3 ) . A t 
m ore c a u d a l l e v e l s ,  r e t r o g r a d e l y  la b e l e d  c e l l s  w ere  s e e n  
c o n t r a l a t e r a l l y  in  th e  i n f e r i o r  o l i v e ,  th e  d e s c e n d in g  o c t a v 
a l  n u c l e u s ,  and  th e  v e n t r a l  h o rn  o f  t h e  s p in a l  c o r d .  C e l l s  
w ere l a b e l e d  b i l a t e r a l l y  in  n u c le u s  F o f  S m ee ts  e t  al . , th e  
n u c l e i  o f  th e  d e s c e n d in g  t r i g e m i n a l  t r a c t s  and  th e  l a t e r a l  
r e t i c u l a r  n u c l e i .  T h e se  r e s u l t s  i n d i c a t e  t h a t  th e  c e r e b e l 
l a r  c o rp u s  in  s k a t e s  r e c e iv e s  e x t e n s iv e  v i s u a l  in p u t s  d i r e c 
t l y  from  p r e t e c t a l  n u c l e i  and p r o b a b ly  i n d i r e c t l y  from  th e  
o p t i c  te c tu m . The s i n g l e  l a r g e s t  s o u r c e  o f  a f f e r e n t s  t o  t h e  
c e re b e l lu m  o c c u r s  v ia  th e  m id b ra in  tegm entum  w hose own a f 
f e r e n t s  a r e  p r e s e n t l y  unknow n. In  a d d i t i o n ,  th e  c o rp u s  r e 
c e iv e s  s p i n a l ,  t r i g e m i n a l ,  and  o c t a v a l  in p u t s  a s  in  o t h e r  
v e r t e b r a t e s .   (S u p p o r te d  in  p a r t  by NIH g r a n t s  EY02485, 
EY03570, and  N S 11006 .)
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253.3  AFFERENT AND EFFERENT CONNECTIONS OF THE CEREBELLAR AURICLE 
IN  THE LITTLE SKATE,  R a j a  e r i n a c e a .  A nne W. S c h m id t*  a n d  
D a v id  B o d z n i c k ,  D e p a r tm e n t  o f  B i o l o g y ,  W e s le y a n  U n i v e r s i t y ,  
M id d l e to w n ,  C T . 0 6 4 5 7 .

T h e  a u r i c l e  o f  t h e  s k a t e  c e r e b e l l u m  i s  c o m p r i s e d  o f  
g r a n u l e  p o p u l a t i o n s  a s s o c i a t e d  w i t h  t h e  m e d u l l a r y  l a t e r a l  
l i n e  l o b e s .  T he g r a n u l e  c e l l s  i n  t h e  m o s t  r o s t r a l  p o r t i o n  
o f  t h e  a u r i c l e ,  l a t e r a l  g r a n u l e  m a s s  (LG ),  g i v e  r i s e  t o  t h e  
p a r a l l e l  f i b e r s  o f  t h e  c e r e b e l l a r  c r e s t  a d j a c e n t  t o  t h e  
m e d i a l  ( m e c h a n o s e n s o r y )  l a t e r a l i s  n u c l e u s .  T h e  r e m a i n i n g  
c a u d a l  p a r t  o f  t h e  a u r i c l e ,  d o r s a l  g r a n u l a r  r i d g e  (OCR), 
p r o v i d e s  t h e  a x o n s  o f  t h e  c e r e b e l l a r  c r e s t  a d j a c e n t  t o  t h e  
d o r s a l  ( e l e c t r o s e n s o r y )  n u c l e u s  ( B o o r d , 1 9 7 7 ) .  T he 
p r o j e c t i o n  n e u r o n s  o r  P u r k i n j e - l i k e  c e l l s  o f  t h e  d o r s a l  a n d  
m e d i a l  n u c l e i  h a v e  s p i n y  d e n d r i t e s  r a m i f y i n g  w i t h i n  t h e  
a d j a c e n t  c e r e b e l l a r  c r e s t .  T h i s  s u g g e s t s  LG a n d  DGR m ay 
p l a y  a n  i m p o r t a n t  r o l e  i n  m e d u l l a r y  p r o c e s s i n g  o f  l a t e r a l  
l i n e  i n f o r m a t i o n .  U s in g  HRP a n d  c o b a l t o u s - l y s i n e  t r a n s p o r t  
we h a v e  d e t e r m i n e d  t h e  a f f e r e n t  a n d  e f f e r e n t  c o n n e c t i o n s  o f  
LG a n d  DGR.

A n t e r o g r a d e  t r a n s p o r t  o f  HRP a n d  c o b a l t o u s - l y s i n e  
d e m o n s t r a t e d  t h a t  LG a n d  DGR e f f e r e n t s  p r o j e c t  a s  m o ss y  
f i b e r s  t o  t h e  c e r e b e l l a r  c o r p u s  b i l a t e r a l l y ,  a n d  c o n f i r m e d  
t h e  e f f e r e n t  p r o j e c t i o n s  o f  LG a n d  DGR t o  t h e  i p s i l a t e r a l  
c e r e b e l l a r  c r e s t  a d j a c e n t  t o  t h e  m e d i a l  a n d  d o r s a l  n u c l e i .  
F u r t h e r m o r e ,  s m a l l  w e l l - l o c a l i z e d  i n j e c t i o n s  o f  
c o b a l t o u s - l y s i n e  r e v e a l e d  a  r e g u l a r  t o p o g r a p h i c  r e l a t i o n s h i p  
b e tw e e n  t h e  p o s i t i o n s  o f  c e l l s  i n  LG o r  DGR a n d  t h e  l e v e l  o f  
t h e i r  a x o n s  i n  t h e  c r e s t .

T h e  LG r e c e i v e s  a f f e r e n t s  f ro m  t h e  o c t a v a l  n e r v e  a n d  
m e c h a n o r e c e p t i v e  f i b e r s  i n  t h e  l a t e r a l  l i n e  n e r v e s .  ( K o e s t e r , 
1 9 8 3 :  B o o rd  & R o b e r t s ,  1 9 8 0 ) .  R e t r o g r a d e  HRP t r a n s p o r t  
r e v e a l e d  a d d i t i o n a l  a f f e r e n t s  t o  LG f ro m  t h e  n u c l e u s  o f  t h e  
l a t e r a l  f u n i c u l u s  b i l a t e r a l l y ,  a n d  t h e  r o s t r a l  p o r t i o n  o f  
t h e  c o n t r a l a t e r a l  a n t e r i o r  o c t a v a l  n u c l e u s .  O t h e r  LG 
a f f e r e n t s  com e f ro m  s c a t t e r e d  n e u r o n s  o f  t h e  m e d u l l a r y  a n d  
m i d b r a i n  r e t i c u l a r  f o r m a t i o n .  T h e  DGR r e c e i v e s  n o  m a j o r  
c r a n i a l  n e r v e  p r o j e c t i o n s .  R a t h e r ,  m a j o r  DGR a f f e r e n t s  a r e  
f ro m  t h r e e  c e l l  g r o u p s  a t  t h e  l e v e l  o f  t h e  c e r e b e l l a r  
p e d u n c l e s ;  b i l a t e r a l l y  f ro m  a  v e n t r o l a t e r a l  n u c l e u s  
( N u c le u s  J  o f  S m e e ts  e t  a l ., 1 9 8 3 )  a n d  i p s i l a t e r a l l y  f ro m  
tw o  c e l l  g r o u p s  a t  t h e  b a s e  o f  t h e  p e d u n c l e ,  N u c le u s  F 
( S m e e t s  e t  a l . , 1 9 8 3 )  a n d  a  n u c l e u s  j u s t  l a t e r a l  t o  F .  
F i n a l l y ,  DGR r e c e i v e s  a  d i r e c t  p r o j e c t i o n  f ro m  a  s m a l l  
n u m b e r  o f  s p i n a l  n e u r o n s .  N o n o v e r l a p p i n g  i n p u t s  t o  LG a n d  
DGR s u g g e s t  v e r y  d i f f e r e n t  a u r i c u l a r  i n p u t s  t o  t h e  
m e c h a n o s e n s o r y  v e r s u s  e l e c t r o s e n s o r y  l a t e r a l  l i n e  n u c l e i .

253.4  A COBALT-LYSINE STUDY OF THE RETINAL PROJECTIONS IN THE 
CHAIN PICKEREL (ESOX NIGER) .  G .T . B a z e r*  a n d  S .O .E . 
E b b e ss o n .  D e p a r tm e n t o f  A natom y LSU S c h . o f  M ed ., 
S h r e v e p o r t ,  LA 7 1 1 3 0 .

The c o b a l t - l y s i n e  t e c h n iq u e  f o r  t r a c i n g  n e u r a l  
p a th w a y s  ( L a z a r ,  G . N e u r o s c i . 3 :7 2 5 ,  1 9 7 8 ) h a s  b e e n  
s i m p l i f i e d  a n d  m o d i f ie d  f ro m  t h a t  d e s c r i b e d  b y  S p r in g e r  
a n d  P ro k o s c h ,  ( J .  H is to c h a n . a n d  C y to ch em . , 3 0 :1 2 3 5 -1 2 4 2 , 
19 8 2 ) b y  f i x i n g  t h e  b r a i n  v i a  p e r f u s i o n  o f  3% 
g l u t a r a ld e h y d e  i n  0 .2M  p h o s p h a te  b u f f e r  a f t e r  p e r f u s i o n  
w i th  ammo n iu m  s u l f i d e  i n  p h o s p h a te  b u f f e r .  The b r a i n s  
w e re  f i x e d  o v e r n i g h t  a n d  th e n  t r a n s f e r r e d  t o  30% s u c r o s e  
f o r  o n e  d a y  b e f o r e  f r e e z i n g  a n d  c u t t i n g  o n  a  c r y o s t a t .  
The s e c t i o n s  (o n  t h e  s l i d e )  w a re  th e n  t r e a t e d  w i th  a  
s i l v e r  i n t e n s i f i c a t i o n  m e th o d  ( D a v is ,  N .T . ,  S t a i n  T e c h n . , 
5 7 :2 3 9 ,  1 9 8 2 ) b e f o r e  c o u n t e r s t a i n i n g  w i th  1% n e u t r a l  r e d  
i n  0 . 1N a c e t a t e  b u f f e r  pH. 3 .6 .

The r e t i n a l  p r o j e c t i o n s  in  t h e  p i c k e r e l  w ere  
e x c e p t i o n a l l y  we l l  v i s u a l i z e d  w i th  t h i s  m e th o d  in  8 
s p e c im e n s .  S in c e  t h e  p i c k e r e l  i s  a  p r e d a t o r  d e p e n d in g  
e x t e n s i v e l y  on  v i s i o n ,  i t  was no  s u r p r i s e  t o  f i n d  on e  o f  
t h e  b e s t  d e v e lo p e d  v i s u a l  s y s te m s  among t e l e o s t s .  
A lth o u g h  t h e r e  a r e  o nl y  r a r e  i p s i l a t e r a l  r e t i n a l  f i b e r s  
p r o j e c t i n g  t o  t h e  th a la m u s ,  p r e t e c tu m  a n d  te c tu m ,  m a s s iv e  
c o n t r a l a t e r a l  p r o j e c t i o n s  w e re  fo u n d  t o  a  v e n t r o m e d ia l  
o p t i c  n u c l e u s  a n d  t o  m o s t o f  t h e  d ie n c e p h a lo n  an d  
p r e t e c tu m .  The r e t i n a l  p r o j e c t i o n  t o  t h e  o p t i c  te c tu m  i s  
h ig h l y  d i f f e r e n t i a t e d  an d  t e r m in a t e s  i n  a  s e l e c t i v e  
m an n er i n  a l l  g r a y  s t r a t a  o f  t h e  t e c tu m .  The e x c e p t i o n a l  
d e v e lo p m e n t o f  t h e  v i s u a l  s y s te m  i n  t h i s  s p e c i e s  s u g g e s t s  
t h a t  i t  n a y  becom e a n  im p o r ta n t  m odel f o r  v i s u a l  s t u d i e s .

253. 5  TELENCEPHALO-CEREBELLAR PATHWAYS IN THE BRAIN OF WEAKLY 
ELECTRIC FISH .  T . S zab o  an d  S . L ib o u b a n *    D e p t.  N e u ro p h y s io 
l o g i e  S e n s o r i e l l e ,  L ab . P h y s i o lo g ie  N e rv e u s e , C .N .R .S . ,  
91190 G if  s u r  Y v e t t e ,  F r a n c e .

C o n n e c tio n s  b e tw e e n  th e  t e le n c e p h a lo n  an d  c e re b e l lu m  v i a  
th e  rh o m b e n c e p h a lo n  (P ons) a r e  w e l l  known in  m am m alian b r a i n .  
S u ch  c o n n e c t io n s  v i a  th e  m e se n c e p h a lo n  w ere  f i r s t  r e p o r t e d  
i n  4 o r d e r s  o f  t e l e o s t  f i s h  b u t  h a v e  b e e n  shown t o  l a c k  i n 
C y p r in i f o r m e s  ( I t o  e t  a l . , B r a in  R e s . ,  2 4 9 :1 ,  1 9 8 2 ).

The p r e s e n c e  o f  s i m i l a r  p a th w a y s  i n  t h e  b r a i n  o f  w e a k ly  
e l e c t r i c  f i s h  G n a th o n e m u s , P o l l i m y r u s , B r ie n o m y ru s  (M orm yri
d a e )  w as i n v e s t i g a t e d .  HRP i n j e c t i o n s  i n t o  d i f f e r e n t  p a r t s  
o f  t h e  c e r e b e l lu m  and  th e  t e l e n c e p h a lo n  r e v e a l  c o n c o m m itta n t  
r e t r o g r a d e  an d  a n t e r o g r a d e  l a b e l i n g ,  r e s p e c t i v e l y ,  i n  s e v e 
r a l  s t r u c t u r e s  o f  t h e  b r a i n :  1 . a  p e r i v e n t r i c u l a r  g ro u p  o f  
g r a n u l a r  c e l l s  o f  t h e  m e s e n c e p h a l ic  r e t i c u l a r  fo r m a t io n  
b e tw e e n  th e  p o s t e r i o r  co m m issu re  an d  th e  o c u lo m o to r  n u c l e u s ,  
2 .  t h e  p r e t e c t a l  n u c l e u s ,  3 . s e v e r a l  t h a la m ic  n u c l e i ,  4 . n .  
l a t e r a l i s  m e s e n c e p h a l i ,  5 .  t h e  n .  p r e e m i n e n t i a l i s .

The c o n n e c t io n s  o f  t h e s e  s t r u c t u r e s ,  r e p r e s e n t i n g  r e l a y  s t a 
t i o n s  o f  t h e  t e l e n c e p h a l o - c e r e b e l l a r  p a th w a y , a r e  shown in  
t h e  f i g u r e :  th e  p e r i v e n t r i c u l a r  g ro u p  p r o j e c t s  t o  th e  c o rp u s  
c e r e b e l l i ;  t h e  e p i th a l a m ic  and  th a la m ic  n u c l e i  t o  th e  c o rp u s  
a s  w e l l  a s  t o  th e  v a l v u l a  c e r e b e l l i ;  th e  n . l a t e r a l i s  p r o 
j e c t s  t o  th e  v a l v u l a  and  th e  n . p r e e m i n e n t i a l i s  t o  th e  lo b u s  
c a u d a l i s  c e r e b e l l i .

None o f  t h e s e  s t r u c t u r e s  c o u ld  b e  i d e n t i f i e d  a s  th e  p a r a -  
c o m m is s u ra l n u c l e u s  o f  I t o  e t  a l .  The s y n a p t i c  c o n n e c t io n  
b e tw e e n  th e  t e l e n c e p h a l i c  e f f e r e n t s  an d  c e r e b e l l a r  a f f e r e n t  
n e u r o n s  c o n s t i t u t i n g  t h e s e  r e l a y  s t a t i o n s  h a s  s t i l l  t o  b e  
p ro v e d  a t  u l t r a s t r u c t u r a l  l e v e l .

253. 6   NEURAL CONTROL OF SEXUAL RESPONSES IN GOLDFISH: A 
DIRECT PREOPTIC-SPINAL PATHWAY.  H .E . S lo a n  and  L .S .  
D em sk i.  S choo l o f  B io l o g ic a l  S c i e n c e s ,  U n iv e r s i t y  o f  
K e n tu c k y , L e x in g to n ,  KY 4 0 5 0 6 .

N eu ro n s o f  t h e  n u c le u s  p r e o p t i c s  m a g n o c e l l u l a r i s  p a r s  
m a g n o c e l l u l a r i s  and p a r s  g i g a n t o c e l l u l a r i s  ( te r m in o lo g y  
o f  B r a fo rd  and  N o r t h c u t t ,  F is h  N e u ro b io lo g y  V o l. 2 , 
D a v is  and N o r th c u t t  e d s . ,  U n iv . o f  M ic h ig a n  P r e s s ,  1 9 8 3 , 
p . 117) o f  C a r a s s iu s  a u r a t u s  w ere  l a b e l e d  by p la c in g  
h o r s e r a d i s h  p e r o x id a s e  (HRP) in  t h e  s p in a l  c o r d  (S C ). 
P l e d g e t s  o f  HRP w ere  lo c a t e d  a t  s e v e r a l  d i f f e r e n t  l e v e l s  
o f  t r a n s e c t e d  o r  h e m is e c te d  SC o f  a d u l t  a n im a ls  (1 1 -1 3  
cm s ta n d a r d  l e n g t h ) .  F o llo w in g  s u r v iv a l  t im e s  o f  3 ,  4 
and  7 d a y s  a t  2 6 ± 2°C , b r a i n s  w ere  s e c t io n e d  in  e i t h e r  
t h e  t r a n s v e r s e  o r  h o r i z o n ta l  p la n e  and  p r o c e s s e d  u s in g  
H a n k e r -Y a te s  o r  TMB p r o t o c o l s :  S e c t io n s  w ere  exam in ed  
w i th  e i t h e r  b r i g h t  o r  d a r k f i e l d  o p t i c s .

P r e o p t i c  n e u r o n s ,  o v e r  100 in  some f i s h  ( t o t a l  o f  b i 
l a t e r a l  d i s t r i b u t i o n ) ,  w ere  l a b e l e d  from  t r a n s e c t i o n s  o f  
r o s t r a l  SC. In  c o n t r a s t ,  f e w e r  p r e o p t i c  c e l l s  ( v e r t e 
b r a l  l e v e l  5 -8 )  w ere  l a b e l e d  from  h em is e c t i o n s  o f  r o s t r a l  
SC . In  t h e s e  c a s e s  m o st o f  t h e  f i l l e d  n e u ro n s  w ere  
i p s i l a t e r a l  t o  t h e  c u t .  F a r  f e w e r  p r e o p t i c  n e u ro n s  w ere  
l a b e l e d  f o l lo w in g  t r a n s e c t i o n s  o f  SC a t  m id v e r t e b r a l  ( v .  
14 ) o r  c a u d a l ( v .  2 5 ) l e v e l s  th a n  a f t e r  h ig h e r  c u t s .  
C o n tro l  e x p e r im e n ts  d id  n o t r e v e a l  h ea v y  o r  m o d e ra te  
l a b e l l i n g  o f  p r e o p t i c  n e u ro n s  from  HRP in  p la sm a  o r  CSF. 
HRP was p la c e d  in  t h e  p e r i t o n e a l  c a v i t y ,  on e x p o se d  SC 
o r  t e l e n c e p h a lo n  and  in  t h e  c e re b e l lu m  o r  f a c i a l  l o b e .

The p r e o p t i c o s p in a l  pa th w ay  c o r r e s p o n d s  in  g e n e ra l  t o  
t h e  l o c a t i o n  o f  a f u n c t io n a l  sy ste m  c o n t r o l l i n g  sperm  
r e l e a s e  (SR) i n  g o l d f i s h .  The lo c u s  o f  p o i n t s  from  
w h ich  SR ca n  b e  e l i c i t e d  by e l e c t r i c a l  s t i m u l a t i o n  e x 
te n d s  from  t h e  p r e o p t i c  a r e a  t o  v e r t e b r a l  l e v e l s  3 -6  
( s e e  D em sk i, F is h  N e u ro b io lo g y  V o l. 2 ,  p . 3 4 3 ) .  Some o f  
t h e  lo w e s t  t h r e s h o l d  s i t e s  p a r a l l e l  ax o n a l p r o j e c t i o n s  
o f  p r e o p t i c  n e u ro n s  w hich  c o u r s e  v e n t r o l a t e r a l  i n  t h e  
f o r e b r a i n  b u n d le s  and th e n  ca u d ad  d o r s a l  t o  t h e  n u c l e u s  
p e rg lo m e r u lo s u s  p a r s  l a t e r a l i s ,  w here  t h e  f i b e r s  j o i n  
l a b e l e d  ax o n s  o f  o t h e r  n e u ro n s .  M o re o v e r, t h e  l o c i  f o r  
r o s t r a l  SC t r a n s e c t i o n s  o r  h em is e c t i o n s  c o r r e s p o n d  t o  
t h e  p r o b a b le  a r e a  o f  SR m o to n e u ro n s . P r e o p t i c  a x o n s  
p r o j e c t i n g  t o  t h e  lo w e r  s p in a l  l e v e l s  m o st l i k e l y  r e l a t e  
t o  o t h e r  a u to n o m ic  f u n c t i o n s .  S u p p o r te d  by NIH g r a n t  NS 
1 9 4 3 1 -0 2 .
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253.7  THE PRIMARY PROJECTIONS OF THE SENSORY COMPONENT OF THE 
FACIAL NERVE IN THE GOLDFISH,  CARASSIUS AURATUS. R. L. 
Puzdrowski*. (SPON: M. S. N o rth cu tt) .  D ivision o f B iological 
S ciences, U n ivers ity  o f M ichigan, Ann Arbor, Michigan 48109.

The periphera l d is t r ib u t io n  o f the  sensory component of 
the  fa c ia l nerve in a d u lt g o ld fish  was examined using the 
Williams ( '4 3 )  m od ifica tion  o f the S ih le r technique. The 
cen tra l p ro jec tio n s  o f ind iv idua l rami were traced  with HRP. 
Under MS222 a n es th e s ia , ind iv idua l rami o f the fa c ia l nerve 
were exposed and tra n sec te d . A gel foam p ledget soaked with 
40% HRP (Sigma VI) was placed on the proximal stump o f the 
tra n sec te d  b ranch. A fte r a su rv ival time o f 7-11 days a t  
22-26°C, the animals were re an es th e tiz ed  and tra n s c a rd ia lly  
perfused w ith phosphate b u ffer (pH 7 .4) followed by a 2% 
g lu tara ledhyde  s o lu tio n . The b ra in s  were sectioned tra n s -  
v e rs a lly  a t  40µ and processed according to  the Mesulam ('7 8 ) 
TMB p ro to c o l, or by the  Hanker-Yates p ro to c o l.

F ibers o f the  fa c ia l sensory nerve were found to course 
in the  s u p ra o rb ita l ,  p a la tin e , in f r a o rb i ta l  and hyoman- 
d ib u la r tru n k s . As in carp , the  p a la tin e  trunk was found to 
c o n s is t o f only fa c ia l sensory f ib e r s .  A d d itio n a lly , a 
re c u rre n t c o l la te r a l  was found. The re c u rre n t passes 
cau d a lly  over the  V IIIth  nerve and jo in s  the  p o s te r io r  
l a te r a l  l in e  nerve to course caudally  innerva ting  recep to rs  
on the  trunk .

The f ib e rs  o f the  fa c ia l sensory nerve en te r the  medulla 
as a s in g le  ro o t and pass m edially  and caudally  as a la rge  
bundle to te rm in a te , fo r the most p a rt i p s i l a t e r a l l y ,  in the 
fa c ia l  lobe . F il l in g  o f  e i th e r  the  su p rao rb ita l or in f r a 
o rb ita l  tru n k , in a d d itio n  to lab e led  f ib e rs  in the above 
pathway, r e s u l ts  in a minor p ro jec tio n  from the descending 
trigem inal ro o t to the ven tra l most aspects  o f the fa c ia l 
lobe . F u rth er , f i l l i n g  of the  in f r a o rb i ta l  trunk re s u l ts  in 
a sparse  p ro jec tio n  across the  m idline in the a n te ro -v en tra l 
po rtion  o f the lobe .

The periphera l nerves were found to map som atotopically  
on the  fa c ia l lobe . O vera ll, the p ro jec tio n s  follow  an 
a n te ro -p o s te r io r  o r ie n ta tio n  with the long ax is  o f  the body 
t i l t e d  s l ig h t ly  v e n tra l ly .  The su p rao rb ita l trunk p ro jec ts  
to  the  ro s tra l  most and d o rsa l-in te rm e d ia te  portion  o f the 
lobe . The in f r a o r b i ta l  and hyomandibular trunks p ro je c t to 
the d o rsa l-in te rm e d ia te  and v en tra l most portions o f the 
lobe . The p ro jec tio n s  o f the p a la tin e  trunk cover a broad 
area o f the  v e n tra l- in te rm ed ia te  portion  o f the  lobe. The 
branches o f the re c u rre n t map broadly across the  dorsal h a lf  
o f the  lobe .

(Supported in p a rt by NIH gran ts  MS11006 and EY02485.)

253.8 TECTAL AFFERENTS IN CHANNEL CATFISH.  M.A. Kobylack, 
S.C. Sharma and A.A. Dunn-Meynell.  D epts. of Anatomy and 
Ophthalmology, New York Medical C ollege, V a lh a lla , NY 10595

H orseradish peroxidase  was in je c te d  u n i la te r a l ly  in to  
the  o p tic  tectum  of channel c a t f i s h ,  Ic ta lu ru s  p u n c ta tu s . 
The sources of t e c ta l  a f fe re n ts  were thereby  re v ea led .

R etrogradely la b e lle d  c e l l s  were seen in  both the  
i p s i l a t e r a l  and c o n tr a la te r a l  te len cep h a lo n . The 
s u p e r f ic ia l  p re te c ta l  n u c le i (P2 of F inger, ' 78) were a lso  
la b e lle d  on both s id es  of the  b ra in .  A p ro je c tio n  was 
seen from th e  i p s i l a t e r a l  dorsom edial o p tic  nu c leu s. 
I p s i l a te r a l  p ro je c tio n s  were a lso  seen from the 
entopenduncular nuc leus. Both the  a n te r io r  thalam ic 
nucleus and the  ventro-m edial thalam ic nucleus p ro je c te d  
to  the  i p s i l a t e r a l  o p tic  tectum . L abelled c e l l s  were a lso  
seen in  the  deep lay e rs  of th e  c o n tr a la te r a l  o p tic  tectum . 
C ells  in  both the  i p s i l a t e r a l  and c o n t r a la te r a l  nucleus of 
the  p o s te r io r  commissure  were seen to  p ro je c t  to  the  
tectum . F ibers  were seen in  the  l a t e r a l  g e n ic u la te  
nucleus i p s i l a t e r a l  to  the  in je c te d  tectum , however no 
c e l l s  were observed. I t  th e re fo re  appears th a t  t e c ta l  
c e l l s  p ro je c t  to  the  l a t e r a l  g e n ic u la te  nu c leu s, b u t th a t  
th is  p ro je c tio n  i s  no t re c ip ro c a l.  No la b e lle d  c e l l s  were 
found in  the  cerebellum  which might p ro je c t  to  the  tectum . 
In both the  i p s i l a t e r a l  and c o n tr a la te r a l  m edial r e t i c u l a r  
form ation la b e lle d  c e l l s  were found. Labelled c e l l s  were 
a lso  observed in  the  i p s i l a t e r a l  nucleus is th m i. A 
p ro je c tio n  was seen from the d o rsa l fu n ic u la r  nucleus w ith 
ho rse rad ish  peroxidase  la b e lle d  c e l l s  only observed in  the  
c o n tr a la te r a l  h a lf  of the  b ra in .  F in a lly , la b e lle d  c e l l s  
were seen in  the  in f e r io r  nucleus of raphae.  Supported by 
NEI-01426.

253.9  GUSTATORY CENTERS EXIST IN THE TELENCEPHALON AND THALAMUS 
OF CATFISH: SUPPORT FOR HOMOLOGY WITH MAMMALIAN FOREBRAIN.  
J . S .  Kanwal, T.E. F inger and J .  C aprio .  D ept. of Zoology 
and Physiology, L ouisiana S ta te  Univ. Baton Rouge, LA 70803 
and Dept. of Anatomy, Univ. of Colorado H1th .  S c i. C tr . ,  
Denver, CO 80262+ .

We re p o rt the ex isten ce  of a te le n cep h a lic  gusta to ry  
cen te r and i t s  thalam ic connection in  the channel c a t f is h ,  
Ic ta lu ru s  p u n c ta tu s . Although H errick  (1905) f i r s t  
proposed the  ex isten ce  of a gu sta to ry  cen ter in  the 
thalamus of f i s h ,  we determined i t s  exact lo c a tio n . HRP 
in je c tio n s  were made in  the p o s te r io r  region of the 
thalam us. The presence or absence of re tro g rad e ly  f i l l e d  
c e l l s  in  the secondary gu sta to ry  nucleus helped to  lo c a liz e  
th e  thalam ic ta s t e  nucleus. This ventro-m edial p o s te r io r  
nucleus is  s im ila r  to the  thalam ic gu sta to ry  cen ter of 
mammals on the b a sis  of topology and co n n ec tiv ity .

Recent s tu d ie s  on the general o rg an iza tio n  of the 
te lencephalon  in  actinop terygean  f is h e s  suggest homologies 
w ith  p a l l i a l  and s u b -p a l l ia l  s tru c tu re s  of land v e rte b ra te s  
(N o rth cu tt, 1981). A uditory, v isu a l and mechanosensory 
( l a t e r a l - l i n e )  p ro je c tio n s  to d is t in c t  ta rg e ts  in  the 
te lencephalon  have been p rev iously  documented. A fte r HRP 
in je c t io n s  in to  the  thalam ic gu sta to ry  nucleus we observed 
la b e lle d  f ib e r  te rm ina ls  and c e l l  bodies in  the v e n tra l 
p o rtio n  of the a rea  d o rs a lis  pars m edialis  of Nieuwenhuys 
(1963) in  the  te lencephalon .

Our anatom ical observations were followed by 
e le c tro p h y s io lo g ica l lo c a liz a tio n  of the thalam ic and 
te le n ce p h a lic  gu sta to ry  c en te rs . The te le n ce p h a lic  ta rg e t  
of the thalam ofugal p ro jec tio n  i s  loca ted  m edially and 
approx. 0 .2  mm a n te r io r  to  the a n te r io r  commissure and 
extends from 1.2 to  2.0 mm below the su rface . R esu lts  from 
th ese  s tu d ie s  coincide w ell w ith the anatom ical d a ta . Few 
re p o rts  e x is t  on the response p ro p e rtie s  of neurons in  the 
te lencephalon  of f i s h .  We have obtained p relim inary  data  
on s in g le  u n it responses to chemical (amino ac id s) and 
t a c t i l e  s tim u li from c e l ls  in  the  thalamus and 
te lencephalon  of the channel c a t f is h .  The presence of 
multimodal s in g le  u n its  in  the te lencephalon  in d ic a te s  a 
fu n c tio n a l s im ila r i ty  between the te le n cep h a lic  gusta to ry  
cen ters  of f i s h  and mammals.

Supported by NIH g ran ts  NS14819 ( to  J .  Caprio) and NS15258 
( to  T. F in g e r) .

253.10  SPINAL CONNECTIONS WITH THE DORSAL COLUMN NUCLEUS AND BRAIN
STEM IN A REPTILE.  M.B. P r i tz  and M.E. S t r i t z e l * .  Div. 
N eurol. S u rg ., Univ. o f C a l ifo rn ia  I rv in e  Med. C t r . ,  Orange, 
CA 92668.

S p inal connections w ith  th e  d o rs a l column nucleus (EXIN) 
and b rainstem  were in v e s tig a te d  in  ju v e n ile  Caiman croco
d i lu s . Myelotomies o f  th e  d o rs a l and d o rs o la te ra l  upper 
c e rv ic a l  s p in a l cord  were performed under co ld  n a rc o s is . 
H orseradish  perox idase  (HRP) c ry s ta l s  were th en  ap p lied  to  
th e  exposed c u t s p in a l cord . A fte r su rv iv a l p e rio d s  o f 5 to  
11 days a t  w ater tem peratures o f 16 to  30°C, anim als were 
a n es th e tiz ed  w ith  sodium th io p e n ta l  and perfu sed  t r a n s -  
c a r d ia l ly .  B rains were blocked in  a  s tandard  p lane  and 
t i s s u e  was processed  fo r  HRP h is to ch em is try  w ith  t e t r a -  
m ethylbenzidine as th e  chromagen.

In je c tio n  o f  th e  d o rs a l fu n icu lu s  (DF) alone re s u l te d  in  
la b e ll in g  o f  axons th a t  term ina ted  s o le ly  in  th e  i p s i l a t e r a l  
DCN. This succeeded in  o u tl in in g  n e a r ly  th e  e n t i r e  e x te n t 
o f th e  DCN. By superim posing o u tl in e s  o f th e  locus o f  HRP 
la b e lle d  axon te rm in a ls , a  re c o n s tru c tio n  o f th e  DCN was 
ob ta ined . In d iv id u a l DF axons were w e ll v is u a l iz e d . In  
tra n sv e rse  s e c tio n s , th e se  f ib e r s  en te red  th e  DCN d o rs a lly  
and in  a somewhat ob lique  ang le .

A pp lica tion  o f HRP th a t  extended beyond th e  DF and in to  
th e  d o rs a l horn and d o rs o la te ra l  s p in a l co rd , r e s u lte d  in  
la b e lle d  axons th a t  te rm ina ted  in  th e  r e t i c u l a r  fo rm ation , 
cerebellum , and m idbrain in  a d d itio n  to  f ib e r s  th a t  ended 
in  th e  DCN. R etrogradely  la b e lle d  neurons in  th e  r e t i c u l a r  
form ation , m idbrain , and diencephalon were seen only  a f t e r  
HRP a p p lic a tio n s  th a t  extended beyond th e  DF.

Supported by NIH Grant 1 R01 NS 20120-01 to  MBP.
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2 5 3 .1 1   THE RHOMBENCEPHALIC RETICULA R FORM A TION  A ND RA PHE NU CLEI IN  
A FROG (RANA P I P I E N S ) .  L .  L a r s o n - P r i o r  a n d  W .L .R . CRUCE  
N e u r o b io l o g y  P r o g r a m ,  N .E .  O h io  U n i v e r s i t i e s  C o l l e g e  o f  
M e d ic i n e ,  R o o t s to w n ,  O h io  4 4 2 7 2 .

T h e  r h o m b e n c e p h a l i c  r e t i c u l a r  f o r m a t i o n  p l a y s  a n  
i m p o r t a n t  p a r t  i n  m o d u l a t i n g  b o t h  v i s c e r a l  a n d  m o to r  
f u n c t i o n .  Y e t ,  d u e  l a r g e l y  t o  t h e  d i f f i c u l t y  o f  i d e n t i f y i n g  
n e u r o n a l  g r o u p i n g s  i n  t h e  n o r m a l  b r a i n ,  i t  r e m a in s  i l l 
d e f i n e d  i n  a m p h i b i a n s .  We h a v e  c h o s e n  t o  d e f i n e  t h i s  a r e a  b y  
e x p e r i m e n t a l  t e c h n i q u e s ,  s u p p l e m e n t i n g  t h e  a n a l y s i s  w i t h  
G o l g i  a n d  N i s s l  s t a i n e d  m a t e r i a l .

HRP i n j e c t i o n s  w e r e  m ade i n t o  t h e  s p i n a l  c o r d ,  
c e r e b e l l u m ,  a n d  m e s e n c e p h a l i c  te g m e n tu m  i n  a d u l t  R . p i p i e n s . 
B r a i n s  w e r e  r e a c t e d  w i t h  e i t h e r  t h e  TMB m e th o d  f o r  HRP 
l o c a l i z a t i o n  o r  w i t h  a  h e a v y  m e t a l - e n h a n c e d  DAB m e th o d .  
S p i n a l  c o r d  i n j e c t i o n s  w e r e  c o n f i n e d  t o  t h e  d o r s a l  a n d  
v e n t r a l  q u a d r a n t  o f  t h e  c o r d .

R e g a r d l e s s  o f  i n j e c t i o n  p l a c e m e n t ,  s m a l l  a n d  m ed ium  
s i z e d  c e l l s  l a b e l l e d  w i t h i n  t h e  r e t i c u l a r i s  i n f e r i o r  ( R I ) .  
T h e r e  d o e s  n o t  a p p e a r  t o  b e  a n y  d i s c r e t e  l o c a l i z a t i o n  o f  
c e l l s  b y  som a s i z e ,  i . e .  s m a l l  a n d  m ed ium  c e l l s  a r e  
r a n d o m ly  i n t e r s p e r s e d .  No d i v i s i o n s  c o u l d  b e  n o t e d  w i t h  R I ,  
w h e t h e r  o n  t h e  b a s i s  o f  t r a j e c t o r y  o r  c e l l u l a r  m o r p h o lo g y .  
R I e x t e n d s  t o  t h e  r o s t r a l  e d g e  o f  t h e  VI I t h  m o to r  n u c l e u s  a t  
w h ic h  p o i n t  t h e r e  a p p e a r s  t o  b e  a  g a p  i n  w h ic h  fe w  c e l l s  a r e  
l a b e l l e d .  R o s t r a l  t o  t h i s  g a p ,  a t  t h e  VI I I t h  n e r v e  e n t r y ,  
l a r g e  m u l t i p o l a r  c e l l s  o f  t h e  r e t i c u l a r i s  m e d iu s  (RM) a r e  
l a b e l l e d  b i l a t e r a l l y .  T h e s e  c e l l s  c o n t i n u e  t o  t h e  r o s t r a l  
e d g e  o f  t h e  V th  m o to r  n u c l e u s .  I n j e c t i o n s  w h ic h  s o l i d l y  
e n c o m p a s s e d  t h e  l a t e r a l  f u n i c u l u s  o f  t h e  s p i n a l  c o r d  sh o w e d  
l a b e l  w i t h i n  t h e  r a p h e .  T h e s e  s m a l l ,  r o u n d  c e l l s  w e r e  
c l u s t e r e d  c l o s e  t o  t h e  v e n t r i c u l a r  s u r f a c e .  HRP i n j e c t i o n s  
w h ic h  w e r e  p l a c e d  l a t e r a l l y  w i t h i n  t h e  c e r e b e l l u m ,  
e n c o m p a s s in g  t h e  p e d u n c l e ,  a l s o  r e s u l t e d  i n  l a b e l  w i t h i n  t h e  
r a p h e .  H o w e v e r ,  t h e s e  c e l l s  w e r e  l o c a t e d  v e n t r a l  t o  t h o s e  
l a b e l l e d  f ro m  c o r d  i n j e c t i o n s .  C e r e b e l l a r  i n j e c t i o n s  a l s o  
r e s u l t e d  i n  l a b e l  o f  c e l l s  w i t h i n  R I  c o n t r a l a t e r a l l y . T h e s e  
c e l l s  w e r e  l o c a t e d  c h i e f l y  am ong  t h e  s m a l l e r  e l e m e n t s  o f  R I 
t h o u g h  a n  o c c a s i o n a l  l a r g e r  c e l l  w as  a l s o  l a b e l l e d .

S u p p o r t e d  i n  p a r t  b y  t h e  U n i t e d  Way F o u n d a t i o n  o f  S t a r k  
C o u n ty .

2 5 3 .1 2   SYNAPTIC ARCHITECTURE OF THE LAMINAR NUCLEUS OF THE RED
EARED TURTLE.  A .B . D r a k o n t i d e s  a n d  R .H . B r o w n e r .  D e p t . 
o f  A n a to m y , New Y o rk  M e d ic a l  C o l l e g e ,  V a l h a l l a ,  NY 1 0 5 9 5

T he  n e u r o n a l  c e l l  b o d i e s  o f  t h e  l a m i n a r  n u c l e u s  (L N ) i n  
t h e  r e d - e a r e d  t u r t l e  a r e  a r r a n g e d  i n  2 t o  5 l a y e r s .  The 
a n a l y s i s  o f  u l t r a s t r u c t u r a l  f e a t u r e s  w as  l i m i t e d  t o  
c o r o n a l  s e c t i o n s  t a k e n  f ro m  t h e  m e d i a l  p o r t i o n  o f  t h e  
n u c l e u s , a  r e g i o n  c o n t a i n i n g  a p p r o x i m a t e l y  2 l a y e r s  o f  
s o m a t a .  O b s e r v a t i o n s  a n d  e v a l u a t i o n s  w e r e  r e s t r i c t e d  t o  
t h e  n e u r o p i l  b e tw e e n  a n d  s u r r o u n d i n g  s o m a t a .

E p e n d y m a l c e l l  p r o c e s s e s ,  b u n d l e s  o f  a x o n s  a n d  a x o 
d e n d r i t i c  s y n a p s e s  w e r e  p r e s e n t  b e tw e e n  t h e  e p e n d y m a  a n d  
f i r s t  l a y e r  o f  s o m a ta  o f  t h e  LN. Few m y e l i n a t e d  f i b e r s  
w e r e  p r e s e n t .  T he m o s t  c h a r a c t e r i s t i c  f e a t u r e  w a s  t h e  
p r e s e n c e  o f  a x o n a l  t e r m i n a l s  w h ic h  c o n t a i n e d  c l e a r  c o r e  
v e s i c l e s  a n d  l a r g e  (1 3 2  nm ) d e n s e  c o r e  v e s i c l e s .  T h i s  
t y p e  o f  a x o n  t e r m i n a l  w as o f t e n  n o t e d  t o  f o rm  s y n a p t i c  
c o n t a c t s  w i t h  s o m a ta  o f  t h e  f i r s t  l a y e r  o f  LN.

T he  n e u r o p i l  s u r r o u n d i n g  t h e  l a s t  l a y e r  o f  s o m a ta  o f  LN 
c o n t a i n e d  m any m y e l i n a t e d  f i b e r s .  A g r e a t  m any o f  t h e s e  
f i b e r s  c o n t a i n e d  c l u s t e r s  a n d  i s o l a t e d  r i b o s o m e - l i k e  
p a r t i c l e s . A c h a r a c t e r i s t i c  f e a t u r e  e v i d e n t  i n  t h i s  
r e g i o n  w as  t h e  p r e s e n c e  o f  n u m e r o u s  g l o m e r u l i .  A 
g l o m e r u l u s  c o n s i s t e d  o f  a  c e n t r a l  a x o n a l  p r o c e s s  ( a p p r o x .  
9 b y  5 µm) f i l l e d  w i t h  c l e a r  c o r e  v e s i c l e s ,  t h a t  w as 
l i n k e d  t o  s u r r o u n d i n g  d e n d r i t e s  b y  m any s y n a p t i c  
j u n c t i o n s .  O f t e n  t h e  o u t e r  c o r e  o f  d e n d r i t e s  h a d  a x o n a l  
s y n a p t i c  c o n t a c t s .  M o r e o v e r ,  e x t r e m e l y  l a r g e  a x o n a l  
p r o c e s s e s ,  1 8 - 2 0  µm i n  l e n g t h  a n d  3 - 5  µm i n  w i d t h ,  w i t h  
m u l t i p l e  d e n d r i t i c  s y n a p s e s  w e r e  p r e s e n t .  T h e s e  p r o c e s s e s  
c o n t a i n e d  c l e a r  c o r e  v e s i c l e s  a n d  i n  a  n u m b e r  o f  i n s t a n c e s  
r i b o s o m e - l i k e  p a r t i c l e s .  W h ile  t h e y  w e r e  o f t e n  n o t e d  t o  
a b u t  o n  s o m a t a ,  s y n a p t i c  c o n t a c t s  w e r e  n o t  o b s e r v e d .  A 
n o v e l  f i n d i n g  w as  t h e  p r e s e n c e  o f  l a r g e  ( 1 8 -2 0  µ m b y  3 - 5  
µm) v a r i c o s i t i e s ,  f i l l e d  w i t h  c l e a r  c o r e  v e s i c l e s ,  w h ic h  
w e r e  e n s h e a t h e d  a t  e i t h e r  e n d  b y  m y e l i n .  A t t h e s e  e n d s  
m y e l i n  w as  a r r a n g e d  i n  l o o p s  s i m i l a r  t o  t h e  p a r a n o d a l  
r e g i o n s  a d j a c e n t  t o  N o d es  o f  R a n v i e r .  T he v e s i c l e  f i l l e d  
v a r i c o s i t y  w as e n c a s e d  b y  m any d e n d r i t e s  i n  s y n a p t i c  
c o n t a c t .  T h i s  c o m p le x  i s  r e m i n i s c e n t  o f  e n p a s s a n t  
s y n a p t i c  a p p o s i t i o n  s e e n  i n  u n m y e l i n a t e d  a x o n s .  W h e th e r  
a l l  e x t r e m e l y  l a r g e  a x o n a l  p r o c e s s e s  w e r e  f l a n k e d  b y  
m y e l i n a t e d  r e g i o n s  r e m a in s  t o  b e  a n s w e r e d .  T he o r i g i n  o f  
t h e s e  l a r g e  a x o n a l  p r o f i l e s  i s  c u r r e n t l y  b e i n g  
i n v e s t i g a t e d  w i t h  HRP m a p p in g .

253. 1 3   RELATIVE BRAIN SIZE IN BIRDS.  E ste  Armstrong and Roxanne 
B ergeron.*  Department o f Anatomy L.S.U . Med. C t r . , New 
O rleans, LA 70112.

R ecen tly , an a n a ly s is  o f  mammalian b ra in  and body w eights 
showed th a t  when body s iz e  was a d ju sted  f o r  oxygen tu rnover, 
many taxonomic and d ie ta ry  d iffe ren c e s  in  r e la t iv e  b ra in  
s iz e  d isappeared  (Armstrong, S c ience, 1983). B ird s , to o , a re  
homeothermic v e r te b ra te s ,  and so i t  was expected th a t  meta
b o l ic  r a te s  would a lso  in flu en ce  av ian  r e la t iv e  b ra in  s iz e s .

To determ ine th e  e f f e c t  o f metabolism on r e la t iv e  b ra in  
s iz e ,  b ra in  w eights (E), body w eights (S) and b a sa l metabo
l i c  r a te s  (MR) were c o lle c te d  from published  re p o r ts .  T hir
t y - e ig h t sp ec ie s  o f b ird s  were analyzed. L inear reg re ss io n s  
were used to  d e riv e  equations and th e  sp ec ie s  s p e c if ic  r e s i 
dua ls  were compared.

E ncep h a liza tio n  in d ic e s  were determ ined from th e  avian  
equation : lo g  E=-0.860+lo g  S 0 .56 ; r =0.943. The s lope o f 
0 .56 (+ 0 .105), which has been found by many o th e r in v e s t i 
g a to rs  (Portmann, A lauda, 1947) was confirm ed. The s lope  
i s  lower th an  th e  mammalian one (0 .7 6 ) , showing th a t  fo r  
every u n i t  in c rea se  in  b ra in  w eight, b ird s  ga in  more body 
w eight .  C la s s ic a l ly  P asserifo rm es, S tr ig ifo rm es , P ic i
form es and P s itta c ifo rm e s  have la rg e r  b ra in s  f o r  t h e i r  body 
w eights th an  do o th e r b ird s  (Ib id ) . In s u ff ic e n t d a ta  p re
cluded any a n a ly s is  o f  P ic iform es and P s itta c ifo rm e s . Pas
s e r in e s  (12 sp ec ie s) and owls (3 sp ec ie s) sca led  s im ila r ly  
and had la rg e r  b ra in s  fo r  th e i r  body w eights than  d id  th e  
o th e r b ird s  (p a sse rin e  + owl t (32)=4.04 , p<.05; p asse rin e  
t (27)=2.97, p<.05; owl t (20)=10 .43 , p<<.001).

A djusted en cep h a liz a tio n  in d ic e s  (AEI) tak e  in to  account 
O2 tu rnover and a re  derived  from th e  equation  lo g  E=-1.77 
+0.828 lo g  (SxBMR); r=0.918. When so ad ju sted , p a sse rin e s  
and owls s c a le  d i f f e r e n t ly .  P a sse rin e  A EI's cannot be d is 
t in g u ish ed  from those  o f  o th e r b ird s  ( t (2 9 )=0 . 1 1 5 , n . s . ) .  
Owls, on th e  o th e r hand m ain ta in  a  s ig n if ic a n t  sep a ra tio n  
( t ( 2 0 )=5.85; p<01) in d ic a tin g  th a t  a t  le a s t  two d if f e r e n t  
system s fo r  th e  d e liv e ry  o f g lucose and oxygen to  th e  avian  
b ra in  e x is t .  An adjustm ent o f body w eight  fo r  BMR thus ac
counts f o r  d iffe re n c e s  between p a sse rin e s  and most o th e r a
v ian  s p e c ie s . Owls, on th e  o th e r hand, remain sep a ra ted  from 
th e  o th e r b ird s ,  a  s i tu a t io n  analagous to  th e  d i f f e r e n t ia 
t io n  o f p rim ates from o th e r t e r r e s t i a l  mammals.
Supported by NSF BNS-8204480.

253.14 ALLOMETRY OF SOME MAJOR CNS DIVISIONS IN MICE. GERBILS. 
AND RATS: INTRASPECIFIC AND INTERSPECIFIC COMPARISONS.  
J. H. Fox* and W. Wilczynski.  Dept. of Psychology, University of 
Texas at Austin, Austin, TX 78712.

Heads and necks of CD-1 mice, Mongolian gerbils, and 
Sprague-Dawley rats were fixed in formalin and the brains and spinal 
cords removed. Spinal cord cross-sectional areas (SCAs) were 
determined through sectioning at the level of the 1st cervical 
vertibrae. Brains were weighed and then dissected into forebrains, 
cerebellums, and brain stems, and weights were taken of each of 
these divisions. Linear regression analyses were then performed on 
the relationships between logs of body weight and logs of the above 
five measures for each of the species; similar analyses were 
performed between species. The analyses were used to determine 
exponents for the equation, E-kPa, where E is a brain (or spinal 
cord) measure, and P is body weight.

Intraspecific comparisons yielded no significant relationships 
between body weight and any measure. Because the SCA should 
differ, within a species, according to numbers of spinal axons, it is 
suggested that no differences in total somatic innervation are 
systematic with body weight. Differences occur interspecifically, 
however. Following are the resulting exponents and related 
information (all tests 1-tail, 1 df): brain weight, a=.540 (r=.99936, 
p<.025); forebrain weight, a=.550 (r=.99917, p<.025); cerebellum 
weight, a=.562 (r=.99935, p<.025); brain stem weight, a=.544 
(r=.99978, p<.01); SCA, a=.375 (r=.98772, p<.05). The lower exponent 
(relative to 2/3) for brain weight in this study (as well as in other 
studies examining closely related species or individuals within single, 
indeterminantly growing species) cannot be explained by any 
differential scaling of major brain regions (which all vary with about 
the .55 power of body weight). The exponent for the SCA may be 
lower than the other exponents because it relates to an area, not a 
volume; indeed, when the areas are raised to the 3/2 power (to 
generate "volumes"), the exponent increases to .562. Whether the 
area or "volume" measure is preferable is uncertain. The area 
measure, although it involves confusing units, provides an estimate, 
when corrected for average fiber diameter, of the total number of 
somatic afferents and efferents, which is of relevance to theories 
relating brain size to somatic information processing. The exponent 
for the SCA measure is far from 2/3, suggesting that body surface 
area does not predict the total information passing between the brain 
and the periphery. Future work will determine allometric functions of 
major CNS areas across more distantly related mammals, including 
humans. It is hoped that data from SOAs will provide the best basis 
from which to estimate somatic influences on brain allometry. Thanks 
are due to D. Thiessen for lab space and to B. Cocke, C. Smith, T. 
Schallert, W. Dillon, and J. Letchworth for animals.
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2 5 3 .1 5   A PECULIAR ARTERIO-VENOUS LEPTOMENINGEAL BUNDLE IN  THE 
GUINEA P I G .   B . A z z a r e l l l .  I n d i a n a  U n i v e r s i t y ,  D e p a r tm e n t  
o f  P a t h o l o g y ,  I n d i a n a p o l i s ,  IN  4 6 2 2 3

A r t e r i e s  a n d  v e i n s  o f t e n  r u n  i n  c l o s e  a p p r o x i m a t i o n  
s h a r i n g  a  common c o n n e c t i v e  t i s s u e  s h e a t h .  O ne e x c e p t i o n  
t o  t h i s  g e n e r a l i z a t i o n  i s  s e e n  i n  t h e  b r a i n  w h e r e  a r t e r i e s  
a n d  v e i n s  r u n  s e p a r a t e l y .  C l a s s i c a l l y ,  t h e  b l o o d  v e s s e l s  
dow n t o  t h e  a r t e r i a l  a n d  v e n o u s  l e v e l  a r e  f o rm e d  b y  t h r e e  
c o a t s :  i n t i m a ,  m e d ia  a n d  a d v e n t i t i a .  L e p t o m e n i n g e a l  
v e s s e l s  a r e  f u r t h e r  r e i n f o r c e d  b y  a  m o n o la y e r  o f  p i a l  c e l l s .

We h a v e  d i s c o v e r e d  i n  t h e  g u i n e a  p i g ,  s u p e r i o r  t o  t h e  
c o r p u s  c a l l o s u m ,  r u n n i n g  f ro m  t h e  l e v e l  o f  t h e  r o s t r u m  t o  
t h e  s p l e n i u m ,  a  g r o u p  o f  r i c h l y  i n n e r v a t e d  b l o o d  v e s s e l s  
( a n  a r t e r y  a n d  s e v e r a l  v e i n s )  e n c l o s e d  i n  a  common l e p t o 
m e n i n g e a l  s h e a t h .  T h e  a r t e r y  a r i s e s  a t  t h e  p o i n t  o f  c o n 
f l u e n c e  o f  b o t h  a n t e r i o r  c e r e b r a l  a r t e r i e s :  t h e  v e i n s  
d r a i n  i n t o  t h e  t r a n s v e r s e  s i n u s .  T h e  e p i t h e l i a l  n a t u r e  o f  
t h e  s h e a t h  i s  e v i d e n t  b y  t h e  c l o s e  a p p o s i t i o n  o f  c e l l  
m e m b r a n e s ,  t h e  p r e s e n c e  o f  j u n c t i o n a l  d e v i c e s ,  a n d  t h e  
e x i s t e n c e  o f  b a s a l  l a m i n a .  T h e  u l t r a s t r u c t u r a l  f e a t u r e s  
o f  t h i s  e p i t h e l i u m  a r e  s i m i l a r  t o  t h o s e  o f  t h e  a r a c h n o i d -  
d u r a l  m e m b r a n e s .  P r e s e n t l y ,  w e c a n  o n l y  s p e c u l a t e  o n  t h e  
s i g n i f i c a n c e  o f  t h i s  v a s c u l a r  b u n d l e .  I n  som e c a s e s  a  
c l o s e  a s s o c i a t i o n  b e tw e e n  a r t e r i e s  a n d  v e i n s  a c c o u n t s  f o r  
a  c o u n t e r c u r r e n t  e x c h a n g e  o f  h e a t  o r  i o n s  f ro m  t h e  i n c o m in g  
t o  t h e  o u t g o i n g  v e s s e l s .  T h e  p r e s e n c e  o f  t h e s e  v e s s e l s  
a p p a r e n t l y  " i s o l a t e d "  w i t h i n  a  l e p t o m e n i n g e a l  s u b c o m p a r t 
m e n t  m ay p r o v i d e  a  s u i t a b l e  m o d e l  t o  s t u d y  v a s c u l a r  -   
e x t r a v a s c u l a r  -  c e r e b r o s p i n a l  f l u i d  s u b s t a n c e  e x c h a n g e .

253.16  THE MORPHOLOGICAL A N D  THE FU NCTIO NA L PATTERN OF TH E BRA IN  
STEM. R . N ie u w e n h u y s x . (SPON: P .G .M . L u i t e n ) .  D e p t . o f  A n a
to m y ,  U n iv .  o f  N i jm e g e n ,  N i jm e g e n ,  T h e  N e t h e r l a n d s .

A c c o r d in g  t o  t h e  c l a s s i c a l  d o c t r i n e ,  d e v e l o p e d  b y  H i s ,  
G a s k e l l ,  H e r r i c k  a n d  J o h n s t o n ,  t h e  b r a i n  s te m  c o n s i s t s  o f  
f o u r  l o n g i t u d i n a l l y  a r r a n g e d  a r e a s ,  e a c h  o f  w h ic h  c a n  b e  
f u n c t i o n a l l y  c h a r a c t e r i z e d .  T h u s ,  a  s o m a to m o to r  a r e a  v e n 
t r a l i s ,  a  v i s c e r o m o t o r  a r e a  i n t e r m e d i o v e n t r a l i s , a  v i s c e r o 
s e n s o r y  a r e a  i n t e r m e d i o d o r s a l i s  a n d  a  s o m a t o s e n s o r y  a r e a  
d o r s a l i s  c a n  b e  d i s t i n g u i s h e d .  T h e  b o u n d a r i e s  b e tw e e n  t h e s e  
z o n e s  a r e  g e n e r a l l y  m a r k e d  b y  v e n t r i c u l a r  g r o o v e s ,  i . e .  f ro m  
m e d i a l  t o  l a t e r a l  t h e  s u l c u s  i n t e r m e d i u s  v e n t r a l i s  ( s i v ) , 
s u l c u s  l i m i t a n s  ( s l ) a n d  s u l c u s  i n t e r m e d i u s  d o r s a l i s  ( s i d ) .
I n  o r d e r  t o  t e s t  t h e  v a l i d i t y  o f  t h i s  d o c t r i n e  a  p r o c e d u r e  
h a s  b e e n  d e v e lo p e d  b y  u s ,  m a k in g  i t  p o s s i b l e  t o  s u r v e y  i n  
o n e  f i g u r e  t h e  n e u r o n a l  s t r u c t u r e s  a n d  t h e i r  r e l a t i o n s h i p  t o  
t h e  v e n t r i c u l a r  g r o o v e s  i n  t h i s  r e g i o n .  E s s e n t i a l l y  t h i s  
p r o c e d u r e  i n v o l v e s  tw o  s t e p s :  ( 1) t h e  c e l l  m a s s e s  a r e  p r o 
j e c t e d  u p o n  t h e  v e n t r i c u l a r  s u r f a c e ,  a n d  ( 2 ) t h e  v e n t r i c u l a r  
s u r f a c e  i s  f l a t t e n e d  o u t ,  i . e .  s u b j e c t e d  t o  a  o n e - t o - o n e  
t o p o l o g i c a l  t r a n s f o r m a t i o n .  I n  o u r  l a b o r a t o r y  s u c h  t o p o l o g i 
c a l  a n a l y s e s  w e r e  c a r r i e d  o u t  o n  t h e  b r a i n  s te m s  o f  16 
d i f f e r e n t  s p e c i e s ,  r a n g i n g  f ro m  t h e  l a m p r e y  t o  t h e  t u r t l e .  
T h e s e  a n a l y s e s  y i e l d e d  t h e  f o l l o w i n g  r e s u l t s .  I n  t h e  rh o m b 
e n c e p h a l o n  t h e  g r a y  m a t t e r  i s  a r r a n g e d  i n  f o u r  l o n g i t u d i n a l  
a r e a s '  a n d  i n  m any p l a c e s  t h e  s i v ,  s l  a n d  s i d  m a rk  t h e  b o u n 
d a r i e s  b e tw e e n  t h e s e  m o r p h o l o g i c a l  e n t i t i e s .  T h e s e  a r e a s  
c o i n c i d e  l a r g e l y ,  b u t  n o t  e n t i r e l y  w i t h  t h e  f u n c t i o n a l  
c o lu m n s  o f  p r e v i o u s  a u t h o r s .  T h e  m o s t  o b v i o u s  i n c o n g r u i t y  i s  
t h a t  t h e  a r e a  i n t e r m e d i o d o r s a l i s  c o n t a i n s ,  i n  a d d i t i o n  t o  
tw o  v i s c e r o s e n s o r y  n u c l e i ,  a  n u m b e r  o f  e v i d e n t  s o m a t o s e n s o r y  
c e l l  m a s s e s .  T h e  f o u r  l o n g i t u d i n a l  z o n e s  c a n n o t  b e  d i s t i n 
g u i s h e d  i n  t h e  m e s e n c e p h a l o n  n o r  c a n  t h e  s l  b e  r e c o g n i z e d  
t h e r e .  F u n c t i o n a l l y ,  h o w e v e r ,  t h e  m e d i a l  p a r t  o f  t h e  te g m e n 
tu m  m e s e n c e p h a l i  m ay b e  c o n s i d e r e d  t h e  r o s t r a l  e x t r e m e  o f  
t h e  s o m a to m o to r  c o lu m n ,  w h e r e a s  t h e  r e m a i n d e r  o f  t h e  m i d b r a i n  
c o n t a i n s  a  n u m b e r  o f  s o m a t o s e n s o r y  c e n t e r s .

A p a r t  f ro m  p r e s e n t i n g  a n  o v e r v i e w  o f  t h e  s t r u c t u r a l  r e l a 
t i o n s  i n  a  g i v e n  b r a i n  s t e m ,  t h e  t o p o l o g i c a l  c h a r t s  p r o d u c e d  
h a v e  a l s o  a p p e a r e d  t o  b e  u s e f u l  f o r  s h o w in g  t h e  p a t t e r n  o f  
c o n n e c t i v i t y  o f  t h e  v a r i o u s  c e n t e r s ,  a s  w e l l  a s  f o r  m a p p in g  
t h e  r e s u l t s  o f  e x p e r i m e n t a l  w o rk  w i t h  r e t r o g r a d e  t r a c e r s .

CHEMICAL SENSORY SYSTEMS II

2 5 4 .1   AXONAL PROJECTIONS AND CONDUCTION PROPERTIES OF OLFACTORY 
PEDUNCLE NEURONS IN  THE SOUTH AMERICAN ARMADILLO (CHAETOPHRA 
CTUS VELLEROSUS).  H . F e r r e y r a  a n d  A . C i n e l l i * .   I n s t i t u t o  d e  
I n v e s t i g a c i ó n  M é d ic a  M. y  M. F e r r e y r a .  5 0 0 0  Có r d o b a ,  A r g e n 
t i n a .

A x o n a l  p r o j e c t i o n s  a n d  c o n d u c t i o n  p r o p e r t i e s  o f  o l f a c t o r y  
p e d u n c l e  (O P) a n d  v i s u a l  c a l l o s a l  n e u r o n s  h a v e  b e e n  i n v e s t i 
g a t e d  i n  e n d o t h e r m i c  m am m als ( r a t ,  r a b b i t ,  m o n k ey ) w i t h  c o r e  
t e m p e r a t u r e s  o f  3 6 - 3 8 °C . We h a v e  s o u g h t  t o  e x t e n d  t h e s e  
o b s e r v a t i o n s  t o  a  p r i m i t i v e  e d e n t a t e ,  t h e  a r m a d i l l o ,  w ic h  
n o r m a l l y  d i s p l a y s  a  lo w  c o r e  t e m p e r a t u r e  o f  3 2 - 3 4 °C .

E x t r a c e l l u l a r  a n t i d r o m i c  s i n g l e  a c t i o n  p o t e n t i a l s  w e re  
r e c o r d e d  f r o m  6 7  n e u r o n s  t h r o u g h o u t  t h e  OP r e g i o n  f o l l o w i n g  
e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  i p s i l a t e r a l  (N = 41) a n d  c o n t r a 
l a t e r a l  (N = 2 6 ) o l f a c t o r y  b u l b  ( I OB ;C OB) a t  c o r e  t e m p e r a t u r e s  
o f  2 8 - 3 2 °C i n  2 0  a r m a d i l l o s  u n d e r  U r e th a n e  (1  g / k g )  a n e s t h e 
s i a .  A b s o l u t e  r e f r a c t o r y  p e r i o d  (A R P ), a x o n a l  c o n d u c t i o n  
v e l o c i t y  ( C V ) , s u p e r  a n d  s u b n o r m a l  p e r i o d s  (S P N ; SBN) w e r e  
e v a l u a t e d .  T he  ARP a n d  t h e  CV w e r e  n e g a t i v e l y  c o r r e l a t e d  
( r =  - 5 3 ;  p < 0 . 0 0 1 ) .  An e a r l y  SPN a n d  l a t e  SBN p e r i o d  o f  i n 
c r e a s e d  a n d  d e c r e a s e d  CV a n d  e x c i t a b i l i t y ,  r e s p e c t i v e l y ,  
w a s  f o u n d  i n  82  % (SPN ) a n d  i n  5 8  % (SBN) o f  n e u r o n s  t e s t e d  
f o r  v a r i a t i o n s  i n  a n t i d r o m i c  l a t e n c y  a n d  t h r e s h o l d  t o  t h e  
s e c o n d  o f  tw o  i d e n t i c a l  v o l l e y s  d e l i v e r e d  t o  t h e  OB a t  C /T  
i n t e r v a l s  o f  1 - 2 0 0 0  m s e c .  L a t e n c y  v a r i a t i o n s  r a n g e d  b e tw e e n  
0 . 5  t o  12 % o f  a n t i d r o m i c  c o n t r o l  l a t e n c y .  B o th  t h e  SPN a n d  
SBN p e r i o d  w e r e  n e g a t i v e l y  c o r r e l a t e d  t o  t h e  CV ( r =  - . 5 5 ,  
p < 0 . 0 0 1 )  i n d i c a t i n g  t h a t  l a r g e r  a x o n s  h a v e  s h o r t e r  SPN a n d  
SBN p e r i o d s  t h a n  t h i n n e r  o n e s .  B o th  t h e  m a g n i t u d e  a n d  t h e  
d u r a t i o n  o f  t h e  SPN a n d  SBN p e r i o d s  w e r e  p o s i t i v e l y  c o r r e 
l a t e d  t o  t h e  CV ( r =  . 5 5 ,  p <  0 .0 0 1  a n d  r =  . 5 8 ,  p <  0 . 0 0 2 ,  
r e s p e c t i v e l y ) . T h e  d u r a t i o n  b u t  n o t  t h e  m a g n i t u d e  o f  t h e  
SPN a n d  SBN p e r i o d  w e r e  a l s o  c o r r e l a t e d  ( r =  0 . 7 9 ,  p < 0 . 0 0 1 ) .  
D u r i n g  t h e  SBN p e r i o d ,  t h e  a n t i d r o m i c  l a t e n c y  o f  15 n e u r o n s  
i n c r e a s e d  i n  a  g r a d u a l  a d d i t i v e  m a n n e r ,  r e a c h i n g  a n  a p p a r e n t  
a s y m p t o t i c  v a l u e  a f t e r  6 0 - 1 2 8  s t i m u l i .  T h e s e  r e s u l t s  i n d i c a 
t e  t h a t  a x o n a l  c o n d u c t i o n  p r o p e r t i e s  o f  OP n e u r o n s  i n  a n  
a n c i e n t  e u t h e r i a n  m am m al a r e  n o t  i n v a r i a n t  i n  t h e  t e m p o r a l  
d o m a in  b u t  r a t h e r  c h a n g e  d e p e n d in g  o n  t h e  h i s t o r y  o f  
p r e v i o u s  a c t i v i t y  i n  t h e  a x o n .

S u p p o r t e d  b y  CONICOR a n d  CONICET,

2 5 4 .2   ODOR RESPONSES OF ANTIDROMICALLY-IDENTIFIED OLFACTORY BULB 
OUTPUT NEURONS IN  THE RAT.  T h e r e s a  A . H a r r i s o n  a n d  J o h n  W. 
S c o t t .   D e p t .  o f  A n a to m y , E m ory  U n i v . ,  A t l a n t a ,  GA 3 0 3 2 2

T he tw o  m a jo r  m o r p h o l o g i c a l  t y p e s  o f  o l f a c t o r y  b u l b  (OB) 
o u t p u t  n e u r o n s ,  m i t r a l  a n d  t u f t e d  c e l l s ,  c a n  b e  d i s t i n 
g u i s h e d  d u r i n g  u n i t  r e c o r d i n g  by  t h e  d i f f e r e n t  p r o j e c t i o n  
s i t e s  f ro m  w h ic h  t h e y  c a n  b e  a n t i d r o m i c a l l y  a c t i v a t e d .  R e
c e n t  w o rk  f ro m  t h i s  l a b o r a t o r y  ( S c h n e i d e r  & S c o t t ,  J .  
N e u r o p h y s . , 5 0 , 1 9 8 3 )  sh o w e d  t h a t  a n t i d r o m i c a l l y  i d e n t i f i e d  
t u f t e d  c e l l s  d i f f e r e d  f ro m  m i t r a l  c e l l s  i n  b e in g  m o re  e a s i l y  
a c t i v a t e d  b y  e l e c t r i c a l  s t i m u l a t i o n  o f  o l f a c t o r y  n e r v e ,  a n d  
i n  r e s p o n d i n g  m o re  o f t e n  w i t h  m u l t i p l e  s p i k e s .  T h e s e  d a t a  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  m i t r a l  a n d  t u f t e d  c e l l s  f u n c t i o n  
d i f f e r e n t l y  i n  t h e  p r o c e s s i n g  o f  p r im a r y  o l f a c t o r y  i n f o r m a 
t i o n .  I n  t h e  p r e s e n t  s t u d y ,  t h i s  h y p o t h e s i s  w as f u r t h e r  
t e s t e d  b y  e x a m in in g  t h e  r e s p o n s e s  o f  i d e n t i f i e d  OB o u t p u t  
n e u r o n s  t o  d i f f e r e n t  c o n c e n t r a t i o n s  a n d  q u a l i t i e s  o f  o d o r s ,  
i n  N e m b u t a l - a n e s t h e t i z e d  r a t s .

As i n  t h e  p r e v i o u s  s t u d y ,  OB u n i t s  w e re  c l a s s i f i e d  a s :  
OT u n i t s ,  i f  a n t i d r o m i c a l l y  a c t i v a t e d  f ro m  o l f a c t o r y  
t u b e r c l e  b u t  n o t  p o s t e r i o r  p i r i f o r m  c o r t e x ;  pPC -O T u n i t s ,  
a c t i v a t e d  f ro m  b o t h  s i t e s ;  a n d  LOT u n i t s ,  a c t i v a t e d  o n l y  
f ro m  t h e  r o s t r a l  l a t e r a l  o l f a c t o r y  t r a c t .  O d o r s t i m u l i  w e re  
d e l i v e r e d  by  u s i n g  a n  i n f u s i o n  pump t o  p u s h  a i r  a t  v a r i a b l e  
r a t e s  t h r o u g h  a  c h a m b e r  c o n t a i n i n g  o d o r a n t - s a t u r a t e d  f i l t e r  
p a p e r  a n d  i n t o  a  c l e a n  a i r  l i n e  e n d in g  i n  a  c h a m b e r  o v e r  t h e  
r a t ' s  n o s e .  T h i s  s y s te m  p e r m i t t e d  r a p i d  s w i t c h i n g  b e tw e e n  6 
d i f f e r e n t  c o n c e n t r a t i o n s  a n d  a n y  o f  32  o d o r s .  T he  
c o n c e n t r a t i o n  o f  o d o r  d e l i v e r e d  w as e s t a b l i s h e d  b y  p r i o r  
c a l i b r a t i o n  o f  e a c h  o d o r  s o u r c e ,  u s i n g  a  g a s  s a m p l in g  
v a l v e - e q u i p p e d  g a s  c h r o m a to g r a p h .

O d o r r e s p o n s e s  o f  31 OT a n d  LOT u n i t s ,  a n d  16 pPC-O T 
u n i t s  h a v e  b e e n  s t u d i e d .  I n i t i a l  r e s u l t s  i n d i c a t e  t h a t  OT 
a n d  LOT u n i t s  a r e  m o re  e a s i l y  a c t i v a t e d  by  o d o r s  t h a n  a r e  
pPC-O T u n i t s .  S i x t y  p e r c e n t  o f  t h e  pPC -O T u n i t s  w e r e  u n r e s 
p o n s i v e  t o  a n y  o d o r  t e s t e d ,  e v e n  a t  h i g h e s t  c o n c e n t r a t i o n s .  
I n  c o n t r a s t ,  85% o f  t h e  OT a n d  LOT u n i t s  r e s p o n d e d  t o  m o re  
t h a n  o n e  o d o r ,  a n d  som e t o  a l l  o d o r s  t e s t e d ,  dow n t o  t h e  
l o w e s t  c o n c e n t r a t i o n s .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  p r e v i o u s  
f i n d i n g  o f  l o w e r  t h r e s h o l d s  a n d  g r e a t e r  r e s p o n s i v e n e s s  o f  
p r e s u m e d  t u f t e d  c e l l s  t o  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  
o l f a c t o r y  n e r v e .  T e m p o ra l  p a t t e r n s ,  d i r e c t i o n  a n d  a m p l i t u d e  
o f  o d o r  r e s p o n s e s  v a r i e d  u n d e r  t h e s e  e x p e r i m e n t a l  c o n d i 
t i o n s ;  a  s a m p le  a d e q u a t e  f o r  e v a l u a t i n g  s y s t e m a t i c  
d i f f e r e n c e s  b e tw e e n  c e l l  t y p e s  i n  t h e s e  r e s p e c t s  i s  
c u r r e n t l y  b e i n g  c o l l e c t e d .  S u p p o r t e d  b y  P u b l i c  H e a l t h  
S e r v i c e  G r a n t  #NS 1 2 4 0 0 .
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554.3  TASTE REACTIVITY AFTER BILATERAL GUSTATORY NERVE SECTION  
J . D. T rav e rs , H.J. G r i l l ,  P .S . Grigson*, and R. Norgren.  
Dept. of Behavioral Science, M.S. Hershey Medical C enter, 
Hershey, PA 17033, Dept. of Psychology, U n iversity  of 
Pennsylvania, P h ilad e lp h ia , PA 19104 and, Dept. of 
Psychology, Elizabethtow n C ollege, E lizabethtow n, PA 17022.

Attempts to  assess  the  e f fe c ts  of g u sta to ry  d ea ffe re n ta 
tio n  on in g e s tiv e  behavior have used both sh o rt and long 
term  consumption t e s t s  (e .g .  Jacqu in , Beh. Neuros. '83 ; 
Pfaffmann, JCPP '5 2 ) . Recent s tu d ie s  have demonstrated th a t 
g u sta to ry  s e n s i t iv i ty  can be assessed  using in tr a o r a l  
s tim u la tio n  and scoring  the  re s u l ta n t  o ro - fa c ia l  movements 
v id eog raph ically  (G ri l l  & Norgren, B rain R es . ' 73) or 
e lectrom yograph ically  (T ravers & Norgren, Neuros. Abst. 
' 83). We have begun to  t e s t  the  e f f e c ts  of s e le c t iv e ,  
b i l a te r a l  g u s ta to ry  nerve cu ts  on the production of 
o ro - fa c ia l  movements to  in tr a o r a l  sapid  s tim u la tio n . 
S tim u lation  and record ing  techniques a re  e s s e n t ia l ly  the 
same as described  in  Travers & Norgren ( ' 83). Adult r a ts  
f i t t e d  w ith in t r a o r a l  cannulas and chronic EMG e lec tro d es  
from up to  4 muscles were te s te d  w ith 5 concen tra tio n s  of 
sucrose , NaCl, QHCl , and w ater. Following c o lle c tio n  of 
b a se lin e  d a ta , one group of r a ts  was an es th e tized  and the 
chorda tympani nerves (CT) cut b i l a te r a l ly  in t r a - a u r a l ly . 
Following recovery , animals were re te s te d  electrom yo
g ra p h ic a lly . Subsequently , the r a t s  were te s ted  
independently  in  a second lab o ra to ry  using the same 
s tim u la tio n  techniques and responses videotaped fo r a frame 
by frame a n a ly sis  of ta s t e  r e a c t iv i ty  components. A second 
group of animals received  b i l a te r a l  IX nerve cu ts  a t the 
time of the EMG e lectode  and in tr a o r a l  cannula im plants but 
were te s te d  w ith id e n tic a l  procedures as the CT group. A 
th ird  group of animals received  no nerve c u ts .  A normal 
response to  sup ra th resho ld  QHCl c o n s is ts  of seve ra l l ic k s ,  a 
s e r ie s  of gapes, a b r ie f  pause (2-3 sec) and a second s e r ie s  
of gapes. Following CT nerve cu ts  r a ts  showed an in c rease  
in  the  number of lic k s  preceding the 1s t  gape response 
(longer la ten cy ) as well as some in d ic a tio n  of a heightened 
response th re sh o ld . Rats w ith IXth nerve cu ts  exh ib ited  a 
reduced la tency  to  the  f i r s t  gape a t  low co n cen tra tio n s  but 
no th resh o ld  change fo r the f i r s t  s e r ie s  of gapes. The 
second gape bou t, however, was absen t. These p relim inary  
observations suggest th a t neural s ig n a ls  in  e i th e r  the CT or 
IXth nerves can i n i t i a t e  r e je c tio n  but th a t both nerves are 
requ ired  fo r an e lectrom yograph ically  normal response. 
Supported by: N520477 and NS20397

254.4  TASTE RESPONSES IN THE NUCLEUS TRACTUS SOLITARIUS OF THE 
BEHAVING MONKEY.  T .R .S c o tt,  S.Yaxley*, Z .J .S ienk iew icz* , 
and E .T . R o lls .  Dept of Psychology, Univ of Delaware, Newark, 
DE 19716 and Dept of Experimental Psychology, Oxford Univ, 
Oxford OX1 3UD, UK.

Recent au to rad iograph ic  s tu d ie s  have p re c ise ly  de lim ited  
the gu sta to ry  re lay s  in  monkey brainstem  and so made them 
more a cce ss ib le  to the e le c tro p h y s io lo g is t.  We recorded 
m u ltiu n it and s in g le  neuron responses from the nucleus t r a c 
tu s s o l i t a t iu s  (NTS) of two cynomolgus monkeys (Macaca fa sc 
ic u l a r i s ) . Under b a rb itu ra te  an es th esia  each was f i t t e d  w ith 
a s ta in le s s  s te e l  headmount which accommodated a m icroposi
t io n e r  fo r subsequent d a ily  reco rd ing . E lec trodes were g la ss  
coated tungsten  p la ted  w ith platinum  black  and gold ch lo rid e  
( t ip  s iz e , 2  x  4 m icrons). S tim uli were 1 . 0mM -  3.0M NaCl, 
1 .0mM -  3.0M glucose, 0.01 -  30.0mM HCl , 0.001 -  10.0mM 
quinine HCl and 20% b lack cu rran t ju ic e .

The monkey NTS is  a n early  c y lin d r ic a l  s tru c tu re  w ith i t s  
main ax is  o rien ted  about 30° to the a n te ro la te r a l .  I t  ranges 
from 3.5 -  5.5mm la te r a l  to  the m idline and from 0 .5  -  3.0mm 
p o s te r io r  to the aud ito ry  meatus (ear bar z e ro ) . M ultiun it 
in te n s ity -re sp o n se  func tions in  NTS were comparable to those 
repo rted  psychophysically . However the magnitude of response 
evoked by each stim ulus was dependent upon lo ca tio n  w ith in  
NTS. S e n s it iv ity  to  HCl was g re a te s t toward the p o s te r io r  of 
the g u sta to ry  region  w hile responses to  sweet s t im u li ,  NaCl 
and even quin ine were more robust a n te r io r ly .  This crude 
chemotopia provides one p o ssib le  mechanism fo r q u a li ty  coding. 
Time courses were a lso  d is t in c t iv e  among the b asic  q u a l i t ie s :  
HCl evoked the la rg e s t  phasic peak, and glucose the most 
prolonged a c t iv i ty .

We is o la te d  43 neurons from throughout NTS. Spontaneous 
ra te s  were near 1 .2 /se c . Evoked responses were a func tion  of 
lo c a tio n , w ith s e n s i t iv i ty  g en era lly  p a ra l le l in g  the m u lti
u n it a c t iv i ty  of th a t subarea. Discharge ra te s  ra re ly  
exceeded 100spikes/5 sec , though i t  is  l ik e ly  th a t more re 
sponsive neurons were bypassed because b e t te r  i s o la t io n  is  
requ ired  to  follow  th e i r  a c t iv i ty .  C ells  were broadly  s en s i
t iv e  to  the  b a sic  s tim u li, though le s s  so than in  the r a t  NTS. 
F in a lly  we te s ted  the responsiveness of neurons to  1.0M g lu 
cose b e fo re , during and follow ing s a t i a t in g  glucose loads to 
determ ine whether m otivation  or hedonic appeal a ffec ted  NTS 
s e n s i t iv i ty .  We saw no apparent changes in  responsiveness.

254.5  PERIPHERAL AND CENTRAL EVENTS CONTRIBUTE TO MIXTURE 
SUPPRESSION IN THE OLFACTORY PATHWAY.  C. D. Derby, R. A. 
Gleeson* and B. W. Ache*.  C. V. Whitney Laboratory, Univ. 
of F lo r id a , S t. A ugustine, FL 32086

Marked suppression  between or among the components of 
stim ulus m ixtures i s  common in  both o lfa c tio n  and ta s t e .  
The ro le  of p e rip h e ra l and c e n tra l  events in  th is  
phenomenon i s  a paramount issu e  in  understanding the 
percep tion  of complex odors and ta s t e s .  We are  studying 
m ixture suppression  in  a r e la t iv e ly  simple o lfa c to ry  
system, th a t of the spiny lo b s te r ,  which shares basic  
o rg a n iz a tio n a l fe a tu re s  w ith the v e rte b ra te  o lfa c to ry  
pathway. Using a c t iv i ty  evoked in  b ra in -o u tp u t 
in te rneu rons  as an assay , we have id e n t i f ie d  the 
components of a food odor th a t a re  s tim u la to ry  and/or 
in te r a c t  w ith o th e r components in  the m ixture. Based on a 
n o n -add itive  model, 12 components were s tim u la to ry . Of 
th e se , two were a lso  s y n e rg is tic  and one was 
su p p ress iv e . Three o the r components were non-stim u la to ry , 
but supp ress ive . The remaining 16 of the 31 components 
analyzed did not c o n trib u te  to the m ixture. Confirmatory 
experim ents f a ile d  to  support any o v e ra ll s y n e rg is tic  
e f f e c t ,  in  c o n tra s t to supporting  a s trong  o v e ra ll 
suppressive  e f f e c t .  Both p e rip h e ra l and c e n tra l  events 
appear to c o n trib u te  to  the observed m ixture 
suppression . S ing le  u n it  record ings from recep to r c e l l s  
id e n t i f ie d  a c la ss  of ta u rin e -e x c ite d  c e l ls  whose response 
to  ta u rin e  i s  mostly or e n t i re ly  suppressed by a t le a s t  6 
o th e r amino acid s in  the m ixture. At le a s t  two of the 6 
suppressive amino acid s  appear to com petitive ly  in h ib i t  
the  ta u rin e  response. That such recep to rs  in  fa c t 
c o n trib u te  to the m ixture suppression  observed in  b ra in - 
output in te rn eu ro n s  i s  suggested by the find ing  th a t 75% 
of these  in te rn eu ro n s  show mixture suppression  when 
s tim u lan ts  and supp ressan ts  are  presen ted  c o -s p a tia lly ,  
y e t f a i l  to do so when the  suppressan ts  a re  app lied  co- 
tem porally , but s p a t i a l ly  separated  from the s tim u lan ts . 
That the  rem aining 25% o f these  in te rn eu ro n s , however, 
continue to e x h ib it m ixture suppression  under th is  " s p l i t -  
nose" paradigm in d ic a te s  th a t the suppression  i s  a lso  
generated  in  p a rt w ith in  the CNS. The na tu re  of the 
suppression  generated  w ith in  the CNS is  p re sen tly  unknown. 
Supported by NSF/BNS 83-08120 and NIH/NRSA F32 NS07330.

254.6  CENTRAL ORGANIZATION OF AFFERENT FIBERS OF THE POSTERIOR 
TONGUE IN THE HAMSTER.  T.R. Stanford* and M. Whitehead.  
Dept. Oral B io l., UCONN H ealth  C tr. Farmington, CT 06032.

Taste and touch s e n s ib i l i t i e s  for th e  p o s te r io r  tongue 
are  mediated by the  glossopharyngeal nerve. The c e n tra l  
p r o je c t io n s  o f  i t s  l i n g u a l  b ran ch  (L IX) were v i s u a l i z e d  
w ith horserad ish  peroxidase.

A fferen t f ib e rs  en te r the v e n t ro la te r a l  m edulla  350 um 
c au d a l to  th e  c o c h le a r  n u c le u s  and c o u rse  r o s t r a l l y  and 
m e d ia l ly  to  e n te r  th e  s o l i t a r y  t r a c t  a t  th e  l e v e l  o f th e  
c o c h le a r  n u c le u s .  En ro u te  to  th e  s o l i t a r y  t r a c t ,  some 
e n te r in g  f i b e r s  b i f u r c a t e  and send d e scen d in g  b ran ch es  
through th e  d o rsa l sp in a l tr ig em in a l t r a c t .  These f ib e rs  
ex ten d  f a r  c a u d a l ly  and te rm in a te  d e n s e ly  in  a m a rg in a l 
lam ina o f  the  sp in a l trig em in a l nuc leus (pars c au d a lis )  and 
in deeper, r e s t r ic te d  te rm ina l f ie ld s .  F ibers  descending 
in the  tr ig em in a l t r a c t  a lso  send c o l l a t e r a l s  m e d ia lly  to  
th e  s o l i t a r y  n u c le u s .  Endings d i s t r i b u t e  to  i t s  r o s t r a l  
and in te rm e d ia te  s u b d iv is io n s  as w e ll  a s  to  th e  r o s t r a l  
p o le  o f  i t s  com m issural n u c le u s .  S im i l a r ly ,  la b e le d  
a f fe re n ts  descending in the  s o l i t a r y  t r a c t  te rm inate  a t  a l l  
ro s tro cau d a l l e v e l s  o f the  i p s i l a t e r a l  s o l i t a r y  nuc leus. 
Minor p r o je c t io n s  to  th e  r e t i c u l a r  f o r m a t io n ,  a r e a  
postrem a, l a t e r a l  cuneate n u c leu s, and to  the  c o n t r a la te r a l  
commissural nucleus were noted. Terminal la b e l  i s  h e a v ie s t 
a t  in te rm ed ia te  l e v e l s  o f  the  s o l i t a r y  nucleus but becomes 
sp arse  r o s t r a l ly  and c au d a lly . At r o s t r a l  l e v e l s ,  te rm in a l 
la b e l  covers the  d o rsa l o n e -h a lf  o f  the  nucleus but s h i f t s  
to  become c o n c e n tr a te d  v e n t r o l a t e r a l ly  a t  more c au d a l 
le v e ls .

The a ffe re n t p ro jec tio n s  repo rted  here resem ble those o f 
the  same glossopharyngeal branch in the  r a t  (Hamilton, R.B. 
and N orgren, R., J . Comp. N e u ro l., 220: 378, 1984) and a re  
compared to  p ro je c tio n s  o f  a n te r io r  tongue a f fe re n ts  in the  
ham ster (W hitehead, M.C. and F rank , M.E., J . Comp. N e u ro l., 
222: 560, 1983). L IX and chorda tym pani p r o je c t io n s  a re  
l a r g e l y  c o e x te n s iv e  in  th e  s o l i t a r y  n u c le u s ,  e x cep t 
r o s t r a l ly .  These p r o je c t io n s  a re  a l s o  o v e r la p p e d  by 
a f fe re n ts  o f the  lin g u a l (tr ig em in al) nerve in the l a t e r a l  
p a rt o f the in term ediate  s o l i t a r y  nucleus. Thus, t h i s  area 
re c e iv e s  converging inpu ts  from the a n te r io r  and p o s te r io r  
tongue v ia  3 c ra n ia l  ne rves  m ediating a t  l e a s t  two sensory 
m o d a l i t i e s .  (S upported  by NS16993 and th e  CT. R esearch  
Foundation).
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2 5 4 .7   MITRAL AND TUFTED CELLS OF THE RAT OLFACTORY BULB VISUALIZED 
BY IN JE C T IO N  OF THE PHAGEOLUS VULGARIS LEUCOAGLUTTININ 
LECTIN ( P H A -L ) .   J .W .  S c o t t ,  J .  P e m b e r to n *  a n d E .C .  R a i n e r * .  
 D e p t .  o f  A n a to m y , E m o ry  U n i v . ,  A t l a n t a ,  GA 3 0 3 2 2 .

T h e  PHA-L l e c t i n  i s  u s e f u l  f o r  t r a c i n g  a n t e r o g r a d e  c o n 
n e c t i o n s  u s i n g  s u r v i v a l  t i m e s  o f  s e v e r a l  d a y s  ( G e r f e n  a n d  
S a v c h e n k o  B r a i n  R e s .  2 9 0 : 2 1 9 ,  1 9 8 4 ) .  We u s e d  s m a l l ,  i o n t o 
p h o r e t i c  i n j e c t i o n s  o f  PHA-L i n t o  t h e  e x t e r n a l  p l e x i f o r m  
l a y e r  (E P L )  o f  t h e  r a t  o l f a c t o r y  b u l b  (O B) t o  t r a c e  t h e  p r o 
j e c t i o n s  f r o m  m i t r a l  a n d  t u f t e d  c e l l s .  S u r v i v a l  t im e s  
v a r i e d  f ro m  4  t o  10 d a y s .  T i s s u e  w a s  c u t  i n  t h e  s a g i t t a l  
p l a n e  a t  80  m i c r o m e t e r s ,  d e f a t t e d  w i t h  e t h a n o l  a n d  p r o c e s s e d  
i m m u n o h i s t o c h e m i c a l l y  u s i n g  a n  a v i d i n - b i o t i n - p e r o x i d a s e  
p r o c e d u r e  w i t h  a  c o b a l t  i n t e n s i f i e d  DAB c h ro m o g e n .  E a c h  
i n j e c t i o n  l a b e l l e d  u p  t o  1 0 - 1 5  m i t r a l  a n d  t u f t e d  c e l l s  a n d  a  
v a r y i n g  n u m b e r  o f  g r a n u l e  c e l l s .  C e l l s  w e r e  r e c o n s t r u c t e d  
t h r o u g h  s e r i a l  s e c t i o n s .  T h e  u l t i m a t e  g o a l  i s  t o  d e s c r i b e  
t h e  d i s t r i b u t i o n  o f  a x o n s  o f  t h e  p r o j e c t i o n  c e l l s ,  b u t  t h i s  
p r e l i m i n a r y  r e p o r t  d e a l s  p r i m a r i l y  w i t h  i n t r a b u l b a r  a n d  
a n t e r i o r  o l f a c t o r y  n u c l e u s  (AON) c o n n e c t i o n s .

S i n c e  PHA-L s u r v i v e s  i n  t h e  n e u r o n  f o r  a  l o n g e r  p e r i o d ,  
i t  i s  i m p o r t a n t  t o  o b s e r v e  w h e t h e r  t h e  r e s u l t s  a g r e e  w i t h  
t h o s e  s e e n  w i t h  h o r s e r a d i s h  p e r o x i d a s e  i n j e c t i o n s  ( O r o n a  e t  
a l . ,  JCN 2 1 7 : 2 2 7 ,  1 9 8 3 ;  O ro n a  e t  a l . ,  JC N , 1 9 8 4 ) .  A s i n  
t h o s e  s t u d i e s ,  a l l  l a b e l l e d  n e u r o n s  h a v e  p r o c e s s e s  t h a t  e x 
t e n d  i n t o  t h e  i n j e c t i o n  s i t e .  T h e  l e n g t h s  a n d  d i s t r i b u t i o n s  
o f  m i t r a l  a n d  t u f t e d  c e l l  b a s a l  d e n d r i t e s  a g r e e  c l o s e l y  w i t h  
o u r  e a r l i e r  w o r k .  We c o n f i r m e d  t h e  d i v i s i o n  o f  m i t r a l  c e l l s  
i n t o  tw o  m a j o r  t y p e s  d e p e n d in g  o n  t h e  p o s i t i o n  a n d  l e n g t h s  
o f  b a s a l  d e n d r i t e s .  A xon  c o l l a t e r a l s  w i t h i n  t h e  i n t e r n a l  
p l e x i f o r m  l a y e r  o f  t h e  OB com e o n l y  f ro m  t u f t e d  c e l l s  a n d  
m i t r a l  c e l l s  w i t h  s u p e r f i c i a l  b a s a l  d e n d r i t e s  ( t y p e  I I ) .  
W h ile  t h e  b a s a l  d e n d r i t e s  o f  g r a n u l e  c e l l s  a r e  m o re  i n t e n s e 
l y  f i l l e d  a f t e r  PHA-L i n j e c t i o n ,  t h e  c o n c l u s i o n  o f  
d i f f e r e n t i a l  i n n e r v a t i o n  o f  t h e  EPL b y  s u p e r f i c i a l  a n d  d e e p  
g r a n u l e  c e l l s  i s  s t i l l  s u p p o r t e d .

T h e  PHA-L i n j e c t i o n s  e n a b l e d  u s  t o  f o l l o w  p r o j e c t i o n  c e l l  
a x o n s  f o r  s e v e r a l  mm. d e p e n d in g  u p o n  t h e  s u r v i v a l  t i m e .  
M o st p r o j e c t i o n  c e l l s  h a v e  s e v e r a l  a x o n  b r a n c h e s  a n d  a l l  o f  
t h e  m i t r a l  c e l l s  we h a v e  s t u d i e d  p r o j e c t  i n t o  t h e  p o s t e r i o r  
p a r t  o f  t h e  l a t e r a l  o l f a c t o r y  t r a c t  o r  o n t o  t h e  p o s t e r i o r  
p i r i f o r m  c o r t e x .  We h a v e  c o n f i r m e d  t h a t  som e b u t  n o t  a l l  
m i t r a l  c e l l s  h a v e  a x o n  c o l l a t e r a l s  t h a t  t e r m i n a t e  i n  t h e  AON 
s u p e r f i c i a l  t o  t h e  p a r s  e x t e r n a .  I n i t i a l  r e s u l t s  i n d i c a t e  
t h a t  t y p e  I  m i t r a l  c e l l s ,  p a r t i c u l a r l y  t h o s e  w i t h  l a r g e r  
a x o n s ,  a r e  l e s s  l i k e l y  t o  h a v e  s u c h  c o l l a t e r a l s .  S u p p o r t e d  
b y  G r a n t  # B N S -8 1 0 2 1 7 5  f ro m  N SF.

2 5 4 .8   A F F E R E N T  P R O J E C T I O N S  O F T H E  S U P E R I O R  L A R Y N G E A L  
N E R V E  TO T H E  M E D U L L A  O F T H E  L A M B . R.  D .  S w e a z e y  
a n d  R . M.  B r a d l e y .  D e p t .  O r a l  B i o l o g y ,  U n i v .  o f  
M i c h i g a n ,  S c h .  o f  D e n t i s t r y ,  A n n  A r b o r ,  M I 4 8 1 0 9 .

T o  d e t e r m i n e  t h e  c e n t r a l  p r o j e c t i o n s  o f  
a f f e r e n t s  i n n e r v a t i n g  t a s t e  b u d s  o n  t h e  
e p i g l o t t i s ,  h o r s e r a d i s h  p e r o x i d a s e  ( S i g m a  V I )  w a s  
a p p l i e d  t o  t h e  c u t  e n d  o f  t h e  s u p e r i o r  l a r y n g e a l  
n e r v e  ( S L N )  i n  1 0  l a m b s  a g e d  3 0  t o  6 0  d a y s .  A f t e r  
7 2  h o u r s  t r a n s v e r s e  s e c t i o n s  o f  t h e  b r a i n s t e m  w e r e  
p r o c e s s e d  u s i n g  t h e  t e t r a m e t h y l  b e n z a d i n e  m e t h o d .

A f f e r e n t  f i b e r s  o f  t h e  S L N  e n t e r e d  t h e  
i p s i l a t e r a l  b r a i n s t e m  t h r o u g h  a  s e r i e s  o f  v a g a l  
r o o t l e t s ,  f r o m  t h e  l e v e l  o f  t h e  r o s t r a l  i n f e r i o r  
o l i v e  c a u d a l  t o  t h e  l e v e l  o f  t h e  d o r s a l  m o t o r  
n u c l e u s  o f  t h e  v a g u s  ( D M V ) .  A s m a l l  n u m b e r  o f  
f i b e r s  j o i n e d  t h e  d o r s a l  s p i n a l  t r i g e m i n a l  t r a c t  
w h i l e  t h e  m a j o r i t y  o f  f i b e r s  j o i n e d  a n d  r a n  
c a u d a l l y  i n  t h e  s o l i t a r y  t r a c t  ( S T ) .  L a b e l e d  
t e r m i n a l s  i n  t h e  n u c l e u s  o f  t h e  s o l i t a r y  t r a c t  
( N S T )  e x t e n d e d  f r o m  r o s t r a l  l e v e l s  o f  t h e  DMV 
c a u d a l l y  t o  t h e  c o m m i s s u r a l  n u c l e u s .  A t  t h e  l e v e l  
o f  t h e  DMV t h e  m a j o r i t y  o f  t h e  t e r m i n a t i o n s  w e r e  
l o c a t e d  i n  t h e  m e d i a l  N S T .  F u r t h e r  c a u d a l l y ,  a t  
t h e  l e v e l  o f  t h e  a r e a  p o s t r e m a ,  SLN  t e r m i n a l s  w e r e  
l o c a t e d  p r i m a r i l y  a r o u n d  d i s c r e t e  b u n d l e s  o f  S T  
f i b e r s ;  a  f e w  t e r m i n a l s  w e r e  l o c a t e d  i n  t h e  m e d i a l  
a n d  v e n t r o l a t e r a l  N S T .  A t  t h e  l e v e l  o f  t h e  
c o m m i s s u r a l  n u c l e u s  t e r m i n a l s  w e r e  l o c a t e d  
e x c l u s i v e l y  i n  t h e  l a t e r a l  a s p e c t s  o f  t h e  n u c l e u s .  
A f e w  t e r m i n a l s  w e r e  l o c a t e d  i n  t h e  b r a i n  
c o n t r a l a t e r a l  t o  t h e  l a b e l e d  S L N .  F i n a l l y ,  
t e r m i n a l s  a l s o  w e r e  l o c a t e d  i n  t h e  d o r s a l - l a t e r a l  
p o r t i o n s  o f  t h e  c a u d a l  s p i n a l  t r i g e m i n a l  n u c l e u s .

T h e  c e n t r a l  p r o j e c t i o n  o f  t h e  S L N  i s  q u i t e  
e x t e n s i v e .  We h a v e  s h o w n  u s i n g  e l e c t r o p h y s i o 
l o g i c a l  r e c o r d i n g s  t h a t  t h e  c h e m o s e n s i t i v e  f i b e r s  
t e r m i n a t e  i n  a  l i m i t e d  p a r t  o f  t h i s  p r o j e c t i o n .  
C e l l s  r e s p o n s i v e  t o  c h e m i c a l  s t i m u l a t i o n  o f  t h e  
e p i g l o t t i s  w e r e  l o c a t e d  i n  t h e  N S T  a t  t h e  r o s t r a l  
r e g i o n s  o f  S L N  t e r m i n a t i o n s .  T h e  c a u d a l  m o s t  
e x t e n t  o f  c h e m i c a l  r e s p o n s i v e n e s s  w a s  l o c a t e d  1 mm 
r o s t r a l  t o  o b e x .  T h e  m a j o r i t y  o f  t h e s e  c e l l s  w e r e  
l o c a t e d  i n  t h e  v e n t r o l a t e r a l  N ST o r  j u s t  m e d i a l  t o  
t h e  S T ,  a t  a  d e p t h  o f  2 - 3  m m . T h e s e  s e c o n d  o r d e r  
c h e m o s e n s i t i v e  c e l l s  r e s p o n d e d  t o  a n  a r r a y  o f  
c h e m i c a l s  s i m i l a r  t o  t h o s e  p r e v i o u s l y  d e s c r i b e d  
f o r  s i n g l e  S L N  f i b e r s  ( B r a d l e y ,  R . M . ,  e t  a l . ,  
B r a i n  R e s . , 2 7 6 : 8 1 ,  1 9 8 3 ) .

S u p p o r t e d  i n  p a r t  b y  N . S . F .  g r a n t  B N S 8 3 - 1 1 4 9 7  
a n d  N . I . H .  g r a n t  D E 0 5 7 8 2 .

254 .9  TERMINAL NERVE CENTRAL PROJECTIONS. C.R. W irsig.  Dept. of 
N euroscience, Univ. o f F lo r id a , G a in e sv ille , FL 32610.

The term inal nerve (NT) has been id e n t i f ie d  as a unique 
gang lionated  nerve of the nasal c av ity , sep a ra te  from the 
o lfa c to ry , vomeronasal and trigem inal systems in  v e r te b ra te s .  
Because i t s  b ip o la r  c e ll bodies are  d ispersed  along i t s  
cou rse , the  d ire c tio n  of t h e i r  axonal p ro jec tio n s  has been 
d i f f i c u l t  to  determ ine. R ecently , a subpopulation of TN 
neurons con ta in ing  lu te in iz in g  horm one-releasing hormone
l ik e  immu n o re a c tiv ity  (LHRH-ir) has been demonstrated in 
severa l sp ec ie s . In f i s h ,  re tro g rad e  tra c e rs  have demon
s tra te d  th a t  some o f these  neurons p ro je c t c e n t r ip e ta l ly  in to  
the  fo reb ra in  and in to  the  r e tin a  (Demski, L. & N orthcu tt, G. 
1983 Science 220:435). In the ham ster, most LHRH-ir pro
cesses o f pe riphe ra l and cen tra l TN neurons have a c e n tr ip e t
al o r ie n ta t io n .  The f ib e rs  appear to be d irec ted  mainly to 
ward the  accessory  o lfa c to ry  bulb (AOB) and medial septum. 
Thus, to  v e rify  the d ire c tio n  of TN f ib e r s ,  I examined the 
p ro je c tio n s  of the tran sec ted  and non-transected  TN in the 
Golden ham ster. A coronal cu t separa ted  the o lfa c to ry  bulb 
from the fo reb ra in . A fte r perfu sion  with Zamboni's f ix a t iv e ,  
standard  immunocytochemical procedures were used to  id e n tify  
LHRH-ir neurons. Terminal nerve LHRH-ir c e l l bodies are  b i
p o la r o r pseudo-unipolar and most of these  th a t  accompany 
both pe rip h e ra l and in tra c e re b ra l  po rtions  of the nerve pos
sess  va ricose  processes on th e i r  proximal s id e , i . e .  d ire c 
ted c e n t r ip e ta l ly .  A small in tra c e re b ra l gang lion , however, 
was observed th a t  sends i t s  axons in a c en tr ifu g a l d ire c 
t io n ,  toward the  ro o t and main ganglion of the TN. Whether 
these  axons e x i t  the  b ra in  or end in  the main ganglion could 
not be e s ta b lis h e d . Forebrain le sio n s  caused an accumulation 
of LHRH-ir in f ib e rs  o f the  TN on the d is ta l  s id e  o f the c u t, 
in d ic a tin g  a pe riphe ra l s i t e  of o rig in  fo r  these  f ib e r s .  
Since fo reb ra in  cuts did not reduce the  s ta in in g  of fib e rs  
tra v e l l in g  to the AOB, i t  appears th a t  th is  p ro jec tio n  o rig 
in a te s  in the TN, and not from a c en tra l lo ca tio n  as p rev i
ously hypothesized .

The AOB is  involved in rep roductive  behavior in ro d en ts , 
e sp e c ia lly  in the  ham ster. Exposing mice or voles to  con- 
s p e c if ic  pheromones has been shown to  inc rease  AOB LHRH and 
blood LH (Dluzen, D. & Ramirez, V. 1983 Horm. Behav. 17:139). 
S ince the  source of AOB LHRH is  apparen tly  the  TN, the  TN 
may s e n s i t iz e  the AOB to  s p e c if ic  incoming sensory s ig n a ls .  
Thus the  m u ltip le  p ro jec tio n s  of the TN to  the AOB and to 
c en tra l nuclei may a c t  to coord inate  hormonal and behavioral 
events produced by pheromones. Supported by NS 13516 to C.M. 
Leonard and MH 15737-05 and Sigma Xi Grant to  C. R. W irsig.

254. 10  OLFACTORY RECEPTOR NEURONS ARE A PERIPHERAL 
CONDUIT FOR ACCESS OF FOREIGN SUBSTANCES TO THE 
CENTRAL NERVOUS SYSTEM.  H. Baker.  Lab. of Neurobiology, 
Cornell Univ. Med. Coll, New York, NY 10021.

Olfactory receptor neurons located in the nasal epithelium are 
contacted continuously by molecules contained in inspired air. 
These cells, whose axons innervate the main olfactory bulb (MOB) 
might be an avenue by which foreign substances could reach the 
central nervous system. To investigate this hypothesis, the lectin, 
wheat germ agglutinin conjugated to horseradish peroxidase 
(WGA-HRP) was utilized since this protein, following intraocular 
injection, is transneuronally transported from retinal ganglion cell 
afferents throughout the visual system labelling cells in colliculus, 
geniculate and pretectum , as well as the cortex. WGA-HRP 
(0.1%, 50-75 ul) was instilled unilaterally into the nares of rats. 
After survival periods of 2-6 days, HRP was visualized by very 
sensitive TMB histochemistry. Labelling in the MOB was almost 
exclusively unilateral but varied from uniform, i.e., contained 
within all olfactory receptor afferents and thus all glomeruli, to 
assymetric with only laterally placed glomeruli containing label. 
In two animals the central ta rge t of the vomeronasal organ, the 
accessory olfactory bulb, was predominantly labelled. In all 
animals transneuronal transport of lectin was observed. In MOB 
heavy label was found in periglomerular, tufted, m itral and some 
internal granule cells. Following a 4-6 day survival, retrogradely 
labelled neurons were visualized in several regions of the preoptic 
area known to be cholinergic and to project to the MOB, including 
the vertical and horizontal limbs of the diagonal band, 
magnocellular preoptic area and with occasional cells in 
substantia innominata. Terminals, probably representing axonal 
projections of m itral cells, but not retrograde cell labelling, were 
visualized in olfactory tubercle, piriform cortex and surrounding 
the la tera l olfactory trac t. Since these areas are also thought to 
contain neurons projecting to the MOB, retrograde cell label may 
depend on the distribution of centrifugal afferent terminals within 
the MOB. Axons from regions not displaying cell labelling 
term inate predominantly in the internal granule cell layer, 
whereas, those from regions which do contain retrograde cell 
labelling, have heavy term inal fields in the glomerular layer of 
the MOB. Using comparable procedures terminal labelling was 
also observed in the forebrain of the cat. These data demonstrate 
that some molecules entering olfactory receptor cells can move 
transneuronally through the olfactory bulb to reach neurons in the 
area of the preoptic region known as the basal forebrain. It is 
interesting to note tha t cholinergic neurons in basal forebrain are 
thought to be involved in Alzheimer’s Disease.
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254.11  TOPOGRAPHIC REPRESENTATION AND ULTRASTRUCTURE OF 
GUSTATORY AFFERENTS IN THE GOLDFISH, CARASSIUS 
AURATUS. Y. Morita and T. E. Finger,  Dept. of Anatomy, Univ. 
Colo. Med. Sch., Denver, CO 80262.

The vagus nerve of the goldfish provides sensory innervation to 
the oropharyngeal cavity including the gill arches and the palatal 
organ, a fleshy organ attached to the roof of the mouth. These 
oropharyngeal structures are equipped with a large complement of 
taste  buds. The gustatory fibers of the vagus nerve term inate 
centrally  in the vagal lobe, an enlargement of the special visceral 
sensory column of the medulla. The vagal lobe is clearly laminated 
and contains both sensory and motor elements. In the present study, 
we utilized horseradish peroxidase to examine the pattern of central 
termination of the different peripheral branches of the vagus nerve.

The vagus nerve as a whole term inates in sensory layers 2, 4, 6, 
and 9 of the vagal lobe (terminology of Morita e t al., '80). The 
palatal organ nerve term inates in layers 6 and 9 while the gill arch 
nerves term inate in layers 2, 4 and 9. The gill arch nerve projection 
can be further dissociated into that portion arising from the gill 
raker nerves (layers 4 and 9), and tha t portion from the gill filament 
nerves (layer 2, and layers 4 and 9 in the ventral one-third of the 
lobe).

D ifferential HRP injections into the various branches of the 
vagus nerve also reveal a topographically organized representation 
of the oropharyngeal cavity in the vagal lobe. The anterior parts of 
the palatal organ and first (anterior) gill arch are represented most 
anteriorly in the lobe. The area of the oro-esophageal junction and 
fifth gill arch are represented most posteriorly. Ventromedial 
portions of the palatal organ and gill arches are represented 
ventrally in the vagal lobe while dorsolateral portions of the 
oropharyngeal cavity are represented dorsally in the lobe. The 
representations of the different gill arches overlap slightly with one 
another. Thus, the overall organization is such tha t the two 
opposing epithelial surfaces from one point of the oral cavity are 
represented in different layers of a single locus in the vagal lobe.

The laminar segregation of gustatory nerve fibers arising from 
two different epithelial surfaces allows us to compare the ultra
structure of gustatory terminals from two different sources. Fol
lowing injections of HRP into the palatal organ, gill filament and 
gill raker nerves, EM analysis reveals, a) synaptic contacts are 
present in layers 2, 4, 6, and 9; b) the presynaptic boutons of each 
nerve contain clear, round synaptic vesicles regardless of layer of 
term ination; and c) in many synaptic contacts in layer 4 the 
postsynaptic dendritic element contains pleomorphic vesicles.

Supported by NIH grants NS 15258 and NS 00772.

254.12  STRAIN DIFFERENCES IN SALT PREFERENCE OF RATS.
E.E.M idkiff* and I .L .B ernste in   (SPON: D.F. F a r r e l l ) .  Dept. 
Psychol. Univ. of Washington, S e a t t le ,  WA 98195.

In  g en era l, gen e tic  co n trib u tio n s  to  ta s t e  s e n s i t iv i ty  
and p reference have received  l i t t l e  experim ental 
a t te n t io n .  The determ inants of s a l t  in tak e  and p reference  
are  of considerab le  i n te r e s t ,  p a r t ic u la r ly  because d ie ta ry  
s a l t  has been im plicated  in  the  development of 
hypertension . The p resen t study began an assessm ent of 
p o ssib le  g en e tic  co n trib u tio n s  to  s a l t  (NaCl) in tak e  and 
p reference by examining the  s a lin e  preference  th resh o ld s  
and "p re fe ren ce-av e rs io n " fu n c tio n s  of d i f f e r e n t  s t r a in s  
of r a t s .  Four s t r a in s  were included ; outbred W istar and 
inbred M unich-W istar, Buffalo and F ischer s t r a in s .  Ten 
ad u lt male r a t s  of each s t r a in  were given continuous 
access to  sep a ra te  b o t t le s  co n ta in ing  deionized  w ater and 
s a l in e .  Sa line  was p resented  in  in c rea s in g  co n cen tra tio n s  
from .06% to  1.9% fo r two days a t  each c o n cen tra tio n , with 
b o t t le s  a lte rn a te d  d a ily  to  co n tro l fo r p o s itio n  
p re fe rence. Sa line  in tak e  was expressed both as a 
p reference r a t io  (ml s of s a lin e  d ivided by to ta l  f lu id  
in tak e ) and as in tak e  ad ju sted  fo r d iffe ren c e s  in  body 
weight (m is/ 100g body w eigh t). A s ig n if ic a n t  s t r a in  
d iffe ren ce  was ev iden t w ith F ischer r a t s  d if f e r in g  
markedly from the o ther s t r a in s .  W istar, Munich-Wistar 
and B uffalo r a t s  showed p re fe ren ce-av e rs io n  fu n c tio n s  
s im ila r  to  those which have frequen tly  been rep o rted  fo r 
r a t s ;  a strong  preference  fo r s a lin e  over w ater a t  
hypotonic co n cen tra tio n s  (w ith  a peak p reference  between 
.5 and .9%) declined  sharply  as co n cen tra tion  in c reased . 
In c o n tra s t ,  F ischer r a t s  never dem onstrated a p reference  
fo r s a lin e  over water a t  any s a lin e  co n cen tra tio n . 
F u rth er , they s ig n if ic a n t ly  p re fe rred  w ater to  s a l in e ,  
beginning a t  .7% NaCl [t(18 )= 2 .77 ; p< .02]; a t  th i s  
concen tra tion  anim als of o ther s t r a in s  a re  approaching 
maximum s a lin e  p re fe ren ce . S im ilar r e s u l t s  were obtained  
when ab so lu te  s a lin e  in tak e  a d ju sted  fo r  body weight was 
examined. The f a i lu r e  to  dem onstrate a s a lin e  p reference  
a t  any s a lin e  co ncen tra tion  i s  s t r ik in g ly  d i f f e r e n t  from 
the p reference  behavior which has ty p ic a l ly  been reported  
fo r the  r a t .  Based on the responsiveness to  o ther ta s t e  
s tim u li such as sucrose , c i t r i c  acid  and qu in ine , i t  
appears th a t the  d iffe ren ce  between F ischer r a t s  and o ther 
r a t  s t r a in s  may be s p e c if ic  to  s a l t  s t im u li .

254.13  ODOR FACILITATION OF LEARNED AVERSIONS TO COPULATORY 
BEHAVIOR IN MALE RATS.  G. J .  Lawrence and S. W. K ie fe r ,  
Department of Psychology, Kansas S ta te  U n iv e rs ity , Manhattan, 
KS 66506.

Male r a t  copu lato ry  behavior can be modified or e lim in
a ted  i f  the behavior is  pa ired  w ith g a s tr o in te s t in a l  d is tre ss  
(P e te rs ,  Behav. N euro l., 1983, 97, 140-145). In  the p resen t 
study , the  ro le  of a n e u tra l odor in  copulatory  aversions 
was examined.

In  two experim ents male r a t s  were made i l l  w ith in t r a -  
g a s tr ic  in tu b a tio n s  of lith iu m  ch lo rid e  (2% body weight of a 
.15 M so lu tio n ) follow ing encounters w ith an e s tro u s  female 
over e ig h t a c q u is it io n  t r i a l s .  In  the  f i r s t  experiment i l l 
ness was induced follow ing an e ja cu la to ry  response during a 
20 min p a ir in g  w ith the  e s tro u s  fem ale. In  the second ex
perim ent i l ln e s s  was induced follow ing an e ja cu la to ry  
response or a t  the te rm ina tion  of the 20 min encounter, non
con tingen t on mating behav ior. One group of males was 
tra in e d  w ith normal females ( s e x / i l l )  w hile a second ex p eri
mental group was tra in e d  w ith  a female whose ano g en ita l 
reg ion  had been sprayed w ith  a 2% aqueous so lu tio n  of almond 
e x tra c t  ( o d o r - s e x / i l l ) . The copulatory  behavior of these  
two groups was compared to  ap p ro p ria te  c o n tro l groups (sex/
c o n tro l, o d o r /c o n tro l , i l ln e s s / c o n t r o l ) .

Male r a t s  made i l l  follow ing exposure to  an odorous female 
developed s ig n if ic a n t  copulatory  aversions  in  both ex p eri
ments. On the  e ig h th  and l a s t  a c q u is it io n  t r i a l ,  60% of 
males in  Experiment 1 and 100% of males in  Experiment 2 in  
the  o d o r - s e x / i l l  group re fused  to  i n i t i a t e  any copulatory  
behav io r. When e ja c u la tio n  by the  o d o r - s e x / i l l  r a ts  did 
occur during the  ea r ly  t r i a l s ,  la te n c ie s  to  mount, in tro m it, 
and e ja c u la te  were s ig n if ic a n t ly  longer than c o n tro l r a t s .  
Only weak av ersio n s  were noted in  r a t s  which were made i l l  
a f t e r  cop u la tio n  w ith  a normal female ( s e x / i l l  group). By 
the  end of tra in in g ,  le s s  than a th ird  of the r a t s  had 
developed copu lato ry  av e rs io n s . D espite weak av e rs io n s , ra ts  
in  the  s e x / i l l  groups did show s ig n if ic a n t ly  longer la tencies 
than c o n tro ls . A c o n s is te n t f ind ing  in  both experim ents was 
th a t  r a t s  in  the  s e x / i l l  and o d o r - s e x / i l l  groups requ ired  
s ig n if ic a n t ly  fewer in tro m iss io n s  to  e ja c u la tio n  than the 
co n tro l r a t s .

The r e s u l t s  in d ic a te  th a t  a novel almond odor s ig n if i
can tly  f a c i l i t a t e d  the  a c q u is it io n  of a learned  copulatory  
aversio n  in  male r a t s .  Because the o lfa c to ry  and vomeronasal 
systems have been shown to  p lay  an im portant ro le  in  mating 
behavior in  r a t s ,  i t  may be th a t  a d d itio n a l odor cues during 
mating behavior a re  e a s ily  a sso c ia ted  w ith i l ln e s s .

254.14  CANINE BEHAVIORAL RESPONSES TO OLFACTORY STIMULI.  D.H. 
K reste l-R ick e rt*  and F. Regn ie r* (Sponi C.A. B a i le ) .
Dept. of Biochem., Purdue U niv., W. Lafa y e t te ,  IN. 47907.

Behavioral and physio log ical measures were recorded v ia  
video equipment and a te le m etric  dev ice , in o rder to  m onitor 
male canine o lfa c to ry  responses to odors. S tud ies  were con
ducted 1) to examine responses to pure chemical odoran ts  and 
"b io lo g ic a lly  s ig n if ic a n t"  odors and 2) to  examine r e la t iv e  
e ffe c tiv e n e s s  of four co n cen tra tio n s  of 5 u rine  types. 
Summated response time values across  8 behaviors in d ica ted  
th a t "b io lo g ica l"  odors, s p e c if i c a l ly  female u r in e , were the 
most p o ten t. Overall behavioral means ( tr ia ls = 6 6 ) were as 
fo llow s: e s tro u s  u rine  (x= 1 4 .8 m in ), anestrous  u rin e  (x = 14.4 
m in), vaginal wash (x= 4 .3 m in ) ,  Amyl A cetate (x=1.8 m in), 
Methyl p-Hydroxybenzoate (x=1.7 m in), B utyric Acid (x=1.4 
m in), Saline (x=1.2 m in), and w ater (x= . 7  m in). D ifferences  
(ANOVA; F=9.04, p<0.01) e x is ted  between odors as measured by 
to ta l  response time w ith e s tro u s  u rine  being d if f e r e n t  from 
a ll  o ther odors except anestrous u rin e . D ifferences  between 
odorants fo r each of the behaviors a lso  e x is ted  w ith s n i f f  
( F=8.92, p<0.01) d ire c te d  p rim arily  toward an estro u s  and e s 
tro u s  u rin e ; u r in a te  on the stim ulus ( F=4.76, p<0.01) d i r e c t 
ed toward e s tro u s  u rine  and head one foo t near the stim u lus 
( F=3.74, p<0.01) d ire c te d  toward anestrous  and e s tro u s  u rin e . 
In the second study u rine  co n cen tra tio n s  used were und i
lu te d , 8, 16, and 125-fold d i lu t io n s .  Fresh male dog, fre sh  
female e s tro u s , aged e s tro u s , aged a n es tro u s , and fre sh  
human u rine were the u rine  types te s te d .  ANOVA rev ea led  th a t 
the e ig h t behaviors could be ca teg o rized  by s ig n if ic a n c e  of 
odor and/or co n cen tra tio n . The odor (O) ,  co n cen tra tio n  ( C), 
and O x C fa c to rs  were s ig n if ic a n t  fo r s n i f f  and lic k  
( F=11.4 ,1 2 .5 ; 10.01, 4 .00 ; 2 .51 , 3.19 r e s p e c tiv e ly , p<0.01) ; 
c a tego rized  as chem oreceptive behav io rs. F ac to rs  O and C 
were s ig n if ic a n t  fo r s a l iv a te  ( F=3.47, 4 .30) and u r in a te  on 
the stim ulus ( F=4.16, 5 .73 , p<0.01). Only C was s ig n if ic a n t  
fo r u r in a te  by ( F=7.12, p<0.01) and was ca teg o rized  w ith 
s a liv a te  and u rin a te  on as chemoemittive b eh av io rs . Only the 
odor fa c to r  was s ig n if ic a n t  fo r paw a t ( F=7.12, p<0.01) and 
nudge ( F=3.13, p<0.05); ca tego rized  as t r o p i s t i c  beh av io rs . 
C oncentration e ffe c tiv e n e s s  decreased lo g a rith m ica lly  w ith 
decreasing  co n cen tra tio n . B io lo g ica lly  s ig n if ic a n t  odors, 
e sp e c ia lly  e s tro u s  female u r in e , were recognized  as po ten t 
stim u li over chemical odors commonly used in o lfa c to ry  
s tu d ie s .  A lso, c e r ta in  behaviors are d iag n o stic  of odorant 
and co ncen tra tion  e ffe c tiv e n e s s .
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254.15  AMINE VAPORS AND A LIPOPHILIC ION CHANNEL LIGAND INHIBIT 
OLFACTORY TRANSDUCTION.  Stephen P. Fracek , J r . ,  Bruce D. 
Winegar, and R o llie  Schafer,  Departm ent of B io log ical 
S c iences, North Texas S ta te  U n iv e rs ity , Denton, TX 76203.

C erta in  amine vapors have two major e f fe c ts  on the  o lfa c 
to ry  mucosa of the  fro g : (1) the  f i r s t  exposure to  the amine 
produces an immense e lec tro o lfac to g ram  (EOG) response, which 
is  o ften  two to  e ig h t times g re a te r  than responses to  o th e r 
o d o ran ts , and (2) a f t e r  the  f i r s t  exposure, EOG responses 
a re  in h ib ite d .

Amines are  unique among organic  compounds in th e i r  
extreme b a s ic ity .  For example, d iethylam ine (DEA) is  about 
100 times more b asic  than ammonia. We te s te d  a v a rie ty  of 
amines and found th a t  amines w ith a high vapor p ressu re  and 
s trong  b a s ic ity  were e f fe c tiv e  in h ib ito rs  o f o lfa c to ry  t ra n s 
duction . The ro le  o f b a s ic ity  in in h ib it io n  was demonstra
ted  by the  use o f s t ru c tu ra l ly  s im ila r  amines th a t  d iffe red  
in b a s ic i ty ,  but which had approxim ately the same m olecular 
w eight, s iz e ,  and vapor p re ssu re . For example, comparisons 
o f the  in h ib ito ry  power o f p a irs  o f amines, such as 
p y rro le / p y rro lid in e  and p y rid in e /p ip e rid in e  showed th a t  the 
more b asic  s a tu ra ted  a l ip h a t ic  compounds a re  more in h ib ito ry  
than th e i r  le s s  b a sic  arom atic analogs. S im ila r ly , when 
concen tra tions  o f amines w ith s im ila r  b a s ic i t ie s  were 
eq u alized , equal in h ib ito ry  power re su lte d  (e .g .  DEA and 
d i-i-am ylam ine).

We b e liev e  th a t  such amines must en te r  the  o lfa c to ry  
neuron to  in h ib i t  i t .  The extreme b a s ic ity  of the in h ib i
to ry  amines given in  s u f f ic ie n t  concen tra tion  would e lev a te  
the  e x t r a c e l lu la r  pH so th a t  a p roportion  of the amine mole
cu les would remain in the  neu tra l s ta te  and thus would be 
capable o f p en e tra tin g  the  l ip id  membrane. Indeed, when the 
pH o f the  mucosa was lowered by the  a p p lic a tio n  of CO2 
(through the  form ation o f carbonic  a c id ) ,  DEA was not in h ib 
i to r y .  Presumably the  ionized  form (conjugate acid) of DEA 
is  barred  from en te rin g  the  c e l l .

I t  is  l ik e ly  th a t  the  in h ib ito ry  amines, once in s id e  the 
c e l l ,  are  converted to  the  ionized  form through in t r a c e l lu 
la r  b u ffe r in g . A working hypothesis is  th a t  in h ib itio n  
occurs by in te ra c tio n  w ith ion channels a sso c ia ted  with the 
tran sd u ctio n  p ro cess , in a manner analogous to  known "chan
nel blocking" agen ts. In support o f th is  idea we found th a t  
a l ip o p h il i c  c a t io n , tetraphenylphosphonium , a known channel 
b lo ck er, produced in h ib it io n . We conclude th a t  neu tra l 
amine molecules e n te r  the ce ll by d iffu s io n  across the mem
bra n e 's  l ip id  b i la y e r ,  become ionized  w ith in  the c e l l ,  then 
in a c tiv a te  ion channels from the in s id e  o f the  c e l l .

254. 16  A UNIQUE INTEGRAL MEMBRANE GLYCOPROTEIN OF FROG OLFACTORY 
CILIA: BIOCHEMISTRY AND IMMUNOFLUORESCENCE LOCALIZATION.  
Zehava Chen*, Dov Ophir* and Doron Lancet (Spon: A .I s s e ro f f ) .   
Dept. o f Membrane Research, The Weizmann I n s t . o f  Science, 
Rehovot, I s r a e l .

The g lycopro te in  gp95 i s  one o f sev e ra l g lycosy lated  p o ly 
pep tides  which we have re c en tly  shown to  be e x tra c ta b le  from 
a p rep a ra tio n  of is o la te d  frog o lfa c to ry  c i l i a  by non io n ic  
de te rgen ts  (Chen and Lancet, Proc. N a tl. Acad. S c i. 81  (7) 
[1984]). This r e la t iv e ly  major c i l i a r y  g lycop ro te in  has high 
r e a c t iv i ty  with the le c t in  wheat germ a g g lu tin in  (WGA), while 
the o th e r g lycopro te ins are  recognized b e t te r  by concanavalin 
A. F luo rescen tly  la b e lled  WGA s ta in s  the su rface  o f is o la te d  
o lfa c to ry  (bu t no t re s p ira to ry )  c i l i a ,  and la b e ls  the most 
s u p e r f ic ia l  lay e r o f in ta c t  o lfa c to ry  ep ithe lium . These f in d 
ings are c o n sis te n t w ith gp95 being a s p e c if ic  component of 
the ex te rn a l c i l i a r y  su rface . We now have evidence th a t gp95 
i s  unique among the c i l i a r y  g lycopro te ins a lso  in  being 
t ig h t ly  a sso c ia ted  w ith the  l ip id  b ila y e r  and in having a 
low i s o e le c t r ic  p o in t ,  i . e .  behaving as an in te g ra l  membrane 
p ro te in . In s tu d ie s  o f  p ro te in  b io sy n th e sis  in  e p i th e l i a l  
exp lan ts  i t  appears to  be rep laced  a t a r e la t iv e ly  high ra te .  
The polypep tide  gp95 thus appears to  be the only c i l i a r y  
p ro te in  which f u l f i l s  sev e ra l im portant c r i t e r i a  fo r  being 
o lfa c to ry  re c ep to r: high membrane co n cen tra tio n , t is s u e  
s p e c i f i c i ty  and lo c a l iz a t io n ,  su rface  d is p o s it io n , l ip id  
b ila y e r  in s e r t io n ,  g lycozy lation  and rap id  tu rnover.

We have ra ised  monoclonal an tibod ies  ag a in st t r i to n  X-100 
e x tra c t  of the  is o la te d  o lfa c to ry  c i l i a  p re p a ra tio n . Several 
clones reacted  ag a in st gp95 judged by immunoblo t t in g .  These 
an tibod ies  y ie ld ed  t is s u e  immunofluorescence s ta in in g  p a t 
te rn s  s im ila r  to  those o f wheat germ a g g lu tin in ,  and a lso  
s p e c if ic a l ly  s ta in ed  the su rface o f is o la te d  o lfa c to ry  c i l i a .  
The an tibod ies  are now being used to g e th e r w ith le c t in s  to 
probe the p o ss ib le  ro le  of gp95 in  o lfa c to ry  fu n c tio n . This 
i s  done through to p ic a l a p p lic a tio n s  to  the  e p i th e l i a l  su r
face while record ing  sumated e le c tro p h y s io lo g ica l responses 
to  odorants in  vivo. In p a r a l l e l ,  we study the po lypep tide  
h e te ro g en eity  o f  gp95, in  view o f the hypothesis  th a t 
o lfa c to ry  recep to rs  c o n s ti tu te  a fam ily o f p ro te in s  with 
s im ila r  o v e ra ll s t ru c tu re ,  bu t with s l ig h t  v a r ia tio n s  in 
amino acid  sequence fo r  d if f e r e n t  odorant s p e c i f i c i t i e s .

254.17  ELECTROPHYSIOLOGICAL STUDIES OF CHEMORECEPTION IN PARA
MECIUM.  J .  Van H outen, R. P re s to n * , S. S chu lz .*   D ept. o f 
Zoology, Univ. of Vermont, B urling ton , VT 05405

Paramecia d e te c t chem icals in  so lu tio n  around them. In 
the case of potassium  fo la te  (K2- f o la t e ) ,  the chem oattrac
t a n t  b in d s  to  s p e c i f i c  s i t e s  on th e  c e l l  body membrane 
(S ch u lz , S. e t  a l . ,  J .  C e l l  B io. 97: 479a, 1983). T h is  
binding i s  somehow transduced in to  a h y p erp o la riza tio n  of 
the c e l l  r e la t iv e  to  the  membrane p o te n tia l  (Vm) in  tw ice 
th e  m o lar c o n c e n t r a t io n  of p o ta ss iu m  c h lo r id e  (2x KCl ) 
(Van H outen , J .  S c ie n c e . 204: 1100, 1979). O ther a t t r a c 
ta n t s  such as a c e ta te  (OAc) and ammonium (NH4+) a ls o  
h y perpo larize  the c e l l s  r e la t iv e  to  c o n tro l s a l t s ,  and the 
mechanisms by which c e l l s  hyperpo larize  In a t t r a c ta n t s  is  
being examined using standard  e le c tro p h y s io lo g ica l techn i
ques.

D e c il ia te d  c e l l s  respond w ith  normal h y p erp o la riza tio n s  
in  OAc, NH4+ , and K2- f o l a t e ,  in d ic a t in g  th a t  com ponents 
necessary  fo r the change in  Vm in  these  a t t r a c ta n t s  are on 
the c e l l  body and are  not ex c lu siv e ly  on the c i l i a .  Local 
p ressu re  perfu sion  of fo la te  onto d e c i l ia te d  c e l ls  during 
record ing  dem onstrated a g rad ien t of response of the c e l l  
from a n te r io r  decreasing  to  no measurable response a t  the 
p o s te r io r . These responses a re  not due to  mechanoreceptor 
s t im u lu s  by th e  p e r fu s io n  p ro c e ss .  F lu o r e s c e n t ly  con
jugated  fo la te  s e le c tiv e ly  s ta in s  normal c e l l s  in  co n tra s t 
to  fo la te  chemoresponse m utants, which cannot be not d is 
tingu ished  from background au to fluorescence. This dye w il l  
be h e lp f u l  in  d e te c t io n  of any lo c a l i z a t i o n  of f o l a t e  
binding s i t e s  on the c e l l  bodies th a t may p a r a l le l  lo c a l i 
z a tio n  of the Vm response.

C oncentration  s tu d ie s  in d ic a te  th a t c e l l s  respond w ith 
changes in  Vm to  changes in  so lu tio n  from K2- f o la te  to  2x 
KCl  (and v ic e  v e rs a )  over th e  e n t i r e  c o n c e n tr a t io n  range 
te s te d  (20 uM to  10 mM). The response curve i s  sigm oidal 
in  sh ap e , m axim al a t  5 mM and m in im al by 50 uM. Io n ic  
s tre n g th  e f f e c ts  were exam ined in  c o n c e n tr a t io n  s tu d ie s  
h o ld in g  K f ix e d  a t  5 mM w h ile  in c r e a s in g ly  s u b s t i t u t i n g  
f o l a t e  fo r  2x C l. The c e l l s  re sponded  over th e  e n t i r e  
range te s te d  (50 uM to  2 mM) but the curve was s h if te d  to  
s l ig h t ly  h igher concen tra tion .

P e rm eab ility  (P) s tu d ie s  in  progress in d ic a te  no change 
in  PK, fo r  c e l l s  in  f o l a t e  or OAc r e l a t i v e  to  C l, nor 
d iffe ren c e s  between Pf o la te ,  POAc, and PCl. Cel l s in  OAc 
a p p ea r to  have an in c re a s e d  PCa and PNa . The r o le  of 
th e se  P changes in  h y p e r p o la r iz a t io n  i s  being  i n v e s t i 
g a te d . (S u p p o rted  by NIH GM29045 and NSF BNS12176.)

254.18  MIXTURE SUPPRESSION IN PRIMARY OLFACTORY RECEPTOR CELLS IN 
THE LOBSTER.  B.R. Johnson* and J .  Atema (SPON: C. S ch effey ).  
Boston Univ. Marine P rog ., Mar. B io l. L ab., Woods Hole, MA, 
02543

The la t e r a l  filam en t of the lo b s te r ’s an tennu les func
tio n s  as an o lfa c to ry  organ (Reeder, P. and Ache, B.W., Anim. 
Behav. , 28:831, 1980 and Devine, D.V. and Atema, J . ,  B io l. 
B u ll .,  163:144, 1982). A ntennular hydroxy-proline (OH-Pro) 
and ta u rin e  (Tau) recep to rs  a re  very narrowly tuned (Johnson, 
B.R. and Atema, J . ,  N eurosci. L e t t s . 41:145, 1983) and show 
a suppressed response when a m ixture of the  follow ing 15 com
pounds in  equimolar concen tra tio n s  i s  te s te d : Tau, OH-Pro, 
glu tam ate, ammonium c h lo rid e , a rg in in e , sucrose , e thano l, 
a la n in e , ly s in e , b e ta in e , a s p a r ta te ,  g ly c in e , le u c in e , g lu ta 
mine and p ro lin e . In  the  p resen t study we determ ined the  e f 
fe c t  of the  m ixture on the  response range of the  OH-Pro and 
Tau recep to rs  and id e n t i f ie d  the supp ressive  components.

We id e n t i f ie d  e le c tro p h y s io lo g ica lly  s in g le  chemoreceptor 
c e l l s  responding to  OH-Pro or Tau w ith  an app lied  concen tra 
tio n  of 10-4M. C oncentrations were d ilu te d  40 fo ld  a f te r  in 
tro d u c tio n  in to  the t e s t  chamber. S ingle OH-Pro or Tau c e l l s  
were then te s ted  w ith ascending concen tra tio n s  of 10- 6-10- 3M 
OH-Pro or Tau or the complete m ixture. We determined the 
suppressive components by te s t in g  s in g le  OH-Pro or Tau c e l l s  
w ith 10-4M OH-Pro or Tau alone and w ith b inary  com binations 
of OH-Pro or Tau plus one of the  m ixture components a t  10-4M. 
Dose-response curves showed the  OH-Pro c e l l s  were suppressed 
by the m ixture across th e ir  e n t i r e  response range, app lied  
concen tra tions  of 10- 5-10- 3M. In  c o n tra s t ,  Tau c e l l s  were 
suppressed only a t  the h ig h est app lied  c o n cen tra tio n s , 10-4 
and 10- 3M. The p a ra l le l  s h i f t  of the dose-response curves 
fo r both the  OH-Pro and Tau c e l l s  when te s ted  w ith  the  mix
tu re  suggests a com petitive  in h ib it io n  of OH-Pro or Tau by 
m ixture components. For each OH-Pro or Tau c e l l  th e re  were 
always sev e ra l suppressive  components w ith in  the m ixture and 
these  varied  from c e l l  to c e l l .  The most e f fe c tiv e  suppres
san ts  fo r the  OH-Pro c e l l s  were g lutam ine, a rg in in e  and ly 
s in e ; the  most e f fe c tiv e  fo r  the  Tau c e l l s  were ammonium 
ch lo rid e , a rg in in e  and OH-Pro.

Since n a tu ra l s tim u li occur in  m ix tu res, the  presence of 
o th e r compounds may a f f e c t  a re c e p to r’s response to  i t s  b e s t 
stim ulus and thus the anim al’s percep tion  of p a r t ic u la r  s t i 
m uli. The primary recep to rs  of Crustacea provide a model 
system fo r p h y sio lo g ica l s tu d ie s  of m ixture in te ra c tio n s  a t  
the  re cep to r le v e l.
Supported by W hitehall Foundation and NSF (BNS-8210434).
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254.19 CHEMICAL SIGNALS AGAINST NOISY BACKGROUNDS.  J e l l e  A te m a .  
B o s t o n  U n i v e r s i t y  M a r i n e  P r o g r a m ,  M a r i n e  B i o l o g i c a l  L a b o r a 
t o r y ,  W oods H o l e ,  MA 0 2 5 4 3 .

T h e  n o r m a l  n o i s e  b a c k g r o u n d  f o r  m a r i n e  a n im a l  c h e m o r e 
c e p t i o n  c o n t a i n s  f r e e  a m in o  a c i d  c o n c e n t r a t i o n s  i n  t h e  
p i c o -  t o  n a n o m o la r  r a n g e ;  a m m o n ia  o c c u r s  i n  m ic r o m o l a r  
q u a n t i t i e s .  A m ino a c i d s  a r e  p o t e n t  c h e m i c a l  s t i m u l i  f o r  
m an y  o r g a n i s m s ,  f r o m  b a c t e r i a  t o  f i s h .  T h e s e  s t i m u l i  m u s t  
b e  d i s c r i m i n a t e d  a g a i n s t  t h e  c h e m i c a l  n o i s e  o f  t h e  e n v i r o n 
m e n t .  N a r r o w  t u n i n g  o f  p r i m a r y  r e c e p t o r s  m ay b e  a  m e c h a n 
i s m  t o  f a c i l i t a t e  s i g n a l  d e t e c t i o n .

L o b s t e r s  h a v e  p r o m i n e n t  p o p u l a t i o n s  o f  r e c e p t o r  c e l l s  
w h ic h  a r e  n a r r o w l y  t u n e d  f o r  s i n g l e  a m in o  a c i d s  a n d  a m m o n ia .  
S u c h  c e l l s  a r e  f o u n d  b o t h  i n  s m e l l  a n d  i n  t a s t e  o r g a n s .
O n e  m i g h t  e x p e c t ,  t h e r e f o r e ,  t h a t  e l e v a t i n g  t h e  n o r m a l  b a c k 
g r o u n d  w i t h  o n e  a m in o  a c i d  s h o u l d  r a i s e  t h e  d e t e c t i o n  
t h r e s h o l d  o f  t h i s  c o m p o u n d  t o  t h e  n ew  l e v e l ,  b u t  s h o u l d  n o t  
i n t e r f e r e  w i t h  t h e  r e c e p t i o n  o f  a n o t h e r .

T h e  l o b s t e r ' s  a n t e n n u l a r  f l i c k i n g  r a t e  w a s  u s e d  t o  
o b t a i n  s i n g l e  c o m p o u n d  d o s e - r e s p o n s e  c u r v e s  f r o m  1 0 - 1 2M t o  
1 0 - 3 M i n  s i n g l e  l o g  s t e p s .  S t i m u l i  w e r e  i n j e c t e d  i n t o  s e a  
w a t e r  b a c k g r o u n d  f l o w .  I n d e e d ,  i n  b a c k g r o u n d s  e l e v a t e d  f o r  
j u s t  o n e  c o m p o u n d , d e t e c t i o n  t h r e s h o l d s  f o r  t h a t  co m p o u n d  
s h i f t e d  u p  t o  t h e  new  b a c k g r o u n d  l e v e l ;  h o w e v e r ,  t h e  e n t i r e  
d o s e - r e s p o n s e  c u r v e s  a l s o  d r o p p e d  i n d i c a t i n g  t h a t  e v e n  a t  
h i g h  s t i m u l u s  c o n c e n t r a t i o n s  r e s p o n s e s  w e r e  s u p p r e s s e d  
( a u t o - a d a p t a t i o n ) . C o n t r a r y  t o  e x p e c t a t i o n ,  s i m i l a r  s u p 
p r e s s i o n  o f  e n t i r e  d o s e - r e s p o n s e  f u n c t i o n s  w a s  s e e n  i n  
c r o s s  a d a p t a t i o n  e x p e r i m e n t s .  I n  a d d i t i o n ,  i n  e l e v a t e d  b a c k 
g r o u n d s ,  l o b s t e r s  r e s p o n d e d  t o  b o t h  h i g h e r  a n d  lo w e r  s t i m u 
l u s  c o n c e n t r a t i o n s  i n d i c a t i n g  t h a t  s u d d e n  t e m p o r a r y  d i l u 
t i o n  o f  o n l y  o n e  a m in o  a c i d  i n  t h e  w h o le  b a c k g r o u n d  m i x t u r e  
c a n n o t  o n l y  b e  d e t e c t e d  b u t  c a n  c o n s t i t u t e  a  b e h a v i o r a l l y  
s i g n i f i c a n t  s t i m u l u s .

T h e  r e s u l t s  m u s t  b e  s e e n  i n  l i g h t  o f  m i x t u r e  s u p p r e s s i o n  
o f  p r i m a r y  r e c e p t o r  c e l l s  ( J o h n s o n  a n d  A te m a ,  N e u r o s c i .  
A b s t r . ,  1 9 8 4 ) .
S u p p o r t e d  b y  W h i t e h a l l  F o u n d a t i o n  a n d  NSF ( B N S -8 2 1 0 4 4 3 4 ) .

2 5 4 . 2 0   FUNCTIONAL ANATOMY AND PHYSIOLOGY OF M A LE -SPECIFIC  PHEROMONE
PROCESSING INTERNEURONS IN  THE BRAIN OF MANDUCA SEXTA.  T .A .  
C h r i s t e n s e n  a n d  J . G .  H i l d e b r a n d .  D e p t . o f  B i o l .  Sc i . ,  C o lu m 
b i a  U n i v e r s i t y ,  New Y o r k ,  NY 1 0 0 2 7 .

T h e  h a w k m o th  Manduca s e x ta  e x h i b i t s  a  s t r i k i n g  s e x u a l  d i 
m o rp h is m  s u c h  t h a t  o n l y  t h e  m a le  m o th s  d e t e c t  t h e  p h e ro m o n e  
r e l e a s e d  b y  s e x u a l l y  r e c e p t i v e  f e m a l e s .  A m a l e - s p e c i f i c  o l 
f a c t o r y  s u b s y s t e m ,  c o m p r i s i n g  s p e c i a l i z e d  e l e m e n t s  t h r o u g h o u t  
t h e  o l f a c t o r y  p a th w a y ,  i s  r e s p o n s i b l e  f o r  p r o c e s s i n g  s e n s o r y  
i n f o r m a t i o n  a b o u t  t h e  f e m a le  p h e ro m o n e .  We s t u d y  CNS n e u r o n s  
i n  t h i s  s u b s y s t e m  t o  r e v e a l  g e n e r a l  o l f a c t o r y  m e c h a n is m s  a s  
w e l l  a s  d e t a i l s  o f  t h e  m a l e ' s  s e n s i t i v i t y  t o  p h e r o m o n e .  On 
e a c h  a n t e n n a  t h e r e  a r e  c a .  4 0 ,0 0 0  m a l e - s p e c i f i c  t r i c h o i d  s e n 
s i l l a ,  w h ic h  r e s p o n d  s e l e c t i v e l y  t o  p h e ro m o n e  c o m p o n e n ts  [ H i l 
d e b r a n d  a n d  K a i s s l i n g ,  u n p u b l i s h e d ] .  T h e  2 s e n s o r y  f i b e r s  f ro m  
e a c h  t r i c h o i d  s e n s i l l u m  t e r m i n a t e  i n  a  m a l e - s p e c i f i c  r e g i o n ,  
t h e  m a c r o g l o m e r u l a r  c o m p le x  (M G C), i n  t h e  a n t e n n a l  l o b e  (AL) 
n e u r o p i l .  A l l  AL n e u r o n s  t h a t  r e s p o n d  p o s t s y n a p t i c a l l y  t o  
p h e r o m o n a l  s t i m u l a t i o n  o f  t h e  i p s i l a t e r a l  a n t e n n a  h a v e  d i s t i n c 
t i v e  a r b o r s  i n  t h e  MGC. T h e s e  c e l l s  f a l l  i n t o  2 m a j o r  c l a s s e s :  
l o c a l  a n d  o u t p u t  n e u r o n s .  O n ly  t h e  l o c a l  i n t e r n e u r o n s  h a v e  b e e r  
e x p l o r e d  p h y s i o l o g i c a l l y  [M a ts u m o to  a n d  H i l d e b r a n d ,  Proa. Roy. 
Soc. Lond. B213:2 4 9 ,  1 9 8 1 ] .  We h a v e  now  p h y s i o l o g i c a l l y  c h a r a c 
t e r i z e d  o u t p u t  n e u r o n s  (O N s) t h a t  p r o j e c t  t o  t h e  c a l y c e s  o f  t h e 
m u sh ro o m  b o d i e s  a n d  t h e  l a t e r a l  p r o t o c e r e b r u m  ( P C ) .

S t i m u l a t i o n  o f  t h e  i p s i l a t e r a l  a n t e n n a l  n e r v e  w h i l e  r e c o r d 
i n g  i n t r a c e l l u l a r l y  f ro m  a n  ON r e v e a l s  t h a t  d i f f e r e n t  n e u r o n s  
b e l o n g i n g  t o  t h i s  m o r p h o l o g i c a l  c l a s s  m ay e x h i b i t  a  v a r i e t y  o f  
c o m p le x  r e s p o n s e s  c o n s i s t i n g  o f  s p i k e s  a n d  s u b t h r e s h o l d  p o s t -  
s y n a p t i c  p o t e n t i a l s .  F o r  e x a m p le ,  o n e  t y p e  o f  ON s h o w s  a  p r o 
l o n g e d  i n h i b i t i o n  l a s t i n g  s e v e r a l  s e c o n d s  b e f o r e  r e s u m in g  r e g 
u l a r  s p o n t a n e o u s  f i r i n g  a t  3 - 4  H z . A s e c o n d  t y p e  o f  ON t h a t  i s  
n o r m a l l y  s i l e n t  r e s p o n d s  w i t h  a  s h o r t - l a t e n c y  ( b u t  i n d i r e c t )  
e x c i t a t o r y  b u r s t  (u p  t o  2 5 0  H z ) .  C e l l s  o f  t h i s  t y p e  c a n  a l s o  
b e  e x c i t e d ,  i n  a  d o s e - d e p e n d e n t  m a n n e r ,  b y  c r u d e  p h e r o m o n e ,  
b u t  n o t  b y  h o s t - p l a n t  o d o r s  ( e . g .  t o b a c c o ) .  An i n d i v i d u a l  ON, 
h o w e v e r ,  m ay b e  s e l e c t i v e  f o r  a  s i n g l e  p h e ro m o n e  c o m p o n e n t .  We 
a r e  a t t e m p t i n g  t o  c o r r e l a t e  t h i s  p h y s i o l o g i c a l  s e l e c t i v i t y  w i t )  
p a r t i c u l a r  p a t t e r n s  o f  d e n d r i t i c  a r b o r i z a t i o n  i n  t h e  MGC.

T h e s e  r e s u l t s  s u g g e s t  t h a t  i n f o r m a t i o n  a b o u t  p h e ro m o n e  t h a t  
i s  c a r r i e d  o u t  o f  t h e  ALs a n d  i n t o  t h e  PC c a n  t a k e  a t  l e a s t  2 
f o r m s :  s p o n t a n e o u s l y  a c t i v e  o u t p u t s  a r e  q u i e t e d ,  w h i l e  s i l e n t  
o u t p u t s  a r e  e x c i t e d .  S u c h  m o d u la t o r y  m e c h a n is m s  m ay b e  e f f e c 
t i v e  w a y s  o f  f i n e - t u n i n g  t h e  t r a n s m i s s i o n  o f  p h e r o m o n a l  i n 
f o r m a t i o n  t o  h i g h e r  c e n t e r s  o f  b e h a v i o r a l  c o n t r o l  i n  t h e  CNS. 
( S u p p o r t e d  b y  a n  NIH P o s t d o c t o r a l  F e l l o w s h i p  t o  TC a n d  NIH 
g r a n t  A I - 1 7 7 1 1  a n d  NSF g r a n t s  BNS 8 0 - 1 3 5 1 1  a n d  8 3 - 1 2 7 6 9 . )

254.21  FIN E STRUCTURE OF ANTENNULAR CHEMORECEPTORS IN  CAMBARINE 
CRAY FISHES.  A nn J a n e  T i e r n e y * ,  C .S .  T h o m p s o n , L . M a r in *  a n d  
D .W . D unham * (SPO N : H . A tw o o d ) .   D e p t . o f  Z o o l o g y ,  U n iv .  o f  
T o r o n t o ,  T o r o n t o ,  O n t a r i o ,  C a n a d a  M5S 1A1.

T h e  l a t e r a l  a n t e n n u l a r  f l a g e l l a  o f  d e c a p o d  c r u s t a c e a n s  
b e a r  c h e m o r e c e p t i v e  s e n s i l l a  c a l l e d  a e s t h e t a s c s .  I n  t h e  
c r a y f i s h  O r c o n e c t e s  p r o p i n q u u s  t h e s e  s e n s i l l a  a r e  l o c a t e d  
v e n t r a l l y  o n  t h e  1 1 - 1 3  m o s t  d i s t a l  s e g m e n t s  o f  t h e  l a t e r a l  
f l a g e l l a .  Two c lu m p s  o f  3 - 6  a e s t h e t a s c s  o c c u r  o n  e a c h  s e g 
m e n t ,  g i v i n g  a  t o t a l  o f  a p p r o x i m a t e l y  8 0  a e s t h e t a s c s / l a t e r a l  
f l a g e l l u m .  A e s t h e t a s c s  a r e  1 0 0 - 1 5 0  µm l o n g  a n d  a b o u t  12 µm 
i n  d i a m e t e r .  E a c h  h a s  a  s i n g l e  a n n u l a t i o n  30 µm f ro m  t h e  
h a i r  b a s e .  T h e  s e n s i l l a  a r i s e  f r o m  a n  im m o v a b le  s o c k e t  a n d  
a r e  d i r e c t e d  d i s t a l l y  a t  a  4 5 °  a n g l e  t o  t h e  m a in  b o d y  o f  t h e  
a n t e n n u l e .  A e s t h e t a s c s  l a c k  a n  a p i c a l  p o r e .  H o w e v e r ,  t h e  
d i s t a l  p o r t i o n  o f  t h e  s e n s i l l a  h a v e  t h i n  c u t i c u l a r  w a l l s  
w h ic h  a r e  r e a d i l y  p e n e t r a t e d  b y  d y e  a n d  a r e  p r o b a b l y  t h e  
s i t e  w h e r e  c h e m i c a l  s t i m u l i  e n t e r .

I n  O .  p r o p i n q u u s  e a c h  a e s t h e t a s c  i s  i n n e r v a t e d  b y  4 0 - 1 0 0  
s e n s o r y  n e u r o n s  w h o s e  c e l l  b o d i e s  a r e  l o c a t e d  a p p r o x i m a t e l y  
70  µm b e lo w  t h e  b a s e  o f  e a c h  s e n s i l l a .  D i s t a l l y  e a c h  n e u r o n  
g i v e s  r i s e  t o  a  d e n d r i t e  t h a t  d e v e l o p s  r o o t l e t s  a n d  b a s a l  
b o d i e s  a n d  b r a n c h e s  i n t o  tw o  c i l i a  ( d i a m e t e r  . 1 5 -  . 2 0  µm). 
T h e  c i l i a r y  s t r u c t u r e  p e r s i s t s  f o r  a  s h o r t  d i s t a n c e  a n d  t h e n  
t h e  m i c r o t u b u l e s  b e c o m e  r a n d o m ly  s c a t t e r e d .  C o n c u r r e n t l y  
t h e  d e n d r i t e  b r a n c h e s  d i a l a t e  t o  a  d i a m e t e r  o f  . 3 -  .5  µm. 
No f u r t h e r  b r a n c h i n g  o f  o u t e r  d e n d r i t i c  s e g m e n t s  o c c u r s  a n d  
t h u s  e a c h  a e s t h e t a s c  c o n t a i n s  8 0 -  2 0 0  s e n s o r y  e n d i n g s .  A t 
t h e  b a s e  o f  t h e  a e s t h e t a s c  t h e  d e n d r i t e s  a r e  e n v e lo p e d  b y  
6 - 7  i n n e r  s h e a t h  c e l l s  w h ic h  a s c e n d  5 0  µm i n t o  t h e  
a e s t h e t a s c  lu m e n ,  s e n d i n g  l o n g  f i n g e r - l i k e  p r o c e s s e s  a r o u n d  
a n d  b e tw e e n  t h e  d e n d r i t e s .  T h e  d e n d r i t e s  g r a d u a l l y  t a p e r  i n  
d i a m e t e r  a n d  t e r m i n a t e  2 5  µm f ro m  t h e  s e n s i l l a  t i p .

T h e  s e n s o r y  o r g a n s  o f  c l o s e l y  r e l a t e d  s p e c i e s  a r e  e x p e c t e d  
t o  b e  s i m i l a r  i n  g e n e r a l  s t r u c t u r e ,  b u t  t h e  d e t a i l s  o f  
m o r p h o lo g y  a n d  i n n e r v a t i o n  m ay b e  i n f l u e n c e d  b y  e n v i r o n m e n t a l  
s e l e c t i v e  p r e s s u r e s  s u c h  a s  l i g h t  c o n d i t i o n s  o r  d e s i c c a t o r y  
o r  m e c h a n i c a l  s t r e s s .  To d e t e r m i n e  i f  c r a y f i s h  c h e m o r e c e p 
t o r s  v a r y  a d a p t i v e l y  a c c o r d i n g  t o  t h e  h a b i t a t  o f  t h e  s p e c i e s ,  
w e a r e  p r e s e n t l y  c o m p a r in g  t h e  a e s t h e t a s c s  o f  O .  p r o p i n q u u s  
t o  t h o s e  o f  c r a y f i s h e s  s p e c i a l i z e d  f o r  l i f e  i n  c a v e s ,  i n  
t e r r e s t r i a l  b u r r o w s  a n d  i n  v e r y  s w i f t  f l o w i n g  s t r e a m s .

T h i s  s t u d y  w a s  s u p p o r t e d  b y  a n  o p e r a t i n g  g r a n t  t o  
D .W . D unham  f r o m  t h e  N a t u r a l  S c i e n c e s  a n d  E n g i n e e r i n g  
R e s e a r c h  C o u n c i l  o f  C a n a d a .

2 5 4 . 2 2   TEMPORAL ASPECTS OF ZIZIPHINS A CTION S O N CHEM O RECEPTO R CELLS
E . S .  P e t e r s ,  J r . *  a n d  L . M. K e n n e d y ,  D e p t . o f  B i o l o g y ,  
C l a r k  U n i v . ,  W o r c e s t e r ,  MA 0 1 6 1 0 .

Z i z i p h i n s  ( Z s )  ( f r o m  Z i z i p h u s  j u j u b a ) s e l e c t i v e l y  s u p p r e s s  
hu m an  s w e e t n e s s  p e r c e p t i o n  (M e is e lm a n  e t  a l . ,  1 9 7 6 ) ,  i n h i b i t  
a rm y  w orm  f e e d i n g  (C a n n e y  & H a l p e r n ,  1 9 8 0 )  , a n d  a l t e r  f l y  
b e h a v i o r a l  a n d  r e c e p t o r  c e l l  a c t i o n  p o t e n t i a l  r e s p o n s e s  t o  
s u c r o s e .  T he n e u r o p h y s i o l o g i c a l  a l t e r a t i o n  i s  b i p h a s i c :  
F i r s t  f i r i n g  i s  s u p p r e s s e d ;  t h e n  t h e  f i r i n g  r a t e  b e c o m e s  i n 
c r e a s e d  a n d  i r r e g u l a r  (K e n n e d y  & H a l p e r n ,  1 9 7 9 ,  1 9 8 0 ) .  A f
t e r  Zs t r e a t m e n t ,  t h e  o n s e t  o f  t h e  s e c o n d  p h a s e  m ay o c c u r  
s o o n e r  w h e n  s u c r o s e  i s  p r e s e n t e d  c o n t i n u o u s l y  t h a n  w h en  i t  
i s  p r e s e n t e d  a t  i n t e r v a l s  o v e r  t im e  ( L .M . K . ,u n p u b l .  o b s e r v . , 
1 9 7 9 ) .  We s t u d i e d  t e m p o r a l  a s p e c t s  o f  Z s a c t i o n s  f o r  c o n 
t i n u o u s  v s .  i n t e r m i t t e n t  s u c r o s e  s t i m u l a t i o n  i n  f l y  (P h o r m ia  
r e g i n a ) c h e m o r e c e p t o r  c e l l s .

S i n g l e  c h e m o r e c e p t o r  s e n s i l l a  w e r e  g i v e n  a  1 m in  Zs (2% 
a q u e o u s  l e a f  e x t r a c t )  t r e a t m e n t  f o l l o w e d  b y  (a )  a  c o n t i n u o u s  
5 m in  s u c r o s e  (50mM i n  N aC l 50mM) s t i m u l a t i o n  (CS) o r  (b )  a n  
i n t e r m i t t e n t  5 s e c  s u c r o s e  s t i m u l a t i o n  e v e r y  1 m in  f o r  5 m in  
( I S ) .  I n  c o n t r o l  t r i a l s ,  e a c h  s e n s i l l u m  w a s  t r e a t e d  w i t h  

w a t e r  a n d  t h e n  s t i m u l a t e d  w i t h  s u c r o s e  a s  i n  t h e  Z s t r e a t 
m e n t  t r i a l  f o r  t h a t  s e n s i l l u m .  R e c e p t o r  c e l l  a c t i o n  p o t e n 
t i a l s  w e r e  t i p - r e c o r d e d  e x t r a c e l l u l a r l y .

R a t i o s  w e r e  f o r m e d  o f  t h e  n u m b e r  o f  a c t i o n  p o t e n t i a l s  i n  
1 00  o r  5 00  m se c  e x c e r p t s  t a k e n  a t  1 m in  i n t e r v a l s  f r o m  r e 
s p o n s e s  i n  t h e  Z s t r e a t m e n t  t r i a l  t o  t h e  n u m b e r  o f  a c t i o n  
p o t e n t i a l s  i n  1 0 0  o r  5 0 0  m se c  e x c e r p t s  t a k e n  a t  t h e  sa m e  1 
m in  i n t e r v a l s  f ro m  r e s p o n s e s  i n  t h e  ( c o n t r o l )  w a t e r  t r e a t 
m e n t  t r i a l  f o r  e a c h  f l y .  R a t i o s  f o r  CS w e r e  i n i t i a l l y  < 1 
( m e d ia n ,  0 . 6 ,  r a n g e  0 . 4 - 0 . 7 )  a n d  t h e n  i n c r e a s e d  t o  > 1  b y  3 . 5  
( m e d i a n ,  r a n g e  1 - 5 )  m in  a f t e r  s t i m u l a t i o n  o n s e t .  I n  c o n t r a s t ,  
r a t i o s  f o r  I S ,  w h ic h  a l s o  w e r e  .<1 a t  s t i m u l a t i o n  o n s e t  (m ed
i a n  0 . 7 ,  r a n g e  0 . 2 - 0 . 8 ) ,  r e m a in e d  <1 ( m e d ia n  0 . 7 ,  r a n g e  0 . 2 -  
0 . 9 )  a t  5 m in  a f t e r  s t i m u l a t i o n  o n s e t .  A l t h o u g h  t h e r e  w a s  
n o  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  r a t i o s  f o r  CS a n d  I S  a t  
s t i m u l a t i o n  o n s e t  ( p = 0 . 3 ) , r a t i o s  f o r  CS w e r e  s i g n i f i c a n t l y  
g r e a t e r  t h a n  t h o s e  f o r  IS  a t  5 m in  a f t e r  s t i m u l a t i o n  o n s e t  
( p = 0 . 0 1 ) .  T h e  t im e  r e q u i r e d  t o  r e a c h  r a t i o s  ≥ 1  w a s  s i g n i f i 

c a n t l y  l e s s  f o r  CS t h a n  f o r  I S  ( p = 0 . 0 2 )  (M a n n -W h itn e y  t e s t s ) .
T h u s  t h e  r a t e  o f  o n s e t  o f  t h e  s e c o n d  p h a s e  o f  Z s  a c t i o n s  

d e p e n d s  o n  t h e  a m o u n t  o f  s t i m u l a t i o n  r a t h e r  t h a n  o n  t h e  a b 
s o l u t e  t im e  e l a p s e d  s i n c e  Z s t r e a t m e n t .  T he  s e c o n d  p h a s e  
m ay b e  f a c i l i t a t e d  b y  r e c e p t o r  c e l l  r e s p o n d i n g ,  i . e .  b e  u s e -  
d e p e n d e n t .   (We t h a n k  G. G ru b b  f o r  l e a v e s .  S u p p o r t e d  b y  a  
S ig m a  X i g r a n t  t o  E . S . P .  a n d  C l a r k  b i o l o g y  r e s e a r c h  f u n d s . )
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2 5 5 .1   CHANNELS FORMED BY D IPH TH ERIA , BOTULINUM, AND TETANUS TOXIN 
IN  PLANAR BILAYER MEMBRANES; RELEVANCE TO TRANSLOCATION OF 
TOXINS INTO C E L L S.  D .H . HOCH, A . FIN K E L ST E IN , L .  SIM PSON*, 
B .R .  D a s G u p ta # (SPO N : M. C o h en ) .  D e p t .  P h y s .  & B i o p h y s . ,  
A l b e r t  E i n s t e i n  C o l l . o f  M e d . ,  * D e p t .  o f  P h a r m . , C o lu m b ia  
U n i v .  M e d . ,  # F o o d  R e s e a r c h  I n s t i t u t e ,  U n i v .  o f  W i s c o n s i n .

D i p h t h e r i a ,  b o t u l i n u m ,  a n d  t e t a n u s  t o x i n s  a r e  t h o u g h t  t o  
c o n s i s t  o f  tw o  f u n c t i o n a l l y  d i s t i n c t  f r a g m e n t s :  a n  a c t i v e  
f r a g m e n t  a n d  a  b i n d i n g  f r a g m e n t .  I n  t h e  c a s e  o f  d i p h t h e r i a  
t o x i n ,  t h e  a c t i v e  f r a g m e n t  h a s  w e l l  c h a r a c t e r i z e d  e n z y m a t i c  
a c t i v i t y ;  f o r  b o t u l i n u m  a n d  t e t a n u s  t o x i n s  t h e  p r e c i s e  n a t 
u r e  o f  t h e  a c t i v e  f r a g m e n t  r e m a in s  u n c l e a r .  A m o d e l  h a s  
b e e n  p r o p o s e d  f o r  t h e  t r a n s p o r t  o f  t h e  a c t i v e  f r a g m e n t  o f  
t h e s e  t o x i n s  i n t o  t h e  c y t o s o l .  T h e  b i n d i n g  f r a g m e n t  a t t a c h 
e s  t o  a  m e m b ra n e  r e c e p t o r  a l l o w i n g  t h e  w h o le  t o x i n  t o  b e  e n 
d o c y t o s e d  i n t o  a n  a c i d i c  v e s i c l e .  T h e  pH g r a d i e n t  a c r o s s  
t h e  v e s i c l e  i n d u c e s  a  c o n f o r m a t i o n a l  c h a n g e  i n  p a r t  o f  t h e  
b i n d i n g  f r a g m e n t ,  f o r m in g  a  t r a n s m e m b r a n e  c h a n n e l  w h ic h  a c t s  
i n  t h e  t r a n s p o r t  o f  t h e  a c t i v e  f r a g m e n t  i n t o  t h e  c y t o s o l .

P r e v i o u s  s t u d i e s  h a v e  sh o w n  t h a t  d i p h t h e r i a  t o x i n  I n s e r t s  
i n t o  p l a n a r  l i p i d  b i l a y e r s  a n d  f o r m s  c h a n n e l s  t h a t  a r e  g a t e d  
b y  v o l t a g e  a n d  p H . C h a n n e l  f o r m a t i o n  i s  m a x im a l  w h e n  t h e  
p r o t e i n - c o n t a i n i n g  ( c i s )  s i d e  i s  a t  lo w  pH ( 4 . 5 )  a n d  p o s i 
t i v e  v o l t a g e s ,  a n d  t h e  o p p o s i t e  ( t r a n s )  s i d e  i s  a t  h i g h  pH 
( 7 . 4 ) ;  t h e s e  c o n d i t i o n s  m im ic  t h e  pH a n d  v o l t a g e  g r a d i e n t s  
a c r o s s  a c i d i c  v e s i c l e s .  An u n r e s o l v e d  q u e s t i o n  h a s  b e e n  
w h e t h e r  t h e  c h a n n e l  i s  l a r g e  e n o u g h  t o  a l l o w  t h e  a c t i v e  
f r a g m e n t  t o  p a s s  t h r o u g h  i t .  We h a v e  sh o w n  b y  s e l e c t i v i t y  
m e a s u r e m e n t s  w i t h  l a r g e  a n i o n s  a n d  c a t i o n s  t h a t  a t  t h e  a p p 
r o p r i a t e  pH ( s e l e c t i v i t y  a n d  s i n g l e  c h a n n e l  c o n d u c ta n c e  a r e  
a  s e n s i t i v e  f u n c t i o n  o f  pH ) t h e  c h a n n e l  c a n  a c c o m m o d a te  i o n s  
a t  l e a s t  t h e  s i z e  o f  NAD ( 1 2 - 1 6  Å d i a m e t e r ) .  T h i s  f i n d i n g  
i s  c o m p a t i b l e  w i t h  t h e  c h a n n e l ’ s  p r o p o s e d  f u n c t i o n  o f  a l l o w 
i n g  t h e  f u l l y  e x t e n d e d  a c t i v e  f r a g m e n t  t o  p a s s  t h r o u g h  i t .

We f i n d  t h a t  t e t a n u s  a n d  b o t u l i n u m  t o x i n s  sh o w  s t r i k i n g  
p a r a l l e l s  t o  d i p h t h e r i a  t o x i n  i n  t h e i r  a c t i o n  o n  l i p i d  b i 
l a y e r  m e m b r a n e s .  B o th  p r o t e i n s  f o r m  c h a n n e l s ,  a n d  sh o w  o p 
t i m a l  a c t i v i t y  i n  t h e  p r e s e n c e  o f  a  pH g r a d i e n t  ( c i s  4 . 5 ;  
t r a n s  7 ) .  T e t a n u s  t o x i n  c h a n n e l s  s h o w  v o l t a g e - d e p e n d e n t  b e 
h a v i o r  r e m a r k a b l y  s i m i l a r  t o  t h a t  o f  d i p h t h e r i a  t o x i n .

O u r  f i n d i n g s  w i t h  l i p i d  b i l a y e r  m e m b ra n e s  s u g g e s t  t h a t  
t e t a n u s  a n d  b o t u l i n u m  t o x i n s ,  l i k e  d i p h t h e r i a  t o x i n ,  c o n t a i n  
a n  a c t i v e  f r a g m e n t  t h a t  i s  t r a n s p o r t e d  a c r o s s  t h e  m em b ran e  
o f  a c i d i c  v e s i c l e s  i n t o  t h e  c y t o s o l .  F o r  a l l  t h r e e  t o x i n s ,  
t h e  c h a n n e l  f o r m e d  b y  t h e  b i n d i n g  f r a g m e n t  m ay  b e  c r u c i a l  t o  
t h e  t r a n s l o c a t i o n .  ( S u p p o r t e d  b y  NIH T 32G M 7288 , G M 2 9 2 1 0 -0 7 , 
NINCDS N S 1 5 4 0 9 , DAMD 1 7 - 8 2 - C - 2 0 0 5 , DAMD 1 7 - 8 0 - C - 0 1 0 0 ) .

255.2  COVALENT L A B ELLIN G  OF RAT B RA IN  MEMBRANE P R O T E IN S  W ITH 
A Z ID O -P H E N C Y C L ID IN E  ( A z - P C P ) .   R .G .  S o r e n s e n *  a n d  M .P .  
B l a u s t e i n  (S P O N : B .K .  K r u e g e r ) .   D e p t .  P h y s i o l . ,  U n i v .  
M a r y l a n d  S c h .  M e d . ,  B a l t i m o r e ,  MD 2 1 2 0 1 .

P h e n c y c l i d i n e  ( P C P )  i s  a  w i d e l y  a b u s e d  d r u g  t h a t  
p r o d u c e s  a  s c h i z o p h r e n i a - l i k e  s y n d r o m e  i n  m a n .  T h i s  
b e h a v i o r a l  e f f e c t  h a s  b e e n  a t t r i b u t e d  t o  b l o c k  o f  
c e r t a i n  K c h a n n e l s  i n  p r e s y n a p t i c  n e r v e  t e r m i n a l s  
( A l b u q u e r q u e  e t  a l . ,  PNAS 7 8 ; 7 7 9 2 ,  1 9 8 1 ;  B l a u s t e i n  & 
I c k o w i c z ,  i b i d .  8 0 : 3 8 5 5 ,  1 9 8 3 ) .  P h y s i o l o g i c a l  
( B a r t s c h a t  & B l a u s t e i n ,  t h i s  v o l u m e )  a n d  b i o c h e m i c a l  
( S o r e n s e n  e t  a l . ,  T r a n s . Am . S o c . N e u r o c h e m .  1 5 : 2 2 3 ,  
1 9 8 4 )  s t u d i e s  s u g g e s t  t h a t  PC P  s p e c i f i c a l l y  b i n d s  t o ,  
a n d  b l o c k s  c e r t a i n  n o n - i n a c t i v a t i n g ,  v o l t a g e - r e g u l a t e d  K 
c h a n n e l s .  We t h e r e f o r e  u t i l i z e d  t h e  p h o t o - l a b i l e  
a n a l o g u e  o f  P C P , m - a z i d o - P C P  ( A z - P C P ) ,  w h i c h  a l s o  b l o c k s  
t h e s e  c h a n n e l s ,  t o  t r y  t o  i d e n t i f y  t h e  p r o t e i n s  t h a t  
c o n s t i t u t e  t h e s e  b r a i n  PC P  r e c e p t o r s / K  c h a n n e l s .  A z -P C P  
w a s  b o u n d  t o  r a t  b r a i n  s y n a p t i c  m e m b r a n e s  (K D = 2 0 0 - 4 0 0  
n M ) w i t h  s l i g h t l y  g r e a t e r  a f f i n i t y  t h a n  PC P  (KD = 5 0 0 -  
6 0 0  n M ) .  U n l a b e l l e d  A z -P C P  c o m p e t e d  w i t h  H -P C P  f o r  
R e c e p t o r  b i n d i n g  a n d  c o n v e r s e l y ,  P C P  d i s p l a c e d  b o u n d  

H - A z - P C P ,  t h e r e b y  i n d i c a t i n g  t h a t  b o t h  c o m p o u n d s  
i n t e r a c t  a t  t h e  s a m e  s i t e ( s ) .  W h en  u n l a b e l l e d  A z -P C P  
w a s  c o v a l e n t l y  a t t a c h e d  ( w i t h  UV i r r a d i a t i o n ) ,  a n d  t h e  
me m b r a n e s  w e r e  e x t e n s i v e l y  w a s h e d ,  s u b s e q u e n t  a s s a y  f o r  

3H -P C P  b i n d i n g  r e v e a l e d  a  5 0 - 6 0 %  r e d u c t i o n  o f  PCP 
b i n d i n g  s i t e s .  Wh e n  t h e  m e m b r a n e s  w e r e  i r r a d i a t e d  i n  
t h e  p r e s e n c e  o f  3H - A z -P C P  a n d  w a s h e d ,  s u b s e q u e n t  TCA 
p r e c i p i t a t i o n  i n d i c a t e d  t h a t  t h e  l a b e l  w a s  c o v a l e n t l y  
a t t a c h e d .  T h e s e  o b s e r v a t i o n s  s h o w  t h a t  A z -P C P  i n t e r a c t s  
w i t h  t h e  s y n a p t i c  m e m b r a n e  PC P  r e c e p t o r s  a n d  c a n  b e  u s e d  
t o  l a b e l  t h e  r e c e p t o r s .  We  t h e r e f o r e  i n c u b a t e d  s y n a p t i c  
m e m b r a n e s  w i t h  7 5 - 1 0 0 0  nM H - A z -P C P  i n  t h e  d a r k ,  t h e n  
s u b j e c t e d  t h e  s u s p e n s i o n s  t o  3 6 6  nm i r r a d i a t i o n  t o  
p r o m o t e  t h e  a t t a c h m e n t  o f  t h e  a n a l o g u e ,  a n d  p r e p a r e d  t h e  
s a m p l e s  f o r  S D S -P A G E  a n d  f l u o r o g r a p h y . A n u m b e r  o f  
p o l y p e p t i d e s  c o v a l e n t l y  i n c o r p o r a t e d  t h e  l a b e l ,  
i n c l u d i n g  t h o s e  w i t h  a p p a r e n t  MR o f  3 3 0 K ,  1 0 0 K , 5 6 K , 5 4K  
a n d  50 K  ( w h i c h  w e r e  s o m e  o f  t h e  m o s t  h e a v i l y  l a b e l l e d ) .  
T h e  c o v a l e n t  a t t a c h m e n t  r e q u i r e d  p h o t o l y s i s ,  a n d  t h e  
e x t e n t  w a s  d e p e n d e n t  u p o n  i r r a d i a t i o n  t i m e  a n d  A z -P C P  
c o n c e n t r a t i o n .  E x c e s s  u n l a b e l l e d  PC P  ( 1 - 1 0  mM) m a r k e d l y  
r e d u c e d  t h e  i n c o r p o r a t i o n  o f  l a b e l  i n t o  m a n y  o f  t h e  p o l y 
p e p t i d e s ,  i n c l u d i n g  t h e  f i v e  m e n t i o n e d  a b o v e .  S u p p o r t e d  
b y  N IH  g r a n t  N S - 1 6 1 0 6 .

2 5 5 .3  PH E N C Y C L ID IN E  ( P C P ) ,  IN  LOW D O S E S , S E L E C T IV E L Y  BLOCKS A 
S P E C I F I C  P R E S Y N A PT IC  K CHANNEL IN  MAMMALIAN C N S .  D .K .  
B a r t s c h a t *  & M .P .  B l a u s t e  i n . D e p t .  P h y s i o l . ,  U n i v .  
M a r y l a n d  S c h .  M e d . ,  B a l t i m o r e  MD 2 1 2 0 1

R u b i d i u m  e f f l u x  f r o m  86R b - l o a d e d  r a t  b r a i n  s y n a p t o 
s o m e s  w a s  u s e d  t o  m e a s u r e  t h e  K p e r m e a b i l i t y  o f  t h e  
p l a s m a  m e m b r a n e  u n d e r  " r e s t i n g "  c o n d i t i o n s  ( 5  mM [ K ] O ) 
a n d  u n d e r  d e p o l a r i z i n g  c o n d i t i o n s  ( e l e v a t e d  [ K ] O ) a s  
d e s c r i b e d  ( N e u r o s c i . A b s t r . 9 : 2 1 ,  1 9 8 3 ) .  I n  t h e  a b s e n c e  
o f  [ C a ] O , t h r e e  p h a r m a c o l o g i c a l l y  d i s t i n c t  c o m p o n e n t s  o f  
R b e f f l u x  w e r e  o b s e r v e d :  i )  A K c o n d u c t a n c e  r e s p o n s i b l e  
f o r  t h e  r e s t i n g  K p e r m e a b i l i t y  ( " R " ) ;  i i )  a  t r a n s i e n t ,  
d e p o l a r i z a t i o n - a c t i v a t e d  K c o n d u c t a n c e  t h a t  w a s  v e r y  
s e n s i t i v e  t o  4 -A P  a n d  TEA ( " T " ) ;  a n d  i i i )  a  s t e a d y - s t a t e  
d e p o l a r i z a t i o n - a c t i v a t e d  K c o n d u c t a n c e  t h a t  d i d  n o t  i n 
a c t i v a t e  i n  < 5  s e c .  ( " S " ) .  T h e o r e t i c a l  c a l c u l a t i o n s  a n d  
p h a r m a c o l o g i c a l  d a t a  i n d i c a t e  t h a t ,  w i t h  [ K ]O = 1 0 0  mM, 
2 / 3  o f  " S "  r e p r e s e n t s  e n h a n c e d  e f f l u x  t h r o u g h  " R "  d u e  t o  
t h e  i n c r e a s e d  d r i v i n g  f o r c e  o n  R b ; 1 / 3  o f  " S "  ( =  " S V" )  
r e p r e s e n t s  a  s e p a r a t e  v o l t a g e - r e g u l a t e d  K c h a n n e l .  T h e  
b e h a v i o r a l  a n d  m e n t a l  a b e r r a t i o n s  p r o d u c e d  b y  t h e  p s y c h o 
t o m i m e t i c ,  P C P , a n d  r e l a t e d  a n a l o g u e s  m a y  b e  a  r e s u l t  o f  
b l o c k a g e  o f  p r e s y n a p t i c  K c h a n n e l s  ( PNAS 7 8 : 7 7 9 2 ,  
1 9 8 1 ) .  P C P , b l o c k e d  a b o u t  1 / 3  o f  t h e  t o t a l  Rb e f f l u x  
t h r o u g h  " S "  ( K I  = 1 - 2  µ M ), p r e s u m a b l y  t h e  e f f l u x  t h r o u g h  
" S y " ;  " T "  w a s  m u c h  l e s s  s e n s i t i v e ,  a n d  " R "  w a s  i n 
s e n s i t i v e  t o  PC P  ( F i g .  1 ) .  T h e  r e l a t i v e  a b i l i t y  o f  
s e v e r a l  PC P  a n a l o g u e s  t o  b l o c k  " S " ,  m -N H 2 -P C P  > P C P  > 
m -N O 3 - P C P  ( F i g .  2 ) ,  c o r r e s p o n d s  t o  t h e i r  r e l a t i v e  
b e h a v i o r a l  p o t e n c y  (P N A S , l o c . c i t . ) ;  m - a z i d o - P C P  a l s o  
b l o c k s  "S V" .  T h e s e  d a t a  s u g g e s t  t h a t  b l o c k  o f  a  s p e c i f i c  
c l a s s  o f  p r e s y n a p t i c  t e r m i n a l  K c h a n n e l s  ( c o r r e s p o n d i n g  
t o  "S V" )  m a y  b e  r e s p o n s i b l e  f o r  t h e  p s y c h o t o m i m e t i c  
e f f e c t s  o f  P C P  a n d  r e l a t e d  d r u g s .  S u p p o r t e d  b y  N S - 1 6 1 0 6 .

2 5 5 .4   RESTORATION OF VOLTAGE-DEPENDENT STATE CHANGE IN THE PU R I
FIED  Na CHANNEL FROM RAT BRAIN.  D . J .  F e l l e r ,  J . A .  
T a l v e n h e i m o * , a n d  W .A . C a t t e r a l l .  D e p a r tm e n t  o f  P h a rm a 
c o l o g y ,  U n i v e r s i t y  o f  W a s h in g to n ,  S c h o o l  o f  M e d i c i n e ,  
S e a t t l e ,  WA 9 8 1 9 5 .

S o d iu m  c h a n n e l s  b i n d  1 2 5 I - 1 a b e l e d  L e i u r u s  q u i n q u e s 
t r i a t u s  s c o r p i o n  t o x i n  ( [ 125I ] L q T x )  i n  a  v o l t a g e - s e n 
s i t i v e  m a n n e r .  T h e  KD i n c r e a s e s  1 0 - f o l d  f o r  e a c h  15  t o  
2 0  mV d e p o l a r i z a t i o n  i n  p a r a l l e l  w i t h  Na c h a n n e l  a c t i v a t i o n  
( C a t t e r a l l ,  W .A ., J .  G e n . P h y s i o l . , 7 4 : 3 7 5 ,  1 9 7 9 ) .  T h u s ,  
LqTx b i n d i n g  p r o v i d e s  a  p r o b e  o f  v o l t a g e - d e p e n d e n t  c h a n g e s  
o f  t h e  f u n c t i o n a l  s t a t e  o f  t h e  s o d iu m  c h a n n e l .  Na c h a n n e l s  
p u r i f i e d  t o  h o m o g e n e i ty  f ro m  r a t  b r a i n  ( H a r t s h o r n e ,  R .P .  
a n d  C a t t e r a l l ,  W .A ., J .  B i o l .  C h e m .,  2 5 9 : 1 6 6 7 ,  1 9 8 4 )  l o s e  
t h i s  p r o p e r t y .  R e c o n s t i t u t i o n  o f  t h e  p u r i f i e d  c h a n n e l s  i n 
t o  p h o s p h a t i d y l c h o l i n e  (P C ) v e s i c l e s  r e s t o r e s  v e r a t r i d i n e 
s t i m u l a t e d  N a+ i n f l u x  ( T a l v e n h e i m o ,  J . A .  e t  a l , J .  B i o l .  
C h e m ., 2 5 7 : 1 1 8 6 8 ,  1 9 8 2 ) .  H o w e v e r , t h e  a d d i t i o n  o f  b r a i n  
l i p i d s  i s  n e c e s s a r y  t o  o b s e r v e  [ 1 2 5 I ] LqTx b i n d i n g  
(T a m k u n , M.M. e t  a l ,  J .  B i o l .  C h e m ., 2 5 9 : 1 6 7 6 ,  1 9 8 4 ) .  T h e  
o b j e c t i v e s  o f  t h e  p r e s e n t  s t u d y  w e re  t o  d e t e r m i n e  t h e  m i n i 
m al b r a i n  l i p i d  c o m b i n a t i o n  n e e d e d  t o  r e s t o r e  [ 123I ] -  
LqTx b i n d i n g  a n d  t o  e s t a b l i s h  c o n d i t i o n s  u n d e r  w h ic h  v o l 
t a g e - s e n s i t i v i t y  c a n  b e  r e s t o r e d .  D a ta  a r e  e x p r e s s e d  a s  
t h e  r a t i o  o f  [ 1 2 5 I ]L q T x  b o u n d  (m o l)  t o  [ 3H ] s a x i t o x 
i n  (ST X ) b o u n d  ( m o l ) .  [ 3H]STX b i n d i n g  w a s a s s a y e d  a t  a 
s a t u r a t i n g  c o n c e n t r a t i o n ,  w h i l e  [ 123 I ]L q T x  b i n d i n g  
w a s  d e t e r m in e d  a t  a  c o n c e n t r a t i o n  b e lo w  i t s  KD. R a t i o s  
o f  L q T x / STX b o u n d  r a n g e d  f ro m  0 . 6  x 1 0 -3  t o  1 .1  x 
1 0 -3 f o r  P C / b r a i n  l i p i d  ( 4 0 / 6 0 ,  w /w ) .  R e c o n s t i t u t i o n  
i n t o  P C / p h o s p h a t i d y l e t h a n o l  a m in e  (P E ) ( 6 5 / 3 5 )  v e s i c l e s  r e 
s t o r e d  [ 125I ] L q T x  b i n d i n g  a t  a  r a t i o  o f  1 . 2  x 
1 0 -3  t o  1 . 6  x  1 0 - 3 . C o m b in a t io n s  o f  o t h e r  b r a i n  
l i p i d s  w i t h  PC w e r e  n o t  a s  e f f e c t i v e  a s  P C /P E . D i l u t i o n  o f  
P C /P E  v e s i c l e s  t o  fo rm  a  4 0 - f o l d  Na g r a d i e n t  ( i n > o u t )  i n 
c r e a s e d  s p e c i f i c  LqTx b i n d i n g  2 0 - f o l d .  H a lf - m a x im a l  
[ 125I ] L q T x  b i n d i n g  w as o b s e r v e d  w i t h  a  7 - f o l d  Na g r a 
d i e n t ,  a t  a  c a l c u l a t e d  m e m b ra n e  p o t e n t i a l  o f  - 5 2  mV ( i n s i d e  
n e g a t i v e ) ,  i n  c l o s e  a g r e e m e n t  w i t h  d a t a  f o r  n a t i v e  Na c h a n 
n e l s .  T h e i n c r e a s e  i n  b i n d i n g  i s  d u e  t o  a  d e c r e a s e  i n  Kq 
w i t h  no c h a n g e  i n  Bma x . T h e  KD w a s  1 . 9  nM a t  - 9 0  
mV c o m p a re d  t o  4 . 9  nM a t  - 4 0  mV. T h e s e  r e s u l t s  show  t h a t  
t h e  p u r i f i e d  r a t  b r a i n  Na c h a n n e l  i s  s u f f i c i e n t  f o r  r e c o n 
s t i t u t i o n  o f  v o l t a g e - s e n s i t i v e  [ 1 2 5 I] L q T x  b i n d i n g  w hen 
r e c o n s t i t u t e d  i n  P C /P E  m e m b ra n e s .  T h i s  s u g g e s t s  t h a t  t h e  
v o l t a g e - d e p e n d e n t  g a t i n g  f u n c t i o n s  o f  t h e  p u r i f i e d  Na c h a n 
n e l  a r e  r e s t o r e d  u p o n  i n c o r p o r a t i o n  i n t o  P C /P E  v e s i c l e s .
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255.5  FUNCTIONAL RECONSTITUTION OF THE PURIFIED BRAIN SODIUM 
CHANNEL IN PLANAR LIPID BILAYERS.  R. H artshorne**, 
B. K eller*+, J . Talvenheimo*#, W. C a t te r a l l# ,  and M. Montal+.  
+U n ivers ity  of C a lifo rn ia  San Diego, La J o l la ,  CA 92093 and 
#U niversity  o f Washington, S e a t t le ,  WA 98195.

The vo ltage  dependent sodium channel was p u rif ie d  from 
r a t  b rain  and c o n s is ts  of th ree  su bun its : α , β1 and β2 (1). 
The p u r if ie d  p ro te in  was re c o n s ti tu te d  in to  liposomes compos
ed o f 35% b rain  phosphatidylethanolam ine (PE) and 65% brain 
phosphatidy lcho line  (PC) (2 ). To assay the a c t iv i ty  o f the 
Na+ channel by d ir e c t  e le c t r ic a l  measurements, the re c o n s ti
tu ted  v e s ic le s  were fused with black l ip id  membranes (3) com
posed o f 1-p a lm ito y l-2-o leo y l PE and PC (4%:1%) in n-decane. 
The fig u re  i l l u s t r a t e s  s in g le  Na+ channel cu rren ts  a c tiv a ted  
by 2µM ba tracho tox in  (BTX) and recorded a t  a p o te n tia l of 
-70mV (e le c tro p h y s io lo g ica l convention). A sec tio n  of the re 
cord ( f i l t e r e d  a t  500Hz) is  shown below a t  f a s te r  time re so 
lu t io n . The s in g le  channel conductance is  23pS in a 
0.5M/0.2M NaCl g ra d ie n t. Channel openings a re  abolished  by 
the ad d itio n  o f 3µM te tro d o to x in  (TTX). The Ki fo r  TTX in h i
b it io n  is  ~10-8M a t  -60mV while a t  +60mV i t  is  ~10- 7M. Na+ 
channel ga ting  is  vo ltage dependent in the presence o f BTX 
with negative  p o te n tia ls  inc reasing  the  p ro b a b ility  of chan
nel c lo su re . The channels are  closed  50% of the time a t  
-98mV ± 14mV (n=9), Thus, p u rif ie d  Na+ channels in p lanar 
l ip id  b ila y e rs  d isp lay  the known s in g le  channel conductance, 
neurotoxin s e n s i t iv i ty  and vo ltage  dependence asso c ia ted  with 
n a tiv e  Na+ channels.
(1) H artshorne, R. and C a t te r a l l ,  W. (1984) J . B iol. Chem. 
259: 1667-1675; (2) F e l le r ,  D. e t  a l . (1984) Soc. N eurosci. 
A bstr. 10; (3) Krueger, B. e t  a l .  (1983) Nature (London) 303: 
172-175;  Supported by N.M .S.S., E .A .P ., N .I.H ., and D.A.M.R.

255.6  A FLUORESCENCE ASSAY FOR CATION FLUX INTO LIPOSOMES CON
TAINING SODIUM CHANNELS PURIFIED FROM ELECTROPHORUS ELEC
TRICUS  S.A. Tom iko*, R.L. R osenberg* and W.S. Agnew  D ept. 
o f  P h y s io lo g y , Y ale U n iv e r s i ty  S chool o f  M ed ic in e , New 
Haven, CT 06510

A spec tro sco p ic  tra n s p o r t assay  based on th a lliu m  (Tl+) 
quenching of a fluorophore , 8-a m in o -1 ,3 ,6 -n a p h th a le n e  t r i 
su lfo n a te  (ANTS)(Moore & R afte ry , PNAS, 77, 1980), has been 
adapted to  measure ion flu x  through the re c o n s ti tu te d  vo l
tage-dependent Na channel. P rev iously , the Na channel pro
te in  p u r if ie d  from e e l e le c tro p la x  was re c o n s ti tu te d  in to  
PC lip o so m es  and n e u ro to x in -m o d u la te d  ion  t r a n s p o r t  was 
m easured  by 22Na+ in f lu x  (R osenberg , e t  a l . ,  PNAS, 8 1 , 
1 9 8 4 ). T l + can  p a s s  th ro u g h  a c t i v a t e d  Na c h a n n e ls  
(PT l/PNa=0.33 f o r norma l  channels and >1 fo r  ba tracho tox in  
(B TX )-m odified c h an n e ls )  to  quench fluo rescence  of in te r 
n a lized  ANTS (Δ F/F°=0-30%). In  these  s tu d ie s , the  p u r if ie d  
p ro te in  was supplem ented w ith  liposom es o f PE/PS/PC (5:4:1 
molar r a t io )  to  f in a l  co n cen tra tio n s  of ~75 ug p ro te in /m l 
and 10 mg l i p id /m l  b e fo re  d e te r g e n t  a d s o r p t io n .  ANTS (30 
mM) was in te rn a liz e d  by f r e e z e - thaw -sonic a tio n . More than 
99.9% o f th e  e x te r n a l  dye b u t l e s s  than  6% o f  th e  v e s i c l e s  
w ere rem oved by c e n t r i f u g a t io n  th ro u g h  Sephadex G-50. 
F luorescence was measured in  a f i l t e r  f luo rom eter (e x c ita 
tio n  365 nm, em ission  c u to ff  470 nm) w ith  a flo w c e ll o f 20 
µ1 illu m in a te d  volume, con ta in ing  2-20 femtomoles of TTX- 
b inding p ro te in . A Y -connector lead ing  from sample sy rin g es  
to  the flo w c e ll mixed the  v e s ic le s  w ith  80 mM Tl NO3. Isome
t r i c  d e l iv e r y  o f b o th  s o lu t io n s  r e q u ir e d  <4 sec ; t im e -  
courses were recorded a f t e r  te rm in a tio n  of flow . V esic le s  
w ith  BTX-activated Na channels (5 µM, 45 min a t  30°C) ex h i
b ite d  more rap id  r a te s  of quench than co n tro ls . S ignal s iz e  
was very s e n s it iv e  to  so n ica tio n  tim e w ith in  0-5 sec. The 
BTX-dependent s ig n a l was blocked p a r t i a l ly  by e x te rn a l TTX 
(1 µM) and c o m p le te ly  by d ib u c a in e  (0.1 mM). The s i g 
n a l / l e a k  r a t i o  was a m p l i f ie d  d ra m a tic a lly  and the  in flu x  
t im e s c a le  s low ed  from  sec  to  min when e x te r n a l  Na+ was 
rem oved to  c r e a t e  a v o lta g e  g r a d ie n t  (G arty , e t  a l . ,  JBC, 
258, 1983). Then, r a i s i n g  [T l NO3 ] from  1-40 mM in c re a s e d  
quench a t  60 sec  in  B T X -trea ted  sam p les  up to  3.4 f o ld  
above c o n tro ls ; dibucaine blocked the s ig n a l. The K1/2 f or  
B T X -a c tiv a tio n  was ~0.3 µ M. V e r a t r id in e  (100 µ M) a l s o  
s t im u la te d  quench (Ver. ≈  35% BTX). T h is  f lu o r e s c e n c e  
assay  i s  ~1000 fo ld  more s e n s it iv e  than ra d io tr a c e r  a ssays, 
and i s  w e ll  s u i t e d  f o r  la r g e  s c a le  s c re e n in g  o f d rug  
e f f e c ts  on Na channel a c t iv i ty .   G rant support from NMSS and 
NIH (NS 17928).

255.7  MAINTAINED OPENING OF SINGLE Na CHANNELS BY FENVALERATE.
S.F. Holloway*, V.L. Salgado*, C.H. Wu and T. Narahashi 
(SPON: S-C. CHENG).  Dept. o f Pharmacology, Northwestern Univ. 
Med. S ch ., Chicago, IL 60611.

The e f fe c ts  of the  py re th ro id  fe n v a le ra te  (10 µM) on 
s in g le  Na channels of NIE-115 neuroblastoma c e l ls  were 
s tu d ied  using the  patch clamp method ( in s id e -o u t con figu ra
tio n )  a t  a tem perature o f 10-12 °C. The fenvalera te-m od i
f ie d  channel, once opened, remained open throughout the  
e n t i r e  d ep o la riz in g  pulse (200 ms) and long a f te r  r e p o la r i 
z a tio n . The mean open tim e was about 1 s a t  -80 mV and 
ex h ib ited  a vo ltage  dependence s im ila r  to  th a t  o f macroscopic 
t a i l  c u rre n ts .  This type o f m odified channel a c t iv i ty ,  
designated  mode I ,  can account fo r  the  pro longation  o f Na 
cu rren t during and a f te r  a d ep o la riz in g  pulse under macro
scopic  vo ltage  clamp c o n d itio n s . O ccasionally , th e  channel 
ex h ib ited  spontaneous openings a t  the  holding p o te n tia l .  
These openings had a mean open time of about 50 ms a t  -80 mV 
and occurred in c lu s te r s  o f la s t in g  about 10 s . This type 
of a c t i v i t y ,  designated  mode I I ,  may exp lain  the  in c rease  in 
holding cu rre n t seen in macroscopic s tu d ie s .  The two modes 
o f a c t iv i ty  do not occur s im ultaneously .

M acroscopic vo ltage  clamp data  have been explained by the 
open channel m od ifica tio n  scheme, in which the py re th ro id  is  
thought to  bind to  and modify the  channel w hile i t  is  in the 
open s t a t e .  At th e  s in g le  channel le v e l ,  th is  model p red ic ts  
th a t  the  p ro b a b il i ty  of a channel being modified is  zero upon 
opening and in c reases  w ith dwell time in the  open s ta t e .  
However, i f  pu lses were te rm inated  sh o rtly  (< 3 ms) a f te r  
channels opened, the  p ro b a b il i ty  th a t  a channel was modified 
did not depend on how long i t  had dwelt in the  open s ta t e .  
This r e s u l t  c o n tra d ic ts  the  open channel m odifica tion  scheme, 
and suggests th a t  the  channel is  m odified before i t  opens.

The m odified open channel e x h ib its  p ro p e rtie s  not normally 
observed. 1) T ran s itio n s  to  a subconducting s ta te  occu r, 
with dwell tim es as long as 100 ms. 2) The c u rren t noise 
in c reases  w hile the  channel is  open, and the  d iffe ren c e  spec
trum (open minus c losed) shows a L orentzian w ith a c u to ff  
frequency o f 200-300 Hz. 3) The c u rre n t-v o ltag e  r e la t io n ,  
which could be measured w ith a vo ltage  ramp pulse  during a 
s in g le  opening, shows a decrease  in conductance a t  hyper- 
p o la rized  p o te n t ia ls ,  presumably due to  block by Ca ions.

Supported by HIH g ran t NS14143 and Muscular Dystrophy 
A ssociation  Fellowship (S .F .H .) .

255.8  RAPID VOLTAGE-DEPENDENT BINDING OF α-SCORPION TOXINS TO NA 
CHANNELS.  G.K. Wang* and G.R. S t r lc h a r tz .  A nesthesia Res. 
Labs, Harvard Medical School, Boston, MA 02115.

We have examined the  voltage-dependent a c tio n  of a p u r i
f ie d  Leiurus scorpion  to x in  (Hot) on Na channels in  s in g le  
m yelinated nerve f ib e rs  under voltage-clam p. This Leiurus 
α-to x in  s p e c if ic a l ly  slows and p reven ts  the  normal f a s t  
in a c tiv a t io n  from reaching  com pletion, w ith  a co n cen tra tio n  
dependence showing one-to x in - to-one-Na channel r e la t io n 
sh ip . As a r e s u l t ,  a s te a d y -s ta te  Na cu rre n t occurred 
during  a prolonged d ep o la r iz a tio n  la s t in g  a t  le a s t  sev e ra l 
seconds. These s te a d y -s ta te  Na c u rren ts  have a d if f e r e n t  
v o ltag e  dependence from peak Na c u rre n ts  and appear to  
r e s u l t  from the  reopening of p rev iously  in a c tiv a ted  Na 
channels. The reopening k in e tic s  of the  s te a d y -s ta te  
c u rren t a re  exponen tial and occur about 100-fold slower 
than the  normal a c t iv a tio n  p rocess. The e f f e c ts  of Leiurus 
to x in  on slowing of Na channel in a c tiv a t io n  p rocesses and 
on producing s te a d y -s ta te  Na c u rre n ts  could be reversed  by 
r e p e t i t iv e  d ep o la riz in g  "cond ition ing" p u lses . This 
modulation was v o ltage  and d u ra tio n  dependent; h igher 
v o ltag es  (≥  + 20 mV) reversed  more of slowed Na channel 
in a c tiv a t io n  and longer pu lses increased  th is  re v e rs a l 
e f f e c t .  Using a constan t r e p e t i t iv e  pu lse  d u ra tio n  of 100 
ms a t  2 Hz we found th a t  the  maximal re v e rs a l  e f fe c t  was 
sa tu ra ted  around +120 mV, w ith  a voltage-dependence of ~ 35 
mV/e-fold change. A very long pu lse  (4 sec) was as e f fe c 
t iv e  as 40 r e p e t i t iv e  pu lses of 100 ms app lied  a t  2 Hz. 
This re v e rs a l process does not c o r re la te  w ith the  tim e- or 
voltage-dependence of channel a c t iv a tio n  or normal in a c t iv 
a tio n . Comparable r e s u l t s  were a lso  found fo r  sea anemone 
to x in  (ATXII) and C entruroides α-sco rp ion  to x in  (IVα) but 
w ith d iffe ren c e s  in  th e  r a te  of b inding as w ell as the  
range of voltage-dependence. We propose th a t  the  α- to x in  
binding s i t e ,  apparen tly  on the  e x te rn a l su rface  o f the  Na 
channel, changes i t s  conform ation during  the  f a s t  in a c t iv 
a tio n  p rocess. Leiurus tox in  slows and/or p reven ts  the  
conform ational change of the  binding s i t e  a t  v o ltag e s  ≤ 0 
mV, due to  i t s  high a f f in i ty  in te ra c tio n  w ith th e  b inding 
s i t e .  However, a t  h igher vo ltag es  the  to x in  cannot prevent 
in a c tiv a t io n  from occurring  during long o r  r e p e t i t iv e  
p u lse s , suggesting  th a t  the  conform ational change caused by 
the  f a s t  in a c tiv a t io n  process reduces the  to x in  binding 
a f f in i t y .   Supported by a M ultip le  S c le ro s is  S ociety  Grant 
(RG1513-A-1) to  GRS.
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255.9  PROPERTIES OF BATRACHOTOXIN-MODIFIED SODIUM 
CHANNELS IN VARIANT NEUROBLASTOMA CELLS.  L -Y .M . 
H uang .  M a r in e  B io m e d ic a l  I n s t i t u t e ,  The U n i v e r s i t y  
o f  T e x a s  M e d ic a l  B ra n c h ,  G a lv e s to n ,  T ex as  775 5 0 .

The g a t i n g  p r o p e r t i e s  o f  so d iu m  (Na) c h a n n e ls  o f  
C9 c e l l s  w e re  s t u d i e d  i n  t h e  p r e s e n c e  o f  b a t r a c h o 
t o x i n  (BTX) u s in g  w h o l e - c e l l  r e c o r d i n g  and  p a tc h  
c la m p  t e c h n i q u e s .  BTX, a  s p e c i f i c  a c t i v a t o r  o f  Na 
c h a n n e l s ,  a c t i v a t e d  Na c h a n n e ls  o f  N G 108-15 c e l l s  
a t  h y p e r p o l a r i z e d  p o t e n t i a l  ( e .g .  -  90mV) and  
e l i m i n a t e d  b o th  f a s t  and  s lo w  i n a c t i v a t i o n s  (Huang 
e t  a l ,  PNAS 7 9 :2 0 8 2 ,  1 9 8 2 ) .  Na c h a n n e ls  o f  C9 
c e l l s  c o u ld  n o t  be  a c t i v a t e d  by  d e p o l a r i z a t i o n .  
H o w ev er, i n  t h e  p r e s e n c e  o f  BTX, Na c h a n n e ls  w e re  
a c t i v a t e d  w hen t h e  m em brane p o t e n t i a l  was s te p p e d  
t o  a  m em brane p o t e n t i a l  m ore d e p o l a r i z e d  t h a n  
-80mV. The c o n c e n t r a t i o n  o f  BTX u s e d  t o  a c t i v a t e  
Na c h a n n e ls  i n  C9 c e l l s  w as u s u a l l y  1 .5 - 2  f o l d  
h i g h e r  t h a n  t h a t  u s e d  i n  N G 108-15 c e l l s .  BTX- 
a c t i v a t e d  Na c u r r e n t  i n  C9 c e l l s  d id  n o t  i n a c t i 
v a t e .  T h i s  c u r r e n t  i s  v e r y  r e s i s t a n t  t o i n h i b i t i o n  
o f  T e t r o d o t o x i n  (TTX ). TTX a t  1 0 0 µm w o u ld  b lo c k  
t h e  c u r r e n t  th r o u g h  t h e  B T X -a c t iv a te d  Na c h a n n e ls  
i n  t h e s e  c e l l s .  T h is  TTX c o n c e n t r a c t i o n  was a b o u t  
100 f o l d  h i g h e r  t h a n  t h a t  r e q u i r e d  t o  b lo c k  t h e  Na 
c h a n n e ls  i n  NG108-15 c e l l s .

The c o n d u c ta n c e  o f  s i n g l e  B T X -a c t iv a te d  c h a n n e ls  
i s  a b o u t  1 2 pS . The c h a n n e ls  a r e  o f t e n  o p en  f o r  
t e n s  o r  h u n d re d s  o f  mS. The m ean o p en  t im e  o f  
t h e s e  c h a n n e ls  becam e lo n g e r  a s  t h e  m em brane p o 
t e n t i a l  w as d e p o l a r i z e d .  The h i s to g r a m  o f  t h e  open 
s t a t e  d w e l l  t im e  a t  m em brane p o t e n t i a l s  -80mV t o  
-40mV c o u ld  b e  f i t t e d  by  s i n g l e  e x p o n e n t i a l s .  Thus 
t h e  p r o p e r t i e s  o f  B T X -a c t iv a te d  c h a n n e ls  i n  C9 
c e l l s  w e re  q u a l i t a t i v e l y  s i m i l a r  t o  t h o s e  fo u n d  i n  
N G 108-15 c e l l s .  (S u p p o r te d  by  NIH N S 19352-02)

255. 10 BATRACHOTOXIN-BENZOATE BINDING AS AN INDEX OF PYRE
THROID INTERACTION AT NA+ CHANNELS.  G. B. Brown and R. 
W. Olsen.  The Neurosdences Program and the D ept. of Psychiatry, 
School of Medicine, Univ. of Alabama in Birmingham, University 
Station, Birmingham, AL 35294, and the D ept. of Pharmacology, 
School of Medicine, Univ. of California, Los Angeles, CA 90024.

Jacques e t al. (BBA 600:882, 1980) recently demonstrated that in 
cultured mammalian neuroblastoma cells a series of active pyre
throid insecticides synergisticall y enhance sodium influx stim ulated 
by the channel activators batrachotoxin, veratridne, grayanotoxin 
and polypeptide scorpion and anemone neurotoxins. These studies 
prompted us to investigate the effects of a variety of synthetic 
pyrethroids on the binding of th e  l abeled batrachotoxin derivative, 
batrachotoxinin-A (3H) benzoate (3H-BTX-B), to mammalian sodium 
channels. Equilibrium binding of 3H-BTX-B in the presence of excess 
scorpion toxin to sodium channels in microsac preparations from rat 
cerebral cortex was measure d  as described previously (Catterall et 
al., J. Biol. Chem. 256:8922, 1981; Creveling e t al., Molec. Pharma
col. 23:350, 1982). Concentrations ranging from 0.1 to  150 µ M of the 
α-cyano pyrethroids deltamethrin and cypermethrin (8 stereoiso
mers) and the non-cyano pyrethroids 1R-transperm ethrin and te tra 
methrin were tested  for effects on specific 3H-BTX-B bindng. 
Deltamethrin and the two most active isomers of cypermethrin 
(carboxyl carbon R  and cyano carbon S configuration) all enhanced 
specific binding of 3H-BTX-B 2-3 fold with EC50 values of apprx. 1 
µM (0.5 - 2 µM). Concentrations greater than 75 µM, however, 
produced less than the maximal enhancement seen at lower doses. 
Scatchard analysis of BTX-B binding isotherms in the presence and 
absence of a saturating concentration of deltamethrin revealed that 
the enhancement was due to a 3-fold increase in BTX-B binding 
affinity with no effect on the maximum number of binding sites. In 
contrast to these active insecticides, the less toxic non-cyano 
pyrethroids and the remaining six cypermethrin stereoisomers pro
duced a dose-dependent inhibition of 3H-BTX-B binding. According
ly, permethrin was found to antagonize the enhancement of 3H- 
BTX-B by deltamethrin.

These studies confirm the suggestion of Jacques et al. (1980) 
that the toxic pyrethroids bind to sodium channels at a site which is 
physically distinct from yet coupled to the binding site  of channel 
activators such as batrachotoxin. The correlation between insecti
cidal activity and enhancement of 3H-BTX-B binding observed for 
this series of pyrethroids suggests the potential utility of the 
approach to assess the activity  of new synthetic compounds in this 
important class of insecticides.

The cypermethrin stereoisomers were a gift from Ciba Geigy, 
Basel. The work was supported by grants NIH-NS-15617 to  GBB and 
USARO-DAAG-29-83-K-0156 to RWO.

255.11  BATRACHOTOXIN ACTIVATES SODIUM CHANNELS OF ADULT FROG 
SKELETAL MUSCLE.  C.N. A llen and E.X. Albuquerque.  Dept. 
Pharmacol. & Exp. T herap ., Univ. Maryland Sch. Med., 
B altim ore, MD 21201.

B atrachotoxin  (BTX), a neurotoxin  of the  Colombian frog 
P hyllobates a u ro ta e n ia , d ep o la rizes  nerve and muscle 
membranes by a c t iv a tin g  v o lta g e -s e n s itiv e  Na channels. 
S ingle f ib e rs  from the in te ro s s e a l  muscle of Rana p ip iens 
were enzym atically  d ispersed  and mounted in  a recording  
chamber using a p a ra f ilm -p a ra ff in  o i l  adhesive. Standard 
patch  clamp procedures were used to o b ta in  giga-ohm sea ls  
and record  s in g le  channel c u rre n ts .  Inc lu s ion  of BTX 
(10 nM) in  the patch m icroelectrode re su lte d  in  sponta
neously occurring  u n it c u rren ts  which could be recorded a t  
membrane p o te n tia ls  varying from -10 mV to  -110 mV. These 
c u rre n ts  were not p resen t w ith only s a lin e  in  the  micro
p ip e tte  and were id e n t i f ie d  as flowing through Na channels 
s ince  they were blocked by te tro d o to x in  (300 nM). The 
number of a c tiv e  Na channels in  each patch was estim ated  
from the m u ltip le  openings to  be between 1 and 4, w ith 2 
channels being the most common. The s in g le  channel 
conductance was ca lcu la te d  from the slope of a p lo t of 
membrane p o te n tia l  versus channel cu rren t to be 19 pS and 
the  re v e rs a l  p o te n t ia l  was estim ated  to  be +20 mV. The open 
channel was in te rru p te d  by many f a s t  c lo sings  ( f l ic k e r s )  
which increased  in  frequency as the transmembrane p o te n tia l  
in c rea sed . Histograms of the d is t r ib u t io n  of channel open 
tim es could be f i t  by a s in g le  exponen tial fu n c tio n  
in d ic a tin g  a s in g le  open s ta t e  fo r these  channels. The mean 
channel open time was not dependent on the  membrane 
p o te n t ia l .  For example, the  mean life tim e  as 6.9 ± 1.7 msec 
(mean ± S .D ., n=5) a t  membrane p o te n tia ls  between -30 and 
-45 mV. At p o te n tia ls  between -50 and -70 mV, the open time 
was 7.2 ± 1.76 msec (n=5). The channel l ife t im e  increased  
s l ig h t ly  to  10.8 ± 2.4 msec a t membrane p o te n tia ls  between 
-90 mV and -110 mV (n=5). These d a ta  in d ic a te  th a t BTX 
d ep o la riz es  muscle membranes by a c t iv a tin g  in d iv id u a l Na 
channels a t  membrane p o te n tia ls  where the  Na channels are  
normally c lo sed . Recent evidence suggests th a t a t 
depo larized  membrane p o te n tia ls  Na channels can only open 
once before  c lo sin g  to an in a c tiv a te d  s ta t e .  The f l ic k e r in g  
and repeated  opening of the Na channels a t  a constan t 
membrane p o te n tia l  dem onstrate th a t  in  the presence of BTX 
the Na channels do not in a c t iv a te .   (Supported by USPHS 
Grant NS-12063 and U.S. Army Med. Res. and Develop. Command 
C ontract DAMD-17-81-C-1279)

255.PO  ACTIVITY ASSOCIATED CHANGES IN NODE OF RANVIER ULTRASTRUC
TURE.  C.C. Wurtz and M.H. E llism an .  Lab. fo r Neurocytology, 
Dept. of N eurosc i., U.C.T.S.D., La J o l la ,  Ca. 92093.

Changes in the  compound ac tio n  p o te n tia l (CAP), follow ing 
prolonged a c tiv a tio n  of frog dorsal roots are  accompanied by 
changes in the  microanatomy of the  paranodal ap p ara tu s. The 
physio log ical changes appear as a slowing of th e  CAP and a 
reduction  in i t s  overa ll am plitude. Morphometric an a ly sis  
of f ib e rs  orthodrom ically  stim u la ted  a t e i th e r  2 ,5 ,20  or 
50hz [fo r  15 m in.] followed by immediate i n s i tu  aldehyde 
f ix a t io n ,  reveals  a frequency dependent in c rease  in the  s ize  
and number of in tram y e lin ic  vacuoles. These re s u l t  from the 
s p l i t t in g  of the  minor dense lin e s  w ithout d is ru p tio n  of the  
axog lia l ju n c tio n s  or a l te ra t io n  of the  dimensions of the  
node p roper. This e f fe c t  is  s ig n if ic a n t ly  in h ib ite d  when 
the  roots are bathed in te tro d o to x in  during the  s tim u la tio n  
phase and appears to  reverse  i f  s tim u la tio n  is  halted  and 
the nerve is  allowed to  recover p r io r  to  f ix a t io n .  In th is  
case some vacuole reduction is  evident a f te r  15 min. and 
su b sta n tia l reduction  (approaching con tro l va lues) a f te r  30 
min. The time course of s tru c tu ra l  recovery is  p a ra lle le d  
by the  recovery of the  CAP.

By using computer a s s is te d  p lanim etry of micrographs from 
long itud ina l th in  sec tio n s  the  percentage of the  paranodal 
apparatus taken up by vacuoles was determ ined. A s ig n i f i 
cant 6 -fo ld  d iffe ren ce  was found between the  high frequency 
(20hz+50hz) group and the  co n tro ls  (P< .03), as well as a 
sm aller d iffe ren c e  between th e  high frequency group and the  
low frequency (2hz+5hz) group. The magnitude of th is  change 
a lso  appears to  be l in e a r ly  re la te d  to  f ib e r  d iam eter. Large 
(>12 µm) f ib e rs  ex h ib it the  most robust e f f e c t ,  medium (4-8 
µm) f ib e rs  show a le s s e r  e f fe c t  and f ib e rs  <2 pm are  gen
e ra lly  une ffec ted . This in d ica te s  th a t nodes of Ranvier 
from fib e rs  of d if f e r e n t diam eters may be d i f f e r e n t ia l l y  
su scep tib le  to  a c t iv i ty  induced morphologic changes or the  
a sso c ia ted  changes in physiology. Our i n i t i a l  analyses of 
the  physio log ical changes in response to  the  s tim u la tio n  
a lso  in d ic a te  th a t  a more pronounced slowing and a l te r a t io n  
of the  wave-form a r is e s  from the  more rap id ly  conducting 
f ib e r s .  We suspect th a t  la rge  and small nodes of Ranvier 
are d i f f e r e n t ia l l y  s e n s it iv e  to  spike a f te r e f f e c ts  and th a t  
th is  re la te s  to  the  observed s tru c tu ra l  changes.

[Supported by research g ran ts  to  MHE from NIH 
(NS14718); M ultiple S c le ro s is  Society (RG132A1) and the 
National Muscular Dystrophy A ssociation  of A m erica.]
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2 55 .PO  CAN PHOTOCHEMICAL REACTIONS ALTER NEURONAL A CTIVITY IN  
HUMANS?  J .B . W h ite r.  De p t . o f  Ps y chia t .  & Human Behavie r ,  U niv. o f  Ca l .  
I r v in e  Mad. C t r . ,  101 C i ty  Dr. S o .,  O range, C a l. 92668.

A l l  b i o lo g i c a l  e f f e c t s  o f  o p t i c a l  r a d i a t i o n  a r e  due  t o  r a d i a n t  h e a tin g , 
ph o tochemic a l  r e a c t i on s ,  o r  b o th .  A t p r e s e n t ,  m ost b iome d i c a l  ap pl i c a t i o n s  
o f  l a s e r  r e l y  on  th e  f a c t  t h a t  e x p o su re  t o  monochroma t i c  l i g h t  r e s u l t s  i n  
i n  th e rm a l e f f e c t s  (Regan, J .D .,  and  P a r r i s h ,  J .A . The S c ien c e  o f  Pho to 
me d ic i n e ,  Plenum  P r e s s ) ,  however, pho to ch em ica l phe nomena r e t a i n  la r g e ly  
u n ex p lo re d . Such phot o ch e mi c a l  e f f e c t s  may b e  r e le v a n t  i n  e x p la in in g  th e  
b e h a v io r  o f  d i f f e r e n t  n e u ra l  p r e p a r a tio n s  a f t e r  exp os u re  t o  low power monochromatic 

l i g h t .  For  e x a mp l e ,  b r i e f  exp os u r e  t o  a n  a rg o n  l a s e r ,  a l t e r s  t h e  
f i r i n g  p a t t e r n  o f  i s o l a t e d  ab d omi n a l  g a n g lio n  c e l l s  of  Ap l y s i a  (For k ,  R .L. 
S c ien c e , 1971; 171: 907-908). These a l t e r a t i o n s  a r e  n o t  due  t o  h e a tin g  b e 
c a u se  th e y  o c c u r  b e fo re  t h e r e  i s  a  d e te c ta b le  in c r e a s e  i n  t e mp e r a tu r e .  
Fur th e rmore ,  h e a t in g  doe s  n o t  p ro d u ce  s im i l a r  b io lo g ic a l  e f f e c t s .

We now p ro p o se  t h a t  i r r a d i a t i o n  o f  t h e  s k in  o ve r l y i n g  p e r ip h e r a l  n e rv e s  
w i th  a  l aw pow er helium -neon  l a s e r  (632 .5  nm ., 1  nW, 20 H z .) , a  p ro cedu re  
w hich p ro d u ce s  no  d e te c ta b le  in c r e a s e  i n  s k in  t e mp e r a tu r e ,  r e s u l t s  i n  de
p o la r i z a t io n  o f  t h e  u n d e rly in g  n e rv e  i n  humans. T h is  con c lu s ion  i s  su p 
p o r te d  b y  v a r io u s  l i n e s  of  e v id e n c e :

(1) I r r a d i a t i o n  of  t h e  s k in  u n d e rly in g  p e r ip h e r a l  n e rv e s  r e s u l t s  i n  a  r e 
p ro d u c ib le  s omatos e nso r y  evoked p o t e n t i a l  w i th  a  l a te n c y  id e n t i c a l  
t o  t h a t  o b se rv e d  a f t e r  e l e c t r i c a l  s t im u la t ion .

(2 ) I r r a d i a t i o n  a l t e r s  t h e  la te n c y  and  a m p litu d e  o f  t h e  H r e f l e x ,  a  mono
s y n a p tic  s p in a l  c o rd  r e f l e x .

(3 ) I r r a d i a t i o n  a l t e r s  t h e  thre s h o ld  f o r  e l i c i t a t i o n  o f  c lo n u s  i n  sp a s
t i c  p a t i e n t s ,  and  a  d o se  re sp o n se  c u rv e  can  b e  o b ta in e d .

We p ro p o se  a  m odel w h ich  p o s tu l a te s  t h e  e x is te n c e  of  a  p op u l a t i on  of  
wa ve le n g t h - s p e c i f i c  n e u ro n a l ch romop h a re s  ( o p t i c a l l y  a c t i v e  m o le c u le s ) . 
Such c h ro mop h a r e s ,  w h ich  have  b een  d e s c r ib e d  i n  o th e r  t i s s u e s ,  have  sev 
e r a l  common  c h a r a c t e r i s t i c s :  th e y  a r e  a l l  h ighl y  re s o n a n t r i nged  s t r u c tu r e s  
w i th  a  m o le c u la r  w e ig h t of  l e s s  th a n  500 (Regan, J .D . , and  P a r r i s h ,  J .A . 
The S c ien c e  o f  Pho tom ed ic ine ,  Plenum P r e s s ) . T here  a r e  a  l a r g e  numbe r  of  
chram ophares a v a i l a b le  i n  my e l i n  neuronal  membr a n e s ,  a n d  in tra n e u ron a l ly ,  
I n te r a c t io n  o f  h e lium -ne a n l a s e r  i r r a d i a t i o n  w i th  a  p r e s e t  p op u l a t i on  o f  
ch ramop h ar e s  c o u ld  r e s u l t  i n  changes i n  io n ic  permea b i l i t y  and  le a d  t o  d e 
p o la r i z a t io n  v i a  a  number of  m e c h a n is ts . The p r e s e n t  r e s u l t s  in d ic a te  t h e  
p e r ip h e r a l  nerv o u s sy stem  p o ss e s se s  a  p re v io u s ly  u n su sp ec te d  d e g re e  o f  
pho to s ens i t i v i t y .  The n o t io n  o f  t h a t  g e n e ra t io n  o f  a n  a c t io n  p o t e n t i a l  b y  
th e  wav e le n g th -s p e c i f ic  i n te r a c t io n  o f  a  s e t  o f  ne u ro c h r a mp h o re s  w ith  
l i ght  r e p r e s e n ts  a n  e x p e r im e n ta lly  v e r i f i a b l e  m odel. The th e r ape u t i c  
e f f e c t s  o f  l a s e r  a r e  u n d e r i n v e s t ig a t io n  (Walke r ,  J .B . , Re l i e f  from  
C hron ic  Pa in  b y  low  Pow e r  l a s e r  I r r a d ia t io n ,  N au ro sc i. L e t t s .  1983; 43: 
339-344).
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2 5 6 . 1  SLOW INACTIVATION OF THE Ca 2 +  CURRENT OF PARAMECIUM IS  
VOLTAGE-DEPENDENT AND Ca2 + -INDEPENDENT
T .M . H e n n e s s e y *  a n d  C . R u n g *  (SPO N : A . S t r e t t o n ) .  L a b .  o f  
M o l e c u l a r  B i o l o g y ,  U n i v .  o f  W i s c o n s i n ,  M a d is o n ,  WI 5 3 7 0 6

T h e  d e p o l a r i z a t i o n - i n d u c e d  Ca2+ c u r r e n t  o f  P . c a u d a t u m , 
i s o l a t e d  b y  u s i n g  C s C l - f i l l e d  e l e c t r o d e s  a n d  TEA -c o n t a i n i n g  
b a t h ,  w a s  e x a m in e d  u n d e r  v o l t a g e  c la m p .  T h i s  Ca2+ c u r r e n t  
i n a c t i v a t e s  w i t h i n  t e n s  o f  m i l l i s e c o n d s  a n d  t h e  p r o c e s s  h a s  
b e e n  f o u n d  t o  b e  Ca2+ - d e p e n d e n t  (B reh m  a n d  E c k e r t ,  S c i e n c e  
2 0 2 : 1 2 0 3 ,  1 9 7 8 ) .  I n  a d d i t i o n  t o  t h i s  f o rm  o f  i n a c t i v a t i o n ,  
w e d i s c o v e r e d  a  s lo w  i n a c t i v a t i o n  w h ic h  d e v e l o p s  d u r i n g  
d e p o l a r i z a t i o n s  a n d  i s  r e m o v e d  u p o n  r e p o l a r i z a t i o n s  w i t h  
t i m e  c o n s t a n t s  o f  t e n s  o f  s e c o n d s .

T h e  d e v e lo p m e n t  o f  t h i s  s l o w  i n a c t i v a t i o n  d e p e n d s  o n  
v o l t a g e .  T h e  t i m e  c o n s t a n t  o f  t h e  d e v e lo p m e n t  i s  l a r g e  
( a b o u t  1 0 0  s e c )  f o r  a  d e p o l a r i z a t i o n  o f  + 2 0  mV a n d  s m a l l e r  
( a b o u t  4 0  s e c )  f o r  a  + 4 0  mV s t e p .  I t  i s  i n d e p e n d e n t  o f  
l a r g e  i n c r e a s e s  i n  i n t r a c e l l u l a r  C a2+ c o n c e n t r a t i o n .  
I n j e c t i o n  o f  EGTA, s u f f i c i e n t  t o  b l o c k  m o s t  o f  t h e  Ca2 + -  
d e p e n d e n t  C a - c h a n n e l  i n a c t i v a t i o n ,  d o e s  n o t  a f f e c t  t h e  
k i n e t i c s  o f  t h i s  s l o w  i n a c t i v a t i o n .

T h e  r e m o v a l  o f  C a - c u r r e n t  i n a c t i v a t i o n  a f t e r  p r o l o n g e d  
d e p o l a r i z a t i o n  s h o w s  tw o  d i s t i n c t  k i n e t i c s .  A p o r t i o n  
o f  t h e  c u r r e n t  r e t u r n s  e x p o n e n t i a l l y  w i t h  a  t i m e  c o n s t a n t  
o f  h u n d r e d s  o f  m se c  ( t h e  r e m o v a l  o f  t h e  C a 2 + - d e p e n d e n t  
i n a c t i v a t i o n )  w h i l e  t h e  r e m a i n d e r  r e t u r n s  w i t h  t im e  
c o n s t a n t s  o f  t e n s  o f  s e c o n d s .  T h e  r e m o v a l  o f  t h e  s lo w  
i n a c t i v a t i o n  i s  a l s o  C a 2 + - i n d e p e n d e n t  s i n c e  i t  o c c u r s  i n  
EG TA-i n j e c t e d  c e l l s .  W hen W -7 i s  a p p l i e d  a l o n g  w i t h  EGTA 
d u r i n g  a  d e p o l a r i z a t i o n  a n d  i s  r e m o v e d  d u r i n g  t h e  t e s t  
p u l s e s  l a t e r ,  t h e r e  i s  a l s o  n o  e f f e c t  o n  t h e  k i n e t i c s  
o f  t h e  r e c o v e r y  f r o m  t h e  s lo w  i n a c t i v a t i o n .  (W -7 i s  a  
d r u g  r e c e n t l y  f o u n d  t o  b l o c k  t h e  C a - c u r r e n t  o f  P a r a m e c iu m . 
H e n n e s s e y  a n d  K u n g , J . e x p . B i o l . 1 9 8 4 ,  i n  p r e s s ) .

T h e  p h y s i o l o g i c a l  a n d  b e h a v i o r a l  r o l e s  o f  t h i s  s lo w  
i n a c t i v a t i o n  w i l l  b e  d i s c u s s e d .

S u p p o r t e d  b y  NSF B N S 8 2 1 6 1 4 9 , PHS GM 22714 a n d  N IH NS 
0 6 9 5 0 .

256.2  STIMULATION OF cAMP-DEPENDENT PROTEIN PHOSPHORYLATION 
RETARDS BOTH INACTIVATON AND 'WASHOUT' OF Ca CURRENT 
IN  DIALYZED HELIX NEURONS.  J . E .  C h a d *  a n d  R . E c k e r t .  
D e p a r tm e n t  o f  B i o l o g y ,  UCLA, L o s  A n g e l e s ,  CA 9 0 0 2 4

The v o l t a g e - a c t i v a t e d  Ca c u r r e n t ,  I Ca , w as  e x a m in e d  
u n d e r  v o l t a g e  c la m p  i n  d i a l y z e d  H e l i x  a s p e r s a  n e u r o n s  t o  
i n v e s t i g a t e  a  p o s s i b l e  r e l a t i o n s h i p  b e tw e e n  C a - d e p e n d e n t  
i n a c t i v a t i o n  o f  I Ca  a n d  t h e  'w a s h o u t '  o f  I Ca  d u r i n g  d i 
a l y s i s .  T he  c o n t r o l  d i a l y s a t e  c o n t a i n e d  135  mM Cs a s p a r 
t a t e ,  10 mM H e p e s ,  pH 7 . 3 ,  a n d  10 mM TEA, a  Ca/EG TA  b u f f e r  
s e t  t o  0 .1  µ M f r e e  C a i . C e l l s  w e r e  b a t h e d  i n  10 mM C a C l2 ,  
5 mM M gC l2 , 35 mM T r i s  C l ,  pH 7 . 3 ,  50  mM TEA p l u s  5 mM 4  AP 
o r  2 . 5  mM 3 , 4  DAP a t  1 7 - 1 8 ° C .  I Ca  w as  e l i c i t e d  e v e r y  60  s 
w i t h  a  70ms v o l t a g e  s t e p  t o  + 10  mV f ro m  a  p o t e n t i a l  o f  
- 4 0  mV; l e a k  c o r r e c t i o n s  w e r e  m ad e  b y  d i g i t a l  a d d i t i o n  o f  
c u r r e n t  r e c o r d e d  d u r i n g  e q u i v a l e n t  h y p e r p o l a r i z i n g  p u l s e s .  
R e p la c e m e n t  o f  e x t e r n a l  Ca w i t h  Mg c o m p l e t e l y  e l i m i n a t e d  
t h e  i n w a r d  c u r r e n t ,  r e v e a l i n g  n o  t i m e - d e p e n d e n t  c u r r e n t .  
D u r in g  d i a l y s i s  w i t h  c o n t r o l  s o l u t i o n ,  p e a k  I Ca  sh o w e d  
t h e  u s u a l  d e c l i n e  ( w a s h o u t ) ,  d r o p p i n g  t o  ≈ 50% i n  15 m in .  
E x t e r n a l  100  µM f o r s k o l i n ,  a n  a c t i v a t o r  o f  a d e n y l a t e  c y 
c l a s e ,  p r o d u c e d  a  t e m p o r a r y  r e v e r s a l  o f  w a s h o u t  i n  c e l l s  
d i a l y z e d  w i t h  M g -A T P - s u p p le m e n te d  c o n t r o l  s o l u t i o n ,  s i m i 
l a r  t o  t h e  r e v e r s a l  p r o d u c e d  b y  a d d i t i o n  o f  d i b u t y r y l  cAMP. 
T h i s  s u g g e s t s  t h e  p r e s e n c e  o f  a n  a c t i v e  c y c l a s e  i n  t h e  d i 
a l y z e d  n e u r o n ,  w h ic h  m ay  a c c o u n t  f o r  s e p a r a t e  o b s e r v a t i o n s  
t h a t  M g-ATP s lo w s  w a s h o u t  w i t h o u t  a d d i t i o n  o f  cAMP. I Ca  
w as s u s t a i n e d  o r  t h e  w a s h - o u t  p a r t i a l l y  r e v e r s e d  b y  i n t r o 
d u c t i o n  o f  t h e  c a t a l y t i c  s u b u n i t  (C S )  o f  cA M P-dep e n d e n t  
p r o t e i n  k i n a s e  ( ≈ 1 5 µ g /m l  p r o t e i n )  i n  t h e  p r e s e n c e  o f  4  mM 
M g-A TP, c o n f i r m i n g  i n d e p e n d e n t  o b s e r v a t i o n s  o f  D o r o s h e n k o  
e t  a l . ( N e u r o s c i e n c e  11: 2 6 3 ,  1 9 8 4 ) .  W ith  I Ca  b l o c k e d  w i t h  
1 nM C d , a d d i t i o n  o f  CS p r o d u c e d  no  m e a s u r a b l e  a s s y m e t r i c  
e f f e c t  o n  t h e  t i m e - i n d e p e n d e n t  r e s i d u a l  c u r r e n t s .  T he r a t e  
o f  i n a c t i v a t i o n  d u r i n g  a  d e p o l a r i z a t i o n  wa s  m e a s u r e d  i n  
r e c o r d s  o f  s i m i l a r  p e a k  I Ca  r e c o r d e d  w i t h  f i x e d  d e p o l a r 
i z i n g  s t e p s  d u r i n g  d i f f e r e n t  p h a s e s  o f  s u c h  e x p e r i m e n t s .  
I n  e a c h  c a s e ,  a d d i t i o n  o f  CS o r  o t h e r  a g e n t s  p r o m o t in g  
k i n a s e  a c t i v i t y  w as  a c c o m p a n ie d  b y  a  s lo w in g  o f  t h e  r a t e  
o f  i n a c t i v a t i o n .  T h u s ,  w a s h o u t  a n d  i n a c t i v a t i o n  o f  I C a 
a p p e a r  t o  b e  r e l a t e d ,  b o t h  b e i n g  r e t a r d e d  b y  a d d i t i o n  
o f  f a c t o r s  t h a t  p r o m o te  cA M P-dep e n d e n t  p h o s p h o r y l a t i o n .  
T h e s e  f i n d i n g s  s u g g e s t  t h a t  i )  'w a s h o u t ' r e s u l t s  f r o m  a  
p r o g r e s s i v e  d e p h o s p h o r y l a t i o n  o f  c h a n n e l - a s s o c i a t e d  p r o 
t e i n ,  i i )  p h o s p h o r y l a t i o n  i s  r e q u i r e d  t o  p e r m i t  Ca c h a n n e l  
a c t i v a t i o n ,  a n d  i i i )  C a c u r r e n t  i n a c t i v a t i o n  m ay i n v o l v e  a  
d e p h o s p h o r y l a t i o n .  USPHS NS 8 3 6 4 .
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256.3  ELECTROPHYSIOLOGICAL EFFECTS OF PHORBOL ESTER AND PROTEIN 
KINASE C ON THE BAG CELL NEURONS OF APLYSIA. S .A . 
D eR ie m er, K .A . A lb e r t * ,  J .A .  S t r o n g * ,  P .  G re e n g a rd , an d  
L .K . K a c z m a re k .  D e p t . o f  P h a rm a c o lo g y , Y a le  U n iv . ,  New 
H av en , CT 065 1 0  & The R o c k e f e l l e r  U n iv . N .Y ., N .Y .1 0 0 2 1 .

The b ag  c e l l  n e u r o n s  o f  A p ly s ia  u n d e rg o  a  co m p lex  s e r i e s  
o f  c h a n g e s  i n  t h e i r  e l e c t r i c a l  p r o p e r t i e s  d u r in g  an d  s u b s e 
q u e n t  t o  a  30  m in . a f t e r d i s c h a r g e  t h a t  c a n  be  e l i c i t e d  by 
b r i e f  e l e c t r i c a l  s t i m u l a t i o n .  E v id e n c e  i n d i c a t e s  t h a t  cAMP- 
m e d ia te d  p r o t e i n  p h o s p h o r y l a t i o n  p l a y s  a  r o l e  i n  r e g u l a t i n g  
p o ta s s iu m  c h a n n e ls  d u r in g  t h e s e  c h a n g e s .  S e v e r a l  o f  th e  
c h a n g e s  may a l s o  b e  r e l a t e d  t o  an  e l e v a t i o n  o f  i n t r a c e l l 
u l a r  c a lc iu m  i o n s .  We h a v e  p r e v i o u s l y  shown t h a t  t h e r e  a r e  
a t  l e a s t  t h r e e  c a lc iu m - d e p e n d e n t  p r o t e i n  k in a s e s  p r e s e n t  i n  
t h e s e  c e l l s ,  i n c l u d i n g  th e  c a l c iu m /p h o s p h a t i d y l s e r in e  
d e p e n d e n t  p r o t e i n  k in a s e  ( P r o t e i n  k in a s e  C) w h ich  c a n  be 
s t i m u l a t e d  by th e  tu m o r p ro m o te r  1 2 - p h o r b o l - 1 3 - m y r i s t a t e  
a c e t a t e  (PMA, TPA ). We h a v e  now t e s t e d  t h e  e f f e c t s  o f  PMA 
o n  t h e  e l e c t r i c a l  a c t i v i t y  o f  b ag  c e l l  n e u r o n s .

I s o l a t e d  b ag  c e l l  n e u r o n s ,  m a in ta in e d  i n  p r im a ry  c e l l  
c u l t u r e ,  w ere  e x p o s e d  t o  PMA (1 - 1 0 0  nM) w h i le  m o n i to r in g  
t h e  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  c e l l s  w i th  s t a n d a r d  i n t r a 
c e l l u l a r  r e c o r d i n g  t e c h n i q u e s .  PMA a t  t h e s e  d o s e s  co n 
s i s t e n t l y  p ro d u c e d  a n  i n c r e a s e  i n  t h e  h e i g h t ,  b u t  n o t  t h e  
w id th ,  o f  a c t i o n  p o t e n t i a l s  ev o k e d  by d e p o l a r i z i n g  c u r r e n t  
p u l s e s  (n = 1 3 ; mean i n c r e a s e  = 28% ). I n  c o n t r a s t ,  e l e v a t e d  
c o n c e n t r a t i o n s  o f  cAMP i n c r e a s e  b o th  t h e  h e i g h t  an d  th e  
w id th  o f  a c t i o n  p o t e n t i a l s  i n  t h e s e  c e l l s .

I n  o r d e r  t o  d e te r m in e  w h e th e r  t h e  e f f e c t s  o f  PMA w ere  
d u e  t o  t h e  a c t i v a t i o n  o f  p r o t e i n  k in a s e  C, p u r i f i e d  enzym e 
p r e p a r e d  f ro m  b o v in e  b r a i n  w as p r e s s u r e  i n j e c t e d  i n t o  c u l 
t u r e d  b ag  c e l l  n e u r o n s .  E l e c t r o d e s  w ere  f i l l e d  a t  t h e  t i p  
w i th  p r o t e i n  k in a s e  C (1 8  µ g /m l)  i n  a  c a r r i e r  s o l u t i o n  o f  
20 mM p o ta s s iu m  p h o s p h a te  b u f f e r ,  pH 7 .2  an d  0 .9  M KCl . 
F o l lo w in g  i n j e c t i o n ,  an  i n c r e a s e  i n  a c t i o n  p o t e n t i a l  h e i g h t  
w as s e e n  i n  43% o f  t h e  c e l l s  i n j e c t e d  (n = 1 4 ) .  The mean 
i n c r e a s e  i n  h e i g h t  f o r  t h e  c e l l s  t h a t  r e s p o n d e d  to  i n j e c 
t i o n  o f  t h e  k in a s e  was 26%. No i n c r e a s e  i n  t h e  h e i g h t  o f  
a c t i o n  p o t e n t i a l s  w as o b s e rv e d  w i th  i n j e c t i o n  o f  h e a t -  
i n a c t i v a t e d  enzym e (n = 3 )  o r  c a r r i e r  s o l u t i o n  a lo n e  (n = 3 ) .  
T h e se  r e s u l t s  s u g g e s t  t h a t  i n j e c t i o n  o f  p r o t e i n  k in a s e  C 
c a n  p ro d u c e  e f f e c t s  t h a t  a r e  q u a l i t a t i v e l y  s i m i l a r  t o  t h o s e  
o f  e x p o s in g  th e  c e l l s  t o  PMA, an d  t h a t  p r o t e i n  p h o s p h o r y la 
t i o n  by p r o t e i n  k in a s e  C, a s  w e l l  a s  by th e  cAMP-PK, may 
p la y  a  p a r t  i n  c o n t r o l l i n g  th e  e x c i t a b i l i t y  o f  t h e  b ag  c e l l  
n e u r o n s .

256.4  STRONTIUM IONS INDUCE PAROXYSMAL SPIK E  BURSTS IN  
NON-PACEMAKER MOLLUSCAN NEURONS.  K . J .  F u t a m a c h i  , ( s p o n :  
K . C o u r t n e y )   L ab  N e u r o p h y s i o l o g y ,  NIN CDS, N a t ' l .  I n s t .  
H e a l t h ,  B e t h e s d a ,  M a r y la n d  2 0 2 0 5

S t r o n t i u m  ( S r + + ) ,  a  d i v a l e n t  c a t i o n  w h ic h  c l o s e l y  
r e s e m b l e s  c a l c i u m  i n  m o l e c u l a r  a n d  h y d r a t e d  i o n  s i z e ,  w a s  
s t u d i e d  a s  a  s u b s t i t u t e  f o r  Ca++ i n  n e u r o n s  o f  t h e  l a n d  
s n a i l  H e l i x  a s p e r s a . E x p e r im e n t s  w e r e  p e r f o r m e d  t o  s t u d y  
t h e  r o l e  o f  K+ c u r r e n t s  i n  s p i k e  b u r s t  g e n e r a t i o n  s i n c e  
CA++ i s  kn o w n  t o  a c t i v a t e  K+ c u r r e n t s ,  w h e r e a s  S r ++ h a s  
b e e n  sh o w n  t o  b l o c k  K+ c h a n n e l s  i n  som e p r e p a r a t i o n s .  A 
s e l e c t  g r o u p  o f  n o n - p a c e m ak e r  m o l l u s c a n  n e u r o n s  w e r e  u s e d  
f o r  t h i s  s t u d y  b e c a u s e  S r ++ i n d u c e s  s p i k e  b u r s t  g e n e r a t i o n  
a n d  h a s  a  m a r k e d  e f f e c t  o n  t h e  m e m b ra n e  c h a r a c t e r i s t i c s  o f  
t h i s  s u b p o p u l a t i o n  o f  n o n - p a c e m a k e r s .

I n  n o r m a l  s n a i l  R i n g e r s  s o l u t i o n ,  t h e s e  c e l l s  a r e  
c h a r a c t e r i z e d  b y  a c t i o n  p o t e n t i a l s  o f  1 0 - 3 0  mV a n d  
d u r a t i o n s  o f  1 - 2  m s e c .  T h e  r e s t i n g  m e m b ra n e  p o t e n t i a l s  
(RM P) r a n g e d  f ro m  3 0 - 6 0  mV a n d  i n p u t  r e s i s t a n c e  (R N) f ro m  
1 0 - 3 0  M ohm s. W hen s n a i l  R i n g e r s  c o n t a i n i n g  S r ++ i n  p l a c e  
o f  Ca++ r e p l a c e d  t h e  b a t h i n g  m e d iu m , a c t i o n  p o t e n t i a l  
a m p l i t u d e s  a n d  RN w e r e  i n c r e a s e d  i n  a  m a n n e r  p o s i t i v e l y  
c o r r e l a t e d  t o  t h e  e x t r a c e l l u l a r  S r ++ c o n c e n t r a t i o n .  RMP 
w as  n o t  a f f e c t e d  s i g n i f i c a n t l y .  T h e  n o r m a l  s p o n t a n e o u s  
s i n g l e  s p i k e  f i r i n g  p a t t e r n  w a s  r e p l a c e d  b y  a n  i n c r e a s e d  
f r e q u e n c y  o f  s i n g l e  s p i k e  f i r i n g  a n d  b y  r a n d o m ly  o c c u r r i n g  
b u r s t s  o f  s p i k e s .  T h e  s p i k e  b u r s t  d u r a t i o n s  l a s t e d  f ro m  
0 .5  t o  15 s e c  a n d  s p i k e  f r e q u e n c i e s  d u r i n g  t h e  b u r s t s  
r e a c h e d  r a t e s  o f  1 0 0  H z .

Two e l e c t r o d e  v o l t a g e  c la m p  t e c h n i q u e s  sh o w e d  t h a t  
d e p o l a r i z i n g  a n d  h y p e r p o l a r i z i n g  com m and v o l t a g e  s t e p s  
p r o d u c e  n o n - l i n e a r  b u t  a lw a y s  p o s i t i v e  c u r r e n t - v o l t a g e  
( I - V )  c u r v e s  i n  n o r m a l  s n a i l  R i n g e r s .  I n  c o n t r a s t  I - V  
c u r v e s  o b t a i n e d  i n  R i n g e r s  c o n t a i n i n g  S r ++ w i t h  t h e  sa m e  
d e p o l a r i z i n g  com m and v o l t a g e  s t e p s  sh o w  a  r e g i o n  o f  
n e g a t i v e  s l o p e  r e s i s t a n c e  b e tw e e n  - 4 0  a n d  - 1 5  mV. T h i s  
n e g a t i v e  s l o p e  r e s i s t a n c e  r e a c h e d  v a l u e s  o f  a b o u t  10  n A . 
T h e  m a g n i t u d e  o f  t h e s e  n e g a t i v e  s l o p e  c u r r e n t s  w as 
c o r r e l a t e d  w i t h  e x t r a c e l l u l a r  s t r o n t iu m  c o n c e n t r a t i o n s .

T h e s e  d a t a  s u g g e s t  t h a t  S r ++ c r o s s e s  t h e  c e l l  m e m b ra n e  
t h r o u g h  t h e  Ca++ i o n  c h a n n e l s  c a r r y i n g  a t  l e a s t  p a r t  o f  t h e  
in w a r d  c u r r e n t .  S r ++ a l s o  a p p e a r s  t o  b l o c k  K+ c h a n n e l s  i n  
t h i s  p r e p a r a t i o n .  T h e s e  tw o  p a r a m e t e r s ,  i n w a r d  S r++ 
c u r r e n t  a n d  i n c r e a s e d  RN d u e  t o  K+ c h a n n e l  b l o c k ,  c a n  
c o n t r i b u t e  m uch  t o w a r d  t h e  e n h a n c e d  e x c i t a b i l i t y  o b s e r v e d  
w h en  S r ++ r e p l a c e d  Ca++ i n  t h e  b a t h i n g  m ed iu m  o f  t h i s  
m o l l u s c a n  p r e p a r a t i o n .

2 5 6 . 5  PROPERTIES OF THE PERSISTEN T CALCIUM CURRENT OF APLYSIA 
PACEMAKER NEURONS.  R i c h a r d  H . K r a m e r *  ( S P ON: R . Z u c k e r )  D e p t .  
P h y s i o l o g y ,  U n i v .  o f  C a l i f . ,  B e r k e l e y  CA 9 4 7 2 0 .

M o l l u s c a n  b u r s t i n g  p a c e m a k e r  n e u r o n s  h a v e  a  p e r s i s t e n t  
i n w a r d  C a 2+  c u r r e n t  w h ic h  u n d e r l i e s  t h e  n e g a t i v e  r e s i s t a n c e  
r e g i o n  i n  t h e  p a c e m a k e r  p o t e n t i a l  r a n g e  o f  t h e i r  s t e a d y - s t a t e  I -  
V r e l a t i o n s  ( s e e  E c k e r t  & L u x  ( 1 9 7 6 )  J . P h y s i o l . 2 5 4 : 1 2 9 - 1 5 1 ) .  
I  h a v e  e x a m in e d  t h e  p r o p e r t i e s  o f  t h e  p e r s i s t e n t  i n w a r d  c u r r e n t  
i n  a x o t o m i z e d ,  v o l t a g e - c l a m p e d ,  l e f t  u p p e r  q u a d r a n t  b u r s t i n g  
( LUQB) n e u r o n s  f ro m  A p l y s i a  a b d o m i n a l  g a n g l i o n .

T he p e r s i s t e n t  i n w a r d  c u r r e n t  o f  LUQB c e l l s  i s  r e d u c e d  by  
a b o u t  20% f o l l o w i n g  r e m o v a l  o f  N a+ f ro m  t h e  b a t h i n g  m e d iu m . The 
e f f e c t  o f  N a+ r e m o v a l  i s  i r r e v e r s i b l e ,  h o w e v e r ,  a n d  n o t  s e e n  i n  
c e l l s  p r e - i n j e c t e d  w i t h  EGTA. T he c u r r e n t  i s  b l o c k e d  by  
s u b s t i t u t i o n  o f  C o2+ o r  Mn2+ f o r  e x t e r n a l  C a 2 + . T h u s ,  t h e  
p e r s i s t e n t  i n w a r d  c u r r e n t  i s  a  C a 2+ c u r r e n t .

T h e  v o l t a g e - d e p e n d e n c e  o f  t h e  p e r s i s t e n t  i n w a r d  c u r r e n t  w as 
s t u d i e d  b y  u s i n g  c o n s t a n t  ( 5  mV) h y p e r p o l a r i z i n g  p u l s e s  f ro m  
h o l d  p o t e n t i a l s  b e tw e e n  - 3 5  a n d  - 7 5  mV t o  d e a c t i v a t e  a  p o r t i o n  o f  
t h e  r e s t i n g  p e r s i s t e n t  C a 2+ c o n d u c t a n c e .  H y p e r p o l a r i z i n g  
p u l s e s  o r i g i n a t i n g  f ro m  n e a r  - 3 5  mV r e s u l t  i n  a  n e t  o u tw a r d  
c u r r e n t  d u e  t o  t h e  d e a c t i v a t i o n  o f  a  l a r g e  s t e a d y - s t a t e  C a 2+ 
c o n d u c t a n c e .  T h e  d e a c t i v a t i o n  h a s  c o m p le x  k i n e t i c s ,  i n c l u d i n g  
a  s lo w  c o m p o n e n t  w h ic h  d e v e l o p s  o v e r  s e v e r a l  s e c o n d s .  P u l s e s  
o r i g i n a t i n g  f r o m  m o re  h y p e r p o l a r i z e d  l e v e l s  r e s u l t  i n  m uch  l e s s  
d e a c t i v a t i o n .  As j u d g e d  f ro m  i t s  d e a c t i v a t i o n  b y  
h y p e r p o l a r i z i n g  p u l s e s ,  t h e  p e r s i s t e n t  C a 2+ c u r r e n t  a c t i v a t e s  
s t e e p l y  b e tw e e n  - 5 0  a n d  - 3 5  mV.

T he  v o l t a g e - d e p e n d e n c e  o f  t h e  p e r s i s t e n t  C a 2+ c u r r e n t  w as  
a l s o  s t u d i e d  b y  g e n e r a t i n g  s t e a d y - s t a t e  I - V  c u r v e s  u s i n g  
p r o l o n g e d  ( 2  s e c )  p u l s e s  t o  p o t e n t i a l s  b e tw e e n  - 3 0  a n d  - 8 0  mV. 
50 mM TEA w a s  a d d e d  t o  t h e  b a t h i n g  m ed iu m  i n  o r d e r  t o  b l o c k  t h e  
C a 2+ - d e p e n d e n t  K+ c o n d u c t a n c e .  S u b s e q u e n t  s u b s t i t u t i o n  o f  C o2+ 
o r  Mn2+ f o r  C a 2+ r e s u l t e d  i n  a  v o l t a g e - d e p e n d e n t  o u t w a r d  s h i f t  i n  
t h e  I - V  c u r v e  a b o v e  - 5 0  mV. T h u s ,  LUQB c e l l s  h a v e  a  l a r g e  
s t e a d y - s t a t e  C a 2+ c u r r e n t  ( 5 - 1 0  n A ) f l o w i n g  a t  a  p o t e n t i a l  e q u a l  
t o  t h e i r  a v e r a g e  r e s t i n g  p o t e n t i a l  ( a b o u t  - 4 0  m V ).

T he s t e a d y - s t a t e  C a 2+ c u r r e n t  i s  i n a c t i v a t e d  b y  C a 2 + . 
I n t r a c e l l u l a r  C a 2+ i n j e c t i o n  e l i c i t s  a n  e a r l y ,  T E A - i n s e n s i t i v e  
o u t w a r d  c u r r e n t  w h ic h  i s  b l o c k e d  b y  e x t e r n a l  C o2 + . C a 2+ 
i n j e c t i o n ,  a n d  d e p o l a r i z i n g  p r e p u l s e s  w h ic h  e l i c i t  C a 2+  i n f l u x  
r e s u l t  i n  a  d e c r e a s e  i n  t h e  p e r s i s t e n t  i n w a r d  c u r r e n t  a c t i v a t e d  
b y  s u b s e q u e n t  d e p o l a r i z i n g  p u l s e s .  T h e  r e c o v e r y  f ro m  C a 2+ -  
d e p e n d e n t  i n a c t i v a t i o n  t a k e s  t e n s  o f  s e c o n d s .  T he C a 2 + -  
d e p e n d e n t  i n a c t i v a t i o n  o f  t h e  p e r s i s t e n t  C a 2+  c u r r e n t  
u n d e r l i e s  t h e  i n t e r - b u r s t  h y p e r p o l a r i z a t i o n  o f  t h e  u n d a m p e d  
b u r s t i n g  c e l l .  S u p p o r t e d  b y  NIH g r a n t  NS 1 5 1 1 4 .

256.6  DECREASED CONDUCTANCE INWARD CURRENTS PRODUCED BY THE 
8 - B R OMO DERIVATIVES OF cAMP a n d  cGMP IN APLYSIA INK MOTOR 
NEURONS AND TA IL SENSORY NEURONS.  J o h n  P . W a ls h  a n d  J o h n  
H.  B y r n e , D e p t . o f  P h y s i o l o g y  a n d  C e l l  B i o l o g y ;  U n i v .  
T exas Med.  S c h .  a t  H o u s t o n ,  H o u s t o n ,  TX 7 7 0 3 0

F o r  b o t h  t h e  t a i l  s e n s o r y  n e u r o n s  i n  t h e  p l e u r a l  g a n g l i a  
a n d  L14 i n k  m o t o r  n e u r o n s  i n  t h e  a b d o m i n a l  g a n g l i o n  s e r o 
t o n i n  ( 5 - H T )  p r o d u c e s  a  s l o w  d e c r e a s e  i n  a  r e s t i n g  p o t a s s i u m  
c o n d u c t a n c e  t h a t  a p p e a r s  t o  be m e d i a t e d  by  c h a n g e s  i n  
l e v e l s  o f  cAMP. P r e v i o u s l y ,  we r e p o r t e d  t h a t  t h e  a d e n y l a t e  
c y c l a s e  a c t i v a t o r  f o r s k o l i n  c o u l d  b o t h  m im ic  t h e  r e s p o n s e  
t o  5-H T a n d  b l o c k  f u r t h e r  r e s p o n s e s  t o  5- H T i n  t h e s e  
n e u r o n s  ( W a l s h  a n d  B y r n e ,  1 9 8 3 ) .

To e x a m i n e  f u r t h e r  t h e  r o l e  o f  c y c l i c  n u c l e o t i d e s  a s  s e c 
o n d  m e s s e n g e r s  i n  t h e s e  c e l l s  we  b a t h  a p p l i e d  t h e  8 - b r o m o  
d e r i v a t i v e s  o f  cAMP a n d  cGMP t o  e a c h  p r e p a r a t i o n .  A d d i t i o n  
o f  8 - b r o m o  cAMP ( 1 0 - 3 M) a n d  8 - b ro m o -c G M P  ( 1 0 - 3 M) t o  t h e  
L14 c e l l s  e a c h  p r o d u c e d  a  l a r g e  i n w a r d  c u r r e n t  a s s o c i a t e d  
w i t h  a  d e c r e a s e  i n  t h e  i n p u t  c o n d u c t a n c e .  R e s p o n s e s  p r o 
d u c e d  by  1 - 2  s e c o n d  p r e s s u r e  e j e c t i o n  o f  5-H T f r o m  a  m i c r o 
p i p e t t e  w e r e  b l o c k e d  o n l y  i n  t h o s e  c e l l s  e x p o s e d  t o  8 - b r o m o -  
cAMP a n d  n o t  i n  c e l l s  e x p o s e d  t o  8 - b r o m o - c G M P .  A l t h o u g h  
8- b r o m o  cGMP h a d  n o  e f f e c t  on  t h e  5- H T r e s p o n s e ,  t h e  s i m i 
l a r i t y  i n  c u r r e n t  a n d  c o n d u c t a n c e  c h a n g e  t o  t h a t  p r o d u c e d  
by  b o t h  5-HT a n d  8 - b ro m o -c A M P  s u g g e s t s  t h a t  d i f f e r e n t  
i n t e r n a l  m e c h a n i s m s  c a n  g e n e r a t e  p a r a l l e l  f o r m s  o f  c e l l u l a r  
r e s p o n s e .  S u c h  a  r e d u n d a n c y  o f  r e s p o n s e  e x p r e s s i o n  w o u l d  
a l l o w  f o r  a n  a d d i t i v e  i n t e g r a t i o n  o f  a f f e r e n t  i n f o r m a t i o n ,  
p r o v i d e d  e a c h  i n t e r n a l  m e s s e n g e r  w a s  i n c r e a s e d  t h r o u g h  
s e p e r a t e  e x t r a c e l l u l a r  s i g n a l s .

A d d i t i o n  o f  t h e  sa m e  c o n c e n t r a t i o n s  o f  t h e  8 - b r o m o  d e r i 
v a t i v e s  o f  cAMP a n d  cGMP t o  t h e  t a i l  s e n s o r y  n e u r o n s  a l s o  
p r o d u c e d  a n  i n w a r d  c u r r e n t  a n d  d e c r e a s e  i n  i n p u t  c o n d u c 
t a n c e .  T h e  i n d e p e n d e n t  e f f e c t s  o f  t h e s e  a g e n t s  u p o n  t h e  
t a i l  s e n s o r y  n e u r o n s '  r e s p o n s e  t o  s u b s e q u e n t  a p p l i c a t i o n  o f  
5-H T u s i n g  m i c r o p r e s s u r e  e j e c t i o n  t e c h n i q u e s  i s  c u r r e n t l y  
u n d e r  i n v e s t i g a t i o n ,  a s  w e l l  a s  t h e  e f f e c t i v e  c o n c e n t r a t i o n s  
o f  t h e s e  c o m p o u n d s  n e e d e d  t o  b o t h  m im ic  a n d  m o d u l a t e  t h e  
5- H T r e s p o n s e s .
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2 5 6 .7   N IFED IPIN E BLOCKADE OF NEURONAL CALCIUM CURRENTS.  A. M. 
G u rn e y  a n d  J .  M. N e r b o n n e .   B i o lo g y  D i v i s i o n ,  C a l t e c h ,  
P a s a d e n a ,  CA 9 1 1 2 5 .

I n  o r d e r  t o  e v a l u a t e  t h e  c e l l u l a r  s p e c i f i c i t y  o f  
n i f e d i p i n e  b l o c k a d e  o f  C a++ c u r r e n t s  a n d  t o  s t u d y  i t s  
m e c h a n is m  o f  a c t i o n ,  we h a v e  e x a m in e d  t h e  e f f e c t s  o f  t h i s  
c a l c i u m  a n t a g o n i s t  on  n e u r o n a l  c a l c i u m  c u r r e n t s .  E n z y m a 
t i c a l l y  d i s s o c i a t e d  b a g  c e l l s ,  i s o l a t e d  f ro m  t h e  m a r in e  
m o l l u s c  A p l y s i a  c a l i f o r n i c a ,  w e r e  m a i n t a i n e d  i n  
s u p p le m e n te d  a r t i f i c i a l  s e a  w a t e r  (ASW) a t  1 2 - 1 4 ° C .  F o r  
r e c o r d i n g ,  c e l l s  w e re  p l a c e d  i n  ASW ( 1 5 ° C )  c o n t a i n i n g  5 µM 
TTX t o  b l o c k  t h e  f a s t  Na+  c u r r e n t .  P i p e t t e s  c o n t a i n e d  
4 8 0  mM C sC l t o  s u p p r e s s  K+  c u r r e n t s .  I n  w h o l e - c e l l  
r e c o r d i n g s  f ro m  c u l t u r e d  b a g  c e l l s ,  n i f e d i p i n e  r e d u c e d  t h e  
a m p l i t u d e  o f  t h e  s lo w  in w a r d  C a++ c u r r e n t  ( I C a )  w i t h  I C 50 
~1 µM. A s i n  o t h e r  p r e p a r a t i o n s ,  n i f e d i p i n e  B l o c k a d e  d i d  
n o t  d i s p l a y  v o l t a g e -  o r  " u s e " - d e p e n d e n c e .  A l th o u g h  t h e  
a m p l i t u d e  o f  I Ca w a s  r e d u c e d  i n  0 . 2 - 1 0  µM n i f e d i p i n e ,  t h e  
r a t e  o f  a c t i v a t i o n  o f  t h e  c u r r e n t  w as u n a l t e r e d  a t  a l l  
c o n c e n t r a t i o n s  a n d  a t  a l l  v o l t a g e s  t e s t e d  ( - 1 0  t o  + 5 0  m V ), 
c o n s i s t e n t  w i t h  n i f e d i p i n e  b i n d i n g  t o  a n d  b l o c k i n g  t h e  
r e s t i n g ,  c l o s e d  s t a t e  o f  t h e  c h a n n e l .  A t a l l  v o l t a g e s ,  
t h e  r a t e  o f  i n a c t i v a t i o n  o f  I C a w as a c c e l e r a t e d  i n  a  d o s e -  
d e p e n d e n t  f a s h i o n ,  c o n s i s t e n t  w i t h  t h e  a d d i t i o n a l  p r e s e n c e  
o f  o p e n - c h a n n e l  b l o c k i n g  a c t i v i t y .  T h e s e  e f f e c t s  a r e  
q u a l i t a t i v e l y  a n d  q u a n t i t a t i v e l y  s i m i l a r  t o  p r e v i o u s  
o b s e r v a t i o n s  o n  n i f e d i p i n e  b l o c k a d e  o f  I S i  i n  m am m alia n  
h e a r t  m u s c l e .  I n  c o n t r a s t ,  we w e re  u n a b l e  t o  o b s e r v e  an y  
e f f e c t s  o f  n i f e d i p i n e ,  a t  c o n c e n t r a t i o n s  up  t o  10 µM, on  
w h o l e - c e l l  Ca++  c u r r e n t s  r e c o r d e d  f ro m  c u l t u r e d  c i l i a r y  
( c h i c k )  o r  s u p e r i o r  c e r v i c a l  g a n g l i o n  ( r a t )  n e u r o n e s .

The n i f e d i p i n e  m o l e c u l e ,  w h ic h  c o n t a i n s  a n  o - n i t r o b e n z y l  
m o i e t y ,  i s  p h o t o l a b i l e  a n d  i r r a d i a t i o n  d e s t r o y s  i t s  
b l o c k i n g  a c t i v i t y .  N i f e d i p i n e  i n d u c e d  s u p p r e s s i o n  o f  I S i  
c o u l d  b e  re m o v e d  o n l y  v e r y  s l o w l y  by  w a s h in g  w i t h  d r u g -  
f r e e  s o l u t i o n s ,  b u t  t h e  p r o c e s s  c o u ld  b e  a c c e l e r a t e d  w i t h  
l i g h t - f l a s h e s  o f  1 ms d u r a t i o n  d e l i v e r e d  f ro m  a  x e n o n  
f l a s h  la m p .  A s i n g l e  f l a s h ,  h o w e v e r ,  r e s u l t e d  i n  r e c o v e r y  
o f  l e s s  t h a n  10% o f  t h e  c u r r e n t  a m p l i t u d e ;  m u l t i p l e  
f l a s h e s  w e r e  r e q u i r e d  f o r  c o m p l e t e  r e c o v e r y  o f  t h e  
c u r r e n t .  I t  s e e m s  t h a t  t h i s  e f f e c t  p r o b a b l y  a r i s e s  f ro m  
t h e  h i g h  d e g r e e  o f  p i g m e n t a t i o n  p r e s e n t  i n  b a g  c e l l s  an d  
s u g g e s t s  t h a t  t h e  d r u g  m ig h t  a c t  a t  s i t e s  o t h e r  t h a n  t h e  
e x t r a c e l l u l a r  s u r f a c e  o f  t h e  p l a s m a  m e m b ra n e .

S u p p o r t :  G M -2 9 8 3 6 , F u l b r i g h t - H a y s  (AGM), AHA F e l l o w s h i p  
( JM N ).

2 5 6 .8   TETRODOTOXIN RESISTANT PROPAGATING CALCIUM SPIK E S IN  ID E N T I
FIED  NEURONS OF THE GIANT BARNACLE,  B a l a n u s  n u b i l u s  
L . A .  L e w e n s t e i n  a n d  W .N . R o s s ,  D e p t . o f  P h y s i o l o g y ,  New Y o rk  
M e d ic a l  C o l l e g e ,  V a l h a l l a ,  New Y o rk  1 0 5 9 5 .

C a lc iu m  c h a n n e l s  h a v e  b e e n  d e m o n s t r a t e d  i n  a x o n s ,  b u t  t h e y  
a r e  o f  s u c h  a  lo w  d e n s i t y  t h a t  o u tw a r d  p o t a s s i u m  c u r r e n t  m u s t  
b e  b l o c k e d  i n  o r d e r  t o  c r e a t e  a n  a l l - o r - n o n e  c a l c i u m  s p i k e .  
T h e  c r o s s - c o m m i s s u r a l  c e l l s  i n  t h e  s u p r a e s o p h a g e a l  g a n g l i o n  
( o n e  som a l o c a t e d  o n  t h e  p o s t e r i o - m e d i a l  m a r g i n  o f  e a c h  h e m i
g a n g l i o n  w i t h  a n  a x o n  p r o j e c t i n g  o u t  t h e  c o n t r a l a t e r a l  a n t 
e n n u l a r  n e r v e )  a r e  u n i q u e  i n  t h a t  t h e  c o n c e n t r a t i o n  o f  c a l 
c iu m  c h a n n e l s  i n  t h e i r  a x o n s  i s  s u f f i c i e n t  t o  s u p p o r t  TTX- 
i n s e n s i t i v e  p r o p a g a t i o n  i n  e i t h e r  d i r e c t i o n  i n  s o d i u m - f r e e  
s a l i n e  w i t h o u t  t h e  a d d i t i o n  o f  4 -A P  o r  TEA.

I n  n o r m a l  s a l i n e ,  t h e  c e l l  p r o d u c e s  a c t i o n  p o t e n t i a l s  w i t h  
a n  a v e r a g e  a m p l i t u d e  o f  8 0  mV, a  4 m se c  d u r a t i o n  a t  h a l f 
h e i g h t  a n d  a  6 0  m se c  u n d e r s h o o t .  A l t h o u g h  t h e  s p i k e  i s  m ix e d  
u n d e r  n o r m a l  p h y s i o l o g i c a l  c o n d i t i o n s ,  t h e  s o d iu m  c o m p o n e n t  
c a n  b e  e l i m i n a t e d  w i t h  0 . 3  µm TTX o r  b y  s u b s t i t u t i o n  w i t h  
c h o l i n e  c h l o r i d e .  T h e  r e m a i n i n g  a l l - o r - n o n e  c a l c i u m  c o m p o n e nt  
r e c o r d e d  i n  t h e  som a i s  a n  a v e r a g e  o f  30% s m a l l e r  i n  h e i g h t  
a n d  41% w i d e r  t h a n  t h e  m ix e d  s p i k e .  T h e r e  i s  c o n s i d e r a b l e  
v a r i a t i o n  am ong  i n d i v i d u a l s ,  b u t  t h e  c a l c i u m  c o m p o n e n t  w i l l  
p r o p a g a t e  th e  e n t i r e  l e n g t h  o f  t h e  n e u r o n  i n  a l l  o f  t h e m .

T h e  c a l c i u m  c o m p o n e n t  i s  b l o c k e d  b y  10 mM C o , 1mM L a ,  1mM Cd 
a n d  1mM N i .  10mM Mg d o e s  n o t  b l o c k  p r o p a g a t i o n .  20  mM S r  o r  
Ba m ay b e  s u b s t i t u t e d  f o r  c a l c i u m  t o  e l i c i t  a  r e g e n e r a t i v e  
r e s p o n s e .  B a r iu m  h a s  t h e  a d d e d  e f f e c t  o f  m a i n t a i n i n g  lo n g  
d e p o l a r i z a t i o n s  w h ic h  l a s t  f o r  s e v e r a l  s e c o n d s  b e f o r e  
r e t u r n i n g  t o  r e s t i n g  l e v e l s .

T h e  l o c a t i o n  o f  c a l c i u m  c h a n n e l s  i n  t h i s  n e u r o n  w a s  e x a m in 
e d  b y  l o o k i n g  f o r  t h e  s i t e  o f  s t i m u l u s - i n d u c e d  a b s o r b a n c e  
c h a n g e s  a f t e r  i n j e c t i n g  t h e  c e l l  w i t h  A r s e n a z o  I I I .  T h e s e  
m e a s u r e m e n ts  h a v e  c o n f i r m e d  c a l c i u m  e n t r y  i n t o  t h e  s o m a , 
a l o n g  t h e  l e n g t h  o f  t h e  a x o n  a c r o s s  t h e  c o m m i s s u r e ,  t h r o u g h  
t h e  c o n t r a l a t e r a l  h e m i g a n g l i o n  a n d  o u t  t h e  a n t e n n u l a r  n e r v e .  
T he  a m o u n t o f  c a l c i u m  i n f l u x  i s  n o t  s i g n i f i c a n t l y  a l t e r e d  
w h e n  TTX i s  a d d e d  t o  n o r m a l  s a l i n e .

N o rm a l b a r n a c l e  s a l i n e  c o n t a i n s  2 0  mM c a l c i u m .  I n t r a c e l l u 
l a r  r e c o r d i n g s  f ro m  g r a d e d  c a l c i u m  e x p e r i m e n t s  h a v e  r e v e a l e d  
t h a t  t h e  c r i t i c a l  a m o u n t  o f  c a l c i u m  n e e d e d  t o  s u p p o r t  p r o p a 
g a t i o n  i n  TTX i s  l e s s  t h a n  5mM. P r o p a g a t i o n  h a s  b e e n  o b s e r v e d  
a f t e r  e x c h a n g e s  a s  lo w  a s  1 . 2 5  mM, b u t  a t  t h e s e  lo w  c o n c e n 
t r a t i o n s  t h e  c e l l  r a p i d l y  d e p o l a r i z e d  ( l e s s  t h a n  5 m i n u t e s )  
a n d  w a s  i r r e v e r s i b l y  d a m a g e d .

S u p p o r t e d  b y  USPHS g r a n t  N S 16295  a n d  t h e  I r m a  T . H i r s c h l  
F o u n d a t i o n .

2 5 6 .9   BENZODIAZEPINE IN H IB IT ON OF CALCIUM CONDUCTANCE IN  
ID E N T IFIE D  LEECH NEURONS.  J .  J o h a n s e n ,  W .C . T a f t * , J .  Y a n g , 
R . J .  D e L o r e n z o , a n d  A .L .  K l e i n h a u s ,  D e p t .  N e u r o lo g y ,  Y a l e  
U S c h .  o f  M e d . , New H a v e n ,  CT 0 6 5 1 0 .

B e n z o d i a z e p i n e s  (B Z s )  i n h i b i t  v o l t a g e  s e n s i t i v e  Ca u p t a k e  
i n  m a m m a lia n  n e r v e  t e r m i n a l  p r e p a r a t i o n s  a n d  e v i d e n c e  i n d i 
c a t e s  t h a t  t h i s  a c t i o n  o f  BZs i s  m e d i a t e d  b y  m i c r o m o l a r  a f 
f i n i t y  a n d  n o t  b y  n a n o m o l a r  a f f i n i t y  BZ r e c e p t o r s  ( T a f t  & 
D e L o r e n z o ,  P N A S :8 1 , 1 9 8 4 ) .  T o  d e t e r m i n e  t h e  e f f e c t s  o f  B Z s , 
o n  C a c o n d u c t a n c e s  i n  i n t a c t  n e u r o n a l  p r e p a r a t i o n s ,  we s t u d 
i e d  t h e  a c t i o n s  o f  t h e s e  c o m p o u n d s  o n  l e e c h  n e u r o n s .

S t a n d a r d  e l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s  w e r e  u s e d  t o  
e x a m in e  t h e  e f f e c t s  o f  BZs o n  v o l t a g e - d e p e n d e n t  d i v a l e n t  
c a t i o n  p o t e n t i a l s  r e c o r d e d  f ro m  n o c i c e p t i v e  n e u r o n s  i n  
N a - f r e e  TEA s o l u t i o n s .  T h e  a m p l i t u d e  a n d  d u r a t i o n  o f  t h e s e  
l o n g  l a s t i n g  ( s e c )  r e g e n e r a t i v e  p o t e n t i a l s  d e p e n d e d  o n  ( C a ) O 
a n d  ( S r ) O; t h e y  w e r e  r e v e r s i b l y  b l o c k e d  b y  Mn a n d  Co a n d  w e r e  
r e s i s t a n t  t o  5 0  uM TTX a  c o n c e n t r a t i o n  w h ic h  a b o l i s h e d  t h e  N a -  
d e p e n d e n t  a c t i o n  p o t e n t i a l ( A P )  i n  t h e  sa m e  n e u r o n s .  M e d a z e 
pa m , C lo n a z e p a m ,  RO5 - 4 8 6 4  a n d  D ia z e p a m  a l l  i n h i b i t e d  t h e s e  
p o t e n t i a l s  i n  a  d o s e - d e p e n d e n t  m a n n e r  i n  uM c o n c e n t r a t i o n s .  
T h e  d o s e - r e s p o n s e  c u r v e  o b t a i n e d  f o r  M e d az e p a m  d e m o n s t r a t e d  
t h a t  t h e  i n h i b i t i o n  b e g a n  a t  a  c o n c e n t r a t i o n  o f  1 - 1 0  uM w i t h  
a  K I  o f  a b o u t  35 uM. Q u a l i t a t i v e l y  s i m i l a r  i n h i b i t i o n  o f  t h e  
p r o l o n g e d  d i v a l e n t  c a t i o n  p o t e n t i a l s  w as  o b t a i n e d  w i t h  Mn 
(KI , 1 00  uM) . 2 0 0  uM M e d az e p a m  h a d  n o  e f f e c t  o n  t h e  r e s t i n g  
m e m b ra n e  p o t e n t i a l  n o r  o n  t h e  m axim um  r a t e  o f  d e p o l a r i z a t i o n  
o f  t h e  N a - d e p e n d e n t  AP i n  n o r m a l  R i n g e r .  T h e  u n d e r s h o o t  o f  
t h e  N a - d e p e n d e n t  AP w a s ,  h o w e v e r ,  r e d u c e d  d u r i n g  d r u g  e x p o 
s u r e  p r e s u m a b l y  d u e  t o  a  d e c r e a s e d  c o n t r i b u t i o n  o f  g K ( C a ) . 
T h e s e  r e s u l t s  s u g g e s t  t h a t  BZs i n h i b i t  a  s p e c i f i c  C a - c o n d u c 
t a n c e  i n  a  s i m i l a r  m a n n e r  t o  t h a t  o f  M n, a n d  t h a t  t h e  c u r r e n t  
u n d e r l y i n g  t h e  p r o l o n g e d  p o t e n t i a l s  i s  n o t  p a s s i n g  t h r o u g h  
t h e  N a  c h a n n e l .

We h a v e  o b t a i n e d  e v i d e n c e  t h a t  m ic r o r a o l a r  BZ b i n d i n g  s i t e s  
a r e  p r e s e n t  i n  l e e c h  m e m b r a n e s .  T h e  b i n d i n g  c u r v e  f o r  3H 
l a b e l e d  C lo n a z e p a m  sh o w s  s a t u r a b l e  s p e c i f i c  m ic r o m o l a r  b i n d 
i n g  w i t h  a  KD o f  4 0  uM a n d  t h e  c u r v e  c l o s e l y  p a r a l l e l s  t h a t  
o b t a i n e d  f o r  CNZ p h o t o a f f i n i t y  l a b e l i n g  t o  m i c r o m o l a r  BZ 
r e c e p t o r s  i n  s y n a p t o s o m e s . I n  a d d i t i o n ,  t h e  KD o b t a i n e d  
f r o m  t h e  b i n d i n g  c u r v e  i n  l e e c h  m e m b ra n e s  i s  i n  c l o s e  a g r e e 
m e n t  w i t h  t h e  KI  d e t e r m i n e d  f r o m  t h e  e l e c t r o p h y s i o l o g i c a l  
e x p e r i m e n t s .

T h e s e  f i n d i n g s  a r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  i n  
t h e  l e e c h  BZ s s p e c i f i c a l l y  b i n d  t o  m ic r o m o l a r  a f f i n i t y  r e 
c e p t o r s  w h ic h  m o d u l a t e  Ca c h a n n e l s  a s  t h e y  d o  i n  m a m m a lia n  
s y n a p t o s o m e s .

2 5 6 . 10  ANALYSIS OF CALCIUM -SENSITIVE MEMBRANE CURRENTS IN  
SYMPATHETIC NEURONS OF BULLFROG.  S t e p h e n  M. M c C o rt*  
a n d  F o r r e s t  F .  W e ig h t .  L a b o r a t o r y  o f  P r e c l i n i c a l  
S t u d i e s ,  N a t i o n a l  I n s t i t u t e  o n  A l c o h o l  A b u se  a n d  
A l c o h o l i s m ,  R o c k v i l l e ,  MD. 2 0 8 5 2 .

E a r l y  a n d  l a t e  c a l c i u m - s e n s i t i v e  c u r r e n t s  a c t i v a t e d  b y  
d e p o l a r i z i n g  s t e p s  t o  m e m b ran e  p o t e n t i a l s  p o s i t i v e  t o  
- 3 5  mV h a v e  b e e n  r e p o r t e d  i n  b u l l f r o g  s y m p a t h e t i c  n e u r o n s  
( N a t u r e  3 0 0 : 1 8 5 ,  1 9 8 2 ;  J .  P h y s i o l .  3 3 2 : 2 2 3 ,  1 9 8 2 ) .  We 
h a v e  s t u d i e d  c a l c i u m - s e n s i t i v e  m e m b ra n e  c u r r e n t s  o v e r  a  
r a n g e  o f  m em b ran e  v o l t a g e s  u s i n g  t h e  s i n g l e - e l e c t r o d e  
v o l t a g e - c l a m p  t e c h n i q u e  ( N e u r o b i o l .  6 : 4 1 1 ,  1 9 7 5 ) .  T y p e  
B n e u r o n s  i n  t h e  I X t h  o r  X th  p a r a v e t e b r a l  s y m p a t h e t i c  
g a n g l i o n  o f  b u l l f r o g  w e r e  c la m p e d  a t  a  h o l d i n g  p o t e n t i a l  
o f  - 5 0  mV u s i n g  3 M KCl  e l e c t r o d e s  h a v i n g  r e s i s t a n c e s  
b e tw e e n  2 0  a n d  30  m e g a o h m s . Two t y p e s  o f  v o l t a g e  s t e p  
com m ands w e r e  u s e d  t o  a c t i v a t e  m em b ran e  c u r r e n t s :  ( 1 ) 
s t e p s  o n e  s e c  i n  d u r a t i o n  f ro m  a  h o l d i n g  p o t e n t i a l  o f  - 5 0  
mV t o  m em b ran e  p o t e n t i a l s  o f  - 2 0  mV, - 3 5  mV, - 6 5  mV, - 8 0  
mV, - 9 5  mV a n d  - 1 1 0  mV; a n d  ( 2 )  a  s e q u e n t i a l  s e r i e s  o f  
v o l t a g e  s t e p s  o n e  s e c  i n  d u r a t i o n  a s  f o l l o w s ,  - 2 5  mV t o  
- 3 5  mV, - 3 5  mV t o  - 5 0  mV, - 5 0  mV t o  - 6 5  mV, - 6 5  mV t o  - 8 0  
mV, - 8 0  mV t o  - 9 5  mV, a n d  - 9 5  mV t o  - 1 1 0  mV. C u r r e n t - v o l t 
a g e  c u r v e s  c o n s t r u c t e d  f ro m  d a t a  o b t a i n e d  by  b o t h  m e th o d s  
w e r e  s i m i l a r .  C a lc iu m  s e n s i t i v i t y  w a s  t e s t e d  u s i n g  a  
C a2 + - f r e e  R i n g e r ’ s  s o l u t i o n  w i t h  4 o r  10 mM Mn2+ r e 
p l a c i n g  C a2+ . A s lo w  o u tw a r d  c u r r e n t  a c t i v a t e d  b e tw e e n  
- 5 0  a n d  - 2 0  mV w a s  s i g n i f i c a n t l y  r e d u c e d  i n  t h e  C a2 + -  
f r e e / M n 2+ R i n g e r .  I n  som e c e l l s ,  a  s m a l l  s l o w  i n w a r d  
c u r r e n t  w a s  e l i c i t e d  by  h y p e r p o l a r i z i n g  s t e p s  t o  - 6 5  mV 
a n d  - 8 0  mV. T h a t  c u r r e n t  w a s  g r e a t l y  r e d u c e d  o r  a b o l i s h e d  
i n  t h e  C a2+ - f r e e / M n 2+ R i n g e r .  T h e  r e s u l t s  s u g g e s t  t h a t  
C a2 + - s e n s i t i v e  m e m b ran e  c u r r e n t s  c a n  b e  a c t i v a t e d  o v e r  
a  r a n g e  o f  m em b ran e  p o t e n t i a l s  f ro m  - 2 0  t o  - 8 0  mV.
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256.11   CARBACHOL AND BAY K 8644 STIMULATED CALCLIUM UPTAKE INTO 
CULTURED CHICK MYOTUBES AND BC3H1 CELLS.  H. Smil o w itz  and 
J . G. S a r m ie n to * ,   D e p ts .  o f  P h a rm a c o lo g y  an d  M e d ic in e , U. o f  
C o nn . H e a l th  C e n t e r ,  F a rm in g to n ,  CT 0 6 0 3 2 .

M eth o d s h a v e  b ee n  d e v e lo p e d  to  m e a s u re  c a rb a c h o l  s t im u 
l a t e d  c a lc iu m  u p ta k e  i n t o  c u l t u r e d  c h ic k  em bryo p e c t o r a l  
m u s c le  c e l l s  grow n on p l a s t i c  d i s h e s  an d  c o v e r s l i p s .  
M axim al u p ta k e  (4 0 - 8 0  n m o les  c a lc iu m /m g  c e l l  p r o t e i n  c o n 
t a i n i n g  ~ 1 .0  pmol AchR) was i n t o  m y o tu b es  b u t  n o t  f i b r o 
b l a s t s  an d  w as a c h i e v e d  w i t h i n  1 0 -2 0  s e c o n d s  w i th  50  µM 
c a rb a c h o l  a t  37° C . C a++ u p ta k e  was v i a  t h e  a c e t y l c h o l i n e  
r e c e p t o r  s i n c e  i t  was ( a )  i n h i b i t e d  b y  α- b u n g a r o t o x in ,  ( b )  
i n h i b i t e d  b y  p r i o r  e x p o s u r e  t o  c a r b a c h o l ,  ( c )  c o m p e t i t i v e l y  
i n h i b i t e d  b y  NaCl (Ki  ≈ 1 .6  mM) an d  KCl , a n d  (d )  p r o p o r 
t i o n a l  to  t h e  num ber o f  α- b u n g a r o t o x in  b in d in g  s i t e s  on 
t h e  c e l l s .  S u r p r i s i n g l y ,  t h e  c a lc iu m  a n t a g o n i s t s  D600, 
v e ra p a m il  and  d i l t i azem p o t e n t l y  i n h i b i t e d  c a rb a c h o l  
s t im u la t e d  c a lc iu m  u p ta k e  ( IC 5 0  = 2 4 0 , 7 2 0 , 130 nM, 
r e s p e c t i v e l y )  b u t  n i f e d i p i n e  w as o n ly  i n h i b i t o r y  in  th e  
10 µM r a n g e .

The C a++ c h a n n e l  a g o n i s t  BAY K 8 644  a l s o  s t im u la t e d  
4 5C a u p ta k e  i n t o  t h e  m y o tu b es  b u t  n o t  f i b r o b l a s t s .  
M axim al s t i m u l a t i o n  w as a c h ie v e d  in  tw o m in u te s  in  th e  
p r e s e n c e  o f  α- b u n g a r o t o x in  (5 -1 0  n m o les  c a lc iu m /m g  c e l l  
p r o t e i n )  u s in g  100 nM a g o n i s t  (K0 . 5  ≈ 5 0 - 6 5  nM) a n d 
0 .5  mM Ca+ + . A g o n is t  s t i m u l a t e d  Ca++ u p ta k e  o c c u r r e d  in  
t h e  p r e s e n c e  o f  140 mM NaCl and  5 mM K C l; h o w e v e r , KCl (5 -  
5 0  mM) h a s  th u s  f a r  f a i l e d  t o  e i t h e r  d i r e c t l y  s ti m u l a t e  
Ca++ u p ta k e  o r  to  p o t e n t i a t e  8644  s t im u la t e d  Ca++ u p ta k e  
i n t o  t h e  c h i c k  m y o tu b e s . N i f e d i p in e  and  n i s o l d a p i n e  i n h i b 
i t e d  BAY K 8 6 4 4  s t i m u l a t e d  C a++ u p ta k e  in  t h e  nM ra n g e  
(K0 .5  n i f e d i p i n e  w as 0 .8  -  4 .5  nM a n d  f o r  n i s o l d a p i n e ,  
5 . 3  nM ). P r e l i m in a r y  b in d i n g  s t u d i e s  w i th  3H n i s o ld a p in e  
i n d i c a t e d  a s i n g l e  c l a s s  o f  b in d i n g  s i t e s  (Bmax = 1 . 1 
pm o les/m g  p r o t e i n ,  KD ≈  2 nM) s u g g e s t in g  t h a t  t h e  s i t e s  to  
w hich  t h e  1 , 4 - d i h y d r o p y r i d i n e  a g o n i s t s  and  a n t a g o n i s t s  a c t  
in  t h e s e  c e l l s  may b e  i d e n t i c a l .

P r e l i m in a r y  d e v e lo p m e n ta l  s t u d i e s  h a v e  shown t h a t  
c a rb a c h o l  an d  8 6 4 4  s t i m u l a t e d  C a++ u p ta k e  w as d e t e c t a b l e  
on t h e  s e c o n d  and t h i r d  d a y s ,  r e s p e c t i v e l y ,  a f t e r  p l a t i n g .  
F u r t h e r ,  w h i le  t h e  sm o o th  m u sc le  d e r iv e d  c l o n a l  c e l l  l i n e  
BC3H1 e x h i b i t e d  h ig h  l e v e l s  o f  c a rb a c h o l  s t im u la t e d  c a lc iu m  
u p ta k e  an d  α - b u n g a r o to x in  b in d i n g  s i t e s  a s  e x p e c te d ,  no 
8 6 4 4  s t i m u l a t e d  Ca++ u p ta k e  a n d  v e r y  low  l e v e l s  o f  b a s a l  
Ca++ u p ta k e  w as o b s e r v e d .  S u p p o r te d  by  USPHS NS13 8 6 0 .

256.12  THE MECHANISM OF BINDING OF DIHYDROPYRIDINE 
CALCIUM CHANNEL BLOCKERS TO BRAIN MEMBRANES.  
G. A. Weiland and R. E. Oswald.  D epartm ent of Pharm a
cology, Cornell University, Ithaca, NY, 14853.

Radiolabeled calcium channel b lockers of th e  d ih y d ro 
p y rid in e  family have been  u sed  to  label p u ta tiv e  vo ltage - 
dependen t calcium channels from a num ber of t is su e s .  
T hese s tu d ies  have yielded  im portan t inform ation about 
th e  b ind ing  of calcium an tag o n is ts , includ ing  th e  abso lu te  
requ irem en t fo r d iva len t cations fo r b in d in g  and  th e  
a llosteric  in te rac tio n s  betw een n itren d ip in e , verapam il, 
and  diltiazem . In a f ir s t  s tep  tow ard u n d e rs tan d in g  the  
linkage betw een b ind ing  and i ts  functional consequences, 
k inetic  and  equilibrium  s tu d ie s  of th e  b in d in g  of two 
radio labeled  d ih y d ro p y rid in e  calcium an tag o n ists  to  ra t  
b ra in  membranes were perfo rm ed . [ 3H ](± )N itren d ip in e , a 
racem ic m ix tu re , and [ 3H ](+)PN200-110, an optically  p u re  
isom er, were u tilized in  th e se  s tu d ie s , and  th e ir  b in d in g  
p ro p e rtie s  com pared. A nalyses of equilibrium  b ind ing  
revealed  only a single component with th e  same num ber of 
b ind ing  s ite s  fo r bo th  rad io ligands . The dissociation  ra te s  
were m easured a f te r  various times of association . A fte r 
sh o rt association times [ 3H ](± )n itren  d ipine dissociation  
was c learly  b ip h asic , becom ing le ss  so with in c rea s in g  
times o f association . The d issociation o f th e  optically  p u re  
rad io ligand , [ 3H](+)PN200-110, how ever, was monophasic 
at all association tim es. The b iphasic  dissociation  o bserved  
with [ 3H ](± )n itren d ip in e  is  co n sis ten t with the  two optical 
isom ers of n itren d ip in e  b ind ing  with th e  same association 
ra te  b u t d issoc ia ting  with a 17-fo ld  d ifference  in  ra te .  
The association ra te s  were s tu d ied  ov e r a 40-fold ran g e  of 
concen tration  of each rad io ligand . For bo th  rad io ligands 
th e  associations were b iphasic  with th e  ra te s  of the  fa s te r  
com ponents dependen t on radio ligand concen tra tion  and 
the  ra te s  of th e  slow er com ponents in dependen t o f rad io 
ligand and co n cen tra tion . T hese re s u lts  a re  co n sis ten t 
with th e  ex istence  of two in te rco n v e rtib le  form s o f the  
p u ta tiv e  calcium channel in  th e  m em brane, one which 
b inds th e  rad io ligands with h igh  a ffin ity  in  a simple 
bim olecular reaction  (60% of th e  s ite s  p r io r  to  ligand 
add ition) and  one which has essen tia lly  no a ffin ity  fo r the  
lig an d s . The calcium an tag o n ists  stab ilize  th e  h igh  a ffin ity  
conform ation of the  channel, co n v ertin g  all the  channels 
to th is  form at h igh  co n cen tra tio n s . (S u p p o rted  by  the  
PMA Foundation and NIH-BRSG 08-57 RR05 462 E -2 1 .)

256.13  POTASSIUM-STIMUIATED CALCIUM UPTAKE BY RAT BRAIN SYNAP
TOSOMES: INHIBITION BY SULFHYDRYL REAGENTS.  Karey E. Eason* 
and R obert S. Aronsta m (SPON: B.D. G o ld s te in ).  Department 
o f  Pharmacology and Toxicology, Medical College o f  G eorgia, 
Augusta, GA 30912.

D ep o lar iz a tio n  o f  nerve te rm in a ls  induces an in f lu x  o f  
calcium  ions  which p a r t ic ip a te s  in  th e  re le a se  o f chem ical 
n e u ro tra n s m itte rs . D epo larization-induced  calcium  uptake 
was measured in  synaptosomes is o la te d  from r a t  fo reb ra in  
u sing  45Ca a s  a  ra d io tr a c e r  and e lev a ted  K+ c o n cen tra tio n s  
to  decrease  re s t in g  membrane p o te n t ia l .  Ca uptake was more 
th an  doubled when synaptosomes were d ilu te d  w ith  an in f lu x  
medium co n ta in in g  70 mM K+ and 0.1 mM CaCl 2 . This uptake 
was ra p id  (< 3 0  s e c ) ,  s a tu ra b le ,  and su sc e p tib le  to  in h ib i
t io n  by d iv a le n t c a t io n s ,  in c lu d in g  Co2+, Mn2+ and Cd2+, 
which have been shown to  block Ca c u rre n ts  in  e le c tro p h y s i
o lo g ic a l s tu d ie s .

K+-s tim u la te d  Ca uptake was in h ib ite d  by p re tre a tin g  the  
synaptosames w ith  N-ethylmaleimide (NEM), a  su lfh y d ry l 
a lk y la tin g  re a g en t. Incubation  o f  synaptosomes w ith  NEM a t  
37° fo r  30 min decreased  K+-s tim u la te d  Ca uptake by 7% a t  
0 .1  mM and 90% a t  10 mM. Exposure to  methyl mercury ch lo 
r id e  and m ercuric c h lo rid e  s im ila r ly  in h ib ite d  calcium  
up take . In h ib i t io n  by m ercuric c h lo rid e  was complete a t  1 
mM. R esting  Ca uptake was depressed  25-40% by a l l  o f  th e se  
re a g en ts  a t  1 mM. Ethyl mercury c h lo rid e  was considerab ly  
le s s  p o ten t than  the  o th e r  m ercu ria ls  a t  in h ib i t in g  calcium  
uptake .

The co n ten t o f  exposed su lfh y d ry l groups in  th e  t is s u e  
(determ ined under non-denaturing  c o n d itio n s) was 24 ± 1 
nmoles/mg p ro te in .  The to t a l  su lfhyd ry l co n ten t o f  th e  
t i s s u e ,  measured a f t e r  s o lu b i l iz a t io n  in  2 % sodium dodecyl
s u l f a te ,  was 55 ± 1 nmoles/mg p ro te in .  The co n ten t o f  su r
face  su lfh y d ry l groups was decreased  upon trea tm en t w ith  
methylmercury o r  NEM a t  th e  same co n cen tra tio n s  a t  which 
th ey  in h ib i te d  K+-s tim u la te d  Ca up take. Ethylmercury 
decreased  su rfa c e  su lfh y d ry l c o n ten t by on ly  10-15% a t  1 
mM. The in flu en ce  o f  m ercu ria ls  and NEM on K+-stim u la ted  
Ca uptake cannot be unambiguously a sc rib ed  to  a  mechanism 
co n ta in in g  an e s s e n t ia l  su lfh y d ry l-moie t y . I t  i s  p o ss ib le  
th a t  th e  co n cen tra tio n  o f  th e  reag en ts  was bu ffered  by the  
su lfh y d ry l co n ten t o f  th e  membranes, dep ressing  th e i r  
e f f e c t iv e  co n cen tra tio n s  a t  th e  re le v a n t s i t e  o f  a c tio n .

Supported by NS-17429, DA-03303 and HL-31518.

2 5 6 .1 4   I d e n t i f i c a t i o n  a n d  P h a r m a c o l o g i c a l  C h a r a c t e r i z a t i o n  o f  
C a lc iu m  C h a n n e l s  i n  R a t  B r a i n  S y n a p to s o m e s .  S .M .G o l d i n  a n d  
T . J . T u r n e r * .  D e p t .  o f  P h a r m a c o lo g y ,  H a r v a r d  M e d ic a l  
S c h o o l ,  B o s t o n ,  MA 0 2 1 1 5 .

T h e  v o l t a g e - s e n s i t i v e  Ca+2 c h a n n e l  i s  a n  i m p o r t a n t  
p a th w a y  f o r  Ca+2 e n t r y  i n t o  n e u r o n s ,  s m o o th  m u s c l e ,  a n d  
c a r d i a c  t i s s u e .  N i f e d i p i n e  i s  a  p o t e n t  b l o c k e r  o f  Ca+2 
c h a n n e l s  i n  s m o o th  a n d  c a r d i a c  m u s c l e ,  a n d  b i n d s  w i t h  h i g h  
a f f i n i t y  t o  h o m o g e n a te s  o f  t h e s e  t i s s u e s .  W h il e  n i f e d i 
p i n e  b i n d i n g  t o  b r a i n  h o m o g e n a te s  i s  s i m i l a r  t o  b i n d i n g  i n  
s m o o th  a n d  c a r d i a c  m u s c l e ,  o t h e r s  h a v e  r e p o r t e d  t h a t  i t  
d i d  n o t  b l o c k  s y n a p to s o m a l  Ca+2 u p t a k e  o r  c a t e c h o l a m i n e  
r e l e a s e .  T h e  l a c k  o f  n i f e d i p i n e  s e n s i t i v i t y  c a s t  d o u b t  
u p o n  t h e  e x i s t e n c e  o f  f u n c t i o n a l  Ca+2 c h a n n e l s  i n  
s y n a p to s o m e s .

W e  s h o w  t h a t  r a t  b r a i n  s y n a p to s o m e s  c o n t a i n  f u n c t i o n a l  
Ca+2 c h a n n e l s  t h a t  a r e  i n h i b i t e d  b y  o r g a n i c  Ca+2 c h a n n e l  
b l o c k e r s .  D e p o l a r i z a t i o n  o f  s y n a p to s o m e s  w i t h  h i g h  K+ 
s t i m u l a t e s  u p t a k e  o f  45Ca +2 w h ic h  i s  b i p h a s i c  i n  i t s  t im e  
c o u r s e .  R e p la c e m e n t  o f  e x t e r n a l  Na+ w i t h  c h o l i n e  e l i m i n 
a t e s  t h e  s l o w e r  p h a s e ,  l e a v i n g  o n l y  a  r a p i d  u p t a k e  p r o c e s s  
t h a t  t e r m i n a t e s  w i t h i n  1 s e c .  T h i s  r a p i d ,  t e t r o d o t o x i n 
i n s e n s i t i v e  Ca+2 u p t a k e  c a n  b e  i n a c t i v a t e d  b y  p r i o r  d e p o l 
a r i z a t i o n .  D e p o l a r i z a t i o n  h a s  n o  e f f e c t  o n  t h e  r a t e  o f  22

Na+ e f f l u x .  T h e s e  r e s u l t s  r u l e  o u t  Na+ /C a +2 e x c h a n g e  a s  
a  m e d i a t o r  o f  t h e  r a p i d  p h a s e  o f  Ca+2 u p t a k e .

3 0 -5 0 %  o f  t h e  r a p i d  p h a s e  o f  Ca+2 u p t a k e  i s  i n h i b i t e d  
b y  n i t r e n d i p i n e ,  a s  i s  6 0 -8 0 %  o f  d e p o l a r i z a t i o n - s t i m u l a t e d  
n o r e p i n e p h r i n e  r e l e a s e .  I n  p h y s i o l o g i c a l  e x t e r n a l  Na+ , 
t h e  K i f o r  n i t r e n d i p i n e  i n h i b i t i o n  o f  Ca+2 u p t a k e  i s  56 
nM . T h e  p o t e n c y  o f  n i t r e n d i p i n e  i s  i n c r e a s e d  i n  t h e  
a b s e n c e  o f  e x t e r n a l  Na+ (K i = 1 . 7  n M ), s u c h  t h a t  I n h i b i t i o n  
c o r r e l a t e s  m o re  c l o s e l y  w i t h  t h e  b i n d i n g  o f  3H - n i t r e n d i 
p i n e  t o  s y n a p to s o m e s  (K d = 0 .3 5 n M ) .  O t h e r  o r g a n i c  c h a n n e l  
b l o c k e r s  i n h i b i t  a  s i m i l a r  p r o p o r t i o n  o f  t h e  r a p i d  Ca+2 
u p t a k e  (K i , i n  nM: n i f e d i p i n e ,  6 3 ;  v e r a p a m i l ,  3 1 0 ;  D 6 0 0 , 
1 5 0 ;  d i l t i a z e m ,  2 1 0 ) .  The  p o t e n c y  o f  t h e s e  d r u g s  i s  a l s o  
i n c r e a s e d  1 0 - 3 0  f o l d  i n  t h e  a b s e n c e  o f  e x t e r n a l  Na+ (K i ,  i n  
nM: n i f e d i p i n e ,  4 . 4 ;  v e r a p a m i l ,  1 1 . 2 ;  D60 0 , 1 2 . 9 ;  
d i l t i a z e m ,  1 2 . 7 ) .  T h e  p o t e n c i e s  o f  a l l  C a +2 c h a n n e l  
b l o c k e r s  t e s t e d  b y  u s  a r e  i n  r e a s o n a b l e  a g r e e m e n t  w i t h  
t h e i r  p o t e n c i e s  o b s e r v e d  i n  s m o o th  a n d  c a r d i a c  m u s c l e .  
The  r e s u l t s  a r e  c o n s i s t e n t  w i t h  n i t r e n d i p i n e  b l o c k a d e  o f  
Ca+2 c h a n n e l s  a s  a  r e s u l t  o f  o c c u p a n c y  o f  t h e  3H - n i t r e n d i 
p i n e  b i n d i n g  s i t e ,  a n d  s u g g e s t  a  s i n g l e  c h a n n e l  f l u x  o f  
1 .4 x 1 0 6 i o n s / s e c .
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256.15  ION CHANNELS IN HUMAN RETINAL PIGMENT EPITHELIUM.
J.A . Fox, G.L. Fain , B.A. P feffe r*  and D. Bok*.  Department 
of Ophthalmology, Ju les  S te in  Eye I n s t i t u t e ,  U.C.L.A. School 
of M edicine, Los Angeles, CA 90024.

The re t in a l  pigment ep ithelium  (RPE) l i e s  j u s t  d is ta l  to 
the  pho torecep tor o u te r segments and reg u la te s  the  flow of 
io n s , n u tr i e n ts ,  f lu id ,  and vitam in A between the blood 
supply and the  r e t in a .  Previous in v e s tig a tio n s  (M ille r and 
S te in b e rg , J .  Memb. B io l. 36:337, 1977) suggested th a t  both 
the  ap ical and basal membranes o f RPE c e l l s  a re  s e le c tiv e ly  
permeable to  K+ , but such s tu d ie s  have been lim ited  by the 
d i f f i c u l ty  o f recording  from an in ta c t  e p i th e l ia l  syncitium . 
To in v e s t ig a te  in more d e ta il  the  io n ic  conductances o f RPE 
c e l l s ,  we have used patch clamp methods to  record from human 
RPE c e l l s  in c u ltu re .  C ells obtained  from eyes removed dur
ing autopsy were d ispersed  and grown on g lass  co v erslip s  
coated w ith sw ine-skin collagen in 1:1 medium 199 and DMEM 
supplemented with 1% c a l f  serum and 1% bovine re tin a  e x tra c t .  
All record ings were made from in s id e -o u t,  c e l l - f r e e  membrane 
pa tches. Although some patches revealed  no channel a c t iv i ty ,  
most showed t r a n s i t io n s  o f a t  l e a s t  th ree  kinds: two s e le c 
tive  fo r  K+ w ith mean conductances near 30 and 100 pS, and a 
n o n -se lec tiv e  conductance near 300 pS. None o f these  showed 
any obvious vo ltage  dependence of channel g a tin g . The t r a n 
s i t io n  ra te s  o f the  la rg e r  K+ channels and the  n o n -se lec tiv e  
channels a lso  appeared unaffected  by Ca++ concen tra tions  as 
low as 10- 8 M a t  the  in te rn a l (c y to s o lic )  membrane su rface.
A cu rre n t record showing tra n s i t io n s  from a t  le a s t  two 
k in e t ic a l ly  d i f f e r e n t  closed  s ta te s  fo r  the  la rg e  K+ channel 
is  shown below. Several channels were p resen t in th is  patch.

This work is  supported by an NIH/NRSA tra in in g  g ran t 
(EY07026) and a g ran t from the National Society  to  Prevent 
B lindness to  J .A .F .;  by a Fellowship from the National 
R e t in i t i s  Pigmentosa Foundation to  B .A .P.; by a Research to 
Prevent B lindness, William and Mary Greve Research Scholar 
Award to  D .B.; and by g ran ts  EY01844 (to  G .L .F .) and 
EY00444 (to  D.B.) from the  NIH. We a re  g ra te fu l to  Dr. W. 
O'Day and the  JSEI Eye Bank fo r  providing human t is s u e .

2 5 6 .16  SINGLE CHANNEL CURRENTS IN PATCHES OF PLASMA 
MEMBRANE FROM HUMAN MACROPHAGES.  F .V . McCann, 
G.R . S t i b i t z * , H. P . Woeh i c k * and P .M.  G u y re * .  
De p t .  o f  P h y s io lo g y ,  D a rtm o u th  M ed ica l S c h o o l ,  
H an o v er , NH 03 7 5 6 .

Human m ac ro p h ag e  m em branes a r e  e l e c t r i c a l l y  
e x c i t a b l e  (McCann e t  al., S c i e n c e , 2 1 9 :1 9 1 -1 9 3 , 
198 3 ) . A r e c e p t o r - i o n o p h o r e  model t h a t  s i g n a l s  
p h a g o c y t o s i s  and  in f l a m m ato ry  r e s p o n s e  h a s  b een  
p ro p o s e d  f o r m ouse m a c ro p h a g es  w here  t h e  Ig G Fc 
r e c e p t o r  i s  d e s c r ib e d  a s  a l i g a n d - d e p e n d e n t  io n  
c h a n n e l ( Young e t  a l . ,  N a tu r e , 3 0 5 :1 3 6 -1 8 9 ,  
1 9 8 3 ) .  V o l t a g e - g a t e d  p o ta s s iu m  c h a n n e ls  r e c e n t l y  
i d e n t i f i e d  in  human T - l y m p h o c y te s  h a v e  b e en  
a s s o c i a t e d  w ith  t h e  m it o g e n e s i s  t h a t  o c c u r s  w ith  
t h e i r  p r o l i f e r a t i o n  a s  p a r t  o f t h e  immune 
r e s p o n s e  (De C o u rsey  e t  a l. ,  N a tu r e , 3 0 7 :4 6 5 -4 6 8 ,  
1 9 5 4 ) . T h ese  o b s e r v a t i o n s  s u g g e s t  t h a t  m em brane 
r e c e p t o r s  and  io n  t r a n s p o r t  p r o c e s s e s  p la y  a 
s i g n i f i c a n t  and  m e c h a n is t i c  r o l e  d u r in g  
a c t i v a t i o n  o f l e u k o c y t e s .  We a r e  now s e e k in g  
c o r r e l a t i o n s  b e tw een  m a c ro p h ag e  c o n d u c ta n c e  
s y s te m s  and a c t i v i t i e s  su ch  a s  p h a g o c y t o s i s ,  
s e c r e t i o n ,  a n t ig e n  r e c o g n i t i o n ,  and  
r e c e p t o r - l i gand  i n t e r  a c t i o n s .

M ea su re m en ts  o f s i n g l e  c h a n n e l  c u r r e n t s  in  
human m a c ro p h a g es  and in  a human m o n o c y to id  c e l l  
l i n e  (U937) r e v e a l  s e v e r a l  ty p e s  o f c h a n n e ls :  
(1) R a p id , f l i c k e r - l i k e  c h a n n e l s  w ith  b r i e f  open 
t im e s  (5 -1 5  m sec) and u n ifo rm  a m p l i tu d e s  a t  a 
g iv e n  v o l t a g e  t h a t  a r e  a b o u t  tw ic e  a s  l a r g e  a s  
t y p e s  2 and 3 . T h e i r  f r e q u e n c y  o f o c c u r r e n c e  i s  
v o l t ag e  d e p e n d e n t .  (2) L o n g e r- l iv e d  (5 0 -2 0 0  
m sec ) w hose f r e q u e n c y  o f o p e n in g  i s  a l s o  v o l t a g e  
d e p e n d e n t .  A m p litu d e s  a r e  u n ifo rm  a t  a  g iv e n  
h o ld in g  v o l t a g e .  (3) V ery  l o n g - l i v e d  c h a n n e ls  
t h a t  re m a in  open from  a b o u t  400 m sec t o  2 s e c o n d s  
o r  m ore a r e  u n ifo rm  in  a m p l i tu d e  a t  a  g iv e n  
v o l t a g e  b u t  a r e  n o t  v o l t a g e  d e p e n d e n t .  T h e se  
c h a n n e ls  a r e  l e s s  f r e q u e n t l y  s e e n  th a n  ty p e s  1 
and 2 . (4) The p r e s e n c e  o f  o t h e r  t y p e s  i s  
s u g g e s te d  by t h e  o c c a s io n a l  o c c u r r e n c e  o f 
c h a n n e ls  w ith  s i g n i f i c a n t l y  d i f f e r e n t  a m p l i tu d e s  
from  t h e  o t h e r  c h a n n e l t y p e s  a t  a  g iv e n  v o l t a g e .

Ion  e x c h a n g e  e x p e r im e n ts  a r e  in  p r o g r e s s  t o  
i d e n t i f y  and f u r t h e r  c h a r a c t e r i z e  t h e s e  c h a n n e l s .  
S u p p o r te d  by NI H-GM31423.

256.17  INWARD RECTIFYING POTASSIUM CURRENTS RECORDED FROM RAT 
BASOPHILIC LEUKEMIA CELLS BY WHOLE CELL PATCH CLAMP.
Stephen R. Ikeda and F o rre s t F. W eight.  Laboratory of 
P r e c l in ic a l  S tud ies , N ational I n s t i tu e  on Alcohol Abuse and 
A lcholism , R ockv ille , MD 20852.

The r a t  b a so p h ilic  leukemia c e l l  l in e  (RBL-2H3) has 
been used as a model system fo r the biochem ical study of 
e x c i ta tio n -s e c re tio n  coupling and immediate hyper
s e n s i t iv ty  re a c t io n s .  Recent s tu d ie s  provide evidence th a t 
immunoglobulin E (IgE) mediated h istam ine and sero to n in  
re le a se  from RBL-2H3s i s  a sso c ia ted  w ith a membrane 
dep o la r iz a tio n  as determined by ra d io a c tiv e  probes 
(S ag i-Eisen b e rg , R. and P ech t, I . ,  J .  Membrane B io l. 75:97, 
1983; Kanner, B. and Metzger, H ., PNAS 80 :5744, 1983). In 
th i s  study we have ch arac te riz ed  the e le c t r i c a l  p ro p e rtie s  
of RBL-2H3 c e l l s  using the whole c e l l  patch clamp techn ique.

Rat b aso p h ilic  leukemia c e l ls  were grown in  minimal 
e s s e n t ia l  media (MEM) supplemented w ith  20% f e ta l  c a l f  
serum a t 37°C in  a hum idified 10% CO2 atmosphere. A ll 
record ings were done a t  31-35°C. Resting membrane p o te n tia l  
in  normal p h y s io lo g ica l so lu tio n  was about -70 mV. C ell 
inpu t r e s is ta n c e ,  measured between -20 to  +50 mV, ranged 
from 1 .3 -21 .2  Gohms. V oltage clamped c e l l s  were held a t -70 
mV and given command pu lses from -150 mV to  +50 mV. Hyper
p o la r iz in g  pu lses e l ic te d  a rap id  voltage-dependent inward 
cu rren t which was acc e le ra ted  w ith increased  hyper
p o la r iz a tio n . In a d d itio n , a t  very hyperpo larized  
p o te n t ia ls  (-120 to  -150 mV), th e re  was o ften  a prominent 
"sag " in  the c u rre n t. The inward cu rren t appeared to  reverse  
p o la r i ty  a t approx. -70 mV, although I t  was g re a tly  
a tten u a ted  a t p o te n tia ls  p o s itiv e  to  th is  va lue . Removal of 
e x te rn a l K+ com pletely abolished  the c u rre n t.  Increasing  
th e  ex te rn a l K+ from 5.4 mM to  10 mM increased  the  am plitude 
of the  cu rren t and s h if te d  the  re v e rsa l p o te n tia l  to  more 
depo larized  v a lu e s . In c lu s io n  of 1.0 mM BaCl2 or CsCl in  
the bath ing  so lu tio n  re v e rs ib ly  blocked the c u r r e n t .
Isom olar replacem ent of e x te rn a l Na+ w ith  choline  reduced 
the  c u rren t am plitude and abo lished  the "sag" seen a t hyper
p o la riz ed  p o te n t ia ls .  I t  i s  concluded th a t  RBL-2H3 c e l l s  
possess an inward K+ cu rren t s im ila r  to  the anomolous 
r e c t i f i e r  seen in  o th e r c e l l s .  The ro le  of th is  c u rre n t, 
i f  any, in  e x c i ta tio n -s e c re tio n  coupling req u ire s  fu r th u r  
s tu d ie s .  (Supported in  p a rt by a PRAT fe llow sh ip  to  SRI 
from NIGMS)

256.18 DIFFERENTIAL EXPRESSION OF TWO POTASSIUM CONDUC
TANCES IN THE MACROPHAGE-LIKE CELL LINE, J 774.1.  Paul 
A. Sheehy and Elaine K. Gallin (SPON: G.N. Catravas)  Departments 
of Physiology, Uniformed Services University of the Health 
Sciences and Armed Forces Radiobiology Research Institute, 
Bethesda, MD 20814.

J774.1 cells, a well-characterized mouse-derived macrophage
like cell line were voltage clamped using whole-cell patch-clamp 
techniques. Patch electrodes contained 145 mM Kcl, 10 mM NaCl, 
1.0 mM MgCl2, 0.1 mM CaCl2, 1.1 mM EGTA and 10 mM HEPES, 
pH 7.3, and had resistances of 2-6 Mohms. Cells were maintained 
in spinner culture and were plated onto tissue culture dishes at 
various times before recordings were done. Cells recorded from 15 
min to 72 hr postplating (PP) had resting membrane potentials 
ranging from -66 to  -84 mV. I-V curves indicated that cells some
times exhibited inward and/or outward rectification. The inward 
rectification was enhanced by increasing (K)O, inhibited by barium, 
showed a time-dependent inactivation for steps beyond -120 mV 
and we believe reflects an inward rectifying potassium conduc
tance similar to that previously described in cultured mouse 
macrophages (Gallin & Livengood, Am. 3. Physiol. 241:C9, 1981). 
The outward current activated at voltages positive to  -40 mV 
showed time-dependent inactivation and had a reversal potential 
determined from ta il currents of -80 mV, indicating it was a potas
sium conductance. A similar outward potassium conductance 
recently has been described in mouse macrophages (Ypey and 
Clapman, PNAS, 1984). The inactivation of each of these conduc
tances was evident in the prominent hysteresis present in I-V 
curves obtained with slow voltage ramps. The expression of both 
inward and outward potassium conductances varied with time after 
plating. Up to 2 hr PP cells exhibited no inward rectification and 
little  outward rectification. Eighty percent of cells 2 to 6 hr PP 
showed prominent inactivating outward currents, while only 10% of 
these cells exhibited inward rectification. After 7 hr or longer PP, 
90% of the cells exhibited prominent inward rectification  while the 
number of cells expressing inactivating outward currents de
creased, reaching zero at 24 hr. These findings indicate that 
J 774.1 cells exhibit two different voltage-dependent potassium 
conductances whose expression varies with tim e following adher
ence. It is known that adherence changes the functional properties 
of macrophages and it is possible that the presence or absence of 
these conductances re la te  to these changes.
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256.PO  GABA INCREASES CALCIUM ACTION POTENTIAL DURATION IN LAMPREY 
PRIMARY MECHANOSENSORY NEURONS.  J.P . Leonard and 
W.O. Wicke lg re n .  Dept. Physiology Univ. Colorado Sch. Med. 
Denver, CO 80262.

In  th e  p re sen c e  o f TTX and p o ta ss iu m  c h an n e l b lo c k e r s  
(tetraethylam m onium  and/or d iam in o p y rid in e ) th e  norm al Na 
a c t io n  p o t e n t i a l  in  p rim ary  m echanosensory  neu rons i s  
re p la c e d  by a Ca a c t io n  p o t e n t i a l  ( CaAP) 20 to  2000 ms in  
d u ra tio n  fo llow ed  by a h y p erp o la riz in g  a f te r p o te n t ia l  ( t1/2 
100-3000 ms) due to  a c a l c iu m - a c t iv a te d  K conductance  
(gKCa ). B ath a p p l i c a t i o n  o f GABA had no e f f e c t  on th e  Na 
ac tio n  p o te n t ia l  but caused a dose-dependent (5x10-5M to 
10- 2M) inc rea se  in  the CaAP d u ra tio n  (11-63%). GABA had no 
e f f e c t  on th e  r e s t i n g  p o t e n t i a l  o r th e  p a s s iv e  I-V  
c h a r a c te r i s t ic s  of the c e l l ,  but during the p la te au  phase 
of the  CaAP, GABA produced a decrease in  input conductance, 
s u g g e s tin g  th a t  i t s  a c t io n  i s  to  b lo c k  a conductance  
a c t i v a t e d  d u rin g  th e  CaAP. GABA had no e f f e c t  on th e  
normal Na a c tio n  p o te n t ia l  even when i t  was much prolonged 
by the a d d itio n  of K channel b lockers  a long w ith 2 mM Cd to 
p reven t the CaAP. This suggests th a t GABA does not a c t on 
a v o l ta g e -d e p e n d e n t  cond u ctan ce  b u t r a th e r  a c t s  on a 
co n d u ctan ce  th a t  i s  a c t i v a t e d  by Ca e n try  in to  th e  c e l l ,  
p o ss ib ly  gKCa. I f  the  a c tio n  of GABA is  to  p a r t i a l l y  b lock  
gKCa. th en  i t  sh o u ld  have no e f f e c t  on barium  APs, s in c e  
barium en try  in  these  c e l l s ,  as in  o ther neurons, does not 
a c t iv a te  a gK. In agreement w ith th is ,  GABA had no e ffe c t  
on th e  4 to  40 sec  a c t io n  p o t e n t i a l s  in  th e s e  neu rons  
produced  when Ba was s u b s t i t u t e d  f o r  Ca. F u r th e r ,  in  th e  
absence  o f GABA th e  d u ra t io n  o f th e  h y p e rp o la r iz in g  
a f t e r p o t e n t i a l  which fo l lo w s  th e  CaAP i s  p o s i t i v e l y  
c o r r e l a t e d  w ith  th e  d u ra t io n  of th e  CaAP. However, on 
a d d itio n  of GABA the hyp erp o la riz in g  a f te r p o te n t ia l  is  not 
increased  even though the  CaAP d u ra tion  i s  increased . We 
t e n ta t iv e ly  conclude th a t  GABA is  p a r t i a l l y  b lock ing  the 
gKCa in  these  c e l l s .

The pharm acology  o f  th e  GABA e f f e c t  was i n v e s t i g a t e d .  
The GABAA r e c e p to r  a n t a g o n is t s  (b ic u c u l l i n e - 1 00 uM, 
p icro tox in -100  uM, and curare-500 uM) did not b lock  GABA's 
e f f e c t .  The GABAA recep to r agon ist muscimol (300 uM) and 
th e  GABAB r e c e p t o r  a g o n i s t  b a c l o f e n  (1 -1 0  mM) had 
in c o n s i s te n t  e f f e c t s  on th e  CaAP. These r e s u l t s  su g g es t 
th a t  th e  e f f e c t  o f GABA on the  CaAP in  th e s e  c e l l s  may be 
m ed ia ted  by y e t a t h i r d  ty p e  o f GABA re c e p to r .  O ther 
p o te n t ia l  n e u ro tran sm itte rs  te s te d  did not a l t e r  the CaAP : 
norep inephrine (1 mM), a ce ty lc h o lin e  (ca rb ach o l, 1 mM), and 
m et-enkephalin  (10 uM). Supported by NIH NS-07083.
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257.1  VOLTAGE CLAMP ANALYSIS OF AN INWARDLY RECTIFYING 
IONIC CURRENT IN NEURONS FROM CAT SENSORIMOTOR 
CORTEX.  W.J. Spain*, P.C. Schwindt, C.E. Stafstrom , and W.E. 
C rill.  V.A. Hospital, Seattle, WA 98108, and Depts. of Physiology 
and Biophysics, and Medicine (Neurology), University of Washington 
School of Medicine, Seattle, WA 98195.

Neurons from layer V of cat sensorimotor cortex were analyzed 
in an in vitro slice preparation using single microelectrode voltage- 
and current -clamp techniques. Constant current pulses in either 
the hyperpolarizing or subthreshold, depolarizing direction cause 
the membrane potential (Em) to a tta in  an early peak and decay 
(sag) to a steady level. Upon termination of the pulse, Em 
transiently overshoots resting potential (RP) in the opposite 
direction. The voltage sag seen upon both depolarization and 
hyperpolarization is caused by a slow, inward, ionic current 
(anomalous rectifier - IAR) that is on a t RP. IAR becomes 
increasingly activated by hyperpolarization and deactivated by 
depolarization from RP. Instantaneous I-V curves from various 
holding potentials were linear from +10mV to -40mV relative to 
RP. Estimated reversals of IAR were 20-50mV positive to RP in 
different cells. Increasing extracellular K+ concentration caused 
depolarization, increased slope and amplitude of the steady I-V 
curve negative to RP, and a marked increase in IAR chord 
conductance (GAR) at each potential measured. Conversely, 
substitution of TRIS for extracellular Na+ caused hyper
polarization, decreased slope and amplitude of the steady I-V 
curve, and a decrease in GAR a t each potential. IAR is not 
affected  by TTX (10-6 M), TEA (20mM), 4-AP (2mM) or 
substitution of Co++ or Ba++ for Ca++ in the perfusate. Perfusate 
containing CsCl (2mM) abolished IAR (both positive and negative to 
the spike AHP reversal potential which was used to estim ate Ek) 
and resulted in hyperpolarization. Our data indicate that IAR 
flows through a conductance that is increasingly activated with 
polarization from a t least 20mV positive to  RP to about 30mV 
negative to RP. The blocking effec t of Cs+ suggests that IAR 
results from the passage of both Na+ and K+ through a single type 
of channel which is resistant to a variety of other standard 
blocking agents. The alteration of GAR by altered extracellular 
Na+ and K+ and by addition of Cs+ indicate control of the effective 
channel conductance by these (and possibly other) cations. The 
presence of IAR both positive and negative to RP indicates that 
IAR plays a role in establishing RP as well as influencing 
subthreshold Em behavior, e.g., during the AHP and in the 
interspike interval during repetitive firing. These properties are 
most similar to the inward rectifier described in cultured dorsal 
root ganglion cells (Meyer and Westbrook, 1983). Supported by the 
Veterans Administration and NIH grants NS16792 and GM07266.

257.2  NEOCORTICAL NEURON AFTERHYPERPOLARIZATION: 
MULTIPLE FORMS AND ANOMALOUS RESPONSE TO 
MEMBRANE POLARIZATION.  P.C . Schwindt, W.J. Spain*, C.E. 
Stafstrom , M.C .  Chubb*, and W.E . Crill.  V.A. Hospital, Seattle, 
WA 98108, and Depts. of Physiology and Biophysics, and Medicine 
(Neurology), University of Washington, Seattle, WA 98195.

The afterhyperpolarization (AHP) of cat layer V neocortical 
neurons studied in an in vitro slice can take several forms 
depending on stimulus conditions and often shows an anomalous 
response to membrane polarization. Three AHP components were 
studied in detail. These include an early, negative peak occuring 
immediately after a spike evoked from rest (AHPs), a slower, 
longer component (AHPI: l00-200ms duration) which develops a fte r 
several spikes, and a very prolonged component (AHPL : 1 -5 sec 
duration) seen only a fte r firing for ca . 100Hz for >200 ms. The 
amplitude or reversal potential (when it can be measured) of each 
AHP type becomes more positive as [K+]O is ra ised, but other 
conductance components also strongly influence AHP form and 
behavior. AHPS is easily reversed (5-15mV > RP) by membrane 
polarization, but reverses positive to rest in some cells. AHPS is 
replaced by a prominent delayed depolarization (DD) when Co++ is 
substituted for Co++ or TEA added to the perfusate. Apparently, 
AHPS amplitude and reversal are influenced by the depolarizing 
ionic currents responsible for the DD. Following several spikes, 
AHPS disappears and is replaced by AHPI. Following more spikes 
a t an adequate ra te , AHPL appears. Although of small amplitude 
(ca . 4mV) following a single "burst" of spikes, the slow time course 
of AHPL allows it to "summate" to l5-20mV > RP following 
repetitive bursts and to decay over many seconds. Both AHPL and 
AHPI are rarely reversed by polarization. When it is observed, 
reversal occurs ca . 30 mV negative to RP, far negative to AHPS 
reversal. A null potential or even increased AHP amplitude upon 
polarization is more common. This behavior is caused in part by 
activation of the anomalous rectifier IAR upon hyperpolarization 
(see Spain e t al, this session). In spite of its long time course, 
AHPL appears due, in part, to a conductance increase; e.g., besides 
showing occasional reversal, AHPL is seen in the presence of TTX 
following depolarization to potentials which activate an outward 
current of equivalent tim e course during voltage clamp. Several of 
the slow AHP properties could be explained by a predominately 
dendritic location of the relevant K+ conductance.

Supported by the Veterans Administration and NIH grants 
NS16792, NS06408 and GM07266.
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2 5 7 .3   SINGLE ELECTRODE VOLTAGE CLAMP OF THE SLOW AHP CURRENT IN  
RAT HIPPOCAMPAL PYRAMIDAL CELLS.  B . L a n c a s t e r  a n d  P . R .  
A d a m s.  D e p t . o f  N e u r o b io l o g y  & B e h a v i o r ,  SUNY, S to n y  B r o o k ,  
NY 1 1 7 9 4 .

We h a v e  e x a m in e d  so m e p r o p e r t i e s  o f  t h e  o u tw a r d  c u r r e n t  
r e s p o n s i b l e  f o r  t h e  s lo w  a f t e r h y p e r p o l a r i z a t i o n  (AHP) i n  
h i p p o c a m p a l  p y r a m i d a l  c e l l s  u s i n g  a  s i n g l e  e l e c t r o d e  v o l t 
a g e  c la m p  (S E V C ). I n  t h e  p r e s e n c e  o f  1 µM TTX, d e p o l a r i z i n g  
c u r r e n t  p u l s e s  ( 1 0 - 1 0 0  m se c  d u r a t i o n ,  u s u a l l y  2 nA a m p l i 
t u d e )  n o r m a l l y  e v o k e d  A H P s. I f  t h e  v o l t a g e  c la m p  w a s  a c 
t i v a t e d  a t  t h e  e n d  o f  t h e  d e p o l a r i z a t i o n ,  t h e  m e m b ra n e  c u r 
r e n t  u n d e r l y i n g  t h e  AHP c o u l d  b e  o b s e r v e d .  As e x p e c t e d  
( H o t s o n  a n d  P r i n c e ,  J .  N e u r o p h y s i o l . 4 3 , 4 0 9 )  t h i s  c u r r e n t  

w a s  d e p e n d e n t  o n  b o t h  C a2+  a n d  K+ . I t  w a s  r e v e r s i b l y  a b o 
l i s h e d  b y  2 0 0  µM Cd+ + , a n d  e n h a n c e d  b y  a d d i n g  TEA (5m M ), 
w h e n  f r a n k  c a l c i u m  s p i k e s  w e r e  e v i d e n t  d u r i n g  t h e  d e p o l a r i z 
i n g  p u l s e .  I t  d i s p l a y e d  a n  a p p r o x i m a t e l y  2 0 - 2 5  mV s h i f t  i n  
r e v e r s a l  p o t e n t i a l  f o r  a  3 - f o l d  c h a n g e  i n  e x t e r n a l  K+  c o n 
c e n t r a t i o n ,  a l t h o u g h  o u t w a r d  r e c t i f i c a t i o n  i n  n o r m a l  ( 2 . 5  
mM) K+  h a m p e r e d  a c c u r a t e  d e t e r m i n a t i o n  o f  r e v e r s a l .  T he  
c u r r e n t  w a s  a l s o  r e d u c e d  o r  b l o c k e d  b y  2 - 4  µM n o r e p i n e p h r i n e  
( M a d i s o n  a n d  N i c o l l ,  N a t u r e  2 9 9 , 6 3 6 ) .  I t  t h u s  d i s p l a y s  t h e  
p r o p e r t i e s  e x p e c t e d  o f  a  c u r r e n t  u n d e r l y i n g  t h e  AHP. T he  
c u r r e n t  h a d  a  d i s t i n c t  r i s i n g  p h a s e  w i t h  a  p e a k  ( a m p l i t u d e  
t y p i c a l l y  1 0 0 - 3 0 0  pA a t  r e s t  p o t e n t i a l )  a t  5 0 0 - 7 0 0  m se c  a t  
2 7 ° C . T h i s  r i s i n g  p h a s e  w a s  n o t  o b s e r v e d  i f  t h e  v o l t a g e  
c la m p  w a s  a c t i v a t e d  w i t h  a  1 s e c o n d  d e l a y  f o l l o w i n g  t h e  e n d  
o f  t h e  c u r r e n t  p u l s e ,  a n d  s o  w a s  n o t  a n  a r t e f a c t  o f  a c t i v a 
t i o n  o f  t h e  SEVC. T h e  r i s i n g  p h a s e  w a s  a l s o  o b s e r v e d  w h e n  
t h e  c u r r e n t  w a s  r e v e r s e d  i n  h i g h  K+ , a n d  i s  t h u s  u n l i k e l y  
t o  b e  d u e  t o  a  s u p e r i m p o s e d  i n w a r d  c u r r e n t .  W i t h i n  t h e  
r a n g e  o f  m e m b ra n e  p o t e n t i a l s  t h a t  c o u ld  b e  r e a s o n a b l y  c la m p 
e d  ( - 5 0  t o  - 1 0 0  mV) t h e  d e c a y  o f  t h e  o u t w a r d  c u r r e n t  w a s  
l a r g e l y  v o l t a g e  i n s e n s i t i v e .  T h e  r e l a t i o n s h i p  b e tw e e n  t h e  
I AHP e v o k e d  u s i n g  t h i s  h y b r i d  c u r r e n t / v o l t a g e  c la m p  p r o t o 
c o l  a n d  t h e  o u t w a r d  c u r r e n t s  e v o k e d  b y  d e p o l a r i z i n g  s t e p s  
u n d e r  s i n g l e  v o l t a g e  c la m p  i s  b e i n g  i n v e s t i g a t e d .  T he  
s lo w  AHP c u r r e n t  r e c o r d e d  i n  t h e s e  e x p e r i m e n t s  r e s e m b l e s  
I AHP o f  b u l l f r o g  g a n g l i o n  c e l l s  ( s e e  a b s t r a c t s  i n  t h i s  
v o lu m e )  r a t h e r  t h a n  I C . S u p p o r t e d  b y  NS 1 8 5 7 9  a n d  t h e  
K l i n g e n s t e i n  F u n d .  B .L .  a c k n o w le d g e s  r e c e i p t  o f  a  t r a v e l  
g r a n t  f r o m  t h e  W e llc o m e  T r u s t  ( U . K . ) .

2 5 7 .4   MODELLING OF CA2+ CONCENTRATION CHANGES EVOKED BY ACTIVITY 
IN CAT SPINAL MOTONEURONS.  K. K r n j e v i ć1, M. M o r r i s  a n d  J . F .  
M a c D o n a ld ,  1De p t .  A n a e s t h e s i a  R e s e a r c h ,  M c G il l  U n i v e r s i t y ,  
M o n t r e a l ,  a n d  D e p t .  P h a r m a c o l o g y ,  U n i v e r s i t y  o f  T o r o n t o ,  
T o r o n t o ,  C a n a d a .

As a l r e a d y  r e p o r t e d  ( K r n j e v i ć  e t  a l . ,  1 9 8 3 ,  C a n . J .  P h y s 
i o l .  P h a r m a c . 6 1 , A x i i i )  a n t i d r o m i c  o r  d i r e c t  s t i m u l a t i o n  a t  
1 0 - 2 0  Hz f o r  3 0 - 6 0  s e v o k e s  a  s m a l l  b u t  r e p r o d u c i b l e  i n 
c r e a s e  i n  i n t r a m o t o n e u r o n a l  [ C a 2 + ]  ( m e a s u r e d  w i t h  C a 
s e n s i t i v e  m i c r o e l e c t r o d e s ) ,  o n  t h e  a v e r a g e  a m o u n t in g  t o  1 0 -  
20% a b o v e  a  m ean b a s a l  l e v e l  o f  j u s t  u n d e r  1 µM.

An a t t e m p t  w a s m ad e t o  f i t  t h e s e  f i n d i n g s  i n  t h e  c o n t e x t  
o f  p r e v i o u s  i n f o r m a t i o n  o n  C a2+ c u r r e n t s  i n  c a t  m o t o n e u r o n s :  
a c c o r d i n g  t o  B a r r e t t  & C r i l l  ( J .  P h y s i o l . 1 9 8 0 ,  3 0 4 , 2 3 1 )  a  
s l o w ,  p r o b a b l y  C a - m e d ia t e d  c u r r e n t  h a s  a  p e a k  i n t e n s i t y  
a b o u t  1 / 1 0  o f  t h e  p e a k  Na c u r r e n t .  A ss u m in g  t h e r e f o r e  t h a t  
C a2+ i n f l u x  a c c o u n t s  f o r  1 / 1 0  o f  t h e  m o t o n e u r o n a l  a c t i o n  
p o t e n t i a l  a n d  t a k i n g  t h e  m e m b ra n e  c a p a c i t a n c e  a s  2 . 5  µ F . 
cm- 2 s - 1 , t h e  c h a r g e  d i s p l a c e m e n t  d u e  t o  C a 2+ f l u x  i s  18  n C . 
cm- 2 p e r  s p i k e ,  o r  1 8 0  n C .c m - 2 s -1  d u r i n g  10  Hz s t i m u l a t i o n  -   
w h ic h  i s  e q u i v a l e n t  t o  a  C a2+ i n f l u x  o f  9 0 0  f m o l . c m . - 2 s - 1 .

I n  a  s p h e r i c a l  m o to n e u r o n  w i t h  a  r a d i u s  o f  35  µm , t h e  
i n c r e a s e  i n  m ean [ C a 2 + ] i c a u s e d  b y  10  Hz s t i m u l a t i o n  f o r  30  
s  w o u ld  t h e r e f o r e  b e  23  µM. T h e  m ean i n c r e a s e  i n  [ C a ] i a c 
t u a l l y  o b s e r v e d  w as 90  nM, t h a t  i s  o n l y  1 / 2 5 0  o f  t h e  a b o v e .  
E v i d e n t l y  m o s t  o f  t h e  i n f l o w i n g  C a 2+ i s  r a p i d l y  s e q u e s t e r e d ,  
l e a v i n g  o n l y  1 / 2 5 0 t h  f r e e .  I f  C a 2 + - b i n d i n g  i s  p r o p o r t i o n a l  
t o  [ C a ] i  a n d  i s  r a p i d l y  r e v e r s i b l e ,  t h e  e f f e c t i v e  d i f f u s i o n  
c o e f f i c i e n t  w o u ld  b e  r e d u c e d  b y  t h e  sam e  f a c t o r  o f  2 5 0 .  T h i s  
w o u ld  p e r m i t  t h e  b u i l d - u p  o f  s u b s t a n t i a l  g r a d i e n t s  o f  [ C a ] i 
b e tw e e n  t h e  s u b m e m b ra n e  r e g i o n  a n d  t h e  c e n t r e  o f  t h e  c e l l ,  
a n d  a l s o  s lo w  dow n c o r r e s p o n d i n g l y  t h e  k i n e t i c s  o f  i n t r a 
c e l l u l a r  Δ [ C a 2 + ] .

I f  we t h e r e f o r e  t a k e  D = 4 x 1 0 -8  c m .2 s - 1 , a n d  f u r t h e r  
a s s u m e  t h a t  C a2+ i s  t r a n s p o r t e d  o u t  o f  t h e  m o to n e u r o n  a t  a 
r a t e  (K ) p r o p o r t i o n a l  t o  [ C a 2 + ] i , t h e  m ean  o b s e r v e d  h a l f 
t i m e  o f  d e c a y  o f  Δ [ C a ]  (2 3  s )  w o u ld  r e q u i r e  t h a t  K b e  no  
l e s s  t h a n  t w i c e  t h e  v a l u e  o f  K o b s e r v e d  i n  t h e  s q u i d  a x o n .  
T h u s ,  t h e  s a l i e n t  f e a t u r e  o f  C a2+ i n f l u x  i n  m o to n e u r o n s  
a p p e a r s  t o  b e  a  h i g h l y  e f f i c i e n t  a n d  r a p i d  s e q u e s t r a t i o n  o f  
f r e e  C a2+ ( 9 9 % ): i f  t h i s  i s  t a k e n  i n t o  a c c o u n t ,  t h e  o b 
s e r v e d  c h a n g e s  i n  [ C a ] i r e s u l t i n g  f r o m  r e p e t i t i v e  s t i m u l a 
t i o n  a r e  r e a s o n a b l y  c o n s i s t e n t  w i t h  a  s i m p l e  s p h e r i c a l  m o d e l 
o f  d i f f u s i o n  a n d  t r a n s p o r t .

S u p p o r t e d  b y  t h e  C a n a d ia n  MRC.

2 5 7 .5   SLOW INWARD CURRENTS AND THEIR ACTIVE POTENTIALS DECAY 
WITH R E PE T IT IV E  STIMULATION.  J . F .  M a c D o n a ld  a n d  J .H . 
S c h n e i d e r m a n .  P l a y f a i r  N e u r o s c i e n c e  U n i t ,  T o r o n to  W e s te r n  
a n d  W e l l e s l e y  H o s p . ,  U n iv .  T o r o n t o ,  O n t .  M5T 2 S 8 .

E x p e r i m e n t s  w e r e  p e r f o r m e d  u p o n  m o u se  s p i n a l  c o r d  
n e u r o n s  g ro w n  d i s s o c i a t e d  i n  t i s s u e  c u l t u r e  by  c o n v e n t i o n 
a l  t e c h n i q u e s .  I n  t h e  p r e s e n c e  o f  e l e v a t e d  Ca (5  mM), TTX 
a n d  TEA ( 2 5  mM) d e p o l a r i z i n g  p u l s e s  p a s s e d  a c r o s s  t h e  
m e m b ra n e  e v o k e d  a  s e r i e s  o f  a c t i v e  p o t e n t i a l s .  T h e s e  
i n c l u d e d  a  " f a s t "  s p i k e  (2  t o  5 0  m s) w h ic h  p e a k e d  a t  
v a l u e s  m o re  d e p o l a r i z e d  t h a n  0 mV. S u b s e q u e n t  t o  t h i s  a  
" s lo w "  a c t i o n  p o t e n t i a l  w as  o b s e r v e d  ( - 1 0  t o  - 2 0  mV p e a k ,  
d u r a t i o n  1 0 0  ms t o  2 0 0 0 m s ) .  T he  " s lo w "  a c t i o n  p o t e n t i a l  
m e r g e d  w i t h  " a f t e r - d e p o l a r i z a t i o n s "  w h ic h  w e r e  g r a d e d  i n  
a m p l i t u d e  a n d  d u r a t i o n .

R e p e t i t i v e  s t i m u l a t i o n  a t  f r e q u e n c i e s  a s  lo w  a s  
0 . 0 2 / s  d e m o n s t r a t e d  t h a t  e a c h  o f  t h e  a b o v e  d e s c r i b e d  
p o t e n t i a l s  u n d e r w e n t  a  d e c r e m e n t  o f  d u r a t i o n  a n d  a m p l i t u d e  
w h ic h  w as  f u l l y  r e v e r s i b l e .  M i c r o p e r f u s i o n  o f  Cd b l o c k e d  
o r  d e p r e s s e d  a l l  o f  t h e s e  p o t e n t i a l s  s u g g e s t i n g  a  p r im a r y  
c a l c i u m - d e p e n d e n c y .  T h e  o r g a n i c  c a l c i u m  a n t a g o n i s t s  
v e r a p a m i l  a n d  n i f e d i p i n e  w e r e  a l s o  c a p a b l e  o f  r e d u c i n g  
t h e s e  a c t i v e  p o t e n t i a l s  a l t h o u g h  t h e i r  a c t i o n s  w e r e  n o t  a s  
s p e c i f i c  a s  C d . F u r t h e r m o r e ,  m i c r o p e r f u s i o n  o f  Ba g r e a t l y  
p r o l o n g e d  t h e s e  p o t e n t i a l s  b u t  d i d  n o t  p r e v e n t  t h e  
f r e q u e n c y - d e p e n d e n t  d e c a y .  I n s t e a d  i t  a p p e a r e d  t o  b e  
f a c i l i t a t e d .  S i m i l a r  r e s u l t s  w e r e  o b s e r v e d  w hen EGTA w as 
p e r m i t t e d  t o  d i f f u s e  f ro m  t h e  i n t r a c e l l u l a r  r e c o r d i n g  
e l e c t r o d e .

T w o - e l e c t r o d e  v o l t a g e - c l a m p  d e m o n s t r a t e d  t h a t  a  
v a r i e t y  o f  i n w a r d  a n d  o u tw a r d  c u r r e n t s  w e r e  a c t i v a t e d  b y  
d e p o l a r i z i n g  v o l t a g e - s t e p s  i n c l u d i n g  a  " s lo w "  in w a r d  
c u r r e n t ,  a  " s lo w  o u t w a r d "  c u r r e n t  a n d  a  " f a s t "  i n w a r d  
c u r r e n t .  W hen v o l t a g e - s t e p s  w e r e  r e p e a t e d  a t  r e g u l a r  
i n t e r v a l s  t h e  " s lo w "  in w a r d  c u r r e n t  a l s o  d e m o n s t r a t e d  a  
r e v e r s i b l e  d e c a y .  T h e s e  r e s u l t s  s u g g e s t  t h a t  v o l t a g e -  
d e p e n d e n t  c a l c i u m  c u r r e n t s  i n  c u l t u r e d  s p i n a l  c o r d  
n e u r o n e s  u n d e r g o  so m e  f o rm  o f  s lo w  " i n a c t i v a t i o n " .

257. 6   SODIUM VALPROATE SELECTIVELY L IM IT S  SUSTAINED HIGH FRE
QUENCY RE PE T IT IV E  F IR IN G  OF CULTURED MOUSE NEURONS.  D .M . 
R o c k * ,  M .J .  M cL ean *  a n d  R . L .  M a c d o n a l d .  D e p t . o f  N e u r o l o g y ,  
U n i v .  o f  M ic h i g a n ,  1 1 0 3  E .  H u r o n ,  A nn A r b o r ,  M I 4 8 1 0 4 .

T h e  e f f e c t  o f  t h e  a n t i c o n v u l s a n t  d r u g ,  s o d iu m  v a l p r o a t e ,  
o n  s u s t a i n e d  h i g h  f r e q u e n c y  r e p e t i t i v e  f i r i n g  (R F )  o f  a c 
t i o n  p o t e n t i a l s  a n d  i o n t o p h o r e t i c  GABA r e s p o n s e s  w a s  s t u d 
i e d .

M o u se  s p i n a l  c o r d  a n d  c o r t i c a l  n e u r o n s  w e r e  m a i n t a i n e d  
i n  p r i m a r y  d i s s o c i a t e d  c e l l  c u l t u r e  f o r  4 - 6  w ks p r i o r  t o  
e x p e r i m e n t s .  F o r  e x p e r i m e n t s ,  t h e  c e l l  c u l t u r e s  w e r e  b a t h e d  
i n  p r o t e i n - f r e e  p h o s p h a t e  b u f f e r  w i t h  e l e v a t e d  m a g n e s iu m  
( 1 0  nM) t o  a b o l i s h  s p o n t a n e o u s  a c t i v i t y .  C e l l s  w e r e  im p a le d  
w i t h  h i g h  r e s i s t a n c e  ( 2 0 - 5 0  MΩ) g l a s s  m i c r o e l e c t r o d e s  f i l 
l e d  w i t h  e i t h e r  4 M p o t a s s i u m  a c e t a t e  o r  3 M p o t a s s i u m  
c h l o r i d e  t o  r e c o r d  t r a n s m e m b r a n e  p o t e n t i a l s .  I n  c o n t r o l  
s o l u t i o n s ,  p r o g r e s s i v e l y  g r e a t e r  d e p o l a r i z i n g  p u l s e s  e v o k e d  
s u s t a i n e d  t r a i n s  o f  a c t i o n  p o t e n t i a l s  f i r i n g  a t  i n c r e a s i n g  
f r e q u e n c i e s .  S o d iu m  v a l p r o a t e  w a s  t h e n  i n t r o d u c e d  b y  a d d in g  
a l i q u o t s  o f  c o n c e n t r a t e d  s t o c k  s o l u t i o n  t o  t h e  b a t h .  I n  
i o n t o p h o r e t i c  e x p e r i m e n t s ,  GABA ( 0 . 5  M, pH 3 . 2 )  w a s  e j e c t e d  
b y  p a s s i n g  p o s i t i v e  r e c t a n g u l a r  c u r r e n t  p u l s e s  ( 5 - 2 0  n A , 
4 0 0  m s e c )  t h r o u g h  a  p i p e t t e  p o s i t i o n e d  ~  2 µ m f ro m  t h e  im 
p a l e d  c e l l .  T h e n  s o d iu m  v a l p r o a t e  w a s  i n t r o d u c e d  b y  p r e s 
s u r e  e j e c t i o n  f ro m  a  b l u n t  t i p p e d  ( 5 - 1 0  µm) g l a s s  m i c r o p i 
p e t t e .  T h e  r a n g e  o f  d r u g  c o n c e n t r a t i o n s  s t u d i e d  i n c l u d e d  
v a l u e s  e q u i v a l e n t  t o  c e r e b r o s p i n a l  f l u i d  c o n c e n t r a t i o n s  o f  
p a t i e n t s  w i t h  t h e r a p e u t i c  s e ru m  l e v e l s  ( 2 - 3 0  µ g / m l ) .

S o d iu m  v a l p r o a t e  l i m i t e d  RF t o  a  f e w  a c t i o n  p o t e n t i a l s  
i n  a  c o n c e n t r a t i o n - d e p e n d e n t  m a n n e r .  T h e  e f f e c t  co m m en ced  
a t  0 . 2 5  µ g / m l  a n d  w a s  m a x im a l  a t  2 . 0  µ g / m l .  S o d iu m  v a l p r o 
a t e  h a d  n o  e f f e c t  o n  p o s t s y n a p t i c  r e s p o n s e s  t o  i o n t o p h o r e 
t i c a l l y  a p p l i e d  GABA i n  m o s t  n e u r o n s ,  b u t  p r o d u c e d  s m a l l  
e n h a n c e m e n ts  (1 0 -3 0 % )  i n  ~  20% o f  c e l l s  o n l y  a t  h i g h e r  c o n 
c e n t r a t i o n s  ( 1 0 - 1 4 0  µ g / m l ) .

L i m i t a t i o n  o f  h i g h  f r e q u e n c y  r e p e t i t i v e  f i r i n g  o f  a c t i o n  
p o t e n t i a l s  m ay b e  a n  a n t i c o n v u l s a n t  m e c h a n is m  o f  a c t i o n  f o r  
s o d iu m  v a l p r o a t e .

S u p p o r t e d  b y  N IH  G r a n t  R 01 N S 196  92 (R LM ) .



SUNDAY AM ACTION POTENTIALS AND ION CHANNELS V 873

257.7  PHENYTOIN AND CARBAMAZEPINE LIMIT SUSTAINED HIGH FREQUENCY 
 REPETITIVE FIRING OF ACTION POTENTIALS OF HIPPOCAMPAL NEU

RONS IN CELL CULTURE AND TISSUE SLICES.  M.J. McLean* C.P. 
Taylor and R.L. Macdonald,  D ept. of Neurology, Uni v . of 
M ichigan and Parke-D avis Research L ab., Ann Arbor, MI 48109

The an tico n v u lsan ts  phenytoin (PT) and carbamazepine 
(CBZ) l im i t  susta ined  high frequency re p e t i t iv e  f i r in g  (RF) 
of sp in a l cord and n e o co r tic a l neurons in  c e l l  c u ltu re  a t  
co n cen tra tio n s  eq u iv a len t to th e rap eu tic  plasma f re e  (un
bound to albumin) le v e ls  (1-2 µg/ml and 0 .8 -2 .5  µg/ml, r e 
sp ec tiv e ly )  (McLean and Macdonald, 1983). We have s tud ied  
the  e f fe c t  of FT and CBZ on RF of hippocampal neurons in  
c e l l  c u ltu re  and in  v i t r o  s l ic e .

Primary d is so c ia te d  c e l l  c u ltu re s  were prepared using 
hippocampi from 18-20 day (g e s ta t io n a l)  f e ta l  mice. I n tr a 
c e l lu la r  reco rd ings were made in  p ro te in - f re e  phosphate- 
b u ffe r (pH 7 .35-7 .40) a t  37-38°C. A ll neurons spontaneously 
f ir e d  ac tio n  p o te n t ia ls ,  a nd about h a lf  dem onstrated b u rs ts  
w ith d ep o la riz in g  s h i f t s .  About 60% of neurons f i r e d  sus
ta in ed  t r a in s  of a c tio n  p o te n tia ls  during long (450 msec) 
d ep o la riz in g  c u rre n t p u ls e s . However, in  the presence of 
the  calcium  channel b locker verapam il (1 µg/ml) a l l  neurons 
f i r e d  in  su sta in ed  fashion  and spontaneous b u rs tin g  p e rs is 
te d . A ddition  of PT (2 µg/ml) o r CBZ (2-2 .5  µg/ml) lim ited  
RF to a few ac tio n  p o te n tia ls  w ithout in h ib it in g  b u rs ts .

Hippocampal s l ic e s  were prepared from ad u lt r a t s  and 
superfused  w ith a r t i f i c i a l  CSF a t  37°C. CA1 and CA3 neurons 
f ir e d  6-12 APs during 450 msec d epo lariz ing  p u lse s . During 
superfusion  w ith  PT (2-4 µg/m l)-contain ing  s o lu tio n , the 
number o f APs was lim ited  to  2-3. Return to PT-free solu
t io n  re s to red  APs to c o n tro l numbers. Mossy f ib e r  s tim ula
tio n  produced b r ie f  d e p o la r iz a tio n s  with 2-3 APs in  both 
c o n tro l and PT-containing s o lu tio n . Thus, no e ffe c t  of PT 
on sh o rt b u rs ts  o f APs was seen.

Thus, su sta ined  RF can be demonstrated in  cu ltu red  neu
rons from various CNS re g io n s , inc lud ing  hippocampus. RF of 
cu ltu re d  hippocampal neurons and of pyramidal neurons in  
s l ic e s  i s  lim ited  by PT and CBZ a t  " th e rap eu tic "  concen tra
t io n s .  L im ita tio n  of RF may be an im portant mechanism 
whereby PT and CBZ ex ert an tico n v u lsan t e ff ic a c y .

McLean, M .J. and Macdonald, R.L. JPET 227:779-789, 1983.

Supported by NIH Grant R01 NS19692 (RLM) and TIDA 
NS00817 (MJM).

257.8  EXPRESSION OF INTRINSICALLY GENERATED ELECTRICAL ACTIVITY IN 
DEVELOPING PURKINJE NEURONS.  C .L . F ra n k lin *  and D .L . 
G ruo l. (SPON: S . H e n r ik s e n ) ,  D iv is io n  o f  P r e c l i n i c a l  
Neuroscience and Endocrinology, Scripps C lin ic  and R esearch  
Foundation, La J o l la ,  CA 92037

V erteb ra te  CNS neurons d isp la y  c h a r a c te r i s t ic  p a tte rn s  o f 
a c t iv i ty  a s  a r e s u l t  o f th e i r  u n iq u e  i n t r i n s i c  e l e c t r i c a l  
c a p a b i l i t ie s  and s p e c if ic  neuronal c i r c u i t r y .  F o r s e v e ra l  
v e r te b ra te  CNS neuronal ty p es , includ ing  th e  P u rk in je  neuron 
(PN) o f the  cerebellum , i n t r in s ic a l ly  g e n e ra te d  e l e c t r i c a l  
a c t i v i t y  p la y s  a p ro m in en t r o l e  in  d e f i n i n g  th e  f i n a l  
a c t iv i ty  p a t te rn .  We have se le c te d  th i s  neuronal ty p e  a s  a 
model to  examine th e  io n ic  mechanisms th a t  g en era te  i n t r i s i c  
a c t iv i ty  in  v e r te b ra te  CNS n eu ro n s  and to  i n v e s t i g a t e  th e  
developmental sequence in  th e  m atu ra tion  o f th ese  mechanisms 
d u r in g  n eu ro n a l d i f f e r e n t i a t i o n .  To f a c i l i t a t e  t h e s e  
s tu d ie s ,  a c u ltu re  p rep a ra tio n  o f f e ta l  r a t  c e re b e llu m  was 
used . In i n i t i a l  s tu d ie s  (F ra n k lin  and G ru o l, N e u ro sc i. 
A b s ts ,  1 9 8 3 ), we were a b le  to  e s t a b l i s h  m o r p h o lo g ic a l  
c r i t e r i a  fo r id e n t i f ic a t io n  o f developing PNs in  c u ltu re  and 
to  c o r r e l a t e  th e  m o rp h o lo g ica l s ta g e s  o f  developm en t in  
c u ltu re  with th a t  described  fo r  PNs in  v iv o . In th e  p re sen t 
experim ents, we have used e x tr a c e l lu la r  recording  techn iques 
to  a s s e s s  th e  e l e c t r i c a l  c a p a b i l i t i e s  o f  im m a tu re  PNs 
d isp lay in g  m orphologies c h a r a c te r i s t ic  o f th e  d evelopm en ta l 
s ta g e s .  Recordings were obtained  from over 100 PNs in  4 to  
60 day  c u l t u r e s .  M ature c u l tu r e d  PNs (o v e r 20 d a y s  in  
v i t r o ,  DIV) commonly d is p la y  two modes o f  s p o n ta n e o u s  
a c t iv i ty  thought to  a r is e  from in t r i n s i c ,  v o l ta g e - s e n s i t iv e  
mechanisms (G ruol, B ra in  R e s . ,  263, 1983): 1 ) a r e g u la r  
sim ple sp ike (SS) p a tte rn  and 2) in te r m i t t e n t  b u r s t  e v e n ts  
s im ila r  to  complex sp ikes (CS). At th e  youngest c u ltu re  age 
s tud ied  (4 DIV? rounded w ith  p e r is o m a tic  p ro c e s s e s )  th e  
m a jo rity  o f  PNs were s i l e n t  o r  d is p la y e d  low f r e q u e n c y , 
i r r e g u la r  SS a c t iv i ty .  Glutamate could evoke SS a c t iv i ty  in  
many o f  th e  s i l e n t  PNs. At 6-8  DIV ( e a r ly  a p ic a l  c o n e  
stage) , th e  PNs d isp layed  re g u la r or i n t e r m i t t e n t  p a t t e r n s  
of SS a c t iv i t y ,  s im ila r  to  (but a t  a low er freq u e n c y  th an ) 
t h a t  ob serv ed  in  m a tu re  PN s. At l a t e r  s t a g e s ,  when 
d e n d r i t e s  were p ro m in en t, b o th  SS and CS p a t t e r n s  w ere  
observed. These d a ta  a re  com patible w ith th e  view t h a t  th e  
io n ic  m echanism s g e n e r a t in g  th e  r e g u la r  SS p a t t e r n  a r e  
e s ta b lish e d  e a r ly  in  developm ent and a re  l o c a l iz e d  to  th e  
somal reg io n , whereas th e  io n ic  mechanisms g en era tin g  th e  CS 
a re  e s ta b lish e d  la t e r  in  developm ent and a re  l o c a l iz e d  to  
th e  d e n d r it ic  re g io n .  (supported by NIAAA 06420)

257.9  NON-SYNAPTIC FAST DEPOLARIZING POTENTIALS (FDPs) IN RAT 
SUPRAOPTIC NUCLEUS (SON) NEURONS: FUNCTIONAL ROLE IN PHASIC 
ACTIVITY.  C.W. Bourque and L.P. Renaud.  McGill U n ivers ity  
and the M ontreal General H o sp ita l, M ontreal, Que. Canada.

SON neurons can respond to  osmotic and card iovascu la r 
s tim u li w ith the evo lu tion  of phasic  d isch a rg es , a p a tte rn  
th a t  i s  h ig h ly  e f f i c ie n t  a t inducing neurohypophyseal hormone 
re le a se  and i s  th e re fo re  thought to  rep re sen t a fu n c tio n a l 
ad ap ta tio n  of the m agnocellu lar neuroendocrine c e l l  (MNC). 
Previous in t r a c e l lu la r  record ings of SON MNCs in  v i t r o  have 
revealed  th a t t h e i r  a c tio n  p o te n tia ls  are followed by depola
r iz in g  a f te rp o te n t ia ls  (DAPs). Spikes occurring  in  rap id  suc
cession  allow  DAPs to  summate and e s ta b lis h  the depo lariz ing  
p la te au  p o te n t ia l  th a t  un d e rlie s  a phasic  (b u rst) discharge 
(Andrew & Dudek; S cience,  221,  1983). We now rep o rt that ac tio n  
p o te n t ia ls  occu rring  a t the onset of a b u rs t may be i n i t i a te d  
by f a s t  d ep o la riz in g  p o te n tia ls  (FDPs) of non-synaptic  o rig in

T hirty -tw o  phasic  SON neurons were recorded in tra c e llu la r ly  
from in tr a v a s c u la r ly  perfused  r a t  hypothalam ic ex p lan ts . In 
tw en ty -six  c e l l s ,  b u rs t onset was c h a rac te riz ed  by a depolar
iz a tio n  phase (ca. 1 mV/sec) and the appearance of v a riab le  
(2-10 mV) FDPs occurring  in  rap id  succession . Within a few 
seconds, FDPs e l i c i t e d  f u l l  blown sp ikes whose DAPs summated 
to  e s ta b l is h  the p la te au  su sta in in g  the  b u rs t .  While FDPs 
could be observed toward the end of a b u rs t ,  these  always 
d isappeared  as the  p la teau  re p o la riz e d .

Neuronal h y p e rp o la riz a tio n  abo lished  a l l  spontaneous b u rs t
ing a c t iv i ty  and dem onstrated th a t FDPs did not rep resen t 
p a tte rn e d  sy n ap tic  in p u ts . During membrane h y p e rp o la riz a tio n , 
random p o s tsy n ap tic  p o te n tia ls  (PSPs) were seen to  increase  
th e i r  am plitude in  a vo ltage  dependent manner. Conversely, 
membrane d e p o la riz a tio n  from ca. -80 mV revealed  a population 
of dep o la riz in g  p o te n t ia ls  id e n t ic a l  to  the  FDPs described  
above. These p o te n t ia ls  were evoked in  an a l l  or none fash
ion  in  a narrow vo ltage range extending from about 5 mV 
below the th re sh o ld  fo r  spike i n i t i a t i o n .  A lte rn a tiv e ly , 
these  p o te n t ia ls  could be evoked by any m anipulation causing 
the  c e l l  to  approach th is  th resh o ld  eg. sy n ap tic a lly  evoked 
EPSPs, b u rs t induced DAPs, anode break d ep o la riz a tio n s  or 
d ire c t  cu rren t in je c t io n s .  In a l l  cases FDPs were r e s is ta n t  
to  the re v e rs ib le  blockade of sy n ap tic  transm ission  with 
15 mM magnesium.

While spontaneous EPSPs may tr ig g e r  sp ikes in  MNCs, the 
occurrence of FDPs in  rap id  succession  might be e sp e c ia lly  
s ig n if ic a n t  in  causing DAPs to  summate and e s ta b lis h  the 
p la te au  p o te n t ia l .   (Supported by the Canadian M.R.C. and 
F.R .S.Q ).

257.1 0   EVOKED CHARACTERISTICS OF DENDRITIC SPIKES IN CA1 
 HIPPOCAMPAL PYRAMIDAL CELLS.  RW Turner, TL Richardson and 

JJ  M ille r ,  Dept. P hysio l, UBC, Vancouver, B.C. Canada V6T 
1W5

In tr a d e n d r i t ic  recordings were c a rr ie d  out in  the CA1 
region  150u from the stratum  pyramidale (SP) in 
hippocampal s l ic e  p re p a ra tio n s . An e x tr a c e l lu la r  e le c tro d e  
in  SP above the impalement monitored corresponding 
population  spike a c t iv i ty .  S tim ulating  e le c tro d es  were 
placed in  stratum  radiatum  (SR), stra tum  o rien s  (SO) or 
the alveus fo r o rth o - or antidrom ic a c t iv a tio n  of CA1 
neurons.

SR s tim u la tio n  evoked an EPSP-IPSP sequence with 
conductance in c reasin g  from the peak of the EPSP to a 
maximum during the IPSP. At th resho ld  a s in g le  spike of 
43 ± .9mV am plitude was evoked on the EPSP (X ± sem; 
n=27; measured from the b reak p o in t), d isp lay in g  v a ria b le  
la ten cy  but a r is in g  co inc iden t with or a f te r  the  fa l l in g  
negative  phase of the population  sp ike. This compares w ith 
an average somatic spike of 77 ± . 7mV (n=9) evoked 
p rim arily  from a negative  notch on the EPSP corresponding 
to the f a l l in g  negative  phase of the population  spike 
(B rain Res. 294: 255, 1984). Although the d e n d r it ic  spike 
exh ib ited  ' a l l-o r -n o n e 1 c h a r a c te r is t ic s  a t  th re sh o ld , 
th e re  was a v a ria b le  th resho ld  p o te n tia l  and the spike 
am plitude was decreased i f  i t  discharged on the fa l l in g  
edge of the EPSP. SO s tim u la tio n  a lso  evoked an EPSP-IPSP 
sequence and a spike of 55 ± 2.3mV am plitude (n=15) in  the 
ap ic a l d e n d rite . This spike disp layed a s im ila r  la ten cy  
s h i f t  and re la tio n s h ip  to  the population  spike as th a t 
evoked by SR. Alvear s tim u la tio n  evoked a graded IPSP 
asso c ia ted  w ith a conductance in crease  and a s in g le  
antidrom ic spike of 6 2  ± 2.2mV am plitude (n=14 ). This spike 
d isp layed a constan t la ten cy  and was evoked follow ing the 
peak of the population  sp ike. A ll d e n d r it ic  sp ikes could 
be blocked by a cond ition ing  antidrom ic stim ulus a t  C-T 
in te rv a ls  which re s u l t  in  an in h ib it io n  of the t e s t  
population  spike (5-120 msec). The s im ila r i ty  of ap ic a l 
d e n d ritic  spike c h a r a c te r is t ic s  evoked by SR, SO and 
antidrom ic s tim u la tio n  toge the r w ith a v a ria b le  th resho ld  
p o te n tia l  and s u s c e p t ib i l i ty  to  re c u rre n t in h ib it io n  
suggests th a t these  sp ikes may be of somatic ra th e r  than 
d e n d ritic  o r ig in .
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257.11  AN ELECTROPHYSIOLOGICAL STUDY OF RAT SENSORY NEURONES
INFECTED WITH HERPES SIMPLEX VIRUS.  M.L. Mayer & M. H. 
James*.  Departments of Pharmacology and B iochem istry, S t. 
G eorge's H ospital Medical School, London, U.K.

Sensory neurones in d is so c ia te d  cu ltu re s  prepared from 
neonatal r a t  dorsal roo t ganglia  were in fec ted  with e ith e r  
of two s tra in s  of herpes simplex v iru s  type 1 (HSV 1) 
is o la te d  from c l in ic a l  specimens. A fter a la tency of 8-10 
ho u rs , during which period  the re p lic a tio n  of HSV in g l ia l  
c e l ls  and neurones was demonstrable by immunofluorescence, 
sensory neurones d isp layed marked changes in e le c t r ic a l  
a c t iv i ty .

A s t r a in  of HSV 1 (03 sy n ), which causes fusion  in MRC-5 
c e l l s ,  c o n s is te n tly  induces spontaneous e le c t r i c a l  a c t iv i ty  
in DRG neurones, w ithout a l te r in g  the re s tin g  p o te n tia l or 
input r e s is ta n c e . The spontaneous a c t iv i ty  is  due to 
e .p . s .p .  like  events which evoke ac tio n  p o te n tia ls  on 
c rossing  th re sh o ld . In in d iv idua l c e l ls  the amplitude of 
the e . p . s . p . s is  highly  c o n s is te n t,  as though due to a fixed 
q u an tity  of d ep o la riz in g  c u rre n t. The underlying events 
recorded under voltage-clam p appear to be due to rap id ly  
r is in g  inward cu rren ts  with decay time constan ts  b r ie fe r  
than th a t of the e .p . s . p . s .  and the membrane time co n stan t. 
Cadmium, a calcium  channel b locker, did not c o n s is te n tly  
block spontaneous a c t iv i ty ,  suggesting th a t i t  was of 
non-synaptic o r ig in .  When p a irs  of in fec ted  sensory 
neurones were impaled i t  was possib le  to demonstrate 
constan t la tency  re c ip ro ca l e x c ita to ry  connections, 
suggestive  of remote e le c t r i c a l  coupling . C lass ical 
e l e c t r i c a l  coupling could not be demonstrated with large 
hyperp o la riz in g  e le c tro to n ic  p o te n t ia ls .  P retreatm ent of 
c u ltu re s  with 50 µM a cy c lo v ir , which s p e c if ic a l ly  in h ib its  
HSV re p l ic a t io n ,  blocked the induction  of spontaneous 
e le c t r i c a l  a c t iv i ty  by HSV 1-03 syn.

A second, n o n -sy n c itia l s t r a in  of HSV 1 (C5 syn+) did not 
induce spontaneous a c t iv i ty ,  but had o the r s tr ik in g  e f fe c ts  
on e le c t r i c a l  e x c i ta b i l i ty .  C ells in fec ted  with HSV 1- C5 
syn+ were unable to generate  fa s t  sodium dependent ac tio n  
p o te n t ia ls ,  but always d isp layed pronounced d ep o la riz a tio n  
a c t iv a te d  outward r ec t i f i c a t i o n , and in some cases high 
th re sh o ld , slow Ca++ lik e  ac tio n  p o te n t ia ls .
H yperpo lariza tion  a c tiv a te d  inward r e c t i f ic a t io n  which 
occurs in the m ajo rity  of sensory neurones was absent in 
neurones in fec ted  with HSV 1 C5 syn+, such th a t the input 
re s is ta n c e  (measured using a conventional in t r a c e l lu la r  
e le c tro d e )  could be as high as 1 G Ω.

257.12  DEVELOPMENT OF ELECTROPHYSIOLOGICAL PROPERTIES OF RAT 
 PERIPHERAL MYELINATED NERVE FIBERS.  P .J . Ricot* and M. 

Rasminsky.  Neurosciences Unit, Montreal General 
H ospital and Departments of Physiology and Neurology & 
Neurosurgery, McGill U niversity , M ontreal, Canada.

The axon membrane of normal mature myelinated f ib e rs  is  
d if fe re n t ia te d  in to  nodal regions with a high density  of 
sodium channels and no potassium channels, and in ternodal 
and paranodal regions containing potassium channels but 
few, i f  any sodium channels (R itch ie  & Rogart, P.N.A.S. 
74:211 , 1977;  Chiu & R itc h ie , J . P hysio l. 313:4 1 5 , 1981). We 
have now studied the conduction p ro p e rtie s  and s p a tia l 
d is tr ib u tio n  of membrane cu rren ts  in ra t sp inal root 
f ib e rs  between days 13 and 28 of p o s tnata l development.

From measurements of compound action  p o te n tia ls  (CAPs), 
maximum conduction v e lo c ity  (CV) was found to increase 
from 9+2 to 32+13 m/s and from 5+2 to 21+5 m/s fo r lumbo
sac ra l dorsal and ven tra l roots (DRs and VRs) re sp ec tiv e ly  
between 13 and 28 days (34°C). E lim ination of func tiona l 
potassium channels in developing nerves was monitored by 
following the increase in the area of the CAP on exposure 
to ImM 4-aminopyridine (4AP) . Enhancement of the CAP f e l l  
from 258±144 to 52±27% and from 110±37 to 17±15% for DRs 
and VRs resp ec tiv e ly  betw een 13 and 28 days.

In s tud ies  of conduction in sing le  VR fib e rs  we found 
th a t between 13 and 19 days, in ternodal length is  very 
va riab le  for a given f ib e r .  Most fib e rs  a t ta in  uniform 
internode length by the end of the fourth  post n a ta l week. 
In ternodal conduction time (ICT) decreases m onotonically 
with age. F ibers with CV>40% of maximal CAP CV had ICT 
which decreased from 77+33 µsec a t 13-14 days to  33±7 µ sec 
a t 23-25 days whereas f ib e rs  with CV<40% of maximal CAP CV 
had ICT which decreased from 192±63 µsec a t 13-14 days to 
54+23 µ  sec a t 23-25 days (37°C).

Late outward cu rren ts  id e n tif ie d  as potassium cu rren ts  
by blockage with 4AP were seen only a t some nodes of any 
given f ib e r .  Large early  outward cu rren ts  suggestive of 
increased nodal capacitance and assoc iated  with focal 
increases in ICT were seen a t some nodes with no necessary 
a sso c ia tio n  with the presence of la te  outward cu rren t.

These data suggest: 1) th a t the ra te  of func tiona l 
m aturation is  d iffe ren t fo r d iffe ren t f ib e rs ; 2) th a t 
w ithin a given f ib e r the m aturation of successive nodes of 
Ranvier does not occur with absolu te uniform ity ; and 3) 
th a t fac to rs  o ther than decrease in nodal area are of 
importance in the e lim ina tion  of potassium channels from 
nodes of Ranvier.

257.13  EFFECTS OF POTASSIUM CHANNEL BLOCK ON IMPULSE 
REPOLARIZATION IN A VERTEBRATE MYELINATED AXON. P.G. 
Funoh. R.A. S to c k to n . J r .*  and D.S. F aber.  D iv. o f  Neuro
b io lo g y ; D ep t. o f  P h y s io lo g y ; SUNY a t  B u ffa lo ,  NY and The 
Dent N eurologic I n s t i t u t e ,  B uffalo , NY.

The q u e s t io n s  o f  th e  e x is te n c e  o f  v o l t a g e - s e n s i t i v e  
potassium  channels in  v e r te b ra te  c e n tra l  m yelinated axons 
and th e i r  fu n c tio n a l ro le  in  a c tio n  p o te n tia l  re p o la r iz a 
t io n  have been addressed using  the  g o ld fish  Mauthner axon. 
The axon h i l l o c k - in i t i a l  segment sp ike  component o f a n t i 
d ro m ica lly  propagating  im pulses was e lim in a ted  by e x tra 
c e l l u l a r  e j e c t i o n s  o f  t e t r o d o to x in  w ith in  th e  axon cap. 
V o l ta g e - s e n s i t iv e  p o ta ss iu m  ch an n e l b lo c k e rs  (e .g . 4 - 
am inopyridine, tetraethylam m onium , Cs+) were then assessed  
f o r  t h e i r  e f f e c t s  on ax o n al s p ik e  waveform  when a p p lie d  
e i th e r  by lo c a liz e d  e x tr a c e l lu la r  e je c tio n s  o r by in t r a -  
ax o n a l e j e c t i o n s  a t  one o r  s e v e ra l  s i t e s  a long  th e  axon. 
In tra -ax o n a l and in tra -m y e lin  shea th  record ings were made 
b e fo re  and a f t e r  such  e j e c t i o n s .  The re c o rd in g s  were 
d i g i t i z e d  o n - l i n e  (142 KHz sam p lin g  r a t e )  and th e  wave
fo rm s and t h e i r  com puted d e r iv a t iv e s  were s u b se q u e n tly  
analyzed. The is o la te d  axonal im pulse has an am plitude of 
110 mV from a re s t in g  p o te n tia l  o f -85 mV, a maximal r a te  
o f  r i s e  o f  more th a n  1300 V /sec , a m axim al r a t e  o f re p o 
l a r i z a t i o n  o f  450 V /sec , a s p ik e  w id th  a t  h a l f  maximum 
am plitude o f 220 ±  14 µsec (x ±  SD), and a maximal under
sh o o t o f  -1 to  -3  mV w hich o c cu rs  400 µsec a f t e r  th e  
maximal r a te  o f re p o la r iz a tio n .

Follow ing e i th e r  e x tra -  o r in tra -ax o n a l a p p lic a tio n  of 
potassium  channel b lo ck ers, the  undershoot was e lim in a ted  
and s p ik e  w id th  in c re a s e d  up to  a maximum o f  50- 100% 
g re a te r  than  co n tro l (315 ±  48 µsec). The tim e course of 
the  development o f these  phenomena was dependent upon both 
th e  d rug  c o n c e n t r a t io n  and th e  lo c a t io n ( s )  o f  th e  e je c 
t i o n (s ) .  The o v e r a l l  r e p o la r i z in g  phase o f  th e  a c t io n  
p o te n t ia l  increased  in  d u ra tio n  and was a l te re d  in  wave
form . The u n d e rsh o o t was re p la c e d  by a m onotonic rep o 
l a r i z a t i o n  whose a m p litu d e  a t  any s p e c i f i c  tim e  was 
p o s it iv e ly  c o rre la te d  w ith  drug dose. However, an under
shoot was s t i l l  observed when reco rd ings  were made from 
w ith in  th e  m y e lin  s h e a th . The r e s u l t i n g  r e p o la r i z a t i o n  
p ro c e s s  may be c o n s i s t e n t  w ith  p a s s iv e  c u r r e n t  flow  
th ro u g h  ax o n al and in t r a - m y e l i n  s h e a th  pathw ays (see  
B a r r e t t  & B a r r e t t ,  J .  P h y s io l .  3 2 1 :117, 1982). There was 
a l s o  a a pronounced enhancem ent o f  th e  axon 's  a b i l i t y  to  
be r e p e t i t i v e l y  a c t iv a te d  in  re sp o n se  to  a m a in ta in e d  
d ep o la riz in g  cu rre n t. (Supported by NIH Grant NS17063.)

257.14  TEMPERATURE DEPENDENCE OF ACTION POTENTIALS AND 
IONIC CURRENTS IN RAT MYELINATED NERVE FIBRES.
J .R .  S chw arz (S P ON: E u ro p ean  N e u ro s c ie n c e  A s s o c i a 
t i o n ) .   I n s t . o f  P h y s io lo g y ,  UKE, U n i v e r s i t y  o f  
H am burg, D -2000 Hamburg 2 0 , FRG.

T h e re  i s  l i t t l e  in f o r m a t io n  a b o u t  th e  a c t i o n  
p o t e n t i a l  and th e  u n d e r ly in g  i o n i c  c u r r e n t s  o f  
m am m alian m y e l in a te d  n e rv e  f i b r e s  a t  th e  norm al 
body te m p e r a tu r e  and t h e i r  d e p en d e n c e  on te m p e r a 
tu r e  (T ) .  T h e r e f o r e  c u r r e n t  and p o t e n t i a l  clam p 
e x p e r im e n ts  w ere  p e rfo rm e d  on 15 s i n g l e  m y e l in a 
te d  n e rv e  f i b r e s  o f  th e  r a t  (S p ra g u e - D a w le y ) a t  
37°C as w e ll  as d u r in g  a ch an g e  in  T b e tw ee n  37° 
and 0°C . The p o ta s s iu m  p e r m e a b i l i t y  was b lo c k e d  
by 12 mM TEA ad d ed  to  th e  s u p e r f u s i n g  R in g e r  s o 
l u t i o n  and by i n t e r n a l  a p p l i c a t i o n  o f  CsCl (by  
d i f f u s i o n  th ro u g h  th e  c u t  i n t e r n o d e s ) .

At 37°C th e  a c t i o n  p o t e n t i a l  e x h i b i t e d  a 
t h r e s h o l d  p o t e n t i a l  o f  a b o u t  20 mV, an a m p l i tu d e  
o f  114± 3 mV and a d u r a t i o n  o f  0 .3  ms. When T was 
d e c r e a s e d  from  37° to  20°C th e  a c t i o n  p o t e n t i a l  
d u r a t i o n  was p ro lo n g e d  w ith  a Q10 = 2 .4 .

The h o ld in g  p o t e n t i a l ,  a t  w h ich  30% o f  th e  Na 
s y s te m  was i n a c t i v a t e d  (h ∞ =  0 . 7 ) ,  was assum ed  to  
be th e  r e s t i n g  p o t e n t i a l  (E = -8 0  mV; Neumcke and 
S t ä m p f l i ,  J .  P h y s i o l . ,  329 : 1 6 3 , 1 9 8 2 ) .  The p o t e n 
t i a l  d e p e n d e n t a c t i v a t i o n  o f  th e  Na p e r m e a b i l i t y , 
PNa , y i e l d e d  a maximum PNa = 0 .7 2 ± 0 .1  cm3s - 1 1 0 -9  
w ith  a 50% a c t i v a t i o n  a t  E = -42  mV. When T was 
d e c r e a s e d  e . g .  from  20° to  0°C b o th  PN a(E ) and 
h∞ (E ) w ere  s h i f t e d  by 6 - 9 mV to w a rd s  m ore n e g 
a t i v e  m em brane p o t e n t i a l s .

The e f f e c t  o f  a c h an g e  in  T on th e  m em brane 
p a r a m e te r s  was d e te rm in e d  in  i n t e r v a l s  o f  0 .5  -  
1°C . A t r a n s i t i o n  te m p e r a tu r e  was d e t e c t e d  f o r  
PN a: f rom 37° to  10°C i t  d e c r e a s e d  w ith  a Q10 = 
1 .2 ,  a t  T < 1 0 °C  w ith  a Q10 = 1 .8 .  The tim e  c o n 
s t a n t s  o f  a c t i v a t i o n  and i n a c t i v a t i o n  o f  PNa 
c h an g ed  w ith  a Q10 n e a r  3 ,  t e n d in g  to  l a r g e r  v a l 
ues a t  T < 1 0 ° C . Na i n a c t i v a t i o n  was d e s c r ib e d  by 
two e x p o n e n t i a l s ,  th e  a m p l i tu d e  f a c t o r  o f  th e  
s lo w e r  com ponent b e in g  0 .2  - 0 .3  in d e p e n d e n t  o f  T.

The l a r g e  d e c r e a s e  in  PNa a t  T < 1 0 ° C and th e  
s h i f t  o f  h∞ (E ) a r e  l i k e l y  to  e x p la in  th e  c o n d u c 
t i o n  b lo c k  a t  low T in  m am m alian n e rv e  f i b r e s .
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2 5 7 .1 5  POTASSIUM CHANNEL BLOCKADE IN  SENSORY AND MOTOR FIBER S DUR
ING MATURATION.  C. M. B o w e * , J .  D. K o c s i s  a n d  S . G. W axm an.  
D e p t . o f  N e u r o l o g y ,  S t a n f o r d  U n i v e r s i t y  M e d ic a l  S c h o o l  a n d  
V e t e r a n s  A d m i n i s t r a t i o n  M e d ic a l  C e n t e r ,  P a l o  A l t o ,  CA 9 4 3 0 4 .

A l t h o u g h  p o t a s s i u m  c o n d u c t a n c e  ( g K) h a s  b e e n  sh o w n  t o  
h a v e  a n  i m p o r t a n t  r o l e  i n  t h e  r e p o l a r i z a t i o n  p h a s e  o f  t h e  
a c t i o n  p o t e n t i a l  i n  a  v a r i e t y  o f  a x o n  s y s t e m s ,  i t s  f u n c 
t i o n a l  s i g n i f i c a n c e  i n  m a t u r e  m y e l i n a t e d  f i b e r s  h a s  n o t  b e e n  
d e m o n s t r a t e d .  S t u d i e s  o n  m a t u r i n g  r a t  s c i a t i c  n e r v e  h a v e  
r e p o r t e d  t h e  a p p e a r a n c e  o f  a  c h a r a c t e r i s t i c  d e l a y e d  d e 
p o l a r i z a t i o n  a n d  s p i k e  b u r s t  a c t i v i t y  f o l l o w i n g  t h e  a p p l i c a 
t i o n  o f  4 - a m i n o p y r i d i n e  ( 4 - A P ) , a  p o t a s s i u m  c h a n n e l  b l o c k i n g  
a g e n t ,  s u g g e s t i n g  t h a t  gK m ay b e  i m p o r t a n t  i n  s t a b i l i z i n g  
n o d a l  f i r i n g  p r o p e r t i e s  ( K o c s i s  e t  a l ,  J .  N e u r o p h y s i o l .  5 0 :  
4 4 9 - 4 6 3 ,  1 9 8 3 ) .  I s o l a t e d  s c i a t i c  n e r v e s ,  v e n t r a l  a n d  d o r s a l  
r o o t s  f r o m  4 t o  36  w e e k  o l d  W i s t a r  r a t s  w e r e  s t u d i e d  u s i n g  a  
s u c r o s e  g a p  r e c o r d i n g  c h a m b e r .  I n t r a - a x o n a l  i m p a l e m e n ts  
w e r e  o b t a i n e d  w i t h  g l a s s  m i c r o e l e c t r o d e s  f i l l e d  w i t h  2M KCl . 
C om pound a c t i o n  p o t e n t i a l s  r e c o r d e d  f r o m  s c i a t i c  n e r v e s  
f o l l o w i n g  s u p e r f u s i o n  w i t h  1 mM 4 -A P  d e v e l o p e d  a  c h a r a c t e r 
i s t i c  l a t e  n e g a t i v i t y  w h ic h  d i m i n i s h e d  w i t h  i n c r e a s i n g  a g e .  
V e n t r a l  r o o t  r e c o r d i n g s  i n  y o u n g e r  a n i m a l s  ( 1 0  w e e k s )  t y p i 
c a l l y  s h o w e d  b r o a d e n i n g  o f  t h e  i n i t i a l  n e g a t i v i t y  w i t h  a  
d e l a y e d  r e p o l a r i z a t i o n .  T h i s  e f f e c t  a l s o  w a s  r e d u c e d  d u r i n g  
m a t u r a t i o n .  T h e  a p p l i c a t i o n  o f  4 -A P  t o  d o r s a l  r o o t s  d i d  n o t  
s i g n i f i c a n t l y  a l t e r  t h e  i n i t i a l  n e g a t i v i t y  b u t  d i d  p r o d u c e  a  
m a r k e d  d e l a y e d  d e p o l a r i z a t i o n  w h ic h  p e r s i s t e d  d u r i n g  m a t u r a 
t i o n  b e y o n d  t h e  a g e  w h en  v e n t r a l  r e s p o n s e s  we r e  n o t a b l y  
r e d u c e d .  S i n g l e  a x o n  r e c o r d i n g s  w e r e  o b t a i n e d  f ro m  b o t h  
m o to r  a n d  s e n s o r y  a x o n s .  I n  5 w e e k  o l d  r a t s ,  e x p o s u r e  o f  
v e n t r a l  r o o t  f i b e r s  t o  4 -A P  r e s u l t e d  i n  a  b r o a d e n i n g  o f  t h e  
a c t i o n  p o t e n t i a l .  I n  c o n t r a s t ,  d o r s a l  r o o t  a x o n s ,  a t  t h e  
s a m e  a g e ,  g a v e  r i s e  t o  b u r s t s  i n  a c t i o n  p o t e n t i a l s  i n  
r e s p o n s e  t o  a  s i n g l e  s t i m u l u s  a f t e r  4 -A P . T h i s  b u r s t i n g  
b e h a v i o r  i s  s i m i l a r  t o  t h a t  d e s c r i b e d  i n  im m a tu r e  s c i a t i c  
n e r v e  a x o n s .  T h e s e  r e s u l t s  i n d i c a t e  a  d i f f e r e n c e  i n  
r e s p o n s e  t o  gK b l o c k a d e  b e tw e e n  m o to r  a n d  s e n s o r y  f i b e r s  
d u r i n g  m a t u r a t i o n .  T h i s  m ay r e f l e c t  t h e  p r e s e n c e  o f  p h a rm a 
c o l o g i c a l l y  a n d  k i n e t i c a l l y  d i s t i n c t  p o t a s s i u m  c h a n n e l s  f o r  
s e n s o r y  a n d  m o to r  f i b e r s  o r ,  a l t e r n a t i v e l y ,  d i f f e r e n c e s  i n  
t h e  m o r p h o p h y s i o l o g i c a l  o r g a n i z a t i o n  o f  t h e  n o d e  o r  p a r a n o d e  
w i t h  r e s p e c t  t o  p o t a s s i u m  c h a n n e l  a c c e s s .  S u c h  d i f f e r e n c e s  
m ay h a v e  i m p o r t a n t  i m p l i c a t i o n s  f o r  t h e  c o d in g  p r o p e r t i e s  o f  
v a r i o u s  f u n c t i o n a l  c l a s s e s  o f  m y e l i n a t e d  m a m m a lia n  a x o n s .  
T h i s  w o r k  w a s  s u p p o r t e d  i n  p a r t  b y  t h e  VA, NIH a n d  t h e  
N a t i o n a l  M u l t i p l e  S c l e r o s i s  S o c i e t y .

2 5 7 .PO   CALCIUM DEPENDENT ELECTRICAL ACTIVITY IN LEECH 
SALIVARY GLAND CELLS.  C .G . M a r s h a l l  an d  C.M . L e n t .   
D iv i s io n  o f  B io lo g y  & M e d ic in e ,  C e n te r  f o r  N e u ra l  
S c i e n c e ,  Brown U n i v e r s i t y ,  P r o v id e n c e ,  RI 0 2 9 1 2 .

The s a l i v a r y  g la n d s  o f  b o th  jaw ed  an d  p r o b o s c i s  
b e a r i n g  l e e c h e s  c o m p r is e  u n i c e l l u l a r  s e c r e t o r y  
c e l l s  w h ic h  e x te n d  i n d i v i d u a l  d u c t u l e s  fro m  e a c h  
c e l l  b o d y . T h e se  e x o c r in e  c e l l s  a r e  e l e c t r i c a l l y  
e x c i t a b l e ,  and  f i r e  r e g e n e r a t i v e ,  o v e r s h o o t in g  
a c t i o n  p o t e n t i a l s  o f  lo n g  d u r a t i o n  (150 ms) i n  r e 
s p o n s e  t o  d e p o l a r i z a t i o n ,  an d  a t  t h e  c e s s a t i o n  o f  
a  h y p e r p o l a r i z i n g  p u l s e .  The a n t e r i o r  s a l i v a r y  
g la n d s  o f  t h e  Amazon l e e c h  H a e m e n te r ia  g h i l i a n i i  
and  t h e  M ex ican  m e d ic in a l  l e e c h  H. o f f i c i n a l i s  
h a v e  p r o v id e d  i s o l a t e d  p r e p a r a t i o n s  f o r  e l e c t r o 
p h y s i o l o g i c a l  s t u d i e s .  C e l l  d i a m e te r s  r a n g e  from  
200µm t o  500µ m, an d  some a t t a i n  1mm i n  t h e  l a r g e s t  
i n d i v i d u a l s .

The a c t i o n  p o t e n t i a l  i s  r e v e r s i b l y  a b o l i s h e d  by 
5mM c o b a l t  o r  m a n g a n e s e , i s  i r r e v e r s i b l y  a b o l i s h e d  
by  1mM la n th a n u m , an d  i s  p r o lo n g e d  th e n  a b o l i s h e d  
by  2µM m e th o x y v e ra p a m il (D 6 0 0 ). The im p u ls e  i s  
s u p p o r te d  w hen e i t h e r  s t r o n t i u m  o r  b a r iu m  r e p l a c e  
e x t e r n a l  c a l c iu m ,  p e r s i s t s  i n  s o d iu m - f r e e  s o l u t i o n  
and  i s  i n s e n s i t i v e  t o  0 . 1mM t e t r o d o t o x i n  (T T X ). 
An a v e r a g e  i n c r e a s e  i n  o v e r s h o o t  o f  25mV r e s u l t s  
when e x t e r n a l  c a l c iu m  i s  i n c r e a s e d  fro m  2 t o  20mM, 
an d  t h e  a c t i o n  p o t e n t i a l  i s  p ro lo n g e d  t o  8 - 1 0  s e c  
by  e x t e r n a l  a p p l i c a t i o n  o f  te tra e th y la m m o n iu m (T E A ), 
The a v a i l a b l e  e v id e n c e  i n d i c a t e s  t h a t  t h e  a c t i o n  
p o t e n t i a l  i s  c a lc iu m  d e p e n d e n t ,  an d  no o v e r s h o o t in g  
im p u ls e  c a n  b e  g e n e r a t e d  i n  c a l c iu m  f r e e  s o l u t i o n .  
W h ile  t h e  p r e s e n c e  o f  so d iu m  c u r r e n t  h a s  n o t  b e e n  
p o s i t i v e l y  e x c lu d e d ,  i t  m u s t b e  o f  low  d e n s i t y  
i f  p r e s e n t .

U n lik e  many o t h e r  e x c i t a b l e  s e c r e t o r y  c e l l s ,  
t h e s e  a r e  n o t  e l e c t r i c a l l y  c o u p le d ,  an d  so  i n d i v i 
d u a l  c e l l s  may b e  s t u d i e d  w i t h o u t  t h e  c o m p l i c a t io n  
o f  e l e c t r o t o n i c  s p r e a d  o f  a c t i v i t y  i n  o t h e r  c e l l s .  
The c e l l s  a r e  r o b u s t ,  and  w i l l  s u r v i v e  s e v e r a l  d a y s  
i n  o n ly  s a l i n e  s o l u t i o n .  E n z y m a tic  d i s p e r s i o n  and  
m a in te n a n c e  i n  t i s s u e  c u l t u r e  may y i e l d  a u s e f u l  
c e l l u l a r  p r e p a r a t i o n  f o r  s tu d y  o f  t h e  p a r a m e te r s  of  
s t i m u l u s - s e c r e t i o n  c o u p l in g ,  p a r t i c u l a r l y  s i n c e  
t h e i r  s e c r e t i o n  i s  a c c o m p lis h e d  e n t i r e l y  by  e x o 
c y t o s i s .
S u p p o r te d  by  NIH g r a n t  N S14882, t o  C .M .L .

CATECHOLAMINES: BIOCHEMICAL CHARACTERIZATION I

258.1   R E G U L A TIO N  O F TY RO SIN E H Y D R O X Y LA SE ACTIVITY A N D  
m R N A  F O R  T Y R O S IN E H Y D R O X Y LA SE BY C Y C L IC  A M P A N D  
G L U C O C O R T IC O ID S  IN R A T P H E O C H R O M O C Y T O M A  C ELL 
LINES.  A.W . T an k  an d  L.N . H a m *,  U n iv e rs i ty  o f  C o lo rad o  H e a lth  
S c ien c e s  C e n te r ,  D e n v e r , C o  80262.

We h a v e  is o la te d  a  n u m b er  o f  su b c lo n e s  o f th e  r a t  p h e o c h ro 
m o c y to m a  P C 12  c e l l  l in e , to  be u sed  as  m o d el s y s te m s  fo r  th e  
s tu d y  o f  t h e  i n d u c tio n  o f  ty ro s in e  h y d ro x y la se  (TH ) and  m R N A  fo r  
TH  (m R N A T H ) by c y c lic  A M P an d  g lu c o c o r tic o id s . T h ese  su b 
c lo n e s  d iv id e  m o re  rap id ly  (d oub ling  t im e  = a p p ro x im a te ly  one  
day ) th a n  th e  p a re n t  P C 1 2  c e lls ,  an d  TH  a c t iv i ty  is  in c re a se d  
m a n y -fo ld  ( 2 -1 0  fo ld  d e p en d in g  on th e  su b c lo n e )  by e i th e r  c y c lic  
AM P a n a lo g s  o r g lu c o c o r tic o id s . In th e s e  s tu d ie s  TH  a c t iv i ty  w as 
a s sa y e d  by th e  co u p led -d e c a rb o x y la se  a ssay  (A nal. B io ch em . 4 3 , 
558 , 1971) an d  m R N A  w as m e a s u re d  u sin g  th e  cD N A  c lo n e  
p T H .4  ( J .  B io l. C h e m . 2 5 8 , 14, 632  1983) w h ich  c o n ta in s  
se q u e n c e s  c o m p le m e n ta ry  to  th e  m R N A TH.

B asa l e n z y m e  a c t iv i ty  o f  TH v a r ie s  d ra m a tic a l ly  b e tw e e n  th e  
su b c lo n a l c e l l  l in e s . S o u th e rn  b lo t  a n a ly s is  o f  th e  DN A iso la te d  
f ro m  su b c lo n e s  p o ssess in g  e i t h e r  h igh  o r low  TH a c t iv i ty  in d ic a te s  
t h a t  th e  n u m b er  o f  g en es  p e r  c e l l  is a p p ro x im a te ly  e q u a l in  th e  
s u b c lo n e s  t e s te d .  In c o n tr a s t ,  w h en  to ta l c e l lu la r  RN A is iso la te d  
fro m  d i f f e r e n t  su b c lo n e s  and  m R N A TH m e a su re d  by R N A  d o t 
h y b r id iz a t io n  o r n o r th e rn  b lo t  a n a ly s is ,  on ly  o n e  m a jo r RN A  
sp e c ie s  w ith  se q u e n c e s  c o m p le m e n ta ry  to  th e  m R N A  is found 
in a ll  th e  s u b c lo n e s  t e s t e d ,  an d  th e  b a s a l  i n t r a c e l lu la r  le v e ls  o f  
th is  R N A  s p e c ie s  p a ra l le l  th e  b a sa l e n z y m e  a c t iv i t ie s  m ea su red  in 
th e  d i f f e r e n t  su b c lo n a l c e ll  l in e s .

W hen th e  su b c lo n e s  a re  t r e a te d  w ith  e i th e r  d e xa m e th a so n e ,  a  
s y n th e t ic  g lu c o c o r tic o id , o r  8 -b ro m o c y c lic  A M P, b o th  th e  e n z y m e  
a c t iv i ty  o f  TH  and th e  r e la t iv e  in tr a c e l lu la r  le v e ls  o f  m R N A  
in c re a s e .  T he c y c lic  A M P -m e d ia te d  and  g lu c o c o r tic o id -m e d ia te d  
in c re a se s  i n  a c t iv i ty  a re  a p p ro x im a te ly  e q u a l to  th e  in c re a se s  
in  m R N A TH e l ic i te d  by th e s e  in d u c in g  a g e n ts  in e a c h  o f th e  
s u b c lo n e s  t e s t e d .  In c o n tr a s t ,  w hen  th e  p a re n t  P C 12  c e l ls  a re  
t r e a te d  w ith  8 -b ro m o c yc lic  A M P, n e ith e r  th e  a c t iv i ty  o f  TH , n o r 
th e  le v e ls  o f  m R N A TH in c re a s e .  T r e a tm e n t  o f  P C 12  c e l ls  w ith  
d e xa m e th a so n e  is  a s s o c ia te d  w ith  a  1 .6 -2 - fo ld  in c re a s e  in b o th  
e n z y m e  a c t iv i t y  an d  m R N A T H  le v e ls .

We c o n c lu d e  f ro m  th e s e  s tu d ie s  t h a t  th e  r e g u la tio n  o f th e  
in tr a c e l lu la r  le v e l  o f  TH  in r a t  p h e o c h ro m o c y to m a  c e lls  is  p r i 
m a r i ly  a c o n se q u e n c e  o f c h a n g e s  in th e  in tr a c e l lu la r  le v e l  o f 
m R N A T H . S u p p o rte d  by U SPH S g r a n t  N S 19749.

258.2  TY ROSIN E H Y D R O X Y LA SE IS PH O S P H O R Y L A T E D  AT M UL
T IP L E  SITES IN R A T P H E O C H R O M O C Y T O M A  P C 1 2  CE LLS 
TR E A T E D  WITH 56 mM  K +.  N. Y a n a q ih a ra * , A.W . T an k , W. 
M osim ann* , E. T a c h ik a w a*  and  N. W e in e r .  D e p t .  P h a rm a c o lo g y , 
U n iv e rs i ty  o f  C o lo rad o  H e a lth  S c ien c e s  C e n te r ,  D e n v e r , C O  80262 .

In p rev io u s  s tu d ie s  w e h av e  o b se rv e d  a  K+ -d e p o la r iz a t io n -  
in d u ce d  in c re a s e  in th e  p h o s p h o ry la tio n  o f tw o  d i s t in c t  p h o sp h o 
p e p tid e  ban d s d e riv e d  f ro m  r a t  p h e o c h ro m o c y to m a  P C 12  c e l l  
ty ro s in e  h y d ro x y la se  (TH) a f t e r  t ry p s in  d ig e s t io n  o f  th e  e n z y m e  and  
s e p a ra tio n  o f th e  p h o sp h o p e p tid e s  by o n e -d im e n s io n a l  p a p e r  e le c 
tro p h o re s is .  (Soc. N e u ro s c ie n c e  A b s tr . 9 , 1125, 1983). T he 
p h o sp h o ry la tio n  o f only  one o f  th e s e  p h o sp h o p e p tid e  b an d s  is 
e n h a n ce d  w h en  P C 1 2  c e lls  a re  in c u b a te d  w ith  2 mM d ib u ty ry l  
c y c lic  A M P. In th e  s tu d ie s  p re s e n te d  h e re ,  w e r e p o r t  th e  fu r th e r  
re s o lu tio n  o f  th e s e  p h o sp h o p e p tid e  b an d s  g e n e ra te d  by t ry p t ic  
d ig es tio n  o f  TH .

P C 12 c e l ls  w e re  in c u b a te d  in  th e  p re s e n c e  o f  32P -p h o s p h a te  
(0 .5  m C i/m l ) fo r  30 m in u te s  to  la b e l  i n t r a c e l lu la r  A T P . C e lls  w e re  
th e n  in c u b a te d  in th e  p re se n c e  o f 4 .5  mM  o r 56 mM  K+ fo r f iv e  
m in u te s . TH  w as th e n  is o la te d  by im m u n o p re c ip ita t io n  a nd su b 
je c te d  to  S D S -p o ly a c ry la m id e  g e l e le c t ro p h o re s is .  The 32P - la b e l
led  p ro te in  b and  c o rre sp o n d in g  to  th e  Mr = 6 0 ,000  s u b u n it  o f  TH  
w as e lu te d  f ro m  th e  g e l and s u b je c te d  to  p r o te o ly t ic  d ig e s tio n  
u sing  try p s in  fo r  12 -36  h r a t  3 7 °C . T he g e n e ra te d  32P -p h o sp h o 
p e p tid e s  w e re  th e n  s e p a ra te d  e i th e r  by high  p re s s u re  liq u id  c h ro 
m a to g ra p h y  (H P L C ) on a  L ic h ro so rb  R P -1 8  (10 µm ) co lu m n  usin g  a 
0 - 20% p ro p an o l g ra d ie n t  fo r  e lu t io n , o r  by tw o -d im e n s io n a l  th in  
la y e r  c e llu lo se  a n a ly s is  using  e le c t ro p h o re s is  a t  pH  1 .5  in one  
d im e n s io n , fo llo w ed  by a sc e n d in g  c h ro m a to g ra p h y  in  a  s e c -b u ta n o l :  
n -p ro p a n o l: iso a m y la lc o h o l: p y r id in e : H 2 O  (1 :1 :1 :3:3) s o lv e n t  s y s 
te m  in th e  seco n d  d im e n s io n .

U sing  H P L C  w e h av e  s e p a r a te d  th re e  d i s t in c t  32P -p h o sp h o 
p e p tid e  p e a k s  d e riv e d  f ro m  TH . T he p h o sp h o ry la tio n  o f e a c h  o f  
th e s e  p e a k s  in c re a se s  a f t e r  high K+ -d e p o la r iz a tio n  o f th e  P C 12 
c e lls .  O ne o f th e s e  p e a k s  is id e n t ic a l  to  th e  32P -p h o sp h o p e p tid e  
p e a k  iso la te d  fro m  th e  t r y p t ic  d ig e s t io n  o f  p u r if ie d  TH  p h o sp h o r
y la te d  in v i tro  by c y c lic  A M P -d e p e n d e n t p ro te in  k in a se . U sing 
tw o -d im e n s io n a l th in  la y e r  a n a ly s is  w e h av e  s e p a r a te d  s ix  32P -  
p h o sp h o p e p tid e s  d e riv e d  f ro m  TH . T he p h o s p h o ry la tio n  o f a t  l e a s t  
th r e e  o f  th e s e  p e p tid e s  in c re a se s  d r a m a tic a l ly  a f t e r  high  K+ d e p o 
la r iz a t io n  o f th e  P C 1 2  c e lls .

We co n c lu d e  th a t  TH is p h o sp h o ry la te d  a t  m u lt ip le  s i t e s  in 
P C 1 2  c e lls  t r e a te d  w ith  56 mM  K+. The p h o sp h o ry la tio n  o f  th e s e  
s i te s  is p re su m a b ly  c a ta ly z e d  by c y c lic  A M P -d e p e n d e n t and  c y c lic  
A M P - in d e p e n d e n t  p ro te in  k in a se s  in th e  P C 1 2  c e lls .   S u p p o rted  by 
USPHS g ra n ts  N S07927, N S09199 and  A G 03932.
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2 5 8 .3  TYROSINE HYDROXYLASE: PHOSPHORYLATION BY 
CALMODULIN-DEPENDENT MULTI-PROTEIN KINASE. P . R . 
V u l l i e t , J .  R. Woodq e t t  an d  P . C ohen.  M e d ic a l  
S c ie n c e  I n s t . ,  U n i v e r s i t y  o f  D undee, D undee 
DD1-4HN, S c o t l a n d .

T y r o s in e  h y d r o x y la s e  p u r i f i e d  fro m  r a t  
p h eo ch ro m o cy to m a  was p h o s p h o r y la te d  
s t o i c h i o m e t r i c a l l y  by  e i t h e r  c y c l i c  A M P -dependen t 
p r o t e i n  k i n a s e  o r  c a lm o d u l in - d e p e n d e n t  
m u l t i - p r o t e i n  k i n a s e  fro m  s k e l e t a l  m u s c le ,  b u t  n o t  
by  f i v e  o t h e r  k i n a s e s  t e s t e d .  The a c t i v i t y  o f  
t y r o s i n e  h y d r o x y la s e  a s  a s s a y e d  by  th e  CO2 r e l e a s e  
m e th o d  w as e l e v a t e d  t h r e e - f o l d  by  c y c l i c  
A M P -dependen t p r o t e i n  k i n a s e ,  b u t  no  a c t i v a t i o n  
w as o b s e r v e d  a f t e r  p h o s p h o r y l a t i o n  by  
c a lm o d u l in - d e p e n d e n t  m u l t i - p r o t e i n  k i n a s e .  
P h o s p h o r y l a t i o n  p ro d u c e d  by  c y c l i c  A M P -dependen t 
p r o t e i n  k i n a s e  and  c a lm o d u l in - d e p e n d e n t  
m u l t i - p r o t e i n  k i n a s e  w as a d d i t i v e ,  s u g g e s t in g  
d i f f e r e n t  s i t e s  o f  p h o s p h o r y l a t i o n .  T h is  was 
c o n f i rm e d  by  a n a l y s i s  o f  t h e  t r y p t i c  
p h o s p h o p e p t id e s  by  HPLC an d  i s o e l e c t r i c  f o c u s in g  
w h ic h  d e m o n s t r a te d  t h a t  t h e  m a jo r  s i t e s  
p h o s p h o r y a te d  by  e a c h  k in a s e  w e re  d i s t i n c t .  
E v id e n c e  f o r  t h r e e  d i s t i n c t  p h o s p h o r y l a t i o n  s i t e s  
on t y r o s i n e  h y d r o x y la s e  w i l l  be  p r e s e n t e d .

C a lm o d u l in -d e p e n d e n t  m u l t i - p r o t e i n  k in a s e  
a c t i v i t y  w as p a r t i a l l y  p u r i f i e d  fro m  r a t  
ph eo ch ro m o cy to m a  u t i l i z i n g  a p r o c e d u r e  d e v e lo p e d  
f o r  p u r i f i c a t i o n  o f  t h i s  enzym e fro m  s k e l e t a l  
m u s c le .  The k i n a s e  a c t i v i t y  e x h i b i t e d  i d e n t i c a l  
p r o p e r t i e s  and  s u b s t r a t e  s p e c i f i c i t y  t o  t h e  enzym e 
i s o l a t e d  fro m  s k e l e t a l  m u s c le .  The p o s s i b i l i t y  
t h a t  t h i s  enzym e i s  i n v o lv e d  i n  t h e  r e g u l a t i o n  o f  
t y r o s i n e  h y d r o x y la s e  a c t i v i t y  i n  a d r e n e r g i c  t i s s u e  
w i l l  b e  d i s c u s s e d .

T h i s  r e s e a r c h  w as s u p p o r te d  by  NSF g r a n t  BNS 
8118957  and  a t r a v e l  g r a n t  fro m  th e  
B u rro u g h s-W e lco m e  F o u n d a t io n .

2 5 8 .4   BOTH PHOSPHAITIDYLSERINE AND CALMODULIN MODULATE CALCIUM- 
DEPENDENT PHOSPHORLATION OF TYROSINE HYDROXYLASE FROM BOV
INE ADRENAL CHROMAFFIN CELLS.  R . J .  G e o r g e  a n d  J . C .  W a y m i r e .  
D e p t . o f  N e u r o b i o l o g y  a n d  A n a t o m y ,  U n i v  o f  T e x a s  M e d i c a l  
S c h o o l ,  H o u s t o n ,  T e x a s  7 7 0 2 5

We h a v e  s h o w n  p r e v i o u s l y  t h a t  t y r o s i n e  h y d r o x y l a s e  (TH) 
i n  b o v i n e  a d r e n a l  c h r o m a f f i n  c e l l s  u n d e r g o e s  a n  a c e t y l c h o 
l i n e - s t i m u l a t e d ,  Ca+ + - d e p e n d e n t  p h o s p h o r y l a t i o n  i n  s i t u , a n d  
t h a t  t h i s  p h o s p h o r y l a t i o n  i n v o l v e s  a n  i n c r e a s e  i n  p h o s p h a t e  
a t  tw o  s i t e s  on  e a c h  TH s u b - u n i t .  ( J .  B i o  Chem 2 5 7 : 1 3 6 9 9 ,  
1 9 8 2 ) .  F u r t h e r ,  u n d e r  i n  v i t r o  p h o s p h o r y l a t i o n  c o n d i t i o n s ,  
Ca++ a d d i t i o n  t o  t h e  1 0 0 , 0 0 0  x g s u p e r n a t a n t  o f  t h e  c h r o m 
a f f i n  c e l l s  p r o d u c e s  a  Ca+ + - d e p e n d e n t  p h o s p h o r y l a t i o n  o f  TH 
w h i c h  r e s e m b l e s  t h e  p h o s p h o r y l a t i o n  p r o d u c e d  i n  v i t r o  by  
a c e t y l c h o l i n e  ( i n  p r e s s ) .  We now r e p o r t  t h a t  t h i s  Ca+ + -  
d e p e n d e n t  i n  v i t r o  p h o s p h o r y l a t i o n  o f  TH c a n  b e  m o d u l a t e d  by  
e i t h e r  p h o s p h a t i d y l  s e r i n e  o r  c a l m o d u l i n .

To i n v e s t i g a t e  t h e  r e q u i r e m e n t s  f o r  Ca++ s t i m u l a t e d  p h o s 
p h o r y l a t i o n  o f  TH, a  1 0 0 , 0 0 0  x g s u p e r n a t a n t  w a s  s u b j e c t e d  
t o  DEAE c e l l u l o s e  c h r o m a t o g r a p h y  t o  r e m o v e  b o t h  t h e  c a l m o d 
u l i n  a n d  p h o s p h a t i d y l s e r i n e .  T h e  0 . 2 M  NaCl e l u a t e  wa s  
t e s t e d  f o r  t h e  p r e s e n c e  o f  Ca+ + - d e p e n d e n t  p r o t e i n  k i n a s e  
a c t i v i t y  w h i c h  c o u l d  p h o s p h o r y l a t e  TH. I n  t h e  p r e s e n c e  o f  
Ca++ a l o n e ,  v e r y  l i t t l e  3 2 P i n c o r p o r a t i o n  i n t o  TH i s  o b s e r v 
e d .  Upon a d d i t i o n  o f  e i t h e r  p h o s p h a t i d y l s e r i n e  o r  c a l m o d 
u l i n ,  a  l a r g e  Ca+ + - d e p e n d e n t  p h o s p h o r y l a t i o n  o f  t h e  e n z y m e  
t a k e s  p l a c e .  B o t h  t h e  p h o s p h a t i d y l s e r i n e  a n d  c a l m o d u l i n  
s t i m u l a t e d  r e a c t i o n s  r e q u i r e  m i c r o m o l a r  Ca++  a n d  a r e  m a x i m a l  
i n  t h e  p r e s e n c e  o f  10 0  u g / ml p h o s p h a t i d y l  s e r i n e  a n d  0 . 7 u M  
c a l m o d u l i n  r e s p e c t i v e l y .  T r y p t i c  d i g e s t s  o f  TH p h o s p h o r y 
l a t e d  by  t h e  tw o  p r o t e i n  k i n a s e  a c t i v i t i e s  r e v e a l  t h a t  b o t h  
s t i m u l a t e d  t h e  i n c o r p o r a t i o n  o f  p h o s p h a t e  i n t o  tw o  p e p t i d e  
f r a g m e n t s .  H o w e v e r ,  t h e  p a t t e r n  o f  p h o s p h a t e  i n c o r p o r a t i o n  
p r o d u c e d  by  t h e  tw o  k i n a s e  a c t i v i t i e s  i s  d i f f e r e n t .  T h e  
p h o s p h a t i d y l s e r i n e  s t i m u l a t e d  a c t i v i t y  p h o s p h o r y l a t e s  t h e  
m o r e  e l e c t r o p h o r e t i c a l l y  m o b i l e  p e p t i d e  t o  a  f a r  g r e a t e r  
d e g r e e  t h a n  t h e  m o r e  c h r o m a t o g r a p h i c a l l y  m o b i l e  p e p t i d e .  I n  
c o n t r a s t  t h e  c a l m o d u l i n  s t i m u l a t e d  a c t i v i t y  e n h a n c e s  t h e  
i n c o r p o r a t i o n  o f  p h o s p h a t e  i n t o  t h e  tw o  p e p t i d e s  e q u a l l y .  
I n  t h a t  t h e  c a l m o d u l i n  s t i m u l a t e d  p r o t e i n  k i n a s e  a c t i v i t y  
m i m i c s  t h e  p a t t e r n  o f  p h o s p h a t e  i n c o r p o r a t i o n  o b s e r v e d  i n  
t h e  a c e t y l c h o l i n e  s t i m u l a t e d  p h o s p h o r y l a t i o n  o f  TH, t h e  c a l 
m o d u l i n  s t i m u l a t e d  k i n a s e ,  a l o n e ,  c o u l d  a c c o u n t  f o r  t h e  i n  
s i t u  p h o s p h o r y l a t i o n  o f  TH.
S u p p o r t e d  by  NS 1 0 0 6 1  f r o m  NINCDS

2 5 8 . 5   STIMULATION OF PROTEIN KINASE C BY PHORBOL ESTERS INCREASES 
SYNTHESIS OF CATECHOLAMINES AND PHOSPHORYLATION OF TYROSINE 
HYDROXYLASE IN S I T U .  J . P .  J o h n s t o n  a n d  J . C .  W a y m i r e .  D e p t . 
o f  N e u r o b i o l o g y  a n d  A n a t o m y ,  U n i v  o f  T e x a s  M e d i c a l  S c h o o l  a t  
H o u s t o n ,  H o u s t o n ,  T e x a s ,  7 7 0 3 0 .

T y r o s i n e  h y d r o x y l a s e ,  t h e  r a t e  l i m i t i n g  e n z y m e  i n  t h e  
c a t e c h o l a m i n e  s y n t h e t i c  p a t h w a y ,  i s  t h o u g h t  t o  b e  r e g u l a t e d  
v i a  a  p h o s p h o r y l a t i o n - d e p h o s p h o r y l a t i o n  r e a c t i o n .  P r e v i o u s  
r e s u l t s  f r o m  t h i s  l a b o r a t o r y  h a v e  i n d i c a t e d  t h a t  t h e  a c t i o n s  
o f  a c e t y l c h o l i n e  on  t y r o s i n e  h y d r o x y l a s e  a c t i v i t y  i n  c u l t 
u r e d  a d r e n a l  c h r o m a f f i n  c e l l s  may b e  m e d i a t e d  b y  a  c a l c i u m  
a c t i v a t e d ,  p h o s p h o l i p i d  d e p e n d a n t  p r o t e i n  k i n a s e  ( P r o t e i n  
K i n a s e  C ) ,  a n d  t h a t  m u l t i p l e  k i n a s e  a c t i v i t y  may b e  i n v o l v e d  
i n  t h e  s h o r t  t e r m  r e g u l a t i o n  o f  c a t e c h o l a m i n e  b i o s y n t h e s i s  
( H a y c o c k ,  e t . a l . ,  J  B i o l  Chem 2 5 7 : 1 3 6 9 9 ,  1 9 8 2 ) .  I n  t h e  
p r e s e n t  s t u d i e s ,  we h a v e  e x t e n d e d  t h e s e  o b s e r v a t i o n s  b y  e x 
a m i n i n g  t h e  e f f e c t s  o f  d i f f e r e n t  p h o r b o l  e s t e r s ,  w h i c h  a r e  
kn ow n a c t i v a t o r s  o f  p r o t e i n  k i n a s e  C ( C a s t a g n a ,  e t .  a l . ,  J  
B i o l  Chem 2 5 7 : 7 8 4 7 ,  1 9 8 2 . ) ,  on  t h e  s y n t h e s i s  o f  c a t e c h o l 
a m i n e s ,  a n d  t h e  p h o s p h o r y l a t i o n  o f  t y r o s i n e  h y d r o x y a l s e  i n  
s i t u .

C u l t u r e d  b o v i n e  a d r e n a l  c h r o m a f f i n  c e l l s  w e r e  s t i m u l a t e d  
w i t h  t h e  f o l l o w i n g  p h o r b o l  e s t e r s ,  i n  t h e  p r e s e n c e  o f  1 4 C-  
t y r o s i n e  a n d  3 2 P i ;  4β - P h o r b o l  1 2 β - M y r i s t a t e  1 3 α - A c e t a t e ( T P A )  
P h o r b o l - 1 2 , 1 3 - d i b u t y r a t e ,  P h o r b o l - 1 2 , 1 3 - d i b e n z o a t e ,  a n d  4α -  
P h o r b o l - 1 2 , 1 3 - d i d e c a n o a t e .  C e l l s  w e r e  s t i m u l a t e d  f o r  6  m i n s  
a n d  c a t e c h o l a m i n e  s y n t h e s i s  w a s  q u a n t i t a t e d  b y  m e a s u r i n g  t h e  
e v o l v e m e n t  o f  1 4 C O 2  d u r i n g  t h e  c o n v e r s i o n  o f  1 4 C - t y r o s i n e  t o  
d o p a m i n e .  P h o s p h o r y l a t i o n  o f  t y r o s i n e  h y d r o x y l a s e  d u r i n g  
p h o r b o l  s t i m u l a t i o n  w a s  d e t e r m i n e d  b y  m e a s u r i n g  3 2 P i  i n c o r p 
o r a t i o n  i n t o  a  60K p r o t e i n  s e p a r a t e d  b y  SDS-PAGE.

TPA,  p h o r b o l - 1 2 , 1 3 - d i b e n z o a t e ,  a n d  p h o r b o l - 1 2 , 1 3 -  
d i b u t y r a t e  s t i m u l a t e d  c a t e c h o l a m i n e  s y n t h e s i s  i n  a  d o s e  
d e p e n d a n t  m a n n e r ,  w i t h  a  3 f o l d  m a x i m a l  i n c r e a s e  a t  1 0 0 0  n g /
m l .  I n  a d d i t i o n ,  4 α - p h o r b o l - 1 2 , 1 3 - d i d e c a n o a t e ,  w h i c h  i s  i n 
a c t i v e  i n  s t i m u l a t i n g  p r o t e i n  k i n a s e  C ,  w a s  w i t h o u t  e f f e c t  
i n  t h i s  s y s t e m .  I t  w a s  a l s o  o b s e r v e d  t h a t  TPA c a u s e d  a  d o s e  
d e p e n d a n t  i n c r e a s e  i n  t h e  p h o s p h o r y l a t i o n  o f  t y r o s i n e  h y d r o x 
y l a s e ,  i n  a  m a n n e r  s i m i l a r  t o  t h a t  o b s e r v e d  f o r  s y n t h e s i s .

T h e  r e s u l t s  o f  t h e s e  e x p e r i m e n t s  i n d i c a t e  t h a t  s t i m u l a t i o n  
o f  p r o t e i n  k i n a s e  C a c t i v i t y  i n c r e a s e s  b o t h  t h e  p h o s p h o r y l 
a t i o n  o f  t y r o s i n e  h y d r o x y l a s e ,  a n d  t h e  s y n t h e s i s  o f  c a t e c h o l 
a m i n e s .  T h i s  d a t a  l e n d s  f u r t h e r  s u p p o r t  t o  t h e  h y p o t h e s i s  
t h a t  p r o t e i n  k i n a s e  C m ay  p l a y  a  r o l e  i n  t h e  r e g u l a t i o n  o f  
c a t e c h o l a m i n e  s y n t h e s i s  i n  v i v o .
S u p p o r t e d  b y  NS 1 1 0 6 1

2 5 8 . 6   DOPAMINE β -HYDROXYLASE: SUBUNIT CHARACTERIZATION.
D . L .  Wong ,  M.K.  S p e e d i e *  a n d  R . D .  C i a r a n e l l o .  D e p t . o f  
P s y c h i a t r y ,  S t a n f o r d  U n i v .  S c h .  o f  M e d . ,  S t a n f o r d ,  CA 
9 4 3 0 5 .

C o n v e n t i o n a l l y  p u r i f i e d  b o v i n e  d o p a m i n e  β - h y d r o x 
y l a s e  (DBH) a p p e a r s  a s  a  s i n g l e  b a n d  o n  s o d i u m  d o d e c y l 
s u l f a t e  ( S D S ) - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  u s i n g  
C o o m a s s i e  b l u e  s t a i n i n g .  H o w e v e r ,  h i g h  r e s o l u t i o n  
s i l v e r  s t a i n i n g  o f  t h e s e  s a m e  p r e p a r a t i o n s ,  w h i c h  a l l o w s  
t h e  d e t e c t i o n  o f  n a n o g r a m  l e v e l s  o f  p r o t e i n ,  s h o w s  t h a t  
t h e r e  a r e  a  n u m b e r  o f  m i n o r  c o n t a m i n a n t s  c o p u r i f y i n g  
w i t h  DBH. To p u r i f y  DBH t o  h o m o g e n e i t y ,  we h a v e  
e m p l o y e d  t h e  f o l l o w i n g  s c h e m e :  C h r o m a f f i n  g r a n u l e s  
i s o l a t e d  f r o m  b o v i n e  a d r e n a l  m e d u l l a  b y  s u c r o s e  d e n s i t y  
s e d i m e n t a t i o n  a r e  l y z e d  t o  r e l e a s e  s o l u b l e  DBH. T h e  
e n z y m e  i s  t h e n  p u r i f i e d  b y  p a s s a g e  t h r o u g h  t w o  m o l e c u l a r  
s i e v i n g  c o l u m n s ,  S e p h a d e x  G - 2 0 0  a n d  S e p h a r o s e  4 B .  T h i s  
i s  f o l l o w e d  b y  a f f i n i t y  c h r o m a t o g r a p h y  o n  C o n c a n a v a l i n  
A - s e p h a r o s e  4B a n d  f i n a l l y ,  b y  g r a d i e n t  e l u t i o n  o n  a n  
HPLC a n i o n  e x c h a n g e  c o l u m n .  S D S - p o l y a c r y l a m i d e  g e l  
e l e c t r o p h o r e s i s  s h o w s  t h a t  e n z y m e  s o  p u r i f i e d  c o n s i s t s  
o f  t h r e e  m o n o m e r i c  f o r m s .  T h e s e  m o n o m e r s  c a n  i n t e r -  
c o n v e r t e d  a n d  f i n a l l y  r e d u c e d  t o  t w o  l e s s  g l y c o s y l a t e d  
f o r m s  u s i n g  v a r i o u s  e n d o -  a n d  e x o g l y c o s i d a s e s .  By 
v a r y i n g  c o n d i t i o n s  o f  d e g l y c o s y l a t i o n ,  we s e e  a  
p r e d o m i n a n c e  o f  t h e  l o w e r  m o l e c u l a r  f o r m  o f  
" d e g l y c o s y l a t e d "  DBH. H o w e v e r ,  a t  p r e s e n t ,  i t  i s  
u n c l e a r  w h e t h e r  t h e  r e s i d u a l  d o u b l e t  r e p r e s e n t s  t w o  
d i s t i n c t  p o l y p e p t i d e s  o r  p o l y p e p t i d e s  w i t h  r e s i d u a l  
g l y c o s y l a t i o n  w h i c h  c a n  b e  f u r t h e r  r e d u c e d  t o  a  s i n g l e  
p r o t e i n .  F u r t h e r  a t t e m p t s  a r e  b e i n g  m a d e  t o  s e p a r a t e  
a n d  c h a r a c t e r i z e  t h e  s u b u n i t s  b y  HPLC, i s o e l e c t r i c  
f o c u s i n g ,  p r o t e o l y t i c  m a p p i n g ,  s e q u e n c i n g  a n d  a m i n o  a c i d  
c o n t e n t  a n a l y s i s .
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2 5 8 .7   KINETIC ANALYSIS OF THE UPTAKE OF NOREPINEPHRINE, DOPAMINE 
AND SEROTONIN BY "CRUDE" AND "PURIFIED* SYNAPTOSOMES OB
TAINED FROM DISCRETE REGIONS OF THE RAT BRAIN.  R .P .  S h a n k .  
C .R . S c h n e i d e r *  an d  W .J .  B a l d v * .  (SPON: A.R . F reem an)   D e p t . 
o f  B i o l . R e s . ,  McNeil  P h a r m a c e u t i c a l ,  S p r i n g  H o u se ,  PA.

Many s t u d i e s  h a v e  b ee n  r e p o r t e d  d u r i n g  t h e  p a s t  20 
y e a r s  i n  w h ic h  Km and  Vmax v a l u e s  f o r  t h e  u p t a k e  o f  n o r 
e p i n e p h r i n e  (N E ) ,  d o p am in e  (DA), and  s e r t o n i n  (5 -H T)  by 
s y n a p t o s o m a l  p r e p a r a t i o n s  w e r e  d e t e r m i n e d .  In  many o f  t h e  
s t u d i e s  t h e  b i o l o g i c a l  m a t e r i a l  was a " c r u d e "  s y n a p to s o m a l  
p r e p a r a t i o n  ( W h i t t a k e r  P2 f r a c t i o n ) ,  an d  u s u a l l y  t h e  s u b 
s t r a t e  c o n c e n t r a t i o n  r a n g e  was l i m i t e d  t o  l e s s  t h a n  a 1 0 0 -  
f o l d  d i f f e r e n c e  b e tw e e n  l o w e s t  and h i g h e s t  c o n c e n t r a t i o n s .  
In  o r d e r  t o  o b t a i n  more  p r e c i s e  d e t e r m i n a t i o n s  o f  t h e  Km 
an d  Vmax v a l u e s  f o r  t h e  u p t a k e  o f  NE, DA a n d  5-HT, we h av e  
p e r f o r m e d  a  k i n e t i c  a n a l y s i s  o f  u p t a k e  u s i n g  P2 f r a c t i o n s  
and  more  p u r i f i e d  s y n a p to s o m e s  o b t a i n e d  f ro m  d i s c r e t e  
r e g i o n s  o f  t h e  r a t  b r a i n .  T w e n t y - f o u r  s u b s t r a t e  c o n c e n t r a 
t i o n s  r a n g i n g  f ro m  1 nM t o  1 mM w e re  u s e d  and t h e  d a t a  w ere  
a n a l y z e d  w i t h  t h e  a i d  o f  t h e  Pennzyme c o m p u te r  p ro g ra m  
(K ohn , e t  a l . ,  Comput .  Biomed . R e s .  1 2 ,  4 6 1 ,  1 9 7 9 ) ,  w h ic h  
p e r f o r m s  a w e i g h t e d  n o n - l i n e a r  r e g r e s s i o n  a n a l y s i s  o f  t h e  
u n t r a n s f o r m e d  d a t a .  T h i s  a n a l y s i s  made p o s s i b l e  an  a c c u 
r a t e  c o r r e c t i o n  f o r  n o n s a t u r a b l e  a c c u m u l a t i o n  o f  s u b s t r a t e ,  
and  p r o v i d e d  a b e s t - f i t  t o  t h e o r e t i c a l  c u r v e s  c o n t a i n i n g  1 
t o  4 s a t u r a b l e  t r a n s p o r t  s y s t e m s .  A s c o r b a t e  ( 0 . 1  mM) and 
n i a l i m i d e  ( 0 . 0 1  mM) w e r e  u s u a l l y  i n c l u d e d  i n  t h e  i n c u b a 
t i o n  medium, b u t  p r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e d  t h a t  up 
t a k e  was n o t  a f f e c t e d  by t h e  o m i s s i o n  o f  t h e s e  com po unds.  
The r e s u l t s  o f  o u r  s t u d i e s  i n d i c a t e  t h a t  t h e  u p t a k e  o f  NE 
by  s y n a p to s o m e s  f ro m  t h e  h y p o th a l a m u s  and  c e r e b r a l  c o r t e x  
i s  m e d i a t e d  by  two s a t u r a b l e  s y s t e m s .  In  c o n t r a s t ,  t h e  
u p t a k e  o f  5-HT by c o r t i c a l  s y n a p t s o m e s  and  DA by s t r i a t a l  
s y n a p t o s o m e s ,  w e r e  e a c h  m e d i a t e d  by a s i n g l e  h i g h - a f f i n i t y  
s y s t e m  ( s e e  t a b l e ) .  Our Km v a l u e s  f o r  t h e  h i g h - a f f i n i t y  
t r a n s p o r t  o f  a l l  3 monoa mines a r e  l o w e r  t h a n  m o s t  c o r r e s 
p o n d in g  v a l u e s  r e p o r t e d  p r e v i o u s l y .

S u b s t r a t e  & T i s s u e Km (nM) Vmax*
1 2 1 2

N E -H y p o th a l -P 2  F r a c t i o n 85 2800 3 . 3 1 0 .2
N E - H y p o th a l - S y n a p to s o m e s 103 2180 5 . 6 3 7 . 6
N E - C e r e b r a l  C o r t e x - S y n a p t o s o m e s 73 1280 2 . 6 3 9 . 2
5 - H T - C e r e b r a l  C o r t e x - P 2  F r a c t i o n 31 — 5 .7 —

5 - H T - C e r e b r a l  C o r t e x - S y n a p t o s o m e s 28 — 5 . 0 —

D A - S t r i a tu m - P 2  F r a c t i o n 101 — 8 0 . 6 —

D A - S t r i a tu m - S y n a p to s o m e s 137 — 1 3 1 . 0 —

*pmol m in – 1 mo p r o t e i n – 1 : N=3 o r  4

258. 8  KINETIC ANALYSIS OF THE INHIBITION OF SYNAPTOSOMAL UPTAKE 
OF NOREPINEPHRINE, DOPAMINE, AND SEROTONIN BY McN-4612 -X -  
11 AND SELECTED ANALOGS.  C. S c h n e i d e r * .  R. S h a n k .  
W. B a l d y* .  P.  S e t l e r .  J .  G a r d o c k l * .  B. H a r v o n o f f * .  and 
D. McComsey* .  McNeil  P h a r m a c e u t i c a l ,  S p r i n g  H o u se ,  PA 

McN-4612 -X -11 ( ( + ) - 1 , 2 , 3 , 5 , 6 , 1 0 bβ - h e x a h y d r o - 6 α - p h e n y l 
p y r r o l o [ 2 , 1 - a ] i s o q u i n o l i n e )  and a v a r i e t y  o f  s t r u c t u r a l  
a n a l o g s  r e v e r s e  t e t r a b e n a z i n e  in d u c e d  d e p r e s s i o n  o f  m o t o r  
a c t i v i t y  an d  p t o s i s  i n  m ic e  and r a t s ,  and  i n h i b i t  t h e  
a c c u m u l a t i o n  o f  NE, 5-HT and DA by s y n a p t i c  t e r m i n a l s  
( b i o l o g i c a l  e f f e c t s  i n d i c a t i v e  o f  p o t e n t i a l  a n t i d e p r e s 
s a n t  a c t i v i t y ) .  As p a r t  o f  o u r  e v a l u a t i o n  o f  t h e  e f f i 
c a c y  and m e ch an is m  o f  a c t i o n  o f  t h i s  s e r i e s  o f  c om pounds ,  
we h a v e  d e t e r m i n e d  t h e i r  p o t e n c i e s  a s  i n h i b i t o r s  o f  
s y n a p to s o m a l  u p t a k e  o f  NE, DA and 5-HT, an d  f o r  a  few  
c o m pounds ,  we h a v e  u n d e r t a k e n  a k i n e t i c  a n a l y s i s  t o  
e s t a b l i s h  w h e t h e r  t h e  i n h i b i t i o n  i s  c o m p e t i t i v e  o r  n o n 
c o m p e t i t i v e .  C rude  s y n a p to s o m a l  p r e p a r a t i o n s  ( W h i t t a k e r  
P2 f r a c t i o n s )  and " p u r i f i e d "  s y n a p to s o m e s  o b t a i n e d  f ro m  
d i s c r e t e  r e g i o n s  o f  t h e  r a t  b r a i n  w e re  u s e d  i n  t h e s e  
s t u d i e s  ( h y p o t h a l a m u s  and  c e r e b r a l  c o r t e x  f o r  NE, 
s t r i a t u m  f o r  DA, and  c e r e b r a l  c o r t e x  f o r  5 -H T ) .  The 
r e s u l t s  o f  o u r  s t u d i e s  r e v e a l e d  t h a t  McN-4612-X-11 and  
o t h e r  s t r u c t u r a l l y  s i m i l a r  a n a l o g s  a r e  c o m p e t i t i v e  i n 
h i b i t o r s  o f  NE, 5-HT and  DA t r a n s p o r t .  When t h e  s y n a p t o 
somal p r e p a r a t i o n s  w e re  p r e - i n c u b a t e d  w i t h  t h e  u p t a k e  
i n h i b i t o r s  f o r  30  min a t  3 7 °C , t h e  i n h i b i t i o n  re m a in e d  
c o m p e t i t i v e  and t h e  p o t e n c y  was e i t h e r  u n a f f e c t e d  o r  was 
s l i g h t l y  g r e a t e r  t h a n  i n  s a m p l e s  t h a t  w e re  n o t  p r e -  
i n c u b a t e d .  T h e se  r e s u l t s  i n d i c a t e  t h a t  McN-4612 -X -11 and  
i t s  a n a l o g s  a r e  e i t h e r  n o t  s u b s t r a t e s  f o r  t h e  monoamine 
t r a n s p o r t  c a r r i e r s  o r  a r e  t r a n s p o r t e d  q u i t e  s l o w l y .  D es
m e t h y l i m i p r a m i n e  (NE and DA u p t a k e )  and  i m ip r a m in e  (5-HT 
u p t a k e )  w e r e  s t u d i e d  a s  r e f e r e n c e  com pounds .  They w e r e  
c o m p e t i t i v e  i n h i b i t o r s  o f  NE, DA, and  5-HT u p t a k e ,  
r e s p e c t i v e l y .  S u r p r i s i n g l y ,  t h e  compounds  s t u d i e d  w e re  
l e s s  e f f e c t i v e  i n h i b i t o r s  o f  NE u p t a k e  by " p u r i f i e d "  
s y n a p to s o m e s  ( o b t a i n e d  f ro m  P e r c o l l  d e n s i t y  g r a d i e n t s )  
t h a n  by " c r u d e "  s y n a p to s o m a l  p r e p a r a t i o n s .  T h i s  d i f f e r 
e n c e  b e tw e e n  t h e  " c r u d e "  and " p u r i f i e d "  s y n a p to s o m e s  d i d  
n o t  g e n e r a l i z e  t o  i n h i b i t i o n  o f  5-HT and DA u p t a k e .

258.9  MULTIPLE POOLS OF TYROSINE AND DOPAMINE IN ADRENAL CHROMAFFIN 
CELLS: EVIDENCE FOR PREFERENTIAL UTILIZATION OF NEWLY TAKEN-UP 
TYROSINE AND NEWLY SYNTHESIZED DOPAMINE IN NOREPINEPHRINE 
BIOSYNTHESIS.  F. S. Menniti and E. J. Diliberto. Jr. *.  Department of 
Medicinal Biochemistry, The Wellcome Research Laboratories, Research 
Triangle Park, NC 27709, U.S.A.

The biosynthesis of norepinephrine (NE) from the precursor tyrosine 
(Tyr) involves a multi-step pathway originating with cellular uptake of the 
amino acid from the extracellular space. The various enzymes in this 
pathway have been well characterized in vitro: however, with the exception 
of the vesicular localization of dopamine-β-hydroxylase, little is known 
about the intracellular organization of these enzymes or of the precursor 
pools. We have studied this organization in primary cultures of bovine 
adrenomedullary chromaffin cells. Cell cultures were incubated for up to 
6hr in a balanced salt solution containing 50 mM [14C]Tyr in the presence or 
absence of drugs which inhibit catecholamine synthesis. Catecholamine and 
Tyr content of the cells and incubation media were analyzed by HPLC-EC 
and the radioactivity in each chemical species was quantified by liquid 
scintillation spectroscopy. After inhibition of L-aromatic amino acid 
decarboxylase by brocresine, the accumulated [14C]DOPA had a specific 
activity higher than that measured for intracellular [14C]Tyr but equivalent 
to that of extracellular [14C]Tyr. This result suggests that newly taken-up Tyr 
is readily accessible to tyrosine hydroxylase, but equilibrates only slowly 
with other, as yet undefined, pools of intracellular Tyr. In the absence of 
drugs, there was a concomitant and equivalent accumulation of both 
[14C]dopamine (DA) and [14C]NE over time. This was accompanied by a 
10-25%/hr increase in total cellular DA but only minor changes in the total 
cellular NE content. Catecholamines in the media amounted to approxi
mately 5% of radioactive or total cellular content and essentially reflected 
the changes observed in the cells, although with considerably more 
variability. The pattern of change in catecholamine content is consistent 
with calculated rates of NE and DA synthesis based on the extracellular 
specific activity of [14C]Tyr. In contrast, a 10-15%/hr increase in NE content 
and a decrease in DA content were predicted from NE synthesis rates based 
on the intracellular specific activity of [14C]DA. This suggests that newly 
synthesized DA (i.e., DA of a specific activity equal to that of extracellular 
Tyr) is preferentially utilized as the immediate NE precursor. In cells 
preincubated for various times up to 4 hr with [14C]Tyr, the addition of 
brocresine caused a rapid disappearance of cellular DA with no change in 
the specific activity of DA or accumulation in the extracellular media. The 
rate of DA disappearance from the cells after brocresine was not affected by 
inhibition of dopamine-β-hydroxylase. These findings are consistent with 
the hypothesis that after synthesis in the cytoplasm DA is rapidly taken up 
into the chromaffin vesicle. Upon uptake DA is either converted to NE by 
dopamine-β-hydroxylase coupled to the transport mechanism or is 
sequestered in a single pool which is not an immediate precursor for NE 
biosynthesis.

258. 10  FACTORS AFFECTING MEASUREMENT OF ADRENALINE 
FORMING ENZYME IN LOCUS COERULEUS SAMPLES OF 
POSTMORTEM HUMAN BRAIN. W. J .  Burke and H. D. Chungs' 
S t .  L ou is VA M ed .C tr. and S t .  L ou is U h iv . Med. 
Sch . ,  S t .  L o u is , MO 63125.

We so ugh t to  d e te rm in e  f a c t o r s  a f f e c t i n g  mea
surem en t o f p h e n y le th a n o la m in e  N - m e th y l t r a n s f e r 
a se  (PNMT) in  postm ortem  lo c u s  c o e r u le u s ( L .C .) .  
B odies were k e p t a t  40°C w ith in  2h o f  d e a th .  
Postm ortem  d e la y  was l e s s  th a n  24h .  Sam ples were 
f ro z e n  im m e d ia te ly  on d ry  i c e  and e i t h e r  a s sa y e d  
on th e  day o f  a u to p sy  o r  f ro z e n  a t  - 7 0 ° C. Each 
L .C . was hom ogenized in  1 0 v o l. o f  0 .1 5M KCl  0 .2 % 
t r i t o n  x 100 c o n ta in in g  2mM m e rc a p to e th a n o l.  
A pparen t PNMT a c t i v i t y  was m easu red  by a m o d if i 
c a t io n  o f a m ethod p r e v io u s ly  d e s c r ib e d  (P ro c . 
S o c .E x p .B io l.M e d .,  1973, 14 2 :9 8 2 ) . PNMT on th e  day 
o f a u to p sy  was 2 9 .5 ±0 .7  p ico m o les /h /m g  t i s s u e .  
In  a sam ple f ro z e n  a t  -7 0 ° C f o r  2 d a y s , th e r e  
was no d e c re a s e  i n  a c t i v i t y .  T here was a 42% d e 
c re a s e  in  PNMT in  hom ogenates c e n t r i f u g e d  a t  
27000xg f o r  30 m in . D ia ly s is  o f  hom ogenate 
a g a in s t  1mM PO4 b u f f e r  w ith  2mM m e rc a p to e th a n o l 
d id  n o t  in c r e a s e  a c t i v i t y .  In  th e  ab sen ce  o f  
m e rc a p to e th a n o l,  PNMT o f d ia ly z e d  s u p e rn a te n t  
was re d u c e d  by 70%. PNMT m easu red  in  th e  p r e 
sence  o f  100mM PO4, was re d u c e d  by 27% com pared 
w ith  t h a t  m easu red  w ith  4mM b u f f e r .  Optimum pH 
f o r  th e  r e a c t i o n  w ith  PO4 b u f f e r  was 7 . 9.
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2 5 8 .11  DOPAMINE β -HYDROXYLASE: FROM BIOSYNTHESIS TO SECRETION IN  
THE PC 12 PHEOCHROMOCYTOMA CELL L IN E .  E . L .  S a b b a n 1 a n d  M. 
G o l d s t e i n . 2  1 D e p t .  B i o c h e m . , New Y o rk  M ed. C o l l e g e ,  V a l 
h a l l a ,  NY 1 0 5 9 5  a n d  2 N e u r o c h e m . L a b . ,  New Y o rk  U n iv .  M ed. 
C e n t e r , New Y o r k , NY 1 0 0 1 6 .

D o p a m in e  β - h y d r o x y l a s e  (D B H ), t h e  e n z y m e  w h ic h  c a t a l y z e s  
t h e  s y n t h e s i s  o f  n o r e p i n e p h r i n e  ( N E ) ,  h a s  b e e n  s h o w n  t o  b e  
p r e s e n t  i n  t h e  PC12 p h e o c h ro m o c y to m a  c e l l  l i n e  i n  tw o  s u b 
u n i t  f o r m s .  T h e  77K f o rm  a p p e a r s  t o  b e  a  p r e c u r s o r  o f  t h e  
73K f o r m  ( S a b b a n  e t  a l . ,  1 9 8 3 ,  J .  B i o l .  C hem . 2 5 8 ,  7 8 1 2 ) .
To s t u d y  t h e  r e g u l a t i o n  o f  t h i s  p o s t - t r a n s l a t i o n a l  c o n v e r 
s i o n ,  we f o u n d  t h a t  i t  w a s  c o m p l e t e ,  a n d  t h e  73K s u b u n i t  
f o rm  p r e d o m i n a t e d ,  f o l l o w i n g  p r e t r e a t m e n t  o f  PC12 c e l l s  f o r  
s e v e r a l  d a y s  w i t h  NGF ( 5 0  n g / m l ) ,  d e x a m e t h a s o n e  ( 1 0 –5 M) o r  
d i b u t y r y l  c y c l i c  AMP ( 1mM) ( S a b b a n  e t  a l . ,  1 9 8 3 ,  J .  B i o l .  
C hem . 2 5 8 , 7 8 1 9 ) .  A s i m i l a r  s i t u a t i o n  o c c u r r e d  f o l l o w i n g  
p r e t r e a t m e n t  o f  PC12 c e l l s  f o r  30  m in  w i t h  t h e  c a r b o x y l i c  
i o n o p h o r e ,  m o n e n s i n  ( 1 0 0 - 2 0 0  µ M ). M o n e n s in  i s  k n o w n  t o  h a l t  
t h e  e x i t  o f  s e c r e t o r y  p r o t e i n s  f ro m  t h e  G o lg i  a p p a r a t u s  i n  a  
n u m b e r  o f  s y s t e m s , a n d  i s  r e p o r t e d  t o  d e p l e t e  c a t e c h o l a m i n e s  
i n  PC12 c e l l s .  T he e f f e c t  o f  m o n e n s in  o n  DBH i s  p r o p o s e d  t o  
e f f e c t  t h e  e x i t  o f  DBH f ro m  t h e  G o l g i .  The c o n v e r s i o n  o f  t h e  
77K t o  t h e  73K s u b u n i t  f o r m  p r o b a b l y  o c c u r s  u p  t o  t h i s  s t a g e  
i n  t h e  b i o s y n t h e t i c  p a th w a y .  T h u s ,  t h i s  p r o c e s s i n g  a c t i v i t y  
a p p e a r s  t o  b e  r e g u l a t e d .

T he s e c r e t i o n  o f  DBH, a n d  o t h e r  s e c r e t o r y  p r o t e i n s ,  f ro m  
PC12 c e l l s  w a s  s t u d i e d .  A p o r t i o n  o f  DBH i s  k n o w n  t o  b e  
s e c r e t e d  w i t h  NE f ro m  t h e  a d r e n a l  m e d u l l a  i n  r e s p o n s e  t o  
v a r i o u s  s e c r e t a g o g u e s . To s t u d y  t h e  s e c r e t i o n  i n  PC12 c e l l s ,  
we u s e d  B a + 2  w h ic h  h a s  b e e n  sh o w n  t o  c a u s e  e x o c y t o t i c  s e c r e 
t i o n  o f  c a t e c h o l a m i n e s  i n  t h e  a b s e n c e  o f  d e p o l a r i z i n g  c o n d i 
t i o n s  ( G r e e n e  & R e i n ,  1 9 7 7 ,  B r a i n  R e s .  1 2 9 , 2 4 7 ) .  T he PC12 
c e l l s ,  l a b e l e d  f o r  6 h r  w i t h  3 5 S - m e t h i o n i n e , w e r e  i n c u b a t e d  
w i t h  2 mM BaCl 2 i n  p h o s p h o - b u f f e r e d  s a l i n e .  A f t e r  r e m o v a l  o f  
t h e  c e l l s  b y  c e n t r i f u g a t i o n ,  t h e  s o l u t i o n  w a s  c o n c e n t r a t e d  i n  
a  m in i c o n  c o n c e n t r a t o r  (A m ic o n )  w i t h  a  c u t - o f f  p o i n t  o f  
1 5 ,0 0 .0  d a l t o n s .  T he  s e c r e t i o n  o f  p r o t e i n s  ( > 1 5 ,0 0 0  MW) w as  
e n h a n c e d  a b o u t  6 - f o l d  b y  Ba+ 2 . A n a l y s i s  b y  S D S - p o l y a c r y l a m i d e  
g e l  e l e c t r o p h o r e s i s  a n d  f l u o r o g r a p h y  sh o w e d  t h a t  a l l  t h e  
p r o t e i n s  r e l e a s e d  a t  b a s a l  l e v e l s  w e r e  e n h a n c e d  w i t h  B a C l2. 
DBH c o u l d  b e  i m m u n o p r e c i p i t a t e d  f r o m  t h e  3 5 S -M e t p r o t e i n s  
s e c r e t e d  i n  r e s p o n s e  t o  B aC l2 . T he t im e  c o u r s e  f o r  DBH t o  b e  
a b l e  t o  b e  s e c r e t e d  i s  b e i n g  e s t a b l i s h e d .

T h e s e  e x p e r i m e n t s  s h o u l d  h e l p  i n  e l u c i d a t i n g  t h e  
b i o g e n e s i s  o f  c h r o m a f f i n  g r a n u l e s  a n d  n e u r o n a l  v e s i c l e s .  
( S u p p o r t e d  b y  NIH g r a n t s  NS 2 0 4 4 0  ( E . S . )  a n d  NS 0 6 8 0 1  ( M . G . ) .

2 5 8 . 12   IN H IB IT ION OF PROTEIN CARBOXYLMETHYLATION AND DOPAMINE AUTO
RECEPTOR FUNCTIONING.  C .F .  S a i l e r *  a n d  A . I .  S a la m a   ( S p o n :  
M .E . G o l d b e r g ) .   D e p t . o f  P h a r m a c o lo g y ,  S t u a r t  P h a r m a c e u t 
i c a l s ,  D iv .  o f  I C I  A m e r i c a s ,  W i l m in g t o n ,  DE 1 9 8 9 7 .

D o p a m in e  (DA) a g o n i s t s  h a v e  b e e n  r e p o r t e d  t o  s t i m u l a t e  
p r o t e i n  c a r b o x y m e t h y l a t i o n  (PCM) a n d  i t  h a s  b e e n  p r o p o s e d  
t h a t  D A - s t im u l a t e d  PCM a c t i v i t y  m ay b e  l i n k e d  t o  DA a u t o 
r e c e p t o r  f u n c t i o n i n g  ( B i l l i n g s l e y ,  M .L . a n d  R o t h ,  R . H . ,  J .  
P h a r m a c o l .  E x p . T h e r .  2 2 3  ( 1 9 8 2 )  6 8 1 ) .  We h a v e  e x a m in e d  t h e  
p o s s i b l e  i n v o lv e m e n t  o f  PCM i n  DA a u t o r e c e p t o r  f u n c t i o n i n g  
b y  i n v e s t i g a t i n g  t h e  e f f e c t s  o f  DA a g o n i s t s  o n  DA s y n t h e s i s  
a n d  r e l e a s e  i n  t h e  p r e s e n c e  a n d  a b s e n c e  o f  PCM i n h i b i t o r s .  
T he  e f f e c t s  o f  PCM i n h i b i t o r s  o n  DA s y n t h e s i s  r e g u l a t i o n  w as  
s t u d i e d  b y  m e a s u r in g  t h e  a b i l i t y  o f  DA a g o n i s t s  t o  i n h i b i t  
t h e  c o n v e r s i o n  o f  3H - t y r o s i n e  t o  3H-DA  i n  r a t  s t r i a t a l  
s y n a p to s o m e s .  I n  t h i s  p r e p a r a t i o n ,  DA, a p o m o r p h i n e ,  (A PO) a n d  
o t h e r  DA r e c e p t o r  a g o n i s t s  i n h i b i t e d  DA s y n t h e s i s  b y  a  
p r o c e s s  w h ic h  i s  a n t a g o n i z e d  b y  DA r e c e p t o r  a n t a g o n i s t s .  
H o w e v e r ,  t h e  a b i l i t y  o f  DA a g o n i s t s  t o  i n h i b i t  DA s y n t h e s i s  
w as  u n a f f e c t e d  b y  u p  t o  1 0 0 µM o f  t h e  PCM i n h i b i t o r s :  
S - a d e n o s y l - L - h o m o c y s t e i n e  (S A H ), L - h o m o c y s t e i n e  t h i o l a c t o n e  
a n d  a d e n o s i n e .  A d d in g  u p  t o  100µM  o f  t h e  m e t h y l  d o n o r  
S - a d e n o s y l - L - m e t h i o n i n e  (SAM) a l s o  h a d  n o  e f f e c t  o n  t h e  
r e s p o n s e  t o  DA a g o n i s t s .  F u r t h e r m o r e ,  u n d e r  t h e  c o n d i t i o n s  
u s e d  t o  m e a s u r e  DA s y n t h e s i s ,  PCM a c t i v i t y ,  u s i n g  3H-SAM a s  
t h e  m e t h y l  d o n o r ,  w a s  n e a r l y  c o m p l e t e l y  i n h i b i t e d  b y  SAH; 
b u t  s t i m u l a t i o n  o f  PCM a c t i v i t y  b y  e i t h e r  DA, APO o r  3 -P P P  
w as n o t  d e t e c t a b l e .  T h u s ,  DA c a n  s t i l l  r e g u l a t e  b a s a l  DA 
s y n t h e s i s  i n  t h e  a b s e n c e  o f  r e a d i l y  d e t e c t a b l e  c h a n g e s  i n  
PCM a c t i v i t y  a n d  w hen  PCM i s  l a r g e l y  i n h i b i t e d .

T he  e f f e c t s  o f  PCM o n  DA r e l e a s e  w e r e  e x a m in e d  u s i n g  
s u p e r f u s e d  s t r i a t a l  s l i c e s .  APO i n h i b i t e d  t h e  p o t a s s i u m -  
e v o k e d  r e l e a s e  o f  DA i n  a  d o s e - d e p e n d e n t  m a n n e r  a n d  t h i s  
i n h i b i t i o n  w as  a n t a g o n i z e d  b y  DA r e c e p t o r  a n t a g o n i s t s .  P r e 
i n c u b a t i o n  o f  s l i c e s  w i t h  SAH t e n d e d  t o  r e d u c e ,  b u t  d i d  n o t  
s i g n i f i c a n t l y  a l t e r  t h e  r e s p o n s e  t o  e i t h e r  0 . 5  o r  1 . 0 µM APO. 
SAH d i d  a n t a g o n i z e  t h e  r e s p o n s e  t o  5 .0 µ M  APO. I n t e r e s t i n g l y ,  
5 .0 µ M  APO g r e a t l y  s u p p r e s s e d  b o t h  DA r e l e a s e  a n d  a c e t y l 
c h o l i n e  r e l e a s e ,  w h ic h  i s  m e d i a t e d  b y  p o s t s y n a p t i c  DA 
r e c e p t o r s ;  w h e r e a s  0 .5µ M  a n d  l.O µ M  APO p r e d o m i n a n t l y  a f f e c t e d  
o n l y  DA r e l e a s e .  T h u s ,  t h e  r e s p o n s e  t o  d o s e s  o f  APO w h ic h  
a p p e a r  t o  b e  r e l a t i v e l y  s e l e c t i v e  f o r  DA a u t o r e c e p t o r s  a r e  
n o t  a f f e c t e d  b y  SAH. T h e s e  f i n d i n g s  i n d i c a t e d  t h a t  DA a u t o 
r e c e p t o r  f u n c t i o n i n g  i s  n o t  d r a s t i c a l l y  a f f e c t e d  b y  t h e  
p r e s e n c e  o f  PCM i n h i b i t o r s .  H o w e v e r ,  i t  i s  p o s s i b l e  t h a t  a  
s m a l l  p o o l  o f  PCM a c t i v i t y  e x i s t s  w h ic h  i s  n o t  e a s i l y  
i n h i b i t e d  o r  m e a s u r e d .

2 5 8 .1 3   IN H IB IT IO N  OF PROTEIN CARBOXYL METHYLATION BLOCKS MODULATION 
BY DA AGONISTS OF 3H-DA RELEASE FROM BRAIN S L IC E S .  M a r in a  
E. W o lf  & R o b e r t  H . R o t h ,  D e p a r tm e n t  o f  P h a r m a c o lo g y ,  Y a le  
U n i v .  S c h .  M e d .,  New H a v e n  CT 0651 0

P r o t e i n  c a r b o x y l  m e t h y l a s e  (PCM) c a t a l y z e s  t h e  t r a n s f e r  
o f  m e t h y l  g r o u p s  f ro m  S - a d e n o s y l  m e t h i o n i n e  t o  c a r b o x y l  
g r o u p s  o f  p r o t e i n  s u b s t r a t e s ,  p r o d u c i n g  a  r e v e r s i b l e  
m o d i f i c a t i o n  o f  p r o t e i n  s t r u c t u r e  a n d  f u n c t i o n  W h ich  h a s  
b e e n  p o s t u l a t e d  to  p l a y  a  r o l e  i n  m an y  i n t r a c e l l u l a r  e v e n t s ,  
i n c l u d i n g  r e g u l a t i o n  o f  t r a n s m i t t e r  r e l e a s e .  We h a v e  
p r e v i o u s l y  d e m o n s t r a t e d  t h a t  a c t i v a t i o n  o f  d o p a m in e  (D A ) 
a u t o  r e c e p t o r s  b y  DA a g o n i s t s  s t i m u l a t e s  PCM a c t i v i t y  i n  
s t r i a t a l  s y n a p to s o m e s  ( B i l l i n g s l e y  a n d  R o t h ,  1 9 8 2 )  an d  
s l i c e s  ( W o l f  a n d  R o t h ,  1 9 8 3 ) ,  s u g g e s t i n g  a  r o l e  f o r  PCM i n  
t h e  t r a n s d u c t i o n  o f  DA a g o n i s t  a c t i o n s  a t  t h e  a u t o r e c e p t o r .  
T he  p r e s e n t  s t u d y  i n v e s t i g a t e d  th e  e f f e c t s  o f  S - a d e n o s y l  
h o m o c y s t e i n e  (S A H ), a n  i n h i b i t o r  o f  t r a n s m e t h y l a t i o n  
r e a c t i o n s ,  o n  t h e  a b i l i t y  o f  DA a g o n i s t s  t o  d e c r e a s e  
K + -s t i m u l a t e d  r e l e a s e  o f  3H-DA f ro m  s t r i a t a l  s l i c e s .

S l i c e s  w e r e  l o a d e d  w i t h  3H-DA a n d  s u p e r f u s e d  w i t h  K r e b s -  
R in g e r-M O P S  b u f f e r  (K R M ). R e l e a s e  w as s t i m u l a t e d  b y  s u p e r 
f u s i n g  f o r  1 m in  w i t h  KRM c o n t a i n i n g  3 0  mM K+. R e s u l t s  a r e  
e x p r e s s e d  a s  t h e  r a t i o  o f  t h e  s e c o n d  K + - s t i m u l a t e d  r e l e a s e  
t o  t h e  f i r s t  ( S 2 / S 1 ) ,  w i t h  s t i m u l a t e d  o v e r f l o w  o f  3H-DA c a l 
c u l a t e d  o n  t h e  b a s i s  o f  p e r c e n t  f r a c t i o n a l  r e l e a s e .  I n  c o n 
t r o l  e x p e r i m e n t s ,  S 2 /S 1  f o r  s t r i a t a l  s l i c e s  w as 0 . 9 9 .  Ad
d i t i o n  o f  t h e  p u t a t i v e  a u t o r e c e p t o r  s e l e c t i v e  DA a g o n i s t  EMD 
23  4 4 8  ( 1 0  uM) t o  t h e  s u p e r f u s i o n  m ed iu m  5 m in  b e f o r e  S 2  r e 
d u c e d  S 2 /S 1  t o  0 . 5 7 .  A p o m o rp h in e  ( 1 0 u M )  p r o d u c e d  a  s i m i l a r  
r e d u c t i o n  ( S 2 / S 1 =0 . 6 2 ) .  W hen S - a d e n o s y l  h o m o c y s t e in e  (SA H ) 
w a s  i n c l u d e d  i n  t h e  s u p e r  f u s i o n  m ed iu m  a t  a  c o n c e n t r a t i o n  
( 1 0 0 u M )  w h ic h  p r o d u c e s  a n  80% i n h i b i t i o n  o f  PCM i n  s t r i a t a l  
s l i c e s ,  EMD a n d  a p o m o r p h in e  w e r e  m u ch  l e s s  e f f e c t i v e  a t  d e 
c r e a s i n g  K + - s t i m u l a t e d  r e l e a s e  ( S 2 / S 1 0 . 7 5  an d  1 . 0 0 ,  r e s p e c 
t i v e l y ) .  T h i s  s u g g e s t s  t h a t  a c t i v a t i o n  o f  DA a u t o r e c e p t o r s  
m ay  b e  c o u p l e d  to  i n h i b i t i o n  o f  DA r e l e a s e  v i a  a  m e c h a n is m  
i n v o l v i n g  m e t h y l a t i o n  o f  p r o t e i n s  i n  t h e  p r e s y n a p t i c  t e r m i 
n a l .  SAH a l o n e  c a u s e d  o n l y  a  s m a l l  d e c r e a s e  i n  S 2 /S 1  ( 0 . 8 7 ) .

P r e v i o u s  w o r k  ( B a n n o n  e t  a l . ,  1981 ) h a s  d e m o n s t r a t e d  t h a t  
t h e  p r e f r o n t a l  c o r t e x  l a c k s  s y n t h e s i s  m o d u l a t i n g  DA a u t o 
r e c e p t o r s .  I n  p r e l i m i n a r y  e x p e r i m e n t s ,  K + - s t i m u l a t e d  r e l e a s e  
o f  3H-DA f r o m  s l i c e s  p r e p a r e d  f ro m  p r e f r o n t a l  c o r t e x  w as 
r e d u c e d  s i g n i f i c a n t l y  b y  10uM EMD (S 2 /S 1  = 0 . 6 4 )  i n  com 
p a r i s o n  to  u n t r e a t e d  s l i c e s  ( 0 . 9 6 ) .  T h i s  r a i s e s  t h e  i n t e r 
e s t i n g  p o s s i b i l i t y  t h a t  r e l e a s e  a n d  s y n t h e s i s  o f  DA m ay  b e  
r e g u l a t e d  i n d e p e n d e n t l y  a t  d i s t i n c t  p r e s y n a p t i c  s i t e s .  ( S u p 
p o r t e d  b y  US PHS G r a n t  1 4 0 9 2 , S t a t e  o f  CT, a n d  t h e  NSF)

2 5 8 .1 4   EFFECT OF PHARMACOLOGICAL ACTIVATION AND BLOCKADE OF C a++ 
CHANNELS ON ENDOGENOUS DOPAMINE RELEASE FROM TIDA NEURONS.
L .  A n n u n z i a t o ,  S .A m o ro s o +, M . T a g l i a l a t e l a +, L .F u i a n o +  a n d  G.F. D iR e nzo+  
I n s t .  P h a r m a c o lo g y ,  2n d  S c h .  M e d . ,  U n i v .  N a p l e s ,  8 0 1 3 1  I t a l y .

E x t r a c e l l u l a r  c a l c i u m  i o n s  p l a y  a n  e s s e n t i a l  r o l e  i n  t h e  
n e r v o u s  s y s t e m  f u n c t i o n .  W hen c e l l  m e m b ra n e  i s  d e p o l a r i z e d  by 
h i g h  K+ ,  C a++ d i f f u s e s  i n t o  t h e  n e u r o n s  t h r o u g h  s p e c i f i c  c h a n 
n e l s  a n d  a c t i v a t e s  n e u r o t r a n s m i t t e r  r e l e a s e .  R e c e n t l y  i t  h a s  
b e e n  d e m o n s t r a t e d  t h e  e x i s t e n c e  i n  t h e  b r a i n  o f  s p e c i f i c  
b i n d i n g  s i t e s  f o r  c o m p o u n d s  w h ic h  a r e  a b l e  t o  i n t e r f e r e  w ith  
C a++ i n f l u x  t h r o u g h  c e l l  m e m b ra n e .

I n  t h i s  s t u d y  we h a v e  i n v e s t i g a t e d  i n  v i t r o  t h e  e f f e c t s  
o f  d i f f e r e n t  c l a s s e s  o f  o r g a n i c  "C a++ e n t r y  b l o c k e r s "  a n d  o f  
a  n ew  d i h y d r o p y r i d i n e  d e r i v a t i v e  w h ic h  s e l e c t i v e l y  a c t i v a t e s  
C a++ c h a n n e l s  o n  e n d o g e n o u s  d o p a m in e  (D A )r e l e a s e  f r o m  a n  a r 
c u a t e  p e r i v e n t r i c u l a r  n u c l e u s - m e d i a n  e m in e n c e  f r a g m e n t  c o n 
t a i n i n g  c e l l  b o d i e s  a n d  n e r v e  e n d i n g s  o f  t u b e r o i n f u n d i b u l a r  
d o p a m i n e r g i c  (T ID A ) n e u r o n s .

A r c u a t e - p e r i v e n t r i c u l a r  n u c l e i - m e d i a n  e m in e n c e  f r a g m e n t s  
w e r e  d i s s e c t e d  f r o m  a d u l t  f e m a le  r a t s  u n d e r  s t e r e o m i c r o s c o p e  
a n d  i n c u b a t e d  i n  a  K r e b s - R i n g e r  b i c a r b o n a t e  b u f f e r  a n d  c o n 
t i n u o u s l y  a e r a t e d  w i t h  95%O2 :5%CO2.DA r e l e a s e d  i n t o  t h e  i n c u 
b a t i o n  m ed iu m  w a s  e v a l u a t e d  b y  a  s e n s i t i v e  r a d i o e n z y m a t i c  
p r o c e d u r e .

V e r a p a m i l  a n d  i t s  m e t h o x y d e r i v a t i v e  D - 6 0 0 , i n  d o s e s  r a n g in g  
f r o m  1 0 - 1 0 0  uM , b l o c k e d  DA r e l e a s e  e v o k e d  by  d e p o l a r i z i n g  c o n 
c e n t r a t i o n s  o f  K+ ( 3 5  m M ). Among t h e  d i h y d r o p y r i d i n e  d e r i v a t i v e s  
o n l y  n i f e d i p i n e ,  a t  t h e  h i g h  c o n c e n t r a t i o n  o f  1 0 0  u M , b l o c k e d  
D A - s t i m u l a t e d  r e l e a s e ,  w h e r e a s  n i t r e n d i p i n e  a n d  n i m o d i p i n e  
w e r e  u n e f f e c t i v e  i n  d o s e s  u p  t o  1 0 0  uM . T h e  n o v e l  d i h y d r o p y 
r i d i n e  a n a l o g u e ,  m e t h y l  1 , 4 - d i h y d r o - 2 , 6 - d i m e t h y l - 3 - n i t r o - 4 -  
( 2 - t r i f l u o r o m e t h y l p h e n y l ) p y r i d i n e - 5 - c a r b o x y l a t e ,  w h ic h  s e e m s  
t o  b e  a  p o t e n t  Ca+ + - c h a n n e l  a c t i v a t o r ,  w a s  t e s t e d .  T h i s  compoun d 
a t  t h e  d o s e  o f  1 0  uM p r o d u c e d  a  m a rk e d  r e l e a s e  o f  e n d o g e n o u s  
DA f ro m  TIDA n e u r o n s .

A l l  t o g e t h e r  t h e s e  r e s u l t s  s e e m  t o  s u g g e s t  t h a t  Ca++ c h a n 
n e l s ,  i n v o l v e d  i n  t h e  r e l e a s e  o f  DA f ro m  TIDA n e u r o n s ,  c a n  b e  
p h a r m a c o l o g i c a l l y  m o d u l a t e d .
( T h i s  s t u d y  w a s  s u p p o r t e d  b y  MPI a n d  CNR 8 2 . 0 2 8 7 4 .0 4  G r a n t s  

t o  L . A . )

258.15 WITHDRAWN
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2 5 9 .1  CORRELATION OF RATES OF CALCIUM ENTRY AND ENDOGENOUS 
DOPAMINE RELEASE IN MOUSE STRIATAL SYNAPTOSOMES.  S.W., 
L e s l ie ,  J .J .  Woodward*, and Wilcox.  Division of 
Pharmacology, College of Pharmacy, The University of Texas 
a t  Austin, Austin, Tx 78712.

Recent evidence has established th a t voltage-dependent 
calcium entry in to  synaptosomes occurs through f a s t -  and 
slow-phase processes (Gripenberg e t a l . ,  Br. J . Pharmacol. 
71:265, 1980; Nachshen and B laustein, J . Gen. Physiol. 
76,709, 1980; L eslie e t  a l . ,  J .  Neuroches. 41,1602, 1963). 
Furthermore, Drapeau and Blaustein (J . Neurosci. 3 :703, 
1983) and Suszkiw and O'Leary (J. Neurochem. 41:868, 1983) 
have demonstrated th a t the temporal c h a ra c te r is tic s  of 
potassium-stimulated calcium entry and 3H-dopamine and 
3H-acety lcholine re lease  agree c lo se ly . We have 
co rre la ted  the ra te s  of f a s t-  and slow-phase calcium entry 
with the ra te s  of endogenous dopamine re lease  from mouse 
s t r i a t a l  synaptosomes to  examine fu rth er the 
re la tio n sh ip (s) between simultaneous calcium entry and 
neurotransm itter re lease . Voltage-dependent 45Ca++ entry 
in to  and the endogenous re lease  of dopamine from 
synaptosomes was in i t ia te d  by the addition of 30 nM KCl . 
45Ca++ entry and the re lease  of dopamine were terminated 
a t 1 ,3 ,5 ,15 , and 30 second time periods by the addition of 
an "EGTA-stopping so lu tion". Both 45Ca++ uptake and 
dopamine re lease  exhibited in i t i a l  f a s t  ra te s  through 
approximately 5 seconds following 30 mH KCl 
depolarization . Calculated ra te  constants for 45Ca++ 
entry and dopamine re lease  were 0.26 S–1 and 0.25 S–1, 
respec tive ly . The fa s te s t  ra te  for both processes 
occurred between 0  and 1 second. 45Ca++ uptake and 
dopamine re lease  a t  the 5-15 second in te rv a l dropped off 
to  13 and 10 percent, respectively , of the 0-1 second 
in te rv a l. Very l i t t l e  additional calcium uptake or 
dopamine release was observed a f te r  15 seconds of 
depo larization . Calculation of the ra t io  of calcium entry 
versus dopamine release suggests th a t approximately 1  to  2 

calcium ions are required for the release of a single 
molecule of dopamine. Our re su lts  suggest th a t calcium 
entry is  coupled to  endogenous dopamine release fo r both 
the f a s t-  and slow-phase processes. (supported in part by 
NIMH grant MH33442, NIAAA grant AA05809 and by RSDA 
AA00044 to  S.W.L.).

259 .2   RAPID UPTAKE OF DOPAMINE BY MOUSE STRIATAL SYNAP
TOSOMES.  John J . W oodward,* R .E. Wilcox, S.W. L eslie, and 
W .H . R iffee .  D ivision of P harm acology, C ollege of Pharm acy, 
U niversity  of Texas a t  A ustin, A ustin , Texas 78712.

The rapid  up take  of n eu ro tran sm itte rs  is a  m ajor m echanism  
fo r th e  te rm in a tio n  of tra n sm itte r  a c tiv ity  following re lease . 
R ecen tly , we have rep o rted  on the  coupled fa s t-phase influx of 
calcium  and re lease  of dopam ine from  mouse s tr ia ta l  synapto
som es (Leslie e t al., 1984, Brain R esearch , in press). U nder 
sim ilar expe rim en ta l conditions, we have exam ined th e  up take  of 
dopam ine in to  mouse s tria ted  synaptosom es over a  1-60 second 
tim e  period . U ptake was linear over the  one m inute tim e  period  
w ith  no apparen t fa s t com ponent. K inetic  m easurem ents a t 15 
seconds revea led  a  Km  of 298 nM and a  Vmax of 275.6 
pm oles/m g p ro te in  min–1. U ptake was bo th  te m p era tu re  and 
sodium dependent w ith a  half-m ax im al velocity  a t a  sodium 
co ncen tra tion  of 80 mM.

Potassium  induced depo lariza tion  decreased  up take  a t all 
tim es m easured . The d ecrease  could no t be fully  a t tr ib u te d  to  
dilution of the t r i t ia te d  dopam ine by re lea se  of endogenous 
dopam ine. The dec rease , expressed  as a  p e rce n t of the  con tro l 
value, was 30% from  0-1 second, and 50-60% a t  all o th e r tim e 
poin ts. A m fonelic acid, 20 nM, decreased  up take  under res tin g  
KCl conditions by 75% a t  all tim e points.

These d a ta  suggest th a t depo lariza tion  induced re lease  of 
dopam ine m ay d ecrease  up take  by disrupting  the  m em brane 
associa ted  ca rr ie r  up take  system  w ithin a  tim e period  th a t 
corresponds to  the  fa s t phase com ponent of dopam ine re lease . 
Supported in p a r t by MH33442 and AA05809.

259.3  INCREASES IN DOPAMINE METABOLITE/DOPAMINE RATIOS 
AFTER HALOPERIDOL TREATMENT ARE LOWER IN "HALO
PERIDOL-RESISTANT" GERBILS THAN IN "HALOPERIDOL- 
SENSITIVE" GERBILS.  R. E.  Wilcox1 and M. Upchurch2.* De
partm ents of Pharmacology1 and Psychology2, University of 
Texas at Austin, Austin, TX 78712.

M ongolian gerb ils (M eriones unguiculatus) show la rge  in te r
individual v aria tion  in th e ir  degree of responsiveness to  th e  
dopam ine rece p to r an tagon ist haloperidol. H aloperidol-sensitive 
(HS) and haloperid o l-re sistan t (HR) gerbils d iffe r in exp lo rato ry  
behavior and nondrugged o ro -fac ia l s te reo typy  in a  fashion 
consis ten t w ith the  hypothesis th a t HR gerbils a re  re la tiv e ly  high 
in  dopam inergic a c tiv ity  while HS gerbils have re la tiv e ly  low 
dopam inergic a c tiv ity . We com pared  ra tio s  of the  dopam ine 
m e tab o lites  dihydroxyphenylacetic acid  (DOPAC) and hom ovanil
lic ac id  (HVA) to  dopam ine (DA) in  th e  s tr ia ta  of HS and HR 
gerb ils  under baseline conditions and a f te r  the  gerb ils had been 
tre a te d  w ith 3 m g/kg i.p. haloperidol. We also exam ined serum  
haloperidol levels  in HS and HR gerbils tre a te d  w ith 3 m g/kg i.p. 
haloperidol, using a  rad io recep to r assay.

U nder baseline conditions, HR gerbils had a  significantly  
h igher DOPA C/D A  ra tio  than  did HS anim als. The HVA/DA 
ra t io  was higher in HR gerb ils  than  in HS gerbils, but the 
d iffe re n ce  was not sign ifican t. A fter  haloperidol tre a tm e n t, th e  
D OPAC/DA ra t io  sh ifted  upw ard by only 6% in HR gerbils but by 
32% in HS gerbils. The HVA/DA ra tio  sh ifted  upw ard by 146% in 
HR gerbils b u t by 207% in HS gerbils. T here was no d iffe rence  
b etw een  groups in serum  haloperidol levels. Thus, neuro
chem ica lly  and behaviorally  HR gerbils a re  m ore re s is ta n t to  
haloperidol than  are  HS gerbils. The resu lts  suggest th a t 
behav io ral d iffe ren ces  betw een  HS and HR gerbils m ay be ac
coun ted  fo r in  p a r t by d iffe ren ces  in n ig ro s tria ta l dopam ine 
function .

2 5 9 .4   INFLUENCE OF ESTROGEN ON STRIATAL DOPAMINE RELEASE.  M a ry  E . 
B e e r *  a n d  J i l l  B . B e c k e r  (SPON: G.W . D a u t h ) .   D e p a r tm e n t  o f  
P s y c h o lo g y  a n d  N e u r o s c i e n c e  L a b o r a t o r y  B l d g .  T h e  U n i v e r s i t y  
o f  M i c h i g a n ,  Ann A r b o r ,  MI 4 8 1 0 9 .

T h e  i n f l u e n c e  o f  g o n a d a l  h o r m o n e s  o n  s t r i a t a l  d o p a m in e  
(DA) a c t i v i t y  h a s  b e e n  d e m o n s t r a t e d  b o t h  b e h a v i o r a l l y  a n d  

b i o c h e m i c a l l y .  I n  t h i s  e x p e r i m e n t ,  we c o n f i r m  t h a t  t h e r e  
a r e  e s t r o u s  c y c l e  d e p e n d e n t  v a r i a t i o n s  i n  a m p h e ta m in e  (AMPH) 
s t i m u l a t e d  s t r i a t a l  DA r e l e a s e ,  a n d  t h a t  o v a r i e c t o m y  (OVX) 
a t t e n u a t e s  t h i s  r e s p o n s e .  I n  a d d i t i o n ,  w e r e p o r t  t h a t  t h e  
o v a r i a n  h o r m o n e ,  e s t r o g e n ,  c a n  i n f l u e n c e  p r e s y n a p t i c  
s t r i a t a l  DA a c t i v i t y .

A d u l t  f e m a le  H o l tz m a n  r a t s  w e r e  m a i n t a i n e d  o n  a  r e v e r s e d  
l i g h t / d a r k  c y c l e .  E n d o g e n o u s  DA r e l e a s e  f r o m  s t r i a t a l  
t i s s u e  w a s  s t u d i e d  u s i n g  a  c o n t i n u o u s  f l o w  s u p e r f u s i o n  
s y s t e m .  DA w a s  q u a n t i f i e d  b y  H PLC-EC, r e l e a s e  w a s  n o r m a l 
i z e d  f o r  t h e  q u a n t i t y  o f  t i s s u e  i n  t h e  c h a m b e r ,  a n d  
e x p r e s s e d  a s  a  p e r  c e n t  o f  b a s e l i n e .

OVX ATTENUATES AMPH-STIMULATED STRIATAL DA RELEASE. T he  
A M P H -in d u c e d  i n c r e a s e  i n  s t r i a t a l  DA r e l e a s e  w a s  s i g n i f i 
c a n t l y  g r e a t e r  i n  s t r i a t a l  t i s s u e  o b t a i n e d  f r o m  e s t r o u s  
f e m a l e s  t h a n  f r o m  OVX f e m a l e s  ( p < 0 . 0 2 ) .  T h e r e  w e r e  a l s o  
e s t r o u s  c y c l e  d e p e n d e n t  d i f f e r e n c e s ,  w i t h  g r e a t e r  AMPH- 
s t i m u l a t e d  s t r i a t a l  DA r e l e a s e  o n  e s t r u s  t h a n  o n  d i e s t r u s  1 
( p < 0 . 0 5 ) .

ESTROGEN POTENTIATES STRIATAL DA RELEASE. Two w e e k s  
a f t e r  OVX, a n i m a l s  w e r e  p l a c e d  i n  o n e  o f  f o u r  t r e a t m e n t  
g r o u p s .  O ne g r o u p  r e c e i v e d  0 . 1  m l o i l  ( s . c . ) .  T h e  o t h e r  
t h r e e  g r o u p s  r e c e i v e d  f o u r  c o n s e c u t i v e  d a y s  o f  5 µ g  
e s t r a d i o l  b e n z o a t e  (EB) i n  0 . 1  m l o i l  ( s . c . ) .  O f t h e s e  
t h r e e  g r o u p s ,  o n e  w a s  t e s t e d  4  h o u r s  a f t e r  EB , o n e  24  h o u r s  
a f t e r  EB , a n d  o n e  9 6  h o u r s  a f t e r  EB . A s i g n i f i c a n t  e f f e c t  
o f  e s t r o g e n  t r e a t m e n t  o n  A M P H - s t im u la te d  DA r e l e a s e  w a s  
f o u n d  (F  [ 3 , 1 7 ] = 3 . 5 9 , p = 0 . 0 3 5 ) .  I n  p a i r w i s e  c o m p a r i s o n s ,  t h e  
g r o u p  t h a t  r e c e i v e d  EB 4 h o u r s  p r i o r  t o  t h e  s u p e r f u s i o n  w a s  
f o u n d  t o  h a v e  s i g n i f i c a n t l y  g r e a t e r  A M P H - s t im u la te d  DA 
r e l e a s e  t h a n  a l l  o t h e r  g r o u p s  ( p < 0 .0 5 ) .  E s t r o g e n  p o t e n t i a t e d  
t h e  A M P H - s t im u la te d  DA r e l e a s e  ( r e l a t i v e  t o  OVX) a t  4  h o u r s  
b u t  n o t  a t  2 4  o r  9 6  h o u r s  a f t e r  t r e a t m e n t .

T h e s e  b i o c h e m i c a l  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h e  
b e h a v i o r a l  r e s u l t s  r e p o r t e d  l a s t  y e a r  ( B e c k e r  a n d  R o b i n s o n ,  
S o c .  N e u r o s c i .  A b s t r . , 9, 1 9 8 3 )  i n  w h ic h  we f o u n d  t h a t  AMPH- 
i n d u c e d  r o t a t i o n a l  b e h a v i o r  w a s  a t t e n u a t e d  b y  OVX a n d  
p o t e n t i a t e d  4 h o u r s  ( b u t  n o t  2 4  h o u r s )  a f t e r  e s t r o g e n  t r e a t 
m e n t .  We s u g g e s t  t h a t  e s t r o g e n - i n d u c e d  p o t e n t i a t i o n  o f  
s t r i a t a l  DA r e l e a s e  m ay u n d e r l y  t h e  i n c r e a s e d  b e h a v i o r a l  
r e p o n s e  t o  AMPH.( S u p p o r t e d  b y  N S 16 4 3 7  & HD0 5 9 9 7 ) .
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2 5 9 .5   INCREASED STRIATAL DOPAMINE RELEASE ACCOMPANIES HYPOINNERVA
TION OF STRIATUM DURING DEVELOPMENT OR AFTER 6 -HYDROXYDOPA
M IN E.  M. S t a c h o w i a k * ,  J .  B r u n o ,  E . S t r i c k e r  & M. Z ig m o n d .  
D e p t s .  o f  B i o l o g i c a l  S c i e n c e s  & P s y c h o l o g y ,  C e n t e r  f o r  N e u r o 
s c i e n c e ,  U n i v e r s i t y  o f  P i t t s b u r g h ,  P i t t s b u r g h ,  PA 1 5 2 6 0 .

R a t s  s u s t a i n i n g  l e s i o n s  o f  t h e  n i g r o s t r i a t a l  d o p a m in e  (DA) 
s y s t e m  e x h i b i t  f e w  g r o s s  b e h a v i o r a l  i m p a i r m e n t s  i f  5 -10%  o f  
t h a t  p r o j e c t i o n  r e m a i n s .  DA c o n t r o l  o v e r  s t r i a t a l  t a r g e t s  
a p p e a r s  t o  b e  r e t a i n e d  i n  s u c h  a n i m a l s .  S i m i l a r l y ,  d u r i n g  
p o s t n a t a l  d e v e l o p m e n t ,  DA c o n t r o l  o v e r  s t r i a t a l  n e u r o n s  
m a t u r e s  w e l l  b e f o r e  t h e  a d u l t  d e n s i t y  o f  d o p a m i n e r g i c  i n n e r 
v a t i o n  i s  a t t a i n e d .  T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  e n h a n c e d  
e f f i c i e n c y  o f  d o p a m i n e r g i c  t r a n s m i s s i o n  m ay c o m p e n s a te  f o r  
h y p o i n n e r v a t i o n  o f  s t r i a t u m  a f t e r  l e s i o n s  o r  d u r i n g  d e v e l o p 
m e n t .  To e x a m in e  t h i s  h y p o t h e s i s ,  s t r i a t a l  s l i c e s  ( 3 5 0  u m) 
w e r e  s u p e r f u s e d  a t  1 0 0  u l / m i n  w i t h  K r e b s - R i n g e r  b i c a r b o n a t e  
b u f f e r ,  a n d  e f f l u e n t  w a s  c o l l e c t e d  i n  5 m in  f r a c t i o n s  a n d  
a n a l y z e d  f o r  e n d o g e n o u s  DA b y  HPLC. A f t e r  a n  i n i t i a l  2 0  m in  
o f  s u p e r f u s i o n ,  s l i c e s  w e r e  s u b j e c t e d  t o  e l e c t r i c a l  f i e l d  
s t i m u l a t i o n  (2  H z , 18  mAmp, b i p o l a r ) .  F i r s t ,  c a l c i u m - d e p e n 
d e n t  e f f l u x  w a s  m e a s u r e d  u s i n g  s l i c e s  f ro m  i n t a c t ,  a d u l t  
r a t s .  E f f l u x  i n c r e a s e d  t o  3 - 5  t i m e s  t h e  p r e - s t i m u l a t i o n  
r a t e  ( 0 .8 5 ± 0 . 1 5  n g /m g  p r o t e i n )  w i t h i n  10  m in  a n d  t h e n  f e l l  
t o  a p p r o x i m a t e l y  t w i c e  t h a t  b a s a l  r a t e  o v e r  t h e  n e x t  2 0  m in .  
N e x t ,  e f f l u x  w a s  e x a m in e d  u s i n g  s l i c e s  p r e p a r e d  f ro m  a d u l t  
a n i m a l s  l e s i o n e d  2 - 3  w e e k s  e a r l i e r  w i t h  6 - h y d r o x y d o p a m in e  
( 2 0  u g ,  i v t )  o r  f r o m  7 - 1 0  d a y  o l d  r a t  p u p s .  S u c h  a n i m a l s  
h a v e  s t r i a t a l  DA l e v e l s  t h a t  a r e  10 -4 0 %  o f  a d u l t  c o n t r o l  
v a l u e s .  I n  e a c h  c a s e ,  DA e f f l u x  e x h i b i t e d  a  g r a d u a l  r i s e  
w h ic h  r e a c h e d  a d u l t ,  c o n t r o l  v a l u e s  b y  2 0 - 3 0  m in .  W hen 
e x p r e s s e d  a s  a  f r a c t i o n  o f  p r e - s t i m u l a t i o n  t i s s u e  l e v e l s  o f  
DA, e f f l u x  f r o m  t h e s e  s l i c e s  w a s  s e v e r a l  t i m e s  h i g h e r  t h a n  
t h e  c o n t r o l  r a t e  b y  t h e  e n d  o f  t h e  s t i m u l a t i o n  p e r i o d .  T h i s  
i n c r e a s e d  e f f l u x  a p p e a r e d  t o  b e  a  c o n s e q u e n c e  o f  b o t h  
i n c r e a s e d  r e l e a s e  a n d  d e c r e a s e d  r e u p t a k e  s i n c e  t h e  f r a c t i o n 
a l  DA e f f l u x  f r o m  i n t a c t  a d u l t  s t r i a t a l  s l i c e s  c o u l d  n o t  b e  
i n c r e a s e d  b y  1 0  uM n o m i f e n s i n ,  a n  i n h i b i t o r  o f  DA e f f l u x ,  t o  
t h e  r a t e  s e e n  i n  h y p o i n n e r v a t e d  s l i c e s .  M o r e o v e r ,  i n c r e a s e d  
DA b i o s y n t h e s i s  w a s  i n d i c a t e d  b y  t h e  m a i n t e n a n c e  o f  DA 
t i s s u e  s t o r e s  i n  t h e  h y p o i n n e r v a t e d  s l i c e s  d u r i n g  s t i m u l a 
t i o n .  T h e s e  r e s u l t s  s u g g e s t  t h a t  i n c r e a s e d  DA r e l e a s e ,  
d e c r e a s e d  r e u p t a k e ,  a n d  i n c r e a s e d  s y n t h e s i s  m ay s e r v e  t o  
c o m p e n s a t e  f o r  h y p o i n n e r v a t i o n  a f t e r  i n j u r y  o r  d u r i n g  d e v e l 
o p m e n t .

S u p p o r t e d  b y  NS 1 9 6 0 8  a n d  NS 1 8 8 4 2

2 5 9 . 6   ENDOGENOUS DOPAMINE RELEASE FROM RAT STRIATUM IN  VITRO: 
VARIATIONS WITH TYROSINE CONCENTRATION AND TRAIN LENGTH  
J . D .  M i l n e r  a n d  R . J .  W u rtm a n ,  L a b o r a t o r y  o f  N e u r o e n d o c r i n e  
R e g u l a t i o n ,  M IT , C a m b r id g e  MA 0 2 1 3 9

T h e  r e l e a s e  o f  e n d o g e n o u s  d o p a m in e  (DA) f r o m  s u p e r f u s e d  
s t r i a t a l  s l i c e s  c a n  b e  e v o k e d  b y  e l e c t r i c a l  p u l s e s  i n  a  C a+ +  
d e p e n d e n t ,  T T X - s e n s i t i v e  m a n n e r .  We o b s e r v e  t h a t  s u s t a i n e d  
DA r e l e a s e  r e q u i r e s  t h e  p r e s e n c e  o f  t h e  p r e c u r s o r  f o r  DA 
s y n t h e s i s ,  1 - t y r o s i n e .  T h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  d o s e -  
r e s p o n s e  r e l a t i o n s h i p  b e tw e e n  t h e  a m o u n t o f  DA r e l e a s e d  b y  
tw o  t r a i n s  o f  s t i m u l i  ( 6 0  mA, 2 m s , 20  H z) o f  6 0 0  o r  1 8 0 0  
p u l s e s ,  a n d  t h e  t y r o s i n e  c o n c e n t r a t i o n  p r e s e n t  i n  t h e  s u p e r 
f u s a t e .

T y r o s i n e  ( 0 - 5 0  µM) d o s e - d e p e n d e n t l y  a f f e c t e d  t h e  r e l e a s e  
o f  DA d u r i n g  t h e  s e c o n d  s t i m u l u s  ( S 2 )  o f  e i t h e r  t h e  l o n g  o r  
s h o r t  t r a i n .  I n  t h e  p r e s e n c e  o f  20  µM o r  g r e a t e r  d u r i n g  6 0 0  
p u l s e s ,  o r  4 0  µM o r  g r e a t e r  d u r i n g  1 8 0 0  p u l s e s ,  S 2 /S 1  w a s  
u n i t y  i n d i c a t i n g  t h a t  t h e s e  c o n c e n t r a t i o n s  o f  t y r o s i n e  a r e  
t h e  m in im um  r e q u i r e d  t o  s u s t a i n  DA r e l e a s e  u n d e r  t h e s e  
c o n d i t i o n s .

DA r e l e a s e / p u l s e  d e c l i n e d  w i t h  i n c r e a s i n g  t r a i n  l e n g t h  b u t  
w a s  i n d e p e n d e n t  o f  s t i m u l u s  f r e q u e n c y .  D u r i n g  6 0 0  p u l s e s ,  
DA r e l e a s e  a v e r a g e d  1 .0 0  p g / m g / p u l s e  i n  t h e  p r e s e n c e  o f  2 0 -  
50  µM t y r o s i n e ,  a n d  0 . 6 7  p g / m g / p u l s e  d u r i n g  1 8 0 0  p u l s e s  i n  
t h e  p r e s e n c e  o f  4 0 - 5 0  µM t y r o s i n e .  D u r i n g  t y r o s i n e - f r e e  
s u p e r f u s i o n ,  DA r e l e a s e  d e c l i n e d  a t  t h e  s i g n i f i c a n t l y  g r e a t e r  
r a t e  o f  0 . 7 1  p g / m g / p u l s e  ( 6 0 0  p u l s e s )  a n d  0 . 4 7  p g / m g / p u l s e  
( 1 8 0 0  p u l s e s ) .

A s t h e  e f f e c t  o f  t y r o s i n e  o n  DA r e l e a s e  b e c o m e s  m a n i f e s t  
d u r i n g  S 2 , we p r o p o s e  t h a t  d u r i n g  a n  i n i t i a l  s t i m u l u s  t h e  
c o n t r i b u t i o n  o f  s t o r e d  DA t o  t h e  t o t a l  r e l e a s e d  p e r  p u l s e  
c a n  i n c r e a s e  w h e n  t h e  s u p p l y  o f  n e w ly  s y n t h e s i z e d  t r a n s m i t t e r  
i s  c o m p r o m is e d  b y  s u b - o p t i m a l  l e v e l s  o f  e x t r a c e l l u l a r  
t y r o s i n e .  H o w e v e r ,  t h i s  f a c i l i t a t i o n  i s  i n o p e r a t i v e  f o r  a  
s u b s e q u e n t  s t i m u l u s  u n l e s s  DA s y n t h e s i s  h a s  p r o c e e d e d  a t  a  
s u f f i c i e n t  r a t e  t o  r e s t o r e  t h e  r e l e a s a b l e  p o o l  t o  p r e s t i m u l u s  
c o n d i t i o n s ,  w h ic h  c a n  o n l y  o c c u r  i n  t h e  p r e s e n c e  o f  a n  
a d e q u a t e  c o n c e n t r a t i o n  o f  t y r o s i n e ,  w h ic h  i n  t u r n  i s  d e t e r 
m in e d  b y  t h e  p h y s i o l o g i c a l  a c t i v i t y  o f  t h e s e  n e u r o n s .

We c o n c l u d e  t h a t  r e l a t i v e  c o n t r i b u t i o n s  t o  DA r e l e a s e  i n  
s t r i a t u m  f ro m  s y n t h e s i s  a n d  f r o m  s t o r a g e  c a n  v a r y  i n  
a c c o r d a n c e  w i t h  t y r o s i n e  a v a i l a b i l i t y  a n d  n e u r o n a l  a c t i v i t y .

2 5 9 . 7   IN  VIVO MEASUREMENT OF RAT STRIATAL DOPAMINE RELEASE AND RE
UPTAKE USING THE VOLTAMMETRIC TECHNIQUE OF CHRONOAMPER
OMETRY.  J . O .  S c h e n k *  a n d  B .S .  B u n n e y  (SFO N : W .E . B u n n e y , 
J r . ) ,  Y a le  U n i v e r s i t y  S c h o o l  o f  M e d ic i n e ,  D e p a r tm e n t s  o f  
P s y c h i a t r y  a n d  P h a r m a c o lo g y ,  New H a v e n ,  CT 0 6 5 1 0 .

I n  v i v o  v o l t a m m e t r i c  m e th o d o l o g y  h a s  b e e n  sh o w n  t o  b e  
u s e f u l  f o r  d i r e c t l y  m e a s u r i n g  t h e  f l u x e s  o f  t h e  b i o g e n i c  
a m in e s  a n d  t h e i r  m e t a b o l i t e s  i n  b r a i n  t i s s u e .  H o w e v e r ,  few  
p a p e r s  t o  d a t e  h a v e  u s e d  t h i s  t e c h n i q u e  t o  s t u d y  t h e  b a s i c  
n e u r o b i o l o g y  o f  u p t a k e  a n d  r e l e a s e .  We h a v e  u s e d  t h e  
c h r o n o a m p e r o m e t r i c a l l y  r e c o r d e d  c o n c e n t r a t i o n - t im e  p r o f i l e  
r e s u l t i n g  f ro m  t h e  r e l e a s e  o f  DA b y  d e p o l a r i z i n g  s t i m u l i  t o  
d i r e c t l y  m e a s u r e ,  i n  v i v o , t h e  r a t e  o f  r e l e a s e  a n d  u p t a k e  o f  
d o p a m in e  (DA) i n  t h e  s t r i a t u m  o f  t h e  r a t .  T h e  d e p o l a r i z i n g  
s t i m u l i  u s e d  to  r e l e a s e  DA c o n s i s t e d  o f  l o c a l  i n f u s i o n s  o f  
p o t a s s i u m  (K+ ) i o n - c o n t a i n i n g  s o l u t i o n s ,  l o c a l  e l e c t r i c a l  
s t i m u l a t i o n s ,  a n d  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  m e d ia n  
f o r e b r a i n  b u n d l e .  T he e l e c t r o d e s  u s e d  t o  m o n i t o r  t h e  
r e l e a s e  w e r e  u n t r e a t e d  c a r b o n  p a s t e  e l e c t r o d e s ,  s t e a r i c  a c i d  
c a r b o n  p a s t e  e l e c t r o d e s ,  a n d  u n c o a t e d  a n d  N a f i o n - c o a t e d  4 0  
um d i a m e t e r  c a r b o n  f i b e r  e l e c t r o d e s .  The e l e c t r o c h e m i c a l  
p a r a m e t e r s  u s e d  w e r e :  E - a p p  = + 0 .5  V v s .  A g /A g C l f o r  1 0 0  
m se c  r e p e a t e d  e v e r y  5 , 1 0  o r  6 0  s e c o n d s .

DA c o n c e n t r a t i o n - t im e  p r o f i l e s  r e s u l t i n g  f ro m  t h e  a f o r e 
m e n t i o n e d  s t i m u l i  w e r e  f o u n d  to  o b e y  t h e  l a w s  o f  d i f f u s i o n .  
U n d e r  c o n t r o l  c o n d i t i o n s  t h e  e a r l y  p o r t i o n s  o f  t h e  r e l e a s e  
p r o f i l e  f o l l o w  d i f f u s i o n  p r e d i c t i o n s  e x a c t l y  b u t  t h e  r e t u r n  
t o  b a s e l i n e  i s  f a s t e r  t h a n  t h a t  w h ic h  w o u ld  b e  p r e d i c t e d  b y  
d i f f u s i o n  c o n s i d e r a t i o n s  a l o n e .  U n d e r  c o n d i t i o n s  w h e r e  u p 
t a k e  i s  m a r k e d ly  i n h i b i t e d  o r  b l o c k e d  ( b y  h i g h  l o c a l  c o n 
c e n t r a t i o n s  o f  K+ o r  t r e a t m e n t  w i t h  b u p r o p i o n  ( 7 5  m g /k g  
i . p . ) ,  r e s p e c t i v e l y ) ,  t h e  c o m p l e t e  c o n c e n t r a t i o n  t im e  
p r o f i l e  i s  p r e d i c t e d  b y  d i f f u s i o n  s u g g e s t i n g  t h a t  t h e  r a p i d  
r e t u r n  t o  b a s e l i n e  i n  c o n t r o l  a n i m a l s  i s  d u e  t o  u p t a k e  
p r o c e s s e s .  I n  b o t h  c a s e s  t h e  r i s i n g  p o r t i o n  o f  t h e  p r o f i l e  
i s  c o n t r o l l e d  b y  d i f f u s i o n .

T he m e th o d  f o r  c a l c u l a t i n g  u p t a k e  r a t e s  i n  v i v o  c o n s i s t e d  
o f  c o m p a r in g  t h e  c o n c e n t r a t i o n - t im e  p r o f i l e  u n d e r  c o n t r o l  
c o n d i t i o n s  t o  t h e  c o n c e n t r a t i o n - t im e  p r o f i l e  u n d e r  
c o n d i t i o n s  w h e r e  u p t a k e  h a d  b e e n  b l o c k e d .  G e n e r a l l y ,  t h e  
u p t a k e  r a t e s  d e t e r m i n e d  i n  v i v o  w e r e  1 t o  2 o r d e r s  o f  
m a g n i t u d e  f a s t e r  t h a n  t h o s e  r e p o r t e d  i n v i t r o . T he 
f u n c t i o n a l  i m p l i c a t i o n s  o f  t h e s e  n e w  v a l u e s  w i l l  b e  
i l l u s t r a t e d  a n d  c o m p a r e d  t o  r e s u l t s  f ro m  t y p i c a l  u p t a k e  
s t u d i e s  i n  v i t r o .  S u p p o r t e d  b y  G r a n t s  M H -2 8 8 4 9 , MH-2 564 2  
a n d  t h e  S t a t e  o f  CT. J .  S .  i s  s u p p o r t e d  b y  NIMH, N a t i o n a l  
R e s e a r c h  S e r v i c e  A w ard  1 F 3 2  MH09081- 0 1 .

259.8  METHAMPHETAMINE-INDUCED DOPAMINE RELEASE MAY BE "TOXIC** TO 
SEROTONERGIC AND DOPAMINERGIC NEURONS.  C . J .  S c h m id t* , J .K .  
R i t t e r * ,  P .K . S o n s a l l a * ,  G .R . H anson an d  J .W . G ib b . (S p o n . 
W. S te v e n s )   D e p t. Bio c h em . P h a rm a c o l. & T o x . ,  U n iv . o f  
U ta h , S a l t  Lake C i t y ,  UT 84112

R e p e a te d  a d m i n i s t r a t i o n  o f  h ig h  d o s e s  o f  t h e  CNS s t im u 
l a n t ,  m e th am p h etam in e  (METH), p ro d u c e  d r a s t i c ,  lo n g - t e r m  
d e p r e s s io n  o f  m onoam ine s y n t h e s i s  in  th e  r a t  b r a i n .  Neo
s t r i a t a l  t y r o s i n e  h y d r o x y la s e  (TH) an d  t r y p to p h a n  h y d ro x y 
l a s e  (TPH) a c t i v i t y  a r e  re d u c e d  a s  a r e  n e o s t r i a t a l  c o n c e n 
t r a t i o n s  o f  d o p a m in e , s e r o t o n i n  and  t h e i r  a c i d i c  m e ta b o 
l i t e s .  G ibb  e t  a l .  (N-S A rc h . P h a rm a c o l. 3 1 0 :1 8 5 ,  1979) 
d e m o n s t r a te d  t h a t  th e  DA s y n t h e s i s  i n h i b i t o r ,  α - m e th y l - ρ -  
t y r o s i n e  ( αMT) b lo c k s  t h e  M e th - in d u c e d  d e p r e s s io n  o f  TH 
a c t i v i t y  and  t h a t  t h i s  e f f e c t  o f  aMT i s  r e v e r s e d  by a d m in is 
t r a t i o n  o f  L-DOPA p lu s  th e  p e r i p h e r a l  d e c a r b o x y la s e  i n h i b i 
t o r ,  R 0 4 -4 6 0 2 . T h e se  f i n d i n g s  c l e a r l y  i n d i c a t e  a r o l e  f o r  
c a te c h o la m in e  s y n t h e s i s  in  t h e  M ETH -induced d e p r e s s io n  o f  TH 
a c t i v i t y .

In  a n a lo g o u s  e x p e r i m e n t s ,  we h av e  ex a m in ed  t h e  r o l e  o f  
c a te c h o la m in e  s y n t h e s i s  in  th e  r e s p o n s e  o f  b o th  t h e  d o p am in 
e r g i c  and  s e r o t o n e r g i c  sy s te m  to  M E T H . R a ts  w ere  a d m in is 
t e r e d  METH (15  m g/kg) e v e ry  6 h f o r  5 d o s e s  a lo n e  o r  in  
c o m b in a t io n  w i th  α MT (6 0  m g /k g ) . O th e r  a n im a ls  r e c e i v i n g  
METH p lu s  α MT w ere  a l s o  a d m in is te r e d  L -D O P A  (5 0  m g /k g ) an d  
R 04-4602 (2 5  m g /k g ) . A ll a n im a ls  w ere  k i l l e d  18 h a f t e r  t h e  
l a s t  d o s e .  METH a lo n e  re d u c e d  n e o s t r i a t a l  T H  an d  T P H  
a c t i v i t y  t o  70 an d  30% o f  c o n t r o l ,  r e s p e c t i v e l y .  When α MT 
was a d m in is te r e d  w i th  M E T H , T P H  a c t i v i t y  was re d u c e d  t o  o n ly  
80% o f  c o n t r o l  w h i le  T H  a c t i v i t y  re m a in e d  a t  c o n t r o l  l e v e l s .  
C o a d m in is t r a t io n  o f  L -D O P A  p lu s  R 04-4602  w i th  M ETH and  α MT 
r e v e r s e d  th e  p r o t e c t i v e  e f f e c t  o f  α M T ; n e o s t r i a t a l  TH and  
T P H  a c t i v i t y  w ere  d e c re a s e d  to  80 and  38% o f  c o n t r o l ,  
r e s p e c t i v e l y .  The r e s p o n s e  o f  c e r e b r a l  T P H  a c t i v i t y  t o  METH 
was a l s o  a t t e n u a t e d  by α MT an d  t h i s  e f f e c t  w as r e v e r s e d  by 
L -D O P A  p lu s  R 0 4 -4 6 0 2 . N e o s t r i a t a l  s e r o t o n i n  an d  5 -h y d ro x y -  
i n d o l e a c e t i c  a c id  c o n c e n t r a t i o n s  ch a n g ed  in  a  p a t t e r n  
i d e n t i c a l  t o  t h a t  o f  T P H  a c t i v i t y .  The r e s u l t s  s u g g e s t  t h a t  
c a te c h o la m in e  s y n t h e s i s  i s  r e q u i r e d  f o r  t h e  M e th - in d u c e d  
n e u ro c h e m ic a l c h a n g e s  o c c u r r i n g  in  b o th  t h e  d o p a m in e rg ic  and  
s e r o t o n e r g i c  s y s te m s  o f  th e  r a t  b r a i n  a f t e r  e x p o s u re  t o  h ig h  
d o s e s  o f  M E T H .
( S u p p o r te d  by USPHS G ra n ts  DA 0 0 8 6 9 , GM 07579  an d  MH 3 9 3 0 4 ) .
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2 5 9 . 9   MESOCORTICAL DOPAMINE NEURONS: DO AGONISTS INHIBIT SYNTHESIS VIA FEEDBACK 
LOOPS OR RELEASE-MODULATING AUTORECEPTORS?  Matthew P. Gallw ay  & Robert H. 
Roth.  Pharmacology, Yale Univ. Sch. Med., New Haven CT 06518

Mesencephalic dopamine (DA) neurons projecting to the prefrontal(PF) and 
cingulate(CING) cortices seem to be unique in that electrophysiological and 
biochemical evidence suggests that these neurons have a diminished capacity 
for autoregulation of impulse generation and possibly DA synthesis. Since 
these neurons play an important role in cognition and respond to anti
psychotic drugs, it  is of interest to determine the control mechanisms to 
which they are sensitive. Recent reports have indicated that DA agonists 
can inhibit DOPA accumula t ion in the PF. These studies have been 
interpreted to suggest that synthesis modulating DA autoreceptors exist on 
the terminals of these neurons. Our studies of DA release and synthesis 
suggest other regulatory modes and may explain the apparent dichotomy.

We have found that DOPA synthesis in  vivo in the PF, CING, olfactory 
tubercles, N. accumbens, and striatum(ST) is inhibited to a similar extent 
(30-40%) by low doses of apomorphine (APO, 50ug/kg,sc) and by the putative 
DA agonists EMD-23448(3 mg/kg) and BHT-920(1 mg/kg). Although the PF and 
ST respond in a similar fashion, other data suggest that the regulatory 
properties of these terminals are d is tinc t. Increasing the dose of APO (to 
2mg/kg) has no further effect on PF or CING synthesis while the ST shows a 
clear dose relationship. Following the GBL-induced cessation of impulse 
flow (for 3 to 5 hrs), the effect of APO on synthesis was enhanced in the 
ST & OT (supersensitive autoreceptors) whereas in the PF, APO was now 
without effect. These findings suggest that DOPA synthesis in the PF is not 
directly regulated by the same type of interaction seen with stria ta l 
autoreceptors. GBL administered immediately prior to APO blocked the 
inhibitory effect in the PF and CING, whereas the effect on s tria ta l 
synthesis was s t i l l  evident; this suggests that impulse flow is necessary 
for the effect of APO and supports the role of a feedback loop or 
catecholamine-sensitive input to the cell body. Interestingly, other 
studies suggested that chloral hydrate can a) attenuate the effect of APO 
on PF synthesis and, in contrast to the ST, b) increase DA levels in the PF 
and CING, and c) does not activate synthesis in mesocortical terminals. 
Also, chloral hydrate blocked the disappearance of PF-DA after aMT, and APO 
had no effect on PF-DA decline under these conditions. In unanethetized 
ra ts , PF&CING-DA declined rapidly (T1/2=13min) and was attenuated by APO, 
suggesting a potential autoregulation of DA release from PF terminals.

These, and other data (Wolf&Roth,  this vo l.), suggest that mesocortical DA 
neurons are capable of autoregulating transmitter release. However, it can 
be hypothesized that the observed effects on synthesis are indirect and 
that synthesis is modulated more by factors such as impulse flow and the 
amount of transmitter present. The data are compatible with the notion that 
synthesis modulating autoreceptors are lacking on mesocortical DA neurons. 
Currently our data do not address the location of the release modulating 
mechanism but it seems to be sensitive to agents which affect impulse flow 
(chloral hydrate, GBL). Supported by MH14092(RHR) & MH09102(MPG).

2 5 9 .10  MESOAMYGDALOID DOPAMINE NEURONS: SOME UNUSUAL PRO PER TIES.
C .D . Ki I t s * ,  C .M .  A n d e r s o n * ,  D .W . S c h u l z  a n d  R .B .  M a i lm a n .   
D uke U n iv e r s i t y  M e d ic a l  C e n t e r ,  D u rh a m , NC 2 7 7 1 0 ; U n i v e r s i t y  
o f  N o r th  C a r o l i n a  S c h o o l  o f  M e d i c i n e ,  C h a p e l H i l l ,  NC 2 7 5 1 4 .

A d e t a i l e d  s t u d y  o f  t h e  f u n c t i o n a l  s i g n i f i c a n c e  o f  d o p 
a m in e  (DA) i n  t h e  a m y g d a la  h a s  n o t  b e e n  m ad e a l t h o u g h  
e l e c t r o p h y s i o l o g i c a l ,  h i s t o c h e m i c a l  a n d  b i o c h e m i c a l  d a t a  s u p 
p o r t  a  n e u r o t r a n s m i t t e r  r o l e  f o r  DA i n  t h i s  l i m b i c  s t r u c t u r e .  
I n  t h e  p r e s e n t  s t u d y ,  e i g h t  a m y g d a lo id  n u c l e i  w e r e  b i l a t 
e r a l l y  m i c r o d i s s e c t e d  f r o m  c o r o n a l  b r a i n  s l i c e s  ( 3 0 0 µ ) ,  a n d  
f r o z e n  a t  - 7 0 ° C .  T h e c a t e c h o l a m i n e  c o n t e n t  w as d e t e r m in e d  
u s i n g  o n - l i n e  t r a c e  e n r i c h m e n t  HPLC w i t h  e l e c t r o c h e m i c a l  
d e t e c t i o n .  T h e p r e s e n c e  o f  c a t e c h o l a m i n e - s e n s i t i v e  a d e n y l a t e  
c y c l a s e s  w as d e t e r m in e d  i n  t i s s u e  h o m o g e n a te s  u s i n g  a n  
a u t o m a t e d  HPLC p r o c e d u r e .  An e x a m i n a t i o n  o f  t h e  f u n c t i o n a l  
c h a r a c t e r i s t i c s  o f  t h e  m e s o a m y g d a lo id  DA s y s t e m  p r o d u c e d  som e 
s u r p r i s i n g  r e s u l t s .  1 ) T h e r e  i s  an  e x t r e m e l y  h e t e r o g e n e o u s  
d i s t r i b u t i o n  o f  DA am ong t h e  a m y g d a lo id  n u c l e i ,  w i t h  t h e  
c o n c e n t r a t i o n  i n  t h e  c e n t r a l  n u c l e u s  b e i n g  75  f o l d  g r e a t e r  
t h a n  t h a t  o f  t h e  a d j a c e n t  m e d ia l  n u c l e u s .  2)  T h e r a t e  o f  DA 
t u r n o v e r  i s  s i g n i f i c a n t l y  s l o w e r  i n  t h e  a m y g d a la  t h a n  i n  t h e  
p r e f r o n t a l  c o r t e x ,  c a u d a t e  n u c l e u s ,  o l f a c t o r y  t u b e r c l e  o r  
n u c l e u s  a c c u m b e n s .  3 ) P r e s y n a p t i c  a u t o r e c e p t o r s  r e g u l a t i n g  DA 
s y n t h e s i s ,  a l t h o u g h  p r e s e n t ,  h a v e  r e l a t i v e l y  lo w  s e n s i t i v i t y ,  
a l t h o u g h  t h e  t u r n o v e r  r a t e  o f  a m y g d a lo id  DA i s  i n c r e a s e d  
f o l l o w i n g  a c u t e  h a l o p e r i d o l  a d m i n i s t r a t i o n  (1  m g /k g ,  I P ) .  4 )  
U n l i k e  a d e n y l a t e  c y c l a s e  a c t i v i t y  i n  h o m o g e n a te s  o f  t h e  
c a u d a t e  n u c l e u s  a n d  n u c l e u s  a c c u m b e n s ,  h o m o g e n a te s  o f  n o n e  o f  
t h e  a m y g d a lo id  n u c l e i  sh o w  s t i m u l a t i o n  o f  cAMP s y n t h e s i s  by  
DA o r  NE. T h i s  r e p r e s e n t s  a  m a j o r  d e p a r t u r e  f r o m  t h e  u s u a l  
a s s o c i a t i o n  o f  c a t e c h o l a m i n e  n e u r o n s  w i t h  a  r e s p o n s i v e  a d e n 
y l a t e  c y c l a s e .  M o r e o v e r ,  t h e  b a s a l  r a t e  o f  cAMP s y n t h e s i s  i n  
t h e  c e n t r a l  a m y g d a lo id  n u c l e u s  i s  h i g h e r  t h a n  i n  a n y  o t h e r  
r e g i o n  o f  b r a i n  r e c e i v i n g  c a t e c h o l a m i n e  i n n e r v a t i o n .  T h u s ,  
t h e  i n d i v i d u a l  a m y g d a lo id  n u c l e i  d i f f e r  i n  DA c o n t e n t ,  
p o s s e s s  l o n g  l o o p  f e e d b a c k  a n d  p r e s y n a p t i c  a u t o r e c e p t o r  
m e d i a t e d  m e c h a n is m s  o f  DA s y n t h e s i s  r e g u l a t i o n ,  a n d  h a v e  a 
r e l a t i v e l y  s lo w  e s t i m a t e d  r a t e  o f  im p u ls e  f l o w .  T he l a c k  o f  a  
DA r e s p o n s i v e  a d e n y l a t e  c y c l a s e  s u g g e s t  t h a t  i n  t h e  a m y g d a la  
t h e  s y n a p t i c  c o n t a c t s  may b e  b e tw e e n  D A - c o n t a i n i n g  a n d  l e s s  
c o n v e n t i o n a l  ( e . g . ,  p e p t i d e r g i c )  c e l l s ,  a n d  t h a t  t h e  f u n c 
t i o n a l  s i g n i f i c a n c e  o f  s y n a p t i c  t r a n s m i s s i o n  a t  t h e s e  s i t e s  
c o u l d  b e  m a r k e d ly  d i f f e r e n t  t h a n  a t  t h e  s y n a p s e s  o f  o t h e r  DA 
s y s t e m s  i n  t h e  b r a i n .
( S u p p o r t e d  by PHS H D 1 6 8 3 4 , E S 0 1 1 0 4  a n d  HD 0 3 1 1 0 . )

259.11  TYROSINE PREFERENTIALLY INCREASES DOPAMINE SYNTHESIS IN 
MESOCORTICAL DOPAMINE NEURONS WITH HIGH FIR IN G  FREQUENCY.  
S e e - Y i n g  Tam  a n d  R o b e r t  H . R o t h .  D e p a r tm e n t s  o f  
P h a r m a c o lo g y  a n d  P s y c h i a t r y ,  Y a le  U n i v e r s i t y  S c h o o l  o f  
M e d i c i n e ,  New H a v e n ,  CT 0 6 5 1 0 .

T y r o s i n e  a v a i l a b i l i t y  h a s  b e e n  s u g g e s t e d  to  i n f l u e n c e  
t y r o s i n e  h y d r o x y l a t i o n  an d  d o p a m in e  (D A ) s y n t h e s i s  i n  DA 
n e u r o n s  u n d e r  so m e e x p e r i m e n t a l  c o n d i t i o n s .  The e x t e n t  t o  
w h ic h  t y r o s i n e  c a n  e x e r t  i t s  e f f e c t  a p p e a r s  d e p e n d e n t  o n  th e  
f i r i n g  f r e q u e n c y  o f  t h e  n e u r o n s .  R e c e n t  s t u d i e s  h a v e  
i n d i c a t e d  t h a t  m e s o c o r t i c a l  DA n e u r o n s  p r o j e c t i n g  to  t h e  
p r e f r o n t a l  an d  c i n g u l a t e  c o r t i c e s  l a c k  a u t o r e c e p t o r s .  T h e s e  
n e u r o n s  a l s o  e x h i b i t  a  f a s t e r  DA t u r n o v e r  r a t e  a n d  h i g h e r  
b a s a l  f i r i n g  r a t e  t h a n  t h o s e  DA n e u r o n s  w h ic h  p o s s e s s  DA 
a u t o r e c e p t o r s  ( C h i o d o  e t  a l . ,  N e u r o s c i e n c e ,  1 9 8 4 ) .  T h u s ,  i t  
w a s  o f  i n t e r e s t  t o  s e e  i f  t y r o s i n e  a d m i n i s t r a t i o n  c o u ld  
d i f f e r e n t i a l l y  a f f e c t  DA s y n t h e s i s  d e p e n d in g  o n  th e  s t a t e  o f  
b a s a l  a c t i v i t y  o f  t h e  DA n e u r o n s .

R a t s  w e r e  a d m i n i s t e r e d  t y r o s i n e  i n t r a p e r i t o n e a l l y  o n e  
h o u r  b e f o r e  s a c r i f i c e .  NS D - 1 0 1 5 ,  a  d e c a r b o x y l a s e  i n h i b i t o r ,  
w a s  g i v e n  3 0  m i n u t e s  a f t e r  t y r o s i n e  a d m i n i s t r a t i o n  and  DOPA 
a c c u m u l a t i o n  m e a s u r e d  i n  s e l e c t e d  b r a i n  r e g i o n s .  T y r o s i n e  
a d m i n i s t r a t i o n  ( 2 5  m g /k g )  c a u s e d  s i g n i f i c a n t  i n c r e a s e s  i n  
DOPA a c c u m u l a t i o n  o v e r  s a l i n e  c o n t r o l s  i n  t h e  p r e f r o n t a l  
c o r t e x  ( + 3 2 %) a n d  t h e  c i n g u l a t e  c o r t e x  ( + 2 9 %) ,  b u t  n o t  i n  
t h e  p i r i f o r m  c o r t e x ,  o l f a c t o r y  t u b e r c l e  a n d  s t r i a t u m .  No 
s i g n i f i c a n t  c h a n g e  w as o b s e r v e d  i n  a n y  DA s y s t e m s  a t  a  
h i g h e r  d o s e  o f  t y r o s i n e  ( 5 0  m g /k g ) .  W hen t y r o s i n e  w as 
a d m i n i s t e r e d  w i t h o u t  t h e  d e c a r b o x y l a s e  i n h i b i t o r ,  a  
s i g n i f i c a n t  i n c r e a s e  i n  DA l e v e l  w a s  o b s e r v e d  i n  t h e  
p r e f r o n t a l  c o r t e x  a t  5 0  m g /k g  ( + 2 4 %) ,  b u t  n o t  a t  25  m g /k g .  
No s i g n i f i c a n t  a l t e r a t i o n s  i n  DA l e v e l s  w e r e  o b s e r v e d  i n  
o t h e r  b r a i n  a r e a s .  M o r e o v e r ,  l e v e l s  o f  n o r e p i n e p h r i n e  ( N E ) ,  
DOPAC a n d  MHFG r e m a in e d  u n c h a n g e d  a f t e r  t y r o s i n e  
a d m i n i s t r a t i o n  i n  a l l  DA a n d  NE s y s t e m s  e x a m in e d .

T h i s  s t u d y  d e m o n s t r a t e s  t h a t  a  lo w  d o s e  o f  t y r o s i n e  
p r e f e r e n t i a l l y  i n c r e a s e s  t y r o s i n e  h y d r o x y l a t i o n  i n  t h e  
m eso p r e f r o n t a l  an d  m e s o c i n g u l a t e  DA n e u r o n s  w h ic h  h a v e  
p r e v i o u s l y  b e e n  show n  to  h a v e  a  h i g h  b a s a l  f i r i n g  f r e q u e n c y  
a n d  to  l a c k  DA a u t o  r e c e p t o r s .  T h u s ,  d o p a m in e  n e u r o n s  
l a c k i n g  a u to  r e c e p t o r s  ( i . e . ,  m e s o c o r t i c a l  DA n e u r o n s  
p r o j e c t i n g  t o  p r e f r o n t a l  an d  c i n g u l a t e  c o r t i c e s )  m ay , u n d e r  
n o r m a l  p h y s i o l o g i c a l  c o n d i t i o n s ,  h a v e  t h e  s y n t h e s i s  o f  t h e i r  
t r a n s m i t t e r  c o n t r o l l e d  i n  p a r t  b y  t h e  a v a i l a b i l i t y  o f  
c i r c u l a t i n g  t y r o s i n e .  ( S u p p o r t e d  i n  p a r t  b y  USPHS G r a n t  
M H-14 0 9 2  a n d  t h e  S t a t e  o f  C o n n e c t i c u t . )

2 5 9 .1 2   BENZODIAZEPINE RECEPTOR MODULATION OF STRESS-INDUCED 
ACTIVATION OF PREFRONTAL DOPAMINE NEURONS.  K e n a n  O n e l * , 
S e e - Y in g  Tam  a n d  R o b e r t  H . R o t h ,  D e p a r tm e n t s  o f  P h a r m a c o lo g y  
a n d  P s y c h i a t r y ,  Y a le  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  New 
H a v e n ,  CT 0 6 5 1 0

T h e r e  i s  g o o d  e v i d e n c e  i n d i c a t i n g  t h a t  so m e  m e s o c o r t i c a l  
d o p a m in e  (D A ) n e u r o n s  a r e  a c t i v a t e d  b y  s t r e s s .  An i n c r e a s e  
i n  DA m e t a b o l i s m  i s  o b s e r v e d  i n  t h e s e  n e u r o n s  a f t e r  e l e c t r i c  
f o o t s h o c k ,  a n d  s u c h  c h a n g e s  c a n  b e  r e v e r s e d  b y  
b e n z o d i a z e p i n e s .  R e c e n t  s t u d i e s  h a v e  s u g g e s t e d  t h a t  
b e n z o d i a z e p i n e s  e x e r t  t h e i r  a n x i o l y t i c  e f f e c t  b y  i n t e r a c t i n g  
w i t h  s p e c i f i c  b e n z o d i a z e p i n e  r e c e p t o r s  i n  t h e  b r a i n .  T h u s, 
we e x a m in e d  w h e t h e r  t h e s e  r e c e p t o r s  c o u ld  b e  i n v o l v e d  in  t h e  
s t r e s s - i n d u c e d  a c t i v a t i o n  o f  m e s o c o r t i c a l  DA n e u r o n s .

R a t s  w e r e  s t r e s s e d  b y  m i l d  e l e c t r i c  f o o t s h o c k  ( 0 . 2  mA, 
160 ms d u r a t i o n ,  3 2 0  ms i n t e r v a l )  f o r  2 0  m i n u t e s .  
N o r e p i n e p h r i n e ,  DA a n d  DOPAC l e v e l s  w e r e  m e a s u r e d  in  
d i f f e r e n t  b r a i n  r e g i o n s  b y  HPLC u s i n g  e l e c t r o c h e m i c a l  
d e t e c t i o n .  T h i s  m i l d  f o o t s h o c k  p a r a d ig m  c a u s e d  a  s i g n i f i c a n t  
a n d  s e l e c t i v e  i n c r e a s e  i n  DOPAC l e v e l  i n  t h e  p r e f r o n t a l  
c o r t e x  ( + 8 0 %) ,  b u t  n o t  i n  t h e  o t h e r  m e s o c o r t i c a l  DA 
p r o j e c t i o n s  ( c i n g u l a t e ,  e n t o r h i n a l ,  a n d  p i r i f o r m  c o r t i c e s ) ,  
t h e  m e s o l im b ic  p r o j e c t i o n  ( o l f a c t o r y  t u b e r c l e ) ,  o r  t h e  
n i g r o - s t r i a t a l  p r o j e c t i o n  ( s t r i a t u m ) .  D ia z e p a m , g i v e n  a t  5 
m g /k g ,  i . p . ,  3 0  m in u t e s  b e f o r e  s t r e s s ,  c o m p l e t e l y  r e v e r s e d  
t h e  s t r e s s - i n d u c e d  a c t i v a t i o n  o f  t h e  m eso p r e f r o n t a l  DA 
n e u r o n s .  T r i a z o l a m ,  a n o t h e r  a n x i o l y t i c ,  g i v e n  a t  1 m g /k g ,  
i . p . ,  a l s o  b l o c k e d  th e  s t r e s s - i n d u c e d  i n c r e a s e  i n  p r e f r o n t a l  
DOPAC. W hen CGS 8 2 1 6 ,  a  b e n z o d i a z e p i n e  r e c e p t o r  a n t a g o n i s t ,  
w a s  a d m i n i s t e r e d  a t  10  m g /k g ,  i . p . ,  15 m in u t e s  p r i o r  to  
d i a z e p a m  t r e a t m e n t ,  t h e  a b i l i t y  o f  d i a z e p a m  to  r e v e r s e  t h e  
s t r e s s - i n d u c e d  e l e v a t i o n  o f  DA m e t a b o l i s m  i n  t h e  p r e f r o n t a l  
c o r t e x  w as  c o m p l e t e l y  a n t a g o n i z e d .

T h e s e  s t u d i e s  d e m o n s t r a t e  t h a t  s t r e s s  i n d u c e d  b y  u s i n g  a  
m i l d  e l e c t r i c  f o o t s h o c k  p a r a d i g m  c a u s e s  a  s e l e c t i v e  
a c t i v a t i o n  o f  t h e  p r e f r o n t a l  m e s o c o r t i c a l  DA n e u r o n s .  
F u r t h e r m o r e ,  t h e s e  d a t a  s u g g e s t  a n  i n v o lv e m e n t  o f  
b e n z o d i a z e p i n e  r e c e p t o r s  i n  t h e  m o d u l a t i o n  o f  t h e  p r e f r o n t a l  
DA s y s t e m .  ( S u p p o r t e d  in  p a r t  b y  USPHS G r a n t  M H-14 0 9 2  a n d  
t h e  S t a t e  o f  C o n n e c t i c u t )
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259.13  EFFECTS O F ACUTE MORPHINE ADMINISTRATION ON IN
CERTOHYPOTHALAMIC DOPAMINERGIC NEURONS IN THE 
MALE RAT.  K .J. Lookingland and K.E. M oore.  D ep t. o f  P harm a
cology/Toxicology, M ichigan S ta te  Univ., E ast Lansing, MI 48824.

Previous stud ies from  th is  labo ra to ry  have d em onstra ted  th a t 
following ac u te  m orphine adm in istra tion  the ra te s  of synthesis and 
tu rnover o f DA inc rease  in  te rm ina ls  o f n ig ro s tr ia ta l and m esolim bic 
neurons, bu t d ec rease  in te rm ina ls  o f the  tuberoinfundibular 
neurons. These resu lts  suggested th a t m orphine d iffe ren tia lly  
in fluences th e  ac tiv ity  o f the  various DA neuronal system s in the  
b rain . The purpose of th e  p resen t study was to  determ ine  the  e f fe c t 
o f ac u te  m orphine adm in istra tion  on the  a c tiv ity  of incertohypo tha
lam ic DA neurons lo c a ted  in th e  ro s tra l , p e riv en tricu la r and caudal, 
dorsom edial hypothalam us.

The a c tiv itie s  o f the  n ig ro s tria ta l, m esolim bic, tuberoinfundi
bu lar and incertohypo thalam ic  DA neurons w ere es tim ated  by 
m easuring: 1) the  ra te  of tu rnover of DA (decline a f te r  α -  
m ethy lty ro sine , 250 m g/kg, i.p.) and 2) th e  co ncen tra tion  of d i
hydroxyphenylace t ic  ac id  (DOPAC) in brain  regions containing cell 
bodies or te rm ina ls  of the se  neurons; i .e ., s tr ia tu m , nucleus accum 
bens, m edian em inence and various hypothalam ic nuclei, resp ec tiv e 
ly. The r a te  o f tu rnover o f DA and the  co ncen tra tion  of DOPAC 
w ere inc reased  in s tr ia tu m  and nucleus accum bens and decreased  in 
th e  m edian em inence 60 min a f te r  th e  adm in istra tion  of m orphine 
(10 m g/kg, i.p .). M orphine inc reased  th e  r a te  o f tu rnover o f DA and 
th e  co n cen tra tio n  o f DOPAC in brain  regions containing both  ce ll 
bodies (ro s tra l, p e riv en tric u la r nucleus (A14) and m edial zona in
c e r ta , A 13) and te rm ina ls  (m edial p reo p tic , p reop ticosuprach ias
m a tic  and dorsom edial nucleus) of incertohypo thalam ic  DA neurons. 
These re su lts  ind ica te  th a t incertohypo thalam ic  DA neurons re 
sem ble the  ex trahypo thalam ic  n ig ro s tria ta l and m eso telencephalic  
DA neurons in th e ir  response to  m orphine ra th e r  than  the m ore 
an a to m ica lly -re la ted  tuberoinfundibular DA neurons. F u rtherm ore , 
th e se  re su lts  suggest th a t DOPAC m ay be used as an index of 
incertohypo thalam ic  DA neuronal a c tiv ity . (Supported by NIH gran t 
NS15911.)

259.14  DIFFERENTIAL ACTION OF BROMOCRIPTINE ON DOPAMINER
GIC NEURONS IN THE STRIATUM VERSUS NUCLEUS ACCUM
BENS AND OLFACTORY TUBERCLE.  A .C. G red ler* , K.E. Moore 
and K.T. D em arest.  D ep t. o f Pharm acology/Toxicology, M ichigan 
S ta te  Univ., East Lansing, MI 48824.

The p resen t studies w ere undertaken  to  ch a ra c te r ize  the 
ability  of th e  dopam inergic (DA) agonist brom ocrip tine (CB154) to  
inhibit the synthesis of DA in te rm ina ls  of n ig ro s tr ia ta l and m eso
lim bic dopam inergic neurons. The in vivo synthesis o f DA was 
e s tim ated  by the  ra te  of accum ulation  of dihydroxyphenylalanine 
(DOPA) in the  te rm ina l regions of n ig ro s tria ta l (stria tum ) and 
m esolim bic (nucleus accum bens, o lfa c to ry  tubercle) neurons 30 
m inutes a f te r  the adm in istra tion  o f a  decarboxylase inhib itor (3- 
hydroxybenzylhydrazine, NSD 1015; 100 m g/kg, i.p .). The ra te  of 
DOPA accum ulation  in these  regions w as u tiliz ed  as a  m easure o f 
the ab ility  of brom ocrip tine to  inhibit DA synthesis v ia DA rece p 
to r-m ed ia ted  m echanism s (i.e., neuronal feedback  loops, au to recep 
tors). The ab ility  o f brom ocrip tine to  a c tiv a te  DA au to recep to rs  in 
these  regions was evaluated  by th e  ab ility  of th is  drug to  inhibit DA 
synthesis following p re tre a tm e n t w ith γ -b u ty ro lac tone  (GBL; 750 
m g/kg, i.p .). B rom ocriptine induced a  dose-dependent (0.1-10 
m g/kg, i.p.) d ecrease  in the  ra te  o f DOPA accum ulation  in the 
s tr ia tu m , nucleus accum bens, and o lfac to ry  tu b e rc le  a f te r  1.5 h in 
ra ts  p re tre a te d  w ith 0.9% saline or GBL. H owever, a  tim e  course 
(1.5, 3, 6 and 24 h) following a single in jec tion  of brom ocrip tine (10 
m g/kg, i.p.) d em onstra ted  d ram atic  regional d iffe ren ces  in the 
ab ility  of this drug to  inhibit DA synthesis in saline versus GBL 
p re tre a te d  ra ts . B rom ocriptine inhib ited  the  GBL-induced increase  
in DOPA accum ulation  fo r 6 h in all regions exam ined. On th e  o the r 
hand, in the str ia tu m  of sa lin e -trea ted  ra ts  the  dec rease  in DA 
synthesis was evident only a t th e  1.5 h tim e in te rv a l a f te r  brom o
crip tine  adm in istra tion  while in the nucleus accum bens and o lfa c 
to ry  tube rc le  DA synthesis rem ained inhib ited  fo r 6 h. These re su lts  
suggest th a t th e re  is no regional d iffe re n ce  in th e  ab ility  of 
brom ocrip tine to  inhib it synthesis v ia  au to recep to r m echanism s but 
th e re  appear to  be d iffe rences  in DA rece p to r-m e d ia ted  neuronal 
feedback  loops which regu la te  n ig ro s tria ta l and m esolim bic DA 
neurons.  (Supported by USPHS gran t and NS15911.)

259. 15  SELECTIVE TOXICITY OF 1-METHYL-4-PHENYL- 
1 , 2 , 3 , 6 -TETRAHYDROPYRIDINE (MPTP) ON THE A9 
SUBGROUP OF DOPAMINERGIC NEURONS IN THE MONKEY 
AND THE DOG. R .S . B u rn s * , D.M. J a c o b o w i tz ,  C .C . 
C h u ie h ,  J .M . P h i l l i p s * ,  M.H. E b e r t*  an d  i . j . 
K o p in .  L a b . o f  C l i n i c a l  S c i e n c e ,  NI MH, 
B e th e s d a ,  MD 2 0 2 0 5 .

In  p r i m a t e s ,  MPTP p ro d u c e s  a l o s s  o f  p ig m e n te d  
n e rv e  c e l l s  i n  t h e  s u b s t a n t i a  n i g r a  c o m p a c ta  
(SNC) and  a p a r k i n s o n - l i k e  d i s o r d e r  ( a k i n e s i a ,  
r i g i d i t y ,  t r e m o r ,  a  f l e x e d  p o s tu r e )  r e v e r s e d  by 
L -d o p a  (B u rn s ,  R .S . ,  e t  a l . ,  P r o c .  N a t l .  A cad . 
S c i .  USA, 8 0 :4 5 4 6 ,  1 9 8 3 ) .

S ix  r h e s u s  m onkeys w e re  g iv e n  5 d o s e s  (0 .3 3  
m g/kg) o f  MPTP i . v .  a t  24 h r  i n t e r v a l s  and  
s a c r i f i c e d  a f t e r  1 t o  5 m o n th s . B r a in  s e c t i o n s  
w e re  s t a i n e d  f o r  c a t e c h o la m in e s  (CA) by  th e  
g l y o x y l i c  a c i d  m ethod  o f  h i s t o f l u o r e s c e n c e  o r  
f o r  t y r o s i n e  h y d r o x y la s e  (TH) by  an  
im m u n o h is to c h e m ic a l m e th o d . T i s s u e  s a m p le s  o f  
s p e c i f i c  b r a i n  r e g i o n s  w e re  o b t a in e d  by 
m ic ro p u n c h  and  DA and  HVA d e te r m in e d  by  HPLC.

The num ber o f  c e l l  b o d ie s  c o n t a i n i n g  CA o r  
TH i n  t h e  SNC (A9) w as m a rk e d ly  d e c r e a s e d .  The 
DA c o n t e n t s  o f  t h e  m e d ia l  (36% o f  c o n t r o l )  
l a t e r a l  (26%) and  d o r s o l a t e r a l  (8%) p u tam en  and 
t h e  m e d ia l  (24%) , l a t e r a l  (12%) and  d o r s a l  
(13%) c a u d a te  n u c le u s  w e re  d e c r e a s e d  and  th e  
HVA/DA r a t i o s  i n c r e a s e d  (2-6X ) w i th  a 
d i s t a l /p r o x im a l  g r a d i a n t .  The num ber o f  v e n t r a l  
te g m e n ta l  c e l l s  (A10) c o n t a i n i n g  CA o r  TH 
a p p e a re d  n o rm a l .  C h an g es  i n  t h e  DA c o n t e n t  o f  
t h e  n u c le u s  accu m b en s (84%) an d  o l f a c t o r y  
t u b e r c u l e  (83%) w e re  n o t  s i g n i f i c a n t .  
F l u o r e s c e n t  n e rv e  f i b e r s  i n  t h e  m ed ian  em in e n ce  
a p p e a r e d  n o rm a l w i th  p la sm a  p r o l a c t i n  l e v e l s  
u n c h a n g e d . A s i m i l a r  p a t t e r n  o f  n e u ro c h e m ic a l  
c h a n g e s  a s s o c i a t e d  w i th  n e rv e  c e l l  l o s s  in  th e  
SNC h a s  now b e e n  fo u n d  in  t h e  b e a g l e  a f t e r  MPTP 
a d m i n i s t r a t i o n .

The s e l e c t i v e  t o x i c i t y  o f  low  d o s e s  o f  MPTP on 
t h e  A9 c e l l s  i n  b o th  t h e  monkey and  th e  dog 
s u g g e s t s  t h a t  a b a s i c  b io c h e m ic a l  d i f f e r e n c e  
e x i s t s  b e tw e e n  th e  n i g r o s t r i a t a l  and  o t h e r  DA 
s y s t e m s .

259.16   DIFFERENTIAL EFFECTS OF 1 -M E T H Y L -4-PH E N Y L -1,2 , 3 , 6 , -TETRA
HYDROPYRIDINE ( 1 -M PTP) ON RAT STRIATAL TYROSINE HYDROXYLASE 
(TH ) AND TRYPTOPHAN HYDROXYLASE (T PH ) A C T IV IT IE S .  L .A . 
M a t s u d a * ,  C . J .  S c h m id t*  a n d  J .W . G ib b  (S P ON: J .  M a d s e n ) .  
De p t .  Bi o c h e m . P h a r m a c o l ,  a n d  T o x . ,  U n iv .  o f  U t a h ,  S a l t  L a k e  
C i t y ,  UT 8 4 1 1 2 .

R e c e n t l y ,  S t e r a n k a  e t  a l .  r e p o r t e d  t h a t  1-M P T P , a  com 
p o u n d  w h ic h  c o n s i s t e n t l y  p r o d u c e s  a  p a r k i n s o n i a n  s y n d ro m e  i n  
p r i m a t e s ,  c a u s e s  s i g n i f i c a n t  d e c r e a s e s  i n  d o p a m in e  a n d  
s e r o t o n i n  c o n c e n t r a t i o n s  i n  v a r i o u s  r e g i o n s  o f  t h e  r a t  b r a i n  
( F e d .  P r o c .  4 3 :  5 8 6 ,  1 9 8 4 ) .  I n  a n  a t t e m p t  t o  f u r t h e r  
c h a r a c t e r i z e  t h e  e f f e c t  o f  1-M PTP on  t h e  d o p a m i n e r g i c  a n d  
s e r o t o n e r g i c  s y s t e m s  o f  t h e  r a t ,  we h a v e  e x a m in e d  t h e  e f f e c t  
o f  tw o  d i f f e r e n t  d o s e s  on  s t r i a t a l  TH a n d  TPH a c t i v i t i e s  a n d  
t h e  t i m e  c o u r s e  o f  t h e s e  e f f e c t s .  R a t s  r e c e i v e d  a n  i . p .  
l o a d i n g  d o s e  f o l l o w e d  b y  a  2 4 - h  i n f u s i o n  o f  1-M PTP ( t o t a l  
i n f u s i o n  d o s e s  o f  2 5 -m g  o r  5 0 -m g )  f r o m  s u b c u t a n e o u s l y  
i m p la n t e d  o s m o t i c  pum ps ( a s  d e s c r i b e d  b y  S t e r a n k a ) .  R a t s  
w e r e  k i l l e d  7 d a y s  a f t e r  r e m o v a l  o f  pum ps a n d  TH a n d  TPH 
a c t i v i t i e s  w e re  d e t e r m i n e d  b y  r a d i o e n z y m a t i c  a s s a y s .  A t  25  
mg a n d  50  m g , TH a c t i v i t y  w a s d e c r e a s e d  t o  9 0  a n d  65% o f  
c o n t r o l ,  r e s p e c t i v e l y .  TPH a c t i v i t y  w a s n o t  s i g n i f i c a n t l y  
a f f e c t e d  a t  e i t h e r  d o s e .  I n  t i m e - c o u r s e  e x p e r i m e n t s ,  r a t s  
w e re  a d m i n i s t e r e d  t h e  5 0  mg i n f u s i o n  d o s e  a n d  k i l l e d  1 ,  3 o r  
7 d a y s  a f t e r  pump r e m o v a l .  TH a c t i v i t y  w as s i g n i f i c a n t l y  
d e p r e s s e d  (84% o f  c o n t r o l )  2 4  h a f t e r  t r e a t m e n t  w i t h  t h e  
e f f e c t  p l a t e a u i n g  a t  3 d a y s  (71%  o f  c o n t r o l ) .  TPH a c t i v i t y  
w as s i g n i f i c a n t l y  d e p r e s s e d  o n l y  a t  3 d a y s .

I n  a n  a t t e m p t  t o  b l o c k  t h e  e f f e c t  o f  1-M PTP on  TH a c t i v i 
t y ,  r a t s  r e c e i v e d  2 m g /k g  h a l o p e r i d o l  (HALO) i . p .  o n c e  e v e r y  
6 h ( 4  d o s e s )  i n  a d d i t i o n  t o  t h e  5 0  mg 1-M PTP i n f u s i o n .
S e v e n  d a y s  a f t e r  t r e a t m e n t ,  n e i t h e r  HALO n o r  HALO p l u s  
1-MPTP h a d  a n y  e f f e c t  on  TPH a c t i v i t y .  I n  t h i s  e x p e r i m e n t ,  
1-MPTP d e c r e a s e d  TH a c t i v i t y  t o  82% o f  c o n t r o l  ( p  < 0 . 0 5 ) .  
H o w e v e r ,  1-MPTP a n d  HALO, t o g e t h e r ,  d e p r e s s e d  TH a c t i v i t y  t o  
58% o f  c o n t r o l ,  a s i g n i f i c a n t  d e c r e a s e  f r o m  1-M PTP t r e a t m e n t  
a l o n e .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  1-M PTP i s  c a p a b l e  o f  d e c r e a s 
i n g  b o th  s t r i a t a l  TH a n d  TPH a c t i v i t i e s ;  h o w e v e r ,  t h e  e f f e c t  
o n  TH a c t i v i t y  i s  m o re  p r o n o u n c e d  a n d  p e r s i s t s  l o n g e r  t h a n  
t h e  e f f e c t  o n  TPH a c t i v i t y .  T h e  e f f e c t  o f  1-M PTP o n  TH 
a c t i v i t y  a p p e a r s  t o  b e  e n h a n c e d  b y  c o n c u r r e n t  a d m i n i s t r a t i o n  
o f  t h e  d o p a m in e  r e c e p t o r  a n t a g o n i s t ,  HALO. T h i s  o b s e r v a t i o n  
s u g g e s t s  t h a t  t h e  r a t e  o f  d o p a m in e  t u r n o v e r  m ay d e t e r m i n e  
t h e  e x t e n t  t o  w h ic h  1-M PTP d e p r e s s e s  TH a c t i v i t y .  T h i s  
h y p o t h e s i s ,  h o w e v e r ,  r e m a in s  t o  b e  f u r t h e r  t e s t e d .
( S u p p o r t e d  b y  USPHS G r a n t s  DA 0 0 8 6 9 ,  GM 0 7 5 7 9  a n d  MH 3 9 3 0 4 ) .



SUNDAY AM CATECHOLAMINES: BIOCHEMICAL CHARACTERIZATION II 883

2 5 9 .17   STUDIES ON THE MECHANISM OF TOLERANCE TO METHAMPHETAMINE.  
J . W .  G i b b ,  C . J .  S c h m i d t * ,  D . R .  G e h l e r t * ,  M.A .  P e a t ,  P . K .  
S o n s a l l a * ,  J . K .  W a m s l e y  a n d  G . R .  H a n s o n .  D e p t .  B i o c h e m .  
P h a r m a c o l .  & T o x . ,  U n i v .  o f  U t a h ,  S a l t  L a k e  C i t y ,  UT 8 4 1 1 2 .

R a t s  b e c o m e  t o l e r a n t  t o  t h e  n e u r o c h e m i c a l  e f f e c t s  o f  h i g h  
d o s e s  o f  m e t h a m p h e t a m i n e  (METH) w h e n  p r e t r e a t e d  w i t h  g r a d u 
a l l y  i n c r e a s i n g  d o s e s  o f  METH ( S c h m i d t  e t  a l . ,  F e d .  P r o c .  
4 3 : 5 8 7 ,  1 9 8 4 ) .  T h e  a d m i n i s t r a t i o n  o f  h i g h  d o s e s  o f  METH t o  
n a i v e  r a t s  r e s u l t s  i n  d e p r e s s i o n  o f  n e o s t r i a t a l  t y r o s i n e  
h y d r o x y l a s e  (TH ) a n d  t r y p t o p h a n  h y d r o x y l a s e  (TP H) a c t i v i t i e s  
t o  55  a n d  22% o f  c o n t r o l ,  r e s p e c t i v e l y .  N e o s t r i a t a l  c o n c e n 
t r a t i o n s  o f  d o p a m i n e ,  s e r o t o n i n  a n d  t h e i r  m e t a b o l i t e s  a r e  
a l s o  d r a s t i c a l l y  r e d u c e d .  H o w e v e r ,  a l l  c h a n g e s  a r e  e i t h e r  
b l o c k e d  o r  s i g n i f i c a n t l y  a t t e n u a t e d  i n  p r e t r e a t e d  a n i m a l s .  
We now d e s c r i b e  t h e  r e s u l t s  o f  s t u d i e s  e x a m i n i n g  t h e  m e c h a 
n i s m ( s )  r e s p o n s i b l e  f o r  t h i s  t o l e r a n c e  p h e n o m e n o n .

R a t s  w e r e  d o s e d  w i t h  s a l i n e  o r  METH a t  2 . 5 ,  5 . 0  a n d  7 . 5  
m g / k g  ( 5  d o s e s ,  q 6 h )  on  d a y s  1 , 3  a n d  5 ,  r e s p e c t i v e l y .  On 
d a y  7 ,  b o t h  g r o u p s  ( n a i v e  a n d  M E T H - p r e t r e a t e d )  w e r e  c h a l 
l e n g e d  w i t h  METH ( 5  x 15 m g / k g ,  q 6 h )  a n d  s a c r i f i c e d  2 o r  18 
h l a t e r .  T h e  1 8 - h  g r o u p  w a s  u s e d  f o r  a u t o r a d i o g r a p h i c  
l o c a l i z a t i o n  o f  [ 3H ] s u l p i r i d e  b i n d i n g  ( G e h l e r t  a n d  W a m s l e y ,  
E u r .  J .  P h a r m a c o l .  9 8 : 3 1 1 ,  1 9 8 4 )  a n d  m e a s u r e m e n t  o f  s u b 
s t a n c e  P ( S P )  -  l i k e  i m m u n o r e a c t i v i t y  i n  t h e  s u b s t a n t i a  
n i g r a .  F o r e b r a i n s  f r o m  a n i m a l s  k i l l e d  a t  2 h w e r e  u s e d  f o r  
t h e  d e t e r m i n a t i o n  o f  b r a i n  l e v e l s  o f  METH, a m p h e t a m i n e  a n d  
p - h y d r o x y  m e t a b o l i t e s  o f  t h e  t w o  d r u g s  b y  c a p i l l a r y  g a s  
c h r o m a t o g r a p h y - m a s s  s p e c t r o m e t r y  ( P e a t ,  i n  p r e p a r a t i o n ) .

As r e p o r t e d  p r e v i o u s l y  ( R i t t e r  e t  a l . ,  J P E T ,  i n  p r e s s )  
t h e  c h a l l e n g e  d o s e  o f  METH e l e v a t e s  n i g r a l  SP c o n c e n t r a t i o n s  
b y  a p p r o x i m a t e l y  50%. A l t h o u g h  t h e  c h a l l e n g e  d o s e  e l e v a t e d  
n i g r a l  SP 33% i n  p r e t r e a t e d  r a t s ,  t h e  c h a n g e  w a s  s i g n i f i 
c a n t l y  l e s s  t h a n  t h a t  o b s e r v e d  i n  n a i v e  a n i m a l s .  METH 
r e d u c e d  [ 3 H ] s u l p i r i d e  b i n d i n g ,  b e l i e v e d  t o  r e p r e s e n t  b i n d i n g  
t o  D2 d o p a m i n e  r e c e p t o r s ,  i n  t h e  n e o s t r i a t u m  a n d  n u c l e u s  
a c c u mb e n s  o f  n a i v e  r a t s  b y  3 0  a n d  37% , r e s p e c t i v e l y .  T he  
b i n d i n g  i n  p r e t r e a t e d  a n i m a l s  w a s  n o t  s i g n i f i c a n t l y  d i f 
f e r e n t  f r o m  c o n t r o l  i n  e i t h e r  b r a i n  r e g i o n .  F o r e b r a i n  
c o n c e n t r a t i o n s  o f  METH a n d  i t s  N - d e m e t h y l a t e d  m e t a b o l i t e ,  
a m p h e t a m i n e ,  w e r e  r e d u c e d  b y  50  a n d  36 % , r e s p e c t i v e l y ,  i n  
p r e t r e a t e d  c o m p a r e d  t o  n a i v e  r a t s  a f t e r  t h e  METH c h a l l e n g e .  
T h e  r e s u l t s  d e m o n s t r a t e  t h a t  t o l e r a n c e  t o  METH i s  m a n i f e s t e d  
b y  a  r e d u c t i o n  i n  d o p a m i n e r g i c  t r a n s m i s s i o n  i n  s e v e r a l  b r a i n  
r e g i o n s  a n d  may b e  d u e  t o  c h a n g e s  i n  t h e  d i s p o s i t i o n  o r  
m e t a b o l i s m  o f  METH a f t e r  p r o l o n g e d  a d m i n i s t r a t i o n .
( S u p p o r t e d  b y  USPHS G r a n t s  DA 0 0 8 6 9 ,  GM 0 7 5 7 9 a n d  MH 3 9 3 0 4  
a n d  MH 3 7 7 6 2 ) .

259.18  EFFECTS OF AMPHETAMINE ON TETRAHYDROBIOPTERIN IN CAUDATE: 
BILATERAL ASYMMETRY STUDY.  E.H.Y. Lee* and A .J. Mandell  
I n s t . o f Biomed. S c i. Academia S in ica . T a ip e i, Taiwan, R.O.C. 
and Dept. o f P sych iatry , Univ. o f C a lifo rn ia  a t  San Diego. 
La J o l la ,  CA 92093 U.S.A.

T etrahydrob iop terin  (BH4) fu n c tio n s  as a c o fa c to r  fo r  ty r 
osine  hydroxylase (TOH) and tryptophan hydroxylase (TPOH) 
(Kaufman 1959, 1963) in  re g u la tio n  o f monoamine b io sy n th e sis  
in  neural and adrenomedullary t i s s u e s .  Under normal s i t u a t 
io n s , b ra in  BH4 co ncen tra tion  has been shown to  vary around 
3 uM (Guroff e t  a l . ,  1967; Lloyd and Weiner, 1971) and has a 
Km o rders  of magnitude below th a t  of TOH and TPOH fo r  BH4 
(Oka e t  a l . ,  1982; Okuno and Fujisaw a, 1982; Nakata and F u ji
sawa, 1982). Previous re p o r ts  have a lso  shown th a t  among 30 
psychoactive drugs s tu d ied , only amphetamine produced a s ig 
n if i c a n t  and re p lic a b le  e f f e c t  on caudate BH4: a dose-depend
en t decrease  w ith a maximum decrement of about 35% (Mandell 
e t  a l . ,  1980). To fu r th e r  understand th e  pharm acological 
mechanism of amphetamine on BH4 , b i l a t e r a l  asymmetry of caud
a te  BH4 were examined follow ing system ic amphetamine adminis
t r a t io n .  Caudate dopamine (DA), se ro to n in  (5-HT) and th e i r  
P recursors  ty ro s in e  and tryptophan were a lso  s tu d ie d .

T h ir ty - two male Sprague-Dawley r a t s  (200-250g) were used. 
Twelve of them were used fo r  BH4 study and were randomly d iv 
ided  in to  two groups o f s ix  r a t s  each. The o th e r twenty r a t s  
were a lso  d iv ided  in to  two groups o f ten  r a t s  each fo r  mono
amine assays. The co n tro l groups rece iv ed  1 ml/kg s a lin e  in 
je c tio n  and th e  drug groups received  1 mg/kg amphetamine s u l 
f a te  in je c tio n  ( s .c . )  1 h r b efo re  s a c r i f ic e .  The caudate 
nu c le i were c o lle c te d  fo r  radioenzym atic assay o f BH. o r HPLC 
fluo rescence  de term ination  of DA, 5-HT and th e i r  p recu rso rs . 
The r e s u l t s  showed th a t  th e re  i s  a b i l a t e r a l  asymmetry of ca
udate BH4 in  normal r a t s  (approxim ately 21%) and amphetamine 
decreased th is  asymmetry s ig n if ic a n t ly  (about 8%). There i s  
about 10% abso lu te  d iffe ren c e  between l e f t - r i g h t  DA and 5-HT 
le v e ls  in  caudate and amphetamine had no obvious e f f e c ts  on 
th is  asymmetry. Tyrosine and tryptophan showed l i t t l e  l e f t -  
r ig h t  d iffe ren c e  (about 4%); however, amphetamine had a tende
ncy to  augment th i s  asymmetry (about 9%). These r e s u l t s  con
firm  and fu r th e r  suggest th e  uniqueness o f the  e f f e c ts  of 
amphetamine on b ra in  reduced c o fac to r a c t iv i ty .  As asymmetry 
i s  concerned, these  r e s u l t s  a lso  in d ic a te  a d is s o c ia tio n  b e t
ween b ra in  BH4 a c t iv i ty  and the  monoamines and p recu rso rs  i t  
re g u la te s  under the  in flu en ce  o f amphetamine. The unique 
e f fe c ts  of amphetamine on caudate BH4 and th e  b i l a t e r a l  asym
metry may have i t s  fu n c tio n a l s ig n if ic a n c e  and c l in ic a l  impl
ic a tio n s .  Supported p a r t ly  by a g ra n t from th e  W.M. Keck Found.

2 5 9 . 1 9   NEUROCHEMICAL BASIS FOR THE USE OF 6 F - D OPA FOR VISUALIZING 
DOPAMINE NEURONS IN THE BRAIN BY THE POSITRON EMISSION 
TOMOGRAPHY.  C .  C .  C h i u e h ,  K. L .  K i r k * ,  M. A .  C h a r m i n g *  a n d  
R .  M. K e s s l e r * .  NIMH/NINCDS, N IADOK a n d  NI H N u c l e a r  
M e d i c i n e  D e p t . ,  N I H ,  B e t h e s d a ,  MD 2 0 2 0 5 .

O u r  p r e v i o u s  s t u d y  i n d i c a t e s  t h a t  6 - f l u o r o c a t e c h o l a m i n e ,  
by f u l f i l l i n g  t h e  c r i t e r i a  f o r  a d r e n e r g i c  f a l s e  t r a n s m i t t e r ,  
may b e  u s e f u l  i n  p o s i t r o n  e m i s s i o n  t o m o g r a p h i c  s c a n n i n g  o f  
t h e  a d r e n e r g i c  n e r v o u s  s y s t e m  i n  t h e  b r a i n  o r  i n  t h e  
p e r i p h e r a l  s y m p a t h e t i c  n e r v e s  ( C h i u e h  e t  a l . ,  J .  P h a r m a c o l .  
E x p .  T h e r . ,  2 2 5 : 5 2 9 ,  1 9 8 3 ) .  I n  t h e  p r e s e n t  s t u d y ,  we 
s y n t h e s i z e d  t r i t i u m - l a b e l e d  6 F - d i h y d r o x y p h e n y l a l a n i n e  ( K i r k  
a n d  C r e v e l i n g ,  M e d i c i n a l  R e s .  R e v . , 4: l 8 9 ,  1 9 8 4 ;  7 , 8 - 3H- 
6F - d o p a ,  2 . 6  c / m m o l e )  f o r  i n v e s t i g a t i n g  t h e  m e t a b o l i s m  o f  
t h i s  c o m p o u n d  i n  t h e  p l a s m a  a n d  t h e  c a u d a t e  n u c l e u s .

R a t s  ( 2 0 0  g )  w e r e  p r e t r e a t e d  w i t h  a  p e r i p h e r a l  
d e c a r b o x y l a s e  i n h i b i t o r  (M K - 4 8 6 ,  75  m g / k g ,  i . p . ,  6 0  m i n )  
a n d  s a c r i f i c e d  a t  v a r i o u s  t i m e s  a f t e r  t h e  a d m i n i s t r a t i o n  
o f  3 H - 6 F - d o p a  ( 3 0 0  u c  p e r  r a t ,  i . v . ) .  I n  t h e  p l a s m a ,  
3 H - 6 F - d o p a  l e v e l s  f e l l  r a p i d l y  a n d  b i - e x p o n e n t i a l l y  w i t h  
h a l f - l i v e s  (T 1 / 2 )  o f  5 a n d  2 0  m i n ,  r e s p e c t i v e l y ,  3 h - 3 -  
m e t h o x y - 6 F - d o p a  p e a k e d  a t  2 0  m in  ( a b o u t  1 8 0 , 0 0 0  c p m / m l ) a n d  
d e c r e a s e d  w i t h  a  T l / 2  o f  a p p r o x i m a t e l y  8 0  m i n .  I n  t h e  
c a u d a t e  n u c l e u s ,  t r i t i u m  c o u n t s  a s s o c i a t e d  w i t h  6 F - d o p a ,  
6F - d o p a m i n e ,  6 F - d i h y d r o x y p h e n y l a c e t i c  a c i d  ( 6 F - d o p a c ) ,  
3 - m e t h o x y - 6 F - d o p a  a n d  6 F - h o m o v a n i l l i c  a c i d  w e r e  d e t e c t a b l e .  
T h e  m a j o r  p e a k s  w e r e  6 F - d o p a m i n e  ( 2 9 5  c p m / m g ,  p e a k e d  30  m i n )  
a n d  6 F - d o p a c  ( 9 7  c p m / m g ,  p e a k e d  15  m i n ) .  S t r i a t a l  l e v e l s  o f  
o t h e r  m e t a b o l i t e s  o f  3H - 6 F - d o p a  w e r e  l e s s  t h a n  1 0 0  cp m/m g 
t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d .  T h e r e  w a s  no  s i g n  o f  
a c c u m u l a t i o n  o f  3H - 3 - m e t h o x y - 6 F - d o p a  i n  t h e  b r a i n .  T h e  
t o t a l  c o u n t s  c o n s i s t e d  m a i n l y  o f  6 F - d o p a m i n e  ( a b o u t  6 0 % ) .  I t  
r e a c h e d  5 0 0  cp m /m g 30 m in  a f t e r  3 H - 6 F - d o p a  a n d  d e c r e a s e d  
w i t h  a  T l / 2  o f  7 0  m i n .  T h e  e s t i m a t e d  r a t e  o f  a c c u m u l a t i o n  
o f  6 F - d o p a m i n e  i n  t h e  c a u d a t e  n u c l e u s  w a s  a b o u t  75 
f m o l e / m g / 1 5  m in  w h i l e  i t s  r a t e  o f  d i s a p p e a r a n c e  w a s  
a p p r o x i m a t e l y  25 f m o l e / m g / 1 5  m i n .

S i n c e  t h e r e  i s  no  s i g n i f i c a n t  a c c u m u l a t i o n  o f  3 - m e t h o x y -  
6F - d o p a ,  i t  i s  r e a s i o n a b l e  t o  p o s t u l a t e  t h a t  m o s t  o f  t h e  
r a d i o a c t i v i t y  i n  t h e  hum an b r a i n  d e t e c t e d  by t h e  p o s i t r o n  
e m i s s i o n  t o m o g r a p h i c  s c a n n e r  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  
1 8 F l u o r i n e  l a b e l e d  6 F - d o p a  ( G a r n e t t  e t  a l . ,  N a t u r e ,  
3 0 5 : 1 3 7 ,  1 9 8 3 )  w a s  c o n t r i b u t e d  m a i n l y  by 6 F - d o p a m i n e .  T h e  
p r e s e n t  r e s u l t  a l s o  i n d i c a t e s  t h a t  1 8 F l u o r i n e - l a b e l e d  
6F - d o p a  i s  a  b e t t e r  t r a c e r  t h a n  11 C a r b o n - l a b e l e d  d o p a  
f o r  i m a g i n g  d o p a m i n e  a n d / o r  i t s  t u r n o v e r  r a t e  i n  t h e  b r a i n .
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2 6 0 .1  ELECTRON MICROSCOPIC LOCALIZATION OF N E URO N-SPECIFIC ENO
LASE (NSE) IN  NORMAL AND NEOPLASTIC CELLS IN  THE BRAIN.
S . A . V i n o r e s * ,  L . J .  R u b i n s t e i n * ,  a n d  P .  J .  M a ra n g o s  
(SPON : S . R . V a n d e n B e r g ) .  D iv .  o f  N e u r o p a t h o l . , D e p t .  
P a t h o l . ,  U n i v .  V i r g i n i a  S c h o o l  o f  M e d i c i n e ,  C h a r l o t t e s v i l l e ,  
VA 2 2 9 0 8 .

T h e  c e r e b r u m ,  c e r e b e l l u m ,  a n d  b r a i n s t e m  o f  t h e  r a t  a n d  
m o u se  w e r e  e x a m in e d  i m m u n o c y to c h e m i c a l l y  f o r  t h e  g l y c o l y t i c  
i s o e n z y m e  N SE. I n  t h e  c e r e b r u m ,  n e u r o n a l  p e r i k a r y a  a n d  d e n 
d r i t e s  w e r e  s t a i n e d .  S t a i n i n g  w a s  a b s e n t  i n  p r e s y n a p t i c  
t e r m i n a l s  o f  a x o - d e n d r i t i c  s y n a p s e s .  I n  t h e  c e r e b e l l u m ,  
s t a i n i n g  w a s  s e e n  i n  t h e  p e r i k a r y a ,  a x o n s  a n d  p a r a l l e l  f i b 
e r s  o f  t h e  g r a n u l a r  n e u r o n s ,  i n  G o l g i  c e l l  d e n d r i t e s ,  i n  
p e r i k a r y a  a n d  a x o n s  o f  b a s k e t  c e l l s ,  a n d  i n  m o ssy  f i b e r s .  
P u r k i n j e  c e l l  p e r i k a r y a  a n d  t h e i r  d e n d r i t e s ,  a n d  c l i m b i n g  
f i b e r s  w e r e  n e g a t i v e .  B r a i n s t e m  n e u r o n s  w e r e  p o s i t i v e .
M o s t m y e l i n a t e d  a x o n s  i n  t h e  c e r e b r u m  a n d  c e r e b e l l u m  w e r e  
n e g a t i v e .  F i b r i l l a r y  a s t r o c y t i c  p r o c e s s e s  b e tw e e n  m y e l i n a 
t e d  a x o n s  i n  w h i t e  m a t t e r  w e r e  p o s i t i v e ,  b u t  a l l  o t h e r  n o n 
n e u r o n a l  c e l l s  w e r e  n e g a t i v e .  I n  t h e  p o s i t i v e l y  s t a i n i n g  
c e l l s  a n d  t h e i r  p r o c e s s e s ,  s t a i n i n g  w a s  d i s p e r s e d  t h r o u g h  
t h e  c y t o p l a s m  a n d  a b s e n t  f ro m  n u c l e i ,  t h e  i n t e r i o r  o f  m i t o 
c h o n d r i a ,  t h e  c i s t e r n a e  o f  t h e  G o l g i  c o m p le x ,  m y e l i n  l a m e l 
l a e  a n d  m o s t  m e m b r a n e s .  M i c r o t u b u l e s  i n  so m e m y e l i n a t e d  
a x o n s  a p p e a r e d  d e c o r a t e d  w i t h  r e a c t i o n  p r o d u c t .

NSE w a s  a l s o  d e m o n s t r a b l e  b y  e l e c t r o n  im m u n o c y to c h e m is t r y  
i n  a  n u m b e r  o f  p r i m a r y  a n d  m e t a s t a t i c  b r a i n  t u m o r s  c o m p o se d  
o f  c e l l s  w h o s e  n o r m a l  c o u n t e r p a r t s  do  n o t  c o n t a i n  NSE b y  
l i g h t  m i c r o s c o p y .  T he  tu m o r s  i n c l u d e d  g l i o b l a s t o m a s ,  a s t 
r o c y t o m a s ,  c h o r o i d  p l e x u s  p a p i l l o m a s ,  a n d  m e t a s t a t i c  c a r 
c in o m a s .  T h e  i n t r a c e l l u l a r  d i s t r i b u t i o n  o f  NSE i n  n e o p l a s 
t i c  c e l l s  d i f f e r e d  f ro m  t h a t  f o u n d  i n  n o r m a l  c e l l s  ( n e u r o n s  
a n d  c e l l s  o f  t h e  APUD s y s t e m ) . I n  a d d i t i o n  t o  c y t o p l a s m i c  
s t a i n i n g ,  NSE w a s  f o u n d  o n  c e l l  s u r f a c e  m e m b ra n e s  a n d  o n  
m e m b ra n e s  o f  o r g a n e l l e s  i n  b o t h  p r i m a r y  CNS a n d  m e t a s t a t i c  
t u m o r  c e l l s ,  e v e n  w h e r e  c y t o p l a s m i c  s t a i n i n g  w a s  n o t  e v i 
d e n t .  I n  a s t r o c y t o m a s  a n d  g l i o b l a s t o m a s ,  c y t o p l a s m i c  f i l 
a m e n t s  w e r e  a l s o  d e c o r a t e d .  T h e  c e l l  p o p u l a t i o n  o f  a  p a r 
t i c u l a r  t u m o r  d i d  n o t  s t a i n  u n i f o r m l y .  U n s t a i n e d  c e l l s  
w e r e  o f t e n  f o u n d  a m ong  s t a i n e d  c e l l s ,  a n d  t h e  l o c a l i z a t i o n  
o f  t h e  r e a c t i o n  p r o d u c t  ( c y t o p l a s m ,  m e m b ra n e s  o r  i n t r a 
c e l l u l a r  f i l a m e n t s )  v a r i e d  am ong  c e l l s  f ro m  t h e  sa m e  tu m o r .  
T h i s  s t u d y  sh o w s  t h a t  n e o p l a s t i c  t r a n s f o r m a t i o n  n o t  o n l y  
s e e m s  t o  b e  a c c o m p a n ie d  b y  t h e  a p p e a r a n c e  o f  N SE, b u t  t h a t  
t h e  e n z y m e  a p p e a r s  a t  i n t r a c e l l u l a r  s i t e s  i n  w h ic h  NSE i s  
n o t  f o u n d  i n  t h e  n o r m a l  c e l l .

S u p p o r t e d  b y  R e s e a r c h  G r a n t  CA 3 1 2 7 1  o f  t h e  N C I .

260.2  DECREASED PYRUVATE DEHYDROGENASE COMPLEX ACTIVITY IN HISTO
LOGICALLY NORMAL ALZHEIMER BRAIN.  R .K .F . S h eu * , Y .T . K im*, 
J . P .  B la a s  and M, W e k s le r* .  C o r n e l l  M e d ic a l C o l le g e  and 
B urke R e h a b i l i t a t i o n  C e n te r ,  W hite  P l a i n s ,  NY 1 0 6 0 5 .

P re v io u s  r e p o r t s  i n d i c a t i n g  re d u c e d  a c t i v i t y  o f  t h e  p y ru 
v a t e  d e h y d ro g e n a s e  com plex  (PDHC) in  h i s t o l o g i c a l l y  ab n o rm a l 
A lzh e im er f r o n t a l  c o r t e x  p ro m p ted  us t o  ex am in e  PDHC in  a 
h i s t o l o g i c a l l y  no rm a l a r e a ,  o c c i p i t a l  c o r t e x  ( i n  s a m p le s  ob
t a i n e d  from  D r. P e te r  D a v ie s ,  A lb e r t  E i n s t e i n  M ed ic a l C o l
l e g e ) .  PDHC was a s  re d u c e d  com pared  t o  c o n t r o l s  i n  o c c i p i 
t a l  c o r t e x  ( 1 0 .7  ± 1 .8  v s  2 .9  ± 1 .2  n m o l/m in /m g  p r o t e i n ,  
mean ± SEM, P < 0 .0 1 )  a s  in  f r o n t a l  c o r t e x  (1 0 .6  ± 0 .8  v s  3 .8  
± 1 .2 ,  P < 0 .0 0 1 ) . A n o th er m i to c h o n d r i a l  enzym e, g lu t a m a te  
d e h y d ro g e n a s e ,  had th e  same a c t i v i t y  in  A lzh e im er a s  in  c o n 
t r o l  b r a i n .

W ith  p o ly c lo n a l  a n t i b o d i e s ,  r a i s e d  a g a i n s t  b e e f  k id n e y  
PDHC, W e ste rn  b l o t s  r e v e a le d  no a p p a r e n t  d i f f e r e n c e  in  s i z e s  
b e tw e en  A lzh e im er and c o n t r o l  en z y m es . Enzyme a c t i v i t y  t i 
t r a t i o n  s t u d i e s  i n d i c a t e d  th e  p r e s e n c e  o f  re d u c e d  am o u n ts  o f  
an a n t i g e n i c a l l y  n o rm a l PDHC. R e s u l t s  o f  e n z y m e - lin k e d  im
m u n o a b so rb e n t a s s a y  w ere c o n s i s t e n t  w ith  t h a t  c o n c lu s io n .  
P a t i e n t s  and c o n t r o l s  w ere w e ll  m a tch ed  f o r  a g e  and t im e  un
t i l  a u to p s y .  C o r r e l a t i o n s  o f  enzym e a c t i v i t y  w ith  t im e  un 
t i l  a u to p s y  w ere p o o r ,  and  th e  e x o g e n e o u s ly  ad d ed  PDHC d id  
n o t  l o s e  a p p r e c i a b l e  a c t i v i t y  when in c u b a te d  w ith  c o n t r o l  
and A lzh e im er b r a i n  h o m o g e n a te s .

T h e se  o b s e r v a t io n s  i n d i c a t e  t h a t  t h e  r e d u c t io n  in  PDHC 
a c t i v i t y  in  A lzh e im er b r a i n  i s  n o t  s im p ly  a r e s u l t  o f  a n a 
to m ic  dam age. The r e d u c t i o n s  a r e  m ore p ro fo u n d  th a n  r e 
p o r te d  f o r  o th e r  e n e rg y  m e ta b o l ic  enzym es and o f  t h e  o r d e r  
r e p o r t e d  f o r  c h o l in e  a c e t y l  t r a n s f e r a s e  and s o m a t o s t a t i n .  
O th e r s t u d i e s  s u g g e s t  t h e  d e c r e a s e s  in  p y r u v a te  o x id a t io n  
may r e l a t e  t o  l o s s  o f  n e u r o n a l  c a lc iu m  h o m e o s t a s is  (G ib so n  & 
P e te r s o n ,  1983; B au d ry  e t  a l ,  1983) a s  w e ll  a s  t o  th e  ch o 
l i n e r g i c  l e s i o n .

2 6 0 .3  ACUTE AMMONIA INTOXICATION ALTERS ENERGY METABOLISM IN THE 
RETICULAR FORMATION IN TUPAIA GLIS .  D.W. M c C a n d le s s* ,  and 
G. Loo ne y (SPON: J .  D e F r a n c e ) .  D e p t .  N e u r o b i o l . ,  U n iv .  o f  
T e x a s  M e d ic a l  S ch o o l a t  H o u s t o n ,  H o u s t o n ,  Texas  7 7 0 2 5 .

Ammonia i s  e l e v a t e d  i n  p a t i e n t s  w i t h  h e p a t i c  e n c e p h a l o 
p a t h y ,  and i s  t h o u g h t  t o  be an i m p o r t a n t  t o x i n  i n  t h e  
p r o d u c t i o n  o f  n e u r o l o g i c a l  symptoms. P r e v i o u s  i n v iv o  
s t u d i e s  h a v e  shown t h e  b r a i n s t e m  in  NH3 - i n d u c e d  c o m a to s e  
a n i m a l s  h a v e  d e c r e a s e d  ATP and p h o s p h o c r e a t i n e  l e v e l s .  
R e c e n t  s t u d i e s  d e m o n s t r a t e  t h a t  t h i s  e f f e c t  on b r a i n s t e m  
e n e r g y  m e t a b o l i s m  i s  l o c a l i z e d  t o  t h e  r e t i c u l a r  f o r m a t i o n ,  
and s i g n i f i c a n t  c h a n g e s  o c c u r  d u r i n g  t h e  p recom a p h a s e .  
The p r e s e n t  s t u d y  was i n t e n d e d  t o  e x t e n d  t h e s e  o b s e r v a t i o n s  
on NH3 - i n d u c e d  coma t o  t h e  lo w e r  p r i m a t e ,  t h e  t r e e  sh rew  
( T u p a i a  g l i s ) . A c c o r d i n g l y ,  f e m a l e  t r e e  s h re w s  w e ig h i n g  
1 3 0 - 1 7 0  gram s w e re  i n j e c t e d  i p  w i t h  ammonium a c e t a t e  a t  a 
d o s e  o f  20 µmoles  p e r  g ram . C o n t r o l s  r e c e i v e d  e i t h e r  
s a l i n e  o r  no i n j e c t i o n .  A n im a ls  w ere  s a c r i f i c e d  i n  a 915 
m e g a h e r t z  m ic ro w av e  o ven  a t  23 Kw 3 m i n u t e s  f o l l o w i n g  
i n j e c t i o n  ( p re c o m a )  o r  1 m i n u t e  f o l l o w i n g  t h e  o n s e t  o f  coma 
( 9 . 5  m i n u t e s ,  r a n g e  4 - 1 2  m i n u t e s ) .  The b r a i n s  w ere  rem oved  
and s t o r e d  u n t i l  f u r t h e r  u s e  a t  - 8 0 ° C. G l u c o s e ,  g ly c o g e n ,  
l a c t a t e ,  ATP, and p h o s p h o c r e a t i n e  w ere  a l l  m e a s u re d  in  
1 0 0 - 5 0 0  n an o g ram  s a m p l e s  f r e e h a n d  d i s s e c t e d  from  
f r e e z e - d r i e d  s e c t i o n s  o f  t h e  m i d b r a i n  r e t i c u l a r  f o r m a t i o n .  
M e t a b o l i t e  a n a l y s i s  i n c l u d e d  e n z y m a t i c  c y c l i n g  t o  e n h a n c e  
f l u o r e s c e n c e .  R e s u l t s  showed a s i g n i f i c a n t  d e c r e a s e  i n  
g l u c o s e  and  g l y c o g e n  d u r i n g  t h e  coma s t a g e ;  g l y c o g e n  was 
a l s o  d e c r e a s e d  i n  t h e  p reco m a  p h a s e .  L a c t a t e  was i n c r e a s e d  
i n  t h e  coma p e r i o d  o n l y ,  w h e r e a s  p h o s p h o c r e a t i n e  was 
d e c r e a s e d  i n  b o t h  t h e  p re co m a  and coma s t a g e s .  ATP was n o t  
s i g n i f i c a n t l y  d e c r e a s e d  i n  e i t h e r  p recom a o r  coma. The sum 
o f  ATP and  p h o s p h o c r e a t i n e  was d e c r e a s e d  by 50% in  precom a 
and  c o m a to s e  a n i m a l s .  T h e se  r e s u l t s  sh o w in g  an e f f e c t  o f  
a c u t e  NH3 - i n t o x i c a t i o n  on e n e r g e t i c s  i n  c e l l s  o f  t h e  
r e t i c u l a r  f o r m a t i o n  a r e  i n  g e n e r a l  a g r e e m e n t  w i t h  p r e v i o u s  
s t u d i e s  on m ic e  w i t h  NH3 - in d u c e d  e n c e p h a l o p a t h y ,  b o t h  
s how ing  an e f f e c t  on e n e r g y  m e t a b o l i s m  in  t h e  r e t i c u l a r  
f o r m a t i o n .  S i n c e  t h e  sum o f  ATP and p h o s p h o c r e a t i n e  i n  t h e  
p r e s e n t  s t u d y  i s  r e d u c e d  by 50%, t h e s e  d a t a  a r e  c o n s i s t e n t  
w i t h  t h e  c o n c e p t  t h a t  an e n e r g y  d e c r e a s e  i n  r e t i c u l a r  
f o r m a t i o n  c e l l s  a c t s  t o  p l a c e  t h e  an im a l  i n  coma. F u r t h e r ,  
t h e s e  c h a n g e s  o c c u r  i n  t h e  p recom a p h a s e  w h i l e  t h e  an im a l  
i s  d r o w s y .  O n s e t  o f  coma may a c t  i n  a b e n e f i c i a l  way by 
p l a c i n g  t h e  o r g a n i s m  i n  a m i l e a u  w h ic h  i s  c o n d u c i v e  t o  t h e  
c o r r e c t i o n  o f  i t s  t h r e a t e n e d  e n e r g y  r e s e r v e s .   S u p p o r t e d  in  
p a r t  b y  USPHS g r a n t  N .S .  1 7 1 3 0 .

250.4   EXPRESSION OF CLASS I MHC ANTIGENS BY PRIMARY MURINE 
NEURONAL CULTURES.  P . T .  M a nn in g , E.M. J o h n s o n ,  J r . ,  
M.A. P a l m a t i e r , *  C . L. W i l c o x ,*  and  J . H .  R u s s e l l .*  

 D e p t . o f  P h a rm a c o lo g y ,  W a sh in g to n  Un i v .  Med. S c h o o l , 
S t .  L o u i s ,  MO 63130 .

E x p e r im e n t s  w ere  c o n d u c t e d  t o  d e t e r m i n e  w h e th e r  
n e u r o n s  i n  c u l t u r e  e x p r e s s  c l a s s  I a n t i g e n s  o f  t h e  
m a jo r  h i s t o c o m p a t i b i l i t y  co m plex  (MHC) and  w h e th e r  
n e u r o n s  can  s e r v e  a s  t a r g e t s  f o r  im m u n o lo g ic a l  a t t a c k  
m e d i a t e d  by c y t o t o x i c  T ly m p h o c y te s  (CTL) w hich  r e c o g 
n i z e  c l a s s  I a n t i g e n s .  P r im a ry  c u l t u r e s  o f  C3H/He (H- 
2k ) or C57BL/6 (H -2b ) s y m p a t h e t i c  n e u r o n s  (SCGN) w ere  
o b t a i n e d  from  t h e  s u p e r i o r  c e r v i c a l  g a n g l i a  (SCG) o f  
n e o n a t a l  mice  and w ere  grown i n  t h e  p r e s e n c e  o f  v a r y i n g  
c o n c e n t r a t i o n s  o f  n e r v e  g ro w th  f a c t o r  (NGF) f o r  2 -3  
w e e k s .  T h e se  n e u r o n s  w ere  t h e n  u s e d  a s  t a r g e t s  f o r  
c l o n e d  p o p u l a t i o n s  o f  CTL g e n e r a t e d  from  C57BL/6 a n t i -  
DBA/2 mix ed  ly m p h o c y te  c u l t u r e s .  K i l l i n g  was m o n i t o r e d  
m o r p h o l o g i c a l l y  s i n c e  b o th  51Cr an d  111In  w ere  e i t h e r  
n o t  r e t a i n e d  a n d / o r  w ere  t o x i c  t o  t h e  SCGN c u l t u r e s .  
U s ing  h ig h  e f f e c t o r  c o n c e n t r a t i o n s  (CTL-3) n e a r  com
p l e t e  d e s t r u c t i o n  o f  C3H n e u r o n s  e x p r e s s i n g  t h e  c l a s s  I 
a n t i g e n s  t h a t  t h e  CTL r e c o g n i z e d  o c c u r r e d  w i t h  2 h r s ,  
w h i l e  C57BL/6 n e u r o n s  ( s y n g e n e i c  t o  t h e  CTL) w ere  n o t  
l y z e d .  N e u r i t e s  f i r s t  a p p e a r e d  g r a i n y  and  th e n  u n d e r 
w e n t  d e g e n e r a t i o n .  C o n c e n t r a t i o n s  o f  NGF a s  h ig h  a s  5 
µg/ml d i d  n o t  b lo c k  l y s i s .  At  t h e  u l t r a s t r u c t u r a l  
l e v e l ,  n u c l e a r  c h a n g e s  c h a r a c t e r i z e d  by s t r i k i n g  a l t e r 
a t i o n s  i n  t h e  d i s t r i b u t i o n  o f  c h r o m a t i n  ( R u s s e l l  e t  
a l . ,  1982) and a p p a r e n t  " b l e b b i n g "  o f  t h e  c y t o s o l  o c 
c u r r e d  i n  CTL damage n e u r o n s .  T h e se  e x p e r i m e n t s  demon
s t r a t e  t h a t  n e u r o n s  i n  c u l t u r e  do e x p r e s s  c l a s s  I a n t i 
g en s  and can  t h u s  s e r v e  a s  t a r g e t s  f o r  CTL and t h a t  NGF 
d o e s  n o t  b lo c k  t h e  e x p r e s s i o n  o f  c l a s s  I a n t i g e n s  o f  
t h e  MHC on n e u r o n s  grown i n  c u l t u r e .
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2 6 0 .5   BINDING OF AN TI-MYELIN IgM  M -PROTEINS TO PERIPHERAL NERVE 
GANG LIOSIDES.  L .  F r e d d o * a , M. S a i t o * ± ,  L .  M a r c a l a * ± ,  R . 
Y u ± , a n d  N . L a t o v * a  (SPON : M. L eh m an a ) .   D e p t s .  o f  N e u r o lo g y ,  
C o lu m b ia  U n i v e r s i t y  C o l l e g e  o f  P h y s i c i a n s  a n d  S u r g e o n s ,  New 
Y o r k ,  N .Y . 1 0 0 3 2 a, a n d  Y a l e  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  
New H a v e n ,  CT 0 6 5 1 0 ± .

I n  so m e  p a t i e n t s  w i t h  n e u r o p a t h y  a n d  p l a s m a  c e l l  d y s 
c r a s i a  t h e r e  a r e  IgM  M - p r o t e i n s  t h a t  r e a c t  w i t h  p e r i p h e r a l  
n e r v e  m y e l i n  a n d  t h a t  m ay c a u s e  t h e  n e u r o p a t h y .  T h e s e  M- 
p r o t e i n s  a r e  t h o u g h t  t o  b i n d  t o  a  c a r b o h y d r a t e  m o i e t y  t h a t  
i s  s h a r e d  b y  t h e  m y e l i n  a s s o c i a t e d  g l y c o p r o t e i n  (M AG), a  
n u m b e r  o f  o t h e r  p e r i p h e r a l  n e r v e  m y e l i n  g l y c o p r o t e i n s ,  a n d  
g a n g l i o s i d e s , b u t  i t  i s  n o t  k now n  t o  w h ic h  o f  t h e s e  t h e  
M - p r o t e i n s  b i n d  i n  s i t u .

To s t u d y  t h e  b i n d i n g  o f  t h e s e  M - p r o t e i n s  t o  g a n g l i o s i d e s ,  
h u m an  p e r i p h e r a l  n e r v e  w a s  o b t a i n e d  a t  a u t o p s y  a n d  m y e l i n  
s e p a r a t e d  b y  s u c r o s e  d e n s i t y  c e n t r i f u g a t i o n .  G a n g l i o s i d e s  
w e r e  p r e p a r e d  f r o m  w h o le  n e r v e  o r  m y e l i n  b y  c h l o r o f o r m -  
m e t h a n o l  e x t r a c t i o n  a n d  p u r i f i c a t i o n  b y  c h r o m a to g r a p h y  o n  
D E A E -s e p h a d e x  a n d  I a t r o b e a d s .  B i n d i n g  o f  M - p r o t e i n s  t o  
g a n g l i o s i d e s  w a s  e x a m in e d  b y  im m unos t a i n i n g  a f t e r  s e p a r a 
t i o n  o f  g a n g l i o s i d e s  b y  t h i n  l a y e r  c h r o m a to g r a p h y ,  c o a t i n g  
w i t h  0 .1 %  p o l y i s o b u t y l m e t h a c r y l a t e ,  a n d  i n c u b a t i n g  w i t h  
p a t i e n t  s e r u m  f o l l o w e d  b y  p e r o x i d a s e - c o n j u g a t e d  a n t i b o d i e s  
t o  h u m an  Ig M . I n  o n e  c a s e  t h e  s e r u m  w a s  c o u n t e r s t a i n e d  
w i t h  a  m o u se  m o n o c l o n a l  a n t i b o d y  t o  t h e  M - p r o t e i n  i d i o t y p e .  
I m m u n o r e a c t a n t s  w e r e  v i s u a l i z e d  w i t h  d i a m i n o b e n z i d i n e .

T h e  IgM  f ro m  f i v e  p a t i e n t s  w i t h  a n t i - m y e l i n  M - p r o t e i n s  
b o u n d  t o  a  s i n g l e  g a n g l i o s i d e  b a n d  p r e s e n t  i n  e x t r a c t s  o f  
w h o le  p e r i p h e r a l  n e r v e  b u t  n o t  i n  t h e  m y e l i n  e x t r a c t .  T h i s  
g a n g l i o s i d e  m i g r a t e d  o n  t h i n  l a y e r  p l a t e s  i n  t h e  r e g i o n  
b e tw e e n  GM1 a n d  GD1a  u s i n g  c h l o r o f o r m :  m e th a n o 1 : 0 . 1 %CaC1 2 
( 5 5 : 4 5 : 1 0 )  a s  t h e  d e v e l o p i n g  s o l v e n t .  T h e  sa m e  b i n d i n g  w as 
o b s e r v e d  w h e n  a  p a t i e n t ' s  s e ru m  w a s  c o u n t e r s t a i n e d w i t h  t h e  
a n t i - i d i o t y p e  a n t i b o d y  t o  t h a t  p a t i e n t ' s  M - p r o t e i n ,  i n d i c a 
t i n g  t h a t  i t  w a s  t h e  M - p r o t e i n  r a t h e r  t h a n  o t h e r  IgM  s p e c 
i e s  p r e s e n t  w h ic h  b o u n d  t o  t h e  g a n g l i o s i d e  b a n d .  C o n t r o l  
s e r a  f ro m  n o r m a l  s u b j e c t s  a n d  f r o m  p a t i e n t s  w i t h  n e u r o p a t h y  
a n d  IgM  M - p r o t e i n s  t h a t  d i d  n o t  b i n d  t o  m y e l i n  d i d  n o t  
r e a c t  w i t h  t h e  s a m e  g a n g l i o s i d e  b a n d .

T h e  d a t a  i n d i c a t e  t h a t  a n t i - m y e l i n  M - p r o t e i n s  f ro m  
p a t i e n t s  w i t h  n e u r o p a t h y  a n d  p l a s m a  c e l l  d y s c r a s i a ,  a l s o  
b i n d  t o  a  g a n g l i o s i d e  p r e s e n t  i n  a  p e r i p h e r a l  n e r v e  f r a c 
t i o n  o t h e r  t h a n  m y e l i n .  T h e  i d e n t i t y  a n d  l o c a t i o n  o f  t h i s  
g a n g l i o s i d e  a n d  i t s  r o l e  i n  t h e  n e u r o p a t h y  i s  c u r r e n t l y  
u n d e r  i n v e s t i g a t i o n .

2 6 0 .6   CEREBRAL ISCHEM IA IN  RABBIT: IMMUNOH IS T OCHEMICAL INV ESTIGA
TIO N .  K . Y a m a m o to * , T . Y o s h im in e *  a n d  T . Y a n a g i h a r a .
D e p t . o f  N e u r o lo g y ,  M ayo C l i n i c ,  R o c h e s t e r ,  MN 5 5 9 0 5 .

A n e w  e x p e r i m e n t a l  m o d e l  o f  c e r e b r a l  i s c h e m i a  w a s  
d e v e lo p e d  i n  r a b b i t s  b y  t r a n s o r b i t a l  o c c l u s i o n  o f  i n t r a 
c r a n i a l  a r t e r i e s .  U n d e r  g e n e r a l  a n e s t h e s i a  w i t h  k e t a m i n e  
h y d r o c h l o r i d e  a n d  c o n t r o l l e d  r e s p i r a t i o n ,  a  m i d d l e  c e r e b r a l  
a r t e r y  ( p r o c e d u r e  1 ) ,  a  m id d l e  c e r e b r a l  a n d  b i l a t e r a l  a n 
t e r i o r  c e r e b r a l  a r t e r i e s  ( p r o c e d u r e  2 ) ,  o r  a  m id d l e  c e r e 
b r a l ,  i p s i l a t e r a l  i n t e r n a l  c a r o t i d  a n d  b i l a t e r a l  a n t e r i o r  
c e r e b r a l  a r t e r i e s  ( p r o c e d u r e  3 )  w e r e  o c c l u d e d  w i t h  m e t a l  
c l i p s .  P o s t o p e r a t i v e l y , e a c h  r a b b i t  w a s  o b s e r v e d  f ro m  
30  m in  t o  12  h r s  f o r  e v o l u t i o n  o f  c e r e b r a l  i n f a r c t i o n .  F o u r  
r a b b i t s  w e r e  t a k e n  f o r  e a c h  t i m e  i n t e r v a l .  E a c h  b r a i n  w a s  
f i x e d  i n  a l c o h o l - 5 %  a c e t i c  a c i d  a n d  e m b e d d e d  i n  p a r a f f i n .  
F o r  v i s u a l i z a t i o n  o f  n e u r o n a l  c e l l  b o d i e s ,  d e n d r i t e s  a n d  
n e u r o p i l s ,  a n  im m u n o h i s t o c h e m ic a l  m e th o d  f o r  t u b u l i n  w a s  
u s e d ,  a n d  f o r  e v a l u a t i o n  o f  i n t r a c e r e b r a l  c i r c u l a t i o n ,  
t r a n s c a r d i a c  p e r f u s i o n  o f  I n d i a  i n k  w a s  c a r r i e d  o u t .

T h i r t y  m i n u t e s  a f t e r  t h e  p r o c e d u r e  1 , a r t e r i a l  p e r f u s i o n  
o n  t h e  o c c l u d e d  s i d e  w a s  s t i l l  n o r m a l .  H o w e v e r ,  m a r k e d ly  
r e d u c e d  p e r f u s i o n  w a s  s e e n  i n  a  w i d e  a r e a  o f  t h e  c e r e b r a l  
c o r t e x  a n d  b a s a l  g a n g l i a  o f  t h e  o c c l u d e d  s i d e  3 0  m in  a f t e r  
t h e  p r o c e d u r e  3 .  W ith  t h e  p r o c e d u r e  1 , e v i d e n c e  o f  c e r e b r a l  
i s c h e m i a  o r  i n f a r c t i o n  c o u l d  n o t  b e  o b s e r v e d  im m u n o h is to 
c h e m i c a l l y  u n t i l  6 h r s  a f t e r  o c c l u s i o n ,  a t  w h ic h  t i m e  a l l  
4 r a b b i t s  h a d  l e s i o n s  i n  t h e  b a s a l  g a n g l i a  m a n i f e s t e d  a s  
l o s s  o f  t h e  im m u n o lo g i c a l  r e a c t i o n  i n  t h e  n e u r o n a l  c e l l  
b o d i e s  a n d  n e u r o p i l s ,  w h i l e  3 o u t  o f  4 r a b b i t s  s h o w e d  
l e s i o n s  i n  t h e  p a r i e t a l  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x  m a n i 
f e s t e d  a s  l o s s  o f  t h e  im m u n o lo g i c a l  r e a c t i o n  i n  t h e  d e n 
d r i t e s ,  n e u r o p i l s  a n d  n e u r o n a l  c e l l  b o d i e s .  A f t e r  8 h r s ,  
c o r t i c a l  l e s i o n s  w e r e  o b s e r v e d  i n  a l l  4 r a b b i t s .  W i th  t h e  
p r o c e d u r e  2 ,  a l l  4 r a b b i t s  d e v e l o p e d  i n f a r c t i o n  i n  t h e  b a s a l  
g a n g l i a  3 h r s  a f t e r  o c c l u s i o n  b u t  o n l y  2 d e v e l o p e d  c o r t i c a l  
i n f a r c t i o n  a t  t h a t  t i m e .  I t  t o o k  6 h r s  b e f o r e  a l l  4 r a b b i t s  
d e v e l o p e d  c o r t i c a l  i n f a r c t i o n .  W ith  t h e  p r o c e d u r e  3 ,  a l l  
4 r a b b i t s  d e v e lo p e d  i n f a r c t i o n  i n  t h e  b a s a l  g a n g l i a  a n d  
c e r e b r a l  c o r t e x  o n e  h r  a f t e r  o c c l u s i o n .  E v o l u t i o n  o f  c e r e 
b r a l  i n f a r c t i o n  w a s  s i g n i f i c a n t l y  s l o w e r  w h e n  t h e  s t a i n i n g  
w i t h  h e m a t o x y l i n - e o s i n  w a s  u s e d  f o r  e v a l u a t i o n .

T h e  p r e s e n t  e x p e r i m e n t a l  m o d e l  p r o v i d e s  r e g i o n a l  c e r e b r a l  
i s c h e m i a  o f  v a r i a b l e  d e g r e e  w i t h  r a b b i t s ,  w h ic h  i s  u s e f u l  
f o r  m o r p h o l o g i c a l ,  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  i n v e s t i g a 
t i o n  o f  c e r e b r a l  i s c h e m i a .  ( S u p p o r t e d  b y  t h e  g r a n t  N S -0 6 6 6 3  
f ro m  N I H ) .

260.7 CISPLATINUM: NUCLEAR AND CYTOPLASMIC TOXICITY IN HUMAN GLIOMA 
DERIVED TUMOR CELLS.  M.A. Greenwood-Oberc*, B.H. Smith+ , C. 
Pepin*, J.A . E l l i s ,  C. Gibson, & P.L. K o rn b lith ,  S u rg ica l 
Neurology Branch, NINCDS, & Biomedical Engineering & In s tru 
m entation  Branch, DRS, NIH, Bethesda, MD, 20205; + and Memor
i a l  S loan K e tte rin g  Cancer C enter & Dreyfus M edical Founda
t io n ,  NY, NY 10021.
C isp latinum  (c is -d ic h lo ro d ia mmin e  p la t in um I I ) ) i s  an e s ta b 
l is h e d  so lid -tum or chem otherapeutic agen t. I t  i s  thought to  
induce c ro s s - l in k  form ation  in  DNA, thereby  p reven ting  ENA 
re p l ic a t io n  in  tumor c e l l s .  I t  has an advantage a s  an a n t i -  
g l i a l  tumor agen t over a n itro so u re a  such as  BCNU in  th a t  i t  
i s  n o t s u b je c t to  tumor c e l l  a lk y la tio n  re p a ir  p ro cesses. 
To c l a r i f y  i t s  mode o f  c y to to x ic ity  and to  compare i t s  ac
t io n s  to  th o se  o f AZQ (an a lk y la tin g  agen t w ith  m itochondria l 
to x ic i ty )  and BCNU (an a lk y la tin g  agen t w ith  perox idase  sup
p re s s io n  propert ie s )  we examined th e  u l t r a s t r u c tu r a l  changes 
in  th re e  gliom a-d e riv ed  c e l l - l i n e s  shown by m ic ro cy to to x ic ity  
a ssay  to  be responsive  to  th e  drug. C e lls  were exposed to  
25,50 and 100μ g/ml o f  c isp la tin u m  d isso lv ed  in  F-10 medium 
fo r  4 ,8 ,1 5 ,2 4 ,3 6 ,4 8 , & 72 hour in te rv a ls .  A minimum o f 50 
c e l l s  fo r  each  tim e in te rv a l  & co n cen tra tio n  were q u a n tita te d  
m anually and by a  Bausch & Lamb FAS I I  image p rocess ing  sys
tem. Four fin d in g s  were ev id e n t. A fte r  4 hours, a f fe c te d  
c e l l s  became rounded w ith  an a l te r e d  nuclear-cy top lasm ic  r a t i o 
secondary to  induced cytoplasm ic lo s s  (re leased  a s  v e s ic le s ) . 
N uclear chrom atin clumping, d i l a t io n  o f  smooth endoplasmic 
re ticu lu m  and g o lg i sw e lling  & v e s ic u la tio n  occurred  a f t e r  
prolonged exposure. In  c o n tra s t  to  our f in d in g s  fo r  AZQ in  
p rev ious  s tu d ie s ,  no m itochondria l changes were seen a t  any 
tim e in te rv a l  s tu d ied . With 100μ g/ml c isp la tin u m  a t  15 h rs .  
p unctua te  chrom atin c lumping along th e  pe rip h e ry  o f  th e  in n e r 
l e a f l e t  o f  th e  n u c lea r membrane occurred  in  a t  l e a s t  65% o f 
th e  c e l l s  in  a l l  3 c e l l  l in e s  examined. Sw elling & v e s ic u la 
t io n  o f  p e rin u c le a r  g o lg i were found in  75% o f  th e  c e l l s  & 
more th an  8 6 % o f  th e  c e l l s  con ta ined  g re a t ly  d i la te d  smooth 
endoplasm ic re ticu lu m  lo c a liz e d  p rim a r ily  a t  th e  p e riphe ry  o f 
th e  c e l l s  n ea r , b u t n o t in  c o n ta c t w ith  th e  plasma membrane. 
A fte r  72 h rs .  o f  exposure to  25μ g/ml c isp la tin u m , 76% o f the  
c e l l s  in  a l l  3 l in e s  had n u c lea r chrom atin changes, 76% con
ta in e d  abnorm ally appearing  g o lg i and more than  78% had d i 
la te d  endoplasmic re ticu lu m . While DNA c ro s s - l in k in g  may be 
im portan t to  th e  mechanism o f  c isp la tin u m 's  m alignant g l i a l  
c e l l  c y to to x ic i ty ,  cy toplasm ic and membrane even ts  (unique to  
c isp la tin u m  a s  compared to  BCNU and AZQ) o ccu rring  concu rren t
ly  w ith  th e  n u c le a r changes a re  a ls o  re le v a n t.

2 6 0 .8   LYSOSOMAL ENZYME IN H IB ITO RS CAUSE THE ACCUMULATION OF CEROID
LIPO FU SC IN  AND DOLICHOLS IN  RAT BRAIN.  G . I v y ,  L . S .  W o lf e ,  K . 
H u s t o n * ,  M .B au d r y  a n d  G . L y n c h .  D e p t . o f  P s y c h o b i o l ,  I r v i n e ,  
CA 9 2 7 1 7  a n d  M o n t r e a l  N e u r o l .  I n s t . ,  Q u e b e c ,  C a n .  H3A 2B4

We p r e v i o u s l y  r e p o r t e d  t h a t  a d m i n i s t r a t i o n  o f  t h e  l y s o s o 
m a l  t h i o l  p r o t e a s e  i n h i b i t o r  l e u p e p t i n  t o  r a t s  i n d u c e s  t h e  
f o r m a t i o n  o f  c e r o i d - l i p o f u s c i n  (C L ) i n  h ip p o c a m p u s  ( N e u r o s c i .  
A b s .9 : 9 2 6 ,  ' 8 3 ) .  S i n c e  CL a c c u m u l a t e s  i n  a g i n g  a n d  s e v e r a l  
d i s e a s e s ,  n o t a b l y  t h e  i n h e r i t e d  N e u r o n a l  C e r o i d  L i p o f u s c i n o 
s e s  (N C L ), we h a v e  s u g g e s t e d  t h a t  o u r  f i n d i n g s  m ay p r o v i d e  
i n s i g h t  i n t o  t h e  p r o c e s s e s  r e s p o n s i b l e  f o r  t h e s e  c o n d i t i o n s .  
H e r e  we e x a m in e  1 ) t h e  s u b s t a n c e s  i n d u c e d  by l e u p e p t i n ,  t h e  
s e r i n e  p r o t e a s e  i n h i b i t o r  a p r o t i n i n  a n d  t h e  l y s o s o m a l  e n z y m e  
i n h i b i t o r  c h l o r o q u i n e  w i t h  l i g h t  a n d  e l e c t r o n  m ic r o s p y  a n d  
2 ) t h e  b r a i n  d o l i c h o l  c o n t e n t ,  a  b i o c h e m i c a l  i n d e x  o f  NCL a n d  
A l z h e i m e r ’ s  d i s e a s e  ( K i n  e t  a l ,  J .  N e u ro c h e m  4 0 :  1 4 6 5 ,  '8 3 )  
f ro m  r a t s  t r e a t e d  w i t h  i n h i b i t o r s  a s  c o m p a r e d  t o  c o n t r o l  
r a t s .  R a t s  r e c e i v e d  c o n t i n u o u s  i n f u s i o n  o f  s a l i n e  o r  o n e  o f  
t h e  i n h i b i t o r s  v i a  o s m o t i c  pum ps a t t a c h e d  t o  c a n n u l a e  i m p l a n 
t e d  i n  t h e  l a t e r a l  v e n t r i c l e .  Two w e e k s  l a t e r  t h e  r a t s  w e r e  
p r e p a r e d  f o r  l i g h t  o r  e l e c t r o n  m ic r o s c o p y  o r  f o r  b i o c h e m is 
t r y .  T he  l e u p e p t i n - i n d u c e d  CL h a s  m any  s t a i n i n g  p r o p e r t i e s  
i n  comm on w i t h  t h a t  f o u n d  i n  n o r m a l  a g e d  r a t s  a n d  d i s p l a y s  a  
y e l l o w i s h  a u t o f l u o r e s c e n c e .  I t  i s  w i d e l y  d i s t r i b u t e d  i n  t h e  
b r a i n ,  n o t a b l y  i n  h i p p o c a m p u s ,  c e r e b e l l u m  a n d  n e o c o r t e x .  T h e  
c e r e b e l l u m  a l s o  d i s p l a y s  a  m a r k e d  P u r k i n j e  c e l l  l o s s .  T he  
c h l o r o q u i n e  i n d u c e d  CL h a s  s i m i l a r  s t a i n i n g  p r o p e r t i e s  a n d  
i s  a u t o f l u o r e s c e n t  i n  h i p p o c a m p u s ;  f u r t h e r  a n a l y s i s  i s  i n  
p r o g r e s s ,  a s  i s  a n a l y s i s  o f  t h e  a p r o t i n i n  t r e a t e d  r a t s .  T he  
f i n e  m o r p h o lo g y  o f  t h e  l e u p e p t i n - i n d u c e d  CL i s  s i m i l a r  t o  
t h a t  s e e n  i n  t h e  NCL d i s e a s e s ,  c o n s i s t i n g  o f  a  g r a n u l a r  ma
t r i x  a s s o c i a t e d  w i t h  c u r v i l i n e a r  b o d i e s  a n d  l y s o s o m e s .  T he 
c h l o r o q u i n e - i n d u c e d  CL i s  h e t e r o g e n e o u s  b u t  e x h i b i t s  a  h i g h  
p r o p o r t i o n  o f  m em b ra n o u s  w h o r l s  s i m i l a r  t o  t h o s e  s e e n  i n  T a y  
S a c h s  d i s e a s e .  T h e  b i o c h e m i c a l  a n a l y s i s  s h o w e d  t h a t  m o s t  
b r a i n  r e g i o n s  i n  r a t s  r e c i e v i n g  l e u p e p t i n  o r  c h l o r o q u i n e ,  
b u t  n o t  a p r o t i n i n  h a d  s i g n i f i c a n t l y  i n c r e a s e d  l e v e l s  o f  d o l 
i c h o l s  o v e r  t h a t  f o u n d  i n  c o n t r o l  r a t s .  I n  s u m m a ry , t h e  
i n h i b i t i o n  o f  t h i o l  p r o t e a s e s  o r  o f  l y s o s o m a l  e n z y m e s  c a u s e s  
t h e  a c c u m u l a t i o n  i n  n e u r o n s  o f  m a t e r i a l  s i m i l a r  t o  t h a t  s e e n  
i n  tw o  l y s o s o m a l  s t o r a g e  d i s e a s e s  a n d  a g e i n g .  I n  p a r t i c u l a r  
we h a v e  f o u n d  a  s i m i l a r i t y  i n  t h e  b r a i n s  o f  l e u p e p t i n  t r e a t e d  
r a t s  a n d  p a t i e n t s  w i t h  NCL d i s e a s e  w i t h  r e g a r d  t o  t h e  f i n e  
m o r p h o lo g y  o f  t h e  CL , t h e  l o s s  o f  P u r k i n j e  c e l l s  a n d  t h e  a b 
n o r m a l  a c c u m u l a t i o n  o f  d o l i c h o l s .  O u r f i n d i n g s  s u g g e s t  t h a t  
t h e  e n z y m e  d e l e c t ( s ) i n  t h e  NCL d i s e a s e s  m ay  l i e  i n  a  l y s o s o 
m a l  p r o t e a s e .  S u p p o r t e d  by  NI A :A G -0 0 - 5 3 8 - 0 8  a n d  M RC:M T-13 4 5 .
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260.9  GLUCOSE METABOLISM AND PLASMA MEMBRANE STUDIES IN MYOTONIC 
DYSTROPHY.  Hudson, A .J . , M il le r , M.E.* and Wr ig h t ,  C.G.*  D ept. 
o f  C lin ic a l  N eurological Sc iences, U n iv e rs ity  o f  Western 
O n ta rio , London, Ont. N6A 5A5, Canada.

Myotonic dystrophy (MyD) i s  a  g en e ra lized  m etabolic  d is 
ease  w ith  th e  c h a r a c te r i s t ic  c l i n i c a l  fe a tu re s  o f  myopathy, 
c a ta r a c t ,  t e s t i c u l a r  a trophy , in s u l in  r e s i s ta n t  d iab e tes  
m e lli tu s  and in c reased  catabo lism  o f  i mmunog lobu lin s. Insu
l i n  b ind ing  to  MyD monocytes and f ib r o b la s ts  under optim al 
b ind ing  co n d itio n s  (16°C, pH 7 .6-8 .0 ) have reduced re c ep to r 
a f f i n i t y .  Compatible w ith  th i s  i s  decreased  in su lin -s tim u 
la te d  tra n s p o r t  o f  th e  non-m etabolizable sugar 2 -deoxyglu
cose (37°C, pH 7.4) in to  f r e s h ly  b io p s ied  MyD adipose t i s s u e  
(Mably e t  a l ,  J . N euro l.S c i .52:11,1981). With c u ltu re d  f ib ro 
b la s t s  under s tan d ard  in cu b a tio n  b u t g lucose deprived  condi
t io n s  (37°C, pH 7 .4 , 5% CO2 in  a i r )  both b a sa l and in s u l in  
s tim u la ted  g lucose uptake in  MyD c e l l s  a re  in c reased  (9.97± 
0.984 and 17.09±1.70 nmoles glucose/mg p ro te in /2 0  min, re s 
p e c tiv e ly ) compared w ith  c o n tro l c e l l s  (8.10±0.65 and 12.69± 
1.07 nmoles glucose/mg p ro te in /2 0  min; p<0.01). When the  
atm ospheric CO2 in  th e  in cu b a tio n  environment o f  th e  c u l tu r 
ed f ib r o b la s ts  i s  ra is e d  to  20% in  a i r  o r  th e  pH i s  lowered 
to  6 .5  u sing  pH ad ju sted  b u f fe r s ,  both  b a sa l and in s u l in -  
s tim u la ted  g lucose  uptake a re  th en  reduced s im ila r  to  the  
d ecrease  in  ad ipose  t i s s u e .  The most s t r ik in g  e f f e c t  i s  ob
served  w ith  in s u lin -s tim u la te d  g lucose  uptake a s  in d ic a ted  
by th e  in s u lin -s tim u la te d  (IS) to  b a sa l (B) r a t i o .  At pH 
7.4 th e  IS/B r a t i o  fo r  MyD c e l l s  i s  1 .7 1: 1 which i s  s i g n i f i 
c a n t ly  g re a te r  th an  th e  r a t i o  o f  1 .57 :1  fo r  c o n tro l c e l l s  
(p< 0.01). With low ering o f  th e  pH th e  IS/B r a t i o  decreases 
b u t to  a g re a te r  degree in  MyD c e l l s .  . At pH 6.5  th e re  i s  no 
in s u lin -s tim u la tio n  in  MyD although s ig n if ic a n t  s tim u la tio n  
(IS/B 1.1 5 :1;p<0.05) i s  s t i l l  p re sen t in  c o n tro l cells. These 
f in d in g s  suggest th a t  physicochem ical co n d itio n s  o f  th e  
c e l lu la r  m ilieu  can markedly a f f e c t  g lucose uptake in  MyD 
due, p o s s ib ly , to  a l te r a t io n s  in  th e  in s u l in  re c ep to rs  and/ 
o r  plasma membrane. We examined MyD c u ltu re d  f ib r o b la s t  
plasma membranes by 125I  and 3H-leu c in e  p ro te in  la b e lin g  and 
sodium dodecyl su lfa te -p o ly acry lam id e  g e l e le c tro p h o re s is  
(SDS-PAGE). No c o n s is te n t d iffe re n c e s  from normal were 
found. 125I - in s u l in  was then  c ro ss - l in k ed  to  c u ltu re d  f ib ro 
b l a s t  plasma membrane in s u l in  re c e p to rs  and th e  130 and 92 
KD ( α  &  β )  su b u n its  o f  th e  in s u l in  re c ep to r  were id e n t i f ie d  
by SDS-PAGE and appeared id e n t ic a l  in  MyD and c o n tro l c e l l s .  
I t  i s  concluded th a t  in s u lin -s tim u la te d  g lucose uptake i s  
abnormal b u t SDS-PAGE shows no abnorm ality  o f  in s u l in  re cep 
to r s  o r  th e  plasma membrane p ro te in s  in  MyD f ib r o b la s ts .

260.10 WITHDRAWN

2 6 0 .1 1   THE FATE OF REACTIVE AXONAL SWELLINGS OCCURRING WITH HEAD 
IN JU RY .  J . T .  P o v l i s h o c k  a n d  D .P .  B e c k e r ,  D e p t . o f  A n a to m y  
a n d  D iv .  o f  N e u r o l o g i c a l  S u r g e r y ,  M ed. C o l l . o f  V a . ,  
V i r g i n i a  C o m m o n w e a lth  U n i v . ,  R ic h m o n d , VA 2 3 2 9 8 .

R e a c t i v e  a x o n a l  c h a n g e  i s  a  f i n d i n g  common t o  h e a d - i n j u r e d  
a n i m a l s  a n d  h u m a n s . R e c e n t l y ,  we r e j e c t e d  t h e  c l a s s i c a l  
n e u r o p a t h o l o g i c a l  b e l i e f  t h a t  s u c h  r e a c t i v e  a x o n a l  c h a n g e  w a s  
t h e  r e s u l t  o f  t h e  t r a u m a t i c a l l y - i n d u c e d  t e a r i n g  o f  a x o n s  w i t h  
t h e  s u b s e q u e n t  e x t r u s i o n  o f  t h e i r  a x o p la s m .  R a t h e r  w e d e m o n 
s t r a t e d  t h a t  t r a u m a  i n d u c e d  a  f o c a l  i m p a i r m e n t  o f  a x o p l a s m i c  
t r a n s p o r t  w h ic h  o v e r  a  2 4 h  c o u r s e  r e s u l t e d  i n  a n  a c c u m u l a t i o n  
o f  o r g a n e l l e s  w i t h  a x o n a l  e x p a n s i o n  t o  fo r m  a  l a r g e  r e a c t i v e  
s w e l l i n g  ( P o v l i s h o c k  e t  a l . ,  J .  N e u r o p a t h .  Ex p .  N e u r o l . ,  4 2 : 
2 2 5 - 2 4 2 ) .  T h e  p u r p o s e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  w a s  t o  
e v a l u a t e  t h e  f a t e  o f  s u c h  r e a c t i v e  s w e l l i n g s .  To e x p l o r e  
t h i s  i s s u e  r e a c t i v e  a x o n a l  c h a n g e  w a s  s t u d i e d  o v e r  a  21 d a y  
p e r i o d  i n  c a t s  s u b j e c t e d  t o  a  f l u i d - p e r c u s s i o n  b r a i n  i n j u r y .  
To a i d  i n  t h e  r e c o g n i t i o n  o f  t h e  r e a c t i v e  a x o n a l  c h a n g e ,  t h e  
a n t e r o g r a d e  a x o n a l  t r a n s p o r t  o f  h o r s e r a d i s h  p e r o x i d a s e  (H RP) 
w a s  u t i l i z e d  b a s e d  u p o n  o u r  p r e v i o u s  e x p e r i e n c e  t h a t  s u c h  
a n t e r o g r a d e  HRP p a s s a g e  w a s  a  s e n s i t i v e  p r o b e  f o r  t h e  d e t e c 
t i o n  o f  t r a u m a t i c a l l y  i n d u c e d  a x o n a l  c h a n g e .  A t t h e  d e s i g 
n a t e d  s u r v i v a l  t i m e ,  t h e  a n i m a l s  w e r e  p e r f u s e d  w i t h  a l d e h y d e s ,  
r e a c t e d  f o r  t h e  v i s u a l i z a t i o n  o f  t h e  H R P , a n d  p r e p a r e d  f o r  LM 
a n d  TEM a n a l y s e s .  W i t h i n  2 4 h  o f  i n j u r y ,  H R P - la d e n  s w e l l i n g s  
c o u l d  b e  r e c o g n i z e d  t h r o u g h o u t  t h e  b r a i n s t e m .  T y p i c a l l y  s u c h  
s w e l l i n g s  c o n t a i n e d  n u m e ro u s  m i t o c h o n d r i a  a n d  H R P - c o n t a i n i n g  
t u b u l a r  a n d  v e s i c u l a r  p r o f i l e s .  Some o f  t h e  s w e l l i n g s  w e r e  
e n c o m p a s s e d  b y  a  t h i n n e d  m y e l i n  s h e a t h ,  w h i l e  o t h e r s  l o s t  
t h e i r  m y e l i n  i n v e s t m e n t .  A t 7 2 h ,  t h e  s w e l l i n g s  sh o w e d  no 
f u r t h e r  i n c r e a s e  i n  s i z e ;  h o w e v e r ,  o t h e r  fo r m s  o f  c h a n g e  
w e r e  s e e n .  Som e r e a c t i v e  s w e l l i n g s  d e m o n s t r a t e d  c o m p le x  
l o b u l a t i o n  w i t h  n e u r o f i l a m e n t o u s  h y p e r p l a s i a  o r  i n c r e a s e d  
e l e c t r o n  d e n s i t y .  S u c h  c h a n g e s  w e r e  c o n s i s t e n t  w i t h  a 
d e g e n e r a t i v e  r e s p o n s e ,  a n d  w i t h  i n c r e a s e d  s u r v i v a l ,  m a c r o 
p h a g e s  c o u l d  b e  i d e n t i f i e d  d i r e c t l y  a p p l i e d  t o  t h e  s w o l l e n  
a x o le m m a . O t h e r  r e a c t i v e  s w e l l i n g s  r e v e a l e d  l i t t l e  c h a n g e  
o v e r  t h e  21 d a y  c o u r s e ,  w h i l e  o t h e r  s w e l l i n g s  d e m o n s t r a t e d  
e l a b o r a t e  r e g e n e r a t i v e  s p r o u t s .  B o th  t h e  m y e l i n - i n v e s t e d  
a n d  n o n - i n v e s t e d  s w e l l i n g s  d e m o n s t r a t e d  s p r o u t s  w h ic h  a r o s e  
d i r e c t l y  f r o m  t h e  s w e l l i n g  o r  f r o m  a  p o i n t  m o re  r o s t r a l  
a l o n g  t h e  a x o n a l  s h a f t .  By t h e  2 1 s t  d a y ,  s u c h  r e g e n e r a t i v e  
s p r o u t s  a p p e a r e d  t o  h a v e  e l o n g a t e d  a n d  f o l l o w e d  a  d i r e c t e d  
c o u r s e  t h r o u g h  t h e  b r a i n  p a r e n c h y m a .  T h e  r e s u l t s  o f  t h e s e  
s t u d i e s  i n d i c a t e  t h a t  som e t r a u m a t i c a l l y - i n d u c e d  r e a c t i v e  
s w e l l i n g s  m ay u n d e r g o  d e g e n e r a t i o n ,  w h i l e  o t h e r s  i n i t i a t e  a 
r e m a r k a b le  r e g e n e r a t i v e  r e s p o n s e .  S u p p o r t e d  b y  NIH N S -2 0 1 9 3 .

260.12  IN IT IA L  SEGMENT STA IN ING IN  NEURONAL STORAGE DISEASE 
ESTABLISHES THAT MEGANEURITES ARE OF AXON HILLOCK O R IG IN AND 
D ISTIN C T FROM AXONAL SPHEROIDS.  S .U .  W a lk l e y  a n d  A .L .  P i e r o k *   
D e p t . o f  N e u r o s c i e n c e ,  R o s e  F .  K e n n e d y  C e n t e r ,  A l b e r t  
E i n s t e i n  C o l l e g e  o f  M e d i c i n e ,  B r o n x ,  N .Y . 1 0 4 6 1

I n  t h e  o r i g i n a l  d e s c r i p t i o n  o f  g a n g l i o s i d e  s t o r a g e  d i s e a s e  
(GSD) a  c e n t u r y  a g o ,  B e r n a r d  S a c h s  o b s e r v e d  e n l a r g e m e n t s  on  
c o r t i c a l  n e u r o n s  w h ic h  h e  b e l i e v e d  w e r e  a b n o r m a l i t i e s  i n  t h e  
b a s i l a r  d e n d r i t i c  s y s t e m .  M o re  r e c e n t  w o r k  u s i n g  t h e  G o lg i  
m e th o d  h a s  s u g g e s t e d  t h a t  c o r t i c a l  p y r a m i d a l  n e u r o n s  i n  h u 
m an a n d  f e l i n e  GSD d e v e l o p  t h e s e  e n l a r g e m e n t s  (m e g a n e u 
r i t e s )  a n d / o r  n e u r i t i c  s p r o u t s  ( s e c o n d a r y  n e u r i t e s )  a t  t h e  
a x o n  h i l l o c k  r e g i o n .  W ith  EM t h e s e  s t r u c t u r e s  h a v e  b e e n  
sh o w n  t o  b e  p o s t s y n a p t i c  t o  a f f e r e n t s  o f  u n k n o w n  o r i g i n .
O t h e r  EM s t u d i e s  h a v e  s u g g e s t e d  t h a t  m e g a n e u r i t e s  a r e  p r o x i 
m a l  t o  a x o n a l  i n i t i a l  s e g m e n t s  ( I S )  b u t  s a m p l i n g  d i f f i c u l t i e s  
h a v e  p r e c l u d e d  s y s t e m a t i c  e v a l u a t i o n .

We h a v e  s o u g h t  t o  s y s t e m a t i c a l l y  e x p l o r e  t h e  r e l a t i o n s h i p  
o f  m e g a n e u r i t e s ,  a x o n a l  I S ’ s  a n d  a x o n a l  p a t h o l o g y  ( s p h e r o i d  
f o r m a t i o n )  b y  u s i n g  t h e  f e r r i c  i o n - f e r r o c y a n i d e  I S  s t a i n  o f  
W axman a n d  Q u ic k  ( B r a i n  R e s .  1 4 4 : 1 - 1 0 ) .  S m a l l  b l o c k s  o f  
c o r t i c a l  t i s s u e  f r o m  c a t s  w i t h  GMI GSD w e r e  f i x e d  f o r  EM, 
s t a i n e d  a n d  e m b e d d e d  i n  p l a s t i c .  T h i c k  s e c t i o n s  w e r e  c o u n 
t e r s t a i n e d  w i t h  s a f r a n i n  0  t o  d e m o n s t r a t e  g a n g l i o s i d e - r i c h  
i n c l u s i o n s  i n  s o m a t a  a n d  m e g a n e u r i t e s  w i t h o u t  o b s c u r i n g  t h e  
IS  s t a i n .  R e s u l t s  c l e a r l y  i n d i c a t e d  t h a t  t h e  v a s t  m a j o r i t y  
o f  m e g a n e u r i t e s ,  i d e n t i f i e d  b y  s a f r a n i n  p o s i t i v e  s t a i n i n g  
a n d  l o c a t i o n  a d j a c e n t  t o  n u c l e u s  c o n t a i n i n g  c e l l  b o d i e s ,  
w e r e  p r o x i m a l  t o  I S ' s .  A x o n a l  s p h e r o i d s ,  i n  c o n t r a s t ,  
a p p e a r e d  g r a n u l a r  a n d  s a f r a n i n  n e g a t i v e  a n d  o c c u r r e d  d i s t a l  
t o  I S  s t a i n i n g .  EM e v a l u a t i o n  o f  t h i n  s e c t i o n s  f u r t h e r  
c h a r a c t e r i z e d  t h e s e  d i f f e r e n c e s .

O u r  f i n d i n g s  c o n f i r m  t h e  v ie w  t h a t  m e g a n e u r i t e s  ( a n d  s e c 
o n d a r y  n e u r i t e s )  a r e  o f  a x o n  h i l l o c k  o r i g i n .  As s u c h ,  m eg a 
n e u r i t e s  a r e  n o t  a p p r o p r i a t e l y  e q u a t e d  w i t h  s p h e r o i d s  o r  
a x o n a l  " t o r p e d o e s "  a s  so m e  s t u d i e s  h a v e  i m p l i e d .  We a l s o  
s u g g e s t  t h a t  t h i s  s a m e  s i t u a t i o n  m ay e x i s t  i n  o t h e r  s t o r a g e  
d i s e a s e s  d i s p l a y i n g  s i m i l a r  G o l g i  m o r p h o lo g y .  T h e  p r e c i s e  
l o c a t i o n  o f  m e g a n e u r i t e s  a n d  s e c o n d a r y  n e u r i t e s  a n d ,  c o n s e 
q u e n t l y ,  o f  t h e i r  a s s o c i a t e d  s y n a p t i c  i n p u t ,  i s  c r i t i c a l  
i n f o r m a t i o n  i n  t h e  p u r s u i t  o f  t h e  f u n c t i o n a l  i m p l i c a t i o n s  o f  
s u c h  g e o m e t r i c a l  a n d  c o n n e c t i v i t y  a l t e r a t i o n s .

We t h a n k  D r .  H . J .  B a k e r  f o r  t h e  GM1 c a t  t i s s u e s  a n d  t h e  
N IH ( N S - 1 8 8 0 4 )  a n d  t h e  N .Y . S t a t e  C h a p t e r  o f  t h e  N a t i o n a l  
T a y - S a c h s  a n d  A l l i e d  D i s e a s e s  A s s o c i a t i o n ,  I n c . ,  f o r  s u p p o r t .

2 6 0 . 13   NEUROFILAMENTS (NF) AND VIMENTIN FILAMENTS (V F) OF CULTURED 
NEURONS: IMMUNOCHEMICAL STUDIES OF RAT SYMPATHETIC NEURONS 
(RSN) AND A CLONAL RAT PHEOCHROMOCYTOMA (P C 1 2 ) CELL LINE 
WITH MONOCLONAL ANTIBODIES (M A s).  V i r g i n i a  M .-Y . L e e *  
(S P ON: A . M e s s i n g ) .   D i v i s i o n  o f  N e u r o p a t h o l o g y ,  U n iv .  o f  
P e n n s y l v a n i a  S c h o o l  o f  M e d i c i n e ,  P h i l a . ,  PA 1 9 1 0 4 .

RSN o f  n e w b o r n  r a t s  w e r e  c u l t u r e d  i n  t h e  p r e s e n c e  o f  
n e r v e  g r o w th  f a c t o r  (NGF) f o r  u p  t o  3 w e e k s .  PC 12 c e l l s  
g ro w n  i n  t h e  a b s e n c e  o f  (P C 1 2 - )  o r  i n  t h e  p r e s e n c e  o f  
(P C 1 2 + ) NGF w e r e  m a i n t a i n e d  i n  c u l t u r e .  C y t o s k e l e t a l  p r o 
t e i n s  w e r e  e x t r a c t e d  f ro m  RSN, P C 1 2 - a n d  PC 12+ c e l l s  a t  i n 
t e r v a l s  i n  o r d e r  t o  d e t e r m i n e  t h e  s e q u e n c e  o f  NF a n d  VF 
p o l y p e p t i d e  e x p r e s s i o n  a s  a  f u n c t i o n  o f  t im e  i n  c u l t u r e .  
A c c o r d i n g l y ,  a f t e r  SDS PAGE o f  t h e  c y t o s k e l e t a l  e x t r a c t s ,  
t h e  p r o t e i n s  w e r e  t r a n s f e r r e d  e l e c t r o p h o r e t i c a l l y  t o  n i t r o 
c e l l u l o s e  p a p e r  a n d  NF a n d  VF p o l y p e p t i d e s  w e r e  d e t e c t e d  
u s i n g  a  s e l e c t e d  g r o u p  o f  MAs f r o m  a  p a n e l  o f  1 4 0  MAs 
s p e c i f i c  f o r  i n d i v i d u a l  NF t r i p l e t  p r o t e i n s  (2 0 0 k D , 150kD  o r  
68kD s u b u n i t s )  o r  VF p r o t e i n .  T h e s e  MAs w e r e  p r e p a r e d  a n d  
t h e i r  s p e c i f i c i t i e s  d e f i n e d  a s  p r e v i o u s l y  r e p o r t e d  ( P .N .A .S .  
USA 7 9 : 6 0 8 9 ,  1 9 8 2 ;  J . N e u o r o c h e m . 4 2 : 2 5 ,  1 9 8 4 ) .

F rom  t h e  f i r s t  t o  t h e  t e n t h  d a y  i n  c u l t u r e ,  RSN o f  n e w 
b o r n  r a t s  c o n t a i n e d  d e t e c t a b l e  l e v e l s  o f  t h e  tw o  lo w e r  m o l 
e c u l a r  w e i g h t  NF s u b u n i t s  a s  w e l l  a s  VF p r o t e i n ;  t h e  200kD  
NF s u b u n i t  w a s  n o t  d e t e c t e d .  A t l a t e r  t i m e  i n t e r v a l s ,  a l l  
t h r e e  NF s u b u n i t s  c o u l d  b e  d e t e c t e d  i n  i m m u n o b lo t s  a n d  VF 
p r o t e i n  c o n t i n u e d  t o  b e  e x p r e s s e d  b y  t h e s e  c e l l s .  T h e  im 
m u n o b lo t  p r o f i l e  o f  NF a n d  VF p r o t e i n s  i n  PC1 2 -  c e l l s  w as  
i d e n t i c a l  t o  t h a t  j u s t  d e s c r i b e d  f o r  RSN g ro w n  i n  c u l t u r e  
f o r  t h e  f i r s t  t e n  d a y s ;  n o  200kD  NF s u b u n i t s  w e r e  d e t e c t a 
b l e .  G ro w th  o f  PC 12 c e l l s  i n  NGF f o r  u p  t o  t h r e e  w e e k s  d i d  
n o t  a l t e r  t h i s  im m u n o b lo t  p r o f i l e .

T h e s e  s t u d i e s  h a v e  c h a r a c t e r i z e d  s i m i l a r i t i e s  a n d  
d i f f e r e n c e s  i n  t h e  e x p r e s s i o n  o f  NF s u b u n i t s  a n d  VF p r o t e i n  
i n  c u l t u r e d  RSN, P C 1 2 -  a n d  PC 12+ c e l l s .  I n  RSN t h e  e x p r e s 
s i o n  o f  t h e  200kD  NF s u b u n i t  l a g s  b e h i n d  t h a t  o f  t h e  o t h e r  
l o w e r  m o l e c u l a r  w e i g h t  NF t r i p l e t  p r o t e i n s  w h i l e  P C 1 2 -  a n d  
PC 12+ c e l l s  a p p e a r  t o  e x p r e s s  l i t t l e  o r  n o  200kD  p r o t e i n  a t  
a n y  t i m e  i n  c u l t u r e .  T h i s  d a t a  i s  i n  a g g r e e m e n t  w i t h  o u r  
e a r l i e r  h y p o t h e s i s  ( B r a i n  R e s . ,  2 3 8 : 1 6 9 ,  1 9 8 2 ;  J .  N e u r o s c i . ,  
1 9 8 4 ,  i n  p r e s s )  t h a t  t h e  s y n t h e s i s  a n d / o r  a s s e m b ly  o f  NF 
s u b u n i t s  i n  PC12 c e l l s  m ay b e  a b e r r a n t  a n d  t h a t  PC1 2 c e l l s  
m ay b e  a n  a t t r a c t i v e  m o d e l  s y s t e m  f o r  s t u d i e s  o f  a b n o r m a l  
NF m e t a b o l i s m .
S u p p o r t e d  b y  N S -1 8 6 1 6  a n d  MOD 1 - 8 2 6 .
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250.14  EFFECTS OF LEAD ON NEUROBLASTOMA AND ASTROCYTE CELL 
CULTURES.  E . T i f f a n y - C a s t i g l i o n i ,*  A . J .  C a s t i g l i o n i ,  
J r . ,  J .  Z m u d z k i*  a n d  G .R . B r a t t o n * .  D e p t .  V e t e r i n a r y  
A n a to m y , T e x a s  A&M U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  TX 7 7 8 4 3 .

T h e  e f f e c t s  o f  l e a d  a c e t a t e  on t h e  v i a b i l i t y  an d  
m o r p h o lo g y  o f  n e u r a l  c e l l  c u l t u r e s  w as s t u d i e d .  T he 
hum an n e u r o b la s t o m a  c e l l  l i n e  SK -N -SH -SY 5Y  (SY 5Y ) a n d  
c u l t u r e s  o f  n e o n a t a l  r a t  c e r e b r a l  c o r t e x  e n r i c h e d  f o r  
a s t r o c y t e s  w e re  u s e d .  V i a b i l i t y  w as m e a s u r e d  by c e l l  
n u m b e r ( p r o l i f e r a t i o n  i n d e x )  a n d  t r y p a n  b l u e  d y e  e x c l u 
s i o n .  I n  a c t i v e l y  p r o l i f e r a t i n g  SY5Y c u l t u r e s ,  t r e a t e d  
o n e  d a y  a f t e r  s e e d i n g  w i t h  1 0 - 4  t o  1 0 - 6  M l e a d  
a c e t a t e ,  p r o l i f e r a t i o n  w as i n h i b i t e d ,  b u t  d y e  e x c l u s i o n  
w as u n c h a n g e d .  A f t e r  3 d a y s '  e x p o s u r e  t o  l e a d - c o n t a i n i n g  
m e d iu m , t h e  t o t a l  c e l l  n u m b e r o f  t r e a t e d  c u l t u r e s  w as 
a b o u t  h a l f  t h a t  o f  c o n t r o l  c u l t u r e s .  S i m u l t a n e o u s  a d m i n i 
s t r a t i o n  o f  t h i a m i n  ( 1 0 - 3 M o r  1 0 - 4 M ), w h ic h  i s  u s e d  
e x p e r i m e n t a l l y  t o  t r e a t  l e a d  i n t o x i c a t i o n ,  d i d  n o t  
p r e v e n t  t h i s  l o s s  o f  p r o l i f e r a t i o n .  On t h e  o t h e r  h a n d ,  
t h e  t o x i c  e f f e c t s  o f  l e a d  w e re  s l i g h t l y  e n h a n c e d .
T h ia m in  i t s e l f  h a d  no  e f f e c t  on e i t h e r  p a r a m e t e r .  SY5Y 
c e l l s  w e re  show n  t o  i n c o r p o r a t e  l e a d  i n t r a c e l l u l a r l y  by  
a t o m i c  a b s o r p t i o n .  C u l t u r e s  t r e a t e d  w i t h  l e a d  a c e t a t e  
( 1 0 - 3 M) f o r  t h r e e  d a y s  w e re  w a s h e d  w i t h  EDTA i n  s a l i n e  
b e f o r e  a n a l y s i s .  C u l t u r e s  i n c o r p o r a t e d  9 t o  10 µg l e a d  
p e r  1 0 6 c e l l s .

A s t r o c y t e - e n r i c h e d  c e l l  c u l t u r e s  w e re  s t a i n e d  im m uno
c y t o c h e m i c a l l y  f o r  g l i a l  f i b r i l l a r y  a c i d i c  p r o t e i n  
(G F A P ). Q u a l i t a t i v e  e x a m i n a t i o n  o f  t h e  s l i d e s  sh o w e d  
t h a t  t h e  n u m b e r o f  G F A P - p o s i t i v e  c e l l s  w as d e c r e a s e d  
c o m p a re d  t o  c o n t r o l s .  T o t a l  c e l l  n u m b e r s ,  m e a s u r e d  by 
c o u n t s  o f  c e l l  s u s p e n s i o n s ,  w e re  a l s o  r e d u c e d  i n  a c t i v e l y  
p r o l i f e r a t i n g  c u l t u r e s .  A s t r o c y t e s  e x h i b i t e d  a  v e s i c u l a r  
c y t o p l a s m  an d  l i g h t l y  s t a i n i n g  G F A P - p o s i t i v e  s m a l l  
g r a n u l e s ,  u n l i k e  t h e  f i n e  f i l a m e n t o u s  n e tw o r k  sh o w n  by 
c o n t r o l  c e l l s .  L e a d ,  t h e r e f o r e ,  d i d  n o t  i n d u c e  a  r e a c 
t i v e  r e s p o n s e  m a rk e d  by  b r i g h t l y  s t a i n i n g  t h i c k  b u n d l e s  
o f  f i l a m e n t s ,  a s  we h a v e  o b s e r v e d  in  a s t r o c y t e s  t r e a t e d  
w i t h  F e C l2 o r  A l2 O3 .
S u p p o r t e d  by  F o r m u la  A n im al H e a l t h  P r o j e c t  F u n d in g ,  
P r o j e c t  # 6 6 5 2 .

260.15  MACROPHAGE ATTACK ON STRESSED AND INJURED NEURONS IN CULTURE.
 C.R. Gardner*, M.H. Hightower* , and G.W. G ross,  Dept. o f 

B iology, Texas Woman’s U n iv e rs ity , Denton, TX 76204. (SPON: 
J .F . H ines).

We a re  in v e s t ig a tin g  c o cu ltu re s  o f  mamma lia n  s p in a l c e l l s  
and macrophages (MPs) to  determ ine w hether MPs in te r f e r e  
w ith neuronal recovery  from process le s io n s .  We have 
p rev iously  rep o rted  th a t  neurons and MPs c o ex is t in  c u ltu re  
and th a t  p o in t le s io n s  produced w ith  la s e r  microbeam surgery  
along n e u r ite s  t r i g g e r  MP chemotaxis r e s u l t in g  in  phagocyto
s i s  o f  th e  a f fe c te d  process and o cca s io n a lly  o f  th e  c e l l  
body (Gardner and Gross. 1983., Soc. N eurosci. A b str. 9 :172). 
In  our attem pt to  more acc u ra te ly  de fin e  th e  macrophage 
a tta c k  on neurons, we have in i t i a t e d  long term  s tu d ie s  o f 
th i s  in te ra c tio n  and have employed a v a r ie ty  o f  s ta in in g  
techn iques . So f a r ,  a  combined Bodian-Nissl  s ta in  provides 
th e  b e s t m orphological d a ta  by s e le c t iv e ly  s ta in in g  only 
neurons and MPs in  g re a t d e t a i l .  S u rp ris in g ly , W right’s 
s ta in  fo r  blood elem ents and th e  assay  fo r  th e  presence o f  
α-nap th y l a c e ta te  e s te r a s e ,  a  known MP marker enzyme, a lso  
s ta in  only neurons and MPs w ithout h ig h lig h tin g  th e  g l i a l  
c a rp e t . Our d a ta  in d ic a te  th a t  MPs a tta c k  only  c e l l s  
in ju red  o r s tre s s e d  to  th e  degree th a t  c e l l  death  may be 
in e v ita b le .  These neurons a re  qu ick ly  (w ith in  12-24 h r s . )  
and com pletely removed from c u ltu re s  w ithout damage to  th e  
ad jacen t h ea lth y  c e l l s .  Minor pH and osm olarity  changes 
re s u l t in g  in  g ran u la r c e l l  bodies do no t e l i c i t  a  MP 
response. T herefo re , MPs could make a p o s i t iv e c o n tr ib u tio n  
to  neuronal c u ltu re  by c lean in g  d e b ris  and by removing 
slow ly degenera ting  c e l l s  from e s ta b lis h e d  c u ltu re s .  From 
the  rap id  (5 min. a t  10-20μm) MP response , we co n sid e r i t  
l ik e ly  th a t  sm all m olecules, such as th e  o x id a tio n  products 
o f  a rach idon ic  ac id  (known chem otactic a g e n ts ) ,  t r i g g e r  MP 
chem otaxis.

The in te re s t in g  question  o f whether MPs prevent a  normal 
recovery  from n e u r ite  am putation i s  being  in v e s t ig a te d  by 
u t i l i z in g  c u ltu re  d ishes  in  which sep a ra te  adhesion a reas  
a re  provided fo r  d is so c ia te d  mouse embryo s p in a l c e l l s .  
Medium sep a ra tio n  i s  m aintained w ith  a s i l ic o n  g ask e t. Once 
th e  neuronal c u ltu re s  a re  e s ta b lis h e d , MPs a re  seeded on one 
s id e  o f  th e  p la te  3-5d p r io r  to  le s io n  experim ents. A fte r 
removal o f  th e  gasket and estab lishm en t o f  medium co n tin u ity , 
the  same number and type o f  le s io n s  a re  made in  both  reg ions  
o f  th e  c u ltu re  and c e l l s  a re  followed fo r  p e riods  o f 48 h rs .  
A com parative s t a t i s t i c a l  study o f c e l l  recovery  in  th ese  
a reas  i s  being in i t i a t e d .

26 0 .1 6   INFLAMMATORY RESPONSES FOLLOWING EXPERIMENTAL SPINAL CORD 
IN JU R Y : A DESTRUCTIVE EFFECT OF MACROPHAGES ON AXONS AND 
MYELIN?  A . R . B l i g h t ,  D e p t s .  N e u r o s u r g . ,  P h y s i o l .  & 
B i o p h y s . ,  NYU M e d ic a l  C e n t e r ,  New Y o r k ,  NY 1 0 0 1 6 .

T h o u g h  i t  i s  c l e a r  t h a t  m e c h a n i c a l  d a m a g e  a c c o u n t s  f o r  
m u ch  o f  t h e  f u n c t i o n a l  l o s s  f o l l o w i n g  s p i n a l  c o r d  i n j u r y ,  
t h e r e  i s  e v i d e n c e  t o  s u g g e s t  t h a t  d e l a y e d  p r o c e s s e s  o f  
c e l l u l a r  d i s r u p t i o n  a r e  r e s p o n s i b l e  f o r  a  p r o p o r t i o n  o f  
t h e  u l t i m a t e  d y s f u n c t i o n .  T h e  n a t u r e ,  t im e  c o u r s e  a n d  
s i g n i f i c a n c e  o f  t h e s e  p r o c e s s e s  h a v e  b e e n  d i f f i c u l t  t o  
e s t a b l i s h  u n e q u i v o c a l l y ,  d e s p i t e  t h e  f a c t  t h a t  d i s p a r a t e  
e x p e r i m e n t a l  t r e a t m e n t s  r e d u c e  t h e i r  e f f e c t s  ( t o  s m a l l  b u t  
s i g n i f i c a n t  e x t e n t s ) .

T h i s  s t u d y  w as c a r r i e d  o u t  i n  a d u l t  c a t s .  T h e y  w e r e  
a n e s t h e t i z e d  w i t h  s o d iu m  p e n t o b a r b i t a l ,  t h e  s p i n a l  c o r d  
e x p o s e d  b y  l a m in e c to m y  a n d  i n j u r e d  w i t h  a  s t a n d a r d i z e d  
w e i g h t - d r o p  c o n t u s i o n  o v e r  t h e  c la m p e d  T8 v e r t e b r a .  A f t e r  
v a r i o u s  p e r i o d s  o f  s u r v i v a l  t h e y  w e r e  f i x e d  b y  g l u t a r a l d e 
h y d e  p e r f u s i o n  a n d  t h e  l e s i o n  s i t e  a n a l y z e d  m o r p h o m e t r i c 
a l l y  ( m e th o d s  i n  N e u r o s c i e n c e , 1 0 :  5 2 1 ,  1 9 8 3 ) .

T he  i n j u r y  p r o d u c e d  t o t a l  d e s t r u c t i o n  o f  t h e  g r a y  a n d  
e x t e n s i v e  d e s t r u c t i o n  o f  t h e  w h i t e  m a t t e r  i n  t h e  im p a c t  
a r e a .  A t m o re  t h a n  3 m o n th s  a f t e r  i n j u r y  t h e r e  w e r e  v e r y  
lo w  d e n s i t i e s  o f  m y e l i n a t e d  a x o n s  ( < 1 0 0  p e r  1 0 ,0 0 0  µm2 ) ,  
e v e n  i n  t h e  o u t e r  1 0 0  µra o f  t h e  c o r d .  T h e r e  w as som e 
c o m p l e t e  d e m y e l i n a t i o n  a n d  a  m ean  d e c r e a s e  i n  m y e l i n  
t h i c k n e s s  o f  3 0 -4 0 % .

A t 4 8  h  a f t e r  i n j u r y ,  i n t a c t  a x o n s  w e r e  p r e s e n t  i n  t h e  
s u b - p i a l  r im  a t  d e n s i t i e s  a b o v e  1 0 0  p e r  1 0 ,0 0 0  µm2. T h e s e  
sh o w e d  l i t t l e  o r  no  d i s t u r b a n c e  o f  m y e l i n  m o r p h o lo g y .  
T h e r e  w a s  a  v a r i a b l e ,  lo w  d e n s i t y  i n v a s i o n  o f  t h e  l e s i o n  
b y  l e u c o c y t e s ,  w i t h  l i t t l e  s i g n  o f  p h a g o c y t o s i s  o f  c e l l 
u l a r  d e b r i s  o r  o f  e r y t h r o c y t e s .  A t 8 d a y s  a f t e r  i n j u r y ,  
m a c r o p h a g e s ,  p a c k e d  w i t h  p h a g o c y t i c  v a c u o l e s ,  c o m p r i s e d  a s  
m uch  a s  50% o f  t h e  l e s i o n  v o lu m e .  M any a x o n s  w e r e  com 
p l e t e l y  d e m y e l i n a t e d  a t  t h i s  t i m e .

D e m y e l i n a t i o n  o f  s u r v i v i n g  a x o n s  a p p e a r s  t o  b e  a s s o 
c i a t e d  w i t h  t h e  d e l a y e d  i n f l a m m a t o r y  r e s p o n s e  a n d  n o t  t o  
b e  a  d i r e c t  r e s u l t  o f  i n j u r y .  S i m i l a r l y ,  i t  a p p e a r s  t h a t  
f u r t h e r  l o s s  o f  a x o n s  o c c u r s  i n  t h e  p r e s e n c e  o f  i n t e n s e  
p h a g o c y t i c  a c t i v i t y .  I n i t i a l  e l e c t r o p h y s i o l o g i c a l  d a t a  
f ro m  i s o l a t e d  s p i n a l  t r a c t s  s u p p o r t  t h i s  c o n c l u s i o n .  
I n f l a m m a to r y  c y t o l y s i s  m ay b e  o n e  o f  t h e  m o s t  i m p o r t a n t  
d e l a y e d  f a c t o r s  i n  t h e  p a t h o p h y s i o l o g y  o f  s p i n a l  t r a u m a .   
( S u p p o r t e d  b y  USPHS g r a n t s  N S 1 0 1 6 4  a n d  N S 1 5 5 9 0  f ro m  NINCDS)

2 5 0 .1 7  SUPEROXIDE DISMUTASE (SOD) INCREASES SURVIVAL OF CULTURED 
SYMPATHETIC NEURONS EXPOSED TO A B R IE F PERIOD OF STARVATION.  
J . C .  S a e z * ,  D .H . H a l l ,  J . A .  K e s s l e r + , M .V .L . B e n n e t t ,  a n d  
D .C . S p r a y ,  D e p t s .  N e u r o s c i e n c e  & N e u r o lo g y + , A l b e r t  
E i n s t e i n  C o l l .  M ed. B r o n x ,  N .Y . 1 0 4 6 1 .

D e f i c i e n t  s u b s t r a t e  s u p p l y  ( s t a r v a t i o n )  a n d  h y p o x i a  a r e  
tw o  c o n s e q u e n c e s  o f  i s c h a e m i a .  I n  v i t r o  e x p e r i m e n t s  a l l o w  
s e p a r a t i o n  o f  s t a r v a t i o n  f ro m  h y p o x i a ,  s o  t h a t  o n e  c a n  a s s 
e s s  t h e  c o n t r i b u t i o n  o f  e a c h  t o  t h e  d e l e t e r i o u s  e f f e c t s  o f  
i s c h a e m i a .  S u p e r i o r  c e r v i c a l  g a n g l i o n  n e u r o n s  o b t a i n e d  f ro m  
n e w b o r n  r a t s  w e r e  m a i n t a i n e d  i n  c u l t u r e  3 - 4  w k s  i n  H a m 's  
F12  n u t r i e n t  s o l u t i o n  p l u s  10% f e t a l  c a l f  s e r u m .  S t a r v a t i o n  
w a s  i n d u c e d  b y  q u i c k l y  w a s h i n g  t h e  c e l l s  4 x  w i t h  p h o s p h a t e  
b u f f e r e d  s a l i n e  ( P B S ) ;  t h e  c e l l s  w e r e  t h e n  h e l d  f o r  10 m in  
i n  PBS a n d  95% a i r - 5 %  CO2 a t  37°C  a n d  r e t u r n e d  t o  n u t r i e n t  
m e d iu m . O ne h o u r  l a t e r ,  s u r v i v a l  (SR ) d e t e r m i n e d  b y  e x c l u 
s i o n  o f  t r y p a n  b l u e  w a s  4 5 . 6  ±  4 .2 %  (m e a n  ±  SD f o r  3 d i s h e s ) .  
P r e i n c u b a t i o n  (3 0  m in )  w i t h  SOD a n d  55  mM K+  f o l l o w e d  b y  1 
h r  i n  m ed iu m  c o n t a i n i n g  SOD i n c r e a s e d  s u r v i v a l  f o l l o w i n g  
s t a r v a t i o n  t o  9 4 . 5  ±  5 .2 % . (N o rm a l  v i a b i l i t y  w a s  n o t  a c c u 
r a t e l y  d e t e r m i n e d  b u t  w as n e a r  9 9 % ). R e s t i n g  p o t e n t i a l s  o f  
s u r v i v i n g  u n t r e a t e d ,  s t a r v e d ,  a n d  p r o t e c t e d  s t a r v e d  c e l l s  
w e r e  78 ±  7 . 5 ,  54 ±  4 . 5  a n d  67 ±  8 . 4  mV r e s p e c t i v e l y .  L i t t l e  
o r  no  p r o t e c t i o n  w as  s e e n  o f  n e u r o n s  p r e i n c u b a t e d  90  m in  
w i t h  a lb u m i n  ( 0 . 3  mM), w i t h  SOD i n a c t i v a t e d  b y  h e a t i n g  o r  
w i t h  K+  o r  SOD a l o n e .  I n  p a r a l l e l  e x p e r i m e n t s  c e l l s  w e r e  
p r e i n c u b a t e d  (1 0  m in )  w i t h  n i t r o  b l u e  t e t r a z o l i u m  (1  mM) 
b e f o r e  s t a r v a t i o n .  C e l l s  p r e t r e a t e d  w i t h  K+ / S OD s h o w e d  no 
c o l o r  c h a n g e  a f t e r  s t a r v a t i o n .  H o w e v e r ,  w i t h o u t  K+ / S OD p r e 
t r e a t m e n t  o r  w i t h  K+ /  i n a c t i v a t e d  SOD p r e t r e a t m e n t  t h e  
s o m a ta  b e c a m e  p u r p l e  d u e  t o  f o r m a z a n  p r e c i p i t a t i o n ,  w h ic h  
s u g g e s t s  s u p e r o x i d e  f o r m a t i o n .  H ig h  K+  c a u s e d  u p t a k e  o f  SOD 
a s  sh o w n  b y  I 125 l a b e l l i n g  o f  SOD a n d  c o u n t s  o f  t r e a t e d  
t i s s u e .  H ig h  K+  a l s o  c a u s e d  u p t a k e  o f  h o r s e r a d i s h  p e r o x i d a s e  
a s  sh o w n  b y  s t a n d a r d  e l e c t i o n  m i c r o s c o p i c  m e t h o d s .  T h u s  SOD 
p r o t e c t i o n  m ay b e  m e d i a t e d  i n t r a c e l l u l a r l y . No i n c r e a s e  i n  
s u r v i v a l  w as  s e e n  i f  K+ / S OD i n c l u d e d  10  mM M gC l2 o r  50 µM 
TTX, w h ic h  s h o u l d  r e d u c e  s e c r e t o r y  a n d  i m p u l s e  a c t i v i t y  
r e s p e c t i v e l y .  T h e s e  r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  f r e e  
r a d i c a l s ,  i . e .  O2, p l a y  a  r o l e  i n  t h e  c e l l  d a m a g e  c a u s e d  b y  
i s c h a e m i a  (D e m o p o u lu s  e t  a l . A c ta  N e u r o l .  S c a n d .  S u p p l .  6 4 ,  
1 5 2  ( 1 9 7 7 )  . S u p p o r t e d  i n  p a r t  b y  M c K n ig h t D e v e lo p m e n t  (DCS) 
a n d  G e o r g e  C o t z i u s  (JA K ) a w a r d s  a n d  NIH g r a n t s  NS 1 4 8 3 0  a n d  
2 0 0 1 3 .
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2 6 0 .18 CARBONI C ACID BUFFER BEHAVIOR IN BRAIN DURING COMPLETE IS 
CHEMIA.  R .P . K r a ig ,  W.A. P u l s i n e l l i ,  & F. P lum .  D e p t . o f  
N e u ro lo g y , C o r n e ll  U n i v e r s i t y  Med. C o l le g e ,  N .Y ., N.Y. 10021

E x c e ss  H+ a c c u m u la t io n  in  b r a i n  may c a u s e  i r r e v e r s i b l e  i n 
j u r y .  D u rin g  c o m p le te  is c h e m ia  th e  d e v e lo p m e n t o f  lo w e re d  
[Na+ ] o  may p r e v e n t  rem oval o f  e x c e s s  c e l l  H+ by p lasm a  mem
b r a n e  Na+ /H + a n t i p o r t .  I n s t e a d ,  o n ly  p h y s ic o c h e m ic a l  b u f f e r s  
and p lasm a  m em brane Cl - /HCO3 -  a n t i p o r t  can  be e x p e c te d  to  
l i m i t  [H+ ] i  w h ic h  w o u ld  o th e r w i s e  r e s u l t  from  a n a e r o b ic  g l y 
c o l y s i s  and  ATP h y d r o l y s i s .  R at b r a i n  HCO3 -  s t o r e s  s h o u ld  
d im in is h  in  d i r e c t  p r o p o r t io n  t o  t h e  c o n su m p tio n  o f  o t h e r  
b u f f e r s  w i th  n e a r l y  e q u iv a l e n t  i o n i z a t i o n  e q u i l i b r i u m  c o n 
s t a n t s  a s  lo n g  a s  g e n e r a t e d  H+ , p h y s ic o c h e m ic a l  b u f f e r s ,  and 
Cl - /HCO3 - a n t i p o r t  h av e  a c c e s s  t o  t h e  same t i s s u e  c o m p a r t 
m e n ts .  A c c o r d in g ly ,  we s im u l t a n e o u s ly  m ea su red  b r a in  [H+ ] o , 
PCO2 , and  l a c t a t e  (LAC) d u r in g  c o m p le te  i s c h e m ia .

R a ts  w e re  a n e s t h e t i z e d  w i th  h a lo t h a n e ,  warmed to  37°C , and 
an a r t e r y  and  v e in  c a n n u la t e d .  N e o c o r t i c e s  w ere  e x p o s e d ,  s u -  
p e r f u s e d  w i th  R in g e r ,  and  im p a led  w i th  H+ ( t r id o d e c y l a m i n e) 
m ic r o e l e c t r o d e s  t o  a d e p th  o f  800µm. A d ja c e n t  s u r f a c e  PCO2 
was m o n ito re d  w i th  a M I-720 ( M i c r o e l e c t r o d e s , I n c . )  CO2 e l e c 
t r o d e .  A r t e r i a l  p r e s s u r e ,  pH, PO2 , PCO2 , and g lu c o s e  w ere  
s t a b i l i z e d .  S e l e c t e d  a n im a ls  w e re  g iv e n  in t r a v e n o u s  i n s u l i n  
( 2 - 6 u n i t s / k g  U-100) o r  i n t r a p e r i t o n e a l  0.93M  D -g lu c o s e  (8 .3 5  
gm /kg) t o  a l t e r  b r a i n  c a r b o h y d r a te  s t o r e s  and s u b s e q u e n t  p o s t  
i s c h e m ic  LAC. R a ts  w e re  k i l l e d  by in t r a v e n o u s  i n j e c t i o n  o f  1 
M KCl a f t e r  s u c c e s s iv e l y  lo n g e r  i n t e r v a l s  a f t e r  t h e  i n s u l i n /
g lu c o s e  i n j e c t i o n .  When b r a i n  [H+ ] o  and PCO2 s u b s e q u e n t ly  
p l a t e a u e d ,  h e a d s  w e re  d ro p p e d  i n t o  l i q u i d  n i t r o g e n  and  LAC 
m ea su red  by enzym e f lu o r o m e t r i c  t e c h n i q u e s .  [H+ ] o  r o s e  by 
0 .4 4 ± 0 .0 5 p H  (n =3) u n t i l  LAC re a c h e d  13m m ol/kg th e n  [H+ ] o  r o s e  
by 1 .0 0 ± 0 .0 4 p H  (n=7) and  rem a in e d  c o n s t a n t  b e tw een  16-31mmol 
/k g  LAC. P eak  c h a n g e  in  PCO2 in c r e a s e d  l i n e a r l y  w i th  LAC u n 
t i l  LAC re a c h e d  17m m ol/kg th e n  PCO2 r o s e  a b r u p t l y  to  309±9mm 
Hg (n=7) and  re m a in e d  c o n s t a n t  th ro u g h  31m m ol/kg LAC.

F o r [H+ ] o  t o  h ave  re m a in e d  c o n s t a n t  f o r  up t o  13mmo1/kg 
LAC w h i l e  PCO2 r o s e ,  e i t h e r  [HCO 3 -] o in c r e a s e d  o r  a new b u f 
f e r  e n te r e d  i n t e r s t i t i a l  s p a c e .  S in c e  t h e  p e a k  c h a n g e  in  
PCO2 d id  n o t  i n c r e a s e  a f t e r  LAC re a c h e d  19m m ol/kg , HCO3 -  
s t o r e s  w e re  e x h a u s te d  in  t h o s e  c o m p a rtm e n ts  w h e re  e x c e s s  H+ 
w as g e n e r a t e d .  T i s s u e  LAC up t o  13m m ol/kg d u r in g  c o m p le te  
i s c h e m ia  i s  c o r r e l a t e d  w i th  s e l e c t i v e  l o s s  o f  n e u ro n s  w h i le  
i n f a r c t i o n  o c c u r s  when LAC e x c e e d s  16mmol /k g  ( P u l s i n e l l i  e t  
a l , 1 9 8 2 ) . We c o n c lu d e  t h a t  b r a i n  i n f a r c t i o n  from  isc h e m ia  
c o r r e l a t e s  w i th  t h e  l o s s  o f  c e l l u l a r  HCO3 - s t o r e s .  ( S u p p o r t 
ed  by N S -19 1 0 8 , N S -03346 , and  a T e a c h e r  I n v e s t i g a t o r  A w ard, 
N S -0 0 7 6 7 , and  R o c k e f e l l e r  C l i n i c a l  S c h o la r  Award to  R .P .K .)

2 6 0 . 19   ENDOTHELIAL CELL CHANGES IN  EXPERIMENTAL HYPERTENSION AND 
DIA BETES.  P .A .  G ra d y  a n d  O .R . B l a u m a n i s * .   D e p t . o f  
N e u r o lo g y ,  U n i v .  o f  M a r y la n d  S c h .  o f  M e d . ,  B a l t i m o r e ,  MD 
21201

H y p e r t e n s i o n  h a s  b e e n  s t u d i e d  e p i d e m i o l o g i c a l l y  a n d  
f o u n d  t o  b e  t h e  s i n g l e  m o s t  i m p o r t a n t  r i s k  f a c t o r  f o r  t h e  
d e v e lo p m e n t  o f  a  s t r o k e .  H o w e v e r  h y p e r g l y c e m i a  o r  d i a b e t e s  
a p p e a r s  t o  b e  t h e  m a j o r  d e t e r m i n a n t  i n  t h e  m o r b i d i t y  a n d  
m o r t a l i t y  o f  h y p e r t e n s i v e s  w ho d e v e l o p  s t r o k e s .  T h e  u n d e r 
l y i n g  p a t h o g e n e s i s  i s  n o t  w e l l  u n d e r s t o o d .  T h i s  s t u d y  w a s  
d e s i g n e d  t o  t e s t  t h e  e f f e c t  o f  t h e  c o m b i n a t i o n  o f  r i s k  f a c 
t o r s  h y p e r t e n s i o n  a n d  d i a b e t e s  o n  b r a i n  b l o o d  v e s s e l s .

A d u l t ,  f u l l y  h y p e r t e n s i v e  s p o n t a n e o u s l y  h y p e r t e n s i v e  
r a t s  w e r e  i n j e c t e d  w i t h  s t r e p t o z o t o c i n  ( S ig m a  4 0  m g / k g ) , a  
n i t r o s o u r e a  w i t h  a  B c y t o t o x i c  e f f e c t  o n  p a n c r e a t i c  c e l l s  
a n d  a l l o w e d  t o  r e m a in  d i a b e t i c  a n d  h y p e r t e n s i v e  f o r  o n e  t o  
f o u r  m o n th s .  B lo o d  p r e s s u r e  w a s  m o n i t o r e d  w e e k l y  u s i n g  t h e  
i n d i r e c t  t a i l  c u f f  m e th o d .  B lo o d  g l u c o s e  l e v e l s  w e r e  
m o n i t o r e d  w e e k l y  u s i n g  t h e  H a r l e c o  O - t o l u i d i n e  m e th o d .  
A f t e r  p e r i o d s  o f  u p  t o  f o u r  m o n th s  c o m b i n a t i o n  o f  d i a b e t e s  
a n d  h y p e r t e n s i o n ,  a n i m a l s  w e r e  p e r f u s e d  t h r o u g h  t h e  h e a r t  
w i t h  f i x a t i v e .  M a jo r  e x t r a c r a n i a l  a n d  i n t r a c r a n i a l  v e s s e l s  
w e r e  re m o v e d  a n d  p r e p a r e d  f o r  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  
(SEM).

A f t e r  o n e  m o n th  o f  c o m b in e d  h y p e r t e n s i o n  a n d  d i a b e t e s  
t h e  e x t r a c r a n i a l  c a r o t i d  a r t e r i e s  sh o w e d  a n  a b n o r m a l  e n d o 
t h e l i a l  s u r f a c e .  SEM e x a m i n a t i o n  r e v e a l e d  e n d o t h e l i a l  
s u r f a c e s  w i t h  s c a t t e r e d  a r e a s  o f  d e s q u a m a t i o n .  T h e s e  e n d o 
t h e l i a l  s u r f a c e s  a p p e a r e d  " s w o l l e n "  i n  a p p e a r a n c e .  T h e  
e n d o t h e l i a l  s u r f a c e s  o f  b r a i n  v e s s e l s  a p p e a r e d  p i t t e d .
A r e a s  w e r e  o b s e r v e d  i n  w h ic h  e n d o t h e l i a l  c e l l  o r i e n t a t i o n  
a p p e a r e d  ra n d o m  r a t h e r  t h a n  t h e  l o n g i t u d i n a l  o r i e n t a t i o n  
o f  c e l l s  n o r m a l l y  s e e n .

A f t e r  f o u r  m o n th s  t h e  i n t e r n a l  c a r o t i d  a r t e r i e s  o f  
d i a b e t i c  h y p e r t e n s i v e  r a t s  a p p e a r e d  e x t e n s i v e l y  " f r o t h y "  o r  
s w o l l e n  o n  t h e  l u m i n a l  s u r f a c e s .  E n d o t h e l i a l  s u r f a c e s  o f  
b r a i n  v e s s e l s  w e r e  r o u g h e n e d  a n d  p i t t e d .  F r a n k  e n d o t h e l i a l  
c e l l  i n j u r y  w a s  a l s o  o b s e r v e d  i n  p i a l  a r t e r i e s .

I n  su m m a ry  i t  a p p e a r s  t h a t  a f t e r  e v e n  s h o r t  p e r i o d s  o f  
c o m b in e d  h y p e r t e n s i o n  a n d  d i a b e t e s  r e s u l t  i n  s t r u c t u r a l  
c h a n g e s  i n  t h e  l u m i n a l  s u r f a c e s  o f  e x t r a c r a n i a l  a n d  i n t r a 
c r a n i a l  b l o o d  v e s s e l s  w h ic h  a r e  d i f f e r e n t  t h a n  t h o s e  w h ic h  
o c c u r  w i t h  t h e s e  r i s k  f a c t o r s  s i n g l y  a n d  w h ic h  h a v e  
t h r o m b o g e n ic  p o t e n t i a l .

S u p p o r t e d  i n  p a r t  b y  NIH G r a n t  N S -1 6 3 3 2 .

TRANSMITTERS AND RECEPTORS IN DISEASE II

261 . 1  A QUANTITATIVE STUDY OF DOPAMINE AND SEROTONIN IN CEREBRAL 
ISCHEMIA BY HPLC.  H u i Y. B a i * ,  M ang C . Yu a n d  Z . Y e * .  D e p t . 
o f  A n a to m y , New J e r s e y  M e d ic a l  S c h o o l ,  N e w a r k ,  N . J .  0 7 1 0 3 .

We r e p o r t e d  p r e v i o u s l y  ( N e u r o s c i .  A b s .  9 : 9 7 3 ,  1 9 8 3 ;  A n a t .  
R e c .  2 0 8 :2 0 0 A , 1 9 8 4 )  t h a t  c e r e b r a l  i s c h e m i a  i n d u c e d  by  
c a r o t i d  l i g a t i o n  c a u s e d  p r o n o u n c e d  m o r p h o l o g i c a l  c h a n g e s  i n  
t h e  n e u r o n a l  a n d  n e u r o g l i a l  e l e m e n t s  o f  t h e  g e r b i l  b r a i n .  
A l t h o u g h  t h e r e  w a s s lo w  r e c o v e r y  o f  s t r u c t u r a l  i n t e g r i t y ,  
t h e  r e s t i t u t i o n  w a s  i n c o m p l e t e  a t  21 d a y s  a f t e r  t h e  i s c h e m i c  
i n s u l t .  2 - d e o x y g l u c o s e  i s o t o p e  u p t a k e  s t u d y  a l s o  i n d i c a t e d  
r e d u c e d  g l u c o s e  u t i l i z a t i o n  d u r i n g  t h e  e a r l y  p h a s e  (2 4  h r s )  
o f  i s c h e m i c  i n s u l t ,  f o l l o w e d  b y  a n  i n c r e a s e  d u r i n g  l a t e r  
p e r i o d s  (80%  o f  t h e  c o n t r o l  l e v e l  b y  d a y  21 p o s t i s c h e m i a ) .
I n  t h e  p r e s e n t  s t u d y ,  we r e p o r t e d  o n  t h e  s t a t u s  o f  tw o  CNS 
n e u r o t r a n s m i t t e r s ,  d o p a m in e  a n d  s e r o t o n i n .  C e r e b r a l  i s c h e 
m ia  w a s i n d u c e d  i n  g e r b i l s  w e ig h in g  6 0 - 7 0 g  b y  l i g a t i n g  t h e  
r i g h t  common c a r o t i d  a r t e r y  f o r  3 0 - 9 0  m in .  O f t h e  8 0  g e r 
b i l s  t h u s  l i g a t e d ,  3 6  d e v e l o p e d  n e u r o l o g i c a l  s i g n s  a n d  o n l y  
t h e s e  w e r e  u s e d  i n  t h e  s t u d y .  T h e  a n i m a l s  w e r e  k i l l e d  a t  3 
h r ,  4 ,  7 a n d  3 0  d a y s  p o s t l i g a t i o n .  T i s s u e s  f r o m  t h r e e  b r a i n  
r e g i o n s ,  t h e  f r o n t a l  c o r t e x ,  c a u d a t e  n u c l e u s  a n d  h ip p o c a m p u s  
o f  t h e  r i g h t  ( l i g a t e d )  a n d  l e f t  ( i n t a c t )  h e m i s p h e r e s  w e re  
d i s s e c t e d  o u t  a n d  a s s a y e d  q u a n t i t a t i v e l y  f o r  d o p a m in e  a n d  
s e r o t o n i n  b y  h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  w i t h  
e l e c t r o c h e m i c a l  d e t e c t o r  (B A S , I n c . ,  I n d i a n a ) .

T h e  r e s u l t s  i n d i c a t e  s i g n i f i c a n t  c h a n g e s  i n  d o p a m in e  a n d  
s e r o t o n i n  c o n t e n t s  i n  t h e  c a u d a t e  n u c l e u s  a n d  h ip p o c a m p u s ,  
a n d  m i n o r  a l t e r a t i o n  i n  t h e  f r o n t a l  c o r t e x .  I n  t h e  i s c h e m i c  
c a u d a t e  n u c l e u s ,  t h e  v a l u e s  f o r  d o p a m in e  a t  3 h r ,  4 ,  7 a n d  
21 d a y s  w e r e  7 0 , 5 0 , 7 6  a n d  74% o f  t h e i r  c o n t r o l  ( i n t a c t )  
c o u n t e r p a r t s ;  t h e  s e r o t o n i n  v a l u e s  w e re  7 0 , 4 5 , 3 8  a n d  56% o f  
t h e  c o n t r o l s .  I n  t h e  h ip p o c a m p u s ,  t h e  d o p a m in e  l e v e l  o f  t h e  
i s c h e m i c  s i d e  w a s 50% a t  3 h r ,  d r o p p i n g  s h a r p l y  t o  17 a n d  18  
% a t  d a y s  7 a n d  3 0 ,  r e s p e c t i v e l y .  S e r o t o n i n  w as l e s s  s e v e r e 
l y  a f f e c t e d ,  b e i n g  8 2 , 8 4 , 9 3  a n d  99% o f  c o n t r o l s  a t  t h e  r e 
s p e c t i v e  s u r v i v a l  p e r i o d s .  I n  t h e  f r o n t a l  c o r t e x ,  b o t h  
d o p a m in e  a n d  s e r o t o n i n  l e v e l s  r e m a i n e d  a b o u t  90% o f  c o n t r o l s  
t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r i o d s .  T h e s e  d a t a  i n d i c a t e  
c o n s i d e r a b l e  v a r i a t i o n s  i n  n e u r o t r a n s m i t t e r  r e s p o n s e s  t o  
i s c h e m i a  i n  t h e  t h r e e  b r a i n  r e g i o n s  e x a m in e d ,  w i t h  t h e  c a u 
d a t e  n u c l e u s  a n d  h ip p o c a m p u s  s h o w in g  t h e  g r e a t e s t  a l t e r a t i o n  
t o  i s c h e m i c  i n s u l t .

( S u p p o r t e d  b y  K im b e r ly - M c C u rd y  F o u n d a t i o n  t o  M .C . Yu)

2 5 1 .2   A RAT NEURAL END-POINT MODEL OF STROKE: PHYSOSTIGMINE 
REVERSAL OF HYPOXIA IMPAIRMENTS OF MEMORY, MOTIVATION, AND 
NEUROMUSCULAR PERFORMANCE.  J .M .  O r d y , P e n n w a l t  C o r p . ,  R o c h . ,  
NY 1 4 6 2 3 ,   G . T h o m a s , U . o f  R o c h . ,  R o c h . ,  NY 1 4 6 2 4 ,  a n d  
 W. D u n l a p , T u l a n e  U . ,  New O r l e a n s ,  LA 7 0 1 1 8 .

S t r o k e  i s  a  l e a d i n g  c a u s e  o f  n e u r o l o g i c a l  i m p a i r m e n t s  a n d  
t h e  t h i r d  l e a d i n g  c a u s e  o f  d e a t h  i n  t h e  U n i t e d  S t a t e s .  T h e  
i n c i d e n c e  o f  s t r o k e  i n c r e a s e s  w i t h  a g e .  C l i n i c a l  a p p r o a c h e s  
h a v e  f o c u s e d  o n  s t r o k e  i n  t e r m s  o f  c a r d i o v a s c u l a r  l e s i o n s ,  
t h r o m b o t i c  o c c l u s i o n s ,  a n d  h y p e r t e n s i o n .  L i m i t s  o f  n e u r o n a l  
r e s i s t a n c e  t o  a n o x i a  a r e  p o o r l y  u n d e r s t o o d .  D e c r e a s e s  i n  t h e  
i n c i d e n c e  o f  s t r o k e  h a v e  b e e n  a t t r i b u t e d  t o  im p r o v e d  
d i a g n o s i s  a n d  t r e a t m e n t  o f  h y p e r t e n s i o n .  R e c e n t  e v i d e n c e  o f  
g r e a t e r  n e u r o n a l  r e s i s t a n c e  t o  a n o x i a  t h a n  p r e v i o u s l y  s u s p e c t 
e d  h a s  f o c u s e d  r e s e a r c h  o n  c e l l u l a r  c a u s e s  o f  n e u r o l o g i c a l  
d e f i c i t s .  A b n o r m a l i t i e s  o f  n e u r o t r a n s m i t t e r  m e t a b o l i s m ,  p a r t 
i c u l a r l y  a c e t y l c h o l i n e ,  m ay m e d i a t e  n e u r o l o g i c a l  i m p a i r m e n t s .  
S y n t h e s i s  o f  n e u r o t r a n s m i t t e r s  i s  c r i t i c a l l y  d e p e n d e n t  o n  
m o l e c u l a r  o x y g e n .  H y p o x ia  a n d  c h o l i n e r g i c  a n t a g o n i s t s  p r o d u c e  
s i m i l a r  n e u r o l o g i c a l  i m p a i r m e n t s .  P h y s o s t i g m i n e  b l o c k s  c h o 
l i n e r g i c a l l y  m e d i a t e d  i m p a i r m e n t s .  C u r r e n t  a n i m a l  m o d e l s  i n 
c l u d e  t h e  g e r b i l  a n d  t h e  " L e v i n e "  r a t  m o d e l  f o r  a s s e s s m e n t  o f  
m o r b i d i t y  a n d  n e u r o n a l  d a m a g e  a f t e r  c a r o t i d  a r t e r y  l i g a t i o n .
An a n im a l  m o d e l  i s  n e e d e d  i n  w h ic h  i s c h e m i c - h y p o x i a  a n d  d r u g  
e f f e c t s  c a n  b e  e v a l u a t e d  o n  s p e c i f i c  n e u r a l  e n d - p o i n t s .  T h e  
a im s  o f  t h i s  s t u d y  w e r e  t o  e v a l u a t e  t h e  e f f e c t s  o f  h y p o x i c -  
h y p o x i a  a n d  p h y s o s t i g m i n e  o n  t r i a l - s p e c i f i c  w o r k i n g  m em o ry , 
m o t i v a t i o n ,  a n d  n e u r o m u s c u l a r  p e r f o r m a n c e  o f  o l d  L o n g - E v a n s  
r a t s .  T h e  m em ory  t e s t  w a s  c o n d u c te d  i n  a  T -M a z e  a d a p t e d  t o  
p r e s e n t  a  s p a t i a l  D e la y e d - N o n - M a tc h i n g - T o - S a m p le  (DMNTS) 
p r o b le m .  I t  i n c l u d e d  t r i a l - s p e c i f i c  m em ory  a t  1 0 ,  9 0  a n d  1 8 0  
s e c .  d e l a y s .  S t a r t ,  c h o i c e ,  a n d  g o a l  s p e e d s  s e r v e d  a s  i n d i c e s  
o f  m o t i v a t i o n  a n d  n e u r o m u s c u l a r  p e r f o r m a n c e .  R a t s  w e r e  p l a c e d  
o n  a l t e r n a t e  d a y s  i n  a  h y p o x i a  c h a m b e r  a n d  e x p o s e d  t o  a  96% 
N2 /4%  O2 a t m o s p h e r e  u n t i l  l o s s  o f  t h e  r i g h t i n g  r e f l e x ,  o r  i n  
a  c o n t r o l  c h a m b e r  a n d  e x p o s e d  t o  a  n o r m o x ic  c o n d i t i o n .  P h y 
s o s t i g m i n e  w a s  a d m i n i s t e r e d  a t  0 . 0 5  m g /k g ,  i p ,  1 5  m in u t e s  
p r i o r  t o  h y p o x i c - h y p o x i a .  U n d e r  n o r m o x ic  c o n d i t i o n s ,  t h e r e  
w a s  a  s i g n i f i c a n t  d e c l i n e  i n  c o r r e c t  m em ory  r e s p o n s e s  f r o m  10  
t o  1 8 0  s e c .  d e l a y s  ( P < 0 . 0 1 ) .  N e u r o m u s c u l a r  p e r f o r m a n c e  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  a c r o s s  3 m em ory  d e l a y s .  H y p o x ia  p r o 
d u c e d  a  s i g n i f i c a n t  d e c r e a s e  i n  c o r r e c t  m em ory  r e s p o n s e s  
a c r o s s  1 0 ,  9 0 ,  a n d  1 8 0  s e c .  d e l a y s .  H y p o x ia  a l s o  r e s u l t e d  i n  
s i g n i f i c a n t  d e c r e a s e s  i n  s t a r t ,  c h o i c e ,  a n d  g o a l  s p e e d s  (P <  
0 . 0 1 ) .  P h y s o s t i g m i n e  b l o c k e d  t h e  h y p o x i a  e f f e c t s  o n  m em ory  
b u t  n o t  o n  m o t i v a t i o n  a n d  n e u r o m u s c u l a r  p e r f o r m a n c e .  R e s u l t s  
sh o w  u s e f u l n e s s  o f  a  r a t  n e u r a l  e n d - p o i n t  m o d e l  o f  s t r o k e .

261.3  WITHDRAWN
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261.4  ROLE OF CATECHOLAMINE METABOLISM IN THE 
MATURATION OF INFARCTION IN ISCHEMIC STRIATUM.  J. 
W einberger and J . N ieves-R osa*  D epartm en t of Neurology, The 
M ount Sinai School o f M edicine, New Y ork, New York 10029.

The s tr ia tu m  is a  region o f  brain th a t has a  se le c tive  
vu lnerab ility  to  ischem ic dam age produced by u n ila te ra l ca ro tid  
ligation  in the Mongolian gerb il. The s tr ia tu m  contains a  high 
co n cen tra tio n  o f dopam ine (DA) nerve te rm ina ls, which have been 
shown to be m ore sensitive  to  ischem ic dam age than GABA, 
g lu tam a te  or sero ton in  te rm ina ls . The degeneration  o f the nerve 
te rm ina ls  in ischem ia is a  delayed process. U ptake o f DA 
proceeds norm ally  for up to  8 hours, but is reduced to  15% of 
con tro l a t  16 hours (W einberger, J . ,  and Cohen, G., J  Neurochem  
38:963, 1982). Damage to nerve term inals was a tte n u a te d  by 
dep letion  o f ca techo lam ines (CA) w ith a lp ha-m ethy l-para
ty rosine (AMPT) adm in is te red  6 hours prior to ca ro tid  ligation  
(W einberger, J . ,  Cohen, G., Ann N eurol 114:127 A bstract).

In o rder to  de term ine  if th e re  was a  relationship  betw een  CA 
m etabolism  and m orphological ev idence o f ischem ic dam age, the 
brains o f gerb ils w ith stroke  w ere exam ined for C A -derived 
fluo rescence  (CADF) by the F alck-H illarp  technique. Brains w ere 
rem oved from  stroke  anim als a t  0.5, 2, 4, 7 and 12 hours a f te r  
ca ro tid  liga tion , freez e  dried  a t  –35°C for 48 hours and incubated  
w ith parafo rm aldehyde to form fluorescen t isoquinolines. Three 
s tro k e  anim als w ere stud ied  a t  each  tim e period. Specim ens w ere 
exam ined w ith a  L e itz  transm ission fluorescence m icroscope 
em ploying BG12 ex c ita tio n  fil te rs  and a  K510 b a rrie r  f il te r . 
M orphological dam age to neurons was assessed  by the Nissl 
techn ique, em ploying a  cresy l v io le t s ta in .

Two and 4 hours a f te r  s tro k e , the re  was depletion  o f CADF in 
the ischem ic s tr ia tu m , excep t in a  midline border zone. In this 
border zone, CADF was p resen t and th e re  w ere pyknotic nuclei 
and vacuo liza tion  o f the tissue on Nissl S tain . There w ere no 
degen era ted  neurons in the s tr ia tu m  void of CADF. Seven and 12 
hours a f te r  s tro k e , th e re  was re s to ra tio n  of CADF in the whole 
s tr ia tu m , along w ith the appearance  o f pyknotic neurons and 
spongy degenera tion  of the tissue. The CADF could be rem oved 
w ith 0.1% sodium borohydride and reappeared  when the tissue was 
re incubated  w ith parafo rm aldehyde. F luorescence was not seen 
in the s tr ia ta  o f stroke  anim als when the tissue was incubated  
w ithout parafo rm aldehyde. This tem poral and sp a tia l coincidence 
o f CADF w ith onset o f h istologic ischem ic dam age suggests th a t 
CA m etabolism  is involved in the m atu ra tion  of in fa rc tion  in 
ischem ic  s tr ia tu m .

261. 5  DIFFERENTIAL COUPLING OF GABA-A AND GABA-B RECEPTORS TO THE 
NORADRENERGIC SYSTEM: IMPLICATIONS FOR A GABA-ERGIC ROLE IN 
DEPRESSION.  P.D. Suzdak and G. G ianu tsos.  Section  o f 
Pharmacology and Toxicology, Univ. C onnecticu t, S to r r s .

Norepinephrine (NE) and sero to n in  (5-HT) have been ex ten 
s iv e ly  s tud ied  as m ediators o f an tid ep re ssan t (AD) drug 
ac tio n , while o th e r n eu ro tra n sm itte rs , such as GABA, have 
not recieved as much a tte n t io n . C lin ic a l and experim ental 
data  suggest a ro le  fo r GABA in  a f fe c tiv e  d is o rd e rs , and 
th is  led  us to  in v e s t ig a te  the  ro le  of GABA in  the  
mechanism o f a c tio n  o f AD drugs .  P rev iously , the  mixed GABA 
recep to r (R) agon ist progabide (Lloyd e t a l . ,  1983), THIP 
(GABA-A R agonist) and baclofen  (GABA-B R agon ist) 
(Suzdak and G ianutsos,  1983) have been shown to  decrease the 
s e n s i t iv i ty  o f B eta-adrenerg ic  R a f t e r  chronic adm in is tra 
t io n , while AD drugs ( e .g . ,  imipramine and ip rin d o le ) have 
been shown to  decrease the  s e n s i t iv i ty  o f GABA-A R a f te r  
chronic ad m in is tra tio n  (Suzdak and G ianutsos, 1983), 
suggesting a fu n c tio n a l coupling between the  noradrenerg ic  
and GABA-ergic systems. To fu r th e r  t e s t  th is  hy p o th esis , the 
e ffe c t  o f various GABA-ergic drugs on NE tu rn o v er, using 
MHPG as a marker, was determ ined.  In the  co rtex , both THIP 
and progabide dose dependently increased  the  form ation of 
MHPG, and th is  e f fe c t  was p a r t i a l ly  reversed  by the  GABA-A 
R an tag o n ist b ic u c u llin e . In c o n tra s t ,  baclofen  dose 
dependently decreased the form ation o f MHPG. S im ilia r  
re s u lts  were obtained  in  the  hippocampus.  In an e f f o r t  to  
determine how the GABA-A and GABA-B recep to rs  are  coupled to  
the noradrenergic  system DSP4 (a neurotoxin  s e le c tiv e  fo r 
p resynap tic  noradrenergic  neurons) was used. Mice were 
tre a te d  with DSP4, and th re e  days l a t t e r  chronic (14 day) 
treatm ent with e i th e r  THIP, imipramine, b a c lo fe n , c len b u tero l 
or s a lin e  began. In the co rtex , DSP4 trea tm ent re s u lte d  in 
a 135% in c rease  in  B eta-adrenergic  R b ind ing . Chronic t r e a t 
ment with e i th e r  THIP or imipramine (which re q u ire s  an in ta c t  
noradrenergic  neuron fo r i t s  action ) f a i le d  to  a l t e r  the 
increase  in  B eta-adrenergic  R produced by DSP4 trea tm en t. 
But, chronic treatm ent with e i th e r  baclofen  o r c len b u tero l 
(a d ire c te d  B eta-adrenergic  R agon ist) p a r t i a l ly  reversed  
the in c rease  in  B eta-adrenergic  R produced by DSP4 trea tm en t.
These r e s u l ts  suggest th a t  the  GABA-A R is  coupled to  the 

p resynap tic  noradrenerg ic  neuron and functions by m odulating 
NE re le a se , while the GABA-B R is  coupled to  the p o st-
synaptic  noradrenerg ic  neuron and func tions through adenylate  
cyclase (Karbon and Enna, 1983), fu r th e r  suggesting  an i n t e r 
action  between the noradrenerg ic  and GABA-ergic systems th a t  
may be im portant fo r the mechanism o f a c tio n  of AD agen ts.

261.6  PLASMA INDOLES AND HORMONES FOLLOWING A 5-HYDROXYTRYPTOPHAN 
(5-HTP) OR TRYPTOPHAN (TRP) LOAD IN AFFECTIVE DISORDERS. 
 T. Koyama*, M.T. Lowy, H.L. Jackman and H.Y. Meltzer,  Univ. 
Chicago Pri tzker Sch. Med., Dept. of Psychiatry, Chicago, IL 
60637.

Previous studies from this and other  laboratories have 
reported an increased cortisol (C) response to 5-HTP or a 
blunted prolactin (PRL) response to TRP in depressed patients 
(D) (Arch. Gen. Psychiatry 41, May, 1984). We have now 
examined plasma TRP, 5-HTP and 5-hydroxyindoleacetic acid (5-
HIAA) levels using HPLC in plasma following p.o. 5-HTP or 
i .v .  TRP.

The C response (peak-baseline over a 3 hr period) to D,L-
5-HTP, 200 mg p .o . ,  in 11 D (6.7 ± S.E. 2.9 µg /d l ) was 
s ign if ican t ly  greater than that of 13 normal controls (NC, -
0.4 ± 1.8 µg/dl) .  Plasma 5-HTP responses were s ign if ican t ly  
greater in D (343 ± 30 ng/ml) than in the NC (258 ± 24 ng/ml, 
p<0 .05) .  Plasma 5-HIAA response in D (679 ± 34 ng/ml) was 
not s ign if ican t ly  greater than in NC (581 + 54 ng/ml, - 
t=1 .48, df=22, p <  0.10). The increments in 5-HTP, 5-HIAA and 
C were not s ign if ican t ly  correlated in D or NC. These resu lts  
suggest 5-HTP is absorbed more completely or metabolized more 
slowly by routes other than MAO in D than in NC. The greater 
C response in D after  5-HTP could be due, in part,  to higher 
plasma 5-HTP levels but many other  factors  may influence this 
response.

L-TRP, 100 mg/kg i . v . ,  was infused rapidly and plasma 
samples were obtained at -30 to +180 min via an indwelling 
catheter .  Plasma TRP response was s ignif icantly  less in D 
(N=13, - 173 + S.E. 14.5 µg/ml) than in 10 NC (339 ± 42 µg/ml, 
p< 0.001). Plasma 5-HTP response in D (25.5 ± 3 . 7 ng/ml) and 
NC (22.3 ± 4.2 ng/ml) were not s ign if ican t ly  d if ferent .  
Plasma 5-HIAA response in D (6.4 ± 0.8 ng/ml) were s ig n i f i 
cantly  lower than those of NC (44.5 ± 11.5 ng/ml). Pl asma PRL 
response in D (9.4 ± 1.6 ng/ml) was not s ign if ican t ly  d if fe r 
ent than tha t  of NC (14.6 + 3 .6  ng/ml).

Thus, we did not confirm a previous report of a blunted 
PRL response to TRP in depressed patients although our 
re su l t s  are in the same direction. The lower TRP levels in D 
may contribute to the smaller PRL response; i t  could be due to 
more rapid conversion of TRP via the pyrrolase pathway but 
many other fac tors  are possible. The markedly lower 5-HIAA 
levels in D suggests that serotonin (5-HT) formed from 5-HTP 
is not readily  metabolized in these patients by MAO. This was 
not observed with oral 5-HTP which produced 10–15 fold higher 
5-HTP levels . I t  is possible tha t  the a f f in i ty  of MAO for 5-
HT is decreased or that neuronal 5-HT uptake is less in D.

261.7  CHANGES IN NEUROTRANSMITTER RECEPTOR BINDING IN THE HIPPO
CAMPAL FORMATION OF PATIENTS DYING WITH SENILE DEMENTIA OF 
THE ALZHEIMER TYPE: A QUANTITATIVE AUTORADIOGRAPHIC STUDY.  
A. P r o b s t* ,  J .M . P a l a c i o s  and  R. C o r t e s * .  I n s t ,  o f  P a th o lo 
g y , D e p t . o f  N e u r o p a th . ,  U n iv . o f  B a s e l  and  P r e c l i n . R e s . ,  
P h a r m .D iv . , S andoz L td .  B a s e l ,  CH -4002.
A l t e r a t i o n s  in  t h e  num ber o f  r e c e p t o r s  f o r  n e u r o t r a n s m i t t e r s  
and d ru g s  a c t i n g  on th e s e  r e c e p t o r s  h av e  b e e n  d e s c r ib e d  in  
s e v e r a l  p a th o l o g i e s  o f  th e  CNS. In  p a r t i c u l a r ,  v a r i a t i o n s  in  
t h e  num ber o f  some r e c e p t o r  b in d in g  s i t e s  h av e  b e e n  r e p o r t e d  
in  s e n i l e  d e m e n tia  o f  th e  A lz h e im e r  ty p e  (SDAT) (R e y n o ld s  
G .P . e t  a l . ,  N e u r o s c i . L e t t . 4 4 : 47– 51 ( 1 9 8 4 ) .  We h av e  now 
u se d  q u a n t i t a t i v e  l i g h t  m ic r o s c o p ic  a u to r a d io g r a p h ic  t e c h 
n iq u e s  to  a n a ly z e  t h e s e  c h a n g e s  w i th  a  h ig h e r  a n a to m ic a l  
r e s o l u t i o n .  R e c e p to r s  f o r  a c e t y l c h o l i n e ,  s e r o t o n i n ,  n o r a d r e 
n a l i n e ,  GABA, b e n z o d ia z e p in e s ,  o p i a t e s  and g l y c i n e  w ere 
l a b e l e d  in  v i t r o  in  m ic ro to m e  s e c t i o n s  from  p o s tm o rte m  
m a t e r i a l  u s in g  s e v e r a l  3H-l ig a n d s .  R e c e p to r  b in d in g  d e n s i 
t i e s  w ere m easu red  u s in g  c o m p u te r a s s i s t e d  m ic ro d e n s i to m e
t r i c  t e c h n i q u e s .  M u s c a r in ic  c h o l i n e r g i c ,  s e r o t o n i n ,  GABA and 
b e n z o d ia z e p in e s  r e c e p t o r  b in d in g  ( l a b e l e d  w i th  3H-N-
m e th y ls c o p o la m in e , 3 H-LSD, 3H -m uscim ol and  3H - f lu n i t r a z e p a m  
r e s p e c t i v e l y ) ,  was fo u n d  to  be d e c re a s e d  in  th e  h ip p o ca m p a l 
f o rm a tio n  in  some c a s e s  o f  s e n i l e  d e m e n tia  b u t  n o t  in  a l l  
c a s e s .  C h a r a c t e r i s t i c s  o f  th e  c a s e s  sh o w in g  a d e c r e a s e  in  
r e c e p t o r  b i n d in g  w ere 1) s e v e r e  n e u ro n a l  l o s s  and  f r e q u e n t  
e x t r a c e l l u l a r  re m n a n ts  o f  n e u r o f i b r i l l a r y  t a n g l e s  2) few 
s e n i l e  p l a q u e s .  B o th , n e u ro n a l  l o s s  and  th e  d e c r e a s e  in  
b in d in g  s i t e s  p re d o m in a te d  in  th e  CA1 r e g io n  o f  th e  
h ip p o cam p u s and th e  s u b ic u lu m . In  c o n t r a s t  o t h e r  c a s e s  
sh o w in g  a  l a r g e  num ber o f  s e n i l e  p l a q u e s ,  b u t ,  l e s s  s e v e r e  
n e u ro n a l  l o s s  p r e s e n t e d  n o rm a l d e n s i t i e s  o f  r e c e p t o r  s i t e s .  
In  f a c t ,  th e  n e u r o p i l  o f  t h e  s e n i l e  p la q u e s  a p p e a r e d ,  a t  t h e  
r e s o l u t i o n  o f  t h i s  t e c h n iq u e ,  a s  r i c h  in  r e c e p t o r s  a s  o t h e r  
a r e a s  w i th o u t  p l a q u e s .
In  c o n c lu s io n  u s in g  l i g h t  m ic r o s c o p ic  a u to r a d io g r a p h y  we 
h ave  o b s e rv e d  l o c a l i z e d  l o s s e s  o f  n e u r o t r a n s m i t t e r  r e c e p t o r  
b i n d in g  s i t e s  in  th e  h ip p o cam p u s o f  some p a t i e n t s  d y in g  w i th  
SDAT. T h ese  l o s s e s  a r e  n o t  s p e c i f i c  f o r  any  r e c e p t o r  s tu d i e d  
so  f a r  and  a p p e a r  to  be r e l a t e d  to  c o n c o m ita n t  n e u ro n a l  
l o s s e s .  W hile  th e  p a th o l o g i c a l  s i g n i f i c a n c e  o f  t h e s e  
r e c e p t o r  l o s s e s  i s  u n c le a r  a t  th e  p r e s e n t  t im e ,  i t  c o u ld  be 
s p e c u l a te d  t h a t  th e y  r e f l e c t  d i f f e r e n t  s t a g e s  o f  th e  
d i s e a s e .
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261.8  LOSS OF SOMATA IN NUCLEUS BASALIS IS CORRELATED POSITIVELY 
WITH MAGNITUDE OF DEMENTIA, SEVERITY OF PATHOLOGY, AND AGE 
OF ONSET OF ALZHEIMER’S DISEASE.  R. W. Jacobs, N. F arivar*  
and L. L. B utcher.  B rain Research I n s t i t u t e  and D ep t. o f 
Psychology, U n iv e rs ity  o f  C a l ifo rn ia ,  Los Angeles, CA 90024.

P rovid ing  a  s u b s ta n t ia l  p ro p o rtio n  o f th e  c h o lin e rg ic  in 
n e rv a tio n  o f  th e  n o n - s t r ia ta l  te lencepha lon , th e  nucleus 
b a s a l is  and a sso c ia ted  b a sa l fo reb ra in  s tru c tu re s  have been 
im p lica ted  in  th e  pathology and c l i n i c a l  m an ife s ta tio n s  o f 
A lzheim er's d isea se  (AD) and s e n i le  dem entia o f th e  A lzhei
mer type (SDAT). Indeed, s ig n i f ic a n t  lo s s  o f th e se  c e l l s  has 
been observed in  AD/SDAT (Whitehouse e t  a l . , S c ience, 
215:1237, 1982), which  accounts fo r  th e  e a r l i e r  fin d in g s  
o f decreased  c h o lin e rg ic  in d ice s  ( e .g . ,  a c e ty lc h o lin e s te ra s e  
{AChE}, c h o lin e -O -a c e ty ltra n sfe ra se  {ChAT}, a ce ty lch o lin e  
sy n th e s is )  in  th e se  dementing d iso rd e rs  (fo r  review , see 
B artus e t  a l . ,  S cience, 217: 408, 1982). In  a d d itio n , 
P e rry  and P e rry  (B r i t .  Med. J . , 2: 1457, 1978) have 
re p o rted  th a t  decreased  c o r t i c a l  ChAT is  c o rre la te d  w ith 
decreased  in te l l e c tu a l  func tion ing  and increased  plaque 
counts in  AD/SDAT. In  t h i s  re p o r t ,  we p re sen t a d d itio n a l 
a sp e c ts  o f th e  ro le  o f nucleus b a s a l is  in  AD/SDAT. A p re lim i
nary  a n a ly s is  o f i t s  involvement in  o th e r dementing d is o rd 
e r s  i s  attem pted  a ls o .

Postmortem b ra in s  (11 cases  o f AD/SDAT, 4 w ith o th e r de
m enting i l ln e s s e s ,  4 aged c o n tro ls ,  and 6 young c o n tro ls )  
w ere  rece iv ed  from th e  N ationa l N euro log ical Research Brain 
Bank (Wadsworth VA H o sp ita l; Los Angeles, CA) and th e  S t .  
Paul Ramsey M edical C enter (S t. P au l, MN). Successive 60 µm 
th ic k  sec tio n s  were p repared  and s ta in ed  s e q u e n tia lly  fo r 
N is s l su b stan ce , AChE, NADH-diaphorase, n e u ro f ib r i ls  and 
p laques (Bodian p rocedu re ), and amyloid (Congo Red proce
d u re ) . C e ll counts in  nucleus b a s a l is  were performed b lin d  
by two independent r a t e r s .

Comp a re d  to  age-matched c o n tro ls ,  AD/SDAT p a t ie n ts  d is 
p layed a  50% lo s s  o f c e l l s  in  nucleus b a s a l i s .  W ithin th e  
AD/SDAT p o p u la tio n , th e re  was a  p o s i t iv e  c o r re la tio n  between 
nucleus b a s a l is  neuron decrem ents and th e  s e v e r ity  o f c l i n i 
c a l ly  assessed  dem entia ( η = 0 . 8 8 , p < 0 . 0 1 ) and th e  degree 
o f neuropathology (η  = 0 .92 , p < 0 .0 1 ). In  a d d it io n , AD/SDAT 
p a t ie n ts  developing dementia a t  an e a r l i e r  age showed g re a t
e r  lo s s  o f nucleus b a s a l is  c e l l s  a t  au topsy . In  p a t ie n ts  s u f
fe r in g  from o th e r  dementing d iso rd e rs  th e  r e la tio n s h ip  be
tween nucleus b a s a l is  involvement and th e  p a tho log ic  and 
c l i n i c a l  p r o f i l e  was in c o n s is te n t.

[Support: NS-10928 to  L .L .B .]

261.9   ALTERED PATTERNS OF L -[3H]GLUTAMATE BINDING IN ALZHEIMER'S 
DISEASE AND HUNTINGTON'S DISEASE.  A. B. Young, J .  T. 
Greenamyre, J .B . Penney, C.J . D'Amato, S .P . Hicks and I .  
Shoulson.  Univ. of M ichigan, Depts. of Neurology and 
Pathology, 1103 E. Huron Ann Arbor, MI 48104 and D ept. of 
Neurology, Univ. of R ochester, R ochester, NY 14642.

Glutamate (GLU) i s  be lieved  to  be a major e x c ita to ry  
n eu ro tran sm itte r of both c o r t i c a l - c o r t i c a l  and co rtic o fu g a l 
pathways. Using an auto rad iograph ic  technique to la b e l pu
ta t iv e  GLU recep to rs  w ith  L -[3 H]glutam ate, we have p rev i
ously shown an ex ce lle n t c o r re la tio n  between the  lo c a tio n  
of GLU binding s i t e s  and te rm ina l f ie ld s  o f g lu tam aterg ic  
pathways (Greenamyre e t  a l . ,  J .N eu ro sc i. ,  In  p re s s ) .  [3 H]-
glutam ate binding was measured by th is  technique in  whole 
coronal sec tio n s  of b ra in s  from 5 p a tie n ts  dying of non-
neurologic  d isea se , 5 p a tie n ts  dying of s e n ile  dementia of 
the Alzheimer type (SDAT) and 4 p a tie n ts  dying of Hunting
to n 's  d isease  (HD). In SDAT b ra in s , GLU binding in  lay e rs  
1 & 2 of co rtex  was decreased by approxim ately 45% and in  
lay e rs  5 & 6 by about 35% compared to  c o n tro l b ra in s  (p< 
0 .0 1 ) . In the same b ra in s , GLU binding in  the caudate , pu
tamen and claustrum  was normal r e la t iv e  to c o n tro l c a se s . 
The changes in  SDAT bra in s  rep re sen t a decrease  in  the max
imum number of GLU binding s i te s  w ith no apparent change in  
the a f f in i ty  of binding; th e re  were no s ig n if ic a n t  changes 
in  c o r t ic a l  binding of o the r n eu ro tran sm itte r recep to r l i 
gands in  these b ra in s . In the b ra in s  of HD c a se s , GLU 
binding was decreased by 68% in  caudate (p<0 .001) and by 
67% in  putamen (p<0.01) as compared to co n tro l cases; bind
ing of o ther n eu ro tran sm itte r ligands was a lso  decreased in  
the caudate and putamen as has been described  p rev iously  
(Penney, J .B . and Young, A .B., Neurology 32(12 ). Binding 
in  cortex  of HD b ra in s  did not d i f f e r  s ig n if ic a n t ly  from 
c o n tro ls .

T h i s  i n f o r m a t io n  p r o v id e s  t h e  f i r s t  a u to r a d io g r a p h ic  
v i s u a l i z a t i o n  o f  L - [ 3H ]g lu ta m a te  b i n d in g  i n  hum an b r a i n  and  
t h e  f i r s t  d e m o n s t r a t io n  o f  g lu ta m a te  r e c e p t o r  c h a n g e s  i n  
human n e u r o lo g ic  d i s e a s e s .

S u p p o r te d  by th e  A rb o g a s t  F o u n d a t io n .

261.10  CENTRAL TRYPTAMINE TURNOVER IN DEPRESSION, SCHIZOPHRENIA, 
AND ANOREXIA: MEASUREMENT OF INDOLEACETIC ACID IN CEREBRO
SPINAL FLUID.  George M. Anderson,  *1 , Robert H. Gern e r , *3, 
Bennett A. Shaywitz, 2, Donald J . Cohen,  *1, & L . F a irbanks, 
* 3, Child Study Center 1 and Department of Neurology 
2, Yale U n iv e rs ity  M edical School, 333 Cedar S tr e e t ,  New Haven, 
C t. 06510, and Department of P sych iatry  3, UCLA Center fo r 
H ealth  S c iences , Los A ngeles, Ca. 90024.

There has been a con tinu ing  in te r e s t  in  the p o ssib le  
ro le  of the  tra c e  amine tryptam ine in  the  e tio lo g y  of 
n eu ro p sy ch ia tr ic  d is o rd e rs . I t  has been w ell e s ta b lish ed  
th a t the  major c e n tra l  nervous system m etabo lite  of 
tryptam ine is  in d o le -3 -a c e tic  acid (IAA) and th a t IAA 
found in  c ereb ro sp in a l f lu id  (CSF) o rig in a te s  from the 
b ra in .  We have, th e re fo re ,  examined CSF le v e ls  of IAA in  a 
la rg e  group of normals and in  sev e ra l p a tie n t p o pu la tions . 
No d iffe ren c e s  in  CSF IAA le v e ls  (ng/m l, mean ± SEM) were 
observed between normals (4.39 ± 0 .37 , N=36), an o re tic s  
(4.40 ± 0 .42 , N= 35), sch izophren ics (4.06 ± 0 .0 5 , N=17), 
or dep ress ives  (5.23 ± 0 .49 , N=39). A s ig n if ic a n t  e lev a tio n  
(p=.05) was found in  the  subgroup of re ta rd ed  dep ressives 
(RDC c r i t e r i a )  where le v e ls  of 5 .9 0 ± 0.80 (N=19) were 
observed. An age e f fe c t  (r=+.39, p=.02, N=36) was 
observed in  norm als; however, IAA was not re la te d  to e i th e r  
h e ig h t or w eight. When the normal group was d ivided in to  
su b jec ts  over and under 40 years of age, mean IAA le v e ls  of 
6.35 ± 1.17 and 4.07 ± 0.37 ng/ml were observed, re s p ec t
iv e ly . Age was not co rre la te d  w ith CSF IAA in  the  under-
40 group (r= - .0 2 ) ;  however, in  the over-40 group, a 
p o s it iv e  c o r re la tio n  was observed (r= + .78 , p=.05, N=5).
An even more marked a g e -d iffe ren ce  was seen in  normal neo
n a ta l  su b jec ts  where average IAA le v e ls  of 44.4 ng/ml 
(n=17) were observed. IAA tended to  be h ig h e r in  females 
in  the  groups s tu d ie d ; th is  d iffe ren c e  was s ig n if ic a n t  
(p=.05) when a l l  d iag n o stic  groups were combined (fem ales: 
5.26 ± 0 .6 0 , N=71; m ales: 4.20 ± 0 .41 , N=66) . In  g en era l, 
the  r e s u l t s  in d ic a te  th a t  c e n tra l tryptam ine turnover is  
not a l te re d  in  the  d iso rd e rs  s tu d ie d . The cause and 
fu n c tio n a l s ig n if ic a n c e  of the s l ig h t  e lev a tio n  of CSF IAA 
seen in  re ta rd ed  depression  i s  not c le a r .  In  norm als, 
CSF IAA appears to  d ec lin e  markedly in  e a r ly  l i f e ,  
s ta b l iz e  from ~ 15–40 years of a g e , then inc rea se  g rad u a lly .

261 11  RESPONSES OF THE PIGMENTED RABBIT RETINA TO N-METHYL-4-PHENYL 
1 ,2 ,3 ,6-TETRAHYDROPYRIDINE, AN INDUCER OF PARKINSONISM IN 
MAN AND MONKEYS.  C.G. Wong*. G.S. Tucker, and D. I .Hamasaki*. 
 Bascom Palmer Eye I n s t i t u t e ,  U n ive rs ity  of Miami School of 
M edicine, Miami, FL. 33101.

Short term ad m in is tra tio n  of N-methy1-4-pheny1 -1 ,2 ,3 ,6 -
te trah y d ro p y rid i ne (NMPTP) in  monkeys and man induces symp
toms c h a r a c te r is t ic  of Parkinsonism . NMPTP appears to  a c t 
by s e le c tiv e  d e s tru c tio n  of dopaminergic neurons in  the sub
s ta n t ia  n ig ra . The n eu ro tran sm itte r dopamine (DA) has been 
id e n t i f ie d  in  c e r ta in  amacrine c e l l s  in  the ra b b it  r e t in a .  
Since NMPTP a f fe c ts  dopaminergic neurons in  the  CNS, th is  
study was done to  determ ine the neurochem ical, e lec tro p h y sio
lo g ic a l ,  and m orphological responses of the ra b b it  r e t in a  
to NMPTP.

Young pigmented ra b b its  were in je c ted  in trav en o u sly  w ith 
2mg/kg NMPTP. DOPA, DA, and DOPAC le v e ls  were measured by 
reverse  phase ion p a ir  HPLC w ith  e lectrochem ica l d e te c tio n . 
One h r . a f t e r  NMPTP in je c t io n ,  DOPAC le v e ls  were no t d e te c t
ab le ; DOPA le v e ls  had decreased by 26% (t= 2 .03 , df=6 , p<0.05) 
and DA le v e ls  remained unchanged (t= 0 .03 , d f=8) . A fte r 5 
h r s . ,  DOPA could not be d e tec ted  w hile DA decreased by 30% 
( t =2 .63 , df=6 , p < 0 .0 2 5 ). Two days a f te r  chronic treatm ent 
w ith NMPTP (2mg/kg/day fo r  12 to  15 d ay s), DOPA increased  by 
2 -fo ld  ( t =1 .16 , df=6 , p < 0 .0 1 ) w hile DA was s im ila r  to  con
t r o l s  ( t =0 .18 , d f=6) .

Following IV in je c tio n  of NMPTP, the  im p lic it  time of the 
e lec tro re tin o g ram  in  2 of 5 animals increased  by 6 msec, 
a f t e r  4 h rs . The am plitude of the b-wave decreased by 31.5% 
+ 6 .5 (SEM) (t= 4 .84 , d f=8, p < 0.001). D epression of the  o s c i l 
la to ry  p o te n tia ls  on the  descending limb of the  b-wave occur 
a t  th a t  tim e. These OPs are  thought to  o r ig in a te  from ama
c rin e  c e l l s  w hile both  amacrine and b ip o la r  c e l l s  c o n trib u te  
to the b-wave.

T oluidine b lu e -s ta in ed  re t in a s  from norm al, acu te , and 
chronic specimens had normal morphology. These re t in a s  were 
u l t r a s t r u c tu r a l ly  normal except fo r  the occurrence of a pa ra -
c ry s ta l l in e  s tru c tu re  in  the  nucleus of some amacrine and b i 
p o la r c e l l s  of chronic anim als. These s tru c tu re s  appear sim
i l a r  m orphologically  to  in c lu s io n s  rep o rted  in  aging r a t  and 
mouse b ra in s . The incidence of Parkinsonism  which i s  accom
panied by s e le c tiv e  dopamine d e fic ien cy  in  the  CNS in c reases  
w ith aging . These re s u l t s  suggest th a t  dopaminergic neurons 
in  the ra b b it  r e t in a  may provide a model system fo r  s tu d ie s  
on Parkinsonism  in  ad d itio n  to  expanding the  understanding  of 
the fu n c tio n a l c h a r a c te r is t ic s  of r e t in a l  neurons.
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261.12  OPIATE BINDING ACTIVITY IN THE MEDULLA OF SUDDEN INFANT 
DEATH SYNDROME (SIDS) VICTIMS  S .S .S te n sa a s , R.R. Dean*, and 
J .K . Wamsley. ,  D epts. of P a th .,  Pharm ., and P sych ., Sch. of 
Med., Univ. of Utah, S a lt Lake C ity , Utah 84132 

Recently Kui ch and Zimmerman (Med. Hypoth 7 :1 2 3 1 ,  1981) 
hypothesized  th a t  excessive endorphin a c t iv i ty  may be 
involved in  the e tio lo g y  of Sudden In fan t Death Syndrome 
(SIDS). Orlowski and Lonsdale (Clev. C lin . Q uart. 49:87, 
1982) found e lev a ted  endorphin le v e ls  in the CSF of a number 
of near-m iss SIDS v ictim s adding support to  the  theory . The 
p re sen t study was undertaken to look fo r d iffe ren ces  in 
op io id  recep to r den sity  in  brainstem  re s p ira to ry  areas of 
SIDS v ic tim s compared to  co n tro ls . B rain t is su e s  from SIDS 
v ictim s and c o n tro l ch ild ren  were employed in  the study.
Six d if f e r e n t  age groups were examined: 3, 8 , 9, 12, 16 and 
20 weeks. Tissues were sex , age, and postmortem time 
matched. Groups co n sis ted  of 1 co n tro l vs. 1-4 SIDS b ra in s . 
This i n i t i a l  study examined r o s t r a l ,  middle and caudal 
m edulla. S p e c if ic a lly  the  nucleus of the t ra c tu s  s o l i t a r iu s ,  
d o rsa l motor nucleus of the vagus and the sp in a l trigem inal 
n u c leu s .

Transverse sec tio n s  (10µ th ick ) were thaw-mounted on 
g e la tin  coated s l id e s .  S lides  were p re-incubated  in b u ffer 
con ta in ing  a high co ncen tra tion  of GTP and NaCl to  d is so c ia te  
any endogenous lig an d . Sections were incubated  in  t r i t i a t e d  
dihydromorphine (4nM, N.E.N. 80.3 Ci/mM). Anatomically 
ad jacen t tis s u e  sec tio n s  were incubated under s im ila r  
cond itions w ith the added presence of naloxone (1 µM) as a 
d is p la c e r  to  determ ine regions of n o n -sp ec if ic  b ind ing .
A fter the incubation  p e rio d , the  sec tio n s  were rin sed  in  ice  
cold b u ffe r  to  wash away any unbound lig an d . Autoradiograms 
were obtained  by apposing sec tio n s  to  t r i t iu m  s e n s it iv e  film  
(LKB U ltro film ) and exposed fo r th ree  months. Four au to 
radiograms from each b ra in  were analyzed a t each le v e l 
(caudal, middle and r o s t r a l  medulla) using  com puter-assis ted  
m icrodensitom etry . Large v a ria tio n s  between groups or 
between l e f t - r i g h t  s id es  of the same b ra in  were seen. This 
v a r ia b i l i ty  co n trib u ted  to  the  fa i lu re  of the p relim inary  
da ta  to  show any s t a t i s t i c a l l y  s ig n if ic a n t  d iffe ren ces  in 
op io id  b inding  in  SIDS tis s u e  vs. c o n tro l. However, by 
s tan d a rd iz in g  the d en sity  measurements ag a in st readings 
taken from the in fe r io r  o liv e  (to  minimize the v a r ia b i l i ty  
in  the d a ta  due to  d iffe ren c e s  in  postmortem time and tis su e  
th ic k n e ss ) ,  a tren d  toward e lev a ted  opio id  recep to r 
d e n s it ie s  in the  SIDS tis s u e s  vs. co n tro ls  was suggested.

261. 13  LOCALIZATION OF SUBSTANCE P, 5HT AND TRH-LIKE 
IMMUNOREACTIVITY IN MOUSE SPINAL CORD FOLLOWING 
MOTOR NEURON DAMAGE.  E.M. Z im m erm ann*, J .A . C o ffie ld*, 
V. M iletic , M .J. H o ffe rt, B.R. Brooks.  Neurology D ep t., Univ. o f 
W isconsin Med. Sch. & D ept. o f S tru c t. & F unct. Sci., Univ. of 
Wisconsin Sch. o f V et. Med., Madison, WI 53792.

We used a  m odified perox idase-an tiperox idase techn ique (J. 
N eurosci. 2:1660, 1982) to  lo calize  S ubstance P (SubP), 5-hydroxy-
tryp tam ine  (5HT), and thy ro trop in -re leas ing  horm one (T R H )-like  
im m unoreactiv ity  (LI) in the  spinal cord o f norm al m ice (n=6) and 
m ice w ith m otor neuron dam age (n=8). M otor neuron dam age was 
induced by innoculation  w ith m urine neuro trop ic re tro v iru s  or by 
proxim al sc ia tic  neurec tom y. Five of th e  virus innoculated  anim als 
also rece ived  daily in jections of TRH for 16 w eeks.

We found th a t th e  d istribu tion  o f SubP-LI and 5HT-LI in norm al 
mouse sp inal cord supported  previous observations. SubP-LI was 
found in fibers throughout th e  g ray  m a tte r  w ith  th e  h eav ies t con
cen tra tio n  in lam inae I & X. F ibers w ith 5HT-LI w ere also found 
throughout the  g ray  m a tte r  w ith th e  heav ies t con cen tra tio n  in 
lam ina I and surrounding m otor neurons in lam ina IX. TRH-LI was 
found in varicosities surrounding m otor neurons in lam inae VIII and 
IX. No d iffe ren ce  in d istribu tion  o f neuropeptide-L I was observed 
betw een ce rv ica l and lum bar sp inal cord sec tions in norm al m ice.

Motor Neuron Damage
Neuro-TransmittersSham Sciatic Virus Innoculation

Neurectomy Neurectomy -TRH +TRH
SubP N V V V

5HT N ↓F , ↑# ↓F, ↑# N

TRH N ↑ S ↑ S N

V= V ariable change in SubP-LI in lam inae I & X 
↓ F= M arked d ecrease  in num ber of fibers contain ing  5HT-LI in 

lam ina VII
↑ #= Probable increased  num ber o f va rico sitie s  w ith 5HT-LI 

around m otor neurons in lam inae VIII and IX 
↑ S= Increased  size  o f varico sities  (d iam eter: norm al ≦  2.1 µ m; 

a ffe c te d  ≦ 3.3 µ m) contain ing  TRH-LI around m otor neurons 
in lam inae VIII and IX

N= Im m unoreactiv ity  sim ilar to  norm al mouse spinal cord

In conclusion, m otor neuron dam age induced by sc ia tic  neurec tom y  
or re trov iru s  in fec tion  was associa ted  w ith red istribu tion  of fibers 
contain ing  5HT and TRH-LI. T re a tm e n t w ith TRH norm alized  th e  
red istribu tion  o f fibers contain ing  5HT and TRH-LI assoc ia ted  w ith 
retrov iru s induced m otor neuron dam age.
(Supported by g ran ts from  ALSSOA and MDA.)

TRANSMITTERS AND RECEPTORS IN DISEASE III

262.1  BRAIN DAMAGE RESULTING FROM INTRAAMYGDALOID ADMINISTRATION 
OF D-TUBOCURARINE.  J. Labruyere*, J.W. Olney and M.T. Price, 
(SPON: S.B.Guze).  Washington UnivSchl Med, St. Louis, MO.

Recently we injected a series of muscarinic cholinergic 
agonists and cholinesterase inhibitors into the r a t  amygdala 
(basolateral nucleus) and found that  some agents in each 
class induced sustained limbic seizures and a pattern of 
disseminated brain damage similar  to that we have observed 
in association with seizures induced by intraamygdaloid 
in jections of kainic acid or fo l ic  acid. The seizure-brain 
damage syndrome (SBD) induced by cholinergic agents is 
prevented by pretreatment with large doses of atropine (150 
mg/kg sc). One of the most potent and consistently effec
tive cholinergic agents studied was neostigmine which pre
dictably induced a SBD syndrome from injection of 4 nmol 
into the amygdala. Since cholinesterase inhibition is the 
primary mode of neostigmine action,  the SBD syndrome induced 
by neostigmine can presumably be a t tr ibuted  to excessive 
activation of cholinergic receptors by endogenous ACh. 
However, i f  th is  is  so, both muscarinic and nicotinic 
receptors might be playing a role. To c lar ify  th is  point, 
we injected D-tubocurarine (D-tubo), a nicotinic receptor 
antagonist  (as tes ted in the periphery) together with 
neostigmine into the r a t  basolateral amygdala. This 
resulted  not in suppression of any component of the reaction 
as we anticipated  i t  might, but in a s triking augmentation. 
In subsequent testing of D-tubo by i t s e l f  i t  became evident 
tha t  i t  i s  a potent inducer of the same SBD syndrome 
observed in neostigmine-treated ra ts .  This syndrome occurs 
predictably when re la t ive ly  low doses (1-5nmol) of D-tubo 
are injected into the basolateral amygdala. One possible 
in terpre ta t ion  of this finding would be that  D-tubo, by 
inhibiting inhibitory nicotinic receptors is disinhibiting 
amygdaloid pathways that  are potential  generators of limbic 
seizure ac t iv i ty .  A puzzling additional feature of our 
findings, however, is  that higher doses of D-tubo (30-60 
nmol) cause not only severe d is tan t  disseminated (presumable 
seizure-mediated) brain damage but local damage a t  the 
injection s i te  which appears to affec t  essential ly  all  local 
components including axons, dendrites,  neuronal cell bodies 
and glia .  This is in contrast to other cholinergic agents 
which do not induce local damage even when administered in 
high doses. I t  suggests that D-tubo may act by more than 
one mechanism, none of which is  adequately understood a t  
present. (Supported by Research Scien t is t  Award MH38894 to 
JWO.)

262.2  ELECTRICALLY STIMULATED DOPAMINE RELEASE FROM SLICES OF THE 
NUCLEUS ACCUMBENS: EFFECTS OF HALOPERIDOL AND CLOZAPINE 
TREATMENT.  D.R. Compton and K.M. Johnson.  Dept. of Pharm
acology and Toxicology, U n ivers ity  of Texas Medical Branch, 
G alveston, TX 77550.

Excessive re le a se  of dopamine (DA) i s  be lieved  to be a 
major fa c to r  involved in  the m an ife s ta tio n  of symptoms in  
schizophrenic p a t ie n ts .  One problem w ith  the DA theory is  
the delayed onset (2–4 weeks) of th e rap eu tic  e ff ic a c y  w ith 
n eu ro lep tic  trea tm en t, w hile DA recep to r antagonism is  
immediate. I t  has re c en tly  been suggested , based on 
experim ents involv ing  chronic n e u ro lep tic  treatm ent of r a t s ,  
th a t delayed th e rap eu tic  e ffic a c y  may be re la te d  to a de
layed decrease  in  the number of spontaneously a c t iv e  A10, 
DA n e u ro n s .  We h y p o th e s i z e d  t h a t  d e c r e a s e d  n e u ro n a l  
a c t i v i t y  w ou ld  c o r r e l a t e  to  d e c r e a s e d  DA r e l e a s e .

Two hours a f te r  acu te  or chronic (1/day x 21 days) 
ad m in is tra tio n  of e i th e r  s a l in e , h a lo p e rid o l (HAL) (0.5 
mg/kg), c lozapine (CZP) (20 mg/kg), male Sprague-Dawley 
r a ts  were d ecap ita ted  and 0.3 mm s l ic e s  of the nucleus 
accumbens (an A10 p ro je c tio n  f ie ld )  were prepared . The 
s l ic e s  were loaded w ith 3H-DA in  the presence of pargy line  
fo r 30 min and then superfused w ith b u ffe r con ta in ing  a DA 
uptake in h ib ito r  (nom ifensine). F rac tio n a l 3H-DA re le a se  
was evaluated  under spontaneous e ff lu x  and e l e c t r i c a l  f ie ld  
s tim u la tio n  co nd itions  (15V, 2 msec, 60 p u lses , a t  1 ,5 , and 
10 Hz). Acute HAL, but not CZP, enhanced e le c t r i c a l ly  
stim u la ted  re le a se  by 102, 126 and 117% a t  1, 5, and 10 Hz 
re s p e c tiv e ly . No acu te  e f fe c t  on spontaneous e ff lu x  was 
observed. Chronic a d m in is tra tio n  of n e ith e r  agent a l te re d  
e ith e r  spontaneous or e le c t r i c a l ly  s tim u la ted  re le a se  of 
3H-DA.

Although th e re  i s  to le ran ce  development to the acute 
e f fe c ts  of HAL, th is  data  in d ic a te s  th a t  th e re  i s  no 
change in  e le c t r i c a l ly  s tim u la ted  DA re le a se  a f te r  chronic 
treatm ent w ith these  two drugs. I f  th e rap eu tic  e ff ic a c y  i s  
re la te d  to decreased DA re le a s e , then th is  decrease i s  due 
to a lte re d  impulse flow from the c e l l  body, or the changes 
in  the re le a se  process were masked by the presence of 
nom ifensine.
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262.3  STUDIES ON THE MECHANISM OF SEROTONIN2 RECEPTOR DOWN-
REGULATION BY ANTIDEPRESSANTS.  J.A. Scott* and F.T. Crews, 
 Dept. of Pharmacology, University of Florida School of 
Medicine, Gainesville, FL 32610.

The therapeutic response to antidepressants is believed 
to be due to a progressive down-regulation of several 
receptor subtypes including Beta-adrenergic and 5HT2 recep
to rs .  Down-regulation of β receptors by antidepressants 
appears to be secondary to increased stimulation by norepi
nephrine. However, the mechanisms of the antidepressant-
induced down-regulation of 5HT2 receptors is not known. We 
have investigated the role of serotonin in the 5HT2 recep
tor  down-regulation using two experimental approaches. In 
one set of experiments, ra ts  were treated i .p . with reser
pine (5 mg/kg/day) for 4 days, which is suff icient  to de
plete central stores of both norepinephrine and serotonin. 
Receptor binding to membranes from the cerebral cortex and 
hippocampus was determined using [3H]dihydroalprenolol for 
β receptors and [3H] spiperone for 5HT2 receptors. Reser
pine treatment signif icantly  increased β receptor binding 
in both regions, but did not change 5HT2 receptor binding 
in e i ther  brain region. In another set of experiments, 
ra ts  were treated by i .p .  in jection for 3 weeks with the 
antidepressant amitriptyline (10 mg/kg/day) alone or in 
combination with the 5HT2 receptor antagonist nefazadone 
(50 mg/kg/day). Beta and 5 HT2 receptor binding was 
determined 24 hours a f te r  the las t drug dose as described 
previously. Amitriptyline treatment signif icantly  
decreased both β and 5HT2 receptor binding in the cerebral 
cortex. The coadministration of nefazadone had no s ig n i f i 
cant effect  on the down-regulation of 5HT2 receptors by 
amitriptyline. Therefore, the down-regulation of 5HT2 
receptors by antidepressants does not appear to be mediated 
through changes in the avai lab i l i ty  of serotonin. To 
investigate a possible β- 5HT2 in teraction in the down-
regulation of 5HT2 receptors by antidepressants,  we treated 
ra ts  i .p .  with amitriptyline (10 mg/kg/day) alone or in 
combination with the β receptor antagonist propranolol 
(10 mg/kg/day) for  3 weeks. Amitriptyline signif icantly  
decreased both β and 5HT2 receptor binding. Coadministra
t ion of propranolol abolished the down-regulation of 3 
receptors by amitriptyline, but had no effect  on the down-
regulation of 5HT2 receptors.  Therefore, the 
antidepressant-induced down-regulation of 5HT2 receptors 
does not appear to be mediated through a β- 5 HT2 receptor 
interaction.

262.4  ION-EXCHANGE/FLUOROMETRIC ASSAY WITH ENHANCED 
RESOLUTION FOR GABA IN CSF.  Thom as N. F e r r a r o  
an d  T h e o d o re  A. H a re .  Dept. o f  P h a rm a c o lo g y , 
Thom as J e f f e r s o n  U n iv .,  P h i l a d e l p h i a ,  PA 19107 

GABA i n  hum an  CSF h a s  b e e n  q u a n t i f i e d  b y  a 
num ber o f  t e c h n i q u e s  i n c l u d i n g  r a d i o r e c e p t o r ,  
g a s  c h r o m a to g r a p h ic - m a s s  s p e c t r o s c o p i c  an d  i o n -
e x c h a n g e / f l u o r o m e t r i c  ( I - E /F )  a s s a y s .  A lth o u g h  
t h e  r a d i o r e c e p t o r  a s s a y  i s  m o s t w id e ly  u s e d ,  t h e  
I - E /F  m e th o d  h a s  b e e n  d o c u m e n ted  t o  h a v e  b o th  
s u p e r i o r  p r e c i s i o n  and  s p e c i f i c i t y  (H a re , M ol. 
C e l l .  B io c h e m . 3 9 : 2 9 7 , 1 9 8 1 ;  F e r r a r o  e t  a l . ,  J .  
N eu rochem . 41 : 1 0 5 7 , 1 9 8 3 ). A m o d i f i c a t i o n  o f  
e x i s t i n g  I - E /F  p r o c e d u r e s  f o r  GABA d e t e r m i n a t i o n  
i n  o u r  l a b o r a t o r y  h a s  p e r m i t t e d  e v en  g r e a t e r  
s p e c i f i c i t y  th a n  r e p o r t e d  p r e v i o u s l y  (H are  an d  
Manyam, A n a l. B io ch em . 101 : 34 9 , 1 9 8 0 ). The 
m o d i f ie d  p r o c e d u r e  e m p lo y s  a 1 . 0 m r a t h e r  th a n  a 
50 cm m ic r o b o r e  io n - e x c h a n g e  c o lu m n  (2 mm i . d . )  
w h ic h  i s  e l u t e d  i s o c r a t i c a l l y  w i th  a 0 .4 N 
l i t h i u m  c i t r a t e  b u f f e r  (pH 4 .4 0 ) . R e t e n t io n  
t i m e  o f  GABA i s  i n c r e a s e d  f r o m  25 t o  80 m in ;  
n o n e t h e l e s s ,  t h e  d e s ig n  o f  t h e  t r i p l e - 1 . 0  m 
co lu m n  GABAlyzer w i th  a u to m a t i c  s a m p le  
a p p l i c a t i o n  a l l o w s  48 GABA a n a l y s e s  i n  a 24 h r  
p e r i o d .  In  a c o m p a r a t iv e  s tu d y ,  s p e c im e n s  o f  
hum an lu m b a r  CSF (n = 1 0 ), c o l l e c t e d  u n d e r  
s t a n d a r d i z e d  c o n d i t i o n s  a s  p a r t  o f  a n o th e r  
i n v e s t i g a t i o n ,  w e re  d e p r o t e i n i z e d  w i th  o n e - t h i r d  
v o lu m e  2 0 % a q u e o u s  s u l f o s a l i c y l i c  a c i d  an d  
a n a ly z e d  i n  t r i p l i c a t e  on  b o th  t h e  50 cm c o lu m n  
an d  1.0  m co lu m n  s y s te m s .  A s i g n i f i c a n t  
c o r r e l a t i o n  ( r = .9 6 ,  p < .0 0 1 ) w as fo u n d  b e tw e e n  
t h e  tw o  s y s te m s  w i th  lo w e r  v a lu e s  g iv e n  by  t h e  
1 .0  m c o lu m n s  (CSF GABA l e v e l s  (X±SD): 1 2 6 ±37 
p m /m l v s  8 3 ±25 p m /m l, p < .0 0 1 , p a i r e d  t - t e s t ) .  
T h ese  r e s u l t s  i n d i c a t e  im p ro v e d  r e s o l u t i o n  o f  
GABA fro m  t h e  n u m e ro u s  unknow n s u b s t a n c e s  i n  CSF 
w h ic h  e x h i b i t  s i m i l a r  c h r o m a to g r a p h ic  b e h a v i o r  
on io n - e x c h a n g e  HPLC s y s te m s  an d  s u g g e s t  t h a t  
co m p a re d  t o  o t h e r  r e p o r t e d  m e th o d s , I - E /F  
t e c h n iq u e s  e m p lo y in g  lo n g e r  c o lu m n s  may o f f e r  a 
m ore  a c c u r a t e  m eans o f  m e a s u r in g  GABA i n  CSF.

262.5  HIGH AND LOW AFFINITY [3 h ] im ip r a m in e  b in d in g  i n  b r a in  of 
FAWN-HOODED RATS.  E .  Tobach*, J .R .  I e n i ,  S .R . Z u k in ,  an d  G . 
B a r r *.  D ept. o f  P s y c h i a t r y ,  A l b e r t  E i n s t e i n  C o l .  o f  M ed ., 
B ro n x , N .Y . 10461 an d  A m erican  Museum o f  N a tu r a l  H i s to r y ,  
N .Y ., N.Y. 1 0 0 1 6 .

The F aw n-H ooded r a t  i s  a  s t r a i n  d e f i c i e n t  i n  p l a t e l e t  
s t o r a g e  o f  5-H T. I n  a d d i t i o n  t o  t h i s  d e f i c i t ,  D u m b r il le -R o s s  
an d  Tang (1981) r e p o r t e d  t h a t  F aw n -Hooded r a t s  h a v e  an  a b 
s e n c e  o f  b o th  p l a t e l e t  an d  c o r t i c a l  h i g h - a f f i n i t y  [3H ] im ip 
ra m in e  b i n d in g  s i t e s .  H ow ever, A ro ra  e t  a l . (1983) d id  f i n d  
h i g h - a f f i n i t y  [3H ] im ip ra m in e  b i n d in g  i n  Faw n-H ooded r a t s ,  
b u t  c o r t i c a l  an d  p l a t e l e t  d e n s i t i e s  w ere  s i g n i f i c a n t l y  lo w e r  
t h a n  t h o s e  o b s e rv e d  i n  S p ra g u e -D aw le y  r a t s .  I n  c o n t r a s t ,  
M u rray  an d  c o -w o rk e r s  (1983) fo u n d  t h a t  b o th  Faw n-H ooded and  
F a w n -H o o d e d -c ro ss  r a t s  h a d  s i m i l a r  d e n s i t i e s  o f  [3H ] im ip r a 
m ine b i n d in g  s i t e s  w h e th e r  on  b lo o d  p l a t e l e t s  o r  i n  c e r e b r a l  
c o r t e x  w hen co m p ared  t o  S p ra g u e -D aw le y  r a t s .  O n ly  when com
p a r e d  t o  a  g e n e t i c a l l y  m ore a p p r o p r i a t e  c o n t r o l ,  t h e  NBR-
c r o s s  s t r a i n ,  d i d  t h e  c e r e b r a l  c o r t i c a l  m em branes o f  Faw n-
Hooded r a t s  show s i g n i f i c a n t l y  lo w e r  d e n s i t i e s  i n  h ig h -
a f f i n i t y  [3 H ]im ip ra m in e  b i n d in g .  The f o c u s  o f  t h e  p r e s e n t  
s tu d y  w as t o  d e te r m in e  w h e th e r  Faw n-H ooded r a t s  p o s s e s s  b o th  
h i g h - a n d  l o w - a f f i n i t y  [ 3H ] im ip ra m in e  b i n d in g  s i t e s  an d  
co m p are  t h e  d e n s i t i e s  o f  b i n d in g  s i t e s  t o  r a t s  o f  a n o th e r  
s t r a i n .

B r a in s  fro m  F aw n -H ooded and  L o n g -E v an s s t r a i n s  w e re  homo
g e n iz e d  i n  50 mM TRIS b u f f e r  c o n ta i n in g  120 mM NaCl an d  5 mM 
KCl (pH = 7 .5  a t  7° C ) . H om ogenates w e re  i n c u b a te d  (1 h r  a t  
0–4° C) w i th  0 .1  t o  500 nM [ 3H ] im ip ra m in e  i n  t h e  p r e s e n c e  o f  
100 µM d e s ip r a m in e  o r  b u f f e r .  B in d in g  was t e r m in a t e d  by  r a p i d  
f i l t r a t i o n  th ro u g h  GF/B f i l t e r s .  D a ta  a n a l y s i s  was p e r f o r m 
ed  u s in g  t h e  LIGAND p ro g ra m  (M u n so n , 1 9 7 9 ; T e i c h e r ,  1 9 8 2 ) .

N o n - l in e a r  s c a t c h a r d  a n a l y s i s  show ed t h a t  d a t a  from  b o th  
t h e  F aw n-H ooded an d  L o n g -E v an s s t r a i n s  f i t  a  t w o - s i t e  m o d e l. 
The F aw n -Hooded r a t s  show ed a p p a r e n t  Kd v a lu e s  o f  7 .0  and  
1173 nM a n d  Bmax v a lu e s  o f  661 fm o l an d  9 .6 3 5  pm ol/m g p r o 
t e i n  f o r  t h e  h i g h - a n d  l o w - a f f i n i t y  b in d in g  s i t e s ,  r e s p e c 
t i v e l y .  L o n g -E v an s  r a t s  show ed a p p a r e n t  Kd v a lu e s  o f  4 .5  
an d  898 nM an d  Bmax v a lu e s  o f  376 fm ol an d  8 .2 3 2  pm ol/m g 
p r o t e i n  f o r  t h e  h i g h - a n d  l o w - a f f i n i t y  b i n d in g  s i t e s ,  
r e s p e c t i v e l y .

The r e s u l t s  o f  t h e  p r e s e n t  s tu d y  s u g g e s t  t h a t  Faw n-H ooded 
an d  L o n g -E v an s r a t s  p o s s e s s  s i m i l a r  w h o le  b r a i n  d e n s i t i e s  o f  
h i g h - a f f i n i t y  [ 3 H ]im ip ra m in e  b i n d in g  s i t e s .  I n  a d d i t i o n ,  
F aw n-H ooded r a t s  p o s s e s s  a  l o w - a f f i n i t y  co m p o n en t s i m i l a r  
t o  t h a t  fo u n d  i n  r a t  b r a i n  an d  hum an p l a t e l e t s .

262.6  INCREASED ACETYLCHOLINE RELEASE FROM BRAIN SLICES OF 
CATS WITH Gm1 GANGLIOSIDOSIS.  R.S. Jope* and H .J. 
Baker* (SPON: L. T o lb e r t) .  Depts. of Pharmacology and 
Comparative M edicine, U n ivers ity  of Alabama in  
Birmingham Medical C enter, Birmingham, AL 35294.

Severe p rogressive c e n tra l nervous system dysfunction  
i s  a prominent fe a tu re  of many lysosomal s to rage  
d iseases  includ ing  the g an g lio s id o ses . Although sp ec i
f i c  de fec ts  in  lysosomal b iochem istry have been charac
te r iz e d  in  these  d isea ses , the pathogenetic  mechanisms 
of neuronal dysfunction  are not known. In th is  study we 
u t i l iz e d  a w ell ch a rac te riz ed  fe lin e  model of Gm1 
g an g lio s id o sis  (Baker, H .J. e t a l . ,  Vet. Path . 16:635, 
1979) to evaluate  ch o lin e rg ic  metabolism in  b ra in  s l ic e s  
using  gas chromatography-mass spectrom etry to  q u a n tita te  
a c e ty lc h o lin e .

The K+-s tim u la ted  (50 mM) re le a se  of ace ty lch o lin e  was 
s ig n if ic a n t ly  higher in  both c o r t ic a l  s l ic e s  (165% of 
c o n tro ls )  and hippocampal s l ic e s  (142% of co n tro ls )  of 5 
c a ts  w ith Gm1 g an g lio s id o sis  compared w ith age matched 
normal c a ts .  R esting (4.75 mM K+) re le a se  of acety lcho 
l in e  was not a l te re d .  The re s tin g  t is s u e  co ncen tra tion  
of a ce ty lch o lin e  a lso  was h igher in  a ffe c te d  ca ts  (130% 
of c o n tro ls ) .  High a f f in i ty  choline tra n sp o rt measured 
in  c o r t ic a l  synaptosomes of a ffec ted  ca ts  was 131% of 
co n tro l values.

These data in d ic a te  th a t sy n th esis  and re le a se  of ace
ty lc h o lin e  are increased  in two b ra in  regions of cats  
w ith Gm1 g a n g lio s id o sis  suggesting  th a t abnormal neuro
tra n s m itte r  function  may co n trib u te  to the pathogenesis 
of neuronal dysfunction  in  th is  d isea se .

Supported by NIH Grant NS 10967.
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262.7  INCREASED ANXIOGENIC EFFECTS OF CAFFEINE IN PANIC DISORDER 
PATIENTS.  D.S.Charne y * and G.R.Heninger, (SPON: M. Bowers). 
 Dept. P sy ch ia try , Yale Univ. Sch. o f Med., New Haven, Ct.

In h ig h e r doses, c a ffe in e  has been dem onstrated to  p ro 
duce symptoms o f anx ie ty  and nervousness in  h ealthy  su b jec ts  
and p sy c h ia tr ic  p a t ie n ts .  The m olecular mechanism re sp o n si
b le  fo r  th ese  ac tio n s  in  humans has not been d e f in i t iv e ly  
e s ta b lis h e d . However, th e re  i s  b eh av io ra l, e le c tro p h y sio
lo g ic a l ,  and biochem ical evidence in d ic a tin g  the  most l ik e ly  
mechanism i s  antagonism o f c e n tra l adenosine re c ep to rs . The 
purpose o f th e  p re sen t in v e s t ig a tio n  was to  evaluate  th e  
e f f e c ts  o f caffe in e  on b ehav io r, norepinephrine tu rn o v er, 
som atic symptoms, and blood p ressu re  in  h ea lth y  su b jec ts  
and p a t ie n ts  meeting DSM I I I  c r i t e r i a  fo r  Agoraphobia w ith 
panic  a tta c k s  o r Panic D isorder.

Methods: P a tie n ts  (N=21) and h ea lth y  su b jec ts  (N=17) 
were c lo se ly  matched by age and sex . Both groups had not 
received  psycho trop ic  drugs fo r  a t  le a s t  2 1  days and had 
been m aintained on a c a ffe in e  free  d ie t  fo r  a t le a s t  14 days 
p r io r  to  the  study . Placebo was given on the  f i r s t  t e s t  day 
and c a ffe in e  (10 mg/kg) on the second. Blood samples, behav
io r a l  ra t in g s ,  and blood p ressu re  were obtained  before  and 
a t  sev e ra l time p o in ts  follow ing drug ad m in is tra tio n . Plasma 
3-methoxy-4-hydroxyphenylethleneglycol (MHPG) was used as a 
measure o f norepinephrine tu rnover and was determ ined by gas 
chromatography and mass spectrom etry . V isual analogue sca le s  
and a physica l symptom sca le  were used to  evaluate  changes 
in  behavior and som atic symptoms.

R esu lts : C affeine s ig n if ic a n t ly  increased  s e l f  ra tin g s  o f 
nervous and anxious in  both  the h ealthy  su b jec ts  and 
p a t ie n ts .  However, in  the  p a t ie n ts  the  peak in c rea se s  in  
nervous and anx ie ty  were more than  double those observed in  
the h ea lth y  su b jec ts  (p< .02 ). The p a tie n ts  rep o rted  la rg e r  
inc rea se s  in  anorexia (p< .05 ), nausea (p<.01) and r e s t l e s s 
ness (p<.0 5 ). The peak in c rease  in  s i t t i n g  d ia s to l ic  blood 
p ressu re  was a lso  g re a te r  in  the  p a tie n ts  (p< .05). C affeine 
d id  not a l t e r  plasma MHPG le v e ls  in  the  h ealthy  su b jec ts  o r 
the  p a t ie n ts .

Im p lica tio n s : The increased  s e n s i t iv i ty  o f  panic anxiety  
p a t ie n ts  to  the  anxiogenic e f f e c ts  o f c a ffe in e  suggest th a t  
these  p a t ie n ts  have abnorm alities  in  adenosine recep to r func
t io n .  However, s ince adenosine has in h ib ito ry  ac tio n s  on 
numerous neuronal systems in  b ra in , i t  i s  p o ssib le  th a t  
fu n c tio n a l a l te r a t io n s  o f these  systems are a lso  re la te d  to  
the  p resen t r e s u l t s .  From a c l in ic a l  s tan d p o in t, panic 
anx ie ty  p a tie n ts  should avoid caffe in e  con tain ing  foods and 
beverages.

262.8  ANALOG SPECIFICITY OF THYROTROPIN-RELEASING HORMONE 
RECEPTOR IN THE CNS: POSSIBLE CLINICAL IMPLICATIONS.  
E .F . Hawkins and W. K. Engel.  USC N eurom uscular C en te r, Los 
A ngeles, CA 90017

In p a tien ts  w ith am yotrophic la te ra l  sclerosis (ALS), high-dose 
TRH tem porarily  provides m odera te  to  m arked im provem ent o f 
functions o therw ise im paired  by deficiency  of low er m otor neurons 
(eg. w eakness) or upper m otor neurons (eg. sp astic ity ) (Engel, 
L ancet 2, 73, 1983). These rapid , n eu ro tran sm itte r-lik e  e ffe c ts  
o f th e  horm one m ight be based on its  binding to  CNS rece p to rs  
o f som e type .

To id en tify  compounds w ith th e rap eu tic  p o te n tia l equal or 
superior to  TRH itse lf , we exam ined th e  binding of som e TRH 
analogs and o the r compounds to  "TRH recep to rs"  (defined by high-
a ffin ity  binding o f [3H] MeTRH) from  r a t  brain and sp inal cord .
In crude m em brane suspensions o f pyriform  co rtex /am ygdala , 
brain regions rich  in an appa ren tly  single class of sa tu ra b le  rece p to rs  
w ith high [3H] MeTRH binding a ffin ity  (m ean Kd±sem =2.0± 0.3 
nM; (8), re la tiv e  binding a ffin itie s  (RBAs; Bouton and Raynaud, 
J .  S tero id  Biochem 9, 9, 1978) o f th is  rec e p to r  w ere: TRH=100; 
TRH-OH =0.1; cyclo (H is-Pro) (CHP), no com petition  a t  65 µM 
(10,000-fold m olar excess). The sy n th e tic  TRH analogs MeTRH, 
M K-771, RX77368, and DN1417 had RBAs o f 1200, 13.3, 11.2 and 
0.7 respec tive ly . The low value fo r DN1417 is su rprising  since 
th is  analog is rep o rted  to  be as p o te n t as TRH in triggering  v en tra l 
m otor neuron depo lariza tion  in spinally  tra n se c ted  ra ts  (Ono and 
Fukuda, N europharm  21, 739, 1982) and m ore p o te n t than  TRH 
in neurobehavioral te s ts  (M iyam oto, L ife  Sci 28, 861, 1981). R a t 
sp inal cord TRH rece p to rs  had sim ilar ligand sp ec ific itie s , including 
weak a ffin ity  fo r DN1417 (RBAs fo r spinal cord rec e p to r  w ere: 
MeTRH=1240; TRH=100; DN1417=0.8; CH P, no com petition).
These resu lts  discounted  th e  possib ility  th a t th e  p o te n t v en tra l 
m otor neuron depolarizing  e f fe c ts  o f DN1417 (Ono and Fukuda) 
resu lted  from  high a ffin ity  of sp inal TRH rece p to rs  fo r this analog.

C yproheptadine, an  an tagon is t of 5-HT binding to  CNS 5-HT 
rece p to rs , repo rted ly  abolishes TRH -evoked v en tra l m otor neuron 
ac tiv ity  (Emson, Cell S urface  R ecep to rs , p  114, Wiley, 1983). 
H ow ever, in our in v itro  com petition  stud ies, m icrom olar co n cen tra 
tions of cyproheptadine did not a f fe c t [3H] MeTRH binding to  
brain or spinal cord  TRH rece p to rs . T oge ther, our findings suggest 
th a t TRH and DN1417 m ay ex e rt th e ir  depolarizing  e f fe c ts  on 
v en tra l m otor neurons a t  a  s i te  o th e r than  th e  TRH rec e p to r  (eg. 
v ia m odulation o f 5-HT rece p to r  ac tiv ity ). Thus, TRH analogs 
th a t exhib it pharm acological ac tions  on th e  CNS bu t bind poorly 
to  the  CNS TRH rece p to r  should not be excluded from  consideration  
as po ten tia lly  th e rap eu tic  fo r tre a tin g  ALS and o th e r m otor neuron 
d iseases. (Supported by USC BRSG G rant 2 S07 RR05356-22).

262.9  GENETIC CONTROL OF SEROTONIN (5-HT) UPTAKE BUT NOT OF 
IMIPRAMINE BINDING IN BLOOD PLATELETS OF NORMAL TWINS.  
R. C .  Aro ra and H. Y. Meltze r .  I l l in o i s  State Psychiatric 
I n s t i t u t e , 1601 West Taylor S tre e t , Chicago, I l l in o i s  60612 
and Dept. Psychiatry, P r i tzker  School of Medicine 
University of Chicago, Chicago, I l l . 60637.

The number of serotonin (5-HT) uptake (Vmax) , and 
imi prami ne binding (IB, Bmax) s i t e s  i n the blood p la te le ts  
of depressed patients has been reported to  be s ignif icantly  
lower than those of normal controls. Vmax of p la te le t  5-HT 
uptake and Bmax of IB have been proposed to  be biological 
markers for depression. However, there i s a controversey 
whether decreased IB i n depressed patients remains constant 
between i llness and recovery. IB s i te s  are also believed to 
be a part of 5-HT uptake macromolecular complex and an 
a l lo s te r ic  modulator of 5-HT uptake. We studied 5-HT uptake 
and IB i n the blood p la te le ts  of seven monozygotic (MZ) and 
eight dizygotic (DZ) twins i n order to  determine the 
genetic contribution to  the Km and Vmax of 5-HT uptake and 
Kd and Bmax of IB.

Blood was drawn i n p las t ic  syringes and transferred to  
p las t ic  tubes containing citrate-phosphate-dextrose as 
anticoagulant (15% V/V). P l a t e l e t - r ich-plasma (PRP) was 
obtained by centrifugation and 5-HT uptake and IB was 
determined as described e a r l i e r  (Arora and Meltzer, Cl i n. 
Chim. Acta., 112:225 1981., Biol. Psychi a t . ,  19:257 1984).

Mean i n trapair  differences and variances i n Km and Vmax 
of 5-HT uptake and Bmax of IB were s ignif icantly  less i n MZ 
twins than those of DZ twins, whereas no difference i n the 
i n trapair  difference i n Kd of IB was observed between MZ 
and DZ twins. There was a s ignif icant  i ntraclass 
corre la tion coeff ic ien t  (ICC) for Km and Vmax of 5-HT 
uptake i n the blood p la te le ts  of MZ and DZ twins whereas no 
sign if ican t  ICC was observed for Kd and Bmax of IB. These 
resu l ts  suggest tha t  5-HT uptake i s a stable  and heri table  
property of p la te le t  membranes while IB s i te s  i n blood 
p la te le ts  i s not l ikely to  be under s ignif icant  genetic 
control. Thus, low p la te le t  5-HT uptake i n depressed 
patient  could be genetically determined. (Supported by 
USPHS MH 29,206, MH 30,938, and Dept. of Mental Health, 
S tate of I l l i n o i s ) .

262.10  REGIONAL D I F F E R E N C E S  I N  C E R E B E L L A R  
CEREBELLAR SEROTONIN CONTENT IN THIAMINE DEFICIENT RATS.  H. K. S trah len d o rf , and J .  C. 

S trah len d o rf.  Medical and S urg ical Neurology and Physiology, 
Texas Tech Univ. H lth. S ci. C t r . , Sch. of Med., Lubbock, Tx. 
79430.

W ernicke's encephalopathy is  a neurologic  d iso rd e r in  
which p a tie n ts  d isp lay  motor abno rm alities  presumably as a 
re s u l t  of thiam ine (Vitamin B1) d e fic ien cy  (TD). A r e la 
t iv e ly  s e le c tiv e  impairment of c e re b e lla r  se ro to n erg ic  up
take processes as w ell as increased  le v e ls  of 5-hydroxy
in d o le a ce tic  acid  (5-HIAA) in  sev e ra l b ra in  regions has 
been dem onstrated in  TD. A dditional s tu d ie s  have revealed  
a markedly increased  turnover of se ro to n in  (5-HT) in  whole 
cerebellum , hypothalamus and hippocampus (see P la i ta k is ,  e t 
a l ,  1981 and 1982). With regard to  the cerebellum , h is to 
pa tho log ic  changes are  known to  occur p rim arily  in  the an
te r io r  vermal region  in  man and animals w ith TD. The p re 
sen t experim ents were performed to determ ine whether re 
g ional d iffe ren ces  in  5-hydoxytryptophan (5-HTP), 5-HT or 
5-HIAA content of the cerebellum  occur in  response to TD.
For comparative purposes we a lso  assayed the hippocampus 
(HIPP) and hypothalamus (HYPO). Male r a ts  were fed a TD 
d ie t  fo r 6 to 9 weeks a t  which time they were neu ro log i
c a l ly  im paired. Controls were p a ir  fed the id e n tic a l  d ie t  
w ith thiam ine replenishm ent. Animals were d e ca p ita te d , the 
b ra in s  were rap id ly  d issec ted  over dry ice  and each region  
was frozen immediately in  l iq u id  n itro g en . The cerebellum  
was t r i s e c te d  in to  the follow ing reg ions: l a t e r a l  hemi
spheres (CBL-L), a n te r io r  vermis (CBL-A) and p o s te r io r  
vermis (CBL-P). Indole content was determined by high 
p ressu re  liq u id  chromatography with e lectrochem ica l de
te c tio n . Levels from 7 to  10 animals were averaged fo r 
each region  and compared to s im ila r  averages from co n tro ls . 
5-HTP le v e ls  were not d if f e r e n t  in  any c e re b e lla r  reg ion . 
Levels of 5-HT were s ig n if ic a n t ly  e levated  in  CBL-A (99%) 
and CBL-P (86%). No d iffe ren c e s  were found in  5-HT le v e ls  
in  CBL-L. C oncentrations of 5-HIAA were s ig n if ic a n t ly  
h igher in  a l l  c e reb e lla r  reg ions: CBC-L, 66%; CBL-P, 68% 
and CBL-A, 121%. In HIPP 5-HT (89%) and 5-HIAA (25%) were 
s ig n if ic a n t ly  h ig h e r. No d iffe ren ces  were observed in  
le v e ls  of th ree  indo les from the HYPO. These r e s u l ts  
suggest TD produces a r e la t iv e ly  s e le c tiv e  e f fe c t  on 
sero to n in  metabolism in  the vermal regions of the cere 
bellum and in  the hippocampus. (Supported by the I n s t . fo r 
N u tr it io n a l Sciences, TTU.)
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262.11 CHANGES IN CEREBELLAR SEROTONIN RECEPTOR BINDING CHARAC
TERISTICS IN THIAMINE DEFICIENCY.  J .C .  S t r a h l e n d o r f ,  
K. E. L ig h t+  and  H. K. S t r a h l e n d o r f . P h y s . and  Med. and 
S u rg . N e u r o l . ,  T ex as  Tech  U n iv . H l th .  S c i .  C t r . , S ch . o f  
M e d ., L u b b o ck , Tx. 79430 and + C o l l .  o f  P h a r m . , U n iv . o f  
A rk a n s a s  f o r  Med. S c i . ,  L i t t l e  R ock , AK 72201

T h ia m in e  d e f i c i e n c y  (TD) d e c r e a s e s  th e  h ig h  a f f i n i t y  up take 
s y s te m  f o r  s e r o t o n i n  (5-H T) i n  r a t  c e r e b e l l a r  sy n a p to so m e s  
and  a l t e r s  c e r e b e l l a r  5-HT m e ta b o lis m  ( P l a i t a k i s  e t  a l , 1982 
an d  S t r a h l e n d o r f  e t  a l , t h i s  v o lu m e ) .  We p r e v i o u s ly  showed 
t h a t  P u r k in j e  c e l l s  from  TD r a t s  show q u a l i t a t i v e  and  q u a n 
t i t a t i v e  c h a n g e s  to  i o n t o p h o r e t i c a l l y  a p p l i e d  5-HT. T h ese  
e f f e c t s  w e re  m a n i f e s t  a s  a  s h i f t  fro m  m ixed  r e s p o n s e s  o f  
e x c i t a t i o n  and  i n h i b i t i o n  to  s o l e l y  i n h i b i t o r y  a c t i o n s  t h a t  
w e re  e l i c i t e d  by  s i g n i f i c a n t l y  lo w e r  a m o u n ts  o f  5-HT ( s u p e r 
s e n s i t i v i t y )  (L e e , e t  a l ,  B r a in  R e s . ,  i n  p r e s s ) .  To f u r t h e r  
c h a r a c t e r i z e  t h e s e  r e c e p t o r  c h a n g e s  i n  TD we h a v e  i n v e s t i 
g a te d  t h e  b in d in g  c h a r a c t e r i s t i c s  o f  c e r e b e l l a r  5-HT r e c e p 
t o r s  from  c o n t r o l  and  TD r a t s .  F o r  c o m p a r is o n s  o f  r e g i o n a l  
s e l e c t i v i t y  s i m i l a r  a s s a y s  w e re  p e r fo rm e d  on n e o c o r t e x  from  
t h e  sam e a n im a ls .  M ale r a t s  w e re  f e d  a  th ia m in e  f r e e  d i e t  
and  r e c e i v e d  d a i l y  s u b c u ta n e o u s  i n j e c t i o n s  o f  p y r i t h ia m in e  
0 .5  m g /k g . C o n t r o l s  w e re  e i t h e r  p a i r - f e d  t h e  i d e n t i c a l  d i e t  
w i th  t h ia m in e  r e p l e n is h m e n t  o r  w e re  f e d  s ta n d a r d  r a t  chow. 
A f t e r  15 d a y s  t h e  TD g ro u p  d i s p l a y e d  s e v e r e  n e u r o l o g i c a l  
im p a irm e n t.  R a ts  w e re  p e r f u s e d  w i th  70 ml o f  i c e  c o ld  
s a l i n e  u n d e r  p e n t o b a r b i t a l  a n e s t h e s i a .  B r a in s  w ere  d i s s e c 
t e d  o v e r  d ry  i c e  and  f r o z e n  in  l i q u i d  n i t r o g e n .  A l iq u o ts  o f  
t i s s u e  h o m o g en a te s  w e re  i n c u b a te d  w i th  0 .7 5 – 50 nM 3H-d-LS D  
f o r  15 m in . a t  37°C . N o n - s p e c i f ic  b in d in g  was d e te rm in e d  
by i n c u b a t io n  w i th  c o ld  d-LSD o r  by  m a th e m a t ic a l  s u b t r a c t i o n  
D a ta  was a n a ly z e d  u s in g  th e  L ig a n d  p ro g ra m  (M unson and 
R o d b a rd , 1 9 8 0 ) .  I n  c o r t e x  no s i g n i f i c a n t  d i f f e r e n c e s  w ere  
fo u n d  b e tw e e n  g r o u p s .  Kd: C o n t r o l  = 8 .2  ±  1 .6  nM; TD = 4 .4  
±  0 .5  nM. Bmax: C o n t r o l  = 1 7 6 .6  ±  2 9 .7  nM; TD = 1 7 3 .3  ± 
2 6 .4  nM. In  c e r e b e l lu m  a s i g n i f i c a n t  d e c r e a s e  i n  r e c e p t o r  
a f f i n i t y  and  a  s i g n i f i c a n t  i n c r e a s e  i n  num ber was e v id e n t .  
Kd: C o n t r o l  = 5 .9  ±  1 .4  nM; TD = 1 3 . 4  ± 2 . 8  nM. Bmax: Con
t r o l  = 4 1 .1  ±  1 0 .4  nM; TD = 1 4 2 .0  ±  5 4 .2  nM. T h ese  d a t a  
p r o v id e  p r e l i m i n a r y  s u p p o r t  f o r  p r e v io u s  e l e c t r o p h y s i o l o g i c  
f i n d i n g s  o f  e n h a n c e d  s e n s i t i v i t y  o f  c e r e b e l l a r  n e u ro n s  to  
i o n t o p h o r e t i c a l l y  a p p l i e d  s e r o t o n i n .  ( S u p p o r te d  by  th e  
I n s t i t u t e  f o r  N u t r i t i o n a l  S c i e n c e s ,  TTU).

262.12  CALCIUM-BINDING PROTEIN IN MOUSE RETINA: BIOCHEMICAL AND 
IMMUNOHISTOCHEMICAL STUDIES.  D.B. Farber and 
K.G. Baimbridge .  Jules Stein Eye In s t . ,  UCLA, Los Angeles, 
CA 90024 and Dept. of Physiology, UBC, Vancouver, Canada.

Calcium-binding protein (CaBP) is a 28,000 MW protein 
tha t has been found in various tissues of several species 
including a d is tin c tiv e  neuronal localiza tion  in CNS. In 
th is  la t te r  respect, i t  d iffe rs  from calmodulin but i t  
shares many of the physiochemical properties of both c a l
modulin and other members of the calcium-binding protein 
family being highly acidic (pI = 4.1) and capable of binding 
Ca++ in the micromolar range. We have studied CaBP concen
tra tio n  and effec t on phosphodiesterase a c tiv ity  in 
developing retinas of normal and degenerative (rd le ) mouse 
litte rm ates and i ts  localiza tion  within the re tin a .
Although from 5 to 12 postnatal days concentrations of CaBP 
were lower in rdle than in contro ls, they increased in both 
retinas following the same pattern until day 14. Thereafter, 
CaBP continued to accumulate in the control whereas i t  
decreased in rdle re tin a . Addition of CaBP + Ca++ did 
not ac tiva te  cGMP-phosphodiesterase from purified  rod outer 
segments or the enzyme of adult rd le  re tin a ; however, 
CaBP + Ca++ stimulated the a c tiv ity  of 10 days normal and 
rdle re tin a s , as well as th a t of the adult con tro l, 3 to 
4-fold above the basal level. An a f f in ity  chromatography-
purified antibody raised in rabbit against pure CaBP was 
used for the immunocytochemistry in normal re tin a . Light 
microscopy revealed intense staining in horizontal cell 
bodies and dendrites and in some amacrine c e lls . No s ta in 
ing was observed in any region of the photoreceptors. Our 
resu lts  indicate tha t in rdle retina CaBP levels are 
reduced and activation  of phosphodiesterase is lo s t follow
ing the degeneration of the photoreceptors and the loss of 
photoreceptor-horizontal cell synaptic contact. In addition, 
CaBP is re s tr ic te d  to ce lls  of the inner re tin a . These data 
suggest tha t CaBP may play a ro le in the modulation of Ca++ 
concentration a t the re tin a l outer plexiform layer level. 
Supported by NIH grant EY 02651 (DBF) and by the Canadian 
MRC.

262.13  NEUROPATHOLOGY OF THE SOMATOSTATIN SYSTEM IN NEOCORTEX OF 
PATIENTS WITH SENILE DEMENTIA OF THE ALZHEIMER'S TYPE 
(SDAT).  J .H. M o rr is o n , J .B .  R o g e rs* , S . S c h e r r , R. 

B enoit and U. DeGirolami*. Scripps C lin ic  and Res. F d n .,  
La J o l l a ,  CA 92037 and * U n iv . o f  M ass. M ed. C t r . ,  
W orchester, MA 01605.

There a re  th re e  major p ro s o m a to s ta tin  d e r iv e d  p e p t id e s  
p re sen t in  mammalian n e o c o r te x : s o m a to s ta tin -1 4  (SS14), 
so m atosta tin -28  (SS28), and somato s ta t in - 2 8  (1–12) (SS-12) 
(B enoit e t  a l . ,  19 8 2 ). Using a n t ib o d ie s  t h a t  h av e  been  
c h a r a c te r iz e d  as to  t h e i r  s p e c i f i c i t y  f o r  th e s e  t h r e e  
p e p t id e s ,  we h av e  i n i t i a t e d  a d e t a i l e d  a n a ly s is  o f  t h e  
immunochemical (biochem ical and h istochem ical) d i s t r i b u t i o n  
o f  th ese  th re e  p ep tid es  in  r a t ,  m onkey, and human c o r te x .  
Data have been c o lle c te d  to  d e te rm in e  th e  d i s t r i b u t i o n  o f  
t h e s e  p e p t i d e s  i n  n o rm a l  hum an c o r t e x ,  a n d  t h e  
neuropatho log ic  changes th a t  occur in  th i s  system with SDAT. 
The g eneral p a tte rn  o f  S S -p o s i t iv e  c e l l  body and te rm in a l 
d is t r ib u t io n  in  human co rtex  is  s im ila r  to  th a t  p re v io u s ly  
desc ribed  fo r r a t  (M orrison  e t  a l . ,  1983); h ow ever, th e  
d e n s ity  o f  th e  sup rag ranu lar SS-12 con tain ing  term inal f ie ld  
i s  g e n e ra l ly  h ig h e r  in  human c o r te x  th an  in  r a t ,  and th e  
human c o r te x  p o s se ss  a f a r  g r e a t e r  d e g r e e  o f  r e g i o n a l  
v a r ia tio n  in  th e  d e n s ity  o f  SS-12 p o s i t iv e  f ib e r s  th a n  do es  
th e  r a t .  The te m p o ra l  and f r o n t a l  c o r t i c e s  h a v e  an  
extrem ely  h ig h  d e n s ity  o f  SS-12 p o s i t iv e  f ib e r s ,  whereas the  
prim ary v is u a l co rtex  has a r e la t iv e ly  low d e n s ity .  We have 
observed the  same r e g io n a l  p a t t e r n s  in  new and o ld  world 
m onkey c o r t e x .  In  a d d i t i o n ,  we h a v e  a n a l y z e d  t h e  
so m ato sta tin  system in  post-m ortem  c o r t i c a l  sam ples from 
p a t ie n ts  with SDAT. There a re  th re e  m ajor n e u ro p a th o lo g ic  
changes in  th e  som atosta tin  system found in  SDAT c o r t i c e s .  
F i r s t ,  th e re  i s  a g eneral decrease  in  th e  d e n s i t y  o f  SS-12 
p o s i t i v e  t e r m in a ls  in  th e  n e o c o r te x .  This d e c r e a s e  i s  
p a r t i c u la r ly  s t r ik in g  in th e  tem poral and f ro n ta l  c o r t i c e s .  
Second th e re  a re  num erous S S -1 2 -p o s i t iv e  n e u ro p a th o lo g ic  
p ro f i le d  which  appear to  be  sw o llen , d e g e n e ra tin g  n e u r i t e s  
w ith  b u lb o u s  im m u n o reac tiv e  b o u to n s .  T h ese  p resum ed  
p a t h o l o g i c  p r o f i l e s  a r e  r a r e l y  p r e s e n t  in  non-SDAT 
post-mortem c o r t ic a l  sam ples. T h ird , in  immunohistochemical 
m a te r ia l which has been co u n te rs ta in ed  w ith  s t a i n s  such  a s  
congo red or th io f l a v in  t h a t  s t a i n  s e n i l e  p la q u e s ,  th e s e  
p a th o lo g ic  SS-12 p o s i t iv e  p ro f i le s  a re  o f te n  seen  in  c lo s e  
a s s o c ia t io n  w ith in  a s e n i le  plaque or in  th e  amyloid co re  o f 
a p laque . Supported by g ra n ts  f r om the MacArthur Foundation 
and Sam and Rose S te in  Foundation  (JM) and th e  A lzheim ers 
S o c ie ty  (JR).

262.14  AMINO ACID SEQUENCE HOMOLOGY BETWEEN RABIES VIRUS GLYCOPROTEIN AND 
SNAKE VENOM NEUROTOXINS.  Thomas L. Lentz, Edward Hawrot, 
Paul T. Wilson*, and David Speicher*.  Depts. Cell Biology and 
Pharmacology and Protein Chemistry Laboratory, Yale University 
School of Medicine, New Haven, CT.

Rabies virus is an enveloped, negative strand RNA virus which 
is highly neurotropic. Evidence was presented previously that the 
acetylcholine receptor (AChR) might serve as a cellular receptor 
for rabies virus (Science 215:182, 1982). Venom from elapid and 
hydrophid snakes contains curaremimetic neurotoxins (Nt) which 
bind with high affinity to the AChR and block the depolarizing 
action of acetylcholine (ACh). The following is a comparison of 
the sequences of 1) rabies virus glycoprotein (Gp), CVS strain; 2) 
a long Nt, Ophiophagus hannah, toxin b; 3) a short Nt, Dendroaspis 
viridis, toxin 4.11.3; and 4), amino acids conserved or invariant 
among the long and short Nt.

The amino acid sequence of rabies virus Gp was aligned by manual 
comparison with the Karlsson homology alignment of long and short 
Nt and independently, using computer modeling (program ALIGN). 
The greatest degree of homology was observed between residues 189–
214 of the Gp and positions 30–56 of the Nt. The Gp and long Nt 
are identical at 13 of 26 residues in this region. In addition to 
these highly homologous segments, weaker but significant homology 
occurs between a wider region of the rabies Gp and the entire long 
Nt sequence. Most s ig n ifican tly , the Gp shows the greatest 
iden tity  with the amino acids that are highly conserved or 
invariant among all of the Nt and thus thought to be important for 
toxicity. The guanidini um group of the invariant Arg-37 is the 
only cationic group common to the Nt and may represent the 
counterpart of the quaternary ammonium group of ACh and bind to 
the ACh binding s i te  on the AChR (Hndbk. Exp. Pharm., 52:159, 
1979). Since the region of the Nt that in te rac ts  with the ACh 
site on the AChR is highly homologous to a segment of the Gp, this 
segment of the Gp may function as a recognition s ite  for the AChR. 
The homologous portion of the Gp is most likely exposed on the 
surface of the protein since a probable s i te  fo r N-linked 
glycosylation occurs at position 204. Direct binding of the viral 
Gp to AChR involving the indicated homologous region may 
contribute to the neurotropism of this virus. (Supported by NSF 
BNS-8203825).
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26 2 .15  IMPAIRED NEUROTRANSMITTER MODULATION OF BRAINSTEM AUDITORY 
EVOKED RESPONSES (BAER) IN QUAKING (qk) MICE.  S.N. Shah*, 
A. Amochaev*, C. McCurry* and A. Salamy.  Brain-Behavior 
Research Center, Univ. of C a l i f . ,S .F., Sonoma Dev. C tr . ,  
Eldridge, CA 95431.

Studies from th is  laboratory have provided evidence 
for the presence of serotonergic and cholinergic mechanism 
in the modulation of BAER. Alterations of receptor binding 
for neurotransmitters occurs in the Quaking (qk) mouse, a 
neurological mutant characterized by a markedly deficient  
myelination. In the present study we therefore investigated 
the effects  of 5-hydroxytryptophan (5HTP), a serotonin 
precursor, and of nicotine and eserine, cholinergic 
drugs, on modulation of BAER in qk mice and the ir  normal 
l i t te rm ates .  BAER from mice anaesthetized with pentabarbital 
(75mg/kg) were recorded using auditory stimuli consisting 
of br ie f  cl icks (2 0 µsec duration) delivered a t  the rate 
of 23/sec a t  an intensity  of 60dB above experimenter's 
threshold. The mice were placed in an e lec t r ica l ly  shielded 
box (8X13X13 inches) and a speaker was positioned 10 
inches d irec t ly  above the head. Four hundred responses 
were summated using a waveform eductor (Model TPM-90) or 
Synap I (Model 2). A baseline recording of BAER was 
obtained between 15 and 25 minutes a f te r  the administration 
of anaesthetic. Approximately 0 . 2ml solution of e i ther  
5HTP (75mg/kg), nicotine (100µg/kg) or eserine (20µg/kg) 
were injected into the shoulder muscle immediately a f te r  
the baseline recording without disturbing the posit ion of 
the animal. BAER recordings were then taken a f te r  20, 40 
and 60 minutes. Body temperature was maintained a t  35±1.0°. 
Amplitudes were measured from peak to trough.

Results of our study showed that  1) administration of 
5HTP to normal mice increased the amplitude of BAER peaks 
I , II and I I I ,  while in qk mice, 5HTP had no effec t ;  2) 
administration of nicotine to normal mice also increased 
the amplitude of BAER peaks I ,  II and I I I ,  but in qk mice 
nicotine increased the amplitude of peaks I and II and 
not I I I ;  and 3) administration of eserine to normal mice 
increased the amplitude of BAER peak I I I ,  but in qk mice 
eserine had no e ffec t .  These data indicate that  the 
modulation of BAER by serotonergic and cholinergic mechan
isms is impaired in qk mice. We suggest that  this occurs 
as a resu l t  of, e i the r  a l te ra t ions  for receptor binding 
s i te s  for,  or a ltered metabolism of, these neurotrans
mitters in qk mice.

Supported by NIH grants NS11670 and HD14833.

262.16  N-METHYL-4-PHENYL-1,2,3,6-TETRAHYDROPYRIDINE BINDS TO DOPA
MINE RECEPTORS IN RAT AND HUMAN STRIATE.  T. Denton and 
B.D. Howard. (SPON: M. P h i l i pp a r t ) .  Depts. of Pathol , and 
Biol. Chem. Sch. of Med., Univ. of California, Los Angeles, 
CA 90024.

N-Methyl-4-phenyl-1,2 ,3 ,6 - tetrahydropyridine (NMPTP) 
causes parkinsonism in primates, but not in cats or rodents 
(PNAS 80; 4546, 1983). Treatment over a period of several 
days yields an excellent model of chronic idiopathic 
Parkinson's Disease. An acute neuroleptic-l ike effect in 
inducing acute parkinsonism has also been noted in pri
mates. We found that  NMPTP competitively inhibits dopamine 
uptake into PC12 ce l ls  with an IC50  of 2.5 µM (BBRC 119; 
1186, 1984). Because th is  inhibition would not account for  
the acute effects of NMPTP, we have examined the interaction 
of NMPTP with dopamine receptors in rat and human s t r i a te .  
S t r ia te  cortex obtained from a pool of fresh rat brains or a 
normal human brain, less than 25 hours old, were homogenized 
and centrifuged to produce a membrane suspension. The abi
l i t y  of NMPTP to displace [ 3H] haloperidol binding was then 
measured in a standard f i l t e r ,  binding assay. NMPTP was 
found to compete with 1 nM [3H] haloperidol at an IC50  of 2.5 
µM with rat  brain membranes and 3.5 µM with human brain mem
branes. This shows that  NMPTP has a broad af f in i ty  for 
dopamine receptors and could explain the acute neuroleptic 
effects of NMPTP in inducing parkinsonism. I t  does not 
explain the specif ic i ty  NMPTP exhibits for  primates, in 
vivo, nor is i t  c lear what the relationship of th is  effec t  
is to the chronic results  obtained in living animals. 
Supported by NIH grant MH38633.

CYCLIC NUCLEOTIDES I

263.1  ANTISERA TO A PEPTIDE FRAGMENT FROM A BAG CELL 
PHOSPHOPROTEIN SPECIFICALLY STAIN BAG CELL NEURONS.  
E .Azhderian*, S.A.DeRiemer, J .C a sn e ll ie * , P.Greengard and 
L.K.Kaczmarek (SPON: R.W.A ld ric h ) .  Yale U niv ., CT06510, Univ. 
R ochester, NY14642 and R ockefe lle r U n iv ., NY10021.

The s e c re tio n  of sev e ra l neu roactive  pep tides from the 
bag c e l l  neurons of A plysia occurs during a long la s t in g  
a f te rd is c h a rg e  which can be tr ig g e red  i n v i tro  by b r ie f  
e le c t r i c a l  s tim u la tio n  of the  pleuroabdominal connective 
nerve. The a f te rd is c h a rg e  has been shown to  be a sso c ia ted  
w ith  in c re a se s  in  the  phosphorylation  s ta t e  of a t  l e a s t  two 
p ro te in s .  One of th ese  phosphoproteins (BC2) i s  h ighly  
en riched  in  the  bag c e l l  neurons and has an apparent 
m olecular weight of 21,000. The p ro te in  band th a t  
corresponds to  th i s  phosphoprotein has been e lu ted  from SDS 
g e ls  and sub jec ted  to  N -term inal sequence a n a ly s is , 
prov id ing  a p a r t i a l  sequence over the  f i r s t  23 amino acid s  
(Jennings e t  a l .  J .N e u ro sc i. ,2 :158 ,1982). In  order to  carry  
out s tu d ie s  on the  lo c a l iz a t io n  and fun c tio n  of th i s  
phosphoprotein we have prepared a n tis e ra  to  a sy n th e tic  
pep tide  sequence (Tyr-G ly-Val-H is-G ly-Lys-A sn-Phe-A la). 
Residues 3 – 9 of t h i s  nonapeptide correspond to  re s id u es  3 
– 9 in  BC2. R abbits were immunized w ith the  nonapeptide 
conjugated to  th y rog lo b u lin . We have confirmed th a t  the 
a n t is e r a  show im m unoreactivity to  the  s y n th e tic  pep tide  and 
have c a r r ie d  out immunohistochemical s ta in in g  of whole 
mounts of the  abdominal ganglion  of A plysia . Using 
immunofluorescence, we have been ab le  to  d e te c t s ta in in g  
above background only in  the  c lu s te r s  of bag c e l l  neurons. 
Our da ta  in d ic a te  th a t ,  w ith in  the  abdominal ganglion , th is  
sequence i s  s p e c if ic  to  the bag c e l l  neurons. The sequence 
to  which the  a n t is e r a  were prepared i s  a lso  p resen t in  the 
p recu rso r to  the  neu roactive  p ep tides  sec re ted  by the  bag 
c e l l  neurons (S ch e lle r e t  a l .  C ell 32:7.1983) suggesting  
th a t  the  phosphoprotein BC2 i s  a lso  derived  from th is  
p recu rso r. Experiments a re  in  progress to  determ ine i f  the  
bag c e l l  pep tide  (ELH) p recu rso r or any of i t s  cleavage 
products a re  recognized by the  a n t is e ra  and to  determ ine i f  
the  a n t is e r a  recognize BC2.

263.2   MICROINJECTION OF PROTEIN KINASE INHIBITOR PREVENTS 
ENHANCEMENT OF ACTION POTENTIALS IN PEPTIDERGIC NEURONS OF 
APLYSIA.  L.K.Kaczmarek, A. C. Nairn and P .G reengard.  Depts. 
of Pharmacol, and P h y s io l.,  Yale Univ. Sch. of Med., New 
Haven, CT 06510 and Lab. Mol. C e ll.  N eu rosc i., R ockefe lle r 
Univ.,NY, NY 10021.

The s tim u la tio n  of an a f te rd is c h a rg e  in  the  bag c e l l  
neurons of A plysia r e s u l t s  in  an in c rea se  in  the  he ig h t and 
width of the a c tio n  p o te n tia ls  of these  c e l l s  and i s  
c lo se ly  linked  to  an in c rea se  in  in t r a c e l lu la r  c y c l ic  AMP 
le v e ls  and to  the  phosphorylation  of s u b s tra te  p ro te in s .  
Experiments in  c e l l  c u ltu re  have shown th a t  in je c t io n  of 
the  c a ta ly t i c  subunit of c y c lic  AMP dependent p ro te in  
k inase  enhances bag c e l l  a c tio n  p o te n t ia ls  (Kaczmarek e t  a l  
PNAS,77:7487,1980). We have now in v e s tig a te d  the  
e le c tro p h y s io lo g ica l e f f e c ts  of in t r a c e l lu la r  micro
in je c tio n  of the  p ro te in  k inase  in h ib i to r  p ro te in  (PKI) 
which binds to ,  and in h ib i t s ,  endogenous c a ta ly t i c  su b u n it. 
I s o la te d  c e l l s ,  m aintained in  c u ltu re  were p ressu re  
in je c te d  using m icroe lectrodes f i l l e d  a t  the  t i p  w ith 
e i th e r  3 .6  mg/ml PKI in  c a r r ie r  medium (0.6M KCl-1mM T ris  
pH7.8) or w ith c a r r ie r  medium a lone . C ells  were s tim u la ted  
by applying a s e r ie s  of sup ra th resho ld  d ep o la riz in g  cu rren t 
pu lses a t  a frequency of 1 Hz. A fte r e le v a tio n  of c y c lic  
AMP le v e ls  w ith 50µM fo r s k o l in -1mM th eo p h y llin e , co n tro l 
c e l l s  responded with an enhancement of he igh t and width of 
th e i r  a c tio n  p o te n tia ls  (mean h e igh t in c rea se  fo r 1s t  
a c tio n  p o te n tia l  121±31% n=7) and an in c rea se  in  in p u t 
r e s is ta n c e . PKI in je c te d  c e l l s ,  however, did not 
dem onstrate sp ike enhancement (mean h e igh t change – 17±14% 
n=5) nor respond w ith increased  in p u t re s is ta n c e .  PKI 
in je c tio n  could a lso  re s to re  a c tio n  p o te n tia l  h e igh t and 
width towards co n tro l values i f  in je c tio n  was c a r r ie d  out 
a f te r  e le v a tio n  of c y c lic  AMP le v e ls .

The e f f e c ts  of PKI in je c tio n  on the  in c rea se  in  a c tio n  
p o te n tia l  h e igh t and width th a t  occurs a f te r  the  onset of 
an e l e c t r i c a l ly  s tim u la ted  a f te rd is c h a rg e  in  in ta c t  
c lu s te r s  of c e l l s  was a lso  in v e s t ig a te d . The mean % 
in c rea se s  in  he igh t and width in  co n tro l c e l l s  during the  
f i r s t  two minutes of a f te rd is c h a rg e  were 16±7 and 31±5 
(n=7) re s p e c tiv e ly . P re in je c tio n  of PKI was found to  
s ig n if ic a n t ly  a tte n u a te  th is  enhancement, the  % changes in  
he ig h t and width being 3±3 and 7±3 (n=4) re s p e c tiv e ly . Our 
data  support the  hypothesis th a t  enhancement of bag c e l l  
neuronal a c tio n  p o te n tia ls  i s  mediated by c y c lic  AMP-
dependent p ro te in  phosphory lation .
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263.3  ANALYSIS OF ADENYLATE CYCLASE IN EXTRACTS OF APLYSIA 
NERVOUS TISSUE.  A. S tap le to n * , T. S a ito h , and J .H . 
Schw artz.  Howard Hughes Medical I n s t i t u t e  and the Center 
fo r  Neurobiology and Behavior, Columbia u n iv e rs ity  
C ollege o f P hysic ians and Surgeons, New York, NY 10032.

Previous s tu d ie s  in  id e n t i f ie d  A plysia sensory neurons 
suggest th a t  a p e r s is te n t  a c t iv a tio n  o f adeny late  cyclase  
produces the  p resy n ap tic  f a c i l i t a t i o n  which u n d e rlie s  
sho rt-te rm  s e n s i t iz a t io n  o f the g i l l  withdrawal re f le x .  
We have used the  method of Salomon to  assay cyclase  
a c t iv i ty  in  the m em brane-cytoskeleton fr a c tio n  o f nervous 
t i s s u e ,  prepared in  a b u ffer co n ta in ing  2 M g ly ce ro l and 
0 . 2% saponin .

Basal cyclase  a c t iv i ty ,  each p o in t measured in 
d u p lic a te  a t  25°C, was 2 4  ± 2 pmoles cAMP/min/mg p ro te in  
(N=5 independent experim ents; SEM), an a c t iv i ty  
comparable to  th a t  measured in  crude membranes from 
v e r te b ra te  b ra in . S e ro to n in , a t  50 uM, stim u la ted  the 
sy n th es is  o f cAMP by only 60%: as in  o ther system s, 
linkage  to  the n eu ro tran sm itte r recep to r appears not to  
be fu l l y  m aintained a f te r  e x tra c tio n .

Because neu rophysio log ical experim ents suggested th a t  
the  p e r s is te n t  a c t iv a tio n  of cyclase  in  sh o rt-te rm  
s e n s i t iz a t io n  i s  mediated by a G p ro te in  (C aste llu cc i e t  
a l .  J .  N eurosci. 2: 1673, 1983), we sought d ir e c t  
biochem ical evidence fo r th is  transducer in  A p ly sia . 
Cyclase in  the  e x tra c t  is  stim u la ted  by cho lera  tox in  in  
a dose-dependent manner, w ith a maximum o f 3.4 ± 0.3 fo ld  
b asa l (N = 3 )  a t  a tox in  co n cen tra tio n  o f 0.4 mg/ml. One 
major 55 Kd p ro te in  was 32P-ADP-ribosylated under these  
co n d itio n s , and i s  a cand idate  fo r the  G p ro te in . GTP-
gamma-S a lso  caused dose-dependent s tim u la tio n  and was 
maximal (9 ± 2 fo ld , N=3) a t  0 .1  mM. Ca2+/calmodulin 
in h ib ite d  basa l cyclase  a c t iv i ty ,  but the in h ib it io n  was 
not observed in  the  presence o f 10 uM GTP.

The A plysia transducer seems to  be a p e rip h e ra l 
p ro te in ,  w hile the  c a t a ly t i c  subunit appears to  be 
i n t r i n s i c .  In  the  m em brane-cytoskeleton f r a c tio n  washed 
w ith a lo w -sa lt bu ffer to  d e s ta b il iz e  the  cy to sk e le to n , 
40% o f the s tim u la tio n  w ith GTP-gamma-S was l o s t ,  while 
s tim u la tio n  by 20 mM Mn2+ - -  a measure o f c a ta ly t i c  
subun it a c t iv i ty  - -  was unchanged (5.0 + 2 fo ld , N=5).

We are  now comparing the adeny late  cyclase  a c t iv i ty  in  
sensory  c e l l s  with th a t  in  o ther types of neurons, and 
have p re lim in a ry  evidence fo r h e te ro g en eity  o f a c t iv i ty .

263.4  CAMP-BINDING SITES ARE OCCUPIED IN A plysia SENSORY 
NEURONS DURING SENSITIZATION.  S. Greenberg*. L. B ern ie r, 
E. S hap iro , J .H . Schw artz.  Howard Hughes Medical 
I n s t i tu te  and the  Center fo r N eurobiol. & B ehavior, 
Columbia Univ. Col. Phys. & Surgeons, New York, NY 10032.

C onsiderable evidence in d ic a te s  th a t  sho rt-te rm  
s e n s i t iz a t io n  o f the g ill-w ith d raw a l re f le x  in  A plysia i s  
mediated by cAMP with the re s u l ta n t  a c t iv a tio n  o f 
p ro te in  k inase . S e n s itiz in g  trea tm en ts  cause an inc rea se  
in  cAMP in  id e n t i f ie d  sensory neurons, w ith a time course 
th a t  p a r a l le ls  sh o rt-te rm  p resy n ap tic  f a c i l i t a t i o n ,  the  
e le c tro p h y s io lo g ica l c o r re la te  o f s e n s i t iz a t io n .

A plysia nervous t is s u e  con ta in s a c h a r a c te r i s t ic  s e t  
o f 5 cAMP-binding p ro te in s  th a t  a re  lab e led  s p e c if i c a l ly  
and co v alen tly  by the p h o to a ff in ity  reagen t 8-N3 (32P)cAMP. 
Biochemical s tu d ie s  have provided evidence th a t  most i f  
not a l l  of these  p ro te in s  a re  re g u la to ry  subun its  o f the 
cAMP-dependent p ro te in  k inase .

Do these  p ro te in s  a c tu a lly  bind cAMP during  
s e n s it iz a tio n ?  Iso la te d  abdominal g ang lia  w ith nerves 
a ttach ed  were e i th e r  exposed to  0 .2  mM se ro to n in  or 
stim u la ted  m echanically through the  l e f t  connective; both 
trea tm en ts  have been shown to  s tim u la te  p roduction  o f 
cAMP in  sensory c e l l s  and to  produce p resy n ap tic  
f a c i l i t a t i o n .  Five min a f te r  se ro to n in  trea tm en t or 30 
sec a f te r  connective s tim u la tio n , sensory c e l l s  were 
is o la te d ,  ex tra c ted  and a liq u o ts  incubated w ith 60 nM 
8-N3 (32P)cAMP e i th e r  a t  4°C- - where endogenous cAMP 
remains bound to  the p ro te in s - - or a t  22°C, where bound 
cAMP is  com pletely re le a se d . In h ib i t io n  o f 8-N3 (32P)cAMP 
la b e lin g  a t  4°C r e la t iv e  to  22°C can th e re fo re  be taken 
as a measure of the  ex ten t o f occupancy o f each p ro te in  
by endogenous cAMP.

We found th a t  se ro to n in  and mechanical s tim u la tio n  
both s ig n if ic a n t ly  in c rease  occupancy o f the  cAMP binding 
p ro te in s ,  in d ic a tin g  th a t  the cAMP produced in  sensory 
c e l l s  during s e n s i t iz a t io n  i s  bound to  these  p u ta tiv e  
k inase  reg u la to ry  subun its  in  v iv o .

Each of the  cAMP-binding p ro te in s  has a c h a r a c te r i s t ic  
su b ce llu la r  d is t r ib u t io n .  Does the  com partm entalization  
o f these  presumed kinase subun its  r e f le c t  fu n c tio n a l 
s p e c ia liz a tio n ?  Do p a r t ic u la r  kinase subunits  m ediate 
s p e c if ic  subse ts  o f the many processes reg u la ted  by cAMP? 
To examine these  q u estio n s , we are  using a v a r ie ty  of 
cAMP-stimulating co nd itions  to  determ ine whether s p e c if ic  
binding p ro te in s  a re  p re fe re n t ia l ly  occupied.

263.5  MEASUREMENT OF CYCLIC AMP CONCENTRATION IN APLYSIA NERVE 
CELL BODIES.  P. Hockberger and T. Yamane.*  Dept. Molecular Biophysics, 
A T  & T Bell Laboratories, Murray Hill, NJ 07974.

Several investigators have measured basal as well as stimulated levels of 
cyclic AMP in giant Aplysia neurons (Cedar & Schwartz, J. Gen. Physiol., 60: 
570, 1972; Levitan & Norman, Brain Res., 187: 415, 1980; Bernier, Castellucci, 
Kandel & Schwartz, J. Neurosci., 2: 1682, 1982). However in each case the 
reported values were expressed as total cyclic AMP content per cell. Since the cell 
bodies are not uniform in size or shape, we have measured cyclic AMP levels 
normalized to both cell body volume and protein content. Using the single cell 
isolation procedures of Bernier et al., we have analyzed Aplysia cells R2. LP1, and 
L2-L6 cluster, as well as whole ganglia. Cell body volumes were estimated 
assuming oblate spheroid shapes and using an average cell diameter computed by 
measuring the major and minor axes of each cell body. Protein content was 
determined using a fluorescamine method (Roche Diagnostics) as well as Lowry 
determinations. Cyclic AMP levels were measured using either a protein-binding 
radioassay (Amersham) or radioimmunoassay (New England Nuclear).

Table 1. Mean values (±SEM) of cyclic AMP concentrations in isolated 
Aplysia cells and desheathed abdominal ganglia (minus bag cells and connectives).

COMPONENT µM p moles/mg. protein
Cell R2 (n=9) 16.3 ± 3.8 460 ± 87

LP1 (n= 10) 17.9 ± 3.0 424 ± 126
L2 - L6 (n=8) 25.8 ± 4.8 468 ± 111

Abd. ganglia (n=4) XX 16.4 ± 5.7 (S.D.)

Our preliminary results are shown in Table 1. We have not attempted to 
distinguish between nuclear and cytoplasmic content of cyclic AMP. Also, the glial 
coat which surrounds even isolated cells contributes additional uncertainty to our 
measurements. Nevertheless, our values of total cyclic AMP content/mg. protein 
for Aplysia abdominal ganglia are similar to those reported by Treistman & 
Levitan (Nature 261: 62, 1976). Our range of values for total cyclic AMP content 
per cell (not shown) is also similar to those found by both Cedar & Schwartz 
(1972) and Levitan & Norman (1980). In fact if one estimates the cellular 
diameters to have been 400–500 µm in the cells R2 and LP1 that they examined, 
then basal cyclic AMP concentrations were 5–10 µM per cell in those studies 
similar to the values we report here.

The cellular concentration of cyclic AMP in Aplysia neurons appears to be 
similar to cyclic GMP levels in isolated rod outer segments (Woodruff, Bownds, 
Green, Morrisey & Shedlovsky, J. Gen. Physiol. 69: 667, 1977) where levels reach 
40-80 µM in the dark-adapted retina. In both Aplysia neurons (Connor & 
Hockberger, J. Physiol, in press) and photoreceptors (Miller & Nicol, Nature 280: 
64, 1979) fluctuations in the resting level of as little as 30 µM cyclic nucleotide 
results in membrane depolarization of several millivolts. The results presented here 
suggest that, as in photoreceptors, physiological control of membrane potential in 
Aplysia cells may be regulated by enzymes with Km’s for cyclic nucleotides in the 
µM range.

263.6  RAPID AUTOMATED HPLC ANALYSIS OF cAMP SYNTHESIS IN BRAIN. 
 L.L. Lin*, C.F. S a ile r* , and A .I. Salama,  D ept. of Pharma
cology, S tu a rt Pharm aceuticals, Div. of ICI Americas, 
Wilmington, DE 19897.

A rap id  automated method fo r measuring cAMP sy n th es is  
from e i th e r  ra d io la b e lle d  adenine or ATP, in  in ta c t  and 
broken c e l l  p re p a ra tio n s , re s p e c tiv e ly , i s  desc rib ed . 
Samples a re  incubated w ith rad io la b e lle d  p recusor according 
to  minor m od ifica tions of p rev iously  published procedures 
and then d ep ro te in ized  w ith 0.3 N NaOH and 0.3 N ZnSO4 .
A fte r c en tr ifu g a tio n , the  superanant i s  in je c ted  onto a 
5µ 4.6 mm x 15 cm U ltrasphere  ODS rev e rse  phase HPLC column, 
p ro tec ted  w ith a guard column (Rainin In s tru m en ts ), using 
an autom atic sample in je c to r  (Waters A ss o c ia te s ) . Radio
la b e lled  cAMP (32P or 3H) is  com pletely reso lved  from 
o the r ra d io la b e lle d  compounds (p recu rso rs , e tc .)  using  1% 
methanol in  a 0.2 M amnonium phosphate b u ffe r , pH 3.0  as 
the  mobile phase. Mobile phase flow is  m aintained a t 
1 m1/min. (Model 112 HPLC pump, Beckman In stru m en ts). The 
HPLC f ra c tio n  con tain ing  cAMP is  loca ted  by UV d e te c tio n  
(254 nM, Model 153 d e te c to r , Beckman Instrum ents; connected 
to a p r i n t e r /p lo t t e r , Model 3390A in te g ra to r ,  H ew lett-
Packard) of added cold c a r r ie r ,  and is  c o lle c te d  in to  
s c in t i l l a t i o n  v ia ls  using an autom atic f r a c tio n  c o lle c to r  
which i s  a c t iv ia te d  to  c o l le c t  only the  cAMP f r a c tio n  by a 
peak sep a ra to r (ISCO). Samples a re  then assayed by l iq u id  
s c in t i l l a t i o n  spectrom etry . Because the  HPLC and f r a c tio n  
c o lle c tio n  procedures are  com pletely autom ated, over 50 
samples can be assayed in d u p lic a te  in  a s in g le  day w ith 
high r e l i a b i l i t y .  The u t i l i t y  of these  procedures w ill  
be i l lu s t r a te d  by in v e s tig a tio n s  of the e f fe c ts  of: 
β-ad rene rg ic  re cep to r s tim u la tio n  on cAMP sy n th es is  in  
t is s u e  s l ic e s  prepared from r a t  o c c ip i ta l  c o rte x , and 
dopamine on cAMP sy n th es is  in  s t r i a t a l  membrane p repara
t io n s .  Data on the  e f fe c ts  of catecholam ine recep to r 
an tag o n ists  w il l  a lso  be p resen ted .
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263.7  MICROTUBULE DISRUPTING DRUGS ALTER ADENYLATE CYCLASE ACTIV
ITY IN CULTURED NEURONAL CELLS.  J.C. Mitrius, R.S. Kaplan* 
and M.M. Rasenick,  Dept. of Physiology and Biophysics, U. 
of I l l . College of Medicine, Chicago, IL 60680

When synaptic membranes from ra t  cerebral cortex are in
cubated with colchicine or v inblastine, adenylate cyclase 
a c t iv i ty  is  augmented, and th is  augmentation is mediated 
through the GTP binding protein (Ns). When membranes pre
pared from NG108-15 neuroblastoma x glioma hybrid cells are 
incubated with colchicine or v inblastine, however, a d i f fe r 
ent pattern of results  emerges. Adenylate cyclase activ i ty  
in the presence of NaF (20mM) GppNHp (10µM) PGEi (1µM) or  
forskolin (10µM) is inhibited as much as 2.3x by colchicine 
or vinblastine. This inhibition is dose-dependent (EC5 0  = 
5x10-7 fo r  e i the r  compound) and occurs in para lle l  experi
ments where cerebral cortex membranes display colchicine 
induced augmentation of adenylate cyclase.

When in tact  NG108-15 ce l ls  are incubated for one hour 
with colcemid or vinblast ine,  the increase in cAMP accumula
tion promoted by PGEI or forskolin is  diminished or elimi
nated. This phenomenon is dose-dependent with an apparent 
EC50  of 107 M for e i ther  drug. Cyclic AMP accumulated 
in the presence of IBMX or theophylline alone is  not 
reduced in the presence of vinblastine or colcemid.

We have previously demonstrated th a t  the photoaffinity 
GTP analog P3- (4azi doanilido)-P15 GTP (AAGTP) will 
covalently label the 42KDa GTP-binding protein which 
activates adenylate cyclase (Ns). In synaptic membranes 
from r a t  cerebral cortex, colchicine or vinblastine 
increase adenylate cyclase ac t iv i ty  by augmenting the 
coupling of Ns to  the ca ta ly t ic  moiety of the enzyme. In 
analogy to the rod outer segment phosphodiesterase system, 
t h i s  i s  ref lec ted  by a conformational change in the 42KDa 
protein such that i t  is released from the membrane 
subsequent to  washing. NG108-15 membranes labelled with 
AAGTP show a similar vinblastine-mediated re lease  of Ns 
under conditions where vinblastine augments adenylate 
cyclase. However, under conditions where vinblastine 
inh ib i ts  adenylate cyclase, release of Ns is  ac tually  less 
(by about 50%) than in the controls. A 40KDa AAGTP 
labelled protein, (which may represent the inhibitory 
GTP-binding protein, Ni) is  not released from the NG108-15 
membranes subsequent to washing. A possible interpretat ion 
of these data is  that colchicine or vinblastine diminish 
NG108-15 adenylate cyclase by constraining Ns coupling 
rather  than fac i l i ta t in g  coupling of Ni.
Supported by AFOSR 83– 0249.

263.8  PHOTOAFFINITY LABELLING AND CONFORMATIONAL CHANGE IN GTP-
BINDING PROTEINS ASSOCIATED WITH SYNAPTIC MEMBRANE 
ADENYLATE CYCLASE.  M.M. Rasenick and C.A. Moore*,  De p t .  
of Physiol, and Biophys., U. of I l l . Sch. of Med., 
Chicago, IL 60680.

The photoaffinity GTP analog, P3-(4-azidoanilido)-P1-
5' GTP (AAGTP) has been employed to convalently label syn
aptic membrane GTP-binding proteins which are associated 
with the activation or inhibition of adenylate cyclase. 
These proteins, with Mr of 42KDa, 40KDa and 35KDa respect
ively bind AAGTP optimally under d if ferent  conditions. 
Magnesium concentrations of 5-10mM and a temperature of 
30°C favors the binding of AAGTP to the 42KDa protein 
while at 0.5 - 1mM Mg++ and 23°C, the 40KDa species 
binds AAGTP more heavily. AAGTP binding to the 40KDa and 
42KDa proteins is inversely related  yet  the sum of the 
AAGTP incorporation of the 40 and 42KDa bands is  constant.

ADP-ribosylation studies are consistent with the 
42KDa protein representing the GTP-binding adenylate 
cyclase stimulatory subunit (Ns) and the 40KDa protein 
representing the inhibitory subunit, (Ni). The 35KDa 
protein appears identical to the 35KDa protein (Nβ ) 
which has been i mplica ted  in the adenylate cyclase GTP 
binding protein cascade in non-neural t issues,  yet  in 
other t issues t h i s  protein has not been found to  bind 
GTP. Identification of the 35KDa protein as Nβ is based 
upon electrophoretic s im ila r i ty  to the apparently 
identical  protein from the Rod Outer Segment. One 
possible interpretat ion of these AAGTP binding data is  
that  the Ns and Ni compete for GTP in the activation or 
inhibition of adenylate cyclase.

Drugs which disrupt microtubules augment adenylate 
cyclase ac t iv i ty  in membranes from neuronal t issues.  
Concomitant with th is  augmentation is a conformational 
change in the 43KDa protein which is  reflec ted by the 
release of that  species from the synaptic membrane a f te r  
buffer washing. A similar phenomenon is  not seen with 
the 40KDa or the 35KDa AAGTP-l abel l ed proteins,  which 
retain  t h e i r  association with the synaptic plasma 
membrane regardless of treatment and the release of 43KDa 
protein occurs only in neuronal t issue .

Colchicine mediated re lease  of Ns but not Ni may be 
explained by the association of the former (but not the 
la t te r )  with tubulin. Such an hypothesis is borne out by 
the coprecipitat ion of tubulin and Ns (but not Ns alone) 
with a n t i -tubulin antibody.
Supported by AFOSR 83-0249

263.9  CHARACTERIZATION OF PHOSPHODIESTERASE FROM APLYSIA PLEURAL 
GANGLIA. K.A. Ocorr and J.H. Byrne, Dept. of Physiol, and 
Cell Biol . ,  Uni v. of Texas Medical School, Houston, TX 
77030

Sensory neurons Involved in the defensive t a l l  with
drawal reflex exhibit  heterosynapti c f a c i l i ta t io n  which 
shows a temporally specific amplification 1n response to 
a classical  conditioning analog (Walters and Byrne, 1983). 
Recently, we demonstrated that  a similar c lassical con
ditioning analog applied to sensory neuron c lus ters  from 
pleural ganglia resu lts  i n a specific amplification of their 
cAMP content (Ocorr e t  a l . ,  1983) that  was postulated to 
be the r e su l t  of a posi tive Interaction of the potential 
faci l i ta tory transmitter  (5-HT) and Ca++ a t  the level of 
adenylate cyclase. Although a phosphodiesterase (PDE) i n
h ib i to r ,  RO 20-1724 (10-4 M), was i ncluded during application 
of the conditioning analog we could not rule out possible 
effec ts  of the experimental treatment on PDE ac t iv i ty .  As 
a f i r s t  step in addressing th is  i ssue we have begun to 
characterize the PDE i n Aplysia pleural ganglia.

Desheathed ganglia were pooled, homogenized, and cen t r i 
fuged to provide crude membrane and cytosol frac tions. PDE 
ac t iv i ty  was determined by radiometric assay. Approximately 
80% of the PDE ac t iv i ty  was located i n the cytosol fraction 
with the remaining 20% associated with the membrane. PDE 
ac t iv i ty  was linear  with respect to time up to 30 min. Kin
e t ic  analysis of PDE ac t iv i ty  yielded a non-linear double
reciprocal p lot indicating that  there are two d i s t in c t  forms 
of PDE i n th is  t issue; estimated Km's for the two forms are 
2.2x 10- 6 and 1.1 x 10- 4. Inhibition of PDE by R020–1724 
was dose dependent and increased with decreasing cAMP con
centration. At cAMP levels corresponding to those calcula
ted to occur i n 5-HT stimulated c lus te rs ,  inhibition by 
10- 4M R020–1724 was approximately 50%. Therefore a t  leas t  
part of the observed changes in cAMP levels (cited  above) 
could be due to changes i n PDE ac t iv i ty .  PDE activ i ty  of 
both the cytosol and membrane fractions was enhanced by 
Ca++ and th is  i ncrease was blocked by tr if luoperazine, 
i mplicating calmodulin (CaM) as a mediator of this e ffec t .

Despite the poss ib i l i ty  tha t  i n vi tro  conditioning might 
cause a Ca++ activation of PDE i n Aplysia neurons, we ob
served an increase in their  cAMP levels .  This would tend to 
support the hypothesis that  the Increase was the resu l t  of 
i ncreased synthesis. However, we cannot exclude the poss i
b i l i ty  tha t  decreases in act iv i ty  of a second form of PDE 
(Ca++ i nsensitive)  could contribute to enhanced cAMP levels .

263 10  REGULATION OF CALMODULIN-SENSITIVE CYCLIC GMP PHOSPHODIESTER
ASE BY NEUROTRANSMITTERS.  T .J.N euberger* & M.A.Ariano (SPON: 
W.G. B radley). Anatomy & Neurobiology, Univ. Vermont College 
of M edicine, B urling ton , VT 05405.

Cyclic n u c leo tid e  phosphodiesterase  (PDE, EC 3 .1 .4 .1 7 ) ,  
the enzyme which degrades the  second messenger c y c lic  nucleo
t id e s ,  can be resolved  in to  th re e  d is c re te  f ra c tio n s  from 
b ra in  homogenates using anion-exchange chromatography (Bio
chem. 10:311, 1971). The f i r s t  enzyme a c t iv i ty  peak th a t 
e lu te s  from the  column p re fe re n t ia l ly  hydrolyzes c y c lic  GMP, 
is  s e n s it iv e  to  re g u la tio n  by c y to so lic  calm odulin, and can 
be detected  in the postsynap tic  d en sity  o rg an e lle  (Neurophar. 
18:851, 1979; J .  C ell B io l. 89:433, 1981; N eurosci. 10:707, 
1983). The c y c lic  GMP PDE i s  the  p reva len t form of hydroly
t i c  a c t iv i ty  in  b ra in  (Brain Res. 177:301, 1979; Neurochem. 
In t .  5 :439, 1983). We have stud ied  the e f fe c t  of various  
neu ro tran sm itte r compounds on c y c lic  GMP h y d ro ly s is  by neo
c o r t ic a l  PDE in  the  presence and absence of calm odulin.

PDE hy d ro ly sis  of micromolar cy c lic  GMP was in h ib ite d  5–10% 
when assayed in  the  presence of 10- 5m m et-enkephalin , dopa
mine, a ce ty lc h o lin e , or γ -am inobutyric acid  (GABA). A ddition 
of exogenous calmodulin to  each of the  assays con ta in ing  
10- 5m of a n eu ro tran sm itte r compound, acce le ra ted  c y c lic  GMP 
h y d ro ly s is . The c y c lic  GMP PDE a c t iv i ty  was increased  3–13% 
above co n tro l le v e ls  w ith GABA>dopamine>acetylcholine>met
enkephalin , in  o rder of potency in  the  presence of exogenous 
calm odulin.

These data  suggest th a t various n eu ro tran sm itte rs  and the 
a v a i la b i l i ty  of c y to so lic  or non-membrane a sso c ia ted , calmod
u lin  re g u la te  PDE h y d ro ly sis  and the  concommitant c e l lu la r  
cy c lic  n uc leo tide  le v e ls .  Two tra n s m itte r  systems add sup
port fo r th is  hypo thesis. 1) Some postsynap tic  dopaminergic 
mechanisms use calm odulin. Dopamine recep to r occupancy trans
lo ca tes  membrane-calmodulin to  the cy to so l, enabling  the pro
te in  to  a c t iv a te  the  h y d ro ly tic  PDE enzyme (Fed. Proc. 41:2273, 
1982), and thereby decrease  c e l lu la r  c y c lic  n u c leo tid e  le v e ls .  
2) Postsynap tic  c h o lin e rg ic  mechanisms however appear calmod
u lin -independen t. A cety lcholine  recep to rs  of m uscarinic sub
type can be occupied and v isu a lize d  in  v i t r o  by la b e lin g  w ith 
3H-QNB autoradiography. The recep to rs  are  c lu s te red  on co r
t i c a l  neurons ex h ib itin g  very robust c y c lic  GMP-immunoreac
t i v i t y  in  la y e rs  3 and 5. These in v e s tig a tio n s  may e lu c id a te  
a p o ssib le  mechanism of in te ra c tio n  of calm odulin and re le a se  
of n eu ro tran sm itte rs  in  co n tro l of p o stsy n ap tic  c e l lu la r  
second messenger metabolism.

Supported by NSF grant BNS 81–02648. MAA is  the re c ip ie n t 
o f RCDA NS00864.
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263.11   FORSKOLIN EFFECTS ON RAT STRIATAL DOPAMINE SENSITIVE 
ADENYLATE CYCLASE.  George Ba ttag l ia , Andrew B. Norman* and 
 Ian Creese. Dept. Neurosci., Univ. C a lif .  San Diego, Sch. 
o f  Med., La Jo l la ,  CA 92093.

In brain, dopamine (DA) can potentiate the forskolin 
stimulation of cAMP (Daly et a l . , J .  Neurochem. 38:532, 
1982) while in p i tu i ta ry  dopaminergic agonists attenuate 
forskolin stimulated cAMP production (Miyazaki et al . , Endo
crinol . 114:761, 1984). Forskolin interactions with the DA 
sensit ive  stimulatory and inhibi tory components of rat s t r i 
atal adenylate cyclase have yet  to  be detailed and are the 
focus of our studies. Both washed and unwashed s t r i a ta l  
homogenates have been investigated . Our assay medium con
s is ted  of: 80mM Tris maleate (pH 7.4 at 37°C); 4mM MgSO4; 
0.4mM EGTA; .5mM IBMX; 5mM phosphocreatine; 50 U/ml creatine 
phosphokinase; .02% ascorbic acid; 100µM GTP and 1mM ATP 
(2x106 cpm 32P-ATP). After a 10 min preincubation of mem
branes with assay constituents the reaction was in i t ia ted  by 
addit ion of ATP/32P-ATP and terminated af te r  5 min by the 
addit ion of a 2% SDS 45mM ATP solution. H-cAMP (20,000 
cpm) was added as a tracer  and the separation of 32P-ATP 
from 32P-cAMP was accomplished by sequential elution over 
dowex and alumina columns. Recovery was consistently >80%.

In washed s t r i a t a l  homogenates there was a 62% reduction 
in the maximal stimulation of cAMP by DA with l i t t l e  d i f f e r 
ence in forskolin stimulation compared w i th -unwashed t issue .  
The addition of calcium/calmodulin had l i t t l e  effect in res
toring the response to DA or a l te r ing  the forskolin stimula
t io n .  Forskolin (1μM) increased by 7 and 14 fold the Vmax 
of DA stimulation in unwashed and washed homogenates respec
t iv e ly .  This stimulation was blocked by 1µM cis flupen
t ix o l .  DA (100μM) s ignif icantly  potentiated the forskolin 
stimulation of cAMP ( 2  fold increase in Vmax) and appeared 
to a l t e r  the nature of the forskolin stimulation as a func
tion of forskolin concentration. The D-2 agonist bromocrip
t in e  could not attenuate forskolin-stimulated cAMP produc
t io n .  However, in the presence of 1µM forskolin, 100nM n-
propyl norapomorphine (NPA) attenuated by more than 50% the 
stimulation by 100nM of the selective partia l  D-1 agonist 
SKF38393 (Sibley et al. , Life S c i . 31:634, 1982). This 
a ttenuation was reversed by 100nM spiperone. These prelim
inary data indicate that in the presence of forskolin i t  may 
be possible to investigate the functional inverse coupling 
of DA-sensitive stimulatory and inhibitory components of 
adenylate cyclase in s t r i a ta l  homogenates. This would sug
gest that both systems exi st  on the same postsynaptic mem
brane fragment. Supported by PHS MH32990.

263. 12  INHIBITION OF NEUROBLASTOMA ADENYLATE CYCLASE BY CANNABINOID 
DRUGS.  A.C. Howlett* and R.M. Fleming* (SPON: M.A. Walz) .  
Department of Pharmacology, S t. Louis U n ivers ity  School of 
M edicine, S t. Louis, MO 63104.

The p ro p e r tie s  of cannabinoids have been in v e s tig a te d  in  
a v a r ie ty  of animal models. However, in  v i t r o  s tu d ie s  have 
f a i le d  to  e lu c id a te  the  mechanism of cannabinoid ac tio n  a t  
the  neuronal le v e l.  We re p o rt here th a t  cannabinoid drugs 
in h ib i t  adeny late  cyclase  in  a plasma membrane p re p a ra tio n  
from cloned neuroblastom a c e l l s .  Δ9-T etrahydrocannabinol 
(THC), as w ell as 1 -n an trad o l, in h ib ite d  th e  response to  
p ro stag lan d in  El and p ro s ta c y c lin . In h ib i t io n  by cannabi
noids was a lso  apparent when s e c re t in ,  vaso ac tiv e  in te s t in a l  
p ep tid e , and fo rsk o lin  were used as adeny late  cyclase  
a c t iv a to r s .  The in h ib it io n  observed in  th ese  experim ents 
was comparable in  magnitude to  th a t  of carbachol a t  th e  
m uscarinic re cep to r in  th ese  membranes. The cannabinoid 
drugs behaved as non-com petitive in h ib i to r s  a t  both th e  
p ro stan o id  and p ep tid e  re c ep to rs . The in h ib it io n  of 
adeny late  cyclase  was dose-dependent and lim ited  to  those 
agents th a t  e x h ib it psychoactive p ro p e r tie s .  The d-isom er 
of nan trado l was in a c tiv e , dem onstrating s te r e o s p e c i f ic i ty  
of th e  response. These drugs may a c t p rim ar ily  as " p a r t ia l  
a n e s th e tic s"  a t  th e  l ip id  b ila y e r  of th e  neuronal membrane, 
thus p e rtu rb in g  re c ep to r-cy c lase  in te ra c t io n s .  A lte rna
t iv e ly ,  a s p e c if ic  cannabinoid recep to r may be p o s tu la ted . 
Supported by NIH Grant NS16513 and a PMAF Facu lty  Develop
ment Award.

263.13  DOPAMINE, CYCLIC AMP, AND PROTEIN KINASE PRODUCE A SIMILAR 
LONG-LASTING INCREASE IN INPUT RESISTANCE IN HIPPOCAMPAL 
CA1 NEURONS.  V.K. G ribkoff, J .H . Ashe, W.H. F le tch e r* , and 
M.E. Lekawa*.  Department of Psychology and D iv ision  of Bio
m edical Sciences, U n ivers ity  of C a lifo rn ia , R iv e rsid e , CA 
92521.

M icro top ical a p p lic a tio n  of dopamine (DA) to  CA1 hippo
campal pyram idal neurons in  v i t r o  can r e s u l t  in  the i n i t i a l  
depression  of popu la tion  p o s tsy n ap tic  responses. This 
s h o r t- la s t in g  e f f e c t  i s  o ften  followed by a lo n g -la s tin g  
enhancement of subsequent responses [G ribkoff & Ashe, Br. 
Res. 292 (1984):327]. I n t r a c e l lu la r  record ings rev ea l th a t 
DA produces a s h o r t- la s t in g  membrane h y p erp o la riz a tio n  (HP) 
accompanied by a decrease in  inpu t re s is ta n c e  (Ri ) [Ashe & 
G ribko ff, subm itted ; Benardo & P rin ce , J. N eurosci. 2 
(1982):415]. The i n i t i a l  membrane HP is  freq u en tly  
followed by a prolonged membrane d e p o la riz a tio n  (DP) which 
i s  accompanied by an in c rease  in  Ri  [Ashe & G ribkoff, 
su b m itted ].

To explore  p o ss ib le  c e l lu la r  mechanisms fo r these 
e f f e c ts ,  8-brom o-cyclic AMP was m ic ro to p ica lly  applied  to 
CA1 neurons, producing a s h o r t- la s t in g  HP and a decrease 
in  Ri . Following th is  i n i t i a l  HP a lo n g e r- la s tin g  DP and 
inc rea se  in  Ri  was observed in  some neurons. These e f fe c ts  
were not observed follow ing a p p lic a tio n  of con tro l 
s o lu tio n s .  The p a tte rn  produced by 8-brom o-cyclic AMP was 
very s im ila r  to  th a t observed follow ing DA a p p lic a tio n . 
I n t r a c e l lu la r  in je c t io n  of c y c lic  AMP from the record ing  
e le c tro d e  did not produce c o n s is te n t a l te r a t io n  of membrane 
p o te n t ia l ,  but did r e s u l t  in  an enduring inc rease  in  Ri .

I n t r a c e l lu la r  in je c t io n  of a h igh ly  p u r if ie d  f r a c tio n  of 
bovine h e a r t c y c lic  AMP-dependent p ro te in  k inase c a ta ly t i c  
subunit (PKC) [F le tch e r & Byus, J .  Cell B io l. 93  (1982): 
719] a lso  produced no co n s is te n t changes in  membrane 
p o te n t ia l ,  but an in c rease  in  Ri  was noted . In je c tio n  of 
h e a t- in a c tiv a te d  PKC had no e f f e c t  on Ri . In je c tio n  of 
bovine b ra in  c y c lic  AMP-dependent p ro te in  k inase  in h ib i to r  
p ro te in  ( a f f in i ty  column p u r if ie d )  had no s ig n if ic a n t 
e f f e c t  on sh o rt-te rm  e f f e c ts  o f DA, but did reduce or 
e lim in a te  DA-induced in c rea se s  in  Ri . These r e s u l t s  suggest 
th a t  lo n g - la s tin g  e f f e c ts  of DA on Ri  of hippocampal 
pyram idal neurons are  m ediated by c y c lic  AMP and p ro te in  
phosphory la tion . Supported by NIH gran t BRSG-RR07010-17 
to  JA.

263. 14  EFFECTS OF FORSKOLIN ON cAMP LEVEL AND EXCITABILITY IN 
HIPPOCAMPAL SLICES.  S. Lin-Liu, C. Cain*, S.M. Bawin, and 
W.R. Adey.  Loma Linda University, University of California 
at  Riverside and VA Medical Center, Loma Linda, CA 92357.

Forskolin, a potent act ivator  of adenylate cyclase, 
mimics the action of cAMP in brain t issue (Madison, D.V. and 
Nicoll, R.A., Nature 299:636, 1982.). This effec t  is 
presumably due to an increase in in t ra ce l lu la r  cAMP levels .  
However, a d irect  corre la tion has not yet been made between 
forskolin - induced changes in the level of cAMP and t issue 
exc i tab i l i ty .  The present experiments coordinated these 
biochemical and electrophysiological aspects in the hippo
campal s l ice  preparation. Transverse hippocampal s lices 
(400 µm) were obtained from male Sprague-Dawley ra ts .  For 
biochemical studies, the s l ices were incubated at  33–35°C in 
Kreb's saline saturated with 95% O2 – 5% CO2. Warmed gas 
was also circulated continuously above the s l ice s .  Forskolin 
(1–100 µM) was added a f te r  35 min of preincubation. Phospho
dies terase ac t iv i ty  was terminated by rapid microwave heating 
at the end of incubation (5–30 min). The t issue  was then 
kept frozen overnight in sodium acetate (0.05 M, pH 4).
After thawing, the cAMP content of the supernatant was 
determined by radioimmunoassay. Preliminary data showed 
that forskolin-stimulated cAMP accumulation occurred within 
5 min and reached a maximum level in 10–20 min in a dose-
dependent fashion. Maximal (from basal cAMP level of 5 to 
about 2 0 0  pmole/mg protein) and half maximal stimulation 
appeared at 50 and 10 µM forskolin. Increases in cAMP level 
were detectable at 1 µM. Following stimulation by 50 µM 
forskolin, cAMP level returned to base-line a f te r  10 min of 
incubation in control medium. The sl ices used for e lec tro
physiological studies were constantly perfused a t  33–35°C 
with O2 - CO2 saturated Kreb's sa line. Population spikes 
evoked by tes t-pulse stimulation in stratum radiatum were 
recorded in the CA1 cell layer. After base-line recording of 
minimum 10 min, the control solution was switched to 
forskolin-containing Kreb's sa line. Preliminary data showed 
that  the amplitude of the population spike was increased 
(50% or more) a f te r  10–20 min of perfusion with 50 µM 
forskolin. This potentiation was reversed by perfusion for 
10–30 min with control solution. These results  followed 
closely the responses in cAMP accumulation and suggested a 
causal relationship between the two effects.

(Supported by the Department of Energy and Southern 
California Edison Company.)
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263.15  FORSKOLIN DECREASES A VOLTAGE-DEPENDENT OUTWARD CURRENT IN 
EMBRYONIC CHICK DORSAL ROOT GANGLION (DRG) NEURONS.  Kathleen 
Dunlap.  Physiology D ep t., Tufts Med S ch ., Boston, MA 02111.

The d u ra tio n  of the  a c tio n  p o te n tia l  recorded from the 
soma membrane of embryonic chick DRG neurons i s  c o n tro lled  
by a balance of inward Ca cu rren t and outward K c u rre n t. 
F o rsk o lin , an adeny late  cyclase  a c t iv a to r ,  re v e rs ib ly  in c re 
ased a c tio n  p o te n tia l  d u ra tion  (APD) in  a dose-dependent 
manner, w ith an ED50 of 15 µM. This e f fe c t  was accompanied 
by an in c rea se  in  inpu t re s is ta n c e , a sm all (2–3 mV) depol
a r iz a t io n  of the  r e s tin g  p o te n t ia l ,  and a decrease in  the 
n egative  a f te rp o te n t ia l  follow ing spike re p o la r iz a t io n ,  F ig .A.

The vo ltage-dependent outward c u rren t measured under v o l
tage  clamp (in  a so lu tio n  con tain ing  10mM Co and 0 . 1µg/ml 
TTX) was decreased  by fo rsk o lin  (F ig .B ). The a c t iv a tio n  
k in e tic s  appeared u n a ffec ted , but the  sag in  the  cu rren t 
( in a c tiv a tio n )  was accen tuated  by the  drug.

This e f fe c t  of fo rsk o lin  most l ik e ly  re s u l t s  from an in 
crease  in  adeny late  cyclase  a c t iv i ty  s ince  1) cho lera  tox in  
( 10µ g/m l), another cyclase  a c t iv a to r ,  a lso  increased  APD and 
2) 2 ' , 5 ’-dideoxyadenosine, an in h ib i to r  of fo r s k o lin -a c tiv a
ted  inc rea se s  in  cyclase  a c t iv i ty  in o th e r p rep a ra tio n s  
blocked fo rsk o lin ' s e f fe c ts  on APD.

The in c rease  in  APD produced by fo rsk o lin  is  in marked 
c o n tra s t to  the  norep inephrine (NE) and GABA induced decre
ase in  APD (v ia  a decreased Ca cu rren t)  p rev iously  repo rted  
fo r these  c e l l s .  Forsko lin  concen tra tions  which produced 
maximal e f f e c ts  on APD (25µM) did not in h ib i t  the  a b i l i ty  of 
NE to  decrease  APD.

These r e s u l t s  suggest th a t a r i s e  in  in t r a c e l lu la r  cy c lic  
AMP le v e ls  decreases a voltage-dependent K cu rren t in  embry
onic chick sensory neurons, but has no e f fe c t  on the  NE 
m odulation of Ca channels in these  c e l l s .

F igure: c=c o n tro l, f =fo r s k o l in . Right panel in  A shows r e 
tu rn  to  co n tro l follow ing fo rsk o lin  ( 10 sec between tr a c e s ) .  
Cal: A, 40mV, 10msec; B, 40nA, 50mV, 10msec.

This work was supported by a G rant-In-A id (83 856) from the 
American Heart A ssoc ia tion .

263.16  EXCITATION OF AREA POSTREMA NEURONS BY INSULIN AND PEPTIDES 
AND THE ROLE OF CYCLIC NUCLEOTIDES  D. Carpenter and D. 
Briggs* (SPON: J .  Ramaley)  NY S ta te  Dept. of H ealth , Albany, 
NY 12201.

The a rea  postrema (AP), loca ted  a t  the  f lo o r  of the fo u rth  
v e n t r ic le  ou ts ide  of the blood b ra in  b a r r ie r ,  i s  known to  
fu n c tio n  as a re cep to r zone fo r  humoral agents which t r ig g e r  
the  emetic r e f le x .  We have s tud ied  the  a c tio n s  of tra n sm it
te r s , pep tides and hormones on the  a c t iv i ty  of s in g le  u n its  
in  the AP in  an es th e tiz ed  dogs, and have attem pted to  co rre 
l a t e  s in g le  u n it e x c i ta tio n  w ith the a b i l i t y  of each sub
s tan ce  to  i nduce em esis. Our previous r e s u l t s  (C e ll.  Mol. 
N eurobiol. 3:113:1983) have shown th a t  AP neurons a re  s i l e n t  
a t  r e s t  but can be ex c ited  w ith sh o rt la te n cy  and b r ie f  d i s 
charge by g lu tam ate . A v a r ie ty  of sm all p ep tides  a re  emetic 
and e x c ite  AP neurons, inc lud ing  the  enkephalin s, th y ro tro 
p in  re le a s in g  hormone, g a s t r in ,  vaso ac tiv e  in te s t in a l  poly
p e p tid e , ang io tensin  I I ,  n eu ro ten sin , v a sop ressin  and oxyto
c in .  Dopamine, apomorphi ne, se ro to n in , norepinephrine and 
histam ine are  a lso  e x c i ta to ry . In c o n tra s t  to  g lutam ate 
th e se  substances induce a long la te n c y , very low frequency 
and long d u ra tio n  d ischarge  o ften  la s t in g  sev e ra l m inutes. 
A second ap p lic a tio n  of an e x c ita to ry  substance o ften  pro
voked spontaneous d isch a rg e .

Since high doses of in s u lin  have been repo rted  to be emet
ic  in  humans, we app lied  in s u lin  by ionophoresis onto AP 
neurons and a lso  te s te d  fo r  behav ioral emesis on IV admini
s t r a t io n .  In su lin  ex c ited  52% of 60 neurons examined, r e s 
u l t in g  in  a prolonged d ischarge s im ila r  to  th a t of o th e r 
e x c i ta to ry  substances . N either g lucose o r z inc  had e f f e c t s .  
On IV ad m in is tra tio n  50% of dogs te s te d  showed emesis w ith 8 
I.U . in s u lin  IV.

Because so many substances showed a s im ila r  p a tte rn  of 
d is ch a rg e , we suspected  th a t the responses were mediated by 
a common second messenger. Consequently we app lied  8-bromo
c y c l ic  AMP, fo rsk o lin  and theo p h y llin e  by ionophoresis . 
Both 8-brom o-cyclic AMP (59% of 22 c e l l s )  and fo rsk o lin  (26% 
o f 35 c e l l s )  were e x c i ta to ry . Theophylline had no e f f e c t .  
To t e s t  the p o s s ib i l i ty  of c y c lic  AMP involvement behav iorly  
we p re tre a te d  unanesthe tized  dogs w ith th eophy lline  (25mg/
kg) 30 min p r io r  to  te s t in g  w ith an g io ten sin  I I  and in s u l in ,  
each a t  th ree  c o n ce n tra tio n s . For both th eophy lline  caused 
a s h i f t  of the dose response curve to  the  l e f t .  These re 
s u l t s  provide one of the f i r s t  dem onstrations th a t  in s u l in  
can d ir e c t ly  e x c ite  neurons and are  c o n s is te n t w ith the 
premise th a t a t le a s t  in s u lin  and an g io ten sin  e x c i ta tio n  of 
AP neurons involves a c t iv a tio n  of an adeny late  cy c lase .

263.17  EFFECTS OF METHYLXANTHINE DERIVATIVES ON INSECT BEHAVIOR.  
J .A . Nathanson.  Dept. of Neurology, Harvard Med. Sch. and 
Neuropharmacology Research Lab., Mass. General H osp ita l, 
Boston, MA 02114.

C affe ine , th eo p h y llin e , and theobromine are  found in  
c e r ta in  spec ies  of p lan ts  a t re la t iv e ly  high concentra
t io n s ,  yet the p o ssib le  n a tu ra l func tion  of these compounds 
i s  unknown. We rep o rt here th a t ,  a t concen tra tions  found 
n a tu ra lly  in  p la n ts ,  c a ffe in e  and c e r ta in  o ther methyl
xan th ines can a l t e r  behavior in  c e r ta in ,  but not a l l ,  
spec ies of in s e c ts .  In Manducca s e x ta , m ethylxanthines 
incorpora ted  in to  a r t i f i c i a l  media, cause h y p e ra c tiv ity , 
trem ors, decreased feed ing , and s tun ted  growth. Applied as 
a spray to  leaves used as n a tu ra l food, m ethylxanthines 
decrease  the ra te  of le a f  consumption by Manuducca. In 
s o lu tio n , m ethylxanthines d is ru p t swimming behavior of 
mosquito la rv a e , re s u lt in g  in  th e ir  dea th . The rank o rder 
potency of various m ethylxanthines in  d is ru p tin g  in sec t 
behavior c o r re la te s  w ell w ith th e i r  rank order potency as 
in h ib ito r s  of in s ec t phosphodiesterase a c t iv i ty  and poorly 
with th e i r  rank o rder potency as adenosine a n ta g o n is ts . In 
a d d itio n , when combined w ith c e r ta in  o th e r a c t iv a to r s  of 
in s ec t adeny late  c y c lase , the m ethylxanthines a c t in a 
s y n e rg is t ic  manner to  a l t e r  behav ior. Other biochem ical 
da ta  suggest th a t the mechanism of a c tio n  of the methyl
xan th ines in  the observed a l te r a t io n s  of in s ec t behavior i s  
through an ac tio n  on t is s u e  c y c lic  AMP le v e ls  and not 
through e f fe c ts  on calcium m o b iliza tion  or on adenosine 
recep to r blockade. These find ings have im p lica tio n s  fo r 
the development of p e s tic id e s  and p e s tic id e  s y n e rg is ts .
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264. 1  MORPHOMETRIC ANALYSIS OF THE PYRAMIDAL TRACT OF THE RAT WITH 
EMPHASIS ON ITS UNMYELINATED FIBER POPULATION. 
L.P.H. Leenen*  (SPON: European Neuroscience Association). 
Dept. of Anatomy and Embryology, Universityf of Nijmegen, 
Nijmegen, The Netherlands.

The pyramidal t r a c t  is generally considered as a mainly 
myelinated f iber  system. However, recent studies e.g. Reh, 
T . , Kalil , K., J. comp. Neurol., 205: 77, 1982; Leenen, L. 
e t  a l . ,  Brain Res. 246: 297, 1982, revealed the presence of 
considerable numbers of unmyelinated f ibers in this t rac t .  
In view of these findings we carried out a detailed E.M. 
morphometric analysis of the pyramidal t r a c t  of the r a t  at  
two d if feren t  levels ,  i . e .  pyramis medullae (P.M.) and the 
second cervical segment (C2).

At PM level a total of 140,000 ± 22,000 unmyelinated 
f ibers  and 103,000 ± 16,000 myelinated f ibers was found. The 
diameters of unmyelinated f ibers  range from 0.03 to 1.21 µ 
with a mean of 0.17 µ, whereas myelinated f ibers measured 
with meylinsheath range from 0.25 to 6.03 µ, with a mean of 
1.19 µ. Myelinated axon profi les  vary between 0.13 and 4.92µ 
(mean: 0.81 µ). Partit ioning of the t rac t  under study, 
revealed no s ta t i s t i c a l  s ignif icant  differences between 
m ed ia l / la te ra l , ventral /dorsal and central /peripheral 
regions with regard to both numbers of fibers  and diameter 
spectra. Also no s t a t i s t i c a l  s ignif icant  r i g h t / l e f t  
differences were elucidated.

At C2 level a total  of 35,000 ± 9,000 unmyelinated fibers  
and 43,000 ± 7,000 myelinated f ibers appeared to be present. 
Data concerning f ibe r  diameter spectra, subregions and com
parison r i g h t / l e f t  are similar  to those found a t  PM level .

Comparison of the data derived from the two levels  studied 
shows that:
(1) there is a decrease in f iber  number between PM and C2 

for both myelinated and unmyelinated f ibers ;
(2 ) the decrease in the number of unmyelinated f ibers is 

much larger  than that for the myelinated f ibers ;
(3) despite the substantial  decrease in f iber  number of both 

subpopulations, no specific diameter subset leaves the 
t r a c t  between the two levels studied.

We are currently performing experiments to determine the 
origins and s i te s  of termination of the unmyelinated subset 
of the pyramidal t r a c t .

264 .2  DESCENDING CHOLINERGIC PROJECTIONS FROM THE 
MESOPONT INE TEGMENTUM.  D.B. R ye, H. Lee* , B. 
R o n n e t t* , B.H. W ain e r .  D e p a r tm e n ts  o f  P a th o lo g y  
and P e d i a t r i c s ,  The U n iv . o f  C h ic a g o , C h ic a g o , 
IL 6 0 6 3 7 .

The p r e s e n c e  o f c h o l i n e r g i c  p r o j e c t i o n s  from  
th e  r e t i c u l a r  f o r m a t io n  to  th e  th a la m u s  
s u g g e s t s  t h a t  c h o l i n e r g i c  n e u ro n s  o f  th e  
m e s o p o n t in e  tegm entum  may be p a r t  o f th e  
a s c e n d in g  r e t i c u l a r  a c t i v a t i n g  s y s te m  (M esu lam  
e t  a l . ,  N e u ro s c ie n c e  1 0 :1 1 8 5 , 1 9 8 3 ). Many o f  
th e s e  c h o l i n e r g i c  n e u r o n s ,  h o w e v e r , l i e  w i t h i n  
th e  b o u n d a r ie s  o f  th e  p e d u n c u l o p o n t in e  n u c l e u s  
(PPT) w h ich  h as  b een  shown to  h a v e  r e c i p r o c a l  
c o n n e c t io n s  w i th  th e  e x t r a p y r a m id a l  m o to r 
sy s te m  (S a p e r  and Loewy, B ra in  R es . 2 5 2 : 3 67 , 
1 9 8 2 ). The p r e s e n t  s tu d y  was u n d e r ta k e n  to  
b e t t e r  d e f in e  th e  anatom y o f  PPT c h o l i n e r g i c  
n e u ro n s  by f i r s t  i n v e s t i g a t i n g  t h e i r  p o s s i b l e  
d e s c e n d in g  p r o j e c t i o n s .  R a ts  r e c e i v e d  
i n j e c t i o n s  o f  HRP a n d /o r  WGA-HRP i n t o  e i t h e r  a) 
th e  c a u d a l  p o n t in e  r e t i c u l a r  f o r m a t io n  (PRF); 
b) th e  m e d u l l a r y  r e t i c u l a r  f o r m a t io n  (MRF); o r  
c) th e  c e r v i c a l  and t h o r a c i c  s p i n a l  c o rd .  
S e c t io n s  w ere  p r o c e s s e d  f o r  th e  v i s u a l i z a t i o n  
o f th e  r e t r o g r a d e  c e l l  m a rk e r  a lo n e  o r  in  
c o m b in a t io n  w ith  c h o l i n e  a c e t y l t r a n s f e r a s e  
(ChAT) im m u n o c y to c h e m is try .  In  e a c h  c a s e  
r e t r o g r a d e l y  l a b e l e d  n e u ro n s  w ere  o b s e r v e d  
p r e d o m in a n t ly  i p s i l a t e r a l l y in  th e  PPT. A 
s i g n i f i c a n t  num ber o f t h e s e  n e u ro n s  (3 0 – 50%) 
a l s o  s t a i n e d  p o s i t i v e l y  f o r  ChAT o n ly  a f t e r  
i n j e c t i o n s  i n t o  th e  PRF and MRF. C o n t r o l  
i n j e c t i o n s  in  th e  v e s t i b u l a r  n u c l e i ,  i n f e r i o r  
o l i v e  and n u c le u s  t r a c t u s  s o l i t a r i u s  r e v e a l e d  
l i t t l e  r e t r o g r a d e  l a b e l i n g  in  th e  PPT. T h is  
s tu d y  s u p p o r t s  th e  v iew  t h a t  th e  PPT r e p r e s e n t s  
a f u n c t i o n a l  l i n k  b e tw ee n  th e  b a s a l  g a n g l i a  and 
lo w e r  m o to r s y s te m s ,  and d e m o n s t r a te s  t h a t  
c h o l i n e r g i c  n e u ro n s  c o n t r i b u t e  s i g n i f i c a n t l y  to  
th e s e  d e s c e n d in g  p r o j e c t i o n s .  S u p p o r te d  by 
USPHS H D -04583, N S -17661 , 5-T32GM 07281 , and  th e  
M cK night and B ra in  R e s e a rc h  F n d s.

264.3  SPINAL TERMINATION OF FIBERS ARISING FROM THE PRIMARY 
SENSORIMOTOR CORTEX OF RATS.  E .J . Casale*, A.R. L ight and 
A. R ustion i (SPON: J .  Greenspan).  Depts. of Physiology and 
Anatomy, Univ. of North C aro lina , Chapel H i l l ,  NC 27514.

The te rm ina l p a tte rn  of c o r t ic a l  f ib e rs  in  the  sp in a l 
cord has p rev iously  been s tu d ied  using s i lv e r  im pregnation 
of degenerated  f ib e rs  and au toradiography. A more sen s i
t iv e  and d i r e c t  anatom ical approach i s  rep resen ted  by the 
an terograde tra n s p o r t  of le c tin -c o n ju g a ted  h o rserad ish  
perox idase  (WGA-HRP). This tra c e r  was re c en tly  employed fo r 
a re e v a lu a tio n  of the  c o r tic o s p in a l t r a c t  (CST) in  c a ts  and 
monkeys. In  the  p re sen t experim ents the  same method was 
used to  ev a lu a te  the  te rm ina tion  p a tte rn  of CST f ib e rs  in  
Sprague-Dawley r a t s .  WGA-HRP (2%, Sigma) was p ressu re -
in je c te d  by m u ltip le  p e n e tra tio n s  in to  the l e f t  prim ary 
sensorim otor co rtex  in c lu s iv e  of a rea  4, as defined  by the 
p a tte rn  of c e reb ra l blood v e sse ls  and a v a ilab le  somato
to p ic  maps. H is to lo g ic a l p rocessing  showed th a t  the in 
je c t io n  re s u lte d  in  uniform i n f i l t r a t i o n  of the  intended 
a reas  w ithou t involvement of s u b c o r tic a l gray . A fte r 3 
days s u rv iv a l,  r a t s  were perfused  w ith standard  aldehyde 
f ix a t iv e s ,  and 40µm th ic k , tra n sv e rse  sec tio n s  were cut 
from c e rv ic a l  segments and processed w ith te tram ethy l 
benzid ine as h is tochem ica l s u b s tra te  fo r the  v is u a l iz a tio n  
of an te ro g rad e ly  la b e lle d  f ib e r s .

L abe lling  in  the  s p in a l w hite m atte r occurred only in  
the  v en tra l-m o st p o rtio n s  of the  d o rsa l columns co n tra 
l a t e r a l  to  the  in je c t io n  s id e . W ithin the  gray m atter 
te rm in a tio n s  were m oderately dense but nonuniform in  
lam inae VII and V III ; in  lamina IX, te rm ina tions  seemed to  
be la rg e ly  absen t except fo r  the  occasiona l presence of 
g ran u la r re a c t io n  product. Throughout most of the  d o rsa l 
horn , la b e l l in g  was dense and uniform , but in  the  most 
d o rsa l laminae (I and I I )  la b e ll in g  was, on the whole, very 
sp a rse . However, in  a r e s t r i c te d  medial s ec to r  of the 
d o rsa l horn a t  C6 through C8 , dense la b e ll in g  extended up 
to  the  d o rsa l margin of the  gray m a tte r. On the b a s is  of 
c y to a rc h ite c to n ic  and immunocytochemical observation  using 
substance P and leu -enkephalin  as a n tig e n s , i t  i s  question 
ab le  whether th is  m edial reg ion  of the  dorsal-m ost p a r t  of 
the  s p in a l gray can be considered  as p a r t  of laminae I  and 
I I .  The r e s u l t s  suggest th a t  e i th e r  th is  medial la b e ll in g  
r e f le c t s  a dense, focused , and d ir e c t  c o r tic o s p in a l pro
je c t io n  to  laminae I  and I I ,  o r the  s t r u c tu r a l  o rg an iza tio n  
of th ese  two lam inae, in  the  m e d io -la te ra l e x te n t, i s  not 
as uniform  as h i th e r to  b e liev ed . (Supported by NINCDS 
Grants NS16433 and NS16264.)

264.4  DENDROARCHITECTONICS OF RETICULOSPINAL NUCLEI OF THE RAT. 
 D.B. Newman,  Department of Anatomy, Uniformed Services 
University of the Health Sciences, Bethesda, Maryland 20814.

While cytoarchitectonic and hodological methods suggest 
that  brainstem reticulospinal nuclei (BRN) are complexly 
organized, previous Golgi studies claimed that  BRN comprise 
a homogenous population with respect to neuronal morphology. 
To determine whether this is t rue, neurons of the various 
BRN of the r a t  were either  backfilled with HRP from spinal 
injections or stained with a Golgi-Kopsch var iant .  At leas t  
26 d is t in c t  BRN could be distinguished on the basis of axon
al t ra jec to ries  or dendroarchitectonics. Some BRN contained 
neurons whose dendritic arborizations are rad ia l ly  symmetri
cal (e .g . ,  nucleus re t ic u la r i s  (NR) ventrali s pars beta, NR 
gigan tocel lu lar is , nucleus raphe (NRa) magnus, NR pedunculo
ponti nus pars compactus and pars d iss ipatus,  NR cuneiformis, 
and NR subcunei formis). Some BRN contained neurons whose 
dendritic arborizations exhibit  a pronounced dorsomedial to 
ventrolateral  s lan t  ( e .g . ,  NR dorsa lis ,  NR parvocellulari s , 
NR pontis caudal is alpha, NR pontis caudal is beta, the A5 
noradrenergic group and the NR subceruleus) while others 
contain neurons whose dendritic  arborizations s lan t  from 
dorsolateral to ventromedial ( e .g . ,  NR ventral is pars alpha, 
locus ceru leus) .

The majority of dendrites of NR paragigantocellular is 
dorsalis course dorsally, those of NR pontis ora l is  pars 
medial is course medially, and those of NR pontis o ra l is  
pars la te ra l i s  course l a te ra l ly .  The dendrites of neurons 
in NRa obscurus course ve r t ica l ly ,  while those of several 
nuclei (e .g . ,  NR magnocellularis pars alpha and beta, 
Kolliker-Fuse nucleus) course horizontal ly . Several BRN 
nuclei exhibit  a variety of charac ter is t ic  dendritic  a r 
borization patterns ( e .g . ,  NR paragigantocellular i s l a t e r 
a l i s ,  NRa pal lidus,  NRa dorsa l is ) .

Rat BRN can also be distinguished on the basis of l a t e r 
a l i t y  and funicular tra jec to r ies  of their  axons. Since the 
various BRN are dist inguishable on the basis of dendritic  
orientation and axonal t r a jec to r ie s ,  they may play d i s t in c t  
roles i n brainstem modulation of spinal motor, sensory or 
autonomic a c t iv i ty .  (Supported by USUHS grants C07003 and 
R07047).



SUNDAY AM SPINAL CORD AND BRAINSTEM IV 901

264.5  PROJECTION NEURONS OF THE NUCLEUS TEGMENTI PEDUNCULO-
PONTINUS OF THE RAT: A COMBINED GOLGI AND HRP STUDY.  
L. R. Lutze,*  and J .  A. R afo ls .  Depts. o f Occupational 
Therapy and Anatomy, Sch. o f Phar. and A llied  Health and 
Sch. o f Med., Wayne S ta te  U n iv ., D e tro it ,  Mi. 48201.

Three m orphologically  d i s t in c t  types o f neurons can 
be d is tin g u ish ed  in  Golgi p rep a ra tio n s  of the  nucleus-
tegm enti pendunculopontinus (PPTg) o f th e  ad u lt r a t .  Neurons 
o f th e  f i r s t  type a re  found p rim ar ily  in  th e  more r o s t r a l  
p o rtio n  o f th e  nucleus. These neurons have la rg e ,  polygonal 
or fusifo rm  c e l l  bodies (25–47 µm, max, soma d ia .)  w ith 4–5 
d e n d r itic  tru n k s  ranging in  d iam eter from 2 .5 –6 .3  µm. The 
d e n tr i te s  a re  uniform ly th ic k  and smooth w ith occassiona l 
sp in e s , d e n d r it ic  appendages and axon-like  p rocesses.
Neurons of a second group (20–24 µm) are  found in  th e  m id-to 
caudal p o rtio n  o f th e  nucleus and are  ch a rac te riz ed  by 
m u ltip o la r somata w ith  3–5 d e n d ritic  trunks ranging in  
diam eter from 1 .3 –6 .3  µm. The d e n d rite s  a re  th in ,  ra d ia te  
sym m etrically  and tend to  be smooth w ith  sparse  sp ines and 
an occasiona l d e n d r it ic  appendage. Neurons of a th i r d  type 
a re  a lso  lo c a liz e d  in  th e  caudal p a r t  o f the  nucleus and are  
ch a rac te r iz e d  by sm all to  medium fusiform  c e l l  bodies 
( 1 2 – 1 9 µm) w ith 2–4 d e n d r it ic  tru n k s  ranging in  diam eter from 
1 .3 –5 . 0 µm. The d e n d rite s  o f th e se  neurons are  few in  
number and v a rico se  w ith heterogeneous appendages. Some of 
th e se  d e n d rite s  appear to  te rm in a te  as axon -like  p rocesses.

S te ro ta x ic a lly  guided in je c tio n s  (20–30 n l ;  20% Sigma 
Type VI HRP) were p laced  in  th e  c e rv ic a l sp in a l cord or in  
th e  corpus s tria tu m  in  o rder to  re tro g rad e ly  la b e l the  
neurons in  th e  PPTg th a t  p ro je c t  e i th e r  to  th e  sp in a l cord 
or to  th e  r o s t r a l  fo reb ra in . A fte r e i th e r  sp in a l cord or 
corpus s tria tu m  in je c t io n ,  re tro g rad e ly  la b e lle d  sm all and 
medium neurons appear lo c a liz e d  in  the  m id-to caudal p o rtio n  
o f th e  PPTg. The soma and d en d rite  morphology of th e  HRP 
la b e lle d  c e l l s  suggests th a t  they  may rep re sen t th e  second 
and th i r d  neuronal types from th e  Golgi p re p a ra tio n s . Thus, 
i t  appears th a t  th e  t e r r i t o r i e s  o f th e  groups o f neurons 
p ro je c tin g  to  th e  sp in a l cord and b a sa l g an g lia  overlap . In 
a d d it io n , th e  p ro je c tio n s  to  th e  sp in a l cord and th e  corpus 
s tria tu m  from th e  PPTg neurons are  d is tr ib u te d  b i l a t e r a l l y  
w ith  more con cen tra tio n  i p s i l a t e r a l l y .  Supported in  p a r t  by 
a neuroscience g ran t (306–6166) from th e  Neuroscience 
Program, Wayne S ta te  U n iv e rs ity .

264.6  COLLATERALS OF RUBROSPINAL NEURONS TO THE NUCLEUS INTERPO
SITUS IN CATS, A RETROGRADE FLUORESCENT DOUBLE LABELING 
STUDY, WITH AN ATTEMPT TO DETERMINE THE UPTAKE ZONE OF FB 
AND  DY.F.Condé* and H.Condé*,  L abora to ire  de Neurobiologie 
du Développement,Bat.440 ,Univers i t é PARIS-sud,91405-Orsay 
France (Sponsor: F.BAHLS, U n ivers ity  of Washington)

The c o l la te r a l s  of ru b ro sp in a l neurons to  the nucleus 
in te rp o s itu s  a n te r io r  of the cerebellum  (NIA) were s tud ied  
in  c a t s ,using  the flu o resc en t double la b e lin g  techn ique.
Two combinations of flu o resc en t tra c e rs  were u s e d :" fa s t 
blue"(FB) w ith"diam idino ye llow "(DY) or "nuc lear yellow" 
(NY);FB and DY were both used e i th e r  in  the cerebellum  or 
in  the sp in a l c o rd , NY only in  the sp in a l cord .

In the  in je c tio n  a rea  d if f e r e n t  zones could be d i s t i n
gu ished : the  FB in je c tio n  area  co n sis ted  of th ree  concen tric  
zones ( I , I I  and I I I )  surrounding the  needle track(zone  0 ) , 
the ex tension  of the  zone I  depending on the  su rv iv a l tim e, 
whereas the DY in je c tio n  a rea  co n sis ted  in  only two concen
t r i c  narrow zones (I  and I I )  surrounding the  needle tra c k  
(zone 0) .

Maximally 19% of the  ru b ro sp in a l neurons were double
labe led  from the c o n t r a - la te r a l  NIA and ru b ro sp in a l t r a c t ,  
versus 37% in  r a t  ( 1).The d is t r ib u t io n  of ru b ro ce re b e lla r 
neurons (s in g le  + double labeled)seem ed to  depend only on 
the zone 0 ,fo r  both DY and FB.When the zoneOwas not in  the 
NIA no lab e lin g  was observed in  the red n u c le u s , even though 
the zones I  and I I  were superimposed to  the  NIA,e sp e c ia lly  
fo r  FB where the zone I  could be very la rg e .  When the  zones 
0 (in  cases o f  m u ltip le  in je c tio n s )  were d is t r ib u te d  in  the 
whole NIA, ru b ro ce re b e lla r neurons were found among the 
whole rub rosp ina l neuron p o p u la tio n . When the zones 0 were 
r e s t r ic te d  to  the  p o s te r io r  p a r t of NIA, ru b ro ce re b e lla r 
neurons were found mostly in  the dorsomedial a rea  of the 
red n u c leu s . These r e s u l t s  suggest a topography in  rubro
in te rp o s itu s  p ro je c tio n s  and are  in  keeping w ith  those of 
C ourv ille  and B rodal(2 ) .The uptake zone fo r  DY and FB 
seemed to  be the zone 0 ,  the a rea  where nervous t is s u e  is  
damaged.
(1 ) :Huisman,Kuypers,Condé and K eizer,B ra in  Res.264(1983)181–
196.
(2 ) : C ourv ille  and B rodal,J.Comp.N euro l.126(1966)471–485.

264.7  AN AUTORADIOGRAPHIC STUDY OF ASCENDING NUCLEUS GIGANTO-
CELLULARIS PROJECTIONS IN THE RAT.  R.P. V erte s, R. W altzer, 
and G.F. M artin .  Mercer U n iv e rs ity , School of M edicine, 
Macon, GA 31207, and Dept. of Anatomy, The Ohio S ta te  
U n iv e rs ity , School of M edicine, Columbus, Ohio 43210.

Forty  r a t s  received  in je c tio n s  of t r i t i a t e d  leuc ine  a t  
v a rious  le v e ls  of the  brainstem  g ig a n to c e llu la r  tegm ental 
f i e ld .  A fte r a p o s t- in je c t io n  su rv iv a l period  of 12–14 days, 
the  r a t s  were k i l l e d ,  th e i r  b ra in s  removed and processed 
according to  p rev iously  described  au to rad iog raph ic  methods 
(M artin e t  a l . ,  J .  Comp. N eurol. 187:373, 1979). In je c tio n s  
confined to  th e  m edullary nucleus g ig a n to c e llu la r i s (NGC) 
y ie ld ed  th e  fo llow ing d is t r ib u t io n  of ascending p ro je c tio n s .

The m a jo rity  of ascending NGC f ib e rs  coursed b i l a te r a l ly  
through th e  c e n t ra l  p a r t  of the  pon tine  and m idbrain tegmen
tum g iv ing  o ff  profuse  p ro je c tio n s  in  passage. A secondary 
bu t prominent ascending ro u te  was the  m edial lo n g itu d in a l 
fa s c ic u lu s .  In  the  pons, two bundles of f ib e rs  ex ited  dor
s a l ly  from th e  main bundle, i . e . ,  d o rs o la te ra lly  to  the  
p a ra b rach ia l complex and the  subcoeruleus a rea  and dorso
m edia lly  to  the  d o rs o la te ra l  tegm ental nucleus. At the 
caudal m idbrain the  main bundle was the  source of s trong  pro
je c t io n s  to  th e  re tro r u b ra l  (RR) nucleus (A8 a rea) and a re 
gion of the  c e n tra l  gray (CG) d ir e c t ly  above the  oculomotor 
nuc leus. At th is  same le v e l a la rg e  con tingen t of f ib e rs  
l e f t  the  main bundle to  e s ta b l is h  a permanent p o s itio n  on the 
l a t e r a l  border of the  CG. From th e re  f ib e rs  d is tr ib u te d  to  
in te rm ed ia te  la y e rs  of th e  su p erio r c o ll ic u lu s  and to  a d is 
t i n c t  m id -cen tra l reg ion  of the  CG l a t e r a l  to  the  aqueduct.
At the  r o s t r a l  m idbrain , an extrem ely prominent te rm ina tion  
s i t e  fo r NGC f ib e rs  was the  a n te r io r  p r e te c ta l  nucleus (APN). 
The e n t i r e  ex ten t of th e  APN was h eav ily  labe led  in  a l l  
c ases. At the  d iencephalon, NGC p ro je c tio n s  became essen
t i a l l y  confined to  a d o rsa l and v e n tra l  bundle in  accord with 
c la s s ic a l  d e sc rip tio n s  in  o th e r sp ec ie s . The d o rsa l bundle 
term inated  s tro n g ly  in  the  cen trom ed ian -parafasc icu lar com
plex  (CM-PF) and le s s  in  each of the  a n te r io r  in tra lam in a r 
n u c le i.  The v e n tra l  bundle d is t r ib u te d  widely over the  ven
trom edial diencephalon heav ily  in n e rv a tin g  f ie ld H1 of Forel 
and zona i n c e r ta  and m oderately the  l a t e r a l  and supram

ammillary n u c le i and medial and l a t e r a l  hypothalamus.
In  summary, the  major upper b rainstem  and fo reb ra in  t e r 

m ination  s i t e s  fo r  NGC f ib e rs  were: s p e c if ic  reg ions of the  
CG, su p erio r c o l l ic u lu s ,  p a rab rach ia l complex, RR, c e n tra l  
pon tine  and m idbrain tegm ental f i e ld s ,  APN, CM-PF, f ie ld  H1 
of F orel and zona in c e r ta .  Supported by NSF Grants BNS-
8403544 to  RPV and BNS-8309245 to  GFM.

264.8.  DEMONSTRATION OF ANDROGEN RECEPTORS IN CRANIAL NERVE MOTOR 
NUCLEI.  W.H.A.Yu and M.Y.McGinnis* ,  Department o f  Anatomy, 
Mount S inai School o f  Medicine o f the  C ity U n ivers ity  o f New 
York, NY, NY 10029.

T estosterone p ropionate  (TP) a c c e le ra te s  axonal growth o f 
th e  hypoglossal nerve follow ing nerve le s io n  (Yu e t  a l . ,  
Exp. N eurol.,77 :129,1982; 80:349,1983). Because uptake of 
androgens in to  the  somatic motor nu c le i has been shown 
a u to rad io g rap h ica lly , we sought to  determ ine th e  presence o f 
androgen re c ep to rs  in  the  hypoglossal (HGN) and f a c ia l  motor 
( FMN) n u c le i .  C as tra ted , ad u lt r a t s ,  200–250 g , were used 
to  measure both c y to so lic  and c e l l  nuc lear androgen recep to r 
binding by th e  method o f McGinnis e t  a l .  ( Brain 
Res. ,275:7 5 ,  1983). T issues from HGN and FMN were d issec ted  
out under a stereom icroscope. T issues from combined 
hypothalamus, p reo p tic  a re a , amygdala and septum (HPAS), 
shown p rev iously  to  con ta in  androgen re c ep to rs  ( Brain 
Res. ,2 7 5 :7 5 , 1983), were assayed sim ultaneously  along with 
HGN and FMN fo r comparison. Samples from 6– 10 r a t s  were 
pooled fo r each assay . For cy to so l a ssay s, 4 nM 
3H- R1881 was used as lig a n d . C ytosolic androgen 
recep to r binding was p resen t in  HGN and FMN o f c a s tra te d  
r a t s  which was a t  a le v e l 5 – 6 fo ld  h igher than th a t  o f 
c a s t r a te s  receiv in g  TP (1 mg), s . c . ,  1–2 hr before  k i l l i n g .  
TP trea tm en t v i r t u a l ly  elim inated  c y to so lic  androgen 
recep to r binding in  HGN and FMN. Using 4 nM 3H-R1881 or 
3H-DHT (d ih y d ro testo s te ro n e) as lig a n d , c e l l  nuc lear 
androgen recep to r binding in  HGN was assessed  by the  
exchange method. C astra ted  r a t s  received  1 mg TP, s . c . ,  1–2 
hr p r io r  to  k i l l in g ;  u n in jec ted  c a s tr a te s  served as 
c o n tro ls .  Cell nuc lear androgen recep to r le v e ls  in 
T P -treated  r a t s  were increased  over those o f c o n tro ls .  Both 
3H-R1881 and 3H-DHT yielded  comparable r e s u l t s .  The 
androgen recep to r binding in  cy to so l and c e l l  n u c le i was 
s p e c i f i c .  Displacement cu rves, using DHT, e s t r a d io l ,  
progesterone or c o rtic o s te ro n e  as com petitors 
( 1 0 - 9 -10- 6 M), showed th a t  DHT in h ib ite d  both 
c y to so lic  and c e l l  nuc lear androgen recep to r binding in  HGN 
and FMN in  a manner s im ila r  to  th a t  p rev iously  shown fo r 
HPAS. C orticosterone and e s tr a d io l  competed fo r HGN and FMN 
androgen re c ep to rs  only a t  the  h ig h est co n ce n tra tio n s . We 
propose th a t  androgens v ia  th e i r  re c e p to rs ,  f i r s t  
demonstrated here in  motor nu c le i o f r a t  b ra in ,  may play a 
ro le  in  motor neuron func tion  and may provide tro p h ic  
e f f e c ts  on neurons.

(Supported by an in s t i tu t io n a l  g ran t from th e  Mount S inai 
Medical Center)
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264.9  ORGANIZATION OF THE PUDENDAL NERVE IN THE MALE AND FEMALE 
RAT.  K. E. McKenna and I .  N adelha ft,  VA Medical Center and 
Depts. of Pharmacology and N eurosurgery, Univ. of P i t t s 
burgh, P it tsb u rg h , PA 15240.

Mature male and female Sprague Dawley r a ts  were used in  
th is  study to  compare the  o rg an iza tio n  of the pudendal nerve 
in  the  two sexes. Experiments included 1) incubating  the 
cu t pudendal nerve in  diam idino-2-phenylindole HCl (DAPI), 
Fast Blue (FB) or h o rse rad ish  peroxidase (HRP) and 2) 
in je c tin g  in d iv id u a l p e rin e a l muscles w ith these  substances. 
In both sexes, incubation  of the motor branch of the 
pudendal nerve la b e lle d  two motoneuron m uclei a t  the L5-L6 
border of the  sp in a l cord. These n u c le i a re  the  dorso
medial (DM) and d o rs o la te ra l  (DL) c e l l  columns described  by 
Schrøder (1980). We in je c te d  the ex te rn a l u re th ra l  sphinc
te r  (US) and the  e x te rn a l anal sp h in c te r (AS) in  both sexes 
and the  isch iocavernosus (IC) and the  bulbocavernosus (BC) 
muscles in  the male only. (The IC and BC were too f in e  to 
in je c t  in  the fem ale). In both sexes, neurons in ne rva ting  
th e  AS were lo ca ted  only in  DM and neurons in n e rv a tin g  the 
US were lo ca ted  only in  DL. In male, when the AS and BC 
were in je c te d  s ep a ra te ly  w ith d if f e r e n t  la b e ls ,  i t  was 
revealed  th a t  the  motoneurons in n e rv a tin g  these  two muscles 
were to t a l l y  in term ing led  in  DM. In c o n tra s t ,  when the US 
and the  IC were s im ila r ly  la b e l le d ,  the  motoneurons in n e r
v a tin g  the US occupied the  l a t e r a l  p o rtio n  of DL and the 
IC neurons the  medial p o rtio n . However, both s e ts  of 
neurons had the same ro s tro cau d a l and do rso v en tra l d i s t r i 
b u tio n . C ell counts of the  pudendal neurons in d ic a te  th a t 
DL and DM are  sex u a lly  dimorphic as repo rted  by Breedlove 
and co lleag u es . In males DL has approxim ately 2 times the 
number of DL neurons in  the female and DM con ta in s approx
im ately  3.5 tim es the  number of DM neurons in  the  female. 
C ell counts follow ing muscle in je c tio n s  in d ic a te  th a t US 
neurons account fo r  approxim ately 1/2 of the  DL neurons in  
the  male and v i r t u a l ly  a l l  of the  DL neurons in  the fem ale. 
S im ila r ly , the  AS neurons comprise 1/4 to 1/3 of the DM 
neurons in  the  male and v i r t u a l ly  a l l  of the  DM neurons in  
the  fem ale. The number of neurons in n e rv a tin g  the two 
sp h in c te rs  a re  comparable in  males and fem ales. We conclude 
th a t  in  the fem ale, these  two c e l l  columns subserve p r i 
m arily  an ex cre to ry  fu n c tio n , w hile in  the male these  nu c le i 
a re  a lso  involved in  sexual fu n c tio n . The sexual dimorphism 
of these  n u c le i i s  r e f le c te d  in  the r e la t iv e ly  underdevel
oped n a tu re  of the IC and BC in  the female.

264. 10 THE INCREASE IN NUMBER OF NEURONS IN SOLEUS MOTOR NEURON 
POOL IS ACCOMPANIED BY A SHIFT IN LOCATION OF THE 
NEURONS IN THIS POOL.  W. D. M artin* and R. L. Van 
Buskirk* (SPON: A. H. Hassen).  WV School of O steopathic 
M edicine, Lewisburg, WV, 24901.

A p r io r  study (VanBuskirk and M artin, 1982) repo rted  
th a t the number of motor neurons and the p ropo rtion  of 
slow ox id a tiv e  f ib e rs  increased  in  so leus muscle through 
adulthood. In order to  b e t te r  understand th is  increased  
in n e rv a tio n  we examined the lo c a tio n  of so leus motor 
neurons over the course of m aturation . Soleus was 
is o la te d  and in je c ted  with 36 u l of 20% HRP in  12 male 
r a t s  weighing 54 to  560 g. In 7 r a t s  (SA) a l l  nerves 
supplying muscles of the crus were l e f t  in ta c t .  In 4 
r a ts  (SD) a l l  nerves to  muscles of the crus were cut 
with the exception  of the prim ary nerve to  so leus 
passing from between gastrocnem ius and p la n ta r is  
muscles. In  1 r a t  (SN) th is  prim ary nerve to  so leus was 
cut and a l l  o th e r nerves of the crus were und istu rbed . 
A fte r 24 to  72 h the r a t s  were k i l le d  and so leus muscle 
was removed and processed fo r  muscle f ib e r  types (M artin 
and Romond, 1975). The sp in a l cord was reac ted  fo r  HRP 
using TMB (Mesulam, 1978). In  the SA ra ts  the number of 
labe led  neurons increased  as the body weight and 
p roportion  of slow ox id a tiv e  f ib e rs  in c reased . A 
s ig n if ic a n t inc rease  in  labe led  neurons was noted in  the 
c e l l  column medial to  the m arginal columns in  the 
v e n tra l horn. In  a d d itio n , a s ig n if ic a n t inc rease  in  the 
number of labe led  neurons was noted in  the  d o rs o la te ra l  
m arginal c e l l  column. In the SD ra ts  g re a te r  than 90% of 
the neurons were loca ted  in  the c e n tra l column, with 
l i t t l e  d iffe ren ce  in  number between la rg e  and sm all 
r a t s .  In  the SN r a t  labe led  neurons were found in  both 
the c e n tra l and m arginal c e l l  columns. These re s u l t s  
suggest th a t  1) soleus motor  neurons are found in  more 
than one c e l l  column in  the v e n tra l horn; 2 ) so leus 
muscle is  innervated  by more than one nerve in  the 
a d u lt;  3) the prim ary nerve to  so leus does not 
co n trib u te  s ig n if ic a n t ly  to  the inc rease  in  number of 
soleus motor neurons; 4) s ig n if ic a n t in c reases  in  
labe led  neurons inne rva ting  so leus are found in  both the 
c e n tra l and d o rs o la te ra l  c e l l  columns as the r a t  grows. 
(Supported by WVSOM gran t # 4–83).

26 4 .11  POST-NATAL DEVELOPMENT OF DOPAMINE-BETA-HYDROXYLASE 
IMMONOREACTIVE FIBERS OF RAT SPINAL CORD.  R. Aramant* 
and L. Oiron,  Neurology Service, VA Med.Center, Kansas 
City, Mo. 64128 and Dept. of Neurology, Kansas Univ. 
Medical Center, Kansas City, Kansas

Development of noradrenergic fibers in the spinal 
cord has been previously studied by glyoxylic acid-
induced histofluorescence which does not distinguish 
between dopaminergic and adrenergic terminals.  In the 
present study, we used dopamine-beta-hydroxylase (DBH) 
immunoreactivity for sensit ive ,  more nearly specific 
localization of noradrenergic f ibers .

We examined the pattern of DBH-immunoreactive fibers 
in the cerv ical ,  thoracic, and lumbar regions of the 
spinal cords of Sprague-Dawley rats at 0, 6 , 14, 30, and 
90 days of l i f e .  At day 0: a) In the cervical cord, DBH 
sta in ing was res t r ic ted  to grey matter, was more dense 
in ventral horn (VH) than dorsal horn (DH), and was 
notable in the dorsal commissural nucleus. b) In the 
thoracic cord, the densest sta ining was in the in te r -
mediolateral cell  columns (IMLC's) and the transverse 
connections between them. c)In lumbar cord, the VH 
especial ly i t s  ventral margin was prominently stained,  
while the DH was very sparsely sta ined. By day 6 , 
s ta in ing was dense in all  regions; the same general pa t
tern prevailed, but sparse staining was present in 
ventral white matter. By day 14, sta ining was generally 
much denser; but in all  regions, the new finding was a 
pronounced staining in ventral white matter; from th is  
age on, radial extensions of IMCL into surrounding white 
matter were well -developed. By day 30, DBH-immunoreac
tive  f ibers were more numerous; a fine network of fibers 
was most pronounced in the ventral grey; but fibers were 
reduced in number in the ventral white matter. At day 
90, specific stain ing was generally denser but was again 
nearly confined to the grey matter. Transverse connec
t ions between the IMLC's were periodically organized.

In general,  the developmental pattern of noradrenergic 
innervation as demonstrated by DBH-immunoreactivity con
firms observations performed with glyoxylic acid-induced 
histof luorescence. Our results are also consistent with 
known changes in regional concentrations of norepine
phrine during development.

Supported by NSF grant #PRM-81–20604

264.12  EFFECTS OF NERVE GROWTH FACTOR ON RECOVERY FROM SPINAL 
CORD HEMISECTION.  E. E idelberg , J .T . Hansen and R. Pérez-
Polo .  Veterans A dm in istra tion  H o sp ita l, San Antonio; 
Depts. of Surgery and C e llu la r  and S tru c tu ra l B iology, 
UTHSC (San A ntonio), Dept. of B iochem istry, UTMB (Galveston) 

L a te ra l hem isection of the sp in a l cord produces 
i p s i l a t e r a l  p a re s is  or p a ra ly s is  and c o n tra la te r a l  
hypoesthesia , caudal to the  le s io n  (Brown-Séquard syndrome). 
Both the sensory and motor d e f ic i t s  become g re a tly  
a tten u ated  in  the course of tim e, in  humans and in  
experim ental an im als; the n a tu re  of the processes m ediating 
the recovery i s  unknown. We attem pted to  modify i t  by lo c a l 
in fu sio n  of nerve growth (NGF) next to the segments (T6 -T8 ) 
where the le s io n  was made. Most of the  monkeys thus tre a te d  
f a ile d  to recover any u se fu l motor fu n c tio n  w ith the  
i n i t i a l l y  paralyzed hindlim b, although the  le s io n s  
themselves were not n o ticeab ly  m odified by the  NGF. Animals 
infused  lo c a lly  w ith antiserum  to NGF recovered a t  l e a s t  as 
w ell as those rece iv in g  s a lin e  s o lu tio n . Since NGF is  known 
to promote the growth of catecho lam ine-con tain ing  axons, we 
s tu d ied  the p a tte rn  of d is t r ib u t io n  of CA -fluorescent f ib e rs  
and of boutons con ta in ing  dense-core v e s ic le s  in  cord 
segments d i s ta l  to the hem isection . We w il l  re p o rt on the 
consequences of NGF ad m in is tra tio n  upon th a t p a tte rn . 
Supported by g ran ts  from the Moody Foundation of G alveston, 
Texas and NIH RCDA K04-HL-00680 to J.T .H .
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264.13  SPINAL CORD CONTUSION IN THE RAT: I. PRODUCTION OF 
GRADED, REPRODUCIBLE, INJURY GROUPS.  F. Harvey*. J. 
R. Wrathall and R. K. Pettegrew .  Dept. of Anatomy, Georgetown 
University, Washington, DC 20007 and Dept. of Biology, Denison 
University, Granville, OH 43023

A weight drop (WD) technique was used to produce a 
contusive injury of the spinal cord in the ra t. A restricted 
laminectomy was performed a t T8 and the spinal column 
stabilized by means of clamps attached to the spinous processes 
of adjacent vertebrae. A 2.4 mm diameter impounder was 
lowered onto the dura and a 10g weight dropped 0.0, 2.5, 5.0, 7.5, 
10.0 or 17.5 cm onto the impounder. The functional deficit was 
assessed a t 24 hr, 1, 2, 3, and 4 weeks a fte r injury. Hindlimb 
function was evaluated according to a modified Tarlov scale and 
by the inclined plane test of Rivlin and Tator. Additional tests of 
reflex and complex behavior were employed to further 
characterize the functional deficit as described in the poster by 
Kerasidis e t al. At 4 weeks a fte r injury the rats were perfused 
and the spinal cord tissue processed for histopathological analysis. 
The results indicated that groups of rats (n = 10) subjected to the 
weight dropped from increasing height exhibited a graded 
functional deficit. With the modified Tarlov scale the deficit a t 4 
weeks ranged from mild in the 2.5 cm WD group where most 
(9/10) rats were capable of weight bearing and good, albeit 
abnormal, use of the hindlimbs in locomotion to severe in the 17.5 
cm WD group where none (0/10) of the rats could use their 
hindlimbs for weight bearing and locomotion. Similarly, the mean 
inclined plane score decreased with increasing WD height. 
Histopathological results also indicated the production of graded 
lesions. The lesion in the 2.5 cm group involved some or all of the 
gray m atter with most of the white m atter remaining in tact. In 
the 5.0 cm and higher WD groups, gray m atter was not generally 
present a t the epicenter. The rim of remaining white m atter 
appeared to decrease in thickness with higher WD height and 
greater functional deficit. Based on the mean inclined plane 
scores a t 4 weeks a fte r injury, three groups of experimental 
animals were statistically  distinguished corresponding to those 
with mild, m oderate, and severe final functional deficit and 
produced by dropping the weight from 2.5, 5.0 and 17.5 cm 
respectively. The inclined plane scores (mean ± SEM) for these 
groups were 49.5 ± 1.2, 38.5 ± 3.1 and 26.0 ± 0 .7 .  The average 
functional deficit for these three experimental groups was 
reproducible in replicate experiments. It therefore appears 
feasible to use the WD technique to produce graded spinal cord 
injury groups in the rat.
(Supported by NIH NINCDS contract NO1-NS-2–2310)

264.14  SPINAL CORD CONTUSION IN THE RAT: II. BEHAVIORAL 
ANALYSIS OF FUNCTIONAL NEUROLOGICAL IMPAIRMENT.  H. 
Kerasidis*, K. Gale and J . R. Wrathall (SPON: L. Tolbert).  Dept. 
of Anatomy, Georgetown University, Washington DC 20007.

A graded spinal cord injury in rats was produced by dropping 
a 10 gm weight from 2.5, 5.0, 10.0 and 17.5 cm onto the exposed 
dura a t the T8 vertebral level. Groups of rats (n = 9 or 10) for 
each of these weight drop (WD) levels as well as unoperated and 
WD controls (0 cm) were subjected to extensive behavioral 
analysis that included tests of simple and complex reflexes 
(including responses to pain, touch and position) as well as 
spontaneous and evoked motor patterns. While several of the 
tests were well correlated with each other, no two tests 
correlated to such an extent that they could be used 
interchangeably. On the basis of the results from this analysis, a 
protocol for evaluating functional deficits following spinal cord 
injury in the ra t was developed. The resulting Combined 
Behavioral Score (CBS), a measure of functional deficit, a t 4 
weeks after injury was closely correlated with the magnitude of 
mechanical injury (r = 0.79, p<.01). This relationship between 
functional deficit and WD height was also observed a t 1, 2, and 3 
weeks postoperatively. However, for a ll injury groups, there was 
a tendency for the CBS to decrease with time over the 4 week 
postoperative period. The scores obtained from animals in each 
injury group at 4 weeks were significantly lower than those 
obtained a t one week when analyzed on a paired basis (t-test, 
p<.01). A similar analysis indicated no significant difference 
between scores obtained a t 3 and 4 weeks.

A second experiment was conducted to determine whether 
the results were reproducible. The data obtained a t 4 weeks post 
injury in the second experiment show that for a given injury 
magnitude, there were no significant differences between the 
mean CBS values of the replicate and the original experiments.

The use of multiple tests of both sensory and motor function 
allows a qualitative analysis of the nature of the deficits, which 
could be potentially useful in discriminating between different 
kinds of spinal cord injuries, and reduces the likelihood that an 
experimental artifac t in any single testing procedure will 
significantly a lter the results.

The qualitative and quantitative aspects of this behavioral 
analysis protocol now provide us with a functional profile that 
should be highly sensitive to detecting the effects of drug 
treatm ents on recovery of function in this rat model of spinal 
cord injury.
(Supported by NIH NINCDS contract NO1-NS-2–2310)

264. 15  SPINAL CORD CONTUSION IN THE RAT: III. MORPHOMETRIC 
ANALYSES OF ALTERATIONS IN THE SPINAL CORD.
J .R. Wrathall and L.J. Noble.  Dept. of Anatomy, Georgetown 
University School of Medicine, Washington, D.C. 20007.

Morphometric analyses were performed on sections of spinal 
cords which were injured 4 weeks previously by a weight drop 
(WD) technique. A 10 gram weight was dropped 0.0, 2.5, 5.0, 7.5, 
10.0 or 17.5 cm onto the dura which was exposed at the T8 
vertebral level. The lesion volume and length increased 
significantly from a 2.5 to a 17.5 cm WD injury. At the epicenter 
the cross-sectional area of gray m atter was significantly reduced 
in a 2.5 cm WD injury as compared to the control, and in a 17.5 
cm WD no gray m atter remained. The cross-sectional area of 
white m atter a t the epicenter was significantly lower in all of the 
WD groups as compared to the control (0.0 cm) group. In general 
the area of the lesion a t the epicenter enlarged as the WD height 
increased. The to tal area of the cord a t the epicenter was 
significantly decreased in all of the WD groups as compared to the 
control group. Lesion volume, lesion length, and the dimensions 
of the tissue a t the epicenter (lesion area, area of gray m atter, 
and area of white m atter) were correlated with the height from 
which the weight was dropped and the results from tests of motor 
and sensory functional deficit. A significant linear relationship 
exists between: 1. the height from which the weight was dropped 
and lesion volume (r= 0.71), lesion length (r= 0.60), gray m atter 
remaining a t the epicenter r= -0.62), and white m atter remaining 
a t the epicenter (r= -0.68), 2. combined behavioral score at 4 
weeks and lesion volume (r= 0.68), lesion length (r= 0.68), gray 
m atter remaining at the epicenter (r= -0 .77) and white m atter 
remaining a t the epicenter (r= -0.91). The area of the white 
m atter a t the epicenter is perhaps the best single measurement 
for characterizing the injury level, since it provides a simple but 
accurate depiction of the spinal cord’s response to a crushing 
injury. With this single measurement data can be evaluated from 
a large sample of animals to reflect the response of a population 
to spinal cord injury. It is im portant, however, to recognize the 
limitations of a light microscopic analysis of residual white 
m atter. The limited resolution a t the light microscopic level 
precludes the identification of axonal pathologies which would be 
apparent a t the ultrastructural level and can not distinguish an 
axon which is morphologically in tact but physiologically disrupted. 
Further studies, using electron microscopy and tracer techniques, 
are being directed a t analyzing the integrity of axons in the white 
m atter a fte r injury.

(Supported by NIH NINCDS contract N01-NS-2–2310).

264.16  ROLE OF CERTAIN ARACHIDONIC ACID METABOLITES IN 
P O ST-TRAUMATIC SPINAL CORD ISCHEMIA DEVELOPMENT.  

D.L. Wolf and E.D. Hall.  CNS Diseases Research, The Upjohn 
Company, Kalamazoo, MI 49001.

The possible contribution of arachidonic acid (AA) metabolites 
to the development of post-traum atic ischemia was examined in 
the contused cat lumbar spinal cord. Injury to CNS tissue has 
been shown to activate membrane phospholipases resulting in the 
release of AA. AA metabolites, such as prostaglandin F2α
(PGF2α ) or thromboxane A2 (TXA2), are potent vasoconstric
tors and/or platelet aggregators, and as such could promote 
ischemia development and tissue hypoxia. In addition, certain of 
the leukotrienes have vasoconstrictor actions in some vascular 
beds.

Complete dorsal L3 laminectomies were performed in pento
barbital-anesthetized cats and somatosensory evoked potential 
(SEP) conduction and white m atter spinal cord blood flow (SCBF; 
H2 clearance method) were monitored. Cats were treated  i.v. 30 
min prior to injury with either vehicle (VEH), the cyclooxygenase 
(CO) inhibitors ibuprofen (IBU; 10 mg/kg) or meclofenamate 
(MEC; 2 mg/kg), a TX synthetase inhibitor (TXI; U-63,557A, 
10 mg/kg) or a lipoxygenase inhibitor (LPI; U-60,257, 10 mg/kg). 
A 500 g-cm contusion injury was applied to the exposed cord (dura 
intact) by dropping a 50 g weight 10 cm.

The mean pre-injury, pre-drug SCBF for all animals (N=24) was 
12.37±0.74 (S.E.) ml/100 g/min. Only IBU injection significantly 
altered (paired t-test) pre-injury SCBF and caused a mean 
3.1 ml/100 g/min increase. A fter injury, VEH-treated cats 
showed a progressive decline in SCBF in the injured segment. IBU 
and MEC (CO inhibitors) appeared to be effective in preventing 
post-traum atic ischemia development (table). However, the post
traum atic decline in SCBF following TXI or LPI treatm ent was 
similar to that seen in the VEH group.

MEAN POST-INJURY WHITE MATTER SCBF (ml/100 g/min)
Group N 30 Min 1 Hr 2 Hr 3 Hr 4 Hr
VEH 8 10.4 9.8 8.6 8.4 7.7
IBU 4 12.1 10.2 11.0 10.1 9.2
MEC 4 12.4 11.6 13.5 13.1 12.4
TXI 4 8.7 7.8 8.0 7.8 7.0
LPI 4 11.7 10.4 9.0 9.3 8.2

These results suggest that the potential injury-induced forma
tion of vasoactive leukotrienes and TXA2 in CNS tissue may not 
be as important as that of certain other AA m etabolites in post
traum atic ischemia development. Accordingly, the cyclic 
endoperoxides and PGF2α  may be more likely mediators.
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265.1  THE VESTIBULAR STIMULATED RESPONSE (VSR) TO FREE-FALL: 
FUNCTIONAL TESTING OF SPINAL CORD INJURED CATS.  JA Gruner, 
W Young,  Dept. Neurosurgery, NYU Med. Cntr.,  NY, NY 10016.

Vestibular mediated EMG responses in i t ia ted  by sudden 
f ree -fa l l  have been investigated in several species (Watt, 
DGD, J. Neurophysiol. 39:257–265, 1976). The VSR is ideally 
suited for testing residual spinal cord pathways a f te r  
spinal cord injury in that i t  te s ts  specific pathways; is 
sensit ive ,  r e l iab le ,  and generalizable across species, 
including man; requires no elaborate equipment or animal 
t ra in in g ; and is capable of assessing descending influences 
on spinal reflex  pathways.

Intramuscular EMG recordings from the vastus la te r a l i s  
(VL), biceps femoris (BF), semitendinosis (ST), gastrocnem
ius (G), and t i b i a l i s  anterior  (TA) were made in ketamine-
sedated cats dropped 30 cm. The f i r s t  200 ms of the VSR 
is shown in t h e  figure below. In general, there are at 
leas t  two excitatory phases, El and E2, and one inhibitory 
period, II .  The El burst occurs between 20 and 40 ms fo l 
lowing onset of f r e e - f a l1, and is followed by I I ,  which has 
a variable duration. The onset of E2 depends on the length 
of II.  Excitatory ac t iv i ty  tends to be reciprocally  related 
in antagonistic muscles.

We have used VSR's to measure function in descending 
vestibulospinal  t rac ts  a f te r  experimental spinal cord con
tusions in ca ts .  The responses corre lated with the animals' 
a b i l i ty  to stand and/or walk. Small VSR's sometimes re
mained in paralyzed cats .  Peripheral reflex stimulation can 
be used to enhance the sens i t iv i ty  of the t e s t ,  often re
vealing subthreshold vestibular  effects  on motoneurons. 
Supported by American Paralysis Association #RC-83-02.

265.2  RECOVERY STRATEGIES IN HEMILABYRINTHECTOMIZED PATIENTS 
AFTER ACOUSTIC NEUROMA SURGERY.  P.A.McKinley. B.W. 
P e te rso n . & C . Harf*   N orthw estern D ept. P h y s io l .  & 
Rehab. In s t i tu te  Chicago I I  60611

Although i t  i s  known th a t  a d a p ta tio n  to  d e f i c i t s  
within the ves tibu lo-ocu lom otor pathways o ccu rs , th e  
mechanisms by which adaptation occurs i s  s t i l l  under in
vestiga tion . We have examined the V e s tib u lo o c u la r  Re
flex  (VOR) in hem ilabyrinthectom ized (HL) in d iv id u a ls  
th a t have recovered from a c o u s tic  neuroma su rgery  and 
have contrasted the responses of these p a tie n ts  to  ves
tib u la r  stim uli with those e l ic i te d  in  normal in d iv id u 
a ls .

HL were subjected to  sinusoidal ro ta tio n  (SIN) rang
ing from 0.01–2.5HZ in  the dark while in  the relaxed (R) 
s ta te .  R responses to  SIN of 0.25–1.0 Hz in  a l i t  su r 
round were used as baseline VOR. VOR was also  examined 
for SIN of 0.25–1 .0Hz under two mental se ts :  enhance by 
tracking an imaginary e a r th -f ix e d  t a r g e t  (E) and sup
press, by tracking an imaginary chair fixed ta rg e t  (S ) . 
Eye movements were recorded by DC e lec tro o cu lo g ra p h y , 
desaccaded and d iffe ren tia ted  to  obtain the v e lo c ity  of 
smooth phase eye movements (VSE). VSE was compared to  
chair velocity  to  obtain VOR phase and gain.

A b il i ty  to  S or E VOR was e x c e l l e n t  in  a l l  HL. 
Change in mental se t modulated gain in  a sim ilar fashion 
a s  r e p o r t e d  i n  n o r m a l s  ( M c K in le y  e t  a l  
Neurosci. Abstr. 9:867 1983). However, R responses var
ied widely within the p opu la tion  of recovered  HL. At 
one extreme, HL demonstrated high gain in  both lig h t and 
dark for SIN of 0.25–1 .0Hz, and gain asymmetry  and phase 
leads th a t were not s ig n if ican tly  d iffe re n t from normals 
a t  0. 01–0. 1Hz. In addition , d r i f t  a t  2.5Hz was d irected  
toward the  le s io n e d  s id e . At th e  o th e r  extrem e, HL 
showed s ig n i f ic a n t  decrease  in  g a in  d u r in g  SIN of 
0.25–1 .0Hz in  lig h t  and dark, and large phase le a d s  and 
g a in  a sy m m e tries  d u r in g  low f re q u e n c y  r o t a t i o n  
(0. 01–0. 1Hz) th a t were s ig n ifican tly  d iffe ren t from nor
mals.

These r e su lts  in d ic a te  th a t  HL use one of two re 
covery s tra te g ie s : e ith e r  reliance on voluntary modula
tion  of the VOR or on p l a s t i c  change in  th e  VOR gain  
i t e l f .  In essence, the l a t t e r  a llow s a r e c a l ib ra tio n  
within the vestibu lar ocular neural network.
Supported by Coleman, Joyce, H earst, J.M. & Searle Foun
dations.

265.3  FORCE-EMG RELATIONSHIPS IN SPASTIC PARETIC MUSCLES.  M. J. 
Blaschak*, W. Z. Rymer, J .  Marder-Meyer* (SPON:D. 
Z ea lear)  Biomedical E ngineering Program, Department o f 
Physiology, Northw estern U niv ., Sensory Motor Performance 
Program, Rehab. I n s t . ,  Chicago, IL 60611.

There a re  th re e  p o s s ib le  sources o f  m uscular weakness in  
s p a s t ic -p a re t ic  muscles o f  a b ra in - in ju re d  p a t ie n t :  lo s s  
o f  descending e x c i ta t io n  to  sp in a l neurons, muscle a trophy, 
and d is o rg a n iz a tio n  o f  motor o u tp u t. S tud ies on animal 
models (Rymer, e t  a l ,  Exp B rain Res, 37:93,1979) and on 
humans (Tang & Rymer,J  N N P, 44:690,1981), r e f le c t in g  
lowered mean motor u n i t  d isch a rg e  r a te s ,  have le n t  support 
to  motor o u tp u t d is o rg a n iz a tio n  as being  an im portant 
f a c to r  in  the  weakness o f  s p a s t ic i ty .  A c a re fu l 
exam ination o f  th e  force-emg re la tio n s h ip s  and o f th e  emg 
power spectrum  recorded from s p a s t ic  p a re t ic  muscles v ia  
su rfa c e  e le c tro d es  w i l l  a l l ow th e se  th re e  p o s s ib i l i t i e s  to  
be d is tin g u is h e d .

S urface emg' s were recorded during  co n stan t fo rce  
i s om e tr ic  c o n tra c tio n s  f r om tw elve su b jec ts  w ith  f r om m ild 
to  severe  s p a s t ic  hem ip aresis . The su b jec ts  generated  
fo rce  a g a in s t a  load c e l l ,  p laced  a t  th e  w r is t ,  through 
i s om e tric  c o n tra c tio n s  o f  th e  elbow f le x o rs  in  response to  
a v is u a l  feedback cue. The fo rce  and th e  fo llow ing emg 
measures were then  recorded o n - lin e  a t  h igh  re s o lu tio n  fo r  
500 msec. epochs on a PDP 11/23 microcomputer: mean 
r e c t i f i e d  emg, RMS, t o t a l  power, peak power frequency, mean 
power frequency, median power frequency, peak power, zero  
c ro s s in g s , and th e  number o f  peaks. In  a d d itio n , th e  
muscle f ib e r  conduction v e lo c ity  was determ ined through th e  
use o f  d ip  a n a ly s is  and c ro s s -c o r re la t io n  m easures.

P re lim in ary  r e s u l t s  in d ic a te  th a t  approxim ately 50% o f 
th e  cases  dem onstrate an in c rea se  in  th e  slope  o f  th e  
force-emg re la t io n s h ip  f o r  th e  involved l i mb in d ic a tin g  
th a t  more emg was req u ired  to  g enerate  th e  same fo rce . A 
more c o n s is te n t d if fe re n c e  between th e  non-involved and 
involved l i mb i s  found in  th e  force-emg power re la t io n s h ip .  
In  83% o f  th e  cases, th e  in v o lv e d - limb dem onstrated an 
in c rea se  in  th e  t o t a l  power p e r u n i t  fo rce . Power spectrum 
a n a ly s is  re v e a ls  a  c o n s is te n t s h i f t  o f th e  spectrum to  
lower frequenc ies  fo r  th e  s p a s t ic  m uscles th a t  i s  
un asso c ia ted  w ith  any changes in  th e  muscle f ib e r  
conduction  v e lo c ity .  This fin d in g  i s  c o n s is te n t w ith  the  
concept o f  lowered mean motor u n i t  d ischarge  r a te s  as a 
mechanism fo r  neurom uscular weakness.

Supported by NIH G rant #1 RO1 NS 19331

265.4  ELECTROMYOGRAPHIC ACTIVITY IN PARAPLEGIC INDIVIDUALS DURING 
STANDING IN KNEE-ANKLE-FOOT ORTHOSES.  R .J. Jaeger.  P ritzker 
In s t. Med. Eng., I I I .  In s t. Technol., Chicago, IL. 60616.

The knee-ankle-foot o rthosis (KAFO) i s  presently  the 
only widespread technique in  re h a b ilita tio n  medicine for 
standing and ambulation in  paraplegia. I t  has been 
suggested th a t functional neuromuscular stim ulation  (FNS) 
has the p o ten tia l to  provide sim ilar function in  a lim ited  
number of paraplegic indiv iduals (Vodovnik e t  a l .  CRC C r i t . 
Rev. Bioeng. 6(2):63–131, 1981), but many problems r emain  
to  be solved. In attempting to  use FNS to  obtain 
functional muscle contraction fo r standing in upper motor 
neuron (UMN) p ara lysis , i t  i s  assumed th a t the stim ulation 
is  the only source of ex c ita tio n . Remaining re flex  
a c tiv ity  ("spastic ity") i s  assumed to  make no s ig n if ic a n t 
contribution  to  the stim ulated muscle or i t s  an tagonist.
To te s t  th is  assumption, remaining reflex  a c tiv ity  present 
in UMN paralyzed muscle was studied during standing by 
KAFO, with hips in  hyperextension, knees locked, and ankle 
jo in ts  unlocked to  permit f re e  ro ta tio n . Slow postural 
sway about the ankle in  the an tero-posterio r d irec tio n  was 
forced by using the upper extrem ities and a balance a id . 
Ankle angle was recorded by an electrogonicm eter. Angular 
excursions were typ ica lly  ±  4 degrees and velocity  d id not 
exceed 10 deg/sec. Surface EMG was recorded (gain 1000, 
bandwidth 60–10k Hz) from the gastrocnemius-soleus (GS) and 
t i b i a l i s  an te rio r (TA). An attempt was made to  e l i c i t  
tendon tap responses from a l l  muscles. Four subjects were 
tes te d . The re su lts  indicated two p a tte rn s of response.
In one subject, phasic co-activation  of GS and TA were 
observed during an te rio r sway (stre tch  GS). Both GS and 
TA were s i le n t  during poste rio r sway. In the other th ree  
subjects only low lev e ls  of constant EMG were seen in  GS 
with no phasic re la tio n sh ip  to  sway. All sub jec ts had 
brisk  re flex  responses in  GS to  tendon tap . The findings 
in  th ree subjects are  consisten t with previous repo rts of a 
velocity  threshold for the s tre tc h  reflex  (Burke e t  a l , J.  
Neurol. Neurosurg. Psychiat. 33:216–223, 1970). This i s  
a lso  consisten t with observations in hemiparesis (Knutsson 
and Richards, Brain 102:405–430, 1979) in which indiv iduals 
with marked sp a s tic ity  during examination may demonstrate 
no sp a s tic ity  in standing or walking. While there  may be 
c lin ic a l cases with "severe sp a s tic ity "  which a re  not 
appropriate, the present re su lts  suggest th a t remaining 
reflex  a c tiv ity  in  the muscles studied does not by i t s e l f  
preclude the use of FNS in th is  application .
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265.5  ACTIVE AND PASSIVE RANGE OF JOINT MOVEMENTS IN STROKE 
PATIENTS AFTER DESENSITIZATION OF THE SKIN.  M.A. Sabbahi, 
S. Roy*, C .J . De Luca and L.A. VanVolkinberg*.  
NeuroMuscular Research Lab., C h ild rens ' Hosp. Med. C t r . , 
Spaulding R e h a b ilita tio n  Hosp., Boston, MA 02115, and 
L ib erty  Mutual Research C tr . ,  Hopkinton, Ma 01748.

Previous s tu d ie s  in  our lab o ra to ry  have shown th a t 
d e s e n s it iz a tio n  of the  sk in , w ith to p ic a l an e s th e s ia , re s u l t  
in  s u b s ta n tia l  changes in  movement param eters in  p a tie n ts  
a ffe c te d  w ith s tro k e . In  the p resen t study , d e se n s it iz a tio n  
of the sk in  was te s te d  fo r  i t s  e f fe c t  on the motor output 
and m uscular r ig id i ty  in  upper and lower limb jo in t s .

A ctive and passive range of movements (ROM) were 
measured, using coven tional methods, before  and a f te r  a 
to p ic a l a n e s th e tic  o r a placebo was app lied  to  the sk in  of 
the a ffe c te d  limb in  s tro k e  p a tie n ts  (research  design  was 
d iscussed  in  SN a b s tr a c t  298.10, 1983). P a tie n ts  were then 
s e le c te d  randomly to  receive  a p hysica l therapy program 
combined w ith e i th e r  the  to p ic a l a n e s th e tic  or a placebo 
spray fo r  one month. In  the second month of the treatm ent 
program the spray was changed so th a t each p a tie n t was 
adm in istered  an a c tiv e  and a placebo spray during an equal 
amount of tim e. At the end of the two-month period , the 
t e s t s  were repeated  and the changes were compared.

R esu lts  show th a t a c tiv e  as w ell as passive ROM 
s u b s ta n t ia l ly  increased  immediately post a n e s th e s ia . In  
many p a t ie n ts ,  th is  e f fe c t  was more apparent in  proximal 
than  d i s t a l  j o in t s .  The increased  a c tiv e  ROM post 
an es th e sia  was a lso  measured in  those p a tie n ts  who 
dem onstrated no change in  passive ROM. Movement p a tte rn s  
sh if te d  toward normal synergy. A ll these  e f fe c ts  increased  
during the one-month period  of the to p ic a l an esth esia  
program. No measurable changes were noticed  post placebo or 
a f t e r  the one-month period  of placebo program. These 
r e s u l ts  in d ic a te  th a t reduction  of cutaneous recep to r 
a f fe re n t d ischarges may reduce m uscular r ig id i ty  (as te s ted  
by passive movements) and may inc rease  motor output to 
c o n trac tin g  muscles in  s tro k e  p a t ie n ts .  This in te rp r e ta t io n  
i s  c o n s is te n t w ith th a t of our previous s tu d ie s  on H and 
A ch ille s  tendon re f le x e s .  The improved performance was more 
ev iden t in  proximal than  in  d i s ta l  muscle groups. This 
outcome may prove u se fu l fo r  augmenting the fu n c tio n a l 
c a p a b il i ty  of s tro k e  p a t ie n ts .  (Supported by L iberty  Mutual 
Insurance Co.)

265.6  FINE FORCE AND POSITION CONTROL OF SELECT LIMB AND OROFACIAL 
STRUCTURES IN THE UPPER MOTOR NEURON SYNDROME.  S.M. Barlow, 
 Speech Motor Control Laboratories, Uni v. of Wisconsin, 
Madison, WI 53705 and Speech Physiology Laboratory, Boys 
Town National I n s t i tu te ,  Omaha, NE 68131.

Direct motor cortex outputs have been deemed especial ly 
important in controlling motor neurons i n i t i a l l y  recruited 
for precise adjustments in force (Fromm, C., Ady, Neurol. , 
39:329, 1983) and displacement (Fromm, C. and Evarts, E. , 
Neurosci. Let t . , 5:259, 1977) underlying skil led  motor 
behavior. A central thesis  of the present study is  that 
speech and other precise motor s k i l l s  exhibited by humans 
are regulated by a phylogenetically sophisticated neo
cortical control system. Damage to the cerebrum including 
portions of the motor cortex was hypothesized to degrade 
fine force and fine position control,  especially in those 
structures involved in speech and manipulation. Given these 
considerations, submaximal isometric force and precise 
position control of the upper l ip ,  lower l ip ,  tongue, jaw 
and wrist were investigated in five adults with a congen
i ta l  form of the Upper Motor Neuron-Syndrome (UMN-S) with 
presumed motor cortex involvement and in normal subjects 
matched for age and sex, Subjects were asked to make 
rapid and accurate adjustments in fine levels of force and 
position under visual feedback. Force and displacement 
signals were sampled on-line with a PDP-11/44 computer and 
quantified in terms of the rate of force change, displace
ment velocity, r ise  time and target  end-point.

A fundamental pathophysiologic feature of UMN-S subjects 
was the impaired ab i l i ty  to rapidly adjust fine levels of 
force and position in the upper l ip ,  lower l ip ,  tongue, 
jaw and wrist,  Absolute force and position end-point 
accuracy was re la t ive ly  well preserved. Structures 
normally capable of f iner  motor control manifest dispro
portionately greater def ic i ts  in the a b i l i ty  to generate 
precise forces and displacements, For example, d e f ic i ts  in 
fine force and position control were consistently greater 
in the lower lip as compared to the upper l ip .  These 
findings have obvious implications for the execution and 
performance of fine motor s k i l l s ,  e . g . ,  speech and 
manipulation, since the presumed muscle forcing functions 
are thought to involve submaximal force generation.

Research supported by NIH grant NS-13274-07

265.7  ABNORMAL ANTAGONIST M USCLE ACTIVITY OCCURS IN 
ELBOW FLEXIONS DURING CEREBELLAR DYSFUNCTION.  D. F la m e n t* ,  T. V i l i s  an d  J .  
H ore (SPON: G. F e r g u s o n ) .   Dept. o f  P h y s io lo g y ,  U n iv . o f  
W e ste rn  O n t a r i o ,  L ondon , O n t a r i o ,  C an ad a , N6A 5Cl .

A f t e r  an arm  p e r t u r b a t i o n ,  m onkeys w i th  l a t e r a l  c e r e b e l l a r  
d y s f u n c t io n  show c e r e b e l l a r  i n t e n t i o n  t re m o r  ( V i l i s  and  
H o re , 1 9 8 0 ) .  From th e  o n s e t  o f  t h e  p e r t u r b a t i o n  th e  f i r s t  
a b n o r m a l i t y  a s s o c i a t e d  w i th  t h i s  t re m o r  was c h a n g ed  t im in g  
o f  EMG a c t i v i t y  in  t h e  a n t a g o n i s t  m u s c le .  W h ile  u n d e r  
n o rm a l c o n d i t i o n s  a n t a g o n i s t  m u sc le  a c t i v i t y  c o u ld  l e a d  
m u sc le  s t r e t c h ,  d u r in g  c e r e b e l l a r  d y s f u n c t io n  i t  fo l lo w e d  
a n t a g o n i s t  m u sc le  s t r e t c h  i . e .  i t  was due to  a b n o rm a l 
s t r e t c h  r e f l e x e s .  D i s o r d e r s  a l s o  o c c u r  in  v o l u n ta r y  
m ovem ents d u r in g  c e r e b e l l a r  d y s f u n c t io n .  The p r e s e n t  s tu d y  
was u n d e r ta k e n  to  d e te r m in e  w h e th e r  t h e s e  d i s o r d e r s  a r e  a l s o  
due i n  p a r t  t o  a b n o rm a l a n t a g o n i s t  a c t i v i t y  r e s u l t i n g  from  
s t r e t c h  r e f l e x e s .

F iv e  C ebus m onkeys made f a s t  an d  a c c u r a t e  e lb o w  f l e x i o n s  
w i th  a  t r i p h a s i c  EMG p a t t e r n .  D u rin g  c o o l in g  th ro u g h  p r o b e s  
im p la n te d  l a t e r a l  and  m e d ia l  t o  th e  d e n ta t e  n u c le u s  a l l  
m onkeys d e v e lo p e d  a  d e f l e c t i o n  in  m ovem ents su c h  t h a t  th e  
m ovem ents h ad  b im o d a l  r a t h e r  th a n  u n im o d a l  v e l o c i t y  p r o f i l e s .  
T h is  d e f l e c t i o n  w as m o st p ro m in e n t  when a  c o n s t a n t  f o r c e  was 
p l a c e d  on th e  h a n d le  t h a t  lo a d e d  th e  a n t a g o n i s t  m u sc le .  I t  
w as d e c r e a s e d  o r  a b o l i s h e d  when a  100 gm m ass was ad d ed  to  
t h e  h a n d le .

The a b n o rm a l d e f l e c t i o n  was a s s o c i a t e d  w i th  e i t h e r  
e a r l i e r  o n s e t  o r  i n c r e a s e d  m a g n itu d e  o f  a n t a g o n i s t  m u sc le  
a c t i v i t y .  The a b n o rm a lly  e a r l y  a n t a g o n i s t  b u r s t  had a 
minimum l a t e n c y  o f  30 ms from  s t a r t  o f  m ovem ent. In  
a d d i t i o n  i t  was i n f l u e n c e d  by m e c h a n ic a l  c h a n g e s  a p p l i e d  to  
t h e  l im b . I t  o f t e n  a p p e a r e d  when a  c o n s t a n t  f o r c e  was 
a p p l i e d  t h a t  lo a d e d  th e  a n t a g o n i s t .  I t  was d e c re a s e d  in  
a m p l i tu d e  o r  a b s e n t  when th e  c o n s t a n t  f o r c e  lo a d e d  th e  
a g o n i s t .  I t  w as a l s o  d e c r e a s e d  in  a m p l i tu d e  o r  a b o l i s h e d  
when a  100 gm w e ig h t  was ad d ed  to  t h e  h a n d le .  W ith  t h i s  
ad d e d  m ass  t h e r e  w as i n c r e a s e d  a g o n i s t  a c t i v i t y  and  
d e c r e a s e d  i n i t i a l  v e l o c i t i e s  com pared  t o  n o rm a l c o n d i t i o n s .

T h ese  f in d i n g s  i n d i c a t e  t h a t  t h e  d e f l e c t i o n  in  m ovem ents 
d u r in g  c e r e b e l l a r  d y s f u n c t io n  i s  i n i t i a t e d  by  a b n o rm a l 
a n t a g o n i s t  a c t i v i t y .  The l a t e n c y  o f  t h i s  ab n o rm a l 
a n t a g o n i s t  b u r s t  and  i t s  c h a r a c t e r i s t i c s  u n d e r  d i f f e r e n t  
m e c h a n ic a l  c o n d i t i o n s  s u g g e s t  i t  may r e s u l t  from  ab n o rm a l 
s t r e t c h  r e f l e x e s .
V i l i s ,  T. and H o re , J .  (1 9 8 0 ) J .  N e u r o p h y s io l .  4 3 , 2 7 9 –2 9 1 . 
S u p p o r te d  by MRC MT– 6 7 7 3 ; NINCDS NS17426.

265.8  A M.P.T.P. PRIMATE MODEL OF PARKINSON 'S DISEASE: AN E.M.G. 
STUDY. D. Doudet*, C. Gross*, P. Lebrun-Grandié* and B. Bioulac. 
Lab. de Neurophysiologie, Groupe Motricité,  Univ. de Bordeaux II ,  
146 rue Léo Saignat, 33076 BORDEAUX CEDEX (FRANCE).

Recently, the development of irrevers ib le  parkinsonism in human 
and monkey af ter  i .v .  or i .p .  administration of 1 -methyl-
4-phenyl-1, 2, 5, 6 tetrahydropyridine (M.P. T.P.) has been 
reported (Burns et  a l . ,  Proc. Natl. Acad. Sci. U.S.A., 80:4546, 
1 9 8 3 ;  Langston et  al. ,  Brain Res., 292: 390, 1984). To 
appreciate the valid i ty  of th is  new primate model of Parkinson's 
disease, we have examined several parameters of extension (X) and 
flexion (F) movement of the forearm and the electromyographic 
(E.M.G.) act iv i ty  of the agonist/antagonist  couple in normal and 
lesioned monkeys. Methods. Two monkeys were trained to perform a 
rapid elbow movement of X and F in response to an auditory cue. 
The E.M.G. was obtained from biceps and tr iceps with intramuscular 
electrodes. E.M.G. ac t iv i ty ,  full-wave rec t i f ied  and integrated,  
and movement parameters (behavioural reaction time (RT), movement 
time (MT) and maximal velocity) were analyzed from 500 msec 
before to 1500 msec af ter  the beginning of the auditory signal. 
Three doses of M.P.T.P. (2 mg/kg each) were intraperi toneally  
injected at 2 h intervals .  Recording sessions began one week af ter  
the drug administration. Behavioural observations:After 2 doses 
of M.P.T.P., increasing bradykinesia was observed. The two monkeys 
became akinetic, usually s i t t in g  hunched over in a flexed posture. 
They exhibited a generalized increase in tone. The animals showed 
an apparent d if f icu l ty  in performing the arm movement and, 
sometimes, froze in the middle of i t s  execution. Tremor was never 
seen. Vocalization was diminished. Movement parameters and E.M.G. 
ac tiv ity . Mean values of RT and MT were signif icantly  increased 
(26 % for RT; 111 % for MT) for  both X and F movements (p 0.05). 
There was also a reduction (12 %) of the mean maximal velocity of 
movement. In comparison with the normal E.M.G. ac t iv i ty ,  we 
observed a constant disorganization of the E.M.G. ac tiv i ty  in the 

agonist /antagonist muscles in lesioned animals.
Conclusion. Perturbations in behaviour, E.M.G. and movement 

parameters which we observed in our monkeys look like the 
character is t ic  features reported in parkinsonian pat ients (Hallett  
et a l . ,  J. Neurol. Neurosurg. Psychiat. , 40:1129, 1977; Evarts 
et a l . ,  Brain, 104: 1 6 7 ,  1981). These preliminary resu l ts ,  added 
to the previously histological  and behavioural reports reinforce 
the assumption that use of MPTP provides a useful model for 
studying Parkinson's disease.
(This study was supported by C.N.R.S. E.R.A. 493).
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265.9  SIMPLE REACTION TIME, REPETITION RATE, AND RATE 
MANIPULATION IN SPEECH IN PARKINSON'S AND 
HUNTINGTON'S DISEASE.  C. L. Ludlow, N. P. C onnor* , and 
C . J .  B assich* .  Speech Pathology U nit, N ational In s titu te  of 
N eurological and C om m unicative D isorders and S troke, 
B ethesda, MD 20205.
Slow reac tio n  tim es occur in sev era l diseases a ffec tin g  the 
basa l ganglia. P a tie n ts  w ith Parkinson 's d isease (PD) and 
H untington 's d isease (HD) w ere co n tras ted  on m easures of 
speech  reac tio n  tim e  to  an acoustic  signal, r a te , rep e titio n  and 
o ffse t. N orm al in te r-re la tio n sh ip s  betw een  reac tio n  tim e and 
speech  r a te ,  sy llab le  o ffse t tim e  and speech ra te , ra te  of 
la ryngeal adduc tion /abduction  and rep e titio n  r a te ,  and betw een 
reac tio n  tim es o f various a r tic u la to rs  w ere also exam ined. The 
purpose was to  de te rm in e  w hether d iffe re n t asp ec ts  of speech 
m ovem ent p a tte rn in g  a re  independently  a ffe c te d  in d iffe re n t 
d iseases of the  basal ganglia. The following m easures w ere 
m ade from  sp ectrog raph ic  analyses o f th e  speech productions o f 
th e  p a tie n t groups and age and sex m atched norm al contro ls: 1) 
sim ple reac tio n  tim e  fo r speech m ovem ents involving th e  larynx 
alone, larynx and lips and larynx and tongue; 2) rep e titio n  ra te  
and m ain tenance  of ra te ;  3) a lte ra tio n s  in speaking ra te , and 4) 
co n tro l o f sy llab le  o ffse t. N either group was im paired in sim ple 
laryngeal reac tio n  tim e  or th e  m ain tenance of ra te  during 
sy llab le  rep e titio n . Both groups w ere im paired  in maximum ra te  
of rep e tit io n . HD p a tien ts  had slow er reac tio n  tim es than 
norm al fo r speech m ovem ents requiring  laryngeal and lip 
coord ination  and w ere excessively  slow on all re p e tit iv e  and 
speech r a te  m easures. PD p a tien ts  w ere particu la rly  slow on 
m ovem ents requ iring  rapid changes betw een  laryngeal 
adduction  and abduction . The norm al relationships betw een 
speech  reac tio n  tim e  and ra te  and betw een  ra te  o f la ryngeal 
adduc tion-abduc tion  and rep e titio n  ra te  w ere not found in 
e ith e r  p a tie n t group. Only th e  HD group re ta in ed  som e of th e  
norm al re la tionsh ips betw een  the  reac tio n  tim es o f the various 
a rtic u la to rs . Both groups d em onstra ted  th e  norm al relationsh ip  
betw een  sy llab le  o f f s e t  tim e and speech ra te . Thus, 
im pairm ents in ra te  and con tro l of rep e tit iv e  m ovem ents w ere 
independen t of speech reac tio n  tim e in the  tw o p a tie n t groups. 
Also, th e  p a t te rn  of relationsh ips found betw een  perfo rm ances 
on th e  various tasks d iffe red  in the  tw o p a tie n t groups, 
ind ica ting  th a t d iffe re n t d iseases of th e  basal ganglia have 
se le c tiv e  and d iffe re n t e f fe c ts  on speech m otor contro l.

265. 10 SENSORIMOTOR DYSFUNCTION IN PARKINSON'S DISEASE: 
OBSERVATIONS FROM A MULTIARTICULATE SPEECH TASK  V. L . 

Gracco and J.H . Abbs*.  Speech Motor Control Labs. ,  Waisman 
C enter, Univ. o f W isconsin, Madison, WI 53705–2280.

Recent s tu d ie s  have im plicated  the  b a sa l gang lia  in 
motor programming and pathogenesis of movement a b e rra tio n s  
a sso c ia ted  w ith P a rk in so n 's  d isease  (Marsden, C .D ., N eurol. , 
32:514, 1982; DeLong e t  a l . ,  Human N eurobiol., 2 :235, 1984). 
S p e c if ic a lly ,  b asa l gang lia  ou tput has been hypothesized to  
sca le  the am plitude o f limb movements through i t s  in flu en ce  
on EMG magnitude. A d d itio n a lly , p a tie n ts  w ith P a rk in so n 's  
d isease  freq u en tly  e x h ib it d i f f i c u l ty  in  producing la rg e  
am plitude limb movements. These o b se rv a tio n s , however, a re  
lim ited  to  s in g le  jo in t  ad justm ents. In v e s tig a tio n s  o f mul
t i a r t i c u l a t e  movements may provide ad d itio n a l in s ig h t in to  
the pa thogenesis o f movement a b e rra tio n s  a sso c ia ted  with 
P a rk in son 's  d isea se .

In the p re sen t study we in v e s tig a te d  the EMG and k ine
m atic compensatory responses in  upper and lower l ip s  of 
Parkinson su b jec ts  to  lower l ip  p e rtu rb a tio n s  during speech. 
In f e r io r ly  d ire c te d  loads were app lied  to  the  lower l ip  v ia  
a torque motor. Load magnitudes were 35 and 55 grams.

Comparison o f autogenic and nonautogenic EMG and movement 
changes w ith load onset time revealed  d i f f e r e n t ia l  compensa
to ry  p a t te rn s .  Compensatory response from the autogenic 
lower l ip  was reduced in  gain r e la t iv e  to  normal. Nonauto
genic upper l ip  responses, however, were in c reased .
Although autogenic responses were reduced, responses were 
sca led  to  load magnitude. That i s ,  the  slope of the  re g re s 
sion  l in e  r e la t in g  movement compensation to  p e rtu rb a tio n  
displacem ent was g re a te r  fo r  the  55 gram load r e la t iv e  to  
the 35 gram load . The a b i l i ty  to  modulate ou tpu t in  a p ro 
p o rtio n a l manner in d ic a te s  th a t  sensory inpu t is  r e la t iv e ly  
unaffec ted . F in a lly , compensatory response la te n c ie s  were 
s ig n if ic a n t ly  longer, o ften  1 0 0  msec, w ith an absence o f mid 
la tency  (35–55 msec) responses p rev iously  rep o rted  (Abbs & 
Gracco, J . N europhysiol. ,  51 (4):705–723, 1984).

O vera ll, r e s u l ts  r e f le c t  a reduced a b i l i ty  to  sca le  o ro
f a c ia l  movements co n s is te n t w ith a motor d e f ic i t  a sso c ia ted  
w ith b asa l gang lia  le s io n . In  co n tra s t to  s in g le  jo in t  move
ment, increased  re lia n c e  on nonautogenic responses r e f l e c t  a 
fu n c tio n a l adap ta tio n  in  which a v a ilab le  degrees o f movement 
freedom are used to  accomplish the m u lt ia r t ic u la te  motor 
ta sk . R esults w ill  be d iscussed  in  terms o f the d if f e r e n 
t i a l  e f fe c ts  o f b asa l gang lia  le s io n s  on the programming and 
execution  o f coordinated  speech movements. Research sup
po rted  by g ran ts  from NIH (NS-13274 and HD-03352).

265.1 1   PARKINSONIAN RESTING TREMOR AND ITS RELATIONSHIP TO MOVEMENT 
INITIATION DELAYS.  C .J. Hunker* and J.H . Abbs* (SPON: F. 
Graham).  Speech Motor C ontrol L abs., Waisman C enter, Univ. 
of W isconsin, Madison, WI 53705–2280.

In c reases  in  re a c tio n  tim es have been su b s ta n tia te d  
em p iric a lly  in  the  limbs o f some Parkinson p a t ie n ts .  I t  has 
been hypothesized  th a t  the  movement in i t i a t i o n  delays in  
Parkinson p a t ie n ts  w ith  re s t in g  trem or may be due to  an 
in a b i l i ty  to  i n i t i a t e  a vo lun tary  muscle c o n trac tio n  u n t i l  
i t  co inc ides w ith th e  invo lun tary  e x c ita to ry  EMG b u rs t  of 
the re s t in g  trem or cycle in  ag o n ist m uscles. The experiment 
rep o rted  here  o f f e r s  s tro n g  support fo r  th is  h y po thesis. 
Agonist EMG and movements from the l ip s ,  tongue, jaw, and 
index f in g e r  were recorded from two groups of Parkinson sub
je c ts  (with and w ithout re s t in g  trem o r), as w ell as f rom a 
normal co n tro l group. The motor ta sk  included the  genera
tio n  o f  movements from r e s t  under both se lf-p aced  and reac 
tio n  tim e co n d itio n s .

In  each s t ru c tu re  m anifesting  trem or, an in-phase r e la 
tio n sh ip  between the  re s tin g  trem or and the  o nset o f volun
ta ry  movement was observed. I t  was c o n s is te n tly  demonstra
ted  th a t  movement re la te d  EMG a c t iv i ty  was in  synchrony w ith 
the  e x c i ta to ry  ag o n is t phase o f th e  r e s tin g  trem or. In p a r
a l l e l ,  re a c t io n  time la te n c ie s  were s ig n if ic a n t ly  longer in 
the  trem orous Parkinson p a tie n ts  than in  the  nontremorous 
Parkinson o r normal c o u n te rp a r ts . I t  was found th a t  both 
the  neu ra l (NRT) and mechanical (MRT) response components 
co n trib u ted  to  th e  increased  re a c tio n  time in  the  tremorous 
Parkinson p a t ie n ts .  The e longated  NRT was d ire c t ly  re la te d  
to  the  synch ron iza tion  o f vo lun tary  muscle a c t iv i ty  w ith the 
e x c i ta to ry  phase o f the  trem or cy c le , w hile the  elongated  
MRT was hypothesized  to  re s u l t  from c h a r a c te r is t ic s  i n t r i n 
s ic  to  the  tremorous muscles. Research supported by g ran ts  
from NIH (NS-13274, HD-03352).

265. 12  RESPONSE PROGRAMMING CAPABILITIES IN PARKINSON PATIENTS AS 
ASSESSED BY CHOICE REACTION TIME.  M .S . Newton* and  
D.C. Shapiro (SPON: G .P. MOORE).  Motor C ontro l L ab ., 
Dept. of Kinesiology, UCLA, Los Angeles, CA 90024.

I t  i s  h y p o th e s iz e d  t h a t  th e  d e f i c i t  e x h ib i t e d  by 
Parkinson p a tien ts  is  an in a b ility  to  program responses in  
advance (Flow ers, K. B ra in , 99 , 269–310, 1976). T h is  
hypothesis was examined u ti l iz in g  a reaction  time paradigm . 
K lapp e t  a l .  (J  Mot. B e h a v ., 6 ,  263– 2 7 1 , 1974) 
hypothesized th a t choice reaction  time (CRT) should r e f l e c t  
programming time and as complexity of a response in c re a se s  
CRT should also  increase. Simple reaction  time (SRT) should 
no t r e f l e c t  programming tim e, s in c e  s u b je c t s  know th e  
response in advance of the stimulus and can hold the program 
in  memory u n t i l  th e  s t i m u l u s  a p p e a r s .  K lap p  e t  
a l .  demonstrated th a t subjects performing a morse code "d it"  
response, a quick p re ss  and r e le a s e  of a sh o r t d u ra tio n  
reacted f a s te r  than when perform ing a "dah" resp o n se , a 
quick p re s s ,  h o ld , and r e l e a s e  o f  a lo n g e r  re sp o n se  
duration. Thus, as response complexity increased (dah), CRT 
also  increased. This paradigm was employed on Parkinson 
p a tien ts  and a normal group of the same age . I f  Parkinson 
p a t i e n t s  can n o t program  movements in  a d v a n c e , ta s k  
complexity w ill not be re flec ted  in  the CRT.

Twelve subjects diagnosed as having Parkinson 's syndrome 
and twelve non-Parkinson subjects volunteered. The mean age 
of th e  Parkinson group was 70 and th e  n o rm als  was 69 . 
Subjects performed key-press responses of e i th e r  100 (d it)  
or 300 (dah) ms with the index finger of the p referred  hand. 
S u b jec ts  were informed to  re a c t  a s  q u ick ly  as p o s s ib le  
following the stimulus onset in  both SRT and CRT s itu a tio n s .

A s ig n if ican t movement time (MT) d if fe re n c e  between d i t  
and dah responses for both simple and choice reac tio n  tim es 
was found, which v alida tes our MT m anipulation . There was 
no s ig n i f ic a n t  SRT d if fe re n c e  between d i t  and dah key 
presses as p red ic ted . There was, however, a s ig n i f ic a n t  
d iffe ren ce  between normals and Parkinson p a t i e n t s ,  w ith  
p a tien ts  demonstrating s ig n if ican tly  longer la te n c ie s  than 
normals. The c r i t ic a l  comparison was for CRT. There was a 
s ig n if ican t difference between the d i t  and dah responses for 
both groups and no sig n if ican t difference between Parkinsons 
and normals. The re su lts  suggest th a t  Parkinson p a t ie n ts  
can program as w ell as norm als as a s s e s se d  by th e  CRT 
d if fe re n c e s . More complex re sp o n s e s  r e q u i r e  g r e a t e r  
programming time fo r  both normal and Parkinson p a t i e n t s .  
(Supported by a UCLA Academic Senate G rant).
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265.13  Tolerance of the Peripheral Nervous System of Dogs to 
Intraoperative Radiation,  A.M. DeLuca, T.J. Ki nsella*, 
W.F. Si ndelar*, R. T e rr i l l* ,  k. kranda*, and A. Mixon*, 
 Radiation Oncology and Surgery Branches, National Cancer 
I n s t i tu te ,  National In s t i tu te s  of Health, Bethesda, 
MD 20205.

The peripheral nervous system 1s considered to be 
r e s is ta n t  to high dose (6000–7000 rad) conventional frac
tionated  external beam radiation therapy. When peripheral 
nerves are i njured with external radiat ion, c l in ica l  signs 
are not manifested for months (usually more than 9 months) 
to years following treatment. In preliminary c l in ica l  
t r i a l s  of i ntraoperative radiotherapy (IORT) using 2000–
3000 rad, three patients developed c l in ica l  signs of 
peripheral nerve i njury within 4–6 months following IORT.

To further  investigate the tolerance of peripheral 
nerves to IORT, the r ight  lumbro-sacral plexus (L4-S1) of 
twenty four pure-bred Foxhounds were i rradiated  during 
surgery with single large doses ranging from 2000 to 7500 
rad i n 500 to 1000 rad i ncrements. The i r radiations were 
performed with an 11 MeV electron beam and the f ie ld  was 
outlined by a 9 cm beveled c i r c le  luc i te  treatment cone.
The cone was i nserted i nto the groin to r e t rac t  the viscera 
and to define the treatment area. The perimeter of the 
cone was encased i n a s ta in less  steel  shield and the 
viscera were protected with lead.

Electromyograms, nerve conduction t e s ts  and neurologi
cal examinations were performed on al l  the dogs a t  monthly 
i ntervals in order to access the course of the nerve 
damage.

Using hind limb limp as an end-point, there was a l inear  
time-dose relationship with the highest doses (6500–7000 
rad) having an e f fec t  between 2 and 15 weeks and the lower 
doses (2000–3000 rad) a t  40 weeks or l a te r .  The cl in ica l  
picture i s one of lower motor neuron disease of the leg. 
Muscle s tretch  reflexes are lo s t  or reduced. There i s 
progressive sensory loss or hyperesthesia. Muscle wasting 
and often fasiculat ions are seen. The sham trea ted  dogs 
show normal hind l i mb function.

One year a f te r  treatment or when paralysis became 
severe, one dog i n each dose group was sacrif iced. 
Preliminary histological examination of the neural t issue 
reveals Wallerian degeneration of the f ibers  with fragment
ation of axons and myelin sheaths. The remaining dogs are 
par t  of a long term follow-up study.

265.14  FATIGUE OF NORMAL CANINE DIAPHRGAM DURING INTRAMUSCULAR 
STIMULATION.  D.K. P eterson*. M.L. Nochomovitz*, and J.T. 
Mor t i m e r  ( SPON: R. G rubbs).  A p p lied  N eura l C o n tro l Lab., 
Case Western Reserve Univ., C leve., OH 44106.

One a p p lic a tio n  of in tram uscu lar diaphragm pacing i s  as 
a s h o r t  te rm  r e s p i r a to r y  a s s i s t  d e v ic e . T h is  s e rv e s  as 
one m o tivation  fo r study of the  fa tig u e  c h a r a c te r is t ic s  of 
d iaphragm  p ac in g  as a fu n c t io n  o f s t im u lu s  p a ra m e te rs  
under a cu te  c o n d i t io n s .  A second m o tiv a t io n  i s  to  
e s t a b l i s h  s t im u lu s  p a ra m e te rs  to  be used  in  long te rm  
chronic s tu d ie s .

S ix  a d u l t  m ongrel dogs (10–15kg) a n e s th e t iz e d  w ith  
sodium p e n to b a rb ito l (30mg/kg iv) were s tu d ied . Monopolar 
c o i l e d  w ir e  s t i m u l a t i n g  e l e c t r o d e s  w ere im p la n te d  
b i l a te r a l ly  near (1–2 cm) the  t r i f u r c a t io n  of the  phrenic 
nerve. T ransdiaphragm atic p ressu re  measurements were used 
as an index  o f d iaphragm  fo rc e  p ro d u c tio n . B i f i l a r  
re c o rd in g  e le c t r o d e s  im p la n te d  in  th e  l a t e r a l  a n d /o r  
c ru ra l  diaphragm 2–4 cm from the c o s ta l  margin were used 
to measure compound muscle ac tio n  p o te n t ia ls  (MAPs) evoked 
by in tr a m u s c u la r  s t im u la t io n .  R etrograde compound nerve 
ac tio n  p o te n tia ls  (NAPs) were recorded from the 5th roo t 
o f th e  p h re n ic  ne rv e  in  th e  neck u s in g  t r i p o l a r  c u f f  
e le c t r o d e s .  Supram axim al s t im u lu s  p u ls e s  (20 mA, 100 
usec) were app lied  in e i th e r  20 or 40 Hz b u rs ts  la s t in g  1 
second a t a ra te  of 50 b u rs ts  per minute fo r periods up to  
s ix  hours. Force versus frequency measurements were made 
a g a in s t  an o cc luded  a irw ay  b e fo re ,  a f t e r ,  and d u rin g  
recovery from fa tig u e .

Our s tu d ie s  in d ic a te  th a t  20 Hz s t im u la t io n  may be 
co n tin u e d  fo r  up to  4 h ou rs  w ith o u t s ig n s  o f f a t ig u e  
d e sp ite  the high ra te  and la rg e  duty cycle used. However, 
40 Hz s t im u la t io n  induces  a 50 % drop in  d iaphragm  fo rc e  
production w ith in  a 1 hour period  of pacing. Concurrent 
w ith  th e  drop in  d iaphragm  fo rc e  i s  a re d u c t io n  in  
a m p litu d e  and a b ro ad en in g  in  w id th  o f th e  evoked 
d iaphragm  MAP. The r e c t i f i e d  and in te g r a te d  MAP a ls o  
dec lin es  w ith the drop in diaphragm fo rce . No s ig n if ic a n t  
c h an g e s  w ere  fo u n d  in  th e  r e t r o g r a d e  p h r e n i c  NAP 
th ro u g h o u t th e  s tu d ie s .  R ecovery o f evoked d iaphragm  
fo rc e  and MAP is  com ple te  a f t e r  30 m in u te s  to  1 hour o f 
r e s t  on a m ech an ica l v e n t i l a t o r .  The r a t e  o f d iaphragm  
fo rc e  and MAP f a t ig u e  i s  g r e a te r  in  su b seq u en t p ac in g  
p e rio d s .

These r e s u l t s  su g g es t any s i t e ( s )  o f f a t ig u e  d u rin g  
the f i r s t  4–6 hours of in tram uscu lar diaphragm pacing l ie  
a t or beyond the neurom uscular ju n c tio n  and not w ith in  the 
e x c i ta tio n  and propagation  elem ents of the phrenic  nerve.

265.15  A TECHNIQUE FOR COLLISION BLOCK OF PERIPHERAL NERVE: FRE
QUENCY AND PULSE CHARACTERISTIC DEPENDENCE.  J.D . 
Sweeney*. J .T . M o rtim e r. G.G. N aples*  and T .J . C rish * . 
 A p p lied  N eura l C o n tro l Lab., D epartm ent o f B iom ed ica l 
E n g in e e r in g , Case W estern  Reserve U n iv e rs ity , C leveland, 
OH 44106.

We have r e p o r te d  (J.D . Sweeney and J.T . M o rtim e r, Soc. 
N e u ro sc i.  A b s tr .  9: 1038, 1983) i n i t i a l  r e s u l t s  on th e  
developm en t o f  an a s y m m e tr ic a lly  sh ie lded  two e lec tro d e  
c u f f  (ASTEC) fo r  c o l l i s i o n  b lo ck  o f p e r ip h e r a l  n e rv e . 
This m odified b ip o la r cu ff e le c tro d e  can e l i c i t  a neu ra l 
c o l l i s i o n  b lo c k  th ro u g h  g e n e r a t i o n  o f  a n t id r o m ic  
u n i d i r e c t i o n a l l y  p ro p a g a te d  a c t io n  p o t e n t i a l s  (AUPAP). 
Such a c o l l i s i o n  b lo c k  c o u ld  be u sed  to  s u p p r e s s  
s p a s t ic i ty  of the  e x te rn a l u rin a ry  sp h in c ter in p a tie n ts  
w ith d e tru s o r-s p h in c te r  dyssynergia .

F o llo w in g  our a c u te  a n im a l s tu d y  o f AUPAP g e n e ra t io n  
u s in g  s in g le  m onophasic r e g u la te d - c u r r e n t  re c ta n g u la r  
p u l s e s  w i th  e x p o n e n t i a l  t r a i l i n g  p h a s e s  we h ave  
in v e stig a te d  ASTEC dependence upon the  frequency of both 
monophasic and balanced-charge b iphasic  (BCB) s tim u la tio n . 
In  th re e  a d u l t  c a t s  w ith  ASTECs a c u te ly  p la c ed  on th e  
m e d ia l g a s tro c n e m iu s  (MG) b ran ch  o f one s c i a t i c  ne rv e  
m onophasic s t im u la t io n  g e n e ra te d  AUPAP w ith  a maximum 
frequency ranging from 40 to  100 Hz before b id ir e c tio n a l 
p ro p a g a tio n  o c cu red . BCB s t im u la t io n ,  w hich would be 
p r e f e r r e d  in  c h ro n ic  im p la n ta t io n  fo r  e le c t r o c h e m ic a l  
re a s o n s ,  produced  AUPAP a t  a maximum freq u en cy  ra n g in g  
from  10 to  50 Hz.

We h av e  a l s o  s t u d i e d  in  t h r e e  a d u l t  c a t s  th e  
e f f e c t iv e n e s s  of ASTEC g e n e r a t io n  o f AUPAP on a la r g e r  
nerve tru n k , the  g re a te r  s c ia t i c .  Using s in g le  monophasic 
re g u la te d -c u rre n t pu lses a cu ff geometry "scaled  up" from 
th a t  o f th e  MG c u f f  has been found th a t  e f f e c t i v e l y  
produces AUPAP w hile m inim izing o v e ra ll cu ff leng th . By 
m o n ito r in g  MG fo rc e  and t i b i a l  n e rv e  ENG we have found 
th a t  the  c u rren t th resh o ld  fo r AUPAP generation  is  lower 
fo r  th e  more s u p e r f i c i a l l y  lo c a te d  MG n e rv e  f i b e r s  th an  
the th resh o ld  fo r  the  deeper s c ia t i c  f ib e rs  th a t  continue 
in to  th e  t i b i a l  n e rv e . In  th re e  c a t s  we have a ls o  found 
th a t t r a in s  of monophasic s t im u li  can generate  AUPAP a t a 
maximum freq u en cy  ra n g in g  from  40 to  50 Hz w h ile  BCB 
s t i m u l i  can  o n ly  r e a c h  10 to  30 Hz. At th e  BCB 
s t im u la t io n  freq u en cy  where b id ir e c t io n a l  propagation  is  
e l i c i t e d  th e  u n d e s ire d  o rth o d ro m ic  e x c i ta tio n  occurs a t 
th e  o n s e t o f th e  seco n d ary  c h a rg e -b a la n c in g  p u ls e .  We 
have designed a new s tim u la to r  th a t  smoothly s h i f t s  from 
the exponen tia l t r a i l i n g  phase of the  prim ary pulse in to  
th e  seco n d ary  p u ls e .  In  an i n i t i a l  t e s t  t h i s  waveform 
en ab led  an in c re a s e  in  BCB m axim al r a t e  from  30 Hz to  37 
Hz.

T h is  r e s e a rc h  has been su p p o rte d  by NSF G rant No. 
PFR80-17190 and NIH T rain ing  Grant No. HL075-35.

265.16  MUSCLE PLASTICITY INDUCED BY ELECTRICAL STIMULATION:  
COMPARISON OF STIMULATION PARADIGMS AND HOURS/DAY OF 

STIMULATION.  A .S. Ferguson* H.E. Stone*, J .T . Mortimer .  
M. Burke*, and  E.  T is d a le *  (SPON:  L .F . De l l ' Os s o ) .  Applied 
Neural C ontrol L ab., Department of Biomedical Engineering , 
Case Western Reserve U n iv e rs ity , C leveland, OH 44106.

P h y s io lo g ica l, m etabolic and biochem ical p ro p e rtie s  of 
muscle a l t e r  in response to  e le c t r i c a l  s tim u la tio n . We 
have p rev iously  compared (Soc. N eurosci. A b str. 9: 1038, 
1983) the  e f fe c ts  of two d if f e r e n t  s tim u la tio n  paradigms 
on muscles s tim u la ted  fo r 24 hou rs/day . More re c en tly  we 
have in v estig a ted  the  e f fe c ts  of these  same paradigms on 
muscles stim u la ted  fo r 8 hours/day and compared the 
b iochem istry of the  two groups of m uscles.

T ib ia l i s  a n te r io r  muscles of cat hind limbs were 
s tim ula ted  supramaximally fo r 90 days w ith 100 usec 
balanced b iphasic  cu rren t p u lse s . One limb received  10 Hz 
continuous s tim u la tio n ; the o the r limb received  a 30 Hz 
b u rs t paradigm m odified to  produce an average s tim u la tio n  
ra te  of 10 Hz. Both limbs were stim u la ted  fo r e i th e r  8 or 
24 hours per day.

Muscles s tim u la ted  fo r 8 hours/day show le ss  complete 
f ib e r  conversion than muscles stim u la ted  fo r 24 hours/ day. 
The l a t t e r  ex h ib ited  a uniform ly lig h t m y o f ib r illa r  ATPase 
s ta in ;  8 hour stim u la ted  muscles contained  a large 
percentage of dark s ta in in g  f ib e r s ,  although th e re  were 
more lig h t s ta in in g  f ib e rs  compared to  co n tro l m uscle. A ll 
stim ula ted  muscles s ta in ed  uniform ly dark fo r NADH. 
in d ica tin g  o x id a tiv e  metabolism . Muscle mass in the 24 
hours/day muscles was s ig n if ic a n t ly  g re a te r  using the  30 
hz b u rs t compared to  the  10 Hz paradigm; no d iffe ren c e  in 
muscle mass re s u lte d  between the two paradigms follow ing 
s tim u la tio n  fo r 8 hours/day . Endomysial f ib r o s is ,  
increased  n u c le i and inflammatory response , a l l  apparent 
in the 10 Hz/24 hour m uscles, were absent in the  8 hour 
stim ula ted  m uscles.

In accord w ith the  m y o fib r illa r  ATPase s ta in ,  muscles 
stim u la ted  fo r 8 hours per day ex h ib ited  c o n trac tio n  times 
longer than c o n tro l, but sh o rte r than 24 hour stim u la ted  
m uscles. Regardless of the hours/day of s tim u la tio n , 30 Hz 
muscles had a lower tw itch  fo rce  but la rg e r te ta n ic  fo rce , 
re s u lt in g  in a sm aller tw itc h /te tan u s  ra t io  than th a t 
found in  the 10 Hz m uscle. Following one hour of 
s tim u la tio n  a t th e i r  re sp ec tiv e  paradigm s, a l l  30 Hz 
muscles ex h ib ited  a la rg e r fo rce-tim e in te g ra l  than the  10 
Hz m uscles. The 30 Hz paradigm is  more e f fe c tiv e  in 
adapting muscle to  applying fo rce  fo r longer periods of 
tim e, in d ic a tin g  th is  w ill  be a more u sefu l s tim u la tio n  
paradigm fo r a l te r in g  bone s tru c tu re  as may be req u ired  in 
fo r c o rre c tio n  of a s c o l io t ic  sp in e .

We are  a ttem pting  to  c o rre la te  biochem ical changes in 
the  muscles (using  SDS g e ls) w ith the above p h y sio lo g ica l 
and h istochem ical changes. No d iffe ren c e s  have been found 
in the  c o n tr a c t i le  p ro te in s  of muscles s tim u la ted  fo r the 
same number of hours per day, d e sp ite  the d iffe ren c e s  
found in the o the r muscle p ro p e r tie s .  In the  8 hour 
m uscles, fo r both 10 and 30 Hz paradigm s, we see a very 
prominent lig h t chain band a t 27 K D altons. In 24 hour 
stim u la ted  m uscle, the prominent band occurs a t 24.5 K 
D altons.

Supported by NIH Grant No. 5 R01 AM27878-03 and NIH 
T rain ing  Grant No. HL075-35.
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265.17  EFFECT OF MANUAL AND VOLUNTARY RANGING ON MUSCLE STIMULATED 
UNDER RESTRICTED LENGTH CONDITIONS.  H.E. Stone*, 
A.S. Ferguson*, J .T. Mortimer and E. Tisdale* (SPON: C. van 
den Honert).  Applied Neural Control Lab, Dept. of Biomedical 
Engineering, Case Western Reserve University, Cleveland, OH 
44106.

The effects of periodic ranging (large changes in muscle 
length) on muscle stimulated under restric ted  length conditions 
have been investigated. E lectrical stim lulation in combination 
with bracing has been proposed as a possible treatment for 
sco liosis  (la te ra l curvature of the spine). But, i t  has been 
found that ra t muscle subjected to repeated stimulation under 
restric ted  length condtions undergoes severe changes which may 
be deleterious (Kobetic, Mortimer, Roessmann). If ranging can 
prevent these changes from occurring, patients who are being 
braced and stimulated simultaneously may be advised to perform 
ranging exercises.

In 9 cats, the t ib ia l i s  anterior muscle of one hind limb was 
stimulated supramaximally with 100 usec balanced biphasic 
pu lses, while being held at a restric ted  length with a modified 
Thomas sp lin t. The stimulation (consisting of a continuous 10 
Hz or a 30 Hz burst paradigm with an average frequency of 10 Hz) 
and bracing was applied continuously for either 23 or 8 hours 
per day, with an interruption (1 or 16 hours, respectively) 
during which no stimulation was applied, and the limb was 
debraced and ranged manually. This procedure was continued for 
90 days. The t ib ia l is  anterior of the contralateral limb in 
each cat served as the control.

Muscles stimulated for 23 hr/day (with a 10 Hz or 30 Hz burst 
paradigm) under restric ted  length conditions showed marked 
changes. Histochemical analysis showed uniform fiber type; 
fibers stained dark for NADH (indicating high oxidative enzyme 
activ ity ) and stained light for m yofibrillar ATPase. Both mean 
fib er area and muscle mass were reduced. Endomysial fibrous 
tissue p ro liferation  was found, along with motheaten and central 
core fibers. Physiological data showed longer twitch widths and 
decreased active twitch force and tetanic  force. Although the 
experimental muscles had greater resistance to fatigue, the 
integral of the isometric force produced during a one hour tes t 
was not increased over control.

Muscles stimulated with a 30 Hz burst paradigm under 
re s tric ted  length conditions for 8 hr/day showed no deleterious 
changes. Fibers stained uniformly dark for NADH. Mean fiber 
area, muscle mass, endomysial fibrous tissue  and mitochondrial 
d istribu tion  were a ll  normal. Longer twitch widths were 
measured but active twitch force and tetanic  force were not 
reduced. Experimental muscles were more fatigue resistan t and 
produced larger force-time in tegrals. Because of the absence of 
deleterious changes and the increased ab ility  of these muscles 
to  apply large forces for longer periods of time, stimulation 
with a 30 Hz burst paradigm under restric ted  length conditions 
for 8 hr/day could be useful in the treatment of a sco lio tic  
spine.

Supported by NIH Grant No. 5 R01 AM27878-03 and NIH Training 
Grant No. HL075-35.

2 6 5 .1 8   NEURAL ACTIVITY EVOKED BY PROLONGED STIMULATION WITH CHRON
ICALLY-IMPLANTED INTRACORTICAL MICROELECTRODES.  D. McCreery, 
Leo Bullara* and W. F. Agnew.  Neurological Research Lab., 
Huntington Med. Research In s t i tu te s ,  Pasadena, CA 91105.

Stimulating microelectrodes fabricated from Pt30%Ir are 
implanted in the precruciate gyrus of adult cats under gen
eral anesthesia. The electrodes are 1500 µ in length and 
have smooth, planar tips with geometric areas of 20 ±0.5 X 
10- 6cm2.

Three weeks a f te r  implantation of the microelectrodes an 
insulated sta inless  steel wire is inserted by stereotaxis 
into the ip s i la teral  medullary pyramidal t r a c t ,  to monitor 
the neural ac t iv i ty  evoked by the in tracort ical  microelec
trodes during continuous stimulation, which is  conducted 
with the cat awake and able to move about freely . The in t r a 
cortical stimuli are charge-balanced, symmetrical, con
trolled-current, ca thod ic-f i rs t  pulse pairs ,  200 µsec/ph in 
duration, a t  20 pps. The pulses are 20 to 3200 µC/cm2. 
Stimulation is continued for 24 hrs, or for 23 hrs/day for 
one week. At intervals of 15 min to 1 hr, the computer-
averaged compound action potential (CAP) is recorded from 
the pyramidal t r ac t .  During continuous in tracort ical  stim
ulation at 20 to 40 µamp, the early components of the CAP 
remain quite stable ,  although some dimunition over time was 
observed, as well as hr to hr var iat ions.  These early com
ponents of the CAP probably re f lec t  action potentials evoked 
directly  in cortical neurons by the elec tr ica l  stimulus.
After 24 hrs of continuous stimulation, the threshold of the 
early component of the CAP is usually not elevated above the 
prestimulus value of 10 to 15 µamp. Late components of the 
CAP, which probably r e f lec t  neural ac t iv i ty  evoked transsyn
aptically  by intracort ical  stimulation,  undergo greater 
attenuation,  often within two hrs af ter  the s t a r t  of contin
uous stimulation. This reduction is reversible , but recov
ery may require up to 48 hrs. After stimulation for 24 hrs 
at 80 µamp (800 µC/cm2), the threshold of the early compo
nent of the CAP may be elevated temporarily. However, even 
a f te r  stimulation at  80 µamp for 1 week, the elevation is 
temporary and reverses within a few days. In contrast,  
stimulation for only 24 hrs a t  320 µamp produces profound 
elevation of the threshold of the early as well as the la te  
components of the CAP. This elevation persis ts for a t  leas t  
7 days af te r  the end of stimulation. This is consistent  
with histological  findings that such intense stimulation 
damages neuronal elements adjacent to the t ip  of the micro
electrodes.  Supported by: NIH Contract NOI -NS-3-2359.

265.19  MORPHOLOGICAL CHANGES FOLLOWING ELECTRICAL STIMULATIONS WITH  
INTRACORTICAL MICROELECTRODES.  W. F. Agnew, T. G. H. Yuen*, 
L. A. Bullara* and D. B. McCreery.   Neurological Res. Lab., 
Huntington Medical Research In s t i tu te s ,  Pasadena, CA 91105

Microelectrodes having geometric surface areas of approx
imately 20 x 10- 6cm2 were fabricated from either  Pt30%Ir or 
pure iridium and implanted in traco r t ica l ly  in the pre- or 
postcruciate gyrus of adult ca ts.  A high valence oxide film 
was grown on the iridium electrodes by repeated cycling 
(activation) in vivo. Three weeks following implantation 
the electrodes were pulsed continuously for 24 or 160 hrs 
with ca thod ic - f i r s t ,  biphasic pulses using a pulse duration 
of 200 µsec per phase, 20 pps and pulse amplitudes of 
10-320 µA (charge densities of 100–3200 µC/cm2*ph).

Following stimulation for 24 hrs or 1 week (23 hrs/day 
for 7 days), the animals were anesthetized and perfused via 
the ascending aorta with either  10% formalin or a mixture of 
3% glutaradehyde and 2% paraformaldehyde for l igh t  and elec
tron microscopy, respectively.  At 3 weeks following surgery, 
control (non-pulsed) platinum-iridium or pure iridium elec
trode s i te s  showed moderate connective tissue ensheathment, 
mild g l io s is ,  inflammatory cell in f i l t r a t io n  around sub
durally si tuated electrode array matrices (dacron mesh) and 
electrode tracks.  Only a t  extremely high charge densities  
(3200 µC/cm2. ph) was neural damage associated with Pt30%Ir 
electrodes. The neural damage was seen in the form of 
neuronal loss ,  axonal degeneration, necrosis and lipid-laden 
macrophages. However, neurons adjacent to these electrodes 
were activated by charge densities as low as 100 µC/cm2. ph 
as indicated by evoked potentials from pyramidal t rac t  
recordings.

Neural damage was not observed following pulsing with 
activated iridium electrodes a t  any charge density up to 
3200 µC/cm2. ph and the neuronal activation threshold was 
essential ly  the same as for the Pt30%Ir. Thus, pure iridium 
microelectrodes appear to be the superior of the two metals 
for in tracort ical  stimulations.
Supported by: NIH Contracts NOI -NS-0-2319 and NOI-NS-3-2359.

265.20  SCANNING ELECTRON MICROSCOPE COMPARISON OF PLATINUM-30% 
IRIDIUM AND PURE IRIDIUM MICROELECTRODES USED FOR ELECTRI
CAL STIMULATION OF BRAIN CORTEX.  T. G. H. Yuen*, L. A. 
Bullara*, D. B. McCreery and W. F. Agnew (SPON: D. Jacques). 
 Neurological Research Laboratory, Huntington Medical 
Research Ins t i tu te s ,  Pasadena, CA 91105.

The use of pure iridium for electrodes used in neural 
stimulation takes advantage of a property not shared by 
platinum-iridium alloys;  the ab i l i ty  to in ject  charge by 
oxidation and reduction of a surface layer of high valence 
iridium oxide. Following in i t ia l  formation of the oxide, 
continued oxidation and reduction of the oxide layer is not 
accompanied by erosion of the underlying metal matrix. In 
vitro  experiments have shown that electrodes having an un
insulated working surface area of 20 x 10- 6cm2 can be cover
ed by the oxide layer "activation" and are able to inject  
about 600,000 pC of charge. I t  has been demonstrated that 
only 4,000 pC/ph are needed to evoke action potentials in 
cortical neurons. A high-valence oxide film can be grown 
more conveniently on the electrodes in vivo immediately 
af ter  surgical implantation. This is  accomplished by re
peated potential cycling a t  a frequency of 1/sec for 20 to 
100 seconds between ± 0.8 volts against a large iridium 
counter electrode implanted in the temporalis muscle. Per
forming the activation process in vivo is more convenient 
and does not result  in any histologically discernible tissue 
damage. The levels of charge injection used in the experi
ments were 100 to 3200 µC/cm2. ph for 24 hrs (Pt30%Ir) and 
200–3200 µC/cm2 ph for 24 hrs (pure I r ) .  Stimulations were 
carried out with charge-balanced pulses using 200 µsec/ph 
pulse duration and 20 pps. Pulse amplitude was adjusted 
to obtain charge densities  of 200 to 3200 µC/cm2 ph. The 
surface area of all electrodes was approximately 20 x 10-6 
cm2.

As seen by scanning electron microscopy, erosion of the 
Pt30%Ir electrodes was found af ter  all levels of charge 
injection ranging from 200 to 3200 µC/cm2 ph for 24 hrs 
or 1 week (200 QD). The pattern of erosion was that  of a 
peripheral annulus a t  the lower QD levels with an increase 
in erosion of the entire facet proportional to increasing 
levels of QD. To date, pure iridium microelectrodes have 
shown no erosion following injections of QD up to 3200 for 
24 hrs. This remarkable durability of iridium holds great 
promise as a metal of choice for long-term neural stimula
t ion, where metal dissolution must be avoided.
Supported by: NIH Contracts NOI -NS-0-2319 and NOI-NS-3-2359.
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266.1  A TWO-ELEMENT OCULOMOTOR PLANT MODEL RESOLVES PROBLEMS 
INHERENT IN A SINGLE-ELEMENT PLANT MODEL.  H. P . G oldstein* 
and D. A. Robinson (SPON: R. Burde).  Washington U n iv e rs ity , 
S t. Louis, MO 63110, and The Johns Hopkins U n ivers ity , 
B altim ore, MD 21205.

U nit reco rd ing  from the abducens nucleus suggests the 
need to  model the  oculomotor p lan t as a cascade of two 
sp ring -dashpo t elem ents, w ith time co n stan ts  about 20 and 
300 msec, in s te ad  o f a sim pler s in g le  spring-dashpot 
elem ent, w ith a time co n stan t about 200 msec. When 
analyzed, both models p re d ic t nearly  in d is tig u is h a b le  in p u ts  
fo r  slow eye movements. Both models p re d ic t a l in e a r  
" ra te -p o s it io n "  curve as w ell as a ram p-like in c rease  in  
neuron f i r in g  r a te  during  constan t v e lo c ity  eye movements. 
Although the  p red ic ted  in p u ts  during  s in u so id a l track in g  
d i f f e r ,  the  d iffe ren c e  i s  sm all a t  the  low frequencies 
te s te d  p h y s io lo g ic a lly  and the  d is p a r i ty  might not be 
apparan t from experim ents. Only during  saccad ic  eye 
movements do the  two models have d is p a ra te  in p u ts . To 
compare them d i r e c t ly ,  the  inve rse  of both models were 
sim ulated  on a d ig i t a l  computer where the  inpu t to  these  
inverse-m odels was eye p o s itio n  and the  output was requ ired  
fo rce  generated  by the  oculomotor muscles. The averaged 
waveform of ten  id e n t ic a l  20 monkey saccades was the in p u t; 
the  movement la s te d  50 msec. Both models p red ic ted  a fo rce  
th a t  increased  ab ru p tly  a t the beginning of the saccade.
The i n i t i a l  r i s e  ended a f te r  8 msec and before the eye had 
moved 3°. The fo rce  obtained  by the  sing le-e lem en t model 
peaked above 120 grams during  the  f i r s t  20 msec of the 
saccade and. decreased smoothly to  the  p o s t-saccadic le v e l 
during  the  l a s t  30 msec of the saccade; the  post-saccade 
fo rce  remained co n stan t. In  c o n tra s t ,  the  requ ired  fo rce  of 
the  two-element model peaked a t  only 50 grams, stayed 
v i r t u a l ly  constan t during  most of the saccade and s ta r te d  to  
decay 10 msec before  the  end of the  saccade. The fo rce  
continued decaying expo n en tia lly  w ith a 100 msec time 
co n stan t w ell a f t e r  the  saccade had ended. The i n i t i a l  f a s t  
development of fo rce  e a r ly  in  the  saccade, the p la teau  of 
fo rce  a t  50 grams during  the  saccade, and the  exponential 
decay in  fo rce  a f te r  the  saccade a re  a l l  fe a tu re s  found in  
experim ents using  im planted s t r a in  gauges (C o llin s  e t . a l . ,  
1975). Hence, the  two-element model performs 
p h y s io lo g ica lly  when g enerating  both f a s t  and slow eye 
movements whereas the  sing le-e lem en t model does no t. (This 
work supported by NIH g ra n ts  EY07047, EY01765, and EY00598.)

266.2  THE VESTIBULO-OCULAR REFLEX IN RABBIT, AS INTERPRETED 
USING THE MOORE-PENROSE GENERALIZED INVERSE TRANSFORMATION 
OF INTRINSIC COORDINATES.  J . I .  Simpson and A. P e l l i oni s z , 
Dept. P hysio l. Biophys. N.Y.U. Med. C tr . ,  New York 10016.

The v e stib u lo -o c u la r re f le x  (VOR) provides a s p e c if ic  
model fo r a q u a n ti ta t iv e  a p p lic a tio n  of the  te n s o r ia l  
t r eatment of sensorim otor co o rd ina tion  in troduced by 
P e l l i oni sz & L linas (1979,1980). T heir th e o re t ic a l  
approach, tre a t in g  v e c to r ia l  expressions in  i n t r in s ic  
re ference  fram es, ra ised  two key is su e s :  the  non-orthog
o n a lity  and the  p o te n tia l  overcom pleteness of these  r e f e r 
ence fram es. These is su e s  can be p resented  by considering  
the kinem atic a n a ly sis  of eye movements, although the 
broader focus i s  the in te rp r e ta t io n  of the  seq u en tia l 
transform ations in  the VOR, where the frames may be over
com plete. Eye movement i s  ty p ic a lly  tre a te d  as a 3 degree 
of freedom r ig id  body ro ta tio n  caused by the  a c tio n  of 6 
m uscles, each w ith i t s  own ro ta tio n  a x is .  The excess of 
the number of muscle ro ta tio n  axes over the  number of 
degrees of freedom means th a t ,  un less c o n s tra in ts  a re  
in troduced , a p a r t ic u la r  eyeball angular v e lo c ity  cannot 
be resolved in to  a unique se t of c o n trav a rian t component 
ro ta tio n s  in  the 6 dim ensional muscle re fe rence  frame. 
R ather, an in f in i ty  of such component s e ts  e x is t s .  For the 
e y eb a ll, th is  problem can be "resolved" by reducing the 
d im ensionality  from 6 to  3 by muscle p a ir in g . This approx
im ation perm its a m atrix  d e sc rip tio n  of the  inpu t-ou tpu t 
transform , but w ithout in te rp r e ta t io n  of the network 
transfo rm ations in  between. Moreover, such reduc tion  may 
not be ap p licab le  to  o the r motor system s, e .g .  the neck. 
Other approaches e x is t ,  but they a l l  involve some approxi
m ation. One a l te rn a t iv e  approach uses the Moore-Penrose 
generalized  in v e rse , as proposed by P e llio n is z  (1983). 
This approxim ation preserves the e igenvec to rs  of a m atrix . 
From measurements of the physica l arrangement of the 
r a b b i t 's  ex trao cu la r muscles, the Moore-Penrose g en era l
ized inverse  has been ca lcu la ted  and i s  in te rp re te d  as the 
oculomotor m etric  ten so r in  the  VOR transform . Some 
advantages of th is  approach are  th a t  i t  i s  g en era l, the 
id e n t i ty  of the in d iv id u a l muscles i s  p reserved , and the 
in te rim  neuronal transform ations can be rep re sen ted . 
Keeping the in t r in s ic  coord inates d is tin g u ish ab le  i s  a lso  
l ik e ly  to  prove im portant in  extending the a n a ly sis  of eye 
movements from kinem atics to  dynamics, and beyond, to  the 
fu n c tio n a l geometry of neuronal c o n tro l. Supported by NIH 
g ran t NS13742 from NINCDS.

2 6 6 .3  AN ANALYSIS OF COMPONENT-CROSSCOUPLING IN OBLIQUE SACCADES. 
 J.A.M, Van G isbergen*, A .J. Van Opstal* and J.J.M . 
Schoenmakers*. (SPON: European Neuroscience A sso c ia tio n ). 
 Dept. of Medical Physics and B iophysics, Univ. of Nijmegen, 
6525 EZ Nijmegen, The N etherlands.

Several recen t s tu d ie s  (see King, W. e t  a l . , Soc. Neurosci. 
A bstr., 1983) have revealed  th a t orthogonal components of 
oblique saccades do not obey the same p e ak -v e lo c ity /d u ra tio n /
am plitude re la t io n s  as purely  h o riz o n ta l or v e r t ic a l  sac
cades: The sm aller component has a prolonged du ra tion  and a 
reduced peak v e lo c ity  (s t re tc h in g ) .  We have made a d e ta ile d  
study of the dynamic p ro p e rtie s  of h o riz o n ta l ,  v e r t ic a l  and 
oblique saccades in  two monkeys. Saccadic eye movements in 
various d ire c tio n s  were measured w ith our improved v e rs io n  of 
the  double-m agnetic induction  technique and co rrec ted  fo r the 
s t a t i c  n o n lin e a r ity  in h e ren t in  th is  method (Bour, L. e t  a l . ,  
IEEE Trans. Bio-Med. E n g .,1984; in  p re s s ) .

We found th a t  onsets of orthogonal components of oblique 
saccades a re  so w ell synchronized in  the monkey th a t a com
mon i n i t i a t i o n  system seems l ik e ly .  Saccade vecto rs  obeyed 
a non linea r p eak -velocity /am plitude  re la tio n s h ip  in  a l l  
d ire c tio n s .  The p eak -v e lo c ity /d u ra tio n /am p litu d e  re la tio n sh ip  
fo r components was no t f ix e d , but depended on the r e la t iv e  
s iz e  o f the orthogonal component. For a component w ith a 
given s iz e ,  i t s  d u ra tio n  increased  and i t s  peak v e lo c ity  de
creased  as the saccade v ec to r to which i t  co n tribu ted  turned 
away from the component d ire c tio n  under co n sid e ra tio n . We 
found th a t  th is  n on linea r e f f e c t  (s tre tc h in g )  was n e g lig ib le  
fo r sm all saccade vec to rs  but became very pronounced in  
la rg e  oblique saccades.

I t  appears th a t  a model which assumes the ex istence  of syn
chron ized , but dynam ically independent pulse  generato rs  fo r 
h o riz o n ta l and v e r t i c a l  components must be re je c te d . An 
a l te rn a t iv e  model, fe a tu rin g  a non linear v e c to r ia l  pulse 
generato r followed by a decom position stage  generating  com
p o n en t-v e lo c ity  command s ig n a ls  from the v e c to r ia l  eye-
v e lo c ity  s ig n a l ,  provides good f i t  w ith  the  da ta . According 
to  th is  s o -c a lled  common-source model, the two non linear 
phenomena observed (c u rv il in e a r  peak-velocity /am plitude  re 
la tio n s h ip ;  component s tre tc h in g  in la rge  oblique saccades) 
are due to a s in g le  n o n lin e a rity  in  the proposed v e c to r ia l  
pulse gen era to r. A p o ssib le  neural b a s is  fo r the common-
source model, re ly in g  p a r tly  on data  and suggestions from 
Hepp and Henn (Exp. Brain R es ., 52:105, 1983), w ill  be d is 
cussed.

2 6 6 .4   ADAPTIVE NEURAL DYNAMICS OF THE SACCADIC EYE MOVEMENT SYS
TEM.  S. Grossberg and M. K uperstein .  Center fo r Adaptive 
Systems, Boston U n iv e rs ity , Boston, MA 02215.

Neural c i r c u i t s  fo r the  co n tro l of saccadic eye movements 
a re  derived  from concepts about how saccadic e r ro rs  a re  co r
rec ted  during normal development or a f te r  c e r ta in  a d u lt l e 
s io n s. These c i r c u i t s  a re  used to  analyse  data  concerning 
the  ro le  of r e t in a ,  superio r c o l l ic u lu s ,  p e rip o n tin e  r e t i 
cu la r form ation, cerebellum , p a r ie ta l  c o rte x , f ro n ta l  eye 
f i e ld s ,  and oculomotor n u c le i in  eye movement c o n tro l .  The 
design p rin c ip le s  th a t these  c i r c u i t s  in s ta n t ia te  a re  com
mon to  many o ther sensory-m otor system s. We analyse  how to 
c a l ib ra te  head coord ina te  maps th a t  transform  intended t a r 
get p o s itio n  commands in to  a g o n is t-an tag o n is t muscle co o rd i
na tes  using co ro lla ry  d ischarge s ig n a ls ; how to  compute neu
r a l  v ec to rs  th a t transform  intended ta rg e t p o s itio n  commands 
in to  re tin o to p ic  commands th a t au to m atically  compensate fo r  
p resen t p o s itio n ; how to  c a l ib ra te  outflow  s ig n a ls  to  non
lin e a r  muscles using comparisons w ith inflow  s ig n a ls ;  how to  
a t te n t io n a l ly  and in te n tio n a lly  modulate movement commands; 
how to  organize and rap id ly  read-ou t p re d ic tiv e  sequences of 
pre-planned m otions; how to  sep a ra te ly  c a l ib ra te  the  gains 
th a t m aintain postu re  and th a t  co n tro l movements; how to  ex
p la in  recovery from le s io n s  of one neu ra l region by adap tive  
re d is tr ib u tio n  of processing  load to fu n c tio n a lly  re la te d  
reg ions . A fu n c tio n a l language is  developed w ith which to 
describe  the new concepts and mechanisms of the  theo ry . Many 
of these  concepts and mechanisms can be used to  analyse  
o ther sensory-m otor systems and to  suggest new designs of 
s e lf - c a l ib ra t in g  ro b o ts . A pplications include exp lanations 
of d o u b le -flash  experim ents, f la sh -e le c tro d e  experim ents, 
experim ents on independent f ro n ta l  eye f ie ld  and superio r 
c o ll ic u lu s  saccadic c o n tro l ,  experim ents on v isu a lly -g u id ed  
arm po in ting  a f te r  s trabism us surgery , experim ents on co r
re c tiv e  saccades in  the  dark , experim ents on independent 
c e re b e lla r  co n tro l of pulse  and step  g a in s , experim ents on 
frac tu re d  somatotopy, experim ents on in h ib it io n  of p a r ie ta l  
l ig h t- s e n s i t iv e  neurons during saccades, experim ents on sac
cade s ta i r c a s e s ,  experim ents on adap ta tio n  to  c u rv a tu re -d is 
to r t in g  con tact le n s . Many p re d ic tio n s  follow  from the ex
p l i c i t  n a tu re  of the model c i r c u i t s .
Reference: S. Grossberg and M. K uperstein , Adaptive neural 
dynamics of the saccadic eye movement system and general 
p r in c ip le s  of sensory-m otor c o n tro l ,  1984.



910 OCULOMOTOR SYSTEM II SUNDAY AM

266.5  A DIFFERENT LOCAL FEEDBACK MODEL OF THE SACCADIC 
BURST GENERATOR.  Charles Scudder.  Regional Primate Center 
and Department of Physiology and Biophysics, University of 
Washington, Seattle, WA 98195.

D. A. Robinson has proposed a model of the saccadic burst 
generator which uses a neural replica of "target position in space" 
for its input, and uses the difference between this signal and an 
efference copy of current eye position to produce a "motor error" 
signal which controls the time course of the saccade. The source 
of the input is not certain , but since the superior colliculus (SC) is 
strongly implicated in the initiation of saccades, and since it codes 
desired saccade size (i.e., initial motor error), there have been 
a ttem pts to incorporate it into the model. If the SC is the source 
of "motor error," however, it must also code the decline in "motor 
error" as the saccade progresses. There is no experimental support 
for this contention. Any lesser role for the SC implies that its 
output is transformed back into the more rudimentary target 
position in space signal before it projects to the burst generator.

I propose a modification of Robinson's model which also uses 
"local" feedback but is able to use the known output of the SC 
directly. The difference between the excitatory SC input and the 
inhibitory feedback from the inhibitory burst neurons (IBNs) is 
integrated m athematically and this "integrated error" is used to 
drive the pontine excitatory burst neurons (EBNs). As in other 
models, the EBNs are inhibited by omnipause neurons (OPNs) but 
the inhibition is weak enough tha t it can be overcome by the 
excitatory integrated error to initiate a burst. This process is 
facilitated by a  simultaneous weak inhibitory input to the OPNs 
which reduces their discharge as the integrated error is growing. 
Two im portant consequences of this scheme are that SC projects to 
long-lead burst neurons (the error-integrator), and that it codes 
desired saccade size in to ta l (topographically weighted) number of 
spikes.

Besides making effective use of the SC, this model has other 
advantages. It accurately reproduces the recorded discharge of the 
neurons it uses, and it does not need a speculative feedback from 
tonic neurons. When expanded to a two-dimensional burst 
generator, the model reduces the velocity and extends the duration 
of the smaller component of oblique saccades as it must to mimic 
actual data. Finally, much of the data which supports Robinson's 
version of local feedback, such as the continuation of the saccade 
a fte r brief interruption by OPN stimulation, also supports this 
version.

266.6  ADAPTATION OF VISUAL-VESTIBULAR INTERACTION WITHOUT 
ALTERATION OF VOR OR VISUOMOTOR PERFORMANCE.  M .T.Feran*. 
R.M.Douglas and G. M elv ill Jo n es .  Dept. of Physiology, 
McGill U n iv e rs ity , M ontreal, Canada H3G 1Y6.

The p rev iously  reported  a b i l i t y  of c a ts  to  improve 
v isu a l sup ression  of the v e s tib u lo -o c u la r  re f le x  (VOR) 
(Douglas e t  a l . ,  Neurosc. A bstr, 8 , 269.7) was te s te d  to  ( 1) 
confirm th a t the long-term  improvement of v isu a l suppression  
i s  independent of adap tive  a tte n u a tio n  of the VOR, (2) 
determ ine the ro le ,  i f  any, of improved f u l l  f ie ld  
visuomotor respones (VMR) in  the enhanced VOR suppression , 
and (3) to assess  the frequency s p e c i f i c i ty  and v e lo c ity  
dependence of the enhanced suppression .

Eye movements were recorded from 2 a l e r t  behaving ca ts  
during s in u so id a l o s c i l la t io n  of ( 1) the animal in  darkness 
(VOR), (2) the animal w hile viewing a s tr ip e d  o p to k in e tic  
drum m echanically coupled to the tu rn tab le  (f ix ed  f i e ld  or 
FF), and (3) the o p to k in e tic  drum ro ta tin g  r e la t iv e  to the 
s ta t io n a ry  anim al. T esting  and cond ition ing  sessio n s  were 
repeated  fo r  each c a t  once weekly over 3 months. Each 
session  co n sis ted  of two t e s t  periods separa ted  by 2.5  hours 
of exposure to FF v is io n  during .2 Hz s in u so id a l o s c i l l a t i o n  
w ith a 40 d e g ./sec  peak v e lo c ity .  VOR, FF, and VMR were 
te s ted  from .1 to 1.3 Hz ( a t  40 d e g ./se c )  and from 5 to  80 
d eg ./sec  ( a t  0.2 Hz).

While w ith in  each cond ition ing  sessio n  the VOR gain  
c o n s is te n tly  declined  by 40-50%.,  i t  recovered com pletely 
a f te r  each in te rven ing  week of normal c a t colony v is io n . 
In c o n tra s t ,  the FF gain  a t  the s t a r t  of each sessio n  
declined  s te a d ily  over the 3 months. At the  cond ition ing  
frequency ( .2  Hz, 40 d e g ./s e c ) ,  the suppression  improved 
from 97. to 25%. There was le s s  improvement a t  the h igher 
freq u en c ies. This improved suppression  was not due to an 
improved visuomotor performance s ince  th is  was unchanged or 
reduced. Suppression and VMR were always b e t te r  a t  lower 
v e lo c i t ie s ,  but w hile the FF gain  could be p red ic ted  from 
the VOR and VMR gains a t  the beginning of the experim ent, by 
the end the amount of suppression  was much g re a te r  than 
expected .

We conclude th a t th is  experim ental p ro to co l produced a 
form of enhanced VOR suppression  which could not be 
a t t r ib u te d  to e i th e r  adap tive  a tte n u a tio n  of the  VOR or 
adap tive  enhancement of purely  visuomotor perform ance.

(Supported by NSERC and MRC, Canada)

266.7  SELECTIVE EFFECTS OF UNILATERAL EYE PATCHING ON THE VESTI
BULO-OCULAR REFLEX AND SACCADES.  Erik S. V iirre* , Murari 
Patodia* ,  Jon Hore and T u tis  V i l i s . Dept. P hysio l, and Dept. 
O phthal., U n ive rs ity  of Western O ntario , London, O ntario , 
Canada N6A 5Cl .

V isual e r ro r  s ig n a ls  are  necessary  fo r c a l ib ra tio n  of 
both the v e s tib u la r -o c u la r  re f le x  (VOR) (Miles e t  a l .  Ann. 
Rev. N eurosci. 4: 273, 1981) and the saccadic system 
(Optican and Robinson, J . N europhysiol. 44: 1058, 1980). 
In the p resen t study we in v e s tig a te d  whether s e le c tiv e  r e 
moval of the v is u a l inpu t from one eye causes an u n c a lib ra 
tio n  in  th a t  eye fo r both the VOR and saccades.

Two Macaca F a s c ic u la r is  monkeys, tra in e d  to f ix a te  v isu a l 
ta rg e ts ,  were sub jec ted  to  patch ing  of one eye fo r one week 
followed by unpatching fo r one week. This was then repeated  
fo r the o th e r eye.

A fte r one week o f patching  sm all changes in  eye movements 
were observed in  the  patched eye. No changes were observed 
in the unpatched eye. For h o riz o n ta l saccades these  changes 
in the patched eye were: 1 ) an in c rease  or decrease in the 
i n i t i a l  saccade magnitude (range patched eye/unpatched eye = 
88  to  115%, 2) development of p o s t-saccad ic  d r i f t  (time 
constan t 50–120 ms, magnitude 1.5 to  4 .1  deg in  the f i r s t  
200 ms follow ing the saccade) and 3) appearance of a v e r t i 
c a l component in  h o riz o n ta l saccades. In the VOR during 
h o riz o n ta l ro ta tio n  a t  0.5 Hz, changes in  the patched eye 
were: 1 ) a decrease in  the gain which was d if f e r e n t  from 
th a t  seen fo r i n i t i a l  saccade magnitude and 2) appearance 
of a v e r t ic a l  displacem ent during  h o riz o n ta l ro ta tio n  th a t 
was in  the same d ire c tio n  as the v e r t ic a l  component th a t 
appeared in  the saccad ic  system. These changes appeared 
g rad u a lly  over the patched period  and d isappeared in  the 
subsequent unpatched pe rio d .

In summary removing the v is u a l inpu t from one eye r e s u l t s  
in s e le c tiv e  u n c a lib ra tio n  of both VOR and saccadic  systems 
in  th a t  eye. Thus a continuous v is u a l inpu t i s  necessary  to 
m aintain  c a l ib ra t io n .  Furthermore the r e s u l t s  dem onstrate 
th a t  the saccad ic  system can be c a l ib ra te d  independently  of 
the VOR and th a t  in  these  conjugate eye movements, each eye 
can be c a l ib ra te d  independently .
(Supported by the Medical Research Council of Canada).

266.8  SOME INFLUENCES OF GAZE DEVIATION ON VESTIBULAR NYSTAGMUS 
AND THE DISPLACEMENT COMPONENT OF THE OCULOGYRAL ILLUSION 
(OGI).  J .  N. Evanoff* and J .  R. Lackner.  Ashton G raybiel 
S p a tia l O rien ta tio n  Laboratory , Brandeis U n iv e rs ity , Walt
ham, M assachusetts 02254.

Alexander found th a t p ro p e rtie s  of p o s t- ro ta ry  nystagmus 
are  a ffec ted  by v o lu n ta r ily  m ain tain ing  gaze in  the d ire c 
tio n  of the  fa s t  phase or slow phase component. System atic 
increases in nystagmus frequency w ith vo lun tary  eye devia
tio n  in the f a s t  phase d ire c tio n  and decreases w ith volun
ta ry  gaze in the slow phase d ire c tio n  have become known as 
"A lexander' s Law".

We examined p e r-ro ta ry  in fluences of gaze d ev ia tio n  on 
v e s tib u la r  nystagmus fo r  trap ezo id a l v e lo c ity  p ro f ile s  
(15°/s2 , angular a c c e le ra tio n ) :  gaze d ev ia tio n  in  the 
d ire c tio n  of the  f a s t  phase s ig n if ic a n t ly  increased  slow 
phase and f a s t  phase am plitude (p<.01) and slow phase velo 
c i ty  (p< .01 ); d ev ia tio n  in  the slow phase d ire c tio n  de
creased a l l  th ree  c h a r a c te r i s t ic s ,  but only m arg ina lly . 
Schlagfeld  d ev ia tio n  and beat frequency were unaffec ted  by 
eye d e v ia tio n . The a b i l i ty  to  a l t e r  c e r ta in  p ro p e rtie s  of 
v e s tib u la r  nystagmus w ithout a ffe c tin g  o th e rs  provided us 
w ith a to o l fo r studying v isuo -v estib u lar-o cu lo m o to r in
te ra c tio n s .

An observer undergoing angular a c c e le ra tio n  and fo v ea t
ing a ta rg e t  l ig h t fixed  in  h is  median plane w il l  see the 
ta rg e t d isp lace  from the m idline  toward the  d ire c tio n  of 
a c c e le ra tio n . This apparent v is u a l displacem ent is  known 
as the oculogyral i l lu s io n  (OGI). We have v a ried  the  f ix a 
t io n -s ig n a l s tren g th  necessary during tra p e z o id a l v e lo c ity  
p ro f ile s  (1 5 ° /s2) to  m aintain  s tab le  ta rg e t  f ix a t io n  by 
using, A lexander's p r in c ip le s  to increase  or decrease re 
f le x iv e  oculomotor a c t iv i ty .  Having the ta rg e t  and eyes 
dev ia ted  in  the d ire c tio n  of a cc e le ra tio n  (a ls o  the  f a s t  
phase d ire c tio n  of the la te n t  nystagmus) increased  the mag
n itu d e  of the OGI (p< .01 ), dev ia tio n  in the opposite  d ire c 
tio n  decreased i t  (p<.01) r e la t iv e  to the standard  condi
tio n  in which the v is u a l ta rg e t  was in  the m id lin e .

We conclude th a t the OGI involves a c e n tra l  m isrepresen
ta t io n  of eye p o s itio n  a t t r ib u ta b le  to m onitoring the  f ix a 
tio n  command necessary  to  suppress la te n t  v e s t ib u la r  nys
tagmus. Such m onitoring was o r ig in a lly  suggested by White
s id e , G raybiel and Niven (B ra in . 88: 193, 1965). Our a b i l i 
ty  to  modulate the OGI by varying p ro p e rtie s  of the  la te n t  
nystagmus provides ad d itio n a l support fo r  the  im portance of 
the f ix a tio n  command in  the assignment of v is u a l d ire c t io n .  
(Supported by NASA co n trac t NAS 9-15147).
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266.9  COMPARISON OF SACCADES EVOKED BY MICROSTIMULATION IN THE  
F R O N T AL DORSOMEDIAL AND PREARCUATE CORTEX OF MONKEY.  M. 

Schlag-Rey and J .  Schlag.  Dept. of Anatomy and BRI, UCLA, 
Los Angeles, CA 90024.

M icrostim ulation  was performed to  compare eye movements 
evoked from two areas  of the  f r o n ta l  co rtex  in  monkey: the 
p rea rcu a te  f r o n ta l  eye f i e ld  (FEF) and dorsomedial cortex  
(DM). Three monkeys (macaca n em estrina), head f ix e d , served 
in  th is  s tudy , one in  a l te rn a t in g  ex p lo ra tio n s  of FEF and DM. 
Eye movements were recorded w ith a magnetic search  c o i l .
Other movements were c a re fu lly  observed but not recorded. 
Stimulus t r a in s  were 10–40 cathodal p u lse s , 0.2 ms d u ra tio n , 
250 Hz, d e liv e red  by a constan t cu rren t s tim u la to r through 
tungsten  e le c tro d e s .  M icrostim ulation  was app lied  a t s i t e s  
where s in g le  u n its  were is o la te d  and o ften  the  same u n it 
could s t i l l  be recorded a fte rw ard . R econstruction  of the 
tra c k s  was based on 50 u sec tio n s  cut in  the  plane of the 
e le c tro d es  and s ta in ed  w ith th io n in  and w ith the Merker s i l 
ver s ta in .  (J .  N eurosci. M eth., 9:235–241, 1983).

In both FEF and DM, s i t e s  fo r lowest th resh o ld  s tim u la 
tio n  e l i c i t i n g  co n trav e rsiv e  saccades corresponded to  s i te s  
where sac c ad e -re la te d  a c t iv i ty  had been recorded, u su a lly  in  
lower c o r t ic a l  la y e rs .  Lowest th resh o ld  s i t e s  could be sev
e r a l  mm a p a r t ,  fo r  in s tan ce  in  depth of a rcuate  su lcus and 
surface  of p rea rcu a te  co rtex . N evertheless, the 2 fo c i cen
te re d  in  FEF and DM were c le a r ly  sep a ra ted . Thresholds were 
lower in  FEF (usua lly  10–20 µA, minimum 4 µA) than in  DM 
(usua lly  20–50 µA, minimum 6 µA). The minimum la tency  of 
evoked saccades was comparable a t  both p laces  (around 30 ms). 
Evoked saccades were of two ty p es: 1) e i th e r  s p e c if ic  vec to r 
(constan t am plitude and id e n t ic a l  d ire c tio n  whatever the 
i n i t i a l  p o s itio n  of the eye in  o rb i t )  or 2 ) converging to  a 
given te rm in a l lo c a tio n  in  o r b i t .  Both types could be ob
served in  FEF and DM, even w ith low c u rre n ts , but the second 
type was le s s  frequen t in  FEF. Both types could be encoun
te re d  in  succession  along the same tra c k . A topograph ical 
o rg an iza tio n  of saccade d ire c tio n  was found in  DM w ith 
upward d ire c tio n  a t the to p , con trave rsive  in  between and 
downward in  the lower p a r t  of the m esial face . The ro s tro
caudal coord ina tes corresponded to  Woolsey's map of the 
supplem entary motor a rea  but the ex c itab le  region  was the 
m esial face ra th e r  than the  upper bank of the c in g u la te  
su lcu s . Whereas only saccades were evoked r o s t r a l ly  in  DM, 
ea r and shoulder movements accompanied saccades evoked from 
more caudal s i t e s .  This study in d ic a te s  th a t FEF and DM are 
probably sep a ra te  eye f ie ld s  and th a t DM may be the oculo
motor p a rt of the supplem entary motor a rea . (Grant EY 02305)

266.10  COMPARISON OF SACCADIC EYE MOVEMENTS IN MAN AND MACAQUE.  
J .S .  Baizer and D.B. Bender*,  Division of Neurobiology, De
partment of Physiology, School of Med., University a t  Buffalo, 
SUNY, Buffalo, NY 14226.

We compared latency, accuracy and velocity of saccadic 
eye movements of man and macaque on single-and double-step 
paradigms. Cynomologous monkeys were trained to press an 
illuminated key to turn on a central fixation point (FP), to 
make a 12°, 24° or 36° horizontal saccade, or a 12° vertical 
saccade to a target LED, and to respond to dimming of that 
LED by pressing a second key. Humans performed the same task 
in the same apparatus. Correct responses were rewarded with 
water (monkeys) or $.01 (humans). On single-step t r i a l s ,  
target  onset was synchronous with FP offse t ;  on single-step 
overlap t r i a l s ,  the FP remained on. On double-step t r i a l s ,  
a 24° target  appeared b riefly  (30–180 msec), and was followed 
by onset of a 12° target .  Eye movements were recorded with 
implanted (monkeys) or paste-on (humans) EOG electrodes. The 
data are based on approximately 14,000 t r i a l s  per subject.

On single-step t r i a l s ,  the oculomotor system of macaques 
is fas te r  and more accurate than that of humans. For mon
keys, average saccade latency typically  ranged from 150 to 
230 ms; for humans, average latency ranged from 200 to 280ms. 
For monkeys, mean velocity of 12° to 36° horizontal saccades 
ranged from 450 to 750 deg/sec; for humans, velocity ranged 
from 250 to 350 deg/sec. Monkeys consistently acquired the 
target  with a single saccade; humans consistently undershot 
the 24° and 36° targets and required a corrective saccade.
On single-step overlap t r i a l s ,  monkeys showed increased v ar i 
ab i l i ty  in saccade latency, but no change in saccade accuracy; 
humans showed no change in latency but did show increased 
accuracy, with reduced undershooting.

On double-step t r i a l s ,  for  both humans and monkeys, the 
amplitude of the primary saccade varied with the delay be
tween the second target  jump and saccade onset as in the 
"amplitude t ransit ion  functions" (ATF's) of Becker and Jürgens 
(Vis. Res. , 1979, 19: 967). The ATF's were generally similar  
for  the two species; humans and monkeys both had modification 
times in the range of 30–70 ms. However, at  delays of 100–
2 0 0  msec, the amplitude of human, but not monkey, primary 
saccades fe l l  below 12°. The data suggest that  for  monkeys, 
as well as for  humans, saccades can be al tered by new visual 
information arriving as la te  as 30 msec before saccade onset. 
Supported by NEI grants EY02245 and EY02230.

266.12  POWER SPECTRAL ANALYSIS OF HUMAN SACCADES.  
C. M. H a rr is* , J .  Wallman and C. A. Scudder (SPON: 
M. D. G o tt l ie b ) .   Dept. of B iology, C ity  C ollege, C ity  
Univ. o f N .Y., New York, NY 10031 and Dept. of P hysio l, 
and B iophysics, Univ. W ashington, S e a t t le ,  WA 98195.

Human saccades, recorded using the  search  c o il  
techn ique, were in d iv id u a lly  analysed by an exact 
d i g i t a l  F o u rie r transfo rm . This algorithm  overcomes the  
shortcom ings of F ast F o u rie r Transforms and can 
a c c u ra te ly  measure power s p e c tra l  components down to  -60 
dB w ithout a r t i f a c t s .  As expected , a c lo se  
correspondence between th e  power sp ec tra  and am plitudes 
of saccades was found. S u rp ris in g ly , a t  frequencies 
above 15 Hz, the  power sp ec tra  o f saccades ex h ib ited  
unusual fe a tu re s .  Although th e se  fe a tu re s  c o n tr ib u te  
very l i t t l e  to  the  to ta l  energy in  a saccade, they seem 
to  r e f l e c t  an underly ing  s t ru c tu re  no t normally 
d is c e rn ib le  from usual eye movement re co rd s .

In p a r t i c u la r ,  we c o n s is te n tly  fin d  a lo c a l minimum, 
u su a lly  sh arp ly  d e fin ed , a t  a frequency whose rec ip ro c a l 
approxim ates th e  saccad e 's  d u ra tio n . (Other maxima and 
minima were always ev iden t a t  h igher frequencies bu t 
were le s s  re a d ily  c a teg o rised  because of n o ise .)  
Monotonic re la tio n s h ip s  were found between the  
re c ip ro c a l frequency of th i s  lo c a l minimum and the  
am plitude, d u ra tio n , and peak v e lo c ity  o f saccades, 
suggesting  th a t  th e  minimum is  a measure of some b a sic  
saccad ic  param eter. We hypothesise  th a t  th e  frequency of 
th i s  lo c a l minimum is  re la te d  to  th e  w idth o f th e  b u rs t  
component o f the  motoneuron d ischa rge  during  saccades. A 
comparison of t h i s  param eter w ith th e  a c t iv i ty  of monkey 
ocu lar motoneurons during  saccades w ill  be p resen ted .

26612  CONCURRENT EFFECT OF INTRAVENOUS BENZODIAZEPINE ON SACCADIC 
E Y E  VELOCITY AND SEDATION.  V. Matsuo, G.A. Chrousos* and 

D.W. Hommer.  NEI, C lin ic a l Branch, and NIMH, C lin ic a l 
Neuroscience Branch, NIH, Bethesda, MD 20205.

P r e v io u s  s t u d i e s  h a v e  shown t h a t  b e n z o d ia z e p in e s  (BZ) 
lo w e r  s a c c a d ic  e y e  v e l o c i t i e s  w i th o u t  a f f e c t i n g  a c c u r a c y  o r  
l a t e n c y .  The p u rp o se  o f  t h i s  s tu d y  was t o  e s t a b l i s h  a d o s e
r e s p o n s e  c u rv e  a s  a  m e a su re  o f  BZ r e c e p t o r  s e n s i t i v i t y ,  u s 
in g  s a c c a d i c  e y e  v e l o c i t y  and  s e d a t i o n  a s  i n d i c e s .

Ten healthy  normal vo lun teers  were used (7 fem ales, 3 
males; age range 25-36 y rs ) .  They gave informed consent. 
Diazepam or s a lin e  placebo was adm inistered  s in g le  b lin d  in  
doses of 4 .4 , 4 .4 , 8 . 8 , 17 .5 , 35 and 70 µg/kg a t 15 minute 
in te rv a ls .  Subjects performed a saccad ic  tra ck in g  ta sk  
w ith in  2-5 minutes of rece iv in g  each dose. They viewed a 
h o rizo n ta l a rray  of 5 LED's th a t were p laced c e n t ra l ly ,  and 
7.5° and 15° to  the r ig h t and l e f t .  The LED's were a c t iv a t 
ed in a quasi-random order and the su b jec t was in s tru c te d  to 
move h is  eyes to  the ta rg e t as quickly  and accu ra te ly  as 
p o ss ib le . Eye p o s itio n  was monitored using IR s c le r a l  re 
f le c t io n .  Target p o s itio n , eye p o s itio n  and eye v e lo c ity  
were disp layed on a ch art reco rde r and s to red  on FM tape fo r 
l a te r  an a ly s is . T o tal system bandwidth was 100 Hz.

Saccadic v e lo c ity  showed a dose-dependent decrease begin
ning with a cumulative dose of 35 µg/kg. An unexpected 
find ing  was th a t saccades g re a te r  than 6 ° were most severe ly  
reduced. A fte r the 6 th  dose the v e lo c ity  of 15–30° saccades 
was reduced by as much as h a lf  th a t  of the c o n tro l saccades. 
Smaller saccades were a lso  a f fe c te d , but to  a le s s e r  e x ten t. 
At the h ig h est dose le v e ls  su b jec ts  tended to  make few la rg e  
saccades, but ra th e r  broke the attem pted movement in to  sever
a l  5–6° saccades.

Subjects ra ted  th e i r  le v e l of seda tion  on an analog l in e  
sca le  a f te r  each dose. S e lf - ra te d  sed a tio n  increased  in  a 
s ig n if ic a n t  dose-dependent fash ion . An unexpected find ing  
was th a t ,  as w ith saccadic  v e lo c i t ie s ,  s e l f - r a te d  seda tion  
increased  s ig n if ic a n t ly  only a f te r  35 µg/kg cum ulative dose. 
F u rther, the d ecline  in  a le r tn e ss  c lo se ly  p a ra lle d  the de
c lin e  in  v e lo c ity  of la rg e  saccades (pooled c o r re la tio n , 
r  = 0 .82 , p<0.01). This suggests th a t both the decrease in  
eye v e lo c ity  and the sed a tio n  a sso c ia ted  w ith diazepam admin
i s t r a t io n  a re  mediated through BZ recep to rs  and th a t they 
may prove to  be a measure of BZ s e n s i t iv i ty  in  humans.
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266.13  HUNAN EXPRESS-SACCADES: GOAL DIRECTED EYE MOVE
MENTS AFTER EXTREMELY SHORT REACTION TIMES  
B. F i s c h e r  and E . Ramsperpger*.  D e p t .  N eu ro p h y s 
i o l o g y ,  Un i v .  F r e i b u r g ,  D -7800 F r e i b u r g .

S u b j e c t s  v iew ed  a c e n t r a l  f i x a t i o n  p o i n t  ( 0 . 2 5  
d eg )  on a dim b ack g ro u n d  ( 0 .1  cd/m2 ) w i th  t h e i r  
h e a d s  s t a b i l i z e d  by a c h i n  r e s t .  H o r i z o n t a l  eye 
movements were m o n i to re d  by a s im p le  i n f r a r e d  
l i g h t  t e c h n i q u e  w i th  a r e s o l u t i o n  o f  0 . 2  d e g .
They were a s k e d  t o  s a c c a d e  t o  a p e r i p h e r a l l y  (4  
o r  8 deg  t o  t h e  r i g h t  o r  l e f t )  o c c u r r i n g  t a r g e t  
( 0 . 2 5  d eg )  upon i t s  o n s e t .  S a c c a d i c  r e a c t i o n  
t i m e s  (SRT) were d e t e r m in e d  by an e l e c t r o n i c  
t h r e s h o l d  d e t e c t o r .

I f  -  a f t e r  2 s  -  t h e  f i x a t i o n  p o i n t  was e x t i n 
g u i s h e d  som e -t im e  ( e . g .  200 ms) b e f o r e  t a r g e t  on 
s e t  t h e  d i s t r i b u t i o n  o f  t h e  SRT ' s was c l e a r l y  b i
modal  w i th  one n a r ro w  peak  a ro u n d  100 ms ( e x
p r e s s - s a c c a d e s )  and a  b r o a d e r  p e a k  a ro u n d  150 ms 
( r e g u l a r  s a c c a d e s ) .  C o n t r o l  m e a s u re m e n ts ,  where 
t h e  t im e  o f  f i x a t i o n  p o i n t  o f f s e t ,  t h e  l o c a t i o n  
o f  t h e  t a r g e t ,  o r  t h e  t im e  o f  t a r g e t  o n s e t ,  were 
r a n d o m iz e d ,  e n s u r e d  t h a t  t h e  e a r l y  peak  was i n 
deed  due t o  s a c c a d e s  v i s u a l l y  t r i g g e r e d  by  t h e  
o n s e t  o f  t h e  t a r g e t .  The p r o p o r t i o n  o f  e x p r e s s
s a c c a d e s  i n c r e a s e d  (u p  t o  80 %) and t h e  s t a b i l i t y  
o f  t h e i r  r e a c t i o n  t im e s  d e c r e a s e d  (down to  ± 6 
ms) by  d a i l y  p r a c t i c e .

I f  t h e  f i x a t i o n  p o i n t  r e m a in e d  v i s i b l e  
t h r o u g h o u t  t h e  t r i a l  mean SR T 's  were above 200 ms 
w i t h  l a r g e  ( ± 30 ms) s t a n d a r d  d e v i a t i o n s .  Under 
t h i s  c o n d i t i o n  e x p r e s s - s a c c a d e s  o c c u r r e d  o n ly  a t  
a v e r y  low r a t e  ( ≦  10 %) and were wrong i n  am
p l i t u d e  by more t h a n  20 %.

T hese  o b s e r v a t i o n s  p a r a l l e l  t h o s e  r e p o r t e d  f o r  
t h e  monkey ( F i s c h e r ,  B. and Boch, R . ,  B r a i n  R e s . , 
2 6 0 : 21–26 , 1 9 8 3 ) .  They show, t h a t  w i t h o u t  a c t i v e  
f i x a t i o n  t h e  v i s u a l - t o - o c u lo m o to r  sy s tem  i s  i n  a 
s t a t e  o f  r e a d i n e s s  t o  e x e c u te  t h e  n e x t  s a c c a d e  
c o r r e c t l y  a f t e r  a b o u t  100 ms from t a r g e t  o n s e t .

266.14  MIDFLIGHT ARREST OF AN AVIAN SACCADIC COMPONENT BY VISUAL 
MOTION.  J .C . L e te lie r*  and J .  Wallman,  Dept. o f B iology, 
C ity  C ollege, C ity  Univ. o f N .Y., New York, N.Y. 10031.

Saccadic eye movements, once i n i t i a t e d ,  g e n e ra lly  a re  
completed w ithout re fe ren ce  to  v isu a l e v en ts . In  view of 
the  ra p id i ty  o f mammalian saccades and th e  r e la t iv e ly  slow 
r e t in a l  p rocessing  of v isu a l in fo rm ation , th i s  f in d in g  i s  
hard ly  s u rp r is in g .

In  many b ird s ,  each saccade e x h ib its  a prominent 
o s c i l la t io n  o f th e  eye. In  eye movement re co rd s , th e  
d u ra tio n  (approxim ately 2 0 0  msec) o f th i s  o s c i l la t i o n  
d e fin e s  th e  beginning and end of saccades. The o s c i l la t i o n  
i s  m ostly  c y c lo ro ta tio n a l and approxim ately s in u so id a l 
w ith an am plitude o f sev e ra l degrees and a frequency o f 
20–30 Hz. The mechanism by which th i s  o s c i l la t i o n  i s  
generated  i s  q u ite  unknown. One p o s s ib i l i ty  i s  th a t  the  
o s c i l la t io n  i s  an in te g ra l  p a r t  o f th e  saccade and i s  
th e re fo re  produced by th e  saccad ic  b u rs t-g e n e ra tin g  
m achinery. A lte rn a tiv e ly  the  o s c i l la t i o n  may be 
superimposed on th e  output o f th e  saccad ic  g e n era to r, 
r a th e r  than being an e s s e n t ia l  p a r t  o f i t .  We re p o rt here  
th a t  t h i s  saccad ic  o s c i l la t i o n  can be prem aturely 
term inated  by p resen tin g  la rg e - f ie ld  v isu a l motion during  
th e  saccade.

Eye movements were recorded by the  search  co il/m ag n e tic  
f i e ld  method from young w hite leghorn ch ickens , placed  
w ith in  a s tr ip e d  c y lin d e r . Eye movement s ig n a ls  were 
d i f f e r e n t ia te d  and went to  lo g ic  c i r c u i t r y  th a t  d e tec ted  
saccades by re q u irin g  a period  o f low eye v e lo c ity  to  be 
followed by a period  o f high eye v e lo c ity  of ap p ro p ria te  
d u ra tio n . On approxim ately every o th e r saccade, the  onset 
o f th e  saccade tr ig g e red  a b r ie f  (1 0 0 – 2 0 0  msec) ro ta t io n  
o f the  surrounding c y lin d e r .

The r e s u l t s  were th a t  the  presence o f th e  v is u a l motion 
caused th e  d u ra tio n  o f th e  saccade, as  measured by the  
d u ra tio n  o f the  o s c i l la t i o n ,  to  be d ra m a tic a lly  sho rtened . 
The la ten cy  of th i s  e f f e c t  from th e  s t a r t  o f c y lin d e r 
ro ta tio n  was approxim ately 50 msec. We do not know a t  th i s  
p o in t whether i t  was only th e  saccad ic  o s c i l la t i o n  th a t  
was quenched by the  p resence o f v isu a l motion or whether 
th e  saccad ic  t r a je c to ry  as w ell was tru n c a te d . In  e i th e r  
ev en t, i t  seems remarkable th a t ,  w hile t r a v e l l in g  a t  
hundreds of degrees per second, the  eye i s  a b le  to  respond 
to  b r ie f  ep isodes o f low -v e lo c ity  r e t in a l  image s l i p .

266. 15  EFFECTS OF UNILATERAL CEREBRAL CORTEX LESIONS ON EYE MOVE
MENTS IN MONKEYS.  R .J . Tusa, D.S. Zee and S .J .  Herdman,  
Johns Hopkins U n iv e rs ity , B altim ore, MD. 21205

C erebral c o r t ic a l  le s io n s  a re  known to  im pair i p s i l a t e r a l  
p u rs u it and may im pair c o n tra la te r a l  saccades, but th is  has 
not been q u a n tif ie d  a f te r  an acu te  le s io n . To b e t te r  under
stand the  ro le  of c e reb ra l co rtex  on eye movements, we made 
u n i la te r a l  le s io n s  in  two tra in e d  rhesus monkeys. Eye move
ments were recorded (search  c o i l )  before  and during the  f i r s t  
3 days a f te r  a s p ir a t io n  of a l l  neocortex  in  one hemisphere 
except fo r m esial tem poral and o r b i t a l  f ro n ta l  a re a s . 
V estibu lo -O cular Reflex (VOR): D espite an eye d ev ia tio n  to 
ward th e  le sioned  s i de , VOR quick and slow phases crossed  the  
m id line . For 60-300 / s s tep s  in  darkness, the  VOR gain and 
tim e constan t were w ith in  1 0 % of pre-op va lu es.
V isual T racking: Tracking of a 0.5 deg l ig h t  moving toward 
th e  s id e  of the  le s io n  e l i c i t e d  catch-up saccades but no 
smooth p u rs u i t .  Tracking away from the  lesioned  side  e l i c i t e d  
normal smooth p u rs u it up to  15 / s  where eye v e lo c ity  sa tu 
ra te d  (max p re -o p > 1 2 0 º / s )  but no catch-up saccades were 
g enerated . Tracking stopped as the  ta rg e t crossed the  mid
l in e  even though the  ta rg e t  stayed w ith in  the  in ta c t  v is u a l 
f i e ld .  T argets moving v e r t i c a l ly  e l i c i t e d  catch-up saccades 
but smooth p u rs u it was lim ited  to  1º / s  (max pre-op> 80º / s ) . 
O p tok inetic  Nystagmus (OKN): For 5–300°/s s te p s ,  th e  i n i t i a l  
" p u rs u it"  component was le s s  than 5º / s  toward and 20º / s  away 
from the  le sio n ed  s id e  (max p re -op> 60º / s ) . For s tim u li 
away from th e  le sio n ed  s id e  th e re  was a normal slow b u ild  up 
of OKN and normal afternystagm us (OKAN). For s tim u li toward 
th e  le sio n ed  s id e  th e  slow b u ild  up and OKAN were never 
g re a te r  than  5 º/s (max p re -o p > 6 0 º / s ) .
Rapid Eye Movements: The am plitude of VOR and OKN quick 
phases d ire c te d  toward the  le s io n  were normal; those away 
from th e  le s io n  were decreased (up to  50%). Spontaneous sac
cades were made in  a l l  d ire c t io n s .  T a rg e t- trig g e re d  saccades 
were 2 0 % hyperm etric toward the  lesioned, s id e  and not made 
away from th e  le sio n ed  s id e . V e rtic a l saccades had a 20% 
h o riz o n ta l component toward the  le sioned  s id e . V e lo c itie s  of 
a l l  quick phases and saccades were only s l ig h t ly  reduced. 
C onclusions: Although the  eye dev ia ted  toward the  lesioned  
s id e , the  eye crossed  th e  m idline w ith  both slow and quick 
phases generated  by th e  VOR. Smooth p u rsu it was d e f ic ie n t 
in  a l l  d ire c t io n s .  There was a d e f ic i t  in  the  "p u rsu it"  com
ponent of OKN in  both h o riz o n ta l d ire c t io n s .  There was a lso  
a d e f i c i t  in  the  OKN in p u t in to  the  OKAN mechanism (v e lo c ity  
s to rag e  system) fo r drum ro ta tio n s  toward the  lesioned  s id e .

266.16  THE THRESHOLD SPECTRAL SENSITIVITY OF AN EYE MOVEMENT IN 
 DAPHNIA MAGNA. T.R. Consi and E. R. Macagno.  Columbia 

U n ivers ity , New York, NY 10027.
The s in g le  compound eye o f the small freshw ater c ru s ta 

cean Daphnia magna e x h ib its  a v a rie ty  o f eye movements, in 
cluding trem or, saccades and o p to k in e tic  nystagmus (F ro st, 
J .  exp. B io l. 62: 175-187, 1975). The recen t determ ination  
th a t  the compound eye contains a t  le a s t  th re e  s p e c tra l  
c la sses  o f  pho torecep tors  (peak s e n s i t i v i t i e s  a t about 450, 
510, and 590nm; Schehr and Macagno, Neuroscience A bstracts  9: 
325, 1983) prompted us to  examine in  d e ta i l  the wavelength 
dependence of one o f these  ligh t-evoked  responses, the  ven
t r a l  ro ta tio n  o f the  eye in  response to  a f la sh  o f l ig h t  
anywhere in  the v isu a l f i e ld ,  an optomotor behavior we have 
named eye f l i c k .

The s tim u li were p resen ted  to Daphnia held  in  p lace  on 
the axis o f a con ical sc reen . The f u l l  screen  subtended 
180° dorso -ven tr a l ly  and 60º l e f t - t o - r ig h t  a t the eye, whose 
ax is was a ligned  w ith the cen te r o f the screen . For each 
wavelength, the th resh o ld  fo r  eye f l i c k  was determ ined and 
the re la t iv e  s e n s i t iv i ty  (using the s e n s i t iv i ty  to  517nm 
l ig h t  as the standard) was ca lcu la te d .

Three stim ulus cond itions were used: (1) f u l l - f i e l d ,  in  
which the whole 180°x60° screen was illu m in a ted  n e a r ly  u n i
formly; (2) d o rsa l, in  which a 30°x60° region a t  the  d o rsa l 
margin o f the screen was illu m in a ted ; and (3) v e n tra l ,  same 
as (2) bu t a t  the v en tra l margin. The f u l l - f i e l d  s p e c tra l 
s e n s i t iv i ty  curve shows a maximum a t about 530nm, almost as 
high a s e n s i t iv i ty  a t  365–400nm, a loca l minimum (1 log u n it 
below maximum) a t  420nm, and a shou lder a t about 600nm. The 
do rsa l s e n s i t iv i ty  shows an o v e ra ll maximum a t 400nm, loca l 
maxima a t  440nm and 517nm, and a decrease o f approxim ately 
0.75 log u n it  with re sp ec t to  the f u l l - f i e l d  re la t iv e  sen s i
t i v i t y  a t  600nm. The v e n tra l s e n s i t iv i ty  is  very  s im ila r  
to  the f u l l - f i e ld  s e n s i t iv i ty ,  except a t wavelengths longer 
than 570nm, where i t  i s  about 0.5 log u n it le s s .

A hypothesis th a t  could exp la in  the  f u l l - f i e l d  s p e c tra l 
s e n s i t iv i ty  re s u lts  is  th a t the middle (510nm) and long 
(590nm) wavelength recep to rs  provide p o s itiv e  inpu ts  to  the  
eye f l i c k  system , whereas the sh o rt (450nm) wavelength re 
ceptors in h ib i t  th is  response. In c o n tra s t , the  do rsa l 
s e n s i t iv i ty  re s u lts  suggest th a t  the middle and s h o rt wave
length pho torecep tors  provide p o s itiv e  inpu ts  and the  long 
wavelength recep to rs  are not involved in  producing the eye 
movement. E ffo rts  are c u rre n tly  under way to  t e s t  these  
hypotheses. (Supported in  p a r t by NIH Grant NS 14946.)



SUNDAY AM OCULOMOTOR SYSTEM II 913

266.17  CONTROL OF HEAD POSITION IN THE LIZARD, AMPHIBOLURUS BARBA
TUS, TO ROTATIONAL MOVEMENTS AROUND THE BODY AXES.
H. E.  E c k e rt,   Dept. o f Zool. F B ]7 , Univ.Marburg, D-3550 Marburg, 
FRG.

Many l iz a rd s  tend to  s ta b i l i z e  th e i r  r e t in a l  image by re 
sponding w ith  compensatory head and /or eye movements to ro ta 
t io n a l  movements around the  eye axes. Thus, eye p o s itio n s  re 
l a t iv e  to  the  surround remain unchanged, i . e .  'f ix e d  in  spa
c e ' .  C ontrol of eye p o s itio n  was s tud ied  in  bearded dragons, 
Amphibolurus, by im m obilizing the  animals w ithout eye or 
head m otion. Animals were exposed to  s in u so id a l motion around 
the  body long a x is  ( r o l l ) , around a v e r t ic a l  ax is  through the  
c en te r between both  eyes (torque) and around a tra n sv e rse  
a x is  through both eyes (p itc h  re sp o n se ). The change of angu
l a r  eye/head p o s it io n  to  such s tim u li was recorded w ith  a v i 
deo camera followed by a frame-by-frame a n a ly sis  (40 ms and 
2 0 0  ms time re so lu tio n )  of angu lar head and eye p o s itio n  as 
a fu n c tio n  of body p o s it io n , ex ten t and v e lo c ity  of angular 
body motion.

Amphibolurus responds to  ro ta t io n a l  motion around the  body 
long a x is  w ith a change of angular p o s itio n  of the  head keep
ing the  eye p o s itio n  constan t w ith re sp ec t to  the  head. For 
sm all angu lar o s c i l la t io n s  ( < 25 deg peak-to-peak) the  head 
ha rd ly  follow s body motions ( le s s  than 4 d eg ), whereas o s c i l 
la t io n s  between 25 and 60 deg induce angular head motions 
approxim ating r a t io s  of 1 : 2  to  1 : 6  between head and body ang
le  (measured r e la t iv e  to  the  h o riz o n ta l p la n e ) . For angular 
ex te n t of o s c i l la t io n s  exceeding 60 deg, head and body m oti
ons a re  c o rre la te d  1 :1 . S im ilar response fe a tu re s  were found 
fo r  r o ta t io n a l  motion around tran sv e rse  and v e r t ic a l  axes 
defined  above.

In  c o n tra s t ,  p re lim inary  experim ents conducted w ith the  
w ater dragon, Physiognathus le s u e u r i i , show s im ila r  responses 
to  ro ta t io n a l  motion around the  v e r t ic a l  and tra n sv e rse  axes. 
However, head p o s itio n s  a re  c o rre la te d  almost 1:1 to body mo
tio n s  upon r o ta t io n a l  motion around the  body long a x is ; th u s , 
eye motions d isp lay  the fe a tu re s  described  fo r head motions 
in  Amphibolurus.

Supported by a H eisenberg s tip en d  (Ec 56/5–2) by th e  'German 
Research Foundation ' (Deutsche Forschungsgem einschaft).

DEVELOPMENT AND PLASTICITY: SPINAL CORD, MOTOR NEURONS, AND MUSCLES

267.1  POSTNATAL DEVELOPMENT OF RAPID LIMB MOVEMENTS IN NORMAL AND 
SPINAL KITTENS.  N .S . B rad ley  and J .L .  S m ith .  D ept. 
K inesio logy, UCLA, CA 90024.

When a c a t  g e ts  w ater on i t s  paw or o b je c ts  l o dged in  
i t ,  a paw-shake response (PSR) r i es the  paw of th e  stim ulus 
by r e p e t i t iv e  and rap id  a l te rn a t io n  of f le x io n  and e x te n 
s io n  of th e  e n t i r e  limb (Smith, e t  a l .  J . Neurophy s i o l . 
43:1980). The purpose of t h i s  s tu d y  was to  c h a r a c te r iz e  
development of th e  PSR in  normal and sp in a l k i t te n s .

To determ ine o n se t of th e  PSR, 13 normal k i t t e n s  and 10 
k i t t e n s  s p i n a l i z e d (T12) a t  14 days of age w ere t e s t e d  
d a i ly  f rom bi r t h  u n t i l  th e  PSR was r e l i a b ly  e l i c i t e d .  
O nset of th e  PSR was c r e d i t e d  i f  a t  l e a s t  one c y c le  of 
rap id  f le x io n  and ex tension  occurred  in  response to  tape or 
w ater app lied  to  the  paw. Onset occurred  w ith in  21–33 days 
of age in  normal k i t te n s  and no t b efo re  th ey  were a b le  to  
m ain tain  stan ce  during  th e  p o s tu ra l p e rtu rb a tio n . Onset of 
th e  PSR in  sp in a l k i t te n s  occurred w ith in  1-3 days f ol low
ing s p in a l iz a t io n ,  preceding onset in  normal l i t t e r ma te s  by 
1–2 wks bu t was e l i c i t e d  in fre q u e n tly . Early PSRs were 1–2 
cy c les  in  a l l  an im als.

At 6 wks of age the  l a t e r a l  gastrocnem ius (LG), t i b i a l i s  
a n te r io r  (TA) and v a s tu s  l a t e r a l i s  (VL) were im planted in  2 
normal and 2  sp in a l k i t te n s  to  determ ine cycle  c h a ra c te r is 
t i c s  and in tra lim b  sy n erg ies . EMG re c o rd s  in d ic a te d  PSRs 
ranged 1–9 cy c les  in  normals and 1–7 cy c les  in  s p in a l  k i t 
te n s .  Both groups a v e ra g e d 3 c y c le s  p e r PSR w ith  c y c le  
p e rio d s  (the in te rv a l  between LG b u rs t onsets) of 92–128 ms 
and LG b u rs t d u ra tio n s  or 22–40 ms. Average o n se t fo r  th e  
TA ranged 61–76% of cycle  w ith b u rs t d u ra tio n s  of 26–72 ms 
ac ro ss  k i t te n s .  A verage o n s e t  fo r  th e  VL was 44–66% of 
c ycle  w ith  b u rs t d u r a t io n s  of 16– 48 ms. No d i f f e re n c e s  
were found between groups. However a t  t h i s  a g e , th e  PSRs 
of k i t te n s  d i f f e r from th o se  of a d u l t s  in  t h a t  t hey nave 
fewer c y c le s  (norm al a du l t s  have 8–9 c y c le s  a n d s p in a l  
a d u l ts  have 1 1 – 1 2  c y c le s ) ,  and k i t t e n s  have lo n g e r  c y c le  
p e riods  (normal and  s p in a l  a d u l t s  have c y c le  p e r io d s  of 
83–90 m s).

These data  suggest th a t  th e  necessary  c i r c u i t r y  f o r th e  
PSR i s  p re sen t in  the  sp in a l cora 1–2 weeks bef ore  onset in  
normal k i t t e n s  and may be i n h i b i t e d by r o s t r a l  c e n t e r s  
u n t i l  p o s tu r a l  c o n t r o l  i s  s u f f i c i e n t  to  accom odate th e  
response. However, a t  6  wks of age th e  PSR in  norm al and 
s p in a l k i t te n s  i s  s im ila r  suggesting  th a t  s p in a l iz a tio n  can 
h asten  th e  o n se t, bu t no t th e  m atu ra tion  of th e  re s p o n se . 
Supported by NS 19864.

267.2  POSTNATAL GROWTH OF MEDIAL GASTROCNEMIUS MOTONEURONS IN THE 
CAT.  W.G. T atton , M. Hay* and I .C . Bruce.  P la y fa ir  U n it, 
Univ. o f Toronto, Toronto, Ont. M5T 2S8 Canada.

C at muscle nerve axons (N ystram B ., Acta N eurol. Scand. 
44: 265–294, 1968) show a unimodal diam eter d is t r ib u t io n  of 
1 –5 μm a t  b i r t h ,  followed, a t  about 20 p o s tn a ta l  days (PD), 
by a s udden change to  a bimodal d i s t r ib u t io n  of 1–3 and 4–7 
µm, resem bling the  a d u lt.  This appears to  p a r a l le l  somal 
grow th  in  u n id e n tif ie d  v e n tra l horn neurons. Retrograde 
t r a n s p o r t  o f h o rse rad ish  peroxidase  (HRP) (S ato  e t  a l . , J .  
Camp. N eurol. 175: 27–36, 1977) showed a bimodal motoneuron 
(MN) volume d is t r ib u t io n  a t  b i r t h  (2–4 and 6–24 x 103 

μm3) , suggesting  a d is s o c ia tio n  of somal and axon growth. 
In  a d d itio n , re c en t work has shown th a t  the  MNs ' d e n d rite s  
a t t a i n  ad u lt c a l ib re  d is t r ib u t io n s  only a f t e r  60PD.

In  the  p re sen t s tudy , 5% HRP was s e le c t iv e ly  in je c ted  
in to  m edial gastrocnem ius (MG). F il le d  MNs were measured 
by superimposing two c i r c l e s ,  one j u s t  w ith in  (m in), and 
th e  second comp le te ly  surrounding (max) th e  i r r e g u la r  MN 
soma c u t through th e  n u c leo lu s. Two-dim ensional (2-D) 
d i s t r ib u t io n s  r e la t in g  min. and max. c le a r ly  d i f f e r e n t ia te  
two a d u lt s iz e  subpopulations. 26 MG poo ls  were examined 
i n  c a ts  aged 3PD (69 g e s ta t io n a l  days) to  adulthood, 12 in  
th e  15-26PD perio d . The 2-D d i s t r ib u t io n s  revealed  th re e  
s omal growth phases: 1. slow growth f r om 3 to  19PD (MN 
s omata sm all, uniform o f s iz e  and d is t r ib u te d  
unim odally); 2. rap id  s iz e  d i f f e r e n t ia t i o n  between 19 and 
24PD (bim odally d is t r ib u te d  w ith appearance of la rg e r  
MNs); 3. subsequent slow phase from 24PD to  th e  a d u lt 
d i s t r i b u t io n . Se r i a l  s ec tio n  3-D re c o n s tru c tio n s  revealed  
a narrow MN s tr in g  w ith in  L7-S1 a t  a l l  ages. During 
19-24PD th e  rap id ly  growing MNs were randomly d is t r ib u te d  
through the  pools w ith no ro s tro cau d al p re d ile c tio n . 
A p p lic a tio n  of Sato  e t  a l .  form ula to  our MNs a lso  showed a 
unimodal d is t r ib u t io n  fo r  somal volumes a t  b i r t h ,  and a 
bim odal one in  a d u lts .

Our find ings in d ic a te  th a t  MG MN somata and th e i r  axons 
a r e  coordinated  in  t h e i r  development and e s ta b l i s h  th a t  
s omal s ize  d i f f e r e n t ia t io n  i s  comp le t e  (26PD) w ell before  
a tta in m e n t o f th e  ad u lt d e n d r it ic  c o n fig u ra tio n  ( a f te r  
6 OPD). F u rth er , the  19-24PD growth b u rs t  r e f le c t s  the  
d i f f e r e n t ia t i o n  of a la rg e  MSI subpopulation . The two sub-
p o p u la tio n s  may re p re sen t alpha and gamma Mis, and w i l l  be 
co n sid e red  in  r e la t io n  to  the  p o s tn a ta l development of 
s p in d le  e f f e re n t  in n e rv a tio n  and th e  appearance of f a s t  and 
slow  muscle p ro p e r tie s .
Supported by MRC o f Canada G rant MA5218.
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267 .3  LECTIN HISTOCHEMISTRY OF IN VITRO MYOGENESIS OF NORMAL AND 
DYSTROPHIC CHICK EMBRYO PECTORAL MUSCLE PRIMARY CULTURES. 
 E.L. Hogan, B.A. Schulte* and K.C. Leskawa* (SPON: G.E. 
Landreth).  Departments of Neurology and Pathology, The 
Medical University of South Carolina, Charleston, SC 29425.

Complex carbohydrates of cultured normal and dystrophic 
chick embryo muscle ce l ls  were analyzed by lectin histochem
ical techniques, during various stages of myogenesis in 
v i t ro . By the end of the myogenic process, over 70% of the 
nuclei were within mutinucleated structures. An increase in 
creatine kinase ac t iv i ty  paralleled myotubule formation. 
Paraffin sections of cultures at each myogenic phase were 
stained with twelve d if feren t  lectin-horseradish peroxidase 
conjugates, some with prior enzymatic treatment.

No s ignif icant  differences were noted between normal and 
dystrophic muscle ce l ls ,  at any myogenic stage. In all  
cultures,  a lack of terminal α - o r  β-galactose, α - or β -
galactosamine and α-fucose was observed, evidenced by the 
absence of staining by several lectin-HRP conjugates. These 
observations indicate that dystrophic muscle cells  in cul
ture do not biosynthesize a unique glycopeptide containing 
these structures.

The absence of terminal galactose, in addition to an 
intense sta ining with alcian blue and the observation that 
peanut lect in  binds only a f te r  exogenous sia lidase t r e a t 
ment, suggests (1) an abundance of s ia l ic  acid residues and 
(2) the absence of an in tr in s ic ,  membrane-associated ecto
s ia lidase ac t iv i ty .  Staining of s i a l i c  acid residues was 
heavy and linear  on the plasma membrane with numerous small 
c lus ters  plus some in trace l l ular granules. Staining with 
LFA lectin  (specif ic  for s i a l i c  acid) substantiated these 
findings.

An abundance of α-mannose residues was shown by Con A 
binding, which was strong and uniform ( i . e . ,  no clus ters)  on 
the cell  surface, at  a l l  stages of d if feren t ia t ion .

The sta ining pattern of GSA II lectin  (α - o r  β -GlcNAc) 
changed during myogenesis, from being fa i r ly  light and even 
in myoblasts to being heavier and concentrated in focal 
patches near the surface on d if ferentia ted  myotubules. Abo
l i t io n  of staining by salivary amylase or malt diastase 
suggested redistr ibution  of in trace lluar  glycogen.

The binding of LCA lectin  (specif ic  for biantennary oligo
saccharides) progressed from a l ight, granular pattern in 
the cytoplasm of single ce lls  to being much greater  and more 
res t r ic ted  to the surface of myotubules.

Supported by the Muscular Dystrophy Association.

267.4  DEFICITS IN MUSCLE AFFERENT FUNCTION FOLLOWING REINNERVATION. 
 J.B. Munson, W.F. Collins, I I I ,  and L.M. Mendell.  Dept. of 
Neurobiology and Behavior, SUNY, Stony Brook, NY, 11794.

We examined peripheral and central actions of muscle 
afferents 3 to 9 months following section and resuture of 
the MG muscle nerve. Single afferents were impaled in the 
dorsal root (Honig, e t  a l . ,  J .  Neurophysiol. 49) and the ir  
receptors characterized as "parallel" or "series" using 
muscle stretch and contraction. Electrical  stimulation of 
the afferent and/or spike-triggered averaging were used to 
t e s t  for i t s  monosynaptic projection to the motoneuron pool. 
This was evidenced by recording an extracellu lar  f ie ld  
potential (focal synaptic potential:  FSP; Munson et a l . J .
Physiol. 296) with 3M NaCl micropipettes l e f t  in place in 
the MG motoneuron pool. Data were obtained from 7 normal 
and 10 experimental cats :

UNCUT AFFERENTS (n=70)
Parallel Series Unphysiol. Inexcit. Total

FSP Recorded 40% - - - - - - 4 0 %
No FSP Recorded 20% 37% 3% - - 60%

TOTAL 60% 37% 3% - - 100%
REGENERATED AFFERENTS (n=123)
Parallel Series Unphysiol. Inexcit . Total

FSP Recorded 25% 1% 7% 3% 36%
No FSP Recorded 32% 7% 16% 9% 64%

TOTAL 57% 8% 23% 12% 1 0 0%
In both populations, about 60% of afferents show "in paral
le l"  (presumably muscle spindle) responses and about 40% of 
afferents generate FSPs. Striking differences include (i)  
few regenerated afferents show "in series" (presumably ten
don organ) responses, ( i i )  many regenerated afferents are 
ei ther  inexcitable (1 2 %) or require excessive muscle stretch  
or probing (23%) for the ir  exci tat ion and ( i i i )  many "in 
parallel" regenerated afferents fai l to generate an FSP.
This could resu l t  from reduced synaptic efficacy following 
injury (Gallego, e t  a l . ,  J .  Physiol. 306) or from muscle 
spindles being innervated by Ib affe rents .  Note that one 
regenerated afferent producing an FSP (a presumed Ia) 
showed "in series" (presumed tendon organ) behavior. In 
both populations the fas tes t  "in parallel" afferents usual
ly generated FSPs, suggesting that the la rgest  Ia af ferents 
successfully reinnervated muscle spindles. We conclude 
that sensory reinnervation of muscle receptors is strongly 
biased toward spindles and that  even af ter  9 months many 
muscle afferents (30%) have not re-established functional 
contact with muscle. Supported by NIH Grants NS15913 (JBM), 
NS06407 and NS 20264 (WFC) and NS14899 and NS16996 (LMM).

267.5  ACTION POTENTIALS PRODUCED BY DENERVATION 
OF TONIC FIBERS IN RAT EXTRAOCULAR MUSCLES.  A .Y .B o n d i,  J . J a c o b y  an d  D .J .  

C h i a r a n d i n i .  D e p ts .  o f  O p h th a l .  an d  P h y s i o l ,  an d  B io p h y s ic s ,  
New Y ork U n i v e r s i t y  M e d ic a l  C e n t e r ,  New Y o rk , N .Y . 10016

M am m alian e x t r a o c u l a r  m u s c le s  c o m p r is e  v a r i o u s  p o p u la 
t i o n s  o f  t w i t c h  o r  s i n g l y  i n n e r v a t e d  f i b e r s  (S IF s)  an d  m u l
t i p l y  i n n e r v a t e d  f i b e r s  (M IF s ) . N o rm a lly , S IF s  c a n  g e n e r a t e  
a c t i o n  p o t e n t i a l s  (APs) w h i l e  o n e  ty p e  o f  M IF s, t h e  t o n i c  
f i b e r s  o f  t h e  g l o b a l  o r  i n n e r  l a y e r ,  p ro d u c e  s m a l l ,  g r a d e d ,  
N a -d e p e n d e n t  r e s p o n s e s  o r  s lo w  p e a k  p o t e n t i a l s .  M o re o v e r , 
i n  n o r m a l ly  i n n e r v a t e d  m u s c le s ,  MIFs do n o t  r e s p o n d  t o  
a n o d a l  b r e a k  s t i m u l a t i o n  w h i le  S IF s  i n f r e q u e n t l y  f i r e  A Ps. 
R a t i n f e r i o r  r e c t u s  m u s c le s  w ere  d e n e r v a t e d  by  s e c t i o n  o f  
t h e  i n f e r i o r  r e c t u s  b r a n c h  o f  t h e  o c u lo m o to r  n e r v e .  F o l 
lo w in g  v a r i o u s  s u r v i v a l  p e r i o d s ,  t h e  m u sc le s  w ere  d i s s e c t e d  
an d  r e c o r d in g s  w ere  m ade fro m  t h e  g l o b a l  l a y e r  i n  a  cham
b e r  p e r f u s e d  w i th  o x y g e n a te d  s a l i n e  c o n ta i n in g  10 mM Ca. 
R e s t in g  p o t e n t i a l s  r a n g e d  fro m  - 3 0  t o  -6 8  mV b u t  f i b e r s  
w e re  h e ld  a t  -8 0  mV d u r in g  r e c o r d in g .  I n  o u r  i n i t i a l  e x p e r 
im e n ts  w i th  d e n e r v a t e d  m u s c le s ,  t h e  i d e n t i t y  o f  MIFs was 
c o n f i rm e d  m o r p h o lo g ic a l ly  by  t r a c i n g  f i b e r s  w h ic h  h ad  
b e e n  l a b e l e d  w i th  L u c i f e r  y e l lo w  f o l lo w in g  r e c o r d i n g .
S in c e  d e n e r v a t e d  M IFs r e t a i n e d  t h e  c h a r a c t e r i s t i c a l l y  lo n g  
m em brane t im e  c o n s t a n t  ( τ ) an d  h ig h  i n p u t  r e s i s t a n c e  i n  
c o m p a r is o n  w i th  S I F s ,  i n  s u b s e q u e n t  e x p e r im e n ts  t was u s e d  
f o r  f i b e r  i d e n t i f i c a t i o n .

A f t e r  d e n e r v a t io n  t h e  e x c i t a b i l i t y  o f  t o n i c  f i b e r s  
c h a n g e d .  We fo u n d  t h a t  f o l l o w in g  6 –9 d a y s  o f  d e n e r v a t io n ,  
g l o b a l  MIFs o r  t o n i c  f i b e r s  p ro d u c e d  APs by  b o th  d e p o la r 
i z a t i o n  an d  a n o d e  b r e a k  s t i m u l a t i o n .  I n  some i n s t a n c e s  an  
a n o d e  b r e a k  AP c o u ld  b e  e l i c i t e d  w i th  a  h y p e r p o l a r i z in g  
p u l s e  a s  low  a s  20 mV. When [N a]º  was r e d u c e d ,  t h e  d V/ d t  
max o f  t h e  AP o f  M IFs was e i t h e r  re d u c e d  (20% Na) o r  
e l i m in a t e d  (0 N a ) . 10 -6  M S a x i to x i n  h ad  a  m ore p o t e n t  d e p 
r e s s a n t  e f f e c t  on  d V /d t  max o f  t h e  AP o f  MIFs t h a n  10- 5 M 
TTX, a l t h o u g h  n e i t h e r  t o x i n  c o m p le te ly  a b o l i s h e d  t h e  
r e s p o n s e .  P r e l i m i n a r y  d a t a  d e m o n s t r a te  t h a t  t h r e e  w eeks 
a f t e r  d e n e r v a t i o n ,  r e i n n e r v a t i o n  i s  p r e s e n t  a s  i n d i c a t e d  
b y  t h e  e x i s t e n c e  o f  e v o k ed  e n d p la t e  p o t e n t i a l s .  A t t h i s  
t im e  m o st M IFs r e t a i n  t h e  c a p a c i ty  t o  p ro d u c e  APs a l th o u g h  
a l l  h a v e  m epps an d  some p ro d u c e  e p p s .  S u p p o r te d  by  
USPHS g r a n t s  EY01297 an d  EY07009.

267.6  MOTOR UNIT PROPERTIES FOLLOWING CROSS-REINNERVATION BY CAT 
MEDIAL GASTROCNEMIUS MOTONEURONS.  R.C. Foehring*, G.W. 
Sypert, and J.B. Munson (SPON: W.A. Friedman).  Dept. of 
Neuroscience, Univ. of Fla. Coll. of Medicine, Gainesville, 
FL, 32610.

Acute experiments using in trace l lu la r  techniques were 
performed 8 – 1 0  months following cross-reinnervation of 
la tera l  gastrocnemius (LG) and soleus (Sol) muscles by the 
medial gastrocnemius (MG) nerve. The following data were 
obtained from 14 normal (Fleshman e t  a l . , J .  Neurophys. 
46), f o u r  s e l f - r e i n n e r v a t e d  (Foehrin g e t  a l . ,  Neurosci. 
Abs. 9), and six cross-reinnervated cat s :

FF FI FR S
Normal (148 cells ) 45% 6% 26% 23%
Self-reinnervated (6 8 ) 44% 4% 2 1% 25%
X-LG (51) 53% 4% 25% 18%
X-Sol (28) 7% 7% 2 1% 64%

Following self-re innervat ion the normal d istr ibution of 
motor unit  types is reestablished. X-LG shows close to a 
normal distr ibution ,  with perhaps a s l ight  bias towards fast  
units. X-Sol shows a strong bias towards slow units (nor
mal Sol contains v ir tua lly  all  S units) .  Since the X-LG 
distr ibution is near normal and 60% of the MG motoneurons 
(MNs) innervated LG muscle in these experiments (33% in 
Sol, 7% non-connected), i t  is unlikely that  the d istr ibution 
in Sol can be explained by selective reinnervation. More 
l ike ly ,  MG MNs are incompletely converting Sol muscle 
f ibers .  In addition MG MN properties may be influenced by 
the muscle innervated. Population means for MN properties 
are (± SEM):

Axonal Rheobase Input (Mohm) AHP Half
Conduction Vel. (nA) Resistance Decay Time
Normal 96±1m/s 1 6 ± 1 0 . 9 ± 0 . 1 2 2 ± 1 ms
Self-re 90±2 m/s 15±1 1. 0±0. 1 27±1 ms
X-LG 96±2 m/s 15±1 1.3±0.1 24±1 ms
X-Sol 89±2 m/s 9±1 1 .9±0. 2 37±3 ms

Input resistance is elevated in X-re MNs, especially in 
the X-Sol. X-LG MNs have properties similar to normal MG 
MNs suggesting that X-LG MNs represent a random sample of 
MG MNs. X-Sol MNs have signif icantly  lower axonal C.V. and 
rheobase, and longer AHP half-decay time than normal. These 
collective data are suggestive tha t  some MG MNs fal l  to 
convert Sol muscle f ibers ,  and that  MN properties may be 
influenced by the muscle innervated. Supported by NIH grant 
NS15913, the MRS and RERDS of the VA, and the W.L. Gore Co.
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267.7  FIRING PATTERNS AND RECRUITMENT BEHAVIOR OF SINGLE EMBRYONIC 
MOTONEURONS.  M.J. O'Donovan.  Department of Physiology and 
Biophysics, The University of Iowa, Iowa City, IA 52242.

The isolated spinal cord of the chick embryo is capable 
of generating spontaneous episodes of rhythmic motor a c t i 
vity when maintained in -v itro  (Landmesser and O'Donovan, J. 
Physiol. 347:189, 1984) .  The goal of the present investiga
tion was to es tablish  the f i r ing  patterns of single moto
neurons during spontaneous ac t iv i ty .  For th is  purpose the 
deafferented, lumbosacral spinal cord was removed from S t .36 
embryos and superfused with oxygenated Tyrodes at  30°C. The 
discharge of single motoneurons was recorded ex tracellu lar ly  
using tungsten or glass microelectrodes positioned within 
the la teral  motor column. Motoneurons were identified by 
antidromic invasion and spike-triggered averaging of the 
orthodromically propogated muscle nerve spike. During spon
taneous ac t iv i ty  motoneurons were recruited when a threshold 
level of neural ac t iv i ty  was generated within the parent 
motoneuron pool. Motoneurons belonging to the same pool ex
hibited a range of recruitment thresholds. Once recruited, 
unit f i r ing  rate was modulated in a manner paralle ling the 
variation in summed ac t iv i ty  of the parent motoneuron pool. 
These resu l ts  suggest: 1) An orderly pattern of motoneuron 
recruitment is established early ( S t .36) in development of 
the chick embryo. 2) As a resu l t  of var iations in rec ru it 
ment threshold, motoneurons innervating the same muscle may 
be subjected to d if feren t  activation patterns (eg. aggregate 
number of impulses) during th e i r  development.

Fig. 1. Firing pattern of a sartorius motoneuron (Cond. 
velocity=1.3m/s) during a spontaneous burst sequence. Note 
the pronounced frequency dependence of the spike amplitude.

267.8  AXOSOMATIC INNERVATION IN THE MOTOR TRIGEMINAL NUCLEUS OF 
THE NEONATAL RAT.  L.M. Hemm endinger & V.S. C aviness, J r .  
E.K. Shriver C tr. & Mass. Gen. Hosp., Boston, Ma. 02114

Adult r a t  trigem inal motoneurons receive  axosomatic in 
nerva tion  from 4 m orphologically  d i s t in c t  te rm ina l c la s s e s .  
Terminals may con ta in  sp h erica l (S) or pleomorphic (P) syn
ap tic  v e s ic le s  and e ith e r  e le c tro n  lucen t (L) or dense (D) 
axoplasm (Card & Moore, 1979). The c h a r a c te r is t ic  frequency 
of in ne rva tion  by each population  may emerge v ia  com petition 
between c la sses  fo r a v a ilab le  p ostsynap tic  s i t e s  on the  mo
toneuron surface  and/or by programmed ingrowth o f sp e c if ic  
term inal c la sse s  over tim e. As a necessary  p re re q u is ite  fo r 
d is tin g u ish in g  between these  2 p o s s ib i l i t i e s ,  we compared 
the term inal morphologies and d is t r ib u t io n  frequencies of 
axosomatic con tacts  p resen t in  the neonatal r a t  motor t r i g e 
minal nucleus (MTN) w ith those in  the ad u lt MTN. Adult data  
is  from Hemmendinger & Moore (1983).

On P1 , trigem inal motoneurons receive  an average of 15 
axosomatic co n ta c ts , compared with 51 axosomatic con tacts  to 
ad u lt motoneurons. Thus, le ss  than a th ird  of the axosomatic 
innerva tion  to  the trigem inal motoneurons appears to  be e s 
tab lish ed  on P1. This inne rva tion  is  formed by axonal te rm i
na ls  which resemble 3 of the 4 m orphologically  d i s t in c t  t e r 
minal types p resen t in  the  ad u lt MTN. The percentage of each 
m orphologically d i s t in c t  axosomatic term inal type in  the P1 
MTN (mean + s td . d e v .)  is  compared below with the percentage 
of each term inal popu lation  p resen t in  a d u lts .

S,L S,D P,L P,D

P1 (15 c e l l s ) 57 ± 16 14 ± 8 28 ± 16 0
Adult (20 c e l l s ) 3 0  ± 4 11 ± 3 2 6  ± 6 34 ± 7

In c o n tra s t to  the a d u lt,  the predominant v e s ic le  morph
ology in  axosomatic te rm ina ls  a t P1 is  s p h e r ic a l, and a l a r 
ger p roportion  o f the te rm inals  con ta in  lucen t axoplasm. Ter
m inals con ta in ing  pleomorphic v e s ic le s  and dense axoplasm 
appear to be the la s t  to form axosomatic connections w ith the 
trigem inal motoneurons. Future work w ill  focus on defin in g  
the time course of inne rva tion  of motoneurons contained  in  
d if f e r e n t  fu n c tio n a l pools w ith in  the MTN.

Supported by NIH gran ts  NS12005 and NS07065.

2 6 7 .  9   AN IN VITRO PREPARATION FOR THE STUDY OF FORE-AND 
HINDLIMB COORDINATION DURING DEVELOPMENT OF THE BULLFROG 
TADPOLE.  G.R. Davis* and P.B. F a re l (SPON: F.L. 
E ld rid g e ).  Dept. o f Physiology, Univ. N. Car. Sch. of 
Med. Chapel H i l l ,  NC 27514.

Spontaneous episodes o f rhythmic b u rs tin g  can be 
recorded from v e n tra l ro o t le ts  o f the is o la te d  c en tra l 
nervous system o f the  b u llf ro g  ( Rana c a te sb e ian a ) 
tadpo le  (Stehouwer and F a re l, 1980, 1981). This 
p re p a ra tio n  has proved u sefu l in  s tu d ie s  of the 
development o f co o rd ina tion  w ith in  and between hindlim bs 
(Stehouwer and F a re l ,  1983, in  p re p a ra tio n ) . These 
s tu d ie s  have shown th a t  hindlimb motoneurons e x h ib it 
coord inated  f i c t i v e  locomotor a c t iv i ty  before  the 
mesenchyme o f the  immature hindlimb bud has 
d if f e r e n t ia te d  in to  c o n tr a c t i le  t is s u e .  The ea r ly  
development o f ap p ro p ria te ly  p a tte rn ed  a c t iv i ty  in  
hindlimb motoneurons ra is e s  the  q uestion  whether sp in a l 
c i r c u i t r y  th a t  serves  to  coo rd ina te  a c t iv i ty  between 
fo re -  and hindlimb motoneurons shows a s im ila r  e a r ly  
m atu ra tion . In  the  p re sen t work, we d esc rib e  a 
p rep a ra tio n  th a t  w il l  allow  in v e s t ig a tio n  of th is  
q u estio n .

The e n t i r e  CNS and p ec to ra l reg ion  of tadpo les were 
removed and placed in  a bath  o f oxygenated R inger's  
s o lu tio n . Suction e le c tro d es  were used to  record from (a) 
medial v e n tra l r o o t le ts  con ta in ing  the  axons of primary 
motoneurons (which in n e rv a te  a x ia l swimming m usculature) 
and (b) lumbar l a t e r a l  v e n tra l ro o t le ts  (which inne rva te  
the  h indlim b). In a d d itio n , the  forelim b was d issec ted  to  
allow  reco rd ing  from ra d ia l ,  u ln a r , o r b ra c h ia l nerves.

P a tte rned  b u rs tin g  during episodes o f f i c t iv e  swimming 
could be recorded from forelim b nerves as e a r ly  as 
s t .  X III, d e sp ite  the  fa c t  th a t  the forelim bs do not 
emerge from the body u n t i l  s t .  XX. Experiments in  which 
the  a c t iv i ty  o f f o r e - a n d  hindlimb motor nerves i s  
recorded sim ultaneously  a re  in  p ro g ress. A p a ra l le l  study 
in  which HRP was app lied  to  the  lumbar enlargem ent in  
o rde r to  re tro g rad e ly  la b e l b ra c h ia l in te rneu rons  
p ro je c tin g  to  the  lumbar enlargem ent suggests th a t  
the  development o f fo re -  and hindlimb coo rd ina tion  depends 
upon m aturation  o f these  p ro p rio sp in a l p ro je c tio n s .

Supported by NIH g ra n ts  NS14899 and NS16030.

267.10  STRETCH REFLEXES IN CHILDREN,  B.M. Myklebust, G.L. Gottlieb, 
G.C. Agarwal, R. Penn,  Dept. Physiology, Rush Med. Ctr . ,  
Chicago, IL 6 0 6 1 2 .

In the normal adult, activation of the soleus muscle 
(SOL) by tapping the Achilles tendon evokes EMG activ i ty  at 
monosynaptic latencies (30–50 ms), while the antagonist 
t i b i a l i s  anterior (TA) muscle is e lec t r ica l ly  quiet.  To 
quantify the magnitude of activat ion of antagonist muscles, 
we have computed the "TA:SOL reflex rat io" by measuring the 
ra t io  of the peak-to-peak amplitudes of the simultaneous 
tap-evoked EMG. The normal adult TA:SOL reflex rat io  is 
usually less than 0.1 [Myklebust BM, Gottlieb GL, Penn RD, 
Agarwal GC: Ann Neurol 11:367–374, 1980].

To determine normal development of the stretch reflex, we 
computed the TA:SOL reflex rat io  for normal neonates (1–10 
days old) and in children (1 month to 14 years) .  In con
t r a s t  to the normal adult the st retch reflex latency in 
neonates is 15–25 ms, and the TA:SOL reflex rat io  is 0.14–
3.3.

The TA:SOL reflex rat io  at one month is similar to the 
neonate's. The trend of the population of children from 1 
month to 5 years shows a decrease in TA:SOL from the neo
natal range to the adult range. Serial tes ting  of individ
ual babies shows considerable v a r iab i l i ty  in the ra t io  
during the f i r s t  year.  By about the f i f th  year the reflex 
ra t io  is in the range of the normal adult.

We suggest that [1] the neonatal spinal cord is hyper
excitable with respect to the normal adult,  and th is  grad
ually decreases during the f i r s t  5 years of development; or 
that [ 2 ] reciprocal exci tat ion is a property of the neonatal 
spinal cord, and the mature pattern of reciprocal inhibition 
gradually develops during the f i r s t  5 years. The var ia
b i l i ty  in the ratios may corre la te  with spinal organization 
as synaptic connections are complete. The normal changes in 
spinal cord c ircu i t ry  which we propose may corre la te  with 
the acquisition of gross motor sk i l l s  such as locomotion.

*This work was supported in part by the Foundation for 
Physical Therapy, National Research Service Award HL07320 
and NIH Grant NS15630.
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267.11  EFFECT OF BICUCULLINE ON MOTOR PERFORMANCE IN SPINAL CATS. 
 G.A. Robinson, C.T. Leonard and M.E. Goldberger.  Dept. of 
Anatomy, The Med. Coll, of Pennsylvania, Phila. PA 19129.

The quality of motor function of spinally transected 
(T12) cats ,  revealed by th e i r  a b i l i ty  to locomote on a 
motorized t readmi l l  and perform placing and positive sup
porting reactions, depends on the age a t  which spinalization 
occurs. In general,  the e a r l i e r  the lesion is made, the 
greater  the sparing and recovery of function. One possible 
explanation for these age-dependent differences is that the 
local c ircu i t ry  responsible for generating locomotion might 
be more suppressed in cats transected as adults rather  than 
as neonates. We therefore hypothesized that pharmacological 
blockage of inhibitory influences would resu l t  in f a c i l i t a 
tion of motor performance in cats transected as adults.  We 
examined treadmill e l ic i te d  locomotor performance, posit ive 
supporting responses and placing responses before and a f te r  
the administration of bicuculline (a GABA blocking agent) 
in three groups of cats with chronic spinal transections 
made: 1) a t  one day post partum (1DPP); 2) a t  11–17 DPP; 
and 3) in adulthood. Cats transected as adults responded 
to i .p .  bicuculline (BCC) by increasing the number of con
tinuous locomotor cycles e l ic i te d  by the t readmi l l  and by 
accomodating to t r e a dmi l l  acceleration and deceleration.
Drug admin is t r a t i on to the 1 DPP and 11–17 DPP groups failed 
to enhance the ir  treadmill performance. The maximum force 
of extension during positive supporting responses was 
measured using a force p late. All groups showed increases 
in the force of extension a f te r  BCC administration. The 
thresholds for placing responses (recorded using a force 
transducer linked to a polygraph) were not consistently 
al tered by BCC administration in any group. In other experi
ments naloxone HCl was administered i .p .  to the same spinal 
animals. Preliminary evidence suggests that  motor function 
is not a l tered by the drug. We conclude that  the fa i lu re  of 
adult-transected animals to show more recovery of locomotor 
function is  due in part to the presence of local and 
specific  inhibitory systems which develop to a greater  ex
ten t  than in neonatally transected animals.

Supported by NIH NS16629 and NSF BNS241775.

SYNAPTIC STRUCTURE AND FUNCTION II

268.1  NONSYNAPTIC SITES OF CATECHOLAMINE RELEASE.  T. J . Sims.  
Department o f Neurology, S tanford Univ. Sch. of Med. and VA 
Medical C enter, Palo A lto , CA 94304.

Catecholamine (CA) neurons have been id e n t i f ie d  in  the 
sp in a l cord of the  a x o lo tl salamander (Sims, T. J . ,  J .C .N . 
173:319–336, 1977). The c e l l  bodies of th ese  neurons a re  
lo ca ted  in  th e  v e n tra l  ependymal zone and have a p ic a l pro
cesses  which co n tac t the  lumen o f the  c e n tra l  can a l. U ltra
s t r u c tu r a l  exam ination revealed  dense core v e s ic le s  (DCVs) 
100 to  140 nm in  diam eter w ith in  the  cytoplasm  o f these  
neurons. Twenty-four hours follow ing a s in g le  in je c tio n  
of .015 mg/100 g of e s tr a d io l  17-B cyp ina te  (E-17B) the  DCVs 
increased  in  number and th e re  was a n o tab le  s h i f t  in  the 
s iz e  of DCVs toward a sm aller diam eter v e s ic le  (100 to  60 
nm) w ith  a sm alle r core . The random cytoplasm ic d is t r ib u 
tio n  o f DCVs seen in  the  normal female salamander changed to 
a predominance o f DCVs lo ca ted  in  the  b a s i l a r  cytoplasm of 
th ese  neurons fo llow ing  E-17B trea tm en t. DCVs in  E-17B 
in je c te d  a x o lo tls  were o ften  seen in  c lu s te r s  ad jacen t to 
the  plasm membrane. S e r ia l s ec tio n  a n a ly sis  revealed  th a t 
the  c lu s te r s  o f DCVs were a sso c ia ted  w ith sm all patches of 
dense undercoating  on the  plasma membrane. Coated v e s ic le s  
were o fte n  seen fused w ith the  plasma membrane in  c lo se  
proxim ity  to  th e  dense undercoating  in d ic a tiv e  of a c tiv e  
membrane recy c lin g  a t  th ese  s i t e s .  G lia c e l l  membrane ap
posed the  s i t e s  of dense undercoating  w ith an e x tr a c e l lu la r  
c le f t  between the  two membranes of 100 to  500 nm. No spe
c ia l iz a t io n s  were observed on the  g l ia  membrane opposite  
th ese  s i t e s .  In salam anders w ith constan t E-17B exposure 
fo r  72 h rs  ( in je c te d  once a day fo r  3 days) c lu s te r s  of DCVs 
a sso c ia ted  w ith p re s y n a p tic - lik e  d e n s it ie s  were no longer 
observed and the  number of v e s ic le s  and th e i r  d is t r ib u t io n  
appeared normal. This study shows th a t  E-17B ad m in is tra tio n  
causes a tr a n s ie n t  change in  the  DCV population  in  a group 
of CA neurons. These neurons a re  probably involved in  some 
aspec t o f neuroendocrine fu n c tio n . The t ra n s ie n t appearance 
of p re s y n a p tic - l ik e  d e n s i t ie s  on plasma membrane, in  asso
c ia tio n  w ith  DCVs, i s  in te rp re te d  as a m orphological sub
s t r a t e  fo r  the  nonsynaptic re le a se  of CA in to  the  e x tra 
c e l lu la r  environment o f the  CNS. Supported by NSF ISP 
801147, NIH NS-15320 and the  Veterans A dm in istra tion .

268.2  LIGHT AND ELECTRON MICROSCOPIC EXAMINATION OF SENSORY 
NEURONS AND MOTONEURONS MEDIATING THE TAIL WITHDRAWAL 
REFLEX IN APLYSIA.  L.J. Cleary and J.H. Byrne,  Dept. 
of Physiology, U. of Texas Medical School, Houston 77225

Sensory neurons mediating the ta l l  withdrawal reflex  are 
located i n a homogeneous c lu s te r i n the pleural ganglion 
while the motoneurons are located i n the pedal ganglion 
along the t ra c t  which arises  from the pleural-pedal connec
tiv e . We are Interested i n the structu re  of the connections 
between these neurons, especially  as i t  re la te s  to  the mech
anisms of synaptic p la s tic i ty . To begin, we are studying 
the geometry of the sensory and motor neurons and the u l t ra 
structu re of th e ir connections.

Electrophysi ologi cal evidence i ndicates th a t both the 
sensory and motoneurons i nnervate the ta i l via the poste rio r 
pedal nerve, P9. We have confirmed th is  d irec tly  by i n jec t
ing HRP i nto the cell bodies of both sensory and motoneurons 
since f i l le d  processes from both cell types are observed 
i n P9. Motoneuron axons do not enter the pleural-pedal 
connective, however, i ndicating th a t the sensory neuron 
synpases are located i n the pedal ganglion.

At the lig h t microscopic level, a single process a r ise s  
from the cell body of the pleural sensory neurons and 
projects to the pedal ganglion through the pleural-pedal 
connective. In sectioned tis su e , the axons are observed 
to pass i n a diffuse t r a c t  underlying the sensory c lu s te r. 
These axons emerge from the pleural ganglion very close to 
the surface of the connective. Although no large branches 
were observed i n the pleural ganglion, the proximal axons 
of each sensory neuron give r ise  to several fine processes, 
presumed to be dendrites. These dendrites may be the s ite  
of hyperpolari z i ng i nput evoked by stim ulation of the skin 
or peripheral nerves.

Most sensory neurons continue through the pedal ganglion 
and out peripheral nerves without giving o ff a major branch. 
One cell was observed to branch i n the pedal ganglion be
neath the c lu s te r of motoneurons. Many sensory neurons 
branch a f te r  exiting the pedal ganglion. This branching 
was associated with electrophysi ologi cal recordings of 
double spikes i n response to e le c tr ic a l stim ulation of P9.

At the electron microscopic level, numerous synaptic 
v a rico sities  containing dense core vesicles are observed 
1n close apposition to the sensory neuron processes i n the 
pedal ganglion. These may be s ite s  of modulatory i nput to 
the sensory neurons mediating heterosynapti c fa c i l i ta t io n .
We are currently examining additional aspects of the te r 
minal u ltra stru c tu re  of the sensory neurons.
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268.3  ENHANCED CHLORIDE ACCUMULATION BY DENERVATED SKELETAL 
MUSCLE IN THE RAT.  G.L. Harris,  W.J. Betz, and J.H. 
Caldwell.  Dept. of Physiol ., Univ. of Colorado Sch. of Med., 
and Dept. of Molec. and Cell B iol . ,  Natl. Jewish Hospital 
and Res. C tr . ,  Denver, CO 80262.

Rat lumbrical muscle fibers generate a steady e lectr ical  
current which flows outward a t  the endplate and reenters in 
the flanking regions. The generation of the current can be 
accounted for by a nonuniform chloride conductance (GCl) 
along the length of the c e l l ;  GCl appears to be lower i n 
the endplate region than elsewhere. The mechanism requires 
that  the chloride equilibrium potential  (ECl) be maintained 
a t  a value positive to the rest ing potential (Vm).

We examined the effec t  of denervation on the steady cur
rents (measured with a vibrating probe). Since denervation 
is  known to cause a large decrease in GCl, we predicted 
tha t  the steady currents might decrease. However, the cur
rents persis ted ,  undiminished (1–35 days post-denervation). 
Moreover, the e f fe c ts ,  on the steady current,  of ion substi
tutes and drugs which block certain conductance or t rans
port pathways suggested that  the current generator mechanism 
did not change a f te r  denervation. One way to generate the 
same current across a decreased conductance would be to in
crease the driving force on Cl- (Vm - ECl).

We used Cl- selective microelectrodes to measure direc
t ly  the in tra ce l lu la r  Cl- ac t iv i ty  ( [Cl] i ) in normal and 
denervated muscle. We found a marked increase in the 
ab i l i ty  of  muscle fibers  to accumulate Cl- a f te r  denerva
tion .  In normal muscle, ECl was about 5 mV more posit ive 
than Vm, reflec ting  a [Cl] i of about 12 mM. Within 10 days 
following denervation, the difference between Vm and ECl 
increased almost 3-fold; [Cl] i increased to around 22 mM. 
Thus, the persistence of the steady current in denervated 
muscle can be explained by an increase in the driving force 
for Cl- efflux. More generally, these results  demonstrate 
tha t  innervation exerts some control over in trace l lu la r  Cl- 
concentrations in mammalian skeletal muscle.
(Supported by NIH grants NS10207 (to WJB) and NS 16922 (to 
JHC), the Muscular Dystrophy Assoc, (to WJB) and an MDA 
postdoctoral fellowship (to GLH))

268.4  PHYSIOLOGY OF A SYMMETRICAL CHEMICAL SYNAPSE  P. A. V. 
Anderson  C. V. Whitney Lab. and Dept. o f Physiology, 
U niversity  of F lo rid a , S t. Augustine, FL 32086

Neurons of the motor nerve net of the j e l ly f i s h  Cyanea 
c a p i l la ta  are  connected by m orphologically symmetrical 
chemical synapses; both term inals contain  apparen tly  
id e n tic a l  synap tic  v e s ic le s  and these  form two opposing 
clumps. This type of o rg an iza tio n , which has a lso  been 
demonstrated in  o the r co e len te ra te s  and in  m olluscs, 
im plies th a t the synapses are non-polarized  and can 
conduct equally  w ell in  e i th e r  d ire c tio n . The synapses 
were examined e lec tro p h y s io lo g ica lly  using whole c e l l ,  
patch recording  techniques. Two c e l l s  th a t could be seen 
to form a con tact were "impaled” and one of the p a ir  
depolarized  by in t r a c e l lu la r  cu rren t in je c tio n . Trans
m ission between the c e l ls  occurs only when a spike i s  
produced in  the s tim ulated  c e l l .  There i s  no evidence of 
e le c t r ic a l  coupling nor of u n ita ry  synaptic  p o te n tia ls  in  
the absence of a p re-synap tic  sp ike. The delay between 
the peak of the ac tio n  p o te n tia l  and the onset of the 
post-sy n ap tic  response is  c lose  to 1 ms (mean = 976 µ s). 
With c e l l s  th a t do not form a d ire c t  connection, the delay 
i s  3 ms or longer. At the o u tse t of any recording  with a 
given c e l l  p a ir ,  the ty p ic a l response of the p o st-sy n ap tic  
c e l l  i s  an ac tio n  p o te n tia l .  However, th is  g radually  
d issappears, presumably due to "washout", and a s in g le , 
la rge  (up to 60 mV) po st-sy n ap tic  p o te n tia l  (PSP) 
remains. The am plitude of the  PSP is  dependent on the 
re s tin g  p o te n tia l of the p o st-sy n ap tic  c e l l  and over 
negative  re s tin g  p o te n tia ls  the re la tio n s h ip  i s  very 
l in e a r ,  e x trap o la tin g  to a re v e rsa l p o te n tia l  of c lose  to 
zero mV (mean = +4.2 ± 7 s .d . ) .  However, under normal 
cond itions , re v e rsa l never occurred, p rim arily  because of 
the powerful delayed r e c t i f i e r  p resen t in  these c e l l s .
This can be blocked by in t r a c e l lu la r  TEA, allow ing b e t te r  
co n tro l of membrane p o te n tia l a t p o s itiv e  re s tin g  poten
t i a l s .  The synapses are tru e ly  symmetrical inasmuch as 
they are  e x c ita to ry  in  both d ire c tio n s  and the delays a re  
almost id e n t ic a l .  Reverberation across the synapse is  
prevented by the requirem ent of a spike fo r t ra n s 
m ission. This p repa ra tion  a ffo rd s  a unique opportunity  
fo r examining a somewhat novel type of synapse. F u rth er
more, because of the o rgan iza tion  of the nerve n e t, 
in t r a c e l lu la r  recordings can be obtained from synaptic  
te rm ina ls , allow ing accurate  an a ly sis  of the mechanisms 
underlying synaptic transm ission . Supported by NSF Grant 
BNS-8209849.

268.5  A RAPID METHOD FOR ISOLATION OF SYNAPTOSOMES ON PERCOLL 
GRADIENTS.  J.A.P. Rostas, P.E. Jarvie*, J.W. Heath* and 
P.R. Dunkley*.  The Neuroscience Group, Facul t y  of Medicine, 
University of Newcastle, N.S.W., Australia, 2308.

A rapid method has been developed for the preparation of 
synaptosomes from the post-mitochondrial p e l le t  (P2) of ra t  
cerebral cortex. The procedure replaces the usual sucrose 
or Ficoll gradients,  which require long centrifugation times 
(2–5 hours) and large forces (50,000–200,000 x g) necess
i ta t ing  the use of an ultracentrifuge,  by a four step Percoll 
gradient which requires only short centr ifugation times (5 
minutes) in a medium speed centrifuge (32,500 g). The P2 
p e l le t  is resuspended in 0.32M sucrose, containing 1 mM EDTA 
and 0.25 mM d i th io th r e i t o l , to a protein concentration of 
4mg per ml. The suspension (2ml) is layered over a 4 x 2ml 
Percoll gradient  comprising 2.5, 9, 15 and 22.5% Percoll made 
up (v/v) in resuspension buffer.  The gradient is cen tr i 
fuged a t  4°C and 32,500 gav for 5 minutes in a Beckman 
JA-20 rotor (tube angle 34°). To assess the homogeneity and 
recovery of the subcellular f rac tions ,  quantitative electron 
microscopy has been undertaken and the d istr ibution  of pro
te in ,  lac ta te  dehydrogenase, cytochrome oxidase and specific 
phosphoproteins has been determined biochemically across 
the gradient.  The synaptosome fractions obtained were shown 
to be viable in terms of noradrenaline uptake, as well as 
depolarisation-stimulated calcium uptake and protein 
phosphorylation. The procedure provides re la t ive ly  homo
geneous synaptosomes as well as myelin and mitochrondrial 
f rac tions ,  comparable with t raditional  gradient procedures. 
In addition, however, two major sub-populations of synapto
somes have been fractionated. The synaptosomes in the two 
fractions d i f fe r  in th e i r  average diameter and mitochondrial 
content as well as in the amount of attached post-synaptic 
elements. Nerve terminals in vivo are dif ferent  in size 
and contain d if fe ren t  numbers of mitochondria per terminal, 
and this new procedure may provide a simple method for 
iso lat ing  two populations of functionally d is t in c t  
synaptosomes.

268.6  STRUCTURAL AND ELEMENTAL CHARACTERIZATION OF ACETYLCHOLINE-
RICH SYNAPTOSOMES FROM SQUID OPTIC LOBE.  S.B. Andrews* 
and T.S. Reese (SPON: J.  Fex).  NINCDS, National Ins t i tu tes  
of Health, Bethesda, MD 20205

Synaptosomes from the optic lobe of the squid are highly 
enriched in both acetylcholine and i t s  specific enzymes and 
transport  systems. However, electron microscopy (EM) has 
shown that these synaptosomes are quite heterogeneous. We 
have in i t ia ted  a structural and compositional analysis of 
squid synaptosomes in order to determine which structural 
types retain signif icant functional properties. Freshly 
prepared squid synaptosomes were incubated for 30 min at 
25°C in an a r t i f i c i a l  seawater (containing Ca++, choline, 
glucose and 10% BSA) prior to rapid freezing on a metal 
block cooled by liquid helium. Several classes of 
membrane-limited structures in freeze-subst ituted samples 
were candidates to be in tac t ,  functional synaptosomes; 
c r i t e r i a  for th is  selection included the presence and/or 
integrity  of synaptic vesicles,  mitochondria and cytoplas
mic matrix, as well as the absence of damaged mitochondria 
or unrecognizable internal organelles. Measurements of in
ternal  potassium were used to determine which synaptosomes 
were functional on the assumption that high internal K im
plies the ab i l i ty  to reestablish a normal membrane potenti
al.  Thin ( = 100 nm) cryosections were freeze-dried and ex
amined unstained in an analytical EM in the laboratory of 
C.E. Fiori and R.D. Leapman at the NIH. Although these 
preparations did not have sufficient  contrast for imaging 
of scattered electrons,  they can be analyzed in th is  micro
scope because th is  instrument is equipped for d ig ita l  image 
acquisition and quantitat ive analysis of charac ter is t ic  
x-rays and transmitted electrons.  Concentrations of the 
major elements (Na, Mg, P, S, Cl, K, Ca) were determined 
directly  from the d ig ita l  image data in any structure which 
could qualify as a viable synaptosome on the basis of i t s  K 
image. These structures were characterized by somewhat 
attenuated Na/K rat ios (Na<30 mmols/kg, K≃  80 mmols/kg wet 
weight), by rela t ive ly  low Ca (<5 mmols/kg), and by easily 
detectable but variable amounts of P and S. However, 20% 
of these structures had a markedly higher ( > 1 0 0  mmols/kg) 
concentration of K; th is  subclass also had S levels 25% 
greater than average. These preliminary results  suggest 
that compositional, and, presumably, functional heterogen
e ity  may corre la te  with s tructural heterogeneity in squid 
synaptosomes. I t  remains to make a positive morphological 
identifica t ion  of the in teresting subpopulation with high 
K levels approaching those expected in in tact synapses.
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268.7  INCORPORATION OF A VESICULAR ANTIGEN IN PLASMA MEMBRANE 
DURING EXOCYTOSIS OF NEUROTRANSMITTER.  R. Robitai l le*, 
J .P .  Tremblay (SPON: R.F. de Estable-Puig).  Lab. of Neu
robiology, Laval Univ., Dept. of Anatomy, Quebec, Canada, 
G1J 1Z4.

The incorporation of vesicular  membrane in plasma 
membrane is studied at frog neuromuscular junction (nmj) 
during exhaustive exocytosis provoked by BWSV. This in
corporation is studied with an antibody specific  to vesi
cular  membrane (J. Cell. Biol. , 87, 98–103, 1980). The 
experiment is performed on cutaneus pectoris muscles dis
sected from small Rana pipiens and placed in chambers con
taining a sa line solution. The 3 or 4 superficial 
layers of muscle fibers  are cut to permit observation, 
with Nomarski optics,  of nmjs on muscle fibers of the 
lower layer. The muscles are then incubated in a collage
nase solution.  Some muscles are then incubated in BWSV 
(0.2 gland/ml) to provoke the liberation of acetylcholine 
by exocytosis and therefore produce the incorporation of 
vesicular  membrane in the terminal membrane (J. Cell. 
Biol. 52, 1–14, 1972). The other muscles are transfered 
to the standard saline solution. Immediately after  these 
treatments,  the muscles are fixed during four hours and 
rinsed overnight. The muscles are incubated overnight, at 
room temperature, with an anti-vesicular antibody (ANTI
VES). After r insing, they are incubated during 2 hours 
with an HRP-conjugated swine anti-rabbit  IgG (Cedarlane 
Lab., Hornby, Ont. Can.). The peroxidase is revealed ac
cording to the technique described by Towbin et al (PNAS 
76, 4350–4354, 1979). For control,  some muscles are incu
bated in normal rabbit serum instead of the ANTI-VES. 
Complete nmjs were observed with a l ight  microscope at 
400X. The labelling observed is restr ic ted  to muscles 
treated  by both BWSV and ANTI-VES, indicating that there 
was an incorporation of vesicular  membrane in the plasma 
membrane promoted by the BWSV and revealed by the ANTI
VES. The other types of muscles do not contain labelled 
nmjs, except a few muscles treated with ANTI-VES but not 
with BWSV. This labelling may result  from spontaneous ac
t i v i t y  revealed by the ANTI-VES. This staining however, 
is  l igh te r  than that on the BWSV and ANTI-VES treated mus
cles . Our results  suggest that the membrane antigen is 
present on the internal face of the vesicle before exocy
tosis  and on the external face of the plasma membrane fo l
lowing exocytosis. They confirme the results  of Von Wedel 
et a l .  (PNAS 78, 1014-1018, 1981).

268.8 HRP UPTAKE AND MORPHOMETRIC ANALYSIS OF VESICLES IN THE 
FROG SYMPATHETIC GANGLIONS FOLLOWING STIMULATION.  C. 
Belhumeur* and J .P .  Tremblay, (SPON: S. Radouco-Thomas)  
 Lab. of Neurobiology, Dept. of Anatomy, Laval University, 
Quebec, Canada, G1J 1Z4.

The afferent  fibers of the right side IX and X sympa
thetic  ganglions of five frogs were stimulated at 100 Hz 
during 20 minutes in vivo. Postganglionic compounds 
action potentials were recorded to verify the effective
ness of the stimulation. The ganglions were then fixed by 
perfusion with 2% formaldehyde and 1% glutaraldehyde and 
prepared for electron microscopy. Control ganglions from 
5 other animals were also exposed for 20 min but not s t i 
mulated. About 18–20 synaptic profiles  were photographed 
for each animal. The number of clear and dense core vesi
cles were counted separately for each synaptic profile. 
The profi les  area was measured with an image analyser (Mop 
3, Carl Zeiss). The numerical density on area ( i . e .  
number of vesicles per um2 ) was calculated separately for 
the clear vesicles and for the dense core vesicles for 
each synaptic profi le .  A two way analysis of variance and 
a Mann Whitney U te s t  indicate no significant differences 
of the numerical density on area of clear and of dense 
core vesicles between the control and the stimulated ani
mals. Dickinson-Nelson and Reese (J. Neuros. 3 (1983) 
42–52) have recently reported a 50% reduction of the sy
naptic vesicles numerical density on area following stimu
lation at 10 Hz. Eight animals were therefore stimulated 
at 10 Hz for either  10 sec (as Dickinson and Reese) or for 
20 min at 10°C or at 20°C. The ganglions of the other 
side of the same animal served as a contro l . Ten stimu
lated and ten unstimulated profiles were photographed for  
each animal. A two way analysis of variance and a Mann-
Withney U te s t  both indicate no significant difference 
between control and the stimulated numerical density on 
area of the clear and of the dense core vesicles. 
Although the stimulation at 10 Hz produces no significant 
morphometric changes, up to 30% of the clear synaptic ve
sic les in a profi le were labelled with HRP following s t i 
mulation at 10 Hz in presence of extracellular  HRP. This 
indicates that  a rapid recycling of the vesicular  membrane 
may be occurring in th is  system without any significant 
change in the numerical density of the clear vesicles. It 
is also possible that some of the vesicles are renewed by 
another process such as axoplasmic transport.

268.9  SYNAPTIC VESICLE RECYCLING STUDIED USING AN ENDOCYTOSIS 
MUTANT.  J.  H. Koenig and K. Ikeda,  Div. of Neurosciences, 
Beckman Res. In s t . of the City of Hope, Duarte, CA 91010.

In the temperature sensi tive mutant of Drosophila mel ano
gaster,  sh ib iret s 1 ( sh i), endocytosis is normal at 18º C, but 
is  reversibly blocked at 30°C. This blockage occurs at the 
stage where coated pits pinch off to form coated vesicles 
(Kosaka, T. & Ikeda, K., J. Neurobiol. 14 :207–225, 1983).
In shi neurons at 30°C, a b l ockage of synaptic vesicle 
recycling occurs, which leads to eventual vesicle depletion 
as exocytosis (t ransmitter  release)  proceeds normally. 
Furthermore, the accumulation of many p its  along the plasma 
membrane, as well as some cisterna-1ike structures, is seen. 
This loss of vesicles from the synapse at 30°C coincides 
with a loss of the excitatory junction potential (ejp) and 
miniature exci tatory junction potentials (mejp's) (Koenig et 
a l . ,  J.  Cell Biol. 96:1517–1522, 1983).

Vesicle recycling was studied by f i r s t  synchronizing the 
recycling process to the p i t  formation stage by exposure to 
30°C, and then allowing the recylcing process to proceed by 
returning the temperature to 18°C. Immediately a f te r  the 
temperature is returned to 18°C, the accumulated pits are 
released to form the next st ructure in the recycling path
way, which results  in a preponderance of such structures at 
th is  time. At a s l igh tly  la te r  time, a preponderance of a 
subsequent structure in the recycling pathway is observed. 
Thus, by observing the recovering synapse at various times 
a f te r  the in i t ia t io n  of the recycling process, the various 
intermediate steps can be observed. The marker, horseradish 
peroxidase ( H R P ) ,  was used to verify the progressive nature 
of the vesicle formation process. I t  was observed that the 
p i ts  enlarge to form cis ternae, many or all  of which are 
continuous with the extracellu lar  space. The cisternae then 
invaginate into themselves, forming crescent-shaped struc
tures from the ends of which bud off vesicles. This often 
results  in the formation of structures which resemble a 
necklace of beads (vesicles).

During these intermediate stages of vesicle formation, 
i t  was observed physiologically that "clustering" of mejp's 
occurs, i . e . ,  the probabilty of several mejp's being re
leased near simultaneously is increased. A possible corre
lat ion betwen the "clustering" phenomenon and the various 
intermediate structures in the recycling process is 
discussed. Supported by NIH grant NS18856.

268.10  FREEZE-FRACTURE ANALYSIS OF ACTIVE ZONE ORGANIZATION AT 
IDENTIFIED FROG NEUROMUSCULAR JUNCTIONS.  P e te r  A. Pawson 
and Alan D. G r in n e l l .  J e r ry  Lewis N eurom uscular R esearch  
Center, UCLA, Los Angeles, CA., 90024.

We are a ttem pting  to  define  mechanisms re sp o n sib le  fo r 
th e  2 0 - f o ld  range  in  t r a n s m i t t e r  r e le a s e  p e r u n i t  le n g th  
th a t  is  observed  in  th e  s a r to r iu s  m uscle of th e  fro g  Rana 
p ip iens. Last year we presented  evidence in d ica tin g  th a t an 
in c re a se d  Ca2+ in f lu x  d u rin g  th e  a c t io n  p o te n t i a l  may be 
la r g e ly  r e s p o n s ib le  f o r  th e  i n c r e a s e d  r e l e a s e  (S o c . 
N eurosc i. A b str . 9 , 1027). In  an a tte m p t to  f in d  an 
u l t r a s t r u c t u r a l  c o r r e l a t e  fo r  th e s e  f in d in g s ,  we have 
developed a method to  study the a c tiv e  zone o rg an iza tio n  of 
in d iv id u a l, p h y s io lo g ica lly  charac te riz ed  nerve te rm in a ls .

S a rto r iu s  neuromuscular junctions(NM Js) were id e n tif ie d  
and th e i r  quantal contents determ ined. The muscle was then 
fixed  and sta in ed  w ith  n itro b lu e  te tra zo liu m  to  rev ea l the 
te rm ina l morphology. Id e n tif ie d  ju n c tio n s  were drawn w ith  a 
camera lucida and the endplate region  of the muscle f ib re  
was d issec ted  out of the muscle. Id e n tif ie d  endplates were 
then  in d iv id u a l ly  g ly c e r in a te d , f ro ze n  in  propane and 
sto red  in liq u id  n itrogen . Single f ib re s  were fra c tu re d  on 
a com plem entary  r e p l i c a  d e v ic e . In  t h i s  way we have been 
able to  c o rre la te  f r e e z e - f r a c tu r e  r e p l i c a s  of i d e n t i f i e d  
nerve te rm ina l ac tiv e  zones w ith  the p h ysio log ical data. We 
are  p resen tly  re f in in g  the technique to  optim ize the amount 
of t o t a l  te rm in a l  th a t  we see  in  th e  f r e e z e - f r a c tu r e  
re p lic a . While th e re  is  an ex tensive l i t e r a tu r e  of f re e z e -
f ra c tu re  s tu d ies  aimed a t  e lu c id a tin g  the re le a se  process 
a t  th e  fro g  NMJ, to  d a te  no one has perfo rm ed  a f r e e z e -
f r a c t u r e  a n a l y s i s  o f i n d i v i d u a l ,  p h y s i o l o g i c a l l y  
ch arac te rized  NMJs. We expect th a t th is  work w i l l  help  to  
e l u c i d a t e  th e  s t r u c t u r a l  b a s i s  f o r  th e  o b s e rv e d  
p h ysio log ical d iffe ren ces  in synaptic  s tren g th .

(S upported  by a MDA fe llo w s h ip  to  P.A.P. and r e s e a rc h  
g ran ts  from the MDA and USPHS).
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2 6 8 .11  IDENTIFICATION OF A TRANSMEMBRANE GLYCOPROTEIN SPECIFIC FOR 
SECRETORY VESICLES OF NEURAL AND ENDOCRINE CELLS.  K.M. 
Buckley and R.B. K e lly .  Dept of Biochem istry & B iophysics, 
U n iv e rs ity  of C a l ifo rn ia , San F ranc isco , Ca 94143

A monoclonal antibody (SV2) generated  ag a in st h ighly  
p u r if ie d  synap tic  v e s ic le s  from elasmobranch e le c t r ic  organ 
recognizes a ~100,000 Mr component of elasmobranch synap tic  
v e s ic le s  and c ro s s re a c ts  w ith synapses in  v i r t u a l ly  a l l  
p a r ts  of the mammalian nervous system. In ad d itio n , the 
antibody binds to  sev e ra l types of endocrine c e l l s ,  in c lu 
ding the  adrenal m edulla, in te rm ed ia te  and a n te r io r  p i t u i 
ta ry ,  p a ra fo l l ic u la r  thy ro id  c e l l s ,  and pan crea tic  i s l e t  
c e l l s .  The an tigen  i s  not d e te c ta b le  in  l iv e r  or exocrine 
c e l l s ,  includ ing  the sa liv a ry  gland and the exocrine pan
c reas . In  neuronal and exocrine c e l ls  in  c u ltu re  (PC12, 
AtT-20, GH3 and HIT c e l l s ) ,  the  an tigen  i s  lo c a liz e d  to 
reg ions where sec re to ry  v e s ic le s  a re  known to  accumulate 
as w ell as a p e rin u c le a r reg ion  which presumably rep resen ts  
the  Golgi ap paratu s.

By immunoelectron microscopy and im m unoprecipitation of 
in ta c t  v e s ic le s  we have determined th a t the  antibody binds 
to  the  cytoplasm ic face of synap tic  v e s ic le s .  However, 
deg ly co sy la tio n  of the  an tig en , by enzymatic methods or 
p ro te in  sy n th es is  in  the  presence of tunicam ycin, r e s u l ts  in  
a s h i f t  in  the  m o b ility  of the m a te ria l recognized in  
Western b lo ts .  These da ta  suggest th a t th is  component is  
a transmembrane g ly co p ro te in .

26 8 .12  MULTIPLE FORMS OF CALCIUM/CALMODULIN-DEPENDENT PROTEIN 
KINASE I I  IN RAT BRAIN.  T.L. McGui nness*, Y. Lai* , and P. 
Greengard (SPON: C.C. Ouimet).  The R ockefe lle r U n iv e r s i ty ,  
New York, NY.

C a lc iu m /ca lm o d u lin -d ep en d en t p r o te in  k in a se  I I  (CaM 
k in a se  I I )  is  a m u ltifu n c tio n a l enzyme th a t  may c o n s ti tu te  
up to  0 .4% of to ta l  b ra in  p ro te in . I t  i s  composed of th ree  
a u to p h o s p h o ry la ta b le  s u b u n its  of M 50,000 , 60,000, and 
58,000, designated  α , β, and β' ,  r e s p e c t iv e ly  (M cGulnness 
e t a l . ,  FEBS L e tt,  163, 329–334, 1983; Bennett e t a l . ,  JBC, 
258, 12735–12744, 1983). S tu d ie s  by Walaas e t  a l .  ( J .  
N e u ro s c i . ,  3, 291– 311, 1983) on the re la t iv e  abundance of
-M 50,000, 58,000, and 60,000 phosphoproteins in d if f e r e n t  
b ra in  re g io n s  su g g ested  to  us th a t d if f e r e n t  forms of CaM 
k inase  I I ,  which d i f f e r  in  t h e i r  s u b u n it  r a t i o s ,  m ight 
e x i s t  in  various  b ra in  reg io n s . To t e s t  th is  p o s s ib i l i ty ,  
we p u rif ie d  CaM kinase I I  from two regions which showed the 
g r e a t e s t  d i f f e r e n c e  in  th e  r e la t iv e  amounts of the th ree  
phosphoproteins: the fo reb ra in  and cerebellum .

CaM k inase  I I  was p u rif ie d  from the two sources by DEAE-
c e l l u l o s e  c h r o m a to g r a p h y ,  3 5 % am m onium  s u l f a t e  
p r e c i p i t a t i o n ,  S ep h acry l S-400 g e l f i l t r a t i o n ,  and CaM-
a f f in i ty  chromatography. The fo reb ra in  enzyme was p u r i f i e d  
215-fold to  >95% homogeneity and a s p e c if ic  a c t iv i ty  of 4.4 
µmol/min/mg. The c e re b e lla r  enzyme was p u r i f i e d  3 0 0 -fo ld  
to  -8 0 % h o m o g e n e ity  and a s p e c i f i c  a c t i v i t y  o f 3 .5  
µmol/min/mg. The p u r if ie d  fo reb ra in  and c e re b e lla r  enzymes 
d i f f e r e d  s ig n if ic a n t ly  in the r e l a t i v e  r a t io s  of the th ree  
s u b u n i ts ,  as  d e te rm in e d  b y  125 I - l a b e l e d  C aM -b in d in g , 
im m unoblots, and d ensitom etric  scans of Coomassie blue and 
f a s t  green s ta in ed  SDS/polyacrylamide g e l s .  The r a t i o  of 
th e  α / β+ β ' s u b u n i t s  in  th e  f o r e b r a in  p r e p a r a t io n  was 
approxim ately 3 /1  ( β/ β' - 3 / 1 ) ,  w hereas in  th e  c e r e b e l l a r  
p r e p a r a t i o n  th e  α / β+β * r a t i o  was a p p ro x im a te ly  1/4 
( β/ β '-1 /1 ) . Immunoblots of fo reb ra in  and c e r e b e l la r  crude  
h o m o g e n a te s  sh o w ed  s i m i l a r  s u b u n i t  r a t i o s .  The 
corresponding M subunits  of the two enzymes were shown to  
be i d e n t i c a l  by a u to p h o s p h o r y l a t i o n ,  C aM -b in d in g , 
immunoblots, and o n e -a n d  two-dim ensional pep tide  maps. The 
holoenzym es d em o n stra ted  s im i la r  behavior throughout the 
p u r i f i c a t i o n ,  s i m i l a r  h y d ro d y n a m ic  p r o p e r t i e s ,  and 
i d e n t i c a l  s u b s tra te  s p e c i f i c i t i e s .  The data  in d ic a te  th a t 
d if f e r e n t  forms of CaM kinase II  e x is t  in  d i f f e r e n t  b ra in  
reg ions . Although the fo reb ra in  and c e re b e lla r  k inase each 
behaved as a s in g le  enzyme throughout the p u r i f i c a t i o n ,  i t  
rem ains to  be determined whether each p rep a ra tio n  con tains 
a s in g le  form or a combination of d if f e r e n t  forms.

268. 13 PROFILES OF SPONTANEOUS RELEASE ALONG THE LENGTH OF FROG 
NERVE TERMINALS.  A .J. D'Alonzo and A.D. G rin n e ll.  Je r ry  
Lewis Neuromuscular Research C enter, UCLA, CA 90024.

We re c e n tly  developed a new method to study evoked 
re le a se  of u n it  quanta along the  leng th  of frog neuromuscu
la r  ju n c tio n s  (D'Alonzo and G rin n e ll, N eurosci. A bstr. 8 : 
493, 1982). While th is  study did not rev ea l any gross non
u n ifo rm itie s  in  re le a s e ,  i t  did show th a t the  quantal 
re le a s e /u n i t  te rm ina l leng th  tended to  be h ig h est near or 
about the  po in t of nerve en try  and th a t  i t  declined  a t  the 
d i s t a l  ends of the  te rm in a l.

We have now app lied  a s im ila r  an a ly s is  to spontaneously 
occuring m in ia tu re  endp late  p o te n tia ls  (mepps). D issected 
frog  cutaneous p e c to ris  muscles were bathed in normal Rin
ger so lu tio n  a t  15°C. Two m icroe lectrodes were in se rted  
ju s t  beyond the  d i s ta l  ends of the  te rm in a l, and mepp 
am plitudes were sim ultaneously  recorded from each e le c 
tro d e . The r a t io  of the  mepp am plitudes seen a t  both s i te s  
was determ ined by an o n -lin e  micro-computer system. A fter 
a s u f f ic ie n t  number of events were c o l le c te d , a th ir d ,  
cu rren t p ass ing , e le c tro d e  was introduced and in se r te d  a t  
known lo c a tio n s  along the  muscle f ib e r ,  and the  re s u lt in g  
am plitude r a t io s  of the  e le c tro to n ic  pu lses were s im ila r ly  
recorded and analyzed. In th is  manner, a c a l ib ra tio n  curve 
was generated  which enabled us to  c o r re la te  mepp r a t io s  
w ith the  s i t e  of mepp o r ig in . Endplates were v isu a lize d  
w ith n itro b lu e  te tra zo liu m  (NBT) and Karnovsky s ta in s  which 
allowed us to  determ ine the  re le a se /le n g th  of a given 
segment of te rm in a l. P relim inary  r e s u l t s  suggest th a t  the  
p ro f i le s  of spontaneous and evoked re le a se  a re  s im ila r in 
th a t  re le a s e /le n g th  i s  h ig h est a t  the  po in t of nerve en try . 
However, mepp re le a se  appears to be more uniform than 
evoked re le a s e .

A comparison of the  re le a se  p ro f i le s  of mepps and evoked 
quanta should help e lu c id a te  the  underly ing  cause (s) of the 
observed no n -u n ifo rm itie s . For in s tan ce , w hile the  non
un ifo rm ity  of evoked re le a se  may in p a rt be a t t r ib u ta b le  to 
the  f a i lu r e  of a c tio n  p o te n tia l  propagation along the 
leng th  of the  te rm ina l (M alla rt, P flugers  Arch. 400: 8 , 
1984), th is  mechanism cannot exp la in  b a se lin e  non-uniform i
t i e s  in  mepp re le a se .

Supported by MDA fellow sh ip  to  A .J.D . and g ran ts  from 
MDA and USPHS # NS06232.

268.14  ULTRASTRUCTURAL UNIFORMITY ALONG BRANCHES OF FROG MOTOR 
NERVE TERMINALS.  M.J. W erle . A.A. H e rre ra ,  and A.D. 
G rin n e ll.  Neurobiology Section , Dept. B io log ical Sciences, 
U niversity  of Southern C a lifo rn ia , Los Angeles, CA, 90089 
(MJW & AAH) and Je rry  Lewis Neuromuscular Research Center, 
UCLA, Los A ngeles, CA, 90024 (ADG).

I t  is  commonly assumed th a t synap tic  u l t r a s t ru c tu re  and 
tra n s m it te r  re le a se  p ro p e rtie s  a re  uniform along the 
length  of motor nerve te rm in a l branches. This is  a c r i t i 
cal assum ption in : 1) p h y sio lo g ica l s tu d ie s  th a t  use s ta 
t i s t i c s  to  e s tim a te  re le a se ; 2) u l t r a s t r u c tu r a l  s tu d ie s  
th a t in fe r  an endp la te 's  e n t i r e  s tru c tu re  from samples 
taken a t a few p o in ts ; and 3) s tu d ie s  where t ra n s m itte r  
re le a se  is  norm alized to nerve te rm in a l length . In view 
of a r e c e n t  r e p o r t  (D.F. Davey & M.R. B en n e tt,  Dev. B ra in  
Res., 5,  1, 1982) th a t th e re  are  s t ru c tu ra l  g rad ien ts  
along nerve te rm in a ls  in toad m uscles, we f e l t  i t  was 
necessary  to  examine th is  question  more thoroughly using 
the frog neurom uscular ju n c tio n  (see A.A. H errera & A.D. 
G r in n e l l ,  Soc. N eu ro sc i. A b s tr .,  8 , 492, 1982).

Nine endp lates were stud ied  in  two s a r to r iu s  m uscles of 
ad u lt Rana p ip iens. Thin sec tio n s  were taken every 6 μ m 
a t known lo c a tio n s , y ie ld in g  between 40 and 105 c ro ss-
sec tio n a l views of te rm in a l branches per endp la te . Eighty 
te rm ina l branches were examined, ranging in  leng th  from 20  
to 246 μ m. To compare te rm in a ls  of d if f e r e n t  leng th , the 
d is tan ce  between the end of the myelin sheath  and the 
d is ta lm o s t te rm in a l t ip  was d iv ided  in to  b ins of 10%. To 
look fo r  g rad ien ts  in re a l  space, the  same d is tan ce  was 
divided in to  30 μ m long segments. Analyses of variance  
were performed on the raw da ta , on the average measurement 
fo r each b in , and on the sum of a l l  da ta  in  each b in . We 
fa ile d  to  fin d  any s p a t ia l  d iffe ren c e s  in  a c tiv e  zone 
leng th , in  6 d i f f e r e n t  measures of te rm in a l s iz e , in 
v e s ic le  d e n sity , or in Schwann c e l l  wrapping. There was a 
s ig n if ic a n t d iffe ren c e  in  the number of m itochondria per 
sec tio n , w ith more d is ta l ly .

In a sep a ra te  s e t  of endp la tes we measured the spacing 
of ch o lin e ste ra se  sta in ed  synap tic  fo ld s  from high re s o lu 
tio n  photom icrographs. There were no g rad ien ts  in  fo ld  
spacing and th e re fo re  in  a c tiv e  zone spacing, assuming 
there  is  an ac tiv e  zone opposite  each fo ld . In conclu
sion , we found no s t ru c tu ra l  evidence fo r  p h y s io lo g ica l 
non-uniform ity  along branches of motor nerve te rm in a ls  in 
the  frog . Supported by NIH g ran ts  NS18186 to  AAH and NS
06232 to  ADG.
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268.15  VARIABILITY OF TIME CONSTANTS OF DECAY OF MIN. E .P.C .S. IN  
CONTROL SOLUTION AND AFTER CHOLINESTERASE BLOCKADE.  M .I. 
G lavinovic (SPON: N. Lake).  D epts. A naesthesia Research & 
Physiology, McGill U n iv e rs ity , M ontreal, Québec, H3G 1Y6.

As a r e s u l t  o f spontaneous re le a se  o f ace ty lch o lin e  
quanta from nerve te rm ina ls  m in iatu re  en d -p la te  cu rren ts  
(min. e .p . c . s . )  which vary in  am plitudes are  observed. The 
o rig in  o f the  v a r ia b i l i ty  o f the  quan tal events i s  s t i l l  
la rg e ly  unexplored , but re c en tly  i t  has been rep o rted  th a t 
under c e r ta in  circum stances i t  can be a lte re d . This study 
re p re sen ts  an attem pt to  c as t a new l ig h t a t the  o rig in  of 
the  v a r ia b i l i ty  o f the  time constan ts  o f decay o f m in iatu re  
en d -p la te  cu rren ts  (τ ’s ) .

Experiments were done on the  frog (Rana p ip ien s) cu tan
eous p e c to r is  p rep a ra tio n  a t room tem perature (19–21° C ).
The so lu tio n  had the follow ing com position (mM): NaC l 116, 
KCl 2 . 0 , CaCl2 1.8 and was buffered  by T ris  Maleate b u ffe r  
with pH ad ju sted  to  7.1 – 7 .3 . C ho lineste rase  was blocked 
by applying neostigm ine (3 µM).

In co n tro l s o lu tio n , τ ’s are am plitude dependent ( i . e .  
la rg e r  min. e .p . c . s .  have longer τ ’s ) but th is  dependence is  
not very pronounced. The am plitude dependence o f τ ’s c o n tr i 
butes to  t h e i r  v a r ia b i l i ty  as measured by the  c o e f f ic ie n t of 
v a r ia tio n  (defined  as the  r a t io  o f the  standard  dev ia tio n  to  
the  mean). Not su rp r is in g ly  th is  c o n trib u tio n  to  the to ta l  
v a r ia b i l i ty  o f τ ’s is  sm all. The v a r ia b i l i ty  o f τ ’ s occurs 
predom inantly because o f the  s c a tte r in g  o f τ ’s from the τ 
vs. min. e .p .c .  curve.

The v a r ia b i l i ty  o f τ ’ s becomes more pronounced a f te r  
ch o lin e s te ra se  b lockade, mainly because of the  marked in 
crease  in  the  am plitude dependence of τ ’s , which probably 
occurs because r e p e t i t iv e  b inding  o f ACh molecules is  
s tro n g ly  dependent on the number o f molecules re le a sed  fo r 
quantum. The marked am plitude dependence o f τ ’s in d ica ted  
th a t  i f  a quantum is  the  r e s u l t  o f re le a se  o f seve ra l 
v e s ic le s ,  th e i r  re le a se  must be s p a t ia l ly  very lo c á liz e d .

Increase  in  the  standard  d ev ia tio n  o f the  s c a t t e r  o f τ ’s 
from the  t vs. min. e .p .c .  curve is  comparable to  the  in 
crease  in  the  mean value o f τ ’ s , and th e re fo re  co n trib u tes  
only m arg inally  to  the in c rease  in  th e i r  v a r ia b i l i ty .  I t  
probably occurs because the  "c r i t i c a l  a re a " a ffe c te d  by 
each quantum is  en larged  and th e re fo re  w ith more v a riab le  
d en sity  o f ACh re c ep to rs .

Supported by MRC and MDA (Canada).

268.16  CAN A CHANGE IN THE SPATIAL DISTRIBUTION OF VESICULAR REL
EASE ALTER THE AMPLITUDE OF QUANTAL EVENTS AND CONTRIBUTE TO 
THEIR VARIABILITY?  D. Kneifel & M.I. Glavinovic (SPON: R. 
Chase),  Depts. Anaesthesia Research and Physiology, McGill 
University, Montreal, Quebec, Canada.

The size of quantal events a t  the muscle end-plate is 
l ikely  to be determined by various factors  (a) presynaptic 
(vesicular  volume, concentration of ACh in vesicles, f rac 
tion of vesicular ACh that is released) and (b) post-synaptic 
(density of ACh receptors on the post-synaptic membrane, 
size of the synaptic c le f t ) .  There is growing evidence that 
quantal events are spa t ia lly  extremely localized. Therefore 
the spatia l d is tr ibu tion  of vesicular  release can be another 
very important factor that influences the quantal size and 
therefore the v a r iab i l i ty  of quantal events, i f  large grad
ients in the density of post-synaptic ACh receptors occur 
although over very short distances ( i . e .  in between active 
zones). Such gradients seem to exis t  but the ir  magnitude is 
s t i l l  controvers ial . There is evidence to suggest that  in 
solution with elevated potassium (20 mM), a f te r  approx. 20 
mins, the spatia l d is tr ibu t ion  of vesicular release is  a l t 
ered and exocytosis also occurs in between active zones, a t  
the s i t e s  of exocytosis tha t  are presumably normally la ten t  
(Ceccarel l i e t  a l . ,  J.  Cell Biol . ,  1979, 81, 178–192). In 
the present experiments we examined how activation of these 
la tent  exocytotic s i te s  affects the amplitudes of miniature 
end-plate currents (MEPC's) .

The experiments were done on the frog (Rana pipiens) 
cutaneous pectoris preparation a t  room temperature (19–21°C) 
in normal Ringer. MEPC's were measured by a voltage-clamp 
technique.

As a re su l t  of elevated potassium (20 mM) the frequency of 
MEPC's rose to >100/sec within 5 min. The amplitudes of 
MEPC's slowly declined by an average of 15–25%, but the var
i a b i l i ty  (estimated by the coeffic ient  of variation) in 
creased from about 25% to about 40%.

A small decrease in the mean amplitude and a more pro
nounced increase in the va r iab i l i ty  of MEPC's supports the 
idea that  in elevated potassium exocytosis occurs not only a t  
but also in between the active zones, opposite the post-syn
aptic membrane with reduced density of ACh receptors. Be
cause of the nonlinear relationship between the MEPC's ampli
tude and the density of ACh receptors, the change in MEPC 
amplitude is l ikely to underestimate the changes in the dens
i ty  of ACh receptors.

Supported by NSERC (D.K.) and by MRC and MDA (M.I.G.).

268.17  DIFFERENTIAL DISTRIBUTION OF SYNAPSIN I ON SMALL SYNAPTIC 
VESICLES AND LARGE NEUROSECRETORY GRANULES.  F. Navone*, 
P. Greengard, and P. De C am illi.  CNR Center of Cytopharm., 
Dept. Med.Pharm., Univ. of Milano, I t a ly ;  Lab. of Mol. and 
C e ll. N e u ro sc i., The R ockefe lle r U n iv e rs ity , New York, USA.

Neuronal sec re tio n  involves re le a se  of molecules th a t 
range from sm all non-peptide m olecules (c la s s ic a l  neuro
tra n s m itte rs )  to  la rg e  p ro te in s .  In nerve endings, pep tide  
n e u ro tra n sm itte rs  appear to  be contained  in  dense-core 
v e s ic le s  of v a ria b le  s iz e ,  but la rg e r  than the  ty p ic a l  50 nm 
v e s ic le s  which a re  thought to  re p re sen t quanta of c la s s ic a l  
n e u ro tra n sm itte rs  and which undergo repeated  exo-endocyto tic 
cy c les  in  the te rm in a l. Synapsin I i s  a major neuron-
s p e c if ic  phosphoprotein which i s  p resen t in  a l l  nerve 
end ings, where i t  i s  s p e c if ic a l ly  a sso c ia ted  w ith the 
su rface  of synap tic  v e s ic le s  [J.C .B . 96, 1337– 1387 (1983)]. 
These f in d in g s  suggest th a t  Synapsin I  may be involved in  
the  re g u la tio n  of synap tic  v e s ic le  t r a f f i c  in  the  te rm in a l.
In our prev ious s tu d ie s  on the lo c a liz a tio n  of Synapsin I ,  
we confined  our a t te n t io n  to  the  50 nm v e s ic le s  which 
c o n s t i tu te  the  overwhelming m ajo rity  of synap tic  v e s ic le s  in  
the CNS. We have now in v e s tig a te d  whether Synapsin I  i s  
a lso  p resen t on la rg e  dense-core v e s ic le s .  To do so we 
c a r r ie d  out P ro te in  A-gold immunolabeling of synaptosomes 
from bovine hypothalam i (a b ra in  region  r ic h  in  pep tide  
n eu ro tra n sm itte rs  and dense-core v e s ic le s )  and of neuro
secretosom es from the neurohypophysis (te rm in a ls  of 
p e p tid e rg ic  neurons). 50 nm v e s ic le s  bu t not dense-core 
v e s ic le s  were h igh ly  labe led  in  the hypothalamic synapto
somes. Analogously, in  p i tu i ta r y  neurosecretosom es, the 
p ep tid e -co n ta in in g  neu rosecre to ry  granu les were un labe led , 
w hile la b e l was p re sen t on the  sm all v e s ic le s  in  these 
endings. The fu n c tio n  of these  v e s ic le s ,  which resemble 
ty p ic a l  50 nm synap tic  v e s ic le s ,  i s  unknown. Our re s u l t s  
in d ic a te  a) a biochem ical s im ila r i ty  of sm all v e s ic le s  of 
the neurohypophysis to  ty p ic a l  50 nm v e s ic le s  of o ther nerve 
endings, and b) th a t  in  most and p o ssib ly  a l l  types of nerve 
end ings, Synapsin I  i s  s p e c if ic a l ly  a sso c ia ted  w ith the 50 
nm sec re to ry  v e s ic le s .  While p ep tid e -co n ta in in g  dense-core 
v e s ic le s  may be viewed as the neuronal equ iv a len t of 
sec re to ry  g ranu les of endocrine c e l l s ,  50 nm v e s ic le s  a re  
sec re to ry  o rg a n e lle s  p e c u lia r  to  neurons. The a sso c ia tio n  of 
Synapsin I ,  a n e u ro n -sp ec if ic  phosphoprotein , w ith  the  50 nm 
synap tic  v e s ic le ,  a n eu ro n -sp ec if ic  o rg a n e lle , suggests th a t 
neurons possess a sp ec ia liz ed  sec re to ry  mechanism th a t  i s  
d i s t in c t  from th a t  a sso c ia ted  w ith la rg e  sec re to ry  granules 
in  neurons and o th e r c e l l  types.

268.18  PROTECTION BY PHYSOSTIGMINE FROM LETHALITY AND ALTERATIONS 
OF RAT SOLEUS NEUROMUSCULAR JUNCTION INDUCED BY SARIN.  C.K. 
Meshul S.S. Deshpande & E.X. Albuquerque.  Dept. Pharmacol. 
& Exp. T her., Univ. MD. Sch. Med., Baltim ore MD 21201.

Pyridostigm ine (PYR) and physostigm ine (PHY) are  po ten t 
re v e rs ib le  a ce ty lc h o lin e s te ra se  (AChE) in h ib ito r s  and are  
known to  in te r a c t  w ith the a ce ty lch o lin e  (ACh) re c ep to r- io n  
channel complex. P ro tec tio n  a g a in st a s in g le  l e th a l  dose of 
the organophosphate s a r in  (130 μg/kg, su b cu t.)  by p re tre a tm
ent w ith a subcutaneous in je c tio n  of PHY (100 μg/kg) or PYR 

(1600 μg/kg) was ev a lu a ted . A dm inistration  of a s in g le ,  
su b le th a l dose of s a r in  (90–100 μg/kg) induced ty p ic a l  signs 
of AChE poisoning . E lec trophysio log ic  exam ination of the  
endplate  region  of the  slow tw itch  so leus muscle 24 hrs  
a f te r  s a r in  in je c tio n  showed spontaneous m in ia tu re  endp late  
p o te n tia ls  of low am plitude, slow r i s e  time and low f r e 
quency. S ig n if ic an t membrane d ep o la r iz a tio n  of the  su rface  
f ib e r s ,  low ju n c tio n a l ACh s e n s i t iv i ty  and d e s e n s it iz a tio n  
were a lso  observed. U ltra s tru c tu ra l  a n a ly sis  of the  end
p la te  region  showed d is ru p tio n  of p o s t- ju n c tio n a l fo ld s , 
d is to r t io n  of sarcoplasm ic re ticu lum  and ex tensive  sub-
synap tic  v a cu o liza tio n , lead ing  to  sep a ra tio n  of the nerve 
term inal from the underlying muscle (Fed. P roc. , 4 2 ,655, 
1983). Pretreatm ent of r a t s  w ith PHY, 30 min p r io r  to  the 
in je c tio n  of an le th a l  dose of s a r in  p ro tec ted  75% of the 
anim als from l e th a l i t y .  This p ro te c tio n  was increased  to 
100% a f te r  p re treatm ent w ith PHY and a tro p in e  (ATR, 
500 μg/kg, s u b c u t.) .  ATR alone did not a ffo rd  any 
p ro te c tio n . D uration of symptoms a f te r  s a r in  challenge  were 
reduced to 10 min a f te r  ATR plus PHY, 1 hr w ith PHY, com
pared to 4–5 h rs  follow ing a su b le th a l dose of s a r in .  Hema
to x y lin  and eosin  s ta in ed  c ro ss -se c tio n s  of the  so leus mus
c le  b iopsied  a t  24 h rs  showed few n e c ro tic  muscle f ib e r  
le s io n s ,  compared to  those seen in  the  so leus muscle of 
s a r in  (100 μg/kg) in je c te d  r a t s .  U ltr a s tru c tu ra l  and 
e le c tro p h y sio lo g ic  a n a ly sis  of the so leus neuromuscular 
ju n c tio n  showed no s ig n if ic a n t a l te r a t io n  a t  24 h rs ,  in  con
t r a s t  to th a t seen in  s a r in  tre a te d  anim als a lo n e . Pre
treatm ent w ith PYR showed only 10% su rv iv a l of anim als 
challenged w ith an l e th a l  dose of s a r in .  In conclusion , 
only PHY appears to  o ffe r  s ig n if ic a n t p ro te c tio n  from le 
th a l i ty  a f te r  s a r in  a d m in is tra tio n . Such e f fe c tiv e  p ro tec
tio n  could be re la te d  to  the a b i l i t y  of the t e r t i a r y  PHY to  
p en e tra te  the c e n tra l  nervous system in  c o n tra s t to  l i t t l e  
p en e tra tio n  by the quaternary  compound PYR. (Supported by 
U.S. Army Med. Res. & Dev. Com. Contr. DAMD-17-C-81-1279)
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268. 19 QUANTAL SYNAPTIC CURRENT FLOW IN THE INTERFOLD OF 
THE VERTEBRATE NEUROMUSCULAR JUNCTION. J .  V a u t r i n *  
an d  J .  M am br in i*  (SPON: ENA-SAS).  Lab .  P h y s i o l .  
Gé né . ,  U n iv .  P a r i s  X I I ,  94010 C r é t e i l  F r a n c e .

The r e l e a s e  o f  an  a c e t y l c h o l i n e  (Ach) quan tum  
by t h e  n e r v e  t e r m i n a l  i n d u c e s  a h i g h  c o n c e n t r a t e d  
Ach s p o t  o f  a b o u t  1sq .µm  a t  t h e  s u r f a c e  o f  t h e  
p o s t s y n a p t i c  membrane  ( H a r t z e l l ,  H . C . , K u f f l e r , S.W. 
& Y o s h i k a m i ,  D . ,  J .  P h y s i o l . , 251 : 4 2 7 ,  1975.  and  
W ath ey ,  J . C . ,  N a s s ,  W.M. & L e s t e r  H .A . ,  B i o p h y s .  J . 
2 7 : 145,  1 9 7 9 ) .  And i t  i s  w e l l  known t h a t  m os t  
p o s t s y n a p t i c  a p p a r a t u s e s  show i n f o l d i n g s  o f  t h e  
s u b s y n a p t i c  p l a s m a  membrane  s e t  a t  ca  1μm i n t e r 
v a l s .  So ,  t h e  m a in  p a r t  o f  e a c h  q u a n t a l  c u r r e n t  
m u s t  f l o w  i n  t h r o u g h  one  o r  two i n t e r f o l d  s l o t s  
b e f o r e  r e a c h i n g  t h e  i n s i d e  o f  t h e  f i b e r  body .  The 
f o l d s  a r e  s o m e t im e s  d e e p  and  s i t  c l o s e r  t o g e t h e r ,  
an d  c o u l d  w i t h s t a n d  t h e  c u r r e n t  f l o w  i n  t h e  s u b 
s y n a p t i c  a p p a r a t u s .  A s i m i l a r  p ro b le m  was d i s c u s 
s e d  f o r  t h e  e x t r a c e l l u l a r  c u r r e n t  r o u t e  i n  t h e  
s y n a p t i c  c l e f t  (D e l  C a s t i l l o ,  J .  & K a t z ,  B . ,  C o l l . 
I n t .  c n r s , G i f / P a r i s :  1 9 5 5 ) .

I n  o r d e r  t o  a p p r a i s e  t h i s  r e s i s t a n c e ,  m o d e ls  o f  
t h e  q u a n t a l  c u r r e n t  f l o w i n g  t h r o u g h  t h e  i n t e r f o l d  
s l o t s  a r e  p r o p o s e d .  The r e s i s t a n c e  o f  t h e  i n t e r 
f o l d  c o n d u c t o r  i s :  Ri x K, w h e re  Ri i s  t h e  r e s i s 
t i v i t y  o f  t h e  i n t e r f o l d  s a r c o p l a s m  and  K t h e  g e o 
m e t r i c a l  i n t e r f o l d  c o e f f i c i e n t .  Two k i n d s  o f  i n t e r 
f o l d  m o r p h o lo g y  w e re  c o n s i d e r e d :  t h e  c y l i n d e r - t y p e  
i n t e r f o l d  w h ic h  i s  t y p i c a l  a t  t h e  f r o g  NMJ 
( C o u te a u x ,  R . , J .  N e u r o c y t o l . , 1 0 : 947 ,  1 9 8 1 ) ,  and  
t h e  b l a d e - t y p e  i n t e r f o l d  w h e re  t h e  i n t e r f o l d  t h i c k 
n e s s  i s  n e a r l y  c o n s t a n t .  An e x p r e s s i o n  o f  K i s  
g i v e n  f o r  b o t h  i n t e r f o l d  t y p e s .  The compound i n t e r 
f o l d s  w e re  n o t  s t u d i e d .

M o r p h o l o g i c a l  p a r a m e t e r s  w e re  p i c k e d  up from  
l i t e r a t u r e  e l e c t r o n  m i c r o g r a p h s  s h o w in g  i n t e r f o l d s  
p a t t e r n .  U s in g  t h e  m u s c u l a r  s a r c o p l a s m i c  r e s i s t i v i 
t y  m e a s u r e d  a l r e a d y  by num erous  a u t h o r s  (1 0 0 – 200 
Ω .Cm),  t h e  m o d e ls  i n d i c a t e  an  i n t e r f o l d  r e s i s t a n c e  
b e tw e e n  500 KΩ an d  2 mΩ . T h i s  r e s i s t a n c e  i s  i n  t h e  
r a n g e  o f  t h e  i n p u t  r e s i s t a n c e  o f  t h e  m u s c u l a r  f i 
b e r s  c o n s i d e r e d .  The p a r t  p l a y e d  by t h i s  r e s i s t a n 
c e  and  t h e  p o t e n t i a l  t h u s  g e n e r a t e d  b e tw ee n  t h e  
i n t e r f o l d  an d  t h e  f i b e r  i n n e r  p a r t  h a v e  t o  be e x 
p l a i n e d .

268 .20  SMALL GAP JUNCTIONS FOUND BY FREEZE FRACTURE IN HELISOMA 
GANGLIA.  D.H. H a ll, M.V.L. B ennett, and +S.B. Kater 
(SPON:A. C h a la z o n itis ) .  Dept. N euroscience, A lbert E in ste in  
C o ll. Med., Bronx, NY 10461, and Dept. Zoology, Univ. 
Iowa, Iowa C ity , IA 52242.

We have undertaken comparative s tu d ie s  of neuronal gap 
ju nc tions  in  sev e ra l in v e r te b ra te s  where e le c tro to n ic  
communication i s  w ell known p h y s io lo g ic a lly , but where gap 
junc tions  have proven e lu s iv e  in  th in  s e c tio n s .  Prev iously  
we repo rted  the presence of sm all gap ju n c tio n s  and 
s e p ta te - l ik e  ju n c tio n s  between the neuronal membranes of 
the opisthobranch mollusc Navanax inerm is (H a ll, Spray and 
B ennett, J. N eurocyto l. ,  12, 831, 1983). The sm all gap 
ju nc tions  were e a s ily  seen in  freeze  f ra c tu re  r e p l ic a s ,  but 
could not be demonstrated co nclusive ly  in  th in  se c tio n s .

Id e n tif ie d  neurons in  the buccal ganglion of the 
gastropod s n a il  Heli soma t r i v o lv is  a re  known to  form 
s p e c if ic  e le c t r i c a l  connections in  s i t u ,  and coupled p a irs  
of neurons can pass the tra c e r  L ucifer Yellow from c e l l  to 
c e l l  (Hadley and K ater, J .  N eurosci. ,  3, 924, 1983). When 
the gang lia  are  axotomized and placed in  organ c u ltu re ,  
e le c t r i c a l  connections are  re e s ta b lish e d  in  h ie ra rc h ic a l  
fash ion  (Bulloch and K ater, J .  N europhysiol. ,  48 , 569, 
1982).

In the p resen t study small gap ju n c tio n s  were found in  
freeze  frac tu re d  buccal gang lia  and ce reb ra l gang lia  of 
Heli soma. These ju n c tio n s  have P-face p a r t ic le s  and 
corresponding E-face p i t s ,  and are  macular in  shape. 
P a r t ic le  packing i s  somewhat lo o se , and the average number 
of p a r t ic le s  per ju n c tio n  i s  only 50 (N=24), somewhat le s s  
than observed p rev iously  in  Navanax buccal g a n g lia . The 
f a i lu r e  to see gap ju n c tio n s  in  th in  sec tio n s  of Hellsoma 
buccal gang lia  i s  not su rp ris in g  because of th e ir  small 
s iz e .  I t  i s  not c e r ta in  what p roportion  of the ju n c tio n s  
seen in  freeze  f r a c tu re  were neuronal, although in  one case 
neuronal membranes were apparen tly  invo lved , since  the 
cytoplasm of one of the coupled elem ents contained  numerous 
v e s ic le s .

S e p ta te - lik e  ju nc tions  were not seen in  e i th e r  freeze  
f ra c tu re  re p lic a s  or th in  sec tio n s  of in ta c t  g an g lia . 
Other forms of membrane sp e c ia liz a t io n s  are  ra th e r  s im ila r  
to those noted p rev iously  in  Navanax, includ ing  t ig h t  
ju nc tions  and orthogonal a rrays  of intramembrane p a r t ic le s  
in  the o u te r g l i a l  sh ea th , spot desmesomes between g l i a l  
c e l ls  surrounding the n e u ro p il , and chemical synapses 
between neurons.

268.21  SYNAPTIC VESICLE MEDIATED CONTRIBUTION AND SYNAPTIC PROCES
SING OF A NEURON-TYPE SPECIFIC SYNAPTIC CLEFT COMPONENT.
P. Caroni*, S .S. Carlson, & R.B. K elly .  Dept of Biochem
i s t r y  & B iophysics, Univ of C a lifo rn ia , San F ranc isco , Ca.

A l ib r a r y  of monoclonal an tib o d ies  ag a in st h igh ly  p u r i
f ie d  c h o lin e rg ic  synap tic  v e s ic le s  from the e le c t r ic  organ 
of D. Ommata has been generated . MAB1 binds to the lum inal 
s ide  of synap tic  v e s ic le s  to  a d e te rg en t-so lu b le  glycopro
te in  th a t  runs as a broad band of Mr la rg e r  than 200,000 on 
SDS-PAGE g e ls .  Unlike 8 o the r synap tic  v e s ic le  s p e c if ic  
monoclonal a n tib o d ie s , MAB1 a lso  recognizes a d e te rg en t-
in so lu b le  an tigen  in  an e x tr a c e l lu la r  m atrix  p rep a ra tio n  
(ECM) from the e le c t r i c  organ. The MAB1-an tig en  from the 
ECM sedim ents, under denatu ring  co n d itio n s , 7 times f a s te r  
than i t s  coun te rpa rt in  the synap tic  v e s ic le .  Immunocyto
chemical methods dem onstrate th a t the MAB1-an tig en  a cc e ss i
b le  e x t r a c e l lu la r ly  i s  found ex c lu siv e ly  a t synapses and i s  
recovered in  the  ECM f ra c tio n . A MAB1-a n tig en  form of 
in te rm ed ia te  m olecular weight i s  tran sp o rted  an terogradely  
in  the  axons in n e rv a tin g  the e le c t r i c  organ & is  found in  a 
synaptosomal p re p a ra tio n . MAB2 de fines  another synap tic  
v e s ic le  an tigen  th a t  i s  imm unoprecipitated by MAB1. MAB2-
an tigen  i s  tran sp o rted  ex c lu siv e ly  from the nerve term inal 
to  the  neuronal c e l l  bod ies. MAB1 and MAB2 bind to an tigens 
found ex c lu siv e ly  in  the  neurons in n e rv a tin g  the e le c t r ic  
organ. A model fo r the  synap tic  v e s ic le  mediated co n trib u 
tio n  and fo r  the  processing  of a synap tic  c le f t - s p e c i f ic  
p ro te in  of unique d is t r ib u t io n  w ill  be p resen ted .

268.22  MODULATION OF PYRAMIDAL CELL FIRING BY ELECTRICAL FIELD 
EFFECT IN HIPPOCAMPAL SLICES.  N. Ropert,  Anaesthesia 
Research and Psychiatry Depts., McGill University, 
Montreal, P.Q., Canada.

Previous experiments have shown that  the large f ie ld  
potentials recorded in the hippocampus generate 
transmembrane depolarizing potentials which can affect  
neuronal exci tab i l i ty  (Taylor and Dudek, Science 218 (1982) 
810; Taylor et a l , Neuroscience 11 (1984) 101). The 
experiments described here show that  synaptic potentials 
can modulate antidromic f iring  in a manner consistent with 
the idea that e lectr ical  f ie ld  effects can modify cell 
exc i tab i l i ty .

Experiments were done on thin tansverse s lices of the 
rat dorsal hippocampus maintained in a r t i f i c i a l  CSF at 31°C 
(± 0.5) .  Extracel lular  f ie ld  potentials were recorded from 
the CA1 stratum pyramidale. Bipolar stimulating electodes 
were placed in the alveus to activate pyramidal ce l ls  
antidromically and in the stratum radiatum to evoke 
excitatory synaptic potentials (EPSPs) in the same 
neurones. Low frequency (≤ 0.5 Hz) t e s t  stimuli were 
applied to the alveus. They evoked antidromic negative 
population spikes (APS) with a peak latency of about 2 ms 
and a duration of about 2 ms. The maximal APS amplitude 
could reach 15 mV. The APS amplitude could be increased by 
as much as 300% by a conditioning stimulus (CS) applied to 
the stratum radiatum which was suff icient  to evoke a small 
EPSP, but well below the threshold for an orthodromic 
population spike. The fa c i l i ta t io n  of antidromic cell 
f iring  depended also on the amplitude of the tes ted APS. 
When the APS was below a cer tain amplitude, i t  was not 
f ac i l i ta ted  by a conditioning EPSP. Furthermore when the 
APS amplitude was maximal, i t  was also not fa c i l i ta te d .
This strongly suggests that the enhancement of APS's of 
intermediate amplitude cannot be due to reversal of fa i lu re  
of somatic invasion by the antidromic action potential . 
Because of the very short latency and brief  time course of 
the enhanced APS i t  is very unlikely that  the f a c i l i ta t io n  
could result  from extracellu lar  K+ accumulation following 
single antidromic spikes.

In conclusion, this f a c i l i ta t io n  of stratum pyramidale 
neuronal f iring is probably due to an e lec tr ica l  f ie ld  
interaction which seems to be a very signif icant  mode of 
regulation of cell f iring in the CA1 pyramidal cell layer 
of the hippocampus.

Supported by the Canadian MRC and the FRSQ.
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268.23  EFFECTS OF MODERATE CHANGES OF [K+] and of [Ca2+] ON FIELD 
POTENTIALS IN HIPPOCAMPAL TISSUE SLICES IN VITRO.  M. B ales
tr in o * , P.G. A itken, and G.G. Somjen (SPON: M.B. Abou-
D onia).  Dept. of Physiology, Duke Univ. Med. C enter, 
Durham, NC 27710.

E ffe c ts  of la rg e  changes of e x tr a c e l lu la r  ion concentra
tio n  on neuronal fu n c tio n  have been s tu d ied  in  d e ta i l  in 
the  p a s t .  Our in te n tio n  was to  examine the q u a n ti ta t iv e  
r e la tio n s h ip  between neu ra l fun c tio n  and changes of in te r 
s t i t i a l  ion co n cen tra tio n s  in  the  range l ik e ly  to  occur in  
in ta c t  b ra in s  under physio log ic  or pa tho log ic  co n d itio n s . 
S chaffer c o l la te r a l s  were s tim u la ted , the responses in  s t r a 
tum radiatum  and stra tum  pyram idale of CA1 zone were re 
corded co n cu rren tly , and in p u t-o u tp u t (I/O) curves were 
p lo t te d .  R aising [K+] in  the bath ing  so lu tio n  from 3.5 to
5 .0  mM caused an in c rease  of evoked population  spike am pli
tude . Lowering [K+] from 3.5 mM to  2.0  mM caused a de
c rease  of popu la tion  spike am plitude. This confirm s the 
e f fe c tiv e n e s s  of these  moderate changes of [K+] in  a lte r in g  
hippocampal s l ic e  fu n c tio n . Raising [Ca2+] from 1.2 to  
1 .8  mM caused an inc rea se  of the EPSP evoked by a given am
p litu d e  of p resy n ap tic  v o lley  (see a lso  r e f .  1) ;  i t  a lso  
caused an e le v a tio n  of p o s t-sy n ap tic  f i r in g  th re sh o ld , 
gauged by the  re la tio n s h ip  of EPSP to  population  sp ike. As 
a r e s u l t  of these  opposing e f f e c t s ,  the o v e ra ll synap tic  
I/O fu n c tio n , measured as the  re la tio n s h ip  of p ostsynap tic  
popu la tion  sp ike versus p resynap tic  v o lle y , was e i th e r  
m oderately enhanced or not s ig n if ic a n t ly  changed. The e f 
fe c t  of ra is ed  [Ca2+] on the  re la tio n s h ip  of p resynap tic  
v o lley  to  stim ulus pu lse  in te n s i ty  was v a r ia b le ,  causing an 
apparent in c re a se , decrease , or no change in  d if f e r e n t  
s l i c e s .  The same was tru e  fo r the re la tio n s h ip  of popula
t io n  sp ike versus s tim ulus in te n s i ty .  Lowering [Ca2+] from 
1.2 mM to  0.8 mM caused a decrease in  population  spike am
p l i tu d e . This i s  in  accordance w ith the decreased e f f ic ie n 
cy of synap tic  transm ission  in  th i s  medium (1) which we 
were ab le  to  confirm  in  the  p resen t study. In ad d itio n , we 
found th a t  in  low [Ca2+] medium a given in te n s i ty  of stim 
u la tio n  evoked a sm aller postsy n ap tic  popu lation  sp ike.
The most l ik e ly  exp lanation  of the l a t t e r  phenomenon i s  the 
depression  of membrane a c tio n  p o te n t ia l  am plitude caused by 
low [Ca2+] th a t  was rep o rted  by Frankenhaeuser (2 ).

(1) D ingledine & Somjen: B rain Res. 207:218–222, 1981.
(2) Frankenhaeuser: J .  P h y sio l. 137:245–260, 1957.
(Supported by g ran ts  NS 17771 and NS 18670 of the USPHS.)

2 6 8 .4   HIGH A FFIN ITY  MG2+-DEPENDENT ATP-STIMULATED CA2+ TRANSPORT 
ACTIVITY IN PURIFIED SYNAPTIC MEMBRANES.  M.L. Mi ch ae li s and 
T.E. Ki to s ,*  C tr. fo r Biomedical Research, Univ. of Kansas, 
Lawrence, KS 66044.

Regulation of in tra -n eu ro n a l Ca2+ concen tra tions is  l ik e ly  
to  involve a Ca2+ pumping ATPase which p a r tic ip a te s  in 
re s to ra tio n  of low Ca2+ le v e ls  follow ing d e p o la r iz a tio n . The 
presence of a sp ec if ic  Ca2+ pump in nerve term inal membranes 
has been d i f f i c u l t  to e s ta b lis h  due to the contam ination of 
such fra c tio n s  with membranes from o ther c e l lu la r  
o rg a n e lle s . We have recen tly  described  the p ro p e rtie s  of a 
(Ca2+ + Mg2+)-ATPase a c t iv i ty  in  synap tic  plasma membranes. 
This enzyme d if f e r s  from in tra -n eu ro n al ( Ca2+ + Mg2+)-ATPases 
in  i t s  high s e n s i t iv i ty  to vanadate (JBC 258, 6101–6108, 
1983). In  the s tu d ies  described  below, we have measured the 
high a f f in i ty  ATP-stimulated tran sp o rt of 45Ca in synap tic  
membrane v e sic le s  under cond itions very s im ila r  to those used 
fo r assays of the enzymatic a c t iv i ty .

Highly p u rif ie d  synaptic  membrane v e sic le s  were loaded 
i n te rn a lly  with 150 nM KCl-10 mM T ris/H C l, and the 45Ca 
tran sp o rt was measured in a medium con tain ing  150 mM KCl-10 
nM T ris/H C l-0 .2  mM CDTA and various concen tra tions of ATP, 
free  Mg2+, and Ca2+. Incubations were c a rried  out a t 37°C 
fo r 2 min and stopped by rapid  f i l t r a t i o n  through M illipore  
f i l t e r s  (0.45 µ). The tra n sp o rt a c t iv i ty  was l in e a r  fo r ≃ 3 
min and was s t r i c t l y  dependent on the presence of Mg2+
(Ko. 5  fo r Mg2+ ≃ 30 μM). The hydro lysis  of ATP was required  
fo r tran sp o rt as non-hydrolyzable ATP analogs did not stimu
la te  Ca2+ uptake. I n i t i a l  estim ates  of the a f f i n i t i e s  fo r 
the tran sp o rt system for ATP and Ca2+ were: K0 . 5  fo r ATP 
≃ 10 µM and K0 .5  fo r Ca2+ ≃ 0 .3 µM. Calcium tra n sp o rt in 
th is  p repa ra tion  was q u ite  s e n s it iv e  to in h ib it io n  by very 
low concen trations of vanadate, with 50% in h ib it io n  observed 
a t  2–3 µM vanadate. Since membrane v e sic le s  capable of 
hydrolyzing ATP to tra n sp o rt 45Ca to the in te rn a l compartment 
are lik e ly  to be v e sic le s  w ith an inverted  o r ie n ta tio n , we 
have attem pted to estim ate  what p roportion  of the to ta l  popu
la tio n  are in  th is  o r ie n ta tio n . I n i t i a l  estim ates in d ic a te  
25–30% of the v e sic le s  are in v e rte d .

The ATP-dependent Ca2+ tra n sp o rtin g  a c t iv i ty  in  these 
v esic le s  ex h ib its  many s im i la r i t ie s  to the (Ca2+ + Mg2+) -
ATPase system. Thus i t  seems reasonable to assume th a t both 
the enzymatic and tra n sp o rt a c t iv i t i e s  are being c a rrie d  out 
by the same macrom olecular e n t i ty  present in  the synap tic  
plasma membranes. (Supported by g ran ts  NS 16364, AG 01948, 
and by the Center fo r Biomed. Res. Univ. of KS.)
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26 9   SYMPOSIUM: A CHOLINERGIC NEURON IN THE RETINA.  K. Krn je v ić , 
 McGill U n ivers ity  (Chairman); R. Baughman, Harvard Medical 
School; M. Tauchi*, M assachusetts General H osp ita l; E. 
F a m ig l ie t t i , J r . ,  Wayne S ta te  U n iv e rs ity ; N. Daw, Washington 
U n iv e rs ity ; R. Masland, M assachusetts General H osp ita l.

A fte r many years o f sp ecu la tio n  about the  ro le  o f a c e ty l
cho line  (ACh) in  the  r e t in a ,  re cen t inform ation  about the 
p re c ise  id e n t i ty  o f l ik e ly  ch o lin e rg ic  neurons provides new 
in s ig h t in to  the  anatom ical and fu n c tio n a l o rg an iza tio n  o f a 
r e t in a l  ACh-releasing system and i t s  s ig n if ic a n ce  fo r  the  
tran sm issio n  o f v isu a l s ig n a ls .

That a c e r ta in  type of amacrine c e l l  is  probably a ch o l
in e rg ic  neuron i s  s tro n g ly  in d ic a ted  by the r e s u l ts  o f b io 
chem ical, h is tochem ical and immunohistochemical s tu d ie s  of 
the d is t r ib u t io n  o f a ce ty lc h o lin e s te ra s e  and c h o lin a c e ty l
t ra n s fe ra s e  a c t iv i ty ,  as w ell as o f high a f f in i ty  choline  
uptake (Baughman). S e lec tiv e  mapping o f these  c e l ls  by i n t r a 
c e l lu la r  dye in je c tio n  has revealed  an ex cep tio n a lly  wide 
and dense, overlapping  d e n d r it ic  a rb o riz a tio n  in  the inne r 
p lexiform  la y e r  (T auchi). On the  b a s is  o f th e i r  morphology 
and s i tu a t io n ,  they  have been id e n t i f ie d  as " s ta rb u rs t"  
amacrine c e l ls  th a t  are  sym m etrically  d is t r ib u te d  on both 
s id es  o f the  in n e r plexiform  la y e r , to  the  ad jacen t su b la 
minae o f  which they send th e i r  d e n d r it ic  p ro cesses. T heir 
p r in c ip a l  inpu t i s  from b ip o la r  c e l ls  and o th e r amacrines 
(probably inc lu d in g  some th a t  are  GABA-ergic, but not ch o l
in e rg ic )  and th e i r  output i s  e x c lu siv e ly  to  ganglion c e l ls  
(F a m ig lie t t i) .  Because of the  b i s t r a t i f i e d  arrangment of 
ganglion c e l l s  o f two fu n c tio n a l (ON-OFF) ty p es , the  two sub
popu la tions o f " s ta rb u rs t"  c h o lin e rg ic  neurons may s e le c t 
iv e ly  modulate ON o r OFF ganglion c e l l s .

These m orphological find ings  are  g en era lly  in  keeping with 
the  changes observed when c h o lin e rg ic  (apparen tly  n ic o tin ic )  
transm ission  in  the  ra b b it r e t in a  i s  f a c i l i t a t e d  by physo
stigm ine: th a t  i s  an enhancement o f e i th e r  the  spontaneous 
f i r in g  of " b risk ly "  responding ganglion c e l l s  or the  l ig h t -
evoked responses o f "slu g g ish "  c e l l s  (Daw). They are  a lso  
c o n s is te n t w ith observations on th e  re le a se  o f ACh from the 
i s o la te d  r e t in a ,  though they do not exp la in  why only t r a n 
s ie n t  l ig h t  s ig n a ls  enhance ACh re le a s e , or the  s ig n ific a n ce  
o f the  la rg e  spontaneous re le a se  th a t  is  n e ith e r  Ca/Mg- nor 
K -sen s itiv e  (Masl an d ).

270  SYMPOSIUM. THE MANY ROLES OF THE MUSCLE SPINDLE IN MOTOR 
CONTROL.  D. G. S tu a r t ,  Univ. o f Arizona (C hairperson); 
R. B. S te in* ,  Univ. of A lbe rta ; A. Taylor, S herrington  
School of Physiology; W. T. Thach, J r . ,  Washington U niv., 
G. E. Loeb, NIH-NINCDS.

W ithin the p ast sev e ra l y ears , i t  has become p o ssib le  to 
study the a c t iv i ty  of muscle sp ind le  a f fe re n ts  and, in  some 
cases, fusim otor neurons during normal motor behav ior. As 
new p rep a ra tio n s  have been developed, i t  has become increas
ing ly  c le a r  th a t d if f e r e n t  motor co n tro l systems make d i f 
fe re n t uses of the fusim otor apparatus to  co n tro l the 
s e n s i t iv i ty  of these  p rop rio cep tiv e  sense organs. This is  
c o n s is te n t w ith  the re cen tly  app recia ted  d iv e rs ity  of inde
pendent fusim otor e f fe c ts  on a f fe re n t a c t iv i ty .  At the 
same tim e, sev e ra l d if f e r e n t  th e o rie s  of motor co n tro l 
(such as leng th  servos, follow-up serv o s, and s t i f f n e s s  
re g u la to rs )  have been put forward to account fo r  general 
fe a tu re s  of motor co n tro l.

This symposium w il l  examine the motor co n tro l problems 
faced in  such widely d ive rse  tasks  as walking (S te in ) , 
chewing (Taylor) and o b jec t m anipulation (Thach). Speakers 
w il l  consider how each theory of motor co n tro l might deal 
w ith the co n tro l problems inhe ren t in  the ta sk  they have 
s tu d ied  and what p re d ic tio n s  such th e o rie s  make regard ing  
the type of feedback inform ation  th a t should be coming from 
the sp in d le s . These p re d ic tio n s  w ill  be compared and con
tra s te d  w ith the observed sp ind le  inpu ts  and ou tpu ts  to 
determine the s tre n g th s  and shortcomings of such general 
th e o r ie s . A fo u rth  speaker (Loeb) w il l  d iscu ss  a newly 
form ulated "task-group" hypothesis th a t  lin k s  the behavior 
of sp ind les  and o th e r a f fe re n ts  to th a t  of alpha and gamma 
motoneurons in  the e la b o ra tio n  of motor a c ts  th a t  can be 
catego rized  in  kinem atic term s. A general d iscu ss io n  a t  
the end of the sessio n  w ill  focus on the value and un iver
s a l i ty  of s p e c if ic  motor co n tro l th e o rie s  and the  p o ss i
b i l i t y  of id e n tify in g  and te s t in g  more general no tions  of 
a d a p ta b il i ty  and op tim iza tion  to account fo r  the s p e c ia l
ized c o n tro l systems th a t  appear to underly complex and 
w ell-coo rd ina ted  behavior.
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271.1  NEURITE OUTGROWTH IN VITRO FROM ONE BRANCH OF THE 
METACEREBRAL CELL OF APLYSIA IS REDUCED WHEN THE 
OTHER BRANCH HAS FORMED CHEMICAL CONNECTIONS.  
S. S chacher. C en te r fo r  Neurobiology & Behavior, Colum bia 
U niversity , C ollege of Physicians & Surgeons, and New York S ta te  
P sy ch ia tric  In s titu te , New Y ork, N. Y. 10032.

During developm ent and regene ra tion  extensive elim ination  or 
rea rra n g em e n t o f p rocesses and synap tic  connections has been 
observed. Although severa l m echanism s have been proposed to  
accoun t for p la s tic ity  in th e  organ ization  of th e  nervous system , 
th e  way in  w hich individual neurons reg u la te  th e  "survival" of some 
s tru c tu re s  and th e  "elim ination" of o th e rs  is not c lea r. To explore 
th is  question , I have developed an in v itro  system  w here neu rite  
ou tg row th  and synapse fo rm ation  a t  d iffe re n t branches of a  single 
iden tified  neuron can be exam ined under con tro lled  conditions.

The m e tace reb ra l ce ll (MCC) som a o f Aplysia was iso la ted  from  
th e  ce reb ra l ganglion o f juvenile anim als along w ith  its b ifu rc a te  
axon and m ain ta ined  in cu ltu re  (see Schacher and Proshansky, 
J . N eurosci., 3:2403, 1983 fo r de ta ils  on cu ltu re): a) w ith  no 
ta rg e ts , b) w ith  an iden tified  buccal neuron (B1 or B2) placed nea r 
th e  la rge  d iam ete r c e r e b r a l - b u c c a l  connective (CBC) branch 
which in n e rv a tes  buccal ganglion neurons, or c) w ith th e  sam e 
buccal neuron ce lls  placed near th e  stum p of the  sm all d iam eter 
posterio r lip nerve (PLN) b ranch . Within 24 hrs processes em erged 
from  the  stum ps of the MCC branches  and in th e  presence of 
buccal neurons fo rm ed  in terconnec ting  netw orks.

A fte r five  days, th e  tw o  branches  showed d iffe re n tia l cap ac i
tie s  fo r th e  fo rm ation  o f d e tec ta b le  chem ical synap tic  connections. 
Over 90% o f the cu ltu res  (19 o f 21) w ith  M C C -buccal neuron con
ta c t  via th e  CBC branch showed chem ical connections w ith p roper
tie s  id en tica l to  th a t  seen in vivo for th is  connection . In co n tra s t, 
chem ica l connections w ere p resen t in only 20% of th e  cu ltu res  (5 
o f 25) w ith  M C C -buccal neuron co n tac ts  via th e  PLN branch.

The fo rm a tion  of a  chem ical connection  betw een  th e  MCC and 
buccal neuron via th e  CBC branch was associa ted  w ith  a  m arked 
reduction  in n eu rite  ou tgrow th  from  th e  PLN branch com pared to  
n eu rite  ou tg row th  from  th e  PLN in th e  absence of any ta rg e t or 
when th e  buccal cell is placed by th e  PLN. N eurite  outgrow th  
from  th e  CBC branch was not s ign ifican tly  a ffe c te d  by th e  
p resence  of a  buccal neuron a t  e ith e r  b ranch .

These resu lts  suggest th a t neu rite  ou tg row th  from  one branch 
of a  neuron can be dow n-regu lated  se lec tiv e ly  as a  consequence of 
ap p rop ria te  ta rg e t in te rac tio n  a t ano ther branch. Since th is  sim ple 
in v itro  system  consists of only tw o neurons, i t  will now be possible 
to  explore th e  signals and underlying m echanism s by which neurons 
reg u la te  grow th from  d iffe re n t branches as th ey  seek  to  form  
chem ical connections w ith app rop ria te  ta rg e ts .

271. 2  ELEMENTARY NEURAL CIRCUIT OF APLYSIA GILL-WITH
DRAWAL REFLEX RECONSTITUTED IN CELL CULTURE SHOWS 
HOMOSYNAPTIC DEPRESSION AND 5HT-INDUCED FACILITA
TION.  S. R ayport and S. S chacher.  C en te r fo r Neurobiology & 
Behavior, D ept. P sych ia try , C olum bia U niversity , C ollege of P & S, 
and N. Y. S ta te  P sych ia tric  In s titu te , New York C ity  10032.

The ce llu lar m echanism s underlying h ab itua tion  and sen s itiz a 
tion  of th e  g ill-w ithdraw al re flex  in  Aplysia are  contained  w ithin a  
re la tiv e ly  sim ple neural c irc u it in th e  abdom inal ganglion (Kandel 
and S chw artz, Science, 218:433, 1982). LE sensory ce lls m ake 
m onosynaptic connections w ith m ajor gill and siphon m otor neuron 
L7 m ediating  th e  reflex . F a c ilita to r ce lls synapse on th e  presynap
tic  LE cell m odulating th e  re f lex . R epeated  LE spikes lead  to  
hom osynaptic depression of tra n sm itte r  re lease  and in th e  in ta c t 
anim al to  hab itua tion . F ac ilita to r cell spikes or 5HT app lication  
produces hetero synap tic  fa c ili ta tio n , giving rise  behaviorally  to  
sensitiza tion .

To estab lish  th e  e lem en ta ry  g ill-w ithdraw al c irc u it in ce ll cu l
tu re ,  we iso la ted  LE and L7 ce lls  from  enzym atica lly  d igested  
abdom inal ganglia (Schacher and Proshan sky, J . N eurosci., 3:2403, 
1983). Cells w ere placed in close p roxim ity  in po ly lysine-coated  
p e tr i dishes containing Aplysia hem olymph and L 15  m edium . By 
five days th e re  was an ex tensive  neu ritic  ne tw ork , and 80% of 
cu ltu res  had LE-L7 connections w ith synap tic  la ten c ie s  o f 5 to  
10 m sec and PSP am plitudes of 0.4 to  20 mV. R epeated  s tim u la
tion  of LE ce ils  once every  20 sec  led to  decrem ent in PSP size 
w ith k ine tics sim ilar to  th o s e in vivo. Bath app lica tion  of 5HT to  a  
fina l co ncen tra tion  of 10-5  M produced depo lariza tion  of both LE 
and L7, LE cell spike broadening, and a  2–3 fold inc rease  in PSP 
size  as in vivo.

To sim ulate  th e  in vivo ce ll c irc u it , we u tilized  th e  sero tone rg ic  
m e tace reb ra l cell (MCC) as a  fa c i li ta to r  ce ll. The MCC produces a  
5H T-m ediated inc rease  in cAMP leading to  m odulation o f m uscle 
ac tiv ity  (Weiss e t  a l ., J . N europhysiol., 42:791, 1979) in a  m anner 
sim ilar to  fac ilita tio n  o f th e  LE -L7 connection . When MCCs w ere 
added to  th e  cu ltu res  (with or w ithout L7), tra in s  of MCC spikes 
reliab ly  produced depo lariza tion  o f LE ce lls  (10 o f 10 p repara tions), 
variably  produced spike broadening (2 of 4), and variably produced 
fac ilita tio n  of the  LE-L7 connection  (3 of 6).

For th e  f irs t tim e  an iden tified  neural c ircu it m ediating  behav
ioral p la stic ity  has been reco n s titu ted  in cell cu ltu re . This system  
will fo s te r  subcellu lar exp lo ration  o f behaviorally  re lev an t synap tic  
p la s tic itie s . O bservations over tim e  of the  sam e cu ltu res  m ay 
define an ontogeny for hom osynaptic depression and h etero synap tic  
fac ilita tio n  in cu ltu re ; if th is para lle ls  the p a tte rn  in vivo (R ayport 
and C am ardo, 1984), a next s tep  will be an exp lo ration  of th e  
ce llu lar con tro ls  underlying em erging  p lastic  m echanism s.

271.3  SYNAPTOGENESIS BY SINGLE IDENTIFIED NEURONS IN VITRO: 
CONTRIBUTION OF RAPDILY TRANSPORTED AND NEWLY EXPRESSED 
PROTEINS.  R.T. Ambron, S. Rayport, and S. Schacher.  Ana
tomy and C e ll B io logy and C en te r fo r  N eurob io logy  and 
Behavior, Columbia U n iv e rs ity , P&S, New York, NY 10032.

Although the form ation of sp ec if ic  synapses is  c ru c ia l 
to  the development of an in teg ra ted  nervous system, there  
i s no c le a r  understanding of synaptogenesis a t the m olecular 
le v e l.  Recently i t  was shown th a t id e n tif ie d  neurons of 
A plysia form transm itte r-m ed ia ted  synapses in v i t r o  (Camardo 
e t  al . J .  N eurosci. 3:2614, 1983). Using the g ia n t ch o lin e r
g ic  neuron R2, we are attem pting  to  id e n tify  two c la sses  of 
p ro te in : 1) those involved in m ediating c e l l  su rface events 
during  synaptogenesis; and 2) those th a t appear only a f te r  
synapse form ation. When R2’s c e l l  body is  removed from 
ju v e n ile  animals and p laced  in  c u ltu re  i t  rap id ly  extends 
n e u r ite s .  S tudies using 35S-Methionine in d ica te  th a t R2 
syn th esizes  over 400 po lypep tides: many o f these  are subse
q u e n tly  t r a n s p o r te d  in to  th e  n e u r i t e s .  We presume th a t  
p ro te in s  involved in  con tacting  ta rg e t c e l l s  w ill  be rap id ly  
t r a n s p o r te d  and in s e r te d  in to  membranes o f th e  n a scen t 
synapse ( i . e .  grow th-cone). Analyses by 2-D PAGE in d ica te  
th a t 25 of the n e u r it ic  p ro te in s  correspond to components 
th a t  a re  r a p id ly  t r a n s p o r te d  to  R2' s synapses  in  v iv o . 
Three o th e r p ro te in s  tran sp o rted  in  vivo a re  not p resen t in  
the growing n e u r ite s .  Hence, R2 regenerating  n e u rite s  in 
the absence of a ta rg e t a lready  has many p ro te in s  th a t are 
en rou te  to  fu lly  functioning  synpases. At le a s t  7 of the 
25 n e u r i t ic  p ro te in s  appear to be c o n s ti tu en ts  of the growth 
cone. This was determined by comparing the labeled  p ro te in s  
o f R2's n e u rite  w ith those found a t the growth cones of RUQ 
c e l ls  growing in  v i t r o . These c e l ls  have la rg e  growth cones 
th a t can be iso la ted  in pure form (F la s te r  e t a l . these 
a b s t r a c t s ) .

R2 w ill  form chemical synapses onto LUQ neurons or L11 in 
v i t r o . The synapse onto LUQ c e l l s  is  a ty p ica l cho lin e rg ic  
IPSP con ta in ing  both fa s t  and slow components (N=15). In 
c o n t r a s t ,  R2 e l i c i t s  a p re d o m in a te ly  n o n -c h o lin e rg ic  
decreased-conductance EPSP in  L11 (N=15). These r e s u lts  
imply th a t R2 re le a se s  a tra n s m itte r  in  ad d itio n  to  ACH. We 
have id e n tif ie d  two p ro te in s  whose appearance c o rre la te s  
w ith synapse form ation. P ro te in  A (78kd) was p resen t in a l l  
7 experim ents in  which synapses were formed but was absent 
when R2 was grown alone. P ro te in  B (74kd) was only present 
in  5 of the synapsing R2s. We are now attem pting  to  d e te r 
mine the lo c a tio n  of these p ro te in s  in the c e l l .

271. 4  BIOCHEMICAL CHARACTERIZATION OF GROWTH CONES OF 
IDENTIFIED NEURONS CULTURED IN VITRO.  M.S. F la s te r , 
S. Schacher, and R .T. Ambron.  C en ter for Neurobiology &: Behav
io r, and D ep t. of A nat. & C ell Biol., C olum bia U niv., C ollege of 
P & S, and N.Y.S. P sych iat. In s tit., New Y ork, N.Y. 10032.

G rowth cones (GCs) play im portan t ro les in neu rite  ex tension , 
pa thfinding , and synaptogenesis. L ittle  progress has been m ade 
tow ard understanding th e  m olecular m echanism s underlying GC 
function . Since d iffe re n tia l pathfinding  or synapse fo rm ation  m ay 
depend upon m olecular fe a tu re s  unique to  GCs of p a rticu la r types 
o f neurons, id en tifica tion  o f such m olecules would be fa c ili ta te d  by 
th e  analysis of th e  GCs from  a single neuronal type . H ere we 
describe an in v itro  system  using g ian t A plysia neurons w here we 
iso la te  th e  GCs of a  group of iden tified  n eu rosecre to ry  ce lls .

The R ight Upper Q uadrant (RUQ) neurons of th e  abdom inal 
ganglion w ere iso la ted  and placed in ce ll cu ltu re  (Schacher and 
Proshansky, J . N eurosci., 3:2403, 1983). Within 24 hrs th e  RUQs 
sprout neu rites  w ith GCs th a t a re  la rge  (up to  30 um), highly 
re f ra c ti le , and som ew hat ellipsoid in shape.

EM analysis of th e  GCs o f RUQ cells shows them  to  be sim ilar 
to  GCs of o ther ce lls grown in v itro . They con ta in : 1) a  ce n tra l 
region ex trem ely  rich  in a  va rie ty  of m em branous s tru c tu re s , 2) a  
d is ta l, c o rtic a l region la rgely  devoid of m em branous s tru c tu re s , 
and com posed of a  la rgely  uniform , fine  m a trix , and 3) a  p lasm a-
lem m a often  showing fea tu re s  consis ten t w ith ru ffling . The GCs 
lack  o riented  m icrotubules.

The GCs can be severed  from  th e ir  n eu ritic  shafts  and freed  
from  th e  su rface  by gen tle  prodding, w here upon th e y  round up and 
a re  easily  co llec ted . Using linear 1-D SDS-PAGE and following a 
24 hr incubation in 35S-m eth ion ine , the  p a tte rn s  of labeled poly
pep tides e x trac te d  from  the  GCs of RUQ ce lls  w ere com pared to  
th e  p a tte rn s  of labeled polypeptides obta ined  from  th e  n eu rites  of 
R2 and several o the r iden tified  neurons grown in v itro . There are  
a t  le a s t 10 polypeptides in th e  RUQ grow th cones w ith m olecular 
w eights betw een 45 and 220 kD . Of th e se , 7 a re  m ajor polypep
tides p resen t in th e  neu rites of o ther ce lls . Two broad bands of 
m olecular w eights 70 kD and 78 kD a re  highly enriched  in RUQ 
grow th cones. An additional band (90 kD) is prom inent in  RUQ 
neu rites  and GCs but p resen t in very dim inished q uan tity  in th e  
neurites of o ther ce lls . There a re  sev e ral m ajor polypeptides 
com mon to  the  neu rites  of all ce lls  analyzed (including RUQ) th a t 
appear to  be absen t or a t  le as t very much reduced in th e  RUQ 
grow th cones. The d iffe rences  in polypeptide d istribu tion  d e tec te d  
using a  re la tiv e ly  low resolu tion  m ethod suggest th a t  th is  in v itro  
p repara tion  will be very useful for identify ing  ce ll-sp e c if ic  grow th 
cone m arkers.
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271.5   THE FORMATION OF NEUROMUSCULAR CONTACTS BETWEEN EMBRYONIC 
CELLS OF XENOPUS LAEVIS DIFFERENTIATING IN CULTURE IN THE 
ABSENCE OF CALCIUM.  L .P .  H e n d e rs o n , M. A. S m ith *  and N .C . 
S p i t z e r .  B io lo g y  D e p a r tm e n t UCSD, La J o l l a ,  CA 92093

A lth o u g h  s u b s t a n t i a l  e v id e n c e  i n d i c a t e s  t h a t  f u n c t i o n a l  
a c e t y l c h o l i n e  (ACh) r e c e p t o r s  a r e  n o t  n e e d ed  f o r  f o rm a t io n  
o f  n e u ro m u s c u la r  s y n a p s e s ,  r e c e n t  f i n d i n g s  r a i s e  a g a in  th e  
p o s s i b i l i t y  t h a t  t h e  r e l e a s e  o f  ACh a n d /o r  o t h e r  v e s i c u l a r  
c o n te n t s  m ig h t  be r e q u i r e d  (Hume e t  a l . ,  1983; Young & P o o , 
1 9 8 3 ) . Me h a v e  ex am in ed  th e  r o l e  o f  c a lc iu m ( C a ) - d e p e n d e n t  
im p u ls e -e v o k e d  r e l e a s e  o f  ACh in  t h e  f o rm a t io n  o f  
f u n c t i o n a l  n e u ro m u s c u la r  c o n t a c t s .

D i s s o c i a t e d  c e l l  c u l t u r e s  p r e p a r e d  from  X enopus l a e v i s  
em bryos ( s t a g e  15) w e re  m a in ta in e d  e i t h e r  i n  medium c o n 
t a i n i n g  10 mN C aC l2 ( c o n t r o l s )  o r  in  C a - f r e e  medium c o n 
t a i n i n g  10 mM MgCl2 and  1 mM EGTA. S p in a l  c o rd  n e u ro n s  
d i f f e r e n t i a t i n g  i n  2C a - f r e e  medium a r e  m ore n um erous and e x 
te n d  s i g n i f i c a n t l y  l o n g e r  n e u r i t e s  th a n  c e l l s  d i f f e r e n t i a t 
in g  in  c o n t r o l  medium (B ix b y  & S p i t z e r ,  s u b m i t t e d ) .  D e s p i te  
t h i s ,  b o th  th e  num ber o f  n e u ro n -m y o c y te  c o n ta c t s  and  th e  
num ber o f  t e r m in a t io n s  o f  n e u r i t e s  on  m y o cy tes  w ere  re d u c e d  
i n  C a - f r e e  m edium (70% and 33% o f  c o n t r o l s ,  r e s p e c t i v e l y ) .

I n t r a c e l l u l a r  r e c o r d in g s  fro m  n e u ro n -m y o c y te  p a i r s  d u r 
in g  p e r f u s i o n  w i th  a  s ta n d a r d  s a l i n e  r e v e a l e d  t h a t  f u n c t i o n 
a l  s y n a p t i c  c o n ta c t s  w e re  fo rm ed  in  C a - f r e e  m edium , a l th o u g h  
w i th  a  r e d u c e d  f r e q u e n c y  ( ~ 30%, o f  c o n t r o l s ) .  P o s t s y n a p t i c  
p o t e n t i a l s  e l i c i t e d  by n e u ro n a l  a c t i o n  p o t e n t i a l s  w ere  
s m a l le r  th a n  th o s e  o b s e rv e d  in  c o n t r o l  c u l t u r e s .  In  a d d i 
t i o n ,  t h e  f r e q u e n c y  o f  s p o n ta n e o u s  p o t e n t i a l s  was s i g n i f i 
c a n t l y  lo w e r  i n  C a - f r e e m edium . 0 mM CaCl 2 / 10 mM MgCl2  s a l 
i n e  r e v e r s i b l y  b lo c k e d  im p u ls e -e v o k e d  r e l e a s e  fro m  n e u ro n s  
grow n i n  C a - f r e e  m edium . As wi t h  c o n t r o l  c u l t u r e s ,  b o th  e v 
oked  and  s p o n ta n e o u s  p o t e n t i a l s  w ere  b lo c k e d  by d - t u b o c u r a r
i n e .

L a b e l l i n g  w i th  125I - o r  rh o d a m in e - c o n ju g a te d  α -  b u n
g a r o t o x i n  o r  i o n t o p h o r e t i c  a p p l i c a t i o n  o f  ACh r e v e a l e d  no 
ACh r e c e p t o r  c l u s t e r s  on c o n ta c t e d  o r  n o n - c o n ta c te d  m y o cy tes  
grow n in  C a - f r e e  m edium . A l l  m y o cy te s  t e s t e d  i n  c o n t r o l  and 
C a - f r e e  c u l t u r e s  w ere  s e n s i t i v e  t o  ACh. No d i f f e r e n c e s  w ere  
fo u n d  i n  s e n s i t i v i t y  t o  b a th  a p p l i e d  ACh b e tw e e n  m y o cy tes  
i n  t h e  two c u l t u r e  c o n d i t i o n s .

O ur r e s u l t s  s u g g e s t  t h a t  e v o k e d , v e s i c u l a r  r e l e a s e  i s  
n o t  r e q u i r e d  f o r  t h e  i n i t i a l  f o r m a t io n  o f  n e u ro m u s c u la r  
c o n t a c t s ,  a l t h o ugh i t  may be  in v o lv e d  in  f u r t h e r  m a tu r a t i o n  
o f  s y n a p s e s .  R o le s  f o r  s p o n ta n e o u s  q u a n ta l  o r  n o n - q u a n ta l  
r e l e a s e  h a v e  n o t  b e e n  e x c lu d e d .

T h is  w ork  was s u p p o r t e d  by th e  NIH (NS 15918 and MS 126–
0 1 , t h e  G ia n n in i  F o u n d a t io n  and  MDA.

271.6  Distribution of Acetylcholine Receptors within the Receptor 
Cluster a t the Newly Formed Neuromuscular Junction in Xenopus 
Cultures.  Yoshi Kidokoro, Barry Brass* and David Schubert.  The 
Salk I n s t i tu te ,  San Diego, CA 92138.

During neuromuscular junction formation acetylcholine (ACh) 
receptors migrate in the membrane and accumulate a t the nerve 
contact region. This process of nerve-induced receptor accumula
tion is conveniently reproduced in Xenopus nerve-muscle cultures. 
The excellent visibility of cultured cells provides a unique oppor
tunity to study the underlying mechanism. Recently we have 
tested a diffusion trap model which was proposed in 1976 by 
Edwards and Frisch to account for receptor clustering. In this 
model freely diffusing ACh receptors are trapped a t the junc
tional region and eventually form high receptor density areas 
along the course of nerve contact. We observed that during 
cluster formation small clusters initially emerge from the back
ground at the nerve contact. These clusters increase in size and 
number, and fuse to form larger clusters. Diffusely distributed 
ACh receptors move laterally in the membrane a t a speed fast 
enough to account for the rate of cluster formation following 
innervation and the rate of cluster dispersal a fte r denervation. 
These observations are compatible with the diffusion trap model. 
In these experiments the ra te  of receptor accumulation and 
dispersal was calculated assuming that the receptor density within 
the cluster is homogeneous and that there are  1,000 α-bungarot
ox in binding sites/µm2.

In the present study we have tested the validity of these 
assumptions by scanning the optical density of photographic 
negatives obtained from innervated cells stained with tetram ethyl 
rhodamine conjugated α -bungarotoxin. Since the grain density on 
the film is non-linearly related to the fluorescence intensity, we 
have produced a curve which correlates the grain density and the 
fluorescence intensity. Thus we are able to assess the relative 
fluorescence intensity a t the newly formed neuromuscular junc
tion with an excellent spatial resolution. We found tha t the 
fluorescence intensity is not homogeneous within and among the 
clusters. Within a cluster the receptor density was highest a t the 
middle and declines toward the edge. The larger clusters have the 
higher densities of receptors a t their middle than smaller ones, 
and the large clusters are often composed of multiple peaks 
separated by 2 to 4µm. This observation is compatible with our 
earlier finding that large clusters are formed by fusion of smaller 
speckles. We have also examined the distribution of newly 
inserted receptors and shown that their distribution is similar to 
that of old ones. We will discuss the contribution of preferential 
insertion of new receptors a t the junctional sites.

Edwards, C. and H.L. Frisch (1976) J . Neurobiol. 4, 277–381.

271.7  RELATIONSHIP BETWEEN JUNCTIONAL ACETYLCHOLINE RECEPTOR 
( J - AchR) CLUSTERING AND D o l ic h o s  B i f l o r u s  AGGLUTININ (DBA) 

RECEPTORS IN REGENERATING SKELETAL MUSCLE.  F.M. H an sen -
S m ith *  (SPON: S .R . B a r r y ) .   D e p ts .  P h y s io lo g y ,  A n a to m y /C e ll 
B io lo g y ,  U n iv . o f  M ic h ig a n , Ann A rb o r ,  MI 4 8 1 0 9 .

P r e v io u s  s t u d i e s  h av e  shown t h a t  when s k e l e t a l  m u sc le  i s  
i n j u r e d  t h e  o r i g i n a l  J-A chR s a r e  d e s t r o y e d .  H ow ever, 
d u r in g  r e g e n e r a t i o n  o f  t h e  m u sc le  f i b e r  J-A chR s a r e  r e c o n 
s t i t u t e d  a t  t h e  s i t e  o f  t h e  o r i g i n a l  s y n a p s e ,  ev en  when 
n e rv e s  a r e  a b s e n t .  I t  h a s  b e e n  p o s t u l a t e d  t h a t  t h e  
s y n a p t i c  b a s a l  la m in a  may m e d ia te  t h e  e x p r e s s io n  o f  t h i s  
phenom enon. The p u r p o s e  o f  t h e  p r e s e n t  s tu d y  was t o  d e 
te r m in e  w h e th e r  t h e  d i s t r i b u t i o n  o f  α- l i n k e d  N - a c e ty l -D -
g a l a c t o s a m in e , a  s p e c i f i c  c o n s t i t u e n t  o f  t h e  p o s t  s y n a p t i c  
b a s a l  l a m in a ,  c o r r e l a t e s  w i th  t h e  d i s t r i b u t i o n  o f  t h e  
J-A ch R s d u r in g  r e g e n e r a t i o n .  As a  m odel f o r  r e g e n e r a t i o n ,  
t h e  s te r n o h y o id  m u sc le  fro m  200g r a t s  was t r a n s p l a n t e d  i n t o  
a  h o s t  s i t e  i n  t h e  h in d l im b .  The s c i a t i c  n e rv e  was s e v e r e d  
t o  p r e v e n t  i n n e r v a t i o n .  G r a f t s  w ere  e x am in ed  l – 6 0 d a y s  
p o s t o p e r a t i v e l y .  R h o d a m in e -c o n ju g a te d  α- b u n g a r o to x in  was 
u s e d  t o  d e t e c t  AchRs i n  f r o z e n  s e c t i o n s .  B i o t i n y l a t e d  DBA 
c o n ju g a t e d  t o  FITC was u s e d  t o  d e t e c t  t h e  α- l i n k e d  N-
a c e t y l - D - g a l a c t o s a m i n e  (DBA r e c e p t o r s ) .  R e c o n s t r u c te d  
J-A chR s w e re  f i r s t  d e t e c t e d  in  4 -d a y  g r a f t s .  DBA c o 
l o c a l i z e d  w i th  m any o f  t h e  J -A c h R s , b u t  was p a t c h i e r  an d  
m ore d i s p e r s e d  th a n  i n  c o n t r o l s .  By 7 d a y s  DBA was i n
d e t e c t a b l e  a t  many o f  t h e  JAchRs and  p a tc h y  in  t h e  
r e m a in d e r .  DBA was n e v e r  a s s o c i a t e d  w i th  t h e  e x t r a
j u n c t i o n a l  AchRs t h a t  a p p e a r e d  d u r in g  e a r l y  r e g e n e r a t i o n .  
J-A chR s w e re  p r e s e n t  i n  1 4 – 60 d ay  g r a f t s ,  b u t  DBA was i n
d e t e c t a b l e  a t  t h e s e  s i t e s .  H ow ever, when t h e  s c i a t i c  n e rv e  
was l e f t  i n t a c t ,  t h e  o r i g i n a l  o r  e c to p i c  s i t e s  becam e i n 
n e r v a t e d .  DBA was a s s o c i a t e d  w i th  t h e  J-A chR s in  t h e s e  
g r a f t s .  T h is  s tu d y  s u g g e s t s  t h a t  1 ) DBA r e c e p t o r s  a r e  n o t  
r e q u i r e d  f o r  JAchRs t o  p e r s i s t ,  b u t  a  r o l e  i n  J-A chR  
c l u s t e r i n g  c a n n o t  b e  e x c lu d e d ;  2 )  t h e  i n i t i a l  a p p e a r a n c e  
o f  j u n c t i o n a l  DBA r e c e p t o r s  i n  r e g e n e r a t i n g  m u sc le  may b e  
n e rv e - m e d ia te d .
( S u p p o r te d  by  M u s c u la r  D y s tro p h y  A s s o c ia t io n  and  USPH 
g r a n t  n o . N S -1 7 0 1 7 ).

2 7 1.8  ACETYLCHOLINE RECEPTOR mRNA IS  CONCENTRATED IN SYNAPTIC 
REGIONS OF ADULT MUSCLE FIBERS.  J .R .  S a n e s  an d  J . P .  
M e r l ie*.  D e p ts .  o f  P h y s i o l ,  an d  P h a r m a c o l . /  W ash in g to n  
U niv . S ch . o f  M ed., S t .  L o u is ,  MO 6 3 1 1 0 .

A c e t y lc h o l in e  r e c e p t o r s  (AChRs) a r e  h i g h ly  c o n c e n t r a t e d  
i n  t h e  p o s t s y n a p t i c  m em brane o f  t h e  n e u ro m u s c u la r  
j u n c t i o n .  As n e u ro m u s c u la r  j u n c t i o n s  d e v e lo p  i n  v i t r o , 
AChRs t h r o u g h o u t  t h e  m u sc le  m em brane r e d i s t r i b u t e  t o  fo rm  
A C h R -rich  p o s t s y n a p t i c  p a tc h e s  (A n d e rso n  an d  C o h en , J .  
P h y s i o l .  2 6 8 :7 5 7 ,  1 9 7 7 ) . I n  a d d i t i o n ,  new AChRs a r e  
p r e f e r e n t i a l l y  s y n th e s i z e d  o r  i n s e r t e d  n e a r  s y n a p t i c  
s i t e s  ( F is c h b a c h ,  R o le ,  an d  O 'B r i e n ,  t h i s  v o l . ) .  
S i m i l a r l y ,  m a in te n a n c e  o f  p o s t s y n a p t i c  s p e c i a l i z a t i o n s  on 
a d u l t  m u sc le  f i b e r s  may in v o lv e  d i r e c t e d  r e d i s t r i b u t i o n  
a n d /o r  p r e f e r e n t i a l  l o c a l  s y n t h e s i s  o f  AChRs. We p r o v id e  
e v id e n c e  f o r  t h e  l a t t e r  p o s s i b i l i t y  by  sh o w in g  t h a t  mRNA 
e n c o d in g  AChR i s  c o n c e n t r a t e d  i n  s y n a p t i c  r e g i o n s  o f  
i n n e r v a t e d  a d u l t  m u s c le s .

Mouse o r  r a t  d ia p h ra g m s  w ere  d i s s e c t e d  i n t o  s y n a p s e -
c o n ta i n in g  an d  s y n a p s e - f r e e  r e g i o n s  ( e . g . ,  H a l l ,  J .  
N e u r o b io l .  4 :3 4 3 ,  1 9 7 3 ) , an d  a  p o ly  A+ RNA (m R N A -rich) 
f r a c t i o n  p r e p a r e d  fro m  e a c h .  E q u a l  a m o u n ts  o f  RNA fro m  
t h e  tw o r e g i o n s  w ere  t h e n  f r a c t i o n a t e d  by g e l  e l e c t r o 
p h o r e s i s ,  t r a n s f e r r e d  t o  n i t r o c e l l u l o s e  p a p e r ,  an d  
i n c u b a te d  w i th  32P - l a b e l e d  cDNA c o m p le m e n ta ry  t o  mRNA 
e n c o d in g  AChR α - s u b u n i t  ( M e r l ie  e t  a l . ,  PNAS 8 0 :3 8 4 5 ,  
1983) o r  s k e l e t a l  m u sc le  a c t i n  ( C a r a v a t t i  e t  a l . ,  J .  M ol. 
B i o l .  1 6 0 :5 9 , 1 9 8 2 ) . S u b s e q u e n t  a u to r a d io g r a p h y  a l lo w e d  
q u a n t i t a t i o n  o f  mRNA l e v e l s .  In  3 e x p e r im e n ts  t h e  r a t i o  
o f  AChR mRNA a b u n d a n ce  i n  s y n a p s e - c o n ta i n in g  a n d - f r e e  
sa m p le s  a v e ra g e d  3 .0 .  In  c o n t r a s t ,  a c t i n  mRNA w as e v e n ly  
d i s t r i b u t e d  b e tw e en  s y n a p t i c  an d  n o n s y n a p t i c  r e g i o n s  
( r a t i o = 1 ) .  We c o n c lu d e  t h a t  AChR mRNA i s  p r e s e n t  t h r o u g h 
o u t  t h e  m u sc le  f i b e r ,  b u t  i s  c o n c e n t r a t e d  n e a r  s y n a p s e s .  
C y t o lo g i c a l  m eth o d s  w i l l  be  r e q u i r e d  t o  d e te r m in e  e x a c t l y  
w h ere  AChR mRNA i s  c o n c e n t r a t e d .  H ow ever, s i n c e  o n ly  ~1% 
o f  a l l  m u sc le  f i b e r  n u c l e i  ( o r  ~3% i n  t h e  s y n a p s e -
c o n ta i n in g  sa m p le )  d i r e c t l y  u n d e r l i e  p o s t s y n a p t i c  
m em brane, AChR mRNA l e v e l s  n e a r  s y n a p t i c  n u c l e i  m ig h t  b e  
~100 f o l d  h i g h e r  t h a n  n e a r  n o n s y n a p t ic  n u c l e i .  Our 
r e s u l t s  t h u s  r a i s e  t h e  p o s s i b l i t y  t h a t  s y n a p t i c  an d  
n o n s y n a p t i c  n u c l e i  w i t h in  a  s i n g l e  m u sc le  f i b e r ' s  
c y to p la s m  d i f f e r  i n  t h e i r  p a t t e r n s  o f  g en e  e x p r e s s i o n .  
( S u p p o r te d  by NIH an d  MDA).
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271 .9   THE CONTRIBUTION OF NEW AND OLD ACETYLCHOLINE RECEPTORS TO  
NEWLY FORMED POSTSYNAPTIC RECEPTOR AGGREGATES  G .D . 
Fi s c h b a c h , L.W. R o le ,  R. O 'B r ie n *  an d  V. M a to ss i an*  (SPON: 
J .  D u b in s k y ) .   D ept. o f  A n a t .  & N e u ro b . W ash in g to n  Un i v .  S c h . 
o f  M ed ., S t .  L o u i s ,  MO 6 3 1 1 0 .

C l u s t e r s  o f  a c e t y l c h o l i n e  r e c e p t o r s  (AChRs) a p p e a r  a t  
n ew ly  fo rm e d  c h ic k  n e rv e - m u s c le  s y n a p s e  i n  v i t r o  w i t h in  
h o u r s  a f t e r  n e rv e - m u s c le  c o n t a c t .  AChRs i n  e m b ry o n ic  myo
t u b e s  a r e  s y n th e s i z e d  an d  d e g ra d e d  r a p i d l y  an d  a r e  m o b ile  i n  
t h e  l i p i d  b i l a y e r .  T h e r e f o r e ,  n e r v e - a s s o c i a t e d  r e c e p t o r  
p a t c h e s  (NARPs) m ig h t  fo rm  by  a c c u m u la t io n  o f  r e c e p t o r s  
s y n t h e s i z e d  a f t e r  n e rv e  m u sc le  c o n t a c t  o r  by  m ig r a t i o n  o f  
' o l d '  AChRs e x p o s e d  on t h e  m yotube  s u r f a c e  p r i o r  t o  c o n t a c t .

T he m ech an ism  o f  NARP f o r m a t io n  was s t u d i e d  b y :  (1 )  l a 
b e l i n g  AChRs i n  a  c u l t u r e  o f  c h ic k  m y o tu b es  w i th  rh o d am in e  
c o n ju g a t e d  α - b u n g a r o t o x in  ( RH-BTX) f o r  1 h r  a t  37°C , (2 )  
a d d in g  d i s s o c i a t e d  c h ic k  c i l i a r y  g a n g l io n  n e u ro n s  ( a lo n g  
w i th  u n c o n ju g a te d  BTX) an d  th e n  a f t e r  8 , 11 o r  17 h r s ,  l a 
b e l i n g  a l l  AChRs w i th  a  m o n o c lo n a l  a n t ib o d y  d i r e c t e d  a g a i n s t  
t h e  α - s u b u n i t  o f  t h e  AChR, Mab 35 ( g i f t  o f  J .  L in d s t r o m ) .  
The Mab was v i s u a l i z e d  w i th  a  F1 c o n ju g a t e d  s e c o n d  a n t i b o d y .  
The c o n t r i b u t i o n  o f  AChR p r e s e n t  on  t h e  c e l l  s u r f a c e  b e f o r e  
n e u ro n s  w e re  a d d e d  was t a k e n  a s  t h e  r a t i o  o f  RH-BTX t o  F1-
MAB 35 s t a i n i n g ;  t h e  c o n t r i b u t i o n  o f  AChR i n s e r t e d  i n t o  t h e  
m em brane a f t e r  t h e  a d d i t i o n  o f  n e u ro n s  was o b t a i n e d  by su b 
t r a c t i o n .  F lu o r e s c e n c e  i n t e n s i t y  w as q u a n t i t a t e d  w i th  a  S IT  
v id e o  c a m e ra  c o n n e c te d  t o  a  G r i n n e l l  im ag e  a n a ly z e r  an d  a  
PDP 1 1 /4 4  c o m p u te r .  The d i g i t i z e d  im age o f  t h e  NARP was e n 
l a r g e d  s o  t h a t  t h e  i n t e n s i t y  o f  m ore t h a n  200 p o i n t s  w i t h in  
t h e  c l u s t e r  was m e a s u re d  w i th  8 b i t s  o f  r e s o l u t i o n .  T h is  d e
t e c t i o n  s y s te m  w as l i n e a r  i n  t h e  r a n g e  o f  f lu o r e s c e n c e  
i n t e n s i t i e s  s t u d i e d  a n d  c o n t r o l  e x p e r im e n ts  r e v e a l  t h a t  we 
c a n  d e t e c t  d i f f e r e n c e s  i n  f l u o r e s c e n c e  i n t e n s i t y  o f  l e s s  
t h a n  10%.

W ith in  t h e  f i r s t  24 h r s ,  t h e  m a j o r i t y  o f  r e c e p t o r s  a t  
NARPs a r e  n ew ly  i n s e r t e d  (8 h r s :  6 2 .2 ± 4 .0 % , 11 h r s :  7 5 .1 -
±4 .5% , 17 h r s :  8 2 .6 ± 5 .6 % ) .  I n  c o n t r a s t ,  a t  n o n - n e r v e -
a s s o c i a t e d  c l u l s t e r s  ( h o t s p o t s )  o n ly  16– 26% o f  t h e  r e c e p t o r s  
a r e  n e w ly  s y n th e s i z e d  a n d  i n s e r t e d  o v e r  t h e  sam e p e r i o d  o f  
t im e .  The r a t e  o f  a c c u m u la t io n  o f  new r e c e p t o r s  a t  y o u n g  
NARPs i s  h i g h e r  t h a n  t h e  b a s a l  r a t e  o f  r e c e p t o r  s y n t h e s i s .  
I n  3 -d a y  n e rv e - m u s c le  c o - c u l t u r e s  t h e  p e r c e n t a g e  o f  new r e 
c e p t o r s  a t  NARPs i s  s i m i l a r  t o  t h a t  p r e d i c t e d  fro m  b a s a l  
r a t e s  o f  r e c e p t o r  s y n t h e s i s  (1 6 – 20% ). T h e r e f o r e ,  t h e  in d u c e d  
s y n t h e s i s  i s  n o t  m a in t a in e d .  In  sum , b o th  s y n t h e s i s  an d  m i
g r a t i o n  o f  AChRs c o n t r i b u t e  t o  NARP f o r m a t io n  b u t  s y n t h e s i s  
i s  m ore q u a n t i t a t i v e l y  im p o r t a n t .

271.10  ACETYLCHOLINE RECEPTOR SYNTHESIS INDUCING FACTOR.  T .B . 
U sd in *  a n d  G .D . F i s c h b a c h .   D ept. o f  Anatomy & N e u r o b io lo g y ,  
W a sh in g to n  U n iv . S c h . o f  M ed ., S t .  L o u i s ,  MO 6 3 1 1 0 .

A c e t y lc h o l in e  r e c e p t o r s  c l u s t e r  a t  t h e  s i t e  o f  n e r v e -
m u sc le  c o n t a c t  b o th  i n  v iv o  an d  i n  v i t r o . S o lu b le  f a c t o r s  
r e l e a s e d  by  m o to r  n e r v e s  may p l a y  a n  i m p o r ta n t  r o l e  i n  t h e  
r e g u l a t i o n  o f  ACh r e c e p t o r s  a s  w e l l  a s  o t h e r  p o s t s y n a p t i c  
p r o t e i n s .  We a r e  p u r s u i n g  t h e  p u r i f i c a t i o n  a n d  c h a r a c t e r 
i z a t i o n  o f  a  f a c t o r  e x t r a c t e d  fro m  c h ic k  b r a i n  by  m e a s u r in g  
t h e  c h a n g e  i n  t h e  num ber o f  AC hR 's on  t h e  m u sc le  s u r f a c e  
w i th  125I - α - b u n g a r o to x in  (α -BTX) ( J e s s e l l  e t  a l . ,  PNAS 
7 6 :5 3 9 7 -5 4 0 1 ,  1979; B u c-C aro n  e t  a l . ,  D ev. B i o l .  9 5 :3 7 8 -3 8 6 ,  
1 9 8 3 ) . W ith  h ig h  s p e c i f i c  a c t i v i t y  α -BTX (~2000  c p m /fm o le )  
we h a v e  b e e n  a b l e  t o  e s t i m a t e  t h e  r a t e  o f  r e c e p t o r  accum u
l a t i o n ,  a f t e r  b lo c k  w i th  u n l a b e l e d  α -BTX, on t h e  s u r f a c e  o f  
m y o tu b es  grow n i n  9 6 - w e l l  m i c r o - c u l t u r e  p l a t e s .  We c a n  
r e l i a b l y  d e t e c t  a n  i n c r e a s e  i n  t h e  r a t e  o f  AChR i n c o r p o r a 
t i o n  o f  l e s s  t h a n  50%. A f t e r  e x t r a c t i n g  f r o z e n  b r a i n s  i n  an  
a c i d  c o c k t a i l  t h e  in d u c in g  a c t i v i t y  was p u r i f i e d  by  i o n -
e x c h an g e  c h ro m a to g ra p h y  (C M -S ep h ad ex ), a n d  r e v e r s e - p h a s e  
HPLC (Z o rb a x -C 1 8  an d  V y d a c -C 4 ) . On t h e  a n a l y t i c a l  C4 colum n 
t h e  i n d u c in g  a c t i v i t y  c o m ig r a te d  w i th  a  s i n g l e  s y m m e tr ic a l  
OD-210 p e a k .  T h is  m a t e r i a l  s t i m u l a t e s  r e c e p t o r  s y n t h e s i s  by  
400– 500% a f t e r  24 h r s  o f  i n c u b a t io n  an d  b a s e d  on d o s e -
r e s p o n s e  c u rv e s  r e p r e s e n t s  a p p r o x im a te ly  a  5000x  p u r i f i c a 
t i o n .  The a c t i v i t y  i s  s t a b l e  u n d e r  o u r  c u l t u r e  c o n d i t i o n s  
s i n c e  m ed ia  c o n ta i n in g  t h e  f a c t o r  s t i m u l a t e s  r e c e p t o r  
s y n t h e s i s  when t r a n s f e r r e d  o n to  new c u l t u r e s  e v e n  a f t e r  a  24 
h r  p r e - i n c u b a t i o n  w i th  l i v e  m u sc le  c e l l  c u l t u r e s .  T h is  C4 
m a t e r i a l  c a n  b e  f u r t h e r  f r a c t i o n a t e d  by  io n -e x c h a n g e  HPLC 
an d  r e v e r s e  p h a s e  HPLC o n o t h e r  s u p p o r t s .  E f f o r t s  a r e  i n  
p r o g r e s s  t o  a s s e s s  t h e  s p e c i f i c  a c t i v i t y  o f  t h i s  m a t e r i a l ,  
i t s  e f f e c t  on AChR a g g r e g a t io n ,  a n d  t o  c o m p le te  t h e  p u r i 
f i c a t i o n .

271. 11  ACETYLCHOLINE RECEPTOR SYNTHESIS: PURIFICATION OF INDUCING 
ACTIVITY FROM CHICK AND CALF BRAIN.  D.G. R o u fa * , M. Le r n e r *  
a n d  G. D. F i s c h b a c h  (SPON: J .  C o h e n ) .  Dept. o f  Anatomy & 
N e u r o b io lo g y ,  W a sh in g to n  U n iv . S c h . o f  M ed ., S t .  L o u is ,  MO 
6 3 1 1 0 .

An e a r l y  e v e n t  i n  t h e  f o r m a t io n  o f  d e v e lo p in g  n e r v e -
m u sc le  s y n a p s e s  i s  t h e  l o c a l  i n d u c t i o n  o f  h ig h  d e n s i t y  
a c e t y l c h o l i n e  r e c e p t o r  (AChR) c l u s t e r s  a t  t h e  s i t e  o f  n e r v e -
m u sc le  c o n t a c t .  The aim  o f  t h e  e x p e r im e n ts  r e p o r t e d  h e r e  i s  
t o  p u r i f y  t h e  a c t i v e  m o le c u le ( s )  r e s p o n s i b l e  f o r  t h e  i n 
c r e a s e  i n  AChR n u m b er.

S a l i n e  e x t r a c t  o f  c h ic k  b r a i n  i n c r e a s e s  t h e  r a t e  o f  a c c u 
m u la t io n  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r s  (AChRs) i n  u n i n n e r 
v a t e d  s k e l e t a l  m y o tu b e s  i n  c u l t u r e .  I n i t i a l  c h a r a c t e r i z a t i o n  
o f  t h e  a c t i v i t y  f ro m  t h i s  e x t r a c t  show ed t h a t  much o f  i t  was 
a s s o c i a t e d  w i th  a c i d  s o l u b l e ,  t r y p s i n  s e n s i t i v e ,  low  m o lecu 
l a r  w e ig h t  ( l e s s  t h a n  5 k d ) m a t e r i a l .  P a r t i a l  p u r i f i c a t i o n  
o f  t h i s  a c i d - s o l u b l e  a c t i v i t y  by  HPLC w as r e p o r t e d  by Buc-
C a ro n  e t  a l .  (D ev . B i o l . ,  1 9 8 3 ) , an d  f u r t h e r  p u r i f i c a t i o n  by  
HPLC i s  u n d e rw a y . We r e p o r t  h e r e  p u r i f i c a t i o n  o f  t h e  
a c t i v i t y  by  a n  a l t e r n a t i v e  p r o t o c o l .

T he in d u c in g  a c t i v i t y  was m o n ito re d  by  a  r a t e  a s s a y ,  t h a t  
i s ,  a l l  p r e - e x i s t i n g  AChRs on  t h e  s u r f a c e  o f  c u l t u r e d  
s k e l e t a l  m y o tu b e s  w e re  b lo c k e d  w i th  αBTX; un b o u n d  αBTX was 
rem o v ed  a n d  t h e  c u l t u r e s  grow n f o r  an  a d d i t i o n a l  6 h r s ;  
n ew ly  i n s e r t e d  AChRs a r e  t h e n  l a b e l e d  w i th  125 I - αBTX.

S u p e r n a t a n ts  o f  s a l i n e  h o m o g en a te s  o f  f r o z e n  b r a i n s  w e re  
f r a c t i o n a t e d  w i th  (NH4 ) 2SO4 ; m o st o f  t h e  a c t i v i t y  was r e 
c o v e re d  i n  t h e  45 – 55% p r e c i p i t a t e .  We f o l lo w e d  t h e  s a l t  
f r a c t i o n a t i o n  w i th  p r e p a r a t i v e  i s o e l e c t r i c  f o c u s i n g  ( IEF) i n  
a n  LKB 110-m l c o lu m n . The a c t i v i t y  fo c u s e d  a t  a n  a p p a r e n t  p I  
o f  5 . 0 .  A c t iv e  f r a c t i o n s  f ro m  IEF  co lum n w ere  f u r t h e r  c h ro 
m a to g ra p h e d  on  o c t y l  s e p h a r o s e  (O S ); a c t i v i t y  d i s s o l v e d  i n  
5% a c e t i c  a c i d  a d s o rb e d  t o  t h e  co lum n an d  was e l u t e d  w i th  5% 
a c e t i c  a c i d  p l u s  50% a c e t o n i t r i l e  (ACN). P r e p a r a t i v e  g e l  
e l e c t r o p h o r e s i s  o f  a c t i v e  f r a c t i o n s  f ro m  IEF o r  OS co lum n on 
15% S D S -p o ly a c ry la m id e  g e l s  (PAGE) a n d  e l e c t r o e l u t i o n  i n  a  
S a v a n t  p r e p a r a t i v e  PAGE a p p a r a t u s  y i e l d e d  a c t i v e  f r a c t i o n s  
f o l l o w i n g  d i a l y s i s  t o  rem ove SDS. The a c t i v e  f r a c t i o n s  
e l u t e d  a p p r o x im a te ly  m idw ay b e tw e e n  t h e  dye  f r o n t  an d  a  6 kd 
b a n d  w h e th e r  a  15% o r  15%+8M u r e a  PAGE w ere  u s e d ,  i n d i c a t i n g  
t h a t  t h e  s i z e  o f  t h e  a c t i v e  m o le c u le  ( s ) i s  l e s s  t h a n  6 k d . 
A bou t 6% o f  t h e  i n i t i a l  a c t i v i t y  was r e c o v e r e d  an d  we a r e  
c u r r e n t l y  a n a ly z i n g  t h e  c o m p o s i t io n  o f  t h i s  f r a c t i o n .  In  
a d d i t i o n ,  we h a v e  o b t a i n e d  e s s e n t i a l l y  t h e  same r e s u l t s  
s t a r t i n g  w i th  s a l i n e  e x t r a c t s  o f  c a l f  b r a i n  an d  a t t e m p t s  t o  
s c a l e  up  t h e  p r o c e d u r e s  a r e  u n d e rw a y .

271. 12  AChR-AGGREGATING EXTRACTS OF EXTRACELLULAR MATRIX-RICH 
FRACTIONS OF TORPEDO ELECTRIC ORGAN GENERATE ANTISERA THAT 
BIND SPECIFICALLY AT THE NEUROMUSCULAR JUNCTION.  J u s t in  R. 
Fallon* , Ralph M. N itk in , Bruce G. W allace, and U .J. McMahan. 
 Dept of Neurobiology, Stanford U n ive rs ity  School of M edicine, 
S tanford , C a lifo rn ia  94305.

Molecules a sso c ia ted  w ith the  e x tr a c e l lu la r  m atrix  a t the  
neuromuscular ju n c tio n  in  s k e le ta l  muscle d ire c t  sev e ra l 
a spec ts  of neuromuscular reg en era tio n  inc lud ing  the  aggrega
tio n  of a ce ty lch o lin e  recep to rs  (AChRs) on myotubes. We 
have p rev iously  repo rted  our progress toward id e n tify in g  and 
p u rify in g  AChR-aggregating m olecules from the e le c t r i c  organ 
of Torpedo c a l ifo rn ic a  (N itk in  e t a l ,  Cold Spring Symp XLVIII 
1983). Our approach has been to  make e x tr a c e l lu la r  m a trix -
r ic h  f ra c tio n s  from th is  t is s u e ,  s o lu b il iz e  the a c tiv e  com
ponents, and p u rify  them on the  b a s is  of th e i r  a b i l i t y  to  
c lu s te r  AChRs in  v i t r o .

Here we desc ribe  immunohistochemical s ta in in g  of frog  
s k e le ta l  muscles using a n tis e ra  ra ised  a g a in st two of our 
f r a c tio n s :  an antiserum  ag ain st the crude, so lub le  f r a c tio n  
and an antiserum  ag a in st our most p u r if ie d  (>1 0 0 0 - fo ld )  
f r a c t io n ,  both of which block and im m unoprecipitate the  AChR-
aggregating  a c t iv i ty .  We used frog  muscles because the 
simple and o rd e rly  p a tte rn  of in n e rv a tio n  makes i t  easy to 
lo c a te  ju n c tio n s  in  h is to lo g ic a l  s ec tio n s  and because AChR-
aggregating  molecules a re  known to be p resen t in  the e x tra 
c e l lu la r  m atrix  of these  muscles.

When antiserum  ra ised  ag a in st the crude f r a c tio n  was in 
cubated with frozen  c ro s s -s e c tio n s  of muscles in  conjunction  
w ith in d ir e c t  immunofluorescence, s ta in in g  of the  e x t r a c e l l 
u la r  m atrix  was seen in  both ju n c tio n a l and e x tra ju n c tio n a l 
reg ions of the  muscle, but no s ta in in g  of the  muscle c e l l  
cytoplasm was observed. When antiserum  ag a in st the more 
p u r if ie d  f ra c tio n  was used, s ta in in g  was s p e c if ic a l ly  
lo c a liz e d  to the ju n c tio n a l reg ion , c o -lo c a liz in g  w ith 

α -bungarotox in  s ta in in g  of AChRs. We conclude th a t  as we 
p u rify  fo r AChR-aggregating a c t iv i ty  from the  e le c t r i c  organ 
we p u rify  fo r an tigens th a t a re  s i tu a te d  s p e c if ic a l ly  a t  the 
neuromuscular ju n c tio n . We are  p re sen tly  generating  more 
sp e c if ic  a n tis e ra  to  in v e s t ig a te  whether the AChR-aggregating 
molecule from Torpedo e le c t r ic  organ i s  re la te d  to  the 
molecules p resen t in  the frog  synap tic  e x tr a c e l lu la r  m atrix  
th a t  d ire c t  AChR aggregation  on reg en era tin g  myotubes.

This research  was funded by g ran ts  from Muscular Dystrophy 
A ssociation  and NIH (NS 16440 and NS 14506) and p o std o c to ra l 
fe llow sh ip  from American Heart Assoc, C a lif  A f f i l i a te  to  RMN.
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272.1 PREMATAL EXPOSURE TO NICOTINE ALTERS SEXUAL BEHAVIOR OF 
MALE RATS AT ADULTHOOD.  J .  F .  R o d r i g u e z- S i e r r a  and S .  E.  
H e n d r i c k s .  D e p t .  o f  Ana tomy,  U n i v e r s i t y  o f  N e b r a s k a  M e d ic a l  
C e n t e r ,  Omaha, HE 6 8 1 0 5 .

P r e g n a n t  r a t s  were  i m p l a n t e d  w i t h  o s m o t i c  min ipumps on 
d a y  12 o f  g e s t a t i o n .  The m in ipum ps  d e l i v e r e d  a p p r o x i m a t e l y  
e i t h e r  25 o r  50 mg / k g  body w e i g h t / d a y  a t  a r a t e  o f  1 1 / h r  
f o r  7 d a y s .  T h i s  t r e a t m e n t  d i d  n o t  a l t e r  s i g n i f i c a n t l y  t h e  
bod y w e i g h t  g a i n  s e e n  i n  p r e g n a n c y  n o r  d i d  i t  a f f e c t  t h e  
l e n g t h  o f  g e s t a t i o n .  A l l  pups  were  c r o s s - f o s t e r e d  a t  b i r t h  
t o  n o r m a l  m o t h e r s .  A n im als  were t e s t e d  t h r o u g h o u t  i n f a n c y  
f o r  r e f l e x  and m o to r  d e v e lo p m e n t  and s o m a t i c  g r o w t h .  At 7 
weeks o f  a g e ,  t h e  a n i m a l s  were  c a s t r a t e d ,  g i v e n  a tw o-week  
r e c o v e r y  p e r i o d  and t e s t e d  w e e k ly  f o r  f e m a le  s e x u a l  b e h a v i o r .  
The a n i m a l s  w ere  i n j e c t e d  w i t h  e s t r a d i o l  b e n z o a t e  (1 00  g /k g  
BW) two d a y s  p r i o r  t o  t e s t i n g  and p r o g e s t e r o n e  (1 m g / r a t )  5 
h p r i o r  t o  t e s t i n g .  T e s t i n g  was c o n d u c te d  d u r i n g  t h e  d a r k -
p h a s e  o f  t h e  l i g h t - d a r k  c y c l e  o f  t h e  a n im a l s  u s i n g  a 
s e x u a l l y  v i g o r o u s  m a le  r a t  t o  mount t h e  t e s t e d  a n i m a l s .
A f t e r  t h e  f e m a le  s e x  b e h a v i o r  t e s t s  w e r e  c o m p l e t e d ,  t h e  
a n i m a l s  w ere  t e s t e d  t w i c e  ( o n c e  p e r  week)  f o r  m a le  s e x  
b e h a v i o r  u s i n g  a f e m a le  i n  h e a t  a s  a s t i m u l u s  a n i m a l .  A l l  
m a le  r a t s  were  t h e n  i m p l a n t e d  w i t h  a 40 mm s i l a s t i c  c a p s u l e  
c o n t a i n i n g  t e s t o s t e r o n e  and a n i m a l s  were  t e s t e d  a t  one and 
two weeks a f t e r  t e s t o s t e r o n e  i m p l a n t a t i o n . The n i c o t i n e -
e x p o s e d  pup s  were  b o r n  w e i g h in g  l e s s  t h a n  t h e  c o n t r o l  r a t s  
and t h i s  d i f f e r e n c e  i n  body w e i g h t s  p e r s i s t e d  t h r o u g h o u t  
t h e  e n t i r e  e x p e r i m e n t .  I n  a d d i t i o n ,  t h e  n i c o t i n e - e x p o s e d  
pups  showed i m p a i r e d  c o o r d i n a t i o n  and d e v e lo p m e n t  o f  
r e f l e x e s .  The c o n t r o l  a n i m a l s  showed g r e a t e r  l o c o m o t io n  a t  
20 d a y s  o f  a g e ,  b u t  any  d i f f e r e n c e s  i n  amount o f  l o c o m o t io n  
be tw e e n  t h e  g r o u p s  d i s a p p e a r e d  by 40 d a y s  o f  a g e .  The 
a n i m a l s  e x p o s ed  t o  t h e  h i g h e s t  d o s e  o f  n i c o t i n e  showed a 
h i g h e r  i n c i d e n c e  o f  f e m i n i n e  s e x u a l  b e h a v i o r  t h a n  c o n t r o l  
a n i m a l s .  The a n i m a l s  e x p o s ed  t o  t h e  l ow er  d o s e  o f  n i c o t i n e  
showed some f e m i n i n e  s e x u a l  b e h a v i o r ,  b u t  t h e  d i f f e r e n c e s  
w ere  n o t  s t a t i s t i c a l l y  d i f f e r e n t .  The n i c o t i n e - e x p o s e d  
a n i m a l s  showed a lo w e r  i n c i d e n c e  o f  m o u n t i n g ,  i n  t h e  t e s t s  
p r i o r  t o  t e s t o s t e r o n e  t r e a t m e n t ,  t h a n  c o n t r o l  r a t s .  
N e v e r t h e l e s s ,  t e s t o s t e r o n e  e x p o s u r e  r e s u l t e d  i n  m a s c u l i n e  
b e h a v i o r  i n  a l l  t h e  g r o u p s .  The r e s u l t s  s u g g e s t  t h a t  
m a t e r n a l  c o n s u m p t io n  o f  n i c o t i n e  can  l e a d  t o  a l t e r a t i o n s  i n  
t h e  s e x u a l  d i f f e r e n t i a t i o n  o f  t h e  f e t u s  l e a d i n g  t o  
f e m i n i n i z a t i o n  a n d / o r  d e m a s c u l i n i z a t i o n  o f  t h e  m a l e .  
( S u p p o r t e d  by g r a n t s  f rom t h e  S t a t e  o f  N e b r a s k a  H e a l t h  
D e p a r tm e n t  D e p a r tm e n t  (LB 406)  and t h e  NIK ( HD 1 3 2 1 9 ) .

272.2  NEONATAL CASTRATION FAILS TO BLOCK DIFFERENTIATION OF THE 
DORSAL NUCLEUS IN THE MALE FERRET PREOPTIC/ANTERIOR HYPO
THALAMIC AREA.  S .A . T o b e t ,  D .J .  Z a h n is e r *  and  M .J . Baum. 
 Dept. o f  N u t r i t i o n  & Food S c ie n c e ,  M . I .T . ,  C a m b rid g e , MA 
02139 and Im age A n a ly s is  L a b o r a to r y ,  T u f ts -N e w  E n g la n d  Med
i c a l  C e n te r ,  B o s to n ,  MA 0 2 1 1 1 .

A n u c le u s  i s  p r e s e n t  i n  t h e  d o r s a l - m e d ia l  p a r t  o f  t h e  
p r e o p t i c / a n t e r i o r  h y p o th a la m ic  a r e a  (dnPOA/AH) o f  m ale  
f e r r e t s  w h ich  d o e s  n o t  e x i s t  i n  f e m a le s .  P r e v io u s  r e s e a r c h  
showed t h a t  a d m i n i s t r a t i o n  o f  t e s t o s t e r o n e ,  d i h y d r o t e s t o s 
t e r o n e ,  o r  e s t r a d i o l  to  c a s t r a t e d  a d u l t  m ale  f e r r e t s  s t im u 
l a t e d  p e r i k a r y a l  s i z e  i n  t h e  dnPOA/AH w h e re a s  t h e s e  t r e a t 
m en ts  f a i l e d  t o  p ro m o te  t h e  f o rm a t io n  o f su c h  a  n u c le u s  o r  
s t i m u l a t e  p e r i k a r y a l  s i z e  i n  t h e  c o m p a ra b le  r e g io n  o f 
o v a r ie c to m iz e d  a d u l t  f e m a le s .  The p r e s e n t  s tu d y  was c o n 
d u c te d  t o  d e te r m in e  w h e th e r  t h e  p r e s e n c e  o f  t h e  dnPOA/AH in  
m a le s  d e p e n d s  on th e  a c t i o n  o f t e s t i c u l a r  h o rm o n es d u r in g  
th e  e a r l y  p o s t n a t a l  p e r i o d ,  when t e s t o s t e r o n e  a c t s  i n  m a le s  
t o  m a s c u l in i z e  c o i t a l  b e h a v io r .  M ale f e r r e t s  w e re  c a s t r a t e d  
w i t h in  48 h o f  b i r t h  u s in g  e t h e r  and  w ere  im p la n te d  s . c .  
w i th  S i l a s t i c  c a p s u le s  c o n ta i n in g  e i t h e r  t e s t o s t e r o n e  o r  no 
h orm one . O th e r  m a le s  r e c e i v e d  sham o p e r a t io n s  n e o n a t a l l y  
and  w ere  l a t e r  c a s t r a t e d  a t  10 w eeks o f  a g e .  When 12 w eeks 
o ld  a l l  f e r r e t s  w ere  a n e s t h e t i z e d  w i th  n e m b u ta l  and  w ere  
th e n  p e r f u s e d  v i a  t h e  h e a r t  w i th  0.9% s a l i n e  f o l lo w e d  by 10% 
n e u t r a l  b u f f e r e d  f o r m a l in .  B r a in s  w ere  s to r e d  i n  10% 
fo rm a lin /2 5 %  s u c r o s e  s o l u t i o n  p r i o r  t o  b e in g  s e c t i o n e d  in  
t h e  c o r o n a l  p l a n e  a t  10 μ m and 40 μ m, a l t e r n a t e l y .  S e c t io n s  
w ere  s t a i n e d  w i th  t h i o n i n .  A n a ly s is  o f  40 μ m s e c t i o n s  r e 
v e a le d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  m ax im al c r o s s - s e c t i o n a l  
a r e a  o f  th e  dnPOA/AH among th e  t h r e e  g ro u p s  o f  m a le s .  
C o m p u te r - a s s i s te d  a n a l y s i s  o f  t h e  10 μ m s e c t i o n s  show ed t h a t  
th e  a r e a s  o f  c e l l s  i n  t h e  dnPOA/AH w e re  e q u iv a l e n t  i n  th e  
t h r e e  g ro u p s  o f  m a le s ,  and  in  e a c h  i n s t a n c e  w ere  s i g n i f i 
c a n t l y  l a r g e r  th a n  p e r i k a r y a l  o f  c e l l s  p r e s e n t  i n  t h e  
d o r s a l - m e d ia l  p a r t  o f  t h e  POA/AH o f  f e m a le s  o v a r ie c to m iz e d  
n e o n a t a l l y .  The n e o n a ta l  p e r io d  d u r in g  w h ich  t e s t o s t e r o n e  
m a s c u l in i z e s  t h e  c o i t a l  b e h a v io r  o f  m a le s  d o es  n o t  c o in c i d e  
w i th  t h e  t im e  when horm ones i n f l u e n c e  d e v e lo p m e n t o f  t h e  
dnPOA/AH. I t  seem s l i k e l y  t h a t  t h e  f o rm a t io n  o f  t h e  dnPOA/
AH i n  m ale  f e r r e t s  d e p e n d s  on t h e  p r e n a t a l  a c t i o n  o f  
t e s t i c u l a r  s t e r o i d s .

(S u p p o rte d  by a  W h ita k e r  F e l lo w s h ip  t o  S .A .T . and  by  U .S . 
P u b l ic  H e a l th  S e r v ic e  g r a n t s  HD-13634 and MH-00392 to  
M .J .B .)

2 7 2 .3  EFFECTS OF GLUCOCORTICOIDS ON PHENYLETHANOLAMINE N-METHYL-
TRANSFERASE(PNMT) IN CULTURES OF RAT SUPERIOR CERVICAL GANG
LIA(SCG) AND MEDULLA OBLONGATA(MO)  M .B ohn, C .D r e y f u s , M.G o ld 
s t e i n  & I . B l a c k ,  D e p t .  N e u ro b io lo g y  & B e h a v io r ,  SUNY, S to n y  
B ro o k , NY 1 1 7 9 4 , D e p t .  N e u ro lo g y ,  C o r n e l l  Med. S c h . , NY 10021 
and  D e p t.  P s y c h i a t r y ,  NYU Med. S c h . ,  NY 1 0 0 1 6 .

PNMT i s  a  s p e c i f i c  p h e n o ty p ic  m a rk e r  f o r  e p in e r g i c - s y n
t h e s i z in g  ( e p i n e r g i c )  c e l l s . P r e v io u s  s t u d i e s  i n  v iv o  h a v e  
e lu c i d a t e d  s t r i k i n g  d i f f e r e n c e s  b e tw e e n  p e r i p h e r a l  and. c e n 
t r a l  e p i n e r g i c  c e l l s  i n  PNMT e x p r e s s io n  and  r e g u l a t i o n  by  
g l u c o c o r t i c o i d s .  C e n t r a l  PNMT i s  i n i t i a l l y  e x p re s s e d  4 d a y s  
e a r l i e r  t h a n  p e r i p h e r a l  PNMT. The d e v e lo p m e n t o f  c e n t r a l  PNMT 
i s  n o t  a f f e c t e d  by  d e c r e a s in g  g l u c o c o r t i c o i d  l e v e l s ,  w h e re a s  
t h e  d e v e lo p m e n t o f  p e r i p h e r a l  PNMT r e q u i r e s  g l u c o c o r t i c o i d s . 
H ow ever, we h a v e  o b s e rv e d  t h a t  PNMT i s  i n c r e a s e d  i n  a l l  e p i 
n e r g i c  c e l l s  f o l l o w in g  g l u c o c o r t i c o i d  t r e a tm e n t  d u r in g  s p e 
c i f i c  d e v e lo p m e n t s t a g e s .  To f u r t h e r  i n v e s t i g a t e  m echan ism s 
in v o lv e d  i n  PNMT d e v e lo p m e n t,  SCG and MO w e re  s tu d i e d  i n  v i t r o .

We r e p o r t e d  p r e v i o u s ly  t h a t  low  l e v e l s  o f  PNMT a c t i v i t y  
a r e  p r e s e n t  i n  c u l t u r e s  o f  new b o rn  r a t  SCG. D ex am eth aso n e  
(DEX 1 0 - 7M) i n c r e a s e s  PNMT a c t i v i t y  and  s t a i n i n g  i n  S IF  c e l l s  
v i a  p r o c e s s e s  r e q u i r i n g  p r o t e i n  and  RNA s y n t h e s i s .  To d e te rm 
i n e  w h e th e r  t h i s  i n c r e a s e  r e q u i r e s  h ig h  a f f i n i t y  g l u c o c o r t i 
c o id  r e c e p t o r s ,  we s tu d i e d  th e  e f f e c t s  o f  DEX 2 1 - m e s y la te  
(DM) and c o r t i s o l  2 1 - m e s y la te  (CM), p o t e n t  r e c e p t o r  a n ta g o 
n i s t s  i n  l i v e r .  B oth  DM and CM i n h i b i t e d  t h e  DEX e f f e c t .

To e x am in e  c e n t r a l  PNMT i n  v i t r o , e m b ry o n ic  d ay  1 3 .5  mye
le n c e p h a lo n  was e x p la n t e d  f o r  3 w e e k s . PNMT was e x p re s s e d  i n  
e x p la n t s  an d  P N M T -stain ed  c e l l s  w e re  o b s e rv e d .  PNMT a c t i v i t y  
i n c r e a s e d  r a p i d l y  d u r in g  th e  f i r s t  5 d a y s  i n  v i t r o  and  s lo w 
l y  d u r in g  th e  n e x t  2 w e e k s . A d d i t io n  o f  DEX (1 0 -6 M) d u r in g  
th e  1 s t  o r  2nd w eek h ad  no e f f e c t  on PNMT. I n  a d d i t i o n ,  DM 
d id  n o t  p r e v e n t  t h e  i n i t i a l  r i s e  i n  PNMT a c t i v i t y  d u r in g  th e  
f i r s t  w eek . I n  c o n t r a s t ,  DEX a d d i t i o n  d u r in g  th e  t h i r d  week 
i n c r e a s e d  PNMT a c t i v i t y  35% a b o v e  c o n t r o l s .

T h e se  e x p e r im e n ts  d e m o n s t r a te  t h a t  PNMT i s  e x p re s s e d  i n  
p e r i p h e r a l  and  c e n t r a l  n e u ro n s  m a in ta in e d  i n v i t r o . DEX i n 
c r e a s e s  PNMT a c t i v i t y  i n  b o th  MO and  SCG e x p l a n t s .  I n  SCG, 
t h i s  i n c r e a s e  r e q u i r e s  g l u c o c o r t i c o i d  r e c e p t o r  f u n c t i o n .  As 
o b s e rv e d  i n  v i v o , DEX i n c r e a s e s  PNMT d u r in g  a  l im i t e d  s t a g e  
i n  MO e x p l a n t s .  I n  c o n c lu s i o n ,  e x p la n t s  a r e  v a lu a b l e  f o r  
co m p a rin g  f a c t o r s  r e g u l a t i n g  e p in e r g i c  d e v e lo p m e n t i n  b r a i n  
and  p e r i p h e r y .

S u p p o r te d  by  NIH g r a n t s  N S 20832, N S 18420, HD12108, NS102
5 9 ,  NSF g r a n t  BNS 8 0 2 2 4 0 8 1 , a  M e llo n  T e a c h e r  S c i e n t i s t  Award 
t o  C .D . and  a  R e s e a rc h  C a r e e r  D ev e lo p m en t Award NS00713 to  
M .C .B .

272.4   THE INFLUENCE OF PERINATAL ANDROGEN EXPOSURE ON THE DISTRI
BUTION OF DOPAMINERGIC CELLS AND FIBERS IN THE ANTEROVENTRAL 
PERIVENTRICULAR NUCLEUS (AV Pv).  R .B . S im e r ly ,  L.W. S w anson, 
R . J .  H anda* an d  R .A . G o r s k i .  L a b o r a to r y  o f  N eu ro en d o 
c r i n o l o g y ,  B r a in  R e s e a rc h  I n s t i t u t e  and D e p a r tm e n t o f  
A natom y, UCLA S c h o o l o f  M e d ic in e ,  Los A n g e le s ,  CA 90024 and  
S a lk  I n s t i t u t e ,  La J o l l a ,  CA 92112 .

The AVPv, l o c a t e d  a t  t h e  r o s t r a l  en d  o f  t h e  t h i r d  v e n t r i 
c l e ,  a p p e a r s  t o  b e  in v o lv e d  i n  t h e  c o n t r o l  o f  l u t e i n i z i n g  
horm one (LH) s e c r e t i o n  s in c e  l e s i o n s  i n v o lv in g  t h i s  n u c le u s  
d i s r u p t  p h a s ic  L H - r e le a s e  (W iegand e t  a l . ,  N e u r o e n d o c r in o l . ,  
3 4 :3 9 5 ) .  F u r t h e r ,  com pared  t o  m ale  r a t s ,  i n  t h e  AVPv o f  f e 
m a le s  t h e r e  a p p e a r s  to  b e  a  g r e a t e r  d e n s i t y  o f  d o p a m in e rg ic  
f i b e r s  and  a  l a r g e r  num ber o f  d o p a m in e rg ic  c e l l s  ( S im e r ly  e t  
a l . ,  S oc . N e u r o s c i .  A b s t r . ,  9 :1 0 9 6 ) .  I n  t h i s  s tu d y ,  we u s e d  
an  i n d i r e c t  im m u n o h is to f lu o r e s c e n c e  m eth o d  to  e v a lu a t e  t h e  
d i s t r i b u t i o n  o f  t y r o s i n e  h y d r o x y la s e  (T H )- im m u n o re a c tiv e  
c e l l s  an d  f i b e r s ,  and  d o p a m in e -B -h y d ro x y la s e  (DBH)-immuno
r e a c t i v e  f i b e r s  i n  t h e  AVPv o f  fe m a le  r a t s  t h a t  w ere  t r e a t e d  
w i th  t e s t o s t e r o n e  p r o p io n a t e  (TP) p e r i n a t a l l y ,  p o s t n a t a l l y ,  
o r  l e f t  u n t r e a t e d .  A l l  o f  th e  p o s t n a t a l l y  T P - t r e a t e d  fe m a le s  
f a i l e d  t o  show a p h a s ic  p a t t e r n  o f  L H - s e c r e t io n  i n  r e s p o n s e  
t o  e s t r o g e n  an d  p r o g e s t e r o n e ,  and b o th  t h e  p e r i n a t a l l y  an d  
p o s t n a t a l l y  T P - t r e a t e d  f e m a le s  h a d  p o l y f o l l i c u l a r  o v a r i e s  a t  
t h e  t im e  o f  g o n a d e c to m y . P e r i n a t a l  T P -e x p o s u re  r e d u c e d  b o th  
t h e  num ber o f  T H -s ta in e d  c e l l s  and t h e  d e n s i t y  o f  T H -s ta in e d  
f i b e r s  t o  l e v e l s  t h a t  w e re  i n d i s t i n g u i s h a b l e  from  t h o s e  o f  
m a le s .  I n  t h e  p o s t n a t a l l y  T P - t r e a t e d  f e m a le s  t h e  num ber o f  
T H -s ta in e d  c e l l s  was a l s o  c o m p le te ly  m a s c u l in i z e d ,  h o w e v e r , 
t h e  T H -s ta in e d  f i b e r  d e n s i t y  was n o t  s i g n i f i c a n t l y  a f f e c t e d .  
A lth o u g h  g o n ad ecto m y  i n  t h e  a d u l t  m ale  r e s u l t e d  i n  a  m o d er
a t e  i n c r e a s e  i n  T H -s ta in e d  f i b e r  d e n s i t y ,  i t  d id  n o t  s i g 
n i f i c a n t l y  a f f e c t  th e  f i b e r  d e n s i t y  i n  f e m a le s ,  n o r  t h e  
num ber o f  T H -s ta in e d  c e l l s  i n  e i t h e r  s e x .  The d i s t r i b u t i o n  
o f  D B H -s ta in ed  f i b e r s  i n  t h e  AVPv d id  n o t  a p p e a r  t o  b e  a l 
t e r e d  i n  any  o f  t h e  t r e a tm e n t  g r o u p s .  T h e se  r e s u l t s  s u g g e s t  
t h a t  t h e  d i s t r i b u t i o n  o f  d o p a m in e rg ic  f i b e r s  i n  t h e  AVPv 
may b e  s e n s i t i v e  t o  t e s t o s t e r o n e  l e v e l s  i n  t h e  a d u l t  m a le ,  
an d  a l t h o u g h  t h e  c r i t i c a l  p e r io d  f o r  t h e  d e v e lo p m e n t o f  t h i s  
f i b e r  d i s t r i b u t i o n  may b e g in  i n  t h e  p r e n a t a l  p e r i o d ,  t h e  
num ber o f  d o p a m in e rg ic  c e l l s  i n  t h e  AVPv c a n  b e  c o m p le te ly  
s e x - r e v e r s e d  by  a  s i n g l e  p o s t n a t a l  d o se  o f  TP and  a p p e a r s  to  
c o r r e l a t e  w i th  a  p e rm a n e n t d i s r u p t i o n  o f  t h e  n o rm a l p a t t e r n  
o f  g o n a d o tr o p in  s e c r e t i o n .  We w is h  t o  th a n k  D r. T . J o h  an d  Dr. 
K. H e l le  f o r  g e n e ro u s  s u p p l i e s  o f  a n t i s e r a .  S u p p o r te d  b y  
NIH g r a n t s  HD01182, HD7728, and  NS16686.
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272.5  SEXUAL ACTIVITY AND SEXUALLY DIMORPHIC NUCLEUS VOLUME IN 
MALE RATS ARE CORRELATED WITH PRIOR INTRAUTERINE POSITION  
F. vom Saal, A. Coquelin, J . Schoonmaker, 3. Shryne* and 
R. Gorski.  Biology Div. and Dalton Research Center, Univ. 
Missouri, Columbia, MO 65211; Dept. of Anatomy and Brain 
Res. Inst., UCLA Scl. of Med., Los Angeles, CA 90024

Both the ontogeny of male sexual behavior and the larger 
volume of the sexually dimorphic nucleus of the preoptic area 
(SDN-POA) in males relative to that in females are presumably 
mediated by estrogen acting on the brain. Intrauterine position 
may influence these developmental processes, since rat and 
mouse fetuses appear to transmit steroids to contiguous 
fetuses. For example, the concentration of estradiol-17β in 
amniotic fluid is 50% higher in male mouse fetuses that develop 
between 2 female fetuses (0M males) than in males that develop 
between 2 male fetuses (2M males; F. vom Saal, et al, Science 
220:1306, 1983). In this study the sexual behavior and SDN-POA 
volume of both male and female Sprague Dawley rats from 
known intrauterine positions were evaluated.

Adult 0M (N = 11) and 2M (N = 13) male rats were paired 
with an estrogen and progesterone primed, sexually-receptive 
female, and sexual behavior was recorded under red light until 
sexual satiety  was reached (30 min without a mount). The 0M 
males ejaculated significantly more times (mean±SEM: 4.7± 4) 
than did the 2M males (3.2± .4; t-tes t; p < .02). 0M and 2M 
female siblings of these males (N = 13/Group) were 
ovariectomized in adulthood and administered s.c. injections 
of estradiol benzoate (10 μ g) followed 48 hr later by 
progesterone (200 μg). Four hr after the progesterone 
injection the females were photographed in front of a grid 
while their flanks were palpated to induce lordosis. The 
intensity of lordosis was determined by measuring the height 
of a female's head and rump relative to the height of the 
back. The lordosis-intensity index was significantly greater 
for 0M females (5.0±.3) than for 2M females (3.8±.3; t- tes t, 
p < .02). The volume of the SDN-POA was analyzed in these 
rats as described by Gorski, et al. (J . Comp. Neurol. 193:529, 
1980). The SDN- POA was significantly larger in 0M male s  
(4.41± .29 x 10-2 mm3) than in 2M males (3.50±.17 x 10-2 mm; 
t-te s t, p < .01), but the volume of the SDN-POA did not differ 
significantly in  a sample of the females (0M females =
1.66±.24 x 10-2 mm3 , N = 7; 2M females = 1.59±.21 x 10-2 mm3 , 
N = 6). We propose that differences between 0M and 2M male 
rats in SDN-POA volume and sexual behavior are mediated by 
differential exposure to estrogen based on intrauterine 
proximity to female fetuses. Supported by NSF Grant BNS03714 
and NIH grants RR07053, MH35079 and HD01182.

272.6.  ANDROGEN FORMS SEXUALLY DIMORPHIC SPINAL NUCLEUS BY 
SAVING MOTONEURONS FROM PROGRAMMED DEATH.  S. Marc 
Breedlove.  Dept. Psychology, U. of California, Berkeley, CA 94720.

Perinatal androgen determines whether rats as adults will have 
the spinal nucleus of the bulbocavernosus (SNB) and the bulbocav
ernosus/levator ani (BC/LA) muscles which it innervates. Females 
are not normally exposed to androgen and so as adults lack BC/LA 
and have far fewer motoneurons in the SNB area than do males. 
Androgen could cause the sex difference in SNB number in 3 ways: 
1) by augmenting neurogenesis in males. This alternative has been 
eliminated since SNB mitosis is complete before androgen secretion 
begins. 2) Androgen might direct the differentiation of immature 
cells into motoneurons, which then innervate BC/LA. The present 
results indicate that this is not the case, but rather that androgen 
recruits extant motoneurons to make up the SNB. These results 
also support the final alternative that 3) androgens form the SNB 
by rescuing motoneurons from programmed death.

During the 12th day of gestation (d12g), pregnant Sprague-
Dawley rats were injected with tritiated  thymidine (*TH), a 
specific precursor of DNA and hence an index of mitotic history. 
The radioactive labelling of spinal cell nuclei was autoradiograph
ically monitored at various ages thereafter. By the day of birth 
(d1) many cells had clearly differentiated into large, multipolar, 
densely-Nissl-staining motoneurons, virtually all (95%) of which 
were densely labeled with the *TH. However, only 22% of the non-
motoneuronal cells were heavily labeled on d 1. Females injected 
with 1 mg testosterone propionate (TP) on d l, 3 and 5 had SNB 
cells in adulthood, 98% of which were heavily labeled with the 
*TH, indicating a mitotic history in common with d l motoneurons 
but not with dl non-motoneurons. Thus the androgen-induced SNB 
cells in these females were almost certainly derived from cells 
which had already differentiated into motoneurons.

Counts of L5 & L6 motoneurons in male, female and TP-treated 
female rats during development confirmed the remaining hypothesis 
that androgen spares SNB motoneurons from programmed death. 
There is already a sex difference in the number of motoneurons in 
the SNB region by d 1pn. In confirmation of the hypothesis, the 
number of SNB cells continues to decline in females unless they 
are given TP. Since there is no difference in the number of non-
SNB motoneurons in control females and those given TP, the 
androgen-induced check in the decline of SNB cells must be due to 
their rescue from programmed death.
# SNB cells ±SEM: d1 of life d6 d12
Males - 345.6±19.6 313.7±2.8 325.0 +17.0
Females - 170.0±22.9 118.3±8.3 83.8 + 8.0
Females +TP - - - 165.2±12.0 173.2 +12.2

Supported by NIH grant # NS19790.

272.7  CASSATION AFFECTS SINGLE ENDPLATES IN AN ANDROGEN-SENSITIVE 
MUSCLE OF THE RAT.  W.V.Bleisch and A.Harrelson Rockefeller 
U niversity , New York, NY 10021

The "levator ani" or dorsal bulbocavernosus (DBC) of the 
r a t  i s  a muscle which i s  absent in  females and i s  highly 
sen sitiv e  to  c ircu la tin g  testosterone  in  adult males. Both 
muscles and motoneurons for th is  muscle have receptors for 
androgens, and the muscle responds to  cas tra tio n  with a 
decrease in  weight, p ro tein , soluble acetylcholinesterase 
(AChE, Tucek e t  a l . , J . Neurol. Sci. 27:353. 1976) and 
acety lcholine receptor number (AChR, Bleisch e t  a l . , 
J . Neurobiol. 13:153. 1982). These decreases can be 
prevented by tre a tin g  c a s tra te s  with testosterone . The 
number of muscle f ib e rs  in  th is  muscle i s  not affec ted  by 
androgens in  the adu lt.

We now report th a t cas tra tio n  causes morphological 
changes a t  endplates in  th is  muscle. Rats were cas tra ted  or 
sham-operated by the abdominal route. Ten weeks la te r ,  we 
prepared d issociated  muscle f ib e rs  from the DBC muscle and 
sta ined them to  demonstrate cho linesterase or labe lled  AChRs 
with I-125-α-bungarotoxin and prepared autoradiograms. 
Although muscle f ib e r  diameters decrease su b stan tia lly  a f te r  
ca s tra tio n , the dimensions of the endplate as revealed by 
AChE did not change in  any obvious way. However, small 
ectopic spots of ChE were observed near 14 of 22 endplates 
from in ta c t males, but near none of 20 endplates from 
c a s tra te s , suggesting th a t  ca s tra tio n  may decrease the ra te  
of formation of term inal sprouts. The density of AChRs a t  
endplates a lso  decreased a f te r  cas tra tio n  by a t  le a s t  33% (p 
< 0.01). Thus, cas tra tio n  causes changes a t  single 
endplates in  th is  specialized , androgen-sensitive muscle.

We a lso  repo rt th a t 5 α -dihydrotestosterone (DHT), the 
non-aromatizable active m etabolite of testo sterone , can 
prevent the decrease in  weight, pro tein  and AChRs which 
occur rapid ly  a f te r  ca s tra tio n . Rats were cas tra ted  or 
sham-operated as above, and c a s tra te s  recieved s i la s t ic  
capsules f i l l e d  with DHT or cho lestero l (as a control) 7 d 
la te r .  Weight, p ro te in , AChRs and AChE were measured 19 d 
a f te r  cas tra tio n . C astration  caused a drop in  muscle 
weight, pro tein  and AChRs (59%, 63% and 64% decreases). DHT 
reduced these decreases, so th a t muscle weight was 50% 
g reater than in  untreated c a s tra te s , while protein  was 44% 
greater and AChRs were 68% g rea te r. Neither cas tra tio n  nor 
DHT had any s ig n if ic a n t e ffe c t on to ta l  soluble AChE. Thus 
androgens, and not estrogen derived from testosterone , are 
apparently responsible for the tes to s te ro n e -sen sitiv ity  of 
th is  muscle. (Funded by Rockefeller U niviversity)

272.8  A STEROID SENSITIVE ELECTROMOTOR PATHWAY IN MORMYRID FISH: 
ELECTRIC ORGAN MORPHOLOGY, ANDROGEN RECEPTOR BIOCHEMISTRY & 
STEROID AUTORADIOGRAPHY.  A. Bass, N. Segil* & D. Kelley. 
 Sect. Neurobiol. & Behav., Cornell Univ., Ithaca, N.Y. and 
Dept. Biol. Sc i . ,  Columbia Univ., New York, N.Y.

Gonadal steroid hormones can induce a male-like Electric 
Organ Discharge waveform (EOD) among females and juveniles 
of mormyrid e lec t r ic  fish  with a sexually "dimorphic" EOD. 
The male EOD is of longer duration and so lower power spec
trum. We now describe possible anatomical and biochemical 
substrates for steroid effects on peripheral (e lec tr ic  
organ) and central elements of the electromotor pathway.

The myogenic e lec t r ic  organ has disk-shaped ce lls  or e l
ectrocytes with spike-generating anterior  and posterior f a 
ces that  determine the appearance of the EOD. For Brienom
myrus brachyist ius(Nigeria), the mean peak frequency of the 
EOD power spectrum is 4.2 and 1.3 KHz respectively for  con
trol and androgen-treated females. Spectral differences 
corre la te  with those in average electrocyte thickness (TT) 
and anterior  face "thickness" (AF) (cf.  Bass et  a l . Anat. 
Rec. V.205, 1983): TT and AF are respectively over 60% and 
100% greater for androgen-females than controls.  Cholest
erol-females have a s l igh t ly  lowered peak frequency (3.7 
KHz) and increased TT (15%) and AF (24%). Anatomical d i f 
ferences may re la te  to changes in the e lec trocy tes ' spike
generating properties and so the EOD waveform.

The e lec t r ic  organs of 6 adult males were pooled to as
say androgen binding ac t iv i ty  (cf. Segil e t  a l . Soc. Neuro
sc i .A bstr .1983): cytosolic receptor concentration was 24.5 
femtomoles of steroid specif ica l ly  bound/mg protein(Kd≅ 1nM) 
compared to 4.5 fm/mg for "control" trunk muscle. Prelim
inary data indicate a sex difference in receptor binding.

Central androgen-binding s i te s  were determined for 3H-
dihydrotestosterone using autoradiography. For B. brachy
is t iu s  (Gabon), labelled ce lls  l i e  ju s t  la tera l  and caudal 
to "relay" ce lls  of the medullary command nucleus which 
project  to spinal motoneurons that innervate electrocytes. 
Labelled ce lls  may project to neighboring relay neurons 
thereby affecting th e i r  exci tat ion rate  and, in turn ,  the 
e lec tr ic  organ's f i r ing  rate ( i . e .  rhythm).

In summary, the above data for the e lec t r ic  organ sug
gest i t  has evolved a se ns i t iv i ty  to steroid hormones that 
underlies the development of a sexually dimorphic EOD wave
form. The discovery of androgen-binding ce lls  in the 
central "command" zone may re la te  to the development of sex 
differences in the EOD rhythm as well.

Supported by NIH & NIMH funds to AB, DK and C. Hopkins.
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272.9  CONADAL-INDEPENDENT MODULATION OF LH SECRETION 
IN MATURING FEMALE RATS.  H .F .U rbansk i*  and 
S .R .O jeda* (S P O N :E .D .R oss).  D ep t.o f Physiology, 
U niversity  o f Texas Health Science C en ter a t D allas, Dallas, 
Texas 75235.

The secre tion  of LH in p rep u b e rta l female ra ts  is 
episodic and d u rin g  th e  ju v en ile -p e rip u b e rta l tran s itio n  th e  
afternoon pulse p a tte rn  ch an g es . The am plitude of the  LH 
pulses increases  m arkedly and in some in s tances  a 
2 -hou r-long  m inisurge of LH secre tion  has been o b serv ed . 
Pulse freq u en cy , how ever, rem ains c o n stan t. In th e  p re sen t 
s tu d y  we sough t to determ ine th e  ex te n t to which these  
p rep u b e rta l a lte ra tio n s  in LH secretion  re su lt from a 
c en tra lly -o rig in a te d , g o n ad al-in d ep en d en t, developm ent. A 
total of 24 female ra ts  w ere ovariectom ized when 6-days-o ld  
and th e ir  plasma LH profiles w ere su b seq u en tly  exam ined, 
e ith e r on days  28, 38 or 48; th ese  time poin ts co rresponded  
to the  juven ile , p u b erta l and ad u lt phases of sexual 
m aturation seen in in tac t female ra ts .  Blood samples were 
obtained  using  an autom ated system  which perm its continuous 
sampling for more th an  5 h ou rs  while sim ultaneously 
replacing  th e  blood volume with a suspension  of red 
b lood-cells in a rtificia l plasm a. Mean plasma LH levels 
increased  prom ptly a f te r  ovariectom y and remained a t around  
900 ng LH -R P-1/ml th ro u g h o u t developm ent. Also no 
d iffe ren ces  in the  LH sec re to ry  pulse  p a tte rn  were detected  
betw een any of the  th re e  age g ro u p s  s tu d ied . Mean pulse 
am plitude was approxim ately 700 ng/m l reg a rd le ss  of the  
anim al's age and the  LH pu lses o ccu rred  on averag e  once 
ev ery  30 m inutes (a ra te  similar to th a t p rev iously  observed  
in in tac t p re p u b e rta l anim als).

The re su lts  indicate  th a t the  juvenile  female r a t ,  in 
co n tra s t to  th e  p rim ate , does not show a 
g o n ad al-in d ep en d en t decline in LH sec re tio n . They also 
dem onstra te  th a t the  p rep u b e rta l enhancem ent of a fternoon 
pu lse  am plitude cannot be de tected  if th e  ovaries  a re  
removed d u rin g  the  neonatal period . It is su g g ested  th a t 
the  developing  ovaries  play a sign ifican t role in generating  
the  p e rip u b e rta l a fte rnoon  changes in LH sec re to ry  p a tte rn . 
The cen tra l component in th is  mechanism may p e rh ap s  be 
uncovered  by a sh o rt-te rm  cas tra tio n  paradigm . (S upported  
by NIH G ran t HD-09988-07, P roject IV).

272.10  LOCALIZATION OF SOMATOSTATIN AND CHOLINE ACETYLTRANSFERASE 
IN THE INTERPEDUNCULAR NUCLEUS OF THE DEVELOPING CAT.  
B.J. Morley, K.M. Spangler*, E. Javel .  The Boys Town 
National In s t i tu te  for C o m m unica tion  Disorders in 
Children, Omaha, NE 68131.

Neurosecretory ce l l s  have been identif ied  in the In ter
peduncular nucleus (IPN) of the frog [1] and human [2]. 
These ce l l s  may contain somatostatin (SS) [3]. We now 
report tha t  SS-immunoreacti ve perikarya and f ibers  have 
been localized in the IPN of the developing and adult cat . 
For these studies 20 cats varying in age from b ir th  to 8  
yrs were prepared for PAP immunocytochemistry. Plots were 
made of the ce l ls  and the intensity  of SS-immunoreactivity 
was quantified by densitometer readings. In order compare 
the distr ibution  of SS with that  of choline acetyl t rans
ferase (CAT), two kit tens were prepared for PAP immunocy
tochemistry and double-labeled with anti-CAT and anti-SS 
antisera  ( Immunonuclear, Inc).

The most s ignif icant  observation tha t  we made was a 
rapid increase in the concentration of immunoreactive SS 
in the developing k it ten .  The immunoreactivity appears 
to be maximum a t  about four months of age and to rapidly 
decrease thereaf te r .  The increase was primarily the 
resu l t  of increased f iber  sta ining while the decrease in 
adults was associated with a decrease in the number of 
immunoreactive ce l ls  and a decrease in the intensity  of 
staining within individual perikarya.

I f  the ce l l s  which we described are homologous to the 
SS-containing perikarya observed in Rana, then there may 
be IPN ce l l s  in certain  mammals tha t  secrete SS. The IPN 
is  located in close proximity to the interpeduncular 
c is te rn  and opposite the median eminence, suggesting that  
the IPN might function as apar t of an SS feedback system. 
I f  the intensity  of immunoreactivity is  an indication of 
functional ac t iv i ty ,  then th is  sytem may be most active 
during development.

[1] Kemali, M., Cell Tiss. Res., 178 (1977) 83–96.
[2] Kemali, M. and Casale, E., Z. Mikrosk.-anat. 

Forsch., 96 (1982) 591–599.
[3] Vandesande, F. and Dierickx, K., Cell Tiss. Res., 

205 (1980) 43–53.
This research was supported by NSF grant BNS 82–10029 

to BJM and EJ and was conducted with the assistance of 
Immunonuclear, Inc.

OPIATES, ENDORPHINS, AND ENKEPHALINS: PHYSIOLOGICAL EFFECTS I

2 7 3 . 1   INTERACTION OF THE HYPOTHALAMIC NORADRENERGIC AND OPIATE 
SYSTEMS ON LH AND PROLACTIN SECRETION.  C.A.Barraclough* and 
A.Akaborl*(Spon: D.Ruchkin).  D ept. of P h y s io l . ,  Univ. of MD., 
School o f M edicine, B altim ore, MD 21201.

Barraclough and Sawyer (1955) observed th a t  morphine (M) 
b locks o v u la tio n  in  p ro estro u s  r a ts  and subsequent s tu d ie s  
by o th e rs  im p lica ted  the  noradrenerg ic  system in  M suppress
ion  of phasic  LH re le a se . We have examined the  e f fe c ts  of M 
s u l f a te  (50 mg/kg s .c . )  on norep inephrine (NE) and dopamine 
(DA) tu rnover in  medial p reo p tic  nucleus (MPN) and median 
eminence (ME) o f e s tr a d io l  (E2) - t r e a te d  ovariectom ized (OVX) 
r a t s .  M blocked LH surges and the inc rea se  in  NE turnover in  
MPN and ME th a t norm ally occurs during  the  PM in  E2- tr e a te d  
r a t s .  MPN-DA tu rnovers  were not a ffe c te d  by M but ME-DA tu rn 
overs were suppressed during  the  PM. We next examined the 
e f fe c ts  of naloxone (NX) during hours when NE tu rnovers a re  
low (AM) or high (PM) in  E2 - tr e a te d  r a t s .  NX was in je c te d  a t 
0915h o r 1215h and blood was c o lle c te d  hourly  fo r  7-9h. When 
given a t  0915h, NX e lev a ted  LH 3X (100 to  300 ng/ml) and 
suppressed  PRL serum le v e ls  by 1000h. LH re tu rn ed  to  co n tro l 
le v e ls  by 1500h and PRL values to  normal by noon and th e re 
a f t e r  both hormones p a ra lle le d  co n tro l surge p a tte rn s  during 
th e  PM. NX, given a t  1215h produced a "progesterone l ik e "  
a m p lif ic a tio n  and advancement of LH re le a se  (LH peak values 
4000 vs 1000 ng/ml fo r  c o n t ro ls ) . PRL surge values in  NX-
tre a te d  r a t s  (1215h) were s im ila r  to  c o n tro ls . These data  
suggest th a t  blockade of the  o p ia te  system allow s more e ffec
t iv e  expression  o f NE s tim u la to ry  e f f e c ts  on LHRH re le a se .
We next examined NX e f f e c ts  in  E2P4- tr e a te d  r a ts  (day 3) in  
which d iu rn a l LH surges and PM NE tu rnovers a re  absent and 
DA tu rnover i s  e le v a ted . NX, given a t  0915h had no e f fe c t  on 
b a sa l LH and only e lev a ted  serum LH from 100 to  300 ng/ml i f  
given a t  1215h. In  c o n tra s t ,  NX s t i l l  suppressed serum PRL 
in  the  AM but had no e f f e c t  on PM PRL surges in  these  r a t s .  
F in a lly ,  we examined the  e f f e c ts  o f NX in  7 day c a s tra te d  
male r a t s  t re a te d  fo r  2 days w ith E2 . NX, given a t  0900 or 
1200h e lev a ted  LH from 140 to  240 ng/ml in  15 min but by 60 
min LH had re tu rn ed  to  b a se lin e . NX caused a concurrent dec
l in e  in  PRL by 15 min w ith  re tu rn  to  b a se lin e  by 60 min. 
N either LH nor PRL serum le v e ls  changed th e re a f te r  during 
th e  next 4h. P relim inary  s tu d ie s  during the  AM of day 2 in  
E2- t r e a te d  females in d ic a te  th a t  NE tu rnover does not 
in c re a se  in  MPN o r ME a f t e r  NX although DA tu rnovers increase  
in  ME. Since M in c rea se s  5-HT and blocks NE tu rn o v er, where
a s , NX in c rea se s  DA tu rn o v e r, we suggest th a t  the  o p ia te  
system in te ra c ts  p rim arily  w ith  the  NE system to  modulate NE-
induced LHRH re le a s e . Supported by NIH 02138–22.

273.2   RISE OF BETA-ENDORPHIN SERUM LEVELS IN PRE
MENSTRUAL DISTRESS SYNDROME.  A. Jam es G ia n n in i , 
R o b e rt H. L o i s e l l e , W illiam  A. P r i c e .  De p a r tm e n t 
o f  P s y c h ia tr y ,  N o r th e a s te rn  Ohio U n iv e r s i t i e s  
C o lle g e  o f  M e d ic in e , R oo tstow n , OH.

P re m e n s tru a l te n s io n  syndrome was h y p o th e s iz e d  
to  be th e  r e s u l t  o f  b e ta - e n d o rp h in  (bE) w i th 
d ra w a l. S ix te e n  women co m p la in in g  o f  symptoms 
o f  PMS had  bE l e v e l s  m easu red  on th e  s e v e n th  and 
tw e n ty - fo u r th  day o f  each  woman's m e n s tru a l  
c y c le .  A s t a t i s t i c a l l y  s i g n i f i c a n t  d e c l in e  in  
bE l e v e l s  was se en  a s  th e  c y c le  p ro g re s s e d  
(p < .0 1 ) .  Symptom s e v e r i t y  was in v e r s e ly  
p r o p o r t io n a l  to  n e t  change in  bE l e v e l s  ( p < . 0 2 ) .  
I t  i s  h y p o th e s iz e d  t h a t  th e  a t t e n u a t io n  o f  bE 
d e c l in e  may be a com pensato ry  m echanism  to  
m o d u la te  PMS symptom s e v e r i t y .
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273.3  TEMPORAL EFFECTS OF MORPHINE ADMINISTRATION ON 
TUBEROINFUNDIBULAR DOPAMINERGIC NEURONAL ACTIVITY.
 P. Safier* , J . Rabii, L. Grandison,  Dept. Biol. Sc i . ,  
Rutgers Univ. and Dept.  Physiol. , UMDNJ, Piscataway, N.J. 
08854.

I t  has recently been reported that morphine 
administration causes a biphasic effec t  on the 
tuberoinfundibular dopamine turnover and release 
(Gudelsky e t  a l . ,  Endocrine Society Abstracts,  p. 165, 
1983). We have attempted to characterize the response of 
the tuberoinfundibular dopaminergic neurons to opiates , 
with respect to time a f te r  a single injection and to 
repeated injections of morphine sulfate  (15 mg/kg, sc ).  
The rate of depletion of median eminence dopamine 
content,  following synthesis inhibition by-methyl-p-
tyrosine, was used as an index of dopaminergic neuronal 
ac t iv i ty .  A single dose of morphine produced an 
inhibition of dopamine turnover at  1 hour, but by 4 hours 
the turnover rate was higher than control levels .  By 8  
and 12 hours, turnover rates had returned to control 
values. In ra ts  given 2 injections of morphine 4 hours 
apar t ,  the degree of inhibition of dopamine turnover 
produced by the second injection (29%) was not 
s ign if ican t ly  d if feren t  from that  produced by the in i t ia l  
in jection (51%). However, the turnover rate at 1 hour 
following an i n i t i a l  in jection was signif icantly  lower 
than the ra te at  1 hour a f te r  a second injection. These 
resu lts  indicate that  the response of the tubero
infundibular dopaminergic neurons to morphine is 
multiphasic: an in i t i a l  decrease in dopamine turnover at  
1 hour, an increase a t  4 hours and a return to normal 
levels a t  8  and 12 hours post injection. The increase in 
dopamine turnover 4 hours a f te r  an in i t i a l  in jection can 
be attenuated by a second injection of morphine. 
However, the absolute ra te of dopamine turnover following 
a second injection is similar to the ra te in controls but 
higher than the rate 1 hour a f te r  the in i t i a l  morphine 
in jection .  These changes in dopaminergic neuronal 
ac t iv i ty  are inversely related to the secretory ra te of 
prolactin in male rats  similarly treated. (Supported in 
part by NIH grant DA02227, a grant from Charles and 
Johanna Busch Memorial Fund and a grant from Rutgers 
University Office of Research and Sponsored Programs.)

273.4  ELEVATED BETA-ENDORPHIN LEVELS IN PREMENSTRUAL 
TENSION SYNDROME.  R. H. L o is e lle ,  A. J .  Gianni n i ,  
S . K alav sk y , M.C. G ia n n in i*  and W.A. P r i c e . 
 D epartm ent o f  P s y c h ia tr y ,  N o r th e a s te rn  Oh io  
U n iv e r s i t i e s  C o lle g e  o f  M e d ic in e , R oo tstow n , OH.

F i f t e e n  women w ith  d ia g n o s is  o f  p re m e n s tru a l  
te n s io n  syndrom e (PMS) w ere com pared w ith  
f i f t e e n  fem ale  age-m atch ed  c o n t r o l s .  C o r t i s o l ,  
TRH and b e t a - e n d o rp h in  l e v e l s  w ere drawn f o r  
b o th  g ro u p s a t  days 0 , 7, 14, 21 and 28 o f  each  
woman' s c y c le .  Changes in  c o r t i s o l  and TRH 
w ere n o n s ig n i f i c a n t .  Women w ith  PMS had 
s i g n i f i c a n t l y  e le v a te d  l e v e l s  a t  day  7 (p < .0 5 ) ,  
day 14 (p < .0 5 ) ,  and day 21 (p < .0 2 )  l e v e l s .  
B e ta -e n d o rp h in  l e v e l s  a l s o  ro s e  s i g n i f i c a n t l y  
in  women w ith  PMS (< .0 5 ) b u t  n o t  i n  c o n t r o l s .
The r i s e s  w ere v iew ed a s  co m p ensato ry  re sp o n s e s  
s in c e  PMS symptoms a r e  s i m i l a r  to  th o se  o f  
o p ia te  w ith d ra w a l (G ia n n in i e t  a l  19 8 4 , P r ic e  
e t  a l  1 984).

2 7 3 . 5   DURATION OF OPIATE RECEPTOR BLOCKADE DETERMINES THE EXTENT 
OF BODY AND BRAIN DEVELOPMENT IN RATS: A NEW ROLE FOR 
ENDOGENOUS OPIOID SYSTEMS.  I . S . Zagon and P .J .  McLaughlin. 
 Department of Anatomy, The M.S. Hershey Medical Center, 
Hershey, PA 17033.

Recent experim ents have shown th a t ad m in is tra tio n  of 
op io id  an tag o n is ts  e x e r t an ex trao rd in a ry  e f f e c t  on growth. 
Daily ad m in is tra tio n  o f a r e la t iv e ly  "high" dosage of n a l
trexone (NTX) to preweaning ra ts  in c reases  body and organ 
w eigh ts, a c c e le ra te s  b ra in  development, and inc rea se s  matu
ra tio n  o f spontaneous sensory and motor behav iors. Daily 
in je c tio n s  o f a "low" dosage of NTX delays som atic and neuro
b io lo g ic a l  development. An im portant question  in  these 
s tu d ie s  concerns the  re la tio n s h ip  between growth p ro cesses, 
drug dosage, and the  pharm acological p ro p e rtie s  of NTX (e.g., 
a b i l i t y  to block th e  op ia te  re c ep to r) . The p resen t study was 
undertaken in  o rd e r to  (a) examine the  e f fe c ts  o f various 
dosages of NTX on body and b ra in  development, (b) determine 
the e f f e c t  of NTX dosage on o p ia te  re cep to r blockade, and 
(c) e lu c id a te  the re la tio n s h ip  between duration  o f recep to r 
blockade and som atic and n eu ro b io lo g ica l growth. Sprague-
Dawley r a t  pups in je c te d  d a ily  (SC) w ith 20, 50, o r 100 mg/kg 
NTX from b i r th  to  day 21 had in c reases  of 16–22% from con
t r o l  le v e ls  in  body w ieghts a t  day 21, as w ell as 6–13% in 
c reases in  b ra in  w eigh ts. These dosages blocked the op ia te  
re cep to r fo r  the e n t i r e  24 h r each day. In c o n tra s t ,  d a ily  
in je c tio n s  o f 0 .1 , 1, o r 10 mg/kg NTX re s u lte d  in  young rats 
w ith body and b ra in  w eights markedly reduced from con tro l 
le v e ls .  These low dosages of NTX only blocked morphine-
induced a n tin o c icep tio n  fo r  4–12 h r/d ay . To fu r th e r  in v e s t
ig a te  w hether body and  b ra in  development was re la te d  to 
o p ia te  re cep to r blockade o r to  drug dosage per s e ,  ra ts  
were in je c te d  3 times d a ily  w ith  3 mg/kg NTX o r once d a ily  
w ith 9 mg/kg NTX. At 21 days of age, ra ts  given 3 mg/kg 
NTX th ree  times d a ily ,  a dose equ iv a len t to  the to t a l  da ily  
in je c t io n  of 9 mg/kg NTX, and which in  e f f e c t  blocked the 
o p ia te  recep to rs  fo r  the  e n t i re  24 h r  p e rio d , had in c reases  
o f 31% and 10% in  body and b ra in  w eigh ts, re s p e c tiv e ly , in 
comparison to co n tro l le v e ls .  However, r a ts  receiv ing  9 
mg/kg NTX, a dosage th a t only blocked the op ia te  recep to r 
fo r  6–12 h r/d ay , were re ta rd ed  in  growth by 6%. These 
re s u l ts  show th a t  the duration  o f o p ia te  recep to r blockade 
r a th e r  than drug dosage i s  the  key element in  determ ining 
developm ental ev en ts , and provide evidence th a t the  
endogenous op io ids p lay  an im portant ro le  in  reg u la tin g  
growth.

273.6  CEREBROSPINAL FLUID FROM CONVULSED RATS CAUSES A 
NALOXONE-REVERSIBLE INCREASE IN THE SEIZURE 
THRESHOLD OF RECIPIENT ANIMALS: REGULATION OF 
POSTSEIZURE INHIBITION BY ENDOGENOUS OPIOID SYSTEMS. 
 J.B. Long and F.C. Tortella.  Neuropharm. Br., Dept. of Med. 
Neurosci., Div. of NP, Walter Reed Army Institute of Research, 
Washington, D.C. 20307.

Using various animal models of experimenta l seizure ac tiv i ty ,  
several groups have suggested th a t  se iz ure -ac t iv a ted  endogenous 
opioid systems play a funct ional role in th e  postseizure inhibition of 
subsequent seizure ac tiv i ty . We have shown tha t naloxone 
antagonizes  the e f fec t  of maximal e lect roshock  (MES) to  increase 
th e  threshold  to  subsequent flurothyl se izures  (Tortella and Cowan, 
Life Sci. 31:2225, 1982) and reverses  the progressive decrease  in 
seizure sever ity  caused by repea ted  MES (Tortella e t .  al . Neurosci. 
Abst.,  1983). Additionally, postic ta l seizure pro te c tion  is 
complete ly  abolished in morphine- to le rant ra t s  (Tortella e t .  a l., Fed. 
Proc.,  1984). The purpose of the presen t study was to  de te rm ine  if 
seizures  cause  an increase in opioid-like, ant iconvulsant endogenous 
m ate r ia l in cerebrospinal  fluid (CSF).

To te s t  this idea, the ra t flurothyl model was used. CSF was 
taken  from male S.D. ra ts  (300–400 g) a t  various times  (0, 10, 30, 60, 
and 1440 min) a f t e r  a single MES-induced seizure.  Control CSF was 
taken from rat s  identically handled, but not convulsed. The CSF (10 
µl ) was t ran sfe r red  to  th e  la te ra l ven tr ic le  of u n t re a ted  recipient 
rats,  and 10 min la te r  the la tency (sec ± S.E.M.) to  a flurothyl
-induced clonic convulsion was recorded in these  recip ient ra ts  as 
the  seizure threshold. The convulsive threshold  to  flurothyl 
following administrat ion  of control CSF was 325 ± 7 sec . CSF taken 
from MES rat s caused a maximal significant (p<0.05) increase in 
seizure threshold  to  378 ± 18 sec (16% above control) at th e  t i m e  of 
peak ac tiv i ty  (10 min post-MES). Significant anticonvu lsant ac t iv i ty  
was also seen with CSF co l lec ted  im media te ly  following (0 min) and 
30 min post-MES. No residual anticonvulsant ac tiv i ty  was noted 
with CSF co l lect ed  at 60 min or 1440 min a f t e r  MES seizures . 
Naloxone (10 mg/kg, s .c .,  but not 1 mgAg, s.c.) admin is te red  to  the  
recipien t rat s  10 min prior to  th e  i.c.v. injection of 10 µl CSF 
complete ly antagonized the CSF-induced increase in seizure 
threshold  (325 ± 11 sec).

Using th is  novel approach, we propose th a t  genera lized  seizures 
ac t iva te  the  rel ease into the CSF of opioid-like substances  which 
may function postictally as endogenous anticonvulsants during 
postseizure  inhibition.
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273.7  PHARMACOKINETICS AND EFFECTS OF MORPHINE PELLETS IN THE RAT.
B .C . Y o b u rn , T . H uang* , J .  C h en * , A. Cohen* and C .E . 
 I n t u r r i s i * , D e p t .  o f  P h a rm a c o lo g y , C o r n e l l  U n iv . Med. C o l l . ,  
New Y o rk , NY 1 0 0 2 1 .

S u b c u ta n e o u s  i m p l a n ta t i o n  o f  m o rp h in e  p e l l e t s  i s  a  s t a n 
d a rd  m eth o d  o f  p r o d u c in g  t o l e r a n c e  an d  d e p e n d e n c e  t o  o p i a t e s  
i n  t h e  r a t .  H ow ever, t h e  d r u g - r e l e a s e  c h a r a c t e r i s t i c s  o f  
t h i s  p r o c e d u r e  an d  t h e  r e l a t i o n s h i p  b e tw e e n  m o rp h in e  p h a rm a
c o k i n e t i c s  an d  e f f e c t s  h a v e  n o t  b e e n  w e l l - d e f i n e d .  T h e re 
f o r e ,  we h a v e  a d d r e s s e d  t h e s e  i s s u e s  i n  t h e  f o l l o w in g  s tu d y .

M ale r a t s  e a c h  w i th  a  c h r o n ic  a r t e r i a l  c a n n u la  w ere  im 
p l a n t e d  s u b c u ta n e o u s ly  w i th  2 m o rp h in e  (75 mg m o r p h i n e /p e l l
e t )  o r  p l a c e b o  p e l l e t s  i n d i v i d u a l l y  w rap p ed  i n  n y lo n  m esh . 
A t 2 ,  4 ,  6 ,  1 2 , 2 4 , 3 6 , 4 8 , 60 an d  72 h r s  p o s t - i m p l a n t a t i o n  
a n a l g e s i a  ( t a i l f l i c k ) , p la s m a  m o rp h in e  (PM) l e v e l s  ( e x t r a c 
t i o n  an d  RIA) an d  b o d y  w e ig h t  w e re  d e te r m in e d .  A n a lg e s ia  
o n s e t  a t  2 h r s ,  p e a k e d  a t  4– 6 h r s  an d  by  36 h r s  was n o t  
d i f f e r e n t  (p > .0 5 )  fro m  c o n t r o l .  A t 2 h r s  m ean (±SEM) PM 
was 196± 46 n g /m l an d  a t  4– 6 h r s  i n c r e a s e d  t o  310± 41 n g /m l .
By 36 h r s  PM d e c l i n e d  t o  205± 29 n g /m l w h ere  i t  re m a in e d  u n 
t i l  72 h r s  when t h e  p e l l e t s  w e re  rem o v e d . T e s t in g  ( a n a l 
g e s i a ,  PM, w e ig h t)  c o n t in u e d  a t  2 , 4 , 6 ,  1 2 , 24 and  48 h r s  
f o l l o w in g  p e l l e t  r e m o v a l .  T a i l f l i c k  l a t e n c i e s  d id  n o t  
d i f f e r  (p > .0 5 )  b e tw e e n  t h e  g ro u p s  a t  t h e s e  t im e s .  F o l lo w in g  
p e l l e t  e x c i s i o n  p la s m a  m o rp h in e  d e c l i n e d  b i e x p o n e n t i a l l y  
w i th  a  m ean t ½ (α) o f  0 .6 0  h r  an d  a  t e r m in a l  t ½ (β) o f  7 .3  h r .  
A l l  a n im a ls  l o s t  w e ig h t  f o l l o w in g  p e l l e t  rem oval . W eig h t 
l o s s  f o r  m o rp h in e  im p la n te d  r a t s  w as s i g n i f i c a n t l y  (p < .0 5 ) 
d i f f e r e n t  fro m  c o n t r o l  by  12 h r s  an d  p e a k e d  a t  48 h r s  (10.1%  
l o s s ) . T o t a l  d o s e  o f  m o rp h in e  r e l e a s e d  was d e te r m in e d  by 
a s s a y i n g  (HPLC) t h e  am ount o f  d ru g  r e m a in in g  i n  t h e  e x c i s e d  
p e l l e t s .  O ver t h e  72 h r  im p la n t  t h e  m ean (±SD) t o t a l  d o se  
was 2 5 .1  mg (± 2 . 4 ) .

The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e d  t h a t  r e l e a s e  o f  m or
p h in e  fro m  s u b c u ta n e o u s  p e l l e t  im p la n ts  i s  r a p i d  d u r in g  th e  
f i r s t  6 h r s  an d  th e n  becom es r e l a t i v e l y  c o n s t a n t .  We fo u n d  
t h a t  i n  t h e  r a t  a  s i g n i f i c a n t  d e c l i n e  i n  PM (85%) was a 
p r e r e q u i s i t e  f o r  t h e  o n s e t  o f  w i th d ra w a l  a s  in d e x e d  by body 
w e ig h t  l o s s .  F u r t h e r ,  we d e te r m in e d  t h a t  72 h r  p la s m a  m or
p h in e  l e v e l s  w e re  s i g n i f i c a n t l y  (p < .0 5 )  c o r r e l a t e d  ( r= ± .8 8 ) 
w i th  p e a k  w e ig h t  l o s s .  S u p p o r te d  i n  p a r t  by  NIDA G ra n t  
D A -01457.

273.8  MECHANISM OF MORPHINE WITHDRAWAL IN SPINAL-TRANSECTED RATS.  
D.C. Mar s h a ll  and J . J .  Buccafusco.  D e p ts .  o f  Pharmacology 
and Toxicology, and P sy ch ia try , Medical C ollege o f  Georgia 
and V.A. Medical C enter, Augusta, GA 30912.

The autonomic component o f  morphine w ithdrawal may be 
a ssessed  by measurement o f the  in c rea se  in  mean a r t e r i a l  
p re s su re (MAP) a sso c ia ted  w ith  abstinence  (Pharmacol.
Biochem. Behav. 18:209,1983). I t  i s  p o s s ib le  th a t  th e re  
may be a  s ig n if ic a n t  sp in a l component to  th i s  response 
s in ce  in tr a th e c a l  a d m in is tra tio n  o f  naloxone (N) in  depen
d e n t- in ta c t  r a t s  e l i c i t s  many o f  th e  autonomic a s  w ell as  
behav io ra l s ig n s  o f  w ithdraw al. The purpose o f  th i s  study  
was to  determ ine whether w ithdrawal induced hypertension  
a lso  could be e l i c i t e d  in  s p in a l- tra n s e c te d  anim als. Rats 
were made p h y s ica lly  dependent v ia  chron ic  in fu s io n  o f  mor
phine (35–100 mg /kg day) over 5 days. Dependent r a t s  were 
an es th e tiz ed  w ith  halo thane, a r t i f i c a l l y  re s p ira te d  and 
tra n sec te d  a t  th e  Cl sp in a l le v e l.  A fte r recovery  from an
e s th e s ia ,  N (0 .5  mg/kg, i . a . )  produced an immediate in 
c rease  in  MAP o f  72±3mmHg which g rad u a lly  dec lin ed  to  24±4 
mmHg above p re in je c tio n  le v e ls  by 60 min. N produced no 
e f f e c t  in  non-dependent, tra n sec ted  r a t s .  The p re s so r  r e s 
ponse to  N in  s p in a l ,  morphine dependent r a t s  was m ediated 
by th e  sym pathetic nervous system s in ce  i t  was blocked w ith  
phentolam ine(4 mg/kg) o r  hexamethomium(100 mg/kg) although  
i t  was unaffec ted  by ad renalec tomy .  The s i t e  o f  a c t io n  ap
peared to  be w ith in  th e  sp in a l cord i t s e l f  s in ce  th e  p re s 
so r response a lso  was abo lished  by sp in a l p ith in g  (Cl t o  L4). 
To determ ine whether lo ca l a f f e re n t  pathways were involved 
in  th i s  response d o rsa l ro o ts  were s e le c t iv e ly  lesioned  
s u rg ic a l ly ,  w ithou t a f fe c tin g  th e  d o ra l horn c e l l s  o r  th e  
v e n tra l ro o ts  in  tra n s e c te d , dependent r a t s .  N was in e ffe c 
t iv e  in  e l i c i t i n g  withdrawal hypertension  in  d o ra l ro o t 
lesioned  r a t s .  The o p ia te  recep to rs  involved were lo c a l
ized  w ith in  th e  cord ra th e r  than  on th e  d o rsa l ro o t gang
lio n  s ince  p re trea tm en t o f dependent, tra n sec te d  r a t s  ( in 
ta c t  ro o ts )  w ith  an in tr a th e c a l in je c t io n  o f  morphine 
(1200 µ g) s ig n if ic a n t ly  in h ib ite d  the  p re s so r  response to  
N. E quivalen t i . a .  p re trea tm en t w ith  morphine was w ithou t 
e f f e c t .  We  conclude th a t  1) a  w ithdrawal syndrome can be 
e l i c i t e d  through th e  sp in a l cord , independent o f  supra
sp in a l in f lu en c e s , 2) th e  in c rea se  in  MAP i s  m ediated v ia  
th e  sym pathetic nervous system ex c lu siv e  o f  th e  ad ren a ls  
and th e  response a r i s e s  w ith in  the  sp in a l cord and 3) 
a f f e re n t  d o rsa l ro o t in p u t i s  req u ired  fo r  exp ress ion  o f  
th e  withdrawal response. Supported by th e  Medical 
Research Service  o f th e  V.A.

273 .9  CONVULSANT-ANTICONVULSANT EFFECTS OF OPIATES. ARE THEY MEDI
ATED THROUGH ENDOGENOUS OPIOID RECEPTORS?  S p i l l a n t i n i ,  M.G.*, 
M e le ,L . ,  an d  M a s s o t t i ,  M.  L ab . d i  F a r m a c o lo g ia , I s t i t u t o  
S u p e r io r e  d i  S a n i t à ,  Roma, I t a l y .

Convul s a n t  o r  a n t i c o n v u l s a n t  e f f e c t s  o f  o p i a t e s  a r e  e x te n 
s i v e l y  d e s c r i b e d  i n  t h e  l i t e r a t u r e .  T h e se  o p p o s in g  e f f e c t s  
seem  t o  b e  d e p e n d e n t  i n  p a r t  upon  t h e  d o s e s  an d  r o u te  o f  a d 
m i n i s t r a t i o n  (U rka a n d  F r e n k ,  B r a in  R e s . ,  2 4 6 , 121 , 1 9 8 2 ) .

I n  r a b b i t s ,  p r e t r e a t m e n t  w i th  m o rp h in e  (0 .2 5  m g/kg  i v ) , 
c y c la z o c in e  ( 0 .0 5  m g/kg  iv )  an d  n a lo x o n e  (0 .0 2  m g/kg  iv )  
s t r o n g l y  r e d u c e d  b o th  t h e  i n c id e n c e  an d  d u r a t i o n  o f  EEG an d  
b e h a v io r a l  s e i z u r e s  due t o  a d m i n i s t r a t i o n  o f  Na p e n i c i l l i n  
(5 0 – 150 U n i t s )  i n t o  t h e  s e n s o r im o to r  c o r t e x .  I n  a d d i t i o n ,  th e  
e f f e c t s  o f  b o th  m o rp h in e  an d  c y c la z o c in e  w e re  n o t  s e n s i t i v e  
t o  t h e  a d m i n i s t r a t i o n  o f  t h e  h ig h  d o s e s  o f  n a lo x o n e  (5 –20 mg/
k g  i v ) , w h ic h  p e r  s e  d i s p l a y  a  p o t e n t i a t i n g  e f f e c t  on th e  
s e i z u r e s  due  t o  t h e  low  d o s e s  o f  Na p e n i c i l l i n  (75 U n i t s ) .

T h e se  d a t a  show tw o p a r a d o x i c a l  l i n e s  o f  e v id e n c e :  i )  t h e  
d e m o n s t r a t io n  t h a t  o p i a t e  a g o n i s t s  an d  a n t a g o n i s t s  d i s p l a y  
a n t i c o n v u l s a n t  e f f e c t s  a t  v e r y  low  d o s e s ,  t h u s  i n d i c a t i n g  
t h a t  t h e s e  e f f e c t s  a r e  m e d ia te d  th ro u g h  a  t r u e  o c c u p a t io n  o f  
t h e i r  s p e c i f i c  " p h a rm a c o lo g ic a l  r e c e p t o r s " ;  i i )  d e s p i t e  th e  
a s s u m p t io n  t h a t  i n  t h e s e  e x p e r im e n ta l  c o n d i t i o n s  m o rp h in e  and 
c y c la z o c in e  a c t  t h ro u g h  o c c u p a t io n  o f  t h e s e  " r e c e p t o r s " ,  
t h e i r  e f f e c t s  a r e  n o t  n a lo x o n e  s e n s i t i v e .  T h e se  f i n d i n g s ,  t o
g h e t e r  w i th  t h e  d a t a  i n d i c a t i n g  t h e  c o n v u ls a n t  e f f e c t s  o f  
o p i a t e s  a t  v e r y  l a r g e  d o s e s ,  seem  t o  c o n f i r m  t h e  h y p o t h e s i s  
o f  U rk a  an d  F re n k  ( 1 9 8 2 ) ,  who s u g g e s t  t h e  e x i s t e n c e  o f  two 
o p i a t e  s y s te m s :  o n e  i s  e x c i t a t o r y  a n d  e p i l e p t o g e n i c ,  s e n s i
t i v e t o  t h e  h ig h  d o s e s  o f  o p i a t e  a g o n i s t s  an d  t o  t h e  a n ta g o 
n ism  b y  n a lo x o n e ;  a n o th e r  p o s s e s s i n g  i n h i b i t o r y  an d  a n t i e p i
l e p t o g e n i c  p r o p e r t i e s ,  s e n s i t i v e  t o  t h e  low  d o s e s  o f  o p i a t e  
a g o n i s t s  an d  i n s e n s i t i v e  t o  t h e  a n ta g o n is m  b y  n a lo x o n e  ( s e e  
J a q u e t , TIN S, J u n e , 1 4 0 , 1979; M a rc a is  e t  a l . ,  L i f e  S c i . ,  28, 
2 7 3 7 , 1 9 8 1 ) ,  w h ic h  on  t h e  c o n t r a r y  a l s o  d i s p l a y s a n  a p p a r e n t  
a g o n i s t i c  e f f e c t .  I f  s o ,  t h i s  c o u ld  e x p la i n  t h e  c o m p le x i ty  
o f  t h e  r e g u l a t i o n  b y  e n d o g e n o u s  o p i o id  s y s te m s  on th e  
c o n v u ls a n t  p h en o m en a .

F in a n c e d  w i th  c o n t r a c t  CNR-ISS 8 3 .0 2 7 3 0 -5 1

273.10   ANTIARRHYTHMIC AND ANTIDEPRESSANT EFFECTS OF NALOXONE 
THE ISOLATED PERFUSED RAT HEARTS FOLLOWING MYOCARDIAL 

ISCHEMIA AND REPERFUSION.  C .Y . Z han*, A .Y .S . L ee*  and  
T.M. Wong* (S P ON: P .W .F . P o o n ) .  D e p a r tm e n t o f  
P h y s io lo g y ,  U n i v e r s i t y  o f  Hong Kong, Hong Kong.

The e f f e c t s  o f  n a lo x o n e  on  th e  e l e c t r i c a l  a c t i v i t i e s ,  
l e f t  v e n t r i c u l a r  d i a s t o l i c  and s y s t o l i c  p r e s s u r e s  and  
h e a r t  r a t e  f o l l o w in g  m y o c a r d ia l  i s c h e m ia  an d  s u b s e q u e n t  
r e p e r f u s i o n  w ere  s tu d i e d  i n  th e  L a n g e n d o rf f  p e r f u s e d  r a t  
h e a r t  m o d e l. P r e t r e a t m e n t  o f  n a lo x o n e  ( 100 µ g ) i n t o  th e  
i s o l a t e d  p e r f u s e d  r a t  h e a r t  a b o l i s h e d  th e  r e d u c t i o n  i n  
l e f t  v e n t r i c u l a r  p r e s s u r e s  and  h e a r t  r a t e  and  a t t e n u a t e d  
g r e a t l y  th e  a r r h y th m ia s  due to  m y o c a r d ia l  i s c h e m ia  an d  
r e p e r f u s i o n .  A d m i n is t r a t io n  o f  n a lo x o n e  (2 0 0  µg o r  
600 µ g) i n t o  t h e  f i b r i l l a t i n g  h e a r t  in d u c e d  by  m y o c a r d ia l  
i s c h e m ia  an d  r e p e r f u s i o n  a l s o  a t t e n u a t e d  th e  a r r h y th m ia  
i n  a  d o se  d e p e n d e n t  m an n e r. The r e s u l t s  i n d i c a t e  t h a t  
t h e  e n d o g e n o u s  o p i o id  p e p t i d e s  a r e  p r o b a b ly  r e s p o n s i b l e  
a t  l e a s t  p a r t l y  f o r  t h e  a r r h y th m ia s  and  d e p r e s s a n t  e f f e c t s  
o f  m y o c a r d ia l  i s c h e m ia  an d  r e p e r f u s i o n .  (S u p p o r te d  by 
Hong Kong U n i v e r s i t y  R e s e a rc h  G ra n t  3 3 5 /0 3 4 /0 008 an d  Wing 
Lung M e d ic a l  R e s e a rc h  F und 311/0 3 0 /8 0 0 9 /6 4  to  T.M.W. and  
C h in a  M e d ic a l B o ard  F e l lo w s h ip  t o  C .Y .Z . fro m  Z h o n g sh an  
M e d ic a l  C o l le g e ,  C h in a ) .
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273.11  STRUCTURE-ACTIVITY STUDIES OF β-CARBOLINE ANALOGS  
L. T o ll,  G.H. Loew,* E.T. Uyeno,* and J.A . Lawson*  
L ife  Sciences D iv is ion , SRI In te rn a tio n a l,  Menlo Park, 
C a lifo rn ia ,  94025

Various β-c a rb o lin e -3 -ca rb o x y la te  e s te r s  bind w ith 
extrem ely high a f f in i t y  to  benzodiazepine recep to rs  and 
in h ib i t  the p h y s io lo g ica l a c tio n s  of benzodiazepines. To 
d a te , s t r u c tu r e - a c t iv i ty  s tu d ie s  have been p rim arily  con
cerned w ith v a r ia tio n s  in  the e s te r  and re la te d  groups a t 
C3 . In  order to  continue the study of s tereochem ical 
requirem ents fo r  high a f f in i ty  of th is  c la ss  of benzodiaze
pine recep to r an ta g o n is ts , we have syn thesized  and stud ied  
re cep to r a f f in i ty  and an tag o n is t a c t iv i ty  of sy s tem a tica lly  
a l te re d  β-c a rb o lin e  analogs. The compounds were chosen 
fo r  sy n th es is  in  o rder to  explore the  importance of the  N9-
hydrogen, the  N2-arom atic  n itro g en , and the  C3- e s te r  moiety 
fo r  high benzodiazepine recep to r a f f in i ty  and an tag o n ist 
a c t iv i ty  of β-c a rb o lin e .

Both the  u n sa tu ra ted  n itro g en  of the arom atic rin g  and 
an ap p ro p ria te  group a t  C3 appear to  be im portant fo r high 
benzodiazepine re cep to r a f f i n i t y .  An in -p lan e  in te ra c tio n  
between the  imine N2 and a c a tio n ic  recep o tr s i t e ,  ra th e r  
than s tack ing  in te ra c t io n s ,  appears to  be requ ired  fo r high 
a f f in i t y .  The electron-w ithdraw ing  p ro p e rtie s  of the C3-
e s te r  group do not appear to  be c ru c ia l  fo r  high a f f in i ty .  
R ather, ano ther key in te ra c t io n  of the group a t  C3 , common 
to  h ig h -a f f in i ty  3 -e s te r  and 3 - n i t r i l e  analogs but not 
p re sen t in  the amide, seems necessary . Thus a s p e c if ic  
C3-group in te ra c tio n  along w ith key arom atic n itro g en  in t e r 
ac tio n s  appear e s s e n t ia l  fo r high recep to r a f f in i ty  and 
an tag o n is t a c t iv i ty .

273.12  BRAINSTEM PATHWAYS WHICH MEDIATE CENTRAL CARDIOVASCULAR 
ACTIONS OF OPIOIDS.  A. H. Hassen, G. F eu e rs te in  and A. I .  
Faden (SPON: B. M. Cox).  Neurobiology Research U nit, 
USUHS, Bethesda, MD 20814.

H indbrain mic ro in je c tio n  of op io ids e l i c i t e d  
card io v ascu la r (CV) responses th a t  were re c e p to r-and 
s i t e - s p e c i f i c  in  an e s th e tiz ed , a r t i f i c i a l l y  v e n ti la te d  
r a t s .  Mu and m u-delta ag o n ists  produced 
n a lo x o n e -sen s itiv e , d o se -re la ted  in c rea se s  in  mean a r t e r i a l  
p ressu re  (MAP) and h e a r t r a te  (HR) fo llow ing in je c t io n  in to  
the  N. T ractus S o li ta r iu s  (NTS) and N. Ambiguus (NA) 
reg ions of the  h indb ra in  (P ep tides 3: 1031, 1982; 
Neuropharmacol.24 : 407, 1984;. Kappa ag o n ists  e l i c i t e d  a 
n a lo x o n e -in sen s itiv e , d o se -re la ted  decrease  in  MAP 
follow ing NA in je c t io n ; no MAP changes were observed 
follow ing NTS in je c tio n s  ( J .  Neuroscience,  In  P re s s ) . I t  
has been shown th a t  sym pathetic pathways in  the  sp in a l cord 
as w ell as vagal parasym pathetic pathways m ediate some 
op io id  responses. The p resen t study was designed to  
a s c e r ta in  whether the  CV responses to  mu and kappa ag o n ists  
a re  mediated by the  same pathway and i f  p re sso r responses 
and tachycard ia  a re  dependent on in ta c t  baro recep to r 
pathways.

P en to b a rb ita l a n es th e tiz ed , a r t i f i c i a l l y  v e n ti la te d  r a t s  
were observed fo r  15 min before  and a f t e r  a s in g le  
in je c tio n  (0 .1  µl ) in to  the  NTS (Obex, L:0.5mm, V-0.5mm) or 
NA (1 .9  mm r o s t r a l  to  the  obex, L: 1.9mm, V: -2.3mm) reg ions 
of the  h in d b ra in . The mu agon ist DAGO (300 pmol) increased  
MAP and HR follow ing NTS (+35 ± 4 mmHg, +54 ± 4 BPM, n=5) 
o r NA (+16 ± 4 mmHg, +33 ±7 BPM, n=6 ) in je c tio n s  in  in ta c t  
r a t s ; no card io v ascu la r responses were observed fo llow ing 
DAGO in je c t io n  in to  e i th e r  reg ion  follow ing complete Cl 
sp in a l tra n s e c tio n . NA in je c t io n  of the  kappa ag o n ist MRZ 
(16 pmol) lowered the  MAP in  in ta c t  animals (+23 ±  4 mmHg, 
n=6 ) and in  tra n sec te d  animals (-17 ± 4mmHg, n=5 ) .  However, 
when tra n sec te d  anim als were vagotomized (n=4) no change in  
MAP was observed follow ing MRZ in je c t io n .  Vagotomy alone 
d id  not a t te n tu a te  the  depressor response (-39 ±12 mmHg, 
n=6 ) . Animals which lacked b a ro recep to r re f le x  a c t iv i ty  10 
days a f t e r  c e n tra l  d e a f fe re n ta tio n  s t i l l  inc reased  MAP (+22 
± 9mmHg) and HR (+25 ± 10 BPM) follow ing DAGO in je c tio n s  
(n=4). I t  i s  concluded th a t  the  CV responses to  mu and 
kappa agon ists  a re  mediated by d if f e r e n t  CNS pathways and 
are  not dependent on in ta c t  b a ro recep to r a c t iv i ty .
Supported by USUHS p ro toco l R0 9201.

2 7 4 . 1   BOUNDARIES BETWEEN EXTRASTRIATE VISUAL CORTICAL AREAS IN 
THE CAT: THEIR LOCALIZATION AND VARIABILITY.  H. Sherk, 
 Dept. o f  B i o l o g i c a l  S t r u c t u r e ,  U. o f  W a sh in g to n , S e a t t l e ,  WA 

A major problem in  the  in v e s t ig a tio n  of e x t r a s t r i a te  
v is u a l c o r t ic a l  a reas  i s  the  d i f f i c u l ty  in  determ ining th e ir  
boundaries h is to lo g ic a l ly .  This i s  p a r t ic u la r ly  troublesome 
because of the  p o s s ib i l i ty  th a t  the  lo c a tio n s  of such 
boundaries vary between in d iv id u a ls , as i s  the  case fo r aud
i to r y  co rtex  (Merzenich e t a l . ,  1975). The experim ents r e 
ported  here suggest a simple method fo r marking the  boundar
ie s  between a number of v is u a l a reas  in  one anim al.

Many v is u a l c o r t ic a l  a reas  abut each o th e r along th e ir  
re p re s en ta tio n s  of the a rea  c e n t r a l is  (AC) (Tusa e t a l . ,  
1981); thus an in je c tio n  of tra c e r  th a t  la b e ls  these  AC 
re p re s en ta tio n s  should mark the  boundaries between seve ra l 
p a irs  of v is u a l a re a s . I th e re fo re  in je c ted  3H-leu and 3H-
pro in to  th e  AC re p re s en ta tio n  of area  19 (loca ted  e le c tr o
p h y s io lo g ica lly ) in  the  r ig h t  hemispheres of 7 c a ts ,  and 
examined the  re s u l t in g  p a tte rn  of p ro je c tio n  to  the  l e f t  
hemisphere a u to ra d io g ra p h ic a lly .

These experim ents defined  p o rtio n s  of the  borders 
between 4 p a irs  of v is u a l a reas : a reas  17 and 18, a reas  19 
and 21a, the  C lare-B ishop area  and PLLS, and a reas  20a and 
20b1 . In a d d itio n , d is c r e te  patches of la b e l were p resen t 
in  a rea  VLS, the  crown of a n te r io r  a rea  7, and the  supra
s p le n ia l  v is u a l a rea .

The lo c a tio n s  of boundaries between most a reas  v aried  
from c a t to  c a t .  One s t r ik in g  in s tan ce  was the  border 
between the  C lare-B ishop area  and PLLS: in  some ca ts  th is  
was s i tu a te d  c lo se  to  the  bottom of the  sup rasy lv ian  su lcus , 
in  o th e rs  i t  was placed w ell up i t s  l a t e r a l  bank, so th a t 
the AC re p re s e n ta tio n  of PLLS extended out onto the p o s te r io r 
ec to sy lv ian  gyrus. The boundary between areas  19 and 21a 
was a lso  v a r ia b le ,  and in  many c a ts  th is  re p re sen ta tio n  of 
the  AC was s p l i t  in to  a p o s te r io r  and an a n te r io r  segment, 
w ith more p e rip h e ra l v is u a l f ie ld  in te rv en in g  between them.
I have confirmed th is  s p l i t  in  a rea  19 both by phy sio lo g ical 
record ing  and by tra c e r  in je c tio n s  in to  the  AC represen ta tion  
of th e  l a t e r a l  g en icu la te  nuc leus.

T h e se  r e s u l t s  i n d i c a t e  t h a t  t h e  l o c a t i o n s  o f  b o u n d a r ie s  
b e tw e e n  e x t r a s t r i a t e  c o r t i c a l  a r e a s  v a ry  b e tw e e n  i n d i v i d u a l s  
b u t  c a n  b e  d e m a rc a te d  a t  l e a s t  p a r t i a l l y  i n  an y  p a r t i c u l a r  
c a t  by  a  s i n g l e  i n j e c t i o n  o f  t r a c e r .

Supported by g ran ts  EY04805, EY04847, and th e  A lfred P. 
Sloan Foundation.
1A b b re v ia tio n s  r e f e r  to  the nom enclature of Tusa e t a l.(1981)

274.2  ASPARTATE AND GLUTAMATE AS SYNAPTIC TRANSMITTERS OF PARALLEL 
VISUAL CORTICAL PATHWAYS.  T .P .H icks, W.D. Ruwe, W .L.Veale, 
and J . C.Veenhuizen.  Dept. of Medical Physiology, F acu lty  of 
M edicine, The U n ive rs ity  of C algary, C algary, A lb e rta , 
Canada. T2N 4N1.

The la te r a l  suprasy lv ian  a rea  (LSA) of the  c a t 's  v isu a l 
co rtex  c o n s is ts  of a number of d i s t in c t  re g io n s , each con
ta in in g  a re p re sen ta tio n  of the  v isu a l f i e ld .  Two such 
a re a s , the  PLLS and PMLS, have been shown to  possess c e l l s  
which may be sy n ap tic a lly  a c tiv a te d  a t  sh o rt la te n c ie s  by 
e le c t r i c a l  s tim u la tio n  of both the  17/18 border region  and 
the  homotopic, c o n tr a la te r a l  v is u a l a reas of the  LSA. These 
c o r t ic o -c o r t ic a l  synap tic  a c t iv a tio n s  of s in g le  c e l l s  a re  
blocked by pharm acologically  s p e c if ic  a n tag o n is ts  of NMDA 
re c ep to rs , suggesting  th a t glutam ate and /or a s p a r ta te  may 
be synaptic  tra n s m itte rs  w ith in  the  LSA. We re p o rt here the 
r e s u l ts  of an in  vivo in v e s t ig a tio n  which examined the  r e 
le a se  of endogenous e x c i ta to ry  amino acids evoked from the  
PMLS and PLLS by s tim u la tio n  of the c o n tr a la te r a l  LSA and 
ip s i l a t e r a l  17/18 border reg ion .

Cats were an aesth e tized  w ith sodium p e n to b a rb ita l (35 mg/
kg, i . p . ) .  E le c tr ic a l  s tim u li were d e liv e red  through con
c e n tr ic  b ip o la r  e le c tro d es  (2–20 V ., 0 .2 –0 .5  msec pu lse  dur
a tio n , 200–300 Hz fo r  300–500 msec). Push-pull cannulae 
were lowered in to  PMLS or PLLS through a p rev iously  im plant
ed s ta in le s s  s te e l  guide tube. The LSA was perfused  w ith  an 
a r t i f i c i a l  CSF con ta in ing  5 mM glucose and o ccasio n a lly  
having e levated  le v e ls  of K+ , o r high Mg++/low Ca++. Per
fu sa tes  obtained from s i t e s  in  PLLS contained  e levated  
le v e ls  of glutam ate (as determined by HPLC w ith fluo rescence  
d e tec tio n ) when s tim u li were d e liv e red  to  the i p s i l a t e r a l ,  
primary v is u a l c o rtex . By c o n tra s t ,  when s i t e s  in  PMLS were 
perfused during ip s i l a t e r a l  s tim u la tio n  sequences, a sp a r ta te  
re le a se  always exceeded th a t  of g lu tam ate. P erfusion  of the 
fundus of the p o s te r io r  LSA e l ic i t e d  e i th e r  a g re a te r  r e la 
t iv e  re le a se  of glu tam ate , or approxim ately equal le v e ls  of 
both substances. High K+ in  the  p e rfu sion  medium enhanced 
re s tin g  re le a se  w hile high Mg++/low Ca++ reduced or a b o lish 
ed the  stim ulation-evoked re le a se . C o n tra la te ra l LSA stim u
la tio n  evoked glutam ate re le a se  from PMLS in  one in s tan ce . 
These da ta  support the  con ten tion  th a t  e x c ita to ry  amino 
acid s  a re  c o r t ic o -c o r t ic a l  tra n s m itte rs  of v is u a l pathways. 
They extend th is  view fu r th e r  by l in k in g  d i f f e r e n t  synap tic  
tra n s m itte rs  w ith d is t in c t  p a r a l le l  v is u a l pathways, which 
a re  a lso  segregated  anatom ically  and fu n c tio n a lly .
(This work was supported by the  MRC of Canada and the 
A lberta  H eritage Foundation fo r  Medical R esearch).
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274.3  A THALAMO-CORTICAL SUBSYSTEM IN THE CAT FOR THE DETECTION 
OF EXPANDING VISUAL FLOW FIELDS OF MOTION.  J.P. Rauschecker, 
A. Friederichs*, M.W. von Grünau*, C. Poulin*. (SPON: Euro
pean Neuroscience Association).  MPI für biologische Kyber
netik, D-7400 Tubingen, FRG.

In the cerebral cortex multiple representations of the 
visual fie ld  exist in a partly hierarchial scheme. In 
addition, parallel inputs are provided by various thalamic 
nuclei. Anatomical tracer studies have recently yielded 
strong support for the classical notion that a particularly  
strong reciprocal connection exists between a particular 
cortical area and one principal thalamic relay nucleus.
Thus, like area 17 being intimately connected with the la te 
ral geniculate nucleus, areas PMLS and PLLS of the ca t 's  
la te ra l suprasylvian visual cortex seem to be tied up with 
the la te ra l and medial parts of the la te ra l posterior nucle
us of thalamus (LPl and LPm) , respectively. We have analy
sed single unit responses in PMLS and LP1, under visual and 
e lectrical stimulation, in order to see whether the reci
procal connection between both levels results in similar 
response properties. Recording s ites were verified histo lo
gically; in particular, LP1 was identified from ACh-esterase 
stained sections (Graybiel and Berson, 1980).

We have found that PMLS and LP1 share indeed a striking 
number of features in their single unit response properties. 
Many units display pronounced binocular fac ilita tio n . Velo
city  tuning is broad reaching from 1 deg/sec up to 500 deg/s 
and more in a single c e ll. Spatial frequency tuning is also 
broad, high frequency information being preserved despite 
large receptive fields. The majority of cells are selective 
for the direction of a moving spot of ligh t. Most sig n ifi
cantly, both in PMLS and LP1 a large proportion of cells 
responds best to movement away from the area centralis into 
the visual field  periphery. Thus, this thalamo-cortical 
system is  maximally activated by optical motion flow-fields 
expanding radially  arround the center of fixation. This 
could assign a role in visual guidance during forward loco
motion to th is visual subsystem. Even more generally, one 
can argue that not a certain cortical area, but a certain 
thalamo-cortical subsystem may subserve a specific functi
onal role.

274.4  NEURONAL UPTAKE AND LAMINAR DISTRIBUTION OF TRITIATED 
ASPARTATE, GLUTAMATE, GABA AND GLYCINE IN THE PRESTRIATE 
CORTEX OF SQUIRREL MONKEYS: CORRELATION WITH LEVELS OF 
CYTOCHROME OXIDASE ACTIVITY AND THEIR UPTAKE IN AREA 17. 
 E.W. C arro ll*  and M. Wong-Riley (SPON: R.L. C u r t is ) .   Dept. 
of A nat., Med. C o ll, o f W is., Milwaukee, WI 53226.

The uptake of two p u ta tiv e  e x c ita to ry  n eu ro tran sm itte rs  
(ASP and GLU), and two p u ta tiv e  in h ib ito ry  tra n s m itte rs  
(GABA and GLY), was compared in  a rea  18. We sought to  
determ ine i f  any c o rre la tio n  ex is ted  between th e i r  uptake 
and the  cytochrome o x id a se -r ich  (C .O .) pu ffs  in  laminae 
I I - I I I  as we found fo r  GABA and GLY in  a rea  17. 
Concentrations of these  in je c te d  3H-amino ac id s  (and 
3H -leucine c o n tro ls ) ,  ranged from 2 .5–6 µ C i/0 .1–0 .2  
µl / s i t e .  Perfused b ra in  t is s u e s  were reac ted  fo r C .O ., then 
processed fo r au toradiography. As in  a rea  17, 3H-labeled
C.O.- r e a c tiv e  (C .O ./ 3h+) and u n reactive  ( 3H+) neurons were 
found in  a l l  laminae w ith each amino acid  te s te d .  The C .O ./
3h+ neurons were, on the  average, la rg e r  than  th e  3h+ 
labe led  ones. Few g l i a l  c e l l s  were la b e led . ASP/GLU: Few 
C.O ./ 3h+ or 3h+ neurons were p resen t in  I I - I I I .  In IV-VI, 
an in c rea se  in  both types of lab e led  neurons was observed, 
w ith the  m ajo rity  found in  V and VI. Labeled neurons 
included fusiform  (up to  10x19µm), s t e l l a t e  (8–15µm in  
d ia .)  and pyram idal-shaped neurons (17x25µm). The C.O. / 3H+, 
GLU-labeled s t e l l a t e  neurons in  V were s l ig h t ly  la rg e r  than 
s im ila r ly  p o sitio n ed , ASP-labeled ones. Fewer ASP-labeled, 
fusiform -shaped neurons were found than w ith GLU. The 
r e s u l t s  otherw ise were s im ila r to  area  17. In  c o n tra s t  to  
ASP and GLU, GABA and GLY lab e led  neurons (C .O. / 3H+ and 
3H+) were, as in  a rea  17 more p rev a len t in  I I - I I I .  GABA: 
Labeled neurons (C .O. / 3H+ and 3H+) were more abundant in  I I  
than I I I ,  and both types increased  in  number in  IV-VI, w ith 
IV le s s  densly la b e led . GABA-labeled neurons were o ften  
observed fo r considerab le  d is tan ce s  (750µm) from the  
in je c tio n  s i t e s .  Labeled c e l l s  included s t e l l a t e  (8–19µm) 
and fusiform -shaped neurons (9x14µm). No lab e led  pyramidal 
c e l l s  were observed. G lycine: C.O. / 3H+ and 3h+ neurons 
were more common in  a l l  laminae when co n tra s ted  w ith the  
o th e r p u ta tiv e  tra n s m itte r s .  Fewer lab e led  neurons were 
observed in  IV in  comparison to  I I I ,  V and VI. Labeled 
neurons included s t e l l a t e  ( 11–19µm), fusifo rm  (13–19µm) and 
pyramidal c e l l s  (19–26µm). The m ajo rity  of the  la rg e r  GLY-
labe led  neurons were found in  I I I .  Our p relim inary  a n a ly s is  
suggests th a t ,  as in  a rea  17, more C.O. / 3H+ neurons (both 
GABA and GLY) are  found w ith in  the  p u ffs  as opposed to  the  
in te rp u f f  reg io n s . (Supported by NIH NS 18121).

274.5  INTRACORTICAL AND INTERHEMISPHERIC MECHANISMS OF VISUAL 
DISCRIMINATION IN CAT-A CROSS LESION STUDY.  K .J. Kaufman. 
 Dept. of Anatomy & Physiology, Univ. of Penna., P h i l a . , PA 
19104.

To examine the flow of v is u a l info rm ation  between c l a s s i 
c a l and more re c en tly  described  v is u a l c o r t ic a l  a reas in  the  
c a t ,  an experiment was designed to  dem onstrate in  th is  spec
ie s ,  whether d isc r im in a tio n  of p a tte rn  and form re l ie d  on a 
s e r i a l  c o r t ic o -c o r t ic a l  p ro cess , s im ila r  to  th a t  p resen t in  
monkey. Asymmetric le s io n s  to  a reas  1 7 , 1 8 , 19 on one s id e , and 
l a t e r a l  sup rasy lv ian  a reas (LSA), 2 0 , 21 and 7 on the  o ther 
were followed by callosum  tra n s e c tio n . Such ex ten siv e , asymm
e t r i c  le s io n s ,  l e f t  v is u a l le a rn in g  unaffec ted  except fo r a 
mild re te n tio n  d e f i c i t  in  d i f f i c u l t  form d isc r im in a tio n s . 
Subsequent tra n s e c tio n  of the corpus callosum  in  s ix  animals 
re s u lte d  in  ab so lu te ly  no impairment in  re te n tio n  fo r any of 
the  learned  s t im u li .  Thus the  ca t d i f f e r s  from the macaque 
in  th a t  these  two p a r ts  of v is u a l co rtex  do not need in t e r
hem ispheric connections fo r  v is u a l d isc r im in a tio n .

Subsequent sec tio n  of l e f t  or r ig h t  o p tic  t r a c t  lim ited  
the  v is u a l  in p u t to  a reas  1 7 , 1 8 , 19 on one s id e , or to the  re
maining v is u a l  a reas  on the  o th e r . When v is u a l fu n c tio n  was 
m ediated by a reas  1 7 , 1 8 , 19 p e rfe c t r e te n tio n  of a l l  d iscrim 
in a tio n s  was found. When these  a reas  were deprived of v is u a l 
inpu t and behavior was dependent on a reas  7 ,  2 0 , 21, LSA and 
p a r t  of 19, re te n t io n  was absent and only c e r ta in  simple d is
c r in in a tio n  ta sk s  were re le a rn ed .

Areas 1 7 , 18, and 19 on one s id e  of the  brain-when func
tio n in g  is o la te d  from any o th e r re tin o to p ic  c o r t ic a l  v is u a l 
a re a , inc lud ing  the  m irro r symmetric reg ions of the opposite  
hem isphere-could handle the  most complex d isc r im in a tio n  
ta sk s . P a tte rn  and form d isc r im in a tio n  did not req u ire  s e r ia l  
p rocessing  by c o r t ic o -c o r t ic a l  connections beyond area  19 in  
the  c a t .

Summary of F indings and Conclusions: 1) a sm all and spec
i f i c  d e f i c i t  in  the performance of complex form d iscrim ina
tio n s  was observed a f te r  c o r t ic a l  le s io n s  to  a reas  1 7 , 1 8 , 19 
on one s id e ; to  2 0 , 2 1 , 7 and LSA on the  o th e r . Several ip s i
l a t e r a l  c o r t ic o - c o r t ic a l  connections were probably re sp o n si
b le ; 2 ) c a ts  w ith  asymmet r i c c o r t ic a l  le s io n s ,  and no inva
s ion  of w hite m a tte r, c le a r ly  showed th a t ,  u n like  comparable 
a reas  in  monkey, a reas  1 7 , 1 8 , 19 and 2 0 , 2 1 , 7 and LSA did  not 
re ly  on c a l lo s a l  connection; in  c a ts  w ith  v is u a l ly  is o la te d  
a reas  2 0 , 2 1 , 7 , LSA-these c o r t ic a l  a reas  mediated re te n tio n  
of f lu x , sim ple form d isc r im in a tio n s  learned  as normals but 
these  a reas  were not ab le  to  make fu n c tio n a l memory tra c e s  
fo r  new d isc r im in a tio n s  in  e x t r a s t r i a te  a re a s .

274.6  MORPHOLOGY Of CALLOSAL CELLS IN AREA 19 AND LATERAL SUPRA
SYLVIAN AREAS IN CAT VISUAL CORTEX.  A. Naporn. N. Berman 
and B.R. Pavne.  Med Coll of Penn, Philadelphia PA

Homotopic callosal  connections between areas 17 and 18 
originate from ce l ls  which are distr ibuted across a number 
of cortical laminae and which are of a variety of morpholog
ical types. However, pyramidal ce l ls  are the most common 
cell  type and they are located predominantly in laminae II 
and I I I .  To determine whether the ce l ls  tha t  form the origin 
of heterotopic callosal  projections from non-primary visual 
areas to areas 17 and 18 show a similar  morphology and lami
nar d istr ibution, horseradish peroxidase was injected into 
areas 17 and 18 of one hemisphere. Cells were visualized by 
reacting a l te rnate  coronal sections with e i ther  tetramethyl
benzidine or diaminobenzidine and hydrogen peroxide. Signif
icant  numbers of callosal ce l ls  containing reaction product 
were in areas 19, AMLS, PMLS, and PLLS of one hemisphere.

Areas located progressively further  from primary visual 
cortex show a gradual change in laminar d istr ibution  of ca l
losal ce l ls  such that  an increasingly larger fraction of 
these ce l ls  are in laminae V and VI; and there is a decreased 
frequency of pyramidal and s te l l a t e  ce l ls  and an increased 
frequency of t r iangula r ,  fusiform and multiform cel ls  (c lass
if ica t ion  scheme of Caja l , 1911). In area 19, pyramidal 
cel ls  are the major cell  type and are primarily in laminae III 
and IV. S te l la te  ce l ls  are the second most common cell  type 
and are also in laminae III  and IV. Fusiform and multiform 
cells  are occasionally located in lamina VI. In PMLS and 
AMLS callosal  cel ls  are divided almost equally between supra
granular and infragranular  layers. Pyramidal ce l ls  are the 
only cell type in lamina III  and are occasionally located in 
V and VI. Triangular, fusiform, and multiform cel ls  consti
tute the majority of ce l ls  in lamina VI. Fewer cells overall 
are in PLLS, of these most are in lamina VI and are predomi
nantly in the multiform category.

Cells in area 19 and in la tera l  suprasylvian areas which 
form the origin of heterotopic projections to contralatera l 
primary visual areas 17 and 18 are more frequently located in 
infragranular layers, part icu larly  lamina VI, than callosal  
ce l ls  in areas 17 and 18 which form homotopic connections. 
Because the ce l ls  in supragranular layers are primarily pyra
midal c e l l s ,  an increase in the proportion of callosal cel ls  
in lamina VI is accompanied by an increase in the d iversi ty  
of morphological types. This d iversity  suggests tha t  hetero
topic callosal  projections to areas 17 and 18 have a d i f f e r 
ent  functional role than homotopic projections.
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2 7 4 .7   LOCAL CEREBRAL GLUCOSE UTILIZATION IN CORTEX OF AWAKE, 
BEHAVING CAT IN RESPONSE TO AN OPTOKINETIC STIMULUS.
S .J .  Herdman and R .J . Tusa, Univ. of Maryland and Johns 
Hopkins U n iv e rs ity , B altim ore, MD 21201

The au to rad iog raph ic  [ 14C] deoxyglucose technique was 
used to  determ ine ra te s  of g lucose u t i l i z a t io n  in  v is u a l ly  
responsive  co rtex  to  an o p to k in e tic  s tim ulus in  c a ts .  Eye 
movements were measured w ith  the magnetic f i e ld  search  c o il  
technique. Local r a te s  of glucose u t i l i z a t i o n  (LCGU) were 
determ ined w ith  the  au to rad iog raph ic  deoxyglucose method 
(Sokoloff, L. e t  a l .  J . Neurochem 28:899–916, 1977). Control 
c a ts  (N=2) faced a f u l l - f i e l d ,  s ta t io n a ry , b lack  and w hite 
random dot p a tte rn . These c a ts  had spontaneous saccadic 
eye movements i n  a l l  d ire c tio n s .  The experim ental c a t was 
s tim u la ted  w ith  the  f u l l - f i e l d  random dot p a tte rn  which was 
ro ta te d  around the  c a t 's  head in  one d ire c tio n . This stim u
lu s  produced o p to k in e tic  nystagmus (OKN). Rates o f LCGU 
were determ ined in  13 c o r t ic a l  a reas  i p s i l a t e r a l  to  the  d i r 
ec tio n  of the  slow phase movements in  the  experim ental c a t 
and in  the  corresponding hemispheres of the  c o n tro l c a ts .

P relim inary  fin d in g s  in d ic a te  th a t  th e re  a re  marked in 
c reases  in  LCGU in  a re as  17 and 18 in  the experim ental c a t 
compared w ith  the  c o n tro ls . U n ila te ra l a b la tio n  of 17 and 
18 does not produce a d e f ic i t  in  the  o p to k in e tic  response. 
(Tusa, RJ e t  a l ,  N eurosci. 9 :154, 1983). The r e s u l t s  of th is  
s tudy , th e re fo re ,  suggest th a t  a reas  17 and 18 may be re s 
ponding to  the  v is u a l stim ulus or to  the  eye movements but 
a re  no t d i r e c t ly  involved in  the  generation  of an OKN 
response.

Sm aller in c rea se s  in  LCGU were noted in  a reas  21a, 21b, 
PMLS, and VLS. Areas 21a, 21b, and PMLS have been shown to 
p ro je c t  to  the  d o rsa l te rm ina l nucleus (DTN) which i s  p a r t  
of the  s u b -c o r tic a l  pathway which generates slow phase eye 
movements. Another a re a ,  AMLS, a lso  p ro je c ts  to  DTN but i t  
d id  no t show an in c rea se  in  LCGU to  the  moving stim u lus. I t  
i s  no t known whether VLS p ro je c ts  to  DTN but the in c rease  
in  LCGU in  response to  the  moving random dot p a tte rn  sug
g e s ts  th a t  i t  may have a ro le  in  the generation  of an OKN.
I t  has been shown th a t  a u n i la te r a l  le s io n  invo lv ing  areas  
21a, 21b, PMLS and AMLS im pairs OKN toward the s id e  of the 
le s io n  (Tusa, RJ e t  a l ,  N eurosci. 9 : 154, 1983).

Other v is u a l ly  responsive a reas  includ ing  19, 20a, 20b, 
PLLS, ALLS, and DLS showed no apparent in c rea se  in  LCGU to  
the  moving dot s tim u lus. The r e s u l t s  of the au to rad iograph ic  
deoxyglucose study w il l  serve as a guide fo r  fu r th e r  le s io n  
s tu d ie s  to  c la r i f y  the ro le s  of v is u a l ly  responsive co rtex  
in  the  gen era tio n  of OKN. Supported by Found fo r  P.T.

274.8  CONNECTIONS OF STRIATE CORTEX PROJECTION ZONE, AREA TD, 
IN TREE SHREWS.  M. A. Sesma, V. A. Casagrande, and J .  H. 
Kaas,  Departments of Psychology and Anatomy, Vanderbilt 
University, Nashville, TN 37240.

In an ea r l ie r  study of visual cortex i n t ree  shrews, we 
defined four ex t ra s t r i ate regions by connections with 
s t r i a t e  cortex: Area 18, a temporal dorsal area (TD) and 
two divisions of temporal posterior  cortex (TPd, TPv), and 
a connection with posterior limbic cortex. Based upon re
lat ions with Area 17, TD could represent the homologue of 
the primate visual area MT. To investigate th is  further ,  
we traced connections following single i njections of WGA
HRP i nto TD 1n 3 tree  shrews. Within Area TD each i njec
tion revealed a broad pattern of i n tr ins ic  connections 
which radiated from the injection s i t e  and formed multiple, 
nearby foci.  Results also revealed reciprocal ip s i la te ra l  
extr insic  connections with all  cortical areas tha t  receive 
d irec t  Area 17 input,  as well as with two additional tem
poral zones, one immediately rostral  to TD and one rostral 
to TPd, and a posterior par ietal  area rostral  and medial 
to TD. The densest connections were with the posterior 
par ietal  area. In addition, TD exhibited callosal connec
tions with Area 18, Area TD, posterior par ietal and pos
te r io r  limbic cortex. The laminar d istr ibution  of connec
tions between TD and these areas varied. In Area 17 
labeled terminals were found i n layer I and ce l l s  of 
origin mainly in supragranular layers. In Area 18, 
labeled terminals were located in supragranular layers 
and ce l l s  of origin were found in both supra-and in fra
granular layers.  In other regions labeled ce l l s  were i n 
both supra-and infragranular  layers while terminals were 
d istr ibuted through the supragranular and granular  layers.

The connections of TD and s t r i a te  cortex i n tree  shrews 
suggest the existence of at  leas t  seven e x t ra s t r i ate 
visual areas, and demonstrate direc t  visual projections 
to limbic cortex. The connection pattern of TD i s 
largely consistent  with the hypothesis that  TD i s  a 
homologue of MT in primates. As with MT i n primates, 
TD in tree  shrews in terac ts  reciprocally with Area 17 
and a number of ex t ra s t r la te  projection zones i ncluding 
one in par ietal cortex. However, more def in itive  conclu
sions may be possible af ter  studying other aspects of 
TD, i ncluding subcortical connections.

Supported by NIH Grants EY02686 (J.H.K.),  1-K04-EY00223, 
and EY05038 (V.A.C.).

2 7 4 .9   FUNCTIONAL CHARACTERISTICS OF STRIATE CORTICAL NEURONS 
PROJECTING TO MT IN THE MACAQUE. J.A. Movshon and W.T. 
Newsome.  Dept. Psychol., NYU, New York, NY 10003 and Lab. 
Sensorimotor Res., NEI, NIH, Bethesda, MD 20205.

We examined the properties  of neurons in the s t r i a t e  
cortex tha t  could be activated by elec tr ica l  stimulation of 
MT, an e x t ra s t r ia te  visual area thought to be concerned with 
the analysis of visual motion. After placing a bipolar 
stimulating electrode in a visuotopically identified region 
of MT, we made electrode penetrations through a l l  layers of 
the corresponding region of s t r i a t e  cortex (VI).

When the stimulating and recording electrodes were 
properly aligned, we were able to activate  about one-tenth 
of VI neurons by stimulation of MT. About one-third of these 
could be shown to be antidromically activated by a coll is ion  
t e s t ;  a l l  these ce l ls  had very short latencies (1.1-1.7 mS), 
and were located in layer IVb or near the border between 
layers V and VI. Most of the remaining elec tr ica l ly-dr iven  
neurons were located in layer I I ,  and were orthodromically 
driven with long latencies (8–85 mS); th is  may re f lec t  
act ivation by co l la te ra ls  of other neurons projecting to MT.

All of the antidromically-driven neurons we found were of 
the special complex type. They were binocularly ac tivated, 
or ientat ion se lective and (with one exception) direction 
se lec tive .  They had unusually large receptive f ie lds for VI, 
but nonetheless tended to prefer moderately high spatia l 
frequencies and to respond briskly to short st imuli.  They 
were r e la t ive ly  poorly tuned for orientation and spatia l 
frequency. They often had s t r ik ingly  good temporal resolution 
and could respond to frequencies as high as 50 Hz. We did not 
observe any sens i t iv i ty  to the color of the stimulus. In all  
these respects ,  VI neurons projecting to MT generally 
resemble MT neurons themselves.

MT, however, contains neurons that  are "pattern direction 
se lec tive" ,  responding to the direction of motion of stimuli 
without regard to the ir  constituent orientations (Gizzi et  al 
ARVO 1983). All of the VI neurons projecting to MT, like 
other  VI neurons, were "component direction se lective", 
responding to the motion of oriented contours rather  than of 
whole patterns.  Thus the major quali ta t ive  difference between 
MT and i t s  input from VI is a sen s i t iv i ty  to the global 
motion of complex visual patterns.

274.10  C ORTICAL CONNECTIONS OF AREA V3 IN MACAQUE EXTRASTRIATE 
CORTEX.  D .J .  F e lle m a n  and D .C . Van E s s e n ,  D i v i s i o n  o f  
B io lo g y ,  C a l te c h ,  P a s a d e n a ,  CA 91125.

Previous work from th is  lab o ra to ry  has shown th a t the  
cortex  immediately a n te r io r  to V2 is  ch a rac te riz ed  by 
severa l d o rso -v en tra l asymmetries which inc lude : 1) 
connections with VI, 2) p a tte rn s  of in te rhem ispheric  
connections, 3) m y e lo a rch itec tu re , and 4) neuronal 
response p ro p e r tie s .  Taken to g e th e r these  data  s tro n g ly  
suggest th a t the s t r ip s  of cortex  a n te r io r  to  do rsa l and 
v e n tra l V2 should be considered sep a ra te  v isu a l a re a s , 
with the do rsa l s t r ip  termed V3 and the v e n tra l s t r ip  
termed the v e n tra l p o s te r io r  a rea , VP.

We rep o rt here on the c o r t ic a l  connections of V3 as 
revealed by in je c tio n s  of 3H-p ro lin e  and/or HRP in to  
p h y s io lo g ica lly  id e n tif ie d  s i te s  in  4 hem ispheres. 
M yeloarchitecture  was used to  define  the lo ca tio n s  and 
ex ten ts  of a reas V3 and MT. In 3 cases the corpus 
callosum was cut and the re s u lta n t degeneration  was used 
to  d e lim it c e r ta in  v isu a l a re as . The lam inar p a tte rn s  of 
HRP f i l l e d  c e l ls  and au to rad iograph ic  lab e l was used to 
determ ine the h ie ra rc h ic a l  re la tio n s h ip s  of V3 to o ther 
v isu a l c o r t ic a l  a reas .

One unexpected re s u l t  was th a t the p ro je c tio n  from VI 
to  V3 o rig in a te s  almost ex c lu siv e ly  from lay e r 4B. V3 
receives only one o th e r ascending in p u t, from the 
s u p e r f ic ia l  laye rs  of do rsa l V2. Feedback from V3 
term inates in lay e rs  4 , 1, and 6 of VI and 1–3 and 6 of 
V2. Both the feedfoward and feedback connections of VI 
and V2 with V3 were u sually  located  in d is c re te  pa tches.

V3 was found to  provide c o n sis te n t ascending input to  3 
o the r v isu a l c o r t ic a l  a reas : V3A, V4, and MT. In one 
case , feedfoward inpu ts were a lso  observed to a reas MST 
and POa. Reciprocal feedback to  V3 from these  areas 
o rig in a ted  p rim arily  from lay e rs  5 and 6.

The present V3 r e s u l t s ,  when co n trasted  with previous 
re s u l ts  on VP in d ica te  th a t both areas p ro jec t to  V3A, V4, 
MT, and perhaps MST. V3 has s trong connections with VI 
which are m issing in  VP, whereas VP p ro je c ts  to area  TF 
and to  a region of the do rsa l p re lu n a te  gyrus. These 
d iffe ren ces  fu r th e r  s u b s ta n tia te  the d is t in c t io n  of these  
two v isu a l a re a s . Furtherm ore, these  re s u l ts  in d ic a te  
th a t layer 4B of VI provides p a ra l le l  ou tputs to  sev e ra l 
e x t r a s t r i a te  v isu a l areas which may be involved in 
d if f e r e n t aspects of inform ation p rocessing .

Supported by NIH grant EY02091.
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274.11  THE ROLE OF EYE POSITION ON THE VISUAL RESPONSE OF 
NEURONS IN AREA 7A.  R.A. Andersen, G.K. Essick* and R.M. 
Siegel.  The Salk Institute, La Jolla, CA 92037.

In previous experiments (Andersen and Mount cast le, 1983) we 
reported that the angle-of-gaze strongly modifies the visual 
sensitivity of neurons in area 7a of macaque monkeys. Control 
experiments indicated that an extra-retinal eye position signal 
was responsible for this modification in the visual response. We 
have now examined this angle-of-gaze effec t in detail to 
determine whether it results in the coding of visual stimuli in 
head coordinates. The receptive fields of area 7 neurons were 
first mapped using small flashes of light. The receptive fields 
were large (50° to  80° in diameter), bilateral, and generally gave 
excitatory on-responses across the entire receptive field. Stimuli 
were then presented at the same retinot opic locations in the 
center of the receptive fields, but with the animal fixating (with 
head fixed) nine different locations within a 40 by 40 degree grid 
on a tangent screen. Of 113 cells from 3 hemispheres tested in 
this manner 81 showed a strong change in the visual response 
dependent on gaze angle. One quarter of these cells were tested 
in both light and complete darkness and in all cases no change in 
the effect was observed. We completely remapped the receptive 
fields of 24 neurons at their least and most responsive gaze 
angles. In 18 of these cells the receptive fields remained 
retinotopic and only the magnitude of the response changed with 
eye position. In another 6 cells the visual response was 
completely absent at the non-preferred direction of gaze. For 7 
of these 24 cells we performed another te st in which the stimulus 
was always presented a t the same position on the screen, defined 
by the best gaze angle and the center of the receptive field, and 
the animal fixated 13 different locations within a 40 by 40 degree 
grid. In every case we found that the cells responded differently 
depending on the gaze angle and thus they were not responding in 
head coordinates. These experiments indicate that although an 
extra-retinal eye position signal strongly modifies the response of 
most light sensitive neurons in area 7a, the transformation to 
head coordinates can only be considered to  be partial. Such a 
transformation could be achieved by con-verging onto a single cell 
neurons with different preferred gaze angles and receptive fields 
whose combinations always resulted in responses which were best 
for a particular location in head coordinates. Such cells may exist 
in 7a, but we have not yet recorded from them, or they may be 
found at another location in the brain. Alternatively, since the 
information is already present in the response of groups of 
neurons in 7a, a convergence to single cells may not be necessary 
for encoding head coordinate locations.

274. 12  NEURONS PROJECTING TO MT AND V4 FROM MACAQUE V2 ARE 
SEGREGATED INTO DISCRETE STRIPE-LIKE PATCHES.  E. A. DeYoe 
and D. C. Van E ssen.  C altech , Div. of Biology 216– 76, 
Pasadena, CA 91125.

Previous re tro g rad e  t r a c e r  s tu d ie s  have shown th a t 
neurons p ro je c tin g  to  v is u a l a reas  MT and V4 from V2 
re s id e  in patches confined predom inantly to  lamina 3. We 
sought to  determ ine the re la t io n s h ip s  among 1) patches 
p ro je c tin g  to  V4 and MT, 2) cytochrome oxidase ric h  
s t r ip e s  and 3) c lu s te r s  of p h y s io lo g ic a lly  d i s t in c t  c e l l s  
w ith in  V2. Two f lu o rescen t t r a c e r s  were used to  
re tro g rad e ly  lab e l c e l l s  w ith in  a reg ion  of V2 which a lso  
was examined with s in g le  and m u ltip le  u n it re co rd in g s . In 
each of two macaque monkeys, bisbenzim ide (BB) was 
in je c ted  a t one s i t e  in MT and n u c lear yellow  (NY) was 
in je c te d  a t th ree  s i t e s  1–1.5 mm ap art in  V4. The 
re tin o to p ic  lo ca tio n s  of the in je c tio n  s i t e s  were matched 
to  those observed during record ings in  V2.

In  the  b e st case , blue f lu o rescen t c e l l s  la b e lled  from 
MT and yellow  f lu o rescen t c e l l s  la b e lle d  from V4 were 
found in  d is c r e te ,  non-overlapping  patches mainly in  
lamina 3 but o ccasio n a lly  in  the underly ing  in fra g ra n u la r  
la y e rs  as w e ll. When reco n stru c ted  on a 2 dim ensional 
c o r t ic a l  map, these  patches formed a l te rn a t in g  la b e lled  
s t r ip e s  separa ted  by un lab e lled  s t r ip e s  running nearly  
p e rp en d icu lar to  the  V1/V2 b o rd e r. The width of a 
complete sequence, a NY la b e lle d  (V4 p ro je c tio n )  s t r ip e ,  
u n lab e lled  s t r i p e ,  BB la b e lled  (MT p ro je c tio n )  s t r ip e ,  
u n lab e lled  s t r ip e )  was 3–4 mm. The V4 p ro je c tio n  s t r ip e s  
were 1–2 mm. wide, the  th in n e r MT p ro je c tio n  s t r ip e s  were 
0 .6 –1.3 mm. wide. At le a s t  some of the  V4 p ro je c tio n  
s t r ip e s  were centered  on but were s ig n i f ic a n t ly  wider than 
th e  th in  cytochrome oxidase  dense s t r i p e s .  The 
re la t io n s h ip  of the MT p ro je c tio n  s t r ip e s  to  the 
cytochrome oxidase patches remains u n c e r ta in .

Single and m u ltip le  u n it reco rd ings  w ith in  the reg ion  
o f la b e ll in g  were suggestive  of a g re a te r  incidence of 
wavelength s e le c t iv i ty  and lower incidence  of d ire c t io n a l  
s e le c t iv i ty  in V4 p ro je c tio n  p a tch es , with the  rev e rse  
being tru e  w ith in  MT p ro je c tio n  p a tch es .

This work supported by NIH grant EY02091.
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2 7 5 .1  3 H-ACETYLCHOLINE (3H-ACh) BINDING TO M-2 MUSCARINIC RECEPTORS 
IN BRAIN AND PERIPHERAL TISSUES.  K.J. Kellar, A.M. Martino*, 
R.D. Schwartz and D.P. Hall, J r . * .  Georgetown Univ. Schools 
of  Med. and Dent., Washington, DC 20007.

We have developed an assay procedure to measure 3H-ACh (80 
Ci/mmol) binding to muscarinic receptor recognition s i t e s .
The assay was carried out at 25°C for 60 min in the presence 
of DFP to inhib it  cholinesterases and cyt is in  to occupy nico
t in ic  receptors.  Nonspecific binding was defined in the 
presence of 1.5 uM atropine.  In th is  assay, 3H-ACh bound 
rapidly, reversibly and with high a f f in i ty  to s i tes  with 
charac te r is t ics  of an M-2 subtype of muscarinic cholinergic 
receptor in both brain and peripheral t issues .

Specific binding of 3H-ACh in 8  areas of brain and in the 
heart atrium was saturable over a concentration range of 
2–200 nM. Hill coeffic ients were close to 1 (0.96–1.04) in 
all  9 of the t issues examined, indicating that  over th is  
concentration range 3H-ACh was binding to a single class of 
s i tes  in each of the t is sues .  The equilibrium Kd in most of 
the t issues  was between 20 and 35 nM, but i t  was consistently 
higher (60–65 nM) in the hippocampus and striatum. The brain 
areas with the highest densities  of 3H-ACh binding s i tes  were 
the pons, medulla and cerebral cortex. The lowest density 
was found in the cerebellum. The number of 3 H-ACh binding 
s i te s  represented 15–25% of the 3H-QNB binding s i te s  in the 
str iatum, hippocampus and cerebral cortex; 50-70% of the 
3H-QNB s i te s  in the hypothalamus and thalamus; and 80–100% of 
the 3 H-QNB s i te s  in the cerebellum, pons, medulla and atrium.

In drug competition studies, both muscarinic agonists and 
antagonists were potent inhibitors of binding. For agonists 
the range of IC5 0  values was 17–1000 nM and the order of 
potency was: oxotremorine > ACh > carbachol = methacholine = 
arecoline > muscarine = pilocarpine > bethanechol »  choline. 
The antagonists (-)QNB, atropine,  scopolamine and dexetimide 
all had IC5 0  values of 1–7 nM. Levetimide, the inactive 
enantiomer of dexetimide, was 2 0 0 0  times less potent, indi
cating a high degree of s te reospecif ic ity  of the s i t e .  
Pirenzepine, a muscarinic antagonist which is re la t ive ly  
selective for the M-1 subtype of receptor,  had re la t ive ly  low 
af f in i ty  for the 3H-ACh s i t e  in brain (IC5 0  850 nM). Neither 
nicotinic  drugs, cholinesterase inhibitors  nor hemicholin
ium-3 competed e ffec t ive ly  for the 3H-ACh binding s i te s .

The binding of 3H-ACh is sensit ive to guanyl nucleotides, 
with the greatest reduction in binding occurring in the 
atrium and in those brain areas with the largest percentage 
of M-2 s i t e s .  The s i t e  is  subject to in vivo regulation, and 
is down-regulated by chronic inhibition of cholinesterase.

2 7 5 .2   CHARACTERIZATION OF Ml and M2 MUSCARINIC RECEPTOR SUBTYPES 
IN MURINE NEUROBLASTOMA CLONE N1E-115 CELLS.  M. McKinney, 
S. Stenstrom, and E. Richelson.  Mayo Foundation, Rochester, 
MN 55905.

Muscarinic receptors of clone N1E-115 mediate both cyclic 
GMP stimulation and the inhibition of PGE1-stimulated cyclic 
AMP. The effect  on cyclic GMP levels has an EC-50 for car
bachol in the range of 18–100 µM, while the effect on cyclic 
AMP levels has an EC-50 in the range of 0.8–4.0 µM. We 
studied the action of the antagonists atropine and pirenze
pine and performed direct binding studies with [ 3 H]quinuc
1idinyl- benzilate and [ 3H]N-methylscopolamine in competi
tion with carbachol or pirenzepine in order to determine 
whether a single s i te  mediates both responses or whether two 
separate s i te s  are coupled to the d ifferent  responses. 
Atropine inhibited both responses with the same inhibition 
constant (0.2 nM) as determined by the dose-ratio method, 
while pirenzepine inhibited the two responses with different  
inhibition constants (11 nM for the cyclic GMP response and 
190 nM for the cyclic AMP inhibition). We c lass i fy  the 
cyclic GMP response of N1E-115 ce lls  as "Ml" and the inhibi
tory effect of carbachol on PGE1-stimulated cyclic AMP as 
an "M2" response. Complementary binding experiments showed 
that two binding s i tes  for carbachol were present with d is
sociation constants of 0.9 µM and 20 µM, in close agreement 
with the EC-50 values. We have studied the a b i l i ty  of 10 
agonists to mediate these two responses and have found that  
the rank orders by both potency and efficacy were d i f feren t .  
Six of the agonists were as effective as acetylcholine at 
the M2 response, while only two were as effective as acetyl
choline at the M1 response. McN-A-343, pilocarpine,  and 
bethanechol were partial  agonists for the M2 response 
(40–70% of acetylcholine), but were much less able to stimu
late  the Ml response. Notably, oxotremorine was as potent 
(0.4 µM) and efffec tive  as acetylcholine at the M2 response, 
but was a very poor agonist at the Ml response, having a 
cyclic GMP response only in the millimolar range. Addition
a l ly ,  we have found, with sequential subculturing of N1E-115 
ce l ls  in medium supplemented with newborn bovine serum, a 
loss of the Ml response and the low-affinity binding si te  
without a reduction of the M2 response or the a b i l i ty  of 
bradykinin or histamine to stimulate cyclic GMP formation.
We conclude that  two cyclic nucleotide responses of N1E-115 
ce l ls  are mediated via separate muscarinic receptor subtypes 
and that these receptors have different s t ruc tu re -ac t iv i ty  
relationships and regulatory features.  (Supported by Mayo 
Foundation, USPH Grant MH27692, and AM07147).
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2 7 5 .3   EVIDENCE FOR HETEROGENEITY OF MUSCARINIC RECEPTORS IN RAT 
SUPERIOR CERYICAL GANGLIA.  Paul M. Epstein, Linda J .  
Ojamaa* and Linda F. Quenzer*.   De p t . o f  Pharmacology, 
Uni v. of Connecticut Health Center, Farmington, CT 06032.

A recent study suggests possible d if feren t ia l  coupling 
of muscarinic receptor subtypes to phosphatidy l i nositol 
(PI) and cGMP responses in r a t  sympathetic ganglia (Pa tte r
son and Voile, J .  Aut. Nerv. Sys. 10:69, 1984). In th is  
study bethanechol (Bch) promoted both PI turnover and cGMP 
accumulation; whereas, 4 aminopyridine (4 AP) se lectively 
stimulated PI turnover with no effec t  on cGMP levels in 
denervated ganglia. All of these responses were blocked 
by atropine, suggesting mediation by muscarinic receptors. 
To further  investigate the poss ib i l i ty  of heterogeneity of 
muscarinic receptors in ganglia, we performed binding 
experiments with [3H] quinucli dinyl benzilate ( [3H]QNB), 
and analyzed drug displacement of th is  binding. The bind
ing of [3H]QNB to r a t  superior cervical ganglia homogenates 
was saturable with ≃  97%  specific binding. Kinetic 
analysis of binding yielded K+1 = 0 . 70 ± 0 . 30 x 10-9 M-1 
min- 1  and K-1 = 0.0072 min- 1 , giving a kinet ic Kd = 1 2 . 7 ± 
6.9 pM (S.D., N = 7). Scatchard analysis of equilibrium 
binding yielded a KD = 74.3 ± 16.0 pM and a Bmax = 568 ± 
59 fmol/mg protein (S.E., N = 7). In the presence of 50 pM 
[3H]QNB, complete displacement of binding occurred with 
4 AP, calcium channel antagonists, and known agonists and 
antagonists of acetylcholine receptors. The Ki 's  and Hill 
coeff ic ients  (nH) derived from these displacement curves 
are shown below:

DRUG Ki  app nH DRUG Ki app nH
atropine 0.51nM 0.87 gallamine 1 . 9µM 0 . 6 6 *
pirenzepine 20 nM 0.50* DMPPa 3 . 4 µ M 0.75*
oxotremorine 0.55µM 0.72* bepridil 0 . 9 µ M 1.25*
McN-A-343 4 . 3  µM 0 . 7 7 nicardipine 1 . 5µM 0 . 9 7
carbachol 1 3  µM 0 . 4 8 * verapamil 4 . 5 µ M 1.06
bethanechol 5 5  µM 0.60* 4 AP 1 2 0  µM 0 . 9 3

*Significantly  d if fe ren t  from one, p < 0.05, N = 3. 
aDMPP = dimethylphenylpiperazi nium.

I t  is  noteworthy tha t  the Hill coeff ic ient  for 4 AP d is 
placement is  close to one, whereas tha t  for common muscar
inic agonists and the antagonist, pirenzepine, are s ig n i f i 
cantly less  than one. This is  consistent with the obser
vation of Patterson and Voile tha t  4 AP may recognize one 
type of muscarinic receptor,  whereas Bch may recognize 
more than one type. Supported by USPHS NS07540 and Miles 
Laboratories.

27 5 .4   CYSTEINE RESIDUES CONTRIBUTING TO THE BINDING SITE 
DISULFIDE BOND IN THE NICOTINIC ACETYLCHOLINE RECEPTOR. 
 P.N. Kao*. A.J. D w ork* , R.-R. K a ld a n y * ,  M.L. S i l v e r * .  
W ideman* , S. S t e i n *  and A. K a r l i n .  D e p t s .  o f  B io ch em .  and 
N eurol. ,  Columbia U n i v e r s i t y ,  New York, NY 10032, and Bio 
p o ly .  Res. Dept.,  Hoffmann-La Roche In c . ,  N u t ley ,  NJ 07110

The p r e s e n c e  o f  a r e a d i l y  r e d u c i b l e  d i s u l f i d e  bo nd 
w i t h i n  1 nm of  th e  l i g a n d  b in d in g  s i t e  o f  n i c o t i n i c  a c e t y 
l c h o l i n e  r e c e p t o r s  (ACHR) h a s  b e e n  f i r m l y  e s t a b l i s h e d .  
Reduc t ion  of  t h i s  d i s u l f i d e  bond r e s u l t s  in  p ro found  a l t e 
r a t i o n s  i n  th e  f u n c t i o n a l  p r o p e r t i e s  o f  th e se  r e c e p t o r s  and 
r e n d e r s  them s u s c e p t i b l e  to  a f f i n i t y  l a b e l i n g  by c h o l in o m i
m e t ic  ag e n ts  w i th  s p e c i f i c i t y  f o r  s u l f h y d r y l  groups. Exam
p l e s  o f  such a f f i n i t y  l a b e l s  a r e  4 - ( N - m a le im i d o ) b e n z y l t r i
methylammonium (MBTA), an a n t a g o n i s t ,  and b r o m o a ce ty lch o
l i n e  (BAC), an  a g o n i s t .  R a d i o a c t i v e  f o r m s  o f  t h e s e  
a f f i n i t y  l a b e l s  have been  used  to  d e m o n s t r a te  t h a t  th e  s i t e  
o f  s p e c i f i c  l a b e l i n g  o ccu rs  e x c l u s i v e l y  on th e  a s u b u n i t .

The d e t e r m i n a t i o n  of  th e  p r im a r y  sequences  o f  a l l  f o u r  
c h a i n s  o f  T o rp e d o  c a l i f o r n i c a  ACHR by  Noda e t  a l .  ( N a tu r e  
302(1983)528) has  g r e a t l y  f a c i l i t a t e d  e f f o r t s  t o  i d e n t i f y  
amino a c id  r e s i d u e s  s u s c e p t i b l e  t o  chem ica l  l a b e l i n g .  For  
t h e  a s u b u n i t ,  Noda e t  a l .  p r e d i c t  t h a t  f o u r  c y s t e i n e s  
occur  in  an N - te r m in a l  e x t r a c e l l u l a r  domain: Cys 128, 142, 
192 and 193,  and t h a t  t h e  b i n d i n g  s i t e  d i s u l f i d e  bo nd 
i n v o l v e s  some c o m b i n a t i o n  o f  t h e s e  r e s i d u e s .  C y s t e i n e s  
homologous to  those  a t  p o s i t i o n s  128 and 142 occur  i n  each 
o f  the  fo u r  s u b u n i t s ,  w h i le  th o se  a t  p o s i t i o n s  192 and 193 
occur  u n iq u e ly  i n  th e  a s u b u n i t .

We have i d e n t i f i e d  c y s t e i n e  r e s i d u e s  c o n t r i b u t i n g  t o  th e  
b i n d i n g  s i t e  d i s u l f i d e  bon d .  P u r i f i e d  ACHR fro m  T. c a l i 
f o r n i c a  was s u b je c t e d  to  m i ld  r e d u c t i o n  and was a f f i n i t y -
a l k y l a t e d  w i t h  3H-MBTA. The l a b e l e d  r e c e p t o r  was f u l l y  
reduced  and ca rb o x y m eth y la te d ,  and th e  i n d i v i d u a l  s u b u n i t s  
w e r e  s e p a r a t e d  by p r e p a r a t i v e  s l a b  g e l  e l e c t r o p h o r e s i s .  
The a su b u n i t  was c leav ed  w i th  cyanogen b romide ,  and the  
p e p t i d e  f r a g m e n t s  w ere  s e p a r a t e d  by r e v e r s e  p h a s e  HPLC. 
S ix te e n  f rag m en ts  a re  p r e d i c t e d  from th e  p r im a r y  sequence ; 
over  20 peaks  were observed .  A s i n g l e  peak c o n ta in e d  75% o f  
t h e  r e c o v e r e d  r a d i o a c t i v i t y ;  t h i s  p e a k  was r e c h r o m a t o 
graphed and s u b je c t e d  to  g as -p h ase  sequencing .  The f i r s t  
f i v e  r e s i d u e s  o b t a i n e d  c o r r e s p o n d  t o  a u n iq u e  c y s t e i n e -
c o n t a i n i n g  cy a n o g e n  b r o m i d e  f r a g m e n t .  M o r e o v e r ,  i n  t h e  
sequencing  of  su b frag m en ts  o f  t h i s  p e p t i d e ,  we have observed  
the  r e l e a s e  of  r a d i o a c t i v i t y  s p e c i f i c a l l y  i n  th o s e  seq u en ce r  
c y c l e s  p r e d i c t e d  to  co r resp o n d  to  c y s t e i n e  r e s i d u e s .

275.5  EVIDENCE FOR THE PRESENCE OF A SINGLE α -BUNGAFCTOXIN 
BINDING SITE IN THE ACETYLCHOLINE RECEPTOR FROM CHICK 
SKELETAL MUSCLE.  J .  Schmidt, R. Ongjoco  *, C. Adee* and 
B.H. Shieh .  D epts. o f B iochem istry and Pharmacology, S ta te  
Univ. o f  New York a t  Stony Brook, NY 11794.

We have s tu d ied  th e  s to ic h iome try  o f  in te ra c t io n  o f 
α-bungaro tox in  (α  BuTx) and th e  ace ty lc h o lin e  re c ep to r 
(AcChR) f r om ch ick  s k e le ta l  m uscle. In  c o n tra s t  to  th e  

AcChR f r om Torpedo c a l i fo rn ic a  e l e c t r i c  t i s s u e  and the  
BC3H-1 mouse c e l l  l in e ,  which co n ta in  2 b ind ing  s i t e s  fo r  
αBuTx, th e  AcChR f r om ch ick  s k e le ta l  muscle appears to  
have only  one such s i t e ,  a s  i s  suggested  by sev e ra l l in e s  
o f  ev idence:

(a) Radi o l igand d e s tru c t io n  a n a ly s is : S torage w ith  an 
excess o f  excess of 125I-αBuTx o f  h igh  s p e c if ic  a c t iv i ty  in a c tiv a te s  
re c e p to r  f r om denervated  ch ick  muscle and c u ltu re d  ch ick  
myotubes a t  th e  r a te  a t  which th e  αBuTx m olecule i t s e l f  
decomposes. T h is  c o n tra s ts  w ith  th e  case  o f Torpedo AcChR 
which i s  in a c tiv a te d  a t  a  r a t e  c o n s is te n t w ith  d o u b le -s ite  
occupancy by1 2 5  I- la b e le d  to x in .

(b) A n tigen ic  m odulation: A ntibod ies to  α BuTx b ind  to  
to x in - la b e le d  AcChR on c u ltu re d  embryonic ch ick  myotubes 
b u t f a i l ,  even a t  th e  h ig h e s t co n ce n tra tio n s , to  b rin g  
about a c c e le ra tio n  o f  re c ep to r  tu rn o v e r. This c o n tra s ts  
w ith  th e  s i tu a t io n  in  r a t  myotubes where a n t i - α BuTx 
a n tib o d ie s  have been shown to  reduce re c ep to r  h a l f - l i f e .

(c) Mixed d e r iv a tiv e  approach: Chick s k e le ta l  muscle 
AcChR, when adsorbed to  a g a ro se -α BuTx, i s  incapab le  o f  
b ind ing  125I- α BuTx, w hile  Torpedo AcChR r e ta in s  b ind ing  
a c t iv i t y  under id e n t ic a l  c o n d itio n s .

(d) S p e c if ic  a c t iv i ty  measurements: Although chick  
muscle re c ep to r  resem bles e le c tro p la x  AcChR in  sucrose  
d e n s ity  g ra d ie n ts  and in  g e l  perm eation chromatography and 
th e re fo re  has a  s im ila r  m olecu lar w eigh t, we have n o t been 
ab le  to  p u r ify  i t  beyond approxim ately 50% o f  th e  s p e c if ic  
a c t iv i ty  o f  Torpedo AcChR (4 .0 ; 3 .5 ; 2 .9 ; 2 .2 ; and 2.1 
nmol p e r  mg p ro te in  fo r  th e  f iv e  b e s t  p re p a ra tio n s  v s . ca 
7 nmo l  p e r  mg fo r  T orpedo).

P relim in ary  r e s u l t s  suggest th e  presence o f  more than  
one α-su b u n it p e r ch ick  muscle AcChR. We th e re fo re  
propose th a t  th e  p e c u l ia r  to x in  b ind ing  behav ior i s  n o t 
caused by an unusual su bun it com position b u t by a  marked 
asymmetry in  th e  b ind ing  p ro p e r tie s  o f  th e  two a c e ty l
ch o lin e  b ind ing  s i t e s  l ik e ly  to  be p re sen t in  the  
re c e p to r .

2 7 5 . 6   MONOCLONAL ANTIBODIES TO ELECTRIC ORGAN ACETYLCHOLINE 
RECEPTOR BIND TO FROG OPTIC TECTUM.  P e te r B. S a rg en t, 
Susan H. P ike* , L arisa  Tsavaler* and Jon M. Lindstrom . 
 Department of S tru c tu ra l  Biology, S tanford  U n ivers ity  
School of M edicine, S tanford , CA 94305 and Receptor Biology 
Laboratory, The Salk I n s t i tu te  fo r B io lo g ica l S tu d ies , San 
Diego, CA 92138.

One approach to  the study of n ic o tin ic  a ce ty lch o lin e  
recep to rs  (nAChRs) in  the  c e n tra l nervous system i s  to  
u t i l i z e  c ro ss -rea c tin g  monoclonal an tib o d ie s  (mAbs) 
prepared ag a in st nAChRs from e le c t r i c  organ. In the 
p resen t study 126 mAbs made ag a in s t nAChRs from e le c t r i c  
organs of Torpedo c a l ifo rn ic a  or E lectrophorus e le c tr ic u s  
were te s te d  fo r th e i r  a b i l i ty  to  bind to  the  o p tic  tectum 
of frog ( Rana p ip ie n s ). Antibody binding was assayed in  
c ry o s ta t and in  vibratome sec tio n s  of t is s u e  using the 
a v id in -b io tin -p e ro x id a se  complex technique (ABC tech n iq u e).

Many of the mAbs which bind to  nAChRs in  frog  s k e le ta l  
muscle a lso  c ro s s - re a c t  in  the  tectum . The s ta in in g  
p a tte rn  produced by c ro ss -rea c tin g  an tib o d ies  i s  r e s t r ic te d  
to  a p a ir  of prominent bands th a t  occupy much of the  o p tic  
n eu ro p il. The s ta in in g  appears to  be s im ila r ,  but not 
id e n t ic a l ,  to  the te rm ina tion  s i t e s  of r e t in a l  ganglion 
c e l l s  as determined in  o ther la b o ra to r ie s .

mAbs sp e c if ic  fo r each of the  four subun its  of e le c t r i c  
organ nAChR ( α , β, γ , δ) produced s im ila r s ta in in g  p a tte rn s  
in  the tectum . Among the  c ro s s -re a c tin g  mAbs a re  sev e ra l 
an tib o d ie s  which a re  sp e c if ic  fo r the "main immunogenic 
region" of the  a su b u n it. C ro ss-reac tin g  mAbs include 
an tib o d ies  which recognize e x tr a c e l lu la r  domains of the 
nAChR as w ell as those which recognize in t r a c e l lu la r  
domains.

These re s u l t s  suggest th a t  the  o p tic  tectum con ta ins 
m olecules s t ru c tu ra l ly  s im ila r  to  nAChRs. The d is t r ib u t io n  
of these  m olecules i s  c o n s is te n t with th e i r  involvement in  
r e t in o te c ta l  synap tic  tran sm issio n . F urther support fo r 
such a ro le  aw aits the  f in e  s t ru c tu ra l  lo c a l iz a t io n  of 
antibody binding and a c a re fu l comparison between the 
p a tte rn  of antibody binding and of r e t in a l  ganglion c e l l  
te rm ina tion .

Supported by the  NSF, March of Dimes, and American 
Heart A ssociation  ( to  P .B .S .) and by the  NIH, McKnight 
Foundation, and Myasthenia Gravis Foundation ( to  J .M .L .).
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275.7  CHARACTERIZATION OF A COMPONENT IN CHICK CILIARY GANGLIA 
THAT CROSSREACTS WITH MONOCLONAL ANTIBODIES TO ACETYLCHOLINE 
RECEPTOR FROM MUSCLE AND ELECTRIC ORGAN. M.  A. Smith, J . 
S to llb e rg , D.K. Berg, and J.M. Lindstrom . Dept. of B io l.,  
UCSD, La J o l la  CA. 92093; and The Salk I n s t i t u t e ,  S .D ., CA. 
92138.

Chick c i l i a r y  ganglion neurons have n ic o tin ic  acety lcho
lin e  (ACh) recep to rs  th a t mediate the only known form of 
chemical transm ission  through the  ganglion . U ltra s tru c tu ra l  
s tu d ie s  have demonstrated th a t  monoclonal an tib o d ies  (mAbs) 
to  a determ inant in the  main immunogenic region (MIR) of 
muscle and e le c t r i c  organ ACh recep to rs  a lso  c ro ssre a c t with 
a component on c i l i a r y  ganglion neurons located  predom
in a n tly  in the  postsy n ap tic  membrane. We have used a 
rad io lab e led  mAb to  examine the neuronal component fu r th e r .

The amount o f c ro ss re a c tin g  antigen  in de te rgen t e x tra c ts  
o f embryonic chick t is s u e s  was measured using an 125 I -
labeled  anti-MIR mAb (mAb 35), and ion exchange chromatogra
phy to  i s o la te  an tigen -an tibody  complex. C ilia ry  ganglia 
from 17– 18  day embryos con tain  about 4 fmoles o f high a f f in 
i ty  (Kd = 1 nM) mAb 35 b inding s i t e s  per ganglion . The 
binding i s  s p e c if ic  in  th a t  i t  can be blocked by o ther 
anti-MIR mAbs of the  same s p e c i f i c i ty  but not by non-immune 
serum. The amount o f MIR-like component in c reases  4-fo ld  
between embryonic days 10 and 18. Previous u l t r a s t r u c tu r a l  
s tu d ie s  revealed  a d iffe ren c e  in the d is t r ib u t io n  of mAb 35 
s i t e s  and alpha-bungarotox in  s i t e s  on the neurons. The 
p resen t r e s u l t s  in d ic a te  th a t  the  neurons have about 5 tim es 
more toxin  s i t e s  than mAb 35 s i t e s .  Moreover, dep le tio n  of 
the  MIR-like component from de te rgen t e x tra c ts  by mAb 35 
to g e th e r with secondary antibody p re c ip i ta te s  le ss  than 4% 
of the  tox in  s i t e s .

Sympathetic g an g lia , which a lso  have gang lion ic  ACh 
re c ep to rs , have s im ila r  le v e ls  of MIR-like component per mg 
p ro te in .  L i t t l e  or no mAb 35 binding can be de tected  in 
d e te rg en t e x tra c ts  o f r e t in a ,  sp in a l cord , d o rsa l roo t gan
g l i a ,  v e n tr ic u la r  h e a r t m uscle, or l iv e r .

Concanavalin A has been reported  by A. Messing to block 
ACh recep to r function  on c i l i a r y  ganglion neurons, suggest
ing th a t  the  le c t in  binds to  the re c ep to r. We find th a t  
concanavalin A coupled to  Sepharose beads q u a n ti ta t iv e ly  
d ep le tes  mAb 35 binding s i t e s  from ganglion e x tra c ts ;  
alpha-methyl-D-mannoside e lu te s  80% o f the  absorbed s i t e s .

The MIR-like component in chick c i l i a r y  ganglia  d isp lays  
sev e ra l p ro p e rtie s  expected fo r a gang lion ic  ACh recep to r. 
(Supported by NS 12601, The Muscular Dystrophy A ssoc., & The 
American Heart A ssoc.)

275.8  A HIGH-MOLECULAR WEIGHT BUNGAROTOXIN-BINDING COMPONENT IN 
FISH AND AVIAN BRAIN DETECTED AND CHARACTERIZED USING 
PROTEIN BLOTS.  Edward H aw rot. P au l T. W ilson* . Jo n a th a n  M. 
Ge r s h o n i* , Andrea L. B o is s e v a in * , and Thomas L. L e n tz . 
 D epts. o f Pharm acology and C e ll B io lo g y , Y ale U n iv e rs i ty  
School of M edicine, New Haven, CT.

We d e m o n s tra ted  p re v io u s ly  th e  b inding  of 1 2 5 I- lab e le d  
bungarotoxin (BGTX) to  the d is so c ia te d  α -su b u n it of Torpedo 
a c e ty lc h o l in e  r e c e p to r  (AChR) u s in g  a m o d if ied  " p r o te in -
b lo t"  a n a ly sis . The denatured subunits  of the  Torpedo AChR 
a re  re s o lv e d  by p o ly a c ry la m id e  g e l e l e c t r o p h o r e s i s  and 
e le c tro p h o re tic a lly  tra n s fe rre d  to  p o s it iv e ly  charged nylon 
f i l t e r s  w hich can th e n  be in c u b a ted  d i r e c t l y  w ith  la b e le d  
BGTX. T h is  approach  a ls o  has been used  to  d e te c t  BGTX 
binding to  p ro te o ly tic  fragm ents of the  α-su b u n it (Wilson e t 
a l . ,  PNAS, in  p re s s ) .

We have now used  t h i s  same app roach  to  i n v e s t i g a t e  th e  
physical c h a r a c te r is t ic s  of BGTX-binding components found in  
c e n tra l nervous system tis su e . We have examined avian  and 
f i s h  b ra in  m a te r ia l s ince th e re  i s  some e le c tro p h y s io lo g ica l 
ev id en ce  th a t  th e  BGTX-binding component in  th e s e  s p e c ie s  
rep re sen ts  a n ic o t in ic ,  neuronal AChR. T rito n  e x tra c ts  of 
avian or f is h  b ra in  were enriched fo r the  binding component 
by a f f i n i t y  ch rom atography  on BGTX-Sepharose. The bound 
m a te r ia l  was e lu te d  w ith  l i th iu m  dodecy l s u l f a t e  sam ple 
b u f f e r  and e l e c t r o p h o r e t i c a l l y  re s o lv e d  and a n a ly zed  by 
p r o te in  b l o t t i n g  w ith  la b e le d  BGTX. We o b ta in e d  BGTX 
b in d in g  to  a h ig h - m o le c u la r  w e ig h t  b r a i n  co m p o n en t 
(a p p ro x im a te ly  2 0 0 , 0 0 0  d a lto n s )  under cond itions  where the 
Torpedo AChR i s  c o m p le te ly  d i s s o c ia te d .  The b in d in g  of 
BGTX to the p ro te in  b lo ts  of b ra in  m a te r ia l could be blocked 
by n ic o t in e  or d - tu b o c u r a r i n e  b u t w as u n a f f e c t e d  by 
a t r o p in e .  B o ilin g  th e  b ra in  e x t r a c t s  d e s tro y e d  th e  BGTX 
binding a c t iv i ty  whereas a s im ila r  trea tm en t had l i t t l e  or 
no a f fe c t  on Torpedo AChR binding a c t iv i ty .

These r e s u l t s  in d ic a te  th a t a h igh-m olecu lar w eight BGTX-
binding component from b ra in  e x h ib its  n ic o t in ic  pharmacology 
when assayed on p ro te in  b lo ts . Furtherm ore, th e re  appear to  
be s ig n i f i c a n t  s t r u c t u r a l  d i f f e r e n c e s  be tw een  m uscle  and 
n e u ro n a l BGTX-binding s i t e s  t r e a t e d  u n d e r  i d e n t i c a l  
c o n d i t io n s .  Supported  by NIH GM 32629, th e  A m erican 
Parkinson Foundation, the PMA Foundation, and NSF 82-03825.

275.9  α-BUNGAROTOXIN, BROMOACETYLCHOLINE AND ANTI-NICOTINIC CHO
LINERGIC RECEPTOR ANTIBODY BINDING SITES ON THE PC12 PHEO
CHROMOCYTOMA LINE.  R.J. Lukas.  D ivision  of Neurobiology, 
Barrow N eurological I n s t i t u t e ,  Phoenix, AZ 85013.

P u ta tiv e  n ic o t in ic  a ce ty lch o lin e  recep to r (nAcChoR) 
s i t e s  on the r a t  pheochromocytoma c e l l  l in e  PC12 have been 
d e tec ted  on the b a sis  of th e i r  in te ra c tio n s  w ith  th ree  
presumably nAcChoR-specific probes. High a f f in i ty  (KD ≅1

nM) s i t e s  fo r  α-bungarotox in  (Bgt) have been d e tected  a t  a 
s i t e  d en sity  of 10 fmol per 106 c e l l s .  Extensive ligand  
com petition  experim ents conducted on c e l l s  in  suspension 
in d ic a te s  th a t d -tu b o cu ra rin e , n ic o tin e  and ace ty lch o lin e  
a re  the most po ten t in h ib i to r s  of high a f f in i ty  Bgt 
binding . The nAcChoR-specific a f f in i ty  a lk y la tin g  reagen t, 
brom oacety lcholine (BAC), re a c ts  i r r e v e r s ib ly  w ith 
d ith io th re i to l- re d u c e d  PC12 c e l l s  in  suspension , and blocks 
high a f f in i ty  Bgt b inding . BAC in te ra c t io n  w ith tox in  
b inding s i t e s  i s  blocked i f  reduced c e l l s  are f i r s t  reacted  
w ith  n o n -sp e c if ic  a lk y la tin g  ag en ts, such as N-
e thy lm ale im ide . The sequence of d i th io th re i to l-m e d ia te d  
red u c tio n  and n o n -sp e c if ic , N -ethylm aleim ide-m ediated 
a lk y la tio n  of tox in  b inding s i t e s  th a t in te r a c t  w ith  BAC is  
blocked i f  PC12 c e l l s  a re  p reincubated  w ith  n ic o tin ic  
a g o n is ts , but not a n ta g o n is ts . In a d d itio n , a f f in i ty  
a lk y la tio n  of reduced tox in  binding s i t e s  i s  a lso  prevented 
when c e l l s  a re  incubated  in  the presence of n ic o tin ic  
ag o n is ts . At the  h ig h est co n cen tra tio n s  te s te d , 
monoclonal an tib o d ie s  ra ised  a g a in st nAcChoR from Torpedo 
e le c tro p la x  and each of two po lyc lona l a n tis e ra  ra ised  
ag a in s t E lectrophorus nAcChoR im m unoprecip itate le s s  than 
5% of d e te rg e n t-s o lu b il iz e d  PC12 c e l l  Bgt binding s i t e s ,  
w hile an a n t i - to x in  antiserum  q u a n tita t iv e ly  p re c ip i ta te s  
toxin:PC12 c e l l  tox in  binding s i t e  complexes. However, 
both po lyclonal anti-nAcChoR a n t is e r a  in h ib i t  high a f f in i ty  
to x in  binding to  s i t e s  on PC12 c e l l s  in  suspension. Taken 
to g e th e r , these  re s u l t s  in d ic a te  th a t  PC12 c e l l  high 
a f f in i t y  Bgt binding s i t e s  share p ro p e rtie s  w ith  s im ila r  
s i t e s  on mature r a t  b ra in  crude m itochondria l f ra c tio n s .  
These s i t e s  a re  recognized by the nAcChoR agen t, BAC, and 
by a n t i -E lectrophorus nAcChoR a n tis e ra .  Since these 
a n t is e r a  have been shown to  e x h ib it p h y s io lo g ic a lly -
re le v a n t a n ta g o n is tic  potency ag a in s t fu n c tio n a l 
ch o linocep tive  s i t e s  on the PC12 c lone , these  data  support 
id e n t i f ic a t io n  of b ra in  and PC12 c e l l  high a f f in i ty  Bgt 
b inding s i t e s  as a subclass of a p o te n tia lly  heterogeneous 
popula tion  of neuronal- l i k e  nAcChoR.

2 7 5 .1 0   ENDOGENOUS INHIBITOR OF LIGAND BINDING TO THE MUSCARINIC 
ACETYLCHOLINE RECEPTOR.  R. Diaz-Arrastia, T. Ashizawa*, and 
S. H. Appel,  Dept. of Biochemistry and Neurology and Program 
in Neurosciences, Baylor College of Medicine, Houston, TX 
77030.

A novel inhibitor  of ligand binding to the brain 
muscarinic acetylcholine receptor (MAchR) was identified. 
[3H]Quinuclinidinyl benzilate ([3H]QNB) binding to r a t  brain 
synaptosomes was measured using a f i l t r a t i o n  assay. The 
inhib itor  was present in several ca lf  t issues and was found 
in highest specific ac t iv i ty  in the thymus. The loss of 
binding ac t iv i ty  was slow, requiring a 30–40 minute 
preincubation of the synaptosomes with the inhib itor  before 
the maximal effec t  was seen. Early on, the inhibition is 
due mainly to a decreased a f f in i ty  of the receptor for  
[3H]QNB, but a f te r  an hour preincubation with the inhibitor  
the effec t  is  mainly due to a decrease in the Bmax. Removal 
of the inhib itor  by washing the synaptosomes reverses the 
loss of binding a c t iv i ty .  Zn2+ is required at low 
concentrations for the ef fec t ;  inhibition is blocked by EDTA 
and restored by adding Zn2+. Intact synaptosomes are not 
required. MAchR in synaptic membranes and in membranes free 
of most peripheral membrane proteins was s t i l l  sensit ive to 
inhibition.

Preliminary characterization of the inhibitory molecule 
showed tha t  i t  i s of low molecular weight, moderately heat 
stable and acidic. Approximately a 20,000 fold purificat ion 
has been achieved from the crude high-speed supernatant by 
boiling, acid extraction, gel f i l t r a t i o n  and anion exchange 
chromatography. This research supported by NIH 470-G11569 
and grants from the John A. Hartford Foundation and the 
Helen C. & Robert J.  Kleberg Foundation.
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275.11  A MYASTHENIA GRAVIS SERUM BLOCKS AChR FUNCTION IN C2 MYO
TUBES.  Yong Gu*, Shaul H estri n*, Vi l l u  Mari cq* and Zach W.  
H a ll , Div. N eurob io l., Dept. P h y s io l . ,  Univ. C a l i f . ,  San 
F ranc isco , CA 94143

The se ra  of p a tie n ts  w ith m yasthenia g rav is  con tain  an
tib o d ie s  ag a in st the ace ty lch o lin e  recep to r (AChR), but re 
la t iv e ly  few s e ra  have been shown to d ir e c t ly  a f fe c t  i t s  
p h y s io lo g ica l fu n c tio n . We have described  p rev iously  a my
asth en ic  serum of unusual s p e c i f i c i ty  (H all e t a l ,  1983). 
In r a t  and mouse muscle, th is  serum p a r t i a l ly  blocks the 
binding of α-bungarotoxin  to AChRs from the ex tra ju n c tio n a l 
membrane of embryonic or denervated f ib e r s ,  but does not 
a f fe c t  the  AChR a t  adu lt neuromuscular ju n c tio n s .  Using 
myotubes from the c e l l  l in e  C2, we showed th a t  the  block of 
to x in -b ind ing  i s  p a r t i a l  because the antibody s p e c if ic a l ly  
recognizes only one of the two tox in -b ind ing  s i t e s  on each 
AChR m olecule.

Because two agon ist molecules must bind to  each AChR to 
f u l ly  a c t iv a te  the channel, we have te s te d  the  e f fe c t  of 
th is  antibody on the func tion  of the AChR in  C2 myotubes. 
Treatment of the  c e l ls  w ith antibody reduced the carbamyl
choline-induced 22Na in f lu x . Although block of tox in -b ind 
ing by antibody was never more than 50%, up to 80% in h ib i
tio n  of the 22Na response could be o b ta ined . Over a range 
of serum concen tra tions up to 3 mg/ml, the  d a ta  were con
s i s t e n t  w ith a model in  which binding of antibody to a 
s in g le  tox in -b ind ing  s i t e  blocks AChR fu n c tio n . The in h i
b it io n  of 22Na in f lu x  by antibody was not re liev ed  by 
h igher co n cen tra tions  of carbamylcho line .

We fu r th e r  in v estig a ted  the e f fe c t  of the serum using 
patch clamp techn iques. Comparison of patches taken from 
normal and an tib o d y -trea ted  c e l ls  showed no change in  the 
s in g le -ch an n e l conductance nor in  the mean channel open 
tim e. The frequency of events seen in  patches taken from 
antibody tre a te d  c e l l s ,  however, was g en era lly  reduced. 
These d a ta , taken to g e th e r w ith the 22Na d a ta , suggest 
t h a t  the an tib o d ies  in  the serum com pletely block the 
fu n c tio n  of in d iv id u a l channels. The re s id u a l 22Na in f lu x  
seen w ith antibody could re s u l t  from fa i lu r e  to  achieve 
s a tu ra t io n  or to a population  of r e s is ta n t  channels. 
Supported by NIH and MDA.

1) H a ll, Z.W., M.-P. R oisin , Y. Gu and P.D. Gorin (1983) 
Cold Spring Harbor Quant. B io l. 48: 101.

275.12  SEVEN GENES AFFECT THE BINDING PROPERTIES OF THE NEMATODE 
LEVAMISOLE RECEPTOR.  J.A. Lewis, J .S . Elmer*, J .  Skimming*, 
S. McLafferty*, J.  Fleming*, and T. McGee*,  Dept. of Biological 
Sciences, University of Missouri, Columbia, MO 65211

Receptor mutants of the nematode Caenorhabditis elegans 
can easily  be isolated by selection for resistance to the 
neurotoxic compound levamisole. Levamisole is a nicotine
like drug that causes muscle contraction of the wild type 
worm. We show that the most levamisole-resis tant mutants 
probably escape poisoning by the ir  in a b i l i ty  to produce a 
normal levamisole receptor and thereby define a se t of 7 
genes necessary for proper expression of th is  receptor.  
Levamisole receptor ac t iv i ty  was assayed by the binding of 
t r i t i a t e d  meta-aminol evamisole (3H MAL). The wild type 
3H MAL binding ac t iv i ty  is composed of a saturable high 
a f f in i ty  component and a nonsaturable background ac t iv i ty .
The cholinergic blocking agent mecamylamine, which pharma
cologically blocks the muscle-contracting effects  of levam
iso le ,  acts as an apparent a l lo s te r ic  activator  of the 
saturable wild type 3H MAL binding a c t iv i ty .  Mutants of 3 
genes (unc-29, unc-50, and unc-74) appear devoid of high 
a f f in i ty  ac t iv i ty  and the residual nonsaturating component 
is not activated by mecamylamine. Mutants of the 4 remaining 
resis tance loci (unc-38, unc-63, lev-1 . and lev-7) all  pos
sess s ignif icant amounts of saturable 3H MAL binding a c t iv 
i ty  but  binding in these mutants is not usually potentiated 
by mecamylamine. The re cep to r p resen t i n mutants o f 3 of 
these genes (unc-38, unc-63, and lev-7) has a much higher 
a f f in i ty  for 3H MAL than does the wild type in the absence 
of mecamylamine. These results  suggest the poss ib i l i ty  that 
the 3H MAL binding subunit of the receptor originates in a 
nascent high a f f in i ty  s ta te  and is converted to the lower 
a f f in i ty  s ta te  seen in the wild type upon formation of a 
complete, in tact  receptor.  Mutants of the lev-1 locus 
d if fe r  in that the receptor in these mutants is usually 
found in the lower a f f in i ty  s t a te ,  l ike the wild type, but 
is not activated by mecamylamine.

We have been able to purify the levamisole receptor 
30,000 to 60,000 times over i t s  specific ac t iv i ty  in crude, 
total homogenates of the wild type worm, to a purity of a 
few percent. We may thus soon be able to better define 
receptor defects in these mutants through the use of 
monoclonal antibodies.
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276.1  LOSS OF A-CURRENTS AND PRESERVATION OF Ca CURRENTS DURING 
HORMONE-INDUCED MEMBRANE AREA DECREASE IN STARFISH OOCYTES. 
 W.J. Moody* and M.M. Bosma*(SPON:M.S. L e tin sk y ).  Dept. of 
Zoology, Univ. of Wash., S e a t t le ,  WA 98195, and Dept. of 
Physiology, UCLA, Los Angeles, CA 90024.

Immature oocytes of the  s ta r f i s h ,  L. h e x a c tis , a re  
e l e c t r i c a l ly  e x c itab le  and under v o ltag e  clamp cond itions 
d isp lay  th ree  p rin c ip a l io n ic  c u rre n ts : an inward Ca
c u rre n t, a f a s t  tr a n s ie n t  K cu rren t (A -cu rren t), and an 
inwardly re c t i fy in g  K c u rre n t. During m eio tic  m aturation  
of th e  oocyte, which can be c a rr ie d  out in  v i t r o  in  about 
one hour using  the  endogenous s ta r f i s h  hormone 1 -m ethyl
adenine, the  am plitude of the  A -current decreases sub
s t a n t ia l l y  w hile th e  Ca cu rren t e i th e r  becomes la rg e r  or 
does not change (Moody and Lansman, PNAS, 80:3096, 1983).
We a re  in te re s te d  in  the  mechanism by which the  hormone has 
such s u b s ta n tia l  and d if f e r e n t  e f fe c ts  on these  two con
ductances.

T otal membrane capac itance  measured under v o ltage  clamp 
decreases by more than 50% during m aturation  and e lec tro n  
m icroscopic exam ination of the  su rface  membrane before  and 
a f t e r  hormone treatm ent in d ic a te s  a dram atic lo s s  of micro
v i l l i  and f la t te n in g  of th e  membrane which could account 
fo r the  d e c lin e  in  to t a l  cap ac itan ce . The slope conduc
tance of th e  A -current was measured a t  v a rious  tim es a f te r  
the  beginning of hormone treatm ent and compared w ith cap
a c itan ce  measurements in  the  same c e l l .  A fter one hour of 
exposure to  hormone, c e l l  capac itance  had declined  to 
48±6% (n=7) of i t s  i n i t i a l  v a lu e , w hile A -current conduc
tance had decreased to  50±8% of i t s  i n i t i a l  va lue . Both 
changes were gradual over the  hour and the  time courses 
were v i r t u a l ly  id e n t ic a l .  From th ese  d a ta  we conclude th a t 
1-m ethyladenine t r ig g e r s  a lo s s  of su rface  membrane 
includ ing  a p ro p o rtio n a l lo s s  of A -current channels. 
Because both t o t a l  capac itance  and A -curren ts  p a r t ia l ly  
recover during prolonged hormone trea tm en t, we suspect th a t 
th e  membrane i s  taken  in to  the  c e l l  in  a form which perm its 
i t s  re in s e r t io n  l a t e r  as p a rt of the  c e l l  su rface . We do 
not know how th e  Ca cu rre n ts  a re  spared w hile approxim ately 
50% of the  su rface  membrane is  removed, but i t  i s  p o ssib le  
th a t  the  Ca channels a re  c lu s te red  in  a reg ion  of the  c e l l  
su rface  which i s  p ro tec ted  from the  ac tio n s  of the  hormone.

276.2  INCREASE OF OUTWARD CURRENTS DURING DIFFERENTIATION OF 
AMPHIBIAN NEURONS IN VITRO.  M.E. B arish  (SPON: S. 
Hagiwara),  Department of Physiology, UCLA School of M edicine, 
Los Angeles, CA 90024.

The whole c e l l  v a r ia n t of the  patch clamp technique has 
been used to study the  membrane c u rre n ts  of embryonic 
neurons as they d i f f e r e n t ia te  i n v i t r o . These experim ents 
a re  aimed towards d esc rib ing  the  p a tte rn  of development of 
neuronal c e l l  membranes.

C ultures were made from d is so c ia te d  neuronal p recu rso r 
c e l l s  is o la ted  from Ambystoma mexicanum embryos a t  (H arrison) 
s tages 14 to 16. At these  stag es  the  p rim ord ia l nervous 
system c o n s is ts  of the  neu ra l p la te  and surrounding n eu ra l 
fo ld s . Only c e l l s  from the  r o s t r a l  h a lf  of the  n eu ra l p la te  
were placed in to  c u ltu re .  In a serum -free medium with added 
growth supplements c u ltu re s  could be m aintained fo r  a t  le a s t  
one week. Whole c e l l  cu rren t was recorded w ith patch 
e lec tro d es  w ith openings of about 1 .5  µm. To m aintain space 
clamp, n e u rite s  were severed from the  c e l l  soma w ith a 
m icroelectrode.

At day 1 in  c u ltu re  (p la tin g  was day 0 ), no c e l l s  w ith 
n e u r ite s  were observed. Under vo ltage  clamp, some c e l ls  
showed tim e-dependent outward c u rre n t, but no inward c u rre n ts  
could be recorded. Although th e re  was no independent 
c r i te r io n  o th e r than th e i r  o r ig in a l  source by which to  
id e n tify  these  c e l l s  as neurons, th i s  re s u l t  suggests th a t 
one of the  f i r s t  e le c t r ic a l  signs of neuronal d if f e r e n t ia t io n  
may be the  appearance of outward r e c t i f i c a t io n .  C ells  w ith 
n e u r ite s  appeared between day 2 and day 3. Neurons were 
mono-, b i-  or t r i - p o la r ,  and had sp h er ica l or e l l i p t i c a l  
somas 15 to  25 µm in  diam eter. Over the  f i r s t  four days, the  
average steady s ta te  outward cu rren t in record ings of to ta l  
membrane cu rren t p ro g ressiv e ly  inc reased . Average values 
(mean ±s .d . ,  in nA recorded a t  +40 mV) were - - day 1: 0.18 
±0.08; day 2: 0.73 ±0.58; day 3: 1.09 ±0.68; day 4: 2.36 
±2 .18. The considerab le  s c a t te r  in the  da ta  probably 
r e f le c ts  he te ro g en eity  in the types of neurons in the 
c u ltu re s  and in  th e i r  s ta te  of d i f f e r e n t ia t io n ,  as w ell as 
v a r ia b i l i ty  in  th e i r  s iz e .  N evertheless, a steady in c rease  
in outward cu rren t am plitude seems to occur during 
d if f e r e n t ia t io n ,  and th is  inc rease  may ex ert a la rg e  
in fluence  on the  waveform of the  soma ac tio n  p o te n t ia l .
Future experim ents a re  aimed towards quan tify ing  the  changes 
in conductance and k in e tic s  of in d iv id u a l K c u rre n ts ,  and 
assaying  th e i r  importance in r e la t io n  to p a ra l le l  changes 
occuring in  inward c u rren ts  in m odulating the  d u ra tio n  and 
ion ic  s e n s i t iv i ty  of the a c tio n  p o te n t ia l .
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276.3  IONIC CURRENTS AND CHANNELS IN GROWTH CONES OF 
IDENTIFIED APLYSIA NEURONS.  F . B e la rd e tti* , S. Schacher, 
and S. A. S iegelbaum .  C en te r fo r Neurobiology & Behavior, D ept. 
o f Pharm acology, Colum bia U niv., C ollege o f P & S, and N. Y. 
S ta te  P sych ia t. In s tit., N .Y., N.Y. 10032.

G rowth cones are  a  specialized  a rea  of neurons, e ssen tia l for 
synap togenesis , w hose e lectrophysio logica l p roperties  have been 
d ifficu lt to  study with conventional in trace llu la r  m ethods. H ere 
we rep o rt experim en ts using th e  patch  clam p techn ique to  record  
d ire c tly  e le c tr ic a l signals from  grow th cones of righ t upper quad
ra n t (RUQ) neurons of Aplysia abdom inal ganglia grown in cu ltu re  
(F las te r e t  a l., Soc. N eurosci. A b str., 1984).

A high res is ta n ce  gigahom seal was obta ined  w ith  a  patch  
p ip e tte  on grow th cones o f RUQ neurons 3 -7  days in cu ltu re . The 
pa tch  of m em brane under th e  p ip e tte  was then  rup tu red  to  allow a 
voltage clam p of th e  whole grow th cone. Roughly on e-th ird  of all 
grow th cones display a  la rge  (460 ± 297pA ; mean ± S.D., N=10) 
rapidly a c tiv a tin g  and in a c tiv a tin g  inw ard cu rren t. This cu rren t 
has the  ex p ec ted  p roperties  of th e  rapid  sodium c u rre n t. Following 
a  depolarizing  com m and s te p , th e  cu rren t reaches  i ts  peak inw ard 
value w ithin 1–2 m sec and then  in a c tiv a te s  along an exponential 
tim e course w ith tim e con stan t of 1–5 m sec . The cu rren t is half 
in a c tiv a ted  a t  a  holding p o ten tia l of -3 0  mV, reaches  half maximal 
a c tiv a tio n  in response to  depo lariza tions to  +5 mV, and is com 
p le te ly  blocked by 50 um TTX. The inw ard cu rren t is followed by 
th e  tu rn ing  on of both a  tra n sien t ( I . )  and delayed outw ard 
potassium  c u rre n t . These grow th  cones exh ib it la rge  overshooting 
ac tion  po ten tia ls  under cu rren t clam p. The rem aining tw o -th ird s  
o f the  grow th cones display only outw ard  cu rren ts  under voltage 
clam p and tend  to  be e i th e r  inexc itab le  or display only sm all ac tion  
p o te n tia ls  under cu rren t clam p.

To confirm  th a t the  ionic cu rren ts  are  indeed arising  from  
grow th cone m em brane, single channel cu rren ts  w ere recorded  
from  grow th  cones in c e ll-a t ta c h e d  p a tch es . Several species of 
channels have been observed: 1) A rapidly a c tiv a tin g  and in a c ti
va ting  inw ard cu rren t channel whose p roperties  conform  to  th e  
whole grow th cone m acroscopic inw ard cu rre n t. The channels have 
a  un it conduc tance of 4–8 pS and display a n e t cu rren t am plitude of 
around - .5  pA a t  around 0 mV. Such channels a re  seen in approxi
m a te ly  15% o f all p a tch es . 2) A m ore slowly ac tiv a tin g  outw ard  
cu rren t channel was observed in  response to  la rge positive voltage 
s tep s  (+100 mV above re s t) . This channel has a  conductance of 
around 40 pS and resem bles th e  ca lc iu m -ac tiv a ted  potassium  chan
nel observed in in ta c t Aplysia neurons. 3) A sm aller outw ard 
cu rren t channel was also observed in response to  strong  d epo lariza
tions w ith a  unit conductance o f 10 pS.

276.4  VOLTAGE GATED ION CHANNELS IN NEURONAL GROWTH CONES.  A llan 
S. Greenber g and I l an Spe c to r . Dep t s . Neurobio logy and 
Anatomical Sciences, SUNT, Stony Brook, 11794

Single channel c u rren ts  were  recorded w ith  the  c e l l  
a t t a ched patch  clamp technique from growth cones of DMSO-
d if f e r e n t ia te d  N1E-115 neuroblastoma ce l l s .  When the bath  
and the p ip e tte  contained normal sa lin e  most membrane 
patches did not d isp lay  any spontaneous channel openings a t  
r e s t  or a t more negative  p o te n t ia ls .  Prom a holding poten
t i a l  of -50 mV, depo lariz ing  s tep s  to  0 mV ( r e la t iv e  to  
r e s t )  and to  more p o s itiv e  le v e ls  d isc lo sed  th ree  major 
c la sse s  of v o ltag e -g a ted  channel events th a t  could be 
d is tin g u ish ed  by th e i r  am plitudes and a c t iv a tio n  vo ltage  
le v e l.  Inward cu rren ts  always appeared w ith s tep s  to  5±5mv 
( r e la t iv e  to  r e s t ) .  Patches depo larized  to  more p o s it iv e  
le v e ls  a lso  exh ib ited  a popula tion  of outward cu rr e n ts .  At 
even g re a te r  d e p o la r iz a tio n s , a c la s s  of la rg e r  outward 
cu rren ts  was observed in  40% of the patches w ith about 3 
tim es the amplitude of the f i r s t  type . The frequency of 
openings o f th i s  la rg e  channel increased  a f te r  ex cisin g  the 
patch  in  C a-containing so lu tio n s . The inward c u rre n ts  are  
considered to  re s u l t  from Na channels because they were 
e lim ina ted  when TTX was added to  the p ip e t te  so lu tio n , had 
short open tim es, and in a c tiv a ted  very ra p id ly . When TEA 
( 10mM) was added to the p ip e t te ,  v o ltag e -g a ted  outward 
c u rren ts  were not observed in d ic a tin g  th a t these  c u rren ts  
r e s u l t  from K channels. Under these cond itions  the I-V 
curve of the inward cu rren ts  showed a l in e a r  p o rtio n  w ith a 
slope of about 14 pS and an ex trap o la ted  re v e rsa l p o te n tia l 
o f 123 mV (+ re s t) .  Both c la sse s  of outward c u rre n ts  inac
tiv a te d  during m aintained d e p o la r iz a tio n s , and responded to  
in creasing  depo lariz ing  s tep s  w ith increased  frequency of 
channel opening, prolonged open tim es and abbrev iated  
la te n c y - to -f ir s t-o p e n in g . T heir conductance and extrapo
la te d  re v e rsa l p o te n tia l  ( r e la t iv e  to  r e s t ) ,  based on the 
l in e a r  p o rtio n  o f the I-V curve were 41 pS; -27 mV fo r  the 
small even ts, and 136 pS; -13 mV fo r  the  la rg e  ones. When 
the patch e lec tro d e  contained TTX, TEA and iso to n ic  CaC l, 
or BaCl2 , small inward cu rren ts  (<1 pA) were observed which 
may rep resen t a popu lation  o f Ca channels. This study 
p re sen ts  the f i r s t  d ir e c t  evidence th a t  a v a r ie ty  of 
v o ltag e -g a ted  channels e x is t  in  the growth cone membrane. 
The abundance of Na and K channels in  th is  s p ec ia liz ed  
region  fu r th e r  in d ic a te s  th a t  these  conductances may domi
nate  i t s  e le c t r ic a l  behavior.

Support from NIH P ostdoc to ra l Fellow ship NS 07041 to  
A.S.G. and NIB Grant NS 18579 to  P.R. Adams.

276.5  DEVELOPMENT OF THE VOLTAGE DEPENDENT SODIUM CHANNEL 
IN CULTURED RAT DORSAL ROOT GANGLION CELLS- IMMUNO
FLUORESCENCE STUDIES.  H .M eiri ,G .  Omri* ,  I .  Z e i t oun * , 
G.M .Gershoni & N .Sav ion *.  The S a c k le r  Sch. o f  Med. 
Tel Aviv Uni.  Ramat A v i v ,69978 and The Weizmann Ins 
f o r  S c i .  R ehovot,  7 6 1 0 0 ,  i s r a e l .
The deve lopm ent  of  sodium dependen t  a c t i o n  p o t e n 
t i a l  was s t u d i e d  in c u l t u r e d  do r s a l  ro o t  gang l ion (D RG) 
c e l l s  d e r iv e d  from new-born r a t s  u s in g  immunofluo
r e s c e n c e  t e c h n iq u e s  with  th e  fo l lo w in g  sodium chan

nel s p e c i f i c  monoclonal a n t i b o d i e s (mAb' s ) : SC-72-14 
b lo ck s  th e  channe l  p r i m a r i l y  by s h i f t i n g  th e  v o l t a
ge d ep enden t  i n a c t i v a t i o n  system tow ards  h y p e r p o la 
r i z a t i o n  as r e v e a l e d  by v o l t a g e  clamping th e  node 
o f  R a n v ie r  o f  r a t  p e r i p h e r a l  n e r v e . These  mAb’ s a l s o  
s t a i n  th e  node and th e  s t a i n i n g  i s  a b o l i s h e d  by 
v e r a t r i d i n e . SC-72-38 in d u ces  r e p e t i t i v e  f i r i n g  by 
s h i f t i n g  t h e  vol ta g e  d ependen t  a c t i v a t i o n  system 
towards h y p e r p o l a r i z a t i o n .  These main's not  on ly  com
p e te  w ith  T i t y u s - γ - t o x i n  f o r  th e  b in d in g  to the  so 
dium channel  but  a l s o  mimic i t s  e l e c t r o p h y s i o l o g i 
cal  e f f e c t s .  Thus, t h e s e  mAb's r e c o g n iz e  s i t e s  asso
c i a t e d  w ith  th e  channel  a c t i v i t y  in  th e  m ature  neu
r o n .  T h e i r  c o r r e s p o n d in g  a n t i g e n  a p p e a r s  to  be a 225 
250 kd p o l y p e p t i d e  as d e te rm in e d  by i m m u n o b lo t t in g . 
These mAb's were used to  f o l lo w  channel ap p ea ran ce  
in  DRG c e l l s  c u l t u r e d  in  d e f in e d  c o n d i t i o n s  t h a t  
r e g u l a t e  t h e i r  d i f f e r e n t i a t i o n .
DRG c e l l s  send n e u r i t e s  when c u l t u r e d  in serum f r e e  
medium(SFM) on p o ly -L -L y s in e (P L L )c o a te d  d i s h e s .  When 
th e y  were c u l t u r e d  on e x t r a c e l l u l a r  m atr ix (ECM ),pro
duced by bovine  c o rn e a l  e n d o t h e l i a l  ce l l s ,  ou tgrow th  
was f u r t h e r  s t i m u l a t e d .  The ne rve  growth fac to r(N G F) 
enhanced both  neu rona l  ou tg ro w th  and c e l l  s u r v i v a l .  
A d d i t io n  o f  1% f e t a l  c a l f  serum(FCS) to  a l l  growth 
c o n d i t i o n s  i n c r e a s e d  c e l l  s u r v i v a l .  The high d e n s i t y  
l i p o p ro te in (H D L ) caused  nerve  c e l l  a g g r e g a t io n  but  
o u tg row th  and s u r v i v a l  were no t  improved.
Im m unofluorescence  d e t e c t i o n  o f  th e  c h a n n e l s  in  the  
above growth c o n d i t i o n s  r e v e a l e d  th e  f o l lo w in g  p i c 
t u r e :  When th e  c e l l s  were c u l t u r e d  in  SFM on e i t h e r  
PLL o r  ECM c o a te d  d i s h e s  c h a n n e l s  were found on c e ll 
b o d ie s  o n l y .  NGF and FCS induced channel  ap p ea ran ce  

in  th e  main n e u r i t i c b r a n c h e s .  HDL i n c r e a s e s  chan
nel d e n s i t y  in  a l l  growth c o n d i t i o n s .  M oreover,  i t  

induced  channel  ap p e a ra n c e  in  th e  n e u r i t e s  o f  DRG 
c e l l s  grown in SFM on PLL o r  ECM c o a te d  d i s h e s .

276.6  VOLTAGE-DEPENDENT CONDUCTANCES IN CULTURED SYMPATHETIC 
NEURONES DURING DEVELOPMENT.  J. M. Nerbonne, A. M. Gurney 
and H. Rayburn*.  Biology D iv ision , C altech , Pasadena, CA 
91125.

The w hole-cell patch clamp recording technique was em
ployed to  study the development of e le c t r ic a l ly  e x c itab le  
membrane p ro p e rtie s  in  superio r c e rv ic a l ganglion neurones 

 in c u ltu re .  C e lls , is o la ted  from newborn r a ts  by enzymatic 
d ig e s tio n , were grown in monolayer c u ltu re s  in  MEM supple
mented with 10% horse serum and NGF. Within 2 h rs a f te r  
p la tin g , c e l l s  adhered to  the s u b s tra te  and w hole-cell 
recordings could be ob tained . Under co n tro l co n d itio n s  
(140 mM Na+ and 10 mM Ca++ in  the bath and 140 mM K+ in  the 
p ip e t te ) ,  depo lariz ing  voltage s tep s  from holding p o te n tia ls  
o f -30 to  -50 mV revealed fa s t inward TTX-sensitive Na+ 
( I Na) and delayed outward K+ ( Ik ) c u rre n ts . In the absence 
of INa μM TTX) and at hyperpolarized  holding p o te n tia ls  
(-70 to  -90 mV), d ep o la riz a tio n  a c tiv a ted  a t ra n s ie n t o u t
ward K+ cu rren t ( IA) in add ition  to  IK. Replacement of K+ 
with Cs+ (140 mM) in  the p ip e tte s  blocked outward K+ cu r
re n ts  and revealed  the presence of a slow inward cu rren t 
blocked by Co++ and c a rr ie d  by Ca++ ( I C a . All of these  
c u rre n ts  are  p resen t in  c e l l s  s tud ied  a t  tim es 4 h rs  to  
6 wks a f te r  p la tin g  and, in  ad d itio n , the k in e t ic s ,  io n -a n d  
voltage-dependences of the  c u rren ts  are s im ila r a t a l l  
s tag e s . The r e s u l t s ,  taken to g e th e r, suggest th a t these  
voltage-dependent conductances develop in  sym pathetic 
neurones before b i r t h .

Q u a lita tiv e ly , the ion ic  cu rren ts  measured in  w hole-cell 
recordings here are s im ila r to  those seen using micro
e lec tro d e  voltage clamp techniques ( J .  E. F resch i, J .  
N europhysio l., 50, 1460 (1983)). However, we find th a t the 
s te a d y -s ta te  c u rre n t-v o ltag e  re la tio n  fo r ICa peaks a t 
+30 mV and th a t I Ca d isp lays  l i t t l e  or no in a c tiv a t io n  
(<10%) during 500 ms voltage s tep s  to  -10 to  +50 mV (EH = 
-50 mV). We assume th a t the d iffe ren ces  between our r e s u l t s  
and those reported  p reviously  a r is e  from the ease o f sepa ra 
tio n  of I Ca from contam inating outward K+ c u rre n ts  using the  
w hole-cell technique.

Support: GM-29836, AHA Fellowship (JMN), Fulbright-H ays 
(AMG).
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276.7  DEVELOPMENT OF MEMBRANE EXCITABILITY IN RAT DIENCEPHALIC 
NEURONS IN SERUM-FREE CULTURE.  Z. Ahmed, J.A. Connor. D.W. 
Tank and R.E. Fellows.  Dept. of Physiology, Univ. of Iowa, 
Iowa City, IA 52242 and AT&T Bell Laboratories, Murray 
Hill , NJ 07090.

Studies on developing neurons from d ifferen t  animal 
sources have shown a wide variation in the order in which 
ionic channels appear in the membrane. Using the whole 
cell  gigaseal voltage clamp technique we have investigated 
the expression of voltage dependent ionic currents in 
dissociated  primary cultures of fetal  ra t  (E17) dienceph
a l ic  neurons grown in a serum-free defined medium (Ahmed 
e t . a l .  J .  Neurosci. 3 :2448). At th is  date we have been 
able to character ize at  leas t  two populations of neurons 
with d if fe ren t  developmental properties . One class of 
ce l ls  f i r s t  expressed a transient  inward current a f te r  
10–24 hr in culture.  These transient ,  al l-or-none,  inward 
currents arose at the cell neurites where the membrane 
voltage was not under space-clamp. The all-or-none inward 
current could be reversibly blocked by e i ther  1uM tetrodo
toxin (TTX) or 1mM cobalt . No appreciable outward current 
was present in the ce l ls  at  th is  stage. With further 
maturation the magnitude of the all-or-none current was 
increased. After about 6 days in culture these ce l ls  
developed a large, inward current whose activat ion was 
graded with voltage. At th is  stage a t ransient  outward 
current was also present. In external cobalt the inward 
current showed a small reduction in amplitude but an 
increase in duration. The transient  outward current was 
abolished. In TTX more than 85% of the inward current was 
blocked but the outward t ransient  remained. The outward 
t ransien t  appeared to consist of both an A-current and a 
calcium activated t ransien t .  The second population of 
neurons expressed a voltage dependent outward current in 
the soma a f te r  20 hr in culture.  After 3 days these cells  
expressed a voltage-dependent TTX-sensitive, cobalt 
insensit ive inward current in the soma which showed the 
typical  I- V relationship observed in other vertebrate 
neurons. Currents increased in magnitude with additional 
time in culture.  Supported by NIH HL24402, F32NS06977 and 
AT&T Bell Laboratories.

276.8  Ca2+ ACTIVATED K+ CHANNELS IN GLIAL CELLS.  Fred N. Quandt 
and Brian A. MacVicar.  Dept. Med. Physiology, U niversity  
of Calgary, Faculty  of M edicine, Calgary, A lberta , Canada 
T2N 4 N1.

G lia l c e l ls  from newborn r a t ,  grown in  t is s u e  c u ltu re  
have been found to  e x h ib i t  Ca2+ s p ik e s  when exposed to  
te trae th y lam m o n iu m  (TEA; M acV icar, t h i s  m ee tin g ). TEA 
could  block  one of s e v e ra l  s p e c ie s  of K+ ch an n e ls  to  
produce th is  e f fe c t .  S ingle channel a n a ly sis  was applied  
in  o rd e r  to  i d e n t i f y  th e  ty p es  of K+ ch an n e ls  p re s e n t in  
th e se  c e i l s .  G l ia l  c e l l s  were p rep a red  in  p rim ary  
c u l tu r e s  u s in g  the  m ethods of Booher and S en sen b ren n er 
(1972) and Kimmel berg e t  a l .  ( 1978). R eco rd ings  were 
obtained from c u ltu re s ,  from 2 to 8 weeks o ld , fo llow ing 
e x p o s u r e  to  ImM d i b u t y r y l -c A MP. G l ia l  c e l l s  were 
i d e n t i f i e d  on the  b a s is  of m orphology; and p o s i t iv e  
immunohistochemical s ta in in g  fo r g l i a l  f i b r i l l a r y  a c id ic  
p ro te in , a s p e c if ic  g l i a l  marker. S ingle channel c u rren ts  
were recorded from in ta c t  or in s id e -o u t plasma membranes 
of g l i a l  c e l l s  u s in g  the  gigaohm s e a l ,  p a tch  clam p 
te c h n iq u e . Upon d e p o la r iz a t i o n ,  ou tw ard  c u r r e n t  s te p s  
could be observed c o n s is te n tly  from in s id e -o u t membranes 
in  th e  p re sen ce  of i n t e r n a l  s o lu t io n  c o n ta in in g  10  to  
100uM Ca2+. These ou tw ard  c u r r e n ts  were su p p re ssed  
fo llo w in g  the  rem oval of Ca2+ but resum ed when Ca2+ was 
r e a p p l ie d .  C hannels g a tin g  in  the  p re sen ce  of Ca2+ 
a p p e a re d  to  be p r i m a r i l y  p e rm e a b le  to  K+ , s in c e  
s u b s t i t u t i o n  of i n t e r n a l  K+ w ith  e i t h e r  Cs+ or t e t r a
m e th y la mmoniun e l im in a te d  th e  c u r r e n t s  r e v e r s ib ly .  
Gating of the channel appeared to be voltage-dependent in  
th e  p re sen ce  of Ca2+, s in c e  the  freq u en cy  of opening  
in c re a s e d  w ith  d e p o la r iz a t i o n .  The c u r r e n t s  e x h ib i te d  
bu rs tin g  behavior w ith a ty p ic a l burst d u ra tio n  of 45 msec 
(-20  to  OmV, 12°C, 10 uM Ca2+). C u rre n t am p litu d e  
in c re a s e d  as the  membrane was d e p o la r iz e d  away from Ek  
The slope conductance between -20 and OmV was 52 pS. The 
ch an n e ls  were b locked  by in t e r n a l  TEA (20 mM) but no t 4 -
a m in o p y r id in e  (2 0 0 u M) .  The c u r r e n t s  can  be b e s t  
c la s s i f ie d  as a r is in g  from a Ca2+-dependent K+ channel in 
the g l ia l  c e l l  membrane. These r e s u l t s ,  combined w ith the 
evidence fo r a voltage dependent Ca2+ channel, suggest a 
dynamic ro le  for g l i a l  c e l l s  in  c o n tro llin g  e x c i ta b i l i ty  
in  CNS s tru c tu re s .  In flu x  of Ca2+ would change membrane 
perm eab ility  to  K+ and possib ly  lead to K+ e ff lu x  from the 
g l i a l  c e l ls .  Supported by the Medical Research Council of 
Canada and the A lberta H eritage Fund fo r Medical Research.

276.9  PATCH CLAMP STUDIES ON MURINE SPINAL CORD NEURONS IN CELL 
CULTURE.
D.A. Mathers* (Spon: J.A . Pearson),  Dept. of Physiology, 
U n iv e rs ity  of B r it is h  Columbia, Vancouver, B r it is h  
Columbia, V6T 1W5.

The techniques of primary c e l l  c u ltu re  and e x tra 
c e l lu la r  patch  clamp record ing  were used to  study sponta
neous and agon ist induced membrane channels in  murine 
s p in a l cord neurons. C ells  were obtained from ad u lt r a t  
d o rsa l ro o t gang lia  (DRGs) and from embryonic mouse sp in a l 
cord t i s s u e .  I t  was found th a t  membrane p a tch -e lec tro d e  
s e a ls  of > 1 0 9 Ω could be re a d ily  obtained using both 
c e l l  ty p es . Most patches s tud ied  ex h ib ited  spontaneous 
s in g le  channel c u rren ts  even in  the absence of the puta
t iv e  n e u ro tran sm itte rs  γ -am inobutyric acid  (GABA) and 
g ly c in e . In the case of ad u lt r a t  DRG neurons, spontaneous 
inwardly d ire c te d  s in g le  channel c u rre n ts  were seen in  
patches vo ltage  clamped a t  the re s tin g  p o te n tia l  (-40 to  
-50 mV). In  6 patches s tud ied  in  d e t a i l ,  these  events 
showed a s in g le  channel conductance of 23 ± 5.6 pS (mean ± 
S .D .) and an apparent re v e rsa l p o te n tia l  c lo se  to  0 mV. 
Histograms of both open and closed time in te rv a ls  were not 
w ell f i t  by s in g le  ex p o n en tia ls , in d ic a tin g  d ev ia tio n  from 
a simple two s ta te  model of channel fu n c tio n . These events 
resemble c u rren ts  repo rted  in  cu ltu red  h e a r t c e l l s  and 
a t t r ib u te d  to  c a tio n  s p e c if ic  channels w ith l i t t l e  
s e le c t iv i ty  fo r Na+ over K+ io n s .

In  c u ltu red  mouse sp in a l cord c e l l s ,  la rg e , spontaneous 
outward c u rre n ts  were freq u en tly  seen in  patches vo ltage 
clamped a t  OmV. These events d isp layed a mean s in g le  
channel conductance of 180 pS and a re v e rs a l p o te n tia l  
p red ic ted  by the  Nernst p o te n tia l  fo r K+ io n s . They 
resemble Ca2+ dependent, K+ s e le c tiv e  channels seen in  
many o th e r neurons. A pplica tion  of 10 µM GABA or g lycine 
to  embryonic mouse sp in a l cord c e l l s  in v a ria b ly  re su lte d  
in  a flow of c u rren t which could be de tected  using the 
whole c e l l  clamp technique. Experiments using  o u ts id e -o u t 
patches suggested th a t both amino acid s  a l t e r  membrane 
c u rre n ts  by opening p rev iously  in a c tiv e  channels in  the 
neuronal membrane.

276. 10  INTRACELLULAR AND SIN G LE CHANNEL ANALYSIS OF 
VOLTAGE-SENSITIVE IONIC MECHANISMS IN THE SOMAL AND 
DENDRITIC MEMBRANES OF CULTURED CEREBELLAR PURKINJE NEURONS.  
D .L . G ru o l.  D iv is io n  o f  P r e c l in i c a l  N e u ro sc ien ce  and 
Endocrinology, Scripps C lin ic  and R esearch  F o u n d a tio n , La 
J o l l a ,  CA 92037 USA.

A w ell c h a rac te r ise d  CNS n e u ro n a l ty p e ,  th e  c e r e b e l l a r  
P u rk in je  neuron (PN), was se le c te d  as a model to  examine th e  
io n ic  mechanisms u n d e r ly in g  n eu ro n a l e x c i t a b i l i t y  in  th e  
v e r te b ra te  CNS and to  rev ea l the  topographic o rg an iza tio n  o f 
th e se  mechanisms acro ss  the  neuronal s u r f a c e .  An in  v i t r o  
model system , c u l tu re d  r a t  PNs, was u s e d . E x t r a c e l lu l a r  
re c o rd in g s  from  th e  c u l tu r e d  PNs r e v e a l e d  p a t t e r n s  o f  
sp o n tan eo u s  a c t i v i t y  s im i l a r  to  th a t  o b serv ed  in  v i v o . 
In t r a c e l lu la r  reco rd ings  from the  soma and d e n d r i t ic  reg io n s  
and pharm acological agents o r ions known to  b lo c k  s p e c i f i c  
ion channels were used to  i d e n t i f y  io n ic  m echanism s t h a t  
c o n tr ib u te  to  the  p a tte rn s  o f  a c t i v i t y .  Two common p a tte rn s  
were id e n tif ie d  as a r i s in g  from i n t r i n s i c a l l y  g e n e r a t e d ,  
v o lta g e -s e n s it iv e  mechanisms. S y n ap tic a lly  evoked a c t i v i t y  
was a lso  observed. Na+ and Ca++ ch an n e l b lo c k e r s  (0 .5  µM 
TTX; 10 mM Mg++) t o t a l l y  a b o l i s h e d  th e  s p o n ta n e o u s  
a c t i v i t y ,  includ ing  th a t  a t t r ib u te d  to  in t r in s ic  mechanisms. 
K+ ch an n e l b lo c k e r s  (TEA, 4-AP) a l t e r e d  th e  p a t t e r n  o f  
a c t i v i t y .  These channel b lo ck e rs  a lso  a l t e r e d  th e  v o l ta g e  
responses evoked by in t r a c e l lu la r  c u r re n t  i n j e c t i o n .  Data 
from th is  s e r ie s  o f  experim ents s u g g e s t  t h a t  a v a r i e t y  o f  
io n ic  m echanism s m e d ia te  th e  e l e c t r i c a l  a c t i v i t y  o f  PNs 
in c lu d in g : 1) a f a s t  Na+ s p ik e , 2) a Ca++ s p ik e , 3) a slow  
Ca++ conductance, 4) a Ca++ ac tiv a te d  K+ conductance, and 5) 
th e  delayed r e c t i f i e r .  S ing le  channel reco rd in g s  were used 
to  c h a ra c te r iz e  th e se  io n ic  m echanism s and t h e i r  re g io n a l  
d is t r ib u t io n  acro ss  the  neuronal s u rfa c e . R eco rd in g s  from 
th e  somal re g io n  o f  PNs ( c e l l - a t t a c h e d  o r  o u t s i d e - o u t  
configu ra tion ) revealed  sev e ra l types o f membrane c h a n n e ls ,  
in c lu d in g  a t  l e a s t  t h r e e  ty p e s  o f  v o l t a g e - s e n s i t i v e  K+ 
ch an n e ls , id e n tif ie d  by th e i r  s i n g l e  c h an n e l c o n d u c ta n c e , 
v o l t a g e  s e n s i t i v i t y  a n d  s e n s i t i v i t y  t o  TEA . 
V o lta g e -se n s itiv e  K+ ch an n e ls , includ ing  a Ca++ a c tiv a te d  K+ 
ch an n e l, were a lso  observed in th e  d e n d r i t i c  r e g io n  o f  th e  
PNs. In both re g io n s , K+ channel a c t i v i t y  was a s s o c ia t e d  
w ith th e  f a l l in g  phase  o f  sp o n tan eo u s  a c t io n  p o t e n t i a l s .  
These d a ta  s u g g e s t  t h a t  Ca++ and K+ m ed ia ted  e l e c t r i c a l  
events occur in  both th e  somal and d e n d r i t i c  r e g io n  o f  PNs 
and th a t  K+ channels fu n c tio n  in  th e  r e p o la r iz in g  ph ase  o f  
a c tio n  p o t e n t i a l s ,  w hich ap p ea r to  b e  g e n e ra te d  in  b o th  
re g io n s . (Supported by NIAAA 06420).
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276.11  PATCH CLAMP RECORDING OF VOLTAGE-DEPENDENT 
POTASSIUM CHANNELS IN CULTURED HIPPOCAMPAL NEURONS. 
 Michael A. Rogawski.  Laboratory of Neurophysiology, NINCDS, 
National Institutes of Health, Bethesda, MD 20205.

Single voltage-activated K+ channels were first recorded in squid 
axon by Conti and Neher [Nature 285: 140 (1980)] using an early 
version of the patch clamp. Recent improvements afforded by the 
gigaseal technique allow the properties of K+ channels to be studied 
with higher resolution and it is now possible to examine their kinetic 
behavior a fte r an instantaneous change in potential.

Gigaseal patch recordings were made a t room tem perature from 
the somatic membranes of cultured hippocampal neurons from 19-
day old ra t embryos. Cells were bathed in tetrodotoxin (1–2 µM) and 
CdCl2 (0.2 mM) to block Na+ and Ca2+ entry, respectively. In the 
cell-a ttached configuration, depolarization of the membrane patch 
by 15 to 60 mV resulted in the appearance of outward unitary 
currents. The frequency of channel opening increased markedly with 
the magnitude of the depolarization. Channel amplitudes were 
normally distributed and varied linearly with potential; there was no 
evidence for sub conductance states. The single channel slope con
ductance was 20 ± 2 pS and the extrapolated reversal potential was 
21 ± 5 mV below rest, i.e., near the inversion potential of macro
scopic K+ currents in these cells. Experiments with excised patches 
confirm tha t the channels pass predominantly K+ ions. Channel 
opening occurred in bursts with occasional brief flickerings to the 
closed state. Burst lifetim es were exponentially distributed with a 
tim e constant of 10 ± 5 msec for times < 30 msec. There were a 
disproportionately large number of bursts with long lifetim es, 
suggesting a second component to the lifetim e distribution.

During identical repetitive voltage steps (0.3 to 0.5 Hz), the 
probability of channel opening varied in a non-random fashion with 
tim e so th a t there were a greater than expected number of records 
with no openings ( x 2 comparison with Poisson distribution) and a 
non-random clustering of these blank records (runs test). This 
suggests tha t the channels can enter a prolonged inactivated state.

Unitary currents occurred in Ca2+-free/EGTA-containing solu
tion, but not in tetraethylam m onium  (20 mM). Following a voltage 
command of 20 to 30 mV, the probability of channel opening in
creased gradually in an exponential fashion with a time constant of 
100 msec. This is similar to the activation time constant of the 
macroscopic delayed rec tifie r K+ current in these cells. Therefore 
the channels have kinetic and pharmacological properties expected 
of the unitary events underlying the delayed rec tifie r conductance.

276.12  THE SODIUM CURRENTS OF MOUSE SPINAL CORD NEURONS EARLY IN 
DEVELOPMENT.  A.B. MacDermott and G.L. Westbrook,  Lab.Neuro
physio l .  (NINCDS) & Dev. Neurobiol. (NICHD) ,  NIH, Bethesda,Md.

During development in culture, mouse spinal cord neurons 
show marked increases in action po ten t ia l (AP) r ise  rates and 
3H-saxitoxin binding (Westbrook.et al . ,1983),  and acquire 
repeti t ive  f i r ing .  To examine whether these events r e f lec t  
changes in number, d is t r ibu t ion ,  or k inetics of sodium(Na+) 
channels, we have used patch electrodes to voltage clamp the 
sodium currents underlying APs a f te r  1–5 days in culture.

Spinal cord neurons were dissociated from 13 day embryon
ic mice. On day 1 in culture, neurons were small (~5 um dia.)  
with a few short neuri tes.  Na+-dependent APs could be evok
ed with in tra ce l lu la r  current pulses in normal bathing 
medium. To record Na+ currents from a region tha t  was ade
quately space clamped, choline was substituted for Na+ in 
the bath, and brief  pressure applications (10- 100msec) of 
isosmotic Na+ solution were delivered to the soma from small 
(1 µm tip )  pipet tes  appx. 100 msec before each 50 msec vol
tage jump. Since the flow of Na+ solution into the choline 
solution was visually apparent, the area of membrane exposed 
to the sodium perfusion could be monitored and limited to 
5–10 µm zones. Patch electrodes contained cesium which 
blocked outward currents. Voltage and current outputs from 
a switching single electrode voltage clamp (Axon Instru .)  
in the presence and absence of Na+ were d ig i t ized ,  averaged 
and subtracted to obtain Na+ currents .  Temperature was 25°C.

On days 1–2, cesium-loaded neurons had input resistances 
of 3-5 GΩ . From a holding potential (Vh) of -80 mV, voltage 
jumps to -40 mV or more posit ive activated a fast  inward Na+ 
current. The current-voltage plots of peak currents were 
U-shaped with maximum currents a t  -10 mV. The time constant 
of decay of the Na+ current during sustained depolarization 
was voltage-dependent(appx. e-fold decrease/10 mV depolar
ization).  Steady s ta te  inactivation curves, h ∞ (V), were 
S-shaped with h∞ = 1 at -100 mV and h∞ = 0 a t  -40 mV. After 
3–5 days in culture, the Na+ current a t  the soma had a 
larger amplitude. Neurites became more prominent, and 
neuritic  Na+ currents could be recorded a t  the soma a f te r  
focal application of Na+ to individual neurites.

These results  demonstrate tha t  even early in development 
mammalian spinal cord neurons have inward Na+ currents with 
kinetic behavior similar  to that  observed in other prepara
tions.  Comparison with "mature" cultured neurons should 
help in understanding the changes in spiking behavior tha t  
occur during development.

276. 13  CHLORIDE CHANNELS ACTIVATED BY GLUTAMATE AND GABA 
IN PATCH-CLAMPED ADULT XENOPUS LAEVIS NEURONS IN 
LONG-TERM CELL CULTURE.  D.M. W etzel. S.D. Erulkar, L. 
K ilgren,* J . R endt,*  T. Parsons, and S. Y ang,*  Dept. of 
P harm acology, Univ. o f Pennsylvania, Philadelphia, Pa. 19104.

G lu tam ate  and ˠ -am inobu ty ric  acid  (GABA) a re  m ajor neu ro trans
m itte rs  (NT) in th e  am phibian sp inal cord  (SC) and b rainstem  (B) 
(N istri & C onstan ti, Prog. N eurob. 13:117, 1979). GABA a c ts  on 
m otor neurons and spinal a ffe re n ts  as an inhibitory NT by hyper
polarizing  th e  m em brane through an inc rease  in Cl-  conduc tance . 
G lu tam ate  a c ts  as  an  e x c ita to ry  NT, causing m em brane depo lariza
tion  by increasing  conduc tance to  ca tio n s , prim arily  Na+ and C a++. 
To exam ine th e se  e f fe c ts  a t  the  single channel level, c e ll cu ltu re  
p rocedures w ere developed which allow for the  pa tch  clam ping of 
adu lt SC and B neurons m ainta ined  in ce ll cu ltu re . The B and SC of 
an  adu lt m ale Xenopus la evis w ere rem oved while im m ersed in a 
w ell-oxygenated , ch illed  (4°C ), norm al frog Ringers solution 
(NFRS). The B and SC w ere m inced in to  sm all p ieces and 
tra n sfe rre d  to  a  ze ro  ca lc ium -zero  m agnesium  EDTA solution (NCM) 
for a  15-m in. period . NCM was p ip e tte d  o ff and 1.25 m g/m l trypsin  
(1:250) in oxygenated  NFRS a t  4º c  was added for a  1/2 hour incuba
tion  a t  4°C . Following incubation , th e  B and SC p ieces w ere t i tu ra
te d  100 x through a p a s te u r p ip e t, c e n trifuged  (1,200 rpm) fo r 15 
min, decan ted , and then  resuspended w ith t i tu ra tio n  (50 x) in media 
w ithout fe ta l  c a lf  serum  (50% L-15, 5 mM D -glucose, 50 µg /m l 
gen tam icin ). Suspended ce lls  w ere p la ted  a t  low -density  onto Falcon 
3001 dishes previously tre a te d  w ith po ly -1-lysine (400,000 mw). 
Media was as above, w ith addition  o f 5% fe ta l  ca lf  serum  (Gibco FBS 
309). D ishes w ere m ainta ined  in a  norm al a tm osphere  high-hum idity  
incubato r a t  23°C  ± 1°C  for up to  6 m onths w ith occasional feedings 
a t  2-m onth in te rva ls . N eurons a tta c h e d  to  th e  dish a f te r  10–14 days 
and w ere m ost easily  patch -c lam ped  a t  4–8 wks. C e ll-a ttach e d , 
ou ts ide -ou t, and inside-ou t configurations of th e  pa tch  clam p w ere 
used w ith various com binations of ba th  and e lec tro d e  so lu tions. In 
th e  p resence  o f 75 µM g lu tam a te , single channels w ith a 
conduc tance of 30-40 pS w ere reco rded . In low-sodium R inger 
solutions, a  g lu ta m a te -a c tiv a te d  channel was found to  be Cl- 
conducting  w ith a  conduc tance of 150–206 pS.  O pen-tim e h isto 
gram s f i t  w ith  a t  le a s t tw o exponentials w ith T 1 = 1.5 -  1.9 mS and 
T 2 = 6.6 -  11.8 mS. In th e  p resence  of 50 µM GABA channels w ith 
conduc tances o f 80–100 pS w ere reco rded . These channels appeared  
to  be p rim arily  Cl-  conducting . O pen-tim e h istogram s p lo tted  w ith 
th ree  exponen tials , T 1 -  2.4 -  3.0 mS, T 2 = 13-18 mS, and T 3 = 45-
160 mS. The responses to  GABA and g lu tam a te  w ere seen in the  
m ajority  (> 90%) o f p a tch es  (N = 53). (Supported by NS02211, MH 
46554-06, and BRSG S07-RR-05415-22).
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277.1 PYRAMIDAL CELL DENDRITIC SPINE DEVELOPMENT IN LEAD.
 INTOXICATED KITTENS.  G. W. P a tr ic k .  Ind iana U niversity  

Sch. of M edicine, Dept. of Anatomy. Fort Wayne, IN. 46805

Lead has been suspected  as a cause of sev e ra l neuro
lo g ic a l  d iso rd e rs  in  c h ild ren  such as mental re ta rd a tio n , 
h y p e ra c tiv ity  and autism , but underly ing  neuronal changes 
re sp o n sib le  fo r  such sequelae  have ye t to be e lu c id a ted .
This study was designed to  determ ine the  m orphological 
consequences of r e la t iv e ly  low doses of lead  on s tru c tu re s  
a sso c ia ted  w ith neuronal synapses. Beginning the  day a f te r  
p a r tu r t io n  k i t te n s  were dosed w ith 20  mg/kg lead  a ce ta te  
o r 20 mg/kg sodium a c e ta te  by esophageal in tu b a tio n . The 
animals were k i l le d  a t  weekly in te rv a ls  from 1–5 weeks of 
age by an i . p .  in je c tio n  of p e n to b a rb ita l. They were 
hep arin ized  and perfu sed  tr a n s a o r t ic a l ly  w ith  0.9% s a lin e  
con ta in ing  0.1% proca ine . The b ra in  was quickly  removed 
and p laced  in  Golgi-Cox so lu tio n . A fte r an ap p ro p ria te  
s ta in in g  tim e, blocked b ra in s  were embedded in  c e l lo id in  
and sec tioned  a t  100 µm. Secondary branches of pyramidal 
c e l l s  in  a n te r io r  sy lv ian , ec to sy lv ian  o r suprasy lv ian  
g y ri were se le c te d  fo r  an a ly s is . Spines were counted a t 
1,875X m agn ifica tion  fo r  27.5 µm of secondary d e n d ritic  
len g th . The d a ta  p resen ted  here rep re sen ts  the v is ib le  
d e n d r it ic  sp in es . Beginning a t  1 week sodium tre a te d  
k i t te n s  show a steady  inc rea se  in  the number of sp ines per 
u n it leng th . The average number of sp ines a t 1 week was 
18 r i s in g  to  19, 26, 29, and 35 sp ines fo r 2, 3, 4, and 
5 weeks, re s p e c tiv e ly . D en d ritic  sp ine counts from lead 
t re a te d  k i t te n s  were 23, 33, 32, 36, and 50 fo r 1, 2, 3, 
4 and 5 week-old anim als, re s p e c tiv e ly . This data  c le a r ly  
dem onstrates a dram atic inc rea se  in  sp ine population  
ranging from 23– 73% a t d if f e r e n t  ages. The d e n d ritic  spines 
might d is ru p t tem poral and s p a t i a l  a spec ts  of synap tic  
form ation o r may re p re sen t tra n s ie n t  synapses which have 
fa i le d  to  d isap p ea r, u ltim a te ly  a l te r in g  e l e c t r i c a l  a c t iv i ty  
of the  pyram idal c e l l .  These r e s u l ts  thus suggest sev e ra l 
mechanisms by which lead  might produce n eu ro lo g ica l d e f ic i t s .

This re sea rch  was supported by BRS #5 S07 RR 5371 
from th e  D iv ision  of Research Resources, N ational 
I n s t i tu te s  of H ealth .

277.2  MPTP DESTROYS DOPAMINE NEURONS IN CULTURED RAT 
MIDBRAIN; MONOAMINE OXIDASE INHIBITORS PROTECT.  C . 
M ytilineou and G. Cohen, D ept. o f N eurology, Mount Sinai School o f  
M edicine, New York, NY 10029.

l-M eth y l-4 -pheny l-l,2 ,3 ,6 -te trahyd ropy rid ine  (MPTP) is a  
neurotoxin th a t destroys se lec tiv e ly  the dopam ine (DA) neurons o f 
the substan tia  n igra in monkeys and man. We exam ined the e f fe c t 
o f MPTP applied in v itro  on the DA neurons o f cu ltu red  ra t  
m idbrain. Explants o f em bryonic r a t  v en tra l m idbrain w ere grown in 
organ cu ltu re . MPTP (10 uM) was added to  the  feeding  medium for 4 
or 7 days and the e f fe c t on the DA neurons was s tudied  by 
ca techo lam ine (CA) h istofluorescence and 3H-DA u p take . For 
h isto fluorescence , the cu ltu res  w ere incubated  w ith a lpha-m ethy l
norepinephrine in order to visualize a ll dopam inergic perikarya and 
processes. MPTP tre a tm e n t resu lted  in a  m arked d ec rease  in the 
num ber o f fluorescing  perikarya and nerve fibe rs. The e f fe c t was 
m ore pronounced a f te r  7 days o f tre a tm e n t. MPTP also reduced the 
3H-DA uptake by the tre a te d  cu ltu res  to  61% o f con tro l a t  4 days, 
and to 26% o f con tro l a t  7 days. P re tre a tm e n t w ith 10 uM pargyline 
or 10 uM deprenyl, two m onoamine oxidase inhib itors, p ro te c ted  the 
cu ltu res  from the neurotoxic e f fe c t o f MPTP. 3H-DA up take  by the  
pargyline-M PTP tre a te d  cu ltu res  w as 58% o f co n tro l com pared  to  
15% o f con tro l in cu ltu res  tre a te d  w ith MPTP alone. D eprenyl 
com pletely  p reven ted  the toxic ac tio n  o f MPTP. CA 
histo fluorescence  confirm ed the surv ival of DA axons a f te r  
tre a tm e n t w ith MPTP in the p resence o f m onoam ine oxidase 
inhib itors. Our resu lts  im p lica te  m onoam ine oxidase in the 
neurotoxic e f fe c t o f MPTP.

Supported by NIH g ran ts  NS-11631 and NS-18979 and by the 
A m erican Parkinson D isease A ssociation.

277.3  INORGANIC MERCURY IS A POTENT REVERSIBLE INHIBITOR OF 
GLUTAMATE UPTAKE IN ASTROCYTE CULTURES.  N. Brookes,  Dept. 
of Pharmacology & E xp tl. T h er., Univ. of Maryland School of 
M edicine, B altim ore, MD 21201.

Primary c e l l  c u ltu re s  of a s tro c y te s ,  derived  from the 
c e reb ra l hemispheres of newborn mice, possess an avid uptake 
mechanism fo r glutam ate (H ertz , L. e t  a l . , Neurochem. Res. ,  
3 :1 -14 , 1978). In the  p resen t s tudy, i n i t i a l  ra te s  of [3 H] 
glutam ate uptake in  mouse a s tro cy te  c u ltu re s  a t  2-3 weeks 
were measured during 1-8 min incubation  periods in  a T ris 
(20 mM)-buffered s a lin e  (pH 7 .3 , 35°C). Uptake was Na+-
dependent and followed M ichaelis-M enten k in e t ic s .  The 
was 98 ± 8  µM (SEM, n=4) and Vmax was 69 ± 6 nmol/min/mg 
p ro te in .  P retrea tm ent of the c u ltu re s  w ith d ib u ty ry l cAMP 
0.1 mM during  the  week before uptake measurement led to  
morphological d i f f e r e n t ia t io n  of the a s tro cy te s  and a 
red u c tio n  of the  to  59 ± 2 µM (n=2) w ithout s ig n if ic a n t 
e f f e c t  on Vmax. These re s u l t s  conform q u ite  w ell w ith the  
fin d in g s  of H ertz e t a l .

The in flu en ce  of a number of inorganic  m etal ions on 
g lutam ate uptake in  m orphologically  u n d iffe re n t ia te d  
c u ltu re s  was te s te d  by a d d itio n  of 1 µM ch lo rid e  s a l t  to the 
incubation  s o lu tio n , follow ing a 10  min p re -e q u il ib ra tio n  of 
the  c u ltu re s  in  buffered  s a lin e  con ta in ing  the same 
co n cen tra tio n  of the  m etal c h lo rid e . C obalt, s tron tium , 
le a d , aluminum, cadmium and zinc ch lo rid es  (1 µM) were a l l  
w ithout in flu en ce  on glutam ate uptake in  so lu tio n s  
con ta in ing  50 µM and 2 mM glutam ate . However, mercuric 
ch lo rid e  1 µM caused a marked in h ib it io n  of uptake a t  both 
g lutam ate c o n cen tra tio n s . The c o n ce n tra tio n -e ffe c t curve 
fo r  Hg++ was s te e p . Uptake was 14% in h ib ite d  in  the 
presence of 0.2 µM Hg++, 54% a t 0.5 µM Hg++ and 75% a t 
1 µM Hg++ (g lu tam ate 100 µM).  Uptake was not d if f e r e n t  
from c o n tro ls  in  c u ltu re s  exposed to  0.5 µM Hg++ fo r 10 min 
and then  washed in  buffered  s a lin e  fo r  10 min p r io r  to  
uptake measurement. The fo r  uptake in  the presence of 
1 µM Hg++ was not increased  (6 6  ± 4 µM (n= 2)), and 
p re lim inary  d a ta  in d ic a te  a reduction  in  Vmax.

Chronic exposure to  Hg i s  a sso c ia ted  w ith  a m u ltitude of 
neu ropatho log ical changes. The po ten t re v e rs ib le  in h ib it io n  
of g lutam ate uptake by inorgan ic  Hg repo rted  here could 
provide a b a s is  fo r  understanding the  re v e rs ib le  syndrome 
resem bling amyotrophic l a t e r a l  s c le ro s is  (ALS) observed in  a 
man acu te ly  exposed to  e lem ental Hg (Adams, C.R. e t  a l . , 
JAMA, 250:642-643, 1983) and in d ic a te s  po ssib le  d ire c tio n s  
fo r . re sea rch  on the e tio lo g y  of ALS. (Supported by U.S. 
Army co n tra c t DAMD 17-81-C-1279).

277.4  EFFECTS OF INTRASTRIATAL QUINOLINIC ACID INJECTIONS ON 
SEROTONERGIC AND DOPAMINERGIC NEURONAL SYSTEMS.  S. M azzari, 
C. Al d in i o*, G. Toffano and R. Schwarcz+ .  Department of Bio
chem istry , F id ia  Research L ab o ra to ries , 35031 Abano Terme, 
I t a ly  and +Maryland P sy c h ia tr ic  Research C enter, B altim ore, 
MD 21228, USA.

Following i n t r a s t r i a t a l  in je c tio n , the  endogenous e x c i to
to x ic  amino acid q u in o lin ic  acid (QUIN) causes s e le c tiv e  
"axon-sparing" le s io n s , which a re  rem in iscen t of those  obser
ved in the  human neurodegenerative d iso rd e r H untington’s d is 
ease (S cience, 219: 317, 1983). We have now examined the  e f 
fe c ts  of u n i la te r a l  i n t r a s t r i a t a l  in je c tio n s  of 300 nmol 
QUIN in  r a t s  on dopaminergic and sero to n erg ic  s t r i a t a l  nerve 
te rm in a ls . Dopamine (DA), sero ton in  (5HT), hom ovanillic acid  
(HVA), dihydroxyphenylacetic acid (DOPAC) and 5-hydroxyin
d o le a ce tic  acid  (5HIAA) le v e ls  were measured 90min, 6h r, 4 
and 11 days follow ing QUIN a d m in is tra tio n . DA and 5HT tu rn 
overs were evaluated  by measuring the  accum ulation of dihyd
roxyphenylalanine (DOPA) and 5-hydroxytryptophan (5HTP) 30 
min a f te r  the ad m in is tra tio n  of the  arom atic amino acid  de
carboxylase in h ib i to r  NSD 1015 (100 mg/kg, i . p . ) .  M odifica
tio n s  in  the  in je c ted  s tria tu m  are  l i s t e d  as percen t changes 
w ith re sp ec t to PBS in je c ted  c o n tro ls  (ND = no d if f e r e n c e ) :

90 min 6 hr 4 days 11 days
DA ND + 24 + 24 + 24
HVA ND + 21 + 88 + 36
DOPAC ND + 57 +208 + 78
5HT ND ND ND ND
5HIAA ND + 77 +145 + 41

D irect measurement of DA’ and 5HT tu rnover confirmed an en
hanced a c t iv i ty  in both a f fe re n t f ib e r  systems 4 days f o l l o 
wing QUIN: a f te r  NSD 1015 trea tm en t, both DOPA (+44%) and 
5HTP (+42%) accum ulation were s ig n if ic a n t ly  in c reased . No 
s ig n if ic a n t changes were noted in c o n tra la te r a l  s t r i a t a .

Based on the  time curve of the  observed e f f e c ts ,  enhanced 
DA and 5HT turnover does not appear to  be d ir e c t ly  re la te d  to  
the  e x c ita to ry  ac tio n s  of QUIN. R ather, the  a l te r a t io n s  r e 
ported here could c o n s ti tu te  t r a n s ie n t re a c tio n s  of s t r i a t a l  
monoaminergic a f fe re n ts  to the  degeneration  of th e i r  p o s t
synaptic  neuronal ta rg e ts .

Supported by USPHS gran t NS 16102 (to  R .S .) .
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277.5  STUDIES ON THE CONTENT, SYNTHESIS AND DISPOSITION OF QUINO
LINIC ACID IN THE RAT BRAIN.  F.Moroni, G.Lombardi*, V.Carlà* 
 Dept. of Pharmacology, Univ. of Florence, Viale Morgagni 65, 
50134 Firenze, Ita ly .

Quinolinic acid (2,3 pyridinedicarboxylic acid, QUIN) is a 
tryptophan metabolite identified 35 years ago in mammalian 
l iver  and kidney. Recently QUIN has been added to the l i s t  of 
the excitotoxins because, when locally applied, i t  causes neu
ronal degeneration (Schwarcz et  a l . , Science 219,36,1983). We 
identified  QUIN in the brain (Moroni et  a l . ,  Brain Res.,  295, 
352, 1984) and we are now attempting to ascertain: a) whether 
or not the brain is able to synthetize i t ;  b) whether or not 
i t  i s  possible to evaluate i t s  turnover rate .  QUIN was mea
sured, as previously described, using mass spectrometry 
(single ion recording on m/z 272 and 2,4 pyridinedicarboxylic 
acid as an internal  standard). When brain homogenates are in
cubated in phosphate buffer in the presence of tryptophan 
(10 M; l h; 37°C),the ir  content of QUIN increases at a rate 
of 0.60 nmol/g tissue/h .  Tryptophan administration (200 mg/
Kg i . p . )  to adult ra ts  increases not only the cortical con
tent of 5HT (from 1.2±0.1 to 1.8±0.12 nmol/g tissue)  but also 
the cort ical  content of QUIN (from 2.1±0.2 to 3.8±0.3 nmol/g 
t issue) .  These experiments indicate that the brain syntheti
zes QUIN. In order to measure i t s  rate of synthesis, we a t te 
mpt to antagonize i t s  transport  from the CSF to the blood by 
administering large doses of probenecid (200 mg/kg). This 
treatment linearly  increases the cortical content of QUIN for 
at leas t  l h. Using the method of Neff et  a l . (J.P.E.T. 158, 
214,1967) the evaluated ra te of synthesis of QUIN was 0.7 
nmol/g t issue/h .  In the same cortical samples the ra te of 
synthesis of 5HT was 0.36 nmol/g t i s s u e /h .  Thus QUIN seems to 
have a larger turnover rate than 5HT. In animals ,  whose brain 
tryptophan content is chronically increased (rats bearing for 
4 weeks an anasthomosis between the porta and the cava veins)
, the cortical content of QUIN increased by 95%.

In conclusion, our data suggest that the brain synthetizes 
QUIN from tryptophan,that i t  disposes of i t  using probenecid 
sensitive transport mechanisms and that in pathological con
ditions the content of QUIN in brain increases.

Grants from CNR and the University of Firenze.

277.6  BRAIN ANOXIA OR BREAKDOWN OF MEMBRANE IONIC GRADIENT 
RELEASES NEURONAL STORES OF DOPAMINE IN THE RAT.  J .  A. 
Clemens, L. A. Phebus*, R. W. Fuller  and K. W. Perry*.  
The L il ly  Research Laboratories, A Division of Eli L il ly  
and Co., Indianapolis, IN 46285

In in vivo voltammetry experiments with carbon paste 
electrodes in anesthetized r a t s ,  we observed that when 
ra ts  died during the experiment a large increment appeared 
in the f i r s t  voltammetric peak (+0.12 V). Since dopamine 
(DA), 3 ,4-dihydroxyphenylacetic acid (DOPAC) and ascorbic 
acid (AA) all  are components of the f i r s t  peak, the iden
t i t y  of the substance was unclear. In th is  study in vivo 
brain dialysis was used in conjunction with in vivo voltam
metry to identify  the electroactive substance released 
a f te r  death.

Adult male ra ts  were anesthetized, placed into a stereo
taxic instrument and ventilated with a resp ira to r .  A min
iature dialysis probe was lowered into the r ight  corpus 
striatum and a graphite paste-tipped miniature working 
electrode placed into the le f t  str iatum. In vivo elec tro
chemical measurements were made by clamping the potential 
of the working electrode vs the Ag/AgCl reference at a 
voltage positive enough to oxidize DA, DOPAC and AA but 
not other electroactive molecules. The oxidation current 
was continuously monitored on a s t r ip  char t.  Saline was 
perfused through the dialysis  tubing and DA, DOPAC, HVA, 
5-HIAA, AA and 5-HT levels in the d ialysate  were monitored 
by HPLC. After a stable electrochemical baseline was 
achieved the respira tor  was turned off and the r a t  allowed 
to die.

At about 6 min following cessation of mechanical respira
t ion, there was a large increase in dialysate DA concen
tra t ion  and in the electrochemical signal.  AA, DOPAC, HVA 
and 5-HIAA levels in the dialysa te  declined. No 5-HT 
release was detected. In a separate experiment, perfusion 
of 10- 3  M ouabain through the dialysis probe to inhibit  
Na/K ATPase resulted in a similar large increase in 
dopamine release . Both cerebral anoxia and ouabain are 
known to destroy membrane ionic gradients. This resu l ts  
in the high levels of extracellu lar  dopamine. Similar 
high levels of dopamine have been reported to be cyto
toxic.  Thus, in pathological s i tuations characterized by 
decreased blood flow or blood oxygenation such as stroke, 
ischemia or respiratory insufficiency DA may be released 
in quantities suff ic ien t  to be cytotoxic, such as through 
the generation of reactive f ree radicals.

277.7  INHIBITION OF SYNAPTOSOMAL GABA UPTAKE BY LIPID PER
OXIDATION AND Ca+2: ANTIOXIDANT EFFECTS OF GLU
COCORTICOIDS.  J.M. Braughler, (SPON: G.D.Vogelsang)  CNS 
Research, The Upjohn Company, Kalamazoo, MI 49001.

The uptake of 14C-GABA by ra t brain synaptosomes was deter
mined a t 37°C in 200 µl of Krebs buffer, pH 7.4 containing 0.5 mg 
synaptosomal protein/ml and 10 µM GABA (1mCi/mole). GABA 
uptake was term inated a fte r 5 min by the addition of ice cold 
Krebs followed by immediate filtration. Preincubation of synapto
somes with the free radical generators 100 µM xanthine and 0.3 
units/ml xanthine oxidase (X/XO), or 0.1 mM H2O2 and 0.2 mM 
FeCl2 (H/Fe) resulted in a tem perature- and time-dependent 
inhibition of GABA uptake that was associated with formation of 
malonyldialdehyde (MDA). The effects of X/XO or H/Fe on GABA 
uptake and MDA formation were nearly completely blocked by 
catalase; were partially blocked by mannitol; and the effects of 
X/XO were enhanced by superoxidase dismutase, all suggesting 
that hydroxyl radical was involved. X/XO or H/Fe increased the 
Km for GABA from 6.8 µM to 19.8 µM and decreased the Vmax 
from 2.5 to 1.6 nmoles GABA/mg protein/5 min.

Preincubation of synaptosomes with the Ca+2 ionophore, A23187 
(10 µM), caused a striking Ca+2-dependent reduction in GABA 
uptake, and in addition, enhanced the inhibition of GABA uptake by 
X/XO or H/Fe. Ca+2 alone enhanced the actions of X/XO or H/Fe 
on GABA uptake which were less in Ca+2-free  Krebs than in Krebs 
containing 1.5 mM Ca+2. The Ca+2 effects were blocked by 10 µM 
verapamil, but were not blocked by 10 µM indomethacin or 10 µM 
m eclofenamate.

The inhibition of GABA uptake by X/XO or H/Fe could be 
prevented by preincubation (10 min a t 37°C) of synaptosomes a t 
10 mg protein/m l with 100 µM methylprednisolone sodium succi
nate (MPSS) or 1 mM prednisolone SS (PSS). The effects of MPSS 
and PSS were concentration dependent and MPSS displayed a 
biphasic dose-response curve reminiscent of its dose-response char
acteristics in the injured cat spinal cord (3.M. Braughler and 
E.D. Hall, J . Neurosurg. 59:256-261, 1983). In contrast to MPSS or 
PSS, hydrocortisone SS a t concentrations as high as 3 mM did not 
block lipid peroxidation-induced inhibition of GABA uptake. Ster
oids which blocked X/XO or H/Fe inhibition of GABA uptake also 
blocked MDA formation.

The results indicate that GABA uptake by synaptosomes can be 
inhibited by lipid peroxidation and a process involving Ca+2. The 
glucocorticoids MPSS and PSS blocked the inhibition of GABA 
uptake by an antioxidant mechanism.

277.8  OCCUPATIONAL LEAD EXPOSURE: EFFECTS ON INFORMATION PROCESSING 
 A.M. Williamson* and R.K.C. Teo*. (SPON. G.A.R. Johnston) 
 Dept. In d u s tr ia l  R ela tio n s , Div. O ccupational H ealth , 
Lidcombe N.S.W. A u stra lia , 2141.

In a study of 59 lead workers, none of whom had ever had 
b lood-lead  le v e ls  above 80µg/10ml (mean o f 49.56µg/100 ml) 
s ig n if ic a n t  impairments were found using a number of te s t s  
from a b a tte ry  designed around inform ation  p rocessing  p r in 
c ip le s .  D iscrim inant a n a ly sis  showed th a t  these  lead  
workers could be r e l ia b ly  d if f e r e n t ia te d  from a s im ila r  group 
o f 70 non-exposed c o n tro ls  on the b a sis  o f th e ir  g en era lly  
lowered aro u sa l le v e ls ,  th e ir  g re a te r fa tig u e  in psychomotor 
ta sk s , th e ir  poorer sh o rt and long term memory as w ell as 
th e ir  tendency to trad e  o f f  accuracy a t  the c o s t of speed in  
a prolonged v isu a l track ing  (v ig ilance) ta sk . The degree of 
these  d e f ic i t s  d id  not vary p ro p o rtio n a te ly  w ith amount of 
exposure except in  the v ig ilan ce  task  which showed a s ig n i f i 
can t re la tio n s h ip  between behaviour and exposure. These 
r e s u l ts  a re  c o n s is te n t w ith the neuroanatom ical fin d in g s  of 
s e le c tiv e  dep o sitio n  o f lead  in  the hippocampus o f developing 
organisms and th a t  lead  is  thought to  produce segmental 
dem yelination of p e rip h e ra l nerves in  both developing and 
a d u lt organism s. Low-level lead  exposure th e re fo re  a f f e c ts  
s p e c if ic  aspec ts  of inform ation p rocessing  which a re  in d ic a 
tiv e  o f id e n t i f ia b le  s i t e s  o f damage to  the nervous system.
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2 7 7 .9   GUANACLINE INDUCED ACCUMULATION OF FLUORESCENT LIPOPIG
MENT IN SYMPATHETIC NEURONS.  M.A. Palmati er,* P.T. 
Manning, R.E. Schmidt, P.A. Lampe* and E.M. Johnson, 
J r .  Wash. U. Med. School, St.  Lou is ,  MO 63110  

Guanacline ( I I ) ,  an analog of the anti hypertensive 
drug guanethidine ( I ) ,  was tes ted c l in ica l ly  in the la te  
1960's. Clinical reports demonstrated markedly impaired 
sympathetic function up to 18 months after cessation of 
treatment. Sympathetic neurons of animals treated with 
guanacline accumulate fluorescent osmiophillic granules 
in a time- and dose-dependent manner. This lipopigment 
occurs in all  species tested. Treatment of animals with 
either  guanethidine or the saturated form of guanacline 
( I I I )  does not cause fluorescent lipopigment accumulation.

The fa i lu re  of these compounds to cause lipopigment is 
not due to fa i lu re  of these compounds to accumulate in 
sympathetic neurons. At the EM level,  the lipopigment 
granules i n i t i a l ly  contain multilamellar circular figures 
which vary i n size but not morphology from species to 
species. Cessation of guanacline administration does not 
re su l t  in loss of lipopigment granules. Over time the 
lipopigment becomes granular with curvilinear  shapes and 
increased fluorescence. Preliminary experiments show 
dissociated ra t  sympathetic neurons in culture will accu
mulate osmiophillic lipopigment in the presence of guana
c l ine .  Experiments are in progress to determine i f  th is  
lipopigment is fluorescent and is caused by guanethidine 
or the saturated form of guanacline. These studies show 
tha t  the double bond is  c r i t ic a l  for lipopigment accumu
la t ion  and tha t  sympathectomy and lipopigment accumu
la t ion  occur by d ifferent  mechanisms. We propose that 
the long-term sympathetic impairment seen in humans 
treated  with guanacline, but not guanethidine, ref lec ts  
functional correla tes of the lipopigment accumulation or 
the process which produces i t .

277.10  THE RELATIONSHIP BETWEEN NEUROLOGICAL DAMAGE AND NEURO
TOXIC ESTERASE (NTE) INHIBITION IN RATS ACUTELY EXPOSED TO 
TRI-ORTHO-CRESYL PHOSPHATE (TOCP).  B. Veronesi*+, S. 
Padilla*+, R. Novak*+, and L.W. Reite r . (SPON: Thomas 
Brock, I I I ).   + Northrop Services, Inc. ,  Environmental 
Health Sciences and US EPA, Health Effects Research 
Laboratory, Research Triangle Park, NC 27711.

A rodent model of organophosphate-induced delayed 
neuropathy (OPIDN), which mimics the central and per i
pheral neuropathy seen in conventional chicken and cat 
models, has recently been described (Veronesi, B., Neuro
path. Applied Neurobiol., 1984, in press).  The present 
experiment was designed to re la te  neurochemical changes 
with neuropathy in rats acutely exposed to TOCP. A 
c r i t ic a l  percent inhibition (>70%) of neurotoxic esterase 
(NTE), the putative target enzyme of neurotoxic organo
phosphates, has been shown to predict OPIDN in a variety 
of species exposed to various neurotoxic OP-compounds 
(Johnson, M.K., Rev. Biochem. Toxicol. 4:141, 1982). To 
determine i f  this relationship held in the rat model, 
seven groups of 70-90 d, Long Evans, male rats  (n=3-12/
treatment group) were exposed by gavage to acute dosages 
of TOCP (145-3480 mg/kg) or corn o i l .  All animals were 
prophylactically treated with atropine sulfate (7.5 mg/kg, 
s . c . )  on the day of dosing and two days afterwards. Spinal 
cord and brain NTE ac t iv i ty ,  measured 44 hr post-exposure, 
was correlated with the appearance and degree of spinal 
cord damage in paral lel  groups of treated  rats  ki l led 14 
d post-exposure. Our data indicate that dosages of TOCP 
that inhibit  mean spinal cord NTE ac t iv i ty  >72% of control 
values and mean brain NTE ac t iv i ty  >6 6% of control values 
corre la te  with severe cervical cord degeneration in 95–
100% of similarly dosed ra ts .  In contrast, dosages 
that  inhibit  NTE ac t iv i ty  less than these values produce 
only minimal spinal cord damage. These data suggest that 
in the r a t ,  as in other species, a c r i t ic a l  percent inhi
bition of NTE can be used to predict TOCP-induced neurolo
gical damage.

This is an abstract of a proposed presentation and does 
not necessarily re f lec t  EPA policy.

277.11  DIFFERENCES AMONG INBRED MOUSE STRAINS IN MATERNAL 
AND FETAL SUSCEPTIBILITY TO TOXIC AND TERATOGENIC 
EFFECTS OF A SINGLE LARGE ORAL DOSE OF ETHANOL.  
R. Haddad and R. M. Dumas*.  N e u ro te ra to lo g y  Lab
o r a t o r y ,  New York S t a t e  Of f i c e  o f  M en ta l R e ta rd 
a t i o n  and D evelopm en ta l D i s a b i l i t i e s ,  I n s t i t u t e  
f o r  B a s ic  R e sea rch  in  D evelopm en ta l D i s a b i l i t i e s ,  
1050 F o re s t  H i l l  Road, S ta te n  I s l a n s ,  NY 10314.

We h ave p r e v io u s ly  r e p o r te d  a s in g l e  l a r g e  o r a l  
dose  o f  e th a n o l  to  be t e r a to g e n ic  to  C57BL/6J m ice 
b u t  com parab le  d o se s g iv e n  to  CBA/J m ice d id  n o t  
r e s u l t  i n  a s i g n i f i c a n t  in c id e n c e  o f  m a lfo rm a tio n s  
a l th o u g h  an e f f e c t  on f e t a l  mass was d e te c te d  in  
b o th  s t r a i n s  (Haddad & Dumas. T e r a to g e n ic i ty  o f  
b in g e  d r in k in g :  C om parative  s u s c e p t i b i l i t y  o f  
C57BL/6J and CBA/J m ice to  t e r a to g e n ic  e f f e c t s  o f  
a  s in g l e  o r a l  dose  o f  e th a n o l .  A lco h o lism : C l in 
i c a l  and E x p e rim e n ta l R e se a rc h , 1982, 6 :2 9 8 ) .

We have s u b s e q u e n tly  com pared th e  m a te rn a l  to x 
i c i t y  and t e r a t o g e n i c i t y  o f  a 5 .8  g /k g  dose  o f  25% 
e th a n o l  g iv e n  by gavage on g e s t a t io n  day (GD) 9 
( v a g in a l  p lu g  = GD 1) in  th e  fo llo w in g  s ix  in b re d  
s t r a i n s  o f  m ice: A /J , AKR/J, C3H/HeJ, CBA/J, 
C57BL/6J, DBA/2J. S t a t i s t i c a l l y  s i g n i f i c a n t  d i f 
f e re n c e s  among th e  s t r a i n s  w ere found  b o th  in  
t o x i c i t y  and in  t e r a t o g e n i c i t y ,  b u t  th e r e  was n o t 
a s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n  betw een  th e  
p r o p o r t io n  s u rv iv in g  th e  a c u te  d ose  and th e  i n c i d 
ence  o f  t e r a to g e n ic  e f f e c t s  in  th e  s u rv iv in g  m ice .

The DBA and AKR s t r a i n s  had a com parab le  a c u te  
m a te rn a l  t o x i c i t y  (a p p ro x im a te ly  15% on th e  day o f  
t r e a tm e n t)  b u t  th e  DBA m ice showed a s i g n i f i c a n t  
in c id e n c e  o f  t e r a to g e n ic  e f f e c t s  w h ile  th e  AKR 
s t r a i n  d id  n o t .  S in c e  b o th  o f  th e s e  s t r a i n s  f e l l  
w i th in  th e  same c l u s t e r  in  T a y lo r 's  a n a ly s i s  o f  
th e  g e n e t i c  s i m i l a r i t y  among 27 in b re d  s t r a i n s  o f  
m ice (B. A. T a y lo r ,  1972, G e n e tic  r e l a t i o n s h i p s  
b etw een  in b re d  s t r a i n s  o f  m ice . J .  H e r e d i ty . ,  63: 
83-86) th e  im p l ic a t io n  i s  t h a t  th e  d i f f e r e n c e  
b etw een  them in  s u s c e p t i b i l i t y  to  th e  t e r a to g e n ic  
e f f e c t s  o f  e th a n o l  depends on r e l a t i v e l y  few 
g e n e s . (We a r e  in d e b te d  f o r  t h i s  ap p ro ach  to  
B id d le 's  c h a p te r  e n t i t l e d  "The R ole o f  G e n e tic  
S tu d ie s  in  D evelopm en ta l T o x ic o lo g y "  in  
D ev elopm en ta l T o x ic o lo g y , C. A. Kimmel & J .  B uelke 
Sam, e d s . ,  Raven P re s s ,  1981).
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278.1  ACTIONS OF IDENTIFIED SINGLE SENSORY FIBERS ON DORSAL  
COLUMN NUCLEI NEURONS.  D.G. F e rring ton* , M.J. Rowe* 
and R.P.C. Tarvin*. (SPON: B .J . W illiam s).  School of 
Physiology and Pharmacology, U n ive rs ity  of New South 
Wales, Sydney, A u s tra lia , 2033.

Many s tu d ie s  have dem onstrated the high s e c u rity  of 
transm ission  w ith in  somatosensory pathways. In the 
p resen t study in  d ecereb ra te  or an es th e tiz ed  [b a rb itu ra te  
+N2O/O2] c a ts , th i s  has been in v e s tig a te d  using paired  
reco rd ings from s in g le  neurons in  the g ra c ile  d iv is io n  
of d o rsa l column n u c le i and id e n t i f ie d ,  in ta c t  sensory 
f ib e rs  of the in te ro sseo u s  nerve in  the hindlim b. The 
sensory f ib e r s  were a sso c ia ted  w ith Pacin ian  corpuscle 
(PC) re c ep to rs  of the in te ro sseo u s  membrane and were 
a c tiv a te d  by low am plitude (<5 µm) v ib ra tio n  a t 200-300 
Hz. Impulse a c t iv i ty  recorded from the nerve was re a d ily  
d is tin g u ish ed  from background n o ise .

For f i f te e n  g ra c ile  neurons i t  was p o ssib le  to  demon
s t r a te  th a t the neuron was d riven  by a t le a s t  one f ib e r  
in  the  in te ro sseo u s  nerve. Almost a l l  neurons s tud ied  
responded w ith a high p ro b a b ility  (g rea te r  than 90 p e r
cen t) to  the  f i r s t  spike in  a s e r ie s  coming over a s in g le  
PC inpu t f ib e r .  The mean la ten cy  of response was 9.8 
± 1.4 msec (n=19). Several neurons responded w ith p a irs  
or t r i p l e t s  of sp ikes to  the i n i t i a l  f ib e r  spike and 
re ta in e d  a high p ro b a b il i ty  of response to  the f i r s t  
5-15 successive  inpu t sp ikes when the  sp ikes a rriv ed  
a t  5 msec in te rv a ls .

Both convergence and divergence were observed in  the 
inpu t of in te ro sseo u s  nerve f ib e rs  to  the g ra c ile  nucleus. 
Several neurons were in fluenced  by more than one f ib e r .  
In one experiment a s in g le  f ib e r  a c tiv a te d  four neurons, 
th ree  of which were s tud ied  in  d e t a i l .  The inpu t f ib e r  
had a s trong  synap tic  linkage w ith two of the c e l l s  and 
a weak linkage  w ith the  th i r d .

The pa ired  record ing  from id e n t i f ie d  PC sensory f ib e rs  
and th e i r  ta rg e t  neurons of the g ra c ile  nucleus demon
s t r a te s  d i r e c t ly  the cap ac ity  of th is  somatosensory re la y  
nucleus to  respond r e l ia b ly  to  minimal sensory in p u ts .

278.2  DISCRIMINATION OF THE FREQUENCY OF CUTANEOUS 
STIMULATION IS  CRITICALLY DEPENDENT UPON THE DORSAL 
SPINAL COLUMNS.  C. J .  V ie rc k  J r .  an d  R. H. C ohen . 
 D ept. o f  N e u r o s c ie n c e ,  C o l .  o f  M e d ic in e ,  U n iv . o f  
F l o r i d a ,  G a i n e s v i l l e ,  FL 3 2 6 1 0 .

A f t e r  y e a r s  o f  e m p h a s is  on s p a t i a l  c o d in g  
w i t h i n  t h e  d o r s a l  co lu m n s  (D C s), i t  i s  now a p p a r e n t  
t h a t  l a t e r a l  p a th w a y s  fro m  t h e  s p i n a l  d o r s a l  h o rn  
can  s u p p o r t  e x c e l l e n t  s p a t i a l  r e s o l u t i o n .  
D i s c r i m i n a t i o n s  o f  s p a t i a l  e x t e n t  o r  o f  t h e  
r e l a t i v e  p o s i t i o n s  o f  s t i m u l a t e d  l o c i  a r e  im p a i r e d  
o n ly  t r a n s i e n t l y  by  DC l e s i o n s ,  and  a b s o l u t e  
l o c a l i z a t i o n  o r  tw o - p o in t  d i s c r i m i n a t i o n  a r e  
u n im p a ir e d .  In  c o n t r a s t ,  t a s k s  r e q u i r i n g  
d i s c r i m i n a t i o n  o f  p r o g r e s s i o n s  o f  s t i m u l i  a c r o s s  
t h e  s k in  a r e  s e v e r e l y  an d  p e rm a n e n t ly  im p a i r e d  by 
DC i n t e r r u p t i o n .  T h e se  r e s u l t s  s u g g e s t  t h a t  t h e  
D C - le m n is c a l  s y s te m  u n iq u e ly  c o d e s  s p a t i o t e m p o r a l  
s e q u e n c e s  o f  a c t i v i t y  fro m  s e t s  o f  a f f e r e n t s  
s u c c e s s i v e l y  s t i m u l a t e d  by  m ov ing  s t i m u l i .  H ow ever, 
b e f o r e  d e c i d in g  t h a t  DC d e f i c i t s  a r e  r e s t r i c t e d  t o  
t e s t s  r e q u i r i n g  an  i n t e g r a t i o n  o f  s p a t i a l  and  
te m p o ra l  c u e s ,  c a p a c i t i e s  f o r  p u r e l y  te m p o ra l  
d i s c r i m i n a t i o n s  s h o u ld  be  e v a l u a t e d .

F o u r M acaca s p e c i o s a  m onkeys w e re  t r a i n e d  t o  
d i s c r i m i n a t e  f r e q u e n c i e s  o f  s t i m u l a t i o n  o f  t h e  s o l e  
o f  o n e  f o o t .  The s t i m u l i  c o n s i s t e d  o f  1 s e c  t r a i n s  
o f  h a l f  s i n u s o i d a l  p u l s e s  o f  11 m sec d u r a t i o n  an d  
550u e x c u r s i o n .  F r e q u e n c ie s  r a n g e d  fro m  10 Hz ( th e  
s t a n d a r d )  t o  35 Hz. P u ls e  d u r a t i o n s  an d  a m p l i tu d e s  
re m a in e d  c o n s t a n t ,  r e g a r d l e s s  o f  f r e q u e n c y ,  b u t  t h e  
num ber o f  p u l s e s  and  t h e  i n t e r p u l s e  i n t e r v a l  
c h a n g e d . A s i g n a l  d e t e c t i o n  p a ra d ig m  p e r m i t t e d  
c o m p a r is o n  o f  d '  v a lu e s  b e f o r e  an d  a f t e r  s u r g e r y .  
I s o l a t i o n  o f  o n e  DC by  i n t e r r u p t i o n  o f  t h e  
i p s i l a t e r a l  d o r s o l a t e r a l  co lum n and  t h e  
c o n t r a l a t e r a l  v e n t r a l  q u a d r a n t  p ro d u c e d  no 
s i g n i f i c a n t  a l t e r a t i o n  i n  t h e  d i s c r i m i n a t i o n  o f  
f r e q u e n c y .  I n t e r r u p t i o n  o f  t h e  i p s i l a t e r a l  d o r s a l  
co lum n  p ro d u c e d  a  s t r i k i n g  d e f i c i t  (10  Hz c o u ld  n o t  
b e  d i s t i n g u i s h e d  fro m  35 Hz) t h a t  was m a in ta in e d  
f o r  m ore th a n  a y e a r  by  tw o m o n k ey s. I t  i s  
c o n c lu d e d  t h a t  f a s t  c o n d u c t in g ,  q u i c k l y  a d a p t i n g ,  
p r im a r y  a f f e r e n t s  i n  t h e  d o r s a l  co lu m n s  a r e  
e s s e n t i a l  f o r  f i n e  te m p o ra l  r e s o l u t i o n  o f  s t i m u l i  
d e l i v e r e d  t o  a p o p u l a t i o n  o f  c u ta n e o u s  r e c e p t o r s .  
(S u p p o r te d  by  PHS g r a n t s  NS 07261 an d  MH 1 5 7 3 7 ) .

278.3  SUBDIVISIONS OF THE CAT DORSAL COLUMN NUCLEI BASED ON ITS 
EFFERENT PROJECTIONS.  R.J. Budell* and K.J. Berkley.  Dept. 
of Psychology, Florida State Univ., Tallahassee,  FL 32306

Several anatomical studies have shown that  the dorsal col
umn nuclear complex (DCN) projects to a number of targets  in 
addition to the ventroposterolateral nucleus of the thalamus 
(VPL). Although the data so far  suggest that  DCN neurons 
projecting to areas other than VPL are d is t in c t  from those 
projecting to  VPL, l i t t l e  is known regarding the re la t ive  
d istr ibution  of the extra-VPL-projecting populations. The 
present study was directed at th is  question.

Following single and double retrograde labeling strategies 
using appropriate combinations of 3H-WGA, 3H-apoHRP, WGA:HRP, 
fa s t  blue and nuclear yellow, i t  was found that  DCN neurons 
projecting to VPL, the spinal cord and the pretectum had 
d if feren t  morphological features and were located in separa
ble domains within DCN. Following increasingly larger injec
tions of WGA:HRP into the diencephalon of different animals 
tha t  extended outside of the boundaries of VPL to encroach 
upon the zona incerta (ZI) and posterior group (PO),  i t  was 
found tha t  while the to ta l  population of diencephalic-pro
jecting  neurons contained more small and fusiform neurons 
than the VPL-projecting population, the location of these 
small and fusiform neurons did not extend signif icantly  into 
regions where spinal and pretectal-projecting populations 
were located. In a l l  experiments, a small area of the 
g rac ile  nucleus, ju s t  rostra l  to i t s  c luste rs but caudal to 
the obex was v ir tu a l ly  free of retrogradely labeled neurons. 
This region corresponds closely to  the location of neurons 
projecting to the in fe rio r  olive (Molinari, 1984).

These r e s u l t s ,  summarized in the figure  below, suggest 
that  the populations of extra-VPL-projecting neurons occupy 
separable domains surrounding the region occupied by VPL-pro
jecting  neurons in DCN. Consequently, each population may 
constitu te  a functionally  separate efferent  system.

Supported by NIH grant NS 11892.

278.4   THE DISTRIBUTION OF TRIGEMINOCEREBELLAR, TRIGEMINOTECTAL 
AND TRIGEMINOTHALAMIC PROJECTION NEURONS: A DOUBLE RETRO
GRADE AXONAL TRACING STUDY IN THE MOUSE.  D. A. S t e i n d l e r , 
 Anatom y D e p t . ,  Un i v e r s i t y  o f  T e n n e s se e  C e n te r  f o r  th e  
H e a l th  S c i e n c e s ,  M em phis, TN 38163

D iv e rg e n t  t r i g e m i n a l  p r o j e c t i o n s  t o  t h e  th a la m u s ,  
t e c tu m ,  c e r e b e l lu m ,  o t h e r  b r a in s te m  n u c l e i ,  and  s p i n a l  
c o rd  c o n v ey  s o m a to to p ic  r e p r e s e n t a t i o n s  o f  th e  h e a d  t o  
t h e s e  s t r u c t u r e s  w hich  a r e  in v o lv e d  i n  p r o c e s s in g  o f  
s o m a to s e n s o ry  r e s p o n s e s  and  g e n e r a t in g  m o v em en ts . D oub le  
r e t r o g r a d e  a x o n a l  t r a c i n g  h a s  b e e n  u se d  h e re  t o  ex am in e  
p a t t e r n s  o f  d iv e r g e n c e  in  t r i g e m i n a l  p r o j e c t i o n s  t o  th e  
c e r e b e l lu m ,  s u p e r i o r  c o l l i c u l u s  and  s o m a to s e n s o ry  th a la m u s .  
P a i r e d  i n j e c t i o n s  o f  h o r s e r a d i s h  p e r o x id a s e  an d  w h e a t germ  
a g g l u t i n i n ,  N -[ a c e t y l - 3H] w ere  made i n  p o r t i o n s  o f  th e  
c e r e b e l lu m ,  s u p e r i o r  c o l l i c u l u s ,  and  th a l a m ic  v e n t r o b a s a l  
co m p lex  a n d /o r  p o s t e r i o r  n u c l e a r  g ro u p  o f  20 a d u l t  ICR 
w h i te  m ice  a n e s t h e t i z e d  w i th  i n t r a p e r i t o n e a 1 i n j e c t i o n s  o f  
A v e r t i n .  S e c t io n s  th ro u g h  th e  b r a in s te m  t r i g e m i n a l  com
p l e x  c o n ta i n in g  s i n g l e  and  d o u b le  r e t r o g r a d e  n e u ro n a l  
l a b e l i n g  showed t h a t :  1) T r ig e m in o c e r e b e l la r  (T c) n e u ro n s  
a r e  s c a t t e r e d  am o n g s t t e c t a l  (T sc )  o r  t h a l a m ic  ( T th )  p r o 
j e c t i n g  c e l l s  th ro u g h o u t  t h e  d o r s o v e n t r a l  an d  m e d i o l a t e r a l  
e x t e n t s  o f  t h e  p r i n c i p a l  s e n s o r y  an d  i n t e r p o l a r i s  
d i v i s i o n s ;  2) L a rg e  num bers o f  Tc c e l l s  o cc u p y  d o r s a l  
r e g i o n s  o f  t h e  o r a l i s  d i v i s i o n  w i th  fe w e r  num bers o f  Ts c 
c e l l s  i n  m ore v e n t r a l  r e g i o n s ,  and  o n ly  an  o c c a s i o n a l  T th  
c e l l  c a n  be fo u n d  i n  o r a l i s ;  3) T sc and  T th ,  b u t  n o t  T c , 
p r o j e c t i n g  n e u ro n s  r e s i d e  i n  th e  m a g n o c e l lu l a r  l a y e r  o f  
t h e  c a u d a l i s  d i v i s i o n ,  and  T th  n e u ro n s  w ere  a l s o  fo u n d  i n  
t h e  m a r g in a l  l a y e r ;  4 ) D oub le  l a b e l e d  n e u ro n s  w ere  o b s e rv e d  
o n ly  a f t e r  p a i r e d  i n j e c t i o n s  o f  th e  t r a c e r s  i n  t h e  te c tu m  
and  i p s i l a t e r a l  th a la m u s ,  and  t h e s e  c o l l a t e r a l i z e d  n e u ro n s  
w ere  fo u n d  w i t h in  t h e  p r i n c i p a l  s e n s o r y  an d  th e  i n t e r 
p o l a r i s  d i v i s i o n s ,  i n  a  v e n t r a l  b o r d e r  r e g i o n  b e tw e e n  th e  
c a u d a l  p r i n c i p a l  s e n s o r y  and  r o s t r a l  o r a l i s  d i v i s i o n s ,  and  
i n  t h e  m a g n o c e l lu l a r  l a y e r  o f  th e  c a u d a l i s  d i v i s i o n .  T h u s , 
t h e r e  i s  a t  l e a s t  one d i s t i n c t  c l a s s  o f  Tc n e u ro n s  w i th o u t  
a s c e n d in g  p r o j e c t i o n s  and  t h e r e  may a l s o  b e  d i f f e r e n t  
c l a s s e s  o f  t r i g e m i n a l  n e u ro n s  i n t e r r e l a t i n g  p o r t i o n s  o f  
t h e  te c tu m  and  th a la m u s .  T h e re  a p p e a r  t o  be b a s i c  p a t t e r n s  
o f  d iv e r g e n c e  i n  b r a in s te m  a x o n a l  p r o j e c t i o n s  w h ereb y  
s e p a r a t e  c l a s s e s  o f  n e u ro n s  p r o j e c t  t o  d i f f e r e n t  c o m b in a 
t i o n s  o f  t a r g e t  s t r u c t u r e s ,  and  d i s t i n c t  i n t r a n u c l e a r  
d i s t r i b u t i o n s  o f  p r o j e c t i o n  n e u ro n s  r e f l e c t  d i v e r s e  p a t 
t e r n s  o f  i n n e r v a t i o n .

S u p p o r te d  by  NIH G ra n t  NS 15931 .
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278.5  FUNCTIONAL INFLUENCE OF THE ANTERIOR ECTOSYLVIAN SULCUS ON 
SOMATOSENSORY CELLS IN THE SUPERIOR COLLICULUS.  H .R . Cl emo 
an d  B .E . S t e i n .  D e p t .  P h y s io lo g y  & B i o p h y s ic s ,  M e d ic a l  
C o l le g e  o f  V i r g i n i a ,  R ichm ond , VA 2 3 2 9 8 .

A t o p o g r a p h i c a l l y  o r g a n iz e d  s o m a to s e n s o ry  r e g i o n ,  SIV , 
h a s  b e e n  i d e n t i f i e d  w i t h in  t h e  a n t e r i o r  e c t o s y l v i a n  s u lc u s  
(AES) (C lem o, H .R . an d  S t e i n ,  B .E , B r a in  R e s . ,  2 3 5 :1 6 2 , 
1 9 8 2 ) .  SIV an d  i t s  a d j a c e n t  s o m a to s e n s o ry  r e g i o n ,  p a ra - S I V ,  
s e n d  t o p o g r a p h i c a l l y  o r g a n iz e d  i n p u t s  t o  t h e  s u p e r i o r  c o l 
l i c u l u s  (SC) (C lem o, H .R . an d  S t e i n ,  B .E . ,  J .  N e u r o p h y s io l . ,  
5 1:8 4 3 ,  1 9 8 4 ) .  We h a v e  now ex a m in e d  t h e  f u n c t i o n a l  i n f l u 
e n c e  o f  t h i s  p r o j e c t i o n  an d  fo u n d  t h a t  i t s  d e a c t i v a t i o n  s u b 
s t a n t i a l l y  a l t e r e d  t h e  r e c e p t i v e  f i e l d  an d  r e s p o n s e  p a t t e r n  
o f  some SC c e l l s  an d  e l i m i n a t e d  t h e  r e s p o n s e s  o f  o t h e r s .

The p r o p e r t i e s  o f  45 SC c e l l s  w e re  s tu d i e d  i n  11 p a r a 
l y z e d ,  a n e s t h e t i z e d  c a t s .  M anual an d  e l e c t r o n i c a l l y  c o n 
t r o l l e d  s t i m u l a t i o n  o f  h a i r s ,  s k in  o r  d e e p  t i s s u e  w as co n 
d u c te d  an d  o p t im a l  s t i m u l u s  a m p l i tu d e s  an d  v e l o c i t i e s  w ere  
d e te r m in e d  f o r  e a c h  c e l l .  The i n f l u e n c e  o f  t h e  AES 
c o r t i c o t e c t a l  p r o j e c t i o n  w as d e te r m in e d  a s  f o l l o w s :  
1 ) a f t e r  m ap p in g  t h e  r e c e p t i v e  f i e l d ,  t h e  o p t im a l  s t im u lu s  
w as p r e s e n t e d  10 t im e s  s u c e s s i v e l y  an d  t h e  ev o k e d  d i s c h a r g e s  
c o u n te d  an d  d i s p l a y e d  a s  r a s t e r s  and  h i s t o g r a m s ,  2) t h e  AES 
w as t h e n  c o o le d  t o  < 1 2 °C and  t h e  same t e s t s  w ere  r e p e a t e d ,  
an d  3) t h e  c o r t e x  w as rew arm ed  an d  t h e  same m e a s u re s  t a k e n  a  
t h i r d  t im e .

D e a c t i v a t i n g  t h e  AES d e p r e s s e d  th e  r e s p o n s e s  o f  55% o f  
t h e  SC c e l l s  a c t i v a t e d  by  t h e  g e n t l e  m ovem ent o f  h a i r s  
( n = 2 9 ) , 33% o f  t h o s e  r e q u i r i n g  d i s p l a c e m e n t  o f  t h e  s k in  
(n=7) an d  14% o f  t h o s e  r e q u i r i n g  d i s t o r t i o n  o f  d e e p  t i s s u e  
( n = 9 ) . T h u s , t h e  m a j o r i t y  (85%) o f  a f f e c t e d  c e l l s  w ere  
' h a i r '  u n i t s  an d  m o s t (65%) h a d  s m a l l  r e c e p t i v e  f i e l d s .  
The m a j o r i t y  (60%) o f  t h o s e  n o t  a f f e c t e d  w ere  ' s k i n '  o r  
'd e e p '  u n i t s  an d  m o s t (6 6 %) h a d  r e c e p t i v e  f i e l d s  c o v e r in g  
l a r g e  p o r t i o n s  o f  t h e  b o d y . The l o s s  o f  n o rm a l c o r t i c o t e c 
t a l  i n p u t  fro m  t h e  AES w as r e f l e c t e d  a s  a  s i g n i f i c a n t  
(65-100% ) d e c re m e n t  i n  t h e  num ber o f  im p u ls e s  ev o k e d  in  
a f f e c t e d  SC c e l l s .  The m a g n itu d e  o f  r e s p o n s e  d e p r e s s io n  
v a r i e d  i n  t h e  r e c e p t i v e  f i e l d  an d  i n  some c e l l s  a  p o r t i o n  o f  
t h e  r e c e p t i v e  f i e l d  becam e i n e f f e c t i v e .

A p p a r e n t ly ,  t h e  c o r t i c o t e c t a l  i n p u t  fro m  t h e  AES i s  su b 
m o d a l i ty  s p e c i f i c  an d  i t s  i n f l u e n c e  may v a ry  t h ro u g h o u t  t h e  
r e c e p t i v e  f i e l d  o f  a  g iv e n  SC c e l l .  T h is  p o s s i b i l i t y  i s  
c o n s i s t e n t  w i th  t h e  m an n er i n  w h ich  t h e  SC s o m a to s e n s o ry  
r e c e p t i v e  f i e l d s  a r e  c o n s t r u c t e d  fro m  c o n v e rg in g  a f f e r e n t s .  
S u p p o r te d  b y  G r a n t  NSF 8 0 2 1 5 5 9 .

278.6  THALAMIC CONNECTIONS OF AREA 2 OF SOMATOSENSORY CORTEX 
OF MACAQUE MONKEYS: EVIDENCE FOR INPUTS FROM THE ANTERIOR 
PULVINAR AND SUBDIVISIONS OF THE VENTROPOSTERIOR NUCLEAR 
COMPLEX.  T. P. Pons and J .  H. Kaas.  Department of 
Psychology, Vanderblit University, Nashville, TN 37240.

The thalamic connections of electrophysiologically de
fined parts of hand representations in somatosensory cortex 
of macaque monkeys (Macaca mulatta) were determined a f te r  
separate or combined injections of wheat germ agglutinin 
(WGA) conjugated with horseradish peroxidase or t r i t i a t e d  
WGA. After extensive microelectrode mapping of the hand 
representations in Areas 3b, 1, 2, and 5, and careful de
termination of the electrophysiological border between 
Areas 1 and 2, small in jections of tracers  were made in the 
representations of the glabrous portions of the d ig i ts  in 
Areas 1 and 2. In all  cases, connections were reciprocal.

Following injections into Area 1 (2 cases) ,  as expected, 
the resulting thalamic label was located in the ventral 
half of the part of the ventroposterior nucleus represent
ing the hand. No dense label was observed dorsally in the 
ventroposterior complex, and no label was seen in the 
anterior  pulvinar.

In contrast,  a f te r  injections r e s t r ic ted  to the repre
sentation of the glabrous d ig i ts  in Area 2 (3 cases), label 
was most dense in the anterior  pulvinar (Pa) as well as in 
a dorsal portion of the ventroposterior complex tha t  we 
have termed ventroposterior superior (VPS). Sparser label 
was seen more ventrally in the ventroposterior nucleus (VP) 
in two of these cases. Projections from Pa to Area 2 have 
not been previously reported.

In two additional cases where injections into the Area 
2 hand representation also involved the Area 5 hand repre
sentation, label was seen in VP, VPS, and Pa. However, 
additional label was also seen in the la tera l  posterior  
nucleus.

We conclude tha t  the hand representation in Area 2 of 
macaque monkeys receives major inputs from VPS and Pa, and 
a sparser input from VP. While much of the pulvinar is  
visual,  projections to Area 2 implicate the anterior  pul
vinar in somatosensory functions.

Supported by NIH Grant NS16446.

278 .7  SI AND SI I  PROJECTIONS FROM SOMATOSENSORY THALAMUS OF RATS. 
 R. Weinberg, P. B arbaresi ,* S. Cheema, R. Spreafi co ,*  and 
A. Rusti oni .  Depts. of Anatomy and Physiology, Univ. of 
North C arolina School of M edicine, Chapel H i l l ,  NC 27514.

The topographic o rg an iza tio n  of the p ro jec tio n s  from the 
v en tro b asa l complex (VB) to  the primary (S I) and secondary 
(S II )  co rtex  rep re sen ts  an issu e  bearing  on basic  p r in 
c ip le s  of thalam ic o rgan iza tion  and, more g en era lly , as a 
c lue  to  the s ig n if ic a n ce  of m u ltip le  c o r t ic a l  represen
ta t io n s .  Retrograde lab e lin g  approaches have been employed 
in  cats  to  address th is  to p ic  and, a t the same tim e, to 
e s ta b l is h  whether th e re  e x is t  thalam ic neurons which pro
j e c t  to  SI and SII v ia  branching axons. In the p resen t 
experim ents, which have been ca rr ie d  out in  r a t s ,  the 
re p re s e n ta tio n  of the forelim b was f i r s t  id e n tif ie d  using 
s tandard  e le c tro p h y s io lo g ica l techn iques. The SII forelim b 
re p re s e n ta tio n  was loca ted  1.4 mm above the rh in a l sulcus 
in  a zone th a t showed a vascu lar p a tte rn  s im ila r  to th a t 
described  by Welker & Sinha (1972). In a f i r s t  s e r ie s  of 
animals the p h y s io lo g ic a lly - id e n tif ie d  SII forelim b area 
was in je c ted  w ith WGA-HRP and processed using standard  
methods. In a second s e r ie s ,  Fast Blue and Diamidino Yellow 
were in je c te d  in to  p h y s io lo g ica lly  id e n t i f ie d  SI and SII 
fo relim b re p re sen ta tio n s  and sec tio n s  from the b ra in s of 
th ese  r a ts  were examined under fluorescence microscopy. 
C y to a rch itec to n ic  c r i t e r i a  and the p a tte rn  of commissural 
la b e lin g  were a lso  used to  v e rify  the app rop ria te  placement 
of the in je c tio n s  in  S II. The focus of the in je c tio n  was in 
a c o r t ic a l  reg ion  ju s t  above the rh in a l sulcus charac
te r iz e d  by a le ss  dense lay e r IV than in  SI. In the 
hemisphere c o n tra la te r a l  to  the in je c tio n  s i t e ,  r e t ro
g ra d e ly -lab e led  neurons and te rm ina ls  of commissural f ib e rs  
were found in  an area ex h ib ited  by a le ss  dense layer IV 
than  in  SI. Observations have so fa r  focused on the r e s u lts  
from the f i r s t  s e r ie s  of experiments designed to id e n tify  
S ll -p ro je c tin g  thalam ic neurons. In these  cases, labeled  
neurons in  the thalamus were concentrated  in  the p o s te r io r  
(PO) complex, but were p resen t in  VB as w e ll. W ithin VB, 
th e  re s u l ts  so fa r  co lle c te d  suggest th a t S ll -p ro je c tin g  
neurons are concentrated  in  a p o s te r io r  cap. I n i t i a l  
observations on the thalam i w ith sim ultaneous in je c tio n  of 
f lu o re sc en t dyes in  SI and SII suggest th a t neurons with 
branching axons to  both areas are re la t iv e ly  sp arse , and, 
as expected from the s in g le - in je c te d  anim als, confined to 
the  p o s te r io r  p a rt of VB.

Supported by USPHS gran ts  NS 07132 and NS 16264.

278.8  CYTOCHROME OXIDASE STAINING REVEALS FUNCTIONAL 
ORGANIZATION OF MONKEY VENTRAL POSTERIOR 
THALAMIC NUCLEUS.  E.G. Jones and S .H .C . H endry. 
 D epartm en t of A natom y and N eurobiology, U niversity  of 
C aliforn ia , Irvine, CA 92717.

In sec tions of the m onkey tha lam us s ta in ed  h istochem ically  
fo r cy tochrom e oxidase, la rg e , elongated  clum ps of reac tio n  
product can be d e te c te d  in th e  v en tra l posterio r m edial (VPM) 
nucleus. A lte rn a te  sections w ere s ta ined  f or horseradish  
peroxidase tran sp o rted  an terog radely  from  in jections in the 
trigem inal nuclei, and im m unocytochem ically  fo r g lu tam ic  
acid  decarboxylase or w ith th e  m onoclonal antibody, CAT 301, 
in order to  revea l co -localiza tion  of th e  th re e  in th e  
cy tochrom e oxidase positive clum ps. M icroe lectrode 
recordings showed th a t all neurons recorded  from  in a  clum p 
responded to  stim ulation  of th e  sam e or close ly  ad jacen t 
recep tiv e  fields. The clum ps a re , th e re fo re , a m orphological 
equivalent of th e  p lace and m odality  specific  "rods" of ce lls  
th a t form  th e  input to  functional colum ns in th e  som atic  
sensory  co rtex  (Jones e t a l., J . Neurophysiol. 48:545 (1982)).

The v en tra l posterio r la te ra l  (VPL) nucleus also stains 
densely fo r cy tochrom e oxidase. A lthough clum ping is less 
obvious th an in VPM of norm al anim als, th e  rep resen ta tio n s  of 
individual peripheral nerves can  be revea led  by foca l 
reductions in th e  stain ing  subsequent to  cu ttin g  th e  nerve. 
C u tting  sm all cu taneous and /o r deep  nerves of the  hand or 
fo o t leads to  loss of s ta in  in tw o or m ore elongated  foci 
suggesting th a t m ultip le th a lam ic  rods can  rece iv e  inputs from  
th e  sam e periphera l nerve.

Supported by NIH G rant NS10526.
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278.9  FACTORS DETERMINING PATCHY METABOLIC LABELING IN THE 
SOMATOSENSORY CORTEX OF CATS.  S.L. J u lia n o f S.S. Cheema. 
B .L.  Whits e l .   Dept. of Physiology, U n ivers ity  o f North 
C aro lina , Chapel H il l ,  NC 27514.

In te rm it te n t  patches o f m etabolic la b e l a re  s e t  up in  the 
som atosensory co rtex  by r e p e t i t iv e  som atic s tim u li .  
Although the  d is t r ib u t io n  o f la b e l s h i f t s  sy s tem a tica lly  
w ith changes in  s tim ulus mode and lo c a tio n  in  a way which 
r e f le c t s  known topograph ical and subm odality g ra d ie n ts  in  
the  c o rtex , the  in te rm it te n t  and patchy q u a lity  o f the 
la b e lin g  i s  le s s  e a s i ly  exp la ined . One p o s s ib i l i ty  i s  th a t 
th e  p a tte rn  r e f le c t s  the  s e le c tiv e  a c t iv a tio n  o f s p e c if ic  
popu la tions  o f m echanoreceptors. To t e s t  th is  p o s s ib i l i ty  
we c a r r ie d  out experim ents using  s tim u li which 
n o n -p re fe re n tia lly  a c t iv a te  a l l  p e rip h e ra l mechanoreceptors 
supp lied  by la rg e  d iam eter a f fe re n ts .  Such s tim u li should 
enable assessm ent o f the  ro le  of s e le c tiv e  s tim u la tio n  of 
mechanoreceptors in  gen era tin g  the  c o r t ic a l  p a tte rn . 5 c a ts  
received  non-noxious e lec tro cu tan eo u s s tim u la tio n  to  the 
fo relim b . The m etabolic p a tte rn  obtained follow ing IV 
in je c t io n  o f 14C-2deoxyglucose (2DG) was s im ila r  to  th a t  
obtained  w ith  n a tu ra l s tim u li and a lso  organized in to  
w e ll-d e fin ed  p a tches . This fin d in g  suggests th a t  
p r e fe re n t ia l  mechanoreceptor a c t iv a tio n  i s  not a major 
determ inan t o f the in te rm it te n t  somatosensory c o r t ic a l  
la b e lin g  p a tte rn .

To id e n t i fy  c e n t ra l  fa c to rs  which might u n d e rlie  the 
patchy la b e lin g  p a tte rn , experim ents were in i t i a te d  in  which 
b ic u c u llin e  (BIC) was app lied  to  the  somatosensory co rtex  of 
c a ts  p r io r  to  IV in je c t io n  o f 2DG; these  animals received  
b i l a t e r a l  e lec tro cu tan eo u s s tim u la tio n  during the  2DG 
experim ent. During these  experim ents, ce reb ra l c o r t ic a l  
e le c t r i c a l  a c t iv i ty  was monitored by record ing  EEG as w ell 
as s in g le  and m u ltip le  u n it a c t iv i ty  in  S I. BIC was found 
to  a l t e r  the  2DG p a tte rn  in  2 ways. At h igher 
c o n cen tra tio n s , the  SI la b e lin g  occurred as ( i )  abnormally 
la rg e  (1 .5  mm in  ta n g e n tia l w idth) patches ( i i )  embedded in  
a homogeneous f ie ld  of increased  c o r t ic a l  2DG uptake. At 
lower c o n cen tra tio n s , the  2DG la b e lin g  a lso  occurred as wide 
(1 .5  mm) p a tch es , but they were not embedded in  a 
homogeneous f i e ld  o f  increased  2DG uptake. The u n trea ted  
hemispheres contained in te rm it te n t patches of f lu c tu a tin g  
m etabolic a c t iv i ty  which ranged between 450-500 um in  
ta n g e n tia l w idth. These r e s u l t s  in d ic a te  a ro le  fo r 
in t r a c o r t i c a l  p rocesses in  the  form ation o f s tim ulus re la te d  
m etabolic pa tches. Supported by NS-10865, NS-07128 & 
DOD-N00014-83-K-0387.

278. 10  SI CORTICAL NEURONS ARE INSENSITIVE TO THE SPATIAL FREQUENCY 
OF GRATINGS ROTATED ACROSS THE SKIN.  S. Warren, H. 
Hamalainen, and E.P. Gardner.  NYU Sch. Med., NY, NY 10016.

The perception of  texture by the hand requires re la t ive  
motion of surfaces across the skin. To assess the role of SI 
cortex in texture coding, we rotated wheels with 
surface-etched gratings (spat ial  periods, 0 .8-9 . 6  mm) across 
the receptive f ie lds of 49 SI neurons in a le r t  monkeys.

29 neurons showed clear  direction preferences in the ir  
responses (direction sensi tive neurons (DSNs)):  of these, 14 
responded most vigorously to distal movements, 8  responded 
best to transverse motions towards the ulna, 3 preferred 
proximal motion, and 4 transverse radial motion. All DSNs 
responded with the same direction preference to textures of 
dif ferent  spatial periods; in most, responses were indepen
dent of texture.  However, 2 DSNs showed a monotonic effec t  
of spatial period on average f ir ing  ra tes .  One showed incre
ased f ir ing  in all directions as the spacing between grating 
elements was increased; the other showed a similar increase 
in f i r ing  only when tes ted in the lea s t  preferred d irection. 
Increasing the area of surface contact on the skin appeared 
to diminish the total discharge, part icu larly  in the most 
preferred d irection. The c leares t  d if feren tia t ion  of direc
tion was observed with small diameter (0.625") and the worst 
with large diameter (2.5") wheels.

Motion sensi tive neurons (N=12) responded equally to 
movements in longitudinal and transverse directions.  Only 2 
neurons showed l inear  changes in f i r ing  rate as a function 
of spatial  period; no consistent effects  of texture were 
seen in the others.

A new class of SI neurons, orientation sensi tive neurons, 
(N=8 ) responded more vigorously to transverse than to longi
tudinal movements. Responses to motion in ulnar and radial 
directions were indist inguishable, and higher than to d istal 
or proximal movements. None showed an effec t  of spatia l per
iod on f i r ing  ra tes .

We find the lack of texture sensi t iv i ty  of SI neurons 
surprising because the quali ty of sensations evoked by ro
tating textured wheels across human skin depends upon spa
t ia l  period. Fine textured wheels appear smooth, and evoke 
sensations of continuous motion. Rough textured wheels pro
duce a punctate series  of taps progressing linearly  in a 
part icular  d irection. The paucity of texture effects  ob
served in our studies suggests that  d if ferentia t ion  of sur
face texture does not occur in th is  population of SI neu
rons, but rather in some higher cortical area.  (Supported by 
USPHS Grants NS11862 and NS17973).

278.11  COMPARISON OF MAGNETIC AND POTENTIAL FIELDS EVOKED BY HUMAN 
MEDIAN NERVE STIMULATION.  C.C. Wood1, D. Cohen2* N. Cuffi n2* , 
N. Yari t a 3*, T. A llis o n 1, and G. McCarthy1* .  IVA Med. C n tr . , 
West Haven, CT 06516 and Yale U ., New Haven, CT 06520; 2MIT, 
Cambridge, MA 02139; 3Nihon Kohden Co., Tokyo, Japan.

Magnetic and p o te n t ia l  f ie ld s  produced by nervous system 
a c t iv i ty  have d if f e r e n t  p ro p e rtie s  th a t  can be ex p lo ited  fo r 
the  id e n t i f ic a t io n  of e le c t r i c a l  sources in  the  human b ra in . 
These in c lu d e : (a) f ie ld  o r ie n ta tio n s  which d i f f e r  by 90° 
fo r  cu rre n t d ip o le  sou rces; (b) d i f f e r e n t ia l  s u s c e p t ib i l i ty  
to  d is to r t io n  by the  dura , s k u ll ,  and sca lp ; (c) d if f e r e n 
t i a l  s e n s i t iv i ty  to  r a d ia l  and ta n g e n tia l  sources; and (d) 
d i f f e r e n t ia l  s e n s i t iv i ty  to  s u p e r f ic ia l  and deep sources. We 
compared magnetic and p o te n t ia l  f ie ld s  occurring  20-35 msec 
follow ing r ig h t  median nerve s tim u la tio n  in  order to  inves
t ig a te  the  sources o f evoked p o te n t ia l  components a t t r ib u te d  
by d i f f e r e n t  in v e s t ig a to r s  to  the  thalamus or thalam ic ra d i
a t io n s ,  to  a ta n g e n tia l  source in  somatosensory co rtex , or 
to  sep a ra te  ra d ia l  sources in  somatosensory and motor cortex . 
The obtained  m agnetic and p o te n tia l  waveforms corresponded 
c lo se ly  in  morphology, w ith major peaks a t  v i r t u a l ly  id e n t i 
c a l la te n c ie s .  T heir s p a t i a l  f ie ld s  were fo c a lly  d is tr ib u te d  
over sensorim otor c o rtex , d ip o la r  in  shape, and d if fe re d  in  
o r ie n ta t io n  by approxim ately 90°. These re la tio n s h ip s  a re  
c o n s is te n t w ith  a ta n g e n tia l ly  o r ien ted  source in  somato
sensory  co rtex  but a re  d i f f i c u l t  to  exp la in  by e i th e r  
thalam ic or pu re ly  ra d ia l  c o r t ic a l  sources.
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279.1  VERATRUM ALKALOIDS STIMULATE [3 H]-2 DEOXYGLUCOSE UPTAKE IN 
ASTROCYTES IN PRIMARY CULTURE.  P. Yarowsky and N. 
Brookes,  Dept. of Pharmacol. & Exp. T h er., Univ. of 
Maryland Sch. of Med., B altim ore, MD 21201.

We have p rev iously  shown th a t the ra te  of glucose 
u t i l i z a t i o n  in  prim ary c u ltu re s  of a s tro cy te s  from 
c e re b ra l hemispheres of newborn mice i s  dependent upon the 
a c t iv i ty  of the Na+ pump. In u n s timu la ted  c u ltu re s  ( i . e . ,  
e x te rn a l [K+ ] of 2.3 mM), 50-60% of the uptake and 
phosphory lation  of 2-deoxyglucose (2-DG) was blocked by 
ouabain 1 mM or by reducing [K+ ] to  0.44 mM or le s s  
(Yarowsky and Brookes, Soc. Neurosci. A bstr. 8:238, 
1982). An in f lu x  of Na+ induced by the  Na+/H+ ionophore 
monensin (5 µM) augmented glucose u t i l i z a t io n  in  
a s tro c y te s  by over 3 -fo ld  and th is  response was to ta l ly  
e lim ina ted  by ouabain, and by Na+-f r e e  or K+-  f re e  
s o lu tio n s .  I t  was unclear from these  s tu d ie s  whether 
a c t iv a tio n  of a sodium conductance by o th e r means would 
s im ila r ly  inc rea se  the uptake of 2-DG in  a s tro c y te s .  The 
membrane p o te n tia l  of a s tro cy te s  i s  in s e n s it iv e  to  changes 
in  e x te rn a l [Na+ ] (Walz, e t  a l. , B rain Res. 292:367, 
1984), but re c en tly  Bowman, e t  a l .  (Soc. N eurosci. A bstr. 
9:448, 1983) have shown th a t the a lk a lo id  v e ra tr id in e  
induces a d ep o la r iz a tio n  of the a s tro cy te  membrane by 
a c t iv a tio n  of a te tro d o to x in -se n s itiv e  sodium conduc
tan ce . T herefore, we sought to  determ ine whether 
v e ra tr id in e  inc rea se s  the uptake of 2-DG.

Primary c u ltu re s  of a s tro cy te s  (14–22 days o ld) were 
incubated  in  T ris  (20 mM)-buffered s a lin e  (pH 7.3) a t  35°C 
w ith e i th e r  v e ra tr id in e  (100 µM), v e ra tr in e  (0.5 mg/ml) or 
p ro to v e ra tr in e  A or B (100 µM) and the uptake of [3 H]2-DG 
was measured. V era trid in e  and v e ra tr in e  increased  the  
r a te  of glucose u t i l i z a t i o n  by 7 4 % and 7 7 %, re s p e c tiv e ly , 
over c o n tro l values w hile p ro to v e ra tr in e s  A and B were 
le s s  e f f e c t iv e ,  in c rea sin g  uptake by 26% and 24%, 
re s p e c tiv e ly . The augmented uptake of 2-DG in  v e ra tr in e -
con ta in ing  so lu tio n s  was to ta l ly  blocked by the ad d itio n  
of te tro d o to x in  (3 µM), w hile c o n tro l and monensin-
s tim u la ted  uptakes were u n a ffec ted .

These r e s u l ts  lend support to the ex isten ce  of 
ch em ica lly - in d u cib le , te tro d o to x in -se n s it iv e  Na+ channels 
in  the a s tro cy te  membrane and fu r th e r  dem onstrate the 
s e n s i t iv i ty  of a s tro cy te  energy metabolism to  s tim u la tio n  
by in f lu x  of Na+ . (Supported by U.S. Army co n trac t DAMD-
17-81-C-1279 and NSF gran t BNS 81-19481.)

279.2  KCl COTRANSPORT IS  MORE IMPORTANT THAN NA+-K+ EXCHANGE IN 
THE CONTROL OF POTASSIUM CEILING LEVELS BY ASTROCYTES.  W. 
W alz .  D ept. o f  P h a rm a c o lo g y , U n iv . o f  S a s k a tc h e w a n , 
S a s k a to o n  S7n OWO C an ad a .

I n  t h e  n o rm a l b r a i n  a c t i v i t y - d e p e n d e n t  f l u c t u a t i o n s  i n  
t h e  e x t r a c e l l u l a r  s p a c e  (ECS) a r e  l i m i t e d  t o  t h e  r a n g e  o f  
2 -1 2  mM. The r e a s o n  f o r  t h i s  r e l a t i v e  s t a b i l i t y  ‡ s  t h e  
r e m a rk a b le  a b i l i t y  o f  g l i a l  c e l l s  t o  a c c u m u la te  K i o n s  i n  
e x c e s s  o f  t h e  3 mM r e s t i n g  l e v e l .  A s t r o c y t e s  i n  p r im a ry  
c u l t u r e s ,  e q u i l i b r a t e d  a t  3 mM K+ , a r e  c a p a b le  o f  i n c r e a s 
in g  t h e i r  K c o n te n t  fro m  520 t o  900 nmol /m g p r o t e i n  w i t h in  
50 s  f o l l o w in g  an  i n c r e a s e  i n  e x t e r n a l  K t o  12 mM ( c f .  
W alz & H e r t z ,  J . N e u r o s c i .  R e s . 1 0 : 4 1 1 , 1 9 8 3 ) .  T h is  
phenom enon w as a n a ly s e d  i n  m ore d e t a i l .  The e q u i l i b r a t e d  
K c o n te n t  a t  3 mM K+ w as: 585 nm ol/m g i n  a  s o l u t i o n  w i th  
n o rm a l io n  c o m p o s i t io n ,  630 nm ol/m g a f t e r  c o m p le te  rem o v a l 
o f  a l l  C l- io n s  and  380 nm ol/m g a f t e r  c o m p le te  rem o v a l o f  
a l l  Na+ i o n s .  E x p o s u rE t o  o u a b a in  (1 mM) l e d  t o  a  c o n t i n u 
o u s  r e d u c t io n  o f  t h e  K c o n te n t  i n  n o rm a l an d  C l- f r e e  
s o l u t i o n  ( a b o u t  20 nm ol x  mg /1 0  s ) , b u t  h ad  no  e f f e c t  i n 
N a - f r e e  s o l u t i o n .  F u ro se m id e  (2 mM) d i d  n o t  a f f e c t  t h e  K+ 
c o n te n t  i n  an y  o f  t h e s e  s o l u t i o n s .  E x p o su re  t o  12 mM K+ 
i n c r e a s e d  t h e  K+ c o n te n t  by  455 nm ol/m g w i t h in  50 s ;  233 
nm ol/m g o f  t h i s  a c c u m u la t io n  w ere  i n h i b i t e d  by  o u a b a in  
a p p l i c a t i o n ,  310 nm ol/m g b y  fu ro s e m id e  a p p l i c a t i o n .  B o th  
d r u g s  t o g e t h e r  i n h i b i t e d  312  nm ol/m g. T h u s , t h e  f u ro s e m id e -
s e n s i t i v e  com ponen t o f  t h e  K+ a c c u m u la t io n  e x c e e d e d  t h e  
o u a b a in - s e n s i t i v e  o n e  by  o n e - t h i r d .  The e f f e c t s  a r e  n o t  
a d d i t i v e ,  may b e  b e c a u s e  b o th  c o m p o n en ts  c a n  s u b s t i t u t e  
e a c h  o t h e r  t o  a  c e r t a i n  e x t e n t .  T h e re  i s  a  t h i r d  a c c u m u la 
t i o n  com ponen t w h ich  i s  r e s i s t a n t  t o  b o th  d r u g s .  P a s s iv e  
K+ m ovem ents a r e  u n l i k e l y  s in c e  50 µM B aC l2 w h ic h  r e d u c e s  
K+ p e r m e a b i l i t y  by  80%, h a d  no  e f f e c t  on  t h e  a c c u m u la t io n .  
Rem oval o f  a l l  C l- i o n s  d e c r e a s e d  t h e  a c c u m u la t io n  w i t h in  
t h e  50 s  p e r i o d  from  455 t o  270 n m ol/m g . Th i s  co m ponen t 
w as f u r o s e m i d e - r e s i s t a n t . Rem oval o f  a l l  Na+ io n s  d e c r e a s 
ed  th e  a c c u m u la t io n  t o  153 nm ol/m g , 100 nm ol/m g w e re  
f u r o s e m i d e - s e n s i t i v e , o u a b a in  h a d  no  e f f e c t .  The f u r o s e
m i d e - s e n s i t i v e  a c c u m u la t io n  seem s t o  b e  a KCl c o t r a n s p o r t .  
Such  a  KCl s h i f t  t o g e t h e r  w i th  w a te r  c o u ld  b e  r e s p o n s i b l e  
f o r  t h e  o b s e rv e d  s h r in k a g e  o f  t h e  ECS i n  v iv o .  A lth o u g h  
b e in g  an  im p o r ta n t  co m ponen t o f  t h e  K+ a c c u m u la t io n  p a t h 
w ay, t h e  Na+-K+ e x c h an g e  s e ems t o  b e  m ore r e s p o n s i b l e  i n  
p r e v e n t in g  l o s s  o f  g l i a l  K+ . The r e s u l t s  i n d i c a t e  t h a t  
g l i a l  c e l l s  a r e  r e s p o n s i b l e  f o r  vo lum e c o n t r o l  i n  t h e  CNS 
d u r in g  n o rm a l n e u ro n a l  a c t i v i t y .

2 7 9 . 3   Na+ AND K+ CURRENTS IN RABBIT CULTURED SCHWANN 
CELLS.  S .Y .C h iu* , P .  S h r a g e r  an d  J.M . R i t c h i e * . 
 Dept. o f  P h a rm a c o lo g y , Y a le  U n iv . S c h o o l o f  
M e d ic in e , New Haven, CT 06510.

G l i a l  c e l l s  in  p e r i p h e r a l  an d  c e n t r a l  n e r v e s  
have  lo n g  been th o u g h t to  be i n e x c i t a b l e .  We have 
u se d  t h e  p a t c h - c l a m p  te c h n iq u e  t o  i n v e s t i g a t e  
m em brane p r o p e r t i e s  o f  Schw ann c e l l s  c u l t u r e d  
f r o m  s c i a t i c  n e r v e s  o f  n e w b o r n  r a b b i t s .  
E x p e rim e n ts  w ere c o n d u c ted  w ith  th e  w h o le - c e l l  
c o n f i g u r a t i o n  a f t e r  s e a l i n g  t h e  p i p e t t e  t i p  t o  
t h e  c e l l  s u r f a c e  an d  th e n  r u p t u r i n g  th e  p a tc h  
w ith  s u c t io n .  R e s tin g  p o t e n t i a l s  m easured  w i th in  
2 5 0 m sec  a f t e r  r u p t u r e  w e re  -3 0  t o  -40mV a t  20C. 
The c e l l  w as t h e n  h e ld  a t  -75mV u n d e r  v o l t a g e -
c la m p . A s e r i e s  o f  d e p o l a r i s i n g  t e s t  p u l s e s  o f  
i n c r e a s in g  a m p litu d e  p roduced  a f a m ily  o f  io n ic  
c u r r e n t s  t h a t  a p p e a r e d  q u i t e  s i m i l a r  t o  t h o s e  
r e c o r d e d  f ro m  n e r v e  f i b e r s  o f  many s p e c i e s .  A t 
p o t e n t i a l s  b e lo w  +70mV t h e r e  w as a t r a n s i e n t  
in w a rd  c u r r e n t  f o l lo w e d  by a s t e a d y  o u tw a rd  
c u r r e n t .  Above +70mV th e  e a r ly  t r a n s i e n t  c u r r e n t  
was o u tw a rd . A d d it io n  o f 4 -a m in o p y rid in e  r e s u l t e d  
i n  c o m p le te  b lo c k  o f  t h e  l a t e  o u tw a rd  c u r r e n t , 
w i th  no e f f e c t  on th e  in w ard  c u r r e n t .  The ou tw ard  
c u r r e n t  w as a l s o  a b s e n t  w hen C s+ r e p l a c e d  K+ in  
th e  p a tc h  p i p e t t e .  The e a r l i e r  t r a n s i e n t  c u r r e n t  
was b lo ck ed  by t e t r o d o to x in ,  and was i n a c t iv a t e d  
by b r i e f  p r e p u l s e  d e p o l a r i s a t i o n s .  We p ro p o s e  
t h a t  t h e s e  S chw ann c e l l s  p o s s e s s  Na+ an d  K+ 
c h a n n e l s  w i th  many p r o p e r t i e s  in  common w i th  
th o s e  o f  n e rv e  c h a n n e ls .  I f  th e  p a tc h  p i p e t t e  was 
w i t h d r a w n  f ro m  t h e  c e l l  a f t e r  w h o l e - c e l l  
r e c o r d i n g ,  an  " o u t s i d e - o u t "  p a tc h  r e s u l t e d  fro m  
w hich  we c o u ld  re c o rd  s in g l e  ch an n e l c u r r e n ts .  We 
h a v e  i d e n t i f i e d  b o th  Na+ and  K+ c h a n n e l s .  The 
d e n s i t y  o f  Na+ c h a n n e l s  v a r i e d  f ro m  25 t o  1000 
c h a n n e l s  p e r  c e l l .  Na+ c h a n n e l s  w e re  a l s o  fo u n d  
in  c u l tu r e d  Schwann c e l l s  from  new born r a t s ,  b u t 
t h e i r  d e n s i t y  w as o n ly  a b o u t  1 0 % t h a t  o f  t h e  
r a b b i t  c e l l s .  We w i l l  d i s c u s s  p o s s i b l e  
i m p l i c a t i o n s  o f  t h e s e  r e s u l t s  f o r  r o l e s  o f  
S c h w a n n  c e l l s  i n  n o r m a l ,  r e m y e l i n a t i n g  a n d  
r e g e n e r a t in g  n e u ro n s .
S u p p o rte d  by g r a n t s  NS08304, NS12327 and NS17965 
f r o m  t h e  USPHS and  by a g r a n t  RG1162 f r o m t h e  
N a t io n a l  MS S o c ie ty .

279.4  INTEGRATION OF PERIPHERAL NERVE GRAFTS INTO GLIAL TOXIN-
TREATED SPINAL CORDS.  P .S . Fishman* and J .P . Kelly* 
(SPON: S. Max)  Dept. of Neurology & the VA Res. Lab, Univ. 
of Maryland Sch. of Med., B a l to ., MD 21201, Dept. of 
Anatomy, Columbia Univ. C o ll. of P. & S ., NY, NY 10032

Although p e rip h e ra l nerve (PN) g ra f ts  support the 
e longation  of in t r in s ic  sp in a l cord axons, these axons 
grow only a short d is tance  upon re -e n te r in g  the CNS. This 
phenomenon may be due to the poor p en e tra tio n  of g ra f t 
Schwann c e l ls  (SCs) in to  the in ju red  CNS, lim ited  by 
re a c tiv e  a stro cy tes  (Fishman e t a l . , Brain Res. 277:175, 
1983). We wished to determine i f  the in te g ra tio n  of PN 
g ra f t  derived t is su e  in to  in ju red  sp in a l cords could be 
improved by p re tre a tin g  host sp in a l cords with a substance 
to x ic  to a s tro cy te s - - 6  aminonicotinamide ( 6AN). Blakemore 
has shown th a t 6 AN causes g l i a l  c e l l  death followed by 
rem yelination of ra t sp inal axons by SCs. We in je c ted  6AN 
(25–50mM, 1–5 u l)  in to  the d o rsa l fu n ic u li  of the sp in a l 
cords of adu lt mice. Two to 7 days l a te r  a p a r t i a l  sp in a l 
cord tra n sec tio n  was made a t the previous in je c tio n  s i t e  
and a segment of autologous s c ia t i c  nerve was g ra fted  
between the severed sp in a l cord endings. Animals were 
s a c r if ic e d  th ree  to s ix  weeks a f te r  g ra f t  placem ent, and 
the sp in a l cords were processed fo r immunohistochemistry 
as w ell as conventional h is to lo g y . Animals with 6AN 
in jec tio n s  alone showed s ig n if ic a n t a s t r o g l io s i s , with 
increased  im m unoreactivity with a n tis e ra  ag a in st g l i a l  
f i b r i l l a r y  acid (GFA). 6 AN tre a te d  mice contained many 
SCs w ith in  the sp inal cord. SC products were demonstrated 
with a n tis e ra  ag a in st the p e rip h e ra l myelin p ro te in  PO and 
the SC basement membrane p ro te in  lam inin. SC antigens 
were in general lo ca lized  to the dorsa l root en try  zones 
and the c e n tra l grey m a tte r. These regions were 
surrounded by highly re a c tiv e  a s tro cy te s  but devoid of 
s ig n if ic a n t GFA im m unoreactivity , forming separa te  
a s tro c y t ic  and SC domains w ith in  the sp in a l cord. 6AN 
tre a te d  plus PN g ra fted  cords were a lso  highly  g l io t i c ,  
but the in te rfa c e s  of g ra f t  and host t is su e  were le ss  
prominent with GFA immunohistochemistry than those of 
g ra fted  but un trea ted  anim als. SC products were found 
ra d ia tin g  out from the g ra f t  in to  the tre a te d  host sp in a l 
cord where they freq u en tly  merged with treatm ent re la te d  
SC domains. Whether the presence of Schwann c e l ls  w ith in  
the sp in a l cord can f a c i l i t a t e  the ingrowth of g ra f t  
derived  axons remains to  be te s te d .
Supported by the VA and The B re ss le r Res. Fund.
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279.5  IS THERE A POTASSIUM DEPENDENT DEPOLARIZATION OF THE 
PARANODAL REGION OF MYELIN SHEATH? OPTICAL STUDIES OF RAT 
OPTIC NERVE.  V.Lev-Ram* and A .G rinvald.  Depts. o f Cell 
Biology and Neurobiology, Weizmann I n s t i tu te ,  Rehovot,  I s ra e l  
76100.

In v e s tig a tio n  o f axon -g lia  in te ra c tio n s  in  m yelinated 
nerve has been hampered by the  d i f f i c u l ty  o f studying  the  
membrane p ro p e rtie s  o f the  o ligodendrocytes a t the  s p e c ia l
ized  in te ra c tio n  s i t e s  such as the  paranodal reg ion . The 
use o f s u ita b le  f lu o rescen t v o lta g e -s e n s itiv e  probes and an 
o p tic a l  record ing  technique now perm its in v e s t ig a tio n  o f the 
g l ia l  responses to  axonal a c t iv i ty .

Rat o p tic  nerves were m aintained in  oxygenated Krebs so
lu t io n , and were incubated  w ith 50-100µM o f the  flu o rescen t 
probe fo r  2–3 hours. (E x tra c e llu la r  record ing  in d ica ted  in 
s ig n if ic a n t  d e te r io ra t io n ,  fo r  a t le a s t  6 h o u rs .) When the  
s ta in ed  nerve was s tim u la ted  with a su c tio n  e le c tro d e , e le c 
t r i c a l  a c t iv i ty  in  the  axonal membrane and p o te n tia l  changes 
in  the  supporting  c e l ls  were recorded o p t ic a l ly :Two types o f 
o p tic a l s ig n a ls  were d e tec ted ; a f a s t  o p tic a l s ig n a l (3–5 
msec) s im ila r  in  time course to  th a t  expected fo r the  sum o f 
i n t r a c e l lu la r  e le c t r i c a l  record ings from the  population  o f 
axons and a slow s ig n a l (la ten cy  to  peak 40-90 msec, decay 
time 700-1300 msec) presumably from g l ia  bound dye (See A 
below ). The am plitude o f the  slow s ig n a l v aried  w ith e x tra 
c e l lu la r  potassium  (1 .2mM-11. 2mM) and in te rs tim u lu s  in te rv a l 
in  a manner c h a r a c te r i s t ic  o f g l ia l  d e p o la riz a tio n  (See B 
below). The am plitude o f  the  slow component increased  when 
4-AP (5mM) was app lied  fo r  6-20 min b u t, markedly decreased 
i f  the  drug was app lied  fo r  4 hours. This i s  co n sis te n t 
with a lo c a tio n  o f the  slow s ig n a l a t the  o ligodendrocyte 
paranodal reg ion . The slow component was absent in  axons 
loaded w ith Cesium. Lowering tem perature increased  the r e l 
a tiv e  am plitude o f the  slow s ig n a l and slowed i t s  tim e course. 
Both f a s t  and slow s ig n a ls  were abo lished  by TTX (1 0 - 6 M), 
except near the  s tim u la tin g  e le c tro d e , where passive  spread 
could evoke the  slow s ig n a l .

The r e s u l t s  suggest th a t  the  slow s ig n a l i s  s e n s it iv e  to  
potassium  accum ulation, i t  i s  o f g l ia l  o r ig in ,  and a t le a s t  a 
p o rtio n  o f i t  o r ig in a te s  in  the  paranodal reg ion . This op
t i c a l  s ig n a l might be usefu l fo r the  in v e s t ig a tio n  o f the 
ea r ly  s i t e  o f the  le s io n  in  dem yelinating d isea ses .
Supported by NIH gran ts  NS-14716 to  AG and NS-18168 to  I .  Cohen.

279.6  SCHWANN-CELL RESPONSES DURING EARLY WALLERIAN 
DEGENERATION.  A. L. Oaklander*, M. S. Miller, and P. S. 
Spencer.  Institute of Neurotoxicology and Departments of 
Neuroscience and Pathology, Albert Einstein College of Medicine, 
Bronx, N.Y. 10461

Schwann cells undergo profound alterations in phenotypic 
expression as a consequence of axonal degeneration. Myelin 
formation ceases and Schwann cells adopt a quiescent s ta te  within 
longitudinal columns delimited by basal lamina. The sequence and 
triggers of these events are unknown, although it has been 
suggested that loss of axon-Schwann cell apposition may be 
involved. This study examines early changes in synthesis of DNA, 
RNA, and protein in the distal stump of transected peripheral 
nerve. Activity of ornithine decarboxylase, required for polyamine 
synthesis and induced in differentiating cells, was also measured.

The right sciatic nerve of CD-I mice was transected a t the 
sciatic notch; the left thigh was sham-operated. Transected and 
control nerves were excised for incubation with radiolabelled 
precursors at 12-h intervals from 0-5 days post-transection. Seven 
animals were used at each timepoint. Sciatic nerves were 
removed, desheat hed (perineurium + epineurium) and the most 
proximal millimeter of the distal stump discarded. Tissue was 
incubated a t 37°C for 2 h in media containing 3H-thymidine, 3H-
uridine, 14C-ornithine, or a 14C-amino acid mixture. Incorporation 
of radioisotope was linear up to 3 h. Following incubation, nerves 
were rinsed in saline, homogenized in 5% trichloroacetic acid 
(TCA) and centrifuged. Pellets were repeatedly washed with 5% 
TCA containing unlabelled precursors to remove unincorporated 
radioactivity. The TCA-insoluble pellets were dissolved and 
aliquots removed for liquid scintillation counting and protein assay.

Incorporation of 3H-thymidine, a marker of the prem itotic S-
phase of the cell cycle, increased from sham-operated (control) 
values within 1.5 days post-transection and peaked a t 
approximately 15X control values a t 4 days post-transection. 
Incorporation of 3H-uridine, a measure of total RNA synthesis, was 
elevated over control values a t 1–2 days and again a t 4–5 days. 
Incorporation of 14C-amino acids into protein was increased over 
control values by 1.5 days, peaked a t 2.5 days and remained 
elevated up to 5 days post-transection. Activity of ornithine 
decarboxylase was elevated in both transected and sham-operated 
nerves.

These data demonstrate that measurable alterations in Schwann
cell function occur within 36 hours of axonal transection, well 
before axon-Schwann cell apposition is lost. Loss of axonal contact 
may not be the sole mechanism triggering early Schwann cell 
responses during degeneration of peripheral nerves.
Supported by NS 19611 and Shell Companies Foundation.

279.7  DIFFERENTIATION OF ASTROCYTES IN VITRO FROM IMMATURE 
NEUROECTODERMAL CELLS.  J .E . Goldman and S.S . G eier* . 
 Dept. of Pathology (N europathology), A lbert E in ste in  
C o ll. Med., Bronx, NY 10461.

D issoc ia ted  c e l l  c u l tu re s ,  e s ta b lish e d  from neonatal 
r a t  fo reb ra in , have been used fo r a number o f years to  
study p ro p e rtie s  of a s tro c y te s ,  s ince the la rg e  m ajo rity  
of c e l l s  express g l i a l  f i b r i l l a r y  a c id ic  p ro te in  (GFAP), 
an a s tro c y te  c h a r a c te r i s t ic ,  as assessed  by 
immunocytochemical and m etabolic lab e lin g  s tu d ie s  (Chiu 
and Goldman, J .  Neurochem, 1984). L i t t l e  GFAP is  found 
in  the fo reb ra in  o f neonatal r a t s ,  however, suggesting  
th a t  a s tro c y t ic  d i f f e r e n t ia t io n  may take p lace in  
c u ltu re .  U n til re c e n t ly ,  i t  has not been p o ssib le  to  
follow  g l i a l  d i f f e r e n t ia t io n  from immature c e l l s ,  
because, although c e l lu la r  markers fo r mature g l ia  are  
known, the m olecular p ro p e rtie s  of u n d if fe re n t ia te d  
neuroectoderm al c e l l s  remain unch arac te riz ed . We have 
re c en tly  id e n t i f ie d  GD3 g ang lio s ide  as a c h a r a c te r is t ic  
su rface  g ly c o lip id  o f immature neuroectoderm al c e l l s  in  
the r a t  CNS, c e l l s  lo c a liz e d  to  the su b v en tr icu la r zone 
in neonatal fo reb ra in  (J  Goldman e t  a l ,  J  Neuroimmunol, 
in  p re s s ) .

We have used a d o u b le -lab e l immunofluorescence method 
to  follow  the exp ression  of GD3 and GFAP in  c u ltu re s  from 
neonatal r a t  fo reb ra in , using  a monoclonal antibody to  
GD3 (Pukel e t  a l ,  J  Exp Med, 1982), and a ra b b it  
an tiserum  to  GFAP. I n i t i a l l y  5–102 o f c e l l s  a re  GD3+, 
w hile few express GFAP. Within the f i r s t  few days in  
v i t r o , GFAP expression  begins in  GD3+ c e l l s .  A fte r 7-10 
days in  v i t r o , many of the GFAP+ c e l l s  no longer bind the 
GD3 an tibody . These k in e tic s  suggest a developmental 
sequence, in  which an a s tro c y t ic  c h a r a c te r i s t ic  a r is e s  in 
a c e l l  derived  from the su b v en tr icu la r zone. In 
a d d itio n , a h igh ly  enriched population  o f GD3+ c e l l s ,  
produced by immunoadsorption, acqu ire  GFAP when cu ltu red  
in  the presence o f f e t a l  c a l f  serum (FCS). In c u ltu re s  
e s ta b lis h e d  a t  high c e l l  d e n s ity , sm all, p rocess-bearing  
GD3+ c e l l s  grow on top o f an a s tro cy te  monolayer. When 
these  c e l l s  a re  shaken o ff  (McCarthy and d eV ellis , J  C ell 
B io l, 1980), and cu ltu red  s e p a ra te ly , the la rge  m a jo rity  
acqu ire  GFAP. We in fe r  th a t  cond itions in v itro , 
includ ing  the presence of FCS, induces an a s tro c y t ic  
d i f f e r e n t ia t i o n  o f immature c e l l s .  Steps in the 
a c q u is it io n  o f a s tro c y t ic  p ro p e rtie s  and fa c to rs  th a t  
induce such p ro p e rtie s  can be analyzed. Supported by 
USPHS Grant NS17125, and NS00524.

279.8  MODULATION OF BETA-ADRENERGIC RESPONSE IN RAT BRAIN ASTRO
CYTES BY SERUM AND HORMONES.  D. K. Wu*, R. S. Morrison and 
J . de Veil is (SPON: T. L. R itchie) .  Lab of Biomedical and 
Environmental Sciences, Mental Retardation Research Center, 
UCLA School of Medicine, Los Angeles, CA 90024.

Purified astrocyte cultures from neonatal r a t  cerebrum 
respond to beta-adrenergic agonists with a t ransient  r ise  in 
cAMP production. This as troglial  property was regulated by 
serum, a chemically defined medium (serum-free medium plus 
hydrocortisone, putrescine,  prostaglandin F2α , insulin and 
f ibroblast growth factor) and epidermal growth factor.  Com
pared to astrocytes grown in serum-supplemented medium, as
trocytes grown in the chemically defined medium were non-re
sponsive to isoproterenol st imulation, and th is  difference 
did not appear to be due to selection of a subpopulation of 
ce lls  by either  medium. An active substance(s) in serum was 
responsible for restoring the responsiveness of astrocytes. 
Each of the five components of the defined medium had l i t t l e  
effect  by i t s e l f ;  however, together they acted synerg is t i
ca lly to desensitize astrocytes to beta-adrenergic stimula
tion. On the other hand, epidermal growth fac to r ,  a potent 
mitogen for astrocytes, was very competent by i t s e l f  in re
ducing the cAMP response of astrocytes to beta-adrenergic 
stimulation. The data suggest tha t  a decreased beta-adren
ergic receptor number and an enhanced phosphodiesterase ac
t iv i ty  may account for the reduced response to beta-adrener
gic stimulation. Thus, purified astrocytes grown in the 
chemically defined medium appear to be a good model for the 
study of hormonal interactions and of serum factors which 
may modulate the beta-adrenergic response.

This work was supported by National Multiple Sclerosis 
Society grant RG1397A-2, NIH grants HD 05615 and HD 06576 
and DOE Contract DE-AM03-76-SF00012.
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279.9  THE RAT OPTIC NERVE FOLLOWING ENUCLEATION: A PURE PREPARA
TION OF MAMMALIAN GLIA.  B.R. Ransom and C.L. Yamate*. Dept. 
of Neurol., Stanford Univ. Sch. of Med., Stanford, CA 94305.

Advances in understanding g l ia l  function have depended 
importantly on the exploitation of favorable preparations 
(e.g. leech ganglia, necturus optic nerve, e t c . ) .  Knowledge 
of mammalian g l ia  has been par t ia l ly  frus tra ted  by the lack 
of an exclusively g lia l  preparation; a preparation devoid of 
neurons, axons, and synapses. We have found that  the ra t  
optic nerve (RON) following enucleation is well-suited for 
the electrophysiological  analysis of mammalian g l i a uncom
plicated by intermixed neural elements. Neonatal ra t  pups 
underwent unilateral  enucleation using standard mechanical 
technique. After a survival period of a t  leas t  4 weeks, the 
optic nerves from both the normal and enucleated sides were 
dissected f ree ,  placed in a recording chamber, and perfused 
with Ringer's solution containing 5 mM [K+].  All experi
ments were conducted a t  37°C. The diameter of the enucle
ated RON was only 10–20% that  of the normal RON and was 
translucent rather  than white and opaque, the appearance of 
the normal adult RON. Standard in tra ce l lu la r  recording tech
niques were employed in th is  study. As the electrode was 
advanced through the nerve inexcitable ce l ls  were encounter
ed with high renting membrane potentials (average =-79 mV±6; 
N=27). When [K+] in the perfusate was altered from 5 to as 
high as 60 mM, these ce l ls  briskly depolarized and the aver
age slope for a 10-fold change in [K+] was 49±7 mV (N=8) . 
This is  s ign if ican t ly  less than the slope expected i f  [K+] 
were the sole determinant of rest ing membrane potential .
While continuously recording from glial  ce l ls  a variety of 
putative neurotransmitter  substances were bath applied. 
Acetylcholine (10 mM) and adenosine (1 mM) were without 
e f fe c t .  Glutamate depolarized glia  in a dose-dependent 
fashion by as much as 10 mV a t  a concentration of 5 mM. 
GABA (up to 10 mM) produced small depolarizations in 20% of 
the ce l ls  tes ted .  Further studies along these lines are in 
progress. These observations establish the enucleated ra t  
optic nerve as a favorable preparation for studying mam
malian g lia  in the absence of neuronal t issue .  Supported by 
NIH grants NS 15589 and NS 00473 from the NINCDS.

279.10  MYELIN-ASSOCIATED GLYCOPROTEIN (MAG): IMMUNOCYTOCHEMICAL 
LOCALIZATION IN BOTH OLIGODENDROCYTES AND MYELIN LOOPS OF 
MYELIN DEFICIENT (MLD) MUTANT MICE. F. X. Omlin* and J .  M. 
Matthieu* (SPON: G. M. Innocenti).  In s t i tu t  d'Histologie et 
d 'Embryologie de l 'Université de Lausanne, CH-1011 Lausanne, 
Switzerland.

Myelin-associated glycoprotein (MAG) is a quantitavely 
minor membrane constituent which is believed to be involved 
in glia-axon in teractions. Immunocytochemical studies 
indicate that  MAG is localized in periaxonal regions, para
nodal loops and Schmidt-Lantermann incisures (Trapp, B. 
D. and Quarles, R. H., J. Cell Biol. ,  92: 877, 1982). 
Recently, these observations have been challenged (Webster, 
H. deF. et a l . ,  J. Neurochem., 41: 1469, 1983). Since the 
CNS of myelin deficient (mid) mutant mice is characterized 
by a severe myelin de f ic i t  and a high frequency of both 
loose myelin lamellae and myelin loops, we used th is  model 
to gather additional information on the localization of MAG.

Optic nerves and spinal cords of 15-and 25-day-old ml d 
and age-matched control mice were prepared for immunocy
tochemistry and electron microscopy. Both techniques 
revealed two categories of oligodendrocytes in mid mice. One 
class which corresponded to that  present in controls,  showed 
a granular pattern of narrow perinuclear immunostaining. The 
f in e structure of these typical  oligodendrocytes was indeed 
the same as in controls.  The other class of ml d oligodendro
cytes which was absent in the controls,  showed a very 
intense MAG immunostaining scat tered over the whole large 
cytoplasmic area. The size of these immunostained granules 
was variable. At the electron microscopic level, these large 
ce l ls  displayed a dark cytoplasm which was completely f i l l e d  
with acuolar profi les of d ifferent  sizes corresponding to 
the immunostained granules. Furthermore, these ce l ls  had an 
abnormal and extended endoplasmic reticulum, but a lack of 
recognizable Golgi apparatus. The number of necrotic ce l ls  
was not increased in mid t issue  when compared to the age-
matched controls.  Thin sections of mid t issue  also showed 
extended and complex myelin loops. These loops were clear ly  
immunostained for MAG. In conclusion, these resu lts  indicate 
that MAG is localized in uncompacted CNS myelin lamellae and 
extend recent investigations in the PNS (Trapp, B. D., et 
a l . ,  Trans. Am. Soc. Neurochem., 15: 239, 
1984).

Supported by the Swiss National Science Foundation 
(Grants 3.447.83 and 3.176.82).

279.11  KINETIC AND PHARMACOLOGIC CHARACTERIZATION OF THE GLUCOSE 
TRANSPORT SYSTEM IN C6 GLIOMA CELLS.  W. Logan, A. Klip* and 
E. Gagalang* .  Div. of Neurology, Research In s t i tu te ,  The 
Hospital for Sick Children and Univ. of Toronto, Toronto 
Ontario, Canada M5G 1X8.

The glucose transport system of C6 glioma ce lls  was 
studied by measuring the uptake of the non-metabolizable 
sugars 3H-3-0-methyl-D-glucose (MG) and 3H-2-deoxy-D-glucose 
(2dG). Kinetic parameters of uptake can be measured with the 
former sugar, since i t  is  not phosphorylated a f te r  transport. 
In ce l ls  grown in 2% fetal  c a l f  serum in MEM, saturable up
take of MG had a Vmax of 2 nmol/min-mg cell  protein and a 
Km of 3 mM a t  room temperature. These values are in close 
agreement with those previously observed in L6 myoblasts.
In contrast to MG, uptake of 2dG (0 . 1mM) was linear  for 
periods longer than 1 min (up to 10 min), due to sugar 
phosphorylation and prevention of back-flux. The rate of 
2dG uptake measured a t  10 min was 145 pmol/mg-min compared 
to 120 pmol/mg-min for the uptake of MG a t  10 sec. Therefore 
transport seems to be the limiting step in 2dG uptake a t  
10 min.

Uptake of e i the r  MG or 2dG was se lectively inhibited by 
the mold metabolite cytochalasin B (CB) with a Ki of 5 x 
10- 8 M. Hexose uptake was v ir tua lly  independent of extra
ce l lu la r  Na+ or K+ (osmotically substituted by choline). 
Incubation in 10% fetal  ca lf  serum progressively stimulated 
uptake of 2dG or MG up to 100%. P la te le t  derived growth 
factor  stimulated hexose uptake by 30% in 1 h. Insulin, on 
the other hand, had no effec t  on the rate of hexose uptake.
In contrast  to the behavior of other  ce l ls  in culture such 
as L6 myoblasts and f ib rob las ts ,  cell  density had no effec t  
on the rate  of sugar uptake by the glioma ce l ls .

I t  is  concluded that the glucose transport system of the 
C6 glioma cell  is  s imilar  to that  of other non-epithelial 
ce l l s  in culture in tha t  i t  is  saturable, ra te-l imit ing for 
glucose accumulation and inhibited by CB. The hexose up
take system of these ce l ls  has retained certain regulatory 
mechanisms and may closely resemble tha t  found in normal 
g l ia l  ce l l s .

279.12  SYNTHESIS OF SULFATED GLYCOPROTEINS BY CULTURES OF 
PURIFIED OLIGODENDROCYTES AND ASTROCYTES.  N .R. 
B hat* a nd E.G. B runngraber.  N eurochem . U nit, Missouri Inst. 
P sych ia try , D ep t. B iochem ., Univ. M issouri-Colum bia, Sch. Med., 
S t. Louis, MO 63139

Previous studies on the  analysis of brain g lycoproteins have 
dem onstra ted  th e  occurence of su lfa ted  and nonsulfated  
sialoglycopeptides, a  s itua tion  analogous to  th a t of th e  tw o form s 
of the m arker glycolipids of myelin and oligodendrocytes: 
ce rebrosides and su lfa tides . It is known th a t  som e of th e  m yelin 
associa ted  glycoproteins a re  su lfa ted . In order to  ev a lu a te  th e  
cap ac ity  of the  m yelin form ing ce lls  to  synthesize su lfa ted  
g lycoproteins, we used pure cu ltu res  of oligodendroglial ce lls  
derived from  prim ary  cu ltu res  of neonatal ra t  brain c e lls . The 
ce lls  w ere labeled w ith 3H -glucosam ine and inorganic 35S -su lfa te . 
A fter th e  e x trac tio n  of the  ce lls  for lipids th e  d e fa tte d  residue was 
d igested  w ith pronase fo r th re e  days w ith daily additions (1 m g/m l) 
of th e  p ro tease . The d igest was boiled fo r 10 min and cen trifu g ed . 
The c lea r  superna tan t was desa lted  on a  biogel P -2  colum n and 
m ade up to  0.04 M NaCl. The glycosam inoglycans w ere 
p rec ip ita ted  w ith ce ty l pyridinium chloride. The su p ern a tan t was 
freed  of the d e te rg en t by n-am ylalcohol ex tra c tio n  before 
frac tio n a tio n  on a  Con A -Sepharose a ffin ity  colum n. The 
g lycopeptides w ere separa ted  into the  com plex N-linked t r i - a n d  
te tra a n te n n a ry  sialoglycopeptides and th e  O -linked g lycopeptides 
(unbound), the  b iantennary  (weakly bound) and high mannose 
(strongly bound) glycopeptides by e lu ting  the  colum n sequen tially  
w ith th e  s ta r tin g  bu ffer, 20 mM and 200 mM α -  D m ethyl 
m annoside. The N-linked com plex type and O-linked 
o ligosaccharides w ere separa ted  from  each o the r by gel f il tra tio n  
on a  Sephadex G-50 colum n a f te r  mild alkaline hydrolysis. The O-
linked o ligosaccharides contained  only 10–20% of the  to ta l  3H-
glucosam ine label. A lm ost a ll of th e  35S label was con ta ined  in N-
linked g lycopeptides. The % d istribu tion  of th e  label am ong N-
linked o ligosaccharides was approx im ately  60, 30 and 10 in com plex 
ty p e , b iantennary  type , and high mannose type g lycopeptides, 
respective ly . On th e  o the r hand, g re a te r  than  80% of th e  35S label 
was associa ted  with com plex (tr i-  and te traan ten n a ry )  
g lycopeptides, th e  re s t being associa ted  w ith th e  b ian tennary  type . 
The su lfa tion  density  (35S/ 3H) was also higher in the 
sialoglycopeptide frac tio n . Even though th e  d is tribu tion  of th e  3 H -
glucosam ine in to  glycopeptide frac tio n s  from  oligodendrocytes and 
as tro c y te s  was sim ilar, th e  fo rm er showed m arkedly h igher (4–5 
tim es) ra te s  of g lycoprotein  su lfa tion .
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280.1  α2 - ECEPTOR CONTROL OF Ca++-MEDIATED REDUCTION OF VOLTAGE-
DEPENDENT K+ CURRENTS.  M. Sakakibara* , D.L. Alkon, I .  Leder
hend ler* , and E. Heldman* (SPON: J.W. D aly).  Section  on 
N eural Systems, Lab. of B iophysics, NINCDS a t MBL, Woods 
Hole, MA 02543.

J .  F arley  has re c en tly  shown (Soc. N eurosci. A bstr. ,1983) 
th a t  e x tra c ts  of the  Hermissenda o p tic  ganglion inc rease  
Type B pho to recep to r inpu t re s is ta n c e  and the  lo n g -la s tin g  
d ep o la riz in g  response (LLD) to  l ig h t .  In  a previous neuro
chemical a n a ly s is  of the  o p tic  ganglion (Heldman e t  a l . , J .  
N europhysio l., 1979) we id e n t i f ie d  a s in g le  o p tic  ganglion 
c e l l  which re l ia b ly  showed green fluo rescence  using the Falk -
H illa rp  method fo r  determ ining the  presence of ca tech o la 
mines. To t e s t  the  p o s s ib i l i ty  th a t  th is  c e l l  might c o n tr ib 
u te  to  the  e f f e c t  of F a r le y 's  o p tic  ganglion e x tra c t on the 
Type B c e l l  we added s ep a ra te ly  dopamine (< 500 µM) and the 
α2-re c e p to r  a g o n is t , c lo n id in e  (< 300 µM), to  the ASW perfu 
s io n  medium. Dopamine had l i t t l e  or no e f f e c t  w hile c lo n i
d ine caused a marked in c rea se  of the  Type B c e l l  input re 
s is ta n c e  as w ell as in  the  s te a d y -s ta te  d ep o la riz in g  re s 
ponse to  l i g h t .  The LLD ( a f te r  the  l ig h t )  a lso  increased  in  
magnitude and d u ra tio n . Voltage clamp experim ents w ith Type 
B somata (fo llow ing  axotomy to  remove impulse a c t iv i ty  and 
sy n ap tic  in te ra c tio n s )  dem onstrated th a t  c lon id ine  caused 
a marked red u c tio n  of the two voltage-dependent K+ cu rren ts  
(but not the  voltage-dependent Ca++ cu rren t)  which comprise 
most of the  outward c u rren t a t  p o te n tia ls  -60 to  0 mV: an  
e a r ly  ra p id ly  a c t iv a tin g  c u rre n t,  I a , and a la te  Ca++-depen
dent K+ c u rre n t,  I C. Both of these  cu rren ts  remain reduced 
on days a f te r  a s s o c ia t iv e  le a rn in g  (c f . Forman e t  al . , 1984, 
Soc. N eurosci. A b str . ) .  When 10 mM Ba++ was s u b s ti tu te d  fo r  
the  10 mM Ca++ in  the  e x te rn a l bath ing  medium, the c lo n i
d in e -red u c tio n  of IA was almost e lim in a ted . Addition of yo
himbine (< 100 µM), an α2-re c e p to r  a n ta g o n is t , to  ASW caused 
marked red u c tio n  of the in ta c t  Type B d ep o la riz a tio n  during 
and a f te r  a l ig h t  s tep  and elim ina ted  EPSP's (under p re
sy nap tic  c o n tro l of the  S/E o p tic  ganglion c e l l )  which en
hance cum ulative d e p o la r iz a tio n  of the  Type B c e l l  during 
co n d itio n in g  w ith repeated  p a ir in g s  of l ig h t  and ro ta t io n .  
Yohimbine a lso  reduced Ca++ mediated in a c tiv a t io n  of I C of 
is o la te d  Type B somata. These re s u l t s  suggest th a t  a c t iv a 
t io n  of α2- rec e p to rs  w ith in  the Type B membrane by a sub
stan ce  re lea sed  from p re -sy n ap tic  o p tic  ganglion c e l l ( s )  
could am plify Ca++-m ediated IA and I C red u c tio n , by which 
c o n d itio n in g -a c tiv a tio n  of v is u a l -v e s t ib u la r  neu ra l systems 
encode and s to re  a learned  a s so c ia tio n  of d i s t in c t  sensory 
s tim u li  ( c f .  Alkon, J .  P h y s io l. ,  P a r i s , 1982-3).

280.2  α1-ADRENOCEPTOR-EVOKED PACEMAKER ACTIVITY IN SEROTONERGIC 
DORSAL RAPHE NEURONS: ROLE OF INCREASED CALCIUM CONDUCTANCE.  
G. K. Aghajanian, Depts. of P sy ch ia t. and Pharm acol., Yale 
Univ. Sch. of Med., Conn. Mental H ealth  C t r . , 34 Park S t . , New 
Haven, CT, 06508.

Sero tonerg ic  (5-HT) d o rsa l raphe neurons have a slow, 
to n ic  pacemaker f i r in g  p a tte rn  in  v iv o ; in t r a c e l lu la r  
record ings in  vivo show th a t  sp ikes  a r i s e  from d ep o la riz in g  
ramps, not d is c re te  synap tic  p o te n tia ls  (1 ) . In  b ra in  
s l i c e s ,  most v iab le  5-HT neurons a re  s i l e n t  but pacemaker 
a c t iv i ty  can be re s to re d  by norepinephrine or phenylephrine 
(PE), an α 1-a g o n is t (2 ) .

The io n ic  b a s is  fo r  α1-induced pacemaker a c t iv i ty  in  5-HT 
neurons was s tu d ied  in  a r a t  m idbrain s l i c e  p re p a ra tio n . Upon 
impalement, 5-HT c e l l s  were i n i t i a l l y  a c t iv a te d , but as 
"sea lin g "  progressed , membrane p o te n tia ls  (Vm) deepened to  
-60 to  -80 mV, and most c e l l s  became s i l e n t .  Hyperpola r iz in g  
pu lses  induced anode-break p re p o te n tia ls  a t  a Vm of -58 to  -60 
mV; these  were blocked by Ca2+ a n tag o n is ts  but not TTX. In 
the  presence of TTX, h ig h -th resh o ld  Ca2+ sp ikes  were a lso  
observed ( c f . ,  R ef.#3). At co n cen tra tio n s  of PE too low to  
a c t iv a te  c e l l s  ( e .g . ,  1– 2 m icrom olar), th e re  was a 
d e p o la riz a tio n  accompanied by an in c rea se  in  Rin ; re v e rsa l 
p o te n tia ls  (Ere v ) were about -92 mV, in d ic a tin g  a decrease  i n 
gk . At concen tra tions  of PE which induced ra p id  sp ik ing  
( e .g . , 25 m icrom olar), a Er e v could not be ob tained  and Ri n was 
not always in c reased . In TTX tre a te d  s l i c e s ,  when Na+ sp ikes 
were blocked, high co n cen tra tions  of PE enhanced both low and 
h ig h -th resho ld  Ca2+ p o te n t ia ls  and markedly increased  
a fte rh y p e rp o la r iz a tio n s  mediated by th e  C a-ac tiv a ted  gK. I t  
i s  concluded th a t  α1-adrenoceptor ag o n ists  evoke pacemaker 
a c t iv i ty  in  5-HT neurons by two mechanisms: a decrease  in  
" re s tin g "  gK and an in c rea se  in  voltage-dependant gCa.

(1) Aghajanian, G.K. and VanderMaelen, C.P. Brain 
Res. 238: 463–469, 1982.
(2) VanderMaelen, C.P. and A ghajanian, G.K. Brain 
Res. 289: 109–119, 1983.
(3) L lin as , R. and Yarom, Y. J .  Physio l. 315: 569–
584, 1981.

Supported by USPHS Grant MH-17871 and the  S ta te  of 
C onnecticu t.

280.3  LONG-LASTING FACILITATION OF PEPTIDERGIC TRANSMISSION BY 
CATECHOLAMINES IN SYMPATHETIC NEURONS IS MEDIATED BY CYCLIC 
AMP.  N. Mo* , Z.G. Jiang* and N .J . Dun (SPON: R.S. Schm idt), 
 Dept. o f Pharm acol., Loyola Univ. Med. C tr . ,  Maywood, IL . 
60153

R ep e titiv e  s tim u la tio n  (10–20 Hz, 1–2 sec) of the  hypo
g a s t r ic  nerves evoked in  neurons of the  guinea p ig  in f e r io r  
m esen teric  g a n g lia , in  a d d itio n  to  the  f a s t  e x c i ta to ry  p o s t
sy n ap tic  p o te n t ia l  (epsp), a non -ch o lin e rg ic  epsp the  medi
a to r  o f which has been proposed to  be substance P or a r e 
la te d  p e p tid e . When app lied  to  the gang lia  in  the concen
tr a t io n s  of 10 µM o r le s s  fo r  3–5 min, ep inephrine (E PI), 
is o p ro te re n o l (ISO) and norepinephrine (NE) caused an i n i 
t i a l ,  s h o r t- la s t in g  dep ression  which was followed by a 
la rg e  augm entation o f the  non -cho line rg ic  epsp la s t in g  from 
m inutes to  over h o u rs . Dopamine (DA) employed in  the  same 
co n cen tra tio n  caused only a s l ig h t  depression  th a t  was not 
followed by a n o tic e ab le  inc rea se  of the  n on -cho linerg ic  
epsp . The α-a g o n is ts  were more po ten t in  d ep ress ing , w hile 
β-a g o n is ts  being more e f fe c t iv e  in  enhancing, re s p e c tiv e ly , 
the  n o n -ch o lin e rg ic  tran sm iss io n . The catecholam ine-induced 
dep ress ion  and subsequent enhancement of the  non -cho linerg ic  
epsp was prevented by α-ad ren e rg ic  an tag o n is ts  (d ihydroer
gotamine and phenoxybenzamine, 1–10 µM) and 8 -ad ren e rg ic  
an ta g o n is ts  (p roprano lo l and d ic h lo r is o p ro te re n o l, 10 µM), 
r e s p e c tiv e ly . The membrane d e p o la r iz a tio n  induced by the 
p u ta tiv e  tra n s m itte r  substance P (1 µM) was s im ila r ly  aug
mented by ISO; th i s  e f f e c t  which could be blocked by β-
a n ta g o n is ts  was not preceded by a d ep ress io n . Superfusion 
of d ib u ty ry l c y c lic  AMP (10 µM – 1 mM) to  the  gang lia  con
s i s t e n t ly  and re v e rs ib ly  increased  the  non -ch o lin e rg ic  
tran sm issio n  in  a manner s im ila r  to  th a t  produced by c a te 
cholam ines. L a s tly ,  i n t r a c e l lu la r  io n to p h o res is  o f c y c lic  
AMP a lso  mimicked the  enhancing e f f e c t  of catecholam ines on 
the n o n -ch o lin e rg ic  epsp . I t  i s  concluded th a t  c a tec h o l
amines w ith  the  excep tion  o f DA, exerted  a b ip h asic  e f f e c t  
on the  p e p tid e rg ic  transm ission  of the  in f e r io r  m esenteric  
ganglion  c e l l s :  an i n i t i a l  dep ression  th a t  was m ediated by 
α-ad ren e rg ic  re cep to rs  and probably r e f le c te d  a p resy n ap tic  
in h ib ito ry  e f f e c t  o f catecho lam ines, w hereas, the  enduring 
f a c i l i t a t i o n  was m ediated by β-ad ren e rg ic  re cep to rs  which 
appeared to  be lin k ed  to  a c t iv a tio n  of p o s tgang lion ic  c y c lic  
AMP. (Supported by NIH g ran t NS15848 and USARMRDC-DAMD17-83-
C-3133)

280.4  MIDBRAIN DA NEURONAL ACTIVITY IN MOUSE STRAINS WITH 
DIFFERING NUMBERS OF MIDBRAIN DA NEURONS.  M.K. Sanqhera 
and D.C. German,  Depts of P sy ch ia t. and P h y s io l . ,  Univ. 
o f Texas H ealth Science C en ter, D a lla s , tx 75235.

G en etica lly  inbred s t r a in s  o f mice have been found to  
possess d if f e r in g  numbers o f m idbrain dopamine (DA)-con
ta in in g  neurons. These d iffe ren c e s  have been c o rre la te d  
w ith spontaneous behav ioral d if f e r e n c e s .  For example, 
BALB/c mice have 20% more m idbrain DA c e l l s  than CBA mice 
and, correspondingly  they show g re a te r  spontaneous and DA 
d ru g - in d u ce d  b e h a v io rs  (F ink & R e is ,  B ra in  R es . , 
222:335– 345, 1981). E xam ination  o f th e  ty r o s in e  
hydroxylase (TH)- la b e l le d  c e l l s  in these  two mouse s t r a in s  
revealed  th a t  the d iffe ren c e s  in  c e l l  number occur w ith in  
both the  s u b s ta n tia  n ig ra  region  and the  v e n tra l tegm ental 
area  (VTA) (German e t  a l . ,  N eurosci. Abs. ,  1150, 1983). 
In  the nucleus accumbens (NAS) and caudate nucleus (VTA 
and su b s ta n tia  n ig ra  ta rg e t s i t e s ,  re sp ec tiv e ly ) we found 
th a t  the CBA mouse had s ig n if ic a n t ly  h igher apparent DA 
turnover than the  BALB/c.

The purpose of the p re sen t experim ent was to  determ ine 
i f  these  d iffe ren c e s  in  apparent DA turnover r a te  could be 
explained  by d iffe ren c e s  in  the b a se lin e  f i r in g  ra te  of 
m idbrain neurons. E x tra c e llu la r  s in g le  c e l l  record ings 
were made from m idbrain DA neurons in  c h lo ra l hydrate  
an es th e tiz ed  BALB/c and CBA mice. Recording s i t e s  were 
marked by the  io n to p h o re tic  e je c tio n  o f F a s t Green dye 
from g la s s  re c o rd in g  e l e c t r o d e s .  The p o s i t io n  o f 
h is to lo g ic a l ly  v e r if ie d  recording  s i t e s  were ex trap o la ted  
onto T H -labelled DA c e l l  d en sity  topography maps o f BALB/c 
and CBA mice. A to ta l  o f 55 s in g le  DA neurons were 
recorded . C e lls  in  the s u b s ta n tia  n ig ra  zona compacta 
tended to  f i r e  f a s te r  in  the  CBA compared to  the  BALB/c 
(4.4 ± 0 .6  v s . 3.0 ± 0 .9  im p u ls e s /s e c ) . In  th e  VTA, 
however, th e re  was no d iffe ren c e  in  f i r in g  ra te s  (both 
groups 3.1 ± 0 . 4  im p u lses/sec). Thus, b a se lin e  f i r in g  
ra te s  of DA c e l l s  in the su b s ta n tia  n ig ra  appear to  be 
re la te d  to  s t r i a t a l  DA tu rn o v er. The f i r in g  ra te s  o f VTA 
DA neurons, on the o the r hand, do not appear to  be re la te d  
to  DA turnover in the NAS. However, s in ce  th ese  DA 
neurons p ro je c t to  te rm inal a reas  o ther than the  NAS, i t  
i s  p o ss ib le  th a t  th e ir  b ase lin e  f i r in g  ra te s  a re  r e la te d  
to  th e ir  p ro je c tio n  s i t e s .  This p o s s ib i l i ty  i s  p re s e n tly  
under in v e s t ig a tio n . Research supported by g ran t MH-
30546.
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280.5 D2-DOPAMINE RECEPTOR MEDIATES INHIBITION OF FORSKOLIN 
STIMULATED ADENYLATE CYCLASE ACTIVITY IN ANTERIOR PITUITARY. 
 B. Borgundvaag* and S.R. George (SPON: P. B rawley).  Dept. 
of Pharmacology, Univ. of Toronto, Toronto, Canada, M5S 1A8 

I t  i s  w ell known th a t  the in h ib it io n  of p ro la c tin  sec
re tio n  by the a n te r io r  p i tu i ta r y  i s  c o n tro lled  by the hypo
thalam ic dopamine neurons. F u rth e r , i t  has been shown th a t 
th is  in h ib ito ry  e f f e c t  of dopamine on p ro la c tin  sec re tio n  is  
m ediated through the  D2 re c ep to r. I t  has been p o stu la ted  
th a t  the. e f f e c t  of dopamine on p ro la c tin  sec re tio n  i s  
m ediated v ia  the  coupling of the  D2 recep to r to the enzyme 
adeny late  cyclase  (AC). Several groups have dem onstrated the 
presence of a dopamine in h ib ite d  AC in  a n te r io r  p i tu i ta r y .  
While the  in h ib it io n  of AC a t  co n cen tra tions  of dopamine 
s im ila r  to  those measured in  hypophyseal p o r ta l  plasma (4-
20nM, Ben-Jonathan e t  a l . , Endocrinology 106:690, 1980), has 
been shown in  c u ltu red  la c to tro p h s , th is  e f fe c t  has h ith e r to  
not been dem onstrated in  t is s u e  homogenates. We now re p o rt 
the  in h ib i t io n  of AC, in  r a t  a n te r io r  p i tu i ta r y  homogenates, 
a t  p h y s io lo g ica l con cen tra tio n s  of dopamine. In a d d itio n , 
th is  i s  the f i r s t  dem onstration of dopamine in h ib it io n  of AC 
s tim u la ted  by the  d ite rp in e  fo rsk o lin ,  in  the a n te r io r  p i t u i 
ta ry . AC was determ ined, in  female r a t  a n te r io r  p i tu i ta r y  
membranes, by measuring the  conversion of 3H-ATP to 3H -cyclic 
AMP (cAMP), as described  by Krishna e t a l . , J .  Pharmacol.
Exp. Ther. 163:379, 1968. F orsko lin  s tim u la ted  AC a c t iv i ty  
in  a dose-dependent manner. For s tu d ie s  examining in h ib i t io n ,  
a co n cen tra tio n  of 30uM fo rsk o lin ,  which produced a seventeen 
fo ld  inc rea se  in  cAMP production  over b a sa l le v e ls ,  was used. 
The a d d itio n  of dopamine in h ib ite d  fo rsk o lin  s tim u la tio n  of 
AC and th is  had a ty p ic a lly  dopaminergic rank order of 
catecholam ine p o ten c ies . Dopamine and dopaminergic agon ists  
were shown to  in h ib i t  th is  fo rsk o lin  s tim u la tio n  by approxi
m ately 35% a t  maximal ag o n ist co n cen tra tio n s . This re s u l t  is  
c o n s is te n t w ith the fa c t  th a t fo rsk o lin  s tim u la te s  AC in  a l l  
c e l l  types, w hile D2 dopamine recep to rs  are  found p rim arily  
on la c to tro p h s , which in  the female r a t  a n te r io r  p i tu i ta r y ,  
a re  known to  comprise roughly 30% of the  to t a l  c e l l  popula
t io n . The in h ib i t io n  by dopamine of fo rsk o lin  s tim u la ted  AC 
could be reversed  in  a dose-dependent fash ion  by the D2 
s p e c if ic  an tag o n is t (+ )-bu taclam ol, confirm ing th a t th is  
e f f e c t  was m ediated through D2 dopamine re c ep to rs .

280.6  PHARMACOLOGICAL DIFFERENTIATION OF DENTATE GRANULE CELLS 
AND HIPPOCAMPAL THETA NEURONS  Ros e ,  G.  1 ,  2 ,  Pang* K.1 , and 
F r e e d m a n ,  R .  1, 2 ( S p o n s o r :  R.A.  H a r r i s )  1Dep t .  of  Pha r ma 
c o l o g y ,  UCHSC, and 2Medi ca l  R e s e a r c h ,  VAMC, De n v e r ,  CO

R e c o r d i n g s  f rom u n a n e s t h e t i zed r a t s  h a v e  a l l o w e d  t h e  
i d e n t i f i c a t i o n  of  two c l a s s e s  of  h i p p o c a mp a l  n e u r o n s :  
c o m p l e x - s p i k e  (CS) c e l l s  and t h e t a  c e l l s .  The s e  two 
n e u r o n a l  t y p e s  d i f f e r  f rom e a ch  o t h e r  i n  b o t h  t h e i r  e l e c
t r o p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  and b e h a v i o r a l  c o r r e l a t e s .  
Be c a u s e  CS c e l l s  f a r  o u t numbe r  t h e t a  n e u r o n s  i n  a r e a  CA-1, 
i t  h a s  been  s u g g e s t e d  t h a t  t h e  f o r me r  a r e  t h e  h i p p o c a mp a l  
p y r a mi d a l  c e l l s  w h i l e  t h e  l a t t e r  a r e  i n t e r n e u r o n s . How
e v e r ,  r e c e n t  work (Rose e t  a l . ,  Br a i n  Re s . ,  2 6 6 , 29)  has  
shown t h a t ,  i n  t h e  d e n t a t e  g y r u s ,  most  g r a n u l e  c e l l s  a l s o  
have  t h e  c h a r a c t e r i s t i c s  of  t h e t a  n e u r o n s .  We have  
r e c e n t l y  d e m o n s t r a t e d  t h a t  l o c a l l y  a p p l i e d  p h e n c y c l i d i n e  
( P CP ) , an i n d i r e c t  n o r a d r e n e r g i c  a g o n i s t ,  d e p r e s s e s  t h e  
s p o n t a n e o u s  f i r i n g  of  CA-1 CS c e l l s  b u t  e x c i t e s  t h e t a  
n e u r o n s  r e c o r d e d  i n  t h e  same r e g i o n .  In t h e  p r e s e n t  s t u d y  
we exa mi ne d  t h e  e f f e c t s  of  l o c a l  a p p l i c a t i o n  of  PCP and 
n o r e p i n e p h r i n e  (NE) upon n e u r o n s  w i t h i n  t h e  d e n t a t e  g y r u s .

R e c o r d i n g s  were  made f rom t h e  h i p p o c a mp a l  r e g i o n  of  
e i t h e r  u r e t h a n e - or  b a r b i t u a t e - a n e s t h e t i z e d  r a t s  u s i n g  2-
b a r r e l  g l a s s  m i c r o p i p e t t e s . The r e c o r d i n g  b a r r e l  was 
f i l l e d  w i t h  5 M NaCl , w h i l e  t h e  o t h e r  b a r r e l  c o n t a i n e d  
e i t h e r  10- 5 M PCP or  10- 2 M NE i n  165 mM Na Cl . Drugs  were  
a p p l i e d  u s i n g  m i c r o p r e s s u r e  e j e c t i o n .  CS and t h e t a  n e u r o n s  
were  i d e n t i f i e d  by t h e i r  c h a r a c t e r i s t i c  u n f i l t e r e d  a c t i o n  
p o t e n t i a l  d u r a t i o n .  S t i m u l a t i n g  e l e c t r o d e s  were  l o c a t e d  i n  
b o t h  t h e  d o r s a l  and v e n t r a l  p s a l t e r i a  t o  a c t i v a t e  e n t o
r h i n a l  and c o mmi s s u r a l  a f f e r e n t s  t o  t h e  h i p p o c a mp u s  a s  an 
a i d  t o  v e r i f y i n g  t h e  l o c a t i o n  of  t h e  r e c o r d i n g  e l e c t r o d e .

Loca l  a p p l i c a t i o n  of  PCP or  NE o n t o  CS c e l l s  i n  a r e a s  
CA-1,  CA-3 or  t h e  h i l u s  c a u s e d  d e p r e s s i o n  of  s p o n t a n e o u s  
d i s c h a r g e .  In c o n t r a s t ,  t h e t a  n e u r o n s  i n  t h e s e  r e g i o n s  
were  e x c i t e d  by e i t h e r  compound.  Wi t h i n  t h e  g r a n u l e  c e l l  
l a y e r ,  h o we v e r ,  14 of  16 n e u r o n s  wi t h  t h e t a  c h a r a c t e r i s t i c s  
were  d e p r e s s e d ,  wh i l e  one CS c e l l  was e x c i t e d .

These  r e s u l t s  i n d i c a t e  t h a t  h i p p o c a mp a l  n e u r o n s  d i f f e r  
i n  t h e  r e s p o n s e  t o  l o c a l  a p p l i c a t i o n  of  NE or  PCP. More,  
i m p o r t a n t l y ,  t h e  a g e n t s  evoke  d i s s i m i l a r  r e s p o n s e s  f rom 
h i ppoca mpa l  t h e t a  n e u r o n s  and d e n t a t e  g r a n u l e  c e l l s .  Thus ,  
two t y p e s  of  n e u r o n s  whi ch s h a r e  common e l e c t r o p h y s i o l o g i
c a l  c h a r a c t e r i s t i c s  and b e h a v i o r a l  c o r r e l a t e s  may be d i f 
f e r e n t i a t e d  using a a p h a r m a c o l o g i c a l  c r i t e r i o n .  S u p p o r t e d  
by USPHS Gr a n t  DA02429 and t h e  VA Medi ca l  R e s e a r c h  S e r v i c e .

280.7  NEURONAL DISCHARGE PATTERN: INFLUENCE ON A9 DA CELLULAR 
RESPONSE TO AUTORECEPTOR STIMULATION.  P.D. Shepard and 
D.C. German,  D epts. o f Physiology and P sy ch ia try , Univ. 
o f Texas H ealth  S c i. C en ter, D a lla s , Texas 75235.

Dopamine (DA)-co n ta in in g  neurons in the su b s ta n tia  
n ig ra  (SN) possess a u to re c ep to rs . S tim u lation  of these 
re c ep to rs  by low doses of the DA a g o n is t , apomorphine 
(APO), decreases DA c e l l  impulse flow . Recent s tu d ie s  
have dem onstrated th a t  the  s e n s i t iv i ty  of in d iv id u a l DA 
neurons to  the ra te -d e c rea s in g  ac tio n s  of APO i s  in v e rse ly  
re la te d  to  the  c e l l ’ s spontaneous f i r in g  ra te  (Shepard & 
German, N eurosci Abs. ,  8 : 264.1, 1982; White & Wang, 
L ife  S c i . ,  34: 1161, 1984). Thus, f a s t  f i r in g  DA c e l l s  
a re  g en era lly  le s s  s e n s it iv e  to  the ra te  suppressan t 
a c tio n s  of APO than are  slower f i r in g  DA c e l l s .  However, 
because DA neurons e x h ib it sev e ra l d if f e r e n t  f i r in g  
p a t te rn s ,  we sought to  determ ine whether the c e l l 's  
d is c h a rg e  p a t t e r n  in f lu e n c e d  th e  a b i l i t y  o f APO to  
suppress neuronal f i r in g  r a te .  E x t ra c e l lu la r ,  s in g le  u n it 
a c t iv i ty  of m idbrain DA neurons was recorded in  male ra ts  
an e s th e tiz ed  w ith c h lo ra l h y d ra te . C e lls  were te s ted  with 
e i th e r  a s in g le  dose or m u ltip le  doses of 5 µg/kg i . v .  APO 
followed by a s in g le  dose of 0.1 mg/kg i . v .  of the DA 
a n ta g o n is t h a lo p e rid o l. C e lls  were div ided  in to  two 
c a te g o r ie s  according to  d iffe ren c e s  in pre-drug d ischarge 
p a t te rn .  Group 1 co n sis ted  of c e l l s  which ex h ib ited  to n ic  
or "pacem aker-like" d ischarge  p a tte rn s  ch a rac te riz ed  by 
n o rm a lly  d i s t r i b u t e d  in t e r s p ik e  i n t e r v a l  (TSI) 
h is to g ra m s . Group 2 was com prised  o f c e l l s  which 
ex h ib ite d  a phasic  or "b u rs ting" d ischarge  p a tte rn  which 
gave p o s i t iv e ly  skewed IS I h istogram s. Comparison of the 
s e n s i t iv i ty  of c e l l s  w ith in  each group to  the ra te -
d e c r e a s in g  e f f e c t s  o f APO re v e a le d  th a t  d e s p i te  a 
s ig n i f ic a n t ly  f a s te r  b a se lin e  f i r in g  ra te  (Group 1 = 3.7 ± 
0.2 im p/sec; Group 2 = 5.85 ± 0.3 im p/sec; t  = 6 .02 , p < 
.001) c e l l s  in Group 2 ex h ib ited  a s ig n if ic a n t ly  g re a te r  
reduc tion  in  f i r in g  ra te  follow ing the drug than c e l l s  in 
Group 1 (Group 1 = 0.64 ± 0.14 im p/sec; Group 2 = 1.81 
0.25 im p/sec; t  = 4 .04 , p < .002). These data  are  co n sis
t e n t  w ith the hypothesis  th a t  c e l l s  which e x h ib it a phasic 
d ischarge  p a tte rn  e x is t  in a more depo larized  s ta te  than 
c e l l s  which e x h ib it a to n ic  or pacem aker-like d ischarge 
p a t te rn .  I t  would th e re fo re  be expected th a t  the ex ten t 
o f APO-induced h y p e rp o la riz a tio n , and thus the magnitude 
o f the reduction  in f i r in g  ra te  produced by the  drug, would 
be le s s  fo r c e l l s  which i n i t i a l l y  e x is t  in a r e la t iv e ly  
hy p erp o la rized s ta t e .  Supported by g ran t MH-30546.

280.8  COMPARISON OF PRE-AND POSTSYNAPTIC DOPAMINE RECEPTORS IN 
THE MESOLIMBIC SYSTEM OF THE RAT BRAIN.  F . J .  W h ite , 
M.M. V o ig t  an d  R .Y . Wang.  Dept. o f  P h a rm a c o lo g y , S t .  L o u is  
U n i v e r s i t y  S c h o o l o f  M e d ic in e ,  S t .  L o u i s ,  MO 6 3 1 0 4 .

C o n s id e r a b l e  e v id e n c e  s u g g e s t s  t h a t ,  i n  t h e  n i g r o s t r i a t a l  
do p am in e  (DA) s y s te m , p r e s y n a p t i c  DA r e c e p t o r s  ( a u t o r e c e p 
t o r s )  a r e  m ore s e n s i t i v e  t h a n  p o s t s y n a p t i c  DA r e c e p t o r s .  
A lth o u g h  t h i s  phenom enon h a s  a l s o  b e e n  r e p o r t e d  f o r  t h e  
m e s o l im b ic  s y s te m , t h e r e  i s  l i t t l e  d i r e c t  p h y s i o l o g i c a l  
e v id e n c e  t o  s u p p o r t  i t .  I n  t h e  p r e s e n t  e x p e r im e n t s ,  we u s e d  
s i n g l e  c e l l  r e c o r d in g  an d  m ic r o io n t o p h o r e t i c  t e c h n i q u e s  t o :  
(1 ) c h a r a c t e r i z e  t h e  p h a r m a c o lo g ic a l  p r o p e r t i e s  o f  A10 DA 
a u t o r e c e p t o r s  i n  t h e  r a t  v e n t r a l  t e g m e n ta l  a r e a  an d  p o s t 
s y n a p t i c  DA r e c e p t o r s  i n  t h e  n u c le u s  accum bens (N A c), a  
f o r e b r a i n  l im b ic  a r e a  w h ic h  r e c e i v e s  a  d e n s e  DA i n n e r v a t i o n  
from  A10 DA n e u ro n s  an d  (2) com pare  t h e  r e s p o n s i v e n e s s  o f  
p r e - a n d  p o s t s y n a p t i c  DA r e c e p t o r s  t o  DA a g o n i s t s .  NAc 
n e u ro n s  d i f f e r e d  fro m  A10 DA n e u ro n s  i n  t h a t  o n ly  NAc 
n e u ro n s  w e re  i n h i b i t e d  by  t h e  D -1 s p e c i f i c  DA a g o n i s t  
SK F-38393 (14 o f  20 c e l l s ) . B o th  NAc n e u ro n s  a n d  A10 DA 
n e u ro n s  w e re  s u p p re s s e d  by  DA an d  t h e  D-2 s p e c i f i c  a g o n i s t  
LY141865 (L Y ). Some NAc n e u ro n s  w e re  i n h i b i t e d  by  b o th  LY 
an d  SKF. The D-2 s p e c i f i c  a n t a g o n i s t  s u l p i r i d e  b lo c k e d  t h e  
e f f e c t s  o f  LY on b o th  NAc an d  A10 c e l l s  b u t  f a i l e d  t o  a l t e r  
t h e  i n h i b i t o r y  e f f e c t s  o f  SKF on NAc c e l l s .  When co m p ared  
t o  NAc n e u ro n s ,  A10 DA n e u ro n s  w ere  a t  l e a s t  3 -5  t im e s  m ore 
s e n s i t i v e  t o  t h e  i n h i b i t o r y  e f f e c t s  o f  i o n t o p h o r e t i c  DA 
(0 .0 1  M) an d  LY (0 .0 1  M ). I n t r a v e n o u s  ( i . v . )  a d m i n i s t r a t i o n  
o f  LY c a u s e d  a  p o t e n t  s u p p r e s s io n  o f  A10 DA u n i t  a c t i v i t y  
(ED50= 15 µ g /k g ) . I n  c o n t r a s t ,  t h e  r e s p o n s e  o f  NAc c e l l s  t o  
i . v .  LY w as u s u a l l y  b i p h a s i c  su c h  t h a t  low  d o s e s  (7 -6 3  
µ g /k g ) i n c r e a s e d  t h e  f i r i n g  r a t e  (by 30-70%) w h e re a s  h i g h e r  
d o s e s  d e c r e a s e d  t h e  f i r i n g  r a t e  (ED50=96 µ g / k g ) . The 
i n i t i a l  i n c r e a s e  w as p r o b a b ly  d u e  t o  d i s i n h i b i t i o n  c o n s e 
q u e n t  w i th  A10 DA s u p p r e s s io n .  T h u s , t h e  D-2 DA a u to r e c e p 
t o r s  on A10 DA n e u ro n s  w e re  a t  l e a s t  3 -6  t im e s  m ore s e n s i 
t i v e  t o  DA a g o n i s t s  t h a n  t h e  p o s t s y n a p t i c  D-2 DA r e c e p t o r s  
on NAc n e u ro n s .  P o s t s y n a p t i c  DA r e c e p t o r s  i n  t h e  o l f a c t o r y  
t u b e r c l e  w e re  a l s o  l e s s  s e n s i t i v e  t o  LY th a n  A10 DA c e l l s .  
T h e se  r e s u l t s  i n d i c a t e  t h a t  NAc n e u ro n s  may p o s s e s s  b o th  D -1 
an d  D-2 DA r e c e p t o r s .  I n  c o n t r a s t ,  A10 DA n e u ro n s  a p p e a r  t o  
p o s s e s s  o n ly  D-2 r e c e p t o r s  w h ic h  e x h i b i t  a  h i g h e r  a f f i n i t y  
f o r  DA a g o n i s t s  t h a n  p o s t s y n a p t i c  D-2 r e c e p t o r s  i n  l im b ic  
a r e a s .  ( S u p p o r te d  by USPHS G r a n ts  M H-34424, M H-38794, 
M H-00378, MH-08886 an d  t h e  S c o t t i s h  R i t e  S c h iz o p h r e n ic  
R e s e a rc h  P ro g ra m  N .M .J . , U .S .A .)
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280.9  COMPARISON OF DOPAMINE AGONISTS IN AUTORECEPTOR AND POST
JUNCTIONAL DOPAMINE RECEPTOR FUNCTION IN RAT STRIATUM.
 T .C . W e s t f a l l  an d  L . N a e s *.  Dept. o f  P h a rm a c o lo g y , 
S t .  L o u is  U n iv . S c h . o f  M e d ., S t .  L o u i s ,  MO 6 3 1 0 4 .

T h e re  a r e  n u m ero u s  r e p o r t s  u t i l i z i n g  b o th  in  v iv o  a n d  i n  
v i t r o  m e a su re m e n ts  t h a t  a r e  c o n s i s t e n t  w i th  t h e  e x i s t e n c e  o f  
a u t o r e c e p t o r s  on d opam ine  (DA) n e u ro n s  i n  t h e  c e n t r a l  n e rv o u s  
s y s te m  w h ic h  m o d u la te  t h e  r e l e a s e  a n d /o r  s y n t h e s i s  o f  t h i s  
n e u r o t r a n s m i t t e r .  I t  h a s  a l s o  b e e n  o b s e rv e d  t h a t  a c t i v a t i o n  
o f  p o s t j u n c t i o n a l  DA r e c e p t o r s  r e s u l t s  i n  a  d e c r e a s e  i n  t h e  
e v o k e d  r e l e a s e  o f  a c e t y l c h o l i n e  a n d  g l u ta m a t e .  I t  i s  u n c l e a r  
i f  t h e  r e c e p t o r s  l e a d i n g  t o  t h e s e  r e s p o n s e s  a r e  p h a rm a c o lo g i 
c a l l y  s i m i l a r  o r  d i s s i m i l a r .  The p u r p o s e  o f  t h e  p r e s e n t  
s tu d y  w as t o  com pare  t h e  r e l a t i v e  p o te n c y  o f  a  s e r i e s  o f  DA 
a g o n i s t s  i n  a l t e r i n g  DA s y n t h e s i s  ( a u t o r e c e p t o r  f u n c t i o n )  on 
t h e  o n e  h a n d ,  a s  w e l l  a s  i n h i b i t i o n  o f  a c e t y l c h o l i n e  an d  
g lu ta m a te  r e l e a s e  ( p o s t j u n c t i o n a l  DA r e c e p t o r  f u n c t i o n )  on 
t h e  o t h e r  h a n d ,  a s  a  m eans o f  a d d r e s s in g  t h i s  q u e s t i o n .  A u to 
r e c e p t o r  f u n c t i o n  w as d e te r m in e d  by  m e a s u r in g  t h e  i n h i b i t o r y  
e f f e c t  o f  DA a g o n i s t s  on  t h e  s y n t h e s i s  o f  DA ( c o n v e r s io n  o f  
3H - t y r o s i n e  t o  3H-DA) i n  s t r i a t a l  s l i c e s .  P o s t j u n c t i o n a l  
r e c e p t o r  f u n c t i o n  w as d e te r m in e d  by  e x a m in in g  t h e  i n h i b i t o r y  
e f f e c t  o f  s i m i l a r  d ru g s  on t h e  p o t a s s iu m  e v o k e d  r e l e a s e  o f  
3H- c h o l i n e  o r  3H- g lu t a m a t e  f ro m  s u p e r f u s e d  s l i c e s  i n i t i a l l y  
i n c u b a t e d  w i th  3H - a c e ty l c h o l i n e  o r  3H- g l u t a m a t e . The I C 5 0 's  
(µM) f o r  a p o m o rp h in e , e p i n i n e ,  p i r i b e d i l ,  l e r g o t r i l e  an d  
b r o m o c r ip t in e  i n  i n h i b i t i n g  DA s y n t h e s i s  w e re  0 .7 0 ,  2 . 3 ,  8 . 0 ,  
22 an d  5 µM. The I C 5 0 's  o f  t h i s  sam e s e r i e s  o f  d ru g s  i n  
d e c r e a s in g  t h e  K + - in d u c e d  r e l e a s e  o f  3H- c h o l i n e  w e re  1 . 5 ,  
2 . 0 ,  0 . 8 6 ,  3 .3  an d  3 .5  µM w h i l e  f o r  i n h i b i t i n g  3H -g lu ta m a te  
r e l e a s e  t h e y  w ere  0 . 5 ,  0 . 5 ,  0 . 2 8 ,  0 .1 1  an d  0 .0 6 .  The r a n k  
o r d e r  o f  p o te n c y  o f  t h e  v a r i o u s  a g o n i s t s  i n  r e d u c in g  DA 
s y n t h e s i s  w as a p o m o rp h in e > e p in in e > D A > p ir ib e d i l > l e r g o t r i l e >  
b r o m o c r ip t in e . The r a n k  o r d e r  o f  p o te n c y  i n  i n h i b i t i n g  
3H -c h o l i n e  r e l e a s e  w as b ro m o crip tin e> A D T N =p i r ib e d i l> a p o m o r
p h i n e > e p i n i n e > l e r g o t r i l e  w h i le  t h e  r a n k  o r d e r  o f  p o te n c y  in  
i n h i b i t i n g  3H- g lu t a m a t e  r e l e a s e  w as b r o m o c r ip t in e > l e r g o t r i l e >  
p i r i b e d i l > ap o m o rp h in e=epin ine> A D T N . T h e se  r e s u l t s  demon
s t r a t e  t h a t  t h e r e  a r e  d i f f e r e n c e s  i n  t h e  p o te n c y  an d  r a n k  
o r d e r  o f  p o te n c y  f o r  v a r i o u s  DA a g o n i s t s  i n  m o d u la t in g  DA 
s y n t h e s i s  co m p ared  t o  a l t e r i n g  a c e t y l c h o l i n e  o r  g lu ta m a te  
r e l e a s e .  I t  i s  s u g g e s t e d  t h a t  t h e  r e c e p t o r s  i n v o lv e d  i n  
m e d ia t i n g  t h e s e  v a r i o u s  r e s p o n s e s  a r e  p h a r m a c o lo g ic a l ly  
d i f f e r e n t .  (S u p p o r te d  i n  p a r t  b y  NIH-NS 1 6 2 1 5 .)

280.10  AMPHETAMINE ACTION ON TERMINAL EXCITABILITY AND IMPULSE 
TRAFFIC IN NORADRENERGIC LOCUS COERULEUS NEURONS.  L .J . Ryan*, 
J.M .Tepper, S.J.Young* and P.M. Groves.  Dept. P sy ch ia try , 
Univ. C a l if .  San Diego, La J o l la ,  CA 92093.

A c tiva tion  of au to recep to rs  on locus coeruleus te rm ina ls  
in  f ro n ta l  co rtex  by noradrenerg ic  agon ists  such as c lo n i
dine reduces the  e l e c t r i c a l  e x c i ta b i l i ty  of the p re te rm ina l 
axon. E x c ita b il i ty  is  monitored by measuring the cu rren t 
requ ired  to  e l i c i t  antidrom ic responses (Nakamura e t  a l . , 
1982, N eurosci. 7:2217-2224). Conversely, noradrenerg ic  an
ta g o n is ts  in c rease  te rm ina l e x c i ta b i l i ty .  Systemic low dose 
amphetamine (AMP) ac ts  l ik e  an a n ta g o n is t, in c rea sin g  t e r 
m inal e x c i ta b i l i ty  whereas lo c a l in fu sio n  of AMP in to  the 
te rm ina l f ie ld  a c ts  l ik e  an a g o n is t , reducing e x c i ta b i l i ty .

The e f fe c ts  of various doses of in travenously  adm inis
te red  AMP on te rm ina l e x c i ta b i l i ty ,  f i r in g  r a te ,  and a n t i 
dromic a c tio n  p o te n t ia l  invasion  of the soma and den d rite s  
were s tud ied  in  noradrenerg ic  neurons of the locus coeruleus 
in  urethane an es th e tiz ed  r a ts .  Low dose AMP (0.25 mg/kg) 
decreased th resho ld  cu rren t ( - 9 . 6 8 %± 1 . 1 %, n=60) w hile r e 
ducing f i r in g  ra te  from 1.59 sp /s  (±0.16) to  0.91 sp /s  (± 0 .11). 
No change in  the  lik e lih o o d  of som atodendritic  an tidrom ic 
invasion  was seen. Subsequent in je c tio n  of h ighe r doses of 
AMP fu r th e r  reduced f i r in g  ra te  (1 .0  mg/kg: 0.16 sp /s  ± 0 .0 8 , 
n=10; 2.5 mg/kg: 0.07 ± 0 .0 3 , n=6 ; 5 .0  mg/kg: 0.04 ± 0 .0 2 , 
n=17) and caused fa i lu r e  of antidrom ic som atodendritic  
invasion . The two in te rm ed ia te  doses (1 .0  and 2.5 mg/kg) 
had no fu r th e r  e f fe c t  on th resho ld  cu rren t ( 1 . 0  mg/kg: 
-1.41% ± 2 .48 ; 2.5 mg/kg: -2.98% ±3 .10) whereas the h ig h est 
dose (5 .0  mg/kg) c o n s is te n tly  reversed  the e f fe c ts  of 
0.25 mg/kg, in c rea sin g  th resho ld  cu rren t fo r  an tidrom ic 
a c t iv a tio n  (+9.43%± 1 .65). Both the  in c rease  in  th resho ld  
cu rren t and the  decrease in  antidrom ic som atodendritic  in 
vasion caused by 5.0  mg/kg AMP, i . v . ,  were reversed  by 
0.5 mg/kg yohimbine (th resh o ld : -9.76% ± 1 .3 6 , n=7) w ithout 
re in s ta t in g  neuronal f i r in g  (0 . 1 0  sp /s  ± 0 . 1 0 ) .

These r e s u l ts  suggest th a t a t low doses AMP f a c i l i t a t e s  
neu ro tran sm ission w ith in  the  locus co eru leu s, in h ib i t in g  
neuronal f i r in g .  T h is, in  tu rn , reduces transm ission  in  the 
f ro n ta l  c o r t ic a l  te rm ina l f ie ld s ,  reducing p re -a n d  p o s t
synap tic  recep to r a c t iv a tio n  and so in c rea s in g  te rm ina l 
e x c i ta b i l i ty .  At a s u f f ic ie n t ly  high dose, AMP decreases 
te rm inal e x c i ta b i l i ty  d e sp ite  the absence of impulse t r a f f i c .  
Since yohimbine blocks th is  e f fe c t  on te rm ina l e x c i ta b i l i ty ,  
high dose system ic AMP is  a c tin g  in d ir e c t ly  as an agon ist 
fo r p re -a n d  p o stsy n ap tic  a lpha2 re c ep to rs .

Supported by g ran ts  DA02854-04 and DA00079-11 to  P.M.G.

280.11  EFFECTS OF ALPRAZOLAM, A NOVEL TRIAZOLO
BENZODIAZEPINE, ON LOCUS COERULEUS UNIT ACTIVITY. 
 S . J .  G r a n t , R . M a yor*, D. E . R e dmond , J r . 
 Pr i ma t e  Research  F a c i l i t i e s ,  Dept .  of P s y c h i a t r y ,  
Yale Univ.  Sch.  of Med. ,  New Haven,  CT 06510.

Alprazolam i s a b e nz od i a z e p i ne  d e r i v a t i v e  
wi th a novel  t r i a z o l oben zo d i a z e p i ne s t r u c t u r e  and 
a wide spec t rum of p s y c h o a c t i v e  p r o p e r t i e s .  
Al though diazepam and o t h e r  c l a s s i c a l  
b e n z o d i a z e p i n e s  a r e  not  c o n s i d e r e d  e f f e c t i v e  In 
t h e  t r e a t m e n t  of d e p r e s s i o n  or  pa n i c  a t t a c k s ,  
a l p r a zo la m has been shown t o  have s i g n i f i c a n t  
c l i n i c a l  a n t i d e p r e s s a n t  and ant i - p a n i c a c t i v i t y ,  
as  wel l  as a n x i o l y t i c  p r o p e r t i e s .  Both d e p r e s s i o n  
and p a n i c  a t t a c k s  a r e  commonly r e s p o n s i v e  t o  
t r e a t m e n t  wi th  a g e n t s  which a l t e r  n o r a d r e n e r g i c  
f u n c t i o n .  In a d d i t i o n ,  diazepam and o t h e r  
t r a d i t i o n a l  b e n z o d i az e p i ne  a g o n i s t s  d e c r ea s e  
n o r a d r e n e r g i c  u n i t  a c t i v i t y .  Since  a l p r a zo l a m  has 
c l i n i c a l  e f f e c t s  s i m i l a r  t o  p sy c h o a c t i v e  a ge n t s  
known t o  d e c r e a s e  n o r a d r e n e r g i c  u n i t  a c t i v i t y ,  i t  
was h y po t h e s i z e d  t h a t  a l p r az o la m would a l s o  
d e c r e a s e  n o r a d r e n e r g i c  u n i t  a c t i v i t y .

C o n s i s t e n t  wi th i t s  g r e a t e r  c l i n i c a l  p o t ency ,  
a l p r a zo la m s i g n i f i c a n t l y  r educed s i n g l e  u n i t  
a c t i v i t y  i n t h e  locus  c o e r u l e u s  of a n e s t h e t i z e d  
r o d e n t s  by 50% a t  a dose of 0 . 02  – 0 .06  mg/kg 
(l . v . ) ,  compared wi th t h e  0.1 – 1.0 mg/kg ( l . v . )  
dose r ange  p r e v i o u s l y  r e p o r t e d  f o r  diazepam.  Like 
d iazepam,  l a r g e r  doses  of  a l p r az o l am did  not  
produce  s i g n i f i c a n t l y  g r e a t e r  d e c r e a s e s  i n u n i t  
a c t i v i t y .  In a d d i t i o n ,  t h e  s p e c i f i c  
b e n z o d i a z e p i ne  a n t a g o n i s t ,  R0 15-1788,  b locked  t h e  
e f f e c t s  of  a l p r az o l a m .

These d a t a  de mo n s t r a t e  t h e  p o t e n t  e f f e c t s  of  
a l p r a zo l am  on n o r a d r e n e r g i c  u n i t  a c t i v i t y ,  an 
e f f e c t  c o n s i s t e n t  wi th t h e  a c t i o n  of  most  o t h e r  
a n t i - a n x i e t y and ant i - p a n i c compounds.  
P r e l i m i n a r y  e v i de n c e  I n d i c a t e s  t h a t  t h e  e f f e c t s  of 
a l p r az o l a m  on n o r a d r e n e r g i c  a c t i v i t y  may be 
me d i a t ed  t hr ough  b e n zo d i a z e p i ne  r e c e p t o r s .  
However,  a d d i t i o n a l  s t u d i e s  a r e  r e q u i r e d  b e f o r e  a 
d i r e c t  a c t i o n  by a l p r az o la m on a d r e n e r g i c  or  o t h e r  
r e c e p t o r s  can be r u l e d  o u t .
(Su pp or te d  by MH 31176,  MH 25642) .

280.12  EXPERIMENTAL STROKE ALTERS SPONTANEOUS AND SENSORY-EVOKED 
DISCHARGE OF LOCUS COERULEUS NEURONS.  S.  Aston-Jones*, 
Aston-Jones and M. Ennis (SPON: S. L. Foote).  Center fo r 
N eurobehavioral Sciences, SUNY, Binghamton, NY 13901; 
present address: Dept. Biology, NYU, New York, NY 10003.

Previous stud ies repo rt decreased  n o rep inephrine  (NE) 
levels in  cerebrocortex and locus coeruleus (LC) following 
experim en ta l s tro k e  in  r a t .  These f in d in g s , in  l i g h t  o f 
em otional changes (e.g., depression) th a t  o f te n  fo llo w  
s tro k e  in  humans, led  us to  in v e s tig a te  th e  e f f e c t s  of 
m iddle c e re b ra l a r te ry  (MCA) o cc lu s io n  on d isc h arg e  
ch a ra c te ris tic s  of NE-containing LC neurons.

The r ig h t MCA was ca re fu lly  occluded by lig a tio n  under 
microscopic control in  11 Sprague-Dawley ad u lt male ra ts .  
In d iv id u a l LC neurons were recorded  in  c h lo ra l  h ydra te  
a n e s th e tiz e d  s u b je c ts ,  e i th e r  24 h (N= 6  r a ts )  o r  5 d (N=5 
ra ts )  fo llo w in g  experim ental stroke. S im ilar recordings 
from 7 in ta c t r a ts  served as control data. All recordings 
were h is to lo g ica lly  v e rified  as being from NE-LC neurons.

Spontaneous d isch arg e  o f  LC neurons 24 h p o s t- s tro k e  
was s ig n i f ic a n t ly  h ig h er (2.7 ± 0.3 Hz; N=39 c e l l s )  than  
in  c o n tro l su b je c ts  (1.5 ± 0.2 Hz; N=24 c e l l s ; p<.01). In 
animals recorded 5 d a f te r  stroke, 6 of 36 LC neurons were 
nonspontaneous (compared to  0 o f 24 c e l l s  in  c o n tro l 
an im a ls) , and th e  rem aining 30 c e l l s  had an average r a te  
of 1.2 ± 0.1 Hz. Sensory responsiveness o f LC neurons was 
te s te d  using  subcutaneous e l e c t r i c a l  stim ulation  of the 
c o n t r a la te r a l  r e a r  fo o t. R esponse m ag n itu d es  w ere 
s ig n i f ic a n t ly  in c rease d  a t  24 h , b u t n o t 5 d , fo llo w in g  
stroke. This increased response consisted o f an enhanced 
" la te "  e x c i ta t io n ,  o ccu rrin g  100–300 msec a f t e r  fo o t 
shock. In co n trast, during th is  same response in te rv a l in  
animals 5 d post-stroke, a c tiv i ty  was s ig n if ic a n tly  lower 
than  in  c o n tro l su b je c ts  (p<.01). The m agnitudes o f  th e  
in i t i a l  excita to ry  response (15–50 msec post-stim ulation) 
were s im ila r  fo r a l l  3 groups of animals. These re su lts  
in d ic a te  th a t  th e  c h a r a c te r i s t i c  period  o f  in h ib i t io n  
fo llo w in g  a c t iv a t io n  o f LC neurons may be t r a n s ie n t ly  
suppressed, and then enhanced, a t  various tim es follow ing 
stroke.

Our f in d in g s  in d ic a te  th a t  ischem ic i n s u l t  may have 
g lo b a l b ra in  consequences, perhaps in  p a r t  by a l t e r in g  
p h y s i o l o g i c  p r o p e r t i e s  o f  d i f f u s e l y  p r o j e c t i n g  
noradrenergic LC neurons.

Supported by NINCDS Grant NS19360 to  G.A.-J.
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281.1  REDUCTION IN CHOLINE UPTAKE IN RAT MODELS OF 
LEARNING DISABILITIES.  B. F r i e d e r  and V .E . Grimm* 
 Dept. o f  I s o to p e  R e sea rch .  The Weizmann I n s t i t u t e  
o f  S c ie n c e , R eh o v o t, I s r a e l ,  76100.

Some form s o f  l e a r n in g  d i s a b i l i t i e s  can  be 
cau sed  by t r a u m a t ic  e v e n ts  o r  ch em ica l i n s u l t s  
d u r in g  g e s t a t i o n  o r  b i r t h .  D iazepam  (D ZP), 20mg/kg 
p . o .  g iv e n  to  r a t  m o th ers  d u r in g  th e  l a s t  two 
w eeks o f  p reg n an cy  r e s u l t e d  i n  a  l e a r n in g  d e f i c i t .  
The d e f i c i t  was o b se rv e d  o n ly  i n  a  com plex b r i g h t 
n e s s  d i s c r im in a t io n  maze w here th e  rew ard ed  
s t im u lu s  and th e  n o n -rew a rd ed  s t im u lu s  w ere p r e s e 
n te d  s im u lta n e o u s ly  a t  s i x  c h o ic e  p o i n t s ,  b u t n o t  
i n  a  s u c c e s s iv e  b r ig h tn e s s  d i s c r im in a t io n  ta s k  
w here th e  a n im a l was p r e s e n te d  o n ly  one s t im u lu s  
on any g iv e n  t r i a l .  P e r i n a t a l  a n o x ia  (p u re  N2 
f o r  25 m in u te s  w i th in  24 h o u rs  a f t e r  b i r t h ) 
and p o s t n a ta l  DZP (d u r in g  th e  f i r s t  two weeks o f  
l a c t a t i o n ) r e s u l t e d  i n  a  s i m i l a r  l e a r n in g  
d e f i c i t .  DZP ex p o su re  d u r in g  th e  l a s t  week o f  
g e s t a t i o n  seem s to  be s u f f i c i e n t  f o r  c a u s in g  
l e a r n in g  d i s a b i l i t i e s ,  w h ile  ex p o su re  to  DZP d u r in g  
th e  second  week o f  g e s t a t i o n  d id  n o t  a f f e c t  
l e a r n in g .

U ptake o f  c h o l in e  to  th e  sy n a p to so m al f r a c t i o n  
i n  th e  f r o n t a l  c o r te x  was s i g n i f i c a n t l y  red u ced  
i n  th e  p r e n a t a l l y  t r e a t e d  m ale a d u l t  o f f s p r in g  
by 25% , i n  th e  p o s t n a t a l l y  t r e a t e d  a d u l t  o f f s p r 
in g  by 38% and i n  th e  a n o x ia  t r e a t e d  o f f s p r in g  
by 16%. N o re p in e p h r in e  and GABA u p ta k e  rem ained  
i n t a c t .  The l e a r n in g  d e f i c i t  was more p ronounced  
i n  th e  m ale o f f s p r i n g .  The fem a le  o f f s p r in g  
exposed  to  DZP p r e n a t a l l y  o r  to  a n o x ia  p e r i n a t a l l y  
d id  n o t  show a  s i g n i f i c a n t  l e a r n in g  d e f i c i t  and 
t h e i r  c h o l in e  u p ta k e  i n  th e  c o r te x  was n o t  a f f e c t 
ed . Fem ales exposed  to  DZP d u r in g  l a c t a t i o n  showed 
some l e a r n in g  d e f i c i t s ,  b u t  i n  t h i s  c a se  c h o lin e  
u p ta k e  was n o t  ch an g ed . U ptake o f  s e r o to n in  to  th e  
sy n a p to so m al f r a c t i o n  i n  th e  f r o n t a l  c o r te x  
d e c re a s e d  and GABA u p ta k e  i n  th e  h ippocam pus was 
in c r e a s e d .  R e d u c tio n  in  c h o l in e  u p ta k e  in  th e  
f r o n t a l  c o r te x  m ig h t be a  common m echanism  in  
some fo rm s o f  l e a r n in g  d i s a b i l i t i e s .

281 .2   CARDIOVASCULAR EFFECTS OF INTRAVENTRICULAR HEMORRHAGE IN 
NEONATAL SWINE.  P.M . G ootm an, H .L . C ohen , N. G o o t m a n  
P .S .  G r is w o ld * ,  B . J .  B u c k le y * , E . W e in h o u se * .  D e p t .  P h y s i o l .  
D o w n s ta te  Med. C t r . ,  SUNY, B ro o k ly n ,  N .Y . 11203 and  D iv . Ped . 
C a r d io l .  S c h n e id e r  C h i ld r e n ’ s H o s p i t a l ,  LIJ-H M S, SUNY, S to n y  
B ro o k , New Hyde P a r k ,  N .Y . 1 1 0 4 2 .

An a c u te  i n c r e a s e  i n  i n t r a c r a n i a l  p r e s s u r e  i s  known to  
r e s u l t  i n  a n  e l e v a t i o n  i n  a r t e r i a l  p r e s s u r e  acco m p a n ie d  by  a 
d e c r e a s e  i n  h e a r t  r a t e  (C u s h in g , Am. J .  Med. S c i . 1 9 0 2 , 1 2 4 : 
3 7 5 ) .  S in c e  i n t r a v e n t r i c u l a r  h e m o rrh a g e  (IVH) i s  t h e  m ost 
common s e r i o u s  n e u r o l o g i c  e v e n t  o f  t h e  n e o n a ta l  p e r io d  (T arby  
& V o lp e , P e d . C l in .  N .A . ,  1 9 8 2 , 2 9 :1 0 7 7 ) ,  we d e c id e d  t o  e x 
a m ine  t h e  c a r d i o v a s c u l a r  (CV) c h a n g e s  o c c u r r in g  t o  e x p e r i 
m e n ta l l y  in d u c e d  IVH. P i g l e t s  < 2 4  h o u r s  o ld  w e re  s tu d i e d  
u s in g  o u r  s ta n d a r d  m e th o d o lo g y  (G ootm an , e t  a l . ,  F e d . P r o c . 
1 9 8 3 , 4 2 :1 6 4 8 ) .  A n im als  w e re  p la c e d  i n  a  s t e r e o t a x i c  a p p a 
r a t u s  and  n e e d le s  i n s e r t e d  i n t o  t h e  r i g h t  l a t e r a l  v e n t r i c l e  
(LV) ( v e r i f i e d  h i s t o l o g i c a l l y )  and  i n t o  t h e  lu m b a r  s p i n a l  
c a n a l  ( f o r  m easu rem en t o f  c e r e b r o s p in a l  f l u i d  p r e s s u r e ,  
C S F P ). A o r t i c  p r e s s u r e  (A o P ), c a r o t i d  ( C a r ) , f e m o ra l  (F em) 
a nd  r e n a l  a r t e r i a l  b lo o d  f lo w s  w e re  r e c o r d e d  s im u l t a n e o u s ly  
w i th  EKG (HR) and  e n d - t i d a l  CO2 . IVH w as s im u la t e d  by  s e 
q u e n t i a l  i n j e c t i o n  o f  0 .5  ml o f  t h e  a n im a l 's  own b lo o d  i n t o  
th e  LV. I n  a  c o n t r o l  g ro u p ,  a r t i f i c i a l  c e r e b r o s p i n a l  f l u i d  
(ACSF) was i n j e c t e d .  IVH w as in d u c e d  o r  ACSF i n j e c t e d ,  a t  
10 m in  i n t e r v a l s ,  to  a  t o t a l  o f  8 -1 0  ml b lo o d  o r  ACSF. F o l 
lo w in g  th e  se c o n d  i n j e c t i o n  i n t o  LV, b lo o d  a p p e a re d  i n  th e  
s p i n a l  co lu m n , CSFP in c r e a s e d  w i th  i n c r e a s i n g  t o t a l  vo lum e 
o f  b lo o d  i n j e c t e d .  E ach  i n j e c t i o n  i n c r e a s e d  CSFP 1 0 -2 0  cm 
H2 O. C o n t r o l  g ro u p  CSFP d id  n o t  s i g n i f i c a n t l y  c h a n g e . 
S i g n i f i c a n t  im m e d ia te  i n c r e a s e  i n  AoP w as o b ta in e d  a t  t o t a l  
o f  2 .5  ml IVH. T h is  t h r e s h o ld  f o r  a  p r e s s o r  r e s p o n s e  c o r 
re s p o n d e d  to  a  p e a k  i n c r e a s e  i n  CSFP o f  3 9 .2 ± 6 .8  cm H2O .
The m ag n itu d e  o f  t h e  i n c r e a s e  i n  AoP w as g r e a t e r  a s  t h e  
t o t a l  ml IVH i n c r e a s e d .  S i g n i f i c a n t  CV r e s p o n s e s :  S ta g e  1 
IVH (4  m l ) : i n c r e a s e d  Ao P , d e c r e a s e d  HR, C ar and  Fem v a s o 
c o n s t r i c t i o n .  S ta g e  2 IVH (8 m l ) : d e c r e a s e d  AoP, an d  i n 
c r e a s e d  HR. I n  n e o n a te s ,  IVH p ro d u c e d  an  i n i t i a l  C u sh in g  
r e s p o n s e  w i th  CV c o l l a p s e  o c c u r r in g  a s  IVH p r o g r e s s e d  
( >  5 m l) .  (S u p p o rte d  by  NIH g r a n t  H L-20864)

281.3  ABNORMALITIES OF CORTICAL DEVELOPMENT IN MURINE TRISOMY 16, 
AN ANIMAL MODEL FOR DOWN'S SYNDROME.  M. E. Blue, M. E. 
Molliver, J . D. Gearhart* & J. T. Coyle  The Johns 
Hopkins University School of Medicine, Baltimore, MD 21205.

Trisomy 16 in the mouse is homologous to human trisomy 21 
(Down's Syndrome) in terms of synteny of gene loci and 
several common phenotypic features;  i t  may serve as an 
animal model for Down's Syndrome (D.S.). We have examined 
fe tal mice with Ts-16 on days E13-E18 to determine whether 
there are s tructural abnormalities in the cerebral 
hemisphere. Preliminary findings indicate that the mouse 
with trisomy 16 exhibits substantial a l te ra t ions in the 
pro l ifera t ive  compartments of the forebrain and in early 
development of the cortical p late. 1) There is a reduction 
in the overall size of the telencephalic vesicle and a 
corresponding decrease in the surface area of the pallium.
2) The cortical plate does not extend as far medially as in 
controls indicating a decrease in the tangential growth of 
the cortex. 3) In the radial dimension, there is a decrease 
in overall thickness of the pallium and i t s  constituent 
zones, part icu larly  the cortical plate , sub-plate, and 
subventricular zone. The preceding findings lead to the 
proposition that abnormal brain development in Ts-16 results 
from a decrease in cell proliferat ion in the ventr icular 
zone, which is l ikely  to produce an impairment of tangential 
and radial growth of the pallium. As a consequence, the 
cortical surface area should be substantially  decreased and 
there might be a fa i lu re  to produce the full complement of 
cort ical  neurons. The decreased cortical surface in the 
Ts-16 mouse is consistent with related findings in human 
D.S.: low brain weight, decreased size of the hemisphere and 
abnormal cortical convolutions, namely, shallow primary 
su lc i ,  and a paucity of secondary su lc i.  Since the 
hemisphere is highly convoluted in man and over 2/3 of the 
cortical surface l ie s  within su lc i ,  the decrease in 
sulcation is evidence for a decrease in cortical surface 
area. Based on the present findings, the decrease is likely 
to resu l t  from impaired tangential growth of the hemisphere 
secondary to decreased neuroblast proliferat ion in the 
embryo. We postulate that a decrease in tangential growth 
may lead to the formation of a diminished number of cortical 
columns and that reduced cell pro liferat ion  may produce a 
decreased number of neurons in each column. Therefore, the 
mental de f ic i t  in Down's Syndrome may be due to a decrease 
in the number of information processing modules and possibly 
a decreased number of ce l ls  within each module.

281.4  NEUROEPITHELIAL-MESENCHYMAL RELATIONS IN THE MORPHOGENESIS 
OF EYE ABNORMALITIES IN A MUTANT AND RADIATION INDUCED 
AQUEDUCT STENOSIS-HYDROCEPHALUS SYNDROME.  R. A. G lo v e r* ,  
C. J . D' Amato an d  S . P . H i c k s .  D e p t s . o f  Anatomy and 
C e l l  B io lo g y ,  and  P a th o lo g y ,  U n i v e r s i t y  o f  M ic h ig a n  M e d ic a l 
C e n te r ,  Ann A rb o r , M ic h ig a n  4 8 1 0 9 .

I n  a  r e c e s s i v e  m u ta t io n  i n  t h e  r a t ,  d i s c o n t i n u i t i e s  o f  t h e  
b a s a l  la m in a  (BL) w e re  o b s e rv e d  b e tw e en  th e  n e u r o e p i th e l iu m  
and m esenchym e o f  t h e  m id b r a in - th a l a m ic  j u n c t i o n  (MTJ) 
a ro u n d  th e  1 1 th  f e t a l  d a y .  T h e se  d i s c o n t i n u i t i e s  w e re  a c 
co m p an ied  by p r e m a tu r e  c o n ta c t s  b e tw e en  t h e s e  two c e l l  p o p 
u l a t i o n s ,  n e u r a l  e c t o p i a s  w e re  o b s e rv e d  p r o t r u d in g  i n t o  t h e  
m esenchym e and t h e r e  was a  t h ic k e n in g  o f  t h e  MTJ w a l l s  
l e a d i n g  to  p r e n a t a l  s t e n o s i s  o f  t h e  c e r e b r a l  a q u e d u c t  w i th  
h y d r o c e p h a lu s  l a t e  i n  g e s t a t i o n  ( G lo v e r ,  D 'A m ato , H ic k s ,  
N e u r o l .  3 3 , 2 2 1 , 1 9 8 3 ) . A s i m i l a r  s e q u e n c e  o f  e v e n ts  was 
s e e n  in  n o rm a l f e t u s e s  s u b je c t e d  to  r a d i a t i o n  w i th  225R o n  
t h e  1 1 th  f e t a l  day  (G lo v e r ,  D 'A m ato , H ic k s ,  N e u r o s c i .  A b s t r .  
9 ,  5 9 5 , 1 9 8 3 ) .

I n  b o th  o f  t h e s e  g ro u p s  o f  a n im a ls  a  v a r i e t y  o f  e y e  a b n o r 
m a l i t i e s  w ere  commonly e x p r e s s e d .  B e s t  s t u d i e d  in  t h e  mu
t a n t ,  t h e s e  a b n o r m a l i t i e s  r a n g e d  from  a d i s t o r t e d  l i t t l e  
ey e  c lo s e  to  w h ere  t h e  o p t i c  n e rv e  e n t e r s  t h e  c ra n iu m , r u d i 
m en ts  o f  r e t i n a  s t r u n g  a l o ng t h e  c o u r s e  u s u a l l y  t a k e n  by 
th e  o p t i c  n e r v e ,  o r  a  f u l l - s i z e  e y e  w i th  a r e t i n a  t h a t  had  
n o t  i n v a g i n a te d  so  t h a t  th e  g lo b e  was a l l  r e t i n a  w i th  t h e  
g a n g l io n  c e l l  l a y e r  on  th e  o u t s i d e .  I n  some f u l l - s i z e  e y e s  
w h ere  t h e  r e t i n a  i n v a g i n a te d  fo rm in g  a  " n o rm a l"  s t r u c t u r e  
w i th  g a n g l io n  c e l l  l a y e r  i n s i d e ,  th e  p o s t e r i o r  p a r t  o f  th e  
e y e  a l s o  fo rm ed  a  r e t i n a  i n s t e a d  o f  a  p ig m e n t l a y e r  and  
a s s o c i a t e d  s t r u c t u r e s ,  and  th e  g a n g l io n  l a y e r  was on th e  
o u t s i d e .  The two r e t i n a s  a p p o s e d  e a c h  o t h e r  a s  m i r r o r  
im a g e s .

E l e c t r o n  m ic ro sc o p y  o f  t h e  o p t i c  cup  in  t h e  m u ta n t  f e t u s e s  
a b o u t  t h e  1 1 th  f e t a l  day  h a s  shown m o r p h o lo g ic a l  a l t e r a t i o n s  
s i m i l a r  to  t h o s e  s e e n  i n  t h e  MTJ r e g i o n .  D i s c o n t i n u i t i e s  
w e re  o b s e rv e d  in  t h e  BL a c c o m p a n ie d  by  a l t e r e d  n e u r o e p i 
th e liu m -m e se n c h y m e  r e l a t i o n s h i p s .  A lso  p r e l i m i n a r y  s t u d i e s  
show t h a t  t h e s e  same a l t e r e d  f e a t u r e s  a r e  s e e n  f o l lo w in g  
225R on th e  l i t h e  f e t a l  d a y . The m u ta n ts  s u r v i v e  t o  r e p r o 
d u c e ,  th e  225R r a t s  d i e  a t  b i r t h .  O c c a s io n a l  h y d r o c e p h a l ic s  
w i th  e y e  d e f e c t s  f o l l o w  170R on  th e  1 1 th  f e t a l  day  w i th  
p o s t n a t a l  s u r v i v a l .  F e tu s e s  e x p o se d  to  150R show o n ly  m ild  
ey e  d e f e c t s .
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281.5  PREMATURE HUMAN INFANTS WITH AND WITHOUT INTRAVENTRICULAR 
HEMORRHAGE: ANALYSIS OF MOVEMENT.  C.R. Almli and A.L. 
Lawler*.  Dept. P reven t. Med., Prog. Occupat. T h er., 
Washington U n iv e rs ity  School of M edicine, S t. Louis, MO. 
63110.

L i t t l e  i s  known about the  motor movements of premature 
human in fa n ts  in  s p i te  of the  fa c t  th a t  movement i s  a major 
component o f the  prem ature in f a n ts ' behav io ra l re p e r to ir e .  
F u r th e r , prem ature in fa n ts  d isp lay  a high incidence (40% to  
60%) of neuropathology. The l i t e r a t u r e  on movement of p re
m ature in fa n ts  i s  ty p ic a l ly  an ecd o ta l, general and o ften  
in c o n s is te n t.  The p resen t study d e sc rib e s  the movements 
o f prem ature i n fa n ts ,  and compares the  movements of in 
fa n ts  s u s ta in in g  in tr a v e n tr ic u la r  hemorrhage (IVH) w ith 
in fa n ts  w ithout IVH (NON-IVH).

Prem ature in fa n ts  (28 to  32 weeks EGA) of the  NON-IVH 
and IVH groups were film ed (25 frames per sec) w hile supine 
a t  6 to  10 days p o s tn a ta l .  In fan ts  heads were positioned  
on the  m id lin e . IVH was diagnosed by repeated  CAT scans.

The f ilm s  were analyzed frame by frame fo r  movements 
of th e  arms and le g s .  The NON-IVH i n fan ts  were found to  
be moving th e i r  arms and /or leg s  26% of the  tim e, and they 
d isp layed  a movement b u rs t each 21.4 sec . Movement b u rs t 
d u ra tio n  of the  NON-IVH in fa n ts  was 5 .6  sec . In  c o n tra s t ,  
the  IVH in fa n ts  d isp layed  le s s  movement (20% of time 
a c t iv e ) ,  a h ighe r frequency of movement b u rs ts  (each 12.3 
sec) and a s h o r te r  movement b u rs t d u ra tio n  (2 .5  s e c ) .  The 
NON-IVH in fa n ts  d isp layed  a h ig h e r frequency of r ig h t limb 
than  l e f t  limb movements, w hile th is  was reversed  fo r  the 
IVH group.

The NON-IVH and IVH in fa n ts  were s im ila r  in  th a t both 
d isp layed  a h igher incidence of forearm  than upper arm 
movements, w hile the  frequency of th ig h  and lower leg  
movements were equal. A lso, both groups were s im ila r  in  
d isp lay in g  a h igher frequency of arm than  leg  movements.

These r e s u l t s  i nd ica te  th a t  prem ature in fa n ts  tend to  
d isp la y  r e la t iv e ly  s tereo typed  movement p a tte rn s ,  i . e . ,  
p lane movements of le s s  than 15 degrees excursion  in  the 
p ro -o r is o -g ra v ity  mode. However, in fa n ts  su s ta in in g  
known neuropathology (IVH) may be d iscrim ina ted  from o th e r 
prem ature in fa n ts  on the  b a s is  of a number of movement 
v a r ia b le s  in c lu d in g  t o t a l  number of movements, movement 
b u rs t d u ra tio n  and movement l a t e r a l i t y .  (Supported by 
Grant USHRSA-51998)

281.6  NEONATAL 6 -HYDROXYDOPAMINE TREATMENT AND AGING ALTER THE 
APOMORPHINE DISCRIMINATIVE "CUE."  J .T . Concannon and M.D. 
Schech ter.  Program in  Pharmacology, N ortheastern  Ohio 
U n iv e rs itie s  College of M edicine, Rootstown, OH 44272.

Five-day-old  pups were adm inistered  desmethylimipramine 
in tr a p e r ito n e a lly  p r io r  to  in t r a c is te r n a l  a d m in is tra tio n  of 
e i th e r  6 -hydroxydopamine or i t s  v e h ic le . Six-hydroxy
dopam ine-treated r a t s  were hyperactive  in  the  o p en -fie ld  a t  
30 days of age, r e la t iv e  to  c o n tro ls ,  and were dep le ted  of 
w hole-brain dopamine (27.2% of c o n tro ls ) .  The remaining 
anim als in  the  l i t t e r s  were tra in e d  to  d isc r im in a te  the 
in te ro c e p tiv e  cue produced by in tr a p e r ito n e a l apomorphine 
(0.16 mg/kg as b a se ), in  a 2 - le v e r ,  food-m otivated operant 
ta sk , s ta r t in g  a t  approxim ately 35 days of age.

Learning curves fo r  the  6 -hydroxydopam ine-treated and con
t r o l  groups were s im ila r over 80 tra in in g  se s s io n s . Mean 
(± SEM) sessions to  c r i te r io n  performance were a lso  s im ila r  
(33.4±6 .5 , fo r  6 -hydroxydopamine; and 35.0±6.5  sessio n s  fo r 
co n tro ls )  in d ic a tin g  th a t neonatal 6 -hydroxydopamine t r e a t 
ment had l i t t l e  e f fe c t  on le a rn in g  r a te s .  L itte rm a te  6 -
hydroxydopam ine-treated anim als, s a c r if ic e d  when the  tra in ed  
group reached c r i te r io n ,  were dep leted  of w hole-brain dopa
mine (30.8% of c o n tro ls ) .  D espite s im ila r  le a rn in g  r a te s ,  
the  6-hydroxydopam ine-treated r a t s  were h y p e rsen s itiv e  to  
various doses of apomorphine (0.04–0.24 mg/kg) te s ted  in  
e x tin c tio n . Furtherm ore, the  dose-response curves fo r  the  
6-hydroxydopam ine-treated and c o n tro l groups were p a r a l l e l .  
In  a sep a ra te  experim ent, aged (25-month-old) r a t s  were 
s im ila r ly  tra in ed  to  d isc r im in a te  between 0.16 mg/kg apomor
phine and s a lin e . Dose-response de te rm ina tions w ith various  
doses of apomorphine (0.04–0.24 mg/kg) in d ica ted  responding 
equ iva lan t to  the r a t s  tre a te d  n eo n ata lly  w ith 6 -hydroxy
dopamine.

These re s u l t s  suggest th a t  the  6 -hydroxydopam ine-treated 
and aged r a t s  a re  b eh av io ra lly  su p e rse n s itiv e  to  a d i r e c t -
ac tin g  dopamine ag o n is t. This s u p e r s e n s i t iv ity  may be 
mediated by an increased  number of dopamine re c ep to rs  p ro
duced by the  neonatal 6 -hydroxydopamine treatm ent or by 
a l te r a t io n  in  dopamine fun c tio n  accompanying aging .
(Supported by NIMH g ran t ##33636)

281.7  PHYSIOLOGY AND DEVELOPMENT OF THE VISUAL SYSTEM IN CATS 
WITH CONGENITAL MICROSTRABISMIC ESOTROPIA.  A. Schoppmann, 
R. N ikel* , K .-P. Hoffmann. Abt. f ür  Vergleichende Neuro
b io lo g ie , U n iv e rs itä t Ulm, D-7900 Ulm, FRG.

We have s tud ied  congen ital misalignment o f the eyes in  
members o f a c a t  colony inbred from p a ren ts  who disp layed 
abnormal e so tro p ia . Among twenty-seven o ffsp rin g , 15 had 
th e i r  v isu a l axes crossed between 2.1 and 7° ou tside  the 
normal v a r ia b i l i ty  under an esth esia  and p a ra ly s is .  Visual 
alignm ent was measured as the  c rossover o f re cep tiv e  f ie ld s  
o f b inocu la r c e l l s  in  area  17. The alignm ent in  a l e r t  s ta te  
was in d ir e c t ly  determined through co rre c tio n  of the  h o r i
zon ta l eye movements caused by re la x a tio n  o f the e x tra 
o cu la r eye muscles follow ing c u ra r iz a tio n . This co rrec tio n  
increased  the  convergence by an average 5 .5 ° . In the twelve 
le s s  prominent cases v isu a l d is p a r ity  values lay  in s id e  the 
range o f v a ria tio n  of 12  con tro l c a ts  not re la te d  to  the 
inbred  colony, but s t i l l  mostly on the s ide  convergent to  
the c o n tro ls ’ average d is p a r ity  (2 . 6 ° uncrossed).

B in o cu lar ity  was d isru p ted  in  a rea  17 o f the inbred c a ts  
with the s tro n g e s t phenotypes showing between 50 and 70 % 
monocular c e l l s  (c o n tro ls  18 % on the average). We observed 
a c o rre la tio n  between v isu a l d is p a r ity  and ocu la r dominance 
in  th a t  the  s tro n g e s t eso tropes had the le a s t  b inocu lar 
e x c i ta to ry  convergence. We saw a graded lo s s  with increased  
e so tro p ia  and no sign  o f monocular suppression  as would be 
found in  s trab ism ic  amblyopia. The most prominent cases 
were r a th e r  ch a rac te riz ed  by equal in fluence  o f the two 
eyes (U-shaped ocu lar dominance diagram s).

In behav ior, the performance in  a depth percep tion  t e s t  
was not b e t te r  in  the b inocu lar viewing s i tu a t io n ,  than 
with one eye occluded. In c o n tra s t ,  co n tro l c a ts  showed an 
improved performance with both eyes open.

P u p illog raph ic  measurements in  the a l e r t  s ta te  revealed  
a coincidence o f abnormal divergence o f the o p tic  axes and 
o f a convergence o f the v isu a l axes in  k i t te n s  from eye 
opening throughout the f i r s t  h a l f  year o f l i f e .  Pupil 
divergence in  behavior was found the  more pronounced, the 
more the  v isu a l axes were crossed  w ith the  eye muscles 
re lax ed .

R etinal measurements make i t  l ik e ly  th a t  an anatom ical 
anomaly might be the prim ary d e fec t causing the m isalign
ment. There i s  evidence th a t  the area  c e n t r a l i s  i s  
tem porally  d isp laced  with re sp ec t to  the ax is  o f symmetry 
o f the eye, thus producing the  c rossover of the  v isu a l axes 
in  p a ra ly s is ,  and explaning pup il divergence as a compen
sa to ry  e f f o r t .

281.8  UNRESPONSIVE, A TRANSIENT MUSCLE DYSFUNCTION MUTANT IN 
XENOPUS LAEVIS.  R. Tompkins, F. E. Dudek, C. F. Ide and J .  
Fus e le r * .  Dept. Biology, Tulane U niv ., New O rleans, LA 70118 
and Dept. Physiology, Tulane Univ. Med. School, New O rleans, 
LA 70112.

Xenopus la e v is  embryos homozygous fo r  the  re cess iv e  mutant 
unresponsive f a i l  to  move u n t i l  ju s t  p r io r  to  feeding  s tag e , 
a f t e r  which they recover slow ly. Previous g ra f tin g  a n a ly sis  
showed th a t  both the motoneurons and the s k e le ta l  muscles of 
mutant embryos were a f fe c te d , but th a t  each could func tion  
normally in  a sso c ia tio n  w ith the  o th e r t is s u e  of normal geno
type.

The e le c tro p h y sio lo g ica l p ro p e rtie s  of the muscle f ib e rs  
of mutant embryos were evaluated  q u a l i ta t iv e ly  w ith in t r a 
c e l lu la r  reco rd ing . The re s tin g  p o te n tia ls  (-60 to  -90 mV) 
and spontaneous end -p la te  p o te n tia ls  (E PP's, up to  80 mV) 
appeared normal. In  p a r t ic u la r ,  c h a r a c te r i s t ic  b u rs ts  of 
la rg e  spontaneous EPP's were observed. In  a d d itio n , e x tra 
c e l lu la r  nerve s tim u la tio n  or a decrease in  illu m in a tio n  
evoked s im ila r  b u rs ts  of EPP's. O ccasionally , a c tio n  
p o te n tia ls  were observed on the  peaks of EPP's. These data  
in d ic a te  th a t  the  lack  of movement of mutant embryos i s  
probably not due to  a g enetic  d e fec t in  the  e l e c t r i c a l  
p ro p e rtie s  of e i th e r  the  nerve or m uscle.

E lec tro p h o res is  showed th a t  a l l  major muscle p ro te in s  a re  
p resen t in  mutant embryos in  normal c o n cen tra tio n s . H is to lo 
gy revealed  m y o fib rilla r  d iso rg a n iz a tio n . Mutant m y o fib rils  
were not a llig n e d  in  p a r a l le l  a rray s  as in  normal muscle 
c e l l s .  R ather, they appeared tw is ted  and, o cca s io n a lly , 
b ra id ed . The m y o fib rilla r  bundles, viewed in  p o la r iz in g  
l i g h t ,  appeared to  vary in  th ickness a lo ng th e i r  le n g th s . 
Calcium-induced c h lo r te tra c y c l in e  fluo rescence  was g re a tly  
reduced in  mutant muscle c e l l s ,  suggesting  th a t  a lack  of 
in t r a c e l lu la r  membrane-bound calcium i s  the immediate cause 
of the  fa i lu r e  of mutant embryos to  move.

These d a ta , when combined w ith previous g ra f t in g  d a ta , 
fu r th e r  suggest th a t  motoneurons and muscles both norm ally 
produce a f a c to r (s) necessary  fo r  normal s k e le ta l  muscle 
calcium  metabolism during e a r ly  development, and th a t  mutant 
motoneurons and s k e le ta l  muscles a re  d e f ic ie n t in  th is  
reg a rd .

Supported by NSF PCM 82-09293 and PCM 83-16142 and NIH 
NS 16683 and NS 16877.
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281.9   WEAVER MUTANT GENE EXPRESSION IN CULTURES OF NEONATAL 
MOUSE CEREBELLUM.  PA. Johns* and M. Wi l l i nger* (SPON: L. 
S ie g e l ) .   D epts o f  N e u ro sc ie n c e , C h i ld r e n s  H o s p i ta l ,  
Neuropathology, Harvard M edical School, Boston, MA 02115.

The w eaver m u ta tio n  r e s u l t s  in  a d o se -d ep en d en t 
im pairm ent o f  c e re b e lla r  e x te rn a l granu le  c e l l  v i a b i l i t y  
and t r a n s l o c a t i o n .  To d e te rm in e  i f  th e  w eaver gene i s  
expressed in  th e  cerebellum  p r io r  to  th e  onset o f granule  
c e l l  g e n e r a t io n  and t r a n s l o c a t i o n  a t  P4, we have 
q u a n t i t i a t e d  s m a l l  neu ron  v i a b i l i t y  in  d i s s o c ia te d  
c e r e b e l l a r  c u l tu r e s  o f  new born (P 0), P4 and P7 m ice 
c a rry in g  th e  weaver m utation. S ince weaver mice cannot be 
id e n t i f ie d  phen o ty p ica lly  p r io r  to  P4, wv/wv dams were 
bred  w ith  +/wv males and c e re b e lla  o f  t he progeny were 
c u ltu re d  in d iv id u a lly . P ro p e r tie s  r e f le c t in g  expression  
a t  t h e  w eaver lo c u s  sh o u ld  s e g r e g a te  a cc o rd in g  t o  th e  
expected 1:1 r a t i o  o f  wv/wv and + /wv progeny. C erebella  
o f in d iv id u a ls  from P0, T 4  and P7 mutant l i t t e r s  and from 
age-m atched norm als were d is so c ia te d  in to  s in g le  c e l l s  and 
c u l tu r e d  as  m o n o lay e rs . At days 1 and 4 in  v i t r o ,  th e  
c u ltu re s  were fix ed  and th o se  neurons 7–9 um in  d iam eter, 
d isp la y in g  h igh  n u c lea r/cy top lasm ic  r a t io s  were counted. 
In  n o rm al c o n t r o ls  a t  day 1 in  v i t r o ,  th e s e  c e l l s  
re p re sen t 47, 83 and 83 percen t o f su rv iv in g  P0, P4 and P7 
neurons re s p e c tiv e ly . By day 4, 60, 93 and 83 percen t o f 
th e  s m a l l  n eu rons  p re s e n t  a t  day 1 s t i l l  rem a in . In  
c u l tu r e s  o f  m u tan t in d iv id u a l s ,  a t  each  p o s tn a t a l  age 
su rv e y ed , s m a l l  neu ron  v i a b i l i t y  by fo u r  days in  v i t r o  
seg rega ted  1:1 in to  two d i s t in c t  groups. In  c u ltu re s  o f 
c e re b e lla  from P0 mutant l i t t e r s ,  th e  percentage o f sm all 
neuron s u rv iv a l in  th e  two c la sse s  were 14±3 and 37±7 fo r 
one l i t t e r ;  33±1 and 50±5 f o r  a n o th e r  l i t t e r .  In  P4 
mutant c u l tu re s  t he percen t o f sm all neurons rem aining in  
th e  two groups was 18 and 32 p e rcen t; fo r  P7, 23 and 57 
p e rc e n t . N e u r ite  le n g th s  o f  s u rv iv in g  n eu rons  w ere 
d e c re a s e d  in  P4 and P7 m u tan t c u l tu r e s  b u t n o t in  P0 
mutant c u ltu re s .  P re lim in ary  a n a ly sis  o f  th e  tim e  course 
o f  c e l l  lo s s  in  m u tan t c u l tu r e s  o f  a l l  age groups 
in d ic a te s  th a t  th e  lo ss  occurs throughout th e  four days in  
c u ltu re . In  conclusion , th e  presence o f  th e  weaver gene 
r e s u l t s  in  a d o s e -d ep en d en t d e c re a s e  o f  s m a l l  neuron  
v i a b i l i t y  in  c u l tu r e s  o f  n e o n a ta l  c e re b e llu m . These 
r e s u l t s  suggest th a t  th e  gene may be expressed p r io r  to  
and in d e p e n d en t o f  g ra n u le  c e l l  t r a n s lo c a t io n  and 
c e re b e lla r  lam ina tion . Supported by NS17225, MOD-781 (MW) 
and HD18655-02.

281.10  IDENTIFICATION OF RISK INDICATORS FOR THE SUDDEN INFANT 
DEATH SYNDROME (SIDS) UTILIZING DISCRIMINANT ANALYSIS OF 
SLEEP-WAKING PHYSIOLOGICAL DATA. Z . F r o s t i g  a n d  
R . M . H a r p e r . D e p t .  o f  A natom y an d  B r a in  R e s e a r c h  
I n s t i t u t e ,  UCLA, Los A ngeles, CA 90024.

We a re  a s s e s s in g  th e  d e v e lo p m e n t o f  p h y s i o l o g i c a l  
param eters to  f ind r is k  in d ic a to r s  f o r  SIDS. Twelve hour 
a l l - n ig h t  reco rd ings o f p h y s io lo g ica l d a ta  were o b ta in e d  a t  
1 wk and a t  1 , 2 , 3 , 4 , and 6 months o f age from a  g ro u p  o f 
25 c o n t r o l  in f a n t s  and a  g roup  o f 25 s i b l i n g s  o f  SIDS 
v ic tim s . M inute-by-m inute  m easu res  o f  eye movements and 
muscle a c t i v i t y ,  f i l t e r e d  a nd in te g ra te d  EEG a t  d e l t a ,  th e ta  
and sigm a b a n d s, and c a r d ia c  and r e s p i r a t o r y  r a t e  and  
v a r ia b i l i ty  were c a lc u la te d , and each  12 h r  s e t  o f v a lu e s  
was sub jec ted  to  s p e c tra l  a n a ly s is .  Coherence m easurem ents 
from  0 .23  to  2 1 .0  c y c l e s / h r  w e re  d e te r m in e d  b e tw ee n  
param eters. S t a t i s t i c a l  p ro c e d u re s  w ere o r ie n te d  tow ards  
reducing th e  la rg e  number of v a r ia b le s  to  a minimum req u ired  
f o r  m axim izing  th e  d i f f e r e n c e  betw een r i s k  and c o n t r o l  
groups. Reduction of th e  number o f v a r ia b le s  was done in  3 
s te p s :  1) A comparison o f group means and group tre n d s  w ith  
age on each  o f th e  p h y s io lo g ic a l  m e a su re s , u t i l i z i n g  a 
two-way mixed model ANOVA; 2) E valuation  o f group means or 
an ag e-tren d  index o f th e  p h y s io lo g ica l measures o v e r th e  6 
m onths b e in g  s tu d ie d ;  an d 3) S te p - w is e  d i s c r i m i n a n t  
a n a ly s is  u s in g  th e  p e rc e n ta g e  o f c o r r e c t l y  r e c l a s s i f i e d  
su b je c ts  a s  a c r i t e r io n  fo r l im it in g  th e  number of v a r ia b le s  
e n t e r i n g  th e  c l a s s i f i c a t i o n  f u n c t i o n .  T he f i n a l  
c la s s i f i c a t io n  fu n c t io n  in c lu d e d  o n ly  3 v a r i a b l e s .  T h is  
fu n c tio n  c o r re c tly  re c la s s i f ie d  96% o f th e  s u b je c ts  to  th e i r  
re sp ec tiv e  groups. A ll 3 v a r ia b le s  were coherence m easu res  
which included r e s p ira to ry  r a te  (RR): 1) R R /delta  EEG a t  12 
c /h r ;  2) RR/median h e a r t r a te  a t  15 c /h r ;  and 3) R R /d e lta  
EEG a t  0 .5  c /h r .  Developmental tren d  p l o t s  in d ic a te d  t h a t  
high  frequency v a r ia b le s  (12 c / h r  RRMD/delta EEG, and 15 
c /h r  RRMD/HRMD) in  th e  r i s k  g roup  a re  a c c e le r a te d  w i th  
re sp ec t to  c o n tro ls ,  w hile  th e  low freq u en cy  v a r i a b l e  (0 .5  
c /h r  RRMD/delta EEG) developed l a t e r  in  r i s k  in fa n ts  than  in  
c o n t r o l s .  S in c e  v a r i a b l e s  i n c l u d e d  i n  t h e  f i n a l  
c la s s i f ic a t io n  fu n c tio n  a re  no t c o r r e la te d ,  a  s u b je c t  from  
th e  r is k  group may have one o r more o f th e  a b n o rm a l i t ie s  
m e n tio n e d  a b o v e .  T h ese  f i n d i n g s  i n d i c a t e  t h a t  th e  
development of tem poral coupling  o f p h y s io lo g ica l v a r i a b l e s  
may be a  u sefu l index in  d esc rib in g  SIDS r is k  param eters. 
Supported by HD 14608-03.

281.11  THE EFFECTS OF PHENOBARBITAL ON THE DISTRIBUTION OF SEROTO
NIN FIBERS IN THE RAT CEREBELLAR CORTEX.  R.S. Hannah*, A.W. 
Spira  and S.H. Roth.  D epts. of Anatomy and Pharmacology and 
T h erap eu tic s , U n iv e rs ity  of C algary, C algary, A lb e rta , 
Canada. T2N 4N1

The p a tte rn  of d is t r ib u t io n  of se ro to n in  (5-HT) i mmuno
re a c t iv e  nerve f ib e rs  was s tud ied  in  the  r a t  c e re b e lla r  co r
tex  to  determ ine the  long term e f fe c ts  of p e r in a ta l  pheno
b a r b i ta l  (PB) ad m in is tra tio n . P e rin a ta l PB ad m in is tra tio n  
has been dem onstrated to  reduce P u rk in je  c e l l  numbers, 
(Hannah e t  a l . ,  T erato logy , 1982, 26 :21). Time pregnant 
Long Evans hooded r a t s  were adm in istered  e i th e r  PB (10 mg/
kg) o r normal s a lin e  beginning on day 18 p o s tc o i tu s , on a 
once-d a ily  b a s is  u n t i l  day 21 p o s tn a ta l .  The pups were main
ta in ed  u n t i l  they  were s a c r if ic e d  a t s ix  months of age.

The anim als were perfused  tra n s c a rd ia l ly  w ith 4% para
formaldehyde in  phosphate bu ffered  s a l in e .  The c e reb e lla  
were removed and sec tioned  both in  the  f r o n ta l  and s a g i ta l  
planes w ith  a freez in g  microtome (30–50 µm th ic k ) . Immuno
f lu o re sc en t s ta in in g  was c a r r ie d  out according to  the  method 
of H o k fe lt, u t i l i z in g  commercial 5-HT antibody (Immuno 
N uclear). The study was r e s t r i c te d  to  the  vermal reg ion . In 
g e n era l, th e  5-HT immunoreactive nerve f ib e rs  in  the  con tro l 
animals were s im ila r  to  the  th re e  types rep o rted  by Takeuchi 
e t  a l . ,  (C ell and T iss . R es ., 1982, 226:1). The m a jo rity  of 
immunoreactive f ib e r s  were found in  the  m olecular la y e r ,  es
p e c ia lly  in  f r o n ta l  s e c tio n s . The most predominate f ib e r  r e 
sembled the  p a r a l le l  f ib e r - l ik e  elements repo rted  by Chan-
Palay (Anat. Em bryol., 1975, 148:235) and tended to  be most 
numerous in  the  s u p e r f ic ia l  a reas  of the  m olecular la y e r . 
No mossy f ib e r  ro s e t te s  were observed in  e i th e r  co n tro l or 
tre a te d  groups.

The tre a te d  group d if f e r e d  from the  c o n tro l group in  two 
a re a s . In the  m olecular la y e r ,  in  f r o n ta l  s e c tio n , the  para
l l e l - l i k e  f ib e rs  were more evenly d is t r ib u te d  w ith the  high
e s t  number in  c lo se r  proxim ity to  the  P urk in je  c e l l  la y e r . 
Also in  th e  m olecular la y e r ,  in  s a g i ta l  s ec tio n , numerous 
f ib e rs  were observed, running d i r e c t ly  on top of the  Purkin je  
c e l l  la y e r .  This arrangement was no t observed in  any of the 
c o n tro l an im als. The r e s u l t s  in d ic a te  th a t  PB treatm ent pro
duces an a rc h i te c tu r a l  a l te r a t io n  in  5-HT nerve f ib e r s .  
Whether o r no t the  observed a l te r a t io n s  a re  the  r e s u l t  of a 
d i r e c t  o r in d ir e c t  drug e f f e c t ,  i t  i s  l ik e ly  th a t  the  abnor
mal 5-HT f ib e r  inpu t could r e s u l t  in  fu n c tio n a l a l te r a t io n .

(Supported by the  A lberta  Mental H ealth  F oundation).

281.12  NEUROBEHAVIORAL DEVELOPMENT IN THE T W IT C H E R  M O U S E  
AND HETEROZYGOUS LITTERMATES.  Ch. E. Olmstead,  UCLA/MRRC Res. G rp., 
Lanterman S ta te  H o sp ita l, Pomona CA 91769.
The mutant tw itch e r mouse (C 57B I/6J-tw i), f i r s t  described  by 
Duchen e t . a l .  (Brain 106, 1980) i s  an enzym atically  authen
t i c  (Kobayashi, e t . a l . , Biochem. Med. 27, 1982) model o f the 
re c e ss iv e ly  tran sm itted  Globoid c e l l  (Krabbe's) leukodystro 
phy. The s p e c if ic  enzyme d e f i c i t  i s  ga lactosy lceram idase and 
a ffe c te d  and c a r r ie r  in d iv id u a ls  can be determ ined by enzyme 
assay done on c lipped  t a i l .  The s tu d ie s  on neurobehavioral 
development rep o rted  here were c a r r ie d  out to  develop a b e t
t e r  understanding o f the fu n c tio n a l pathophysiology o f th is  
dem yelinating d isease  in  both the homozygously a ffe c te d  and 
heterozygous c a r r ie r s .
Enzyme a ssay s . Between 10 and 15 days o f age, 0.5cm leng ths 
of t a i l  were c lipped  and ga lactosy lceram idase was determ ined 
by an assay adapted from Suzuki (Meth. Enzymol. 50, 1978). 
A ffected homozygous, heterozygous c a r r ie r s  and normal a n i
mals were re a d ily  id e n t i f ie d  and were assigned  to  groups 
based on sex and genotype.
N eurological T e s ts . Data w ill  be rep o rted  from a complete 
neu ro lo g ica l b a tte ry  w ith emphasis p laced  on the  development 
o f the grasp  re f le x  and the  co n tac t p lac in g  response (CPR). 
CPR. There were s ig n if ic a n t  developmental changes in  both 
c a r r ie r  and a ffe c te d  anim als. Normal anim als were fu l ly  deve
loped compared to  heterozygote  and a ffe c te d  by day 15. S ig n i
f ic a n t  d iffe ren ces  between groups were c le a r ly  apparen t only 
a f te r  day 20 and were due to  the reg re ss io n  o f the  CPR in  
the a ffe c te d  anim als. Grasp. S ig n if ic a n t developmental e f 
fe c ts  were seen in  both heterozygote and normal anim als, bu t 
the a f fe c te d  animals never showed an adequate response.
There were s ig n if ic a n t  d iffe ren c e s  between groups from day 
15 onward w ith the  a ffe c te d  animals c o n s is te n tly  the  w orst. 
Neurobehavior. Rotorod. S ig n if ic a n t developm ental e f f e c ts  in  
the a b i l i t y  to  remain on a 4cm ro ta t in g  dowel were seen in  
a l l  groups. Homozygous females were a f fe c te d  e a r l i e r  than 
males and th e re  were a lso  s ig n if ic a n t  d iffe ren c e s  between 
heterozygous males and fem ales. Hangtime was the  tim e the  
mouse could hang from an in v e rted  p iece  o f 3/8" hardware 
c lo th . On th is  ta sk , th e re  were s ig n if ic a n t  d iffe ren c e s  
between norm als, heterozygotes and a ffe c te d . W ithin each 
group, males were c le a r ly  su p e r io r.
In ad d itio n  to  documenting the p rog ress o f the  d isease  in  
the a ffe c te d  anim als, these  da ta  suggest 1) th a t  females are  
a t  a ffe c te d  e a r l i e r  than  males and 2) female c a r r ie r s  might 
be a t  r is k  i f  one were to  m anipulate s tre ss - in d u c in g  fa c to rs  
e .g .  d ie t ,  tem perature , o r re a rin g  co n d itio n s .
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281.13  AUTISM AND EXTREMITY ASYMMETRIES.  H.V. Soper, P. Satz*, and 
D.L. Orsini.  Department of Neuropsychology, UCLA-NPI, and 
UCLA-NPI Research Program, Box 'A ',  Camarillo, CA 93011.

The a u t i s t i c  show a high ra te of non-right-handedness, 
strongly suggesting cerebral pathology (Soper & Satz, in 
press).  By our model, about 83% of the s in i s t r a l s  would 
have damage predominantly on the l e f t ,  and the converse 
would be true for about 73% of the dextrals.  In general, 
early trauma to the postcentral cortex has been associated 
with reduced growth of the contralateral extremities ( e .g . ,  
S ilvers te in ,  Neurology, 5: 30, 1955), and epileptics  with 
early onset unilateral foci show such asymmetries (Satz et 
a l . ,  in press).  The a u t i s t i c  have been reported to show 
minor physical anomalies (Steig & Rapoport, J.  Aut. Child. 
Sch iz . , 5: 229, 1975). Hence, i t  was thought that the 
a u t i s t i c  would show substantial asymmetry in the length of 
the extremities in general, and the dif ferent  handedness 
subgroups (right  - 40%, ambiguous - 40%, l e f t  - 20%) would 
show d ifferen t  asymmetry d istr ibu tions.

Manual. The length of each hand of 47 low functioning 
au t i s t i c s  (DSM-III diagnosis) was measured twice, and a mean 
difference (right minus l e f t )  score was computed. These 
scores were correlated with handedness score (6  t r i a l s  on 
each of 8  tasks) ,  and the scores compared for the dif ferent  
handedness groups. The correla tion (-.14) was insignif icant  
and the subgroup means and distr ibutions were very similar .

Pedal. The length of each foot of 46 of the subjects 
described above was measured twice, and the same comparisons 
were made as for the hand measures. As with the hand 
measures, there was an insignif icant  corre la tion with handed
ness (+.025) and no difference between handedness groups. 
Also, the hand and foot measures were not related  (r = -.18).

This lack of a relationship between extremity asymmetries 
and handedness was unexpected in view of the substantial  
indications of CNS pathology based on the handedness d is 
tr ibu t ion .  However, i t  is  consistent  with the general lack 
of primary sensory dysfunction found among the a u t i s t ic  
(e .g . ,  see Damasio & Maurer, Arch. Neurol. ,  37: 504, 1978).
Taken together , the handedness and anthropometric data 
suggest a possible disruption of secondary and te r t ia ry  
areas but not primary areas within the a u t i s t ic .

This research was funded by NIMH Fellowship #1 F32 
MH09082 to the f i r s t  author and NIH Grant NS 18462-03 to the 
second author. The help of Geralyn Freeland, Suzanne 
McCallom, Laura Mayo, Ute Wurfer, and Dr. Israel Perel and 
his s t a f f  is  gratefu lly  acknowledged.

281. 14  THERAPY ATTENUATES THE EFFECTS OF NEONATAL CORTICAL LESIONS 
IN ANIMALS GIVEN THE EARLIEST LESIONS.  B. Kolb and I. Q. 
Whishaw,  Dept. of Psychology, University of Lethbridge, 
Lethbridge, Alberta, Canada, T1K 3M4.

We have found that removal of the frontal cortex of rats 
in infancy f a i l s  to allow signif icant  sparing of function 
on te s ts  of simple motor and more complex species-typical 
behaviors and allows only part ia l  sparing on te s ts  of 
learning. Furthermore, removal of frontal cortex in infancy 
results  in shrinkage of brain size and neocortex thickness 
as compared with rats  receiving similar  lesions in adu lt
hood. The current experiment assesses the effectiveness of 
postlesion experience on the behavior and cortical morpho
genesis of rats  with frontal  cortex ablations at 1, 5, or 
10 days of age.

Rats were placed in complex environments on standard 
laboratory cages at  weaning where they were raised until 
adulthood. They were then given te s ts  of simple motor 
(postural reflexes, tongue use, g a i t ,  e t c . ) ,  and species 
typical (grooming, swimming) behaviors as well as a 
learning te s t  (Morris water task) prior to histological  
analysis. There were three behavioral e ffec ts .  (1) The 
ea r l ie r  the lesion the worse the animals performed on the 
behavioral t e s t s ,  especially the Morris water task.  In 
fac t ,  on th is  task rats with lesions at 1 day of age per
formed more poorly than rats  with similar  removals in 
adulthood. (2) Environmental enrichment s ignif icantly  
attenuated the behavioral d e f ic i t  on the learning task 
and grooming behavior but did not ameliorate the abnormali
t ie s  in simpler motor te s ts .  (3) Environmental enrichment 
was most beneficial to those animals with the e a r l i e s t  
lesions.

Examination of the cerebral weight, neocortical th ick
ness and cross-sectional area revealed an anatomical effect  
that paral leled the behavioral resu l ts :  the e a r l i e r  the 
lesion the l igh ter  the brain and the thinner the cortex. 
Further, environmental enrichment enhanced cerebral weight 
and cortical thickness in all  three age groups.

The results  suggest that:  1) very early brain damage 
may have greater  effects upon the animal than similar  injury 
in adulthood; 2 ) damage at  d ifferent  ages in infancy may 
have dif ferent  effects upon the brain; and 3) behavioral 
therapy may be most effective in at tenuating the effects 
of brain injury when given to those animals with very early 
lesions.

281. 15 EXPERIMENTAL MATERNAL PHENYLKETONURIA IN THE RAT: ENDURING 
BEHAVIORAL EFFECTS FROM IN UTERO EXPOSURE TO L-PHENYLALANINE 
(Phe) and p-CHLORO-DL-PHENYLALANINE (pC1Phe).  A. Rabe, 
Y.H. Loo*, A. Potempska*, P. Wang* and R. Fersko*.  NY S ta te  
O ffice  of Mental R etardation  and Developmental D is a b i l i t ie s ,  
I n s t i tu te  fo r  Basic Research in  Developmental D is a b i l i t ie s ,  
S ta ten  Is la n d , NY 10314.

Phe and pC1Phe, an in h ib i to r  of phenylalanine hydroxylase, 
have most freq u en tly  been used to  produce experim ental phe
n y lk e to n u ria  (PKU). We used th ese  substances to  produce ex
p erim ental m aternal PKU. Pregnant Sprague-Dawley r a ts  
(n=13) from g e s ta tio n  day 9–20 received  s .c .  a continuous 
in fu s io n  of 0 .2 – .45 µmol/g/day of pC1Phe and 5.0–7.5 µmol/g/
day of Phe w ith 1mg/100ml of 5HTP added. The in fu sio n  ra te  
was 20 ml/24 h r . This schedule was expected to  e lev a te  the 
m aternal plasma Phe to  1 .7–2.3  µmol/ml and unconjugated phe
n y la c e ta te  (PA, a major m e tabo lite  of Phe) to  0 .20-0 .30  
µmol/ml. The co n tro l animals (n=13) received  p h y sio lo g ica l 
s a lin e .

We observed b ehav io ra l e f fe c ts  only in  l i t t e r s  whose dams’ 
plasma Phe was a t  l e a s t  1.76 and PA 0.21 µmol/ml (n=7), but 
not lower (n=6 ) .  Learning was te s te d  a t  two d if f e r e n t  ages, 
s ta r t in g  on day 17 or day 45, by a c q u is it io n  and re v e rs a l of 
a l e f t - r i g h t  p o s itio n  d isc r im in a tio n  in  a T-maze. The PKU 
l i t t e r s  (n=7), as compared to  the  s a lin e  l i t t e r s  (n=12), 
showed an e a r ly  re v e rs a l d e f ic i t  (p<0.002). At 45 days, the 
PKU l i t t e r s  (n=6 ) had both an a c q u is itio n  and a re v e rsa l 
d e f ic i t  (vs. s a l in e ,  n=7, p<.002). A c tiv ity  le v e l was mea
sured by am bulation in  an open f ie ld  a t  30 days and a f te r  
60 days of age. The PKU l i t t e r s  ambulated more a t 30 days 
(PKU, n=7, v s. s a l in e ,  n=13, p < .0 2 ), as w ell as w ell as a f te r  
60 days (PKU, n=5, vs. s a l in e ,  n=11, p< .01).

Since the  a ffe c te d  l i t t e r s  came from dams w ith e levated  
plasma Phe and PA, the r e s u l t s  a re  c o n s is te n t w ith our hypo
th e s is  th a t  PA may be the prim ary agent re sp o n sib le  fo r 
b ra in  dysfunction  in  c la s s ic a l  and m aternal PKU. However, 
the  p re sen t d a ta  do no t ru le  out s p e c if ic  e f fe c ts  of Phe and 
i t s  o th e r m e tab o lite s . Although we have shown (Soc. Neuro
s c i .  A b s t r . , 9, 1247, 1983) th a t  in fu s io n  of PA during ges
ta t io n  produces r a ts  th a t  a lso  show the  same ea r ly  re v e rs a l 
le a rn in g  d e f i c i t  as the Phe+pC1Phe t re a te d  pups, we s t i l l  
have to  determ ine whether e lev ated  PA a lo ne produces the 
same la s t in g  le a rn in g  d e f ic i t  and a c t iv i ty  changes as e le 
vated  Phe and PA do.

(Supported in  p a r t  by NIH g ran ts  1 RO1 HD 16153 and 
06843.)

281. 16  METHYLMERCURY-INDUCED MOVEMENT DISORDERS IN THE NEONATAL 
RAT: INHIBITION OF GLUTAMIC ACID DECARBOXYLASE IN CEREBRAL 
CORTEX AND NEOSTRIATUM.  J .R . O’Kusky* and E.G. McGeer. 
 Kinsmen Laboratory of N eurological Research, Department of 
P sy ch ia try , U n ivers ity  of B r i t is h  Columbia, Vancouver, 
B .C ., Canada, V6T 1W5.

The to x ic i ty  of methylmercury (MeHg) in  the human 
nervous system during p re n a ta l and ea r ly  p o s tn a ta l 
development has been a sso c ia ted  w ith  neu ro lo g ica l d iso rd e rs  
resembling c e reb ra l p a lsy . C lin ic a l signs in  a ffe c te d  
ch ild ren  include psychomotor r e ta rd a tio n , s p a s t ic i ty ,  
a ta x ia ,  a th e to s is  and e p ilep tifo rm  convulsions. S im ilar 
signs of neu ro lo g ica l impairment have been repo rted  in  the 
neonatal r a t  follow ing the p o s tn a ta l ad m in is tra tio n  of MeHg. 
Neuronal degeneration  has been described  in  the  c e reb ra l 
co rtex  and neostria tum  of these  animals a t  the onset of 
motor impairment. The p resen t study was conducted to 
determ ine the  e x ten t to  which GABAergic and ch o lin e rg ic  
neurons a re  involved in  these  neu ro tox ic  le s io n s .

Three groups of Sprague-Dawley ra ts  received  subcutaneous 
in je c tio n s  of methylm ercuric ch lo rid e  in  p h y s io lo g ica l 
s a lin e  (5 mg/kg) a t  24-hr in te rv a ls  beginning on p o s tn a ta l 
day 5 and continuing  u n t i l  one of th re e  stages  of MeHg 
to x ic i ty ,  defined as fo llow s: Stage I  (day 15) when MeHg-
tre a te d  r a ts  continued to  gain weight although le s s  ra p id ly  
than normal co n tro ls , Stage I I  (day 20–23) when ra ts  
ex h ib ited  a lo ss  of body w eight, and Stage I I I  (day 23–28) 
a t the onset of neu ro lo g ica l impairment. Normal and w eight-
matched co n tro ls  were in je c te d  w ith eq u iv a len t volumes of 
s a l in e .  The s p e c if ic  a c t iv i t i e s  of glutam ic acid  
decarboxylase (GAD) and choline  a c e ty ltr a n s fe ra s e  (ChAT) 
were measured in  s ix  regions of the  c e n tra l  nervous system, 
inc lud ing  ce reb ra l co rtex  (f ro n ta l  and o c c ip i ta l ) ,  
cerebellum , caudate-putam en, thalamus and sp in a l cord.

In the  o c c ip i ta l  co rtex  th e re  was a s ig n if ic a n t  decrease 
in  GAD a c t iv i ty  a t  Stage I I  (30%) and Stage I I I  (43%), 
w hile GAD a c t iv i ty  was reduced only a t  Stage I I I  in  f r o n ta l  
co rtex  (37%) and caudate-putamen (42%). In  the  cerebellum , 
thalamus and sp in a l cord, GAD a c t iv i t i e s  were normal 
throughout the experim ent. No s ig n if ic a n t d iffe ren c e s  in  
ChAT a c t iv i ty  were d e tected  in  any of the s ix  reg io n s .
These r e s u l ts  dem onstrate a p re fe re n t ia l  involvement of 
GABAergic neurons in  MeHg-induced le s io n s  of the  ce reb ra l 
co rtex  and neostria tum .
(Supported by the  Medical Research Council of Canada)
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81.PO  DEVELOPMENTAL DYSLEXIA: FOURTH CONSECUTIVE CASE 
WITH CORTICAL ANOMALIES.  A.M. G alaburda, G.D. Rosen, 
G .F. Sherm an and F. A boitiz . *  D epartm en t of Neurology, Beth 
Israe l H ospital and H arvard  M edical School, Boston, MA.
D evelopm enta l dyslexia is diagnosed in children  w ith re la tive ly  

iso la ted  reading  d ifficu lties . In th e  absence of c lea r  biological 
m arkers dyslexia includes many ch ild ren  w ith learn ing  problem s 
a ffec tin g  o th e r skills as w ell, and i t  probably m isses p a tien ts  
who have com pensated  fo r th e  reading  problem . In rec e n t years 
a t te m p ts  have been  m ade to  find biological m arkers of th is  
condition  in o rder to  expand knowledge on m echanism s and 
im prove diagnosis and tre a tm e n t. One such m arker may be the  
p resence  of ana tom ica l anom alies. A to ta l o f 3 brains of 
dyslexics have been repo rted . A fourth  case  will be review ed 
here . All four cases  have shown co rtic a l anom alies. In th e  f irs t 
c a se , d isordered  c o rt ic a l folding and subco rtica l neuronal res ts  
w ere seen  (D rake, J . L earn . Dis., 1:9, 1968). In th e  second 
ca se , m icropolygyria was p resen t on th e  planum tem porale , and 
th e re  w ere neuronal ec to p ias  and c o rtic a l dysplasias (G alaburda 
and K em per, Ann. N eurol. 6:94, 1979). All co r tic a l changes 
w ere  seen  in th e  le f t  hem isphere. The th ird  ca se  showed large 
num bers of ec to p ias  and dysplasias predom inantly  in le f t 
hem isphere co rtex , w ith only 4 lesions on the  righ t. The fourth  
ca se  was th a t of a  19 year-o ld  righ t handed dyslexic m ale with 
fam ily  h isto ry  of learn ing  d isab ilities . The p a tien t showed 
d e f ic its  in w ritten  language and less severe  d ifficu ltie s  w ith 
a t te n tio n a l and v isuo-spatial tasks in the  face  of norm al 
in te lligence . The brain  showed acquired  and developm ental 
lesions. The acqu ired  lesions w ere re fe ra b le  to  an episode of 
tra u m a . The developm ental lesions w ere those of ec top ias, 
dysplasias and te lan g iec ta s ia  involving th e  co rtex  of both 
hem ispheres. The num ber of lesions was much g re a te r  on th e  
le f t ,  and on th a t side involved the  superior tem poral gyrus and 
in fe rio r fro n ta l gyrus p redom inantly . An additional finding is 
th a t of sym m etry  of the  planum tem porale . A pproxim ately 
tw en ty -fiv e  p erce n t of unselec ted  autopsy brains show 
sy m m etrica l p lana, w hereas in s ix ty -five  p erce n t th e  le f t  
planum  is la rg er (Geschwind and Levitsky, S cience, 161:186, 
1968). The th re e  dyslexic brains studied  in th is  labora to ry  have 
showed a  sym m etrica l p a tte rn .

(Supported by NIH g ran ts  NS14018 and NS07211)
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282.1  ADENOSINE MEDIATES A SLOW HYPERPOLARIZING SYNAPTIC POTENTIAL 
(S -H .S .P .) IN CAT VESICAL PARASYMPATHETIC NEURONS.
P. S h inn ick-G allagher, T. Akasu* and J .P .  G allagher,  Dept. 
of Pharmacology, The U n ive rs ity  o f Texas Medical Branch, 
G alveston, TX 77550.

S tim u lation  (3-10V, 40Hz, 250msec) of p regang lion ic  
nerves supplying c a t  v e s ic a l  parasym pathetic gang lia  in  the 
presence of hexamethonium ( 1mM) produces a m usca rin ica lly  
m ediated slow in h ib ito ry  p o stsy n ap tic  p o te n tia l  ( s - ip s p ) . 
When the  stim ulus in te n s i ty  was increased  (8-30V), a slower 
h y p erp o la riz in g  p o te n t ia l  appeared on the  fa l l in g  phase of 
the  s - ip s p . A tropine ( .5 - 1µM) abo lished  the s -ip sp  and re 
vealed  the  presence of a s - h .s .p .  (2-13mV am plitude;
31.6 ± 5.5 sec d u ra tio n ) . This p o te n tia l  was quickly  abo l
ished  in  low Ca/high Mg s o lu tio n . A s - h .s .p .  was d isce rn
ab le  w ith  a s in g le  s tim ulus (1 Hz; 1 sec) but maximum 
am plitude was obtained  a t  40 Hz.

Adenosine (5μM-1mM) hyperpo larized  (5-10mV) most para
sym pathetic neurons (92%, n=6 6 ) whereas ATP ( 100nM-1mM) 
depo larized  62% (n=39) of the  neurons te s te d .  C affeine 
( 1mM) an adenosine P1-p u rin o cep to r a n ta g o n is t, depressed 
and subsequently  abo lished  the  s - h .s .p .  in  11 of 15 neurons. 
C affeine a lso  blocked the  response to  adenosine but not th a t 
to ATP. Adenosine deaminase (0.25 IU/m1) which m etabolizes 
adenosine to  in o sin e  and NH3 markedly depressed the  s -h .s .p .  
by 82% (n=5 ) . The adenosine h y p e rp o la riz a tio n  was sim i
la r ly  depressed 92% (n=7) by 0.25 IU/ml adenosine deamin
a se . Dipyridamole (3μM) which blocks the  uptake of 
adenosine increased  the  am plitude (145%; n=6 ) and du ra tio n  
(185%; n=6 ) of the  s - h .s .p .  The am plitude of the adenosine 
h y p e rp o la riz a tio n  was s im ila r ly  enhanced (150%) by d ip y rid 
amole (3μM). Both the s - h .s .p .  and adenosine hyp erp o la riz 
a tio n  were accompanied by a conductance in c rea se . The 
am plitude of the  s - h .s .p .  was decreased by membrane hyper
p o la r iz a tio n  and reversed  p o la r i ty  beyond -95mV (mean: 
93.7 ± 7.4mV; n=5 ) . The adenosine response decreased in  
am plitude as the  membrane was hyperpo larized  and reversed  
p o la r i ty  a t  -98mV (n=3 ) . The re v e rs a l p o te n tia l  estim ated  
by the  in te r s e c t io n  of I-V curves determ ined in  c o n tro l and 
adenosine (50μM) s o lu tio n  was -93 .5  ± 4.3mV (n=9). Both 
the  s - h .s .p .  and adenosine h y p e rp o la riz a tio n  were enhanced 
in  low K+ and depressed in  high K+ so lu tio n , in d ic a tin g  an 
in c rea se  in  conductance p rim arily  to K+ ion . In  conclusion , 
these  d a ta  provide the f i r s t  evidence fo r  a synaptic  
response m ediated by adenosine. (Supported by NS16228)

282.2  BINDING OF 3H-NECA TO A SUBTYPE OF A2 ADENOSINE RECEPTOR 
IN RAT STRIATAL MEMBRANES.  R.F. Bruns, G.H. Lu*, and 
T.A. Pugsley*.  Dept. of Pharmacology, Warner-Lambert/
Parke-Davis Pharm aceutical Research, Ann Arbor, MI 48105. 

3H-NECA (N -ethyladenosine-5 '-carboxam ide) has been 
repo rted  to  bind to both the A1 and A2 subtypes of adenosine 
(ado) recep to rs  in  r a t  s t r i a t a l  membranes (Yeung and Green, 
Pharm acologist 23:184, 1981). The o b jec t of the p re sen t 
study was to  ch a rac te r iz e  the A2 component of 3H-NECA 
binding and compare th is  re cep to r to o th e r ado re c ep to rs .

Binding was performed using 4 nM 3H-NECA in  50 mM T ris  pH  
7.7 w ith 10 mM MgCl2 a t  25° in  1 ml w ith 5 mg wet w eight of 
r a t  s t r i a t a l  membranes. In i n i t i a l  d o s e - in h ib itio n  ex p eri
ments, N6-cyclopen ty lado  (CPA) gave the b e s t s ep a ra tio n  
between A1 and A2 s i t e s ,  w ith an IC5 0  of 2 nM a t  A1 recep
to rs  and 700 nM a t  A2 re c ep to rs . A1, A2 , and n onspec ific  
binding were re sp ec tiv e ly  1500, 1500, and 400 cpm. An addi
t io n a l 150 cpm of the n onspec ific  binding could be d isp laced  
by micromolar concen tra tions  of NECA but n o t by theophy lline  
o r CPA. Subsequent experim ents used 50 nM CPA to e lim in a te  
A1 binding; n onspec ific  binding was defined as binding in  
the presence of 100 µM CPA. To determ ine A1/A2 s e le c t iv
i t i e s ,  IC5 0 s  fo r  compounds in  3H-N6-cyclohexylado (CHA) 
binding to A1 recep to rs  in  whole b ra in  were compared to 
IC5 0 s  in  3 H-NECA binding to A2 recep to rs  in  s tria tu m . NECA 
had alm ost equal a f f in i ty  a t  the two recep to rs  (A1 IC5 0  11 
nM, A2 IC5 0  16 nM). The most A1-s e le c t iv e  ag o n is t was N6-
(3-hydroxypropyl)ado (A1 5 nM, A2 7,700 nM) and the most A2-
s e le c tiv e  ag o n is t was 2 - (phenylamino)ado (A1 1,700 nM, A2 
200 nM). Among the an ta g o n is ts , 8-cyc lopen ty l theophylline  
was the most A1-s e le c t iv e  (A1 27 nM, A2 2,800 nM), w hile 
a llo x az in e  was modestly A2-s e le c t iv e  (A1 20 µM, A2 4.3 µM). 
A2 binding of 3 H-NECA was h ig h est in  s tria tu m , b u t was 
d e te c ta b le  a t  much lower le v e ls  in  o th e r b ra in  a reas .

Daly, e t  a l .  (C e ll Mol Neurobiol 3:69-80, 1983) proposed 
th a t  th e re  a re  two types of A2 ado recep to rs  in  b ra in : a 
ub iqu itous lo w -a ff in ity  re cep to r, and a h ig h -a f f in i ty  recep
to r  lo c a liz e d  mainly to the s t r i a t u m. By the above c r i t e r i a ,  
the A2 recep to r which i s  labe led  by 3H-NECA in  stria tum  
c le a r ly  belongs to the  h ig h -a f f in ity  subtype. Ado ana lo gs 
w ith  bulky 2-p o s it io n  s u b s ti tu tio n s  appear to d i f f e r e n t ia te  
these  two A2 recep to r subtypes p a r tic u la r ly  w ell: 2-(4-m eth
oxyphenyl)ado has an a f f in i ty  of 900 nM in  3 H-NECA b inding , 
b u t is  in ac tiv e  a t  1 mM a t  the lo w -a ff in ity  recep to r in  
human f ib ro b la s ts .  We propose th a t  the h ig h -a f f in i ty  A2 
recep to r be designated  A2a , and the lo w -a ff in ity  A2 
recep to r A2b.
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282.3 F U N CTIONAL RECONSTITUTION OF THE SYNAPTIC MEMBRANE 
GLUTAMATE-BINDING PROTEIN: GLUTAMATE RECEPTOR-LIKE 
ACTIVITY IN LIPOSOMES.  T.M. Stormann,* H.H. Chang,* K. 
Johe* and E.K. Mi c h a e l i s ,  Depts. Human Development and 
B iochem istry, Univ. of Kansas, Lawrence, KS 66045.

L-Glutamic acid (L-Glu) in te r a c ts  with plasma membrane 
recep to rs  to  produce neuronal d ep o la r iz a tio n . We have 
p u rif ie d  a glutam ate binding p ro te in  from ra t b ra in  
synap tic  membranes and from a crude synaptic  membrane 
f r a c t io n  from bovine b rain  [Mi c h ae lis  e t a l . ,  J .  Neuro
chem. 40, 1742, 1983; J .  Neurochem. 42, 397, 1984]. The 
p o ssib le  involvement of the glutam ate binding p ro te in  
(GBP) in the a c t iv i ty  of synap tic  membrane-associated 
recep to r complexes was explored by means of re c o n s ti tu tio n  
in to  liposom es.

P u r if ic a tio n  of GBP from ra t b ra in  synap tic  membranes 
as described  p rev iously  and i t s  re c o n s ti tu tio n  in to  lip o 
somes, gave a p rep a ra tio n  which re ta in ed  f u l l  a c t iv i ty  in 
terms of ligand binding but exh ib ited  small and v a riab le  
a c t iv i ty  as a channel-form ing e n t i ty  responsive to L-Glu. 
On the o ther hand, s o lu b il iz a t io n  of synaptic  membranes in  
the presence of an excess of soybean l ip id s  (a s o le c tin ,  15 
mg/ml) led to fu n c tio n a l re c o n s ti tu tio n  of the synaptic  
membrane L-G lu-responsive Na+ channels. P rese rv a tio n  of 
the a c t iv i ty  of the L -G lu -sensitive  ion channels was 
achieved by s o lu b il iz a t io n  with e i th e r  n-octy lg lucopyran
noside or with T rito n  X-100 (2% v /v ) . R eco n stitu tio n  of 
the so lu b iliz ed  p ro te in s  in to  liposomes was obtained by 
incubating  these p rep a ra tio n s  with polystyrene beads. The 
liposomes th a t contained synap tic  membrane p ro te in s  exhi
b ited  an L-Glu-enhanced Na+ flux  which was in h ib ite d  by 
the recep to r an tag o n ist L-Glu d ie th y le s te r  (10 µM L-Glu 
and 100 µM L-Glu d ie th y le s te r ) .  The GBP was subsequently  
p u rif ie d  in  the presence of excess a so le c tin  by a f f in i ty  
batch chromatography on g lass  f ib e r  with c o -re tic u la te d  
L-Glu according to the procedure described  prev iously  
(Mi c h a e lis , Biochem. Biophys. Res. Commun. 65, 1004, 
1975). The p ro te in  p u rif ie d  under these cond itions could 
be re c o n s ti tu ted  in to  liposomes with re te n tio n  of both the 
L-G lu-binding a c t iv i ty  and the L -G lu -in itia te d  Na+ flu x . 
E lec tro p h o re tic  an a ly sis  of these re c o n s ti tu ted  liposomes 
by SDS-PAGE in d ica ted  the presence of a s in g le , small 
m olecular weight p ro te in  th a t m igrated to a p o s itio n  iden
t i c a l  to th a t of the p u rif ie d  GBP. (Supported by grants 
DAAG 29-83-K0065 from the ARO and AA-0439 from the NIAAA.)

282.4  IMMUNOCHEMICAL LOCALIZATION OF THE GLUTAMATE BINDING 
PROTEIN IN SYNAPTIC MEMBRANES AND ANTIBODY EFFECTS ON 
GLUTAMATE RECEPTORS.  Roy, S. and Mi c h a e lis ,  E.K.  
N eurobiol. Sect/HDFL, U niversity  of Kansas, Lawrence, KS 
66045

A small molecular weight g lycopro te in  th a t has high 
a f f in i ty  binding s i te s  fo r L-glutam ic acid has been 
p u rif ie d  from ra t  b rain  synaptic  membranes and from a 
bovine b ra in  crude membrane f r a c t io n .  Based on the se le c 
t iv i ty  of the p ro te in 's  binding s i te s  fo r various 
L-glutam ate ana lo gs and on i t s  lack of glutam ate m etaboliz
ing enzymatic a c t iv i ty ,  i t  was proposed th a t th is  binding 
p ro te in  may be the recogn ition  macromolecule of the 
L-glutamate recep tor complex. [Mi ch ae lis  e t a l . ,  Mol. C ell 
Biochem. 30, 1 6 3 -179 , 1981].

A ntibodies were ra ised  in ra b b its  ag a in st th is  p u rif ie d  
bovine b rain  glutam ate binding p ro te in  [GBP]. Using an 
Enzyme-Linked Immunosorbent Assay [ELISA] the anti-GBP 
an tibod ies were found to be highly  s p e c if ic  fo r the bovine 
GBP and the ana lo gous p ro te in  p u rif ie d  from the ra t  with 
l i t t l e  or no c ro s s - r e a c tiv ity  again st g lu tam ate-
m etabolizing enzymes [Roy and M ichaelis , Neurochem. 42, 
838-841, 1984]. We rep o rt here the use of these GBP a n t i 
bodies to lo c a liz e  and quan tify  the GBP content in  various 
su b ce llu la r  f ra c tio n s  obtained from ra t  b ra in . Our re s u l ts  
show th a t the d is tr ib u t io n  of the im m unoreactivity followed 
a s im ila r p a tte rn  of q u a n tita tiv e  enrichment in  b ra in  sub
frac tio n s  as th a t observed fo r L-glutamate b inding . The 
order of imm unoreactivity was: synaptic  membranes > crude 
m itochondrial f ra c tio n  > homogenate > myelin.

S pec ific  anti-GBP an tibod ies  were p u rif ie d  using an 
a f f in i ty  chromatographic procedure. The p u rif ie d  a n t i 
bodies were then te s ted  fo r th e ir  a c t iv i ty  as in h ib ito rs  of 
glutamate binding to the ra t b ra in  GBP and of glu tam ate-
induced SCN-  f lu x . The l a t t e r  is  a measure of dep o la riza 
tio n  brought about by glutam ate a c tiv a tio n  of synap tic  
membrane recep to r-io n  channel complexes [Chang and 
M ichae lis , Biochi m. Biophys. Acta. 6 8 8 , 185-294, 1982].
The s p e c if ic  anti-GBP an tibod ies were found to block 76% of 
the glutamate binding to the GBP at concen tra tions of 25-50 
ng IgG/0 .1  ml and to in h ib it  to ta l ly  L-glutam ate-induced 
SCN- flux  a t amounts of 1 µgI gG/mg p ro te in . The p u rif ie d  
an tibod ies exh ib ited  20 - fo ld  or g rea te r in h ib ito ry  a c t iv i ty  
as compared with the antiserum  or the whole IgG f r a c tio n . 
(Supported by grant DAAG-29-83K-0065 from ARO and KS-83-73 
from the American Heart A sso c ia tio n .)

282.5  MONOCLONAL ANTIBODIES AND PEPTIDE MAPPING REVEAL STRUCTURAL 
HOMOLOGIES BETWEEN THE SUBUNITS OF THE GLYCINE RECEPTOR OF 
RAT SPINAL CORD.  H. B etz, F. P f e if fe r* ,  R. Simler* and G. 
Grenningloh*. (SPON: ENA).  I n s t i t u t e  fo r  Neurobiology, ZMBH, 
U n iv e rs itä t  H eidelberg , Im Neuenheimer Feld 364, D-6900 
H eidelberg , Federal Republic o f Germany.

The g lyc ine  recep to r of r a t  sp in a l cord i s  an oligom eric 
membrane g ly co p ro te in  of m olecular mass 250,000 da ltons 
which con ta in s  th re e  po lypep tides of 48,000, 58,000, and 
93,000 d a lto n s  (P fe if fe r  e t  a l . , J .  B io l. Chem., 257,9389, 
1982). The stry ch n in e  binding  s i t e  of the  g lyc ine  recep to r 
has been lo c a liz e d  on the  48,000 d a lton  subunit (Graham e t  
a l . ,  Eur. J .  Biochem., 131,519, 1983).

Monoclonal an tib o d ie s  (mAbs) were prepared  ag a in s t the 
a f f in i ty - p u r i f i e d  g lyc ine  recep to r p ro te in  using 125I -
lab e led  recep to r p re p a ra tio n s  fo r the  d e te c tio n  of p o s it iv e  
h y b rid s . From n ine monoclonal an tib o d ie s  o b ta ined , s ix  
recognized denatured re cep to r po lypep tides b lo t te d  to  
n it r o c e l lu lo s e  paper. Two of these  an tib o d ie s  bound to  
more than one g ly c in e  recep to r subunit: mAb GlyR 4a s ta in ed  
the  48,000 and 58,000 d a lto n  p o ly p ep tid es, and mAb GlyR 7a 
the  48,000 and 93,000 d a lto n  po ly p ep tid es. Common a n t i 
genic determ inan ts thus a re  shared by the  d if f e r e n t  subunits 
of the  g lyc ine  rec ep to r .

Complementary r e s u l t s  were ob tained  by p ep tide  mapping 
of 125I- la b e le d  g lyc ine  recep to r po lypep tides w ith various 
p ro te a se s . A s e t  o f p ep tide  fragm ents of the  same apparent 
m olecular weight was produced from the  d i f f e r e n t  g lycine 
re cep to r subun its  using  V8 -p ro tea s e , chym otrypsin, and 
e la s ta s e .  These d a ta  suggest th a t  the  th re e  subunits  of the  
g lyc ine  recep to r have conside rab le  homology w ith in  th e i r  
prim ary s t ru c tu re  and may have evolved from a common 
an cesto r recep to r p o lypep tide .

This work was supported by the  Deutsche Forschungsgemein
s c h a f t ,  the  S ti f tu n g  Volkswagenwerk and the  Bundesministerium 
fü r  Forschung und Technologie.

282.6  THE SIGMA OPIOID RECEPTOR: CHARACTERIZATION AND CO-IDENTITY 
W I T H  T H E  PHENCYCLIDINE RECEPTOR.  L. G. 

Mendelsohn, Vin Kalra* and Bryan G. Johnson*.  The Lil l y 
Research Laboratories, Eli Lil ly  and Company, 307 East 
McCarty Street,  Indianapolis, Indiana 46285.

The properties of the sigma opioid receptor of r a t  
brain cortex have been characterized using the 
prototypic ligand [ 3 H] (+) SKF 10,047. Binding to 
this receptor was rapid, and equilibrium was obtained 
within 30 min at 37°. Specific binding was linear with 
protein concentration up to 500 µg/2 ml and was 
dependent upon protein in tegr ity .  Denaturation by 
boiling destroyed over 95 percent of the specific 
binding. A high a f f in i ty  binding s i te  was identified 
through Scatchard analysis with a KD of 151.3 ± 43.2 
nM and a maximum binding of 2.91 ± 0.84 pm/mg protein. 
The addition of s a l t ,  e i ther  NaCl or CaCl2 , to the 
buffers markedly decreased binding, with CaCl2 being 
more potent than NaCl. A broad pH optimum for specific 
binding was observed; maximum binding was at pH 9.0. 
The a f f in i ty  of a number of ligands for the sigma s i t e  
and the PCP receptor were compared. The binding 
( IC5 0 ) of 15 ligands to the sigma s i te  showed a 
correlation of 0.842 (p < 0.001) with binding to the PCP 
s i t e .  The data demonstrate that the biochemical 
properties of the sigma and PCP receptors are similar 
and support the view that  these receptors are one and 
the same s i te .
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282.7  COMPARATIVE RECEPTOR BINDING PROPERTIES OF [ 3H]TCP AND [ 3H] 
DEXOXADROL, TWO PHENCYCLIDINE (PCP)-RELATED LIGANDS.  C. 
P i l a p i 1 and R. Quir ion.  Douglas Hospital Research Centre,  
Verdun, Quebec, Canada H4H 1R3.

Various groups have described the ex is tence  of s p ec i f i c  
PCP binding  s i t e s  in b ra in .  However, because o f  the 
r e l a t i v e ly  poor a f f i n i t y  (KI = 50-200 µM) of PCP i t s e l f ,  i t  
has not been poss ib le  to  very p rec ise ly  charac te r iz e  these 
s i t e s .  Vignon e t  al  ( Brain Res. 280:194-197, 1983) have 
recen t ly  demonstrated tha t  [ 3H]TCP, a potent ana lo gue o f  PCP, 
could be a more s u i ta b le  ligand to  study bra in  PCP binding 
s i t e s .  We have charac te r ized  receptor  binding p roper t i es  of 
TCP, as well as dexo xad ro l , a general a n e s th e t ic  with potent 
PCP-li ke act ions  in behavioral  paradigms. Rat bra in  
membranes were prepared as described before  (Quirion e t  a l , 
Pep t ides ,  submitted) and then incubated fo r  60 min in 5.0 mM 
Tris .HCl,  50 mM sucrose pH a t  4°C in presence of various 
concentra t ions  of  [ 3H]TCP or [ 3H] dexoxadrol. Spec if ic  bind
ing was defined as rad ioac t ive  ligands bound in presence and 
absence o f  100 µM PCP o r  10 µM dexoxadro l.  F i l t e r s  used in 
assays  were presoaked in 0.1% polyethyleneimine a t  leas t  2-3 
hrs before  f i l t r a t i o n  to reduce binding o f  ligands to 
f i l t e r s .  Under these  cond it ions ,  [ 3H]TCP labels  an apparent  
s ing le  c la ss  o f  s i t e s  with a Kd of 5.6 nM and a Bmax of  583 
fmol/mg p ro te in .  Ligand s e l e c t i v i t y  pa t te rn  shows tha t  PCP 
( IC50 = 179 nM) > cyclazoc ine (232 nM) > (+) SKF 10,047 
(537 nM) > (-) SKF 10,047 (> 2000 nM). On the o the r  hand 
[ 3H]  dexoxadrol appears to  label two c la sses  o f  s i t e s .  [ 3H] 
dexoxadrol binding to the high a f f i n i t y  s i t e  (Kd = 2.8  nM; 
Bmax = l50 fmol/mg p ro te in )  is not displaced by PCP and 
sigma op ia te  ag o n is t s .  The lower a f f i n i t y  s i t e  (Kd = 9 nM) 
is much more abundant with a Bmax of  701 fmol/mg prote in  and 
a ligand s e l e c t i v i t y  pa t te rn  showing tha t  dexoxadrol (14 nM) 
> PCP (359 nM) > (+) SKF 10,047 (987 nM). Thus, [ 3H]dexox
adrol appears to  label two s i t e s :  a high a f f i n i t y  s i t e  tha t  
remained to  be ch arac te r ized  and a lower a f f i n i t y  s i t e  tha t  
is l ik e ly  to  be PCP-related. Our data demonstrate tha t  [ 3H] 
TCP and [ 3H] dexoxadrol show important d if fe rences  in t h e i r  
in te ra c t io n s  with pu ta t ive  PCP receptor binding s i t e s .

282.8  MEASUREMENT OF ADENOSINE (A.) RECEPTORS IN RATS FOL
LOWING REM SLEEP DEPRIVATION.1  G. Y anik, N.M. P o rte r* , R.D. 
G reen , and M. R adulovacki.  D ept. Pharm acology, U niversity  Illinois 
C ollege of M edicine, C hicago, IL 60612

R ecen t studies done in this labora to ry  have shown th a t adm inis
tra tio n  of adenosine and its  congeners a t  c e rta in  doses inc reased  deep 
slow w ave sleep and REM sleep in ra ts  (Radulovacki e t  a l., JPET 
228: 268, 1984; Virus e t  al. N europharm . 22: 1401, 1983). H ow ever, 
the  ro le  of endogenous adenosine in  sleep rem ains unclear. The aim 
of th e  p resen t study w as to  assay adenosine (A.) rece p to rs  in 
specific  brain s tru c tu re s  of r a ts  deprived of REM sleep  for 48 hours.

M ale Sprague-D aw ley ra ts , 300-350 g, w ere deprived of REM 
sleep  u tiliz ing  the  "flow er-po t"  m ethod (Mendelson e t  a l., 
P harm acol. Biochem. Behav. 2: 543, 1974) for 48 hours. C on tro l and 
REM sleep deprived (RD) groups w ere given ad libitum  access to  
food and w ate r fo r a period of 15 m in each  12 hrs during the  
experim en t.

A t 48 hrs anim als w ere killed by d ecap ita tion  and the ir brains 
w ere rapidly rem oved and d issected  to  rem ove the  following s tru c 
tu res: co rtex , s tr ia tu m , hippocampus and cerebellum . All brain 
sam ples w ere kept frozen  a t  -7 0 °C -u n til analyzed. Adenosine A1 
rece p to r binding was assayed using H3L-PIA .

CTX HIP STR CER
C KD (nM) 2.9 ± .4(11) 3.3 ± .5(12) 4.1 ± .5(9) 2.6 ± .6(3)

Bmax(fm/m g) 511 ± 25 745 ± 37 378 ± 20.5 848 ± 73
RD KD (nM) 4.2 ± .6(12) 4.9 ± .7(12) 5.2 ± .5(10) 3 .6 ± 1.4(4)
Bmax(fm/mg) 587 ± 21* 714 ± 36 466 ± 26.8* 783 ± 104
All values a re  m eans ± S.E.M.; Num bers in paren theses in d ica te  N 
for group *P≤ .05 as determ ined  by studen t's  t  te s t  for independent 
m easures. KD expressed as nanom olar and Bmax as fm o le /m g  
p rote in .

As can be seen in the  tab le , a  s ta tis tic a lly  sign ifican t inc rease  in 
Bm ax w as found in co rtex  and s tria tum  of REM deprived anim als. In 
addition , prelim inary resu lts  from  this laborato ry  suggest th a t 
adenosine levels in specific  brain s tru c tu re s  taken  from  anim als 
killed by m icrow ave irrad ia tion  a f te r  to ta l sleep deprivation , and 
also following 24 or 48 hour of RD showed no s ta t is t ic a l  change 
from  contro l adenosine levels in any s tru c tu re  analyzed. The 
s tru c tu re s  included: fro n ta l co rtex , occ ip ita l co rtex , tha lam us, hip
pocam pus, s tr ia tu m , and hypothalam us (m ethod of Wojcik and N eff, 
J . N eurochem . 39(1) 2 80, 1982). These d a ta  taken  to ge ther suggest 
th a t the  ac tions of endogenous adenosine on sleep may be due to  
rece p to r m ed iated  changes and not due to  inc reases  in adenosine 
levels. (Supported by ONR C o n tra c t N000 14-79-C -0420)
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283.1  BLOOD ETHANOL CONCENTRATIONS AND ETHANOL-INDUCED CHANGES IN 
THE AUDITORY BRAINSTEM RESPONSE. J .  A. Lee*~, R. F . Berman~, 
D. W. N ie lsen ,~#, W.-N. Lin*^ and A. R. K elly*^ . ~Psychology 
Department, Wayne S ta te  U n iv e rs ity ; #Oto lo g ic a l  Research 
L aboratory , and ^Pharmacology and Toxicology D iv ision , Henry 
Ford H o sp ita l, D e tro it,  MI 48202.

Alcohol a f fe c ts  the  Auditory Brainstem Response (ABR) in a 
d o se -re la ted  fa sh io n . S qu ires , Chu, and S ta rr  (E lec troen
ceph. c l in .  N europhysiol, 4 5 :577, 1978) and Lee, Berman, 
N ie lsen , and Schoener (N eurosci. A bstr. ,  8:595, 1982) found 
ABR wave slowing 45 min follow ing a m oderate, 2.5 g/kg , 
e thano l dose. Lee, e t  a l (1981) a lso  found prolonged wave 
slowing th a t  began immediately follow ing a high dose of 
e thano l (5 .0  g /k g ). Moreover, with the  moderate dose they 
found an e x c i ta to ry  e f f e c t  (decreased wave la te n c ie s )  th a t  
preceeded the  wave slowing, which s ta r te d  45 min a f te r  
a lco h o l. I t  was suggested th a t  the  e x c ita to ry  e f fe c t  might 
correspond to  the  r is in g  phase of blood alcohol le v e ls .  
This study was undertaken to  determ ine blood ethanol concen
t r a t io n s  follow ing e thanol adm inistered under cond itions 
id e n t ic a l  to  those during the  ABR a lcohol d o se -e ffe c t study.

Male Long-Evans r a t s  were prepared w ith chronic a o r t ic  
c a th e te rs .  Rats were 16-20 h rs  food deprived a t  the  time of 
e thano l ad m in is tra tio n . Ethanol doses, 5 .0 , 2 .5 , and 
0 . 5  g /kg , were adm inistered  by gavage in  equal volume. 
Blood was sampled a t  given in te rv a ls  over 2 1/2 h rs ,  begin
ning 2 min a f te r  e thano l ad m in is tra tio n . Samples were c o l
le c ted  in  7 0  u l hem atocrit c a p i l la ry  tu b es , and blood e th a 
nol co n cen tra tio n s  were determ ined by gas chromatography.

Blood ethano l curves fo r the  th re e  doses d if fe re d  accord
ing to  abso lu te  e thano l co n cen tra tio n , r i s e  tim e, peak tim e, 
and slope o f the  l in e a r  f a l l in g  phase. The h ig h est peak and 
the  s te e p e s t l in e a r  f a l l in g  phase occurred fo r the  h ig h est 
dose. The moderate dose produced the  lo n g est r i s e  tim e, 
peaking la t e r  than both the  low and high doses. The low 
dose blood e thanol curve-ABR a sso c ia tio n  was in conclusive . 
The e x c i ta to ry  e f f e c ts  follow ing the  moderate dose c o rre s 
ponded to  the  r is in g  and peak phases; the  onset of ABR wave 
slowing coincided w ith the  beginning o f the  l in e a r  fa l l in g  
phase. For the  high dose, ABR wave slowing was a sso c ia ted  
with every phase o f the  blood e thano l curve. According to  
these  r e s u l t s ,  ABR e x c ita to ry  e f fe c ts  a re  asso c ia ted  with 
r is in g  and peaking phases of blood a lcohol concen tra tion  
when the  r i s e  i s  not too s teep  and of ap p ro p ria te  h e ig h t. 
ABR wave slowing i s  a sso c ia ted  with the  lin e a r  f a l l in g  phase 
and w ith f a s t  r i s in g  and peaking phases.

283.2  TOLERANCE DEVELOPMENT TO ETHANOL INDUCED HYPOTHERMIA: ROLE  
OF BEHAVIORAL RESPONSES.  R. Spencer*. P. Marques*, S. Hsiao 
and T. Burks (SPON: P. P ickens).  Depts. of Psychology and 
Pharmacology, Univ. of A rizona, Tucson, AZ 85724.

Acute e thano l (ETOH) lowers body tem perature of r a ts  a t 
room tem perature. Development of to le ran ce  to  ETOH induced 
hypothermia has been dem onstrated. However, the e f fe c t  of 
ETOH on behav io ra l the rm oregu la tion , as to le ran ce  develops, 
has not been p rev iously  ch a rac te riz e d . We have devised a 
system which allow s fo r  the  sim ultaneous measurement of core 
body tem perature (T c), s e le c ted  "p re fe rred "  ambient temper
a tu re  (Tp) and general motor a c t iv i ty  of r a t s .  Tp was mon
ito re d  by p lac ing  r a ts  in  a 2 m long, 10 cm wide opaque h o l
low p le x ig la ss  tube in  which a l in e a r  tem perature g rad ien t 
(5°C-35°C) was e s ta b lis h e d . Tc was tran sm itted  by a temper
a tu re  s e n s it iv e  te lem etry  capsule placed in  the p e r ito n e a l 
c av ity . The range and frequency of movement w ith in  the tube 
provided a measure of motor a c t iv i ty .  For 14 consecutive 
days Tc, Tp and a c t iv i ty  le v e ls  were m onitored in  male a lb i 
no Sprague-Dawley r a ts  (200-250 gm) follow ing i . p .  in je c 
tio n s  of 2.5 gm/kg ETOH (20% v /v  in  s a lin e )  or an eq u iva len t 
volume of s a lin e  fo r co n tro l r a t s .  On day 15 a l l  r a t s  r e 
ceived a "placebo" s a lin e  in je c tio n . On day 1, ETOH tre a te d  
r a ts  exh ib ited  a mean peak hypothermia of -1 .24  C compared 
to  co n tro ls . By day 14 th e re  was no s ig n if ic a n t  d iffe ren c e  
in  Tc between ETOH and s a lin e  in je c ted  r a t s .  Mean hypother
mia fo r ETOH tre a te d  r a ts  dim inished in  a l in e a r  fashion  
over the  14 days (r= - .9 1 ) . Following a "placebo challenge" 
on day 15, the  ETOH to le ra n t  r a ts  ex h ib ited  a mean .72 C 
hypertherm ic response compared to  c o n tro ls . The ETOH in je c t 
ed r a ts  s e lec ted  a coo ler and more v a ria b le  Tp than co n tro l 
r a ts  throughout the 14 day period  (mean of 18.3 C fo r ETOH 
v s . 22.6°C fo r  s a l in e ) .  There was a trend  fo r  in c rea sin g  
mean Tp fo r  the f i r s t  20 min a f te r  ETOH in je c tio n  over the 
14 days (mean Tp fo r days 1-5 = 14.9°C and mean Tp fo r days 
10-14 = 18.2°C). A c tiv ity  le v e ls  of ETOH tre a te d  r a ts  were 
s ig n if ic a n t ly  depressed fo r the  e n t i r e  14 day pe rio d . Thus, 
although r a ts  became to ta l ly  to le ra n t  to  the hypothermic 
e f fe c ts  of ETOH, they did not become to le ra n t  to  the a c t iv 
i ty  depressan t e f f e c ts .  There was evidence fo r b ehav io ra l 
therm oregulatory adjustm ents over the 14 days, however, the 
magnitude and consistency  of change was not n early  as d ra 
m atic as the change in  peak hypotherm ia. These r e s u l t s  sug
gest th a t  to le ran ce  to  the hypothermic e f fe c ts  of ETOH are  
more a t t r ib u ta b le  to  autonomic therm oregulatory  responses 
than to  behav iora l therm oregulatory  responses.
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283.3  THE EFFECT OF SHORT-TERM ETHANOL FEEDING ON PITUITARY 
LUTEINIZING HORMONE BIOACTIVITY.  M. Emanuele*, K. Ward*, 
R. P e t r u t i s* , L. W allock*, L. K irs te in s* , N. Emanuele* and 
A.M. Lawrence* (SPON: J.A . McLane).  Biochem. Neuro
endocrino l. Research L ab ., VA H o sp ita l, H ines, I I  60141, 
and Depts. of Medicine and B iochem istry, Loyola U niversity  
S t r i tc h  School of M edicine, Maywood, I I  60153.

Excess e thano l (ETOH) exposure i s  known to  ex e r t a 
d e le te r io u s  e f fe c t  on rep roductive  p rocesses in  man and 
anim als. Although serum le v e ls  of lu te in iz in g  hormone (LH) 
d i f f e r  between co n tro l and ETOH-exposed anim als, th e re  i s  
no inform ation  as to  whether the b io a c t iv i ty  of p i tu i ta r y  
LH d i f f e r s .  In  t h i s  s tudy , twenty Sprague-Dawley male r a ts  
e i th e r  received  a l iq u id  ETOH d ie t  or were p a ir - f e d  is o
ca lo r ic a l l y  w ith dex trim a lto se  s u b s ti tu te d  fo r  the  ETOH.
In  ad d itio n , f iv e  anim als were fed r a t  chow ad lib itu m .
Two weeks l a t e r ,  a l l  animals were s a c r if ic e d  by d ecap ita 
t io n  and serum and p i tu i ta r y  LH was measured by a v a lid a ted  
radioimmunoassay. B asal serum LH le v e ls  were undetectab le  
in  both the  ETOH and p a ir - f e d  groups of r a ts  but d e tec tab le  
in  the  r a t  chow group. P i tu i ta r y  LH le v e ls  were s ig n i f i 
c an tly  h igher in  the  ETOH-fed compared to  the co n tro l- fe d  
group (762 ng/ml vs 502 ng/ml; p < .001). When LH e x tra c t
ed from co n tro l- fe d  and ETOH-exposed p i tu i t a r i e s  was 
assayed in  a r a t  t e s t i s  i n t e r s t i t i a l  c e l l  te s to s te ro n e  
sec re tio n  (RICT) b io assay , i t  was shown th a t  p i tu i ta r y  LH 
from the ETOH-fed group promoted s ig n if ic a n t ly  le s s  te s to s 
te rone  s e c re tio n  per ng LH compared to  the  sec re tio n  of 
te s to s te ro n e  th a t  was evoked by immunoequivalent amounts of 
p i tu i t a r y  LH from the  p a ir - f e d  anim als. C onclusion: 
S hort-te rm  ETOH feeding to  ad u lt male r a ts  was a sso c ia ted  
w ith  a s ig n if ic a n t  decrease  in  the  b io a c t iv i ty  of p i tu i ta r y  
LH as assessed  by LH-induction of te s to s te ro n e  s ec re tio n  
from Leydig c e l l s  i n v i t r o . A s ig n if ic a n t  in c rease  in  
t o t a l  immunore a c t iv e  LH content was a lso  found in  p i tu 
i t a r i e s  from ETOH-exposed anim als; th is  f in d in g , coupled 
w ith  th e  u nde tectab le  serum LH le v e ls ,  may in d ic a te  a 
problem w ith p i tu i t a r y  LH re le a se  in  the  presence of ETOH. 
The fin d in g  of u n d etectab le  serum LH in  the ETOH and p a ir
fed anim als may r e la te  to  su b tle  n u t r i t io n a l  d e fic ie n c ie s  
s in ce  serum LH was measurable in  the  group th a t  received  
r a t  chow ad lib itu m .

283.4 EFFECTS OF ACUTE AND CHRONIC ETHANOL TREATMENT ON THE 
ELECTROTONIC PARAMETERS OF HIPPOCAMPAL NEURONS.  D.  Du r and 
and P .L . C a r l e n ,   A p p lie d  Neu r a l  C o n tr o l  L a b ., D e p t. o f  
B iom ed ical E n g in e e r in g , C ase W e s te rn  R e s e rv e  U n i v e r s i t y ,  
C le v e la n d , OHIO, A d d ic tio n  R esearch  F oun d a tio n  and P l a y f a i r  
N eu roscience  U n it ,  T o ro n to , ONTARIO.

C hronic in g e s t io n  o f  e th a n o l has been  shown to  p roduce 
p s y c h o lo g ic a l ,  b e h a v io r a l ,  and m o r p h o lo g ic a l  dam ag e . The 
h ip p o c am p u s  i s  p a r t i c u l a r l y  a f f e c t e d  and some o f  th e  
p a th o p h y s io lo g ic a l e f f e c t s  have r e c e n t ly  been in v e s t ig a t e d .  
Both e x t r a c e l l u l a r  and i n t r a c e l l u l a r  re c o rd in g s  have shown 
a s i g n i f i c a n t  im p a irm e n t  o f  th e  i n h i b i t o r y  m e c h a n is m s . 
H ow ever, v e ry  l i t t l e  h a s  b ee n  p u b l i s h e d  on th e  e f f e c t  o f  
e th a n o l on th e  p a s s iv e  e l e c t r i c a l  p r o p e r t i e s  o f  nerve  c e l l s  
and b o th  th e  c h r o n ic  and th e  a c u te  e f f e c t s  h av e  b e e n  
in v e s t ig a te d  i n - v i t r o .

F or 5 m onths, m ale Sprague Dawley r a t s  w ere p ro v id e d  
a d - l ib i tu m  b u t m easured ac cess  to  a l i q u id  d i e t  c o n ta in in g  
35% o f  i t s  c a l o r i e s  as  e t h a n o l  w h i le  a c o n t r o l  g ro u p  
r e c e iv e d  th e  sam e d i e t  w i th  e th a n o l  r e p l a c e d  by  m a l to s e
d e x t r i n s .  The e t h a n o l  g ro u p  was w ith d ra w n  f o r  3 w eeks 
b e fo re  th e  i n t r a c e l l u l a r  re c o rd in g s  o f  g ran u le  c e l l s  w ere 
o b t a in e d .  S h o r t  c u r r e n t  p u l s e s  w ere  i n j e c t e d  i n t o  th e  
n e u ro n s  and th e  r e s u l t i n g  v o l t a g e  d e c a y s  a n a ly z e d  w i th  a 
com puter model o f  g ra n u le  c e l l s .  The model c o n s is te d  o f  an 
e q u i v a l e n t  d e n d r i t i c  c y l i n d e r  c o u p le d  to  a soma and a 
s o m a t ic  s h u n t .  The f o l l o w i n g  p a r a m e te r s  w ere  e s t i m a t e d :  
e l e c t r o t o n ic  le n g th  L, d e n d r i t i c  dom inance r a t i o  p , so m a tic  
s h u n t  c o e f f i c i e n t  e , m em brane t im e  c o n s t a n t  τ m, in p u t  
r e s i s ta n c e  Rn, th e  axop lasm ic  s p e c i f i c  r e s i s ta n c e  R i, th e  
m em brane s p e c i f i c  r e s i s t a n c e  Rm and c a p a c i t a n c e  Cm. The 
r e s u l t s  showed no s i g n i f i c a n t  d i f f e re n c e  in  τ m, Rn, ρ and 
ε . H ow ever, th e  f o l l o w i n g  p a r a m e te r s  w ere  s i g n i f i c a n t l y  
a f f e c te d  as s hown in  th e  ta b le :

C o n tro l N E th an o l N Prob
L .85 22 .94 22 .05
Rm (Ohm.cm2) 6632 9 18460 7 .01
Cm (uF/cm2) 4 .4 8  9 1 .37  7 .02
Ri (Ohm.cn) 147 7 54 7 .05

A cute e th a n o l a d m in is t r a t io n  on CA1 neu rons  su g g es ted  
th a t  e th a n o l in c re a s e d  membrane c a p a c i ta n c e .  In  7 /12  c e l l s  
u s in g  20mM e t h a n o l  and in  6 /6  u s in g  100mM e t h a n o l ,  an  
i n c r e a s e d  τ m (up  to  75%) r e s u l t e d  w i th  l i t t l e  c h a n g e  o r  
d e c r e a s e  in  Rn, s u g g e s t in g  in  t h e s e  c e l l s  t h a t  e t h a n o l  
in c re a s e d  membrane c a p a c ita n c e . The r e l a t i o n s h i p  b etw een  a 
d e c re a se  in  Cm produced  by c h ro n ic  e th a n o l and th e  in c re a s e  
in  Cm p roduced  by ac u te  e th a n o l rem ains  to  be in v e s t ig a t e d .

283.5  DIFFERENTIAL EFFECTS OF ETHANOL AND OPIATES ON BSR 
THRESHOLD,  M.J. Lewis, J .R . Andrade,* C.Mebane* and 
R. Phelps*  Dept. of Psychology, Howard U n iv e rs ity , 
Washington, D.C. 20059

The rew arding e f f e c ts  of both e thano l (ETOH) and 
o p ia te s  a re  w idely be lieved  to  p lay  a v i t a l  ro le  in 
th e i r  s e lf -a d m in is tra tio n  and abuse. Based on re sea rch  
th a t  shows th a t  condensation products of monoamine neu
ro tr a n s m itte rs  w ith  the  a lcoho l m e tab o lite  acetaldehyde 
1. have o p ia te - l ik e  e f f e c ts ,  2. may enhance ETOH 
s e l f  ad m in is tra tio n , and 3. may be produced endogene
ously  w ith  chronic ETOH a d m in is tra tio n , i t  has been sug
gested  th a t  o p ia te s  and ETOH may have a common s u b s tra te  
of reward. In  th e  study rep o rted  h e re , the  re in fo rc in g  
p ro p e r tie s  of both drugs were in v e s tig a te d  using  b ra in  
s tim u la tio n  reward (BSR) in  lab o ra to ry  r a t s .

Male a lb ino  r a t s  were im planted w ith  platinum  bipo
l a r  e le c tro d e s  u sing  s tandard  s te reo to x ic  procedures. 
E lec trodes  were d ire c te d  a t  l a t e r a l  hypothalmic (LH) 
s i t e s  w ith in  the  m edial fo reb ra in  bundle or th e  v e n tra l 
tegmentum (VT) p o s te r io r  to  the  su b s ta n tia  n ig ra .  Ani
mals were shaped to  le v e r-p re s s  fo r  BSR a t  each s i t e .  
Animals were tra in e d  i n i t i a l l y  under continuous re in 
forcem ent and then  under a fixed  r a t io  schedule of re 
inforcem ent. Thresholds fo r  BSR were determ ined using 
a m o d ifica tio n  of the  technique of Huston and M ills  
(1971) (Phelps and Lewis, Behavior Research Methods 
and In s tru m en ta tio n . 1982, 14 (3) 323-328).

Morphine (2 .5  and 5 mg/mg, ip ) lowered BSR th resho ld  
in  both  th e  LH and VT. The o p ia te -a n tag o n is t na lo xone 
(1 .6  and 5 .0  mg/kg)increased  th re sh o ld  in  the  VT, but 
no t in  th e  MFB. Conversely ETOH (.2 5  and .50 gm/kg 
lowered BSR th re sh o ld  a t  LH s i t e s ,  but no t in  the VT.

These d a ta  suggest th a t  a t  low doses, th ese  drugs 
do n o t share  a common s u b s tra te  of reward. (Supported 
in  p a r t  by AA06263 and DA02176).

283.6  ALCOHOL-INDUCED "MANIC" RUNNING IN MICE. R.J. Douglas*, E.T. 
McGarvey* & G.M. Clark.  Psychology Dept., Univ. Washington, 
Seatt le ,  Wash., 98195.

In an automated apparatus we continuously monitor ac t iv 
i ty  in terms of photocell beam breaks. "General ac t iv i ty"  
consists of beam breaks in any sequence whereas "locomotion" 
refers  to a foreward progression of beam breaks. Mice can 
engage in pure locomotion by running Along e i ther  of two 
circular  paths. The time course of drug action is  observed 
by placing mice in the apparatus immediately a f te r  in je c t 
ion. Of the many drugs tes ted so f a r ,  ethanol and pentobarb
i ta l  both specif ica l ly  stimulate locomotion, but we have 
concentrated on the effects  of i .p .  injections of 1 0 % eth
anol in sa line. Mice are usually begun a t  a dose of .25 g/
kg, which is incremented by .25 on successive days up to a 
maximum of 2 g/kg. Peak locomotion usually occurs between 
1 . 0  and 1 . 7 5  g/kg, with higher doses producing severe ataxia 
and/or stupor. At the optimal dose v ir tua lly  all  behavior is  
channeled into locomotion, and the running behavior could be 
described as "manic" or "frenzied". Speeds of 25 cm/sec have 
been maintained for over 15 min. Peak locomotion often coin
cides with some degree of hindlimb ataxia.  Catecholaminergic 
stimulants,  in contrast ,  may increase general ac t iv i ty ,  but 
they actually reduce locomotion. These drugs also detract 
from the locomotor stimulant e ffec t  of alcohol,  in support 
of the observations of Abbott & Dudek (Neurosci Abstr 7:313, 
1981).

Drugs affecting the cholinergic system have potent e f f 
ects when employed as pretreatment for  alcohol injection. 
Scopolamine, for example, potentiates the locomotion-stim
ulating effec t  of alcohol while the cholinergic stimulant 
physostigmine blocks th is  e ffect  a t  doses as low as .05 mg/
kg. The effects  of polyethylene glycol (POLY) are even more 
str ik ing .  We use a 25% solution of POLY in sa l ine and have 
found the drug, when used by i t s e l f ,  to have no consistent 
behavioral e ffects  a t  doses up to 16 g/kg. When employed as 
pretreatment for  alcohol, however, a dose of 5 g/kg can com
pletely block alcohol-induced locomotion when alcohol is 
injected 30 min l a te r  and can greatly reduce the ef fec ts  of 
alcohol injected up to a week la te r .  POLY pretreatment also 
appears to greatly reduce ataxia and other signs of alcohol 
inebriat ion.
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283.7  ETHANOL, HYPOTHERMIA AND SUSPENDED ANIMATION IN MICE: PRE
LIMINARY STUDIES.  R.L. Alkana, G.G. G alle isky* , M. B ejanian , 
P .J .  Syapin and D.A. F inn*.  I n s t ,  fo r  Toxicology, School of 
Pharmacy, Univ. o f So. C a l i f . ,  Los Angeles, CA 90033.

In c id e n ta l observations in  our lab o ra to ry  suggested th a t 
low ering th e  body tem perature of e thano l in to x ic a te d  mice 
below 25 °C by exposing them to  cold environments markedly 
slowed m etabolic  a c t iv i ty  as measured by weight lo s s  and re 
s p ira to ry  r a te .  These anim als were not responsive behavior
a l ly ,  bu t recovered normal fu n c tio n  a f te r  warming. The p re
sen t study attem pted  to  r e p l ic a te  these  fin d in g s  under more 
c o n tro lle d  co n d itio n s . A dult, d rug-naive, weight matched, 
male C57BL/6J mice were in je c te d  i . p .  w ith  5.0g/kg e thano l 
(2 0 % w/v) or w ith  normal s a lin e  and p laced  in to  chambers a t 
15 o r 22 °C w ithout food o r w ater fo r  24 hours a f t e r  in je c 
t io n . Body w eigh ts, r e c ta l  tem pera tu res, re s p ira to ry  ra te s  
and g eneral behavior were recorded. The e thano l in je c te d  
mice exposed to  15 °C lo s t  s ig n if ic a n t ly  le s s  weight (3.4%) 
than the  e thano l in je c te d  mice exposed to  22 °C (18.6%) and 
sa l in e  in je c te d  mice exposed to  15 °C (24.8%) and 22 °C 
(22.0%). The body tem perature of e thano l in je c te d  mice ex
posed to  15 °C dropped to  1 6 ± 1 .0  °C by 4 hours post in je c 
tio n  and remained a t  th a t  le v e l fo r  24 hours. In  c o n tra s t ,  
the  r e c ta l  tem peratures of e thano l in je c te d  mice exposed to 
22 °C had re tu rn ed  to  normal by 24 hours post in je c tio n . The 
body tem peratures of s a lin e  in je c te d  animals did not change 
s ig n if ic a n t ly  over the  24 hour period  re g a rd le ss  of the  am
b ie n t tem perature to  which they were exposed. The re s p ira 
to ry  r a te  of e th an o l-co ld  exposed mice dropped from approxi
m ately 190 b rea th s  per minute (bpm) p r io r  to  treatm ent to  
< 80 bpm a t  4 hours and was fu r th e r  reduced to  < 30 bpm a t 24 
hours post in je c t io n .  R esp ira to ry  ra te s  in  the  e thano l 22 °C 
and s a lin e  tre a te d  anim als were not s ig n if ic a n t ly  d if f e r e n t 
a t  4 and 24 hours a f te r  in je c t io n  than they were before  
trea tm en t. The marked reduc tion  in  weight lo s s  and re s p ira 
to ry  r a te  in  the  in to x ic a te d  15 °C exposed anim als suggests 
th a t  th e i r  m etabolic r a te  had been reduced by over 80% in  
comparison w ith mice rece iv in g  an equ iva len t amount of e th 
ano l-d e riv ed  ca lo r ie s  and exposed to  22 °C. These re s u l ts  
agree  w ith  p revious work in d ic a tin g  th a t  co n tro lle d  hypother
mia can be used to  p ro te c t t is s u e s  from the d e s tru c tiv e  e f 
fe c ts  o f anoxia and extends th ese  find ings  to  suggest the  ex
c i t in g  p o s s ib i l i ty  th a t  e thano l might rep re sen t a to o l fo r 
inducing prolonged suspended anim ation or a r t i f i c i a l  h iberna
t io n  (supported by USPHS resea rch  g ran t R01 AA05234, NIAAA, 
ADAMHA).

283.8  A COMPARISON BETWEEN RECTAL AND BRAIN TEMPERATURES IN ETHA
NOL-INTOXICATED MICE.  M. B ejanian , D.A. Finn*. P .J .  Syapi n . 
D. Boone*, and R.L. Alkana.  I n s t . fo r  Toxicology, School of 
Pharmacy, Univ. of So. C a l i f . ,  Los Angeles, CA 90033.

In previous s tu d ie s ,  our lab o ra to ry  has used deep r e c ta l  
tem perature as a s u b s t i tu te  fo r  measuring b ra in  tem perature 
in  i n to x ica ted  mice exposed to  d if f e r e n t  ambient tempera
tu re s .  The p resen t study in v e s tig a te d  the  accuracy of th is  
s u b s ti tu tio n . A dult, d rug-naive, male C57BL/6J mice were 
in je c te d  i . p .  w ith 4.0 g/kg e thano l (20% w/v) or normal sa
l in e ,  caged in d iv id u a lly  and p laced  in s id e  a tem perature con
tro l le d  chamber a t  15, 22, 32, or 34 °C. T h irty  minutes 
p o s t- in je c tio n  the  animals were removed from the chamber. 
Their r e c ta l  tem peratures were taken. Then, they were k i l le d  
by c e rv ic a l d is lo c a tio n , decap ita ted  and a th e rm is te r probe 
(B ailey Instrum ents, Model RET-3) was in s e r te d  through the  
foramen magnum in to  the  th ir d  v e n tr ic le .  The r e c ta l  tempera
tu re  of the  body stump and the  b ra in  tem perature were record
ed sim ultaneously fo r  15 seconds. R ectal and b ra in  tempera
tu re s  in  the  in to x ic a te d  mice were h igh ly  c o rre la te d  ( r 2 = 
0.90) w ith both tem peratures in c rea s in g  s ig n if ic a n t ly  as the  
ambient tem perature inc reased . However, b ra in  tem perature 
increased  more slowly than did r e c ta l  tem perature and was 
s ig n if ic a n t ly  lower than r e c ta l  tem perature in  in to x ic a te d  
mice exposed to  32 and 34 °C but was not s ig n if ic a n t ly  d i f 
fe re n t than r e c ta l  tem perature in  mice exposed to  15 and 22 
°C. In  sober mice, b ra in  tem perature was always s ig n i f ic a n t 
ly  lower than r e c ta l  tem perature and these  tem peratures re 
mained re la t iv e ly  constan t reg a rd le ss  of the  ambient temper
a tu re . These r e s u l t s  in d ic a te  th a t  r e c ta l  and b ra in  temper
a tu re s  a re  h igh ly  c o rre la te d  in  in to x ic a te d  mice, but they do 
not change in  p a r a l le l  during ambient tem perature challenge . 
T herefore, re c ta l  tem perature per se provides only a rough 
estim ate  of the  e f fe c t  of ambient tem perature challenge on 
b ra in  tem perature in  in to x ic a te d  mice. However, r e c ta l  tem
pera tu re  can be used to  c a lc u la te  a h igh ly  accu ra te  e stim ate  
of b ra in  tem perature in  these  animals i f  the  re lev an t re g re s 
sion  inform ation  i s  av a ilab le  (Supported by USPHS gran t R01 
AA05234, NIAAA, ADAMHA).

283 .9  AMPHETAMINE AND NICOTINE INCREASE ETHANOL INTAKE: 
A STRESS REDUCTION MODEL?  A .D . L ev y , M.M. 
M organ , & G.  E l l i s o n .   D ept. o f  P s y c h o lo g y ,  UCLA, 
L os A n g e le s ,  CA 9 0 0 2 4 .

We h a v e  p r e v i o u s l y  d e m o n s t r a te d  t h a t  c o n t i n u 
o u s  l o w - l e v e l  a d m i n i s t r a t i o n  o f  am p h e tam in e  
(AMPH) o r  n i c o t i n e  i n c r e a s e s  p r e f e r e n c e  f o r  
e th a n o l  i n  r a t s  (Pharm  B io  Beh 1 8 :4 8 9 ) .  B o th  
n i c o t i n e  an d  AMPH i n c r e a s e  c o r t i c o s t e r o n e  (CORT) 
l e v e l s  (P sy c h o p h a rm . 6 3 :7 ;  N e u r o e n d o c r in . 2 9 : 
1 1 0 ) s u g g e s t i n g  t h a t  t h e s e  a g e n t s  a c t  a s  s t r e s 
s o r s .  To d e te r m in e  w h e th e r  t h e  i n c r e a s e d  e th a n o l  
i n t a k e  r e p r e s e n t s  s t r e s s  r e d u c t i o n ,  d a i l y  lo c o 
m o to r  a c t i v i t y ,  a s  w e l l  a s  CORT, ACTH, and  
a d r e n a l  w e ig h ts  w e re  m e a su re d  in  r a t s  r e c e i v i n g  
c o n t in u o u s  AMPH, n i c o t i n e ,  o r  v e h i c l e ,  an d  g iv e n  
a c c e s s  t o  b o th  e th a n o l  an d  w a t e r ,  o r  w a te r  o n ly .

R a ts  h o u s e d  i n  t i l t - c a g e s  f o r  d a i l y  lo c o m o to r  
a c t i v i t y  m e a s u re m e n ts ,  w e re  g iv e n  ad  l i b  a c c e s s  
t o  w a t e r ,  10% e t h a n o l ,  an d  fo o d  f o r  a t  l e a s t  30 
d a y s .  P e l l e t s  f o r  c o n t in u o u s  a d m i n i s t r a t i o n  o f  
AMPH, n i c o t i n e  o r  v e h i c l e  w e re  im p la n te d  s u b c u 
t a n e o u s l y .  T w elve  d a y s  a f t e r  p e l l e t  i m p l a n t a t i o n ,  
a l l  a n im a ls  w e re  s a c r i f i c e d  by  d e c a p i t a t i o n ,  and  
b lo o d  s a m p le s  w e re  c o l l e c t e d  f o r  ra d io im m u n o a s sa y  
o f  CORT and  ACTH. A d re n a ls  w e re  a l s o  rem oved  and  
w e ig h e d .

I n t a k e  o f  e th a n o l  w as i n c r e a s e d  from  b a s e l i n e  
l e v e l s  f o l l o w i n g  AMPH o r  n i c o t i n e  p e l l e t  im p la n 
t a t i o n ,  b u t  was u n c h an g e d  in  c o n t r o l  p e l l e t  
g r o u p s .  A c t i v i t y  w as i n c r e a s e d  by  AMPH a d m in is 
t r a t i o n ,  and  r e m a in e d  h ig h  th r o u g h o u t  t h e  12 
d a y s .  N i c o t i n e  s l i g h t l y  r e d u c e d  lo c o m o to r  
a c t i v i t y .  E th a n o l  i n t a k e  d id  n o t  s i g n i f i c a n t l y  
a l t e r  a c t i v i t y  i n  t h e  c o n t r o l  p e l l e t  g r o u p ,  n o r  
d id  i t  a l t e r  t h e  e f f e c t s  o f  AMPH o r  n i c o t i n e  on 
a c t i v i t y .  A d re n a l w e ig h ts  w e re  i n c r e a s e d  in  
g r o u p s  r e c e i v i n g  AMPH o r  n i c o t i n e  p e l l e t s ,  and  
w e re  n o t  a t t e n u a t e d  i n  g ro u p s  w i th  a c c e s s  t o  
e t h a n o l .  L o co m o to r a c t i v i t y  d o e s  n o t  a p p e a r  t o  
be  an  im p o r t a n t  f a c t o r  i n  t h e  d r u g - in d u c e d  
i n c r e a s e  o f  e th a n o l  i n t a k e .  A ssay  o f  CORT and  
ACTH l e v e l s  w i l l  be  d i s c u s s e d  in  te rm s  o f  w h e th e r  
c o n t in u o u s  d ru g  a d m i n i s t r a t i o n  a c t s  a s  a s t r e s 
s o r ,  an d  th e  d e g r e e  t o  w h ich  th e  i n c r e a s e d  
e th a n o l  i n t a k e  a n t a g o n iz e s  t h e  s t r e s s .

283 .10  ETHANOL SELF-ADMINISTRATION IN RATS: EFFECTS OF ACUTE 
AMPHETAMINE.  A .O .Pfeffer* & H.H.Samson* (SPON: 
D .F inocchio).  Dept. of Psych. Univ. of WA, S e a tt le ,  WA 
98195.

The ro le  of catecholam ines in  m ediation of drug 
s e l f -a d m in is tra tio n  has received  much a t te n t io n  in  recen t 
y ears . However, th e re  have been no s tu d ie s  of the  e f fe c ts  
of psychomotor s tim u lan ts  on o ra l e thano l 
s e l f -a d m in is tra tio n . The p resen t study employs an operant 
technique to  examine the  e f fe c ts  of d1-amphetamine (AMP) on 
e thano l as a scheduled re in fo rc e r .

Six male Long-Evans r a t s ,  m aintained a t  80% body weight 
by food r e s t r i c t io n ,  were tra in e d  to  lev e rp re ss  fo r  w ater 
and 5% (v /v ) e thano l on a concurrent FR8 -FR8 schedule .
A fte r lev e rp re ss in g  r a te  in  d a ily  30-minute sessions  had 
s ta b i l iz e d ,  i . p .  in je c tio n s  were given 30 minutes before  
s e s s io n s , as fo llow s. On Mondays and Fridays no in je c tio n s  
were g iven . On Tuesdays and Thursdays drug veh ic le  and on 
Wednesdays e i th e r  0 .25 , 0 .5 or 1.0 mg/kg doses of AMP were 
in je c te d . Each r a t  received  each AMP dose tw ice.

In  b a se lin e , a l l  r a ts  p re fe red  e thano l to  w ater (median 
e thano l preference  = 90%). N either v eh ic le  nor AMP had any 
e f f e c t  on w ater responding. The low dose of AMP 
s ig n if ic a n t ly  (p<.05) increased  responding fo r  e thano l (mean 
in c rea se  = 21%, sd= 42%) and the  high dose s ig n if ic a n t ly  
(p<.025) decreased responding fo r  ethanol (mean decrease  = 
6 6 %, sd = 43%). N either the v eh ic le  nor the  middle dose of 
AMP had a s ig n if ic a n t  e f fe c t  on responding fo r e th an o l.
Lack of s ig n if ic a n ce  under the middle dose was due to  
he te ro g en eity  of AMP e f f e c t :  two r a ts  increased  responding, 
two decreased , and two increased  on one drug in je c t io n  and 
decreased on the o th e r . B aseline ra te  of lev e rp re ss in g  
showed no r e la t io n  to  AMP e f f e c ts .

Several po ssib le  in te rp re tio n s  e x is t .  F i r s t ,  AMP may 
simply in c rea se  a ro u sa l and thus in c rease  responding, u n t i l  
a t  the  h igher doses s te re o ty p ic  behaviors in te r f e r e  w ith 
scheduled le v e rp re ss in g . Casual observation  of some r a ts  a t  
th e  h ighest AMP dose revealed  the  presence of s te reo ty p ic  
movement p a tte rn s .  Second, the  amount of DA th a t i s  
re le a sed  by a low dose of AMP may p o te n tia te  o th e r 
re in fo rc e rs ,  mediated by the  mesolimbic DA system. A la rg e r  
AMP dose could s a tu ra te  DA recep to r s i t e s ,  and render 
re in fo rc e rs  in e f fe c t iv e . T hird , AMP i s  known to  a f fe c t  both 
DA and NE system s. If  the  two systems are  involved 
d i f f e r e n t ia l l y  in  a ro u sa l and re in forcem ent, a t  d if f e r e n t  
doses the  combined e f fe c ts  may be m anifested  d i f f e r e n t ly .
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283. 11  HYPOTHALAMIC ETHANOL APPETITE CENTER STUDIED BY MEANS OF 
EtOH FREE SELECTION (E .F .S .) , INHERITANCE IN "DRINKER" &
"NON DRINKER" RAT. E. Egaña, *F. Gonzáles,*M. Labbé ,*M. La
r ra g ib e l  &*H. Muñoz . U n iversity  o f Chile -  Faculty  o f Me
d icine -  I n s t i tu te  of Experimental Medicine -  Laboratory 
o f Neurochem istry; Santiago 7 -  C h ile .

I t  i s  accepted th a t  E .F .S . i s  a r e l ia b le  method to  s tu
dy EtOH ap p e tite  hypothalamio "ce n te r " .  Also to study the 
eventual in h e rita n ce  o f EtOH ad d itio n  ("Drinker & Non Drin
ker mammals"). We re p o rt experiments on E .F .S . in  normal  
ad u lt ♂& ♀ r a t s  in  which EtOH o f d iv erse  conce n tra tio n  we
re  o ffe red  in  ad d itio n  t o H2 O: 3%, 12%,  18% & 25% v /v . Indi
vi dual oages, c a lib ra te d  v esse ls  ro ta te d  dayly . R esults as 
g EtOH/100 g ra t /2 4  h . Laps e :35–40 days. N° anim als:  ♂  110 
& ♂ 105. According to  EtOH dayly consumption the r a t s  were 
c l a s i f i ed :D1- ≥ 0 .8 0 ;D2=0 .75-0.65 ;D3=0; 60-0 .50;D4 -0 .45-0.35 
D5=0 .3 0 -0 .2 0 ;D6= ≤ 0 .20 .C rossed  ♂+♀ of id e n tic a l D. See TA
BLE 1 .

TABLE 
E.F.S., "DRINKER" & "NON DRINKER", % IN EACH GENERATION 1st Generation

♂ ♀D1 D2 D3 D4 D5 D6 D1 D2 D3 D4 D5 D5
32.5 23.3 33.2 11.0 — — 28.7 27.3 44.0 — — —
2nd Generation31.0 28.4 33.1 7.5 — — 25.8 28.2 42.9 3.1 — —
3rd Generation
36.2 2.02 31.9 10.7 1.0 — 47.0 16.8 30.5 5.7 — —
N=Normal adult rat (110 ♂& 105 ♀). 1st generation 60, 2nd generation 76½ 3rd generation 79.

There was no s ig n if ic a n t  d iffe ren ce  between ♂  &  ♀ .  Higher 
% found in  D1 & D3 p a r t ic u la r ly  i n  ♀ 2nd & 3rd g enera tions. 
♂ p re fe rred  more d i lu te  (3% % 12% v /v  EtOH) & ♀ choose h i
gher concen tra tion  (18% & 25% v /v ) .  The 3 generations sho
wed s im ila r  percentage o f D, w ith minor v a r ia tio n s  p a r t i 
c u la r ly  D1 & D3 . D5 & D6 were not  found (except ♂  3 rd  ge
n e ra t io n ) .  A p re lim inary  conclusion could be th a t  hypoth a
lamio EtOH—a p p e tite  "cen te r"  i s  se le c tiv e  regard ing  the 
EtOH concen tra tion  in ta k e , in  th e  sense th a t high D could 
be got by d rink ing  e i th e r  3% or  25% EtOH s o l . These f in 
d ings may favor th e  in h e rita n ce  theory  o f Alcohol a d d it i
on in  mammal (inc lud ing  human), process which could a r r i
se from an enzime-mutatio n or  permanent enzime-ad a p ta tio n  
in  neurons o f the EtOH a p p e tite  "cen ter"  which envol ves 
changes o f DNA/RNA/p ro te in  fu n c tio n .

*Research student F acu lty  o f M edicine. Grant P ro jec t B 
1050-845-5 by D .D .I. U n iversity  of  C h ile .

283. 12  NIGRAL & SYSTEMIC GABA AGONISTS: EFFECTS ON EVOKED FIELD 
POTENTIALS DURING ETHANOL WITHDRAWAL-  L.P. Gonzalez and 
M.K. H e ttin g e r.  Alcohol and Drug Abuse Res. and T rain ing  
Program, and Dept. o f P hysio l, and B iophys., Univ. o f 111. 
a t  Chicago, H1th .  S c i. C n tr . , Chicago, I I .  60612.

We have re c en tly  rep o rted  r e s u l t s  which suggest th a t  
GABAergic neurons of th e  s u b s ta n tia  n ig ra  may be re g u la to rs  
of e thano l (EtOH) w ithdrawal se iz u re s  and re la te d  
symptomatology (B rain  R es., 1984, 298: 163-166). In those 
s tu d ie s ,  we observed a s ig n if ic a n t  suppression  o f induced 
motor convulsions follow ing in t r a n ig r a l  a d m in is tra tio n  of 
th e  GABA ag o n ist muscimol. In o rder to  fu r th e r  ev a lu a te  
th e  ro le  o f GABA-receptive neurons in  th e  EtOH withdrawal 
syndrome, we examined th e  e f f e c ts  of lo c a l  in je c t io n s  of 
muscimol and system ic in je c t io n s  o f diazepam on w ithdrawal 
se iz u re s ,  and th e  a sso c ia ted  changes in  c o r t ic a l  and 
s u b co r tic a l neuronal a c t iv i ty .  Sprague-Dawley r a t s  
received  chronic b i l a te r a l  im plants of guide cannulae 
placed J u s t  above th e  s u b s ta n tia  n ig ra  zona r e t i c u la ta  
(SNR). Monopolar, sem im icroelectrodes were im planted 
w ith in  th e  amygdala, hippocampus, and SNR, and b i la te r a l  
e le c tro d es  over motor and v isu a l c o rte x . One week a f te r  
surgery  th e  anim als received  chronic EtOH exposure in  
EtOH-vapor in h a la tio n  chambers. Following ten  days of 
chronic exposure, th e  anim als were removed from the  
chambers and were observed fo r evidence o f w ithdrawal 
hy p erex c ita b i l i t y .  E ight h rs  a f t e r  removal from th e  
chamber, a s e r ie s  o f p h o tic -s tim u la ted  f i e ld  p o te n t ia ls  
( FP’s )  were recorded from th e  im planted e le c tro d e s .  
Animals then received  e i th e r  b i l a te r a l  in je c t io n s  (0 .5  u l)  
in to  SNR of e i th e r  s a l in e  o r muscimol (1 5 .0  o r 30.0 ng per 
s id e ) ,  o r system ic in je c t io n s  o f s a lin e  (1 cc/Kg) o r 
diazepam (1 .2 5  o r 2.50 mg/Kg). Twenty min a f t e r  in je c t io n ,  
ano ther s e r ie s  o f FP’s were recorded and th e  anim als were 
then te s te d  fo r s u s c e p t ib i l i ty  to  audiogenic se iz u re s .

Both in t r a n ig r a l  muscimol and system ic diazepam were 
found to  s ig n if ic a n t ly  in h ib i t  s e iz u re s .  Both trea tm en ts  
a lso  increased  th e  la ten cy  o f l a t e  FP components and 
reduced th e  am plitude o f FP’s  a t  a l l  su b c o r tic a l s i t e s  in  a 
dose-dependent manner. The g re a te s t  e f f e c ts  were seen in  
l a t e  components and in  th e  response to  a second stim u lus 
app lied  between 300 and 700 msec a f te r  th e  f i r s t .  These 
r e s u l t s  suggest th a t  n ig ra l  GABA-receptive neurons may be 
d ir e c t ly  involved in  th e  re g u la tio n  o f EtOH withdrawal 
se iz u re  a c t iv i ty ,  or in d ir e c t ly  through th e i r  e f f e c ts  on 
o th e r su b co r tic a l s i t e s .

283. 13  SENSITIVITY TO ANTICONVULSANT EFFECTS OF HYPNOTICS IN MICE 
BRED TO BE WITHDRAWAL-SEIZURE-PRONE (WSP) AND-RESISTANT 
(WSR) AFTER ETHANOL PHYSICAL DEPENDENCE.  J .C . Crabbe, 
A. Kosobud*, E.R. Young*, B.R. Tam*, and J .D . McSwigan*.  
VA Medical Center and D epts. of Medical Psychology and 
Pharmacology, Sch. of Med., Oregon H ealth Sciences U niv., 
P o rtlan d , OR 97207 USA.

We are  s e le c tiv e ly  breeding mice to  be r e s is ta n t  (WSR) 
or prone (WSP) to  develop withdrawal se izu re s  a f te r  
chronic treatm ent w ith e thanol vapor. A fte r twelve 
g enerations  of s e le c tio n , the  WSP l in e  develops 
approxim ately 1 0 -fo ld  more severe withdrawal se izu re s  than 
the  WSR l in e .  We have p rev iously  shown th a t  the  WSP and 
WSR lin e s  have v i r t u a l ly  id e n tic a l  th resh o ld s  fo r se izu re s  
induced by a v a r ie ty  of drugs and tre a tm en ts . Ethanol 
(1 .5  g/kg) was shown to  be a g en era lly  e f fe c tiv e  
an tico n v u lsan t agent in  both l in e s ,  and the  WSR l in e  i s  
markedly more s e n s it iv e  than the  WSP lin e  to  the 
an tico n v u lsan t e f fe c ts  of e thano l ag a in st se izu re s  induced 
by e lec tro co n v u ls iv e  shock (ECS). The WSR l in e  i s  
s l ig h t ly  more s e n s i t iv e  to  e th a n o l 's  an ticonvu lsan t 
e f fe c ts  a g a in st f lu ro th y l and s try ch n in e , but the  l in e s  do 
not d i f f e r  in  s e n s i t iv i ty  to  e thano l ag a in st b ic u c u llin e , 
p ic ro to x in , or p e n ty le n e te traz o l s e iz u re s .

We compared th e  WSP and WSR l in e s  one hour a f te r  
trea tm en t w ith methanol (2 g /k g ), e thano l (1 .5  g /k g ), 
n-propanol (0 .75 g /k g ), or t-b u tan o l (0 .37 g/kg) by 
e s ta b lis h in g  the  Convulsive Amperage50 (CA5 0 ) f or
to n ic  hindlim b ex tenso r se izu re s  induced by tran sco rn ea l 
ECS (200 msec, vary ing  mAmp, using the  up-and-down method 
of Dixon and Mood). A ll trea tm en ts  e levated  se izu re  
th re sh o ld s , and the  WSR mice were more s e n s it iv e  than the 
WSP mice to  th ese  e f f e c ts  in  a l l  case s . The r a t io  
(WSRtWSP) of CD5 0  a f t e r  treatm ent was approxim ately 2 
fo r a l l  a lcoho ls  te s te d .  Thus, th e re  did not appear to  be 
a s e n s i t iv i ty  d iffe re n c e  between th e  l in e s  as a func tion  
of chain  leng th  of a lcohol te s te d .  When sodium 
p e n to b a rb ita l (45 mg/kg) was te s te d ,  the  opposite  re s u l t  
was found. WSP mice were approxim ately 1.6 tim es more 
s e n s it iv e  than WSR mice. These d a ta  suggest th a t 
d iffe ren c e s  in  s e n s i t iv i ty  to  the an ticonvu lsan t e f fe c ts  
of hypnotics a re  co n tro lle d  by d if f e r e n t  s e ts  of genes. 
F u rth e r , they  in d ic a te  no simple re la tio n s h ip  between 
g e n e t ic a lly  determ ined s e n s i t iv i ty  to  develop ethanol 
w ithdrawal se iz u re s  and s e n s i t iv i ty  to  hypnotics .

Supported by the  V eterans A dm in istra tion , the  Medical 
Research Foundation of Oregon, and NIAAA Grant AA 05828.

283. 14  EXPERIMENTALLY INDUCED GLUCOSE INTOLERANCE INCREASES 
ORAL ETHANOL INTAKE IN RATS.  K. A. Zito and D. C. S. R oberts. 
 Carleton U niversity , O ttaw a, Canada, K1S 5B6.

A number o f s tu d ie s  have shown a  relationship  between glucose 
tolerance and ethanol in take. Although th e re  seem s l i t t l e  doubt 
th a t biochemical d isturbances may be consequential to  chronic 
ethanol in take, the converse of th is  may also  hold. That is , an 
a ltered  neurochemical or m etabolic s ta tu s  such as glucose 
intolerance, may influence th e  amount of ethanol consumed. While 
evidence e x is ts  in animals th a t a genetically-linked glucose 
intolerance can affec t alcohol in take , we sought to  answ er w hether 
a  dietary-induced glucose intolerance might also  a ffec t alcohol 
consumption. In the p resen t study we have used a re la tive ly  
simple procedure to  induce glucose in to lerance to  t e s t  w hether 
th is  condition is  su ffic ien t to  produce an increase in chronic 
ethanol in take in r a ts .

Subjects were assigned to  equal groups (n=12) where they were 
given access to  one of four solutions! pepperm int-flavored sucrose 
(40%), pepperm int-flavored saccharin (0,1%), pepperm int in w ater 
(0 ,1%) or w ater alone, presented  th re e  tim es a  week, for a  period 
of 11 weeks. A fter 12 weeks all animals were subjected to  an o ra l 
glucose to lerance t e s t  which revealed th a t th e  chronically 
prepared sucrose animals had become glucose in to le ran t. A t the 
s ta r t  o f week 13 all animals were given access to  a  6% ethanol 
solution flavored with pepperm int in place o f th e  previous 
so lu tions, for a  period of 11 weeks.

Sucrose animals displayed an immediate preference fo r ethanol 
and consumed approximately th ree  tim es more ethanol than the 
remaining groups. The re s u lts  of th is  study indicate  th a t ra ts  
th a t a re  made glucose in to leran t by longterm access to  a high 
concen tra tion  of sucrose, when given the  opportunity , will 
subsequently  drink more ethanol than control an im als.
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283. 15  ETHANOL AND (Na+ ,K+)-ATPase: EVIDENCE FOR A MEMBRANE 
ADAPTATION.  A.C. Swann.  Dept. of P sy ch ia try , U n ivers ity  of 
Texas Medical School, Houston, TX77025.

Our prev ious work has shown th a t  the  conform ation of 
(Na+ ,K+)-ATPase depends on membrane f lu id i ty  (Arch. Biochem. 
Biophys. 221:148) and th a t  e f fe c ts  of e thanol added in  v i t r o  
a re  c o n s is te n t w ith  those of increased  membrane f lu id i ty  
( J .  B io l. Chem. 258:11780). These e f f e c ts  inc lude  reduced 
a f f in i t y  fo r  K+ a t  i t s  a l lo s te r ic  s i t e  a t  a l l  tem peratu res, 
increased  ΔH and Δ S fo r  K+ bind ing , and reduced ΔH and 
fo r the  p r in c ip a l conform ational t r a n s i t io n  of the  enzyme. 
We have now examined e f f e c ts  of chronic e thanol feed ing . 
Rats were p a ir - fe d  w ith L ieber-D iC arli d ie ts  con ta in ing  5% 
ethano l o r is o c a lo r i c  replacem ent. E th an o l- tre a ted  r a t s  
gained weight s a t i s f a c to r i ly  and were to le ra n t to  e thanol 
(s l id in g  angle t e s t ) . They were k i l le d  a f te r  four weeks of 
e thano l trea tm ent (plasma e thano l = .196 + .057 (S .D .; n=8 )) 
and c e reb ra l co rtex  microsomes were prepared . K+-p - n i t ro
phenylphosphatase a c t iv i ty  a sso c ia ted  w ith (Na+ , K +-ATPase 
from e th an o l-fed  r a t s  was le s s  s e n s it iv e  to  in h ib it io n  by 
e thano l than was th a t  from c o n tro ls  (e i th e r  l iq u id  d ie t  or 
chow -fed), e sp e c ia lly  a t  low K+ and high tem perature (o p ti
mal co n d itio n s  fo r  e thano l in h ib i t i o n ) . Apparent a f f in i ty  
fo r K+ was increased  a t  a l l  tem peratu res. Δ H and Δ S fo r 
K+ binding were decreased in  e th an o l-fed  r a t s  compared to 
c o n tro ls ,  w hile those param eters fo r the conform ational 
t r a n s i t io n  were in c reased . These changes were opposite  to 
the  e f f e c ts  of e thano l when added in  v i t r o .  These da ta  
suggest th a t  changes in  the c e l l  membrane during e thanol 
treatm ent render (Na+ ,K+)-ATPase le s s  su scep tib le  to  in h ib i
tio n  by e th an o l.
Supported by USPHS g ran ts  AA05785 and MH00415.

283.16  A POSSIBLE MODEL FOR ETHANOL'S EFFECT ON SELECTIVE 
ATTENTION: DISRUPTION OF SENSORY GATING IN RAT CORTEX.  J .K . 
Chapin, S.M. Sorensen, and D .J . Woodward.  U. o f  Texas H ealth  
Science C en te r ., D a lla s , Texas, 75235.

We have developed a  model system fo r  study ing  a lcoho l 
e f f e c ts  on sensorim otor and s e le c t iv e  sensory  p rocess ing  in  
th e  c o r te x . This invo lves reco rd ing  s in g le  u n i ts  in  th e  
f o r e l imb and paw a re a s  o f  th e  somatosensory (S I) and motor 
(MI) c o r t ic e s  o f  awake r a t s .  A p h a sic , s e le c t iv e  in h ib i t io n  
(o r "ga ting") o f  sensory  tran sm iss io n  from th e  forepaw to  
s in g le  SI c e l l s  was shown to  occur over th e  fo relim b s te p  
cycle  during  tre a d m ill locom otion. This g a tin g  may fu n c tio n  
to  f i l t e r  sensory  in form ation  c o ming  from th e  forepaw and to  
ro u te  i t  to  d i f f e r e n t  c la s s e s  o f  c o r t i c a l  c e l l s  according  to  
th e  tim ing o f  th e  movement. S p e c if ic a lly ,  some c e l l s  on ly  
responded to  forepaw s tim u la tio n  around th e  tim e o f  
f o o t f a l l .  O thers responded on ly  during  swing phase, and 
th u s  may have been primed to  s e le c t iv e ly  respond when 
o b s tac le s  were unexpectedly encountered . Our h y po thesis  i s  
th a t  th e  phasic  in h ib i t io n  subserv ing  t h i s  g a tin g  may be 
caused in  p a r t  by axonal p ro je c tio n s  from nearby motor (MI) 
c o r t ic a l  c e l l s .  We have shown th a t  a  la rg e  percen tage  o f  
such MI c e l l s  d ischarge  s tro n g ly  during  th e  a c t iv e  f o r e l imb  
reach ing  movement which ju s t  preceeds f o o t f a l l  during  
s tep p in g . In h ib i to ry  o r  f a c i l i t o r y  sy n ap tic  in f lu en c e s , 
coursing  from th e  MI to  th e  SI ju s t  b e fo re  f o o t f a l l ,  could 
subserve th e  observed sensory  g a tin g  phenomena. The 
dose-dependent e f f e c t  o f  a lcoho l on t h i s  model c i r c u i t  was 
te s te d  by reco rd ing  s in g le  neurons in  th e  SI o r  MI c o r t ic e s  
and measuring th e i r  p h y s io lo g ica l response p ro p e r tie s  b e fo re  
and a f t e r  e thano l in je c t io n  (20% ETOH w/v in  s a l in e ,  I .P .  o r 
I .G . ) .  Moderate e thano l doses (as low as  0 . 3g/kg) caused a 
marked red u c tio n  in  th e  o v e ra ll  le v e l o f  in h ib i to r y  g a tin g  
o f  sensory  tran sm issio n  to  SI c o r t i c a l  c e l l s  during  
movement. Since low dose e thano l had minimal e f f e c t  on th e  
neuronal sensory  responses them selves, i t  a c tu a l ly  inc reased  
th e  sensory  in p u t to  th e  c o rtex  during  movement, b u t reduced 
i t s  s e l e c t iv i ty .  Neurons were a ls o  recorded in  th e  MI 
co rte x . Those wh ic h  f i r e d  in  c o r re la t io n  w ith  a c t iv e  
f o r e l imb movement were c la s s i f i e d  a s  "A ctive J o in t"  (AJ). 
Those which a ls o  responded to  p ass iv e  movement o f  th e  same 
l i mb were "Passive J o in t"  (P J ) . Moderate e thano l doses (as 
low as 0 .5g /k g) s tro n g ly  reduced o r  abo lished  th e  motor 
c o rre la te d  d isch a rg es  o f  th e  A J 's ,  b u t no t th e  P J’s .  We 
thus conclude th a t  e thano l may d is ru p t  sensory  g a tin g  p a r t ly  
by a l te r in g  "ga ting  b ia s  s ig n a ls"  emanating from th e  MI 
c o rte x . Supported by g ra n ts  NS18041, AA0390 and th e  
B io lo g ica l Humanics Foundation.

283. 17 EFFECT OF CNS NORADRENERGIC LESION BY DSP4 ON ETHANOL 
SLEEPTIME IN LS AND SS MICE.  K. Spuhler*, G. G erhardt and 
M. Palmer (SPON: J .  M asserano).  A lcohol R esearch  C e n te r ,  
Department o f Pharmacology, U n ive rs ity  o f  Colorado School o f 
M edicine, Denver, CO 80262.

To t e s t  th e  h y p o th e s is  t h a t  c e n t r a l  noradrenergic  (NE) 
pathways might be a s s o c ia t e d  w ith  g e n e t ic  d i f f e r e n c e s  in  
a c u te  e th a n o l s e n s i t iv i ty  in  LS (long-sleep) and SS (sh o rt
sleep ) se lec ted  l in e s ,  we used N -(2 -c h lo ro e th y l) -N -e th y l-2 -
brom obenzylam ine (DSP4) to  reduce c e n tra l  NE le v e ls .  DSP4 
has been found to  be a r e la t iv e ly  s e le c t iv e  n e u ro to x in  fo r  
n oradrenerg ic  neurons; however, se ro to n in -  (5-HT) con ta in ing  
n eu ro n s  a re  somewhat a f f e c t e d .  Dopamine- (DA) contain ing  
neurons a re  spared .

DSP4 (50 mg/kg body weight) or s a lin e  was adm inistered  in 
a s in g le  dose IP to  groups o f LS and SS m ale m ice from th e  
33rd and 34 th  g e n e ra t io n s  o f breeding a t  42 days o f age in 
two re p l ic a te  experim ents. These a n im a ls  were t e s t e d  fo r  
" s leep tim e" a t  60 days o f  age. SS mice were adm in istered  an 
e th a n o l dose  IP  o f  4 .5  g/kg body weight and LS m ice, a 3.5 
g/kg e th a n o l dose  IP (from  a 20%, w /v , s o lu t io n  in  0.9% 
s a l in e )  fo r  the sleep tim e t e s t .  In a th ird  experiment DSP4 
o r s a lin e  was adm inistered  tw ice, a t  42 days and a t  60 days 
o f  a g e . These a n im a ls  were t e s t e d  fo r  "sleep tim e" a t  75 
days o f  a g e . Four to  s ix  days a f t e r  re c o v e ry  from th e  
s le e p t im e  t e s t  an im a ls  were s a c r i f i c e d  and t h e i r  b ra in s  
d is se c te d , qu ick -frozen  w ith  d ry  ic e  and w eighed . T issu e  
c o n te n t  o f  NE, DA and 5-HT in  the  b ra instem , cerebellum  and 
s t r i a tu m  was q u a n t i t a te d  by HPLC w i th  e l e c t r o c h e m i c a l  
d e te c tio n .

For D S P 4 -trea ted  and c o n tro l mice, the  % d ep le tio n  from 
c o n tr o l  l e v e l s  w ere: 1) NE -  48% in  SS , 55% in  LS in  
bra instem ; and 78% in  SS, 70% in  LS in  cerebellum ; 2) 5-HT-
25% in  SS, 39% in LS in  brainstem ; and 20% in SS, 12% in  LS 
in  cerebellum ; and 3) DA -  11% in  SS, 17% in  LS in  s t r i a t u m. 
For th e  SS l i n e  th e  d u r a t io n  o f  lo s s  o f  r ig h t in g  r e f le x  
(min) was 28 .4  + 2 .7  (N=16) in  the  DSP4-treated group and 
2 8 .2  + 3 .2  (N=13) in  th e  c o n t r o l  g r o u p .  The LS l i n e  
s le e p t im e  was 145 .0  + 7 .7  (N=12) in the  DSP4-treated group 
and 132.4 + 5.4  (N=18) in th e  c o n t r o l  g ro u p . Thus, th e re  
w as no c h a n g e  in  s l e e p t i m e  in  t h e  SS d u e  to  CNS 
noradrenerg ic  d e p le tio n , and o n ly  a s l i g h t  n o n s ig n i f ic a n t  
in c re a s e  in  s le e p tim e  o f DSP4-treated LS mice compared to 
t h e i r  r e s p e c t iv e  c o n t r o l s .  These r e s u l t s  s u g g e s t  t h a t  
c e n t r a l  n o ra d re n e rg ic  pathways do not p lay  a major ro le  in 
the  g e n e t ic a lly - s e le c te d  behav ioral s e n s i t iv i ty  d i f f e r e n c e s  
to  e thano l observed in  these  two mouse l in e s .

2 8 3 . 18   ELECTROPHYSIOLOGICAL AND NEUROENDOCRINE MEASURES IN MALE 
ALCOHOLICS AND THEIR SONS.  S.C. Whipple*, C. Berka*, 
R.E. Poland* and E.P. Noble* (SPON: J.T. Cummins).  Alcohol 
Research Center, Neuropsychiatric I n s t i tu te ,  University of 
California , Los Angeles, CA 90024.

Evidence suggests that genetic factors play an important 
role in the development of alcoholism in sons of male alco
holics. The identifica t ion  of biological markers, therefore, 
could a s s is t  in the prevention and early diagnosis of th is  
disease.

The present research was designed to assess EEG spectral 
content and multiple neuroendocrine parameters in male re 
covered alcoholics and the ir  sons. Father and son pairs 
were studied in relation to age-matched controls in a five-
hour tes ting  session during which subjects engaged in se lec
tive at tention and continuous performance tasks.  The goal 
of the study was to induce changes in the subjects'  behav
ioral s ta te  which would allow an examination of the r e la 
tionship between neuroendocrine and electrophysiological  
function during s t re s s ,  vigilance and mental e f fo r t .

The EEG was sampled from 11 electrode s i te s  for  one min 
in an eyes open condition and one min in an eyes closed 
condition. Blood samples were obtained concurrently with 
the EEG spectral samples at  10 points during the five-hour 
session. Hormones which were measured were c o r t i so l ,  ACTH, 
prolactin , testosterone, and growth hormone. Following each 
EEG data acquisition epoch, power spectra for both condi
tions were computed via a fa s t  Fourier transform. The 
average power in the alpha (8-12 HZ), slow beta (12-20 Hz), 
and fa s t  beta (20-30 Hz) frequency bands was obtained. For 
each subject separate stepwise l inear  regression analyses 
were performed for each condition (eyes open and eyes 
closed) and for each EEG frequency band. The frequency 
bands were used as the dependent variables and the hormone 
measures as the predictor var iables.

Each subject showed a charac ter is t ic  pattern of corre la
tions among responses. Complex interrelat ionships emerged 
between endocrine and EEG measures in all  groups tes ted.
(This study was supported by The Seaver In s t i tu te . )
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283.19  AN EXPERI NENTAL MODEL OF SELF-INTOXICATION IN C57 MICE.
R. Thomas G entry,  R ockefe lle r U n iv e rs ity , 1230 York Ave., 
New York, NY 10021.

C57 mice o ffe red  un lim ited  f re e  access to  w ater and a 
10 % so lu tio n  of e thanol have r e la t iv e ly  low mean plasma 
co n cen tra tio n s  of e thanol (25 ± 2 mg/dl) d e sp ite  a d a ily  
r a te  of in tak e  (8 . 8  ± 0 . 2  g/kg) sev e ra l fo ld  g re a te r  than 
human a lc o h o lic s .

Mice tre a te d  w ith the  a lcoho l dehydrogenase in h ib i to r ,  
4-m ethylpyrazole (4MP) d e liv e red  by osmotic minipumps, 
m etabolized e thano l a t  r a te s  comparable to  humans, and 
rep re sen tin g  a d a ily  capac ity  to  e lim in a te  approxim ately 
3 g/kg. Mice tre a te d  w ith 4MP and o ffered  ad lib itu m  
e th an o l, food and w ater, decreased th e ir  in tak e  of ethanol 
to  2.9 g/kg per day, but exh ib ited  severe in to x ic a tio n . 
Mean plasma e thanol co n cen tra tio n s  a t  midnight were 
254 + 31 m g/dl, te n -fo ld  g re a te r  than c o n tro ls  receiv ing  
chronic in fu s io n s  of s a lin e  w ith no overlap  between 
groups.

A r e d is tr ib u t io n  of ethanol in tak e  in to  the  12 hours 
of the  l ig h t  period  (48 % of the  d a ily  t o t a l ,  compared to 
23 % in  co n tro ls )  co n trib u ted  to  the  maintenance of plasma 
co n cen tra tio n s  in  excess of 150 mg/dl throughout the 
24-hour day. Some su b jec ts  in  the  experim ental group 
ex h ib ited  severe to x ic i ty  as in d ica ted  by a c r i t i c a l  lo ss  
in  body weight during the  second week of trea tm en t.
A fte r removal of the  e thanol b o t t le  th re e  of these  mice 
recovered and one d ied . This to x ic i ty ,  however, was 
s e lf-in d u ced  s in ce  one of the  necessary  components 
(e thano l) was v o lu n ta r i ly  s e lf -a d m in is te red . Other mice 
given the  same dose of 4MP by chronic in fu s io n  w ith only 
w ater to  d rin k  ex h ib ited  no weight lo s s .

The re s u l t s  suggest th a t mice w ith a chronic reduction  
in  th e i r  cap ac ity  to e lim in a te  e thanol f a i l  to  a d ju st 
th e i r  vo lun tary  consumption of ethanol to  avoid severe 
in to x ic a tio n  and to x ic i ty .

This work has been supported by a g ran t form the 
John L. and Helen Kellogg Foundation to Dr. Vincent Dole.
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284.1  ETHANOL-DEPENDENCE AND CALCIUM RELEASE IN ERYTHROCYTE GHOSTS 
 Usha Pande*, H arish C.Pant & Edward Majchrowicz*.  Laboratory 
of P r e c l in ic a l  S tu d ies , N ational I n s t i tu te  on Alcohol Abuse 
and Alcoholism, R ockville , MD 20852.

In previous s tu d ie s  (Soc. Neurosc. Abs. 7 ,  1235, 1983) we 
have shown th a t in  v i t r o  a d d itio n  of e thano l a f fe c ts  the in 
t r a c e l lu la r  calcium in  synaptosomes is o la te d  from r a t  b ra in . 
In the p resen t re p o r t ,  we s tud ied  the in  v i t r o  and in  vivo 
e f f e c ts  of e thano l on calcium metabolism in  e ry th rocy te  
ghosts derived  from co n tro l and e thanol-dependent r a t s .  
Tolerance and physica l dependence upon ethano l were induced 
in  male Sprague-Dawley r a t s  (250-350g) as p rev iously  d e s c r i
bed (M ajchrowicz, E. Psychopharmacologia, 43: 245, 1975). 
Blood was c o lle c te d  from fiv e  groups: (1) p a ir  fed c o n tro ls , 
(2) d ep enden t-in tox icated  (prodromal phase), (3) dependent-
withdrawing (e thano l w ithdrawal syndrome), (4) 4 hr a f te r  
an acute  s in g le  dose of e thano l (6g /k g ), and (5) 20 hr a f te r  
an acute s in g le  dose of e th an o l. Erythrocyte ghosts were 
is o la te d  according to  Hanahan & Ekholm (Methods in  Enzymo
logy 31 :  168, 1974). The e f f e c t  of e thano l treatm ent on 
calcium  metabolism was stu d ied  employing the calcium in d ica 
to r  dye Arsenazo I I I  (Az). Resealed ghosts were resuspended 
in  is o to n ic  medium (pH 7.32) con ta in ing  20mM Tris-H Cl, 132mM 
NaCl, 5mM KCl, 1mM EGTA, 0.85mM CaCl2 and 9uM Az. Absorbance 
(650-750nm) of Ca-Az complex (Δ A) was measured in  a suspen
s io n  of ghosts (30ug/mg p ro te in ) in  is o to n ic  medium. In the 
ghosts is o la te d  from d ep enden t-in tox icated  r a t s ,  Δ A. in c rea 
sed by 110±2% (c o n tro l= 100%) and in  the case of withdrawal 
the  in c rea se  was 140±5%. Absorbance of group (4) ghosts 
in c reased  135±5%, whereas th a t  of group (5) was s im ila r  to  
c o n tro l .  In v i t r o  a d d itio n  of 100mM ethano l to  co n tro l 
samples caused an inc rea se  in  Δ A to  160±6%, dependent-in
to x ica ted  group ex h ib ited  a decrease  from 110± 2 % to  1 0 0 ± 6 %. 
However, in  the withdrawing group (Δ A=140+5%), in  v i t r o  
a d d itio n  of 100 mM e thano l caused no change in  Δ A. Under 
the  p resen t experim ental c o n d itio n s , we found th a t Az dye 
n e ith e r  binds to ,  nor i s  permeable to  e ry th ro cy te  ghost 
membranes. Thus, the measured changes in  Δ A are  presumed 
to  r e f le c t  a re le a se  of calcium  from the g h o s ts . These 
observ a tio n s  suggest th a t  induction  of physica l dependence 
upon ethano l i s  a sso c ia ted  w ith a suppression  of e th an o l-
induced calcium re le a s e .

284.2  FETAL EXPOSURE TO ETHANOL AFFECTS SENSITIVITY TO MORPHINE 
BUT NOT BRAIN OPIATE RECEPTOR BINDING IN RATS. 
L.R. Nelson, A.N. Taylor, B .J. Branch*, J.C . L iebeskind, 
and J .  W. Lewis.  D epts. of Psychology and Anatomy, Lab. 
of Neuroendocrinology, Brain Research I n s t . ,  UCLA; West LA 
VA Med. C tr . ,  Brentwood, D iv ., Los Angeles, CA 90024, and 
Mental Health Research I n s t . ,  Univ. of M ichigan, Ann Arbor, 
MI 48109.

F e ta l ethanol exposure (FEE) can produce lo n g -la s tin g  
behav ioral and hormonal a l te r a t io n s  in r a t s .  We have shown 
th a t FEE re s u lts  in enhanced opio id-m ediated , s t r e s s -
induced a n a lg es ia . In ad d itio n , we have shown th a t FEE 
re s u l ts  in enhanced responding to morphine on th ree  
measures: a n a lg es ia , p itu ita ry -a d re n a l a c t iv a t io n ,  and 
hypothermia. In lig h t of these f in d in g s , the p resen t 
study was conducted to assess  the p o s s ib i l i ty  th a t FEE 
produces a lte ra t io n s  in b ra in  op ia te  re c ep to rs .

Subjects were female o ffsp rin g  of Sprague-Dawley dams 
fed e i th e r  a 5% w/v e th ano l-con tain ing  casein-supplem ented 
liq u id  d ie t  (BioServ) ad l ib  (FEE), p a irfed  an is o 
ca lo r ic  liq u id  d ie t  w ithout ethanol (PF), or given lab chow 
and water ad l ib  (N), from g e sta tio n  day 8  to b i r th .  
At 140 days of age ra ts  were s a c r if ic e d  and the b ra in s were 
removed and d issec ted  on ice  in to  the following 7 reg ions: 
f ro n ta l  co rtex , s tr ia tu m , thalam us, hypothalamus, m idbrain, 
hippocampus, and pons/m edulla. Brain a reas from 7-8 ra ts  
in each p ren a ta l treatm ent group were pooled, homogenized 
in TRIS b u ffer con tain ing  5% DMSO and frozen u n t i l  assayed. 
Two populations of op ia te  recep to rs  were examined: mu 
recep to rs  using 3H-DAGO (D-Ala-NePhe-Glyol-enkephalin ) and 
d e lta  recep to rs  using 3H-DADL (D-Ala-D-Leu-enkephalin). 
Binding assays were c a rried  out according to the procedures 
of Akil e t  a l .  ( Eur J  Pharm 64:1-8 , 1980). Data were 
analyzed by Scatchard p lo ts .

There were no d iffe ren ces  among the groups in binding 
c h a r a c te r is t ic s  (Kd and Bmax ) of 3H-DAGO or 3H-DADL in the 
co rtex , s tr ia tu m , thalam us, m idbrain, hippocampus, or 
pons/m edulla. The only b rain  region w ith pronounced 
d iffe ren ces  between groups was the hypothalamus. In th is  
reg ion , there  was decreased mu and d e lta  binding in both 
FEE and PF r a ts  as compared to N r a t s .  Thus, i t  appears 
th a t p ren a ta l n u t r i t io n a l  fa c to rs  a f fe c t  o p ia te  recep to rs  
in the hypothalamus, while s e n s i t iv i ty  to morphine is 
augmented s e le c tiv e ly  by p rena ta l ethanol exposure.
(Supported by VA Medical Research Serv ice , NIH g ran t 
NS07628, and a g i f t  from the Brotman Foundation).
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284 .3  ACETYLCHOLINE TURNOVER IN SPRAGUE-DAWLEY RATS: 
THE EFFECT OF A LOW DOSE OF ETHANOL.  A. K ochhar* and 
C .K . Erickson.  C ollege of P harm acy , Univ. of Texas, A ustin, 
TX. 78712.

H ypnotic doses of e thanol a l te r  th e  tu rnover ra te s  of m any 
c e n tra l n eu ro tran sm itte rs . This nonspecific e f fe c t of ethanol 
m ay be  assoc ia ted  w ith  its  m em brane disordering p roperties . 
Low doses of ethano l m ay produce m ore d isc re te  ac tions on 
c e rta in  n e u ro tran sm itte r  system s. The p resen t study exam ines 
th e  e f fe c t of a  low dose of ethano l on th e  c e n tra l cholinergic 
sy stem . F em ale  Sprague D aw ley ra ts  rece ived  1.5 g /kg  ethanol 
(10% w/v) or saline in trap erito n ea lly . Anim als w ere sac rificed  
by m icrow ave irra d ia tio n  15 or 30 m inutes a f te r  in jection . D4 
choline was pulse in jec ted  in to  th e  ta il vein 1 m inute befo re  
sac rific e . Endogenous and deu terium -labeled  varian ts  of ac e ty l
choline (ACh) and choline (Ch) w ere analyzed by gas 
ch rom atography /m ass sp ec tro m etry . A cety lcholine turnover 
r a te  (ACh TOR ) was ca lcu la ted  in th e  co rtex , hippocam pus, 
m idbrain  and s tr ia tu m . ACh TOR d ecreased  in  all b ra in  area s  15 
m inu tes a f te r  e thano l adm in is tra tion . The co rtex  and hippo
cam pus showed th e  g re a te s t depression in  TOR. C o rtica l and 
h ippocam pal ACh TOR w ere fu r th e r  depressed  3 0  m inutes a f te r  
e thano l. ACh and C h  concen tra tions  decreased  only in  the 
hippocam pus 15 m inutes a f te r  e thanol; how ever, o th e r brain  a rea  
con cen tra tio n s  d ec reased  30 m inu tes a f te r  e thanol. The resu lts  
show th a t a  low dose of ethano l reduces cholinergic a c tiv ity  in 
sev e ra l b ra in  regions. Some b rain  area s  appear to  be m ore 
sensitive  to  e thano l th an  o the rs. (Supported by AA04114.)

284.4  ETHANOL CHRONIC CONSUMPTION ALTERS STRIATAL OPIATE FUNCTION: 
RELATIONSHIP WITH SALSOLINOL EFFECTS -   L. Lucchi*, R.A. Rius*, 
S. Govoni, M. Trabucchia .  aChair o f Toxicology, I I  U niversi
ty  o f Rome and I n s t i tu te  o f Pharmacology and Pharmacognosy, 
U niversity  o f Milan, Milano 20129, I ta ly .

Chronic ethanol trea tm ent produces s u p e rse n g itiv ity  o f 
s t r i a t a l - o p i a t e  Receptor s i t e s  la b e lle d  by 3H-Etorphine 
(h igher Bmax) and 3H-DADLE (higher a f f i n i t y ) .  These re s u l t s  
have been c o rre la te d  to  the marked decrease o f K -s tim u la ted  
m et-enkephalin immunoreactive m a te ria l (ME-IR) re le a se  detec 
ted  in  s t r i a t a l  s l ic e s  from r a t s  (male Sprague-Dawley) chro
n ic a lly  exposed to  ethanol (6% aqueous d rink ing  so lu tio n  fo r 
25 days). On the  co n tra ry , a l ower a f f in i ty  o f s t r i a t a l  u
-o p ia te  re cep to rs  la b e lled  by 3H-DHM was evidenced a f te r  the 
same ethanol regimen. The d if f e r e n t  s e n s i t iv i ty  o f the two 
c la sse s  o f s t r i a t a l  o p ia te  re cep to r to  e thanol may be a con
sequence o f s e le c tiv e  e f fe c ts  o f a lcohol on enkephalinerg ic  
system. In f a c t ,  i t  has been hypothesized th a t  the  "down re 
g u la tio n "  o f u -rec e p to rs  takes p lace because o f an enhanced 
form ation o f endogenous substances, such as s a ls o lin o l,  d e r i
ved from ethanol-m etabolism  p re fe re n t ia l ly  in te ra c tin g  with 
u -r e c e p to rs . The purpose o f the  p resen t work was to  compare 
the e f fe c ts  o f chronic s a ls o l in o l  trea tm en t (40 mg/kg i . p . ,  
21 days) on ME-IR re le a se  and o p ia te  re cep to r func tion  w ith 
the e thanol-induced changes. The r e s u l t s  in d ic a te  th a t " in  
v itro "  s a ls o lin o l does not d isp lace  3H-DADLE binding  to  s t r i a
t a l  membranes but in te r a c ts  w ith s i t e s  la b e lle d  by 3H-DHM.
In " in3 vivo" s tu d ie s  chronic s a ls o l in o l  trea tm ent did not a f
fe ct  3H-DADLE and 3H-Etorphine b inding to 3 s t r i a t a l  membranes. 
On the  co n tra ry , a decreased a f f in i ty  o f 3H-DHM was observed 
in  s t r i a t a  from r a t  ch ro n ica lly  t re a te d  with s a ls o l in o l .  In 
ad d itio n , the e f f e c t  o f s a ls o lin o l on ME-IR re le a se  d if fe re d  
from th a t  o f ethanol tre a te d  r a t s .

284.5  NEONATAL ETHANOL EXPOSURE TO RAT PUPS AND THE RESULTANT 
ALTERATIONS OF CEREBELLAR H1-HISTAMINE RECEPTOR KINETICS.
 K. E. Light,  College of Pharmacy and Division of 
Interd isc ip linary  Toxicology, College of Medicine, Univers
i ty  of Arkansas for Medical Sciences, 4301 West Markham 
L i t t l e  Rock, Arkansas 72205

We have been investigat ing the a l te ra t ions of brain 
neurotransmitter  systems induced by postnatal ethanol expo
sure to Sprague-Dawley ra t  pups. Male pups were equipped 
with an intragastric-cannula on postnatal day 4 (PN4) and 
a r t i f ic a l ly - re a re d  (AR) using a d ie t  similar  in composition 
to r a ts '  milk. To the d ie t  was added e i ther  ethanol 3-5% 
v/v (~ 7-12g/kg/day) or isocalor ic  dextrose. Pups were ex
posed for four days (PN4-8) and then e i ther  sacrificed or 
returned to l actating dams and reared unt il  PN20 without 
further  ethanol exposure. H1-histamine receptor kinetics 
were determined in a cerebellar  (CB) membrane homogenate 
using (3H)-pyrilamine with 5µM tr ip ro l id ine  to determine 
non-specific binding. Binding kinet ics  were also determined 
in cerebellar  membranes from mother-raised control ra t  pups 
a t  PN8  and PN20. AR pups showed decreased CB wet weight at  
PN8 . In addition, the P2 -membrane protein content was s ig
n if ican t ly  increased. Ethanol had no consistant effec t  on 
CB weight or P2 -protein content e i ther  a t  PN8 or PN20. In 
control r a t  pups the ontogeny of cerebellar H1-histamine re
ceptors, from PN8 to PN20, involves a f ive-fold decrease in 
a f f in i ty  and a five-fold increase in number. Exposure to 
4% ethanol (PN4-8) caused an increase in a f f in i ty  (3x) and 
a decrease in receptor number (2x) when measured at PN8 .
Both effec ts  were reversed when s im ilar i ty  treated pups were 
returned to mothers and reared until PN20. Exposure to 5% 
ethanol (PN4-8), however, results  in a complete disruption 
of the normal ontogeny of cerebellar  H1-receptors even 
though pups were returned to mothers and reared until PN20 
without further  ethanol exposure. In these animals cere
be l la r  H1-receptors showed binding kinetics a t  PN20 iden t i 
cal to normal PN8 ra t  pups. We conclude that  short-term 
ethanol exposure can cause severe, long-lasting al te ra t ions 
in cerebellar  H1-receptor kinetics.
(Supported by NSF grant ISP 8011447 and the UAMS Foundation 
Fund).

284.6  INTERACTION OF ETHANOL AND NALOXONE ON 
PROLACTIN SECRETION IN RAT.  V. R et to r i* , A. 
Seilicovich*, B. Duvilanski* , M. Ru bio *  an d V. 
Muñoz-Maines* ( SPON : L. Hersh) .  Centro  de In v e s t . en 
Reproduccion, Fac. de Medicina, UBA, and I n s t . de 
Investigaciones Farmacologicas, CONICET, Buenos Aires ,  
Argentina .

Previous  s tudies  have shown tha t  exogenous opioids 
can e levate serum prolactin (Prl)  levels. Recently , we 
have found th a t  the  acute  administra tion of ethanol 
(ETOH) can cause an increase  in serum Prl without 
affecting p i tu i ta ry  Prl content .  O thers  have found tha t  
ETOH administration causes  an increase  in endogenous 
opioids in the  hypothalamus. In o rd e r  to s tudy  the 
possible mediation by endogenous opioids of the  
ETOH-induced elevation of serum Prl levels,  we 
adminis tered Naloxone (Nal) following ETOH p re trea tm ent  
and measured concentrations  of serum and p i tu i ta ry  Prl 
and hypothalamic dopamine (DA). A total of 32 Wistar 
adult  male ra ts  were injected i .p .  with saline (Sal or 
ETOH ( 5 g / k g l ) .  After 45 min. e i ther  Sal or Nal (0.4 
m g /ra t )  was injected i . p .  for 15 min. pr io r  to 
decapita tion.  P ituitary and serum Prl was measured by 
RIA, and DA by HPLC. Duncan 's  mul tiple-range te s t  was 
used  for stat ist ical analysis .  Serum Prl was lower in the  
g roup  t rea ted  with Nal (Sal-Nal: 15.84±2.05 ng/ml)  as 
compared to values in the  sal ine- treated  g roup  (Sal-Sal: 
24.36±4.58). ETOH increased serum Prl levels 
(ETOH-Sal: 363.33±58.68) bu t  th is  increase  was 
significantly  h igher  than in the  g roup  tha t  received Nal 
(ETOH-Nal: 165.50±35.35) .  T here  were no significant 
d if ferences  in the  concentrat ion of p i tu i ta ry  Prl between 
any of the  four trea tm ent g ro u p s .  DA concentration in 
the  hypothalamus of Nal- treated ra ts  was lower (Sal-Nal: 
0.25±0.02 u g /g )  than in the  saline g ro u p  (Sal-Sal: 
0 .32±0.02).  ETOH increased DA concentration 
(ETOH-Sal: 0.43±0.02) bu t  Nal reve rsed  th is  increase  
(ETOH-Nal: 0.33 ± 0 .01) .  These re su l ts  su g g es t  th a t  the  
serum Prl increase  induced by ETOH could be mediated at 
least in p a r t  by endogenous opioids th rough  a 
dopaminergic  mechanism.
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284. 7  ENHANCEMENT OF GABAERGIC IN H IB IT IO N  BY BARBITURATES AND 
RELATED DEPRESSANT DRUGS IN  RAT HIPPOCAMPAL SL IC E S .  T.V. 
D u n w id d ie  an d  T.S. W o rth .  V e te r a n s  A d m i n i s t r a t i o n  M e d ic a l  
R e s e a r c h  S e r v i c e  a n d  D e p a r tm e n t  o f  P h a r m a c o lo g y ,  U n iv . 
C o lo ra d o  H e a l th  S c i .  C e n te r ,  D e n v e r , CO 80262 .

We h a v e  c h a r a c t e r i z e d  t h e  e f f e c t s  o f  c o n v u l s a n t  a n d  
n o n c o n v u ls a n t  b a r b i t u r a t e s  on e l e c t r o p h y s i o l o g i c a l  r e s p o n s e s  
i n  t h e  r a t  i n  v i t r o  h ip p o c a m p a l  s l i c e  p r e p a r a t i o n .  S e v e r a l  
b a r b i t u r a t e  a n a l o g s  w e r e  f o u n d  t o  m a r k e d ly  e n h a n c e  t h e  
d u r a t i o n  o f  t h e  r e c u r r e n t  f e e d b a c k  G A B A erg ic  i n h i b i t i o n  
e l i c i t e d  b y  a n t i d r o m i c  s t i m u l a t i o n  o f  t h e  a x o n s  o f  CA1 
p y r a m i d a l  n e u r o n s .  T h i s  e f f e c t  w a s  o b s e r v e d  w i t h  DMBB ( 5 -
e t h y l , 5 - [ 1 , 3 - d i m e t h y l b u t y l  ] b a r b i t u r i c  a c i d ,  p e n t o b a r b i t a l  
an d  m e p h o b a r b i t a l ;  c o n c e n t r a t i o n s  o f  t h e s e  d r u g s  r e q u i r e d  t o  
d o u b l e  t h e  d u r a t i o n  o f  i n h i b i t i o n  w e r e  10 uM, 20 uM, a n d  
60 uM r e s p e c t i v e l y .  T h e  m a x im a l  r e s p o n s e s  t o  t h e s e  d r u g s  
d i d  n o t  d i f f e r  s i g n i f i c a n t l y ,  a n d  r e p r e s e n t e d  a  1 0 -2 0 X  
i n c r e a s e  i n  t h e  d u r a t i o n  o f  i n h i b i t i o n  f o l l o w i n g  a  t e s t  
r e s p o n s e .  P h e n o b a r b i t a l  w a s  c o m p l e t e l y  i n a c t i v e  i n  
i n c r e a s i n g  t h e  d u r a t i o n  o f  i n h i b i t i o n  a t  c o n c e n t r a t i o n s  up 
t o  3 0 0  uM. O t h e r  n o n - b a r b i t u r a t e  d r u g s  s u c h  a s  e t o m i d a t e  
a n d  e t a z o l a t e  w e r e  f o u n d  t o  e l i c i t  s i m i l a r  c h a n g e s  i n  
G A B A erg ic  i n h i b i t i o n .

I n  a d d i t i o n  t o  t h e i r  e f f e c t s  on  i n h i b i t o r y  r e s p o n s e s ,  
b a r b i t u r a t e s  w e r e  a l s o  f o u n d  t o  a f f e c t  r e s p o n s e s  t o  
s t i m u l a t i o n  o f  e x c i t a t o r y  a f f e r e n t s  t o  CA1 p y r a m i d a l  
n e u ro n s .  I n  lo w  c o n c e n t r a t i o n s ,  som e b a r b i t u r a t e s  su ch  a s  
p e n t o b a r b i t a l  a n d  DMBB i n c r e a s e d  t h e  e v o k e d  p o p u l a t i o n  
s p i k e  r e s p o n s e ,  p r i m a r i l y  b y  i n c r e a s i n g  t h e  a m p l i t u d e  o f  
t h e  EPS P. H o w e v e r ,  a t  h i g h  c o n c e n t r a t i o n s ,  m any  o f  t h e  
b a r b i t u r a t e s  h ad  a n e s t h e t i c  e f f e c t s  w h ic h  w e re  q u i t e  s i m i l a r  
t o  t h o s e  o b s e rv e d  w i th  l o c a l  a n e s t h e t i c s  su c h  a s  c o c a in e  and  
l i d o c a i n e .  T h e s e  d i r e c t  e f f e c t s  d i d  n o t  a p p e a r  t o  b e  
c o r r e l a t e d  w i th  e f f e c t s  on GABAergic i n h i b i t i o n .

T h u s ,  t h e  b a r b i t u r a t e s  w h ic h  we h a v e  e x a m in e d  h a v e  
m u l t i p l e  e f f e c t s  i n  t h e  h ip p o c a m p u s ,  a n d  t h e  d o s e  r a n g e s  
r e q u i r e d  t o  e l i c i t  t h e s e  r e s p o n s e s  show  s i g n i f i c a n t  o v e r l a p .  
The e n h a n c e m e n t o f  GA BA ergic i n h i b i t i o n  a p p e a r s  t o  b e  h i g h ly  
c o r r e l a t e d  w i t h  t h e  p o t e n c i e s  o f  t h e s e  b a r b i t u r a t e s  i n  
e n h a n c in g  t h e  b in d in g  o f  b e n z o d ia z e p in e s  and  GABA t o  b in d in g  
s i t e s  i n  b r a i n  m e m b r a n e s  ( O l s e n  a n d  S n o w m a n , J .  N e u r o c i .  
2 : 1 8 1 2 ,  1 9 8 2 ; L e e b - L u n d b e r g  e t  a l . ,  PNAS 7 7 :7 4 6 8 ,  1 9 8 0 ) ,  
w h i l e  t h e  e x c i t a t o r y  r e s p o n s e s  a p p e a r  t o  b e  r e l a t e d  t o  t h e  
c o n v u ls a n t  p r o p e r t i e s  o f  som e b a r b i t u r a t e s .

S u p p o r te d  by  DA 02702 an d  VA 394463116 t o  T.V.D.

284.8  THE CEREBELLAR cGMP SYSTEM AS A NEUROCHEMICAL INDEX OF 
BARBITAL TOLERANCE AND WITHDRAWAL.  S.J. Lane* and W.W. 
Morgan.  Department of Cellular and Structural Biology, The 
Univ. of Tex. Health Sci. Ctr. at San Antonio, San Antonio, 
TX 78284.

That chronic barbiturate use results in the development 
of behavioral tolerance is well established. Subsequent 
abrupt withdrawal of these drugs precipitates a very severe 
abstinence syndrome. We recently demonstrated that 
neurochemical tolerance of the cerebellar cGMP (Cb cGMP) 
system could be induced in animals exposed to a 6 wk 
barbital feeding regimen. As a continuation of this work 
we have investigated the time course of both tolerance 
development and withdrawal induced alterations in the Cb 
cGMP system. To investigate the time course of tolerance 
development groups of female ovariectomized rats were begun 
on the feeding regimen at varying times and thus, on the 
day of sacrifice, rats had received barbital for 37, 33, 
30, 19, 16, 5 or 2 days (d). Rats were sacrificed by 
focused microwave irradiation and cerebellae and cerebral 
cortices dissected and frozen for assay. In two subsequent 
experiments a ll animals went through the entire feeding 
regimen. Then, at 0 hrs barbital was withdrawn and animals 
were sacrificed at 0, 2, 4, 6, 8, 12, 24, 36, 48 and 72 hrs 
post-withdrawal (p-w). Brain parts were collected as 
above. During the early stages of chronic barbital 
administration Cb cGMP was significantly reduced (242117 vs 
controls: 647143 pmol/gm at 2 d) but gradually returned 
almost to control levels by 37 d (497152 pmol/gm). 
Cerebral cortical cGMP (C cGMP) was also depressed but less 
profoundly (control: 216118; 2 d: 11317; 30 d: 177135 
pmol/gm). Abrupt withdrawal of barbital brought about a 
very rapid, highly significant elevation of Cb cGMP (4 hr 
p-w: 36321651 vs control: 11731147 pmol/gm) which 
occurred just after the onset of weight loss but in advance 
of locomotor depression and onset of spontaneous seizures. 
C cGMP failed to change during withdrawal. At 72 hr p-w Cb 
CGMP had only begun to return towards control values and 
weight loss continued to be highly significant. Other 
indices had normalized by 48 hr p-w.

These results clearly demonstrate that Cb cGMP is a 
highly useful neurochemical index of barbital induced CNS 
changes. Alterations of Cb cGMP probably reflect a 
barbiturate influence on one or more transmitter system(s) 
involved in cGMP regulation. Precisely which system(s) are 
involved awaits further investigation. Supported by 
DA00755 and DA00083.

2 8 4 .9   THE EFFECTS OF HYPERBARIC PRESSURE AND ANESTHESIA ON EVOKED 
POTENTIALS IN THE TURTLE CORTEX.  D. L. Tauck and J .  J.  
Kendig.  Dept. of Anesthesia, Stanford University School of 
Medicine, Stanford, CA 94305.

Most previous s tu d ie s  of a n e s th e t i c -p r e s s u re  i n t e r 
ac t ions  on i s o la te d  neuronal t i s s u e  have employed e i t h e r  
p e r i p h e r a l  s t r u c t u r e s  or in v e r t e b ra t e  ganglia .  The 
relevance of the results  to the mechanism of anesthesia in 
the  v e r te b ra te  cen tra l  nervous system remains to be 
established. A vertebrate brain preparation which appears 
advantageous for  s tud ie s  of anes thes ia  and a n e s th e t i c -
pressure interactions is the cerebral cortex of the tu r t l e ,  
Pseudemys sc rip ta .  The isolated tu r t l e  cortex has proved 
more robust under the requirements imposed by the pressure 
chamber than e i ther  guinea pig or rat hippocampal s l ices.  
The co r tex ,  which c o n s is t s  of a s in g le  layer  of nerve 
c e l l s ,  i s  removed from the brain and submerged in a 
temperature-control led chamber perfused with oxygenated 
sa line buffered with 10 mM HEPES. Compression was achieved 
by adm it t ing  helium from a commercial high pressure  
c y l in d e r  at a r a te  slow enough to prevent temperature 
f l u c tu a t io n s  l a rg e r  than 1°C. S im i la r ly ,  the ra te  of 
decompression was also  co n t ro l le d  to maintain nearly 
cons tan t  tem pera tu re  in the recording chamber. Evoked 
f i e l d  p o t e n t i a l s  monitored with extracellu lar  electrodes 
reveal an early, directly  evoked negativity followed by a 
larger,  slower, Ca2+-dependent response. Inhibition can be 
detected by paired pulses.  P re l im inary  exper iments show 
t h a t  p e n to b a r b i ta l ,  1-3 x 10- 4M reversibly depresses the 
Ca2+-dependent response. These concentrations are compar
able  to  those e f f e c t iv e  on o ther  v e r te b ra te  CNS p repa ra 
t i o n s ,  and with in  the a n e s th e t i c  concen tra t ion  range for  
th is  agent. Hyperbaric pressure up to 150 atmospheres had 
no effect on the direc tly  evoked potential,  but reversibly 
depressed the Ca2+-dependent response. Pressure up to 100 
atmospheres does not r e v e r s e  p e n t o b a r b i t a l - i n d u c e d  
depress ion  of the Ca2+-dependent response, a f inding 
c o n s i s te n t  with r e s u l t s  from o ther  neural p rep a ra t io n s .  
The reve rs ib i l i ty  of anesthetic and pressure effects even 
a f t e r  some hours of exposure a t t e s t s  to the v a l id i t y  of 
th is  preparation for such studies.

Supported by NIH Grant NS13108.

284. 10  EFFECT OF ETHANOL ON THE ENZYMES RESPONSIBLE FOR 
LIVER GAMMA-HYDROXYBUTYRIC ACID METABOLISM.  O .C . 
S n ead  and  F . P o ld r u g o .  D e p a r tm e n t o f  P h a rm a c o lo g y , 
P e d i a t r i c s  an d  The N e u ro s c ie n c e  P ro g ra m , U n i v e r s i 
t y  o f  A labam a in  B irm ingham  S c h o o l o f  M e d ic in e ,  
B irm in g h am , A labam a 35 2 3 3 .

E th a n o l  h a s  b e en  shown t o  i n c r e a s e  e n d o g en o u s  
g a m m a -h y d ro x y b u ty r ic  a c i d  c o n c e n t r a t i o n s  in  l i v e r  
(P o ld ru g o  e t  a l , N e u r o s c i .  A b s t r .  8 ,6 5 1 ,1 9 8 2 ) ;  
h o w e v e r , t h e  m echan ism  f o r  t h i s  e t h a n o l - i n d u c e d  
i n c r e a s e  in  l i v e r  c o n c e n t r a t i o n  o f  γ - h y d r o x y b u ty -
r a t e  GHB i s  n o t  c l e a r  s i n c e  m ost o f  t h e  w ork  d one  
t o  d a te  c o n c e r n in g  th e  m e ta b o l is m  o f  GHB h a s  b een  
done  p r i m a r i l y  i n  r a t  b r a i n  r a t h e r  th a n  l i v e r .

The o b j e c t  o f  t h e  p r e s e n t  s tu d y  was t h e r e f o r e  
t o  i n v e s t i g a t e  p o s s i b l e  s i t e s  o f  e th a n o l  i n t e r a c 
t i o n s  w i th  GHB m e ta b o l is m  in  v i t r o  i n  r a t  l i v e r  
h o m o g e n a te .

We m e a su re d  th e  e f f e c t  o f  e th a n o l  and  p y r a z o le  
on t h e  d e r i v a t i o n  o f  GHB from  s u c c i n i c  s e m i a ld e 
h y d e , t h e  c o n v e r s io n  o f  s u c c i n i c  s e m ia ld e h y d e  t o  
GHB, and  th e  f o r m a t io n  o f  GHB from  a n o th e r  p o s s i 
b l e  p r e c u r s o r ,  1 , 4 - b u t a n e d i o l .

P y r a z o le  b lo c k e d  and  e t h a n o l  c o m p e t i t i v e l y  i n 
h i b i t e d  t h e  NADH d e p e n d e n t enzym e r e s p o n s i b l e  f o r  
t h e  c o n v e r s io n  o f  s u c c i n i c  s e m ia ld e h y d e  t o  GHB an d  
th e  NAD d e p e n d e n t enzym e r e s p o n s i b l e  f o r  t h e  c o n 
v e r s i o n  o f  GHB t o  s u c c i n i c  s e m ia ld e h y d e .  M o re o v e r , 
e th a n o l  c o m p e t i t i v e l y  i n h i b i t e d  t h e  NAD d e p e n d e n t  
c o n v e r s io n  o f  1 , 4 - b u t a n e d i o l  t o  GHB (M ax w ell e t  a l ,  
B io c h em . P h a rm a c o l . 2 1 .1 5 2 1 ,1 9 7 2 ) .  H o rse  l i v e r  a l
c o h o l  d e h y d ro g e n a s e  was a b l e  t o  c o n v e r t  GHB t o  
s u c c i n i c  s e m ia ld e h y d e .

T h e se  d a t a  i n d i c a t e  m u l t i p l e  s i t e s  o f  e th a n o l  
i n t e r a c t i o n  w i th  GHB m e ta b o l is m  in  l i v e r .  O ur r e 
s u l t s  s u g g e s t  t h a t  t h e  i n c r e a s e  in  e n d o g e n o u s  
l i v e r  GHB s e e n  a f t e r  e th a n o l  i s  r e l a t e d  t o  com pe
t i t i o n  b e tw ee n  e th a n o l  and  GHB f o r  l i v e r  a l c o h o l  
d e h y d r o g e n a s e .
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284.11  POSSIBLE ROLE OF ENDOGENOUS 1 ,4  BUTANEDIOL IN THE 
MECHANISM OF ACTION OF ETHANOL.  F . P o ld r u g o ,  O .C . 
S n ead  an d  S . B a r k e r .  D e p a r tm e n t o f  P h a rm a c o lo g y , 
P e d i a t r i c s ,  The N e u r o s c ie n c e  P ro g ra m , and  The 
GC/MS C e n t e r ,  U n i v e r s i t y  o f  A labam a in  B irm ingham  
S c h o o l o f  M e d ic in e ,  B irm in g h am , A labam a 3 5 2 3 3 .

1 , 4 -  b u t a n e d i o l  h a s  b e en  r e p o r t e d  t o  p o t e n t i a t e  
t h e  b e h a v i o r a l  e f f e c t s  o f  e t h a n o l  in  r a t s  and  an 
in  v iv o  c o m p e t i t i o n  b e tw e e n  t h e  tw o s u b s t a n c e s  f o r  
a l c o h o l  d e h y d ro g e n a s e  h a s  b e en  p o s t u l a t e d  ( P o ld r u 
go e t  a l ,  N e u r o s c i .  A b s t r . 9 ,1 2 3 4 ,1 9 8 3 ) .

The o b j e c t  o f  t h e s e  e x p e r im e n ts  w as tw o f o ld :  
f i r s t  t o  d e te r m in e  w h ich  o f  t h e s e  com pounds i s  
r e s p o n s i b l e  f o r  b e h a v i o r a l  c h a n g e s  o b s e r v e d  when 
b o th  a r e  g iv e n  t o g e t h e r  an d  s e c o n d ly  w h e th e r  th e y  
c o m p e te  f o r  a l c o h o l  d e h y d ro g e n a s e  i n  b r a i n  a s  w e ll  
a s  in  l i v e r .

1 , 4 -  b u t a n e d i o l  w as a d m i n i s t e r e d  c o n c o m i ta n t ly  
w i th  e t h a n o l  t o  r a t s  and  b r a i n  and  l i v e r  c o n c e n 
t r a t i o n s  o f  1 , 4 - b u t a n e d i o l  m e a s u re d . In  a d d i t i o n ,  
t h e  c o n v e r s io n  o f  1 , 4 - b u t a n e d i o l  t o  i t s  m a jo r  m et
a b o l i t e ,  γ - h y d r o x y b u t y r i c  a c i d ,  a  r e a c t i o n  m e d ia 
t e d  by a l c o h o l  d e h y d ro g e n a s e ,  was m o n i to r e d  by 
m e a s u r in g  g a m m a -h y d ro x y b u ty r ic  a c i d .  B lo o d  e t h a
n o t  l e v e l s  w e re  a l s o  m e a s u re d .

A d o s e  o f  1 g /K g  1 ,4  b u t a n e d i o l  i n c r e a s e d  1 , 4 -
b u t a n e d i o l  l e v e l s  in  b r a i n  an d  l i v e r ,  b u t  d id  n o t  
i n c r e a s e  b lo o d  e t h a n o l  l e v e l s .  E th a n o l  lo w e re d  
t h e  c o n v e r s io n  o f  1 , 4 - b u t a n e d i o l  t o  GHB an d  i n 
c r e a s e d  t h e  c o n c e n t r a t i o n  o f  1 , 4 - b u t a n e d i o l  in  
b r a i n  an d  l i v e r  a f t e r  e x o g e n o u s  a d m i n i s t r a t i o n .

T h e se  d a t a  s u g g e s t  t h a t  e th a n o l  a c t s  on 1 , 4 -
b u t a n e d i o l  d e g r a d a t i o n  in  b o th  b r a i n  and  l i v e r  
th r o u g h  c o m p e t i t i o n  w i th  a l c o h o l  d e h y d ro g e n a s e .

The r e s u l t s  may b e  r e l a v e n t  in  t h e  m echan ism  
o f  a c t i o n  o f  e t h a n o l  c o n s i d e r i n g  t h a t  e n d o g en o u s  
1 , 4 - b u t a n e d i o l  i s  n o r m a l ly  p r e s e n t  i n  b r a i n  and  
l i v e r  ( B a r k e r  e t  a l , N e u r o s c i .  A b s t r .  9 ,  1 1 0 5 ,  1983) 
an d  i s  p a r t i c u l a r l y  t o x i c  in  a n im a ls  and  hum ans 
( H i n r i c h s  e t  a l , P h a rm a z ie  3 ,  1 1 0 ,  1 9 4 8 ) .

284.12  THE EFFECT OF FETAL EXPOSURE TO ETHANOL ON LUTEINIZING 
HORMONE-RELEASING HORMONE AND LUTEINIZING HORMONE IN 
PREPUBERTAL AND POSTPUBERTAL RATS.  D.L. Morris*, N.H. 
McArthur and P.G. Harms*.  D epar tments  of V e te r in a r y  
Anatomy and Animal Science, Texas A&M University, College 
Station, TX 77843.

P re v io u s  i n v e s t i g a t i o n s  in our l a b o r a t o r y  have 
demonstrated a s i g n i f i c a n t  i n c r e a s e  in hyp o th a lam ic  
l u t e i n i z i n g  hormone-releasing hormone (LHRH) and decrease 
in serum luteinizing hormone (LH) fo l lo w in g  exposu re  of 
adult male rats to ethanol (ETOH).

The purpose of this study was to determine th e  e f f e c t s  
of f e t a l  and postpartum exposure to ETOH on hypothalamic 
LHRH and serum LH in prepubertal and e a r l y  p o s t p u b e r t a l  
male and female ra ts .  Thirty-six 100-day-old female rats 
were bred and exposed to ETOH. Control an im als  were fed  
an i s o c a l o r i c  B io-Serve  l i q u i d  d i e t .  ETOH-exposed 
animals received a Bio-Serve 30% ETOH-derived c a l o r i c  
l i q u i d  d i e t .  T rea tm ent  groups were exposed during 
g e s t a t i o n  o n ly ,  d u r ing  l a c t a t i o n  o n ly ,  o r  d u r i n g  
g e s t a t i o n  and l a c t a t i o n .  The control and ETOH exposed 
offspring were weaned on day 2 0  and given r a t  lab  chow 
and w ate r  ad libitum. Offspring were decapitated at 20, 
30 and 40 days of age and trunk blood was taken  in EDTA 
tu b e s  and c e n t r i f u g e d .  The serum was stored at -20°C. 
Following re-lyophil izat ion, the basal  hypothalam i were 
e x t r a c t e d  with HCL and rad io imm unoassayed f o r  LHRH 
content.

The hypothalamic LHRH content of male rats exposed to 
ETOH dur ing  g e s t a t i o n  a n d /o r  du r in g  s u c k l i n g  was 
s i g n i f i c a n t l y  lower  than  the controls at 20, 30 and 40 
days of age. The hypothalamic LHRH c o n te n t  of fem ale  
r a t s  exposed to ETOH during gestation and/or suckling was 
signif icantly  lower than the contro ls  a t  30 and 40 days 
of age.

No signif icant d i f f e r e n c e s  in plasma LH were seen 
between th e  control groups and the ETOH treatment groups 
of ei ther male or female rats at the various ages.

These da ta  d em o n s tra te  t h a t  fetal and/or lactation 
exposure to ETOH signif icantly  reduced hypotha lam ic  LHRH 
c o n t e n t .  This su g g e s t s  a direct effect  of ETOH on the 
synthesis and/or storage of LHRH by h y po tha lam ic  LHRH 
neurons in th e  fe tal and prepubertal r a t ,  this effect of 
ETOH appears to be different from t h a t  in th e  a d u l t  r a t  
hypothalamus.

Supported  by NIH-BRSG-1-8 2 ,  TAMU-ORR-4-82, and 
TAMU-VLAMS-5-82.

284.13  ETHANOL-INDUCED INHIBITION OF SPONTANEOUS FIRING OF LOCUS 
COERULEUS NEURONS IS ASSOCIATED WITH AN ENHANCEMENT OF THE 
LATE AFTERHYPERPOLARIZATION.  S.A. Shefner and B. Tabakoff. 
 Dept. Physiol. Bi ophys., Univ. of I l l in o is  at Chicago, 
Health Sci. C t r . , Chicago, IL 60680.

Locus coeruleus (LC) neurons in the totally-submerged 
ra t  pontine s l ice  preparation f i r e  spontaneously at a rate 
of about 0.25-7 Hz. Bath application of ethanol (ETOH) has 
been shown to reversibly decrease the ra te  of such f i r ing  
(Shefner, S.A., et  a l . ,  Soc. Neurosci. Abstr . ,8:651,1982). 
This inhibition often occurred i n the absence of, or pre
ceding ETOH-i nduced membrane hyperpolarization. In the 
present study, the size and shape of spontaneous action 
potentials were studied before, during and a f te r  ethanol 
application, to  see i f  any changes in active membrane 
properties could account for the inhibition of f i r ing .

In trace llu la r  recordings were made from ra t  LC neurons, 
in v i t ro ,  and ETOH (1-60 mM) was applied in the bath. This 
concentration range corresponds to ETOH levels found in 
brain during mild in toxication, through levels found during 
ataxia and sedation. Membrane potential  was monitored on a 
penrecorder. Action potentials were stored on paper re 
cords, pictures of oscilloscopic t races ,  and/or were d ig i 
tized using using a Coulbourn Signamax data acquisition 
system and stored for la te r  signal averaging and measure
ment on an IBM XT computer.

ETOH was tested 42 times on 29 LC neurons which showed 
stable  spontaneous f i r ing  ra tes .  All but 2 ce l ls  showed a 
reversible  decrease in f i r ing  rate  and 15 ce l ls  showed a 
complete block of f i r ing  in the presence of ETOH. All ce l ls  
which showed a decreased f i r ing  ra te also showed an i n
crease i n the duration and amplitude of the l a te r  phase of 
the afterpolar iza tion  (AHP), and an apparent slowing of the 
rate  of r ise  of the prepotential leading up to the sponta
neous action potential .  In 6 6% of the c e l l s ,  the early 
phase of the AHP was decreased i n amplitude. Decreased 
spike amplitude (31% of ce l ls )  and an i ncrease in threshold 
(44%) were sometimes seen in the presence of ETOH; since 
decreased f i r in g  could occur in the absence of these 
changes, they do not appear to be the main factors respon
s ib le  for  the ETOH-induced inhibition. The primary cause of 
the slowing of spontaneous f i r ing  of LC neurons, therefore, 
appears to  be an increase in the la te  AHP following the 
spike and a decrease i n ra te of depolarization preceding 
each spontaneous spike. Both effects  could result  from 
enhancement of a long- lasting K+ conductance.
(Grant support: PHS AA 5846)

284. 14  EFFECTS OF POSTNATAL (WEEKS 1 OR 2) ETHANOL TREATMENT IN 
MALE RATS.  A. J .  R itc h ie ,*  M. Spencer,* B. Mesloh* and 
T. B. Sonderegger.  Dept. o f  P sy c h o l., Univ. o f  Nebraska, 
L inco ln , NE 68588-0308.

While most s tu d ie s  o f  th e  e f f e c ts  o f  e th an o l on th e  
developing organism have examined th e  e f f e c ts  o f p re n a ta l  
exposure, th e  study d e sc rib ed  he re  examines th e  e f f e c ts  o f  
known q u a n t i t ie s  o f  e th an o l an CNS development during  th e  
e a r ly  p o s tn a ta l p e rio d  in  th e  r a t .  Using an in t r a g a s t r i c  
in tu b a tio n  procedure designed to  co u n te rac t th e  e f f e c ts  o f  
underfeeding (Sonderegger e t  a l . , Neurobehav. Tax . and 
T e ra to l. 4 ; 477, 1982), e thano l in  a 30% Sustagen v e h ic le  
(Mead Johnson) was adm in istered  tw ice d a ily  on p o s tn a ta l  
days 1-7 o r  8-14 in  doses tap e red  to  reach  a maximum o f 
4 g/kg an  trea tm en t day 4.

25 l i t t e r s  o f  C harles R ivers CD a lb in o  r a t s ,  reduced to  
10 p ip s  each, were used in  a  s p l i t - l i t t e r  d esign . On 
postpartum  day 1 p ip s  were randomly assigned  to  a  trea tm en t 
group: e thano l (E), Sustagen (S ), p a ir-u n d e rfed  (P ), o r  
handled (H). S pups rece iv ed  comparable volumes o f i s o 
c a lo r ic  (sucrose) v e h ic le . Animals from a d d itio n a l l i t t e r s  
were used as unhandled (U) c o n tro ls .  Only d a ta  from th e  
males a re  rep o rted  h e re .

M o rta lity  was low (10/130). Body w eights were comparable 
on day 14 and beyond. T r ia ls  (2-min) in  th e  open f i e ld  
taken  on  days 30-33 in d ic a te  in c reased  a c t iv i ty  (number o f 
squares en tered) over days (p<0.03) fo r  a l l  groups. E 
( tre a te d  days 1-7) anim als were hypoactive r e la t iv e  to  
l i t te rm a te  c o n tro ls  (p<0.05), b u t d id  n o t d i f f e r  in  th e i r  
la te n c ie s  in  i n i t i a l l y  leav ing  th e  cen te r  o f  th e  f i e ld .
O ther measures (percent tim e in  c e n te r , la te n c ie s ,  beha
v io ra l  ep isodes) taken  in  th e  open f i e ld  d i f f e r e n t ia te d  
between E groups as w e ll as  between E groups and c o n tro ls ,  
p a r t ic u la r ly  th e  "Treatment x T r ia l"  in te r a c t io n s .  This 
fin d in g  d if f e r e d  from an e a r l i e r  study in  which male r a t s  
(comparably t r e a te d  w ith  e thano l on p o s tn a ta l  days 1- 8) 

were found to  be hypoactive when te s te d  on day 120.
O bservations from p h o to ce ll a c t iv i ty  measures on days 

70-73 were a lso  ob tained  and w i l l  be p resen ted . In  add i
t io n ,  a mating s tu d  (days 135-150) done w ith  both  groups 
o f  E anim als and th e i r  H c o n tro ls  w i l l  be d esc rib ed .

Univ. NE-Lin. Research C ouncil, Happold Funds, NIH 
Biomedical Support G rant RR 07055, and NIMH T rain ing  G rant 
No. 5T32MH16156-03.
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284.15  EFFECTS OF SYSTEMIC ETHANOL ON RESPONSES OF HIPPOCAMPAL 
UNITS TO IONOPHORETICALLY APPLIED NEUROTRANSMITTERS.  J .R .  
M ancillas , G.R. S igg ins  and F . E. Bloom.  S c rip p s  C l in ic  
and Res. Fd n . ,  La J o l l a ,  CA 9203 7

The e f f e c ts  o f  e thano l on synap tic  transm ission  have been 
p re v io u s ly  s tu d ied  in our lab  by e v a lu a tin g  changes in  th e  
responses o f  hippocampal pyramidal c e l l s  to  s t im u la t io n  o f  
a f f e re n t  pathways. We found ethanol to c au se  in c r e a s e s  in  
both p o s t-s tim u lu s  e x c i ta t io n s  and i n h i b i t i o n s .  H e re , we 
re p o rt on our e f f o r t s  to  d e te rm in e  th e  s i t e  o f  a c t io n  o f  
e thano l and the  synap tic  tra n s m itte rs  involved.

The a c t iv i t y  o f  s in g le  CA1 and CA3 p y ram id a l c e l l s  was 
r e c o r d e d  w ith  f i v e - b a r r e l  m i c r o e l e c t r o d e s ,  in  r a t s  
a n e s th e tiz ed  with ha lo thane (0.75-1% ). Ionophoretic  p u ls e s  
o f  A cety lcho line  (ACH), N orepinepinephrine (NE), S e ro to n in  
(5-HT) or GABA (c o n c e n t ra tio n  0.1M, PH=4) were r e p e a te d ly  
app lied  a t  re g u la r  in te r v a ls .  A fter th e  c o n t r o l  re s p o n se s  
o f  a u n i t  to  h ig h  and low  d o s e s  o f  a t r a n s m i t t e r  w ere 
e s ta b l is h e d ,  e thano l (0 .7 5 -1 .5  gm/kg) was in je c ted  i . p . ,  and 
th e  m a g n itu d e  o f  t h e  r e s p o n s e s  was r e - e v a l u a t e d  
p e r io d ic a l ly .

Ethanol s ig n i f ic a n t ly  increased  the  re s p o n se s  o f  s in g l e  
neurons to  ACH in  8 s u b je c ts ,  decreased  th e m in 2 and had no 
c l e a r ,  s i g n i f i c a n t  e f f e c t  in  2 o th e r .  An in c re a s e d  ACH 
response was observed in a l l  5 record ings from area CA1. In 
CA3, an in c rea se  was seen in  3 c a s e s ,  a d ecrease  in  2 and no 
change in  2 . Enhancement o f  ACH re s p o n se s  p redom ina ted  
w h e th e r  th e y  w e re  e v a l u a t e d  in  a b s o l u t e  n u m b er o f  
s p ik e s /s e c . o r as  % o f b a se lin e  f i r in g  r a te .

No s ig n if ic a n t  e thano l e f fe c ts  on re s p o n se s  to  NE (n=3) 
o r 5-HT (n=3) were o b s e rv e d . E thano l seemed to  c au se  a 
sm all but c o n s is te n t p o te n tia tio n  o f  in h ib ito ry  responses to  
GABA in  10 su b jec ts  (CA1=8, CA3=2), a dep ression  in  1 (CA3), 
and no c le a r  change in  4 (CA1=2, CA3=2). These e f f e c t s ,  
ho w ev er, w ere a l s o  o b serv ed  in  5 o f 6 s a l  i n e - i n j e c t e d  
a n im a ls .  T e s ts  o f  7 c e l l s  u s in g  GABA a p p l i e d  from  2 
d i f f e r e n t  b a r r e ls  suggests  t h a t  th e  a p p a re n t p o t e n t i a t i o n  
was an a r t i f a c t  o f  re p e a te d  io n to p h o r e t ic  a p p l ic a t i o n  o f  
GABA ra th e r  than a b io lo g ic a l phenomenon.

Our r e s u l t s  s u g g e s t  t h a t  e th a n o l  m ay p o t e n t i a t e  
p o s t-sy n ap tic  responses to  ACH in  th e  hippocampus, and th a t  
th i s  e f f e c t  may m ediate  th e  in c rea se s  in  a f f e re n t  e x c i ta tio n  
observed p re v io u s ly . E xperim ents  to  t e s t  th e  e f f e c t s  o f  
e thano l on responses to  o th e r in h ib ito ry  tra n s m it te r s  a re  in  
p ro g re ss . Supported by  an APS fe llo w sh ip  to  J.R.M. and the 
USPHS (AA 06420).

284.16  EFFECTS OF ETHANOL ON PLASMA VASOPRESSIN RELEASE IN THE RAT 
D.  L. Colbern, J . ten  Haaf*, B. Tabakoff, and T j.B . van 
Wimersma Greldanus. D Dep t.  Physio l. B iophys., Univ. I 11. 
Chicago Med. C tr . ,  P .O. 6998, Chicago, IL 60680, and Rudolf 
Magnus In s t .  Pharmac., S ta te  Univ. U trech t, The N etherlands

V asopressin (VP) le v e ls  in  human plasma have been shown 
to  ex h ib it a complex p a tte rn  of responses to  the adm inis
t r a t io n  of e thano l. (Helderman e t a l . ,  J .  G eront. ,  33: 
39-47, 1978; Linkola e t a l . ,  Acta p h y sio l, scand. , 104:180-
187, 1978). In r a t s ,  ethanol has g en era lly  been thought to  
in h ib i t  VP re le a se  in to  the  p e rip h e ra l c i rc u la t io n ,  how
ever, the  primary evidence fo r  th is  conclusion has been 
in d ir e c t .  We used radioimmunoassay to  more accu ra te ly  
assess  the e f fe c t  of ethanol on the re le a se  of VP in  th is  
sp ec ies.

Male, W istar r a ts  (170-215g) were m aintained on a 14:10, 
l i g h t : dark schedule ( l ig h ts  on 05:00 h) and given food and 
w ater ad lib itu m . Rats were in je c ted  ip w ith 2.0  g/kg e th 
anol (15%, v /v ) 5 or 60 min before  d e ca p ita tio n . C ontrol 
animals were given an equal volume of 0.9% s a lin e  (1.67 
c c /100g) or a sham in je c t io n . Another group was l e f t  
undisturbed u n t i l  d e ca p ita tio n . In je c tio n s  were s ta r te d  a t 
15:00 h and d e ca p ita tio n s  were completed by 17:15 h.

Plasma samples were ex trac ted  w ith  Vycor g la ss  powder 
and VP content was determined by radioimmunoassay using  an 
antiserum  (W1E) which had le s s  than 0.01 % c ro s s re a c t iv i ty  
w ith oxytocin.

R esults a re  p resented  in  the  ta b le  below. Five min 
a f te r  trea tm en t, plasma VP was s ig n if ic a n t ly  e lev a ted  in  
r a ts  given e thano l compared to  those given s a lin e  (p<.05) 
or sham (p<.01) in je c t io n s .  S ixty min a f te r  in je c t io n ,  VP 
lev e ls  were lower in  r a ts  given e thano l compared to  le v e ls  
in  sham (p<.05) or s a lin e  (p < .l)  tre a te d  anim als. Sa line  
or sham in je c tio n s  had no e f fe c t  on VP re le a se  5 or 60 min 
a f te r  in je c tio n  compared to  VP re le a se  in  u n trea ted  r a ts  a t 
th a t time of day (2.39 ± 0 .4 5 . n=13).
INJECTION VASOPRESSIN

5 min 60 min
Saline (n=7) 3.14 ± 1.11 (7) 3.60 ± 1.09
Sham (7) 2.49 ± 0.44 (8) 3.16 ± 0.51
Ethanol (7) 8.96 ± 1.70** (8 ) 1.58 ± 0.48*
§(pg/ml, x ± sem)

Thus, in  ad d itio n  to  the g en era lly  held no tion  th a t 
ethanol ad m in is tra tio n  in h ib i ts  VP re le a se , radioimmunoas
say techniques revealed  th a t VP re le a se  in r a ts  may a lso  be 
markedly s tim ulated  sh o rtly  a f te r  an in je c tio n  of e th an o l. 
[Supported in  p a rt by NIAAA-NRSA to  DLC & NIAAA-2696 to  BT]

284.17  THE EFFECT OF ETHANOL ON DOPAMINE UPTAKE IN STRIATAL SYNAPT
OSOMES  M.G. H adfield  Neurochemistry Research L ab ., Section  
on N europathology, Dept. of Pathology, M edical College of 
V irg in ia /V irg in ia  Commonwealth U ., Richmond, V irg in ia  23298 

Evidence i s  accum ulating th a t  e thano l has an im portant 
e f f e c t  on chem ical neuro transm ission . The rep o rts  embrace 
a number of n eu ro tran sm itte rs  and n eu ro tran sm itte r fu nc tions . 
But the record i s  s i l e n t  fo r dopamine (DA) uptake. In  the 
p re sen t s tudy , we looked a t the  e f fe c ts  of vary ing  doses of 
in  v i t r o  e thano l (up to  500 uM) on t r i t i a t e d  DA uptake in  
synaptosome— ric h  homogenates of s tria tu m  obtained from male 
ICR mice. Incubation  of t is s u e  (1-3 mg o r ig in a l  tis su e /m l) 
was ca rr ie d  out fo r f iv e  minutes a t 37°C in  K rebs-H enseleit 
b icarbonate  media under 95% O2 / 5%CO2 . I t  was enriched w ith  
ap p ro p ria te  amounts of g lucose, EDTA, asco rb ic  a c id , pargy
l in e  and s ev e ra l concen tra tions  of DA ranging from 0.067 to 
0 .2  uM. Cocaine (10 um) in h ib ite d  samples were sim ultan
eously  incubated  to  determ ine pass ive  uptake. The net up
take values were sub jec ted  to  M ichaelis-M enten an a ly sis  to 
determ ine Km and Vmax. No changes in  DA uptake were noted 
except a t the  h ig h est co n cen tra tio n  of e thano l u t i l iz e d  
(500 uM). At th a t  extreme dose, th e re  was a modest but 
s ig n if ic a n t  (25%) decrease  in  Vmax but s t i l l  no change in  
Km. These re s u l t s  in d ic a te  th a t  e thano l has l i t t l e  e f fe c t  
on DA uptake, a t le a s t  in  v i t r o . In  view of the fa c t th a t 
e thano l produces f lu id  membrane s h i f t s  th a t  may in te r f e r e  
w ith  sodium channels and ATPase a c t iv i ty ,  we had expected a 
more pronounced decrease  in  Vmax due to  m etabolic uptake 
in h ib i t io n .  Though uptake in h ib i t io n  of DA in  the  s tria tu m  
i s  thought simply to  r e f le c t  increased  re le a se  of neuro
tra n s m it te r ,  e thano l increased  DA re le a s e , in  the s tu d ie s  of 
o th e rs ,  a t co n cen tra tions  only 1/5 our h ig h est dose. These 
e s s e n t ia l ly  negative  find ings in d ic a te  th a t we should d ir e c t  
our search  fo r e thano l e f fe c ts  on dopaminergic mechanisms to 
a reas o th e r than  uptake, such as DA recep to r a c t iv i ty  where 
a more im portant e f f e c t  may occur.

284. 18 ARE SHORT SLEEP AND LONG SLEEP MICE SPECIFICALLY SENSITIVE 
TO ALCOHOL?  H .P . A lpern, T.D. M cIntyre.  Behavioral 
Neuroscience Program, Department of Psychology, U n iversity  
of Colorado, Boulder, Co. 80309

Two lin e s  of mice se le c tiv e ly -b re d  fo r sh o rt and long 
ethanol-induced sleeptim es (SS & LS) a re  in te re s t in g  because 
they seemingly support a genetic  hypothesis of a lcoho l 
s e n s i t iv i ty .  We do not challenge th is  n o tio n , b u t, the 
a v a ilab le  evidence does not support the conclusion th a t 
these  l in e s  a re  ju s t  s e n s it iv e  to  a lco h o ls . The a lco h o l-
s p e c if i c i ty  case hinges on a study th a t examined n a rc o tic  
responses to e th an o l, methanol, t-b u ta n o l, p e n to b a rb ita l 
(PB), paraldehyde, c h lo ra l hydrate  and tr ic h lo ro e th a n o l 
(Erwin e t  a l . ,  1976), which found th a t only the a lcoho ls  
separated  these  l in e s .

Other fin d in g s , however, suggest th a t  the  a lco h o l-
induced d iffe ren c e s  a re  due to  to n ic  neu ra l a c t iv i ty .  SS 
mice d isp lay  lower th resho lds  to  flu ro th y l-in d u ced  s e iz u re s , 
and in  an op en -fie ld  SS mice were more a c t iv e . A ddition
a l ly ,  gamma-butyrolactone, L -phenylisopropyl adenosine and 
chlord iazepoxide induce longer sleep tim es in  LS mice. These 
find ings co n tra d ic t Erwin e t a l . ,  and the find ing  th a t  SS 
s leep  longer a f te r  PB (O’Connor e t  a l . ,  1982).

One a l te rn a t iv e  theory contends th a t continued s e le c tio n  
p ressu re  has a lte re d  the l in e s  so th a t the  SS are  now PB 
s e n s it iv e  (O’Connor e t  a l . ,  1982). Due to  the  am biguity 
regarding  b a rb itu ra te s  we reexamined the s t a t i s t i c a l  r e s u l ts  
reported  by Erwin e t  a l .  Using th e i r  s t a t i s t i c a l  d a ta  our 
re a n a ly sis  fin d s  d if f e r e n t  r e s u l t s .  We confirmed th e i r  
r e s u l ts  fo r  the a lco h o ls , but found th a t  c h lo ra l hydrate  ( t  
= 3.02, df = 37, p<. 01), tr ich lo ro e th a n o l ( t  = 2 .16 , df = 
18, p<.05) and paraldehyde ( t = 2 .93 , df = 37, p< .01), in 
duced longer s leep tim es in  LS. PB induced longer sleep tim es 
in  SS ( t  = 2 .99 , df = 124, p<.01). Thus, the  conclusion  
th a t the two l in e s  a re  e th a n o l-sp ec if ic  i s  not supported by 
the o r ig in a l  d a ta , w hile the r e s u l t  fo r PB is  in c o n s is te n t 
w ith those fo r o ther CNS dep ressan ts . Since some ambiguity 
rem ains, th is  study was designed to a sc e r ta in  s leep tim es 
a f te r  ad m in is tra tio n  of PB, p h en o b arb ita l, and th io p e n ta l .

We rep o rt th a t ,  co n s is te n t w ith previous fin d in g s  fo r 
e th an o l, t-b u ta n o l,  m ethanol, paraldehyde, c h lo ra l h y d ra te , 
tr ic h lo ro e th a n o l,  gamma-butyrolactone, ch lo rd iazepoxide , and 
adenosine, whenever the two l in e s  were d if f e r e n t  the  
b a rb itu ra te s  p e n to b a rb ita l, phenobarbita l and th io p e n ta l 
induced longer sleep tim es in  LS mice. Thus, the  SS and LS 
mice a re  not s p e c if ic a l ly  s e n s it iv e  to  the n a rc o tic  e f fe c ts  
of a lcoho l but to many CNS dep ressan ts .
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284.19  ETHANOL DIFFERENTIALLY MODULATES OPIATE, ALPHA ADRENERGIC 
AND MUSCARINIC RECEPTORS IN CULTURED NEURAL CELLS.  M.E. 
Charness*, E.C. Cooper*, I .  Diamond.  E rnest Gallo C lin ic  & 
Research C enter, Dept. of Neurology, U n ivers ity  of 
C a lifo rn ia ,  San F ranc isco , C a lifo rn ia  94110.

Ethanol i s  be lieved  to  produce im portant e f fe c ts  on syn
a p tic  fu n c tio n  by in te ra c tin g  w ith n eu ra l c e l l  membranes. 
Using l iv in g ,  undisrup ted  NG108-15 c e l l s ,  we have shown th a t 
acu te  e thano l exposure in h ib i ts  b inding to  the  d e l ta  op ia te  
re c ep to r , and th a t  a f t e r  longer exposure, these  c e l l s  ex
p ress  an increased  number of o p ia te  re c ep to rs . The presence 
of m u ltip le  n e u ro tran sm itte r re cep to rs  in  th is  c e l l  l in e  
allowed us to  s im ultaneously  study the  e f fe c ts  of sho rt-te rm  
and long-term  e thano l exposure on sev e ra l recep to rs  in  the  
same l iv in g  c e l l s .

When added to  whole c e l l s  immediately p r io r  to  the  rad io 
lig a n d s , e thano l in h ib ite d  the  binding  of 3H-rauwolscine 
(RAUW), 3H -diprenorphine (DPN), and 3H -qu inuclid iny l benzi
la te  (QNB), an tag o n is ts  re sp ec tiv e ly  fo r the  α2-a d re n e rg ic , 
o p ia te , and m uscarin ic re c ep to rs . Pseudo-H ill p lo ts  fo r 
e th a n o l 's  in h ib it io n  of recep to r binding showed slopes of 
1.39 fo r RAUW), 1.34 fo r  DPN, and 2.59 fo r QNB. The Ki  fo r 
e thano l in h ib i t io n ,  c a lcu la te d  from the  IC5 0  and the recep
to r  Kd , was 172±20 mM fo r RAUW, 387±69 mM fo r  DPN and 723±
145 mM fo r  QNB. Thus, the  3 n eu ro tran sm itte r recep to rs  d is 
played d i f f e r e n t ia l  s e n s i t iv i ty  to the  acute  e f fe c ts  of e th 
ano l. Scatchard a n a ly sis  revealed  an acute  e f fe c t  on Kd and 
no e f fe c t  on Bmax.

The e f fe c ts  of longer-term  ethano l exposure were d e te r 
mined by c u ltu r in g  NG108-15 c e l l s  fo r  2 days in  serum -free 
defined  medium in  the  presence or absence of 2 0 0  mM e thano l. 
This treatm ent increased  b inding fo r RAUW 103%, DPN 8 6 %, and 
QNB 37%. For a l l  th ree  re c ep to rs , increased  binding re 
f le c te d  a predominant change in  recep to r Bmax. Thus e th 
a n o l 's  potency fo r sh o rt-te rm  in h ib it io n  of re cep to r binding 
c o rre la te d  w ith an in c rea se  in  re c ep to r expression  a f te r  
longer-term  exposure. Short and long-term  exposure to  
e thano l may produce opposite  b io physical changes in  c e l l  
membranes. The d i f f e r e n t ia l  re cep to r responses to  ethanol 
we observe in  NG108-15 may r e f le c t  d i f f e r e n t ia l  recep to r 
s e n s i t iv i ty  to  these  b iophysical even ts.

GABA AND BENZODIAZEPINES: BINDING II

285.1  MODULATION OF [35S]-TBPS BINDING BY BENZODIAZEPINE 
RECEPTOR LIGANDS: EFFECTS OF FLUNITRAZEPAM PHOTOAFFINITY 
LABELING.  R. M. Mangano and G. T. Bautz*.  Dept. of 
Pharmacology I I , Hoffmann-La Roche Inc., Nutley, N.J. 
07110.

The cage convulsant t-butylbicyclophosphorothionate 
(TBPS) binds specif ica l ly  and with high a f f in i ty  to the 
picrotoxin moiety of the benzodiazepine (BZ)/GABA/
picrotoxin/chloride ionophore receptor complex (Squires 
e t  a l . Mol. Pharm., 23, 326, 1983). Recent studies 
i n dicate that  [35S]-TBPS binding is modulated by occu
pancy of the BZ receptor with i t s  ligands (Supavilai and 
Karobath, Eur. J. Pharm., 91, 145, 1983). Since f lu n i t 
razepam photoaffinity l abelling (PAL) is known to a l t e r  BZ 
agonist-receptor in teractions,  we have undertaken studies 
to determine the effects  of BZ receptor PAL on the modu
lation of [35S]-TBPS binding.

Brief ly, r a t  cortex was homogenized in 40 vols. of 
50mM Na2HP04-HCl, pH 7.4. The homogenate was centrifuged 
at  36,000 xg for  10 min. a t  4° C. The tissue pe l le t  was 
resuspended in fresh buffer and photolabeled in the 
presence of 30nM flunitrazepam (FLUN). Control tissue 
was exposed to UV l ight  in the absence of FLUN. Treated 
tissue was washed 4x with 50mM Tris-HCl, pH 7.4 and 
frozen. [35S]-TBPS binding was performed at  25° C in 
50mM T r i s -c i t r a te ,  pH 7.5 in the presence of various BZ 
receptor ligands. Binding was terminated by f i l t r a t io n  
through GF/B f i l t e r s  a f te r  100 minutes.

Binding of [35S]-TBPS to control t issue was enhanced 
22%, 35% and 31% by 10-8M, 10-7M and 10-6M concentrations 
of FLUN. However, in PAL membranes the FLUN stimulation 
was 0%, 8 % and 22% at these same concentrations. Clon
azepam (CLON) at  concentrations of 10-8M, 10-7M and 10-6M 
stimulated [35S]-TBPS binding 28%, 36% and 37% in control 
t issue.  In PAL membranes this stimulation was reduced to 
4%, 19% and 24% at  these concentrations. Thus FLUN PAL 
of BZ receptors appears to attenuate the BZ receptor 
modulation of TBPS binding and that  higher concentrations 
of BZ agonists can p a r t ia l ly  overcome this effec t .  These 
preliminary experiments also indicate that covalent 
incorporation of FLUN into the BZ receptor by PAL per se 
causes a 20% stimulation of [35S]-TBPS binding.

285.2  THE BENZODIAZEPINE RECEPTOR INTERACTIONS OF A VERY HIGH 
AFFINITY PYRROLOBENZAZEPINE, 3-H Ro 22-8515.  G. Bautz*, 
N. M. Spirt*, R. A. O'Brien.  Dept. of Pharmacology I I ,  
Hoffmann-La Roche Inc.,  Nutley, N. J.  07110.

In vitro  receptor binding analyses of a series of 
benzazepine analogs led to the discovery of Ro 22-8515, 
8-Chloro-6-(2-chlorophenyl)-l,4-dihydropyrrolo=[3,4-d] 
[2] benzazepin-3(2H)-one (Dr. E. Trybulski), which 
exhibited very high a f f in i ty  for the benzodiazepine (BZ) 
receptor. The compound has an IC 50 value of 0.0045 nM 
against 3H-diazepam (3H-DIAZ) and displayed a very 
shallow displacement curve using ra t  cerebral cortical 
membranes as a receptor source. The Hill coeffic ient  is 
0 .4 in assays run at 4° C. The binding was selective 
for central BZ receptors since i t  is inactive in displac
ing 3H-DIAZ from peripheral kidney binding s i te s .  When 
tested in the 3H-Ro 15-1788 bindina assay, the a f f in i ty  
of the drug was greatly enhanced by GABA (IC 50 ra t io  of 
4.1) suggesting very strong agonist ac t iv i ty .  Ro 22
8515 is also very potent when evaluated in ex vivo 3H-
DIAZ experiments; ED 50=0.26 mg/kg (DIAZ ED50=24 
mg/kg.) The binding of 3H-Ro 22-8515 to r a t  brain 
synaptic membranes verified the i n i t i a l  observations 
made in the 3H-DIAZ binding assays. Binding is specif ic ,  
saturable and at 100pM required incubation times of 

10 or 90 minutes at  37 or 4° C, respectively, to reach 
equilibrium. Scatchard analyses revealed Bmax values of 
60 pmols/g. wet wt. in ra t  cortex which are comparable 
to the Bmax values reported for BZ binding. At 37° C 
3H-Ro 22-8515 is displaceable by DIAZ (IC50=3.8nM) and 
clonazepam (IC50=0.27 nM). The peripheral BZ, Ro 5
4864, and the nonBZ Zopiclone produce insignif icant  
inhibition of 3H-Ro 22-8515 binding. The total  specific 
binding of 3H-Ro 22-8515 is greater a t 4 than 37° C, 
however when dissocation experiments were carried out, 
only 50% of the bound 3H-Ro 22-8515 is reversibly bound 
at  4° C, while nearly 100% is dissociable at 37° C. 3H-
Ro 22-8515 might be a useful ligand for in vivo char
acterization and l ocalization of benzodiazepine receptors. 
A preliminary evaluation using in vivo autoradiography 
has been completed.
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285.3  CHARACTERIZATION OF BENZODIAZEPINE BINDING SITES AFTER SHORT 
WAVE PHOTOAFFINITY LABELING.  W.F. H erblin  and C.C. Mechem*.  
E .I .  du Pont de Nemours & Co., Experimental S ta tio n , C entral 
Res. & Devel. D ep t., Wilmington, DE 19898.

We have p rev io u sly  shown th a t  short-wave u l t r a v io le t  
i r r a d ia t io n  (254 nm) i s  more e f f i c ie n t  than long-wave fo r 
the p h o to -a ff in ity  la b e lin g  of benzodiazepine s i t e s  with 
flun itrazepam  (FZ). Under the cond itions  used, over 50% of 
the  a v a ilab le  " c e n tra l type" s i t e s  from r a t  cortex  or c ere 
bellum could be labe led  w ith 3H-FZ. To b e t te r  understand 
the  r e la tio n s h ip  of ag o n ist and an tag o n ist benzodiazepine 
s i t e s ,  we have photo labeled  membranes from ra t  cortex  in  the 
presence of n o n -rad io ac tiv e  FZ and examined the binding of 
3 H -e th y l-b e ta -ca rb o lin e  (BCCE) and i t s  in h ib it io n  by BCCE, 
FZ, and Cl 218,872.

Rat c o r t ic a l  t is s u e  was homogenized in  50 mM TRIS, pH 7 .4 , 
and cen trifu g ed  a t 40,000 x g fo r 30 m inutes. The p e l le t  
was resuspended in  TRIS and washed twice by c en tr ifu g a tio n  
and resuspension . The homogenate was incubated fo r 30 
minutes a t  0-4°C w ith 10 nM FZ and then i r r a d ia te d  a t 254nm 
fo r 15 m inutes. The t is s u e  was washed th ree  times by 
c e n tr ifu g a tio n  and resuspension  and used in  standard  binding 
assay s. C ontrol t is s u e  was e i th e r  incubated w ith FZ and not 
i r r a d ia te d  or i r r a d ia te d  in  the absence of FZ.

In pho to labeled  membranes the  binding of BCCE and i t s  
s e l f  in h ib i t io n  a re  unchanged. The values fo r  Bmax, Kd, and 
Ki were id e n t ic a l  to  those determ ined w ith co n tro l membranes. 
The in h ib i t io n  of 3H-BCCE by FZ shows two d is t in c t  compo
n en ts . Roughly h a lf  of the  BCCE binding i s  in h ib ite d  by FZ 
w ith moderate potency (Ki~50 nM), while the remainder is  
v i r t u a l ly  unaffec ted  (Ki > 1000 nM). Cl 218,872 appears to  
in te r a c t  w ith a l l  of the BCCE s i t e s  uniform ly, but the 
a f f in i ty  i s  reduced 8 - 1 0  fo ld  compared to  the  a f f in i ty  
determ ined in  co n tro l membranes.

235.4  SOLUBLE GABA-BENZODIAZEPINE RECEPTOR COMPLEX CONTAINS SITES 
FOR ANIONS AND DIVALENT CATIONS,  M. Gavish, M. Awad* and F. 
Fares*,  Rappaport I n s t . ,  Dept. Pharm., Fac. Med., Techn
ion , H aifa  31096, I s r a e l .

Benzodiazepine recep to rs  were s o lu b iliz e d  from c a l f  b ra in  
co rtex  by 2% deoxycholate p lus 1 M NaC1 an d d ia lyzed  for 
s a l t  removal. As i s  the case w ith  membrane-bound benzodia
zepine rec ep to rs , the  b ind ing  of 3H -flunitrazepam  i s  in c re 
ased by GABA, NaCl and CaCl2 . S a lt  and GABA removal by 
d ia ly s is  decreased so lu b le  benzodiazepine recep to r b ind ing  
and increased  re cep to r s e n s i t iv i ty  to  heat trea tm en t.

GABA (15 μ M) and NaCl (50 mM) p ro te c t 30% and 20% o f 
so lub le  benzodiazepine recep to rs  re sp ec tiv e ly  from heat 
in a c tiv a t io n . Combinations th e reo f p ro te c t 60% of b ind ing  
a c t iv i ty  from the same trea tm en t. 5 mM o f CaCl2 was a lso  
found to  p ro te c t 2 0 % o f benzodiazepine b ind ing  a c t iv i ty  
from heat and in  comb in a tio n  w ith 15 /μM GABA -  the  p ro te c 
tio n  i s  50%.

These r e s u l ts  in d ic a te  th a t the s i t e s  fo r anions and 
d iva len t cations which were discovered in  the membrane-
bound s ta t e  of the GABA-benzodiazepine recep to r complex are  
re ta in e d  a f te r  s o lu b il iz a t io n  by deoxycholate p lu s  NaCl.

285.5  SPECIFIC EFFECTS OF SHORTWAVE ULTRAVIOLET IRRADIATION ON 
THE ANION RECOGNITION SITE OF BENZODIZAEPINE/GABA 
RECEPTORS.  R.R. T r i f i l e t t i ,  A.M. Snowman and S.H. 
Snyder.  Johns Hopkins University, Dept. of Neuroscience, 
Sch. of Med., Baltimore, MD 21205.

(3H)Muscimol has been successfully photoincorporated 
into r a t  brain GABA-A receptors by shortwave (254 nm peak 
output) i r rad ia t ion .  Salient features of photoaffinity 
labelling of GABA-A receptors with (3H)muscimol will be 
presented. A natural question which arises is whether the 
shortwave i rradiat ion required to obtain (3H)muscimol 
incorporation has any effects  per sè on the 
benzodiazepine/GABA-A complex.

Shortwave u l t rav io le t  i rradiat ion  of r a t  brain 
water-lysed crude P2 membranes maintained at  0ºC produces 
a dramatic, time-dependent loss of specific  
(35S)t e r t - butyl bicyc l ophosphorothionate ( (35S)TBPS) 
binding to sedative/convulsant receptors. Under the same 
conditions, neither  benzodiazepine receptor binding nor 
GABA-A receptor binding is affected. The action spectrum 
for the inactivat ion of (35S)TBPS binding shows a maximum 
at about 280 nm, consistent  with the involvement of 
tryptophan or tyrosine residues. As (35S)TBPS binding is 
almost en t i re ly  dependent on Eccles anions, abolishment of 
(35S)TBPS binding might be due to d irect  effects on either  
the TBPS or anion recognition s i te s .  Further study 
revealed tha t  shortwave i r rad ia t ion  also abolishes anion, 
barbiturate and pyrazolpyridazine (etazolate) enhancement 
of (3 H)diazepam binding, each with a similar  time course 
as inactivation of (35S)TBPS binding. All of these 
effects  are dependent upon Eccles anions, and we therefore 
propose tha t  the primary influence of shortwave 
u l t ra v io le t  i rradiat ion  on the benzodiazepine/GABA-A 
receptor is on the anion recognition s i t e .  GABAergic 
regulation of benzodiazepine agonist binding, which is not 
absolutely dependent upon anions, is largely unaffected by 
shortwave ir rad ia t ion .

Gel f i l t r a t i o n  of soluble (3H)Ro-15-1788 binding to 
detergent solubilized extracts of control and shortwave 
irradiated  membranes suggests that  ir radia t ion  produces a 
decrease in apparent size of the soluble 
benzodiazepine/GABA-A receptor complex. This preliminary 
resu l t  suggests that  the anionophore function of the 
receptor complex may be on a d is t inc t  polypeptide linked 
to benzodiazepine and GABA binding subunit(s) by a single 
uv-labile  (disulfide?) bond.

285.6  CHARACTERIZATION OF BENZODIAZEPINE BINDING SITES IN THE RAT 
PINEAL GLAND.  E. Matthew, M. B lai n* and K. Machlka*.
M ontreal N eurological I n s t i tu te ,  McGill U n iv e rs ity , Montreal 
PQ. H3A 2B4.

These s tu d ie s  were based on an e a r l i e r  re p o rt in which we 
described  augmentation of no rep ineph rine-s tim u la ted  
N -a c e ty ltran sfe ra se  a c t iv i ty  by benzodiazepines in  the  r a t  
p in ea l gland ( J .  Pharmacol. E xp tl. Ther. 228:434-438).
S tudies of the binding of f iv e  benzodiazepine lig a n d s , ( 3H) 
diazepam, (3H)f lunitrazepam , (3H)Ro-5-4864, (3H)Ro-15-1788 
and (3 H)methylclonazepam, were c a rr ie d  out in  homogenate 
p rep a ra tio n s  of p in ea l glands taken from male Sprague-
Dawley r a t s  (100-150gm).

The binding of (3H)diazepam, (3H)f lunitrazepam  and (3H) 
Ro-5-4864, was re v e rs ib le  s a tu rab le  and p ro p o rtio n a l to  the  
amount of p ro te in  used fo r  the  assay . With (3H)Ro-15-1788, 
a p u ta tiv e  an tag o n ist of the  c lonazepam -sensitive  " c e n tra l"  
re cep to r, some re v e rs ib le ,  but n o n -sa tu rab le  binding 
occurred a t  rad io ligand  concen tra tions  g re a te r  than 10nM. 
There was no binding of (3H)methylelonazepam.

The binding of (3H)Ro-5-4864 was of h igher a f f in i ty  
(Kd=6.4nM) than th a t  of (3H)diazepam (Kd=42.8nM) or 
(3H)flun itrazepam  (Kd=68.7nM). Maximum binding s i t e s  (Bmax.) 
fo r  (3H)Ro-5-4864 (9 .8  pmol/mg p ro te in ) ,  (3H)diazepam 
(6 . 8  pmol/mg p ro te in ) and (3H )flunitrazepam  (13.9 pmol/mg 
p ro te in ) were 3 0 -fo ld , 6 -fo ld  and 9 -fo ld  h igher re sp ec tiv e ly  
than th a t  reported  in  r a t  b ra in .  (Marangos e t  a l ,  1982, 
B raestrup and S qu ires , 1977 and Mohler e t a l ,  1980). To 
fu r th e r  c h a rac te r iz e  these  binding s i t e s ,  1C5 0  values 
(concen tra tions  req u ired  to  produce 50% in h ib it io n  of ra d io 
ligand  binding) were determ ined:

(3H) Rio-5-4864(3H) Flunitrazepam (3H)diazepam
1C50(nM)

Diazepam 12 45 -
Flunitrazepam 30 - 22
Ro-5-4864 - 4 42
Ro-15-1788 >3000 700 >3000
Clonazepam >3000 >3000 >3000

These data  dem onstrate th a t the  benzodiazepine binding 
s i t e s  in the  r a t  p inea l gland are  of the  R o-5-4864-sensitive  
"p e rip h e ra l" ty p e .
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285.7  REDUCED POTENTIATION BY GABA OF BENZODIAZEPINE RECEPTOR 
BINDING IN BRAIN CELL CULTURE AFTER CHRONIC BENZODIAZEPINE 
EXPOSURE.  G.D. S c h ille r*  and D.H. F arb .  Dept. o f Anatomy & 
C ell B iology, SUNY Downstate Med. C t r . ,  Brooklyn, NY 11203 

Benzodiazepines (BZD) bind w ith  high a f f in i ty  to  mem
brane homogenates of embryonic chick b ra in  and sp in a l cord , 
p o te n tia tin g  GABA induced inc rea se s  in  membrane conductance 
(L ife S c i .33(1983)2061). Down re g u la tio n  o f BZD recep to r 
(BZD-R) number was observed in  r a t  b ra in  homogenates a f te r  
i . p .  ad m in is tra tio n  of flurazepam  (FZ) fo r 7d (L ife S c i .23 
(1978)1153). Here, we show th a t  chron ic  FZ treatm ent has 
v i r t u a l ly  no e f f e c t  on b a sa l [3H ]flunitrazepam  ( [3H]FNZM) 
b in d in g , b u t ra p id ly  (w ithin 24h) reduces GABA-enhancement 
o f BZD binding  to  liv in g  prim ary embryonic chick b ra in  c e l l  
c u ltu re s  and c e l l  homogenates. C u ltu res  were exposed to  FZ 
(100uM,48h), c o lle c te d , homogenized and washed 8X by cen t
r ifu g a t io n .  GABA (10uM; EC50 1uM) enhanced [3H]FNZM binding 
(0.5nM, 0C, measured by f i l t r a t i o n  assay) 90% in  co n tro l 
c e l l s ,  whereas enhancement was only  20% in  t re a te d  c u l t 
u re s . P o te n tia tio n  by 1mM GABA was in h ib ite d  by 100uM 
b ic u c u ll in e .  N either [3H]FNZM binding  (c o n tro l : tre a te d , 
180+/-28:160+/-36, fmol/mg p ro te in ) ,  nor a f f in i ty  (ca. 7nM) 
were s ig n if ic a n t ly  a lte re d  by FZ exposure. Reduced poten
t i a t i o n  was a lso  observed fo r binding  to  in ta c t  c e l l s  (16mm 
d is h e s ) :  B rain c e l l s  were exposed to  FZ (100uM, 24h, 37C) 
and washed (2h , 37C then 2 X 45min, 23C) p r io r  to  assay . 
[3H]FNZM binding  (1nM, 30min, 0C) was determ ined in  th e  p re
sence of in c reasin g  [GABA], and n o n -sp ec if ic  binding (+ 2uM 
FNZM) was su b tra c ted . R eactions were term inated  by a sp ira 
tio n  of the  incubation  m ixture and the  c e l l s  washed (10sec , 
2m l, 0C). Membrane d i lu t io n  experim ents showed no e f f e c t  of 
re s id u a l FZ on the  b inding assay . GABA (10uM) p o te n tia te d  
[3H]FNZM binding to  l iv in g  neurons 55+/-4% (3 e x p ts . ) ,  was 
b ic u c u llin e  s e n s it iv e  and had an EC50 fo r GABA of ca. 1uM. 
Exposure to  100uM FZ decreased  GABA p o te n tia tio n  to  12+/-3% 
above c o n tro l ,  approx. a 5 -fo ld  d ecrease . A sm aller e f f e c t  
was observed w ith 0. 1uM FZ, and l i t t l e  e f f e c t  was observed 
a f te r  a 4h exposure to  l 00uM FZ, in d ic a tin g  th a t  reduced 
p o te n tia tio n  is  both tim e -a n d  dose-dependent. In te re s tin g 
ly ,  reduced p o te n tia tio n  was re c en tly  repo rted  fo r  ad u lt 
r a t  b ra in  b u t req u ired  3wk of diazepam trea tm en t (Nature 
308(1984)74). R eciprocal enhancement by GABA and BZD's of 
t h e i r  b inding i s  w ell documented and the  rap id  reduction  in 
the  a b i l ty  of GABA to  modulate [3H]FNZM binding may r e f le c t  
an underlying mechanism involved in  GABA/BZD-R s e n s i t iv i ty ,  
such as may be involved in  to le ran ce  to  chronic BZD t r e a t 
ment. (Supported by NIH NS-18536 & New York H e ar t) .

285.8 3 [H]Ro 15-1788 (BENZODIAZEPINE ANTAGONIST) BINDING TO MOUSE 
BRAIN IN VIVO: MARKED ENHANCEMENT BY GABA AGONISTS, ADENO 
SINE AGONISTS, CALCIUM CHANNEL BLOCKERS AND CANNABIMIMETICS. 
 B. K. Koe and E. Kondratas*.  C en tra l Research, P f iz e r  In c .,  
Groton, CT 06340

Benzodiazepine re c ep to rs , GABA recep to rs  and p ic ro to x in  
binding  s i te s  c o n s ti tu te  a complex which re g u la te s  the  ch lo 
r id e  ion channel. GABA agon ists  and agents which f a c i l i t a t e  
3 [H]GABA binding  enhance the b inding  o f 3 [H]benzodiazepines 
to  b ra in  membranes in  v i t r o  and in  v iv o . Although GABA ago
n i s t s  inc rease  3 [H]d iazepam or 3[H]flunitrazepam  (3 [H]FNP) 
b ind ing , they have no e f f e c t  on th a t  of the benzodiazepine 
an ta g o n is t, [H]Ro 15-1788, in  v i t r o . This d i f f e r e n t ia l  e f 
fe c t is  the  b a s is  of a simple t e s t  to  d is t in g u is h  between 
benzodiazepine ag o n ists  and an ta g o n is ts .

Unexpectedly, we found th a t  mice p re tre a te d  w ith proga
bide (320 µmol/kg) or Na v a lp ro a te  (1 mmol /kg) showed marked 
enhancement of 3[H]Ro 15-1788 (100 µCi/kg i . v . )  binding  in  
vivo (288% and 556% of co n tro l, re s p e c tiv e ly ) .  C artazo la te  
( 1 0 0  µmol/kg) and the cannabimim etic, levonan trad o l ( 1 
µmol/kg), a lso  caused an inc rease  in  in  vivo 3[H)Ro 15-1788 
binding (198% and 269% of c o n tro l, re s p e c tiv e ly ) .  In  add i
tio n , we found th a t  the adenosine ag o n ist, Nº -cyc lohexy l
adenosine (10 µmol/kg), and the Ca+2 channel b lo ck er, nimodi
pine (100 µmol/kg), e lev ated  binding  of i . v .  [H]Ro 15-1788 
to  mouse b ra in  (366%3  and 225% of c o n tro l, r e s p e c tiv e ly ) .  
These in c reases  in  3 [H]Ro 15-1788 binding  i n vivo were 
h igher than the corresponding in c reases  in  3[H]FNP b ind ing . 
In  3[H)Ro 15-1788 b ind ing , the r e la t iv e  in c reases  in  p e l le t  
(P) and homogenate (H) r a d io a c tiv ity  were about the same. 
As a r e s u l t ,  “ f ra c tio n  bound" (P/H) did not vary by much, in  
c o n tra s t to  in c reases  or decreases in  f r a c t io n  bound ob
served in  [H]FNP binding with binding  enhancers or in h ib i
to r s ,  r e s p e c tiv e ly . The enhancement of 3[H]Ro 15-1788 b ind
ing in  in ta c t  mice by progabide, N6-cyclohexyladenosine and 
nimodipine is  rem in iscen t of th e ir  e f fe c ts  on reg io n a l 
c e reb ra l blood flow. These drugs probably in c rease  the 
l a t t e r  v ia  v a so d ila ta tio n  upon s tim u la tio n  of the  re sp ec tiv e  
recep to rs  on ce reb ra l blood v e sse ls  (Edvinsson e t  a l . , 
1980). Thus, enhanced 3 [H]Ro 15-1788 b inding  may r e s u l t  
from the f a c i l i t a te d  en try  in to  b ra in  of rad io lig an d  which 
then b inds av id ly  to  benzodiazepine re c ep to rs . In  vivo 

[H]Ro 15-1788 b inding may be a u sefu l method of a sc e r
ta in in g  the e f f e c t  of drugs on c e reb ra l blood flow in  r e 
gions con ta in ing  benzodiazepine re c ep to rs .

285.9  CONVULSANT/BARBITURATE RECEPTORS ARE PART OF THE 
GABA-BENZODIAZEPINE RECEPTOR PROTEIN COMPLEX.  R.G. King, 
G.B. S tauber, J.B . F isch er, and R.W. Olsen,  U niversity  of 
C a l ifo rn ia , R iv e rsid e , and UCLA School of M edicine, Los 
Angeles, CA 90024.

Binding a c t iv i ty  fo r the  cage convulsant [35S ] t-
bu ty lb icyclophosphoro th ionate  (TBPS) was so lu b iliz ed  from 
r a t  b ra in  membrane w ith the  de te rg en t 3-[(3-cholam ido
propyl) dimethylammonio] p ropanesulfonate (CHAPS) and shown 
to  co p u rity  w ith  the  GABA/benzodiazepine complex. [35S]TBPS 
b inding  a c t iv i ty  in  membranes and CHAPS e x tra c ts  was 
in h ib ite d  by cage convulsan ts , p ic ro to x in - lik e  convulsan ts , 
b a rb itu ra te s  and re la te d  d ep ressan ts . The b inding a c t iv i ty  
was a lso  a l lo s te r ic a l ly  in h ib ite d  by GABA re cep to r ligands 
in  a b ic u c u ll in e -s e n s it iv e  manner. [35S]TBPS binding 
a c t iv i ty  was s o lu b iliz e d  in  50% y ie ld  using 1% CHAPS, 
g iv ing  the follow ing binding  p ro p e r tie s : Kd=26 nM, Bmax=0.4 
pmol/mg p ro te in .  Gel f i l t r a t i o n  chromatography on Sepharose 
6B in  0.5% CHAPS gave a s in g le  peak of [ 3 5 S]TBPS binding 
which co-m igrated w ith  [3H]muscimol b inding and 
[3 H]flun itrazepam  binding w ith an apparent m olecular weight 
of about 900,000. The BZ binding  a c t iv i ty  showed a 20% 
enhancement w ith  1 mM P e n to b a rb ita l. [35S]TBPS binding 
a c t iv i ty  can be re ta in e d  and co p u rified  w ith b a rb i tu r a te -
enhanced [ 3H]flun itrazepam  and [3H]muscimol binding 
a c t iv i ty  on a benzodiazepine a f f in i ty  column. This work 
provides fu r th e r  evidence fo r the  ex istence  of the 
GABA-BZ-convulsant/barbiturate recep to r to g e th e r as a 
s in g le  p ro te in  complex.

Supported by NIH Grant NS20704 and NSF Grant BNS 80-19722.

285.10  PURIFICATION OF THE GABA/BENZODIAZEPINE/BARBITURATE RECEPTOR 
COMPLEX FROM RAT BRAIN.  J .B . F isch er , G B. Stauber, R.G. 
King, & R.W. O lsen.  U n ivers ity  of C a lifo rn ia , R iv e rsid e , and 
UCLA school of Medicine and Brain Research I n s t i t u t e ,  Los 
Angeles, CA 90024.

Receptor b inding a c t iv i ty  fo r the  in h ib ito ry  
n eu ro tran sm itte r γ -am inobutyric acid  (GABA) was p u r if ie d  
sev e ra l hundred-fo ld  to  near homogeneity w ith re te n tio n  of 
modulatory recep to r s i t e s  fo r  benzodiazepines (BZ) and 
b a rb i tu ra te s .  GABA recep to r ( [ 3H]muscimol), BZ recep to r 
( [3H]flu n itra zep am ), and co n v u lsa n t-b a rb itu ra te  re cep to r 
([3 5 S ]t-b u ty l b icyclophosphoro th ionate, TBPS) binding  
a c t iv i t i e s ,  so lu b iliz ed  from r a t  b ra in  w ith  the  de te rg en t 
deoxycholate, were a l l  re ta in e d  (>90%) on an a f f in i ty  
column of agarose-im m obilized BZ ligand  (R07-1986) in  T riton  
X-100, w hile e s s e n t ia l ly  a l l  the p ro te in  passed through. 
Free flurazepam e lu ted  a l l  th ree  a c t i v i t i e s  w ith  v i r t u a l ly  
no p ro te in . P u r if ie d  [3H]muscimol b inding a c t iv i ty  (y ie ld  
60%, s p e c if ic  a c t iv i ty  600-1800 pmol/mg p ro te in )  was 
in h ib ite d  by GABA re c e p to r-s p e c if ic  analogs and enhanced 50% 
by 1 mM p e n to b a rb ita l ( a f te r  removal of flurazepam  by 
d ia ly s is  and/or DEAE column). This a lso  allowed d e te c tio n  of 
p u r if ie d  [35S]TBPS b ind ing , in h ib ite d  by p ic ro to x in , cage 
convulsan ts , and b a rb i tu ra te s .  B ra in -sp ec if ic  [ 3H]f lu n i t r a 
zepam binding was a lso  p u r if ie d  and th i s  ligand  could be 
inco rpo ra ted  co valen tly  by UV l ig h t  exposure. The 
p h o to a ff in ity  3H-la b e lled  p ro te in  gave a s in g le  peak on 
ge l f i l t r a t i o n  chromatography (mol. w t. about 2 0 0 , 0 0 0 ) which 
co-m igrated w ith  another p u r if ie d  sample la b e lle d  w ith  125I . 
SDS ge l e le c tro p h o re s is  revealed  four bands a t  46-66,000 by 
s i lv e r  s ta in ,  Coomassie s ta in ,  and 125I (nonspecific  
la b e l l in g ) ,  one of which was a lso  la b e lle d  w ith  3H 
(flun itrazepam  p h o to a ff in ity  la b e l l in g ) .  This p u r if ic a t io n  
to  near homogeneity in d ic a te s  th a t  the mammalian b ra in  GABA 
re c ep to r-c h lo rid e  ion channel e x is ts  as a p ro te in  complex 
bearing  modulatory s i t e s  fo r  the  benzodiazepines and 
b a rb itu ra te s .

Supported by NIH Grants NS 20704, AM 07310, and co n trac t 
N01-NS-0-2332.
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285.11  PURIFICATION AND PROPERTIES OF THE GABA/BDZ COMPLEX.  John 
F. Tallman,  Department of P sych iatry , Yale U n iversity  
School of M edicine, New Haven, CT. 06508

An a f f in i ty  column s u i ta b le  fo r  th e  p u r if ic a t io n  of the 
benzodiazepine recep to r has been prepared by lin k in g  
3 - aminoclonazepam to  agarose using a 15 carbon, hy d ro p h ilic  
sp ace r. Highr a f f in i ty  binding s i t e s  fo r  GABA and the 
benzodiazepines were s o lu b il iz e d  using the  dete rgen t 
Lubrol-PX and adsorbed to  the  a f f in i ty  column. The column 
was washed w ith the  de te rgen t CHAPS and e lu ted  w ith 
flurazepam  in  CHAPS. The e lu ted  m a te ria l con tains two 
h ig h -a f f in i ty  binding s i t e s  fo r  GABA (6nM and 300nM) and 
one lower a f f in i ty  s i t e  which can be monitored by the 
GABA- e rg ic  enhancement (>1uM) of benzodiazepine b inding to  
the  p u r if ie d  and d ia lyzed  p re p a ra tio n s . In a d d itio n  to  the 
benzodiazepines, high- aff in i ty  binding of β-carbo line  
e th y le s te r  and R015-1 788 can be dem onstrated and the  number 
of th ese  s i t e s  c o r re la te s  w ith the  number of h ig h -a f f in ity  
GABA re c ep to rs . All of the benzodiazepine ligands  enhance 
the  b inding to  the  h ig h -a f f in i ty  GABA s i t e  by in c rea sin g  
the  apparent number of these  s i t e s ,  a t  the  expense of the 
lower a f f in i ty  GABA s i t e .

In c o n tra s t  to  the  enhancement of GABA binding by the 
benzodiazepine lig a n d s , reducing  agents ( d i th io th r e i to l )  
decreased b inding to  the  high a f f in i ty  GABA recep to r 
in d ic a tin g  the  p o ss ib le  involvement of su lfh y d ry l bonds in  
the  maintenance of recep to r binding s i t e  in te g r i ty .  
T hiocyanate, p rev iously  shown to  in h ib i t  binding to  
h ig h -a f f in i ty  GABA s i t e s  in  membranes, e lim in a te s  the  high 
a f f in i t y  component of GABA binding  in  the  p u rif ie d  
p re p a ra tio n s .

A nalysis of the p ro te in  content of the p u rif ie d  
f r a c tio n s  by SDS gel e le c tro p h o re s is  under reducing 
co n d itio n s  in d ic a te s  the presence of sev e ra l major bands 
with m olecular weight c lo se  to  50,000 d a lto n s . A dditional 
bands of m olecular weight near 9 5 ,0 0 0  d a ltons  a re  a lso  
noted. The hypothesis  th a t  th ese  bands a re  normally a p a rt 
of the  GABA/BDZ complex i s  under in v e s t ig a tio n . (Supported 
by NIMH Grant MH38813 and the  S ta te  of C onnecticu t).

285.12  MULTIPLE BENZODIAZEPINE RECEPTORS ARE PRESENT IN 
THE HUMAN BRAIN.  G. B iggio, M. Serra* , A. Concas*, 
S. Mele* , S. Montal do*, and M.G. Corda.  I n s t i t u t e  
o f B iology, C hair o f  Pharmacology and I n s t i tu te  o f  
F orensic  M edicine, U n ivers ity  o f C a g l ia r i ,  I t a ly .

Several l in e s  o f evidence have suggested th a t  
a t  le a s t  two d i s t i n c t  subclasses  (Type I  -  Type I I )  
o f benzodiazepine reco g n itio n  s i t e s  a re  p re sen t in  
th e  mammalian t r a in .  Type I  re c o g n itio n  s i t e s  were 
suggested as those most s e n s it iv e  to  the  β-ca rbo
l in e  and tr ia z o lo p y rid a z in e  d e riv a tiv e s  w hile Type 
I I  re co g n itio n  s i t e s  were those w ith  lower s e n s i
t i v i t y  to  th e  above drugs. On the  b a s is  o f  these  
fin d in g s  the  aim o f our study has been to  in v e s t i 
g a te  whether th e  two subclasses  o f benzodiazepine 
reco g n itio n  s i t e s  a re  p re sen t in  human b ra in . For 
th i s  purpose we s tud ied  th e  k in e t ic  c h a r a c te r i s t ic s  
o f  3H-FNT and 3K-β-CCe binding in  membranes from 
th re e  d i f f e r e n t  a reas  (ce reb ra l co rte x , cerebellum  
and hippocampus) o f the  human b ra in . Moreover, to  
s e le c t iv e ly  id e n t i fy  the  Type I I  s i t e s ,  we evalua
ted  3H-FNT binding in  th e  presence and absence o f  
CL-218872, a drug which b inds alm ost e x c lu siv e ly  
to  Type I  benzodiazepine reco g n itio n  s i t e .  As r e 
vealed  by  th e  Scatchard p lo t  a n a ly s is  th e  to t a l  
number o f  b inding s i t e s  la b e lled  by  3H-β- CCE was 
markedly lower than  th a t  la b e lled  by 3H-FNT. In 
f a c t ,  on ly  50% o f th e  binding  s i t e s  fo r  3H-FNT 
were a ls o  a v a i la b le  fo r  3H-β-CCE. This fin d in g  in 
d ic a te s  th a t  in  the  ce reb ra l co rte x , hippocampus 
and cerebellum  o f he human b ra in  a t  l e a s t  50% o f  
benzodiazepine reco g n itio n  s i t e s  i s  th a t  o f  Type I I .  
This conclusion  i s  fu r th e r  supported by th e  e v i
dence th a t  CL-218872 (5 x 10-6 M) in h ib ite d  by 50% 
3H-FNT binding  in  membranes from the  above b ra in  
a re a s . The r e s u l t s  suggest th a t  two d i s t i n c t  types 
o f benzodiazepines re co g n itio n  s i t e s  a re  p re sen t 
in  d i f f e r e n t  a reas  o f the  human b ra in .

286.1  BENZODIAZEPINE INFLUENCE ON NOREPINEPHRINE RELEASE: 
REGIONAL SPECIFICITY.  C.K. K ellogg, T.M. R e te ll and 
N. H arary.  Department of Psychology, U n ivers ity  of 
R ochester, R ochester, NY 14627.

The r e s u l t s  of the  p resen t s tu d ie s  in d ic a te  th a t  DZ can 
profoundly a f fe c t  NE re le a se  in  s p e c if ic  b ra in  reg io n s , 
and th is  e f fe c t  i s  mediated v ia  the  BZ-GABA recep to r 
complex. In the  f i r s t  s tudy , DZ was adm inistered  to  Long 
Evans r a ts  over days 13-20 of g e s ta tio n  in  doses of 1 .0 , 
2 .5 , or 10.0 mg/kg/day. The o ffsp rin g  were stud ied  
beginning a t  70 days of age. The hypothalamus, hippo
campus and cerebellum  were d issec ted  out fo r  a n a ly sis  of 
NE re le a se  in  v i t r o .  T issues were i n i t i a l l y  incubated  
w ith H-NE (10-7M) a t 37°C fo r 20 min. Following a s e r ie s  
o f r in s e s ,  re le a se  was induced by incubation  of the  t is s u e  
in  medium co n ta in ing  25mM KCl . The evoked r e le a s e  (d i f 
fe rence  between t he percen t tis s u e  3H-NE rle a sed  in  high po
tassium  o r physio log ic  medium) in  the hypothalamus was 1 1 . 5 ± 1 . 5 % 
in  u n in jec ted  c o n tro l r a ts  and reduced 28%, 32%, and 64% in  
animals exposed p ren a ta l l y to  DZ a t 1 .0 , 2 .5 , o r 10.0 mg/kg re 
s p e c tiv e ly . P ren a ta l DZ had no e f fe c t  on NE releasefrom  the 
hippocampus or cerebellum . In the hypothalamus, incubation  of 
the  t is s u e  w ith the  alpha recep to r an tag o n ist phentolamine 
(10- 5m) induced inc rea se s  in  th e  evoked re le a se  in  a l l  groups. 
The magnitude o f the in c re a se , however, was g re a te r  in  the drug 
exposed groups than the un in jec ted  r a t s ;  353% in  animals exposed 
to  DZ a t  10 mg/kg p re n a ta ll y and 124% in  the co n tro ls .
In  the  second study , the  hypothalamus and cerebellum  of 
u n in jec ted  ad u lt r a ts  were incubated in  the  presence of DZ 
(10 m) o r DZ plus b iccu cu lin e  (10-5M), a GABA recep to r 
a n ta g o n is t. DZ added in  v i t r o  decreased the  evoked re le a se  
of 3H-NE from the  hypothalamus but not from the cerebellum . 
The red u c tio n  in  re le a se  induced by DZ in  the  hypothalamus 
was prevented  by b iccu cu lin e . In  the  cerebellum , b ic 
cucu line  increased  the  re le a se  s l ig h t ly  over b asa l 
re le a s e .  I t  thus appears th a t  in  the  hypothalamus, the BZ 
bind ing  s i t e  i s  lin k ed  to  the  GABA recep to r and may be 
p resen t on p resynap tic  NE te rm in a ls . In the  cerebellum , 
w hite BZ binding  s i t e s  may be p resen t on NE neurons 
(N eurosci. L e tt .  27:199, 1981), they a re  not capable of 
e x e r tin g  the  same c o n tro l over NE tra n s m itte r  function  
as in  the  hypothalamus. Work supported by Grant no. 
MH31850.

286.2  ARE PERIPHERAL TYPE BENZODIAZEPINE RECEPTORS COUPLED WITH 
CALCIUM CHANNELS?  G. Le Fur, M. M estre*, T. C a r r io t* and A. 
Uzan.  PHARMUKA Labora to i r e s , Groupe RHONE POULENC SANTE, 
35, quai du Moulin de Cage, 92231 G e n n ev illie rs , France.

In the guinea pig p a p il la ry  muscle i t  has been p o ssib le  
to  c h a rac te r iz e  e le c tro p h y sio lo g ica l and pharm acological 
responses coupled w ith benzodiazepine (BZ) binding s i te s  
of the pe rip h e ra l type . This response is  ch arac te riz ed  
by a d e c re a s e  in  th e  d u ra t io n  o f th e  a c t io n  p o te n t i a l  
whereas the amplitude remains unchanged, and a decrease 
in  c o n t r a c t i l i t y .  I t  f u l f i l s  w ith  a l l  th e  fo llo w in g  
c r i t e r i a :  the o rder o f potency of the agon ists  i s  R05-
4864 > diazepam  > clonazepam , th e  e f f e c t  o f  R05-4864 
is  GABA-independent, antagonized by the s e le c tiv e  antago
n is t  of the p e rip h e ra l type BZ binding  s i t e s  PK 11195 but 
not by the an tag o n ist o f the b ra in  type BZ binding s i t e s  
R015-1788. PK 11195 a lso  antagonized the  inc rea se  in  the 
d u ra t io n  o f  a c t io n  p o te n t i a l  provoked by th e  ca lc iu m  
channel agon ist BAY K-8644 but not th a t  induced by the 
potassium channel b locker tetraethylammonium. The decrease 
in  the du ra tio n  of ac tio n  p o te n tia l  obtained  by ad d itio n  of 
d if f e r e n t  calcium channels b lockers l ik e  n itre n d ip in e , 
verapam il and d iltia zem  was antagonized by PK 11195. In 
conclusion PK 11195 which has no e f fe c t  by i t s e l f  on the 
d u r a t io n  o f th e  a c t io n  p o te n t i a l  b u t a n ta g o n ize d  th e  
e f fe c ts  of agonist or an tag o n ists  of the calcium  channels 
might favor the re s tin g  s ta te  of these  channels. Moreover 
as the e f fe c ts  of R05-4864 were reversed  by ad d itio n  of 
CaCl2 , we suggest th a t p e rip h e ra l type BZ recep to rs  are 
coupled with calcium channel a t le a s t  in  the  guinea pig 
p a p il la ry  m uscle.
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286.3  ˠ-AMINOBUTYRIC ACID MODULATES THE FUNCTION OF ACETYLCHOLINE 
RECEPTORS IN ADRENAL MEDULLA.  Y. Kataoka*, I. Hanbauer1, Y. 
Gutman*, A. Guidotti and E. Costa.  Lab. Prec l in .  
Pharmacol., NIMH, St. El i zabeths Hosp., Washington, D.C. 
20032 and 1Hypertension Endocrine Branch, NHLBI, NIH, 
Bethesda, M.D. 20205.

The chromaffin ce l ls  of adrenal medulla contain ˠ -amino
butyric acid (GABA), glutamic acid decarboxylase, GABA amino
transferase and GABA receptors.  These receptors modulate the 
acetylcholine-induced release of catecholamine (CA) in p r i 
mary cultures of chromaffin c e l l s .  In these cultures 1μ M of 
bicuculline (GABA antagonist) f a c i l i ta t e s  the release of CA 
caused by n icotinic receptor stimulation but f a i l s  to change 
the release of CA evoked by KCl depolarization (Proc. Natl. 
Acad. Sci. USA 81, 1984, in press).

Since opioid  peptides coexist with CA in the vesicles of 
chromaffin ce l ls  and nicotinic receptor stimulation releases 
both neuromodulators, we have investigated whether bicucul
line changes the release of met5-enkephalin like peptide 
(met-enk) e l ic i ted  by nicotine. Bicuculline (1µM) inhibited 
the r e lease of met5 -enkephalin by various doses of nicotine 
changing the spontaneous release of met-enk.

To evaluate the physiological role of GABA in medullary 
function in vivo, the re lease  of CA from adrenal medulla was 
studied in anesthetized (pentobarbital 0.43μ g/kg i .v . )  
American Foxhound dogs weighing 20-25 kg. After the transec
tion of splanchnic nerve, blood was collected from the lumbar 
adrenal vein and drugs were injected through the cannula 
placed on the femoral vein. Plasma CA were isolated by Al203 
adsorption and measured by HPLC coupled to an electrochemical 
detector . THIP (GABA agonist) (5 mg/kg) decreased the 
release of CA evoked by splanchnic stimulation (10 V/3-6 Hz), 
while bicuculline (0.5-1.0 mg/kg) increased i t .  The effects 
caused by THIP and bicuculline were more pronounced on the 
release of epinephrine than in that of norepinephrine.

These resu l ts  support the view that in tr in s ic  GABAergic 
mechanisms may modulate chromaffin ce l ls  responsiveness to 
incoming cholinergic s timuli.

286.4  THE MECHANISMS OF GABA TRANSPORT ACROSS THE SYNAPTOSOMAL 
PLASMA MEMBRANE.  M.B. Troeger*, D.F. Wilson* and M. 
E recinska*. (SPON: M. R eivich)  Dept. of Pharmacology, Univ. 
of Penn., P h ilad e lp h ia , Pa. 19104.

The ro le  of homoexchange in  gamma-amin o b u ty ric  acid 
(GABA) tra n sp o rt was s tud ied  in  synaptosomes i s o l ated  from 
ra t  m id-brain and co rtex . The s tim u la tio n  of 14C GABA 
e ff lu x  by ex te rn a l GABA (GABA homoexchange) followed 
Michaelis-M enten k in e tic s  with re spec t to the e x te rn a l GABA 
concen tra tion  ([GABA]e ) .  The  [ GABA]e requ ired  for 
half-m aximal s tim u la tio n  of 14C GABA e ff lu x  (Kapp fo r 
homoexchange) was 7.25 ± 0.91 uM and the values  f or Vmax 
at 30, 60, 90 and 120 sec were 2.1 ± 0 .3 , 1.5 ± 0 .1 , 
± 0 .1  and 1 .2  ± 0 . 1  nmoles/mg p ro te in /m in , re s p e c tiv e ly .
The dependence of homoexchange on ex te rn a l sodium ion 
concen tra tion  ( [Na+ ] )  was determined by measuring the 
number of counts l ib e ra te d  from synaptosomes preloaded with 

14C GABA and d ilu te d  in to  media con tain ing  100 uM cold 
GABA and various [Na+]. Homoexchange was in h ib ite d  by 35% 
a t 15 mM Na+ , compared to the co n tro l a t 140 mM Na+ .
GABA fluxes in both d ire c tio n s  ( ie .  up take, r e le a s e ,  and 
homoexchange) were determined by preloading the synaptosomes 
with 14C GABA and d ilu tin g  them in to  media con tain ing  3H 
GABA and [K+] from 2.5 to 60 mM. The to ta l  concen tra
tio n s  of GABAe in the p e l le ts  and supernatan ts  were measured 
by HPLC in order to evaluate  the sp ec if ic  a c t iv i ty  of the 
labeled amino ac id . Net uptake of GABA a t 2.5 and 5 mM 
K+ was 10 to 25% of the to ta l  in flu x  a t 3 min and 40 to 
55% at 15 min. D epolarization  by in creasing  [K+ ]e to 20 
to 60 mM decreased uptake (Vmax was 60% of c o n tro l) ,  
increased  re lea se  and had a n eg lig ib le  e f fe c t  on 
homoexchange. Our re s u lts  in d ica te  th a t GABA homoexchange 
is  an in t r in s ic  property of the tran sp o rt of th is  amino acid 
by a c a r r ie r  p ro te in  across the synaptosomal plasma 
membrane. The co n trib u tio n  of homoexchange to the to ta l  
flux  depends on the co ncen tra tion  of sodium, potassium  and 
GABA in the ex te rn a l and in te rn a l environm ents.
Supported by grant NS 14505 from NIH.

286.5  INACTIVATION OF GLUTAMIC ACID DECARBOXYLASE BY γ -ACETYLENIC 
GABA IN RAT SUBSTANTIA NIGRA, STRIATUM, AND RETINA.
 J .F .  Cubel l s , J .  Blanchard*, D.M. Smith*, and M.H. Makman* 
 Depts. of Neuroscience, Biochemistry and Molecular Pharma
cology, Albert E inste in  College of Medicine, Bronx, NY 10461 

4-Amino, 5- hexynoic acid (γ -acetyl enic GABA; γ -AG) is a 
mechanism-based i r r e v e r s ib l e  in h ib i to r  of several  pyridoxal 
phosphate -1inked enzymes, including GABA-transaminase, 
o r n i th i n e - δ-aminotransferase  and glutamic acid decarboxyl
ase  (GAD). Rando (J . Biol. Chem. 256:1111, 1981) has shown, 
however, th a t  3H-γ -AG s p e c i f i c a l l y  labe ls  mouse bra in  GAD 
in vivo when i t  is  co-adminis tered with gabaculine. We r e 
port here s tud ies  of the in vivo inac t iva t ion  of GAD by γ -
AG in ra t  subs tan t ia  nig ra  (SN), s t r ia tum  and re t in a .

Rats were s te r e o t a x ic a l ly  in jected  u n i l a t e r a l l y  with 
6 .5 μ g γ-AG in .25 μl and k i l l e d  a t  in te rv a ls  th e re a f te r  
from 15 minutes to 14 days. SNs were rapid ly  d issec ted  and 
frozen.  GAD a c t i v i t i e s  were assayed in Tri ton-broken homog
enates  by measuring the 14CO2 re leased from 1 -14C-glutamate . 
The r a t i o  of  GAD a c t i v i t i e s  in in jected  vs. noninjected SNs 
(R/L) was used as an index of GAD a c t i v i t y  remaining in the 
in jec ted  SN. R/L dropped to .43 by 1 hour, 16 by 4 hours 
and was .24 a t  21 hours. R/L was .60 a t  7 days, and .89 a t  
14 days. Vehicle in jec t ions  did not a f f e c t  GAD a c t i v i t i e s .  
R/L was .39, .59 and .87 1 hour a f t e r  in jec t ion  in 3 ra ts  
which received 6.5 μg , .65 μg, or .065 μg in t r a n igral  γ -AG, 
r e s p ec t iv e ly .

I n t r a s t r i a t a l  γ -AG produced inac t iva t ion  of s t r i a t a l  GAD 
which depended on the d is tance  of the s t r i a t a l  t i s su e  from 
the in jec t io n  s i t e .  Two ra ts  received 6.5 μg γ -AG in the mid
s tr ia tum  and were k i l l e d  1 hour l a t e r .  S t r i a t a  were removed 
and s l ic ed  in to  a n t e r io r ,  middle and p o s te r io r  po r t ions ,  
such tha t  the in jec t ion  was in the middle port ion .  R/Ls 
were .95, . 55 and .84, re spec t ive ly .

R et ina l ,  n ig ral and s t r i a t a l  GAD a c t i v i t i e s  were assayed 
from r a t s  which received H2O, 50, or 100 mg/kg γ -AG s . c . ,  
and were k i l l e d  a f t e r  4 hours. Retinal GAD was inac t ivated  
to  a g re a te r  ex ten t  (18% and 12% of control a c t i v i t y  a t  50 
and 100 mg/kg re spec t ive ly )  than e i t h e r  n ig ra l (95% and 82%) 
or  s t r i a t a l  (92% and 72%) GAD.

In summary, i n t r a n igral  γ -AG produces time- and dose-
dependent loss of SN GAD a c t i v i t y ,  which slowly recovers to 
control leve ls .  I n t r a s t r i a t a l  γ -AG a f f e c t s  s t r i a t a l  GAD 
s im i la r ly .  F in a l ly ,  re t in a l  GAD is more e f f e c t iv e ly  inac
t iv a ted  than SN or s t r i a t a l  GAD by periphera l γ -A G .

γ-AG was a g i f t  from Merrel l . (Supported by U SPH S Grants 
NS-09649, EY-04633 and 5T32 GM-07260.)

286.6  GABA AND PIPECOLIC ACID: POSSIBLE RECIPROCAL MODULATION.  
M.d.C. Gutierrez, E. Giacobini,  Dept. Pharmacology, Southern 
I l l in o i s  Univ. School of Medicine, Springfield, II 62708.

Pipecolic acid (PA, piperidine-2-carboxylic acid) is the 
major product of lysine metabolism in the mammalian brain 
(Giacobini, E. et a l . ,  Cell Mol. Biol. ,  26:135, 1980). We 
have characterized the binding of 3 H-PA and i t s  d is t r ib u 
t ion to P2 fraction membranes of mouse brain (Giacobini, 
E. and Gutierrez, M.d.C., Glutamine, Glutamate and GABA in 
CNS, Alan Liss Publ., pp. 571-580, 1983). The binding was 
found to be saturable (70 nM), temperature and Na+ 
dependent. A high a f f in i ty  binding s i te  with an apparent 
KD of 33.2 nM and a Bmax of .2 pmol/mg protein was 
demonstrated. The regional d istr ibution of 3H-PA specific 
binding in mouse brain showed the highest concentration in 
cerebral cortex, thalamus and olfactory bulb. Unlabeled PA 
(10- 3 -10- 1 1M) displaced specific binding of 
3 H-PA in a concentration dependent manner. Out of several 
substances tes ted ,  only proline showed a similar pattern of 
displacement. Pre-incubation of the membrane preparation 
with GABA (10- 3 -10- 1 1M) resulted in e i ther  an 
increase or decrease of 3 H-PA binding depending on the 
concentrations of GABA and PA. These results  suggest a 
modulatory action of GABA on PA binding s i t e s .  On the other 
hand, PA has been demonstrated by us to increase GABA 
release from brain s l ices and to decrease GABA uptake in 
synaptosomes and g l ia .  Physiologically th is  may lead to an 
amplification of GABA action. In order to further char
acterize the GABA-PA relat ionship we tested several 
compounds affecting GABA receptor function on PA binding. 
The postnatal development of 3 H-PA specific binding was 
studied in the whole brain of the mouse. 3 H-PA binding 
increased progressively (8 -fold) from day one a f te r  birth  to 
16 days. Following th is  developmental peak, the binding 
decreased gradually to 30 days at which age, adult values 
were attained. The ontogenetic relation between the concen
t ra t ion  of 3 H-PA binding s i tes  and PA endogenous concen
t ra t ion  in brain will be discussed. (Supported by SIU 
Central Research Grant 2-40202 to E.G.)
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186.7  PALLIDAL AND NIGRAL IRON CONCENTRATION REDUCED BY 
GAMMA-VINYL GABA.  J.M. H ill*  (SPON: P.D. MacLean).  Lab. 
of Brain E volution  and Behavior, NIMH, Bethesda, MD. 20837.

Recent hi stochemi c a l s tu d ie s  have in d ica ted  th a t there  is  
co n sid e rab le  overlap  of brain  a reas accum ulating iron  in 
o ligodendrocy tes and in  neurop il with those in which GABA 
systems term inate  (H ill  and Sw itzer, N eurosci. ,  11, 595-603, 
1984). The v e n tra l pallidum , globus p a ll id u s ,  su b stan tia  
n ig ra , pars r e t i c u l a t a , and c e re b e lla r  nuc le i are iron  rich  
a reas  receiv in g  GABA con ta in ing  e f fe re n ts ,  and are among the 
s tru c tu re s  having the h ighest concen tra tions  of GABA and 
GAD. O ligodendrocytes accumulate [3H]GABA and are lik e ly  
involved in  GABA deg radative  a c t i v i t i e s .

The purpose of the p resen t study is  to examine the 
e f fe c ts  of d is ru p tio n  of the metabolism of GABA on the 
accum ulation of iron  in GABAergic p ro jec tio n  s i t e s .  
Gamma-vinyl GABA (GVG), an enzyme a c tiv a te d  in h ib ito r  of 
GABA-transam inase, was in je c ted  u n i la te r a l ly  in to  the globus 
p a llid u s  and ad jacen t s tria tu m  or in to  the su b stan tia  n ig ra  
of the ra t  b ra in . Control animals received u n i la te ra l  
in je c t io n s  of sa lin e  in to  the same a re as . Two days a f te r  
in je c t io n  the animals were perfused and 40 µm sec tio n s  of 
the b ra in  were processed w ith the Perls'+DAB hlstochem lcal 
method fo r iro n . The in te n s i ty  of iron  s ta in  was measured 
w ith densitom etry .

Following GVG in je c tio n  in to  the caudate putamen/globus 
p a llid u s  there  was a s ig n if ic a n t reduction  in iron  
co n cen tra tio n  in the hom olateral v e n tra l pallidum , globus 
p a llid u s  and su b s ta n tia  n ig ra . There was no d e tec tab le  
d iffe ren c e  measured in the n ig ro te c ta l  p ro jec tio n  s i te s  
when GVG was in je c ted  in to  the su b sta n tia  n ig ra .

The r e s u l ts  of th is  study provide evidence th a t the 
presence of iron  in  o ligodendrocytes and in the neu rop il is  
re la te d  to  the metabolism of GABA.

286.8  BARBITURATE AND PICROTOXIN-SENSITIVE CHLORIDE EFFLUX IN 
RAT CEREBRAL CORTICAL SYNAPTONEUROSOMES.  Rochelle D. 
Schwartz1, Phil Skolnick2* and Steven M. Paul1*.
Clinical Neuroscience Branch, NIMH1 and Lab. Bioorganic 
Chem., NIADDKD, NIH2 , Bethesda, MD 20205.

GABA exerts i t s  inhibitory action in brain by 
increasing membrane permeability to chloride ions (Cl- ).
This phenomenon has been studied extensively using 
electrophysiologic techniques but because of methodologic 
limita tions biochemical studies of Cl- transport in cell  
free brain preparations have generally been unsuccessful. We 
now report 3 6 Cl-  transport in a novel subcellular 
preparation from rat  brain, the "synaptoneurosome" 
(Hollingsworth et  a l . ,  Fed. Proc. 43, 1093, 1984) that  is  
sensitive to barbiturates and picrotoxin. Rat cerebral 
cortices were homogenized in a modified Krebs-Ringer 
buffer and f i l te red  through nylon mesh and a 10  µm 
millipore f i l t e r .  The f i l t r a t e  was centrifuged at  1000 xg 
for 15 min. The supernatant was discarded and the pellet  
was resuspended in buffer at  a protein concentration of 10  
mg/ml and incubated with 3 6Cl- (5 uCi/ml) for 60 min 
at e i ther  0° or 25º C. 3 6 Cl-  efflux was studied 
by diluting aliquots of 3 6 Cl - -loaded synaptoneurosomes 
50 or 100 fold with buffer in the presence or absence of 
drug. At various time intervals the diluted suspension 
was f i l te red  over Whatman GF/C f i l t e r s  which were then 
washed with cold buffer and counted in a l iquid 
s c in t i l la t io n  counter. A rapid efflux of 3 6 Cl -  was 
observed within the f i r s t  30 sec a f te r  di lu t ion  of the 
synaptoneurosomes. A slower phase of 3 6 Cl-  efflux 
followed. The convulsant, picrotoxin(1mM) signif icantly  
decreased 3 6 Cl-  efflux (26 ± 31 at  1 min) while 
pentobarbital (1mM) increased 3 6 Cl-  efflux (71 ± 13% 
at 1 min). The EC5 0 S for picrotoxin and pentobarbital 
were approximately 400 µM and 100 µM, respectively. The 
pentobarbital effect was inhibited by picrotoxin (1mM) in 
a competitive manner. Similar effects  were observed in 
synaptoneurosomes prepared from cerebellum. The 
barbiturate effect was stereospecific  since (-)dimethyl-
butyl barbituric acid (DMBB) was more potent than (+)DMBB 
at enhancing 3 6 Cl -  efflux. Barbiturates and 
picrotoxin are believed to act at  a s i t e  on the Cl- 
ionophore associated with the GABA receptor.  Our results 
suggest that the synaptoneurosome preparation is a valuable 
tool for measuring physiologically relevant Cl- transport 
associated with the GABA/Cl -  ionophore receptor complex.

286.9  GABAB RECEPTOR MODULATION OF CATECHOLAMINE-STIMULATED cAMP 
FORMATION IN RAT BRAIN: STRUCTURE-ACTIVITY REQUIREMENTS AND 
IN VIVO INTERACTIONS.  E.W. Karbon*, R.S. Duman* and S.J . 
Enna.  Depts. Pharmacol., Neurobiol. & Anat., Univ. Texas 
Med. Sch., Houston, TX 77025.

Studies have indicated that  GABAb receptor agonists ( i . e .  
baclofen) greatly amplify the production of cAMP in r a t  brain 
s l ices  tha t  occurs during exposure to norepinephrine (Karbon 
E.W., Duman, R.S. and Enna, S . J . , Brain Res. , in press). 
GABAA receptor agonists ( i .e .  THIP) are inactive in th is  re 
gard, and the response is not blocked by bicuculline.  To 
further  characterize th is  phenomenon, the influence of a 
variety of  GABA analogues on norepinephrine-stimulated cAMP 
accumulation in ra t  brain s l ices was examined using a cAMP 
prelabeling technique. For these studies the concentration of 
norepinephrine was held constant (100 μM) in the presence of 
various concentrations (0.1-1000 μM) of the GABA agonists. 
The re la t ive  potencies of these compounds in the cAMP assay 
were compared to th e i r  potencies as inhibitors of calcium-
dependent 3H-GABA binding in r a t  brain membranes, a measure 
of GABAβ receptor s i t e s .  Both β- ρ-fluorophenyl GABA and β-
phenyl GABA amplified the response to norepinephrine in the 
cAMP assay, but were less potent than baclofen in this r e 
gard. (R)-3-hydroxy GABA was found to be substantial ly  more 
potent than the S-isomer in both the cAMP and GABAB binding 
assays. To te s t  whether GABAB agonists amplify the response 
to norepinephrine in vivo, ra ts  were treated  chronically (5 
days) with ei ther  baclofen alone ( 1 0  mg/kg, i . p . ,  b . i . d . ) ,  
imipramine a lone (2.5 mg/kg, i . p . ,  b . i .d . )  or a combination 
of the two drugs. The animals were decapitated 18 hrs af te r  
the l a s t  drug treatment and norepinephrine-stimulated cAMP 
accumulation and β-adrenergic binding (3 H-DHA) studied in 
cerebral cortical t issue .  Treatment with e i ther  drug a lone 
had no s ignif icant  e ffec t  on cAMP production, but a s ig n i f i 
cant decrease in β-adrenergic binding and cAMP accumulation 
(30%) was observed following the drug combination. Since 
the ra te  of β-receptor desenitization is thought to be a 
function of receptor a c t iv i ty ,  these preliminary results  
suggest tha t  baclofen amplifies the response to noradrenergic 
stimulation in vivo. In conclusion, these studies support 
the contention that  GABA modulates the cAMP system in brain 
through an action a t  GABAB receptors,  and indicate th is  
e ffec t  may be a determinant in the receptor responses which 
occur following chronic treatment with imipramine. (Supported 
in part  by grants from the National Science Foundation and 
Bristol-Myers Corp.).

286.10  INHIBITION OF MOUSE BRAIN GABA AMINOTRANSFERASE 
BY PHENYLTHIOHYDANTOIC ACID.  G odfrey  T u n n ic l i f f * 
(SPON: H. S ta n to n ) .   L a b o ra to ry  o f  N eu ro c h e m istry , 
I n d ia n a  U n iv e r s i ty  School o f  M e d ic in e , E v a n s v i l l e ,  
In d ia n a  47712.

E v idence  i s  a c c u m u la tin g  t h a t  by in c r e a s in g  
b r a in  GABA l e v e l s ,  p r o t e c t io n  a g a in s t  s e iz u r e s  
w i l l  e n su e . In  an a t te m p t to  d is c o v e r  compounds 
t h a t  can e le v a te  GABA c o n c e n t r a t io n s ,  a s e r i e s  o f  
GABA s t r u c t u r a l  an a lo gues w ere t e s t e d  a s  i n h i b i t 
o r s  o f  mouse b r a in  GABA a m in o tra n s f e ra s e  (GABA-T). 
P h e n y lth io h y d a n to ic  a c id  was th e  m ost p o te n t  o f  
th e  31 compounds t e s t e d .  When p a r t i a l l y  p u r i f i e d  
GABA-T was a s sa y e d  in  th e  p re se n c e  o f  i n h i b i t o r ,  
a c o m p e ti t iv e  i n h i b i t i o n  was seen  w ith  GABA a s  th e  
v a r i a b l e  s u b s t r a t e  (Ki=91 µM). At a f ix e d  GABA 
c o n c e n t r a t io n ,  a n o n -c o m p e ti tiv e  i n h i b i t i o n  was 
ob se rv e d  when th e  c o n c e n t r a t io n  o f  e i t h e r  α- k e to
g l u t a r a t e  o r  p y r id o x a l  p h o sp h a te  was v a r i e d .

T hese r e s u l t s  su g g e s te d  t h a t  p h e n y l th io h y d a n t
o ic  a c id  had th e  p o t e n t i a l  to  i n h i b i t  GABA-T in  
th e  i n t a c t  b r a in  and th u s  to  in c r e a s e  l e v e l s  o f  
GABA. P h e n y lth io h y d a n to ic  a c id  was th e n  a d m in is t 
e re d  i n t r a p e r i t o n e a l l y  to  m ice (3 m m ole/kg) and 
th e  a n im a ls  k i l l e d  2 h o u rs  l a t e r .  The a c t i v i t y  o f  
GABA-T in  w hole b r a in  hom ogenates was m easu red . 
Compared to  u n t r e a te d  c o n t r o l  a n im a ls , th e  a c t i v i t y  
o f  th e  enzyme was re d u c e d  28% by th e  d rug  t r e a t 
ment.

T hese d a ta  s t r o n g ly  su p p o r t th e  id e a  t h a t  
p h e n y lth io h y d a n to ic  a c id  can  e n te r  th e  b r a in  from  
th e  b lo o d  s tre a m  and i n t e r f e r e  w ith  th e  c a ta b o lis m  
o f  GABA. F u r th e r  s tu d ie s  a r e  r e q u i r e d  to  e s t a b l 
i s h  i f  p h e n y l th io h y d a n to ic  a c id  can  a c t  a s  an 
a n t ic o n v u ls a n t  a g e n t .
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286.11  REGIONAL AND SUBCELLULAR DISTRIBUTION OF PIPECOLIC ACID IN 
RODENT BRAIN.  J .S .  KIM*, E. GIACOBINI (SPON: C. Su),  Dept. 
Pharmacology, Southern I l l in o is  Univ. Sch. Med., 
Springfield, II 62708.

The imino acid,  pipecolic acid (piperidine-2-carboxylic 
acid, PA), represents the major product of lysine metabolism 
in mammalian brain (Giacobini et a l . , Cell.  Mol. Biol. ,  
26:135, 1980). A rapid and sensitive method for the quanti
t a t iv e  determination of PA has been described (Kim and 
Giacobini, Neurochemical Res., in press).  Quantification 
and iden tif ica t ion  of PA are accomplished using high 
performance liquid chromatography with electrochemical 
detection (HPLC-EC) and nipecotic acid (NPA), an isomer of 
PA, as an internal  standard. The cyclic imino acids are 
derivat ized with 2,4-dinitrofluorobenzene (DNFB) to d in i t ro
phenyl derivatives.  The to tal  analysis time is less than 30 
min and the limit of sensi t iv i ty  is  in the lower picomole 
range. The regional d istr ibution  of PA in rat  and mouse 
brain is  similar  and higher concentrations (nmole/g) are 
seen in hypothalamus ( ra t ,  4.1; mouse, 7.9) , cerebellum 
( r a t ,  3.5; mouse, 8.1) and pons-medulla oblongata ( ra t ,  4.0; 
mouse, 7 .2) .  Cerebral cortex ( ra t ,  1.7; mouse 3.4), 
o lfactory bulb ( r a t ,  1.9; mouse, 4 .8) ,  hippocampus ( ra t ,  
1.9; mouse, 4.8) and spinal cord (mouse, 2.6) showed lower 
concentrations. Levels of PA in mouse brain were about 
twice as high as in rat brain. Pipecolic acid levels were 
measured in subcel lular fractions of mouse whole brain. 
Forty-one percent was found in the soluble fractions (S2) 
and 24% in the crude mitochondrial frac tions (P2) .  The 
specific  amounts of PA (pmole/mg prot) in brain homogenate, 
P1, P2 and S2 were 29.3, 14.6, 32.3 and 76.6, respec
t iv e ly .  These results suggest that PA can be accumulated in 
synaptosomes and, i f  released, exert a neuromodulatory 
action such as other neurotransmitter amino acids.  The 
developmental levels of PA in mouse brain are higher (45.4 
nmole/g) in early postnatal l i f e  and fall  rapidly to adult 
levels (4.1 nmole/g) at two weeks a f te r  b i r th .  This pattern 
i s  similar  to that seen in amino acids such as proline and 
ty rosine ,  and suggests a specific role of PA in the peri
natal period. (Supported by SIU Central Research Grant 
2-40202 to E.G.)

286. 12  EFFECTS OF GLUTAMATE RECEPTOR AGONISTS ON THE BASAL RELEASE 
OF 3H-GABA FROM PRIMARY RAT CEREBELLAR CELL CULTURES. 
 S.O. Lee and G.R. Dutton.  Dept. of Pharmacology, Univ. of 
Iowa, Iowa C ity , IA 52242.

The e f fe c ts  of glutam ate recep to r agon ists  on the basal 
re le a se  of 3H-GABA were stud ied  in  d ispersed  r a t  c e re b e lla r  
c e l l  cu ltu re s  prepared from 7-9 day old animals grown 7-9 
days in  v i tro  (DIV). Q uisqualate , k a in a te , and L-glutam ate 
induced marked inc reases  over the basal re le a se  of 3H-GABA 
ranging from 400 to  650 %, whereas N-methyl-D, L -asp a rta te  
(NMDLA) had l i t t l e  e f f e c t .  The rank order of potency was: 
q u isqualate  > k a in a te  > L-glutam ate > NMDLA. These in 
creases were not antagonized by glutam ate d ie th y l e s te r  
(GDEE), 2-am ino-4-phosphonobutyric acid (APB), o r γ -g lu ta
m ylglycine. However, these  inc rea se s  were in h ib ite d  by 
in c reasin g  Mg2+(15mM) and decreasing  Ca2+ ( 0 . 1mM). GDEE and 
APB alone had no e f fe c t  on the basal re le a se  of 3H-GABA. 
T etrodotoxin (TTX) was w ithout e f fe c t  on s tim u la ted  H-GABA 
re le a se  when the cu ltu re s  were tre a te d  w ith L-glutam ate 
(50µM), k a in a te  (50µM), or K+ (50mM), in d ic a tin g  th a t a c tio n  
p o te n tia ls  were not involved.

At EC50's  or a t maximal s tim u la to ry  doses, sim ultaneous 
ap p lic a tio n  of L-glutam ate and ka in a te  d id  not produce an 
a d d itiv e  s tim u la to ry  e f fe c t  on 3H-GABA re le a se , suggesting  
th a t L-glutam ate and ka ina te  may act a t the same recep to r 
s i t e .  With the exception of q u isqualate  (2.5µM), c u ltu re s  
responded to  m u ltip le  s tim u la tio n  by K+ (50mM), k a in a te  
(50µM), or L-glutam ate (50µM), dem onstrating the re te n tio n  
of v ia b i l i ty  of the c u ltu re s  during the experim ental proce
dure . G lia l-en rich ed  cu ltu re s  preloaded w ith 3H-GABA did 
not respond to  L-glutam ate or k a in a te  s tim u la tio n , in d ic a t
ing th a t the enhanced re le a se  observed w ith the neuronal-
enriched c u ltu re s  was of neuronal o r ig in .  T herefore, the  
d a ta  show th a t q u isq u a la te - and k a in a te -p re fe rr in g  glutam ate 
recep to r subtypes may be p resen t and in  g re a te r  abundance 
than the NMDLA-preferring recep to r subtype in  c e l l  c u ltu re s  
prepared from p o s tn a ta l ra t  c e re b e lla .

This work was supported by USPHS gran t NS 16518.

286.13  The Effect on GABA Receptors of Nipecotic Acid in 
Rabbit Retina is Maximal at Eye Opening.  PAUL MADTES 
JR.,  Laboratory of Vision Research. NEI, NIH, Bethesda,  
MD 20205.

How the development of the GABA system is 
regulated and what factors influence its development 
has been the subject of many investigations. Previous 
study has demonstrated that a functioning uptake 
system for GABA is present at birth and that this 
uptake mechanism can be inhibited by in vivo 
treatment with nipecotic acid, a GABA analogue known 
to block GABA transport, resulting in a 4-fold increase 
in 3H-muscimol binding. Subsequently, this phenomenon 
was shown by in vitro treatment to be mimicked by 
GABA agonists, indicating a direct involvement of the 
GABA receptor. The timecourse of the sensitivity of the 
postsynaptic membrane to this regulation is reported 
here. Isolated eyecups were prepared from rabbit pups 
at selected ages and incubated at 37ºC for 45 min in 
an oxygenated Krebs- Ringers bicarbonate buffer with 
or without 10 mM nipecotic acid. The retinas were then 
removed, homogenized in sucrose, and stored frozen 
until assayed for 3H- muscimol binding. It was found 
that the number of high—affinity sites was 
approximately 70% higher in the treated tissue, 
compared to control until about 9 days after birth, at 
which time the number of sites were 160% higher. After 
eye opening, the increase returned to about 13% above 
control levels. After maturity, the number of receptors 
decreased to 50% below control levels. The number of 
low-affinity sites was only stimulated at 3 days (80% 
higher), decreasing linearly to control levels by day 6 
and were below control levels after eye opening. No 
changes were found in either high– or low– affinity K3 
values for treated compared to control tissues. These 
findings lend support to the notion that GABA itself may 
be involved in the regulation of development and 
indicate that eye opening may represent a critical point 
in the maturation process of the GABA system in the 
retina.

286.14   THE RELEASE OF ( 3H)-GABA FROM RABBIT RETINA. E. Agardh*  and 
B. B a u e r ,  D e p a r tm e n t  o f  O p h t h a lm o l o g y ,  U n i v e r s i t y  o f  Lund , 
Lund,  Sweden .

The r e l e a s e  o f  ( 3 H)-GABA from n e u r o n s  and  g l i a  i n  t h e  
r a b b i t  r e t i n a  was s t u d i e d .  The r e s u l t s  i n d i c a t e  t h a t  n e i t h e r  
a r e  t h e r e  any  g l u t a m a t e ,  a s p a r t a t e ,  o r  g l y c i n e  r e c e p t o r s ,  
n o r  any GABA a u t o r e c e p t o r s  on t h e  GABA a c c u m u l a t i n g  n e u r o n s .

We a l s o  r e p o r t  a Ca++- i n d e p e n d e n t , K+ - i n d u c e d  r e l e a s e  
o f  ( 3H)-GABA from r e t i n a l  n e u r o n s .  40 mM K+ h a s  b e e n  shown 
t o  r e l e a s e  ( 3H)-GABA from g l i a  i n  r a b b i t  b r a i n ,  b u t  we 
c o u l d  n o t  d e m o n s t r a t e  any  s u c h  e f f e c t  on t h e  g l i a l  c e l l s  i n  
t h e  r e t i n a .  O u a b a in  h a s  b e e n  p r o p o s e d  a s  a p h a r m a c o l o g i c a l  
t o o l  t o  s t u d y  t r a n s m i t t e r  r e l e a s e  from a c y t o p l a s m i c  p o o l ,  
and  c a u s e d  an  i n c r e a s e d  r e l e a s e  o f  ( 3H)-GABA from b o t h  n e u 
r o n s  and g l i a .  The a c t i o n s  o f  o u a b a i n  may be c o m p le x ,  b u t  
e v e r y t h i n g  c o n s i d e r e d ,  i t  a p p e a r s  t h a t  t h e  r e l e a s e  o f  
( 3H)-GABA f rom r a b b i t  r e t i n a  c a n  be  m e d i a t e d  a l s o  by me
c h a n i s m s  n o t  i n v o l v i n g  s y n a p t i c  v e s i c l e s .
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287.1  INFLUENCE OF CHRONIC CHOLINE-CONTAINING DIETS 
ON NEUROBEHAVIORAL PARAMETERS IN THE C57BL 
MOUSE  B . F .  M e r v i s 1, L .  A. H o r r o c k s 2 , L. J .  
W a l l a c e 3%, and  E . Na b e r 4%.  The B r a i n  A g in g  and  
N e u r o n a l  P l a s t i c i t y  R e s e a r c h  G ro u p ,  D e p a r t m e n t s  
o f  P a t h o l o g y 1 , P h y s i o l o g i c a l  C h e m i s t r y 2 , P h a rm a
c o l o g y 3, and  P o u l t r y  S c i e n c e 4 , The O hio  S t a t e  
U n i v e r s i t y ,  C o lum bus ,  Ohio  4 3 2 1 0 .

M ale  C57B1/6NNIA m ic e  w e re  c h r o n i c a l l y  f e d  
d i e t s  c o n t a i n i n g  f r e e  c h o l i n e  o r  bou n d  c h o l i n e  
( a s  95% p u r i f i e d  p h o s p h a t i d y l c h o l i n e  [PC] o r  a s  
an  o i l - f r e e  c o m m e r c i a l  l e c i t h i n  [ C e n t r o l e x ® ] ) 
f o r  f i v e  m o n th s .  The m ic e  w e re  p l a c e d  on t h e  
d i e t s  when e i g h t  m o n t h s - o l d  and  b e h a v i o r a l l y  
t e s t e d  ( u s i n g  a p a s s i v e - a v o i d a n c e  p a r a d i g m )  and 
s a c r i f i c e d  when 13 m o n t h s - o l d .  The c h o l i n e  i n  
t h e s e  d i e t s - - i n  f r e e  o r  bou n d  f o r m s — was e n r i c h 
ed  a t  lo w ,  medium, o r  h i g h  l e v e l s  ( c o n t a i n i n g  
2 . 4 ,  4 . 8 ,  o r  1 0 . 8  m g/g  o f  chow ,  r e s p e c t i v e l y ) .
O t h e r  d i e t s  c o n t a i n e d  l e s s e r  b u t  a d e q u a t e  
l e v e l s  o f  f r e e  c h o l i n e  ( 0 . 9  and  1 . 5  m g/g)  and  a 
s t a n d a r d  l a b  chow ( P u r i n a ) .  A l l  s p e c i a l l y  f o r m u 
l a t e d  d i e t s  w e re  i s o c a l o r i c  and  i s o n i t r o g e n o u s .

When co m p a re d  t o  l o w e r  l e v e l s  o f  d i e t a r y  
c h o l i n e ,  b e h a v i o r a l  t e s t i n g  showed t h a t  s u p p l e 
m e n t a t i o n  w i t h  bound  o r  f r e e  c h o l i n e  g e n e r a l l y  
t e n d e d  t o  s i g n i f i c a n t l y  im p r o v e  r e t e n t i o n  o f  
l e a r n i n g .  H ow ever,  l e a r n i n g  i n  t h e s e  a d u l t  m ice  
(who a r e  a l r e a d y  good p e r f o r m e r s )  was n o t  f u r 
t h e r  s i g n i f i c a n t l y  e n h a n c e d  r e l a t i v e  t o  t h e  
s t a n d a r d  chow. A n a l y s i s  o f  t h e  l i p i d  c o m p o s i 
t i o n  i n  a p l a s m a  membrane f r a c t i o n  f ro m  mouse 
f o r e b r a i n  ( p h o s o l i p i d  c o m p o s i t i o n ,  c h o l e s t e r o l  
c o n t e n t ,  t o t a l  l i p i d  p h o s o p h o r o u s ) showed  t h a t  
membrane  c o m p o s i t i o n  r e m a i n e d  r e m a r k a b l y  c o n 
s t a n t  d e s p i t e  t h e  d i f f e r e n t  l o n g - t e r m  d i e t a r y  
r e g i m e n s .  How ever ,  i n d i r e c t  e v i d e n c e  o f  some 
e n h a n c e d  membrane f l u i d i t y  i s  s u g g e s t e d  by a 
g r e a t e r  d e g r e e  o f  f a t t y  a c y l  u n s a t u r a t i o n  i n  
P C - e n r i c h e d  d i e t a r y  g r o u p s .  R e c e p t o r  b i n d i n g  
s t u d i e s  on n e o c o r t e x  ( m u s c a r i n i c ,  α -  and  β-
a d r e n e r g i c ) ,  h ip p o c a m p u s  ( m u s c a r i n i c ,  GABAner
g i c )  and  s t r i a t u m  ( m u s c a r i n i c )  h a v e  i n d i c a t e d  
no c l e a r - c u t  d o s e - r e s p o n s e  t r e n d s  f o r  an y  o f  
t h e s e  r e c e p t o r s  a s  a  c o n s e q u e n c e  o f  any  d i e t s  
i n  t h i s  ag e  r a n g e .  ( S u p p o r t e d  by  a g r a n t  f rom  
t h e  C e n t r a l  Soya  C o m p a n y ) .

287 .2  PROTECTION FROM NITROGEN-INDUCED AND POTASSIUM 
CYANIDE-INDUCED HYPOXIC LETHALITY ARE NOT DEPEN
DENT UPON BINDING TO THE 3H-NITRENDIPINE RECEPTOR. 
 R .L . K ochm an, M. N e v in s*  an d  P . S u m n er.  D ept. o f  
B i o l .  R e s . ,  G . D .  S e a r l e  &  C o . ,  S k o k i e ,  I I  6 0 0 7 7 .

H y p o x ic  o r  i s c h e m ic  a t t a c k s  may c a u s e  t h e  i n 
f l u x  o f  e x t r a c e l l u l a r  c a lc iu m  (Ca) i n t o  c e l l  c y t o 
p la s m , r e s u l t i n g  i n  a c a s c a d e  o f  c y t o t o x i c  p r o 
d u c t s  t h a t  c a u s e s  n e u r o n a l  c e l l  d e a th  o r  d am age. 
We s o u g h t  t o  d e te r m in e  i f  b lo c k a d e  o f  t h e  s lo w  
v o l t a g e  Ca c h a n n e ls  w o u ld  p r o t e c t  m ice  fro m  t h e  
l e t h a l  e f f e c t  o f  n i t r o g e n  (N2) h y p o x ia  o r  p o t a 
s s iu m  c y a n id e  (KCN) h y p o x ia .

M ale  C r1 :C D -1(ICR )B R  m ic e ,  2 4 -3 3  g ra m s , w e re  
a d m in i s t e r e d  one  o f  t h e  t e s t  com pounds i n t r a p e r i 
t o n e a l l y  30 m in u te s  b e f o r e  e i t h e r  a  100 s e c o n d  
e x p o s u r e  t o  100% N2 i n  an  e n c l o s e d  c h a m b e r , o r  an 
in t r a v e n o u s  i n j e c t i o n  o f  KCN (3 .2 m g /k g ) .  C o n t r o l  
m ice  w e re  a d m i n i s t e r e d  v e h i c l e  ( 10m l /k g ,  i p ) . The 
m ice  s u r v i v i n g  a t  e a c h  d o s a g e  o f  t h e  t e s t  com pound 
w e re  c o u n te d .  To e s t i m a t e  a c t i v i t y  a t  t h e  Ca c h a 
n n e l ,  t e s t  com pounds w e re  e v a l u a t e d  i n  v i t r o  f o r  
t h e i r  a b i l i t y  t o  d i s p l a c e  0 . 3nM 3H - n i t r e n d i p i n e  
( 3H-NT) from  b i n d in g  s i t e s  i n  m ouse f o r e b r a i n .

A num ber o f  d i f f e r e n t  com pounds p r o t e c t e d  m ice  
from  b o th  N2- in d u c e d  and  K C N -induced  l e t h a l i t y :  Ca 
c h a n n e l  b l o c k e r s ,  d ia z e p a m , h a l o p e r i d o l ,  c in n a n 
s e r i n  an d  p e n t o b a r b i t a l .  H ow ever, o n ly  t h e  Ca c h a 
n n e l  b l o c k e r s ,  h a l o p e r i d o l  an d  c i n n a n s e r i n  d i s p l a 
c ed  3H-NT b i n d i n g .  I n d o m e th a c in , p y r i t i n o l ,  e t h a 
n o l  and  b a c l o f e n  p r o t e c t e d  from  t h e  e f f e c t s  o f  KCN 
b u t  n o t  N2 , w h i le  p h y s o s t ig m in e , DMSO an d  THIP 
p r o t e c t e d  m ice  from  th e  e f f e c t s  o f  N2 b u t  n o t  KCN. 
W ith  t h e  e x c e p t io n  o f  e t h a n o l , n o n e  o f  t h e  com
p o u n d s  a f f e c t e d  3H-NT b i n d i n g .  P i r a c e t a m ,  m o rp h in e ,  
n a l o x o n e , a m in o p h y l l in e  and  o t h e r  com pounds n e i t h e r  
b lo c k e d  h y p o x ic  l e t h a l i t y  n o r  b o u n d  t o  t h e  3H-NT 
r e c e p t o r .

T h ese  p r e l i m i n a r y  e x p e r im e n ts  i n d i c a t e  t h a t  
a l th o u g h  Ca c h a n n e l  b l o c k e r s  p r o t e c t  m ic e  fro m  tw o 
k in d s  o f  h y p o x ia ,  b i n d in g  t o  t h e  3H-NT r e c e p t o r  i s  
a p p a r e n t l y  n o t  a  p r e r e q u i s i t e  f o r  t h i s  p r o t e c t i o n .  
In  f a c t ,  t h e  r e s u l t s  im p ly  t h a t  t h e r e  may b e  s e v e 
r a l  w ays w h e re b y  d i f f e r e n t  com pounds p r o t e c t  fro m  
t h e  e f f e c t s  o f  h y p o x ia .

287 .3  ADAPTATION OF BRAIN TISSUE TO THE ACUTE EFFECTS OF 
ANOXIA: A STUDY USING THE RAT HIPPOCAMPAL SLICE 
PREPARATION. A.  S c h u r r ,  K.H. R e i d ,  M.T. T s e n g * ,  
C. Wes t *  and  B.M. R i g o r .  A n e s t h e s i a  an d  C r i t i c a l  
C a r e  R e s e a r c h  U n i t  (ACCRU), S c h o o l  o f  M e d ic in e ,  
U n i v e r s i t y  o f  L o u i s v i l l e ,  L o u i s v i l l e ,  KY 40292 .

W h i le  im m a tu r e  a n i m a l s  show  a r e m a r k a b l e  
r e s i s t a n c e  t o  th e  a c u t e  e f f e c t s  o f  a n o x ia ,  a d u l t s  
e x h i b i t  m u ch  h i g h e r  s e n s i t i v i t y  t o  t h e  s a m e  
e f f e c t s .  I t  i s  n o t  known w i th  any c e r t a i n t y  w h a t 
f a c t o r s  a r e  o f  p r i m a r y  i m p o r t a n c e  i n  a n o x i c  
m o r t a l i t y  i n  g e n e r a l ,  n o r  w h a t  f a c t o r s  a r e  
r e s p o n s i b l e  f o r  t h e  i n c r e a s e d  a b i l i t y  o f  im m a tu re  
a n i m a l s  t o  s u r v i v e  a n o x i a .  I n  a d d i t i o n  t o  t h e  
m an y  a d v a n t a g e s  o f  t h e  h i p p o c a m p a l  s l i c e  
p r e p a r a t i o n  a s  a m o d e l  s y s t e m ,  i t  a l l o w s  
s e p a r a t i o n  o f  e f f e c t s  o f  a n o x ia  on n e rv o u s  t i s s u e  
fro m  th o s e  o f  i s c h e m ia .  A d u a l ,  l i n e a r  f lo w  s l i c e  
c h a m b e r  w as  u s e d  in  t h i s  s t u d y .  S l i c e s  f ro m  
h ip p o c a m p i o f  m a tu re  r a t s  (2 5 0 -4 0 0 g )  w ere  p la c e d  
in  b o t h  c o m p a r t m e n t s  o f  t h e  d u a l  c h a m b e r  an d  
m a in ta in e d  by p e r f u s i o n  w i th  a r t i f i c i a l  CSF and a 
s u p p ly  o f  9 5 % O2/5%  CO2. CA1 p o p u la t i o n  r e s p o n s e s  
w e re  e v o k e d  an d  r e c o r d e d  f ro m  o n e  s l i c e  i n  e a c h  
c o m p a r t m e n t  b y  s t i m u l a t i n g  t h e  S c h a f f e r  
c o l l a t e r a l s  w i th  a b i p o l a r  s t i m u l a t i n g  e l e c t r o d e .  
Upon c h a n g i n g  t h e  g a s  a t m o s p h e r e  f ro m  9 5 % O2 / 5 % 
CO2 t o  9 5 % N2 / 5 % CO2 t h e  CA1 p o p u l a t i o n  r e s p o n s e  
u s u a l l y  d i s a p p e a r e d  w i t h i n  2 m in .  M o st s l i c e s  
c o u l d  t o l e r a t e  10 m in  o f  a n o x i a  a s  a r e t u r n  t o  O2 
a tm o s p h e r e  u s u a l l y  b ro u g h t  b a ck  th e  CA1 r e s p o n s e  
t o  i t s  p r e - a n o x i c  a m p l i t u d e .  H o w ev e r t h e y  c o u ld  
n o t  t o l e r a t e  15 m in o f  a n o x ia .  A f t e r  p r e - e x p o s in g  
o n e  c o m p a r tm e n t  o f  t h e  d u a l  c h a m b e r  t o  a s h o r t  ( 5 -
7 m in) a n o x ic  e p i s o d e  and a l l o w in g  30 m in r e c o v e r y  
p e r i o d ,  t h e  s l i c e s  i n  t h i s  c o m p a r tm e n t  w e re  a b l e  
t o  t o l e r a t e  1 3 -1 5  m in  o f  a n o x i a  w h i l e  t h o s e  in  t h e  
o t h e r  c o m p a r tm e n t c o u ld  n o t .  We h y p o th e s i z e  t h a t  
t h e  p r e - e x p o s u r e  t o  an  a n o x i c  e p i s o d e  i n d u c e s  o r  
a c t i v a t e s  a c e l l u l a r  m e c h an ism , a c t i v e  in  im m a tu re  
a n i m a l s ,  w h ic h  e n a b l e s  h ip p o c a m p a l  n e u r o n s  t o  
s u r v i v e  f u t u r e  a n o x i c  e p i s o d e s .  E l e c t r o n  
m ic r o g r a p h s  show  t h a t  t h e  s t r u c t u r a l  i n t e g r i t y  o f  
t h e  a d a p t e d  s l i c e s  i s  b e t t e r  p r e s e r v e d  th a n  t h a t  
o f  t h e  n o n -a d a p te d  o n e s .

287.4  PLASTICITY IN THE SUPRAOPTIC DENDRITIC ZONE: DENDRITIC BUN
DLE (BUT NOT DOUBLE SYNAPSE) FORMATION VARIES WITH CHRONIC 
DEHYDRATION.  L.S. P e rlm u tte r , C.D. Tweedle, and G .I. H atton . 
 Depts. of Psychology, Anatomy and Neuroscience Program, 
Michigan S ta te  U niv ., East Lansing, MI 48824-1117.

Dynamic neuronal/g l i a l  in te ra c tio n s  occur a t  a l l  le v e ls  
(soma, d e n d rite , axon) of the  m agnocellular n eu rosecre to ry  
c e l ls  (MNC) of the sup raop tic  nucleus. These c e l l s  in c rease  
production and sec re tio n  of oxytocin and /or v asop ressin  w ith 
dehydration , p a r tu r i t io n ,  and la c ta t io n .  R etrac tio n  of th in  
a s tro c y t ic  processes r e s u l ts  in  increased  neuronal membrane 
ap position  and p ossib ly  in  the form ation of double synapses 
(one p resynap tic  te rm ina l con tac tin g  2 p o stsy n ap tic  elements) 
w ith g e s ta tio n  and la c ta t io n  (chronic s t im u li) .  Only appo
s i t io n s  vary w ith acute w ater d ep riv a tio n  (4-24h) a t  both 
the  soma and d e n d rite s . At the  le v e l of the  soma, both 
measures vary w ith chronic dehydration  and reh y d ra tio n . Here 
we in v e stig a te d  d e n d r it ic  zone response to  chronic dehy
d ra tio n  (1.5-2% s a lin e  in s tead  of w ater fo r  10 days) and 
rehyd ra tion . 32 r a t s  (4 females & 4 m ales/group) were used: 
C ontrols (tap  w a ter); 10 days s a l in e ;  10 days s a l in e ,  5 days 
tap w ater; 10 days s a l in e ,  14 days tap w ater. Thin sec tio n s  
of the d e n d ritic  zone were q u a n ti ta t iv e ly  analyzed (ANOVA, 
Newman-Keuls) a t  the  u l t r a s t r u c tu r a l  le v e l fo r  d e n d r it ic  
bundle ( 2 o r more den d rite s  w ith membrane in  d ir e c t  apposi
tio n )  and double synapse form ation. The mean number of 
d en d rite s  per bundle varied  w ith treatm ent (p< .01): Control± 
S .E .=1.36±0.05; 10 days saline= 1.73±0.08 , a 28% i ncrease  
(p< .01). 14 days rehyd ra tion  produced only a 7% d ec lin e  
(1.61±0 .0 3 ,ns) in  th is  measure. The percentage of d en d rite s  
contacted  by double synapses did not vary w ith trea tm en t, 
and th e re  were no sex d iffe ren c e s .

D endritic  bundling increased  w ith  chronic dehydration  due 
to  g l i a l  r e tr a c t io n ,  but did not re tu rn  to  co n tro l le v e ls  
w ith rehyd ra tion  as a t  the soma. G lia may modulate MNC a c t i 
v ity  in  response to  both chronic and acute  s t im u li  by s e le c t 
iv e ly  a l te r in g  the  amount of neuronal membrane in  d i r e c t  ap
p o s itio n . G lia l r e tra c t io n  may be a necessary  but not su f
f ic ie n t  cond ition  fo r synap togenesis , which so f a r  has only 
been shown to  occur in  the  d e n d r it ic  zone w ith g e s ta tio n .
Some ax o -d en d ritic  double synapses a re  monoaminergic, w hile 
axo-som atic double synapses a re  not (Tweedle & H atton , th is  
m eeting). A c tiva tion  of one subpopulation of in p u ts  during  
g e s ta tio n  but not dehydration i s  p o ss ib le , suggesting  a d i f 
fe re n t ro le  fo r the d en d rite s  a t  p a r tu r i t io n  than during 
dehydration .

Supported by NIH g ran t NS 09140.
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287.5  LONGTERM EFFECTS OF HYPOTHALAMIC LESIONS IN FEMALE RATS ON 
PLASMA LUTEINIZING HORMONE CONCENTRATIONS AND LH-RH NEURON 
MORPHOLOGY.  C.P. Phelps and S. Saport a ,  Dept. of Anatomy, 
Univ. of South F lo rid a  C oll. Med., Tampa, FL 33612

D eaffe ren ta tio n  of the hypothalamus c o n s ti tu te s  a c la s s i 
c a l experim ental approach to  understanding neuroendocrine 
hypothalam ic fu n c tio n . In  most in s ta n ce s , eva lu a tio n  of the 
e f f e c ts  of d e a ffe re n ta tio n  on neuroendocrine func tion  is  
made a t  one time in te rv a l  a f t e r  b ra in  su rgery . We have been 
studying  the  sh o rt and long term e f fe c ts  of d ea ffe re n ta tio n  
on lu te in iz in g  hormone (LH) re le a se  in  the female r a t  and 
have observed fu n c tio n a l recovery 4 mos a f te r  su rgery . The 
magnitude and du ra tio n  of p i tu i ta r y  re le a se  of lu te in iz in g  
hormone (LH) a f te r  e s tr a d io l  benzoate prim ing (EB, 5mg/rat) 
followed by p rogesterone (P, 2mg/rat given 48 h rs  a f te r  EB) 
was s tu d ied  in  ovariectom ized (OVX) r a t s .  The design was 
to  measure seq u e n tia l LH surges before  and up to 18 wks 
a f t e r  re tro ch ia sm atic  f r o n ta l  k n ife  cu t (FC) le s io n s  which 
b lock  o v u la tio n . Included fo r each animal was EB+P induced 
LH surges b efo re  and again  a t  4, 8 , 12, 16 and 18 wks a f te r  
FC. Blood was removed a t  10:00 h r j u s t  before  EB (O hr), 
again  before  P and a lso  a t  4, 5, 6 , 7 and 8 h r a f te r  P. 
Plasma LH measurement was by RIA. Maximum inc reases  (Δ max) 
in  plasma LH in  c o n tro l OVX ra ts  a f te r  EB+P treatm ent showed 
a 50% decrease over a 4 month pe rio d . As expected, ra ts  
given EB+P 4 weeks a f te r  FC had a 90% reduction  in  Δ max LH 
(92±73 ng/ml) when compared to  p reo p era tiv e  le v e ls  (1072±242 
ng /m l). F u rther EB+P treatm ent a t  monthly in te rv a ls  revealed  
a gradual improvement in  Δ max LH through 16 wks. However, 
a t  18 wk post-FC th e re  was a fu r th e r  4 -fo ld  inc rease  in  Δ 
max LH so th a t  FC and co n tro l r a ts  were the same in  th e ir  
Δ max LH v a lu es. Immunocytochemical study of LH-RH neurons 
in  the b ra in s  of FC animals revealed  novel LH-RH-containing 
axons in  r e la t io n  to  g l i a l  elem ents. LH-RH axons were seen 
w ith in  the  FC g l i a l  sca r t is s u e  and coursing around f lu id  
f i l l e d  cyst perim eters  when they occurred near c u ts . Corre
la t io n  of novel LH-RH neuron p a tte rn s  seen in  the r a ts  18 
wks a f te r  FC w ith in d iv id u a l animal LH re le a se  p a tte rn s  
during the study provided evidence fo r a dynamic response to 
axotomy in  p a rv ic e l lu la r  hypothalamic neurons. Thus, the 
LH-RH neuron system ’s v a ria b le  response to experim ental 
damage may c o n trib u te  to the v a ria tio n s  seen in  in d iv id u a l 
animal plasma LH le v e ls  a f te r  EB+P given throughout the 
study.

Supported by a g ran t from the W hitehall Foundation.

287.6  HISTOCHEMICAL CHANGES IN THE MOUSE TRIGEMINAL SYSTEM 
AFTER SECTION OF THE INFRAORBITAL NERVE. V. Yip, W.-P. 
Zhang*, Q. Yan*, O.H. Lowry* and T.A. Woolsey. 
 Departments of Pharmacology, Anatomy/N eurobiology and The 
Mc Donnell Center fo r S tud ies  o f Higher B rain F unction , 
Washington Univ. Sch. o f Med., S t. Louis, MO 63110.

The sensory p ro je c tio n s  from the w hiskers o f mice and 
o the r roden ts  have been shown to  synapse som ato top ica lly  in  
th ree  sub -nuclei in  the  brainstem  trig em in a l complex, the 
ven trobasa l complex o f the thalamus and the  somatosensory 
co rtex . D eafferen tation  o f the w hiskers in  ad u lt anim als 
r e s u l t s  in  q u a l i ta t iv e  and q u a n ti ta t iv e  changes in the 
m etabolic a c t i v i t i e s  o f the posterom edial b a rre l  su b fie ld  
o f the  somatosensory cortex  (PMBSF). [eg . D ie tr ic h  e t  a l  
1981.] The p resen t study was to  determ ine the  time course 
and ex ten t of s im ila r  changes, i f  any, in  the  s u b c o r tic a l  
tr ig em in a l cen te rs  o f the  a d u lt mouse a f te r  
d e a f fe re n ta t io n . The r ig h t  in f r a o r b i ta l  nerve was 
sec tioned  in  mice under s u rg ic a l  an e s th e s ia  and the anim als 
allowed to  su rv ive  fo r periods up to  26 weeks. Some b ra in s  
were prepared fo r h is to ch emic a l  dem onstration  o f the 
m itochondrial enzyme cytochrome oxidase (CO) and some were 
prepared fo r microchemical a n a ly s is  o f m etabolic enzyme 
a c t iv i t i e s  a t  various tim es p o s to p e ra tiv e ly .

Decreases in  CO s ta in in g  in te n s i ty  were observed in  
the brainstem  ip s i l a t e r a l  to  the  le s io n  as  e a r ly  as  one 
week a f te r  nerve sec tio n  and in  VB and the  PMBSF l a t e r .  
Q uan tia tive  analy ses o f a c t i v i t i e s  o f o x id a tiv e  enzymes 
such as malate dehydrogenase a lso  showed time dependent 
decreases in  the ap p ro p ria te  b ra in  n u c le i .  The 
q u a n ti ta t iv e  and q u a l i ta t iv e  comparisons o f the 
h is to lo g ic a l  and microchemical r e s u l t s  a t  d if f e r e n t  tim es 
a f te r  the  p e rip h e ra l le s io n s  may provide b e t te r  
understanding o f the  time course and e x te n t o f m etabolic 
changes in  the mouse trig em in a l pathway fo llow ing 
d e a f fe re n ta t io n .

Supported by NIH G rants NS 07129 and NS 08862, a Grant 
from the the  Muscular Dystrophy A ssociation  o f  America and 
a Grant from the Mc Knight Foundation.

2 8 7 . 7   INHIBITORS OF POLYAMINES BIOSYNTHESIS AND BRAIN PLASTICITY  
V.A. E tero v ić , P.A. Ferchmin and J.G . O r t iz .  D ept. Biochem., 
Sch. of Med, Univ. C. del C aribe, Cayey, P.R. 00634 and 
Dept. Pharm acol., Sch. of Med. U .P .R ., San Juan, P.R.

In th is  work we t e s t  the  hypothesis th a t  polyamines a re  
e s s e n t ia l  fo r the  s tim u la tio n  of b ra in  growth by environ
m ental enrichm ent. In h ib i to rs  of p u tre sc in e  sy n th es is  or 
s a lin e  s o lu t io n (S) were in je c ted  to  r a ts  exposed e ith e r  to 
enriched cond ition  (EC) or impoverished cond itions (IC ). In 
IC r a ts  were kept in  sm all, in d iv id u a l cages. In  EC the 
anim als spent 7 hours a day in  la rg e  cages w ith l i t te rm a te s  
and o b jec ts  to  in te r a c t  w ith ; they spent the  r e s t  of the  
time in  the  sm all cages. Thus th e re  were four experim ental 
groups: S-EC, S-IC, Drug-EC and Drug-IC. The treatm ent 
s ta r te d  a t  weaning and la s te d  fo r 4 days. The b ra in s  were 
d is se c te d  in to  o c c ip i ta l  c o rtex , remaining co rtex , subcortex, 
and cerebellum  plus m edulla. RNA and DNA were done under 
b lin d  c o n d itio n s . Two in h ib ito r s  were te s te d : 1 ,3-diam ino-
2-hydroxypropane (DAHP, 90mg/Kg) was in je c ted  d a ily  before  
exposure to  EC, and α-d iflu o ro m e th y lo rn ith in e  (DFMO, 200 mg/
kg) which was in je c te d  b efo re  and a f te r  each d a ily  exposure 
to  EC. DFMO reduced body w eights (p<0.0005) both in  EC 
(10%) and IC (3.5%) r a t s ,  but did not a f fe c t  b ra in  w eights. 
The EC did not a f f e c t  s ig n if ic a n t ly  body w eights, but 
increased  o c c ip i ta l  co rtex  (p<0. 05) and to ta l  b ra in  weight 
(p<0.01), in  s a lin e  as w ell as in  d ru g -trea ted  anim als. The 
in c rea se  in  c o r t ic a l  RNA con ten t was a lso  seen in  DFMO-EC 
v s . DFMO-IC and S-EC v s . S-IC groups (p<0.001). The RNA/
DNA r a t io  was increased  in  S-EC v s . S-IC, bu t not in  DFMO-
EC v s . DFMO-IC. This lack  of d iffe ren c e  was due to  an 
unexpected in c rea se  in  the  RNA/DNA r a t io  of the  DFMO-IC vs. 
S-IC r a t s .  S im ilar re s u l t s  were obtained  w ith DAHP. I t  
decreased body w eights (4%, p<0.05) w ithout a ffe c tin g  b ra in  
w eigh ts. EC increased  to t a l  co rtex  weight (p<0.025) and to 
t a l  b ra in  weight (p<0.05). RNA content was increased  in  
bo th , DAHP-EC and S-EC v s . th e i r  re sp ec tiv e  IC l i t te rm a te s .  
The DNA con ten t was reduced in  bo th , EC and IC r a ts  by DAHP 
(p<0.05). The RNA/DNA r a t io  was a ffec ted  by the  two main 
fa c to rs  (p<0.0001) and th e i r  in te ra c tio n  (p<0.025). Summa
r iz in g ,  both in h ib i to r s  a ffe c te d  c o r t ic a l  RNA and DNA, but 
n e ith e r  abo lished  the  expected e f fe c ts  of EC. However, we 
cannot conclude ye t th a t  polyamines a re  not e s s e n t ia l  fo r 
the  EC/IC e f f e c t ,  because, due to  a complex reg u la to ry  mech
anism , a decrease  in  p u tre sc in e  i s  not n e ce ssa rily  followed 
by decreased sperm idine and spermine. The f in a l  in te rp r e ta 
tio n  of th ese  da ta  must be postponed u n t i l  polyamines are  
determ ined. (DFMO g i f t  M erre ll I n te r n a t .S trasbourg , France)

2 8 7 .8   INCREASED CORTICAL THICKNESS IN MALE PROGENY FROM ENRICHED 
PARENTS BEFORE AND DURING GESTATION  M.C. Diamond, D. Chui*, 
R.E. Johnson*, M. C helgren,* E.R. Greer* and J .  G ibbons.* 
 Dept. of Physiology-Anatomy, Univ. C a lifo rn ia , B erkeley, CA 
94720

Increm ents in  c o r t ic a l  th ickness occurred in  b ra in s  
of F1, F2 and F3 g enerations of pups whose pa ren ts  were 
environm entally  en riched . R esu lts  of our 1971 experiment 
(Diamond e t  a l . ,  I n t .  J .  N eurosci. 2:171) in d ica ted  th a t  
the  body weights of newborn pups from the enriched paren ts  
were s ig n if ic a n t ly  g re a te r  than those from impoverished 
p a re n ts . Although ce reb ra l c o r t ic a l  th ickness was g re a te r  
in  F1 pups from enriched paren ts  than in  those from impov
e rished  p a re n ts , the  d iffe ren c e s  were not s ig n i f ic a n t .  We 
now ask whether mature F1 r a ts  would show s ig n if ic a n t  b ra in  
d iffe ren c e s  and whether e f fe c ts  of enrichment on b ra in s  
from F2 and F3 generations would be evident?

The experim ental design was as fo llow s: At 60 days of 
age, 12 Long-Evans females were placed in  an enriched 
co nd ition ; 12 Long-Evans females were housed in  s tandard  
colony co n d itio n s . An id e n tic a l  design was used fo r the  
m ales. At 90 days of age, enriched males and females were 
separated  2 per cage fo r m ating, as were the standard  colony 
males and fem ales. A fte r f iv e  days the enriched and s tan 
dard colony pregnant females were re tu rned  to  th e i r  respec
tiv e  cond itions u n t i l  one day before  p a r tu r i t io n .  At th a t 
time a l l  pregnant females were placed in  s in g le  cages where 
they liv e d  w ith th e ir  o ffsp rin g  u n t i l  weaning a t  21 days of 
age. Then the  F1 animals liv ed  th ree  to a cage u n t i l  60 
days of age when h a lf  were au topsied  fo r  c o r t ic a l  measure
ments; the  o th e r h a lf  were re tu rn ed  to  the  cond itions  of 
th e i r  p a ren ts . The b asic  design was repeated  tw ice, pro
ducing F2 and F3 g en e ra tio n s . When the  F3 pups reached 60 
days of age, they were enriched fo r 30 days before  au topsy .

C o rtic a l th ickness measurements were made from 20 
m ic ra -fro zen -tran sv e rse  sec tio n s  in  the f r o n ta l ,  somato
sensory and o c c ip i ta l  c o r tic e s  of a l l  r a t s .  When comparing 
c o r t ic a l  th ickness of the  male r a ts  in  the  F1, F2 and F3 
g en era tio n s , th e re  was a s ig n if ic a n t  in c rease  in  th ickness 
in  some regions in  successive g en era tio n s . These r e s u l ts  
w ill  be d iscussed .
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287.9  HOMOLOGOUS EFFERENTS SPARED BY PARTIAL FIMBRIAL 
LESIONS CONTRIBUTE TO THE RECOVERY OF HIPPOCAMPAL 
CHOLINERGIC ENZYMES.  A . R . D r a v i d  a n d  E . B .  Van  
D e u s e n * .  P r e c l i n i c a l  R e s .  S a n d o z  L t d .  B a s e l ,  S w i t z e r 
l a n d ;  D e p t .D e v .& C e l  I B i o l . , U n i v . C a l i f . ,  I r v i n e ,  CA 
927 17.

O c c u r r e n c e  of p o s t - l e s i o n  s y n a p s e  r e p l a c e m e n t  a f t e r  
s p r o u t i n g  of i n t a c t  a x o n s  in  t h e  v i c i n i t y  of a  l e s i o n  
( P h y s i o l .R e v .61: 6 8 4 ,  1981) p r o m p t e d  u s  to  i n v e s t i g a t e  
w h e t h e r  h o m o t y p i c  r e i n n e r v a t i o n  c o u l d  o c c u r  if  ho m o 
l o g o u s  e f f e r e n t s  i n n e r v a t i n g  r e g i o n s  n e a r  to  t h e  d e n e r v 
a t e d  o n e s  w e r e  s p a r e d  b y  p a r t i a l  l e s i o n s  of t h e  s e p t o
h i p p o c a m p a l  p a t h w a y .  In s u p p o r t  o f  t h i s  p o s t u l a t e  we 
o b s e r v e d  a  s u b s t a n t i a l  r e c o v e r y  of e n z y m e  m a r k e r s  f o r  
h i p p o c a m p a l  c h o l i n e r g i c  t e r m i n a l s  a f t e r  p a r t i a l  b u t  n o t  
a f t e r  c o m p l e t e  f i m b r i a l  t r a n s e c t i o n  ( B r a i n  R e s . 2 7 7 :1 6 9 ,  
1 9 8 3 ) .  We h a v e  a l s o  f o u n d  t h a t  t r a n s e c t i o n  o f  m e d i a l  
o r  l a t e r a l  h a l v e s  of t h e  f i m b r i a l  b u n d l e  r e s u l t e d  in 
r e g i o n - s p e c i f i c  e n z y m e  r e d u c t i o n s  a l o n g  t h e  s e p t o -
t e m p o r a l  h i p p o c a m p a l  a x i s ,  f o l l o w e d  b y  s i g n i f i c a n t  
r e c o v e r y  d u r i n g  t h e  8 w e e k  p o s t - l e s i o n  p e r i o d  (B r a i n  
R e s . s u b m i t t e d ) .  T h e  p r e s e n t  s t u d i e s  i n d i c a t e  t h e  r o l e  
o f  s p a r e d  f i m b r i a l  e f f e r e n t s  in  t h e  r e c o v e r y  p r o c e s s .

T r a n s e c t i o n  of t h e  l a t e r a l  h a l f  of t h e  f i m b r i a l  
b u n d l e ,  s a m p l i n g  of  t h e  h i p p o c a m p u s  i n t o  f i v e  s e p t o -
t e m p o r a l  r e g i o n s  a n d  d e t e r m i n a t i o n  o f  ChAT a n d  AChE 
a c t i v i t i e s  w e r e  a s  d e s c r i b e d  b e f o r e  (B r a i n  R e s . s u b m i t 
t e d ) .  L e s i o n e d  r a t s  w e r e  d i s t r i b u t e d  a t  r a n d o m  i n t o  3 
g r o u p s .  G r o u p s  I a n d  II w e r e  s a c r i f i e d  a t  1 a n d  9 
w e e k s  a f t e r  l e s i o n i n g ,  r e s p e c t i v e l y .  In g r o u p  I I I  r a t s ,  
t h e  r e m a i n i n g  f i m b r i a l  f i b r e s  w e r e  s e v e r e d  ( 2 n d  l e s i o n )  
8 w e e k s  a f t e r  t h e  f i r s t  l e s i o n  a n d  t h e  a n i m a l s  
s a c r i f i c e d  o n e  w e e k  l a t e r .  A c o m p a r i s o n  of ChAT a n d  
AChE a c t i v i t i e s  in t h e s e  t h r e e  g r o u p s  r e v e a l e d  t h a t  
r e l a t i v e  to  t h e  m a x i m a l l y  d e p l e t e d  e n z y m e  a c t i v i t i e s  a t  
1 w e e k  ( g r o u p  I)  t h e  s i g n i f i c a n t  r e c o v e r y  o b s e r v e d  in 
g r o u p  II a t  9 w e e k s  w a s  n o t  a p p a r e n t  in  g r o u p  I I I  
a n i m a l s .  T h e s e  f i n d i n g s  t h u s  d e m o n s t r a t e  t h e  e s s e n t i a l  
r o l e  o f  f i m b r i a l  f i b e r s  s p a r e d  b y  t h e  p a r t i a l  l e s i o n s  in 
t h e  r e c o v e y  of  h i p p o c a m p a l  c h o l i n e r g i c  e n z y m e s ,  
p r o b a b l y  r e p r e s e n t i n g  r e p l a c e m e n t  of d e g e n e r a t e d  c h o l i 
n e r g i c  t e r m i n a l s .

287.10  CHANGES IN PRESYNAPTIC INPUT NUMBER TO RAT SUBMAN
DIBULAR GANGLION NEURONS FOLLOWING SALIVARY GLAND 
ATROPHY.  M. D. Womble*, K. V anderslice*, and S. Roper (SPON: 
S. Roper).  Dept. of A natom y, Univ. Colorado H ealth  Sciences C tr ., 
D enver, CO 80262.

This work is p art of a  series of experim en ts designed to  study 
how neuronal m atu ration  parallels the developm ent and m aintenance 
of ta rg e t tissues. In tracellu lar recordings from  parasym pathetic  
neurons of the  adu lt ra t  subm andibular ganglion w ere used to study 
how atrophy of th e  subm andibular and sublingual salivary  glands 
a ffec ted  synaptic connections in the  ganglion. Confirm ing prior 
investiga to rs, each  postganglionic neuron in adu lt anim als received  
an average of 1.50 ± 0.60 (S.D.) preganglionic axonal inputs (N= 40 
ce lls , 7 ra ts) . Salivary gland a trophy was achieved by ligating  the  
main ex c re to ry  ducts. Three weeks a f te r  ligation , th e  w et weight 
was 24.7 ± 5.4% (submandibular) and 39.2 ± 11.6% (sublingual) of 
c o n tra la te ra l con tro l glands. F u rtherm ore , la rge changes in th e  
u ltra s tru c tu re  of glandular ac in i, such as degranulation  and ce llu lar 
shrinkage, took place a f te r  ligating th e  salivary  ducts. L igations 
which did not d irec tly  in te rfe re  w ith th e  postganglionic axons 
innervating th e  glands did not cause any significant change in 
synap tic  connections w ithin the ganglion (1.52 ± 0.72 inpu ts/ce ll; N =  
54 ce lls , 7 ra ts). When salivary  ducts w ere ligated  near th e  glands, 
postganglionic fibers to  the  glands w ere also dam aged. Under these  
circum stances , our results ind ica te  th a t th e re  was a  sm all, but 
s ign ifican t inc rease  in th e  number of preganglionic inputs per neuron 
(1.98 ± 0.95 inpu ts/ce ll; N= 44 ce lls , 6 ra ts) . Experim ents a re  in 
progress to de term ine w hether this increase rep resen ts  p resynaptic  
sprouting or o the r possib ilities. Thus, these  da ta  ind ica te  th a t 
synap tic  inputs to neurons in the  subm andibular ganglion may not be 
a ffec ted  by striking changes in the  glands which those neurons 
inn e rv a te , a t  le as t in th e  ad u lt. That is , feedback regulations by 
ta rg e t tissues onto the ir innervating neurons in th is parasym pathetic  
ganglion may not be as pow erful an influence as it  has been shown to 
be in o ther p a rts  of the  nervous system . Experim ents are  in 
progress to  study the  e ffe c ts  of salivary  gland atrophy in neonatal 
ra ts  and to determ ine  w hether m ajor changes in the  m atu ra tion  of 
th e  ta rg e t tissues will a f fe c t norm ally-occurring  synapse elim ination 
in the  developing subm andibular ganglion.

287. 11  CHRONIC ETHANOL EXPOSURE ALTERS SYNAPTIC REORGANIZATION 
FOLLOWING PARTIAL DEAFFERENTATION OF RAT DENTATE GYRUS.
D.W. Walker, M.A. King, R.L. Reep and B.E. Hunter.  VA 
Medical Center,  Dept. of Neuroscience and Alcohol Research 
Center, University of Florida, Gainesville, FL, 32610.

A ra t  model of the capacity for CNS p la s t ic i ty  af ter  
long term ethanol consumption was used to assess quantita
t ively the extent of reactive synaptogenesis in the dentate 
gyrus. Two groups of adult male Long-Evans rats were main
tained on nutr i t ional ly  complete ethanol- or sucrose-
containing liquid d iets for 20 wks. Ad l ib  lab chow and 
water were then given to the animals for 8  wks. prior to 
partial  denervation of the dentate gyrus by unilateral  
e lec tro ly t ic  lesion of the entorhinal cortex.  Forty days 
postles ion, horizontal 40 micron frozen brain sections were 
cut and a l ternate  sections processed with the Timm's 
su lf ide-s i lve r  or acetylcholinesterase (AChE) techniques. 
The bandwidth and optical densities of af ferent terminal 
f ie lds  were measured in the dentate gyrus using a computer-
based image analysis system (EyeCom II/DEC 11/23). Reor
ganization of commissural/associational  (C/A) and septal 
afferents was evaluated from 10  x 10  arrays of measurements 
in each blade of the lesioned and unlesioned dentate gyrus 
of each animal. These 10 x 10  arrays of data consisted of 
measurements made automatically at  10  equally-spaced 
medial-lateral positions in each of 10  equally spaced 
horizontal sections.

Chronic ethanol alone produced a 7% shrinkage in the 
total width of the molecular layer of the buried blade as 
assessed by comparison of measurements on the side contra
la tera l  to the lesion in ethanol vs. control brains.
Lesion alone produced an 11% shrinkage in total  molecular 
layer width as indicated by comparing the lesioned and 
unlesioned sides in the control group. There was an in te r 
action between the ethanol and lesion ef fec ts ,  since total 
width on the lesioned side was 19% less  than that of the 
unlesioned side, in the ethanol group. In addition, the 
lesion-induced expansion in the bandwidth of the commis
sural /associational  terminal f ie ld  was 50% reduced as a 
r e su l t  of prior  chronic ethanol exposure.

These resu l ts  indicate that  chronic ethanol ingestion 
produces a residual a l te ra t ion  of the capacity for synaptic 
reorganization following denervating lesions.

Supported by the Veterans Administration; grants AA00200, 
AA05793, Fellowship AA05175 and RCDA AA00065 from NIAAA.

287.12  INFLUENCE OF CORTICOSTERONE ON NEURONAL PLASTICITY IN THE 
RAT HIPPOCAMPUS.  S.F. Hoff1, S.W. Scheff2 ,  K.Anderson2 .  Dept. 
Pharmacology, Chicago Med. School, N.Chicago, IL. 60064.1  
Dept. Anatomy, U niversity  of Kentucky, Lexington, KY 40536.

To b e t te r  understand the mechanisms underlying le s io n -
induced neuronal p la s t i c i t y  in  the r a t  hippocampal form ation, 
we have analyzed the e f fe c ts  of adrenalectomy and e levated  
co rtic o s te ro n e  (CORT) on the i n i t i a l  time course of re a c tiv e  
synaptogenesis. P reviously  we have reported  a delayed process 
of re in n e rv a tio n  in  the d en ta te  m olecular lay e r (ML) in  aged 
r a t s ,  which may be re la te d  to  th e i r  e levated  blood le v e ls  of 
CORT. In a d d itio n , e levated  CORT le v e ls  in h ib i t  c o l la te r a l  
sprou ting  in  young a d u lts .

Male Sprague-Dawley r a ts  (90 days o ld ) , which had received  
b i l a te r a l  adrenalectom ies, were given a u n i la te r a l  en to rh ina l 
le s io n  (n=31). These animals were divided in to  two groups:
(1) Adrenalectomized (ADX) animals (n=14) and (2) HICORT 
animals (n=17) which received  a subcutaneous im plant of a 
200 mg CORT p e l le t .  At 4, 10 or 30 days p o s t- le s io n , anim als  
from each group were k i l le d  and prepared fo r e le c tro n  micro
scopy. Normal and degenerating  synap tic  p ro f i le s  were 
q u an tified  on montages of the d en ta te  ML, which was d ivided 
in to  th ird s  ( in n e r, m iddle, o u te r) .  In a l l ,  31,083 synap tic  
p ro f i le s  were counted over 106,000 square microns of n eu ro p il 
Data from the above animals were compared ag a in st p rev iously  
reported  r e s u l t s  fo r  young ad u lt and aged r a t s .

R einnervation of the middle and ou ter th ird s  of the ML 
v aried  between groups in  th a t the HICORT group dem onstrated 
a re in n e rv a tio n  process very s im ila r  to young a d u lts  (26% 
synapse replacement by 10 days p o s t- le s io n ) . This i s  w ell 
ahead of aged r a ts  (p < .05). ADX ra ts  had a d if f e r e n t  
response w ith 59% of a l l  synapses replaced  in  the middle ML 
by 10 days p o s t- le s io n  (p <.05 v s . young a d u lt)  and a 
response very s im ila r  to  young ad u lts  in  the o u te r ML. 
Degeneration c learance in  the ADX group was equal to  the 
young a d u lts  by 10 days p o s t- le s io n . The HICORT group had a 
slower response (p <.05 vs young a d u l t) ,  which was c lo se  to 
th a t of aged r a t s .  W ithin the inner ML, both ADX and HICORT 
groups demonstrated s im ila r  non-degenerative changes in  
synap tic  d e n sity , as we have reported  in  ad u lt and aged r a t s .  
Previous s tu d ie s  have in d ica ted  th a t the r a te  of re in n e rv a 
tio n  may be re la te d  to  the ra te  of degeneration  c lea ran ce .
Our p resen t r e s u l ts  suggest th a t th is  is  not the case . A lso, 
HICORT le v e ls  appear not to  in h ib i t  synapse reappearance, 
eventhough c o l la te r a l  sp rou ting  in to  the middle ML i s  l e s s . 
This may have fu n c tio n a l consequences during CNS re p a ir  
p rocesses. (NIH gran t 16981 to  SWS).
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287. 13  EXPANSION OF REACTIVE GLIAL FIBERS IN THE NEUROPIL FOLLOWING 
DEAFFERENTATION.  J .  W e lls  and  L.N . T r ip p * .  Dept. o f  Anatomy 
an d  N e u r o b io lo g y ,  U n iv . o f  V erm o n t, B u r l in g t o n ,  VT 0 54 0 5 .

The g l i a l  r e a c t i o n  t o  d e a f f e r e n t a t i o n  h a s  b e e n  d e s c r i b e d  
o f t e n  b u t  r a r e l y  q u a n t i f i e d .  In  o r d e r  t o  s tu d y  th e  te m p o ra l  
r e l a t i o n s h i p  o f  t h e  g l i a l  r e a c t i o n  t o  t h e  s e q u e n c e  o f  a x o n a l  
g ro w th  an d  s y n a p to g e n e s i s , we h a v e  m ea su red  t h e  a r e a  o f  t h e  
p r o f i l e s  o f  g l i a l  f i b e r s  i n  t h e  n e u r o p i l  o f  t h e  th a l a m ic  
v e n t r a l  p o s t e r o l a t e r a l  n u c le u s  (VPL) f o l lo w in g  l e s i o n s  t o  
i t s  a f f e r e n t s .  P a r t i a l  d e a f f e r e n t a t i o n  o f  VPL h a s  b e e n  
shown p r e v i o u s l y  t o  p ro d u c e  r e a c t i v e  s y n a p to g e n e s is  ( B ra in  
R e s . 1 5 5 :3 6 2 ) .  In  a d d i t i o n  we h a v e  r e l a t e d  t h e  g l i a l  e x p a n 
s io n  t o  s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h e  d e a f f e r e n t a t i o n :  t h e  
s i z e  o f  t h e  l e s i o n ,  t h e  d e g re e  o f  d e g e n e r a t i o n ,  t h e  p r o x 
i m i ty  o f  t h e  l e s i o n  t o  VPL an d  t h e  s i t e  o f  t h e  l e s i o n .  To 
d e te r m in e  t h e  t im e  c o u r s e  o f  t h e  g l i a l  e x p a n s io n ,  s u c t i o n  
l e s i o n s  w e re  made i n  t h e  d o r s a l  co lum n n u c l e i  (DCN). O th e r  
d e a f f e r e n t i n g  l e s i o n s  w e re :  s m a l l  h e a t  l e s i o n s  o f  t h e  m e d ia l  
le m n is c u s  a t  t h e  p o n to m e d u l la r y  j u n c t i o n ,  l a r g e  h e a t  l e s i o n s  
o f  t h e  m ese n c e p h a l o n and  s u c t i o n  l e s i o n s  o f  t h e  s o m a to s e n 
s o r y  c o r t e x .  A re a  m ea su rem e n ts  w ere  made from  e l e c t r o n  
m ic r o g ra p h s  o f  t h e  VPL n e u r o p i l  u s in g  m o rp h o m e tr ic  p r o c e 
d u r e s .  N e u r o p i l ,  a s  d e f in e d  h e r e ,  e x c lu d e s  t h e  c e l l  b o d ie s  
o f  n e u ro n s  and  g l i a ,  m y e l in a te d  f i b e r s  and  b lo o d  v e s s e l s .  
G l i a l  f i b e r  p r o f i l e s  w ere  i d e n t i f i e d  u s in g  m u l t i p l e  
c r i t e r i a ,  e . g . , i r r e g u l a r  b o r d e r s ,  f i b r i l l a r  a r r a y s  
an d  g ly c o g e n  g r a n u l e s .

G l i a l  f i b e r s  o c c u p ie d  9.8µm 2 / 100µm2 o f  t h e  n o rm a l VPL 
n e u r o p i l .  F o l lo w in g  DCN l e s i o n s  t h e  a r e a  o f  g l i a l  f i b e r s  
d o u b le d  w i t h in  2 4 -4 8  h o u r s .  Many o f  t h e  ex p a n d ed  p r o f i l e s  
a r e  s e e n  i n  a s s o c i a t i o n  w i th  d e g e n e r a t i n g  t e r m i n a l s .  A f t e r  
4 and  6 d a y s  t h e  e x p a n s io n  was re d u c e d  b u t  s t i l l  was 50% 
g r e a t e r  t h a n  c o n t r o l s .  At 30 d a y s  t h e  a r e a  o f  g l i a l  f i b e r s  
was s i g n i f i c a n l t y  l e s s  th a n  c o n t r o l s  and  i t  was a t  t h i s  t im e  
when s y n a p to g e n e s i s  b e g a n  i n  t h i s  s y s te m . The g l i a l  p r o 
c e s s e s  h a v e  r e t u r n e d  t o  n o rm a l by  50 d a y s  and  s y n a p to g e n e s is  
was a l s o  c o m p le te .

When VPL was d e a f f e r e n t e d  by  l e s i o n s  o f  t h e  m e d ia l  
l e m n i s c u s ,  m ese n c e p h a l o n o r  s o m a to s e n s o ry  c o r t e x ,  t h e  i n 
c r e a s e d  a r e a  o f  g l i a l  f i b e r s  was c o m p a ra b le  t o  t h a t  a f t e r  
DCN l e s i o n s .  The r e s u l t s  f u r t h e r  i n d i c a t e  t h a t  t h e  am ount 
o f  g l i a l  e x p a n s io n  was in d e p e n d e n t  o f  t h e  f o l l o w in g :  t h e  
s i z e  o f  t h e  DCN l e s i o n  ( r = 0 .2 0 8 ) ,  t h e  d e g re e  o f  d e g e n e r a t io n  
i n  VPL ( r = 0 .1 3 1 ) ,  t h e  p r o x im i ty  o f  t h e  l e s i o n  to  VPL, o r  t h e  
s i t e  o f  t h e  l e s i o n  ( i . e . ,  t h e  t y p e  o f  a f f e r e n t  d e s t r o y e d ) .  
T h u s , t h e  r e s p o n s e  o f  t h e  g l i a l  f i b e r s  was r e l a t i v e l y  c o n 
s t a n t  r e g a r d l e s s  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  l e s i o n .

287.14  CHANGES IN DENTATE GYRUS LAMINAR PROFILES FOLLOWING ENTO
RHINAL CORTEX REMOVAL IN THE AGED RAT. J .  Vicedomini*, 
S.W. S ch e ff, S.T . DeKosky (SPON: A. Nonneman).  D epts. An
atomy and Neurology, Univ. of Kentucky and V.A. Medical 
C enter, Lexington, KY 40536.

U n ila te ra l en to rh in a l co rtex  removal s e le c t iv e ly  dener
va tes the o u te r m olecular la y e r in  the i p s i l a t e r a l  den ta te  
gyrus. Axonal sp ro u tin g , induced by e n to rh in a l co rtex  re 
moval, r e s u l t s  in  c i r c u i t r y  a l te r a t io n  of re s id u a l a f fe re n t 
systems and synap tic  replacem ent through a process known as 
re a c tiv e  synap togenesis. S e p ta l, co m m issu ra l/a sso c ia tio n a l, 
and crossed tempro-ammonic a f fe re n ts  a re  p a r t i a l ly  respon
s ib le  fo r re in n e rv a tio n  of the d eaffe ren ted  zone. This 
re a c tiv e  process follow s a w ell defined  time course in  the 
young ad u lt r a t .  The ra te  of s e p ta l and com m issural/asso
c ia t io n a l  sp rou ting  i s  reduced in  aged r e la t iv e  to  young 
a d u lt r a t s .  L i t t l e  i s  known concerning the e f f e c ts  of 
advanced age on sprou ting  in  the  crossed  tempro-ammonic 
pathway.

We have e le c tro p h y s io lo g ica lly  monitored the time course 
of crossed  tempro-ammonic sp rou ting  in  young (3 month), 
middle age (16 month) and aged (26 month) F344 r a t s .  At 
each age le v e l d if f e r e n t  groups of su b jec ts  were examined 
15, 30, 45, and 60 days a f te r  e n to rh in a l co rtex  removal.
E x tra c e llu la r  f i e ld  p o te n t ia ls ,  evoked by s tim u la tio n  of 
the in ta c t  en to rh in a l co rtex , were examined in  the i p s i l a t 
e r a l  and c o n tra la te r a l  d en ta te  gyrus. Laminar p r o f i le  an a l
yses were conducted to  rev ea l the  ex ten t of fu n c tio n a l 
synap tic  replacem ent. In p u t/o u tp u t re la tio n s h ip s  a t  d i f f e r 
ent stim ulus in te n s i t ie s  were p lo tte d  to  compare the e f f i 
cacy of sprouted crossed tempro-ammonic a f fe re n ts  w ith th a t 
of the  in ta c t  i p s i l a t e r a l  p e rfo ran t pathway.

Laminar p ro f i le  analyses in d ica ted  th a t even in  the 
aged animals the crossed  e n to rh in a l p ro je c tio n  expands i t s  
a f f e rn t  p ro je c tio n  and makes fu n c tio n a l co n tac ts  in  the 
denervated zone. In  a l l  th ree  age groups the a lte re d  c i r 
c u itry  was capable of supporting  population  sp ike a c t iv i ty  
however w ith a delayed time course in  the aged anim als. 
These r e s u l ts  in d ic a te  th a t the  lesion -induced  a l te re d  
c ir c u i ty  i s  capable of re s to r in g  some of the  e le c tro p h y sio
lo g ic a l  p ro p e rtie s  in  the  aged CNS. (Supported by NIH 
g ran ts  NS16981, NS00444, 5T32AG00084, BSRG S07R05374 and 
the VA Medical Research S e rv ic e ) .

287 15  COMPENSATION OF PARALLEL FIBER-PRESYNAPTIC GRIDS FOLLOWING 
DEFICITS IN NUMBER OF SYNAPSES ON PURKINJE CELLS.  S. Chen 
and D. E. H illm an,  Dept. P hysio l. & B iophys., New York 
Univ. Med. C tr . ,  New York, NY 10016.

Recent r e s u l t s  show th a t to ta l  con tact area  of post
synap tic  membrane d e n s it ie s  (PoSDs) was constan t following 
a wide range of reductions  in  the number of p a ra l le l  f ib e r  
synapses on P urk in je  c e l l s  (Brain Res. 295:325-343, 1984). 
D e fic its  in  the number of a f fe re n t s i t e s  from development 
or a r is in g  in  adulthood re su lte d  in  an in c rease  in  to ta l  
area  of p resynap tic  con tact made by each a ffe re n t neuron 
u n t i l  a 200% le v e l was reached ( Soc. N eurosci. Abst 9: 
1224, 1983). Here, we dem onstrate th a t the to ta l  number 
of dense p ro je c tio n s  of the p resynap tic  g rid  increases  on 
each axon of remaining granule c e l l s .

The number of dense p ro jec tio n s  and area  of the presyn
a p tic  g r id s  were determined fo r comparisons between con
t r o l  females and groups of r a ts  w ith p rev iously  determined 
reductions in  the number of synapses on Purkin je c e l l s .  
This reduction  was induced by e i th e r  developmental p ro te in  
r e s t r i c t io n  or le s io n s  to  granule c e l l s  in  the a d u lt.  The 
animals were prepared by g lu tar-paraform aldehyde perfusion  
and the  t is s u e  was s ta in ed  w ith e thano lic-phosphotungstic  
a c id . Completeness of p resynap tic  g rid s  in  sec tio n s  was 
assured by s e r ia l  re co n stru c tio n  of enface s i t e s .  The 
number of dense p ro jec tio n s  and the area  of each s i t e  were 
recorded and compared by p lo tt in g  a lin e a r  reg ressio n  l in e  
fo r  the composite da ta  along with a standard  l in e  fo r con
s ta n t d en sity  of dense p ro je c tio n s .

The synapses in  co n tro ls  ra re ly  had over 40 dense pro
je c t io n s .  A s ig n if ic a n t percentage of the experim ental 
animals and e sp e c ia lly  those w ith severe d e f ic i t s  in  num
ber of synapses had 40 to  100 dense p ro je c tio n s . Compari
son of reg re ss io n  l in e s  shows th a t the d en sity  of dense 
p ro je c tio n s  i s  constan t even though the to ta l  area  of 
a f fe re n t synapses i s  in c reased . These r e s u l ts  dem onstrate 
th a t  a f fe re n t neurons compensate the  lo ss  of th e ir  kind by 
adding dense p ro jec tio n s  onto e x is t in g  p resynap tic  s i te s  
ra th e r  than spreading  of the p resynap tic  membrane s p e c ia l
iz a t io n s .  The e f f ic a c y  of enlarged s i t e s  i s  suggested by a 
la rg e r  area  fo r  synap tic  v e s ic le  attachm ent during re lea se  
g iv ing  r i s e  to  a g re a te r  chance fo r postsynap tic  even ts. 
Supported by Grant NS13742 from NINCDS.

287.16  NEURONS IN THE EAR MIGRATE AND SHIFT CONNECTIONS THROUGHOUT 
POSTEMBRYONIC LIFE.  J.T. CORWIN.  Department of Zoology and 
Bekesy Laboratory of Neurobiology, University of Hawaii, 
Honolulu, HI 96822.

Determinant growth patterns common to birds and mammals 
appear to be linked with f in i t e  periods for production of 
sensory and neuronal ce l ls .  However, most vertebrates grow 
indeterminantly, continually enlarging the ir  sensory organs 
and brains through production and accumulation of new ce l ls .

In fish and amphibians, auditory hair cell  populations 
increase up to 1 2 -fold through production that continues for 
years af ter  b ir th .  Microautoradiography has demonstrated 
that hair cell  production occurs primarily at the periphery 
of ep i the l ia ,  beneath hair ce l ls  that  have small c i l i a .  
Electron microscopy has demonstrated that  early embryonic 
ears contain exclusively the same small-ci l ia  type of hair 
c e l l .  Thus, postembryonic growth results  from a continual 
accumulation of new hair cel ls  at the edge of the epithelium 
(Corwin, 1984, Assoc. Res. Otolaryngol. Abstr. 7:56).

In the macula neglecta auditory epithelium in skates hair 
cell  number increases postembryonically from 500 to more 
than 6000, but the innervating neurons do not increase in 
number (Corwin, 1983, J. Comp. Neurol. 217:345). Growth of 
the terminal arborizations of these neurons has been inves
tigated  here in macula neglecta epithe lia  from a size/age 
series of the skate, Raja oce l la ta . Distributions of 
nearest-neighbor distances for all  terminal arbors in 
maculae from 2- and 5-year-old skates have similar shapes, 
but mean distance doubles by 5 years.  Growth results  in an 
even expansion of space between arbors, with most migrating 
out from the central epithelium that contains the oldest 
hair cel ls  that  f i r s t  received all  the innervation. The 
mean arbor area increases from 2800 to 8500 µm2 per neuron, 
and the number of hair cel ls  enclosed increases from 40 to 
1 2 0  per neuron, but the proportional area of the whole 
epithelium enclosed remains at an average 4% per neuron over 
the 2- to 6 -year age range. Orientation measures for 1738 
branches from 103 neurons demonstrated that  82% of the 
branches grow toward the epithelium edge, with the angles in 
a normal d istr ibution  perpendicular to the edge.

This evidence demonstrates that  synapse shif t ing  and 
terminal arbor migration can pers is t  through l i fe  in nervous 
systems that  incorporate new ce l l s .  I t  also suggests that  
new hair ce l ls  that  are not innervated may a t t r ac t  growing 
auditory neurons toward the epithelium edge.
(Supported by NINCDS, the Deafness Research Foundation, and 
a Grass Foundation Fellowship.)
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288.1  NEUROVASCULAR, AND NEURONAL ALTERATIONS IN FETAL HYPO
THALAMIC HETEROGRAFTS STEREOTAXICALLY POSITIONED IN THE 
THIRD CEREBRAL VENTRICLE OF BRATTLEBORO RATS.  D E. Scott 
and D Sherman*.  Dept. of Anatomy, Univ. of M issouri-
Columbia, Columbia, MO. 65212

Immunocytochem istry , m icroangiography and transm ission  
e le c tro n  microscopy have been used to  assess  the anatom ical 
a l te r a t io n s  in  the neuronal and neurovascular o rg an iza tio n  
of f e t a l  hypothalam ic e x p la n ts , 17 days post c o itu s ,  in 
troduced in to  the  th ird  c e reb ra l v e n tr ic le  of 8 B ra ttleb o ro  
r a t s .  Techniques fo r  s te re o ta x ic  surgery  and te c h n ica l 
p rocessing  have been described  elsew here, (Gash and S co tt, 
1980; Sco tt e t a l . , 1984). T issue from r a ts  k i l le d  3, 6 , 9 
o r 12 days a f te r  surgery  was compared to t is s u e  removed 30, 
60 or 90 days p o s t-su rg e ry  in  an e a r l i e r  s tudy. Fine 
d e l ic a te  v ascu la r v a r ic o s i t ie s  were observed in  the  3 day 
f e t a l  ex p lan ts . I t  i s  ye t to  be determined whether they are 
i n t r in s ic  or e x t r in s ic .  V ascular networks of the 
surrounding host v e n tr ic u la r  w all and p e r iv e n tr ic u la r  
s tra tum  were la rg e r  in  d iam eter and more p ro fuse . By 9 
days f e t a l  hypothalamic exp lan ts  were w ell v a scu la riz ed . 
Major v ascu la r invasion  arose from host p o r ta l  c a p i l la r ie s  
in  the  underly ing  median eminence, as w ell as l a t e r a l  
invasion  from the p e r iv e n tr ic u la r  w all of the  host b ra in . 
By 30 days, v a s c u la r iz a tio n  appeared complete w ith v e sse ls  
invading from the e n t i r e  periphery  around the th ird  
c e reb ra l v e n t r ic le .  At the  u l t r a s t r u c tu r a l  le v e l ,  n e u rite s  
were seen to  a c t iv e ly  o rganize around the  p e riv a scu la r 
space of fe n e s tra te d  v e sse ls  in  the  v e n tra l p o rtio n  of 
e x p lan ts . Axon p r o f i le s ,  con ta in ing  numerous dense core 
v e s ic le s  and te rm ina ting  on the  ablum inal b asa l lamina of 
w ell developed p e riv a sc u la r  spaces, were seen throughout 
the v e n tra l  th ird  of the  e x p lan ts . Fragments of 17 day pc. 
f e t a l  co rtex  employed as co n tro ls  a c t iv e ly  grew and f lo u r
ished  in  the  th ird  c e reb ra l v e n tr ic le  of B ra ttleb o ro  h o s ts . 
N e u r it ic ,  ependymal and v a scu la r p rocesses from host 
v e n tr ic u la r  w all grew across the  in te rv en in g  v e n tr ic u la r  
lumen and were seen to  in s in u a te  in to  the parenchyma of the 
f e t a l  h e te ro g ra f t .  This suggests the  presence of vaso- and 
chemotaxic agents w ith in  the ex p lan t. From these  d a ta  i t  
i s  c le a r  th a t  v a s c u la r iz a tio n  of f e t a l  exp lan ts  i s  ra p id , 
and th a t  the anatom ical s u b s tr a te (s) fo r  the c e n tra l  
d e liv e ry  of neuropeptide hormones a re  e s ta b lish e d  in  
v ia b le  f e t a l  exp lan ts  in troduced in to  the b ra in s  of 
B ra ttleb o ro  r a t s .  Supported by NSPHS Grant NS19197.

288.2  ELECTRON MICROSCOPY OF RAT EMBRYONIC NEOCORTEX TRANSPLANTED 
INTO ADULT RAT SPINAL CORD.  R. Trachimowicz and B.H. H allas 
 Department o f Anatomy, New York College o f O steopath ic  
Medicine, Old Westbury, NY 11568.

In previous cy to lo g ic  and degeneration  s tu d ie s  H allas 
dem onstrated th a t  r a t  embryonic neocortex tra n sp la n ted  in to  
ad u lt r a t  sp in a l cord n o t only developed in to  ce reb ra l 
c o r t ic a l  t is s u e  resem bling normal c e reb ra l co rtex  w ith a 
lam inar o rg an iza tio n  and fu l ly  d i f f e r e n t ia te d  s t e l l a t e  and 
pyramidal c e l l s ,  bu t a lso  e s ta b lis h e d  a f fe re n t  and e f fe re n t  
connections w ith the  h o st c e n tra l nervous system (E xperentia  
38 :699-701, 1982; N eurosci. A bst. 1983). U n til now, however, 
the u l t r a s tru c tu re  o f the c o r t ic a l  t r a n s p la n ts , inc lud ing  
th e i r  synaptology, has no t been described .

The p re sen t study was undertaken to  provide a morphologic 
d e sc rip tio n  and determ ination  of the lo c a tio n , on the  c e l l s ,  
o f both a f fe re n t and in tr a - t r a n s p la n t  synapses o f the co r
t i c a l  t ra n s p la n ts .  Using the  t ra n s p la n ta tio n  techniques 
o f H allas (1982) 15 day o ld  r a t  embryonic neocortex  ob
ta in ed  from pregnant Sprague-Dawley a lb in o  r a t s  was t r a n s 
p lan ted  in to  the sp in a l cord o f ad u lt Sprague-Dawley a lb ino  
r a t  h osts  between ve rteb rae  C5 and C6. The tra n s p la n ts  were 
allowed to  grow, d i f f e r e n t ia te  and e s ta b l is h  connections 
fo r  150 days a t  which time the  animals were s a c r if ic e d  by 
t ra n s c a rd ia l  p e rfu s io n  w ith  3% g lu taraldehyde in  cacodylate 
b u ffe r  (pH 7 .2 ). The segment o f the cord con ta in ing  the 
t ra n s p la n t was d is se c te d  o u t,  c u t in to  1-2 mm c ross  sec tio n s  
and fix ed  an ad d itio n a l hour. Subsequently the  t is s u e s  
were p o s tfix e d  in  1% osmium te tro x id e , dehydrated in  a 
graded s e r ie s  o f  e th y l a lcoho ls  and propylene oxide and 
embedded in  A ra ld ite . U ltra th in  sec tio n s  o f the tra n s p la n t 
and a sso c ia ted  cord were c u t, mounted on g r id s ,  s ta in ed  
w ith uranyl a ce ta te  and lead  c i t r a t e  and examined w ith an 
RCA e le c tro n  m icroscope. A comparison o f the synaptology 
o f the ce reb ra l c o r t ic a l  tra n s p la n ts  and normal ad u lt 
c e reb ra l co rtex  i s  described .

288.3  DENDRITIC AND AXONAL MORPHOLOGY OF FETAL NEOSTRIATAL CELL 
SUSPENSIONS IMPLANTED INTO ADULT NEOSTRIATA.  J .P .M c A llis te r , 
M.A.Reynolds*, L .Kaplan* and P.D.W alker*.  Dept. of Anatomy, 
Temple Univ. School of M edicine, P h ilad e lp h ia , PA 19140.

We have demonstrated th a t d is so c ia te d  fe ta l  n e o s tr ia ta l  
neurons w ill  surv ive when tran sp lan ted  to ad u lt n e o s tr ia ta  
th a t  had been lesioned  w ith ib o ten ic  acid  (M cA llister, J .P . ,  
A nat. Rec. , 3: 107A, 1983). The p resen t study sought to 
determ ine i f  these  tra n sp la n ts  ( 1) e x h ib it normal neuronal 
morphology and (2) receive  connections from the h o s t. Host 
ra ts  received  s in g le  u n i la te r a l  in je c tio n s  of ib o ten ic  acid 
placed s te r e o ta x ic a l ly  in to  the neostria tum  a t  6 weeks of 
age. Five days l a t e r ,  s t r i a t a l  ridges were d issec ted  from 
14 day old fe tu ses  and d is so c ia te d  in a 0.1% so lu tio n  of 
try p s in . Five m ic ro li te r s  of th is  c e l l  suspension was 
in je c ted  in to  the h ost neostria tum . A fte r a 4-6 week su r
v iv a l period  the host n e o s tr ia ta  were processed by Rapid 
Golgi methods. Most of the neuron types th a t populate the 
normal neostria tum  were id e n t i f ie d  in  the tra n s p la n t as 
e a r ly  as 34 days p o s t- tra n s p la n ta tio n . Spiny I neurons were 
most p re v a le n t, w ith medium-sized somata, abundant sp ines on 
d i s ta l  d en d rite s  and a r ic h  plexus of axon c o l la te r a l s .
Spiny I I  neurons, w ith fewer sp in es , were seen le ss  f r e 
quen tly , and were lim ited  to  those w ith medium-sized somata. 
Both types of Spiny neurons exh ib ited  long axons, but these 
were never seen leav ing  the tra n s p la n t.  Several Aspiny I I I  
neurons were id e n tif ie d  w ith sparse  d e n d ritic  processes and 
v a r ic o s i t i e s .  No la rg e  Aspiny I I  or medium Aspiny I neurons 
were observed in any tra n s p la n t,  but an occasional Neuro
g liafo rm  c e l l  was noted . Although there  were no c le a r  
examples of axons c rossing  the h o s t- tra n s p la n t in te r f a c e , 
seve ra l types of  a f fe re n t f ib e rs  were p resen t w ith in  the 
t ra n s p la n t.  The most abundant axons were th in  with a r ic h  
p a tte rn  of c o l la te r a l  branches and beaded te rm in a ls , and 
thus resembled catecholam inergic a f fe re n ts .  A th ick  plexus 
of these  f ib e rs  was u sually  observed in the caudal poles of 
t r a n s p la n ts ,  w hile the r o s t r a l  poles contained only patches. 
Thick axons w ith v a r ic o s i t ie s  were seen coursing  fo r some 
d is tan ce  through the tra n s p la n ts .  They gave o ff branches a t  
acute angles and are thought to  o r ig in a te  in  the diencepha
lo n or b rainstem . A few extrem ely th in  axons were observed 
w ith  a long, s t r a ig h t  main sh a f t and numerous side  tw igs. 
These may be c o r t ic a l  in o r ig in .  These d a ta  in d ic a te  th a t 
d is so c ia te d  f e ta l  c e l l s  from the s t r i a t a l  ridge  can d i f 
f e r e n t ia te  in to  m ature-looking neurons w ith in  4 to 6 weeks 
and th a t  the tra n s p la n ts  may be innervated  by e x tr in s ic  
a f fe re n ts  of the h o s t .  (Supported by BRSG #S07RR05417)

288.4  RECOVERY OF FUNCTION AFTER HIPPOCAMPAL DAMAGE:EFFECTS OF 
EMBRYONIC C .N .S . TRANSPLANTS AND POST OPERATIVE ENVIRONMENT  
C.KELCHE 1 , D .G .S T E IN (2) an d  B.WILL ( l ) . ( 1)  L a b .d e  
N e u r o b io lo g ie  d e s  C o m p o rte m en ts , U n i v e r s i t é  L o u is  P a s t e u r  
7 ,  r u e  d e  l ' U n i v e r s i t é  6 7 0 0 0  S t r a s b o u r g .  F r a n c e .  (2 )  D e p a r
tm e n t o f  P s y c h o lo g y ,  C la rk  U n i v e r s i t y .  950 M ain s t r e e t  
W o rc e s te r  M a s s a c h u s e t t s  0 1 6 1 0 . U .S .A .

The a im  o f  t h i s  s tu d y  was t o  e x am in e  w h e th e r  a  b e t t e r  
r e c o v e r y  o f  b e h a v io u r a l  f u n c t i o n s  a f t e r  h ip p o c a m p a l dam age 
i s  p ro m o te d  b y  a  c o m b in a is o n  o f  p o s t - o p e r a t i v e  “e n r i c h e d ” 
e n v iro n m e n t an d  an  e m b ry o n ic  h ip p o c a m p a l C .N .S  t r a n s p l a n t .  
One g ro u p  o f  10 a d u l t  m ale  r a t s  was s h a m - o p e ra te d  an d  f o u r  
g ro u p s  o f  10 r a t s  r e c e i v e d  b i l a t e r a l  d o r s a l  h ip p o c a m p a l 
l e s i o n s  by  s u c t i o n .  One w eek l a t e r ,  t h e  f o u r  g ro u p s  w i th  
l e s i o n s  r e c e i v e d  e i t h e r  1) an  h ip p o c a m p a l im p la n t  (tw o  
g r o u p s ) , 2 )  a  f r o n t a l  c o r t e x  im p la n t  o r  3 ) non  im p la n t .  
The im plants were taken from 16 to  18 day-old embryos. Two 
days a f te r  im p lan ta tio n , one o f th e  two groups w ith hippo
campal tra n s p la n ts  was placed  in  an “enriched" environm ent; 
th e  o th e r four groups were placed  in  standard  s o c ia l  condi
tio n s  (same number o f animals in  s im ila r cages as fo r  the  
"enriched” co n d itio n , but w ithout o b je c ts ) .  The r a t s  were 
te s te d  fo r s p a t ia l  memory in  an 8-arm ra d ia l  maze and fo r 
a c t iv i ty  in  a c lo se d -f ie ld  arena a f te r  6 0 , 120 and 180 days 
o f d i f f e r e n t ia l  housing. In  th e  ra d ia l  maze ta s k ,  sham
operated  r a ts  made s ig n if ic a n t ly  fewer e rro rs  and were 
s ig n if ic a n t ly  le s s  a c tiv e  in  th e  c lo s e d -f ie ld  t e s t  than  
were r a t s  w ith  le s io n s  whether o r not th e  l a t t e r  had im
p la n ts .  The im p lan ts , whether sp ec if ic  (hippocampus) or 
non s p e c if ic  ( f ro n ta l  c o rte x ) , had no s ig n if ic a n t  e f fe c t  on 
th e  behaviour o f le sio n ed  r a ts  rea red  in  a s o c ia l  co n d itio n  
in  the  r a d ia l  maze ta s k . However, an unexpected r e s u l t  was 
th a t  th e  group o f hippocampectomized r a t s  th a t  had been 
im planted w ith embryonic hippocampal t i s s u e  and p laced  
p o s t-o p e ra tiv e ly  in  an "enriched" environm ent, showed an 
even h igher a c t iv i ty  le v e l than  th a t  a lready  ev iden t in  
hippocampectomized r a t s  th a t  received  no im plan t. S im ila r ly  
r a t s  im planted w ith embryonic hippocampal t i s s u e  and housed 
in  a s tandard  co n d itio n , showed a tendency to  be more 
a c tiv e  than  r a t s  w ith hippocampal le s io n s  a lo ne.

The i n t e r a c t i o n  o f  an  " e n r i c h e d "  e n v iro n m e n t an d  
e m b ry o n ic  h ip p o c a m p a l im p la n ts  on  t h e  r e c o v e r y  o f  b e h a v io u 
r a l  f u n c t i o n  a f t e r  b i l a t e r a l  h ip p o c a m p a l l e s i o n s  i n  a d u l t  
r a t s  i s  d i s c u s s e d  i n  t h e  l i g h t  o f  a n a to m ic a l  an d  h i s t o l o g i 
c a l  a n a l y s i s  (H .R .P  m e th o d ) o f  t h e  g r a f t e d  b r a i n s .
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288.5  LONG-TERM SURVIVAL OF THE EMBRYONIC HYPOTHALAMUS TRANSPLAN
TED TO KIDNEY CAPSULE.  J. Schechter*1, N. Ahmad*1, D.M. 
Gash2  and M. Gupta2 , 3.  Dept. of Anatomy and Cell Biology1. 
University of Southern California , LA, California, and 
Dept. of Anatomy2 and OB/GYN3, University of Rochester 
School of Medicine, Rochester, NY, 14642. (Sponsored by 
Anne S. Kaplan)

Our previous studies have shown that the hypothalamic 
anlage from 12 day old r a t  embryos can undergo morphologi 
cal d if feren t ia t ion  along the lines of normal development 
in an ectopic s i t e  such as beneath the kidney capsule (Sch
echter  e t  a l .  Cell Tiss. Res. 190:247,1978). The present 
study was conducted to extend these observations and deter
mine i f  the grafted presumptive hypothalamus could survive 
for prolonged periods beneath the kidney capsule and i f  the 
grafted t issue was responsive to the hormonal milieu of the 
host. Wistar Lewis ra ts  (an inbred albino s tra in )  were 
used as donors and hosts thus eliminating the poss ib il i ty  
of graft  re jection. The anlage of the ventral hypothalamus 
and neural lobe along with Rathke's pouch (anlage of the 
adenohypophysis) were grafted beneath the kidney capsule of 
adult host females. The host animals were e i ther  1) in tac t ,  
2) hypophysectomized, or 3) ovariectomized, adrenalectomiz
ed and treated with estradiol benzoate. Grafts were allow
ed to develop for up to 180 days and then were recovered 
for l igh t  and electron microscopy.

Neural t issue developed with a high degree of organi
zation with neurons and g lial  ce l l s ,  and a l a rge number of 
dendritic  and axonal processes in all  three te s t  groups.
The neurons varied in size ,  with large nuclei,  ribosomes, 
rough endoplasmic reticulum, a well developed Golgi appar
atus, and a large number of neurosecretory granules. Syn
apses were p lentiful ranging from rather  wel l -developed 
c o n t a c t s  t o  t h o s e  with m in im a l s p e c i a l i z a t i o n s .

The p r e s e n t  s t u d y  h a s  shown t h a t  t h e  a n l a g e  o f  the 
hypothalamus survives for up to 180 days under the kidney 
c a p s u l e  o f  an a d u l t  host , retains i t s  cytoarchitectural 
in tegr ity  at  the l ight microscopic level and exhibits nor
mal u l t ra s t ruc tu ra l  features.  An analysis of the influence 
of the hormonal milieu upon the u l trastruc tura l  features is 
now being conducted. I t  is c lear that a l ong term survival 
of neural t issue in s i te s  ectopic to the central nervous 
system will permit unique experiments that are not possible 
in the in tac t  brain or in t issue culture.
Supported by NIH CA 21426 to J.S.

288.6  SURVIVAL OF INTRAHIPPOCAMPAL TRANSPLANTS OF 
CHOLINERGIC NEUROBLASTOMA INTO SEPTAL LESIONED 
RATS.  J.H. K ordow er, M .F.D . N o tte r  and D.M. G ash.  Dept. of 
A natom y, Univ. R ochester Sch. of M ed., R ochester, N.Y. 14642.

The techn ique of neural tran sp lan ta tio n  has rece ived  
sign ifican t a t te n tio n  in re c e n t years . Many paradigm s have used 
e ith e r fe ta l tissue  or peripheral ganglia as donor m a te ria l to  
assess both ana tom ical and behavioral fu nc tiona lity  following 
gen e tic  or experim en ta l lesions. A m ito tic  neuroblastom a cells 
may also be a  useful source of donor m a te ria l s ince 1) ce rta in  
ce ll lines produce specific  n eu ro tran sm itte rs , thus allow ing 
g re a te r  precision in investigating  anim al m odels of d isease s ta te s  
w ith specific  tra n sm itte r  abnorm alities; 2) A p re-determ ined  
op tim al num ber o f ce lls  can  be tran sp lan ted ; and 3) th e se  ce lls 
can be m ainta ined  in cu ltu re  indefin ite ly , adding g rea te r  
flex ib ility  in expe rim en ta tion .

Long Evans ra ts  rece ived  m edial sep ta l lesions to  rem ove 
cholinerg ic a ffe re n ts  to  th e  hippocam pus. F ive days la te r  they  
underw ent im plan tation  of e ith e r C 1300, IM R-32, or LA-N-2 (a 
g ift from  D r. R . Seeger), cholinerg ic neuroblastom a cell lines 
in to  th e  le f t  hippocam pus via tw o 1 ul in jections of 
approx im ately  10,000 ce lls e ach . H alf of ra ts  rece iv ing  C1300 or 
LA-N-2 ce ll tran sp lan ts  rece ived  ce lls  th a t w ere tre a te d  w ith 
p rostag land in -E 1-cAM P to  induce d iffe re n tia tio n  and p reven t 
m itosis. The C1300 ce lls  a re  derived  from  a  m ouse tu m o r, w hile 
the  IMR-32 and LA-N-2 ce lls a re  a  human neuroblastom a cell 
line. R ats  w ere sac rificed  3 or 7 days a f te r  tra n sp lan ta tio n , 
th e ir  brains sliced  in 5µ  p araffin  sec tions , and exam ined.

For all ce ll types, neuroblastom a cells w ere visualized along 
th e  cannula t r a c t  and in hippocam pal a rea s  d is ta l to  th e  cannula 
t r a c t .  The u n d iffe ren tia ted  ce lls m ainta ined  a  tum orous s ta te ,  
and by day 7 had invaded th e  en tire  hippocam pus. These cells 
con tained  m ito tic  spindles and w ere seen  in various stages o f  
m i t o s i s .  T h e  d i f f e r e n t i a t e d  c e l l s  rem ained  a m ito tic  and 
appeared  to  m ig ra te  along th e  m ediola te ra l  plane of th e  
hippocam pus. The ce ll lines displayed d iffe re n t m orphologies, 
w ith th e  LA-N-2 ce lls  being la rg es t and contain ing  th e  m ost 
cy toplasm  and th e  C 1300 cells being th e  sm allest w ith much less 
cy top lasm . Many ce lls in each  experim en ta l condition appeared  
ad jacen t to  th e  blood vessels of th e  host. While lym phocytes 
w ere not p resen t, a  sm all num ber of neurofils w ere seen in both 
th e  d iffe re n tia ted  and u n d iffe ren tia ted  tran sp lan ts .

This data provides preliminary evidence for the survival of 
cholinergic neuroblastoma cells in a cholinergic denervated brain 
site suggesting its use as donor material for neural transplants.

Supported by NS15109 to  DMG and NS19711 to  MFDN.

288.7  VASOPRESSIN NEURONS GRAFTED INTO ADULT 
NEUROHYPOPHYSECTOMIZED HOSTS: STRUCTURAL AND 
FUNCTIONAL CORRELATES.  F .F . M arciano*, D .C.D. R oh rer* 
and D.M. Gash (SPON: B. Weiss).  D epartm en t o f A natom y, 
U niversity  of R o ch este r, R o ch este r, NY 14642.

Our labo ra to ry  group has shown th a t fe ta l neurons contain ing  
th e  neuropeptide vasopressin can survive tran sp lan ta tio n  in to  the  
brain  of adu lt B ra ttlebo ro  ra ts  and function  appropriately  by 
a llev ia ting  th e  sym ptom s of d iabetes  insipidus w ithin the 
rec ip ien t. Only g ra f ts  which m et th e  following se t of ana tom ical 
and im m unohistochem ical c r i te r ia  have been shown to  be 
e f fe c tiv e  in reversing  th e  physiologic consequences of 
vasopressin defic iency ; (1) th e  g ra f t m ust be closely juxtaposed 
to  th e  host m edian em inence , (2) con ta in  w ell-d iffe ren tia ted  
vasopressin m agnocellu lar neurons, (3) fibe rs from  th e  above 
neurons m ust p ro jec t in to  th e  w ell vascularized  neurohypophysial 
region so th a t th e  neuropeptide can be released  in to  porta l 
c ircu la tio n . To fu rth e r te s t  th is  neural tran sp lan t model system , 
a series of g ra f ts  w ere s te re o ta xic a lly placed in to  adult 
neurohypophysectom ized m ale Long Evans ra ts .

The anim als used in th is  s tudy w ere housed in m etabolism  
cages w ith w ate r consum ption , urine osm ola lity  and urine volume 
m easurem ents being taken  for tw o weeks prior to  and 40 days 
a f te r  tra n sp lan ta tio n . A nterio r hypothalm i, including the  
supraop tic  nucleus contain ing  vasopressin neurons, w ere 
m icrod issected  out from  17 day Long Evans fe tu se s  and in jec ted  
in to  th e  3rd v en tric le  of adu lt m ale Long Evans ra ts . C ontrol 
anim als w ere also neurohypoxed and rece ived  a  sham tran sp lan t 
th a t consisted  of only s te r ile  cu ltu re  m edia. 
N eurohypophysectom y gives rise  to  a  tra n sien t d iabetes  insipidus 
as a  re su lt of th e  re tro g ra d e  degeneration  of neurons in the 
supraop tic  and parav en tricu la r nuclei and th e  rem oval of 
p itu ita ry  s to re s  of vasopressin.

O pera ted  anim als w hich received  tran sp lan ts  and m et the  
above s ta te d  c r i te r ia  for functionality  (n=8) produced m ore 
co n c en tra ted  urine (p < .01) and consum ed less w ate r (p< .05 ) 
than  con tro l anim als (n=8) or o p era ted  anim als whose g ra fts  
fa iled  to  m e e t th e  c r i te r ia  (n=5). In f a c t ,  g ra f ts  th a t failed  to  
m ee t th e  ana tom ical c r i te r ia  fo r functionality  showed an 
inc reased  d iabe tes  insipidus (p < .0 1 ) as com pared to  con tro ls . 
Thus fa ilu re  to  estab lish  ap p rop ria te  connections w ith th e  host 
brain seem ed to  e x a ce rb a te  th e  polydipsia and polyuria.

The resu lts  of th is  s tudy suggest th a t s tru c tu ra l in teg ra tion  
w ith th e  ap p rop ria te  ta rg e t tissue in the  host brain is im portan t 
for th e  a n tid iu re tic  p roperties  of th is neuropeptide to  be 
observed. Supported by NIH g ran t NS 15109 (DMG).

288.8  PROPERTIES OF PRIMATE ADRENAL MEDULLA CELLS IN 
VITRO AND TRANSPLANTED INTO THE CORTEX OF 
AFRICAN GREEN MONKEYS.  D.M. Gash, M .F.D. N o tte r , A.L. 
K raus* , S.H. O kaw ara* , J .J . Lopez-Lozano, and S. W echkin1. 
 U niversity  of R ochester School of M edicine and D en tistry , 
R ochester, NY 14642 and 1SUNY, C ollege a t  B rockport, 
Brockport, NY 14420.

It is w ell estab lished  th a t neural tran sp lan ts  in roden t model 
system s becom e s tru c tu ra lly  and functionally  in teg ra ted  in to  th e  
host nervous system . The ab ility  of tran sp lan ted  neurons to  
c o rre c t CNS deficienc ies has ex trao rd inary  th e o re tica l and 
clin ical im plications. An exam ple of th e  la t te r  is th e  postu la ted  
use of dopam ine-producing tissues g ra fted  in to  th e  s tr ia tu m  of 
p a tien ts  su ffering  from  Parkinson's d isease . It would seem  th a t a  
key s tep  in determ in ing  th e  clin ical feasib ility  of using neural 
tran sp lan ts  to  a llev ia te  neural dysfunctions is to  dem onstra te  
th a t th e se  g ra f ts  a re  safe  and e ffe c tiv e  in non-human p rim ate s. 
Our research  group is now investigating  th e  developm ent and 
function of neural and neura l-like  tissues in to  A frican G reen 
Monkeys (C ercop ithecus aeth iops).

The p resen t com m unication describes our studies on the  
sh o rt-te rm  survival (2-3 w eeks) of p rim ate  ad renal m edulla 
tissue both in cu ltu re  and tran sp lan ted  in to  co rtic a l cav ities  in 
C . ae th iops. The adrena l m edulla was recovered  surgica lly  from  
a 3 month old juvenile m ale and a 7 year old adult fem ale  
m onkey. A drenal m edulla ce lls placed in cu ltu re  (m edia 
consisted  of Eagle's minimum essen tia l medium + .6% glucose, 
20% fe ta l ca lf  serum  and 500 ng NGF/m l) survived for th e  th re e  
w eek te s t  in te rva l. The cu ltu red  ce lls lost th e ir  glandular 
appearance and assum ed a m ore neuronal phenotype w ith angular 
perikarya and long axonal-like neu rites . Glyoxylic acid 
h is to fluorescence and ty rosine hydroxylase im m unocyto-
chem istry  confirm ed th a t th e  cu ltu red  ce lls con tained  ca tech o la 
mines including dopam ine.

The survival of tran sp lan ted  blocks of ad rena l m edulla ce lls 
in to  tran sp lan ta tio n  cav ities  in the  ce reb ra l co rtex  of adu lt hosts 
was also exam ined. Three weeks a f te r  tran sp lan ta tio n , la rge 
num bers of surviving ce lls w ere iden tified  c lu stered  in cords 
resem bling those seen in th e  in ta c t adrenal m edulla. These cells 
w ere glandular in appearance and exhib ited  the  h istochem ical 
stain ing  p roperties of the  norm al ad rena l m edulla . Thus, in 
cu ltu re  in the  presence of NGF, adrenal m edulla ce lls  assum e a 
neuronal phenotype while tran sp lan ted  in th e  host brain our 
in itia l studies ind ica te  th a t they  re ta in  th e ir  glandular 
appearance .

Supported by th e  Brain Fund, U niversity  of R ochester 
M edical C en ter.
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2 88 .9   DEVELOPMENT OF EMBRYONIC NEOCORTICAL TISSUE TRANSPLANTED 
INTO THE CEREBELLUM, FOREBRAIN AND SPINAL CORD OF ADULT 
HOST ANIMALS.  B .H . H a l l a s ,   New Y ork C o l le g e  o f  O s t e o p a th i c  
M e d ic in e ,  O ld  W e s tb u ry , New Y o rk .

F i f t e e n - d a y  e m b ry o n ic  r a t  n e o c o r t i c a l  t i s s u e  was t r a n s 
p l a n t e d  i n t o  e i t h e r  t h e  c e r e b e l lu m ,  f o r e b r a i n ,  o r  s p i n a l  
c o r d  o f  150 d ay  o l d  a d u l t  r a t  h o s t s .  H o s t  a n im a ls  w ere  
s a c r i f i c e d  6 h o u r s ,  1 d ay  ( d ) , 2 d ,  3 d , 4 d ,  5 d ,  8d ,  1 5 d , 3 0 d , 
4 5 d , 6 0 d , an d  150 d a y s  p o s t - t r a n s p l a n t a t i o n  by t r a n s c a r d i a l  
p e r f u s i o n  w i th  10% n e u t r a l  b u f f e r e d  f o r m a l i n .  The b lo c k s  o f  
b r a i n  c o n ta i n in g  t h e  t r a n s p l a n t s  w ere  em bedded i n  p a r a f f i n ,  
s e r i a l  s e c t i o n s  w e re  c u t ,  an d  a l t e r n a t e  s e c t i o n s  w e re  
s t a i n e d  w i t h  e i t h e r  c r e s y l - v i o l e t , L u x o l - f a s t - b l u e , B o d ia n  
o r  a  m o d i f ie d  W e ig a r t  s t a i n .  A d d i t io n a l  h o s t  a n im a ls  w ere  
s a c r i f i c e d  an d  t h e  t r a n s p l a n t s  p r o c e s s e d  f o r  G o lg i-C o x  im
p r e g n a t i o n ,  em bedded i n  c e l l o i d i n  an d  s e r i a l l y  s e c t i o n e d .

A l l  n e o c o r t i c a l  t r a n s p l a n t s  s u r v i v e d ,  g re w , d i f f e r e n 
t i a t e d  a n d  c o n ta i n e d  s t e l l a t e  a n d  p y r a m id a l  c e l l s  t h a t  
m im ick ed  t h e i r  i n  v iv o  c o u n t e r p a r t s .  I n  a d d i t i o n ,  a t  th e  
i n t e r f a c e  b e tw e e n  t r a n s p l a n t  a n d  h o s t  b r a i n  i n  no  h o s t  
a n im a l  w as t h e r e  a  n e u r a l  g l i a l  s c a r  f o rm a t io n  o b s e rv e d  
i s o l a t i n g  t h e  t r a n s p l a n t  f ro m  t h e  h o s t  b r a i n .  A l l  t r a n s 
p l a n t s  h a d  becom e i n t e g r a t e d  w i th  t h e  s u r r o u n d in g  h o s t  
n e u r a l  t i s s u e .  H o w ev er, t h e r e  w ere  d i f f e r e n c e s  i n  t h e  
g ro w th  an d  d i f f e r e n t i a t i o n  p a t t e r n s  o f  th e  n e o c o r t i c a l  
t i s s u e  when t r a n s p l a n t e d  i n  d i f f e r e n t  r e g io n s  o f  t h e  h o s t  
c e n t r a l  n e rv o u s  s y s te m  i n  s u r v i v i n g  nu m b ers  o f  n e u r o n s , 
a n d  i n  t h e  u l t i m a t e  s i z e  o f  t h e  t r a n s p l a n t .

288.10   TRANSPLANTS OF FETAL BRAIN TISSUE CAN RESTORE BRIGHTNESS 
DISCRIMINATION ABILITY IN ADULT RATS WITH LESIONS OF THE 
OCCIPITAL CORTEX.  Donald G. Stein, Randy Labbe,* 
Michael J .  A t te l la ,* Holly Rakowski* and Arthur C. F i r l .*  
(SPON: D. Chad).  Clark University Brain Research 
Laboratory and Department of Neurology, University of 
Massachusetts Medical Center, Worcester, MA 10610.

We have previously shown that  fetal brain t issue  
transplants can pa r t ia l ly  restore spatia l alternation  
learning in adult ra ts  with b ila te ra l  lesions of the 
frontal  cortex. The present experiments were designed to 
examine the question of whether fetal brain t issue  implants 
could also overcome some of the visual de f ic i t s  tha t  often 
accompany b i la tera l  lesions of the occipital cortex.

Accordingly, we created occipital  cortex lesions by 
aspiration and 7 days a f te r  th is  surgery implanted, 
direc tly  into the wound area,  embryonic visual cortex or 
embryonic frontal cortex taken from ra ts  in the ir  19th day 
of gestation. The animals with cortical t issue  implants 
were then compared on a series of brightness and pattern 
discrimination tasks to ra ts  with occipital cortex lesions 
alone or to in tact  counterparts tes ted in the same 
apparatus. We found that all  three lesion groups were 
impaired on a pattern discrimination task. However, ra ts  
with implants of fetal  frontal  cortex were able to learn 
the brightness discrimination s ignif icantly  f as te r  than 
those with ei ther  lesions alone (p<.05) or implants of 
fetal occipital  cortex (p<.05). In contrast ,  the ra ts  who 
had received implants of fetal occipital cortex were as 
impaired as those with the occipital  cortex lesions alone.

These unusual findings may have been due to the 
poss ib il i ty  that occipital  cortex is more mature a t  E19 
than the frontal  cortex. If  th is  were the case, the 
occipital t issue would release less neurotrophic factors 
into the wound areas than the less mature frontal  t issue .
In any case, the specif ic i ty  of homologous t issue 
transplants is clearly  not necessary for the transplants to 
mediate functional recovery from C.N.S. les ions.

Supported by USAMRDC CONTRACT 3 DAMD 1782-C-2205.

288.11  BEHAVIORAL AND ANATOMICAL ASPECTS OF WHOLE 
ADRENAL GLAND TRANSPLANT INTO NEONATAL RAT 
BRAIN.  J .  P. K esslak, V. R. H olets, P. C. M azur* and C . W. 
C otm an .  Dept. o f Psychobio., Univ. o f C a lif., Irvine, CA 92717.

P revious stud ies have d em onstra ted  th a t ad rena l chrom affin  
ce lls  tran sp lan ted  in to  brain  may develop neural processes 
(N atu re , 1981, 292, 351), but g lucocortico ids can  inhibit fo rm ation  
o f the se  p rocesses in v itro  (PNAS, 1978, 75, 3498). We w ere 
in te re s te d  in determ in ing  how whole ad rena ls tran sp lan ted  in to  
b rain  developed ana tom ically  and if tran sp lan ts  could com pensate  
behaviorally  fo r loss o f ad rena ls  glands. A sm all cav ity  was made 
in th e  eh to rh inal c o rtex  o f 4 day old Sprague-D aw ley ra ts . 
Em bryonic (E16-18) ad rena ls w ere p laced  in the  host four days 
la te r .  A pproxim ately  30 days a f te r  transp lan tion , ad rena l glands 
w ere rem oved from  im plan ted  (IMP-ADX) and a  group of nonim
plan ted  (ADX) ra ts . C on tro l an im als did not rece ive  any surgica l 
tre a tm e n t.

R a ts  w ere te s te d  fo r p re fe re n ce  of d iffe ring  saline concen
tra tio n s , s tre s s  induced ana lgesia  and open-field  ac tiv ity . We 
found th a t  IMP-ADX anim als did no t requ ire  supplem enta l NaCl 
fo r surv ival, unlike ADX ra ts . H ow ever, both IMP-ADX and ADX 
groups exhib ited  a  p re fe re n ce  fo r saline g re a te r  than  con tro ls  a t  
a ll con cen tra tio n s  (0.5, 1.0, 1.5 and 3.0% NaCl). S tress induced 
ana lgesia  was produced by im m obiliza tion  fo r one hour prio r to  
te s tin g  fo r la ten cy  to  move th e  ta il aw ay form  a  rad ien t hea t 
source . R esults show a  reduced  response la ten cy  fo r both IMP-
ADX and ADX groups. A c tiv ity  in an open-field  was m onitored 
during a  five m inute te s tin g  period. Anim als in th e  ADX and 
IMP-ADX groups showed a  tendency  to  be hypoactive com pared 
to  con tro ls .

A natom ical exam ination  o f ad rena l im plants showed good 
survival o f th e  tissue , w ith a  5-10 fold inc rease  in size following 
rem oval o f ad rena l glands. The ad rena l im plants appeared  to  
m ain ta in  th e ir  norm al s tru c tu re , consisting o f co rtex  and 
m edulla . Also, ad rena l im plan ts showed m et-enkephalin  im m uno-
re a c tiv ity . AChE positive sta in ing  ind ica tes  im plants rece ive  
cholinerg ic  innervation  from  th e  host brain .

T ransp lan ted  adrena ls appeared  to  m ainta in  th e ir  norm al 
s tru c tu re  and inc reased  in  s ize  in response to  periphera l ad renal 
loss. B ehavioral resu lts  m ay be in te rp re te d  as ind icating  th a t 
c e n tra l ad rena l tran sp lan ts  do not function  to  re s to re  behavioral 
d e f ic its  induced by ad rena lec tom y , although they  can  assum e 
som e function  in regu la tion  o f body fluids.

S upported by g ran ts  NIH NS-07007 (V.R.H) and NIMH MH-19691 
(C.W .C.).

288 .12  CROSS-SPECIES SEPTAL TRANSPLANTS: THE RELATIONSHIP BETWEEN 
THE RESTORATION OF ChAT AND AChE ACTIVITY IN HOST HIPPO
CAMPAL FORMATION.  J.K . D an ilo ff, R.P. Bodony*, W.C. Low, 
J . E l l i s  and J .  W ells.  Department of Anatomy and Neuro
bio logy , U n ivers ity  of Vermont, B urling ton , VT 05405.

In our s tu d ie s  of xenogenic tra n s p la n ta tio n  of neu ra l 
t is s u e  between two spec ies of ro d en ts , we have described  the 
time course fo r the reestab lishm en t of the h o s t 's  ace ty lcho 
l in e s te ra s e  (AChE) lam inar p a tte rn  in  the  hippocampus (Anat. 
Rec. 14: 49A, 1983); and shown the re s to ra tio n  of a complex 
behavior a l te re d  through hippocampal ch o lin e rg ic  denervation  
(Soc. Neurosc. Abst. 9: 859, 1983). In th is  re p o rt we 
determ ine the  tran sp lan t-in d u ced  re tu rn  of cho line  a c e ty l-
tra n s fe ra se  (ChAT) a c t iv i ty  w ith in  the  host hippocampus, and 
desc ribe  the  temporal re la tio n s h ip  between ChAT and AChE.

For the  ChAT a n a ly s is , c e l l  suspensions were c reated  
from nerve c e l ls  d issec ted  from the developing s e p ta l  reg ion  
of mouse embryos (E15-17) and tran sp lan ted  in to  18 r a t s .  A 
b i l a t e r a l  fo rn ix -fim b ria  tra n s e c tio n  was performed in  each 
r a t  and one hippocampus received  a u n i la te r a l ,  s in g le  5 µ l 
in je c tio n  of the c e l l  suspension. The s id e  opposite  the  
tra n sp la n t served as a lesioned  c o n tro l. Following su rv iv a l 
periods of 1, 4, and 17 weeks, each hippocampus was 
d issec ted  free  and d iv ided  in to  th re e  approxim ately equal 
p ieces ( r o s t r a l ,  m iddle, and caudal segm ents). Segments 
were assayed sep a ra te ly  using the  rap id  radiochem ical 
method of Fonnum (J . Neurochem. 24: 407, 1975). Six hippo
campi from unoperated animals provided a measurement of 
normal a c t iv i ty .

ChAT a c t iv i ty  recovered g radually  as su rv iv a l time in 
creased . H ighest a c t iv i ty  was 35% of normal a f te r  17 weeks 
and was lo c a lize d  w ith in  the caudal segments. The caudal 
segment i s  the  one c lo se s t to  the tra n s p la n t.  In  r o s t r a l  and 
middle segments a c t iv i ty  was s ig n if ic a n t ly  g re a te r  than le 
sioned c o n tro ls , but only a f te r  17 weeks. In  caudal segments 
a c t iv i ty  was s ig n if ic a n t ly  g re a te r  a f te r  both 4 and 17 weeks. 
A s in g le  tra n s p la n t re s to red  23% of normal a c t iv i ty  a f te r  
17 weeks when averaged over the  whole hippocampus.

In  c o n tra s t ,  the  d en sity  of AChE-ingrowth decreased 
from the 1 s t to  3rd weeks of su rv iv a l, but increased  between 
the  3rd and 4th weeks. Density of AChE s ta b i l iz e d  from the 
4th to  17th weeks. The g re a te s t  changes in  ChAT occurred 
a f te r  the  den sity  of AChE had s ta b i l iz e d .  The time course 
fo r the  recovery of maze behavior more c lo se ly  p a ra lle d  the  
recovery of ChAT a c t iv i ty  than i t  d id  AChE. Supported by 
PHS #5429-17-3 and a g ran t from the American Federa tion  fo r 
Aging Research.
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188.13  THE EXPRESSION OF GFA PROTEIN SYNTHESIS IN DONOR AND HOST 
ASTROCYTES FOLLOWING TRANSPLANTATION.  L.M. Smith and F.F. 
Ebner,  Center for Neural Sciences and Div. of Biol. & Med. 
Brown University, Providence, R.I. 02912

The response of immature and mature astrocytes to 
transplantation may be an important factor in controlling 
the growth of axons into and out of the donor tissue.  We 
have studied the response of astrocytes in embryonic donor 
neocortex and in adult host neocortex a t  various times a f te r  
implantation (BALB/c mice). Astrocytes were characterized 
immunocytochemically by the ir  production of gl ia l  f ib r i l l a ry  
acid protein (GFAP) (AB provided by Dr. L. Eng). Normally, 
GFAP immunoreactivity is expressed in high concentrations by 
cortical radial g l ia l  cel ls  and astrocytes only from E18 to 
PND10-14 in mice (Woodhams, et a l . ,  Anat. & Embry., 163:331, 
1981). Normal adult neocortex shows detectable GFAP-
posi tive ce lls  mainly in layer I and white matter. Damage 
to adult cortex alone, such as tha t  required for the 
transplantation procedure, produces active GFAP production 
which spreads to astrocytes located throughout the hemis
phere, but by 3 weeks the react ive astrocytes are res t r ic ted  
to the v ic in i ty  of the lesion (Berry, e t  a l . ,  Acta Neurochir. 
Suppl. 32:31, 1983). When transplants are inserted in the 
lesioned area,  the host brain GFAP response is nearly 
completely suppressed. Only a small number of immunoreactive 
astrocytes are seen in the host brain around healthy 
transplants a f te r  30 days or longer survival periods. In 
contrast ,  astrocytes remain intensely GFAP-positive within 
the transplants for over 6 months. Transplants from younger 
donors aged E12-14 develop a higher density of reactive 
astrocytes than older E17-19 donor t issue. We conclude, 
f i r s t ,  that  some feature of the transplanted embryonic 
tissue actively suppresses the GFAP response that  usually 
follows damage to adult cortex, and second, that some 
mechanism which normally sharply decreases the production 
of GFAP at  1-2 weeks a f te r  bir th  is missing or at leas t  
ineffec tive in turning off  GFAP production in the developing 
transplants (Supported by NIH grant #NS13031).

MALNUTRITION AND BRAIN DEVELOPMENT

289.1  EFFECTS OF PRENATAL AND EARLY POSTNATAL MALNUTRITION AND 
LATER CORTICAL LESIONS ON LEARNING BEHAVIOR OF RATS.
S. F in g er, C.R. A lm li, A. Bouzrara*, M. S ilva* , and 
D. Waksman*.  Dept. Psychology, Washington U n iv e rs ity , 
S t. Louis, MO. 63132

Early d ie ta ry  h is to ry  may be one of the  fa c to rs  c o n tr i
bu ting  to  the  v a r ia b i l i ty  in  performance ty p ic a lly  seen 
a f te r  "comparable" le s io n s  in  c l in ic a l  p o p u la tions . As a 
t e s t  of th i s  id ea , we now have s tud ied  the  e f fe c ts  of fron 
t a l  c o r t ic a l  le s io n s  su sta in ed  by r a t s  th a t  had ea r ly  
d ie ta ry  h is to r ie s  of severe or moderate m a ln u tr it io n , or 
normal n u t r i t io n .

Dams were p re n a ta lly  and p o s tn a ta lly  malnourished (se 
v e re= 6 % case in  d ie ts ,  moderate= 8 % case in  d i e t s ) ,  w ith  
d ie ta ry  r e h a b i l i ta t io n  (25% case in  d ie ts )  fo r  the  pups 
begun a t  21-40 days of age. These m alnourished and 
norm ally nourished (25% case in  d ie ts  throughout l i f e )  r a ts  
received  f r o n ta l  c o r t ic a l  le s io n s  or co n tro l o pera tions  
a t  90 days of age. The anim als were then te s te d  fo r 
a c q u is it io n  and 3 re v e rs a ls  of a t a c t i l e  d iscr im in a tio n  
(rough-sm ooth).

Main e f f e c ts  of le s io n  and n u tr i t io n  were found fo r 
both  the  a c q u is it io n  and re v e rs a l  le a rn in g  measures on 
the  t a c t i l e  d isc r im in a tio n . The groups w ith  m a ln u tritio n  
plu s  f r o n ta l  c o r t ic a l  le s io n s  d isp layed  the  poorest per
formance, in d ic a tin g  ad d itiv e  e f fe c ts  of le s io n  and n u t r i 
t io n .  The seve re ly  and m oderately malnourished groups did 
no t d i f f e r  from each o th e r fo r  the a c q u is itio n  of the 
d isc r im in a tio n , but the  severe ly  m alnourished r a ts  made 
more re v e rs a l  e r ro rs  than the  m oderately malnourished 
group. The seve re ly  malnourished group showed g re a te r  
b ra in  growth re ta rd a tio n  (s iz e  and weight) than the 
m oderately malnourished group.

This re sea rch  supports the  hypothesis th a t  e a r ly  d ie ta ry  
h is to ry  can a f f e c t  the  response to  a b ra in  le s io n  susta ined  
l a t e r  in  l i f e .  These r e s u l t s  a re  c o n s is te n t w ith  re sea rch  
showing th a t  anim als th a t  a re  born w ith  low -b irth -w eigh ts  
o fte n  d isp lay  more severe  re a c tio n s  to  b ra in  in ju r ie s  than 
do r a t s  born a t  no rm al-b irth -w e igh ts . Thus, the  v a r ia b i
l i t y  in  sparing  and/or recovery of func tion  follow ing com
parab le  le s io n s  in  c l in ic a l  popu lations may be a t  le a s t  
p a r t i a l ly  re la te d  to  a l te r a t io n s  in  neu ra l p la s t i c i t y  as a 
fu n c tio n  of e a r ly  d ie ta ry  h is to ry . (Supported by BRSG-
7054 and HD-06364 G rants)

289.2  PERFORMANCE DEFICITS ON BEHAVIORAL TASKS INVOLVING SPATIAL 
CUE UTILIZATION FOLLOWING CHRONIC PROTEIN RESTRICTION OF 
RATS.  C.R. Goodlett, M.L. Valentino*, O. Resnick and P.J.  
Morgane.  Worcester Found for  Expt. Biol. ,  Shrewsbury, MA 
01545

Spatial cue u t i l iza t ion  of developmentally malnourished and 
well-nourished rats  was examined in a series of tasks known 
to be sensi tive to damage to the hippocampus and other limbic 
structures.  Malnourished ra ts  were born to dams fed an 8 % 
casein d ie t  beginning 5 weeks before mating, while the well-
nourished ra ts  were born to dams fed an isocaloric 25% case
in d ie t .  The respective diets were maintained during la c ta 
tion and af te r  weaning. Malnourished rats  tes ted for spon
taneous al ternation in a T-maze showed no evidence of a l t e r 
nation d ef ic i ts  re la t ive  to wel l -nourished ra ts .  However, in 
the experiments involving rewarded alternation the 8 % rats  
committed signif icantly  more repeated errors than the 25% 
ra ts .  Spatial localization capab il i t ies  were exp l ic i t ly  
tested in a series  of four experiments using the spatia l nav
igation problem devised by Morris (1981). In the absence of 
any pretraining or experience with swimming the 8 % males and 
females took signif icantly  more t r i a l s  to reach a perform
ance c r i te r ion  (Exp. 1). Extended experience with swimming 
in a d ifferent  apparatus attenuated but did not eliminate 
the acquisition d e f ic i ts  in the Morris maze (Exp. 2). How
ever, following the in i t i a l  training with the platform in 
one location in th is  experiment, the 8 % and 25% groups show
ed equal rates of learning when the position of the platform 
was changed from day to day. Rats given the 8 % die t  begin
ning in adulthood showed no evidence of the previously dem
onstrated acquisition d e f ic i t s ,  indicating the importance of 
the developmental timing of the nutr it ional manipulation 
(Exp. 3). Using 4 rather  than 8  t r i a l s  per day in exper i
enced swimmers eliminated acquisition differences in the 
developmentally malnourished ra ts  (Exp. 4). Additionally, 
both groups showed evidence of la tent  learning when given ex
tensive exposure to the location of the platform prior to in
i t i a l  acquisition training (Exp. 4). Thus, while the spatia l 
localization a b i l i t i e s  of malnourished ra ts  are in tac t ,  de
velopmental l y malnourished ra ts  apparently have d i f f icu l ty  
in selecting the appropriate spatia l response stra tegies when 
the task demands are rela t ive ly  d i f f i c u l t  or unfamiliar. 
While these behavioral te s ts  do not indicate a global hippo
campal dysfunction resulting from early malnutrit ion, they do 
implicate an impairment of stimulus selection or attentional 
processes. (Supported by NIH Grant HD-06364).
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289.3  PRENATAL PROTEIN MALNUTRITION: 
EFFECTS CN HIPPOCAMPAL KINDLING.

 R. J. AUSTIN-IAFRANCE * , JOSEPH D. BRONZINO, CHRISTOPHER 
MELO PETER MORGANE. (SPON. E. SHASKAN).  TRINITY 
COLLEGE, HARTFORD CT. 06106 and THE WORCESTER FOUNDATION 
FOR EXPERIMENTAL BIOLOGY, SHREWSBURY, MA. 01545.

Recent s tu d ie s  have shown th a t  anim als subjected  to  
m a ln u tr it io n  a re  more s u sc e p tib le  to  se iz u re s  than anim als 
ra ised  on a normal d ie t  (Taber e t  a l ,  E x p e rien tia , 36: 
69-70, 1982). K indling re fe rs  to  th e  inc reasing  d u ra tio n  
and spread o f  a c h a r a c te r i s t ic  a f te rd is c h a rg e  p a tte rn  in  
th e  EEG in  response t o repeated e l e c t r i c a l  s tim u la tio n  o f  
th e  b ra in .  The k in d lin g  p rocess e l i c i t s  b eh av io ra lly  
id e n t i f ia b le  s tag e s  through which the  anim al p ro g resse s , 
g e n e ra lly  cu lm inating  in  a f u l l  motor se iz u re .  Given th ese  
f a c to r s ,  the  p re sen t study was undertaken to  ev a lu a te  the  
e f f e c t  o f p re n a ta l p ro te in  m a ln u tritio n  on th e  development 
o f  hippocampal k ind ling  in  th e  r a t .  S p e c if ic a lly ,  we have 
q u a n tif ie d  the  g rad u a l development o f  e le c t r i c a l ly  induced 
s e iz u re s  in  r a t s  born to  dams m aintained on e i th e r  a  25% or 
6% ca se in  p ro te in  d i e t  and kep t on th i s  d i e t  throughout 
l i f e .  In  th i s  s tudy , anim als ra ised  on th e  6% case in  
p ro te in  d i e t ,  in  comparison to  th e  25% d i e t  group had: (1) 
a s ig n if ic a n t ly  lower (p < .01) th resh o ld  s tim ulus 
in te n s i ty  to  a f te rd is c h a rg e  and; (2) a s ig n if ic a n t ly  h igher 
(p < .01) mean d u ra tio n  o f  a f te rd isc h a rg e  a t  a l l  phases o f  
th e  k in d lin g  p ro ce ss . Animals reared  on th e  p ro te in  
d e f ic ie n t  d ie t  reached s p e c if ic  beh av io ra l s tag e s  e a r l i e r  
than  th e  25% d i e t  group w ith the  excep tion  o f the  f in a l ,  
motor se izu re  s ta g e . In th i s  l a t t e r  c a s e ,  anim als reared  
on th e  25% case in  p ro te in  d i e t  requ ired  an average o f  22 
s tim u la tio n s  to  reach motor se izu re  w hile sev e ra l anim als 
in  th e  6% d i e t  group fa ile d  to  reach th e  motor se izu re  
s tag e  even a f te r  a s  many as 40 s tim u la tio n s . The in a b i l i ty  
to  r e l ia b ly  k in d le  anim als in  th e  6% p ro te in  group 
p a r a l l e l s  s im ila r  find ings  in  immature an im als, (G ilb e rt and 
C ain , Dev. B rain R es ., 2:321-328, 1982) suggesting  th a t  
p ro te in  m a ln u tr it io n  may re ta rd  th e  m aturation  o f  neuronal 
mecanisms involved in  th e  k ind ling  response.

Supported by NIH Grant HD 06364

289.4  LONG-TERM POTENTIATION OF THE EXTRACELLULAR POST-SYNAPTIC 
POTENTIAL IN THE DENTATE GYRUS OF THE PROTEIN MALNOURISHED 
RAT.  K.Austin*, O.Resnick and P.J. Morgane,  Worcester Found, 
for Expt. Biol . ,  Shrewsbury, MA 01545.

In our long-term studies of effects of protein malnutrit ion 
on the central nervous system we have investigated the phe
nomenon of long-term hippocampal potentiation(LTP). Field po
ten t ia ls  evoked by stimulation of the perforant path were ob
served in the molecular layer of the dentate gyrus of chron
ically  implanted adult ra ts  born to dams fed ei ther  6% or 25% 
casein d ie t  in i t ia ted  5 weeks prior to mating and continued 
through pregnancy and lactat ion. The pups were maintained on 
these d iets a f te r  weaning and into adulthood. Under Nembutal 
anesthesia, electrodes were placed in the frontal cortex, en
torhinal cortex, and dentate gyrus. Placement of the e lec 
trode in the dentate gyrus was aided by monitoring multiple 
unit discharges. Placement in the perforant path was accomp
lished by adjusting the stimulating electrode until  the f ie ld  
potential  was maximum. One week la te r  the animals were given 
t e s t  stimulations to determine baseline f ie ld  potentials .  In 
the f i r s t  experiment current levels were adjusted to give an 
EPSP wave with a peak between 1 and 1.5 mv (width of 20 µsec) 
for each animal. After baseline measures were obtained condi
tioning stimulation was given for 0.5 second a t  100 Hz. The 
next day, baseline measures were again taken to determine de
gree of potentiat ion. In th is  experiment, the control animals 
showed potentiation of the EPSP slope of 228% while no poten
t ia t ion  was observed in malnourished animals. A second exper i
ment used pulsed conditioning stimulation to in i t i a t e  LTP. 
Here, the control animals exhibited a potentiat ion of the 
EPSP slope of 61% whereas malnourished animals potentiated 
only 15%. Baseline measures revealed that stimulation needed 
to meet the EPSP wave height c r i t e r i a  (1-1.5 mv) was as much 
as 3 times greater in malnourished as in control animals. The 
f ie ld  potential represents a population response and, there
fore, one possible explanation is  a decreased number of ce l ls  
responding in the area of the recording electrode.  This view 
is supported by work showing a 17% reduction of ce l l s  in the 
dentate gyrus of malnourished ra ts  (Jordan & Clark, 1982). 
These resu lts  suggest that  malnutrition may cause a d e f ic i t  
in es tablishing LTP. Additional support for th is  view is shown 
by Jordan & Clark (1983) who demonstrated a d e f ic i t  in es tab
lishment and maintenance of LTP of the population spike. 
Studies are underway to determine how LTP develops in other 
hippocampal f ie lds and when conditioning stimulation is ad
ministered in vigilance s ta tes  other than waking (supported 
by NIH grant HD-06364).

289.5  THE EFFECT OF PROTEIN MALNUTRITION OF THE VIGILANCE STATE 
DEPENDENT MULTI-UNIT ACTIVITY RECORDED FROM THE HIPPO
CAMPAL FORMATION OF THE RAT 1 Joseph D. Bronzino, C .J .S iok* , 
K. Austin* and P .J .  Morgane  T r in ity  C ollege, H artfo rd , CT, 
06106, and the  W orcester Foundation fo r  Experimental 
B iology, Shrewsbury, MA, 01545.

Previous s tu d ie s  have in d ica ted  th a t  p re n a ta l p ro te in  
m a ln u tr it io n  s ig n if ic a n t ly  e f f e c ts  the  development of the  
hippocampal EEG in  the  r a t  (Bronzino e t  a l ,  EEG C lin . 
Neurophys. ,  55:699-709, 1983). To fu r th e r  study these  
e f f e c ts ,  we have examined the  v ig ila n c e  s ta t e  dependent 
m u lti-u n it  a c t iv i ty  (MUA) recorded from the pyram idal c e l l s  
of the  d o rsa l hippocampal f i e ld  CA1 in  r a t  pups born to 
dams fed e i th e r  a normal (25% case in ) d ie t ,  or a p ro te in  
d e f ic ie n t d ie t  (6 % case in ) throughout a 5-week pregrav id  
p e rio d , g e s ta tio n  and la c ta t io n .  A fte r weaning, o ffsp rin g  
were m aintained on the same d ie t  as the  m other. At 100-
1 2 0  days of age, the  anim als were c h ro n ica lly  im planted 
w ith  f ix e d , microwire m u lti-u n it  record ing  e le c tro d es  
p o sitio n ed  in  the  pyram idal c e l l  la y e r  of CA1. An EEG 
reco rd ing  e le c tro d e  was a lso  im planted in  the  region  of the 
f r o n ta l  co rtex . M u lti-u n it a c t iv i ty  was assessed  by 
counting  th e  frequency of d ischarges which occurred above 
a s in g le  th resh o ld  s e t  to  y ie ld  an average f i r in g  ra te  of 
2 0  sp ik es /sec  during the  v ig ila n c e  s ta t e  of q u ie t waking 
(QW). Using th i s  th re sh o ld , MUA was analyzed fo r  the  
v ig ila n c e  s ta te s  of slow-wave sleep  (SWS) and REM sleep , 
and a l l  r e s u l t s  were rep o rted  as the  percen t change in  
f i r in g  r a te  compared to  QW. We found th a t in  the  animals 
rea red  on the  25% case in  d i e t ,  th e re  i s  a decrease in  the  
f i r in g  r a te  of th ese  neurons during REM, and a s ig n if ic a n t 
(p < .0 1 )  in c rea se  (22%) in  the  f i r in g  r a te  during  SWS.
In the  m alnourished anim al, th e re  was a s im ila r  decrease 
in  MUA recorded during REM, but a much h igher inc rease  
(130%) in  the  f i r in g  r a te  of the  CA1 pyramidal c e l l s  during 
SWS. These r e s u l t s  in d ic a te  th a t  p ro te in  m a ln u trit io n  
s ig n if ic a n t ly  a l t e r s  the  c e l lu la r  a c t iv i ty  of the  pyramidal 
c e l l s  of CA1 during  SWS, which may be a consequence of 
changes in  the  m odulation of hippocampal neuronal a c t iv i ty  
by b rainstem  s tru c tu re s .

Supported by NIH Grant HD 06364

289.6  ALTERED DEVELOPMENT OF RESPONSIVENESS TO CLONIDINE IN PRE-
NATALLY MALNOURISHED RATS.  M.L. Valentino*, C.R. Goodlett, 
P.J. Morgane and O. Resnick. (Spon: W. McFarland).  Worcester 
Found, for Expt. Biol. , Shrewsbury, MA 01545.

Our group has shown that protein re s t r ic t ion  to ra ts  dur
ing gestat ion results  in marked elevations of brain norepin
ephrine and serotonin a t  bir th  which are not reversed by 
cross-foster ing to well-nourished lactating dams. The func
tional impact of these early , long-lasting elevations were 
examined using the alpha - 2  agonist clonidine as a probe of 
the ontogeny of alpha-2 noradrenergic mechanisms. Developing 
ra ts  typically  exhibit  a dramatic change in response to clon
idine, from motor ac tivation and wall-climbing e l ic i ted  dur
ing the f i r s t  two weeks of l i f e  to a ca ta lep t ic - l ike  sup
pression of ac t iv i ty  by the end of the third  week. Thus, we 
examined the behavioral effects of clonidine administered a t  
postnatal days 5, 10, 15 and 20 to r a t  pups born to and re a r 
ed by dams maintained on ei ther  a 25% casein diet  or an iso 
caloric 6% casein d ie t .  Separate l i t t e r s  were tested a t  each 
age and each pup was given ei ther  the sa line vehicle or a 
single dose of clonidine (0.1, 0.5, 1.0 or 2.5 mg/kg). A 
"blind" ra te r  scored the behavioral ac t iv i ty  for  90 minutes 
using a 30 second time-sampling procedure. Both the 6% pups 
and the 25% pups given clonidine showed a dose-dependent be
havioral activat ion a t  5 and 10 days, in terms of to tal  ac
t iv i ty  counts and in specific wall-climbing counts. However, 
the 6% pups were less responsive to clonidine a t  these ages 
as indicated by a sh i f t  to the r ight  in the dose-responsa 
curve, suggesting a subsensit ivity  to clonidine a t  these 
ages. At 15 days both nutrit ional groups were activated, but 
to a lesser and more variable extent than the previous ages. 
Clearcut differences between the 6% and 25% groups were 
found a t  20 days. The pups of the 25% d ie t  showed the ex
pected suppression of behavioral ac t iv i ty  to a l l  doses of 
clonidine while the 6% pups continued to show behavioral 
activat ion and wall-climbing at th is  age. The resu l ts  ind i
cate a delay in the malnourished pups in the functional mat
uration of the substrate mediating the effec ts  of clonidine 
stimulation,  l ikely reflec ting a delay in the functional on
togeny of systems regulated by alpha-2 receptors.  We are 
presently examining the effects  of clonidine a t  l a te r  ages 
in ra ts  on the 6 % and 25% casein d ie ts ,  and in prenatal ly 
malnourished groups cross-fostered to well-nourished dams at 
bir th . (Supported by NIH Grant HD-06364).
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289.7  ELEMENTAL COMPOSITION OF BRAIN AND OTHER ORGANS FROM RATS 
FED A MARGINAL ZINC-DEFICIENT DIET IN UTERO AND DURING 
LACTATION. J .C . Wallwork*, E.S. Halas and D.B. Milne* 
(SPON: S .S . Parm ar).  USDA, ARS, Human N u tritio n  Research 
Center and Dept. of Psychology, Univ. of North Dakota, 
Grand Forks, ND 58202

M arginal le v e ls  of d ie ta ry  zinc fed during g e sta tio n  
and la c ta t io n  caused permanent memory impairment with 
accompanying abn o rm alitie s  in hippocampal development in 
r a t s .  Also, severe  z inc defic ien cy  causes elem ental 
changes (o th e r than z inc) in the  b ra in  of growing r a t s .  
Consequently, we examined the  elem ental com position of the 
b ra in s , l iv e r s  and femurs of r a t s  fed 10 ppm d ie ta ry  zinc 
in  u te ro  and during la c ta t io n .  The b io tin -en r ich e d  d ie t 
contained  20 % egg white and was supplemented w ith in o s i to l  
(1 mg/kg). Female r a t s  (240 g) were fed a stock lab o ra to ry  
d ie t  and were mated. From the day of conception, the r a ts  
were fed the d ie t  con ta in ing  10 ppm zinc and d i s t i l l e d  
deionized  water (ZD group). This d ie t  was fed throughout 
g e s ta tio n  and la c ta t io n .  P a ir- fe d  (PF) and ad lib itu m -fed  
(AL) zinc-supplem ented c o n tro l r a t s  were fed the same d ie t  
and w ater con ta in ing  25 ppm z in c . On the day a f te r  
p a r tu r i t io n  (day 1) the pups were cu lled  to  nine per l i t t e r  
and organs taken fo r e lem ental a n a ly s is .  A fter 23 days the 
pups were weaned. At th is  time the dam and one male r a t  
from the l i t t e r  were k i l le d  and organs taken fo r elem ental 
a n a ly s is .  The remaining anim als were re h a b i l i ta te d  by 
feeding  stock  lab o ra to ry  d ie t  fo r 100 days when one male 
r a t  from each l i t t e r  was k i l le d  and the b ra in  taken fo r 
a n a ly s is .  The n u t r i t io n a l ly  re h a b i l i ta te d  o ffsp rin g  were 
tra in e d  on a 17-arm ra d ia l  maze s ta r t in g  a t  100 days. The 
ZD r a t s  were s ig n if ic a n t ly  impaired in th e i r  working memory 
and le a rn in g  when compared to  PF and AL r a t s .  The PF r a ts  
were not im paired. P e r in a ta l zinc de fic iency  led to 
depressed le v e ls  of z inc  in l iv e r s  and femurs of 1-day-old 
and 23- day-old o ffsp rin g . Brain zinc concen tra tions 
conversely , were not depressed by th is  treatm ent in these 
anim als or in ad u lt animals which had been re h a b i l i ta te d  by 
feeding  a stock  lab o ra to ry  d ie t .  Likewise the o ther b ra in  
elem ents examined did not show any c o n s is te n t changes a t 1, 
23  or 100 days of age in the z in c -d e f ic ie n t r a t s .  
A pparently , changes in elem ental composition do not occur 
a t  th is  mild le v e l of defic ien cy  and do not appear to  be 
re la te d  to  the permanent memory d e f ic i t s  produced by 
p e r in a ta l  zinc  d e fic ien cy .

289.8  BRAIN GROWTH IN RAT PUPS REARED UNDER DIFFERENT FEEDING 
CONDITIONS  E. Moore*, E. Murowchick* and J . D iaz.  Dept. o f 
Psychology, U niversity  of Washington, S e a tt le ,  WA 98195.

N u t r i t io n a l  i n s u l t s  have been s h o wn to  s e v e re ly  r e t a r d  
som atic growth in  r a ts ,  w ith le s s  severe  e f f e c ts  on b ra in  
g row th . Dobbing and Sands ( B io l. N eonate , 1971) have 
h y p o th e s ize d  th a t  th e  b ra in  i s  m ost s u s c e p t ib le  to  th e  
e f f e c t s  of u n d e r n u t r i t io n  d u rin g  i t s  p e rio d  of f a s t e s t  
g row th . Anim als re a re d  in  i s o l a t i o n  and fed  e x c lu s iv e ly  
v ia  c h ro n ic  i n t r a g a s t r i c  c an n u las  d u rin g  t h i s  p e r io d  of 
a c c e le r a te d  b ra in  g row th  have been shown to  have a 8-12% 
b ra in  w eigh t d e f i c i t  com pared to  t h e i r  n o rm a lly  re a re d  
s ib l in g s  d e s p i t e  com parab le  body w e ig h ts  (D iaz e t  a l . ,  
Br Res B u l l , 1983). The purpose  of t h i s  s tu d y  was to  
i n v e s t i g a t e  th e  b ra in  e f f e c t s  o f n u t r i t i o n a l  i n s u l t s  in  
n o rm a lly  re a re d  (NR) vs. g a s tro s to m iz e d  (AR) r a t  pups a t  
d if f e r e n t  s tages  of b ra in  development.

A 24 f a c t o r i a l  d e s ig n  was used . The fo u r  f a c to r s  
in c lu d e d  1) r e a r in g  c o n d it io n  (AR vs. NR), 2) g e n d er , 3) 
n u tr i t io n a l  s ta tu s  (undernourished  vs. n o rm a lly  n o u rish e d  
and 4) day of s a c r i f i c e  (day 10 vs. day 18). Four day o ld  
Long-Evans r a ts  were assigned  a t  random w ith in  each gender 
to  1 o f th e  8 t r e a tm e n ts .  The te c h n iq u e  f o r  g a s tro s to m y  
re a r in g  has been d e s c r ib e d  p r e v i o u s l y  (D ia z  e t  a l . ,  
J .  N u tr., 1982). U n d e rn u tr i t io n  in  th e  NR g roups was 
produced by p lacing  the pups w ith a n o n lac ta tin g  fem ale fo r 
8-10 hours p e r day. A ll a n im a ls  w ere exam ined d a i ly  f o r  
eye  o p e n in g  and i n c i s o r  e r u p t i o n .  At th e  t im e  o f  
s a c r i f i c e ,  each  a n im a l 's  b ra in ,  l i v e r ,  k idney  and s p le e n  
were removed and weighed. A ll organs were then wrapped in  
aluminum f o i l  and placed in  a 85°C oven to  dry.

There were no s ig n if ic a n t body weight d iffe ren c e s  on day 
4. The u n d e rn o u rish ed  a n im a ls  w ere 20% s m a l le r  th a n  th e  
norm ally nourished anim als when s a c r if ic e d  (p<.01). There 
was no d iffe ren c e  in  body weight due to  re a rin g  cond ition . 
The b ra in s  of the AR pups were 14% sm alle r than the  b ra in s  
o f th e  NR pups (p < .0 1 ) . T h e re  was no b r a i n  w e ig h t  
d iffe ren c e  due to  le v e l of n u tr i t io n . These d a ta  in d ic a te  
th a t  when n u t r i t i o n a l l y  c h a l le n g e d , a r t i f i c i a l l y  re a re d  
anim als do engage a b ra in  sparing  mechanism as do norm ally 
reared  anim als. Furtherm ore, s ince  th is  mechanism did not 
com pensate  fo r  th e  o v e r a l l  r e d u c tio n  in  b ra in  w eigh t 
imposed by the a r t i f i c i a l  re a rin g  procedure, the da ta  a lso  
suggest th a t the b ra in  weight d e f ic i t s  ty p ic a lly  observed 
in  AR a n im a ls  a r e  n o t c a u s e d  by m ere n u t r i t i o n a l  
re s t r ic t io n .  (Supported by NSF gran t PRM-8114914)

289.9  ACUTE NUTRITIONAL DEFICITS IN EARLY BRAIN DEVELOPMENT. 
 C. S tam per, E. Moore* and J. D iaz.  Dept. of P sycho logy , 
U niversity  of Washington, S e a tt le ,  WA 98195.

When a v a i l a b i l i t y  of n u t r i e n t s  i s  r e s t r i c t e d  e a r ly  in  
l i f e ,  b ra in  growth i s  le s s  severe ly  a ffe c te d  than growth of 
o th e r  o rg an s . The pu rpose  of t h i s  s tu d y  was to  d e s c r ib e  
the  e f fe c ts  of varying concen tra tions  of a replacem ent d ie t  
on e a r ly  b ra in  growth. This study was conducted over a 24 
hour p e r io d  in  r a t  pups th a t  were fed  e x c lu s iv e ly  by 
chronic  in t r a g a s t r ic  cannulas.

Four day old Female Long-Evans ra t  pups were assigned by 
w eigh t to  one of th e  fo llo w in g  g ro u p s: 1) a n im a ls  
a r t i f i c i a l l y  reared  w ith  a m ilk-form ula (the  procedural and 
fo rm u la  d e t a i l s  have been p re v io u s ly  d e sc r ib e d  (D iaz , 
e t  a l . ,  J .  N u t r . , 198 2 )) (AR-PM, n= 14); 2) a n im a ls  
a r t i f i c i a l l y  reared  w ith  th is  formula d ilu te d  by 59% (AR-
DIL, n=12); 3) anim als a r t i f i c i a l l y  reared  receiv ing  only 
w a te r  and no fo rm u la  (AR-WATER, n=10); o r 4) a n im a ls  
n o rm a lly  re a re d  (NR, n=12). The a n im a ls  in  group 2 
received  59% more form ula than did the anim als in  group 1 
so th a t both these  groups received  the  same abso lu te  amount 
of the  form ula. The anim als were s a c r if ic e d  24 hours a f te r  
cannula im p lan ta tio n . Each an im al's  b ra in , l iv e r ,  kidney, 
and s p le e n  w ere removed and w eighed. The fo llo w in g  ta b le  
summarizes the  r e s u l ts :

———–Mean Weight (grams)———– ———R atio—
group body b ra in cerebellum liv e r brain :body

1. AR 12.1 .47* .02 .42 .041
2. AR-DIL 12.4 .49 .02 .41 .042
3. AR-WATER 10.6** .50 .02 .28** .048
4. NR 12.4 .49 .02 .40 .042

(* p<.05; ** p<.01; whole b ra in  minus cerebellum )
These da ta  suggest th a t the acu te  b ra in  weight d e f ic i t s  

p rev iously  observed in  the a r t i f i c i a l l y  reared  anim als are 
due to  the  high o sm o la rity  of the  replacem ent form ula. The 
b ra in  growth of the AR-WATER anim als i s  in  sharp c o n tra s t 
w ith  th e  b ra in  g row th  of th e  AR a n im a ls .  The AR-WATER 
anim als had a vigorous b ra in  sparing  e f fe c t  whereas the AR 
a n im a ls  showed d e c rea sed  b r a in  g row th  a lo n g  w ith  norm al 
body grow th  in d ic a t in g  a b ra in  s p a r in g  re sp o n se  was no t 
engaged. The a c u te  e f f e c t s  ob serv ed  in  t h i s  e x p erim en t 
seem to  be d if f e r e n t  from the long term e f fe c ts  seen a f te r  
two weeks of a r t i f i c i a l  r e a r in g .  Thus th e  s p e c i f i c  
mechanisms underly ing  b ra in  growth a t  various ages ea r ly  in  
development appear to  be dynamic and d iverse.

(S u p p o rted  by NSF g ra n t PRM-8114914)

289.10  ABNORMAL AUDITORY EVOKED POTENTIALS IN MALNOURISHED INFANTS.  
A. B arnet, I .  W siss,  C h ild re n 's  H osp ita l N ationa l M edical 
C enter, Washington, D.C. 20016, J .  F lin n * , K. P e rk in s* , and 
Z. Tyer*, George Mason U n iv e rs ity , F a ir fa x , VA 22030.

C o rtic a l au d ito ry  evoked p o te n t ia ls  (AEPs) were recorded 
b i l a t e r a l l y  a t  C3 and C4 f r om sev e re ly  m alnourished in fa n ts  
a t  adm ission to  h o s p ita l  and a t  d isch a rg e , to g e th e r  w ith  
AEPs f r om in fa n ts  in  the  h o s p ita l  day care  c e n te r .

At adm ission, th e  m alnourished in fa n ts  had s ig n i f ic a n t ly  
fewer peaks in  th e  AEPs to  c l ic k s  recorded  a t  C3 , over th e  
l e f t  hem isphere, than  age-matched c o n tro ls ,  ( t  = 3 .8 , 
d f  = 43, p < .001). There was no s ig n if ic a n t  d iffe re n c e  
fo r  AEPs recorded a t  C . , over th e  r ig h t  hem isphere. At 
d ischarge  th e  m alnourished in fa n ts  had s ig n if ic a n t ly  more 
peaks than  a t  adm ission fo r  th e  AEPs recorded  bo th  a  C3 
( t  = 2 .15 , d f  = 43, p < .05) and a t  C. ( t  = 2 .0 , d f  = 43 
p < .0 5 ). There were no s ig n if ic a n t  d iffe ren c e s  between 
th e  number o f  peaks fo r  age-matched c o n tro ls  and th e  p re
v io u sly  m alnourished in fa n ts  a f t e r  d ischarge  f r om h o s p ita l  
a t  e i th e r  C3 o r  C4.

The d a ta  show th a t  m a ln u tr it io n  in  in fancy  a f f e c ts  
c o r t ic a l  AEPs and th a t  recovery  o f  AEPs p a r a l l e l s  improved 
n u t r i t io n a l  s ta tu s .
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2 8 9 .1 1   E F F E C T  O F  UNDERNUTRITION ON NON-PYRAMIDAL CELLS OF VISUAL 
CORTEX IN RATS OF THREE AGE GROUPS.  S. Dí az -C in tra , L. Cin
t r a ,  T . Kemp e r , and P .J .  Morg an e .  W orcester Foundation fo r 
Experim ental B iology, Shrewsbury MA, 01545 and I n s t i tu te  de 
In v estig ac io n es  Biomé d ic a s , UNAM, Dept. de F is io lo g í a , 04510, 
México, D.F.

Using Rapid Golgi technique and morphome t r i c  an a ly sis  
in  th re e  c e l l  ty p es: sp arley  spinous m u ltip o la r , b i tu f te d  
and b ip o la r  non-pyram idal c e l l s ,  in  la y e r  IV o f th e  v is u a l 
c o rte x , we s tu d ie d  th e i r  major and minor a x is  o f th e  c e l l  
body, th e  number, d iam eter l in e a r  e x te n t and sp ine d en sity  
in  a 50 microns segment in  prim ary, secondary and te rm ina l 
d e n d rite s ; in  25% and 6% case in  d ie t  r a t s  a t  30, 90 and 220 
days. The most s t r ik in g  fin d in g s  was found in  synap tic  
sp ine d e n sity  on th re e  d e n d r it ic  segments. The spars  ley  
spinous m u ltip o la r c e l l  in  c o n tro ls , showed a marked age-
re la te d  decrease  in  a l l  th re e  d e n d r it ic  sp ines  between 30 
and 90 days and a  marked in c rea se  between 90 and 220 days. 
In  c o n tra s t ,  p ro te in  deprived  r a t s ,  p resen ted  very l i t t l e  
a g e -re la ted  change, seem ingly, p a r t ic ip a t in g  l i t t l e  in  th e se  
dram atic s h i f t s .  The b i tu f te d  spars  ley  spinous c e l l s  in  con
t r o l s ,  shoed a steady  in c rea se  in  prim ary and secondary 
sy n ap tic  sp ines from 30 to  220 days, w hile th e  6% r a t s  p re s 
en ted  an in c rea se  from 30 to  90 days and then  a d ec rea se .
On te rm in a l d e n d rite s  co n tro l showed a s l ig h t  decrese  from 
30 to  90 days, then  a marked in c re a se , w hile th e  undernour
ished  r a t s  p resen ted  a p ro g ressiv e  decrease . The b ip o la r  
s p a rs ley  spinous c e l l s  in  c o n tro l r a t s  showed no c o n s is te n t 
p a t te rn  on th e se  th re e  d e n d r it ic  segm ents. P ro te in  deprived 
r a t s  showed a decrease  in  sy n ap tic  sp ine d e n sity  from 30 to  
90 days in  a l l  th re e  d e n d r it ic  segments w ith  a  fu r th e r  de
c l in e  in  th e  d en sity  on prim ary d e n d rite s  and an inc rea se  on 
secondary and te rm ina l d e n d rite s  from 90 to  220 days. Age-
re la te d  changes in  l in e a r  e x te n t showed most marked e f f e c t  
on b ip o la r  sp a rs ley  spinous 6% c e l l s  and p resen ted  a c o n s is t
e n t d e f i c i t  a t  a l l  ages fo r  a l l  th re e  d e n d r it ic  segments. 
Another s t r ik in g  fin d in g  in  6% case in  r a t s  as compared to  
c o n tro ls  was a marked inc rea se  in  neuronal c e l l  s iz e  on the  
b i tu f te d  c e l l  a t  90 days and on th e  b ip o la r  c e l l s ,  a t  30 days. 
With few excep tions most c e l l s  showed a decrease  in  d e n d r it ic  
d iam eter and a v a ria b le  p a tte rn  in  number o f  d e n d r it ic  proc
e s s e s .  These d a ta  shows a c le a r  in d iv id u a li ty  o f  these  
th re e  c e l l  types and how each c e l l  r e a c ts  d if f e r e n t  to  6% 
ca se in  d i e t .  (Supported by NIH Grant HD-06364).

289. 12  REGIONALLY SELECTIVE ALTERATIONS OF IN VITRO CARBOHYDRATE 
METABOLISM DURING THIAMIN DEFICIENCY.
G. Gibson, P. N ielsen*, V. Mykytyn*, and J .  B la ss .  Depart
ment o f Neurology, Cornell U niversity  Medical C ollege, Burke 
R eh ab ilita tio n  Center, White P la in s , NY 10605.

Thiamin defic iency  in man causes confusion and memory de
f i c i t s  by unknown neurochemical mechanisms. Only c e r ta in  
b rain  regions show p a tho log ical changes. S im ilar s e le c tiv e  
h is to lo g ic a l  changes occur in animal models of thiam in d e f i
c iency . To evaluate  the molecular b a s is  of th is  reg io n a l 
v u ln e ra b il i ty  to  thiamin d e fic ien cy , the  in v i t ro  carbohy
d ra te  metabolism of t is su e  from damaged (mammillary bodies 
and in fe r io r  c o l l ic u l i )  and non-damaged (cochlear nu c le i) 
brain  regions was compared. Thiamin defic ien cy  was induced 
in r a ts  by a combination of d ie ta ry  thiam in d ep riva tion  and 
pyrith iam in  in je c tio n s .  Animals were s a c r if ic e d  a f te r  11 
days (minimal weight lo ss and p a th o lo g ica l changes) or 14 
days (severe h is to lo g ic a l ,  weight and behav iora l changes). 
Metabolism was assessed by 14CO2 production from [3 ,4 -  14C]-
glucose (an index o f ox ida tion  by pyruvate dehydrogenase), 
[2 - 14C]glucose (a measure of flux through the  c i t r i c  acid 
cycle) and [U- 14C]glucose (an in d ica to r o f o v e ra ll glucose 
m etabolism ). [U -14C]Glucose inco rpo ra tion  in to  an acid in 
so lub le  fra c tio n  was a lso  determ ined. On day 11, mammillary 
body metabolism was una lte red  except for [2 - 14C]glucose (82± 
6% of c o n tro l) , whereas in fe r io r  c o ll ic u lu s  showed decreased 
(% of con tro l ± S.E.M.) 14CO2 production from [U-14C]glucose 
(82±4%), [ 3 ,4 - 1 4 C]glucose (78±3%) or [ 2 - 14C]glucose (83±3%) 
and dim inished (84+3%) [U -14C]glucose inco rpo ra tion  in to  the 
acid inso lub le  p re c ip i ta te .  After 14 days o f trea tm en t, the 
m etabolic a l te ra t io n s  in the  mammillary bodies and in fe r io r  
c o l l i c u l i  were severe and they were more than in the  coch
le a r  nucleus. Decreases (% o f co n tro l ± S.E.M.) occurred in 
14CO2 production from [U -14C]glucose (30±2, 33±2 and 6 8 ± 8  in 
the  mamillary bod ies, in fe r io r  c o l l i c u l i  and cochlear nu
c l e i ,  r e s p e c tiv e ly ) ,  from [ 3 ,4 - 1 4C]-glucose (40±6, 48+5 and 
77±5) or from [ 2 - 14C]glucose (54± 14, 49±5 and 78±6). Only 
mammillary bodies showed dim inished [U -14C]glucose incorpor
a tion  in to  acid p re c ip ita b le  m a te ria l (59±7). Thus, thiam in 
de fic iency  a l t e r s  in v itro  carbohydrate metabolism the most 
severe ly  in b rain  reg ions th a t w ill develop p a tho log ical 
changes.

Supported in p a rt by g ran ts  #NS15125, AG04171, and NS 
03346.
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290.1  SELECTIVE RETROGRADE TRANSNEURONAL TRANSPORT OF LECTIN/HRP 
CONJUGATES IN THE OCULOMOTOR SYSTEM.  J.D. P o r te r , B.L. 
G uthrie , and D.L. Sparks.  Dept. A nat., Univ. of M iss issip p i 
Med. C t r . , Jackson, MS 39216 and Dept. P h y s io l./B iophys. ,  
Univ. of Alabama in  Birmingham, Birmingham, AL 35294.

Recent s tu d ie s  have id e n tif ie d  second-order sensory neur
onal somata by anterograde transneu ronal tra n sp o rt of wheat 
germ ag g lu tin in -con juga ted  HRP (WGA/HRP), but have fa ile d  to 
dem onstrate re tro g rad e  transneu ronal tra n sp o rt of WGA/HRP. 
Since m orpho-physiological s tu d ie s  in  the  cat have charac
te r iz e d  premotor neurons th a t te rm inate  on abducens motoneu
rons, the  oculomotor system is  an ap p ro p ria te  model in  which 
to  examine the p o s s ib i l i ty  of re tro g rad e  transneuronal 
tra n sp o rt of WGA/HRP.

In je c tio n s  of WGA/HRP in to  the  monkey (Macaca m u la tta , M. 
a rc to id e s ) l a t e r a l  re c tu s  muscle produced a p a tte rn  of re 
tro g rad e ly  la b e lled  motoneurons l ik e  th a t noted in  our e a r
l i e r  s tu d ie s  (J . Comp. N eurol. 1 9 8 , ' 81; 218 ,’ 83). In con
t r a s t  to  data  obtained w ith n a tiv e  HRP, WGA/HRP in je c tio n s  
a lso  re s u lte d  in  la b e lled  neurons in  the  ip s i l a t e r a l  medial 
v e s tib u la r  nucleus and the  c o n tra la te r a l  r e t ic u la r  forma
tio n . These regions correspond to  s i t e s  of in h ib ito ry  v e s t
ib u la r  neurons (IVNs) and in h ib ito ry  b u rs t neurons (IBNs), 
both of which a re  known to  te rm inate  on abducens motoneu
rons. These s tu d ie s  fa ile d  to  la b e l any o ther population  of 
premotor neuron. L abelled neurons were absent from s i t e s  of 
e i th e r  e x c ita to ry  b u rs t (EBNs; i p s i l a t e r a l  r e t ic u la r  forma
tio n ) or e x c ita to ry  v e s tib u la r  (EVNs; c o n tra la te r a l  medial 
v e s tib u la r  nucleus) neurons. In a d d itio n , la b e lle d  neurons 
were not observed in  nucleus p rep o situ s  hypoglossi and the  
oculomotor complex.

These da ta  a re  c o n sis ten t w ith the  no tion  of re trog rade  
transneu ronal tra n sp o rt of WGA/HRP to  premotor neurons f o l 
lowing i t s  p e rip h e ra l uptake by abducens motoneurons. A 
s p e c if ic  transneu ronal tra n sp o rt mechanism i s  suggested by 
the  find ing  th a t  only c e r ta in  populations of premotor neu
rons were la b e lle d . In d iv id u a l neurons w ith in  the  transneu 
ro n a lly  la b e lle d  populations (IVNs and IBNs) a re  known to  
con tact many motoneurons and such co n tac ts  a re  proximal on 
the  motoneuron som a/dendritic  t r e e .  By c o n tra s t ,  in d iv id u a l 
EVNs and EBNs con tact fewer motoneurons and/or th e i r  synap
t i c  te rm ina ls  a re  s i tu a te d  on more d i s ta l  d en d rite s . The 
observed p a tte rn  of transneu ronal tra n sp o rt th e re fo re  may be 
dependent upon the  synaptology of premotor neurons.

(Supported by USPHS gran ts  R01 EY01189, F32 EY05651, and 
S07 RR05386.)

2 9 0 .2   THE OCULOMOTOR SYSTEM OF THE GOLDFISH, CARASSIUS AURATUS.  
James F. McGurk and Werner Graf.  The R ockefe lle r U n iv e rs ity , 
New York, N.Y. 10021.

P e rip h e ra l and c e n tra l  oculomotor o rg an iza tio n  of the 
g o ld fish  was s tu d ied . The a rea  and number of f ib re s  in  c ro ss-
sec tio n s  of the  ex trao cu lar muscles were q u a n tifie d  and 
th e ir  kinem atics determ ined. Locations of ex trao cu la r moto
neurons were found by re tro g rad e  tra n sp o rt of ho rse rad ish  
peroxidase (HRP) in je c ted  in to  the  ex trao cu la r m uscles. In
d iv id u a l morphology of motoneurons was v isu a liz e d  by in t r a -
somatic in je c tio n  of HRP. The macrospic appearance and kine
m atics of the  muscles had the  c h a r a c te r is t ic s  of l a t e r a l 
eyed animals (e .g . r a b b i t ) .  A ll the  muscles were of s im ila r 
s iz e .  The eye muscles were innervated  by four i p s i l a t e r a l  
( la te r a l  re c tu s , medial re c tu s ,  in f e r io r  ob lique , in fe r io r  
re c tu s) and two c o n tra la te r a l  (su p e rio r re c tu s ,  su p erio r 
oblique) motoneuron poo ls . The oculomotor nucleus was found 
in  the  m idbrain, a t the  le v e l of the  caudal zone of the 
p e r iv e n tr ic u la r  hypothalamus. In fe r io r  re c tu s  motoneurons 
were placed most r o s t r a l ly  in  the  oculomotor complex, where
as medial re c tu s ,  su p erio r re c tu s  and in fe r io r  oblique moto
neurons were interm ingled  in  the  more caudally  lo ca ted  por
tio n s .  A ll la b e lled  c e l l s  were loca ted  d o rsa lly  and m edially  
to  the  medial lo n g itu d in a l fa sc ic u lu s  (MLF) in  c lo se  proxim
i ty  to  e i th e r  the  f lo o r  of the  v e n tr ic le  or the  m idline 
reg ion . O ccasionally , motoneurons were in te rsp e rse d  w ith in  
the f ib e r  bundles of the  MLF or the  e x itin g  f ib e rs  of the 
oculomotor nerve. The tro c h le a r  nucleus, con ta in ing  su p erio r 
oblique motoneurons was found in  the  immediate l a t e r a l  and 
caudal neighborhood of the  oculomotor nuc leus, i t s  r o s t r a l  
border overlapping w ith the  caudal border of the  l a t t e r .  
Axons of su p erio r re c tu s  motoneurons crossed  the  m idline 
w ithout any detour to  en te r the  c o n tra la te r a l  oculomotor 
nerve. In  c o n tra s t ,  tro c h le a r  motoneuron axons arched around 
the do rsa l aspec t of the  v e n tr ic le  through the  cerebellum  to 
reach the  c o n tra la te r a l  tro c h le a r  nerve. The abducens nucle
us con tain ing  la te r a l  re c tu s  motoneurons was loca ted  in  the 
p o s te r io r  b ra in  stem in  the  neighborhood of the  v e s tib u la r  
nuc lear complex. This nucleus was d ivided in to  a r o s t r a l  and 
a caudal su bd iv ision . The la rg e  d e n tr i te s  of motoneurons were 
l a te r a l ly  p o la riz ed . The axons did not c o l la te r a l iz e  w ith in  
the  midbrain region  or the  oculomotor nerve as fa r  as they 
could be tra ced . The oculomotor system of the  g o ld fish  i s  
s im ila r  to  the  s i tu a t io n  found in  o ther te le o s ts  and h igher 
v e r te b ra te s ,  d isp lay ing  c h a r a c te r is t ic s  of an animal l iv in g  
in  a three-d im ensional environment. Supported by NIH gran t 
EY04613.
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290.3 A "TRIGEMINAL" INPUT TO THE SUPRAOCULOMOTOR AREA.  P. J .  
May, P. P. Vi d a l* , H. Baker and R. Baker.  Dept. P hysio l. 
& B iophys., New York Univ. Med. C tr . ,  New York, NY 10016; 
Lab. N eurob io l., C ornell Univ. Med. C o ll .,  New York, NY 
10021.

The supraoculom otor area  (SOA), a reg ion  of the  p e r i
aqueductal grey loca ted  immediately above the oculomotor 
n u c le i, i s  thought to  p lay  a ro le  in  oculomotor fu n c tio n . 
In f a c t ,  the  SOA con ta ins d e n d ritic  arbors extending from 
motoneurons w ith in  the oculomotor nucleus and axon c o l la t 
e ra ls  from te c t a l  and v e s tib u la r  neurons. Moreover, f o l 
lowing in je c tio n s  of HRP centered  in  the abducens nucleus, 
re tro g rad e ly  la b e lled  neurons a re  concentrated  ju s t  above 
the  oculomotor n u c le i in  the caudal p o rtion  of the SOA. 
In our p resen t experim ents in  c a ts ,  an a f fe re n t inpu t to  
the  SOA from the l a t e r a l  tegmentum was found following 
in je c tio n  of HRP cen tered  in  the pontine sensory trigem 
in a l  complex. Axons of la b e lled  f ib e rs  crossed the  mid
lin e  and trav e led  r o s t r a l ly  and then d o rs a lly  to  te rm i
na te  in  the  periaqueducta l grey capping the c o n tra la te r a l ,  
caudal oculomotor nuc leus. To a sc e r ta in  the  exact source 
of th is  pontine  p ro je c tio n , sm all io n to p h o re tic  in je c tio n s  
of HRP were placed in  the  caudal SOA. A column of sm all 
and la rg e  re tro g rad e ly  la b e lled  neurons was found ad jacen t 
to  the  pontine sensory trig em in a l n u c le i, and th e i r  lo ca 
t io n  can be best described  as in v estin g  the  e x itin g  Vth 
and VI I th  ne rves. These neurons a re  equ iva len t to  those 
described  by G raybiel and Hartwieg (1974) as ly ing  in  the 
pontine l a t e r a l  tegmentum and extending in to  the K ö llik e r-
-Fuse nuc leus, a reg ion  which con tains catecholam inergic 
neurons. To determ ine whether the pontine p ro jec tio n  to  
the  SOA was catecho lam inerg ic , sec tio n s  were incubated in  
TMB and then in  antibody to  ty ro s in e  hydroxylase, w ith DAB 
as the chromagen. Although catecholam inergic and r e tro 
g radely  la b e lled  c e l l s  were in term ingled  in  the l a te r a l  
tegmentum, no double lab e lled  c e l l s  were found. There
fo re ,  we conclude th a t  the c e l l s  p ro jec tin g  to  the  supra
oculomotor region  are  not catecholam inergic and a re , on 
the  b a sis  of th e i r  lo c a tio n , more l ik e ly  to  be p a rt of the 
trig em in a l complex. I f  so , th is  pontine input to  a sp ec i
f i c  supraoculom otor a rea  th a t con ta in s c e l l s  p ro jec tin g  to  
the abducens nucleus may be p a rt of a pathway re la te d  to  
eye movements occurring  during b lin k in g . Supported by NIH 
g ran ts  EY05689, EY02007 and NS13742.

290.4  ARE SUPRAOCULOMOTOR NEURONS PROJECTING TO THE ABDUCENS 
NUCLEUS SEROTONERGIC?  P .P . V idal*, P .J .  May, H. Baker and 
R. Spencer.  Dept. P hysio l. & Biophys., New York Univ. 
Med. C tr . ,  New York, NY 10016; Lab. N eurob io l., Cornell 
Univ. Med. C o ll .,  New York, NY 10021; Dept. Anatomy, Med. 
C o ll. of V irg in ia , Richmond, VA 23298.

The supraoculomotor area  (SOA) of the periaqueductal 
grey l i e s  above the  oculomotor and tro c h le a r  n u c le i, and 
con tains neurons p ro jec tin g  to  the abducens and accessory 
abducens n u c le i. Serotonergic c e l l s  have a lso  been found 
in  the SOA, and sero tonerg ic  te rm ina ls  a re  p resen t in  both 
ta rg e t n u c le i. We determined the ex ten t to  which these  
two populations overlapped using a double la b e l tech 
nique. TMB was employed to  reveal c e l l s  lab e lled  r e t ro 
gradely  from HRP in je c tio n s  in  the abducens nucleus and 
sero tonerg ic  neurons were lo ca lized  by employing a sero 
ton in  antibody w ith DAB as chromagen. E s s e n tia lly ,  there  
were no double la b e lled  c e l l s  p resen t and, more s i g n i f i 
c an tly , the two populations had d i f f e r e n t ,  though ad ja
cen t, d is t r ib u t io n s  in  the  SOA. R etrogradely la b e lled  
c e l l s  were concentrated  in  an area  which capped the caudal 
oculomotor nucleus, and they were a lso  s ca tte re d  w ith in  
the nucleus p roper. The sero tonerg ic  c e l l s  were d i s t r i 
buted more caudally  in  the region  between the tro c h le a r  
and oculomotor n u c le i . They were concentrated  in  raphe 
d o rs a l is ,  a fountain-shaped region which runs from the 
su rface  of the aqueduct down the m idline between the 
tro c h le a r  n u c le i. In complementary e lec tro p h y sio lo g ic  
experim ents, in t r a c e l lu la r  s ta in in g  w ith HRP revealed  a 
s e t of neurons whose d is t r ib u t io n  and morphology were very 
s im ila r  to  the sero tonerg ic  population . Both had small 
elongated somata o rien ted  p a ra l le l  to  the  v e n tr ic u la r  
su rface  with seve ra l long, sp arse ly  branched d en d rite s  
extending across the periaqueductal grey . These p u ta tiv e  
sero tonerg ic  neurons could not be a c tiv a ted  e i th e r  a n t i -
or orthodrom ically  from e le c t r i c a l  s tim u la tio n  in  the 
abducens nucleus, nor did they receive  v e s tib u la r  in p u t. 
Conversely, c e l ls  in  the SOA an tid ro m ica lly  a c tiv a te d  from 
the abducens nucleus d isplayed a d is t in c t ly  d if f e r e n t 
morphology when in t r a c e l lu la r ly  s ta ined  and reco n stru c ted . 
Taken toge the r th is  evidence s tro n g ly  suggests th a t the 
caudal SOA con tains sero tonerg ic  neurons which are  separ
a te  from the population  p ro jec tin g  to  the abducens nucleus 
and we conclude they a re  probably not d ir e c t ly  involved in  
the production of eye movements. Supported by NIH gran ts  
EY05689, NS13742 and EY02191.

290.5  BRAINSTEM AFFERENTS TO THE ABDUCENS NUCLEUS IN 
THE MONKEY.  T. P. Langer* and C. R. S. Kaneko.  Dept. of 
Physiology & Biophysics and Regional Primate Research Center, 
Univ. of Washington, Seattle, WA 98195.

The premotor neurons involved in horizontal eye movements 
have been studied physiologically in detail in cats and monkeys, 
but very little  is known about the anatomical distribution of 
these neurons in the monkey. We labeled the afferents to the 
abducens neurons by injecting horseradish peroxidase into one 
abducens nucleus in four monkeys and reacting the sections by 
the tetram ethyl benzidine protocol.

Within the oculomotor complex, there were many small 
neurons labeled in the ventral and lateral margins of the 
contralateral medial rectus division. A small number of in ter
mediate-size neurons were labeled in the middle gray of the 
contralateral superior colliculus. In the ipsilateral paramedian 
pontine reticular formation, there were a few interm ediate-size 
cells labeled in the dorsal margin of the nucleus reticularis 
tegm enti pontis, greater numbers in the overlying medial nucleus 
reticularis pontis oralis, and still g reater numbers in the dorso
medial nucleus reticularis pontis caudalis, rostral to the 
abducens nucleus. Labeled neurons were sprinkled lightly 
through the nucleus reticularis pontis caudalis ventral to the 
injected abducens nucleus. A compact group of labeled neurons 
occupied the dorsomedial reticular formation ventromedial and 
caudal to the contralateral abducens nucleus. Another dense 
focus of labeled cells was in the common margin of the nucleus 
prepositus hypoglossi and the medial vestibular nucleus, where 
they fuse. Smaller numbers of neurons occurred bilaterally, 
primarily contralaterally, in the nucleus prepositus hypoglossi. A 
third dense b ilateral group of labeled cells was in the ventro
lateral vestibular nucleus and the contiguous parts of the rostral 
pole of the medial vestibular nucleus. Bilaterally, sparsely 
distributed labeled cells extended caudally through the length of 
the medial vestibular nuclei. Small numbers of labeled cells 
were scattered  bilaterally through the y-group.

The distributions of many of these individual populations are 
coextensive with groups of physiologically defined unit types, 
such as excitatory or inhibitory burst neurons, internuclear 
neurons, or "tonic-vestibular-pause" units. Having defined these 
premotor populations anatomically, we can begin to study their 
connections as well as their physiological characteristics.

Supported in part by NIH grants EY03212 and RR00166.

290.6  SMOOTH-PURSUIT-RELATED UNITS IN THE DORSOLATERAL 
PONS OF THE RHESUS MACAQUE.  M. J . Mustari, A. F. Fuchs 
and 3. Wallman.  Reg. Primate Res. C tr., Univ. of Washington, 
Seattle, WA 98195; City Univ. of N.Y., New York, NY 10031.

It is well established that the primate flocculus plays a role in 
the control of smooth-pursuit eye movements. Since the dorso
lateral pons projects to the flocculus and receives input from 
cortical visual areas thought to participate in smooth pursuit, it 
may be a staging area for cortical smooth-pursuit signals destined 
for the flocculus. We recorded single-unit activity in the dorso
lateral pontine nuclei of two rhesus macaques trained to make 
saccadic and smooth-pursuit eye movements in response to a 
moving target. To assess the visual sensitivity of these units, the 
monkeys were required to fixate a small spot while visual test 
stimuli were presented in their visual fields.

On the basis of their discharge during smooth pursuit of a small 
target spot and/or their response to a variety of visual stimuli, 50 
single units were divided into three response types. Eye-move
ment-only units (24%) had a modulated discharge during smooth 
pursuit in the dark but not during saccadic tracking or fixation; in 
addition, they were not driven by full-field background movement 
or stroboscopic stimuli. These units were modulated over the full 
range of velocities tested (6.3-63°/s) although some units showed a 
peak in their velocity tuning curves. Eye-movement-and-visual 
units (54%) behaved like eye-movement-only units during smooth 
pursuit in the dark but also responded to some types of visual 
stimuli. The visual response generally included an on/off response 
(latency range 40-100 ms) and a direction-specific response to 
movement of either a full-field background ("Julesz" pattern) or a 
small test spot during fixation. The visual receptive fields were of 
either large (D>35°) or small (D<10°) diameter, included the 
fovea, and, in those tested, were binocular. Eye-movement-and-
visual units were divided into those with the same (60%) and 
opposite (40%) eye-movement and visual direction preferences. 
Visual-only units (22%) had visual responses identical to those 
described for eye-movement-and-visual units; some also discharged 
during smooth pursuit of a small spot in the dark, but when the spot 
was turned off briefly (200-500 ms) and smooth pursuit continued 
with no visual target, the neuronal response dropped to its resting 
ra te . Eye-movement-only units in a similar experiment continued 
to discharge a fte r the spot had disappeared.

Our findings support the notion that the dorsolateral pons may 
provide the flocculus with a variety of visual and eye-movement 
signals that could be instrumental in the control of smooth-pursuit 
eye movements.

Supported by NIH grants RR00166 and EY03212.
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290.7  FUNCTIONAL PROPERTIES OF BRAINSTEM CELLS INHIBITED FROM THE 
CEREBELLAR FLOCCULUS IN MONKEY.  S.G. L isberger and T.A. 
Pavelko*,  Dept. Physiology and Div. Neurobiology, Univ. 
C a l ifo rn ia ,  San F ranc isco , CA 94143

The prim ate flo ccu lu s  provides s ig n a ls  fo r  the con tro l of 
h o riz o n ta l smooth p u rsu it eye movements, and i s  necessary 
fo r  long-term  adaptive changes in  the v e stib u lo -o c u la r 
re f le x  (VOR). I t  is  known th a t the flo ccu lu s  p ro je c ts  to 
the brainstem  where i t  in h ib i ts  in te rneurons in  the sho rt 
la ten cy  VOR pathways. However, previous work has not re 
vealed which func tiona l c la s s (e s )  of c e l ls  are the ta rg e ts  
of f lo c c u la r  in h ib i t io n .

We recorded the a c t iv i ty  of 140 c e l ls  in  the brainstem  of 
2 monkeys. Each c e l l  was ch arac te rized  by i t s  response to 
e le c t r i c a l  s tim u la tio n  of the flo ccu lu s  as w ell as i t s  
f i r in g  in  r e la t io n  to  eye movement and h o rizo n ta l s inu 
so id a l v e s tib u la r  s tim u la tio n . S tim ulating  e lec tro d es  had 
been im planted in  the  flo ccu lu s  a t a s i t e  th a t induced 
ip s i l a t e r a l  smooth eye v e lo c ity : s in g le  shocks caused a 
tw itch  w ith an amplitude of 3 -6 ° /s  and a la tency  of 10 ms.

S ingle shocks to the flo ccu lu s  in h ib ite d  a sm all group of 
c e l ls  (n=13) in  the r o s tr a l  pole of the medial v e s tib u la r  
nuc leus. Latency ranged from 1.2 to  1.9 ms. With the head 
s ta t io n a ry , these  c e l ls  f ire d  s te a d ily  in  re la t io n  to eye 
p o s itio n  w ith  s e n s i t iv i ty  averaging 1.94 s p ik e s /s / º and 
em itted  a bu rs t of sp ikes ju s t  p r io r  to  saccades in  th e i r  
p re fe rred  d ire c t io n . In  most of the c e l l s ,  the p re fe rred  
d ire c tio n  was c o n t r a la te r a l .  For a given eye p o s itio n  the 
c e l ls  showed more v a r ia b i l i ty  in  in te rs p ik e  in te rv a ls  than 
i s  commonly found among brainstem  c e l ls  th a t f i r e  in  r e la 
tio n  to eye movements. During e i th e r  smooth p u rsu it or the 
VOR a t  0 .2 Hz, ±10° f i r in g  ra te  was modulated s in u so id a lly  
and led eye p o s itio n  by an average of 40° (SD ±4 .4 ° ) .  When 
the  monkey tracked a ta rg e t  th a t  moved with him during head 
ro ta t io n  (VOR c an c e lla tio n ) ,  many c e l ls  re ta in ed  a weak 
m odulation of f i r in g  ra te  th a t could even be out of phase 
w ith the f i r in g  seen during the VOR. In c o n tra s t ,  c e l ls  
in  the abducens nucleus had phase leads averaging 17° 
(SD ±4 .2 °) during the VOR a t 0 .2 Hz, ±10° and showed no 
re s id u a l modulation during VOR c a n c e lla tio n .

In summary, we have found a group of eye movement c e l ls  
th a t  a re  in h ib ite d  from the flo ccu lu s  and can be recognized 
by the q u a n tita tiv e  re la tio n s h ip  between th e ir  f i r in g  and 
eye movement. These c e l ls  may be a subgroup of those 
reported  by K elle r and Kamath to have d isy n ap tic  inpu ts  
from the v e s tib u la r  nerve. (Supported by EY03878 and the 
McKnight and Sloan Foundations).

290.8 ACTIVITY OF MESENCEPHALIC CONVERGENCE CELLS DURING 
VERGENCE ADAPTATION.  C. A. T e l lo *  and  L . E . M ays.  D ept. 
o f  P h y s i o lo g i c a l  O p t ic s  and  t h e  N e u r o s c ie n c e s  P ro g ra m , 
U n iv . o f  A labam a i n  B irm in g h am . B irm in g h am , AL 3 5 2 9 4 .

P s y c h o p h y s ic a l  e x p e r im e n ts  s u g g e s t  t h a t  v e rg e n c e  ey e  
m ovem ents a r e  c o n t r o l l e d  by  tw o s u b s y s te m s :  a  r a p i d  one 
w hich  i s  t h e  r e s p o n s i b l e  f o r  im m e d ia te , i n i t i a l  v e rg e n c e  
m ovem ents; and  a s lo w e r  m echan ism  w h ich  i s  r e s p o n s i b l e  
f o r  t h e  t o n i c  l e v e l  o f  c o n v e rg e n c e .  The f a s t  m echan ism  
i s  u s u a l l y  m o d eled  a s  an  i n t e g r a t o r  w i th  a t im e  c o n s t a n t  
o f  a  few  s e c o n d s .  I t  h a s  b e e n  p ro p o se d  t h a t  t h e  s lo w  
m echanism  i s  a l s o  an  i n t e g r a t o r  w i th  a much lo n g e r  tim e  
c o n s t a n t  and  i s  d r iv e n  by th e  o u tp u t  o f  t h e  f a s t  
i n t e g r a t o r .  T h u s , t h e  s lo w  i n t e g r a t o r  c a n  be s lo w ly  
c h a rg e d  by  f o r c i n g  th e  e y e s  t o  c o n v e rg e  t o  f u s e  b i n o c u l a r  
t a r g e t s .  The r e s u l t  i s  a r e l a t i v e l y  lo n g  l a s t i n g  
i n c r e a s e  i n  t h e  p h o r i a ,  o r  r e s t i n g  v e rg e n c e  a n g le .

We s tu d i e d  th e  e f f e c t  o f  v e rg e n c e  a d a p ta t i o n  on th e  
a c t i v i t y  o f  m e s e n c e p h a l ic  c o n v e rg e n c e  c e l l s  i n  3 t r a i n e d  
rh e s u s  m onkeys. C o n v e rg e n ce  c e l l s  h av e  a f i r i n g  r a t e  
w h ich  i s  a l i n e a r  f u n c t i o n  o f  t h e  v e rg e n c e  a n g le ,  w i th o u t  
r e g a r d  t o  th e  p o s i t i o n  o f  e i t h e r  e y e  i n  t h e  o r b i t .  
O r d i n a r i l y ,  t h e  a c t i v i t y  o f  t h e s e  c e l l s  i s  a  r e l i a b l e  
i n d i c a t o r  o f  v e rg e n c e  a n g le .  The m onkeys v iew e d  t a r g e t s  
p r e s e n t e d  s t e r e o s c o p i c a l l y . In  t h e  u n a d a p te d  c o n d i t i o n ,  
th e  a n im a ls  w ere r e q u i r e d  t o  c o n v e rg e  t h e i r  e y e s  t o  
d i f f e r e n t  v e rg e n c e  a n g le s  f o r  s h o r t  p e r i o d s  (1 -2  s e c ) .  
L a t e r ,  c o n v e rg e n c e  a d a p ta t i o n  was in d u c e d  by  g r a d u a l ly  
i n c r e a s i n g  th e  t a r g e t  v e rg e n c e  up t o  10 o v e r  a  p e r i o d  o f  
2 0 -3 0  m in , o r  u n t i l  a  r e l a t i v e l y  s t a b l e  i n c r e a s e  i n  
e s o p h o r i a  was o b s e rv e d .

In  b o th  a d a p te d  and  u n a d a p te d  c o n d i t i o n s  t h e r e  was a 
l i n e a r  r e l a t i o n s h i p  b e tw e en  th e  f i r i n g  r a t e  o f  
c o n v e rg e n c e  n e u ro n s  and  v e rg e n c e  a n g le .  F o r  th e  m a j o r i t y  
o f  c e l l s ,  t h e  f i r i n g  r a t e  i n  t h e  a d a p te d  s t a t e  was 
c o n s i s t e n t l y  lo w e r  th a n  in  t h e  u n a d a p te d  c o n d i t i o n  f o r  a 
g iv e n  v e rg e n c e  a n g le .  The m a g n itu d e  o f  t h i s  d e c r e a s e  was 
r o u g h ly  e q u a l  t o  t h e  ch an g e  in  t h e  p h o r i a .  T h ese  r e s u l t s  
s u g g e s t  t h a t  many c o n v e rg e n c e  c e l l s  b e h a v e  a s  t h e  o u tp u t  
o f  a f a s t  f u s i o n a l  i n t e g r a t o r ,  an d  t h a t  t h i s  o u tp u t  i s  
com bined  w i th  t h a t  o f  a s lo w  i n t e g r a t o r  t o  d e te r m in e  th e  
v e rg e n c e  a n g le .  (S u p p o rte d  by  EY03463 and E Y 03039).

290.9  THE MESENCEPHALIC RETICULAR FORMATION AND SACCADIC EYE 
MOVEMENTS: A STIMULATION AND CHRONIC SINGLE UNIT STUDY.
M. Gerez* and D.L. Sparks.  Neurosciences Program, Dept. of 
Psychology, and Dept. of Physiology and B iophysics, 
U n iv e rs ity  of Alabama in  Birmingham, Birmingham, AL 35294.

Neurons th a t d ischarge  before saccadic eye movements 
have been is o la te d  in  the m esencephalic r e t i c u la r  form ation 
(MRF) and m icrostim u la tion  in  th is  reg ion  produces saccadic 
eye movements (see: Cohen e t a l . ,  Doc. Ophthalmo. 1982. 
4 :325-335). Since the  deeper lay e rs  of the su p erio r 
c o ll ic u lu s  (SC) p ro je c t to  the MRF, th is  study was designed 
to  compare c o l l ic u la r  and MRF p a tte rn s  of saccad e-re la ted  
u n it a c t iv i ty  and s tim u la tio n  e f f e c ts .

Two rhesus monkeys w ith implanted eye c o ils  were tra in ed  
on f ix a t io n  and saccade ta sk s . Standard chronic micro
e lec tro d e  record ing  and m icrostim u la tion  methods were 
employed.

S tim ulation  of the MRF, extending 7-8 mm r o s t r a l ly  from 
the SC and over depths ranging from 3-8 mm, produced 
saccad ic  eye movements. In a s in g le  p e n e tra tio n , m ixture 
of v e r t i c a l ,  oblique and h o riz o n ta l saccades was produced. 
An o rd e rly  p rog ression  of saccade t r a je c to r ie s ,  with 
gradual changes in  d ire c tio n  and am plitude was u su a lly  
observed. M icroelectrode record ings in d ica ted  th a t  the 
s tim u la ted  reg ions contained neurons, not merely f ib e rs  of 
passage, and th a t  these  neurons possessed c o l l ic u la r - l ik e  
movement f ie ld s .

S tim u lation  along a s in g le  p e n e tra tio n  produced 
d if f e r e n t  e f f e c ts  a t  d if f e r e n t  dep ths. S u p e rf ic ia lly ,  the 
s iz e  and d ire c tio n  of the saccade were la rg e ly  independent 
of s tim u la tio n  param eters and p o s itio n  of the  eye in  the 
o r b i t .  At deeper s i t e s ,  the o r b i ta l  p o s itio n  during 
f ix a t io n  in fluenced  the s iz e  and /or the d ire c tio n  of the 
movement. The am plitude of s tim u la tion -induced  saccades 
was reduced as the f ix a t io n  p o in t approached a p a r t ic u la r  
a rea  of the v is u a l f i e ld .  S tim ulation  w hile f ix a tin g  a 
p o in t in  th is  a rea  f a i le d  to  produce a saccade.

C urrent models of the saccad ic  system (Robinson, Ann. 
Rev. N eurosci. 1981. 4:463-503) re q u ire , as an input to 
brainstem  c i r c u i t r y ,  a s ig n a l of the d esired  p o s itio n  of 
the eye in  the  o r b i t .  A p o ssib le  ro le  fo r  the MRF in  the 
form ation of th is  s ig n a l i s  suggested by our r e s u l t s .

Supported by EY01189 and P30EY03039.

290.10  RESPONSE OF MIDBRAIN NEURONS IN THE ALERT CAT DURING 
OPTOKINETIC STIMULATION.  M. L eT aillan te r*  and J.H . Anderson 
(SPON: R.E. Poppele).  Depts. of O tol. and Phys., Univ. of 
M inn., M inneapolis, MN 55455

Single u n it record ings in  the monkey have provided much 
evidence th a t the m esencephalic r e t ic u la r  form ation (MRF), 
in  the region  of the i n t e r s t i t i a l  nucleus of C ajal (INC) 
(King e t  a l ,  J  N europhysiol, 46:549, 1981) and areas  more 
r o s t r a l  to  i t  (Büttn e r  e t  a l ,  Br. Res. , 130:239, 1977), are 
im portant fo r generating  v e r t ic a l  saccades and m aintain ing  
f ix a tio n . Cats w ith k a in ic  acid  le s io n s  of INC showed 
d e f ic i t s  in  the v e r t ic a l  VOR (Anderson e t  a l ,  Neuroscience 
L e t t . , 14:259, 1979; King and Leigh, F unctional Basis of 
Ocular M o tility  D iso rd e rs , 267, 1982) which suggested th a t 
th is  a rea  of the m idbrain may be involved w ith the 
in te g ra tio n  of an eye v e lo c ity  s ig n a l . To provide fu r th e r  
evidence fo r t h i s ,  we have recorded the response of s in g le  
u n its  in  the a l e r t  c a t during spontaneous eye movements 
and during v e r t ic a l  o p to k in e tic  and o p to k in e tic  a f t e r 
nystagmus.

A le rt ca ts  were p ositioned  on th e ir  s id es  and placed 
in s id e  an o p to k in e tic  drum. F o rty -fiv e  s in g le  u n its  were 
recorded and c la s s if ie d  as b u rs t ,  b u rs t- to n ic ,  or to n ic  on 
the b a sis  of th e ir  response during spontaneous eye move
ments. Eleven u n its  increased  th e ir  f i r in g  fo r  upward move
ments and 34 fo r  downward movements. Among the up u n i ts ,  
5 were b u rs t ,  3 b u rs t- to n ic ,  and 3 to n ic ; among the down 
u n i ts ,  th e re  were 9, 6 , and 19 u n its  re s p e c tiv e ly . For 
the b u rs t and b u rs t- to n ic  u n its  the la ten cy  before  saccade 
onset was -2 to 17 m sec (mean 2.9) fo r  up u n i t s ,  and 0-30 
m sec (mean 14.2) fo r  down u n its .  During o p to k in e tic  and 
o p to k in e tic  afternystagm us (OKAN) the u n its  had the same 
la te n c ie s  and responded in  the same way, w ith  regard  to 
th e ir  b u rs t or to n ic  behav ior, as during spontaneous eye 
movements.

The presence of to n ic  u n its  in  the MRF and th e i r  response 
during OKAN shows th a t  these  u n its  carry  an eye p o s itio n  
s ig n a l and support the idea th a t the region  of INC in  the 
m esencephalic r e t ic u la r  form ation p a r t ic ip a te s  in  the 
in te g ra tio n  of an eye v e lo c ity  s ig n a l.

(Supported by NIH g ran ts  R01-NS- 16567 and K04-NS 395.)
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290.11  VISUO-MOTOR UNITS IN FRONTAL DORSOMEDIAL CORTEX OF 
MONKEY.  J .  Schlag and M. Schlag-Rey.  Dept. of Anatomy and 
BRI, UCLA, Los Angeles, CA 90024.

M icroelectrode record ing  and s tim u la tio n  were c a r r ie d  on 
in  o rd e r to  lo c a te  and study a n eu ra l popu lation  concerned 
w ith ocu lo m o tric ity  on the  medial f r o n ta l  co rtex  of monkey, 
as suggested by W oolsey's mapping of the supplementary 
motor a re a . Three monkeys (macaca nem estrina) were tra in e d  
in  v is u a l ta sk s  prov id ing  in s tan ces  of v is u a l ly  tr ig g e red  
saccades, saccades away from ta r g e t ,  saccades of re ta rg e tin g , 
s teady f ix a t io n ,  p u rs u i t ,  as w ell as spontaneous saccades 
between t r i a l s .  Eye p o s itio n  was recorded w ith the  s c le r a l  
search  c o i l  techn ique.

U nits a c t iv e  w ith  eye movements and u n its  responding to 
v is u a l s t im u li  were found in  c lo se  proxim ity w ith in  the 
d o rsa l medial edge o f f r o n ta l  co rtex . A ll saccad e -re la ted  
u n its  had a p re fe rred  d ire c tio n . Those which were p resac 
cadic had a long lead  (e .g . 500 ms), w ith  a time course 
rem in iscen t of the read in ess  (B e re itsch a ft)  p o te n t ia l .  The 
lead  d id  no t te rm ina te  in  a b u rs t .  Some of these  u n its  were 
a c t iv e  w ith spontaneous saccades in  darkness. Others req u ired  
the  presence o f a v is u a l t a r g e t ;  among th o se , some d is 
charged only when a saccade in  the p re fe rred  d ire c tio n  was 
made toward the  t a r g e t ,  even when looking away was a condi
tio n  fo r  reward. M icrostim ulation  a t  the  s i t e  of recording  
u su a lly  evoked saccades in  the  c e l l  p re fe rred  d ire c tio n  
w ith 120 ms t r a in s  and c u rren ts  of 6-50 μ A. Pause u n its  and 
ey e -p o sit io n  u n its  were a lso  encountered but more ra re ly .  
V isual responses were phasic  o r to n ic . D iffe ren t u n its  gave 
phasic  responses to  (a) onset and re ta rg e tin g  of s t im u li ,  
(b) o n se t, r e ta rg e t in g ,  and o f f s e t  of s t im u li ,  (c) o f f s e t  of 
s t im u li .  Depending on the  c e l l ,  to n ic  responses co n sis ted  in  
in c rea se s  o r decreases of f i r in g ,  and they occurred w ith 
stim ulus f ix a t io n  and p u rs u it .

The presence of an oculomotor reg ion  in  f r o n ta l  dorso
medial co rtex  corresponds to  find ings  in  c a t .  In monkey, 
the reg ion  explored  i s  known to  have r e la tio n s  w ith the 
f r o n ta l  eye f i e ld  and su p e r io r  c o l l ic u lu s .  I t s  ro le  needs to 
be s p e c if ie d , p a r t ic u la r ly  w ith  re sp ec t to  the supplementary 
motor a rea  and the p rea rcu a te  eye f i e ld .

Supported by USPHS Grant NS-04955

290.12 ROLE OF THE OCULOMOTOR SYSTEM IN BLINKING.  C. E vinger.  Dept. 
Neurobiology & Behavior, SUNY Stony Brook, Stony Brook, NY 
11794

The oculomotor system fig u re s  prom inently in  b lin k in g .
Each b lin k  req u ire s  in h ib it io n  of le v a to r  palpebrae motoneu
rons to  e lim in a te  the  upward p u ll  on the  e y e lid , and e x c i ta 
tio n  of o the r oculomotor motoneurons, to  c rea te  a sm all, up
ward eye ro ta tio n . Since humans b lin k  n early  19,000 tim es a 
day, b link ing  i s  a constan t a c t iv i ty  of the  oculomotor sys
tem. N evertheless, l i t t l e  i s  known about the  behavior of 
oculomotor motoneurons w ith b lin k in g  or the  in te g ra tio n  of 
b lin k in g  w ith o th e r oculomotor a c t i v i t i e s .

To determ ine the  p a tte rn  of e x tra o c u la r muscle a c t iv a tio n  
during l i d  c lo su re , EMG e lec tro d es  were im planted in  the  eye 
muscles of ra b b its  and p igeons. With both re f le x  ( rab b it)  
and spontaneous b lin k s  (p igeon), a n ta g o n s itic  p a irs  of e x tra 
o cu lar muscles showed sim ultaneous b u rs ts  of a c t iv i ty .  Like
w ise, a l l  an tid ro m ica lly  id e n t i f ie d  oculomotor motoneurons 
recorded in  the  a l e r t  ra b b it  produced a tra n s ie n t  in c rea se  in  
a c t iv i ty  w ith each re f le x  b lin k . Thus, during a b lin k , 
cocon traction  of th e  ex trao cu la r muscles re tra c te d  the  eye 
in to  the  o rb i t  and secondarily  produced an upward eye 
ro ta t io n .

Since b lin k in g  e x c ite s  a n ta g o n is tic  p a irs  of e x trao cu la r 
motoneurons, any eye movement needing p re c ise  balancing  of 
motoneuron a c t iv i ty  re q u ire s  a suppression  of b lin k in g . To 
t e s t  t h i s ,  spontaneous b link ing  was monitored as humans 
tracked  a ta rg e t  moving h o riz o n ta lly  a t 5 deg/sec fo r  6 or 12 
sec followed by a 15 sec period  of f ix a t io n .  A n early  com
p le te  c essa tio n  of b lin k in g  accompanied the  smooth p u rsu it 
eye movements, but f ix a tio n  in i t i a t e d  a period  of in ten se  
b lin k in g  in  which the  b lin k  ra te  slowly re tu rned  to  normal. 
Thus, smooth p u rsu it eye movements n e c e s s ita te d  a suppres
sion  of spontaneous b lin k in g .

Blinks o ften  accompany rap id  head and eye movements. To 
study th is  sy n k in es is , humans were asked to  f ix a te  a ta rg e t  
stepp ing  h o riz o n ta lly  30 or 60 deg using th e i r  eyes alone or 
a combined eye and head movement. B links tended to  occur 
w ith saccad ic  eye movements but almost every head movement 
had a concomitant b lin k . S im ila r ly , pigeons b linked w ith 
every head movement. Since the  l id  movement began before  the  
head movement, a sensory s ig n a l cannot account fo r  the  b lin k . 
Thus, b lin k s  and head movements were programmed con cu rren tly .

Supported by NEI Grant # EY0482902

290.13  OPIATE RECEPTORS: CHARACTERIZATION IN THE AVIAN CILIARY 
GANGLION.  J o n a t h a n  T. E r i c h s e n , K e n t  T. K e y s e r , * 
R. S u z a n n e  Z u k in  a n d  H a r v e y  J .  K a r t e n .  D e p a r tm e n ts  o f  
N e u ro b io lo g y  & B e h a v io r  a n d  P s y c h i a t r y ,  SUNY a t  S to n y  B ro o k , 
NY 11794; D e p a r tm e n ts  o f  B i o c h e m i s t r y  a n d  N e u r o s c i e n c e ,  
A l b e r t  E i n s t e i n  C o l le g e  o f  M e d ic in e ,  B ro n x , NY 10461

E n k e p h a l i n - l i k e  i mm n u n o r e a c t i v i t y  h a s  b e e n  l o c a l i z e d  i n  
p r e g a n g l i o n i c  t e r m i n a l s  o f  t h e  a v i a n  c i l i a r y  g a n g l i o n .  
R ad io im m u n o assay  an d  HPLC s t u d i e s  h a v e  shown t h a t  b o t h  l e u -
an d  m e t- e n k e p h a l in  a r e  fo u n d  i n  t h e  g a n g l io n .  The p r e s e n c e  
o f  e n k e p h a l in s  s u g g e s t s  t h a t  o p i o id  p e p t i d e s  may p l a y  a  r o l e  
i n  t h e  t r a n s m i s s io n  o f  i n f o r m a t io n  t o  t h e  c i l i a r y  g a n g l i o n .  
S uch a  r o l e  w o u ld  r e q u i r e  a n  a p p r o p r i a t e  r e c e p t o r .  R e c e p to r  
b i n d in g  t e c h n i q u e s  w ere  u s e d  t o  a s s a y  f o r  t h e  p r e s e n c e  o f  
o p i a t e  r e c e p t o r s  i n  t h e  g a n g l i o n ,  a s  w e l l  a s  t o  i d e n t i f y  t h e  
d i f f e r e n t  s u b ty p e s  an d  t h e i r  r e l a t i v e  a b u n d a n c e .

P ig e o n s  w e re  d e c a p i t a t e d  a n d  t h e  c i l i a r y  g a n g l i a  w e re  
q u i c k l y  rem o v ed  on  i c e  u n d e r  a  d i s s e c t i n g  m ic r o s c o p e  a n d  
p l a c e d  i n  i c e  c o ld  s a l i n e .  G a n g l ia  fro m  10-20  a n im a l s  w e re  
p o o le d ,  h o m o g e n iz e d  an d  u s e d  i n  b in d in g  a s s a y s .  T r i t i a t e d  
d i h y d r o m o r p h i n e  (3 H-DHM) b i n d i n g  t o  c i l i a r y  g a n g l i a  
h o m o g en a te s  was s a t u r a b l e ,  o f  h ig h  a f f i n i t y  an d  r e v e r s i b l e .  
S c a tc h a r d  a n a l y s i s  o f  3H-DHM b i n d i n g  r e v e a l e d  a n  a p p a r e n t  
s i n g l e  c l a s s  o f  b i n d i n g  s i t e s  (K= 8 .8 n M , Bmax = 2 6 0 fm o l /m g  
p r o t e i n ) .  Mu o p i a t e  r e c e p t o r  b i n d i n g  w a s  a s s a y e d  b y  
m e a s u r in g  t h e  a b i l i t y  o f  D-A1a2 ,  N -Phe4 - G l y - o l 5 -  e n k e p h a l i n  
(DAGO) t o  d i s p l a c e  H-DHM b i n d in g .  D e l t a  r e c e p t o r  b i n d i n g  
w as  a s s a y e d  b y  t h e  a b i l i t y  o f  D -A la 2 ,  D -L eu 5 - e n k e p h a l i n  
(DADLE) t o  d i s p l a c e  3H-DHM b in d in g .  IC v a l u e s  o f  4 5 + 5 nM 
an d  10+2nM w ere  d e te r m in e d  f o r  DAGO an d  DADLE, r e s p e c t i v e l y .

T h e se  d a t a  s u p p o r t  t h e  p r e s e n c e  o f  h i g h  a f f i n i t y  o p i a t e  
b i n d in g  s i t e s  i n  t h e  c i l i a r y  g a n g l io n ;  t h e  p re d o m in a n t  ty p e  
w o u ld  a p p e a r  t o  b e  t h e  d e l t a  r e c e p t o r .  T h i s  f i n d i n g  i s  
c o n s i s t e n t  w i th  t h e  e m e rg in g  v iew  t h a t  t h e  d e l t a  r e c e p t o r  i s  
t h e  m o st common s u b ty p e  i n  n o n -m a m m a lia n  v e r t e b r a t e s .  I n  
o t h e r  c a s e s ,  t h e  m u r e c e p t o r  a p p e a r s  t o  b e  
m o r p h i n e - s e l e c t iv e  w h e re a s  e n k e p h a l i n e r g i c  s y s te m s  a r e  o f t e n  
a s s o c i a t e d  w i t h  d e l t a  r e c e p t o r s ,  w h i c h  a r e  m u ch  m o re  
s e n s i t i v e  t o  e n k e p h a l in  t h a n  t o  m o rp h in e . The m io t i c  e f f e c t  
o f  s y s t e m i c a l l y  i n t r o d u c e d  m o rp h in e  i s  w e l l  d o c u m e n te d  i n  a  
num ber o f  v e r t e b r a t e s  ( e . g .  d o g s  an d  p r i m a t e s ) .  O u r d a t a  
w o u ld  p r e d i c t  t h a t  t h e  p i g e o n ' s  p u p i l l a r y  r e s p o n s e  w o u ld  
e x h i b i t  a  g r e a t e r  s e n s i t i v i t y  t o  e n k e p h a l i n  t h a n  t o  
m o rp h in e .  E x p e r im e n ts  a r e  c u r r e n t l y  u n d e rw ay  t o  i n v e s t i g a t e  
t h e  e f f e c t s  o f  a  num ber o f  o p i a t e  l i g a n d s  o n  p u p i l  s i z e  i n  
t h e  p ig e o n .  S u p p o r te d  b y  EY04587 (JT E), EY 04796 ( H JK ) a n d  
DA01843 (R S Z ).

290.14  FINE AND GRANULAR MUSCLE FIBERS OF THE HUMAN EXTRAOCULAR 
MUSCLES ARE MULTIPLY INNERVATED BY EN GRAPPE ENDINGS. 
 Sadeh*, L.Z. Stern,  Department of Internal Medicine 
(Neurology), Uni v. of Arizona Health Sciences Center, 
Tucson, AZ 85724.

Studies corre la ting the type of end-plate with muscle 
f iber  type in animal and human extraocular muscles (EOM) 
(Hess, J.Cell.Comp.Physiol. 58:63,1961; Dietert ,  Invest. 
Ophthal.4:51,1965; Durston, Brit .J .Ophthal.58:193,1974; 
Ringel e t  a l . ,  Arch.Ophthal.96:1067, 1978) have suggested 
that the coarse muscle f ibers (f e l d e r s t r u k t u r )  are multiply 
innervated by e n  g r a p p e  endings and the fine and granular 
f ibers  (f i b r i l l e n s t r u k t u r ) are singly innervated by e n  
p l a q u e  endings. We have reexamined the question of which 
f iber  type is  multiply innervated using a comprehensive 
histological  and histochemical approach.

The EOM were removed during postmortem examination from 
4 adults without ocular or neuromuscular disease. Longi
tudinal sections were stained with bromoindoxyl acetate for 
end-plate cholinesterase followed by si lver-gold impregna
tion for nerves. Longitudinal and serial transverse sec
tions were stained with H&E, the modified Gomori trichrome, 
NADH-TR, ATPase a t  pH 9.4 and a f te r  preincubation at pH 4.2 
and nonspecific esterase. Additional sections were stained 
for end-plate cholinesterase combined with ATPase 9.4 and 
4.2. Study of transverse serial sections showed that  the 
small e n  g r a p p e  endings occurred multiply on the fine and 
granular fibers  and the large e n  p l a q u e  endings singly on 
the coarse fibers .  This observation was confirmed study
ing the sections stained for cholinesterase and ATPase 
9.4 and 4.2. Nonspecific esterase stain  showed that  al l  
darkly stained fine f ibers have multiple end p lates .  Ser
ial longitudinal sections from the periphery to the center 
of the muscle revealed that most of the peripheral f ibers  
had a single e n  p l a q u e  end plate and since over 8 5 %  of the 
peripheral f ibers are coarse, th is  further  suggests that 
the coarse fibers  are singly innervated.

Our conclusions contradict previous reports and may pro
vide a new basis for  further studying morphological, meta
bolic and functional corre la tions in human EOM.
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291.1  DIFFERENTIAL EFFECTS OF CHOLINERGIC AND GABAERGIC ANTAGONISTS 
ON SPATIAL FREQUENCY CHANNELS IN THE RAT VISUAL SYSTEM.  D.A. 
Fox.  Coll. of Optometry, U. Houston, Houston, TX 77004.

The channel model of spatia l vision s ta tes  that the sine
wave components of the retinal image are transferred to the 
visual cortex via a number of separate neural channels. A 
pharmacological study with physostigmine, an AChE inhib itor ,  
suggested there were two (high and low) spatia l frequency 
components in the cat pattern-reversal evoked cortical poten
t ia l  (PREP) (Science 221: 1076,1983). To examine the pharma
cological se lec t iv i ty  and spatia l frequency specif ic i ty  of 
the neural channels, dose-response experiments were perform
ed in Long-Evans hooded ra ts  with a cholinergic muscarinic 
(scopolamine) or gabaergic (bicuctilline) receptor antagon
i s t .  Contrast sens i t iv i ty  functions (CSF) were determined in 
chronically implanted awake rats under two conditions, pre
drug or control and drug, using PREP methodology. Prelimin
ary resu l ts  revealed that  both drugs decreased spatia l reso l
ution in the r a t .  In order to compare the re la t ive  contribu
tion of the cholinergic muscarinic and gabaergic systems on 
spatia l frequency channels, drugs were administered in three 
separate (ip) doses with each drug dose matched to produce 
similar  decreases in visual acuity. CSFs in controls (N=13) 
were characterized by a peak a t  0.2 cycles/degree (cpd), a 
high spatia l frequency cut-off  a t  1.4 cpd and a low spatia l 
frequency r o l l - o f f  a t  approx. 0.1 cpd. Bicuculline adminis
tra t ion  (N=10/dose) resulted in a re la t ive ly  large,  non-spec
i f i c  decrease in the CSF a t  a l l  spatia l frequencies. Mean 
sens i t iv i ty  loss (dB) of the CSF was 4.5 , 8.6 and 13.0 for 
low, med. and high doses, respectively. In contrast ,  scopol
amine administration (N=12/dose) resulted  in a re la t ive ly  
small decrease in the low spatia l frequency limb (0.1-0.4 
cpd) of the CSF and a re la t ive ly  large, specific decrease in 
the high spatia l frequency limb (0.5 cpd and above) of the 
CSF. The decrease in the l a t t e r  limb was of similar  magnitude 
to tha t  observed for bicuculline a t  a l l  spatia l frequencies. 
For low, med. and high doses of scopolamine mean sensi t iv i ty  
loss (dB) was 1.8, 3.8 and 6.8, respectively. At 0.5 cpd and 
above, mean sens i t iv i ty  loss (dB) was 4.1, 8.5 and 12.2 for 
the same three doses. The non-specific bicuculline results  do 
not a t  present help d i f fe ren t ia te  specific spatia l frequency 
channels in the r a t  visual system, however, they are consis
t en t  with i t s  role as an inhibitory transmitter a t  a l l  levels 
of the visual system. The d if fe ren t ia l  spatia l frequency re
su l ts  with scopolamine demonstrate tha t  spatia l vision in the 
r a t  is  mediated by a t  leas t  two d if feren t  detector  channels. 
Supported by NIEHS Grant ES 03183.

2 9 1 .2   TH E  E F F E C T  O F M ONO AM INES ON N EU RO N ES OF 
T H E  L A T E R A L  G E N IC U L A T E  N U C L E U S I N  V I T R O .  
V. C r u n e l l i * ,  N. L e r e s c h e * ,  J .A .  Kemp*, 
M. P i r c h i o *  an d  J . S .  K e l l y .  D e p a r tm e n t o f  
P h a rm a c o lo g y , S t .  G e o r g e 's  H o s p i t a l  M ed ica l 
S c h o o l ,  C ranm er T e r r a c e ,  London SW17 ORE, U .K .

I n t r a c e l l u l a r  r e c o r d i n g s  w ere  made from  
n e u ro n e s  o f  th e  d o r s a l  an d  v e n t r a l  l a t e r a l  
g e n i c u l a t e  n u c le u s  (LGN) o f  th e  r a t  i n  v i t r o  
(300  µm t h i c k  s l i c e s ) .  T hese  n e u ro n e s  had  
r e s t i n g  m em brane p o t e n t i a l s  o f  -5 0  t o  -70mV and  
i n p u t  r e s i s t a n c e s ,  c a l c u l a t e d  in  th e  l i n e a r  
p o r t i o n  o f v o l t a g e - c u r r e n t  p l o t s ,  o f  26 t o  
45 MΩ. I n t r a c e l l u l a r  i n j e c t i o n  o f  h o r s e r a d i s h  
p e r o x id a s e  o r  L u c i f e r  Y e llow  show ed im p a le d  
n e u ro n e s  o f  b o th  d o r s a l  and  v e n t r a l  LGN to  
p o s s e s s  th e  m o r p h o lo g ic a l  f e a t u r e s  o f  th a la m ic  
r e l a y  c e l l s  r a t h e r  th a n  i n t e r n e u r o n e s .

In  n e u ro n e s  h e ld  a t  p o t e n t i a l s  m ore n e g a t iv e  
th a n  -65mV a p u l s e  o f  d e p o l a r i z i n g  c u r r e n t  o r  
s t i m u l a t i o n  o f  th e  o p t i c  n e rv e  e v o k ed  a  Ca2+ 
d e p e n d e n t  s p ik e  r e s i s t a n t  t o  TTX an d  a b o l i s h e d  
in  th e  p r e s e n c e  o f  Co2+ o r  Ca2+ f r e e  m edium . 
H ow ever, su ch  Ca2+ p o t e n t i a l s  w ere  o n ly  
o b s e r v e d  in  n e u ro n e s  o f  th e  d o r s a l  LGN and  w ere  
a b s e n t  in  c e l l s  o f  th e  v e n t r a l  p o r t i o n  o f  th e  
n u c l e u s .

A lth o u g h  in  b o th  d o r s a l  an d  v e n t r a l  n e u ro n e s  
s m a l l  i o n t o p h o r e t i c  a p p l i c a t i o n s  o f  s e r o t o n i n  
(5HT) an d  n o r a d r e n a l i n e  (NA) h ad  no e f f e c t  on 
r e s t i n g  m em brane p o t e n t i a l ,  i n p u t  r e s i s t a n c e  o r  
on th e  e p s p  ev o k ed  by s t i m u l a t i o n  o f  th e  o p t i c  
n e r v e ,  in  n e u ro n e s  o f  th e  d o r s a l  LGN th e  Ca2+ 
s p ik e s  w ere  r e d u c e d  by 5HT an d  in c r e a s e d  by NA. 
The d e p o l a r i z i n g  r e s p o n s e  o f  d o r s a l  LGN n e u ro n e s  
to  g lu t a m a te was a l s o  r e d u c e d  by 5HT and  
p o t e n t i a t e d  by NA. T h is  e f f e c t  o f  t h e  m onam ines 
on th e  g lu ta m a te  e v o k ed  r e s p o n s e  was u n a f f e c t e d  
by TTX and  b lo c k e d  by Co 2 + .

T h ese  r e s u l t s  show th e  m onoam ines t o  have a 
p o t e n t  a c t i o n  on th e  v o l t a g e  s e n s i t i v e  Ca2+ 
m e d ia te d  s p ik e s  o f  d o r s a l  LGN n e u r o n e s .  Thus 
i n  v i t r o  o n ly  n e u ro n e s  a t  p o t e n t i a l s  m ore 
n e g a t iv e  th a n  -6 5  mV in  t h e  d o r s a l  LGN c an  
in d e e d  be m o d u la te d  by th e  m o n o am in es.

S u p p o r te d  by MRC G ra n t  (G 8219655N) t o  V .C .

291.  3  VASOACTIVE INTESTINAL POLYPEPTIDE (VIP) IN THE RABBIT 
RETINA: LOCALIZATION, FUNCTION AND DEVELOPMENT.
N.X. Chen*+, K.R. Fry, J.A. Pachter* and D.M.K. Lam,  Pro
gram in Neuroscience and Cullen Eye In s t i tu te ,  Baylor 
College of Medicine, Houston, TX 77030 and Zhongshan 
Medical College, Guangzhou, China+

In the rabbit re t ina ,  VIP stimulates cAMP formation 
while VIP-immunoreactive processes but not the ir  somas 
have been demonstrated (Schorderet, Life Sci. 20:1741, 
Tornqvist e t  a l . Histochem. 76:137). For a better under
standing of the role of VIP in retinal function and develop
ment, we have identified the VIP-immunoreactive neurons in 
the rabbit re t ina ,  as well as characterized the stimulation 
of adenylate cyclase by VIP.

Immunofluorescent studies were performed in ret inas of 
adult and postnatal rabbits ,  which had been injected in t ra
ocularly with colchicine 18-24 hrs prior to sac r i f ice ,  
using a polyclonal VIP antibody from Immuno-Nuclear 
Corporation. Strongly fluorescent amacrine cell  bodies were 
predominantly located along the v itreal border of the inner 
nuclear layer . Processes of these ce l ls  ramify in sub-
laminas 1,3 and 5 of the inner plexiform layer. In 
developing retinas labelled processes were observed at  
approximately 6 days postnata l.  By 17 days a f te r  birth  
VIP-immunoreactive amacrine ce l ls  appeared mature 
morphologically.

These r e su l t s ,  together with our previous study on the 
retinal VIP system (Pachter and Lam, Soc. Neurosci. Abst., 
1983), suggest that  in the rabbit re t ina ,  (1) the stimu
lation of cAMP formation by VIP occurs in the inner plexi
form layer  and (2) the emergence and maturation of VIP 
immunoreactive neurons follow a similar developmental 
time course as those for VIP-stimulated adenylate cyclase.

This work was supported by the Alberta Heritage 
Foundation (KRF), NIH (EY02423 and EY02608) and Retina 
Research Foundation (Houston).

291.4  AROMATIC AMINO ACID METABOLISM IN RAT RETINA.  C .J . Gibson. 
 Department of Pathology, U niversity  of Western O ntario , 
London, ONT N6A 5Cl .

Dopamine (DA) and melatonin (MEL) are  two b io ac tiv e  amine 
synthesized in re t in a ,  which may play a ro le  in reg u la tin g  
l ig h t s e n s i t iv i ty  and v isual fu n c tio n . These two compounds 
are  derived from the d ie ta ry  amino a c id s , ty ro s in e  (TYR) and 
tryptophan (TRP), re sp ec tiv e ly . Peripheral ad m in is tra tio n  
of 1 -ty ro sin e  (100 mg/kg) ra ise s  re tin a l TYR and, in l ig h t -
a c tiv a ted  re tin a  in which the a c t iv i ty  of the ra te - l im itin g  
enzyme, ty ro s in e  hydroxylase (TH), is high , increases DA 
turnover (Gibson, Watkins & Wurtman, J Neural Trans 56:153, 
1983). In c o n tra s t ,  DA turnover is s ig n if ic a n t ly  enhanced 
in both lig h t and dark-exposed re tin a  following 1-dihydroxy
phenylalanine (DOPA) ad m in is tra tio n  (the hydroxylated pro
duct of TYR and immediate amino acid  p recursor of DA). Male 
Sprague-Dawley ra ts  were kept in the dark fo r 14 hours or 
exposed to  lig h t fo r 2 hours and in jec ted  with DOPA (100 mg/
kg) or i t s  v eh ic le . All animals were s a c r if ic e d  one hour 
la te r  and re tin a e  were analyzed by HPLC fo r DOPA, DA and d i
hydroxyphenylacetic acid (DOPAC).

DA DOPAC
(n g /p a ir of re tin a )

V ehicle (n=8) 8.4  ± 0.6 2.9  ± 0.1
DARK DOPA (n=7) 13.0 ± 2.0* 22.1 ± 6.9**

Vehicle (n=13) 10.0 ± 0.7 5.9 ± 0.4
LIGHT DOPA (n=9) 12.8 ± 1.4* 29.2 ± 4.1**

*p<0.01 and **p<0.001 d if f e r s  from veh ic le
Exposure to  lig h t enhanced DA tu rnover, increasing  both 

DA and DOPAC le v e l. A fter DOPA in je c tio n , DOPAC increased 
5 to  7- fo ld  in both l ig h t and dark-adapted ra t  r e t in a .  MEL 
sy n th e tic  enzymes a lso  undergo a d a ily  rhythm w ith g re a te s t  
a c t iv i ty  in the dark phase of the cy c le . A dm in istra tion  of 
TRP (100 mg/kg) one hour p r io r  to  s a c r if ic e  increased  r e t i n 
al MEL level s ig n if ic a n tly  a t 10 PM (DARK), from 233 to  562 
p g /p a ir of r e t in a ,  and only s l ig h t ly  in ra ts  s a c r if ic e d  a t 
10 AM (LIGHT), from 110 to  150 p g /p a ir , when sy n th es is  of 
MEL is low. A dm inistration of the arom atic amino acid  p re 
cu rso rs  increases re tin a l  DA and MEL turnover and may be 
useful in s e le c tiv e ly  m anipulating these  compounds and hence 
a l te r in g  v isual fu n c tio n . These s tu d ies  were supported by 
g ran ts  from the NEI (#R03 EY04669-01) and Human N u tritio n  
Research Council of O ntario .
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291.5  QUANTITATIVE DISTRIBUTION OF ASPARTATE AMINOTRANSFERASE AC
TIVITY IN COCHLEAR NUCLEUS, OLFACTORY BULB AND RETINA OF AL
BINO RATS.  Donald A. Godfrey and C. David Ross,  Dept. of 
Physiology, O ral Roberts U niv., T u lsa , OK 74171

The enzyme a s p a r ta te  am ino transferase  (AAT), has been 
proposed as a p o ss ib le  in d ic a to r  of neurons using Glu and/or 
Asp as tra n s m it te r .  F u rth er , Glu and/or Asp have been pro
posed as p o ss ib le  n e u ro tran sm itte rs  in  e a r ly  s tages  of sen
sory inform ation  p rocess ing , in  th e  coch lear nucleus (CN), 
o lfa c to ry  bulb (OB), and r e t in a .  Q u an tita tiv e  h istochem ical 
procedures were used to  map the  d is t r ib u t io n s  of AAT a c t iv i ty  
in  th ese  sensory s tru c tu re s  and compare them w ith the  d is 
t r ib u t io n s  of Glu and Asp as w ell as of the  c i t r i c  acid  cycle 
enzyme m alate dehydrogenase (MDH). Enzyme a c t iv i t i e s  a re  
expressed as mol/kg dry w t/h r a t  37°C (AAT) o r 25°C (MDH). 
Average AAT and MDH d a ta  a re  p resented  from 5 r a t s  fo r  CN 
and OB, 7-12 fo r  r e t in a .  Standard e r ro rs  were ty p ic a lly  
about 10% of the  mean v a lu e s . R atios of AAT a c t iv i ty  to  Glu 
and Asp d a ta  (mmol/kg dry wt) from our previous work on CN 
and OB of r a t ,  but from monkey r e t in a  (Berger e t a l . ,  
Neurochem. 28:159-163, 1977), a re  a lso  p resen ted .

AAT MDH AAT/MDH AAT/Glu AAT/Asp
CN D orsal, m olecular 39.3 23.8 1.65 1 .0 2 2.93

D orsal, fusifo rm 31.8 2 0 .2 1.57 0.95 2.09
G ranular 26.6 18.6 1.43 0.69 1.97
P o s te ro v en tra l 26.2 17.0 1.54 1 .1 1 2.17
A nteroven tr, r o s t r 29.2 18.2 1.60 1.24 1.73

OB F iber 2 1 . 0 14.5 1.45 0.58 2.80
Glomerular 31.6 2 2 .1 1.43 0.90 3.29
Ext pl ex, superf 46.6 27.2 1.71 1.08 2 .8 8
Ext pl ex, deep 44.6 27.0 1.65 1.03 2.35
M itra l 41.2 25.2 1.63 0.91 2.23
In t  pl ex 39.2 23.8 1.65 1 .0 2 2.78
G ranular 29.1 19.3 1.51 0.75 2.75

R etina Outer segm 11.9 4 .0 2.98 0.74 1.59
Inner segm 63.2 15.8 4.00 1.71 7.52
Outer nucl 17.0 7.3 2.33 0.45 1.31
Outer plex 37.0 14.6 2.53 0.97 4.11
Inner nucl 29.9 13.3 2.25 0.69 3.48
Inner plex 41.5 18.6 2.23 0.73 3.14
Ganglion c e l l 23.0 14.0 1.64 0.25 0.84

The b e st c o rre la tio n  between the  d is t r ib u t io n  of AAT ac
t i v i t y  and th a t  of an amino acid  co ncen tra tion  was w ith  Asp 
in  OB (r= 0 .9 2 ) . The c lo s e s t  c o r re la tio n  in  a l l  th re e  s tru c 
tu re s  was between the  d is t r ib u t io n s  of AAT and MDH a c t iv i t i e s  
( r =0.97 in  CN, 0.98 in  OB, and 0.77 in  r e t in a ) .  (Supported 
by NIH g ran ts  NS17176 and EY03838.)

291.6  IONTOPHORETIC APPLICATION OF TRANSMITTER CANDIDATES AND 
SINGLE UNIT ANALYSIS IN THE AFFERENT SYNAPSE OF THE 
ACOUSTICO-LATERAL IS RECEPTORS OF PLOTOSUS.  T.N agai*, 
S.Obara* and N.Kawai*. (SPON: R.M. B r a d le y .   De p t .  P h y s io l . ,  
T e ik y o  U niv.  Sch. M ed., Tokyo 173; and (N.K.) D ep t. 
N e u ro b io l.,  Tokyo Met. I n s t . fo r  N e u ro sc i., Tokyo 183, 
Japan.

In an attem pt to id e n tify  the tra n s m itte r  in aco u s tico -
l a t e r a l i s  r e c e p to r s ,  e f f e c t s  o f a c id ic  amino a c id s  were 
exam ined in  the  in  s i t u  a m p u lla ry  e l e c t r o r e c e p to r s  o f the  
m arine  c a t f i s h  P lo to s u s . The ampulla (sensory ep ithe lium ) 
was hyperp o la r iz e d  by 5 mV to  su p p re ss  r e c e p to r  c e l l  
a c t i v i t i e s ,  c o n t in u a l  t r a n s m i t t e r  r e l e a s e ,  and hence the  
" r e s t in g "  a f f e r e n t  d is c h a rg e s .  To the suppressed am pulla, 
i .e . in the absence of t ra n s m itte r ,  amino acids were applied  
by ion tophoresis  through m u lti-b a r re lle d  e lec tro d es . Evoked 
s in g le  u n i t  re sp o n se s  were a n a ly sed  by in s ta n ta n e o u s  
freq u en cy  (F) re c o rd s .  L -g lu ta m a te  (Glu) p o s tsy n a p tic a lly  
induced s ing le  u n it responses (Glu response), w ith F records 
in  a gradual tim e course. Postsynap tic  a ffe re n t responses 
a ls o  could  be induced by p a ss in g  s in u s o id a l  c u r r e n t ,  
th rough  an e lc t r o d e  a t the  nerve  tru n c k . These evoked 
responses were q u ite  s im ila r  in tim e course to the applied  
c u r r e n t ,  su g g e s tin g  th a t  F re c o rd s  would show a t ru n c a te d  
slow p o te n tia l in the a ffe re n t te rm in a ls .

At the Glu s e n s itiv e  spo ts, kaina te  (KA) and qu isq u ala te  
(QA) induced more p e r s i s t a n t ,  and L -h o m o -c y stea te  (HCA) 
weaker, a ffe re n t e x c ita tio n  than Glu, w ith s im ila r  la tency . 
L - a s p a r ta te  (Asp) induced sm all and slow  re s p o n se s  w ith  a 
long la te n c y . D-Glu, D-Asp, L -c y s te a te  (CA), L -c y s te in e  
s u l f i n a t e  (CSA) and N -m e th y l-D L -a sp a rta te  (NMA) gen era lly  
induced no response. Several a sp a rta te  ana lo gues, L- and D-
Asp, CA and CSA, when a p p lie d  as a c o n d i t io n in g  p u ls e  to  
Glu, e x e r te d  p ro longed  p o te n t ia t io n  on the  Glu re s p o n se s . 
Asp also  p o ten tia ted  the responses to KA and HCA.

Responses to  the  t r a n s m i t t e r  ( f o c a l  re sp o n se )  were 
induced by focal s tim u la tio n  of a few recep to r c e l l s  a t the 
Glu s e n s itiv e  spo t, through a NaCl b a rre l of the e le c tro d es . 
The focal response consisted  of a fa s t  i n i t i a l  peak followed 
by a marked d e c l in e ,  which is  q u i te  in  c o n t r a s t  to  the  Glu 
responses. A condition ing  Asp pulse had v i r t u a l ly  no e f fe c t  
on the focal response. The Glu response and focal response 
w ere  f u r t h e r  s tu d i e d  w ith  J o ro  t o x in  (JST X ), a Glu 
a n ta g o n is t  in  lo b s te r  n eu ro m u scu la r ju n c t io n .  JSTX was 
added to the bath perfusing  the ampulla. Responses to Glu, 
as w ell as KA and QA, were abolished i r r e v e rs ib ly  depending 
on JSTX d o se s , w h ile  the  fo c a l re sp o n se s  and the  r e s t in g  
d is c h a rg e s  were l i t t l e  a f fe c te d . The d i f f e r e n t ia l  response 
p ro p e rtie s  of the Glu and focal response c le a r ly  re fu te  the 
Glu hypothesis in the a c o u s t ic o - la te r a l is  re cep to rs .

This work was su p p o rted  in  p a r t  by the  g ra n ts  from the  
m in is t r y  of E d u c a tio n , S c ience and C u ltu re  o f Jap an , 
No.548101, 57770115 and 58370005.

291. 7   RETROGRADE TRANSPORT OF [3H] -D-ASPARTATE (D-ASP) IN THE 
COCHLEAR NERVE OF THE CHICKEN.  Lyman, D.*, Book, K.*, and 
M orest, D .K .,  Department of Anatomy, U n ivers ity  of Connec
t i c u t  H ealth C enter, Farmington, CT 06032

D-ASP i s  a m e tab o lic a lly  in e r t  ana lo gue of L-glutam ate 
and /or L -asp a rta te  (L-GLU/L-ASP) which can s p e c if ic a l ly  
la b e l by re tro g rad e  tra n s p o rt those neurons using 
L-GLU/L-ASP as t r a n s m itte r s .  For example, s p i r a l  ganglion 
c e l l s  a re  lab e led  in  the  ca t and guinea p ig  by in je c tin g  
D-ASP in  the coch lear nucleus (O liver e t  a l ,  J  Neurosci ' 83). 
We used D-ASP to  in v e s t ig a te  whether L-GLU/L-ASP could be 
t ra n s m itte rs  in  avian cochlear ganglion c e l l s ,  in  p repara
tio n  fo r  developmental s tu d ie s .

U n ila te ra l in je c tio n s  of 3 mM D-ASP (0 .5 -1 .0  µ l; s p e c if ic  
a c t iv i ty ,  20 Ci/mmol) were made in  nuc m agnocellu laris  (NMC) 
of w hite Leghorn hens, follow ing exposure of the 4th v e n tr i 
c le .  A fte r 0 .2 ,  3, 6 , 19, and 23 h rs ,  the b ird s  were p e r
fused w ith  aldehydes and s e r ia l  sec tio n s  of the b ra in  stems 
(25 pm) and cochleas (2  µm) were co lle c te d  and developed 
fo r au toradiography. In je c tio n  s i t e s  were defined  by heavy 
la b e lin g  of g l i a l  c e l l s ,  which presumably mediate some of 
the  h ig h -a f f in i ty  uptake of D-ASP.

In a l l  cases one e n t i r e  NMC was included in  the in je c tio n  
s i t e ,  which encroached to  vary ing  ex ten ts  ip s i l a t e r a l l y  on 
neighboring n u c le i. Around the  in je c tio n  s i t e  a zone of 
lower g ra in  d en sity  extended to  the CNS-PNS boundary of the 
8 th  nerve. P e rip h e ra l to  t h i s ,  g ra in  den sity  decreased 
a b ru p tly , but i t  remained above background. Labeled neuronal 
somata and th e i r  proxim al p rocesses were seen in  the ip s i
l a t e r a l  coch lear ganglion in  a l l  cases; the  d i s ta l  p rocesses 
and b a s i l a r  p a p i l la  d id  not seem to  be labe led  s ig n if ic a n tly , 
even a t  the longest exposure time examined (64 d ) . Label was 
not seen in  the  c o n tr a la te r a l  ganglion or b a s i l a r  p a p i l la .

In the  i p s i l a t e r a l  ganglion heav ily  labe led  neurons and 
axons appeared a t  the  s h o r te s t  s u rv iv a l, w hile g l ia  were 
un labe led . By 23 h rs ,  ganglion c e l l  la b e l decreased , but 
some heav ily  lab e led  s a t e l l i t e  c e l l s  were seen. Thus a trans
fe r  of la b e l from neuronal to  g l i a l  compartments may have 
occurred . A p ro x im a l- to -d is ta l decrease in  the d en sity  of 
neuronal la b e l was de tected  in  sev e ra l gang lia .

These r e s u l t s  provide evidence fo r  the uptake of D-ASP 
by coch lear nerve f ib e rs  in  NMC and i t s  re tro g rad e  tra n s 
p o rt to  the  cochlea . Hence L-GLU/L-ASP may be tra n s m itte rs  
in  the  avian coch lear nerve.

Supported by PHS gran t 5R01NS14354 and UConn Research 
Fdn.

291.8  THE EFFECT OF UNILATERAL BASILAR PAPILLA REMOVAL ON THE 
DISTRIBUTION OF ACETYLCHOLINESTERASE IN CANARY AUDITORY 
NUCLEI.  J.M. Greenspon*, 1, B. Fass2 and J .  Humpal *,3 (SPON: 
R.M. Beckstead2) .  1)  Psychol . D ept., Hobart & Wm. Smith C oll. 
Geneva, NY 14456. 2) Neurosurg. D ept., Univ. V irg in ia  Sch. 
Med., C h a r lo tte s v il le ,  VA 22908. 3) Psychol. D ep t., Johns 
Hopkins U niv., B altim ore, MD 21218.

The a c q u is itio n  of birdsong i s  dependent on such v a r i 
ab les as genetic  fa c to rs ,  s e n s it iv e  p e rio d s , hormonal a c tio n s  
on b ra in , and aud ito ry  experience. Of s p e c if ic  in te r e s t  to 
our research  i s  th a t  male (Waser and M arler, 1977) and fe 
male (Greenspon, 1983) c an a ries  le a rn  songs from aud ito ry  
inform ation . T herefore, an understanding of the  avian 
brainstem  aud ito ry  system (ABAS) i s  im portant fo r  in v e s t i 
gating  the  neu ra l co n tro l of song.

Previous research  on the  ABAS has s tud ied  i t s  cy to a rch i
te c tu re ,  co n n ec tiv ity , and synaptology mostly using  non-
passerifo rm es. For example, the anatomy of the ABAS in  
chickens c o n s is ts  of the  V IIIth  nerve in ne rva ting  n. angu lar
is  (NA) and n. m agnocellu laris  (NM) ip s i l a t e r a l l y .  NM, in  
tu rn , p ro je c ts  b i l a te r a l ly  to  n . lam inaris  (NL; Parks, and 
Rubel, 1978). However, v i r t u a l ly  nothing i s  known about the 
neu ro tran sm itte rs  u t i l iz e d  by the  ABAS. Thus we in v e stig a te d  
the d is t r ib u t io n  of a ce ty lc h o lin e s te ra s e  (AChE) in  NA, NM, 
and NL of f iv e  in ta c t  c an a rie s . Since the  somata of NM 
neurons s ta in ed  in te n se ly  fo r AChE in  the in ta c t  b ird s  we 
processed th ree  a d d itio n a l cases to determ ine whether input 
to  NM, o th e r than th a t  from the VI I I th  nerve, might account 
fo r the  in ten se  s ta in in g  of NM somata. These l a t e r  cases 
su sta ined  u n i la te r a l  removal of th e i r  b a s i l a r  p a p il la  
followed by a 31 d. su rv iv a l tim e. A ll t is s u e  was processed 
according to  the method of Naik (1963) and included co n tro l 
m a te ria l processed fo r  n onspec ific  c h o lin e s te ra s e s . Control 
m a te ria l exh ib ited  l i t t l e  or no s ta in in g .

A ll b ra in s  were ra ted  by two experim enters who determined 
independently whether the somata and/or n eu rop il of each 
nucleus s ta in ed  p o s it iv e ly  fo r  AChE using the follow ing scale: 
in te n se ; heavy; moderate; l ig h t ;  and weak. D espite n o tic e 
ab le  morphological changes in  the  d eaffe ren ted  NM th e re  were 
no n o tic eab le  d iffe ren c e s  in  the  d is t r ib u t io n  of AChE between 
groups. Neuronal somata s ta in ed  in te n se ly  in  NA and NM w hile 
only s ta in in g  lig h tly - to -m o d e ra te ly  in  NL. Neuropil of NA 
and NL s ta in ed  p o s it iv e ly ;  the  former more in te n se ly  than the 
l a t t e r .  Neurons in  NA and NM appear very r ic h  in  AChE, 
whereas neurons in  NL do n o t. Furtherm ore, the  apparent 
richness  of AChE in  NA and NM neurons may be a t t r ib u ta b le  to 
a f fe re n ts  o th e r than those from the VI I I th  nerve.
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291.9  MUSCARINIC RECEPTOR LOCALIZATION IN RABBIT CAROTID BODY. 
 B.G. Dinger*. T. Hirano* and S.J. Fidone.  Dept. of Physi
ology, Univ. of Utah Sch. of Med., Salt  Lake City, UT 
84108.

It  has been reported that the specific ce l ls  (glomus, 
Type I) in the mammalian carotid body store and release 
cholinergic substances in response to natural stimuli 
(hypoxia, low pH, hypercapnia). Despite an abundance of 
pharmacological data, fundamental questions remain 
unanswered concerning the chemoreceptive action of acetyl
choline (ACh). Among the tenable hypotheses are those in 
which ACh serves as a transmitter  of chemosensory informa
tion between Type I ce l ls  and synaptically apposed 
afferent terminals of the carotid sinus nerve (CSN). 
Al ternat ive ly ,  ACh may play a modulatory role by influenc
ing various processes related  to chemoreception (e .g . ,  
stimulus-induced release of catecholamines from glomus 
c e l l s ) .

The present investigat ion set forth to characterize 
and localize muscarinic receptors in the carotid body. 
Equilibrium binding assays with 3H-QNB determined a KD of 
57.3 pM and a Bmax of 8.72 pmoles/gm of t issue .  The order 
of potency of competing drugs was QNB>atropine>betha
nechol>nicotine. Following chronic section of the CSN 
(12-15 days) the number of specific 3H-QNB binding si tes  
was unchanged. In contrast ,  specific binding declined by 
44% 12-15 days following removal of the superior cervical 
ganglion, which supplies sympathetic f ibers innervating 
primarily the vasculature of the carotid body. Compara
t ive  studies demonstrated a 51% lower concentration of 3H-
QNB binding s i te s  in normal cat vs. rabbit  carotid bodies.

The data suggest an absence of muscarinic receptors 
on chemosensory af ferent f ibers in the rabbit carotid 
body. Since our previous studies with 125I -α-bungarotoxin 
(Brain Res. 205: 187-193, 1981) also suggested an absence 
of nicotinic s i te s  on afferent nerve endings, ACh appears 
unable to act as e i the r  an excitatory (nicotinic)  or 
inhibitory (muscarinic) neurotransmitter between Type I 
ce l l s  and afferent terminals.  I t  does appear, however, 
tha t  muscarinic (and nicotinic)  receptors are associated 
with Type I ce l ls  and sympathetic axons. We are currently 
investigat ing the pharmacological effects  of QNB on the 
stimulus evoked catecholamine release from Type I ce l ls  
and on CSN a c t iv i ty .  (Supported by USPHS Grants NS-12636 
and NS-07938).

291.10  A RESTRICTED POPULATION OF VAGAL SENSORY NEURONS HAVE TWO-
COMPONENT SPIKE AFTERHYPERPOLARIZATIONS.  J .  Fowler, D. 
Wei n re i ch, and R. Greene*,  Dept. of Pharmacology & Exp. 
T herapeu tics, Univ. of Maryland Sch. of Med., B altim ore, 
MD 21201.

In t r a c e l lu la r  recordings from neurons of the ra b b it 
nodose ganglion v i tro  (23-25°C) revealed  two types of 
a f te rh y p e rp o la r iz a tio n s  (AHP) follow ing s in g le  ac tio n  
p o te n tia ls :  a f a s t  AHP (AHPf) la s t in g  149.6 msec (± 43.4; 
n=18) and a long -la s t in g  (2 .5  to  24 sec; n=26) and slowly 
developing AHP (AHPs). The AHPs was not found in  A -ce lls  
and was p resen t in  about 50% of the C -ce lls  examined. A ll 
neurons stud ied  possessed an AHPf.

The AHPs was asso c ia ted  w ith a decrease in  input 
impedance. I t s  dura tion  and am plitude were p ro p o rtio n a l to  
the number of preceding sp ik es . At a p re -s tim u lus  
membrane p o te n tia l  of -55 mV, maximum AHPs am plitude was 
11.1 mV (± 1 .2 ; n=6 ) .  AHPs am plitude was increased  in  
zero- and 0 .1  x normal e x tra c e l lu la r  K+ and was reduced in  
2 x normal K+ . The mean re v e rsa l p o te n tia l  fo r the AHPs 
was -78 .8  mV (± 3 .1 ; n=4). The am plitude of the  AHPs was 
reduced in  0.1 x normal e x tra c e l lu la r  Ca++ (n=5). Calcium 
an tag o n ists  (Cd++, Co++, Ni++) reduced or abo lished  the  
AHPs (n=6 ) .  In the presence of low calcium or calcium 
an tag o n ists  the AHPf was reduced (>50%) in  5/11 neurons.

P ressu re-ap p lied  so lub le  e x tra c ts  prepared from 
p u rif ie d  human lung mast c e l l s  abolished  the  AHPs w ithout 
a f fe c tin g  the AHPf (n=14). S im ila rly  p re ssu re - or bath
applied  p rostag land ins  (PGE1, PGF2 α; 1-10 µg/ml) reduced 
only the am plitude of the AHPs (n=9). Neurons responsive 
to  mast c e l l  e x tra c ts  were unaffected  by p re ssu re -ap p lied  
histam ine a t concen tra tions  equal to or f iv e -fo ld  la rg e r  
than th a t estim ated  to  be p resen t in  so lub le  e x tra c ts .

These r e s u l ts  in d ic a te  th a t a calcium -dependent 
potassium conductance u n d e rlie s  the AHPs. We suggest th a t 
the AHPs plays a ro le  in  the e x c i ta b i l i ty  of a 
subpopulation of C -fib e r a f fe re n ts  and th a t the AHPs 
provides a s u b s tra te  fo r a d ire c t  ac tio n  of arach idon ic  
acid  m etabo lites  re leased  from lung mast c e l l s .

291.11  SEROTONIN DECREASES THE CALCIUM-DEPENDENT COMPONENT OF 
ACTION POTENTIALS RECORDED FROM FROG DORSAL ROOT GANGLION 
CELLS.  G.G. Holz, IV, S.A. Shefner and E.G. Anderson,  Dept. 
P h y s io l . ,  T ufts  Univ. Schl. Med., Boston, MA 02111 and 
Dept. P h y s io l, and B iophys., and Dept. Pharm acol., Univ. I I .  
Col. Med., Univ. I l l i n o i s  a t  Chicago, Chicago, IL 60612.

We examined the  e f fe c ts  of se ro to n in  (5-HT) on the Ca+2 -  
dependent component of a c tio n  p o te n t ia ls  recorded from frog 
d o rsa l ro o t ganglion c e l l s  t re a te d  w ith 7.5 mM te t r a e th y l
ammonium (TEA). I n t r a c e l lu la r  reco rd ings were obtained  from 
the  somata of type A and C neurons as p rev iously  described  
(Holz e t  a l . ,  Soc. N eurosci. Abst. 9:254, 1983). TEA 
increased  the  d u ra tio n  of a c tio n  p o te n t ia ls  recorded from 
type A and C neurons by 241 ± 34% (S.E.M ., n=31), an e f fe c t  
a sso c ia ted  w ith th e  appearance of a p la teau  phase on the  
f a l l in g  limb of the  sp ik e . The p la teau  phase r e s u l t s  from 
calcium  in flu x  s in ce  i t  was reduced in  am plitude and 
d u ra tio n  when calcim  was om itted from the  R inger, and elim 
ina ted  when the  R inger contained  2-4 mM manganese (n=7).

During trea tm ent w ith 7.5 mM TEA, 5-HT (10 uM) decreased 
the  d u ra tio n  of a c tio n  p o te n t ia ls  recorded from 16 of 22  
type A neurons (mean decrease  of 32 ± 4%) and 3 of 6 type C 
neurons (mean decrease of 33%). This decrease  re s u lte d  from 
a narrowing of the  p la teau  phase on the  f a l l in g  limb of the  
sp ik e . The r a te  of r i s e  and peak am plitude of the  sp ike 
remained unchanged, but the  am plitude and d u ra tio n  of the 
sp ike a f te rh y p e rp o la r iz a tio n  was reduced, an e f fe c t  which 
may be secondary to  a decrease  in  voltage-dependent calcium 
in f lu x . The response was concen tration-dependen t over a 
range of 10nM-10uM 5-HT, was rap id  in  onset and o f f s e t ,  and 
showed no tachyphylaxis to  repeated  or prolonged ap p lic a 
tio n s  of 5-HT, The decrease in  sp ike d u ra tio n  was not asso
c ia te d  w ith a change in  re s t in g  membrane p o te n tia l  or input 
re s is ta n c e  when the  co n cen tra tio n  of 5-HT was 1 uM or l e s s ,  
but was accompanied by a slow 4-8 mV d e p o la riz a tio n  recorded 
from 33% of type A neurons during exposure to  10 uM 5-HT. 
This d e p o la r iz a tio n  was a sso c ia ted  w ith an underlying 
inc rea se  in  inpu t r e s is ta n c e  which was masked by r e c t i f i c a 
t io n .  In the  remaining 67% of th e  type A neurons te s te d ,  
10 uM 5-HT reduced the  a c tio n  p o te n t ia l  d u ra tion  w ithout 
a f fe c tin g  membrane p o te n t ia l  or inpu t re s is ta n c e . These 
fin d in g s  dem onstrate a s e le c t iv e  in h ib ito ry  ac tio n  of low 
co n cen tra tio n s  of 5-HT on voltage-dependent calcium  in flu x , 
an e f f e c t  independent of the change in  membrane p o te n tia l  
produced by h igher co n cen tra tio n s  of 5-HT.

291.12  SURFACE ANTIGENS ON FUNCTIONAL SUBSETS OF PRIMARY SENSORY 
NEURONS.  J.Dodd and T .M .Je sse ll,  Dept. of Neurobiology, 
Harvard Medical School, Boston MA 02115.

Subpopulations of do rsa l ro o t ganglion (DRG) neurons 
can be d is tin g u ish ed  on the b a sis  of th e i r  p e rip h e ra l 
re cep tiv e  p ro p e rtie s , sp in a l te rm ina l a rbo rs  and 
neuropeptide co n ten t. Surface m olecules expressed by 
fu n c tio n a l subse ts  of DRG neurons have not yet been 
id e n t i f ie d .  We have used monoclonal an tib o d ie s  (mAbs) to  
define  a n tig en ic  determ inants on sev e ra l popu lations of 
DRG neurons p ro jec tin g  to  the  s u p e r f ic ia l  d o rsa l horn of 
the  r a t  sp in a l cord.

Three mAbs recognize defined  carbohydrate ep itopes 
a sso c ia ted  with la c to -  and globo- s e r ie s  g ly c o lip id s  th a t  
c o n s ti tu te  s tage s p e c if ic  embryonic an tig en s  (SSEA’s) 1,3 
and 4 (S o lte r  and Knowles, C urr.Top.D ev.B iol.1 3 , 139, 1979). 
SSEA-3 and SSEA-4 are  p resen t in  the  cytoplasm of about 
10% of ad u lt DRG neurons. These neurons p ro je c t to  laminae 
I  and I I I  of the  d o rsa l horn and a re  d i s t in c t  from those 
th a t  con ta in  substance P (SP) and som atosta tin  (SRIF). 
SSEA-1 i s  p resen t in  a sm all percentage of a d u lt DRG 
neurons. SSEA’s a re  p resen t on the  su rface  of DRG neurons 
m aintained in  d is so c ia te d  c e l l  c u ltu re :  6 % are  SSEA-1, 6 % 
are  SSEA-3+ and 10% a re  SSEA-4+ .

MAbs LD2 and KH10 id e n tify  d if f e r e n t  ep itopes 
expressed co in c id en tly  in  25% of sm all DRG neurons th a t 
p ro jec t to  lamina I I  of the  d o rsa l horn . A ll SRIF- but 
le s s  than 1% of SP-immunoreactive DRG neurons express the  
LD2 and KH10 ep ito p es . MAb LA4 la b e ls  a d is t in c t  
population  of sm all DRG neurons th a t  a lso  p ro je c ts  to  
lamina I I .  Antigens recognized by mAbs LD2, KH10 and LA4 
(SNAC an tig en s) a re  expressed on the  su rface  of 10-20% of 
DRG neurons in  c u ltu re .  Prelim inary  biochem ical s tu d ie s  
suggest th a t  the  SNAC an tigens may a lso  be g ly c o lip id s .

Other c la s s e s  of primary sensory neurons a re  SSEA+ and 
SNAC+ . However, these  an tigens  a re  not expressed by 
c e n tra l  neurons. Molecules bearing th ese  an tig en s  may be 
involved in  the  development and d if f e r e n t ia t io n  of sensory 
neurons.
Supported by g ran ts  from NIH (NS 20016), MDA, The McKnight 
Foundation and The N ational M ultip le S c le ro s is  S oc ie ty .



291.13  ATP RELEASE FROM THE DORSAL HORN OF RAT SPINAL CORD. 
 K.Yoshioka* and T .M .Je sse ll.  Dept. of Neurobiology, 
Harvard Medical School, Boston MA 02115.

ATP produces a s e le c tiv e  e x c i ta tio n  of a subpopulation 
of d o rsa l horn neurons grown in  d is so c ia te d  c e l l  c u ltu re  
(Jah r and J e s s e l l ,  Nature 304,730,1983). To provide 
fu r th e r  info rm ation  on the p o ss ib le  ro le  of ATP as a 
sy n ap tic  t ra n s m itte r  in  the  d o rsa l horn we have examined 
the  re le a s e  of ATP from r a t  sp in a l cord .

The re le a se  of endogenous ATP was measured from 
homogenates or from crude synaptosomal p rep a ra tio n s  of 
ad u lt r a t  sp in a l cord using an o n -lin e  
lu c i f e r in - lu c i f e r a s e  assay  with a s e n s i t iv i ty  of 10  fmol 
ATP. ATP re le a se  from sp in a l cord synaptosomes could be 
evoked by v e ra tr in e  a lk a lo id s  (185 µg/ml) and evoked 
r e le a se  was com pletely blocked by TTX (300 nM). To 
determ ine the  o rig in  of re leased  ATP we prepared, 
s e p a ra te ly , homogenates from the  d o rsa l reg ion  of the  
sp in a l cord (laminae I- IV ), the  in te rm ed ia te  region  
(lam inae V, V I, X and the  d o rsa l p a rt of lamina VII) and the 
v e n tra l reg ion  (lam ina V II I ,  IX and the v e n tra l reg ion  of 
lamina V II). V eratrine-evoked re le a se  of ATP from the  
d o rsa l reg ion  (1 .06  + /-  0.07 pmol ATP/mg p ro te in , mean + /-
SEM; n=6 ) was s ig n if ic a n t ly  g re a te r  than th a t  from the 
in te rm ed ia te  reg ion  (0.28 + /-  0.04 pmol/mg p ro te in )  and 
th a t  from th e  v e n tra l reg ion  (0.08 + /-  0 . 0 2  pmol/mg 
p ro te in ) .  V era trin e  e l i c i t e d  l i t t l e  or no re le a se  of ATP 
from homogenates prepared from the do rsa l columns and 
d o rs o la te ra l  fa s c ic u lu s  ( <  0 .0 1  pmol/mg p ro te in ) .

Complete sp in a l tra n s e c tio n  a t  the m id-thoracic  lev e l 
did not a f f e c t  the  re le a se  of ATP from th e  lumbar sp in a l 
cord in d ic a tin g  th a t  descending neuronal p ro je c tio n s  do 
not c o n s t i tu te  the  source of re leased  ATP. We a re  
in v e s t ig a tin g  whether re le a se  o r ig in a te s  from primary 
a f fe re n t  te rm in a ls  or from do rsa l horn in te rn eu ro n s . These 
r e s u l t s  a re  in  agreement with s im ila r  observations using 
potassium-evoked d e p o la riz a tio n  (T.D .White, personal 
communication) and dem onstrate a p re fe re n t ia l  re le a se  of 
ATP from th e  d o rsa l horn of the sp in a l cord . A TP-sensitive 
neurons and ATP re le a se  s i t e s ,  th e re fo re ,  appear to  
overlap  in  the sp in a l cord .

Supported by NIH g ran t NS 20016 and by g ran ts  from the 
Muscular Dystrophy A ssociation  and the Mcknight 
Foundation.

2 9 1 .4   RETROGRADE LABELLING OF GANGLION NEURONS AFTER INJECTION 
OF TRITIATED AMINO ACIDS IN THE SPINAL CORD OF CATS.
P. B arbaresi* and A. Rusti oni ,  Depts. of Anatomy and Phy
s io lo g y , Univ. of North C aro lina , School of Med., Chapel 
H i l l ,  NC 27514

In  an attem pt to i d e n tify  sp in a l ganglion neurons th a t 
may use glutam ic acid as n eu ro tran sm itte r, the  p resen t ex
perim ents are based upon evidence i n d ica tin g  th a t neurons 
may s e le c tiv e ly  uptake a t th e i r  axon te rm ina ls  and tra n s 
p o rt re tro g rad e ly  the same chemical they use as n eu ro tran s
m itte r  (or ana lo gue). 3H-D-Aspartate (3H-D-Asp) was used as 
a marker since i t  is  taken up by the same a f f in i ty  mecha
nism as L-Asp and L-Glu. Furtherm ore, recen t observations 
a re  co n sis ten t w ith the hypothesis th a t la b e ll in g  a f te r  
in je c tio n s  of 3H-D-Asp i s confined to  neurons th a t use 
a sp a r ta te  or glutam ate as neurotransmi t t e r ( s ) .

In  adu lt cats  1.5 µl of 3H-D-Asp (500 µC i/ μl) were in 
je c ted  i n the do rsa l horn between C3 and C6. Twenty-four to 
t h i r ty - s ix  hours a f te r  in je c t io n , ca ts  were perfused  w ith 
5% g lu tara ldehyde. In a l l  cases, au to rad iograph ic  g ra in s  
accumulate over a f ra c tio n  of neuronal population  in  gan
g l ia  c lo se ly  re la te d  to  the i n je c tio n . The number and 
c ro s s -s e c t io n a l area  of la b e lled  and u n labe lled  c e l l  bodies 
w ith a nucleolus in  the plane of the sec tio n  were calcu 
la te d  in  th ree  gang lia  from two d if f e r e n t animals ( to ta l  
neurons sampled: 6557). A fte r in je c tio n  a t C5-C6, mean 
values of la b e lled  perikarya  are 2387 µm2 (S.D.958) in  C5 
and 4190 um2 (S.D.1244) in  C6 ; a f t e r  in je c tio n  a t C6-C7 
mean value of la b e lled  perikarya i s  3292 µm2 (S.D.879) in  
C7. Mean values of u n labe lled  perikarya  in  the re sp ec tiv e  
gang lia  are 1096 µm2 (S .D .585), 1683 µm2 (S.D.1107) and 
1941 µm2 (S .D .826). Labelled neurons rep resen t 6.45% in  C5, 
9.6% in  C6 , and 11.5% in  C7 of the counted popula tion .
These re s u lts  are s im ila r  to  those p rev iously  obtained in  
r a ts  (Rusti oni  and Cuénod, 1981). S im ilar to  previous data  
a re  a lso  the observations from an a d d itio n a l cat in  which 
in je c tio n  of 0.8 µl of 3H-GABA (500 μCi / μl) a t C4 re su lte d  
in  la b e llin g  of 5.3% of the sampled neuronal population  of 
C4 ganglion: mean values of la b e lle d /u n lab e lled  neurons are 
1707 µm2 (S.D.731)/1085 µm2 (S .D .496). The l a t t e r  re s u l ts  
ra is e  question  about the s ig n ific an ce  of the s e le c tiv e  
re tro g rad e  la b e ll in g  reported  he re . Experiments are now 
underway to v e rify , by immunocytochemical techn iques, 
whether glutamergi c neurons can be id e n tif ie d  in  the sp in a l 
g ang lia  of cats  and, i f  so, whether the s ize  of th e i r  p e r i
karya is  comparable to  th a t observed in  the au to ra 
diographic  experiments a f te r  in je c tio n  of 3H-D-Asp.

291.15   IMMUNOHISTOCHEMICAL IDENTIFICATION OF LEUCINE ENKEPHALIN IN 
DORSAL ROOT GANGLION CELLS OF THE RHESUS MONKEY. J .R .  
R o p p o lo , I . P .  Low e, an d  W.C. d e G r o a t .  D ept. o f  P h a rm a c o lo g y  
an d  C e n te r  f o r  N e u r o s c ie n c e ,  U n iv .  o f  P i t t s b u r g h ,  S c h . o f  
M e d ., P i t t s b u r g h ,  PA 1 5 2 6 1 .

Im m un o h i s to c h e m ic a l  s t u d i e s  h a v e  i d e n t i f i e d  n e rv e  t e r m i 
n a l s  c o n ta i n in g  n e u r o p e p t id e s ,  su c h  a s  v a s o a c t iv e  i n t e s t i 
n a l  p o ly p e p t i d e  (V IP ) , s u b s ta n c e  P ( S P ) , s o m a t o s t a t i n  (S S ) , 
an d  l e u c i n e  e n k e p h a l in  (L-ENK) i n  t h e  s u p e r f i c i a l  la m in a e  
o f  t h e  d o r s a l  h o r n .  I t  i s  th o u g h t  t h a t  V IP , S P , and  SS 
a r i s e  i n  p a r t  fro m  p r im a ry  a f f e r e n t s  w hose c e l l  b o d ie s  a r e  
i n  t h e  d o r s a l  r o o t  g a n g l i a  (DRG) an d  t h a t  L-ENK t e r m in a l s  
a r i s e  fro m  n e u ro n s  w i t h in  t h e  c e n t r a l  n e rv o u s  s y s te m . How
e v e r  r e c e n t  s t u d i e s  f ro m  t h i s  l a b o r a t o r y  s u g g e s t  t h a t  in  
t h e  c a t  L-ENK may a l s o  be  c o n ta in e d  i n  DRG c e l l s .  The p r e 
s e n t  s tu d y  was u n d e r ta k e n  t o  d e te r m in e  i f  a  s i m i l a r  l o c a l 
i z a t i o n  o f  L-ENK e x i s t s  i n  t h e  r h e s u s  m onkey.

S ta n d a r d  im m u n o h is to c h e m ic a l  t e c h n iq u e s  ( e i t h e r  PAP o r  
FITC m e th o d s)  w e re  u s e d  t o  e x a m in e  L-ENK im m u n o re a c t iv i ty  
(L-ENK-IR) i n  tw o r h e s u s  m o n k ey s. P r e t r e a t m e n t  w i th  c o l 
c h i c i n e  was n o t  n e c e s s a r y  t o  d e t e c t  t h e  L-EN K -IR .

L-ENK -IR was i d e n t i f i e d  i n  many n e u ro n s  a t  v a r i o u s  s p i 
n a l  c o rd  l e v e l s  i n c l u d i n g :  c e r v i c a l  (C3 and  C 5 ) , t h o r a c i c  
(T6 an d  T 9 ) ,  lu m b a r  (L1 an d  L7) an d  s a c r a l  (S1 and  S 2 ) . The 
L-ENK c o n ta i n in g  n e u r o n s ,  a t  a l l  l e v e l s  o f  t h e  s p i n a l  c o r d ,  
w e re  s m a l l  t o  m edium  s i z e  c e l l s  w i th  m in o r an d  m a jo r  a x i s  
d i a m e te r s  r a n g in g  fro m  18 x  25 t o  45 x  48 µm (mean 24 x 2 8 ) .  
T h e se  n e u ro n s  w e re  l o c a t e d  t h r o u g h o u t  t h e  DRG w i th  no p a r 
t i c u l a r  s e g r e g a t i o n  t o  a  s p e c i f i c  p a r t  o f  t h e  g a n g l i a .  
F i b e r s  e x h i b i t i n g  L-ENK-IR w ere  s e e n  v e ry  r a r e l y  w i t h in  
t h e  DRG o r  d o r s a l  r o o t s  b u t  w ere  comm only d e t e c t e d  in  
L i s s a u e r 's  t r a c t  a t  a l l  l e v e l s  o f  t h e  s p i n a l  c o r d .  D ynor
p h in  A (1 -8 )  an d  m e th io n in e  e n k e p h a l in  w ere  n o t  d e t e c t e d  i n  
DRG n e u r o n s .

T h e se  r e s u l t s  r a i s e  t h e  p o s s i b i l i t y  t h a t  some o f  t h e  
p r im a ry  a f f e r e n t  p r o j e c t i o n s  t o  t h e  p r im a te  s p i n a l  c o rd  
m aybe e n k e p h a l i n e r g i c  an d  t h a t  e n k e p h a l in s  m ig h t  f u n c t i o n  
a s  i n h i b i t o r y  m o d u la to r s  i n  s e n s o r y  p a th w a y s .

291.16  IMMUNOCYTOCHEMISTRY OF SPINAL TRIGEMINAL NUCLEI. L.E.  
Westrum, R. C o ste llo * , A. Hendrickson and J .Y . Wu,  D epts. 
o f  N eurological Surgery, B io lo g ica l S tru c tu re  and Ophthal
mology, Univ. o f  W ashington, S e a t t le ,  WA 98195, and Dept. 
o f  Physiology, Penn. S ta te  Un i v . , Hershey, PA 17033.

L ight (IM) and e le c tro n  microscopy (EM) a re  being  used 
to  study th e  d is t r ib u t io n a l  p a tte rn s  and u l t r a s t r u c tu r a l  
lo c a l iz a t io n s  in  te rm in a ls  w ith in  s p in a l tr ig em in a l n u c le i 
o f  im m unoreactivity u t i l i z in g  se le c te d  tra n s m it te r - r e la te d  
a n tib o d ie s . Commercially ob tained  a n t is e ra  to  m-enkephalin 
(Enk ) ,  substance P (SP), s e ro to n in  (5-HT) and an tiserum  to  
glu tam ic acid  decarboxylase (GAD) prepared  according to  
th e  p ro to co l o f  J .  Y. Wu a re  being used s p e c i f i c a l ly  in  
p a r te s  c au d a lis  (PC) and in te rp o la r is  (P I ) . The in d ir e c t  
PAP immunoperoxidase procedure o f S te rnberger i s  being 
used fo r  bo th  LM and EM. In th e  LM, heavy la b e l l in g  w ith 
SP occurs throughout la y e rs  I  and I I  (s u b s ta n tia  g e la tin o 
sa) o f  PC b u t i s  lo c a liz e d  to  d o rs a l and v e n tra l  subareas 
in  P I . These a re  th e  same subareas rece iv in g  d e n ta l 
a f f e re n ts .  Enk has a  s im ila r  d i s t r ib u t io n  b u t le s s  in ten se  
im m unoreactivity. 5-HT has a more d if fu s e  la b e l l in g  w ith  
some d e n s i t ie s  in  th e  upper laminae and near th e  t r a c t .  
GAD r e a c t iv i ty  i s  wide spread  b u t i s  e s p e c ia lly  in te n se  in  
la y e rs  I  and I I ,  d o rs a lly  in  PC and v e n tra l  n ear th e  t r a c t  
in  P I . EM o f th e  SP m a te ria l shows la rg e  v a rico sin g  axons 
and te rm in a ls  w ith  round sy n ap tic  v e s ic le s  o f te n  w ith  
dense co re  v e s ic le s  and asymmetric sy n ap tic  s i t e s .  Enk
p o s i t iv e  p r o f i le s  a re  u su a lly  sm aller w ith  pleomorphic and 
dense co re  v e s ic le s  and symmetric c o n ta c ts .  5-HT m a te ria l 
shows mainly th in  axons and te rm in a ls  w ith  m ostly  pleomor
ph ic  and occasiona l dense co re  v e s ic le s  w ith  e i th e r  
symmetric o r asymmetric c o n ta c ts . GAD r e a c t iv i ty  in  th e  EM 
shows sm all axons and numerous te rm in a ls  w ith  pleomorphic 
v e s ic le s  and symmetric c o n ta c ts , sometimes onto  o th e r 
u n lab e lled  round-vesic le  te rm in a ls . Our  r e s u l t s  show a  
c le a r  d is t r ib u t io n a l  p a t te rn  fo r  each an tiserum  in  
sep a ra te  tr ig em in a l subnucle i w ith  d i f f e r e n t  c la s s e s  
o f synapses fo r  each . A unique fin d in g  i s  th e  s e le c t iv e  
la b e ll in g  o f th e  SP and Enk an tib o d ie s  in  subregions o f  
th e  n u c le i th a t  s p e c if i c a l ly  re ce iv e  d e n ta l a f f e re n ts .

(Supported by NIH g ra n ts  NS09678, NS17111, and DE04942. 
LEW i s  an a f f i l i a t e  o f th e  CDMRC.)
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292.1  POSITRON EMISSION TOMOGRAPHIC (PET) SCANNING IN HUNTING
TON’S DISEASE: STUDIES OF 18F-2-FLUORO-2-DEOXY-D-GLUCOSE 
[ 18FDG] UPTAKE IN 12 DRUG-FREE CASES.  J .B . Penney, A.B. 
Young, S. B erent, B .J . G iordani*, D.M. Jew ett* , R. Ehren- 
kaufer* and R. Hichwa*(SPON: M.B. Bromberg).  D epts. of Neu
ro logy , P sych iatry  and In te rn a l M edicine, Uni v . of Michigan 
and VA Medical C enter, 1103 E. Huron, Ann Arbor, MI 48104.

H untington’s d isease  (HD) i s  an in h e rite d  autosomal dom
in an t d iso rd e r  c h a rac te riz ed  by onset in  m id life  of abnor
mal in v o lu n ta ry  movements and p rogressive  dementia. Recent 
PET scan s tu d ie s  in  a mixed group of tre a ted  and un trea ted  
HD p a tie n ts  (Kuhl e t  a l . ,  Ann.N eurol. 12: 425-434, 1982) in 
d ica ted  markedly decreased 18FDG uptake in  the caudate nu
c le u s .  Decreases were seen even in  p a tie n ts  w ith no atrophy 
of the caudate nucleus on CT scan.

We have stud ied  12 d ru g -free  p a tie n ts  w ith HD. Each 
p a tie n t had a q u a n ti ta t iv e  n eu ro lo g ica l exam ination, a 
videotaped exam ination, a CT scan and a neuropsychological 
evaluation  p rio r  to PET scanning. Four p a tie n ts  were Stage 
I  according to the Shoulson and Fahn ra tin g  s c a le , 4 pa
t i e n t s  were Stage I I  and 4 p a tie n ts  were Stage I I I .  Each 
p a tie n t received  2-10 mCi of 18FDG in travenously  and a r te 
r i a l  blood samples were c o lle c te d  to c a lc u la te  loca l cere
b ra l m etabolic r a te  fo r g lucose (LCMRG) according to s tan 
dard methods.

A bnorm alities of caudate and putamen LCMRG were seen in 
a l l  p a t ie n ts .  In each p a t ie n t ,  the  changes in  LCMRG were 
s ig n if ic a n t ly  g re a te r  than the apparent s tru c tu ra l  changes 
as seen by CT scan. C ro ss-sec tio n a l p lo ts  of m etabolic 
a c t iv i ty  a t  the le v e l of the caudate and putamen were ob
ta in e d . The r a t io  of caudate metabolism to co rte x  (but not 
the  in te rcau d a te  spacing a t  half-m aximal caudate a c t iv i ty )  
c o rre la te d  with stage  of d isease  and degree of co g n itiv e  
d y sfunc tion . The r a t io  of the putamen a c t iv i ty  to cortex  
(bu t not the  interputam en spacing) c o rre la te d  with the 
degree of motor d y sfunc tion . T ests  of v is u a l - s p a t ia l  and 
motor performance were a lso  c o rre la te d  with the su b co r tic a l 
m etabolic changes.

Thus, LCMRG as determined by PET scanning can y ie ld  use
fu l  inform ation  about the anatom ical lo c a liz a tio n  of sp ec i
f ic  motoric and cog n itiv e  fu n c tio n s . P ossib le  presymptoma
t ic  changes in  HD are  now being in v e stig a ted  in a s e r ie s  of 
su b jec ts  a t  r is k  fo r  HD in  whom genetic  linkage marker data  
(G usella e t  a l . ,  Nature 306:234-238,1983) are a lso  being 
determined .

Supported by USPHS g ran t NS 15655.

2 9 2 .2  HUNTINGTON'S DISEASE, L-PYROGLUTAMATE, THYROTROPIN 
RELEASING HORMONE AND METABOLITES: IS THERE A CAUSAL 
INTERRELATIONSHIP?  G.K. Rieke, M.S. Cannon* and H. 
Williams*1.  Dept. of Anatomy, College of Med., Dept. 
Entomology,1 College of Agriculture, Texas A&M Univ., 
College Station, TX 77843.

The neurotoxic hypothesis for Huntington's disease (HD) 
sta tes  that an endogenous compound or group of compounds 
destroys neurons within the central nervous system. The 
neuropathology is the basis for the debil i ta t ing  features 
of the disease (dementia and movement disorders) ,  but the 
toxins remain unknown. We have measured by GC-MS plasma 
levels of L-Pyroglutarnic acid (L-PGA) in a small number of 
patients with HD (n = 6) and found signif icantly  elevated 
levels of L-PGA. The levels were as high as 21X the mean 
(X = 300 µMoles/L) found in the age-matched nonchoretic 
controls.  Studies in mice using in t ra s t r ia ta l  infusion of 
L-PGA through implanted cannulae in the caudatoputamen 
(CPU) produced animals showing progressively more severe 
movement disorders,  including rotat ion, postural asymmetry 
of the trunk and head, involuntary movements of the head, 
trunk and contralateral limbs. The neuropathological 
changes induced by L-PGA (2.1 µg/0.46 µL/hr to 0.42 
µg/0.46 µL/hr, pH 7.1-7.2) included a marked depopulation 
of neurons in the CPU. The lesion consisted of a central 
necrotic zone f i l led  with macrophages and a peripheral 
spongiose zone that contained vacuolated profiles and 
degenerating neurons. In those animals where L-PGA entered 
the lateral ventr icle ,  the CPU was shrunken and a 
spongiose zone extended (600-700 µm) from the ventricular  
surface into the substance of the CPU. Nemeroff and 
associates (Sci. ,  221:972-975, 1983) have reported that 
the levels of thyrotropin releasing hormone (TRH) in the 
caudate nucleus from HD patients are s ignif icantly  
elevated as compared to controls. Significantly , 
L-pyroglutamate is the -N-terminal amine of TRH and is one 
metabolite of TRH. We are presently evaluating the 
potential  neurotoxic actions of TRH administered through 
Alzet mini-osmotic pumps coupled to an intra-CPU implanted 
cannula in mice. Three d is t inc t  concentrations of TRH are 
being administered such that the dose/24 hr ranges from 2 
to 10 times the normal amounts of extrahypothalamic TRH in 
mouse forebrain. If TRH proves to be neurotoxic then 
possible etiological  relationship between abnormal TRH 
levels, the TRH metabolite L-PGA and Huntington's disease 
will require further elucidation.

292.3  QUANTITATIVE ANALYSIS OF DENDRITIC ALTERATIONS IN 
BRAINS OF SCRAPIE INFECTED HAMSTERS.  R.N. Hogan*, S.B. 
Prusiner* (SPON: M.P. Daniels).  University of California a t San 
Francisco, San Francisco, CA 94143.

A lteration in the morphology of neuronal dendrites has been 
shown to be a primary neuropathologic manifestation of numerous 
mental retardative and dementive diseases. Recently, qualitative 
changes in dendrites were found in biopsy m aterial from patients 
with C reutzfeldt-Jakob Disease. In order to ascertain whether the 
changes noted were valid when statistical and quantitative methods 
were applied to multiple brain areas, a controlled study of scrapie 
infected hamsters was performed. Weanling hamsters were 
inoculated intracerebrally with 108ID50 units of a hamster adapted 
isolate of the scrapie agent. Clinically positive animals were 
sacrificed at 11 weeks a fter infection. The left brain was 
processed for standard H & E and for rapid Golgi analysis of 
dendritic spines. The right brain was processed using the Golgi- 
Cox technique. Golgi stained layer III pyramidal neurons from 
motor and visual cortex were found to exhibit two types of 
changes: (1) Spherical swellings of dendritic stalks ranging from 7 
to 25 micra in diam eter. The average number of swellings per cell 
was 18.13 with 9.63 occurring on basal dendrites, 7.10 on oblique 
and 1.4 on apical dendritic trees. (2) Loss of dendritic spines (p < 
.001) on the apical shaft of both motor and visual pyramidal 
neurons a t distances from 50 to 200 micra from the cell body. 
Dendritic swellings were also noted on hippocampal and thalamic 
neurons and were probably related to vacuoles seen in H & E 
sections. Other studies from our lab have shown that prions 
causing scrapie polymerize into rods which by electron and 
polarization microscopy resemble the amyloid of Alzheimer's 
disease. This, in addition to dendritic swelling and spine loss 
suggest similar mechanisms might be responsible for the functional 
deficits in Alzheimers and prion diseases.  Supported by NIH Grants 
AG02132 & NS 14069.

292.4  EEG AND EVOKED POTENTIALS IN SCRAPIE, A CNS SLOW VIRUS 
INFECTION OF SHEEP.  G.M. Stra in , B.M. Olcott* and 
W.F. Braun, J r . * .  Vet. Physiol. , Pharmacol, and Toxicol., 
and Vet. Clin. Sci ., Louisiana State Univ. Sch. Vet. Med., 
Baton Rouge, LA 70803-8420.

The subacute spongiform encephalopathies (scrapie, 
Creutzfeldt-Jakob disease, kuru) are CNS infections caused 
by slow viruses that produce a spongiform encephalopathy, 
degeneration of neurons, and proliferation of as trocytes. 
The EEG of CJD is very charac ter is t ic ,  consisting of high 
voltage periodic complexes that are b i la te ra l ly  synchronous 
and symmetric in all leads, and a cyclic al ternating pattern 
of high voltage slow waves and low voltage fast  waves. The 
EEG in kuru is not remarkable. We recorded the EEG, BAEP 
and flash VEP in 3 Suffolk ewes with naturally-occurring 
scrapie and 3 controls.

EEG changes seen in sheep with scrapie included 
semi-periodic polyphasic high voltage complexes, b i la te ra l ly  
synchronous and symmetric in all  channels, and cyclic 
alternating patterns consisting of a high voltage low 
frequency phase, followed by a low voltage high frequency 
phase. The high voltage phase occurred with increased 
arousal, while the low voltage phase occurred with decreased 
arousal. Myoclonic jerks were time-locked to the occurrence 
of EEG complexes in one animal. Photic stimulation appeared 
to evoke polyspike discharges, and several spontaneous focal 
seizures were observed. Waveform amplitudes were greatly 
reduced in the BAEP and flash VEP, although degree of 
reduction did not always corre la te  with disease severity.  
EEG and EP changes were seen in an exposed sheep that had 
not yet developed clinical signs.

Scrapie recordings resembled those of CJD in many 
aspects. The major difference was in the occurrence of high 
voltage complexes: those in scrapie did not exhibit  the 
frequency and regulari ty required in the diagnosis of CJD. 
Differences in the EEG of scrapie,  CJD and kuru are 
discussed in light of the pattern of brain lesions seen with 
the three diseases.
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292.5  DEOXYGLUCOSE UPTAKE AND CHOLINE ACETYLTRANSFERASE ACTIVITY 
IN CEREBRAL CORTEX FOLLOWING LESIONS OF THE NUCLEUS BASALIS 
MAGNOCELLULARIS.  M.V. Lamarca* and H.C. Fibige r .  Di v. Neurol. 
Sc i . ,  Dept. Psychiat"., University of British Columbia, 
Vancouver, B.C., Canada, V6T 1W5.

There is substantial evidence that the cholinergic 
systems that originate  in the basal forebrain and that  
innervate the telencepha lon degenerate in Alzheimer's disease 
(AD). For example, the number of large neurons in the nucleus 
Basal is of Meynert is decreased in the brains of patients 
dying with AD, and decreased cortical and hippocampal choline 
acetyl t ransferase (ChAT) ac t iv i ty  appears to be a consistent  
corre la te  of this condition. Recent studies have indicated 
that glucose metabolism in the neocortex is also reduced in 
AD. The present experiments investigate the extent  to which 
these observations are related by examining the effects of 
lesions of the nucleus basal is magnocellularis (nBM) on 
cortical glucose u t i l iza t io n  in the r a t .

The nBM of rats  (300g) was un ila tera l ly  or b i la te ra l ly  
lesioned by pressure injection of a l µl solution of ibotenic 
acid (0.5% w/v in phosphate buffer,  pH 7.4).  Seven days 
a f te r  the lesions, animals were injected i .p .  with ( 3H) 
2-deoxyglucose (2-DG, 200 µCi/kg). Some animals received 
pentobarbital (40 mg/kg) 30 min. before the 2-DG injection. 
Rats were decapitated 45 min. a f te r  receiving 2-DG and 
various brain regions were assayed for the ir  content of 
radioactiv i ty  as well as for ChAT and glutamic acid 
decarboxylase (GAD) a c t i v i t i e s .

Lesions of the nBM decreased ChAT ac t iv i ty  by 
approximately 50% in the i p s i la teral  anterior  and middle 
cortical regions. ChAT ac t iv i ty  in the posterior cortex was 
also reduced s ign if ican tly  although to a smaller extent.
ChAT ac t iv i ty  in other brain regions was not affected by the 
nBM lesions. GAD ac t iv i ty  was unchanged in any of the brain 
areas examined. No change was found in the accumulation of 
2-DG in any region ip s i la teral  to the lesion. Animals with 
b i la te ra l  lesions of the nBM showed similar  decreases in 
cort ical  ChAT a c t iv i ty .  Again, there was no change in 2-DG 
accumulation re la t ive  to sham operated controls.  Pentobarbital 
treatment reduced 2-DG accumulation by approximately 40% in 
al l  brain areas studies and this reduction was not affected 
by nBM lesion.

The resu l ts  indicate that a decrease in the cholinergic 
innervation of the cortex does not influence cortical glucose 
u t i l iz a t io n .  I t  appears unlikely, therefore,  that the 
decrease in cort ical  glucose u t i l iza t io n  in AD is related to 
degeneration of the nBM-cortical cholinergic projection.

292.6  TOPOGRAPHICAL LOSS OF LOCUS COERULEUS CELLS IN ALZHEIMER'S 
DISEASE.  M.P. L ockhart,* C .J . Gibson and M.J. B a l l ,  Dept. 
of Pathology, U n ivers ity  of Western O ntario , London, O nt., 
N6A 5C1.

A lzheim er's D isease (AD) is  a d is a b l in g , dementing 
d isease  of the  e ld e rly  in  which th e re  is  in te l le c tu a l  
impairment (lo ss  of memory, language d i f f i c u l t i e s ,  v is u a l -  
s p a t ia l  d e f ic i t s )  with r e la t iv e  p re se rv a tio n  of sensory and 
motor func tions ea r ly  on in  the d isea se . Ten to  15% of the 
population  over 65 years s u ffe rs  from some degree of 
dem entia. D e fic its  ( c e l l  number and NT sy n th es is ) of two 
b ra in  n eu ro tran sm itte r (NT) systems a re  rep o rted  in  AD — 
the ch o lin e rg ic  c e l l s  of the basa l fo reb ra in  complex which 
p ro je c t topog raph ica lly  to hippocampus and co rtex  and the 
noradrenergic  c e l l s  of the  brainstem  nucleus, the  locus 
coeruleus and subcoeruleus (LC-SC). In s e r ia l  c re s y l- v io le t  
s ta in ed  sec tio n s  throughout the e n t i r e  leng th  of the  LC-SC 
we have confirmed a lo ss  of n u c leo la ted , pigmented c e l l s  
compared to age-matched co n tro ls  (ranging from 30 to  80% of 
t o ta l  c e l l s ) .  The most severe lo sses  of NE c e l l s  occur in 
p re sen ile  cases of AD (onset p r io r  to 65 years of age) .
There appears to be a topographical lo ss of c e l ls  from 
LC-SC, with the g re a te s t  c e l l  lo ss  seen in  a n te r io r  s e c t io n s . 
This topography is  a lso  r e f le c te d  in  a heterogeneous lo ss 
of NE in  term inal reg ions - -  w ith s ig n if ic a n t lo ss  (50-60%) 
seen in  hippocampus; in fe r io r  temporal co rtex  and f ro n ta l  
cortex  ( p a r t i c u la r ly ,  in  p re sen ile  cases) and s l ig h t  (30%), 
but not s ig n if ic a n t red u c tio n s , in  hypothalamus and c e re 
bellum . Pa tho log ica l d iagnosis  was m orphom etrically con
firmed by Dr. M.J. B a ll,  U.W.O. Dementia Study - -  (Medical 
Research Council of Canada (PG21), N ational In s t i tu te s  of 
Health (AGNS 03047), Ontario Mental Health Foundation (858 )). 
This study supported by funding to  Dr. C .J . Gibson from the 
J .P .  B ickell Foundation; O ntario Mental H ealth Foundation 
and Canadian G e r ia tr ic s  Research S ociety .

292.7  CSF ACETYLCHOLINESTERASE ACTIVITY DISTINGUISHES SENILE 
DEMENTIA OF THE ALZHEIMER TYPE FROM OTHER FORMS OF DEMENTIA 
AND FROM NORMAL AGE MATCHED CONTROLS.  S. Gucker ,  B. A, * 
M. F o l s t e i n ,  M.D. ,  L. Oshi da ,  B.A* , J .  T. Coyle ,  M.D. ,  
L. Tune,  M.P.  Johns Hopkins Un i v e r s i t y  School  o f  Medicine 
Department  of  P s y c h i a t r y  and Behaviora l  Sc i e nc e s ,  Ba l t i mor e ,  
MD 21205,  USA.

Because of  the r ece n t  demons t r a t i on  o f  a c h o l i n e r g i c  
d e f i c i t  in p a t i e n t s  dying wi t h  Al zhe i mer ' s  Di sease  (AD), 
s e ve r a l  l a b o r a t o r i e s  have a t t empt ed  to i d e n t i f y  c h o l i n e r g i c  
pa r a me t e r s ,  p a r t i c u l a r l y  a c e t y l c h o l i n e s t e r a s e  (AChE), as 
markers  f o r  the  p r es ence  and s e v e r i t y  of  d i s e a s e .  In the 
c u r r e n t  s tudy we have measured a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  
in CSF samples  from 36 p a t i e n t s .  Thi s  i nc l udes  12 p a t i e n t s  
wi th Al zhe i mer ' s  Di s eas e ,  12 normal c o n t r o l s ,  and 12 
p a t i e n t s  wi th  o t h e r  dement ing i l l n e s s e s .  AChE a c t i v i t y  was 
measured in 47 normal p a t i e n t s  whose ages ranged from 20 
to  84 to e v a l u a t e  t he  a f f e c t  o f  age on AChE a c t i v i t y .  CSF 
from p a t i e n t s  wi t h  SDAT showed s i g n i f i c a n t l y  lower AChE 
a c t i v i t y  than age matched c o n t r o l s  and p a t i e n t s  wi th o t h e r  
dement i a  syndromes.  No s i g n i f i c a n t  c o r r e l a t i o n  was found 
between d u r a t i o n  o f  i l l n e s s ,  age ,  s e v e r i t y  o f  i l l n e s s  (as 
measured by the Mini-Mental  S t a t e  Examinat ion Sc o r e ) ,  and 
CSF AChE a c t i v i t y  in Al zhe i mer ' s  Di s eas e .  AChE i nc r eas ed  
s i g n i f i c a n t l y  over  the age range of  20 to 84.  These r e s u l t s  
s ugges t  t h a t  AChE a c t i v i t y  may prove t o  be a usef u l  
d i a g n o s t i c  t e s t  t o  conf i rm the  c l i n i c a l  d i a gnos i s  of  
moderate  t o  s eve r e  AD.

292.8  CHOLINERGIC AND NORADRENERGIC SYSTEMS IN AGING, ALZHEIMER'S 
DISEASE AND DOWN'S SYNDROME.  P.L.McGeer, E.G.McGeer, J . 
Suzuki*and M. Norman*.  Kinsmen Laboratory of Neurological 
Research, Dept of Psychiatry, Univ. British Columbia, 
Vancouver, B. C., Canada, V6T 1W5.

Using a specific antibody for human choline acetyl t rans
ferase (ChAT), i t  has been shown that the giant neurons of 
the substantia innominata (SI or nucleus basal is of Meynert) 
are exclusively cholinergic. Counts of these neurons, which 
are the principle source of cholinergic innervation of the 
cortex, indicate that the number drops from 400,000-500,000 
in young controls to about 140,000 in the elderly . Cell 
counts in cases of senile dementia of the Alzheimer type 
(SDAT) range from 45,000 to 100,000 c e l l s ,  suggesting that 
100,000-140,000 is the threshold for decompensation. In our 
hands, there is  a paral lel  loss of cortical ChAT with 
"normal" aging, with levels in SDAT being 20-50% of age- 
matched controls;  there is an excellent corre la tion between 
SI cell counts and the cortical ChAT levels.

Counts of pigmented, noradrenergic (NA) neurons in the 
locus coeruleus (LC) in controls indicate a loss with age as 
reported by Brody (Neurobiol. Aging 3:177,1976). Our data 
suggest about 30,000 ce lls  per LC at  bir th  with a 50% loss 
by about age 80. SD cases had from 25-100% of control, with 
the larger  losses appearing in the younger cases; this 
confirms l i te ra tu re  reports (Bondereff e t  a l . Neurology 32: 
167, 1982; Mann et  a l . Neurobiol. Aging 2 :57, 1981).

The cause of mental deficiency in1 Down's syndrome is 
unknown. Cases dying at  >40 years show the charac ter is t ic  
histopathology of SDAT and have been reported to show more 
severe losses of ChAT and NA (Yates et  a l . Lancet 1980ii, 
979; 1981i i ,  39). We have recently examined the brain of a 
male with Down's syndrome dying at  5.5 months and compared 
the histopathology and biochemistry with that  found in our 
SDAT cases. This infant had 211,250 cholinergic ce lls  in 
the SI and 27,600 NA cel ls  in the LC. These are both higher 
than found in SDAT cases. The NA cel ls  are in the normal 
range. The number of cholinergic ce l ls  is  about 50% of a 
normal complement at birth  but is s t i l l  above the level for 
decompensation. These data suggest that  the mental 
deficiency in Down's syndrome cannot be explained entire ly  
on the basis of a congenital lack of SI and/or LC ce l ls .
Supported by the Vancouver Foundation, the Mr. and Mrs. 
P.A.Woodward's Foundation and the Medical Research Council 
of Canada.
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292.9  TEMPORAL VARIABILITY OF SINGLE-TRIAL BRAIN STEM EVOKED 
RESPONSES IN DOWN SYNDROME INDIVIDUALS.  G. C. G a lb ra ith . 
NRRC-UCLA Research Group, Pomona, CA 91766.

S tud ies of long-la te n c y  sensory evoked p o te n tia ls  in  
Down syndrome (DS) in d iv id u a ls  have repo rted  delayed 
la te n c ie s  and la rg e r am plitudes than persons w ith other 
forms of mental re ta rd a tio n , or nonretarded c o n tro ls . By 
c o n tra s t , s tu d ie s  of the sh o rt-la ten cy  aud ito ry  b rain  stem 
evoked response (ADR) have shown an opposite p a tte rn , 
i . e . ,  sh o rte r la te n c ie s  and sm aller am plitudes in  DS 
in d iv id u a ls . DS in d iv id u a ls  a lso  show a p a tte rn  of 
interw ave conduction times in  which c e r ta in  segments of 
the conduction pathway are s ig n if ic a n tly  fa s te r ,  while 
o the rs  are s ig n if ic a n t ly  slower.

Components of the ABR are thought to depend upon 
' sy n ap tica lly  secu re ' neurons which d ischarge with b r ie f  
and s ta b le  la te n c ie s .  However, the observation  of a lte re d  
la te n c ie s ,  am plitudes, and interw ave conduction times 
suggests th a t synap tic  tim ing may be d is tu rb ed  in  DS 
in d iv id u a ls . Thus, the reduction  in  ABR am plitudes could 
be due to temporal v a r ia b i l i ty  (time ' j i t t e r ' )  of neural 
events underlying the ABR.

To te s t  the hypothesis of increased  temporal 
v a r ia b i l i ty  in  DS in d iv id u a ls , we performed a la tency  
compensation a n a ly sis  (LCA) of s in g le - t r i a l  record ings of 
the ABR. In LCA, in d iv id u a l t r i a l  samples are  
c ro s s -c o rre la te d  w ith the to ta l  ABR waveform, and a 
rev ised  ABR waveform is  computed by removing much of the 
t r i a l - t o - t r i a l  temporal v a r ia b i l i ty .  The r e s u lt in g  
waveform ty p ic a lly  shows enhanced component am plitudes, 
depending upon the degree of temporal v a r ia b i l i ty  inheren t 
in  the da ta . I t  i s  a lso  possib le  to d ire c tly  quan tify  
temporal v a r ia b i l i ty  by computing the standard dev ia tion  
of c o r re la tio n  lag  values av a ilab le  from the a n a ly s is .

In the study we re p o rt here, we compared u n iv e rs ity  
undergraduates (N = 9) and DS in d iv id u a ls  (N = 9). LCA 
was app lied  to ABR wave V, which was w ell defined  fo r a l l  
su b jec ts , using both a 0.1 ms square wave c lic k  and a 2K 
sine pu lse.

The most obvious qu estio n  i s  whether con tro l and DS 
groups d if f e r  in  t r i a l - t o - t r i a l  v a r ia b i l i ty  in  the ABR. A 
repeated  measures a n a ly s is  of variance showed 
s ig n if ic a n t ly  g re a te r  v a r ia b i l i ty  fo r the DS group (F = 
8.894, df = 1,16, p < .0 1 ). This fin d in g  i s  supportive of 
our hypothesis th a t c en tra l dysfunction  in  DS is  
ch a rac te riz ed  by d is tu rb an ces  in  temporal s t a b i l i t y  of 
neural even ts. A dditional LCA re s u l t s  w ill  be presented .

2 9 2 .10 ACUTE INTERMITTENT PORPHYRIA (AIP), POTENTIAL ROLE OF 
DELTA-AMINOLEVULINIC ACID (ALA) IN CNS MALFUNCTIONS.
R .J. Marley* and J.M. Wehner* (SPON: S. Jackson).
I n s t i t .  fo r Behavioral G enetics and School of Phartm. , 
Univ. of Colorado, Boulder, CO. 80309.

AIP is  an autosomal dominant genetic  d iso rd e r 
ch arac te rized  by a p re d isp o s it io n  to  acute  c r is e s  involv ing  
PNS and CNS d is tu rb an ces . The cause of the  n eu ro lo g ica l 
d e f ic i t s  is  not understood, but acute a tta ck s  are 
accompanied by the  e lev a tio n  of ALA le v e ls  in  serum, u rin e , 
and CSF. I t  has been suggested th a t many of the CNS 
m an ifes ta tio n s  of AIP a re  due to  the  in te ra c tio n s  between 
ALA and the  GABA system, w ith ALA ac tin g  as a p a r t i a l  
ag o n ist. The goals of our study were: (1) to  t e s t  the  
hypothesis th a t  ALA may ac t as a p a r t i a l  GABA ag o n is t , and 
(2) to  develop an animal model fo r gen e tic  s e n s i t iv i ty  to  
ALA by examining inbred s t r a in s  of mice.

Three inbred s t r a in s  of mice (C3H, DBA, and C57B1) 
and one outbred l in e  (HS) were te s te d  with two convulsants 
th a t in te ra c t  w ith the GABA system in  the  production of 
se iz u re s . In the f i r s t  s e r ie s  of t e s t s ,  in h a la tio n  of 
b i s [2 ,2 ,2 - t r i f lu r o e th y l ]  e th e r ( f lu ro th y l ,  Indoklon) f iv e  
min a f te r  i . p .  or ICV in je c tio n s  of ALA a t dosages ranging 
from 0.01 -  1.0 mM was used. Greer and Alpern (L ife  S c i . , 
21:385,1977) have demonstrated the  involvment of GABA in  
flu ro th y l-in d u ced  c lon ic  s e iz u re s .

M ercaptopropionic acid (MP) causes severe convulsions by 
re v e rs ib ly  in h ib it in g  glutam ate decarboxylase a c t iv i ty  
(Karlson e t a l . , Biochem. Pharm. 23:3053,1974). In a 
second s e r ie s  of experim ents, i .p .  ad m in is tra tio n  of MP 
was used to  measure the  e f fe c ts  of ALA on se izu re s  
re s u lt in g  from decreased GABA le v e ls .  MP was adm inistered  
f iv e  min a f te r  ICV in je ctio n s  of ALA a t the  same dosages 
used in the f lu ro th y l experim ents.

Using these  t e s t s ,  we observed th a t :  (1) ALA increased  
the la tency  to  the  onset of convulsions in  a dose-dependent 
manner and (2) th e re  are sex and s t r a in  d iffe ren c e s  in  ALA 
s e n s i t iv i ty .  Moreover, both i .p .  and ICV in je c tio n s  of ALA 
produced approxim ately equ iva len t in c reases  in  la tency  to  
clonus on the f lu ro th y l t e s t .  We conclude th a t  ALA may be 
a l te r in g  GABAergic function  in  the  CNS.
(Supported by the  Univ. of C o l., CRCW and a N ational 
Science Foundation Graduate Fellowship)

292.11  LOSS OF NEUROFILAMENT AND FOUR OTHER PROTEINS SENSITIVE TO 
CALCIUM-ACTIVATED PROTEOLYSIS FROM THE BRAINS OF THIAMINE 
DEFICIENT RATS.  P. E. G allan t* , H. C. Pant and F. F. Weight 
(SPON: I c h i j i  T asak i).  Laboratory of P r e c lin ic a l  S tud ies, 
N ational I n s t i tu te  on Alcohol Abuse and A lcoholism, Rock
v i l l e ,  MD 20852.

Although i t  i s  w ell known th a t thiam ine d e fic ien cy  leads 
to  neuronal d egenera tion , the mechanism of th is  degeneration  
i s  not e s ta b lis h e d . To induce thiam ine d e fic ien cy , male 
Sprague-Dawley r a ts  were fed a thiam ine d e f ic ie n t d ie t  and 
were in je c te d  w ith 1 mg/kg pyrythiam ine (a thiam ine antago
n i s t )  5 times per week. Weakness, a ta x ia ,  and o p is th o to n ic  
convulsions commenced in  these  r a ts  11 to  18 days a f te r  the 
i n i t i a l  pyrythiam ine in je c t io n .  I f  the r a ts  were tre a te d  
w ith  thiam ine before they lo s t  th e i r  a b i l i ty  to  walk, they 
would su rv iv e , although some had re s id u a l a ta x ia .  I f  the 
r a ts  were not tre a te d  before th is  tim e, they would soon 
lose  th e i r  r ig h t in g  r e f le x .  A fter lo s ing  the rig h tin g  r e 
f le x ,  they would d ie  w ith in  1 to  4 days even i f  thiam ine was 
ad m in is tered . The re s id u a l a ta x ia  in  recovered animals and 
th e i r  in a b i l i ty  to  recover a f te r  the rig h tin g  re f le x  was 
l o s t ,  suggest th a t  permanent neuronal damage occurs in  these 
thiam ine d e f ic ie n t an im als. To t e s t  th is  p o s s ib i l i ty  b ra in s 
from o p is th o to n ic  anim als and animals th a t  had lo s t  the 
r ig h t in g  re f le x  were examined m orphologically , and th e ir  
b ra in  p ro te in s  were analysed by sodium dodecyl s u lfa te  poly
acrylam ide gel e le c tro p h o re s is .  M acroscopically the b ra in s  
of o p is th o to n ic  animals exh ib ited  small (p e te c h ia l)  hemor
rhages. B iochem ically , these  b ra in s  had an accumulation 
of the po lypep tides th a t com igrate w ith  r a t  plasma p ro te in s , 
e sp e c ia lly  hemoglobin. These b ra in s  a lso  dem onstrated a 
sm all and v a ria b le  decrease  of f iv e  po lypep tides: a 200 
k ilo d a lto n  (kd) peptide  th a t  com igrates w ith the 200 kd 
polypep tide  p resen t in  p u r if ie d  n eu ro filam en ts , and four 
o th e r  high m olecular weight po ly p ep tid es. The b ra in s  of 
the animals th a t  had lo s t  the r ig h t in g  re f le x  had more 
ex ten siv e  and numerous p e te ch ia l hemorrhages than the op is
th o to n ic  animals had, and b iochem ically  the b ra in s  of r a ts  
th a t  had lo s t  the  r ig h t in g  re f le x  had a g re a te r  accum ulation 
of plasma p ro te in s ,  and a g re a te r  lo ss  of the  200 kd poly
p e p tid e , as w ell as the four h igher m olecular weight poly
p e tid e s  ( a l l  g re a te r  than 200 kd ). Since the neurofilam ent 
p ep tide  and the four high m olecular weight pep tides are 
p re fe re n t ia l ly  degraded by calc iu m -ac tiv a ted  p ro te o ly s is  
in  v i t r o ,  the re s u l ts  suggest th a t neuronal degeneration  
in  thiam ine d e f ic ie n t r a ts  may be a sso c ia ted  w ith an e lev a 
tio n  of in t r a c e l lu la r  calcium .

292.12  MITOCHONDRIAL ABNORMALITIES IN FIBROBLAST LINE GM 3093 
DEFECTIVE IN OXIDATIVE METABOLISM.  M. A. Greenwood*, G. 
Constantopoulos*, S. H. Sorrell*, W. J. Meyer* and J. A. 
Barranger*. (SPON: k. Porte r) ,  NINCDS, National In s t i tu tes  
of Health, Bethesda, MD. 20205.

Fibroblast l ine GM 3093 (available from the Human Genetic 
Mutant Cell Respository, In s t i tu te  for Medical Research, 
Camden, NJ) was derived from a now deceased 3 yr old girl  
with severe diffuse neurologic disease and persis tent  lac t ic  
acidosis. Studies with in tac t  f ibroblas ts  suggested a 
defect affect ing the tr icarboxylic acid cycle and cell 
homogenates had deficient ac t iv i ty  of the pyruvate 
dehydrogenase complex (PDHC), P. J. Blass e t  a l  (J. Clin. 
Invest .,  51, 1845-1851, 1972). In order to further  localize 
the defect in this cell l ine ,  we measured in cell  
homogenates, the ac t iv i t i e s  of several mitochondrial and 
non-mitochondrial enzymes. The a c t iv i t i e s  of the mito
chondrial enzymes examined as percent of control values 
were: pyruvate dehydrogenase complex, 21.4; dihydrolipo
amide dehydrogenase, 29.7; α-ketoglutarate dehydrogenase 
complex, 25; cytochrome C. oxidase, 19; i soc it ra te  
dehydrogenase, 46.3; glutamate dehydrogenase, 34.7, 
suggesting a generalized defect in the mitochondria 
(Constantopoulos et a l , Trans. Am. Soc. Neurochem., 14, 119, 
1984).

Electron microscopic examination revealed a paucity of 
mitochondria averaging 20% of the amount found in the 
control f ibroblas t  lines of approximately same passage 
number. The mitochondria were elongated or round in shape 
and did not appear swollen. Cristae were not aligned in 
parallel arrays.  They appeared vesicular  or broken and 
did not f i l l  the entire  mitochondria. Some mitochondria 
contained electron dense debris and few remnants of c r is tae .  
No other nuclear or cytoplasmic abnormality was observed. 
This is the f i r s t  report of abnormal mitochondria in f ib ro
blasts  from a genetic disease involving oxidative 
metabolism. The results suggest fibroblas t  mitochondria can 
be useful in the study and diagnosis of such disorders.
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292.13  INTRACRANIAL ALUMINUM PRODUCES AVOIDANCE LEARNING DEFICIT IN 
IMMATURE RABBITS.  M.H. Lee, A. Rabe, J .  Shek, and H. M. 
W isniewski*.  NY S ta te  O ffice  of Mental R etardation  and De
velopm ental D i s a b i l i t i e s , I n s t i t u t e  fo r  Basic Research in  
Developmental D is a b i l i t i e s ,  S ta ten  Is la n d , NY 10314.

Aluminum-induced n e u ro f ib r i l la ry  changes (NFC), although 
u l t r a s t r u c tu r a l ly  and biochem ically  d if f e r e n t  from those 
found in  A lzheim er's d isea se , a re  s t i l l  the  b e s t model to  
study th e  e f f e c t  of NFC on neuron fu n c tio n . The immature 
ra b b it  may be a p a r t ic u la r ly  u se fu l animal to  study the  ro le  
of aluminum-induced NFC in  im pairing  co g n itiv e  fu n c tio n : a 
s in g le  in t r a c r a n ia l  in je c tio n  of aluminum produces, wide
spread NFC, bu t the  o th e r neuro tox ic  e f fe c ts  of aluminum are  
le s s  severe  than  in  the  ad u lt ra b b i t .  We have a lready  dem
o n s tra te d  a s p a t i a l  le a rn in g  d e f ic i t  in  the  immature ra b b it  
(Exp. N eurol. ,  1982, 76,  441-446) and now re p o rt an avoid
ance le a rn in g  d e f i c i t  s im ila r  to  th a t  repo rted  fo r  the  a lu 
m inum -treated ad u lt ra b b it  (P e ti t  e t  a l . ,  Exp. N eurol. ,  
1980, 67,  152-162). We used the  same one-way step-down ac
t iv e  avoidance ta sk , bu t our procedure d if fe re d  from th e ir s  
in  sev e ra l o th e r re s p e c ts .

On day 15, ra b b its  were given a 50µ1 c is te rn a  magna in je c 
t io n  of e i th e r  1% A1C13 so lu tio n  (A1 , n=10) o r p h y s io lo g ica l 
s a lin e  (S, n=11). Fourteen days l a t e r ,  the  A1 animals which 
had no t developed n eu ro lo g ica l s igns and the co n tro ls  were 
placed  on an e lev a ted  p la tfo rm , a tone was sounded fo r 10 
sec and then followed by a 1 .5  mA foo t shock. A fte r an e s
cape to  the  p la tfo rm  below, the  shock and tone were te rm i
n a ted . E ven tually  the  r a b b its  learned  to  avoid the  shock by 
s tepp ing  down in  response to  the  tone a lo ne before  the  onset 
of shock. Each ra b b it  was tra in e d  in  one day to  a c r i te r io n  
of 5 consecutive  avoidances. R etention  was te s te d  one day 
and again  one week l a t e r .  The Al ra b b its  showed a s ig n i f i 
can t le a rn in g  d e f i c i t  both in  terms of the  to t a l  number of 
t r i a l s  and the  number of shocks they received  (median t r i 
a ls :  S 12, A1 39, p<.002; median shocks: S 10, A1 23, 
p< .02). No s ig n if ic a n t  re te n tio n  d e f ic i t  was observed e i 
th e r  a f te r  1 or 7 days. This lack  of re te n tio n  d e f ic i t  is  
a t  va rian ce  w ith  such a d e f i c i t  repo rted  by P e t i t  e t  a l .  fo r 
the  a d u lt ra b b i t .

H is to lo g ic a l a n a ly sis  dem onstrated widespread NFC in  the 
cerebrum, b ra in  stem , and sp in a l cord of the immature rab
b i t .  This again  confirm s th a t  aluminum-induced NFC are  a s
so c ia ted  w ith lea rn in g  d e f i c i t s .  However, the ex ten t to 
which o th e r neuro tox ic  e f fe c ts  of aluminum co n trib u ted  to  
the  fu n c tio n a l impairment s t i l l  remains to  be determ ined.

292.14  TRIMETHYLTIN-INDUCED LESIONS IN THE MOUSE BRAIN.  D.W. 
Cockeri l l *, and L.W. Chang.  Dept. of Pathology, Uni v. of 
Ark. for  Med. S c i . , L ittle  Rock, AR 72205.

Trimethyl t in  (TMT) compounds are known to be potent 
neurotoxicants. The acute toxic effec ts  of TMT by a single 
exposure in mice have been previously studied (Chang, L.W., 
e t  a l . , Environ. Res. 29:435-444, 1982; Chang, L.W., e t  a l . ,  
Environ. Res. 29:445-458, 1982; Chang, L.W., e t  al . , Environ. 
Res. 30:399-411, 1983). The purpose of th is  experiment was 
to compare and contrast  the neurotoxic effec ts  of three 
treatment regimens with the same to ta l  dosage. Male CD-1 
mice were administered TMT-Cl by intraperi toneal injection 
for a total dosage of 3.0 mg TMT-Cl /kg b.w. One group (A) 
received 1.0 mg TMT-Cl/kg b.w. on three consecutive days, 
another group (B) received 1.5 mg TMT-Cl/kg b.w. on two con
secutive days and a th ird  group (C) received 3.0 mg TMT-Cl /
kg b.w. by a single injection. Control animals received a 
similar  volume of sa line . Sacrifice occurred 48 hrs a f te r  
final  treatment by intracardial perfusion (2.5% buffered 
glu taral dehyde) with further  f ixation by Bouin's solution 
(l ight microscopy samples) or buffered gl utaral dehyde (elec
tron microscopy samples). Light microscopic analysis re
vealed extensive necrosis of the granule ce l ls  in the fascia 
dentata and large brain stem neurons of the mesencephal ic 
trigeminal nucleus (MTN) i n Group C with s l igh t  e ffec ts  on 
the Ammon's horn pyramidal neurons. Moderate lesions were 
noted in the fascia dentata and MTN of Group B, with no 
remarkable changes noted in the Ammon's horn pyramidal 
neurons of th is  group. No no ticable changes were observed 
in Group A brains. El ectron microscopy of the hippocampus 
revealed signif icant  changes in each treatment group. Necro
s is  and degenerate ce lls  were observed in the fascia dentata 
of Group C brains with lysosomes and autophagic vacuoles 
being noted in the Ammon's horn pyramidal neurons. Group B 
animals displayed lysosomes, autophagic vacuoles, and edema 
in both the fascia dentata and Ammon's horn pyramidal 
neurons. Lysosomes and autophagic vacuoles were observed in 
the fascia dentata of Group A brains,  with edema being noted 
in the Ammon's horn pyramidal neurons of th is  group. Edema 
and segregation of synaptic vesicles away from the synaptic 
c le f t  in synapses (presumably basket cell  synapses) were 
observed in Ammon's horn in Group A brains. These findings 
are suggestive of a graded pathologic response to treatment 
regimens u t i l ized, and are related to a hypothesis of hyper
stimulatory injury due to TMT toxici ty  (Chang, L.W. Neuro
pathology of trimethyl t in :  a proposed pathogenetic mechan
ism. Fund. Appl. Toxicol. ,  in press, 1984.)

292.15  EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS CAN BE INHIBITED BY 
THE DRUG NALTREXONE  E. P . Schoener, I . N. Montgomery and 
H. C. Rauch.  Depts. of Pharmacology and Immunology/
M icrobiology. Wayne S ta te  U n iversity  School of Medicine, 
D e tro it,  MI.

Experim ental a l le r g ic  encepha lo m y e litis  (EAE) i s  a T- 
l ymphocyte mediated autoimmune primary dem yelinating 
d is ea s e . I t  is  induced in  guinea pigs by an in traderm al 
in o cu la tio n  of the  encephalitogen em ulsified  in  complete 
Freund 's adjuvant (CFA). The encephalitogen can be 
a llo g en eic  or syngeneic c e n tra l  nervous system (CNS) t is s u e  
or myelin b a sic  p ro te in  (MBP) is o la te d  from the  CNS t i s s u e .  
I n te re s t in g ly ,  ano ther co n s ti tu en t of CNS t i s s u e ,  
g a lac to ce reb ro s id e , is  immunogenic and can induce an 
antibody-m ediated dem yelination , but not EAE. (S aida , T ., 
e t a l . ,  Ann. N eurol. ,  9:87, 1981)

C erebroside, a major component of m yelin, is  known to  
bind o p ia te  lig a n d s . We th e re fo re  asked the  question  
whether th e  op ia te  re cep to r an tag o n ist n a ltrexone  (NTX) 
might s t a b i l i z e  and p ro te c t myelin from the  immunopathologic 
processes such as those observed in  EAE.

Control guinea pigs inocu la ted  w ith CNS t is s u e  em ulsified 
in  CFA developed EAE in  from 12-20 days p o s t-ch a llen g e . 
However, when guinea p igs a re  tre a te d  w ith NTX (20 mg/kg, 
d a ily ,  subcutaneous) p r io r  to  and a f te r  challenge , they did 
not e x h ib it c l in ic a l  s igns of EAE to  th e  same ex ten t as did 
the  c o n tro ls .  CNS pathology was p resen t in th ese  anim als, 
but reduced s l ig h t ly  in  se v e r ity  from th e  co n tro ls .

Our da ta  suggest th a t  NTX treatm ent can suppress th e  
development of EAE in  guinea p igs i f  th e  drug i s  given 
w ith in  3 days of challenge . However, th e  CNS pathology 
remained. This c l in ic a l  suppression  in  the  presence of 
re s id u a l in f l ammatory le s io n s  is  not u n lik e  th a t repro ted  
w ith an tigen-induced  immunosuppression of EAE by MBP 
treatm ent follow ing challenge . (E in s te in , E .R ., e t a l . ,  
Immunochem. , 5:567, 1968)

Supported in  p a rt by NIH g ran t NS 18898.

292.16  SEQUENTIAL ULTRASTRUCTURAL STUDY O F SPONGIFORM 
PATHOLOGY IN MOUSE SPINAL CORD INDUCED BY NEURO
TROPIC RETROVIRUS.  J .E . Sm ith and B.R. Brooks,  N eurology 
D ept., Univ. Wisconsin Med. Sch., M adison, WI 53792, and 
Neurology Svc., Wm. S. M iddleton V eterans A dm inistration  
H ospital, Madison, WI 53705.

M urine neurotropic re trov iru s  induced spongiform  polio
encepha lo m yelopathy is classified  as a  slow virus d isease because 
o f its  long incubation period (4-6 m onths) befo re  the  onset of 
clin ical signs and p ro tra c ted  clin ica l course. This neurological 
d isease occurs na tu ra lly  in fe ra l mice and has clin ical, e le c tro 
physiological, pa thological and biochem ical fea tu re s  sim ilar to  
m otor neuron disease or am yotrophic la te ra l  sclerosis in man. The 
u ltra s tru c tu ra l pa thological changes in slowly developing d isease 
w ere studied  sequen tially  by q u an tita tiv e  techniques during th e  
middle and la te  portions of th e  incubation period prior to  th e  onset 
of c lin ically  evident d isease and ea rly  in the  course of clin ically  
evident hind-lim b w eakness. Newborn NIH:N m ice w ere inocu lated  
in traperitoneally  w ith 2 × 103 plaque form ing units of a  m olecularl
y cloned stra in  (Cas Br) of m urine neuro trop ic re trov iru s . Male 

m ice w ere perfused in tracard ia lly  w ith 2.5% g lu taraldehyde and 2% 
paraform aldehyde in 0.1M phosphate buffer a t  th e  following 
stages: 60, 90, 120, and 150 days. Lum bar spinal cord was 
processed fo r light and e lec tro n  m icroscopy. A ge-m atched con tro l 
m ales w ere also prepared  and exam ined. M orphom etry was accom 
plished with a  com puter-linked d ig itiz e r (BIOQUANT).

Spongiform vacuo liza tion  was seen as ea rly  as 60 days. It 
reached a  peak a t  90 days, both in frequency (50% of to ta l num ber 
observed) and in size  (30 µm maximum vacuole d iam eter). More 
than  50% of spongiform  vacuoles occurred  consisten tly  a t  the  g ray - 
w hite m a tte r  in te rface  of the ven tra l and la te ra l  an te rio r horn 
(lam ina IX), while 30% w ere in terspersed  in w hite m a tte r  and 15% 
in gray m a tte r . The vacuoles a t  th e  gray-w hite  border a re  alm ost 
exclusively swollen axons; they  a re  myelin sheathed  and a lm ost 
devoid of o rganelles. Because o f th e ir  location  in tran sverse  
sections and th e ir  in te rm itte n ce  along the cord, we hypothesize 
th a t they  may belong to  propriospinal neurons. The spongiform  
vacuoles in the  gray  m a tte r  are  prim arily  a s tro c y tic  ghosts, 
swollen to  an ex trem e size . These a re  also largely  devoid of 
organelles excep t for norm al-appearing  m itochondria. There a re  
no q u an tita tiv e  changes in th e  sizes of synapses and sm all dend rites  
in the  neuropil surrounding an te rio r horn ce lls, even a t  150 days 
when evidence of neuronal dea th  is p resen t.
(Supported by a  g ran t from th e  N ational ALS Foundation.)
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292.17  TUMORAL AND PERITUMORAL CEREBRAL BLOOD VESSELS IN A RAT 
GLIOMA MODEL.  C.L. Farrel l* ,  P.A. Stewart and R.F. Del 
Maestro*.  Brain Research Laboratory, Victoria Hospita l, 
University of Western Ontario, London, Ontario.

The structural and permeability cha rac te r i s t ics of blood 
vessels associated with cerebral tumors change as the tumor 
grows. These changes give r ise  to cerebral edema, a major 
determinant of mortali ty and morbidity in such patients.  
They also determine the passage of chemotherapeutic agents 
from the blood into various areas of the tumor. I t  is 
uncertain whether only vessels within the tumor become 
permeable or whether vessels in peri tumoral brain also 
leak.

We have developed an animal model for primary gliomas in 
which C6 glioma ce l ls  are grown as spheroids and implanted 
into the cerebral hemisphere of Sprague-Dawley ra t  hosts. 
The advantage of th is  model is that the tumor-brain 
interface remains d i s t in c t ,  permitting an accurate 
identif ica t ion  of tumor vs peri tumoral brain. In addition, 
in the 0.5-1 mm zone surrounding the tumor-brain interface, 
tumor ce l ls  could be seen in association with blood 
vessels , presumably migrating along the perivascular 
spaces. We have identified two dis t inc t ive  vascular 
phenomena in these tumors: a) p ro l i f erating blood vessels 
invade the tumor and d if fe ren t ia te  into typical , permeable 
tumor vessels,  and b) tumor ce l ls  migrating along 
established blood vessels a l te r  the ir  endothelial st ructure 
such that the vessels become more permeable. However, 
other vessels in pertumoral brain that are not intimately 
associated with tumor ce l ls  appear to be normal.

To evaluate the cerebral edema associated with these 
tumors we have quantitated Evan's Blue (EB) extravasation 
a f te r  1 hour of circulat ion time. We found that tumor 
vessels allow EB leakage from the time of ea r l ie s t  vessel 
ingrowth (5 days in vivo), however, measurable amounts of 
EB were found in peritumoral brain only when the tumors 
reached a c r i t ic a l  size.

These resu lts  suggest that peri tumoral edema may 
originate  from both vessels within the tumor mass and from 
vessels peripheral to the tumor.

Supported by MRC, NCI and the Brain Research Fund.

2 9 2 .18  SURFACE MORPHOLOGY OF THE CENTRAL CANAL IN EXPERIMENTAL 
HYDROCEPHALUS-HYDROMYELIA. A SCANNING ELECTRON MICROSCOPE 
STUDY IN THE CAT.  K. Rascher*, K. Booz*, E. Donauer* and 
A.C. Nacimiento;  Dept. of Anatomy and Neurosurgery Research 
Laboratory, Saarland U niversity  School of Medicine, 
6650 Homburg FRG.

A hydrocephalic-hydrom yelitic  condition  was induced in 
ad u lt c a ts  by c lo sin g  the l a te r a l  aperatu res with in t r a 
c is te r n a l  in je c tio n s  of Kaolin. A fter i n i t i a l  symptoms 
c h a r a c te r is t ic  o f increased  in tr a c ra n ia l  p ressu re , which 
la s te d  about 10-14 d, the animals recovered. From th is  
time onward ventricu lography revealed  a d istended c e n tra l 
canal and c a v i t ie s  communicating with i t .  These were almost 
always d ire c te d  d o rso -v e n tra lly  through the grey m atter 
in to  the  do rsa l columns. The surface  u lt r a s tru c tu re  of the  
c e n tra l canal in normal c a ts  and in animals which had been 
hydrom yelitic  fo r up to  two years was examined in  the  scan
ning e le c tro n  m icroscope. In normal c a ts  the ependyma of 
the canal i s  densely c i l i a te d  except fo r narrow zones a lo ng 
the v e n tra l and do rsa l m id lines. In these  a reas the c e l l  
ap ica l poles are exposed, rev ealin g  coun tless  m ic ro v i l l i .
In the tre a te d  anim als the ependymal c e l l s  were extrem ely 
f la t te n e d  and had lo s t  most of th e i r  su rface p ro f i le s  such 
as c i l i a  and m ic ro v il l i .  The ap ica l su rfaces were freq u en tly  
smooth except fo r a frin g e  of m ic ro v ill i  a t th e i r  bo rders . 
Large numbers of polymorphous supraependymal c e l l s  populated 
the  canal and the t ra n s i t io n a l  area  between the  canal and 
the c a v i t ie s .  The w alls  of the c a v i t ie s  were covered with 
sta r-sh ap ed  c e l l s  w ith broad lam ella r ex tensions . These 
c e l l s  did not resemble the a l te re d  ependymal c e l l s  of the  
d istended  can a l. They appear to  be a s tro c y te s . In some of 
the  c a v i t ie s  bundles of nerve f ib e rs  could be seen which 
were not covered by the sta r-sh ap ed  c e l l s .  Blood v e sse ls  
w ith in  the c a v i t ie s ,  however, were covered by them.

Our find ings seem to  in d ic a te  th a t a) the ependyma 
and/or subependymal t is s u e  a lo ng the v en tra l aspect of the 
canal is  b e t te r  ab le  to  w ithstand p ressure  than th a t  a lo ng 
the  dorsa l aspect and, b) the  ependyma does not p ro l i f e r a te  
in order to  compensate fo r the increase  in su rface  a rea .

292.19  ARACHIDONIC ACID AND LIPID METABOLISM FOLLOWING SPINAL 
CORD TRAUMA.  Royal D. Saunders*, Douglas K. Anderson, 
and Ll oyd A. Horrooks.  Department of P hysio log ica l 
Chem istry. Ohio S ta te  U niv ., Columbus, OH 43210

The metabolism of arach idon ic  acid  and membrane l ip id s  
was examined in  c a t sp in a l cord fo llow ing compression 
in ju ry . The exposed sp in a l cord of a n e s th e tiz ed , 
l a minectom ized mongrel c a ts  was compressed w ith a 170 g 
weight fo r 1 min and 5 min. The amounts of p rostag land in  
E2, p ro stag lan d in  F2α , p ro s ta cy c lin  (measured as 6-k e to  
p ro stag lan d in  F 1α) , and thromboxane A2 (measured as 
thromboxane B2) were measured a f te r  1 min and 5 min 
in ju ry , and a t  5, 15, and 30 min follow ing 5 min in ju ry . 
The le v e ls  of p ro stag lan d in s  E2 and F2α followed s im ila r 
p ro f i le s  and showed 2-  to  6-fo ld  in c reases  a f te r  5 min 
in ju ry  above the  le v e ls  in  sp in a l cord t is s u e  from 
co n tro l laminectomized c a ts .  P rostag land ins  E2 and F2α 
reached a maximum of 20 -fo ld  above c o n tro l. Thromboxane 
A2 d id  not in c rease  u n t i l  a f t e r  removal of the 
compression when i t  reached a maximum of 12- fo ld  above 
c o n tro l .  P ro stacy c lin  le v e ls  did not increase  
s ig n i f ic a n t ly .  The only s ig n if ic a n t  changes seen in the 
phospholip ids of sp in a l cord were in  ethanolamine 
plasma lo gens and phosphatid ic  a c id . Plasma lo gen le v e ls  
were decreased 13% during the f i r s t  minute of in ju ry  and 
were decreased  22% a t  30 min a f te r  5 min of in ju ry . The 
plasma lo gens a re  the  probable source of most of the fre e  
arach idon ic  a c id . Phosphatid ic  ac id  le v e ls  increased  33% 
during the  f i r s t  minute of in ju ry  and were 160% above 
c o n tro l a t  30 min a f te r  5 min in ju ry . The c h o le s te ro l 
con ten t decreased 17% a f te r  5 min of in ju ry . The 
sy n th es is  of arach idon ic  ac id  m e tabo lite s  and degradation  
of membrane l ip id s  may play  a ro le  in  the  sequence of 
even ts lead ing  to  i r r e v e r s ib le  au to d e stru c tio n  and 
p a ra ly s is  a f te r  sp in a l cord in ju ry .
Supported in  p a rt by NIH Research G rants NS-08291 and 
NS-10165.

292.20  NEUROLOGICAL AND PHYSIOLOGICAL CHARACTERIZATION OF FLUID
PERCUSSION HEAD INJURY I N THE RAT.  C.E. Dixon*, J.D . 
G lisson*, B.G. Lyeth*, R .J . Hamm*, D.P. Becker, and R.L. 
Hayes.  Dept. o f Psychology and Div. o f N eurosurgery, 
Medical College of V irg in ia , Richmond, VA 23298.

C erebral concussion i s  a c l in ic a l  syndrome a sso c ia ted  
w ith  immediate and tra n s ie n t  impairment o f b ra in  func tion  
in  the  absence o f gross s t ru c tu ra l  damage. F lu id -p e rcu s
s io n  models (FP) o f concussion produce b ra in  in ju ry  by in 
je c tio n s  o f f lu id  volumes o f s a lin e  e p id u ra lly  in to  the  
c ra n ia l  c av ity . P ressu re  waves a sso c ia ted  w ith  varying 
magnitudes o f in ju ry  a re  q u a n tif ie d  in  terms o f atmosphere 
(a tm ). FP produces i n i t i a l  gen era lized  a re f le x ia  and 
subsequent comatose hypotonia as w ell as anatom ical, meta
b o lic , and cereb rovascu lar changes s im ila r  to  those seen 
follow ing human head in ju ry . FP has been app lied  to  ra b 
b i t s  and c a ts .  No s tu d ie s  have c h a rac te riz ed  FP in ju ry  in  
r a t s .  The purpose o f th is  study was to  c h a rac te r iz e  neuro
lo g ic a lly  and p h y s io lo g ic a lly  a FP model using r a t s  to  
determ ine i f  in ju ry  to  r a t s  produces changes s im ila r  to  
those documented fo r  FP in  o th e r sp ec ie s . Rats were p re 
pared p r io r  to  in ju ry  by c h ro n ica lly  in p lan tin g  a hollow 
in ju ry  screw over a hole a long the  s a g i t t a l  s u tu re . In 
Experiment 1, r a ts  (n=37) were concussed ( .9 5 -4 .2  atm) and 
the  d u ra tio n  o f suppression  o f co rn ea l, p inna , f le x io n , 
r ig h t in g , and escape re f le x e s  as w ell as spontaneous lo co 
motion was scored. S im ilar to  o th e r s p ec ie s , as in ju ry  
in te n s i ty  increased , d u ra tio n  of re f le x  suppression  in 
creased; e .g . ,  th e re  was a s ig n if ic a n t l in e a r  re la tio n s h ip  
between in ju ry  le v e l and the  du ra tio n  o f suppression  o f th e  
corneal re f le x  (p<0.05). There was no behav io ra l evidence 
o f se izu re  a c t iv i ty .  In ju ry  le v e ls  g re a te r  than  3.6 atm 
produced ir r e v e r s ib le  apnea in  50% of the  r a t s  (n=14). 
Examination o f perfused  b ra in s  revealed  no g ross s t ru c tu ra l  
damage a t  in ju ry  le v e ls  a sso c ia ted  w ith  beh av io ra l suppres
s ion  (3 .0  atm ). In  Experiment 2, r a ts  (n=5) were para lyzed  
w ith  cu ra re , in tu b a ted  endo trachea lly , and a r t i f i c a l l y  
v e n ti la te d  w ith  70% N2O and 30% O2. A r te r ia l  blood p re s 
su re , blood gases, and c o r t ic a l  EEG a c t iv i ty  were recorded 
p r io r  to  and a f te r  in ju ry . FP (2 .0 -2 .8  atm) produced a 
s ig n if ic a n t  p re ssu re  response. EEG records showed no 
evidence o f se izu re  a c t iv i ty .  Blood gases were w ith in  
normal ranges. Examination of the  perfused  b ra in s  revealed  
no gross s t ru c tu ra l  damage. A ll system ic p h y s io lo g ica l 
v a ria b le s  responded to  FP in ju ry  s im ila r ly  to  those  r e 
p o rted  in  o th e r sp ec ie s.
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29 2 .21  CEREBROVASCULAR SMOOTH MUSCL E : E FF EC TS OF DI METHYL 
S U L FO X ID E   L . H .  P i t t s , * A .R .  Y o u n g , J .  
M c C u l l o c h * a n d  E . T . M a c k e n z i e  (S P O N : E .  H a m e l ) .  
D e p t .  o f  N e u r o l o g i c a l  S u r g e r y ,  S c h .  o f  M e d . ,  U n i v .  
o f  C a l i f o r n i a ;  W e l l c o m e  S u r g i c a l  I n s t . ,  U n i v .  o f  
G l a s g o w  a n d  D e p t .  o f  B i o l o g y ,  L E R S - S y n th é l a b o , 
B a g n e u x ,  9 2 2 2 0 - F .

D i m e t h y l  s u l f o x i d e  (DM SO) h a s  b e e n  r e p o r t e d  t o  
l o w e r  i n t r a c r a n i a l  h y p e r t e n s i o n  b o t h  i n 
e x p e r i m e n t a l  a n d  c l i n i c a l  c o n d i t i o n s  o f  b r a i n  
i n j u r y ,  a l t h o u g h  t h e  m e c h a n i s m  o f  a c t i o n  o f  t h i s  
d r u g  h a s  n o t  y e t  b e e n  c l e a r l y  d e f i n e d .  O ne 
h y p o t h e s i s  f o r  t h i s  t h e r a p e u t i c  e f f e c t  i s  a  d i r e c t  
c e r e b r a l  v a s o c o n s t r i c t i o n  ( r e s u l t i n g  i n  a  
r e d u c t i o n  i n  b l o o d  v o l u m e )  t h a t  l o w e r s  
i n t r a c r a n i a l  p r e s s u r e  ( I C P ) .  I n  a n  a t t e m p t  t o  
b e t t e r  u n d e r s t a n d  t h e  p h a r m a c o l o g y  o f  DMSO, i t s  
d i r e c t  v a s c u l a r  e f f e c t s  w e r e  s t u d i e d  o n  c a t  m i d d l e  
c e r e b r a l  a r t e r i e s  i n  v i t r o  a n d  f o l l o w i n g  m i c r o -  
a p p l i c a t i o n  t o  p i a l  a r t e r i o l e s ,  i n  s i  t u .

DMSO d i d  n o t  c o n s t r i c t  I s o l a t e d  c e r e b r a l  
a r t e r i e s  a t  a n y  o f  t h e  g i v e n  c o n c e n t r a t i o n s  
s t u d i e d  ( 0 . 1  nM t o  0 . 4  M ). I n  v e s s e l s  
p r e c o n s t r i c t e d  b y  p o t a s s i u m ,  5 - h y d r o x y t r y p t a m i n e , 
p r o s t a g l a n d i n  F 2d o r  w i t h  m e c h a n i c a l l y  r a i s e d  
t o n e ,  DMSO ( 0 . 1  nM t o  10  mM) w a s  w i t h o u t  
s i g n i f i c a n t  e f f e c t s .  H o w e v e r ,  i n  c o n c e n t r a t i o n s  
g r e a t e r  t h a n  1 0  mM, DMSO c o n s i s t e n t l y  r e l a x e d  t h e  
a r t e r i e s  ( 6 0 - 8 5 %  o f  t h e  i n d u c e d  t o n e )  p r o b a b l y  d u e  
t o  t h e  h y p e r o s m o l a r i t y  o f  t h e  b a t h i n g  m e d iu m .

L i k e w i s e  m i c r o - a p p l i c a t i o n  o f  DMSO ( 1  µ M t o  10 
mM) a r o u n d  p i a l  a r t e r i o l e s ,  i n  c h l o r a l o s e -  
a n a e s t h e t i z e d  c a t s ,  d i d  n o t  a l t e r  a r t e r i o l a r  
c a l i b e r  s i g n i f i c a n t l y .  H i g h e r  c o n c e n t r a t i o n s  o f  
DMSO ( 1  g /% )  i n c r e a s e d  a r t e r i o l a r  c a l i b e r  b y  19% 
( p < 0 . 0 5 ) .  O n c e  a g a i n ,  t h i s  r e s p o n s e  a p p e a r e d  t o  
h a v e  b e e n  m e d i a t e d  a s  a  c o n s e q u e n c e  o f  s o l u t i o n  
h y p e r t o n i c i t y . DMSO d i d  n o t  m o d i f y ,  i n s i t u , 
c e r e b r o v a s c u l a r  r e s p o n s e s  t o  a l t e r a t i o n s  i n  
p e r i v a s c u l a r  p o t a s s i u m  i o n  c o n c e n t r a t i o n s .

T h e  f i n d i n g s  o f  t h i s  s t u d y  p r o v i d e  n o  s u p p o r t  
f o r  t h e  v i e w  t h a t  d i r e c t  c e r e b r a l  v a s o c o n s t r i c t i o n  
i s  r e s p o n s i b l e  f o r  t h e  c l i n i c a l  e f f i c a c y  o f  DMSO 
i n  l o w e r i n g  I C P .  T h e  m e c h a n i s m  o f  a c t i o n  o f  DMSO 
r e m a i n s  t o  b e  f u r t h e r  i n v e s t i g a t e d ,  b u t  DMSO w o u ld  
a p p e a r  t o  b e  d e v o i d  o f  p o t e n t i a l l y  d e l e t e r i o u s  
a c t i o n s  o n  t h e  c e r e b r a l  v a s c u l a t u r e .

292.22  STEROID AND IBUPROFEN IMPROVEMENT IN NEUROLOGICAL 
RECOVERY IN HEAD-INJURED MICE.  E.D.Hall.  CNS Diseases 
Research, The Upjohn Company, Kalamazoo, MI 49001.

The purpose of the presently reported study was to examine in 
a mouse closed-head injury model the ability of certain  agents 
that have theoretically beneficial actions to promote early neuro
logical recovery. Based upon studies showing that massive doses 
(15-30 mg/kg i.v.) of methylprednisolone sodium succinate (MP) 
exert a number of therapeutic effects on the injured cat spinal 
cord (E.Hall and M.Braughler, Surg. Neurol. 18:320, 1982) tha t 
can be considered equally relevant to brain injury, a primary focus 
was on MP. For comparison, the sodium succinate esters of the 
glucocorticoids hydrocortisone (HC) and prednisolone (P) were 
also studied. Furthermore, because of the postulated involvement 
of certain eicosanoids in the acute pathophysiology of CNS 
trauma, the cyclooxygenase inhibitor ibuprofen (IBU) and the 
thromboxane synthetase inhibitor U-63557A were also included.

Unanesthetized Charles River CF-1 mice (18-22 g b.w.) re
ceived a 900 g-cm (50 g weight dropped 18 cm) concussive head 
injury which resulted in immediate loss of consciousness (i.e. loss 
of righting reflex) or death (approx. 30%). Within 3-5 min a fte r 
injury, the surviving mice received a 0.1 ml i.v. (tail) injection of 
either HC, P or MP (15, 30, 60 or 120 mg/kg), IBU (1, 3 or 10 
mg/kg), U-63557A (1, 3 or 10 mg/kg) or the aqueous vehicle (V). 
By 1 hr a fte r injury, all mice regained the righting reflex a t which 
time their neurological status was evaluated by both a "grip test" 
in which the time that the mice could hang on to a suspended 
string was measured, and a "string test" in which the performance 
of the mice while on the string was scored (0-5 points).

Head-injured mice tha t received a 30 mg/kg MP dose exhibited 
significantly greater recovery than V-treated ones in terms of 
both tests. For instance, the mean 1 hr grip test value was 
increased from 11. 1±1.1 (S.E.) secs for V to 17.7±1.9 secs (p<0.05) 
for the 30 mg/kg MP treated . In addition, the number of mice that 
remained on the string for the full 30 secs was increased from 
21.9% to 38.5% (p<0.05). Interestingly, MP doses lower and higher 
than 30 mg/kg were less effective. P was also seen to improve 
recovery, although a 60 mg/kg dose was optimal. HC was ineffec
tive. IBU in doses of 3 or 10 mg/kg i.v. was found to promote 
recovery a t least as well as the 30 mg/kg MP dose. U-63557A, in 
contrast, did not improve the 1 hr neurological status.

These results show that MP can indeed enhance recovery from 
moderate to severe head injury, but that doses way above the 
conventional range are required. The possible mechanisms of this 
action will be presented. The role of certain eicosanoids other 
than thromboxane A2 in the acute pathophysiology of CNS injury 
is also suggested by the efficacy of IBU, but not U-63557A.

297.23  METHYLPREDNISOLONE IMPROVES RECOVERY IN A GERBIL 
STROKE MODEL: INVOLVEMENT OF PROSTACYCLIN.
M.J . Lainer*, L.A. Duncan* and 3.M. Braughler,  CNS Research, 
The Upjohn Company, Kalamazoo, MI 49001

Male gerbils were lightly anesthetized with methoxyflurane, 
and the right carotid artery isolated and temporarily occluded for 3 
hr using a microvascular clamp. Following recovery from anes
thesia, animals were observed continuously for 5 hr (3 hr occlu
sion:2 hr recirculation) for the following: circling, torso curvature, 
inability to walk, ptosis, barrel rolling, opisthotonus, seizures, and 
loss of righting reflex. Animals were given one point each hour for 
each deficit displayed, except for loss of righting reflex, which 
received 3 points. Those animals with scores of 2 or more during 
the first hour of observation were included in the study. Approxi
mately 37% of those gerbils occluded had an average score of 4.5± 
0.2 by the third hour. Following occlusion removal a t 3 hr, gerbils 
recovered minimally during the ensuing 2 hr period with scores 
remaining around 3.2±0.3. A striking improvement to 1.6±0.2 
(p<0.05) by 2 hr a fte r occlusion occurred in gerbils pretreated wtih 
60 mg/kg of methylprednisolone sodium succinate (MPSS) 10 min 
before occlusion. Lower or higher doses were not as effective. 
Survival a t 1, 2 and 7 days was also improved (p< 0.05) by the 60 
mg/kg dose.

Protective effects of MPSS could be blocked by pretreating 
animals with ibuprofen (20 mg/kg) 20 min before MPSS. The salu
tary effects of MPSS in ibuprofen-treated animals could be re
stored by the subcutaneous administration of 1 mg/kg of 9-beta
methyl-(5Z)-6a-carbaprostaglandin I2, calcium salt, hydrate 
(U-61,431F), a stable prostacyclin analog.

In order to assess concurrent biochemical changes, some gerbils 
were sacrificed by microwave irradiation to the head a t 1, 3 or 5 
hr. The cortex was removed, powdered under liquid N2, extracted 
in HC104 and assayed for lactic acid (LA), pyruvate (P), and 
adenine neucleotides. LA and the LA/P ratio rose nearly 4- and 
5.5-fold, respectively, and ATP, to ta l adenylates and energy 
charge (EC) fell 4-, 2.5- and 2-fold, respectively, during 3 hr of 
occlusion. Slight improvement occurred during 2 hr of recircula
tion; however, only EC returned to precontrol levels. P retrea t
ment with 60 mg/kg of MPSS only affected EC, which was 
increased significantly (p<0.02) a t 3 hrs occlusion.

The results suggest that MPSS can improve recovery and survi
val in gerbils subjected to 3 hr of unilateral carotid occlusion. 
Results with ibuprofen and U-61,431F suggest that prostacyclin 
may be involved in the MPSS effect. Metabolic studies indicate 
that cortical intermediary metabolism is not markedly improved by 
MPSS, despite striking salutary effects on neurological recovery 
and survival.

292 .24  NEUROLOGICAL DYSFUNCTION AND BRAIN CATECHOLAMINES LEVELS IN 
THE GERBIL STROKE MODEL: EFFECT OF NALOXONE, MORPHINE AND 
CLONIDINE.  M. Walley*, D. B oisvert* , G. Baker, T. N ihei*, 
T. Dewhurst* and R. W alley.  Faculty  of M edicine, U n ivers ity  
of A lb e rta , Edmonton, A lbe rta , Canada, T6G 2G3.

The o p ia te  an tag o n ist na lo xone i s  cu rre n tly  under 
in v e s t ig a tio n  as a th e ra p e u tic  agent in  acute  s tro k e . We 
stud ied  the acute e f fe c ts  of u n i la te r a l  c a ro tid  occlusion  on 
n eu ro lo g ica l s ta tu s  and b ra in  le v e ls  of norep inephrine (NE), 
dopamine (DA) and gamma-aminobutyric acid  (GABA) in  g e rb ils .  
During a 3-hour period  follow ing c a ro tid  o cc lu sio n , animals 
w ith  n eu ro lo g ica l d e f i c i t s ,  s e iz u re s , or no symptoms were 
tre a te d  w ith naloxone, c lo n id in e  or morphine, re s p e c tiv e ly . 
In  each case , co n tro l animals were t re a te d  w ith s a lin e . 
Drugs or s a lin e  were adm inistered  under double b lin d  
co n d itio n s .

A ll of the c lo n id in e -tre a te d  animals showed a reduction  
in  se iz u re  a c t iv i ty  follow ing drug trea tm en t, w hile 80% of 
the  s a l in e - tre a te d  animals showed a worsening of se izu re  
symptoms. In the asymptomatic animals morphine produced a 
s ig n if ic a n t  in c rease  in  n eu ro lo g ica l symptoms. In the 
animals e x h ib itin g  n eu ro lo g ica l d e f ic i t s  w ithout se iz u re s ,  
na loxone had no s ig n if ic a n t e f f e c ts .

Neurochemical analyses of the b ra in s  of the  s a lin e  
tre a te d  animals showed th a t NE le v e ls  were s ig n if ic a n t ly  
e levated  in  the ischemic hemisphere of the  animals exhib
i t in g  s e iz u re s . This e f fe c t  was s ig n if ic a n t ly  reversed  by 
c lon id ine  trea tm en t. In the s a lin e  tre a te d  anim als, DA 
le v e ls  were lower in  the ischem ic hemisphere in  the se izu re  
animals but h igher in  the ischem ic hemisphere in  the o the r 
groups. Morphine treatm ent produced a s ig n if ic a n t  reduction  
in  DA le v e ls  in  the ischemic hemisphere of i n i t i a l l y  
asymptomatic anim als. Na lo xone treatm ent had no s ig n if ic a n t  
e f fe c ts  on NE or DA le v e ls .  The le v e ls  of GABA were 
s ig n if ic a n t ly  e levated  in  the  ischem ic hemisphere and the 
degree of e le v a tio n  was p o s it iv e ly  re la te d  to  the s e v e rity  
of the  neu ro lo g ica l symptoms. However, GABA le v e ls  were 
not a ffe c te d  by drug trea tm en ts .

The re s u l t s  of th is  study do not support a ro le  fo r 
na lo xone in  the treatm ent of s tro k e . The e lim in a tio n  of 
ischem ic se izu re s  by c lo n id in e  may be of c l in ic a l  s i g n i f i 
cance and w arrants fu r th e r  study.



1000 DISEASES OF NERVOUS SYSTEM II SUNDAY PM

292.25  NEUROLOGICAL DEFICITS AND EMG CHANGES IN THE HINDLIMBS 
O F RABBITS FOLLOWING TEMPORARY OCCLUSION OF THE DESCENDING 

AORTA.  S. M. Yuhas* and R. J.  Anderson,  Warner-Lambert/
Parke-Davis Pharmaceutical Research, Ann Arbor, MI 48105.

A model of temporary spinal cord ischemia has been 
described by Zivin e t  al (Arch Neurol 39: 408,1982) which 
corre lated the degree of neurological de f ic i t s  with 
neuropathological damage. The purpose of this study was 
to determine whether ( 1 ) there is a corre la tion between 
the neurologic d ef ic i ts  and changes in EMG ac t iv i ty  and 
(2 ) to determine the timecourse of these changes induced 
by spinal cord ischemia. Rabbits which had been implanted 
with chronic EMG electrodes in the vastus l a te r a l i s  muscle 
were subjected to occlusion of the descending aorta for 
12.5 min. under Rompun/ketamine anesthesia. Four rabbits 
developed marked neurological signs,  4 showed marginal 
d e f ic i t s  and 2 did not develop any neurologic impairment. 
In the affected animals the onset of these signs occurred 
two days a f te r  occlusion and remained constant for 4 weeks. 
The most prominent signs were loss of reflex responsiveness, 
increased muscle tone and loss of locomotor ac t iv i ty .  
Sensation in hindlimb dermatomes was less severely affected 
with greater paresthesia occurring d i s ta l ly  than proximally. 
In 6 rabbi ts the neurological effects  were b i la te ra l ;  
in 2 the loss was greater on the l e f t  side. None of the 
animals exhibited loss of bladder or bowel function. EMG 
a c t iv i ty  was analyzed using FFT of the full  wave rec tif ied  
data. In a l l  rabbits, regardless of the extent  of the ir  
neurological d e f ic i t ,  there was a progressive increase 
in the power of the EMG in the 0-20 Hz band. Since this 
change does not corre la te  with the severity of neurological 
loss , i t  may re flec t  accommodation of the animals to the 
t e s t  s i tua tion  over the course of the study. Conversely, 
there was a re la t ive  increase in the power of the EMG 
in the 20-40 Hz band only in those animals which were 
markedly affected neurologically. Therefore, these higher 
f req u en c y  components of the EMG ac t iv i ty  may be induced 
by the lesion and correla te  with the observed neurological 
changes. The results showing a greater loss of motor 
than sensory ac t iv i ty  are consistent  with the observations 
of Zivin (1982) that spinal cord pathology occurred 
p refe ren t ia l ly  in the central and ventral gray. The results 
also suggest that  the 20-40 Hz band of the EMG may be 
a useful and quantitative measure of the severi ty of the 
lesion.

292.26  QUANTITATIVE ELECTROPHYSIOLOGIC CHANGES IN THE SLEEP-AWAKE 
CYCLE OF PERSONS SUFFERING FROM SEVERE HEAD INJURY.  L. C. 
Parsons, R. Chambers* and P. Holley-W ilcox*.  U n iv e rs ity  of 
V irg in ia  School o f Nursing and M edicine, C h a r lo t te s v i l le ,  
VA 22903.

In v e s tig a to rs  con tinue to  search  fo r ways o f measuring 
neuronal recovery in  persons w ith severe  head in ju ry  
(SHI). The purpose of th i s  study was to  develop a q u a n ti
ta t iv e  method of a ssess in g  changes in  th e  sleep-aw ake cycle  
of SHI persons. A d e sc r ip t iv e  c o r re la t io n a l  re sea rch  design  
was used to  ev a lu a te  17 SHI persons (14 males and 3 females) 
and 4 co n tro l su b jec ts  (2 males and 2 females) ranging in  
age between 13 and 47 y e a rs . Q u a n tita tiv e  methods used to  
measure changes in  the  sleep-awake cycle  included EEG, EOG, 
EMG, ECG, and re s p ira to ry  r a te .  Tw enty-six, 24 hour and 6, 
12 hour (overnight) s le e p  s tu d ie s  were performed on th e  SHI 
persons w hile 8 overn igh t s tu d ie s  were c a r r ie d  ou t on 
c o n tro ls .  To compare the  sleep-awake p a tte rn s  o f SHI 
persons and co n tro l s u b je c ts ,  c r i t e r i a  p rev io u sly  developed 
by Parsons, e t  a l . ,  Proc. 5th E astern  Nursing Research 
Conference, 1982, were used to  sco re  e le c tro p h y s io lo g ic  
d a ta .  These c r i t e r i a  were congruent w ith  those of 
Rechtschaffen and K ales, A Manual of S tandardized  
Term inology...(1 9 6 8 ) , where normal e le c tro p h y sio lo g ic  
p a tte rn s  were p re s en t. However, due to  th e  d if fu s e  neuronal 
impairment re s u lt in g  from SHI, a d d itio n a l d e s c r ip t iv e  
c r i t e r i a  were needed to  d e sc rib e  th e  a l te re d  e le c t r o 
physio log ic  p a tte rn s  observed in  SHI s u b je c ts .  For example, 
depending on th e  le v e l o f consciousness a s  assessed  by th e  
th e  Glasgow Coma Scale (GCS), l ig h t  s le e p  (Stage 2 ) , 
w akefulness (Stage W) and REM s lee p  were e i th e r  absen t or 
profoundly a lte re d  in  SHI persons. As SHI persons 
p rogressed  in  th e i r  recovery and became le s s  comatose, EEG 
p a tte rn s  norm ally expected in  s tag e s  o f l ig h te r  s lee p  and 
wakefulness began to  reappear in  p re d ic ta b le  sequence. To 
f a c i l i t a t e  comparisons between e le c tro p h y sio lo g ic  fin d in g s  
and behav ioral assessm ents, i . e . ,  the  GCS, num erical values, 
were assigned  to  each s tag e  o f s le e p  in  trau m atic  coma and 
in  c o n tro l s tu d ie s .  These v a lu es, m athem atically  derived  
and id e n t i f ie d  as th e  Index o f Staging (IS ), can be used to  
c a lc u la te  any d e s ired  tim e in te rv a l o f s le e p . Concurrent 
v a l id i ty  was e s ta b lis h e d  fo r  the  expanded c r i t e r i a  through 
c o rre la tio n s  between th e  IS and th e  GSC, (r≥ .77 , r 2≥ .60. 
These d a ta  provide inform ation  about neuronal recovery  and 
resequencing of e l e c t r i c a l  a c t iv i ty  follow ing SHI. Research  
supported by Grant #NU00772 -  D iv ision  o f N ursing.

292.27  EXCITABILITY CHANGES IN DEMYELINATED AXONS DURING REPETITIVE 
STIMULATION MAY BE MEDIATED BY K+ ACCUMULATION:  A. Hernández 
Cruz* and E .J . Muñoz-M artínez.  Depto . F is io lo g ía  y B io f ís ic a  
Centro de In v e s tig a c ión y de E studios Avanzados del I.P .N . 
Apartado P o sta l 14-740. 07000-Méx ico , D.F. MEXICO.

D e m y e lin a te d  a x o n s  f a i l  t o  t r a n s m i t  t r a i n s  o f  im p u ls e s .  
To exp la in  th is  f a i lu r e ,  Rasminsky & Sears (1978) p o stu la ted  
in t r a c e l lu la r  Na+ accum ulation a t the  nodal reg ion . More r e 
cent evidences in d ic a te  th a t dem yelination inc rea se s  the re 
la t iv e  importance of K+ c u rren ts  in  mammalian nodes (Chiu & 
R itc h ie , 1981; S h e rra t, Bostock & S ears, 1980); th is  find ing  
ra is e s  the  p o s s ib i l i ty  th a t  e x tr a c e l lu la r  K+ accumulation 
may account fo r  the  depression  and the conduction fa i lu r e  
during susta in ed  a c t iv i ty ,  as i t  has been shown in  o ther nor
mal  axonal systems (K ocsis, Malenka & Waxman, 1983).

In th is  study , the  p ro p e rtie s  of demyelinated motor axons 
in  c a ts  t re a te d  w ith tu l l id o r a  (K. hum boldtiana) tox ins  were 
examined. A s in g le  dose of tu l l id o r a  e x tra c ts  were o ra lly  
given to  10 c a ts .  Three to  f iv e  weeks l a t e r  hind limb p a ra l
y s is  appeared. Demyelination was found in  hind limb nerves 
of paralysed  c a ts  (Muñoz-Martínez & Chávez, 1979). Acute ex
perim ents were then conducted under b a rb itu ra te  an es th e sia . 
Gastrocnemius or t i b i a l  nerves were s tim ulated  in  the popl i t 
e a l fo s sa , and s in g le  u n ita ry  e x tr a c e l lu la r  p o te n tia ls  were 
recorded from th in  S1 v e n tra l roo t filam en ts . A p rev iously  
desheated p o rtio n  of the  nerves were placed in  a perfusion  
chamber lo ca ted  a t  1 cm from the s tim u la tin g  e le c tro d es . 
S tim ulation  a t  frequencies between 10 and 200 Hz produced 
minor (<0.05 ms) la tency  s h i f t s  in  normal f ib re s  perfused 
with oxygenated, normal rin g e r  (36°C); slow s tim u la tio n  (0.1 
Hz) under nerve pe rfu sio n  w ith so lu tio n s  con tain ing  12 .5 to 
15 mM K+ produced a decrease  in  la ten cy  followed by a pro 
g re ss iv e  inc rea se  u n t i l  re v e rs ib le  conduction block was a t 
ta in e d . R ep e titiv e  s tim u la tio n  of demyelinated f ib re s  was 
followed by the  same b ip h asic  sequence of e x c i ta b i l i ty  
changes. P erfu sion  with 10 mM K+ produced a re v e rs ib le  im
pairm ent of the a b i l i t y  to  transm it t r a in s  of impulses in  
normal and in  dem yelinated f ib re s  although the  e f fe c t  was 
more in ten se  in  the  dem yelinated ones. P erfusion  with 0 mM 
K+ s o lu tio n s  improves the f ib r e  response in  a l l  the  frequen
c ie s  examined. The supernormal period  was s ig n i f ic a t iv e l y 
prolonged in  dem yelinated f ib r e s .  Latency s h i f t s  and in te r 
m itte n t conduction f a i lu r e  occurs in  those f ib r e s  showing in  
a d d itio n  a prolonged re f r a c to ry  period  of transm ission . Our 
r e s u l t s  suggest th a t  K+ accum ulation may exp lain  these  
phenomena.
1P a r t i a l ly  supported by g ran t PCCBBNA005242-CONACyT. México
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293.1  INTERCORRELATION MATRIX FOR REGIONAL RATES OF GLUCOSE 
METABOLISM IN HEALTHY MALES: DIFFERENCES BETWEEN YOUNG 
AND OLD SUBJECTS.  B. Horwitz, R. Duara, and S .I .  Rapoport.  
Laboratory of Neurosciences, National Institute on Aging, 
National Ins t i tu tes  of Health, Bethesda, MD 20205.

We previously showed that intercorrelations between 
resting regional cerebral rates for glucose (rCMRglc), as 
determined by positron emission tomography (PET) using 
[18F]fluoro-deoxyglucose, provide a measure of the 
functional associa t iv i ty  of different  pairs of brain regions 
(Duara e t  a l . ,  Soc. Neurosci. Abstr. 9: 1171, 1983). 
Partia l  corre la tion coeff ic ients ,  controlling for whole 
brain glucose metabolism, were used in the analysis.  Having 
divided the brain into 59 regions, we found, for 40 healthy 
males (ages 21-83 yrs)  in a s ta te  of reduced sensory input, 
tha t  the strongest correlations generally were between 
b i la te ra l ly  symmetric brain regions, that  there were many 
s t a t i s t i c a l l y  signif icant  correlations (p < 0 .0 1 ) among 
frontal  and parietal lobe regions and also among temporal 
and occipital areas, but that  there were few signif icant 
corre la tions between the f ron ta l /par ie ta l  and 
o cc ip i ta l /temporal domains.

We report here on an analysis of the correlation matrix 
in separate groups (15 individuals each) of young (ages 
21-40 yrs)  and old (64-83 yrs) healthy males. All were 
examined by PET in a s ta te  of reduced visual and auditory 
input (Duara e t  a l . ,  Brain 106: 761-775, 1983).

The correla tion matrices corresponding to the young and 
old groups both show s ta t i s t i c a l l y  signif icant  corre la tions 
(p < 0.05) between b i la te ra l ly  homologous regions, as well 
as numerous signif icant  negative corre la tions between 
regions in the frontal lobe and regions in the temporal and 
occipital lobes. The main differences between the young and 
old matrices are reductions in the old matrix in the number 
of s ignif icant  corre la tions among frontal  lobe regions, ( 2 ) 
among parietal lobe regions, and (3) between frontal and 
par ietal  regions.

Although there is no signif icant  decline in rest ing 
rCMRglc with age in our subjects (Duara e t  al, Brain, 
1983), our results  show a decrease in the number of mutually 
corre la ted brain regions in t h e  aged group. If  these 
correla tions represent functional connectivity, our results 
suggest a reduced number of functional interactions in the 
healthy aged brain.

293.2  LOCAL CEREBRAL GLUCOSE UTILIZATION IN THE FREE MOVING 
MOUSE DURING TWO STAGES OF THE ACTIVITY-REST CYCLE.
T. Jay-Nowaczyk*, M.H. Des R osiers (SPON: A. McRae-Degueur
c e ) .  Lab. de N europhysiologie, Fac. de Med., 69373 Lyon, 
France and Centre de Recherches en Sciences N eurologiques, 
Dept. P h y s io l.,  Univ. M ontréal, Quebec, Canada, H3C 3T8.

Local ce reb ra l glucose u t i l i z a t io n  (LCGU) was measured in  
free  moving C57BL6 ad u lt mice during two stages  of the l ig h t  
dark cycle , on corresponding to a period  of r e s t ,  and the 
o the r to a period  of high motor a c t iv i ty .  LCGU was obtained 
using Sokoloff’ s o p e ra tio n a l equation  from o p tic a l  d e n s it ie s  
of 20µ b ra in  sec tio n s  autoradiographs and from glucose and 
[14C] desoxyglucose plasma concen tra tions measured on micro
samples taken in  the femoral a r te ry .  A r te r ia l  pH, pO2 , pCO2 , 
mean a r t e r i a l  blood p ressu re  and hem atocrit were m onitored.

In the two groups of animals (day: n = 10 ; n ig h t:  n = 8) ,  
LCGU was heterogeneous in  the grey m a tte r, the h ig h est 
values being found in  the aud ito ry  reg io n s , the c e re b e lla r  
and v e s tib u la r  n u c le i. In the w hite m a tte r, LCGU was low 
and homogeneous throughout the b ra in  except fo r the habenulo
peduncular t r a c t .  C erebral glucose u t i l i z a t i o n  was gen era lly  
found to be lower in  drowsy animals during the day than in  
a c tiv e  animals during the n ig h t and the d iffe ren c e  was 
s ig n if ic a n t (p 0.05) in  8 follow ing s tru c tu re s : the senso
rim otor co rtex , the aud ito ry  co rtex , the sep ta l n u c le i, the 
nucleus of the o lfa c to ry  t r a c t ,  the b asa l amygda lo id nucleus, 
the v e n tra l nucleus of thalam us, the l a t e r a l  g en icu la te  body, 
the medial g en icu la te  body. However, the suprachiasm atic  nu
cleus was very a c tiv e  during the day and r e la t iv e ly  in a c tiv e  
during the n igh t as repo rted  fo r r a ts  p rev io u sly .

This study in d ic a te s  th a t the c e reb ra l glucose u t i l i z a 
tio n  is  minimum during the l ig h t  phase, which is  the normal 
s leep ing  time of these animals and suggests we need to be 
cau tious in in te rp re tin g  r e s u l ts  concerning m etabolic chan
ges in  noctu rnal roden ts .

293.3  EVALUATION OF A CRANIAL WINDOW PROCEDURE FOR STU
DYING CEREBRAL CORTICAL GLUCOSE METABOLISM.
D. P e l l i g r i n o * ,  D. M i l e t i c h * ,  R. A lb r e c h t* (SPON: 
D. S p e c k ) .   M ic h a e l R eese  H o s p . , C h g o ., IL 606 1 6 . 

V a r io u s  p ro b le m s  a re  a s s o c i a t e d  w ith  e v a l u a t i n g  
th e  e f f e c t s  o f  t e s t  a g e n t s  on b r a i n  g lu c o s e  m e ta 
b o l is m  (CMRg1) .  Among th e s e  a r e  a n e s t h e t i c  
e f f e c t s ,  p o o r p e n e t r a t i o n  o f t e s t  s u b s ta n c e s  i n to  
th e  b r a i n ,  and d i f f i c u l t i e s  r e l a t e d  to  CMRg1 mea
s u re m e n t m e th o d s . We e v a l u a t e d  a m ethod  f o r  s t u 
d y in g  th e  e f f e c t s  o f t e s t  a g e n t s  on c o r t i c a l  CMRg1 
in  th e  awake g o a t .  The m ethod  u s e s  2 c h r o n i c a l l y  
im p la n te d  c r a n i a l  w indow s, one o v e r  th e  p a r i e t a l  
c o r t e x  o f e ach  h e m is p h e re  (d u r a  e x c i s e d ) .  B i l a t e 
r a l  s u p e r f u s i o n s  ( u s in g  mock CSF, CO2- g a s s e d  and 
warmed to  39°C ) a re  c a r r i e d  o u t (@ 2 -3  m l/m in )  
w ith  one s id e  s e r v in g  as c o n t r o l  and th e  t e s t  
a g e n t  b e in g  d e l i v e r e d  in  th e  s u p e r f u s a t e  on th e  
o p p o s i t e  s i d e .  CMRg1 c h an g e s  (b a s e d  on an i n t e r 
n a l  c o n t r o l )  a r e  e s t i m a te d  u s in g  a s e q u e n t i a l  
d o u b l e - l a b e l  2 -d e o x y g lu c o s e  (2-DG) te c h n ig u e  
( A l te n a u ,  L. B ra in  Res 1 5 3 :3 7 5 , 1 9 7 8 ) .  [ 3 H]2-DG 
i s  g iv e n  iv  1h p r i o r  to  s t a r t  o f p e r f u s i o n .  
[ 14C ]2-DG i s  g iv e n  d u r in g  a 2- 2 . 5h p e r f u s i o n ,  45 
m in p r i o r  to  s a c r i f i c e .  T h u s , a c o m p a r is o n  
o f  14C /3H r a t i o s  ( t e s t  v s .  c o n t r o l  s i d e )  in  th e  
g ra y  m a t t e r  t i s s u e  e x p o se d  to  th e  p e r f u s a t e  s h o u ld  
a l lo w  f o r  th e  d e t e r m i n a t i o n  o f  CMRg1 c h a n g e s .  In  
one s e r i e s  o f g o a ts  we e s t a b l i s h e d  t h a t  > 1 . 5h 
s u p e r f u s i o n  o f  l a b e l l e d  t e s t  s u b s ta n c e s  l e a d s  to  
c h an g e s  o n ly  in  th e  1- 1 .5 mm o f c o r t i c a l  g ra y  t i s 
su e  e x p o se d  to  t e s t  p e r f u s a t e  b u t  no c h an g e s  in  
any o th e r  c o r t i c a l  r e g io n  ( o r  in  b lo o d ) .  In  a n 
o t h e r  s e r i e s  we m e a su re d  ( v i a  s e r i a l  b io p s y )  a 
13%/h r a t e  o f d e c l i n e  in  p a r i e t a l  g ra y   3H a c t i v i t y  
( a f t e r  th e  1h p eak  l e v e l )  w hich  was i d e n t i c a l  when 
c o m p a rin g  r i g h t  and l e f t  s i d e s  and u n a f f e c t e d  by 
N em bu ta l g iv e n  a t  l - 2 h  a f t e r  i n j e c t i o n .  T h is  
s u g g e s t s  a s i m i l a r  and c o n s t a n t  p h o s p h a ta s e  a c t i 
v i t y  on b o th  s i d e s .  We t e s t e d  th e  e f f e c t s  o f 
n o r e p in e p h e r in e  (NE) b i c u c u l l i n e  (B) i n s u l i n  ( I )  
and t e m p e r a tu r e  (T ) on c o r t i c a l  CMRg1 u s in g  th e  
above  m e th o d s . The f o l lo w in g  CMRg1 c h an g e s  w ere 
fo u n d : NE(+30% ), B (+80% ), I (+ 15% ), and T (5 -  
6 % /deg Δ T ) .  The v a lu e s  f o r  NE, B and T com pare 
f a v o r a b ly  to  o t h e r  r e p o r t s .  The above  r e s u l t s  
show th e  v i a b i l i t y  o f th e  d e s c r ib e d  p r o c e d u r e .

293.4  REGIONAL BRAIN GLUCOSE AND ENERGY METABOLISM IN 
NORMOCAPNIC AND HYPERCAPNIC RATS DURING BRIEF 
SEIZURE ACTIVITY.  A.L.Miller, L.J.Stone,* J.Kwan*.  Dept. of 
Psychiatry, Univ.of Texas Health. Sci. C tr., San Antonio, TX 78284

Several studies of brain glucose and energy metabolism during 
prolonged ( >  20 min) seizures have shown marked differences 
between regions. An implication of this work has been that the 
areas most susceptible to damage during status epilepticus are 
those which are the most stimulated. Comparable studies of brief 
seizures, attem pting to relate metabolic changes to post-ictal 
changes in function, have been hampered by methodologic 
problems.

We used focussed microwave irradiation a t 915 MHz (25 kW 
maximum output(Medina, M.A., e t al. in Cerebral Metabolism and 
Neural Function. Williams and Wilkins, 1980) to stop ra t brain 
metabolism in 0.7 s. Rats were anesthetized with methohexital, 
paralyzed with succinylcholine, ventilated on a respirator, and 
protected from seizure-induced cardiac slowing or arrest with 
methscopolamine. Ventilating gases were 97% O2:3% CO2 
(normocapnia) or 90% O2:10% CO2 (hypercapnia). Treated rats 
were given pentylenetetrazol (PTZ) 100 mg/kg IV 30 s prior to 
sacrifice. Rates of glucose utilization were determined with [ 6- 
14C ]glucose and 3H-fluorodeoxyglucose as tracers using a method 
previously described (Miller, A.L., e t al. J. Neurochem. 38:916, 
1982). EEG-monitored seizure activity became evident about 10 s 
a fte r PTZ injection and was continuous until the time of sacrifice.

The largest percent increases in glucose use were in 
hippocampus (400%), while the most rapid ra tes were in cortex (3.6 
and 1.7 µmol/g/min in normo- and hypercapnia, respectively). 
Increases in rates of glucose use were much less in brainstem and 
cerebellum (75 and 115%, respectively). Slight (< 10%) decreases in 
ATP levels were found in the most activated regions. Creatine 
phosphate levels fell, concurrent with the development of a lactic 
acidosis which was greatest in the regions with largest increases in 
glucose use. In all regions, hypercapnia had three effects 
compared to normocapnia: (1) baseline ra tes of glucose use were 
decreased, (2) PTZ-stimulated rates of glucose use were halved, 
and (3) accumulation of lactic acid was lessened.

These results illustrate the inhomogeneity of the effects of 
brief seizure activity on brain glucose metabolism. The most 
stimulated regions (cortex, hippocampus, and thalamus) control 
functions, such as memory and cognition, which are most affected 
by spontaneous or therapeutic seizures. The least stimulated 
regions (brainstem and cerebellum) control functions which are 
much less affected. Thus, degree of ictal metabolic disruption 
correlates with post-ictal dysfunction. Supported by the Morrison 
Trust, San Antonio, TX.
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293. 5  LOCAL GLUCOSE METABOLISM OF THE CEREBRAL CORTEX IN A PRIMATE 
MODEL OF PARKINSON'S DISEASE.  R. J. S chw artzm an  an d  G. M.  
A le x a n d e r .   D e p t .  o f  N e u ro lo g y ,  J e f f e r s o n  M e d ic a l  C o l le g e ,  
P h i l a d e l p h i a ,  PA 1 9 1 0 7 .

N in e  m onkeys (M acaca f a s c i c u l a r i s ) w e re  u s e d  i n  t h i s  
s t u d y .  F iv e  a n im a ls  s e r v e d  a s  c o n t r o l s .  F o u r  a n im a ls  w ere  
r e n d e r e d  P a r k in s o n ia n  by  t h e  s e r i a l  i n j e c t i o n  o f  0 .5  m g/kg  
o f  N - m e th y l - 4 - p h e n y l- 1 , 2 ,3 , 6 - t e t r a h y d r o p y r i d i n e  (NMPTP) 
(B u rn s  e t  a l ,  1 983) T h re e  a n im a ls  w ere  i n j e c t e d  d a i l y  o v e r  
a  4 d a y  p e r i o d ,  o n e  a n im a l  w as i n j e c t e d  w e e k ly  o v e r  a  4 week 
p e r i o d .  The a n im a ls  r e c e i v e d  a  d a i l y  n e u r o l o g i c a l  
e x a m in a t io n .  P r i o r  t o  i n j e c t i o n  o f  d e o x y g lu c o s e  t h e  a n im a ls  
r e v e a l e d  a  f l e x e d  p o s tu r e  o f  t r u n k  an d  e x t r e m i t i e s ,  
b r a d y k i n e s i a ,  i n c r e a s e d  to n e  w i th o u t  c o g w h e e l r i g i d i t y ,  l o s s  
o f  v e s t i b u l a r  r i g h t i n g  r e f l e x e s ,  d e c r e a s e d  v o c a l i z a t i o n  an d  
s w a l lo w in g ,  f a i l u r e  o f  u p g a z e ,  an d  a b n o rm a l p u r s u i t  e y e  
m ovem ent. R e f le x e s  w e re  h y p e r a c t i v e .  The l o c a l  c e r e b r a l  
m e t a b o l i c  r a t e  f o r  g lu c o s e  ( 1CMRg1u ) was m ea su red  
q u a n t i t a t a i v e l y ,  3 d a y s  a f t e r  t h e  l a s t  NMPTP i n j e c t i o n ,  
u t i l i z i n g  t h e  m eth o d  o f  S o k o lo f f  e t  a l  ( 1 9 7 7 ) .  The 1CMRg1u 
was e v a lu a t e d  i n  s e l e c t e d  a r e a s  o f  t h e  s e n s o r y ,  m o to r ,  
v i s u a l ,  a u d i t o r y ,  an d  c e r e b e l l a r  c o r t e x .  The f o l lo w in g  
a r e a s  o f  t h e  c e r e b r a l  c o r t e x  d e m o n s t r a te d  a  s i g n i f i c a n t  
(P < 0 .0 5 )  d e c r e a s e  i n  l o c a l  g lu c o s e  m e ta b o lis m :  m o to r  c o r t e x  
a r e a  4 ,  s e n s o r y  c o r t e x  a r e a s  1 , 2 ,  3 ,  a r e a s  17 an d  18 o f  
t h e  v i s u a l  c o r t e x  an d  t h e  p r im a ry  a u d i t o r y  c o r t e x .  The 
c e r e b e l l a r  c o r t e x  d e m o n s t r a te d  no  c h a n g e  i n  1CMRg1u .  The 
p r im a ry  m o to r  an d  s e n s o r y  c o r t e x  w ere  a n a ly z e d  by l a y e r .  In  
t h e  s e n s o r y  c o r t e x  t h e  g r e a t e s t  d e c r e a s e  i n  1CMRg1u was s e e n  
i n  l a y e r s  I I I ,  IV an d  V. A rea  3a an d  3b d e m o n s t r a te d  t h e  
g r e a t e s t  d e c r e a s e  i n  m e ta b o li s m . In  t h e  p r im a ry  m o to r  
c o r t e x  ( 4 ) ,  l a y e r  V d e m o n s t r a te d  t h e  g r e a t e s t  d e c r e a s e  in  
1CMRg1u .  T h is  d e c r e a s e  i n  f u n c t i o n a l  a c t i v i t y  o f  t h e  
c e r e b r a l  c o r t e x  c o r r o b o r a t e s  r e c e n t  r e g i o n a l  b lo o d  s t u d i e s  
i n  P a r k in s o n ia n  p a t i e n t s .  I t  may a l s o  u n d e r l i e  t h e  s t r i k i n g  
d e c r e a s e  i n  p r o p r i o c e p t i v e  an d  to u c h  p l a c i n g  r e s p o n s e s  
d e m o n s t r a te d  i n  t h e s e  a n im a ls .

293.6  DOUBLE-LABEL 2-DG TECHNIQUE YIELDS DOUBLE DISSOCIATION OF 
FUNCTIONAL STATES WITH AN IMAGE DIFFERENCING METHOD.
H.R. Friedman, C .J . Bruce and P.S. Goldman-Rakic.  Sec. 
Neuroanatomy, Yale Univ. Sch. Med., New Haven, CT 06510.

The 2-deoxyglucose (2-DG) method i s  a technique fo r 
mapping m etabolic a c t iv i ty  in  the  c e n tra l  nervous system. 
D ouble-label ve rs ions  of th is  technique, in  which two 
experim ental m anipulations a re  d ire c t ly  compared w ith in  a 
s in g le  su b jec t, may g re a tly  in c rease  the power of the 2-DG 
method. We re p o rt here a q u a n ti ta t iv e  a n a ly sis  of a double
la b e l approach using a p ro to co l s im ila r to  one described  by 
L iv ingsto ne & Hubei (N ature, 291:554, 1981). In  our s tudy , 
3H and 14C labe led  2-DG were seq u e n tia lly  in je c ted  in  the  
same animal w hile a c t iv a tin g  f i r s t  one and then the o ther 
hemisphere. Following the  in je c tio n  of the  f i r s t  la b e l,  
r a ts  received  u n i la te r a l  s tim u la tio n  co n sis tin g  of mon
ocu lar stroboscop ic  f l i c k e r ,  monaural w hite n o ise , t a c t i l e  
s tim u la tio n  of one s id e , and/or fo ca l e le c t r i c a l  s tim u la 
tio n  of c e reb ra l co rtex . The l a t e r a l i t y  of the  s tim u la tio n  
was reversed b efo re  in je c tin g  the  second la b e l .  Each 
s tim u la tio n  epoch la s te d  30 m inutes. The [14C]2-DG dose was 
25uCi/kg; the  [ 3H]2-DG dose was 100 tim es la rg e r  to  e x p lo it 
the d i f f e r e n t ia l  s e n s i t iv i ty  of X-ray and LKB U ltro film  to 
these  two la b e ls .  Control r a ts  were given [14C] or [3H]2-DG 
a t these  doses. The same b ra in  sec tio n s  (20µ), w ith s e ts  of 

14C and 3H s tan d ard s , were f i r s t  exposed on LKB U ltro film  
fo r 10-15 days and then exposed on X-ray film  fo r 30-45 
days w ith a mylar sheet in te rposed  to  block 3H ra d ia tio n .

Our a n a ly sis  exposed a problem w ith s t r i c t  re lia n c e  on 
the two types of film  images. Although th e  X-ray  film  
images re f le c te d ,  nearly  e x c lu siv e ly , the 14C la b e l in  the  
b ra in ,  images on the LKB film  re f le c te d  exposure to  both 

14C and 3H r e l a t i o n .  Indeed, n early  50% of the LKB images 
were due to  14C. Thus, even though the 3H dose was 100 
times g re a te r ,  LKB images were s ig n if ic a n t ly  contaminated 
by the more p en e tra tin g  β -em issions of 14C and were 
m is rep resen ta tio n s  of [3 H]2-DG metabolism. However, a 
v e r id ic a l  image of 3H lab e l  was obtained using a computer 
a lgorithm  th a t  removes 14C a c t iv i ty ,  as determined from the 
X-ray image of the same sec tio n , from the LKB image. Using 
th is  image d iffe ren c in g  method  we id e n t i f ie d  b ra in  s t ru c 
tu re s  w ith g re a te r  le v e ls  of 14C in  one hemisphere and 
g re a te r  3H in  the o th e r. These double d is so c ia tio n s  of 
la b e l agreed w ith the  l a t e r a l i t y  of s tim u la tio n  given fo r  
each la b e l ,  and hence q u a n ti ta t iv e ly  v a lid a te  the  2-DG 
d oub le-labe ling  s tra te g y .  Supported by NIH and NIMH.

293.7  SEQUENTIAL DOUBLE LABEL FDG AUTORADIOGRAPHY OF RAT BRAIN.  
J .L . Olds*, K.A. Frey, R.L. Ehrenkaufer*, J .  Patoki* and 
B.W. A granoff.  Neuroscience Laboratory and Cyclotron/PET 
F a c i l i ty ,  U n ive rs ity  of M ichigan, Ann Arbor, MI 48109.

We have p rev iously  dem onstrated in  experiments with 
14C-  and 3H-la b e le d  deoxyglucose (DG) th a t  the in je c tio n  
of one is o to p ic a l ly  lab e led  form of DG in to  an experimen
t a l  animal under c o n tro l cond itions  followed 30-60 min 
l a t e r  by the  in je c t io n  of the  second is o to p ic  form while 
the  animal i s  in  a d if f e r e n t  physio log ic  or behav ioral 
s t a t e  leads to  a doubly labe led  b ra in , in  which reg iona l 
14C/ 3H r a t io s  in  t is s u e  punches w ill  r e f le c t  a d if fe re n 
t i a l  m etabolic response to the experim ental v a riab le  
( B rain Res. 153:375, 1978). We re p o rt here the use of 

14C and 18F -lab e led  fluorodeoxyglucoses fo r  the purpose 
of au to rad iog raph ic  imaging of both co n d itio n s . In i n i 
t i a l  v a lid a tio n  s tu d ie s ,  r a t s  were sim ultaneously  in je c t 
ed w ith  100 µCi/kg of 14C-FDG and 25 mCi/kg of the  posi
tro n  e m itte r ,  18F-FDG ( t 1/2 = 110 m in). A r te r ia l  plasma 
was analyzed fo r 18F and  g lucose. At the  end of the 
in c o rp o ra tio n  pe rio d , b ra in s  were quick ly  frozen  and sec
tioned  a t  20 µm. A 12 h au to rad iog raph ic  exposure on Ko
dak SB-5 X-ray film  was in i t i a t e d  w ith in  4 h of FDG in 
je c t io n .  Three days l a t e r ,  a 1 wk exposure fo r  14C was 
s ta r te d .  Computer a s s is te d  densitom etry , used to  d e te r
mine t is s u e  iso tope  co n cen tra tio n s , revealed  a s ig n i f i 
cant c o n tr ib u tio n  to  the  18F autoradiogram , d e sp ite  
the  i n i t i a l  250-fo ld  18F/ 14C r a t i o .  Aluminum f o i l  (50 µm) 
in te rp o sed  between the t is s u e  and film  during the 18F ex
posure reduced the  co n tr ib u tio n  by 90% in  subsequent 
s tu d ie s .  We used the method to  dem onstrate the 
b a rb itu ra te  e f f e c t  on rCMRg1c in  r a t s  w ith s t r i a t a l  le 
s ions  ( Science 219:879, 1983). Rats were lesioned  by 
ib o te n ic  acid  in je c tio n  in to  the r ig h t corpus s tria tu m  
and were in je c te d  1 wk l a t e r  w ith 14C-FDG. They were in 
je c ted  30 min la t e r  w ith p e n to b a rb ita l and 18F-FDG. Fol
lowing a second 30 min in co rp o ra tio n , b ra in s  were removed, 
sec tio n ed , and both immediate and delayed autoradiogram s 
were prepared as described  above. The lesioned  s tria tu m  
was found to  be s e le c t iv e ly  re f ra c to ry  to  the depressing  
a c tio n  of an es th e sia  on b ra in  metabolism as a n tic ip a te d , 
thus dem onstrating the  e ff ic a c y  of the au to rad iograph ic  
s eq u e n tia l double la b e l approach as a q u a n ti ta t iv e  method.  
(Supported by NIH g ran t NS 15655.)

293.8  HIGH RESOLUTION DEOXYGLUCOSE AUTORADIOGRAPHY.
W. E l s e n * ,  R. A m m elburg * and  H. F l o h r*  (SPON: D.W. 
S i r k i n ) .  D e p t.  o f  N e u r o b io lo g y ,  U n i v e r s i t y  o f  B re 
m en, NW 2 , 2800 Brem en 3 3 , FRG.

The r e s o l u t i o n  o f  t h e  o r i g i n a l  a u t o r a d i o g r a p h i c  
d e o x y g lu c o s e  t e c h n iq u e  a s  p ro p o s e d  by  S o k o lo f f  and  
c o -w o rk e r s  i s  l i m i t e d  t o  a p p r o x im a te ly  1 0 0 -2 0 0  µm 
w h ich  d o e s  n o t  a l lo w  a n a l y s i s  o f  t h e  c e l l u l a r  o r  
s u b c e l l u l a r  l o c a l i z a t i o n  o f  t h e  t r a c e r .  T h is  l i m i t 
ed  r e s o l u t i o n  i s  n o t  e s s e n t i a l l y  d u e  t o  t h e  u s e  o f  
a d i f f u s i b l e  i n d i c a t o r ,  b u t  t o  c e r t a i n  d e t a i l s  o f  
t h e  p r o c e d u r e ,  i n  p a r t i c u l a r :  (1) t h e  t i s s u e  d r y 
in g  t e c h n i q u e ,  w h ic h  c a u s e s  d i s l o c a t i o n  o f  t h e  t r a 
c e r  and  c o n s i d e r a b l e  dam age t o  t h e  t i s s u e ;  (2) t h e  
f r e e z e  s e c t i o n i n g  t e c h n iq u e  w h ic h  l i m i t s  s l i c e  
t h i c k n e s s ;  (3) t h e  u s e  o f  c o n t a c t  a u to r a d io g r a p h y  
e m p lo y in g  h ig h  s p e e d  m a t e r i a l  w h ic h  p r o v id e s  a r e 
l a t i v e l y  p o o r  r e s o l u t i o n  an d  ( i n  c o m p a r is o n  t o  t h e  
d ip p in g  te c h n iq u e )  no e x a c t  r e l a t i o n  b e tw e e n  h i s 
t o l o g i c a l  s t r u c t u r e s  an d  b l a c k e n in g  e f f e c t s  i n  t h e  
s e p a r a t e d  a u t o r a d i o g r a p h ;  (4) t h e  u s e  o f  14C a s  a 
t r a c e r .

By m o d if y in g  t h e s e  s t e p s  an  im p ro v ed  t e c h n iq u e  
was d e v e lo p e d .  ( 3H ) -2 - d e o x y g lu c o s e  l a b e l l e d  b r a i n s  
w e re  d e ep  f r o z e n ,  f r e e z e  d r i e d  a t  -8 0 °C  an d  5x 10 -5  
m b a r, and  em bedded i n  a w a te r  i n s o l u b l e  p l a s t i c  
m edium . 2 -4  µm s e c t i o n s  w e re  c u t ,  c o v e r e d  w i th  
e m u ls io n  ( I l f o r d  K5) u s in g  t h e  d i p p in g  o r  t h e  lo o p  
t e c h n iq u e  and  e x p o se d  f o r  2 0 0 -4 0 0  d a y s .  W ith  t h i s  
a p p ro a c h  th e  l o c a l i z a t i o n  o f  2-DG i n  s i n g l e  n e u 
r o n s  and  s u b c e l l u l a r  c o m p a r tm e n ts  was p o s s i b l e  
w i th  a r e s o l u t i o n  o f  a p p r o x im a te ly  1 µm. T h e re  i s  
no n o t i c e a b l e  l o s s  o r  d i f f u s i o n  o f  t h e  r a d i o a c t i v e  
t r a c e r  i n  t h e  t i s s u e .

B r a in  a r e a s  t h a t  a p p e a r  h o m o g e n o u sly  l a b e l l e d  
w i th  t h e  low  r e s o l u t i o n  t e c h n iq u e  c a n  b e  f u r t h e r  
r e s o l v e d  i n t o  h i g h l y  s t r u c t u r e d  an d  v a r i a b l e  a c 
t i v i t y  p a t t e r n s ,  w h ic h  c l o s e l y  c o r r e l a t e  w i th  c h a 
r a c t e r i s t i c  f u n c t i o n a l  s t a t e s .
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293.9  A COMPARISON OF THE EFFECTS OF METHYLPHENIDATE AND AMPHETA
MINE ON LOCAL CEREBRAL METABOLIC ACTIVITY.  G. Lucignani*, 
B. Saunders* and L .J . Porrino  (SPON: C. Kennedy).  
Laboratory of C erebral Metabolism, NIMH, Bethesda, MD 20205.

The beh av io ra l e f fe c ts  of m ethylphenidate (MP) a re  s im ila r 
to those of amphetamine (AMPH). At low doses both enhance 
locomotor a c t iv i ty ,  whereas a t  h igher doses both e l i c i t  
s te re o ty p ic  behav io rs. The mechanism of a c tio n  of MP and 
AMPH, however, a re  d is tin g u is h a b le  on the  b a s is  of re se rp in e  
p re trea tm en t, which does not in h ib i t  AMPH e l ic i te d  behaviors 
and dopamine re le a s e , whereas i t  blocks MP e l ic i t e d  behaviors 
and dopamine re le a se  in  vivo (Scheel-K ruger, Eur. J . 
Pharmacol. 14:47-59, 1971; Chieuh and Moore, J ,  Pharmacol. 
Exp. Ther. 193:559-563, 1975). The purpose of th is  study 
was to  determ ine whether the repo rted  d iffe ren c e s  in  b io 
chem ical a c t io n , between MP and AMPH, would re s u l t  in  
d i f f e r e n t  p a tte rn s  of m etabolic a c t iv i ty .  The q u a n tita 
t iv e  au to rad iog raph ic  2 -[14C]deoxyglucose method J . 
Neurochem. , 28:897-916, 1977) was used to  d efine  the 
p a tte rn  of b ra in  energy metabolism which r e s u l t s  from the 
acu te  a d m in is tra tio n  of MP and to compare i t  w ith  th a t 
follow ing AMPH a d m in is tra tio n  (Porrino e t  a l . ,  Brain Res. ,  
in  p re s s ) .  Rates of lo c a l c e reb ra l glucose u t i l i z a t io n  
(LCGU) were measured according to  the standard  p ro toco l 
in  four groups of male a d u lt Sprague-Dawley r a t s ,  in  which 
2 .5 , 5 .0 , 15.0 mg/kg MP or v eh ic le  a lo ne, was adm inistered  
i . v . , 15 minutes p r io r  to  the i n i t i a t i o n  of the ex p eri
m ental procedure fo r  measurement of LCGU. MP ad m in is tra tio n  
re s u lte d  in  d is c r e te  changes in  LCGU a t  a l l  doses. (1) 
S ig n if ic an t dose re la te d  in c reases  in  LCGU were observed 
w ith in  the extrapyram idal dopaminergic system, w ith the 
la rg e s t  inc rea se s  in  the  s u b s ta n tia  n ig ra  and entopeduncular 
nucleus; in c rea se s  were a lso  observed in  the subthalam ic 
n uc leus. (2) In c o n tra s t s ig n if ic a n t  dose re la te d  decreases 
in  LCGU were observed in  the medial and la t e r a l  p a r ts  of the  
l a t e r a l  habenula. (3) In the a n te r io r  c in g u la te  co rtex , 
p re fro n ta l  c o rtex , and nucleus accumbens s ig n if ic a n t  in 
creases  in  LCGU were observed a t  the  lower doses (2.5 and 
5.0 mg/kg) but were not ev ident a t  the  h ighest dose 
(15 mg/kg). D espite d iffe ren c e s  in  th e i r  biochem ical a c tio n s  
the p a tte rn  of LCGU follow ing MP ad m in is tra tio n  i s  s im ila r  to 
th a t seen w ith AMPH, p a r t ic u la r ly  w ith regard  to the nucleus 
accumbens and the  extrapyram idal system. S im ilar behav ioral 
p a tte rn s  e l ic te d  by both MP and AMPH have been found th e re 
fo re  to  c o r re la te  w ith s im ila r  s p e c if ic  changes in  b ra in  
energy metabolism.

293.10  BILATERAL 6-HYDROXYDOPAMINE LESIONS OF THE LOCUS 
COERULEUS: EFFECTS ON LOCAL CEREBRAL GLUCOSE UTILIZATION.
A. Justice*, S. M. Feldman, L. L. Brown.  Department of 
Psychology, New York University, New York, NY 10003.

A number of studies have examined glucose u t i l iz a t io n  in 
brains with locus coeruleus (LC) lesions. However, these 
experiments have ei ther  used only unilateral  lesions (there 
are signif icant  contralatera l as well as ip s i la te ra l  pro
jections from the LC), used e lec tro ly t ic  lesions (which 
cause nonspecific damage), or measured only re la t ive  
glucose u t i l iza t io n  (e .g . ,  comparisons based on gray matter 
to white matter r a t io s ) .  Under these circumstances, 
interpretation of results  can be complicated.

In the present experiment, the LC of 5 ra ts  was destroyed 
b i la te ra l ly  with local stereotaxic injections of 6 -hydroxy- 
dopamine, a neurotoxin specific to catecholamine neurons. 
Seven control animal s were injected with vehicle alone into 
the LC. Lesions were confirmed using histofluorescence 
microscopy and cell  counts. Ten days a f te r  surgery the 
animals were processed for quantita tive determination of 
local cerebral glucose u t i l iza t io n  (LCGU) using the 2-deoxy- 
glucose (2DG) method of Sokoloff e t a l . (1977).

LCGU was determined b i la te ra l ly  in 109 structures. With 
Student's t - t e s t  only 6 structures were affected a t  the .05 
level of significance or les s ,  a l l  of which were in the 
direction of lower LCGU in lesioned animals. Structures 
affected were the nucleus of the diagonal band of Broca 
(25% lower in lesioned animals than in contro ls) ,  nucleus 
accumbens (20%), anterior  commissure (19%), flocculus (19%), 
somatosensory cortex (17%), and genu of the corpus callosum 
(25%). (Had a non-quantitative analysis been done, compar
ing all  structures to the genu, the resu lts  would have 
indicated s t a t i s t i c a l l y  s ignif icant  increases in 26 s t ruc
tures) .  There was a general trend toward lower LCGU in 
lesioned animals (95 structures were lower in lesioned 
animals, 14 were higher). The pattern of changes did not 
appear to be random: There were greater decreases in neo
cortex (11% average decrease in 14 d if feren t  areas),  
cerebellar cortex ( 1 0 % in 8 areas),  and white matter (16% 
in 5 areas) than in hypothalamus (3% in 8  areas) and hippo
campus (1% in 10 areas).

293.11  DEVELOPMENTAL CHANGES IN REGIONAL BRAIN METABOLISM OF THE 
KITTEN.  M. J .  George*, T. L. Baker, T. S. K ild u ff , H. C. 
H e lle r , and W. C. Dement.  D epart. P sych iatry  and Behavioral 
Science, S tanford  Univ. Sch. of Med., S tan fo rd , CA 94305

Regional b ra in  metabolism was assessed  in  k i t te n s  aged 
20, 40, 60 and 80 days using the [ 14C] 2-deoxyglucose (2DG) 
techn ique. B ehavioral s ta t e  was monitored v ia  implanted 
standard  e le c tro d es  fo r  record ing  EEG, EMG, and EOG. K ittens  
were in je c te d  during a l e r t  w akefulness w ith 7 5 µ Ci/kg of 
[ 14C] 2DG v ia  an indw elling  ju g u la r  c a th e te r .  I f  polygraphic 
s igns of drowsiness or sleep  appeared, the k i t te n  was 
wakened by tapping on the  s id e  of the record ing  chamber. 
A fte r 45 minutes the  k i t te n  was s a c r if ic e d  w ith i . v .  sodium 
p e n to b a rb ita l and the b ra in  was removed and ra p id ly  frozen . 
The b ra in  was sectioned  a t  -20°C a t  20 µ m th ick n ess , d ried  
ra p id ly  on cover s l i p s ,  and exposed to  x-ray  film  fo r  14 
days. Uptake of [ 14C] 2DG, which i s  p ro p o rtio n a l to  b ra in  
metabolism , was measured by tak ing  o p tic a l  den sity  readings 
of 81 b ra in  s tru c tu re s  from the x-ray  f ilm s. R ela tiv e  [ 14C] 
2DG uptake (R2DGU) was then ca lcu la te d  by tak ing  the  r a t io  
of the  o p tic a l  d en sity  of each s tru c tu re  to  th a t of the 
o p tic  t r a c t  or the in te rn a l  capsu le , w hite m atter s tru c tu re s  
which show low m etabolic a c t iv i ty  and low [ 14C] 2DG uptake.

K itten s  showed s ig n if ic a n t  in c reases  in  R2DGU in  many 
b ra in  s tru c tu re s  as a func tion  of in c reasin g  age. The most 
c o n s is te n t ag e -re la ted  inc rea se s  in  b ra in  metabolism were 
seen in  c o r t ic a l  and lim bic s tru c tu re s :  basa l amygda lo id  n . ,  
l a t e r a l  habenula, l a te r a l  and medial s ep ta l n . ,  n . o lfa c to ry  
t r a c t ,  caudate n . ,  c in g u la te  c o rte x , aud ito ry  c o rtex , and 
somatosensory co rtex . In  c o n tra s t ,  s tru c tu re s  in  the b ra in 
stem and cerebellum  did not show s ig n if ic a n t inc rease  in  
R2DGU.

These d a ta  in d ic a te  th a t m etabolic a c t iv i ty  of c o r t ic a l  
and lim bic s tru c tu re s  changes d ram atica lly  between 20 and 80 
days of age in  the k i t te n .  The unchanging R2DGU in  brainstem  
and cerebellum  throughout th is  developmental period  suggests 
th a t  the  m a tu ra tio n a l changes in  n eu ra l a c t iv i ty  and ra te  
of metabolism of these  s tru c tu re s  occur before  20  days of 
age.

293. 12  HISTOCHEMICAL CHANGES IN CYTOCHROME OXIDASE DURING CNS 
DEVELOPMENT.  G.H. Kageyama* and M. Wong-Riley. (SPON: D.A. 
R iley)  Dept. A nat., Med. C o ll. W is., M ilw., WI 53226.

Recent s tu d ie s  have shown th a t  cytochrome oxidase (C.O.) 
can be used as a fu n c tio n a l m etabolic marker fo r mature 
neurons in  the  CNS. In order to  determ ine i f  the  same 
p a tte rn  ex is ted  in  the  neonate, or i f  th e re  was a tem poral 
progression  in  the  development of C.O. a c t iv i ty  w ith in  
neurons, we examined b ra in s  of 12 k i t te n s  ranging  from 
p o s tn a ta l day 1 to  62, and compared them w ith th e  a d u lt .  In 
sev e ra l lam inated s t ru c tu re s ,  such as th e  o lfa c to ry  bulb 
(OB), den ta te  gyrus (DG), hippocampus (H IP), prepyriform  
co rtex  (PPC) and cerebellum  (Cb), s ev e ra l developmental 
p a tte rn s  of C.O. s ta in in g  were observed. (1) A s h i f t  from a 
predom inantly somatic lo c a liz a tio n  of dark ly  re a c t iv e  
m itochondria a t  b ir th  to  mainly a d e n d ritic  co n cen tra tio n  
p o s tn a ta lly .  This process appeared to  co inc ide  w ith the  
m aturation  of major a f fe re n t in p u ts  to  th e  system. Examples 
of th i s  p a tte rn  included p rin c ip a l c e l l s  of th e  OB (m itra l 
and tu f te d ) ,  PPC (pyram idal), DG (g ran u le ) , HIP (CA1 
pyram idal) and Cb (P u rk in je ) . In th e  OB, a p o s tn a ta l 
inc rea se  in  d e n d ritic  re a c t iv i ty  occurred not only a t  the  
s i t e  of o lfa c to ry  nerve in p u t (g lo m eru li) , but a lso  w ith in  
the  plexiform  la y e rs ,  where dend rodendritic  synapses a re  
formed. (2) Some c la s s e s  of neurons e i th e r  re ta in e d  
e levated  C.O. r e a c t iv i ty  w ith in  th e i r  somata throughout 
development (CA3 pyramidal c e l l s  & some HIP in te rn e u ro n s ) , 
or became darkly  re a c t iv e  during th i s  period  (some 
in te rn eu ro n s  in  OB & Cb). (3 ) Other c e l l s  did no t e x h ib it 
e levated  C.O. r e a c t iv i ty  w ith in  th e i r  somata during the  
p o s tn a ta l period  examined (OB perig lom eru lar & granule 
c e l l s ,  & Cb granule c e l l s ) .  In a d d itio n , we found th a t  in  
the  Cb, the  basket axon te rm in a ls  and mossy te rm in a ls  
became p ro g ressiv e ly  more dark ly  re a c t iv e  p o s tn a ta lly .  The 
inc rea se  in  d e n d r it ic  re a c t iv i ty  occurred during the  f i r s t
3-4 weeks fo r neurons ex h ib itin g  e i th e r  p a tte rn s  1, 2 or 3, 
and preceded decreases in  som atic r e a c t iv i ty  in  neurons 
having p a tte rn  1. S im ilar p a tte rn s  were observed throughout 
the  CNS. The decrease in  r e a c t iv i ty  of P u rk in je  c e l l  somata 
occurred with in c re a se s  in  basket axon r e a c t iv i ty .  Thus, 
during p o s tn a ta l development, the  e levated  o x id a tiv e  energy 
demands of many neuronal somata may be due la rg e ly  to  such 
heightened fun c tio n s  as  p ro te in  sy n th es is  and the  growth of 
neuronal p rocesses, w hile subsequent in c rea se s  in  d e n d ritic
C.O. re a c t iv i ty  may be re la te d  to  d e n d ritic  e la b o ra tio n  and 
m aturation  of synap tic  a c t iv i ty  ( e .g .  a c t iv e  ion 
t r a n s p o r t) .   (Supported by NIH NS 18122.)
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293.13  CEREBROCORTICAL METABOLITES AND IN VIVO CYTOCHROME c OXIDASE 
REDOX RELATIONSHIPS IN NORMAL AND FLUOROCARBON - CIRCULATED 
RATS.  Avis L. Sylvia and Claude A. Piantadosi*.  Departments 
of Physiology and Medicine, Duke University Medical Center, 
Durham, N.C. 27710

Differential vis ib le  wavelength reflec tance spectrophoto
metry was used to continuously and concurrently measure in 
vivo changes in cytochrome c oxidase (cyt .a ,a 3 ) reduction- 
oxidation s ta te ,  hemoglobin saturation (HbO2/Hb), and blood 
volume (rBV) in the par ietal  cortex of skull in tact  anesthe
tized and ventilated normal blood circulated (NBC) and 
"bloodless" ra ts .  "Bloodless" animals were obtained, a f te r  
splenectomy, by exchange transfusion using the fluorocarbon 
emulsion FC-43 (Green Cross Corp.) to hematocrits below 1%. 
In NBC animals, absorbance measurements were recorded during 
sequential changes in the frac tional  content of inspired 
oxygen and carbon dioxide, i . e .  normoxia; hyperoxia; hyper
oxic hypercapnia; normoxic recovery; hypoxia; and anoxia. 
In vivo changes in the redox s ta te  of c y t .a , a 3 were 
compared d irec t ly  with in vitro  measured changes in cortical  
metabolites (CrP; ATP; pyruvate; lactate)  obtained by conv
entional techniques of freezing, extraction, and enzymatic 
analysis.  The metabolite p rofi le  revealed that  increases in 
cortical c y t . a ,a3 reduction level most s ignif icantly  para l l 
eled a decline i n CrP as opposed to ATP concentration. 
Concurrent studies were performed on FC-43 rats obligator
ia l ly  maintained hyperoxic ( 1 0 0 %0 2 ). Animals were exposed 
to hypoxia by sequential reduction in inspired O2 tension. 
Hypoxia produced an immediate increase in the reduction 
level of cyt .a , a 3 while Hb saturat ion and rBV were not 
s ignif icantly  changed owing to blood removal by FC-43 
exchange. Inspired O2 concentration could not be reduced 
below 70% without a precipitous fall  in ar te r ia l  pressure, 
loss of EEG a c t iv i ty ,  and subsequent death even though 
a r te r ia l  PO2 was maintained above 300 mmHg. Cerebrocortical 
metabolite concentrations of CrP,ATP,pyruvate, and lactate  
were found to be s ignif icantly  decreased in "bloodless" 
hyperoxic animals presumably due to enhancement of the 
Pasteur e ffec t .  Additional metabolite profi les during FC-43 
circulation are under investigation. Data from these studies 
indicate that noninvasive optical in vivo assessement of 
changes in the redox status of cytochrome c  oxidase provides 
a re l iab le  and early indicator of in tra ce l lu la r  oxygen 
insufficiency when compared to conventional measurements of 
changes in cerebral cort ical  metabolites.
Supported by NIH Grant HL-30100 (ALS).

293.14  QUANTIFICATION OF CEREBRAL OXYGENATION BY IN SITU MEASURE
MENTS OF REDUCTION/OXIDATION (REDOX) CHANGES IN CYTOCHROME 
OXIDASE: APPROACHES AND LIMITATIONS.
B.L. Brizzee* and N.R. Krelsman,  Dept. of Physiology, 
T ulane Univ. Sch. o f Med., New O rle a n s , LA 70112.

Cytochrome oxidase (cyt a ,a 3) i s  the te rm in a l member of 
the m itochondria l re s p ira to ry  chain th a t re a c ts  d ire c t ly  
w ith O2. Dual wavelength re f le c tan ce  spectrophotom etry has 
provided a non-invasive measure of re la t iv e  changes in  
redox le v e ls  of cyt a ,a 3 in  c e reb ra l co rtex  (Jöbsis  e t a l 
J . Appl. P hysio l. 43: 858-872, 1977) and sim ultaneous re 
cording of c e reb ra l PO2 has dem onstrated th a t th e re  i s  a 
c lose  re la tio n s h ip  between these two param eters (Kreisman 
e t  a l  Brain Res. 218: 161-174, 1981). Q u an tific a tio n  of 
these redox changes is  d e s irab le  in  order to compare cere 
b ra l oxygenation le v e ls  w ith in  and between an im als, w ith 
the u ltim a te  goal of a ssess in g  whether O2 supply i s  s u f f i 
c ie n t to  meet demand. One method to q uan tify  cyt a ,a 3 
redox changes has been to  determ ine the d iffe ren c e  between 
o p tic a l  s ig n a ls  measured during 'm axim al' ox ida tion  (by 
re sp ir in g  the anim al w ith  100% O2 or high O2/ low CO2 mix
tu re s ) and during 'm aximal' reduction  (by re sp ir in g  the 
anim al w ith 100% N2). This d iffe ren c e  has been termed the 
" to ta l  la b i le  s ig n a l"  (TLS) and experim ental values are 
expressed as a percent of TLS (Sylvia & Rosenthal Brain 
Res. 146: 109-122, 1978). In ev aluating  th is  method, we 
have found th a t the redox values ty p ic a l ly  used to  d efine  
TLS a re , in  f a c t ,  not maximal. The 'm aximal' ox ida tion  
le v e l can be exceeded by both the ox ida tion  a sso c ia ted  w ith 
se izu re s  and the rebound ox idation  a f te r  b r ie f  N2 re s p ira 
tio n . Hyperbaric O2 has a lso  produced cyt a , a3 ox ida tion  
in  ex ce ss  o f t h i s  v a lu e  (Hempel e t  a l  J .  Appl. P h y s io l .  46 : 
53-60, 1979). In ad d itio n , the magnitude of redox changes 
used in  de te rm ina tion  of TLS are  not always c o n s is te n t, 
p r im arily  because of v a r ia b i l i ty  in  cereb rovascu lar respon
ses to  changes in  O2, CO2, and blood p ressure  throughout 
the course of an experim ent. While i t  i s  apparent th a t 
cau tion  should be app lied  in  the use of TLS, and ex p eri
mental cond itions should be sp ec ified  c a re fu lly ,  these 
l im ita t io n s  do not negate the u t i l i t y  of th is  method. 
Proposals w il l  be o ffered  fo r a re d e f in it io n  of TLS and 
assessm ents w ill  be made of a lte rn a t iv e  methods fo r s tan 
dard iz ing  cyt a ,a 3 redox changes.  (Supported by NIH gran t 
NS 17443).

293.15 THE CARBONIC ANHYDRASE INHIBITOR (ACETAZOLAMIDE) 
INCREASES CEREBRAL BLOOD FLOW AND OXYGENATION.  J.C. 
LaManna, K.R. Sullivan* and K.A. McCracken*.  Dept. 
Neurology, Univ. Hospitals of Cleveland and Depts. 
Neurology and Physiology, Case Western Reserve Univ. 
Sch. of Med., Cleveland, OH 44106.

Acetazolamide (Az) is now being used to prevent head
aches which accompany acute a l t i tude  hypoxia in man. In 
an attempt to understand the mechanisms underlying th is  
e f fec t ,  we examined blood gas and pH s ta tus ,  cerebral 
blood flow (CBF), and t issue  oxygen tension (Pt02) in 
awake and anesthetized ra ts  a f te r  a single intravenous 
dose of Az (50mg/kg). Femoral a r te r ia l  and right a t r ia l  
cannulae were placed in Wistar rats (200-300 g) under 
chloral hydrate anesthesia. The rats were placed in r e 
straining p las te r  casts and allowed to recover from 
anesthesia. Arterial CO2 increased, and pH decreased, 
during the f i r s t  hour a f te r  Az and then both gradually 
recovered during the next 5 hrs. Arterial  PO2 increased 
and remained elevated throughout the 6 hour period of 
observation. Regional CBF was determined by the [ 1 4C]- 
butanol indicator fractionation technique. CBF increased 
by about 50% within 15 min a f te r  Az, remained elevated 
for 1 hr, and returned to control within 3-6 hr. In 
another group of ra ts ,  kept under chloral hydrate anes
thes ia ,  the blood gas and pH response to Az was similar  
to that  of the non-anesthetized group. In th is  l a t t e r  
group, Pt02, monitored continuously in the par ietal 
cortex using platinum microelectrodes, increased during 
the f i r s t  15 min and slowly recovered towards baseline 
for the next hour. Taken together , these results  indicate 
tha t  Az increased CBF and Pt02 probably due to the con
comitant elevation of PaCO2. During a l t i tude  hypoxia, 
th is  would have the e ffec t  of preventing hypocarbia (and 
the resultant  drop in CBF and Pt02) during compensatory 
hyperventilat ion.

293. 16  CORRELATION OF MITOCHONDRIAL OXIDATIVE ACTIVITY, METABOLITES 
AND ECoG AFTER CEREBRAL ISCHEMIA IN RAT.  K .B . H a r r i s o n * , 
R. Bus to * ,  M. G insberg*,  M . Rosenthal, and T . J .  S ick.  
Dept. of Neurology, Univ. of Miami, Miami, FL 33101

Reperfusion following 10 minutes of g loba l ischemia in 
r a t  cerebrum is  ch a rac te riz ed  by m itochondria l hyperoxia
tio n  and continued ECoG suppression . Subsequent 
re -red u c tio n  of m itochondrial components co inc ides w ith ECoG 
recovery. To in te rp r e t  th is  p e rio d , ischemia was produced 
in an esth e tized  r a ts  by c a u te r iz a tio n  of v e rte b ra l  a r t e r ie s  
and re v e rs ib le  c a ro tid  a r te ry  l ig a t io n .  NAD and cytochrome 
a ,a 3 (measured by fluorom etry and re f le c t io n  spec trophoto
metry) became fu lly  reduced during complete ischemia and EC
oG was suppressed. B rains were frozen in s i tu  fo r m etabol
i te  an a ly sis  a t tim es s ig n a lled  by the peak hyperoxidation  
and re -red u c tio n  to  b ase lin e  of cytochrome a,a3 At hy
p e ro x id a tio n , g lucose, glycogen, ATP and CrP were s i g n i f i 
can tly  decreased , while la c ta te  was markedly increased . 
Oxygen consumption was a lso  decreased a t  th is  tim e. At re 
covery of cytochrome a , a3 and ECoG, CrP and g lucose values 
were normal, but glycogen and ATP had not changed s i g n i f i 
c an tly  from the values a t  peak hyperox idation . L ac ta te  had 
f a lle n  but remained s ig n if ic a n t ly  g re a te r  than c o n tro l .  
N either ADP nor AMP showed s ig n if ic a n t  change a t  e i th e r  po
in t .

These data  dem onstrate th a t  there  i s  re s id u a l m etabolic 
dysfunction  following ce reb ra l ischemia th a t  may account fo r 
continued ECoG suppression  d e sp ite  the presence of oxygen 
and reox ida tion  of the m itochondrial re s p ira to ry  chain . We 
suggest th a t hyperoxidation  in d ic a te s  an excess of oxygen 
r e la t iv e  to  reducing equ iva len t a v a i la b i l i ty .  Since NAD and 
cytochrome a ,a 3 both dem onstrate hyperox ida tion , a block 
w ith in  the re s p ira to ry  chain i t s e l f  is  u n lik e ly . Since ADP 
is  av a ilab le  to  s tim u la te  O2 consumption, hyperoxidation  
must be due e ith e r  to  in s u f f ic ie n t  reducing eq u iv a len t sup
p ly  v ia g ly co ly s is  and the TCA cy cle , or p o ss ib ly  to  e f f e c ts  
on the func tion  of the e n t i re  chain from pH s h i f t s .  The 
find ing  th a t  ECoG recovery occurs with CrP ra th e r  than ATP 
recovery in d ic a te s  th a t  e i th e r  tran s -sy n ap tic  e l e c t r i c a l  ac
t i v i t y  i s  more dependent upon CrP or th e re  i s  recovery in a 
s p e c if ic  ATP pool not measureable by p resen t techn iques.

This study a lso  dem onstrates th a t  sampling of m e tab o lite s  
based upon p h y s io lo g ica l ev en ts, ra th e r than ch rono log ica l 
tim e, provides increased  c ap a b il i ty  fo r d e fin ing  e f f e c ts  of 
ischemia and o ther p e rtu rb a tio n s  in terms of both e l e c t r i c a l  
and m etabolic changes.  (Supported by PHS g ran ts  NS 05820, 
NS 14325 and NS 07238).
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293.17  CALCIUM- AND CALMODULIN-DEPENDENT PHOSPHORYLATION 
IN ISCHEMIC BRAIN.  C .G . W as te r  l a i n *  ( SPON: I .  
G e r s h o n ) .   D e p t.  o f  N e u ro lo g y , VA M e d ic a l C e n te r ,  
S e p u lv e d a ,  CA. 9 1 3 4 3 , and  UCLA S c h o o l o f  M e d ic in e .

C a lc iu m - d e p e n d e n t  c e l l  d e a th  i s  a common m echa
n ism  o f  is c h e m ic  m y o c a rd ia l  dam age. In  t h e  c e n t r a l  
n e rv o u s  s y s te m , i t s  r o l e  in  i s c h e m ia  re m a in s  u n 
c e r t a i n .  In  t h e  p r o c e s s  o f  i s o l a t i n g  a c a lc iu m -  
and  c a lm o d u l in  p r o t e i n  k in a s e  from  b r a in  r e g i o n s ,  
we w ere  im p r e s s e d  by i t s  l a b i l i t y  w ith  i n c r e a s i n g  
d i s s e c t i o n  t im e ,  p r e v i o u s l y  n o te d  by o t h e r s  (G o l
d e n r in g  e t  a l . , J . B i o l . Chem. , 2 5 8 :12  6 3 2 , 1 9 8 3 ) .  A 
s tu d y  o f  c a l c iu m -  and c a lm o d u l in - d e p e n d e n t  p h o s 
p h o r y l a t i o n  in d e e d  r e v e a l e d  m a jo r  c h an g e s  in  th e  
is c h e m ic  b r a i n .  P r o t e i n  p h o s p h o r y l a t i o n  was a s s a 
y ed  in  v i t r o  in  s y n a p t i c  p la sm a  membrane (SPM) 
u s in g  ˠ  -  [ 3 2 P ] -ATP a s  p h o s p h a te  d o n o r ,  fo l lo w e d  by 
SDS-PAGE and  a u to r a d io g r a p h y .  32P was i n c o r p o r a 
t e d  i n t o  many p r o t e i n s ,  and  in  th e  p r e s e n c e  o f  100  
µ M c a lc iu m  and  e x c e s s  c a lm o d u lin  t h i s  i n c o r p o r a 
t i o n  was e n h a n c e d ,  by 1 0 -2 0  f o l d  i n t o  t h e  s u b u n i t s  
o f  c a lm o d u l in  k in a s e  (MR 5 0 ,0 0 0 ,  5 8 ,0 0 0 ,  and 
6 0 ,0 0 0 ) and  t o  a v a r i a b l e  e x t e n t  i n t o  many o th e r  
p r o t e i n s .  In  d e c a p i t a t i o n  i s c h e m ia  t h e  s t i m u l a 
t i o n  by c a lc iu m  and c a lm o d u lin  o f  3 2 p i n c o r p o r a 
t i o n  i n t o  SPM p r o t e i n s  from  h ip p o cam p u s  o r  c e r e 
b r a l  c o r t e x  was r e d u c e d  w i th in  a few m in u te s ,  
s e v e r e l y  c u r t a i l e d  w i th in  15 m in u te s  and v e s t i g i a l  
a f t e r  30 m in u te s .  B a s e l in e  p h o s p h o r y l a t i o n  was 
r e d u c e d  l e s s  s e v e r e l y .  A f t e r  30 m in u te s  o f  i s c h e 
m ia , 100 µM c a lc iu m  + c a lm o d u lin  i n h i b i t e d  32p in 
c o r p o r a t i o n  i n t o  p r o t e i n s  o f  MR 9 7 ,0 0 0 ,  5 8 ,0 0 0 ,  
5 0 ,0 0 0  and  4 3 ,0 0 0 .  A ssay s  o f  c a lm o d u lin  k in a s e  in  
c o r t i c a l  SPM a t  0°C u n d e r  c o n d i t i o n s  t h a t  m in im ize  
p r o t e i n  p h o s p h a ta s e  a c t i v i t y ,  showed a m arked  r e 
d u c t io n  o f  a u to p h o s p h o r y l a t i o n  a f t e r  30 m in u te s  o f  
i s c h e m ia ,  w h i le  p r o t e i n  p h o s p h a ta s e  a c t i v i t y  a s s a y 
ed in  t h e  p r e s e n c e  o f  k in a s e  i n h i b i t o r s  was i n d i s 
t i n g u i s h a b l e  from  c o n t r o l s .  T hese  d a ta  s u g g e s t  
t h a t  tw o im p o r ta n t  c h a n g e s  t a k e  p l a c e  in  is c h e m ic  
t i s s u e :  c a lm o d u l in  k in a s e  i s  r a p i d l y  i n a c t i v a t e d ,  
and  c a lc iu m  in  c o n c e n t r a t i o n s  w h ich  a r e  n o rm a lly  
s t i m u l a t o r y  can  i n h i b i t  32P i n c o r p o r a t i o n .  T hese  
c h a n g e s  may c o n t r i b u t e  t o  t h e  sy m p to m a to lo g y  o f  
c e r e b r a l  i s c h e m ia  and  to  t h e  g e n e r a t i o n  o f  p o s t -  
i s c h e m ic  c h a n g e s .   Supp . by V.A. R es . S e r v i c e .

293. 18  NEUROCHEMICAL ABNORMALITIES IN BRAIN HYPOXIA: REVERSAL BY 
NOOTROPICS AND OTHER DRUGS.  J.D.Hirsch and I . - S  Shieh*#  
Lederle Labs, Pearl River, NY 10965 and #G.D.Searle & Co., 
Skokie, IL 60077.

The brain is very sensi tive to hypoxia which provokes 
many neurochemical abnormali t i e s  We induced hypoxia in mice 
by injection of NaNO2 and studied whether any neurochemical 
effects were modified by nootropics and other drugs. Twenty 
min.a f te r  125 mpk ip of NaNO2 , brain lac ta te  went up by 74% 
while brain glucose levels were unchanged.Lactate dehydro
genase ac t iv i ty  declined by 19% while pyruvate kinase 
ac t iv i ty  increased by 11%.Hexokinase ac t iv i ty  was unchanged. 
Receptor binding of 3H-Ro5-4864 and 3 H-dihydromorphine in 
frontal cortex membranes declined by 22 and 36% respectively 
while s t r ia ta l  binding of 3 H-spiperone went up by 27%.The 
la t t e r  effect  was due to an increase in receptor number. 
Binding of 3H-diazepam, muscimol, QNB, p-aminoclonidine, 
dihydroalprenolol, and DADLE in frontal cortex membranes was 
unchanged 20 min a f te r  NaNO2 -Two hr a f te r  125 mDk ip of 
NaNO2, brain lac ta te  remained elevated by 36% while glucose 
levels were up by 84%.Pyruvate kinase ac t iv i ty  was s t i l l  in
creased by 8% while hexokinase ac t iv i ty  was up by 15%. 
Lactate dehydrogenase ac t iv i ty  was identical to controls a t  
2 h r .Although unchanged a t  20 min,3H-nitrendipine binding 
in frontal cortex declined by 19% 2 hr a f te r  NaNO2.To eval
uate the effects of drugs in hypoxia, mice were given 125mpk 
ip NaNO2 followed 60 min la te r  by ip doses of the t e s t  drug. 
Thirty min l a te r  mice were killed.Drugs with ED50s(mpk ip) 
for completely reversing lac ta te  increases were:piracetam 
(20), aniracetam(75), py r i t in o l (100), n i fed ip ine ( l ) , and 
physostigmine(0.5 ) .Pentobarbitol(25 mpk) and diazepam(5 mpk) 
also completely reversed the lac ta te  increase. 4-Aminopyri
dine(0.1 mpk) and morphine (5 mpk) reversed the lactate  
increase by 65 and 52% respectively Glucose (3600mpk), am
phetamine(2 mpk) and CI911(3.2-100 mpk) had no effec t  on 
lac ta te  in hypoxia.In controls, CI911 increased lac ta te  
(ED50  15 mpk) while the other drugs were inactive.Piracetam 
and aniracetam could not prevent decapitation-provoked in
creases in brain lac ta te ,  but piracetam at 560 and 1000 mpk 
ip given before hypoxia induction with NaNO2 completely r e 
versed the increase in s t r ia ta l  3 H-spiperone binding.

These results  suggest that reversal of hypoxia-induced 
neurochemical abnormalities may be useful for evaluating 
drugs with brain-protective properties.

293.19   REVERSAL OF INDUCED ISCHEMIC NEUROLOGIC DEFICIT IN GERBILS 
BY L-CYCLOSERIN, AGONIST AND ANTAGONIST OF BENZODIAZEPINES 
( BZD) RECEPTORS.  G. D e lb a r r e ,  B. D e lb a r r e  and  A. F e r g e r * .  
L ab . C h i r .  E x p .,  F a c u l t é  de M éd ec in e , 37032 TOURS, FRANCE

The l e v e l s  o f  GABA i n  t h e  is c h e m ia  c e r e b r a l  c o r t e x  o f  
g e r b i l s  i n c r e a s e  a f t e r  l i g a t i o n  o f  o n e  common c a r o t i d  a r 
t e r y  ( W.D. L u s t  e t  a l . ,  B ra in  R e s . , 9 8 :  3 9 4 , 1 9 7 5 ) . B u t, 
no p h a rm a c o lo g ic a l  d a ta  a r e  a v a i l a b l e  on r o l e  o f  GABA in  
c e r e b r a l  i s c h e m ia .  To i n v e s t i g a t e  t h i s  a c t i o n ,  we h av e  u se d  
d ru g s  known t o  i n t e r f e r e  w i th  l e v e l s  o f  GABA ( L -C y c lo s e r in )  
and  f a c i l i t a t i o n  o f  GABAergic t r a n s m i s s io n  (BZD a g o n i s t : 
c h lo rd e s m e th y ld ia z e p a m  - C .D .D .-  and  a n t a g o n i s t s : RO 151788, 
F lu m a z e p il  and  RO 1 5 3 5 0 5 ) .

The e x p e r im e n ts  w ere c a r r i e d  o u t  i n  a d u l t  M o n g o lian  g e r 
b i l s  (6 0 -8 0  g ) o f  e i t h e r  s e x .  M o n g o lian  g e r b i l s  w ere 
s e l e c t e d  and  o n ly  p o s i t i v e  a n im a ls  (w h ich  r e s p o n d  im m edia
t e l y  by p t o s i s  r e s u l t i n g  from  t r a n s i t o r y  i n t e r r u p t i o n  o f  
c a r o t i d i a n  s u p p ly )  w ere u s e d  in  th e  e x p e r im e n t .  They w ere 
a n a e s t h e t i z e d  w i th  k e ta m in e  (50  m g/kg -  IP ) an d  g ro u p s  o f  
8 a n im a ls  w ere  c o n s t i t u t e d  :

-  c o n t r o l  g ro u p : s a l i n e  was a d m in i s t e r e d
-  t r e a t e d  g ro u p : L - C y c lo s e r in ,  i n  c o n t r a s t  t o  D -C y c lo - 

s e r i n ,  was fo u n d  t o  i n h i b i t  p y r id o x a l  p h o s p h a te  d e p e n d e n t  
en zy m es, b u t  t o  h a v e  a  p a r t i c u l a r  h ig h  a f f i n i t y  t o  th e  GABA 
d e g ra d in g  enzym e GABA-t r a n s a m in a s e  (GABA-T). C o n s e q u e n tly ,  
L - C y c lo s e r in  r a i s e d  th e  GABA c o n c e n t r a t i o n .  A n ta g o n is t s  o f  
BZD, RO 1 5 1 7 8 8 , (F lu m a z e p il)  and  RO 153505, a g o n i s t  o f  BZD, 
c h lo rd e s m e th y ld ia z e p a m  (C .D .D .) .

N e u r o lo g ic a l  s t a t u s  was e v a lu a t e d  w i th  t h e  s t r o k e  in d e x  
r e p o r t e d  by McGraw e t  a l .  ( S t r o k e , 7 :  4 8 5 , 1976) s t a r t i n g  
one h o u r  a f t e r  l i g a t i o n  and  a g a in  a t  4 ,  2 4 , 48 and  72 h o u r s .

S a l in e  RO 151788 1 m g/kg p e r  o s  (T -  30 min)
2 1 ,7 5  ± 5 ,9 8  0 ,7 5  ± 0 ,3 6  **
S a l in e  RO 153505 3 m g/kg p e r  o s  (T -  30 min)
26 ± 5 ,2 3  6 ,4 2  ± 4 ,5 3  *
S a l in e  L - C y c lo s e r in  30 m g/kg p e r  os
22 ± 5 ,8 5  9 ,2 5  ±  5 ,4 1  * (T -  180 min)
S a l in e  C .D .D . 1 m g/kg p e r  o s  (T -  90 m in)
2 0 ,2 8  -  4 ,3 9  9 ,2 5  ± 3 ,6 9  *
Mean S t ro k e  in d e x  a t  72 h o u r s .
S i g n i f i c a n t l y  d i f f e r e n t  from  s a l i n e  c o n t r o l  P <  0 ,0 5 *

n = 8 P <  0 ,0 0 5 * *
MANN an d  WHITNEY U. TEST
T h ese  r e s u l t s  s u g g e s t  t h a t  b e n z o d ia z e p in e  GABA c h lo r i d e  
io n o p h o re  r e c e p t o r  com plex  may be a l s o  in v o lv e d  i n  m echa
n ism  o f  c e r e b r a l  i s c h e m ia .

293. 20  TOWARD MECHANISE OF ELECTRICAL FAILURE DURING ANOXIA IN 
H IPPOCAMPAL  SLICES. T . O. S i c k ,  E .L . Solow* , 
S.M . P ik a r s k y * and M. R o s e n th a l .  D e p t .  o f  N e u ro lo g y , Un 
i v .  o f M iam i, M iam i, FL 3 3 101 .

To d e f in e  th e  m ec h a n ism (s) u n d e r ly in g  l o s s  o f  e l e c t r i 
c a l  e x c i t a b i l i t y  in  h ip p o ca m p a l s l i c e s  o f  r a t  b r a i n  c u r in g  
a n o x ia ,  s im u lta n e o u s  m ea su rem e n ts  w ere made o f :  a) e x t r a 
c e l l u l a r  f i e ld  p o t e n t i a l s  an d e x t r a c e l l u l a r  p o ta s s iu m  io n  
a c t i v i t y  (K+ o) w i th  do u b l e - L a r r e l e o io n  s e n s i t i v e  m ic ro e 
l e c t r o c e s ;  an d b) r e d u c t i o n / o x i c a t i o n  ( r e a ox) s t a t u s  o f  m i
t o c h o n o r i a l  e l e c t r o n  t r a n s p o r t  c a r r i e r s  by t r a n s m i s s io n  r a 
p i d - s c a n n in g  s p e c t r o p h o to m e tr y .  P r io r  to  d e c a p i t a t i o n  a n d 
s l i c e  p r e p a r a t i o n ,  th e  b r a i n  was p e r f u s e d w ith  o x y g e n a te d 
a r t i f i c i a l  c e r e b r o s p in a l  f l u i d  (ACDF) t o  rem oved a l l  b lo o d .  
The K+ s e n s i t i v e  m ic r o e l e c t r o d e  was p o s i t i o n e d in  th e  
s t r a tu m  p y ra m id a l e  o f  h ip p o ca m p a l f i e l d CA1 t o  r e c o r d bo th  
th e  p o p u la t i o n  a c t i o n  p o t e n t i a l  e l i c i t e d by e l e c t r i c a l  s t i m 
u l a t i o n  o i  th e  S c h a f f e r  c o l l a t e r a l s  an d c h a n g e s  in  K+o .

As e x p e c te d  c u r in g  n o rm o x ia , K+o  was 3 nM, th e  p o p u 
l a t i o n  s p ik e  was 3 -1 0  mV in  a m p l i tu a e ,  a n d t h e r e  was a re c o x  
g r a c i a n t  m ea su re d f r o m, c y to c h ro m e  b t o  c  t o  a , a 3 . When 
a n o x ia  was i n c a c e d by s w i tc h in g  th e  h u m io if ie d  g a s  m ix tu re  
from  95% O 2  -  5% CO2 t o  9 5% N2 -  5% CO2, t h e  re c o x  
g r a c i e n t  was a b o l i s h e d  w i th in  10 s e c  a s  a l l  c y to c h ro m e s  b e 
came r e d u c e d . The p o p u la t i o n  s p ik e  a m p l i tu d e was d e p r e s s e d 
W ith in  30 s e c ,  an d a b o l i s h e s  w i th in  60 s e c .  A t t h i s  t im e ,  
K+o was e l e v a t e d o n ly  t o  l e s s  th a n  2 mM ab o v e  ba s e l i n e ,  
i n d i c a t i n g  t h a t  c e l l s  in  th e  v i c i n i t y  o f  th e  p o ta s s iu m  s e n 
s i t i v e  e l e c t r o d e h ad n o t  c o m p le te ly  d e p o l a r i s e  d e s p i t e  l o s s  
o f th e  p o p u la t i o n  s p ik e .  T h is  i n t e r p r e t a t i o n  was s u p p o r te d  
by c o n t in u e d  r e c o r d in g s  o f  th e  p r e s y n a p t i c  S c h a f f e r  c o l l a 
t e r a l  p r e - v o l l e y  a f t e r  th e  p o s t - s y n a p t i c  p o p u l a t i o n  s p ik e  
h a d d i s a p p e a r e d . W ith in  3 -5  min f o l lo w in g  a n o x ia ,  K+o was 
e l e v a t e d to  g r e a t e r  th a n  30 mM, i n d i c a t i n g  c e l l  d e p o l a r i z a 
t i o n .  A t t h i s  t im e ,  t h e  S c h a f f e r  c o l l a t e r a l  p r e - v o l l e y  a l s o  
d i s a p p e a r e d . T h ese  d a t a  i n d i c a t e  t h a t  s y n a p t i c  t r a n s m i s s io n  
f a i l e d  p r e v io u s  t o  c e l l  d e p o l a r i z a t i o n  c u r in g  a n o x ia ,  p o s s i 
b ly  th ro u g h  o x y g en  s e n s i t i v e  p r o c e s s e s  in  th e  s y n a p s e .  T h is  
f a i l u r e  o f  s y n a p t i c  t r a n s m i s s io n  may s e r v e  a s  a p r o t e c t i v e  
m echanism  u n d e r c o n d i t i o n s  when e n e rg y  p r o d u c t io n  i s  l i mi t 
e d .  (S u p p o r te d in  p a r t  by PLS g r a n t s  NS179 49;, NS0582 0 a n d 
NS1 4 325) .
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293.21  PHARMACOLOGICAL P R E T R E A T M E N T  O F  S E C O N D A R Y  
ISCHEMIA IN HIPPOCAMPAL BRAIN SLICES  J .L . Parm entier and M.D. Taylor* ,  

Anes. Res. L ab ., Univ. South Alabama, M obile, AL 36688.
The m u ltip le  e tio lo g y  and u n p re d ic ta b il i ty  of ce reb ra l 

ischem ia e f fe c t iv e ly  precludes i t s  pharm acological 
p re trea tm en t. Primary s troke  management thus involves the 
r e s to ra tio n  of blood flow to  v iab le  neurons in  the 
penumbra of in fa rc te d  a re a s . However, sudden 
reoxygenation can i n i t i a t e  a secondary ischemic cond ition  
which invo lves , in  p a r t ,  a complex s e r ie s  of chemical 
re a c tio n  cascades which a re  themselves d e le te r io u s  to 
c e reb ra l t i s s u e .  We have s tud ied  fu n c tio n a l c o rre la te s  of 
secondary reflow  damage in  r a t  hippocampal b ra in  s l ic e s  
made anoxic by the re p la cmen t of oxygen w ith n itro g en  in  
an "Oslo" chamber. A lte rn a te  orthodromic and antidrom ic 
s tim u la tio n s  were d e liv e red  to  CA1 pyramidal c e l l s  while 
record ing  e x t r a c e l lu la r ly  from stra tum  radiatum  and 
s tra tum  pyram idale. EPSP and population  sp ike am plitudes 
recover from 6-8 minutes of anoxia , but not from a 10 
minute in s u l t .  EPSPs follow ing orthodrom ic s tim u la tio n  
a re  lo s t  under hypoxia before  p revo lleys and the 
a n tid ro m ica lly  s tim u la ted  population  spike a re  e lim in a ted . 
M ethylprednisilone (MP) (105 M), a s te ro id a l  
antiinflam m atory  agent known to  block phospholipase A2 
a c t iv i ty ,  p ro te c ts  synap tic  transm ission  from 10 minutes 
of anoxia provided the  drug i s  in  the  t is s u e  when anoxia 
beg ins. P ro tec tio n  i s  not conferred  i f  MP i s  de liv e red  
during reoxygenation . Indomethecin, a b locker of 
cyclooxygenase, and a l lo p u r in o l,  a b locker of xanthine 
ox idase , a lso  p ro te c t tran sm issio n , though to  a le s s e r  
degree. These observations a re  c o n s is te n t w ith the 
oxygen-induced free  ra d ic a l hypothesis of secondary 
ischem ic damage. M ethy lpredn isilone , and o th e r s te ro id s ,  
preven t the re le a se  of fre e  f a t ty  acids from membrane 
l ip id s .  This e f f e c t  works to  l im it  the a v a i la b i l i ty  of 
s u b s tra te s  fo r  the b u rs t of metabolism which accompanies 
re in tro d u c tio n  of oxygen to  ischemic t is s u e .  Thus le s s  
s t ru c tu ra l  damage occurs to  membrane l ip id s  and fewer 
f a t ty  a c id s , p a r t ic u la r ly  a rach idonate , a re  a v a ilab le  to  
follow  sy n th es is  pathways which generate  fre e  r a d ic a ls .  
This s t a b i l iz a t io n  e f fe c t  by the s te ro id s  a lso  preserves 
the  fu n c tio n  of p ro te in s  which a re  embedded in  the l ip id  
membrane. Other drugs which w ill  in h ib i t  sy n th esis  
pathways th a t  generate  f re e  ra d ic a ls ,  or which a c t as free  
ra d ic a l scavengers should a lso  provide p ro te c tio n  from the 
hypoxic-ischem ic cond itions  of secondary reflow .

293.22  EFFECTS OF TEMPERATURE ON SYNAPTIC TRANSMISSION IN HIPPOCAM
PAL TISSUE SLICES.  S .J . S c h if f .  D ivision of Neurosurgery 
and Department of Physiology, Duke U n iversity  Medical Cen
t e r ,  Durham, NC 27710.

350 µm ra t  hippocampal s l ic e s  were fu l ly  submerged in 
29°C a r t i f i c i a l  cereb ro sp in a l f lu id  (ACSF) flowing a t  2 
ml/min. Responses to  Schaffer c o l la te r a l  s tim u la tio n  were 
recorded in  the stratum  radiatum  and stratum  pyram idale of 
the CAl reg ion . At 90, 120, 150, and 180 min follow ing 
s l ic e  p rep a ra tio n , in p u t/o u tp u t (I/O) curves were c o n s tru c t
ed by averaging 4 responses to each of a range of stim ulus 
in te n s i t i e s .  Temperature was held w ith in  1°C during con
t r o l s .  During experim ents, the chamber was warmed and then 
cooled between the  90 and 180 min reco rd in g s . Warming the 
chamber to  33°C fo r  15 min produced an in c rease  in  the  a f 
fe re n t f ib e r  vo lley  (p revo lley ) and f ie ld - e x c i ta to ry  p o s t-  
synap tic  p o te n tia l  (fEPSP), and a marked decrease in  the am
p litu d e  of the  population  sp ik e . Cooling the chamber f o l 
lowing 45 min a t  33°C produced complete re v e rsa l of these  
e f f e c ts .  Heating the chamber to  37°C re s u lte d  in  an 
enhancement of the e f fe c ts  seen a t  33°C; however, complete 
r e v e r s ib i l i ty  was not seen, d e sp ite  m aintain ing  th is  h igher 
tem perature fo r only 15 min. Changes a f te r  cooling c o n s is t
ed of a depression  in  p revo lley  am plitude and fEPSP i n i t i a l  
slope.

Between I/O c o lle c tio n s ,  the  s l ic e  was continuously  
stim ula ted  a t  0.1 Hz a t a submaximal in te n s i ty .  This pe r
m itted  observation  of the dynamic response of the re f le x  
output as the tem perature was changed. Warming the s l ic e  
produced a su b tle  depression  in the average population  spike 
am plitude fo r 2-3 min, followed by a 2-4 min in c rease  in  am
p litu d e  th a t may be dram atic when heating  the  chamber to 
37°C. This increase  in  am plitude may be accompanied by dou
b le  population  sp ik es , and i s  followed by rap id  decay of 
spike am plitude over 1 0  min to  produce the  steady s ta t e  e f 
fe c ts  noted above.

The combination of la rg e r  p revo lley  and fEPSP w ith sm all
e r popu lation  spike seen in  warm compared to  cool s l ic e s  in  
the  steady s ta te  may r e f le c t  a h y p e rp o la riza tio n  of both 
p resynap tic  te rm ina ls  and p ostsynap tic  neurons p re v a ilin g  a t 
h igher tem peratures. The magnitude of the t ra n s ie n t in 
crease  in  e x c i ta b i l i ty  seen during a tem perature in c rease  i s  
re la te d  to the ra te  of tem perature r i s e ;  although not re a d i
ly  ex p la in ab le , perhaps a momentary in c rease  in  tra n s m itte r  
re le a se  or e f fe c t  i s  ope ra tiv e  here .

Supported by USPHS g ran t NS 18670.

293.23  CEREBRAL METABOLIC EFFECTS OF EXPERIMENTAL HEAD TRAUMA.
P .A. Tornhelm, M.K. Ei chold* and K.R. Wagner.  Depts of Anat. 
& C ell B io l, and N eu ro l., Univ. of C inc innati C o ll, of Med., 
V.A. Med. C en ter, C in c in n a ti , OH 45267

We re c e n tly  observed very e a r ly  (15 minute) changes in  
c e reb ra l m e tabo lite  co n cen tra tions  follow ing b lun t head 
in ju ry  in  the c a t .  In  the  p resen t study , reg io n a l c e reb ra l 
m e tab o lite s  and b ra in  edema were measured a t  2 and 6 hours 
a f t e r  in ju ry  to  determ ine the  time course fo r  tra u m a tic a lly -  
induced m etabolic changes and th e i r  re la tio n s h ip  to  c e reb ra l 
edema.

P hysio log ica lly -m on ito red  an es th e tiz ed  ca ts  were impacted 
on the  l e f t  s ide  of the  exposed sk u ll  w ith  a Remington 
Humane S tunner. C ontrol c a ts  were sham in ju re d . B rain 
m e tab o lite  co n cen tra tio n s  were fixed  by in  s i t u  fre e z in g . 
H ead-in jured  c a ts  w ithout b ra in  t is s u e  hemorrhage and those 
w ith  u n i la te r a l  c e reb ra l contusions were se le c te d  fo r  study . 
Regional w hite m atte r and c o r t ic a l  samples were measured fo r 
m e tab o lite s  by enzym atic-fluorom etric  methods. B rain edema 
was q u a n tita te d  w ith  an organic  g rad ien t; vasogenic edema 
was evaluated  w ith  va scu la r Evans Blue dye. M etabolite  con
c e n tra tio n s  were co rrec ted  fo r  d ilu t io n  w ith edema f lu id .

H ead-in jured  c a ts  w ithout contusion had sm all m etabolic 
p e rtu rb a tio n s  in  the  ce reb ra l co rtex  on the  side  of impact 
a t  2 hours a f te r  trauma, w ith  re tu rn  of m etabo lites  to  
c o n tro l le v e ls  by 6 hours a f te r  the in ju ry .

In  c a ts  w ith u n i la te r a l  con tusion , the  c e reb ra l co rtex  
neighboring  and c o n tr a la te r a l  to  contusion  had a s u b s ta n tia l  
in c rea se  in  l a c ta te  and decreases in  high energy phosphates 
a t  2 hours a f t e r  in ju ry , w ith  m etabolic improvement to  
values near c o n tro l le v e ls  by 6 hours. At both 2 and 6 
hours a f t e r  in ju ry ,  the  w hite m a tte r w ith in  the  t e r r i t o r y  of 
vasogenic edema of contusion  had a very la rg e  inc rea se  in  
l a c ta te  and a decrease  in  ATP; w hite m atte r p e rip h e ra l to  
the  edema fro n t had a modest in c rease  in  la c ta te  w ithout 
a l te r a t io n s  in  ATP or phosphocreatine .

C o rtic a l edema observed w ith  th is  model c o rre la te d  w ell 
w ith changes in  c e reb ra l m e tab o lite s , suggesting  a m etabolic 
component to  the  c o r t ic a l  edema of head in ju ry . We specu
la t e  th a t  the  d a ta  from w hite m atte r suggest acute  w hite 
m a tte r m etabolic  p e rtu rb a tio n s  th a t  a re  exaggerated by the 
spread  of vasogenic edema from areas  of con tusion . Our 
f in d in g s  c o n tra s t w ith those of the  cold in ju ry  and lead to  
the  conclusion  th a t  prolonged m etabolic dysfunction  occurs 
in  the  w hite m a tte r surrounding areas  of tra u m a tic a lly -  
induced t is s u e  hemorrhage.

This study was supported by NIH Grant #R01 NS17975.

293.24  DISTRIBUTION OF PYRUVATE DEHYDROGENASE IN RAT BRAIN: SOME 
REGION-SELECTIVE CHANGES IN TWO EXPERIMENTAL MODELS OF 
THIAMINE-DEFICIENCY ENCEPHALOPATHY.  Roger F. Butterworth, 
Jean-Francois Giguère* and Anne-Marie Besnard*.  Lab. of 
Neurochemistry, Clinical Research Centre, Hôpital Saint
Luc, Montreal H2X 3J4.

I t  has been suggested that  decreased ac t iv i ty  of the 
thiamine-dependent pyruvate dehydrogenase complex (PDHC) 
may play a major role in the pathophysiology of thiamine- 
deficiency encephalopathy. PDHC was measured in homogenates 
of 14 r e g i o n s  o f  the ra t  brain using an arylamine acetyl- 
transferase coupled assay in which the enzyme complex is 
completely activated [Ksiezak-Reding e t  a l . ,  J.  Neurochem., 
38, 1627 (1982)]. PDHC a c t iv i t i e s  in the ros tra l ly -s i tua ted  
brain regions (hippocampus, cerebral cortex, striatum) were 
found to be 1.5 to 2.5 times higher than those of the cau
dally-situated regions (cerebellum, pons, medulla).

Daily administration of pyrithiamine (0.5 mg/Kg, i . p . )  
for  15 days leads to neurological signs of thiamine def i 
ciency including catalepsy, loss of righting reflex and 
convulsions. Measurement of PDHC in 11 regions of the CNS 
of symptomatic pyrithiamine treated (PT) rats  revealed no 
signif icant  abnormalities when the ac t iv i ty  of the enzyme 
complex was measured in the absence or presence of added 
thiamine pyrophosphate (TPP). On the other hand, rats  made 
symptomatic by chronic thiamine deprivation showed moderate 
region-selective decreases of PDHC ac t iv i ty .  Decreases 
(of the order of 20-30%) were confined to midbrain, pons 
and lateral  vestibular  nucleus, three regions of brain 
generally associated with pathological damage in thiamine- 
deficiency encephalopathy. The observed region-selective 
decreases in PDHC were p a r t ia l ly  restored to normal by the 
addition of TPP in v i t ro . Such changes may be responsible 
for the neurological impairment observed following chronic 
thiamine deprivation and these findings again underline 
the differences between these two experimental procedures 
used in the study of thiamine-deficiency encephalopathy. 
[This study was funded by The Medical Research Council of 
Canada. We thank La Fondation Georges Phenix (University 
of Montreal) for a studentship (to J.F.G.)]
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294.1  CARBACHOL INFUSIONS IN PATS: "BRAKING" OF NATPIURESIS AND 
ABSENCE OF SALT APPETITE.  D .A . F i t t s * ,  R .L . T h u n h o r s t* , 
and  J .B .  S im p so n . (SPON: D.M. B ow den).  D e n t ,  o f  P sy c h o l . ,  
U n iv . o f  W a sh in g to n , S e a t t l e ,  WA 9 8 195 .

I n t r a c e r e b r o v e n t r i c u l a r  (IV T) i n f u s i o n s  o f  c a rb a c h o l  
(CBC) o r  o f  a n g i o t e n s i n  I I  (AI I ) b o th  p ro d u c e  n a t r i u r e s i s  
b u t  a p p a r e n t ly  o n l y A l l  s t i m u l a t e s  s a l t  a p p e t i t e .  The 
A l l - i n d u c e d  a p p e t i t e  i n c l u d e s  two comp o n e n ts :  an  e a r l y  
p h a s e  (3 -1 0  h r ) ,  o c c u r r in g  p r i o r  t o  any  n a t r i u r e s i s ,  and  a 
l a t e r  p h a s e  w h ich  may b e  s e c o n d a ry  to  n a t r i u r e s i s .  CBC 
d o e s  n o t  p ro v o k e  an  a p p e t i t e  c o m p a ra b le  to  t h e  e a r l y  p h a s e  
o f  t h e  A l l - i n d u c e d  e f f e c t .  H ow ever, i t  i s  u n c l e a r  i f  
i n j e c t i o n s  o r  i n f u s i o n s  o f  CBC c a u s e d  s u f f i c i e n t  Na l o s s  
t o  p ro d u c e  a  s a l t  a pp e t i t e  s i m i l a r  t o  th e  l a t e r  p h a s e  o f  
t h e  A l l - i n d u c e d  a p p e t i t e .  The p r e s e n t  s t u d i e s  m ea su red  
b o th  Na e x c r e t i o n  and  Na i n t a k e  d u r in g  6 - h r  a c u te  and  6 - 
d a y c h r o n ic  CBC i n f u s i o n s  i n t o  th e  l a t e r a l  v e n t r i c l e s  o f  
r a t s  (n=28 i n  e a c h  s tu d y ) .  A c u te  i n f u s i o n s  o f  v e h i c l e ,  
4 0 0 , o r  2000 n g / h r  CBC p ro d u c e d  d o s e -d e p e n d e n t  i n c r e a s e s  
o f  w a te r  i n t a k e  and  Na e x c r e t i o n ,  w h ic h  w e re  m ax im al d u r in g  
t h e  f i r s t  2 h r  an d  d e c l i n e d  to  c o n t r o l  l e v e l s  by 4 -6  h r .  
C u m u la tiv e  Na e x c r e t i o n s  d u r in g  th e  6 h r  f o r  t h e  v e h i c l e ,  
4 0 0 , and  2000 ng  d o s e s  w e re :  387± 308: 1583± 593 : and 2795± 
821 mmol (m ean± S .D . ) .  The d r u g - in d u c e d  l o s s e s  r e p r e s e n t  
an  e s t i m a t e d  15-30% o f  e x t r a c e l l u l a r  Na. S a l t  a p p e t i t e  
d id  n o t  a p p e a r  d u r in g  th e  6 h r .  C h ro n ic ,  6 -d a y  l a t e r a l  
v e n t r i c u l a r  i n f u s i o n s  o f  v e h i c l e  o r  2000 n g / h r  CBC v i a  
m in ipum ps p ro d u c e d  a c h r o n ic  e l e v a t i o n  o f  w a te r  i n t a k e ,  
b u t  no i n c r e a s e  o f  0 .4 5  M NaC1 s o l u t i o n  c o n s u m p tio n . The 
Na b a la n c e s  o f  C B C -in fu se d  r a t s  m a in ta in e d  on low  Na d i e t  
w i th  0 .4 5  M NaC1 and  w a te r  t o  d r in k  w e re  n e g a t i v e  d u r in g  
th e  f i r s t  d a y , b u t  g r a d u a l ly  r e t u r n e d  to  n o rm a l o v e r  6 
d a y s ,  d e s p i t e  th e  a b s e n c e  o f  an y i n c r e a s e  i n  Na s o lu t i o n  
c o n s u m p tio n . P la sm a  vo lum e d id  n o t  d i f f e r  b e tw e en  CBC-  
and  v e h i c l e - i n f u s e d  r a t s  on day  6 e i t h e r  i n  g ro u p s  m a in 
t a i n e d  on low  Na o r  n o rm a l d i e t s  w i th  s a l i n e  a v a i l a b l e  
f o r  d r in k i n g .  A 10% d e c l i n e  i n  p la sm a  vo lum e o c c u r r e d  in  
t h e  low  Na d i e t  g ro u p s ,  r e g a r d l e s s  o f  d ru g  t r e a tm e n t ,  
s u g g e s t i n g  t h a t  Na e x c r e t i o n  d u r in g  e x te n d e d  CBC i n f u s i o n  
a c h ie v e d  a l e v e l  a p p r o p r i a t e  t o  th e  d i e t a r y Na. P lasm a 
Na and  K c o n c e n t r a t i o n s  w e re  n o rm a l i n  C B C -in fu sed  r a t s  
by day  6 . C h o l in e r g i c  s t i m u l a t i o n  o f  t h e  b r a i n  th u s  
a p p e a r s  to  i n t e r f e r e  w i th  t h e  u s u a l  s a l t  a p p e t i t e  f o l l o w 
in g  Na l o s s ,  w h i le  t h e  Na d e f i c i t  in d u c e d  by th e  i n i t i a l  
n a t r i u r e s i s  was c o r r e c t e d  v i a  m eans o t h e r  th a n  i n g e s t i o n .   
S u p p o r te d  by HL 2 1 800 .

294.2  SALT APPETITE IS  SUPPRESSED BY CARBACHOL AND FACILITATED 
BY ANGIOTENSIN I I  FOLLOWING FUROSEMIDE DIURESIS.  R .L . 
T h u n h o r s t* ,  D.A. F i t t s * ,  and  J .B .  S im p so n . (SPON: T .T . 
K en n ed y ).  D e p t. o f  P s y c h o l . ,  U n iv . o f  W a sh in g to n , S e a t t l e  
WA 9 8 1 9 5 .

P ro lo n g e d  i n t r a c e r e b r o v e n t r i c u l a r  (IVT) i n f u s i o n s  o f  
a n g io t e n s in  I I  ( A l l )  p ro v o k e  s a l t  a p p e t i t e ,  b u t  i n f u s i o n s  
o f  c a rb a c h o l  (CBC) do n o t ,  e v e n  f o l lo w in g  an  e s t im a te d  
30% o f  e x t r a c e l l u l a r  vo lum e l o s s  ow ing to  C B C -induced 
n a t r i u r e s i s .  The p r e s e n t  s tu d y  ex am in ed  th e  i n f l u e n c e s  
o f  IVT i n f u s i o n s  o f  80 and  400 n g /h r  o f  CBC, o f  88 and 438 
n g /h r  o f  A l l  (5 :1  m o la l  r a t i o  o f  C B C :A II) , o r  s a l i n e  
v e h ic l e  on w a te r  and  s a l i n e  c o n s u m p tio n  f o l lo w in g  25 m g/kg  
f u ro s e m id e ,  i p .  T h i r t y - t h r e e  r a t s  w e re  a d m in i s t e r e d  th e  
fu ro s e m id e  and  p la c e d  i n t o  u r in e  c o l l e c t i o n  c a g e s  f o r  4 h r  
w i th o u t  fo o d  o r  f l u i d s  f o r  i n g e s t i o n .  N e i th e r  t h e  mean 
u r in e  v o lu m es o f  16-19  m1 /4  h r  n o r  th e  Na e x c r e t i o n s  o f  
2 .0 - 2 . 3  mmo1/4  h r  d i f f e r e d  among th e  5 g ro u p s  d u r in g  th e  
d i u r e s i s .  I n f u s i o n s  o f  1 µ 1 / h r  w ere  beg u n  a f t e r  th e  u r in e  
c o l l e c t i o n ,  and  b o th  w a te r  and  0 .3  M NaC1 s o l u t i o n  w ere  
g iv e n  15 m in l a t e r .  W ater d r in k i n g  commenced 2 -9  m in 
l a t e r ,  w h i le  s a l i n e  d r in k i n g  o c c u r r e d  w i t h in  1 0 -5 0  m in . 
V e h i c l e - i n f u s e d  r a t s  consum ed 6 .6 ± 2 .0  ml o f  w a te r  and 2 .5 ± 
2 .0  ml s a l i n e  i n  4 h r  (m ean± S .D , ) .  W ater c o n su m p tio n  was 
e le v a t e d  i n  a l l  d r u g - in f u s e d  g r o u p s ,  a c c u m u la t in g  an  a v e r 
ag e  9 .7  and  1 1 .8  ml a t  t h e  lo w e r  d o s e s  and  3 1 .2  and  1 6 .7  
ml a t  th e  h i g h e r  d o s e s  o f  AI I  and CBC, r e s p e c t i v e l y .  
S a l in e  i n t a k e ,  h o w e v e r , showed a  d o s e -d e p e n d e n t  i n c r e a s e  
w i th  AI I , to  4 .4 ± 3 .9  and  9 .0 ± 5 .1  m l/4  h r ,  b u t  a d e c r e a s e  
w i th  CBC, to  2 .0 ± 1 . 5 and 0 .7 ± 1 .1  m l/4  h r .  Sodium  b a la n c e  
d u r in g  th e  4 h r  o f  i n f u s i o n  was l a r g e l y  d e p e n d e n t  on sod ium  
i n t a k e :  th e  v e h i c l e - i n f u s e d  and  80 n g /h r  C B C -in fu sed  
g ro u p s  b o th  r e p l a c e d  a b o u t  25%, w h i le  t h e  A l l - i n f u s e d  
g ro u p s  r e p l a c e d  50-100%  o f  t h e  fu ro s e m id e - in d u c e d  Na l o s s .  
The 400 n g /h r  CBC g ro u p  f a i l e d  t o  r e p l a c e  Na, and  f u r t h e r  
r e d u c e d  Na b a la n c e  by 0 .2 5  mmol d u r in g  th e  i n f u s i o n .  
N e v e r th e l e s s ,  a l l  d r u g - i n f u s e d  g ro u p s  i n c r e a s e d  w a te r  b a l 
a n c e ,  from  7 .0 ± 2 .0  ml i n  th e  v e h i c l e - i n f u s e d ,  t o  1 2 -3 0  ml 
i n  th e  AI I  and  CBC g ro u p s .  The h ig h  w a te r  b a la n c e  (15 ml ) 
and n e g a t i v e  Na b a la n c e  ( - 0 .2 5  mmol) d u r in g  th e  i n f u s i o n  
a t  t h e  h i g h e r  d o se  o f  CBC th u s  i n d i c a t e s  c o n s id e r a b l e  
d i l u t i o n  o f  body f l u i d s  w i th o u t  r e p la c e m e n t  o f  e x t r a c e l l u 
l a r  v o lu m e . The e x p e r im e n t  d e m o n s t r a te s  t h a t  c h o l i n e r g i c  
s t i m u l a t i o n  o f  t h e  b r a i n  e f f e c t i v e l y  d i s r u p t s  n o rm a l e x t r a 
c e l l u l a r  volum e r e g u l a t i o n ,  w h i le  AI I  f a c i l i t a t e s  e x t r a 
c e l l u l a r  volum e r e p la c e m e n t .
S u p p o r te d  by HL 21800 .

294.3  FLAVOR, FORCED CHOICE AND DEPRIVATION AFFECTS CORTICOSTERONE 
SELECTION BY ADRENALECTOMIZED RATS.  V. Wilier*, T.W. 
Cast onguay*, M.F. Dallman* and J.S.St ern* (Spon: B. Wong).
Food Intake Laboratory and Nutrition Dept. Univ. Ca. Davis 
95616 and Physiology Dept., UCSF, San Francisco 94143.

Adrenalect omized (ad×) rets g iven  access to  saline 
solutions containing corticosterone (B) maintain normal 
body weights (Wilkinson et  a l . ,  Am. J. Physiol. , 1981). The 
purpose of th is  experiment was to  determine If ad× ra ts  can 
learn to  prefer a flavored saline with B over a different 
flavor without B.

The experiment was conducted over 22 days. The 
experimental design consisted of two bott le  pr eference 
t e s ts  (flavored sa line with B vs. flavored saline without 
B) alternating with single bo tt le  t e s ts  (forced choice 
ei ther  with or without B). Male, ad× Sprague Dawley ra ts  
(12 wks old) were given ei ther  B in anise flavored (n =6 ) 
or in maple flavored (n =5) saline for 6 days. During the 
two-bottle preference t e s ts ,  each ra t  also received 
unsupplemented saline in the al ternate  flavor as the second 
option. This f i r s t  two bo t t le  preference t e s t  was followed 
by: a 4-day forced choice t e s t ,  during which the ra ts  only 
drank the flavored saline with B; a 4-day two bo t t le  
preference t e s t ;  a 4-day t e s t  of flavored saline without B 
( i .e. deprivation); and f ina lly  a 4-day two bott le  t e s t .

During the f i r s t  choice period, the MAPLE group consumed 
a dally average of 36.2 ± 5.8 ml of sa line with B. The 
ANISE group consumed only a dally average of 7.0 ± 4.2 ml. 
of sa line with B. Despite access to B, ra ts  in the ANISE 
group were essentia l ly  B deprived because they were 
consuming the preferred, but unsupplemented maple flavored 
sa line . During the forced choice period there was an 
Increase in B Intake only in the se lf-depr ived group (the 
ANISE group 22.6 ± 3.8 ml but not the MAPLE group 26.5 ± 
7.0 ml). The ra ts  in the MAPLE group did not experience 
deprivation until the deprivation period was Imposed. After 
deprivation, B intake increased in both groups.

Results from the f i r s t  choice period show that  flavor 
preferences can override any tendency to  consume B. 
However, both forced choice and deprivation can promote an 
i ncreased preference for a B containing solution. The fact 
tha t  there was a se lective increase in B consumption with 
both forced choice ( in the ANISE group) and deprivation ( in 
both groups) demonstrates tha t  adx rats  can acquire a 
preference for B.

(Supported  in part by Grants AM 18899 and T32AM07355)

294.4  THE ROLE OF OROPHARYNGEAL STIMULATION IN CCK-INDUCED 
SATIETY IN THE SHAM FEEDING RAT.  P .A . F o r s y th * ,  S.M. 
C o l l i n s * ,  K .L . C onover*  and  H .P . W e in g a r te n .   D e p a r tm e n ts  
o f  P sy c h o lo g y  & M e d ic in e ,  M cM aster U n i v e r s i t y ,  H a m ilto n , 
O n t a r i o ,  C an ad a , L8S 4K1.

I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  o r o p h a r y n g e a l  s t i m u l a t i o n  
p o t e n t i a t e s  t h e  s a t i e t y  p ro d u c e d  by e x o g e n o u s  c h o le c y s to 
k i n in  (CCK). T h is  b e l i e f  i s  b a s e d  on e x p e r im e n ts  u s in g  20% 
p u re  CCK w h ich  d e m o n s t ra te  t h a t  CCK's a b i l i t y  to  s u p p re s s  
f e e d in g  i s  e n h a n ce d  th e  c l o s e r  i t  i s  i n j e c t e d  to  a  m e a l .  
H ow ever, th e  i n c r e a s e d  e f f i c a c y  o f  CCK w i th  c l o s e r  te m p o ra l  
p r o x im ity  to  a  m ea l m ig h t s im p ly  r e f l e c t  i n c r e a s e d  p e p t i d e  
l e v e l s  a t  t h e  t im e  o f  f e e d in g .  F u r th e r ,  s i n c e  o r o p h a r y n g e a l  
s y n e rg y  h a s  n e v e r  b e e n  d e m o n s tra te d  w i th  a  p u re  CCK p r e p a r a 
t i o n ,  th e  f o l lo w in g  s t u d i e s  w ere  p e rfo rm e d  to  e v a lu a t e  th e  
r o l e  o f  o r o p h a r y n g e a l  s t i m u l a t i o n  in  CCK-in d u c e d  s a t i e t y .

R a ts  e q u ip p e d  w i th  g a s t r i c  f i s t u l a e  w e re  i n j e c t e d  ip  
w i th  5 .6  u g /k g  CCK-OP 15 m in b e f o r e  a  t e s t  sham  f e e d .  In  
one c o n d i t i o n ,  r a t s  sham  f e d  f o r  15 m in p r i o r  to  CCK i n j e c 
t i o n ;  i n  t h e  o t h e r ,  th e y  d id  n o t .  CCK-OP g iv e n  15 min 
b e f o r e  sham f e e d in g  s u p p re s s e d  e a t i n g  i n  o n ly  th o s e  c a s e s  
when i t s  a d m i n i s t r a t i o n  was a c co m p a n ie d  by o r o p h a r y n g e a l  
s t i m u l a t i o n .  T h ese  r e s u l t s  i n d i c a t e  t h a t  o r o p h a r y n g e a l  
c u e s  e n h a n ce  th e  s a t i e t y  a c t i o n  o f  e x o g e n o u s  CCK.

A s e c o n d  e x p e r im e n t  ex am in ed  w h e th e r  o r o p h a r y n g e a l  
sy n e rg y  w i th  CCK r e q u i r e s  o r o p h a r y n g e a l  s t i m u l a t i o n  p r i o r  
to  p e p t i d e  d e l i v e r y .  CCK-OP, 5 .6  u g /k g .  w as i n j e c t e d  i n t o  
r a t s  c o in c i d e n t  w i th  t h e  i n i t i a t i o n  o f  a t e s t  sham f e e d .  
R a ts  had  e i t h e r  sham f e d ,  o r  n o t  sham f e d ,  f o r  15 m in p r i o r  
to  CCK a d m i n i s t r a t i o n .  B o th  c o n d i t i o n s  p ro d u c e d  s i m i l a r  
and s i g n i f i c a n t  s u p p r e s s io n s  o f  e a t i n g  d u r in g  th e  t e s t  sham 
f e e d ;  th e  maximum s u p p r e s s io n ,  t im e  o f  p e a k  s u p p r e s s io n ,  
and  d u r a t i o n  o f  s u p p r e s s io n  w ere  s i m i l a r  i n  t h e  two CCK 
c o n d i t i o n s .  T h u s , a l th o u g h  o r o p h a r y n g e a l  c u e s  do e n h a n ce  
th e  a c t i o n  o f  e x o g e n o u s  CCK, t h i s  o r o p h a r y n g e a l  sy n e rg y  
n e e d s  o n ly  c o n tig u o u s  p a i r i n g s  o f  o r o p h a r y n g e a l  s t i m u l a t i o n  
and  f e e d i n g ,  an d  d o e s  n o t  r e q u i r e  o r o p h a r y n g e a l  s t i m u l a t i o n  
p r i o r  t o  CCK i n j e c t i o n .

S u p p o r te d  by M e d ic a l  R e s e a rc h  C o u n c il  o f  C an ad a .
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294.5  EFFECT OF GASTRIC DISTENSION ON SINGLE-NEURON ACTIVITY IN 
THE BRAINSTEM OF THE RAT.  L. A. Evey, and J .C . M itch e ll.  
Dept. of Psychology, Kansas S ta te  U n iv ., M anhattan, KS 
66506.

Neuroanatom ical evidence in d ic a te s  th a t  g a s t r ic  vagal 
a f f e re n ts  te rm in a te  in  th e  caudal medial p o rtio n  o f th e  
s o l i ta r y  nucleus whereas g a s t r ic  vagal e f fe re n ts  a r i s e  
from sonata  in  th e  underly ing  p o rtio n  o f th e  d o rsa l motor 
nucleus o f th e  vagus nerve (Norgren and Smith, N eurosci. 
A b s t.,  1983, 9 , 611). We used neurophysio log ical 
techn iques to  fu r th e r  in v e s t ig a te  th e  c e n tra l  d is t r ib u t io n  
of g a s t r ic  a f f e re n ts  and th e  response c h a r a c te r i s t ic s  of 
s in g le  neurons s e n s i t iv e  to  g a s t r ic  d is te n s io n . 
Sprague-Dawley r a t s  (n=28) were an es th e tiz ed  w ith  
Chloropent (3.0m l/kg) and tra c h e o tomized . Rats were 
mounted in  a s te r e o ta x ic  apparatu s  and th e  d o rsa l 
brainstem  exposed. Supplemental doses o f ch lo ra lo se 
(55mg/kg) were g iven a s  req u ired . Recordings were from 26 
neurons s e n s i t iv e  to  in f l a t io n  (10ml a i r )  o f a  g a s tr ic  
ba llo o n . Responsive c e l l s  were w ith in  0.6mn o f th e  
m id line  and were a t  depths from 0.6nm to  1.0mm from th e  
su rface  o f th e  b ra in .  They extended from 1.0mm p o s te r io r  
to  th e  obex to  th e  edge o f th e  cerebellum . Whether they 
extended fu r th e r  r o s t r a l ly  was n o t in v e s t ig a te d . 
H is to lo g ic a l v e r i f i c a t io n  o f m icro les ions  lo c a ted  th e se  
c e l l s  in  an a re a  immediately sub jacen t to  th e  a rea  
postrem a and th e  caudal m edial s o l i ta r y  nucleus near th e  
border of th e  d o rsa l motor nucleus o f th e  vagus nerve. I t  
i s  in co n c lu siv e  whether reco rd ings were from second-order 
c e l l s  w ith in  th e  s o l i t a r y  nucleus o r h ig h e r-o rd er c e l l s  
w ith in  th e  motor nucleus o f th e  vagus. E x tra c e llu la r  
sp ike  am plitudes were a s  h igh  as  4500uv and always showed 
an in f le c t io n  on th e  r i s in g  edge suggesting  th a t  recording  
s i t e s  were in  th e  immediate v ic in i ty  of c e l l  bod ies. 
Spontaneous f i r in g  r a te s  ranged from le s s  than  one sp ike 
per m inute to  approxim ately one sp ike  per second. Nine 
c e l l s  in c reased  f i r i n g  r a te s  to  d is te n s io n  and decreased  
f i r in g  r a te s  to  d e f la t io n .  Seventeen c e l l s  reduced f i r in g  
r a te s  to  d is te n s io n  and in c reased  f i r in g  r a te s  to  
d e f la t io n .  These responses a re  s im ila r  to  th e  Type I  and 
Type I I  u n i ts  from vagal e f fe re n ts  p rev io u sly  described  by 
Davison and Grundy (J . P h y s io ., 1976, 263, 219P-220P). 
Neurons showing Type I  responses were lo c a ted  immediately 
d o rsa l to  neurons showing Type I I  responses. We agree 
w ith  p rev ious re sea rc h e rs  th a t  th e se  neurons m ediate 
g a s t r ic  re f le x e s  and may be involved in  s a t i e ty .

294.6  IS  GASTRIC SHAM-FEEDING REALLY SHAM FEEDING?  A. 
S c l a f a n i  an d  J .  W. N is se n b a u m * .  D e p t . o f  
P s y c h o lo g y ,  B ro o k ly n  C o l le g e  o f  CUNY, B ro o k ly n ,  
NY 11210 .

R a ts  f i t t e d  w i th  a  g a s t r i c  f i s t u l a  d r a s t i c a l l y  
i n c r e a s e  t h e i r  fo o d  i n t a k e  when t e s t e d  w i th  t h e i r  
g a s t r i c  f i s t u l a  o p e n e d . T h is  s h a m - o v e r fe e d in g  
r e s p o n s e  h a s  b e en  a t t r i b u t e d  t o  t h e  a c t i o n  o f  
p o s i t i v e  fe e d b a c k  fro m  t h e  m outh  ( p a l a t a b l e  
t a s t e )  i n  t h e  a b s e n c e  o f  n e g a t i v e  f e e d b a c k  fro m  
t h e  g u t  ( s a t i e t y  c u e s ) .  The p r e s e n t  s tu d y  
c o n f irm e d  t h a t  h u n g ry  r a t s  i n c r e a s e d  t h e i r  i n t a k e  
o f  a  32% g lu c o s e  s o l u t i o n  when t e s t e d  w i th  an  
o p e n ed  g a s t r i c  f i s t u l a  ( c l o s e d  f i s t u l a :  7 .8  m l/3 0  
m in , o p e n ed  f i s t u l a :  3 5 .1  m l/3 0  m in ) .  The same 
r a t s ,  h o w e v e r , f a i l e d  t o  r e l i a b l y  i n c r e a s e  t h e i r  
i n t a k e  o f  a  0.2% s a c c h a r i n  s o l u t i o n  when t e s t e d  
w i th  an  o p e n ed  f i s t u l a  ( c l o s e d  f i s t u l a :  1 1 .5  
m l /3 0 ,  o p e n ed  f i s t u l a :  1 6 .2  m l/3 0  m in ) .  The r a t s  
a l s o  d id  n o t  s h a m - o v e r fe e d  s a c c h a r i n  s o l u t i o n s  o f  
h i g h e r  o r  lo w e r  c o n c e n t r a t i o n s  ( .0 5  t o  .8 % ). The 
b i t t e r  a f t e r t a s t e  o f  s a c c h a r i n  c a n n o t  e x p l a i n  
t h e s e  r e s u l t s  b e c a u s e  o t h e r  r a t s  w e re  o b s e r v e d  t o  
s h a m - fe e d  c o n s i d e r a b l y  l e s s  o f  t h e  s a c c h a r i n  
s o l u t i o n  th a n  o f  a  p o l y s a c c h a r i d e  s o l u t i o n  made 
b i t t e r  w ith  s u c r o s e  o c t a a c e t a t e .

The a b o v e  f i n d i n g s  s u g g e s t  t h a t  p o s t i n g e s t i v e  
f a c t o r s  r a t h e r  th a n  o r a l  f a c t o r s  a l o ne may be  
r e s p o n s i b l e  f o r  t h e  s h a m - o v e r f e e d in g  o f  c a r b o 
h y d r a t e  s o l u t i o n s .  F u r t h e r  t e s t s  r e v e a l e d  t h a t  
t h e  s h a m - fe e d in g  o f  c o n c e n t r a t e d  g lu c o s e  o r  
s u c r o s e  s o l u t i o n s  s i g n i f i c a n t l y  i n c r e a s e d  b lo o d  
g lu c o s e  l e v e l .  The a d d i t i o n  o f  a c a r b o s e ,  a  d ru g  
t h a t  b lo c k s  s u c r o s e  d i g e s t i o n ,  t o  t h e  s u c r o s e  
s o l u t i o n  p r e v e n te d  t h e  i n c r e a s e  i n  b lo o d  g lu c o s e  
p ro d u c e d  by s h a m - f e e d in g .  T h is  i n d i c a t e d  t h a t  
a b s o r p t i o n  r a t h e r  th a n  e n d o g e n o u s  r e l e a s e  was 
r e s p o n s i b l e  f o r  b lo o d  g l u c o s e  r e s p o n s e  t o  
s h a m - f e e d in g .  S in c e  a c a r b o s e  d id  n o t  r e d u c e  th e  
s h a m - o v e r fe e d in g  o f  t h e  s u c r o s e  s o l u t i o n  i t  
a p p e a r s  t h a t  p o s t a b s o r p t i v e  f a c t o r s  a r e  n o t  
r e s p o n s i b l e  f o r  t h i s  b e h a v i o r .  R a th e r  t h e  
r e s u l t s  s u g g e s t  t h a t  p r e a b s o r p t i v e  a f f e r e n t  
f e e d b a c k  fro m  t h e  g u t ,  p re s u m a b ly  fro m  th e  
g a s t r i c  m u co sa , i s  r e s p o n s i b l e  f o r  t h e  sham 
o v e r f e e d in g  o f  c a r b o h y d r a t e  s o l u t i o n s .  T h is  
p o s s i b i l i t y  i s  c u r r e n t l y  u n d e r  i n v e s t i g a t i o n .

294.7  ATROPINE INHIBITION OF SHAM FEEDING: TEMPORAL 
FACTORS.  J .  W. N issen b au m *  an d  A. S c l a f a n i  
(SPON: I .  A b ram o v ).  D e p t.  o f  P s y c h o lo g y ,  
B ro o k ly n  C o l le g e  o f  CUNY, B ro o k ly n ,  NY 1 1 2 1 0 .

T r e a tm e n t  w i th  a t r o p i n e  m e th y l  n i t r a t e  h a s  
b e e n  r e p o r t e d  t o  s u b s t a n t i a l l y  s u p p r e s s  t h e  
s h a m - fe e d in g  o f  a  l i q u i d  d i e t  i n  r a t s  (L o re n z  e t  
a l . ,  1 9 7 8 ) .  On t h e  o t h e r  h a n d , much h i g h e r  d o s e s  
o f  a t r o p i n e  w e re  o b s e r v e d  t o  p ro d u c e  r e l a t i v e l y  
s m a l l  r e d u c t i o n s  i n  t h e  r e a l - f e e d i n g  o f  s u g a r  
s o l u t i o n s  ( S c l a f a n i  & X e n a k is ,  1 9 8 2 ) .  The 
p r e s e n t  s tu d y  i n v e s t i g a t e d  t h e  r e a s o n  f o r  t h i s  
d i s c r e p a n c y  u s in g  r a t s  f i t t e d  w i th  a  g a s t r i c  
f i s t u l a .  I n  E xp . 1 ,  r a t s  t r a i n e d  t o  s h a m - fe e d  a 
32% s u c r o s e  s o l u t i o n  w e re  i n j e c t e d  w i th  a t r o p i n e  
(1  o r  5 m g /k g ) o r  s a l i n e  30 m in  p r i o r  t o  t h e  
s h a m - f e e d in g  t e s t  f o l l o w i n g  th e  p r o c e d u r e  o f  
S c l a f a n i  & X e n a k is .  A t r o p in e  s u p p r e s s e d  t h e  
s h a m - f e e d in g  o f  s u c r o s e  by up  t o  16% w h ich  i s  
c o m p a ra b le  t o  t h e  r e s u l t s  o b t a in e d  w i th  r a t s  
" r e a l - f e e d i n g "  a  s u c r o s e  s o l u t i o n  ( S c l a f a n i  & 
X e n a k i s ) .  I n  E xp . 2 ,  t h e  r a t s  w e re  t e s t e d  
a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  L o ren z  e t  a l .  T h a t 
i s ,  a t r o p i n e  (1  o r  5 m g /kg ) was i n j e c t e d  17 m in 
a f t e r  t h e  r a t s  h ad  s t a r t e d  s h a m - f e e d in g .  I n  t h i s  
c a s e  a t r o p i n e  s u p p r e s s e d  t h e  s u b s e q u e n t  
s h a m - f e e d in g  o f  t h e  s u c r o s e  s o l u t i o n  by up  t o  
65%. In  E xp . 3 , t h e  a t r o p i n e  (1 m g /kg ) was 
i n j e c t e d  a t  t h e  s t a r t  o f  t h e  s h a m - fe e d in g  t e s t  
an d  p ro d u c e d  a  f e e d in g  s u p p r e s s io n  s i m i l a r  t o  
t h a t  o b s e r v e d  i n  E x p . 2 .

T h e s e  r e s u l t s  d e m o n s t r a te  t h a t  a t r o p i n e  d o e s  
n o t  d i f f e r e n t i a l l y  a f f e c t  t h e  r e a l - f e e d i n g  an d  
s h a m - fe e d in g  o f  a  s u c r o s e  s o l u t i o n .  T hey r e v e a l  
i n s t e a d  t h a t  t h e  te m p o r a l  r e l a t i o n s h i p  b e tw ee n  
d ru g  a d m i n i s t r a t i o n  an d  m ea l o n s e t  i s  a  c r i t i c a l  
d e t e r m i n a t e  o f  t h e  d ru g  r e s p o n s e .  When t h e  d ru g  
i s  g iv e n  30 m in p r i o r  t o  m ea l o n s e t  a t r o p i n e  
p r o d u c e s  o n ly  a  s m a l l  s u p p r e s s io n  o f  f e e d i n g ,  b u t  
when t h e  d ru g  i s  a d m i n i s t e r e d  a t  o r  a f t e r  m ea l 
o n s e t  i t  p r o d u c e s  a  l a r g e  d e p r e s s i o n  in  fo o d  
i n t a k e .  T h is  te m p o r a l  e f f e c t  c a n n o t  be  
a t t r i b u t e d  t o  a  s h o r t  d u r a t i o n  o f  a c t i o n  f o r  
a t r o p i n e ,  b u t  r a t h e r  a p p e a r s  t o  r e s u l t  f ro m  some 
i n t e r a c t i o n  b e tw e e n  t h e  i n i t i a l  e f f e c t  o f  t h e  
a t r o p i n e  a n d  f e e d in g  b e h a v i o r .

294.8  INSULIN’S INFLUENCE ON SHAM VS. NORMAL FEEDING.
Rhonda L. P e ttin g *  and Dennis A. VanderWeele.  Dept. P sych ., 
O ccidental C ollege, CA 90041.

In s u lin  adm inistered  in  doses above p h y s io lo g ica l le v e ls  
produces hyperphagia and, w ith continued use, o b e sity . 
A lte rn a tiv e ly , in s u lin  in fused  ch ro n ica lly  in  more modest 
amounts decreases food in tak e  and body weight gain . The 
p resen t study continued to  examine in s u l in ’s func tion  in  the 
co n tro l of food in tak e  by observing the  e f fe c ts  of in s u lin  
in  animals 17% h rs  food deprived e i th e r  feeding  w ith open 
g a s tr ic  f i s tu la s  (sham) or feeding norm ally.

Seven ad u lt male Sprague-Dawley r a ts  were su rg ic a l ly  
im planted w ith s ta in le s s  s te e l  g a s tr ic  f i s t u l a s  su tu red  in to  
the  w all of the  stomach a lo ng the  g re a te r  cu rva tu re .
Opening the  f i s t u l a  allowed immediate drainage o f stomach 
con ten ts . 17½ h r food deprived r a ts  received  in je c tio n s  of 
in s u lin  ( .1 , .4  or .75 U /ra t) o r s a lin e  on a l te rn a te  days, 
p r io r  to  a 1 h r p re sen ta tio n  of a liq u id  sweetened condensed 
milk so lu tio n . In sham feeding anim als, in s u lin  s ig n i f i 
can tly  reduced in tak e  during the  te s t in g  period  a t  the  .4 U 
dose (18%, p< .02) and .75 U dose (11%, p< .05). A subsequent 
study which pa ired  flav o red  m ilk w ith  in s u lin  and a l te rn a 
t iv e ly  flavo red  m ilk w ith s a l in e ,  in d ica ted  th a t  the  
suppression  was not due to  i l ln e s s  as the  in s u lin -p a ire d  
f la v o r  was p re fe rred  in  tw o -b o ttle  ta s t e  t e s t s  (p< .02) .

Eight ad d itio n a l r a ts  were used to  t e s t  in s u l in ’s e f fe c ts  
on normal feed ing . Subjects (17% h r deprived) received  
counterbalanced in je c tio n s  of in s u lin  ( .0 5 , .1 , .4  o r . 75U/rat)  
or s a lin e  over f iv e  consecutive days. S lig h t suppressions 
of in tak e  th a t  were not s t a t i s t i c a l l y  s ig n if ic a n t  (approxi
mately 6 % suppression) were observed in  norm ally feeding  
r a ts  a t  the  doses given.

The r e s u l t s  in d ic a te  th a t  in s u lin  reduces in tak e  in  sham 
feeding r a ts  w ith doses th a t produce n o n s ig n if ic a n t trends  
to  decrease re a l  in tak e . G a s tro in te s tin a l  hormones such as 
CCK and bombesin re q u ire  h igher doses to  suppress sham 
in take  than re a l  in ta k e . Perhaps in s u lin  re a c ts  in  a s im ila r  
manner, w ith lower doses requ ired  to  reduce normal in tak e  
than those doses necessary  to  decrease  sham in ta k e . This 
p o s s ib i l i ty  i s  c u rre n tly  being in v e s tig a te d .
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294.9  EFFECTS OF PARTIAL LIVER DENERVATIONS ON FEEDING AND DRINK
ING RESPONSES IN RATS.  L . M a c ls a a c * , M. E s g u e r r a * , an d  N. 
G e a r y .  D e p a r tm e n t o f  P s y c h o lo g y ,  C o lu m b ia  U n i v e r s i t y ,  New 
Y o rk , NY 10 0 2 7 .

A lth o u g h  e f f e c t s  on fo o d  an d  w a te r  i n t a k e  o f  t o t a l  l i v e r  
d e n e r v a t io n 1 an d  o f  s e l e c t i v e  vago tom y o f  o n ly  t h e  h e p a t i c  
b r a n c h  o f  t h e  v a g u s 2 , 3 ' 4 h a v e  b e e n  t e s t e d ,  e f f e c t s  o f  p a r 
t i a l  l i v e r  d e n e r v a t io n s  t h a t  s p a r e  t h e  h e p a t i c  b r a n c h  h av e  
n o t .  We t h e r e f o r e  i n v e s t i g a t e d  i n g e s t i v e  r e s p o n s e s  t h a t  may 
d e p e n d  on h e p a t i c  f u n c t i o n  in  r a t s  w i th  s e l e c t i v e  h e p a t i c  
v a g o to m ie s  (HV ), s e l e c t i v e  l i v e r  d e n e r v a t io n s  t h a t  s p a r e  th e  
h e p a t i c  b r a n c h  o f  t h e  v a g u s  (PLD ), an d  sham o p e r a t io n s  (S H ). 
O p e r a t iv e  p r o c e d u r e s  w ere  b a s e d  on p u b l i s h e d  m e th o d s 1 , 2 .

P a n c r e a t i c  g lu c a g o n  (1 0 0 -4 0 0  m cg /k g  ip )  i n h i b i t e d  f e e d in g  
i n  b o th  SH an d  PLD r a t s  (mean i n h i b i t i o n s  o f  m eal s i z e  com
p a r e d  t o  c o n t r o l  i n j e c t i o n : SH, 18-24% ; PLD, 3 1 -3 5 % ), b u t  
f a i l e d  t o  i n h i b i t  f e e d in g  in  HV r a t s  ( i n h i b i t i o n : -1 0  -  -8 % ). 
I n  c o n t r a s t ,  n e i t h e r  n e u r a l  d i s c o n n e c t i o n  re d u c e d  e p in e p h 
r i n e ' s  ( 1 2 .5 - 5 0  m cg /k g  ip )  i n h i b i t o r y  e f f e c t  on f e e d in g  
( i n h i b i t i o n s :  SH, 28-41% ; HV, 10-55% ; PLD, 2 6 -6 1 % ). T h ese  
d a t a  s u g g e s t  d i f f e r e n t  p e r i p h e r a l  n e u r a l  m ech an ism s m e d ia te  
t h e  e f f e c t s  o f  g lu c a g o n  and  e p in e p h r in e  on f e e d i n g .  They 
a l s o  f a i l  t o  s u p p o r t  t h e  h y p o th e s i s  t h a t  c o e l i a c  g a n g l io n e c 
tomy a t t e n u a t e s  e p i n e p h r i n e 's  i n h i b i t o r y  e f f e c t  on f e e d in g  
by  d i s c o n n e c t i n g  h e p a t i c  a f f e r e n t s 3 . Why t o t a l  l i v e r  d e n e r 
v a t i o n  d o e s  n o t  b lo c k  g l u c a g o n 's  s a t i e t y  e f f e c t 1 re m a in s  
m y s t e r i o u s .

T h re e  d ip s o g e n ic  c h a l l e n g e s  f a i l e d  t o  r e v e a l  an y  e f f e c t s  
o f  HV o r  PLD. L a t e n c i e s  t o  d r in k  and  w a te r  i n t a k e s  a f t e r  
17 h w a te r  d e p r i v a t i o n ,  h y p e r t o n i c  s a l i n e  i n j e c t i o n  (1 m l/k g  
1 M NACL i p ) ,  o r  a n g io t e n s in  I I  i n j e c t i o n ( 0 .1  m g/kg  s c )  w ere  
s i m i l a r  i n  SH, HV, and  PLD r a t s .  B e c a u se  c o e l i a c  vago tom y 
p r o d u c e s  d e f i c i t s  i n  b o th  h y p e r t o n i c  s a l i n e  and  a n g io t e n s in  
in d u c e d  d r i n k i n g 4 , 5 , t h i s  s u g g e s t s  a  f u r t h e r  d i s s o c i a t i o n  
b e tw e e n  th e  b e h a v io r a l  e f f e c t s  o f  l i v e r  d e n e r v a t io n s  and 
c o e l i a c  l e s i o n s .
REFS: 1 L . B e l l i n g e r  & L . W il l ia m s  P h y s i o l . B e h a v . 30: 4 3 6 , 
1 9 8 3 . 2N. G eary  & G .P . S m ith  P h y s i o l . B e h a v . 3 1 : 3 91 , 1982 . 
3M.G. T o r d o f f  e t . a l .  J .  C. C. P s y c h o l . 9 6 : 3 6 1 , 198 2 . 
4M.G. T o r d o f f  e t . a l .  P h y s i o l . B e h a v . 2 8 : 4 1 7 , 1 9 8 2 . 5 C. 
Je ro m e  & G .P . S m ith  J .  Autonom . N. S . 9: 2 5 9 , 198 3 .

704.10  HEPATIC VAGOTOMY COMBINED WITH SUCROSE SUPPLEMENTATION 
YIELDS INCREASED BODY WEIGHT IN RATS.  L.E. Goehler* and 
D. Novin.  Department of Psychology and Brain Research 
In s t i tu te ,  University of California , Los Angeles, CA 90024.

The hepatic branch of the vagus nerve has been implicated 
in body weight control (Friedman and Sawchenko, Am. J .  
Physiol. , in press).  That study showed tha t  cutting th is  
branch increased body weight in male but not female ra ts  
when fed ad libitum. This finding is  not universal, 
however, as some workers have fa i led  to find e i ther  
increased body weight gain or al tered responses to metabolic 
challenges (Tordoff, Hopfenbeck and Novin, Physio. Behav., 
1982: 28, 417-424). Since control of food intake is 
unlikely to be the province of one organ we suspected that  
the information carried by the hepatic vagus may be related 
to re la t ive ly  more specific mechanisms of regulation.  In 
par t icu lar ,  the l iver  i s suspected of being involved in 
carbohydrate regulat ion, therefore the manipulation used in 
th is  study involved the ad libitum dietary supplementation 
of a 30% sucrose solution. Twenty-four male albino ra ts  
(Charles River CD s tra in )  were given e i ther  hepatic 
vagotomies or sham operations. One half of each group 
received a 30% sucrose supplementation. In addition, a l l  
groups had laboratory chow in p e l le t  form continuously 
avai lable.  Only the group receiving both hepatic vagotomy 
and sucrose supplementation (n=6 ) demonstrated signif icant  
body weight gain re la t ive  to sham operated controls not 
receiving sucrose. Hepatic vagotomy without sucrose 
supplementation or sucrose supplementation without hepatic 
vagotomy yielded body weights not d if feren t  from control s 
during the 4 week long observation period. These resu lts  
are not en t i re ly  like the resu l ts  of Friedman and Sawchenko.

These resu l ts  support the idea tha t  there are receptors 
for  carbohydrate metabolism in the l ive r .  Furthermore, 
these receptors are l ike ly  to be involved in the regulation 
of food intake and they are, a t  leas t  in par t ,  innervated 
by the hepatic branch of the vagus nerve.

294.11  EFFECT OF DIET CHOICE ON FOOD INTAKES OF VAGOTOMIZED RATS.
Nancy J . K enney and M ic h e l le  M uggli* . D e p a rtm e n t o f  
P s y c h o lo g y ,  U n i v e r s i t y  o f  W a sh in g to n , S e a t t l e ,  WA 9 8 1 9 5 .

F o l lo w in g  t o t a l  s u b d ia p h r a g m a t ic  v a g o to m y , r a t s  d e c r e a s e  
fo o d  i n t a k e  and  body w e ig h t .  V ag o to m ized  (v g x )  r a t s  
d e m o n s t r a te  a v e r s i o n s  t o  n o v e l  fo o d s  p r e s e n te d  d u r in g  th e  
p o s t s u r g e r y  p e r i o d .  U nder t y p i c a l  c o n d i t i o n s ,  h o w e v e r , vgx 
r a t s  a r e  n o t  p r e s e n t e d  w i th  a new fo o d  a f t e r  s u r g e r y  b u t  
a r e  a d a p te d  t o  t h e i r  p o s t s u r g e r y  fo o d  f o r  a t  l e a s t  2 wks 
p r i o r  t o  v a g o to m y . I n  t h i s  s t u d y ,  we ex am in e  th e  s e l e c t i o n  
o f  fo o d s  by r a t s  w h ich  w ere  a d a p te d  to  t h e i r  s ta n d a r d  
p o s t s u r g e r y  fo o d  p r i o r  to  v ag o to m y .

S ix te e n  m ale  r a t s  w ere  fe d  s w e e te n e d -c o n d e n s e d  m ilk  and 
1 6 ; p e l l e t e d  l a b o r a t o r y  chow . E i g h t t e e n  d a y s  l a t e r ,  h a l f  
o f  t h e  a n im a ls  in  e a c h  d i e t  g ro u p  r e c e iv e d  t o t a l  
s u b d ia p h r a g m a t ic  v a g o to m ie s .  A l l  r a t s  w ere  c o n tin u e d  on 
t h e i r  p r e s u r g e r y  d i e t  f o r  8 d a y s  a f t e r  s u r g e r y .  On th e  
n e x t  2 d a y s ,  a l l  r a t s  w ere  fe d  b o th  p e l l e t s  and  th e  m ilk  
d i e t .  Food i n t a k e s  and body w e ig h ts  w ere m ea su red  d a i l y .

B o th  p e l l e t -  and  m i l k - f e d  vgx r a t s  d e c re a s e d  d a i l y  
i n t a k e s  co m p ared  t o  c o n t r o l s  a f t e r  s u r g e r y .  T o ta l  c a l o r i c  
i n t a k e s  o f  p e l l e t - f e d  vgx r a t s  and o f  s h a m -o p e ra te d  r a t s  
d id  n o t  ch a n g e  on th e  t e s t  d a y s  when b o th  fo o d s  w ere  
a v a i l a b l e .  T o ta l  i n t a k e s  o f  t h e  m i lk - f e d  vgx r a t s  
i n c r e a s e d  ( F ( 1 , 7 ) = 1 3 .6 , P < .0 1 )  b u t  rem a in e d  lo w e r  th a n  
th o s e  o f  m i l k - f e d  c o n t r o l s  ( F ( 1 ,1 7 ) = 7 .8 ,  P < .0 5 )  when 
p e l l e t e d  fo o d  was p r e s e n te d  i n  a d d i t i o n  to  m ilk .

On th e  t e s t  d a y s  when b o th  m ilk  and p e l l e t s  w ere 
p r o v id e d ,  m i l k - f e d  vgx r a t s  to o k  o n ly  1 1 .8  ±  4.8% o f  t h e i r  
t o t a l  c a l o r i e s  from  t h e i r  s ta n d a r d  m ilk  d i e t .  M ilk - fe d  
c o n t r o l s  t o o k  4 6 .0  ±  8.2% o f  t h e i r  c a l o r i e s  from  th e  m ilk  
( F ( 1 ,1 3 ) = 1 3 .7 ,  P < .0 1  com pared  to  m i lk - f e d  vgx r a t s ) .  
P e l l e t - f e d  vgx r a t s  d id  n o t  d i f f e r  from  t h e i r  c o n t r o l s  in  
t h e  p r o p o r t i o n  o f  c a l o r i e s  t a k e n ' from  e a ch  o f th e  fo o d s  on 
th e  f i r s t  d ay  o f  d i e t  c h o ic e .  On th e  s e co n d  d a y ,  h o w e v e r , 
p e l l e t - f e d  vgx  r a t s ,  l i k e  t h e  m i l k - f e d  vgx r a t s ,  p r e f e r r e d  
t h e  n ew ly  ad d ed  fo o d  and  to o k  o n ly  2 4 .1  ± 5.3% o f  t h e i r  
t o t a l  c a l o r i e s  from  t h e i r  s ta n d a r d  p e l l e t e d  fo o d  
( F ( 1 , 1 4 ) = 7 .9 , P < .0 5  com pared  to  p e l l e t - f e d  c o n t r o l s ) .

T h u s , vgx  r a t s  c an  d e v e lo p  a v e r s i o n s  to  a d i e t  p r e s e n t e d  
b o th  b e f o r e  and  a f t e r  s u r g e r y .  T h is  e f f e c t  i s  m ost 
a p p a r e n t  f o r  a n im a ls  fe d  a  m ilk  d i e t  i n  th e  p e r i - s u r g e r y  
p e r io d  b u t  a l s o  c an  be d e m o n s t ra te d  f o r  p e l l e t - f e d  r a t s  
u n d e r  a p p r o p r i a t e  c o n d i t i o n s .  D ie t  a v e r s i o n ,  h o w e v e r, d o es  
n o t  a c c o u n t  f o r  th e  e n t i r e  s u p p r e s s io n  o f  fo o d  i n t a k e  w hich  
f o l lo w s  v ag o to m y .
S u p p o r te d  by AM22024 to  NJK.

294.12  Food Intake and Meal-patterning following Gastric and 
Hepatic-portal Infusion of Hexoses in the Rabbit.  Paula J.  
Gelselman,  Department of Psychology, UCLA, Los Angeles, CA 
90024.

We have previously shown th a t ,  when glucose or fructose 
was rapidly infused into the duodenum or was ingested nor
mally, rabbits showed an increase in subsequent chow intake. 
Galactose, however, had l i t t l e  e f fec t .  We have extended 
these resu lts  to study other possible loci tha t  may mediate 
the sugar-induced food-enhancement ef fec t .

Female New Zealand rabbits were implanted with ei ther  
an hepatic-portal cannula or a gas tr ic  cannula and were 
infused (10 ml /3 kg BW) with 0.3M glucose, 0.3M fructose, 
0.3M galactose, and 0.15M NaCl delivered a t  3 ml /mi n. 
Rabbits were also subjected to a mock control procedure.

During the in i t i a l  half hour following hepatic-portal 
infusion of each of the hexoses, the mean meal s ize ,  mean 
meal duration, and to tal  food intake were s ignif icantly  
greater than measures obtained in control conditions. 
However, a f te r  the i n i t i a l  30 minutes postinfusion of each 
of the three hexoses, food intake was no longer d if feren t  
from control levels .  Thus, the food-enhancement effec t  
of hepatic-portal hexose infusions was not so robust as 
the longer-lasting effects  we had found following duodenal 
infusion or normal ingestion of glucose or fructose.

During the f i r s t  half hour following gastr ic  infusion 
of sa l ine ,  fructose, or galactose, rabbits ingested 
signif icantly  more food than observed in the mock condi
tion. However, a f te r  the f i r s t  half hour postinfusion of 
sa l ine ,  fructose, or galactose, food intake was not 
s ignif icantly  d if feren t  from tha t  observed i n the mock 
condition. No enhancement effec t  was observed following 
in tragastr ic  infusion of glucose.

We have found that  the oral sugar-induced food- 
enhancement effec t  was potentiated by vagotomy and are 
in the process of studying th is  further  in vagotomized 
rabbits.

Our resu l ts  have implications for gas tro in tes tinal  and 
metabolic mechanisms that  may control food intake.

Supported by Sigma Xi Grant-in-Aid for Research (PJG), UCLA 
Chancellor's Patent Grant (PJG), and NS7687 to Donald Novin.
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294.13  ADAPTIVE DIETARY SELF-SELECTION IN THE INSULIN-TREATED 
DIABETIC RAT.  E. K. W alls*, M. M. Layman*, J .  P. Olson* 
and T. B. W ishart.  Department of Psychology, U niversity  of 
Saskatchewan, Saskatoon, Saskatchewan, Canada S7N 0W0 .

In the absence of in s u lin , d ie ta ry  f a ts  become an 
important source of ca lo r ie s  fo r d ia b e tic s .  The use of high 
f a t  d ie ts  in d ia b e tic  ra ts  has been shown to  reduce the 
s e v e rity  of d iab e tes  symptoms such as p o ly u ria , p o ly d ip sia , 
hyperphagi a and lens c a ta r a c ts .  As these  important 
b e n e f its  accrue from ingestion  of high fa t  d ie ts ,  i t  would 
be advantageous fo r a d ia b e tic  ra t to  se le c t  such a d ie t  if  
given a cho ice. Previous s tu d ie s  (Armstrong, W alls, Wolfs 
and Clausen, 1982) fa ile d  to  show a c le a r  p reference fo r a 
high f a t  d ie t  over reg u la r chow.

Three groups of twelve ra ts  were m aintained on one of 
th re e , isoca lo r i c ,  sem ipurified  d ie ts .  Twenty percent of 
useable ca lo r ie s  in each d ie t  were derived from p ro te in . 
The remaining energy content of each d ie t  consis ted  o f: 60% 
carbohydrate and 20% fa t  (LFD); 40% carbohydrate and 40% 
fa t  (MFD); 20% carbohydrate and 60% fa t  (HFD). All ra ts  
were made d ia b e tic  by in trac a rd ia c  in je c tio n  of 
s tre p to z o to c in (55 mg/kg). Following a 48 hour d iab e tes  
v e r if i c a t io n  p e rio d , ra ts  were m aintained fo r  7 days with 
one d a ily  2 .0  U dose of Lente in s u lin . For the remainder 
of the experim ent, 6 ra ts  in each d ie t  group received e i th e r  
1.0 or 4 .0  U o f Lente in su lin  d a ily .

When given a choice between a l l  th ree  d ie ts  (c a fe te r ia  
fe ed in g ), a l l  r a ts  showed a p reference  fo r the HFD. In ra ts  
i n i t i a l l y  m aintained with LFD or HFD, the low in su lin  
treatm ent was a sso c ia ted  w ith s ig n if ic a n t ly  g re a te r  d ie ta ry  
fa t  in take . This e f fe c t  was not obtained in the MFD 
c o n d itio n . The se le c tio n  of HFD re su lted  in s ig n if ic a n t 
improvement in m etabolic s t a b i l i t y  as ind icated  by the 
w ater/food r a t io .

These r e s u l ts  suggest th a t the severe ly  d ia b e tic  ra t has 
the cap ac ity  to  improve m etabolic s ta tu s  by d ie t  s e le c tio n .

294.14  NEURAL CONTROL OF THE PANCREATIC ISLET: CONDITIONED FEEDING 
AND INSULIN SECRETION.   H. -R.  B e r t houd,  M.St e r n e r * ,  and T.L. 
PowI ey .   Lab.  OF R e g u l a t o r y  P s y c h o b i o l o g y ,  P u r d u e  Univ . ,  
West  La f a y e t t e ,  IN 47907.

When a n e u t r a l  s t i m u l u s  i s  r e p e a t e d l y  p a i r e d  w i t h  f ood 
d e l i v e r y  and f eedi ng  wi t h i n  t he  t emporal  l i m i t s  r eq u i r e d  for  
c l a s s i c a l  c o n d i t i o n i n g ,  t h e  cue  becomes  a c o n d i t i o n e d  
s t i m u l u s  (CS) t h a t  w i l l  i n c r e a s e  mo t o r  a c t i v i t y  ( Za mbi a ,  
JCPP, 63, 526,1967) and cause  f eed i ng  (Wei ngar t en,  Sc i ence ,  
220,  431,  1983) .  S i n c e  i t  i s  a l s o  p o s s i b l e  t o  c l a s s i c a l l y  
cond i t i on  v i s c e r a l  s e c r e t i o n s  such as i n s u l i n  (Woods e t  a l . ,  
JCPP,  91,  128,  1977) and s a l i v a  and g a s t r i c  a c i d  as  we l l  
( s e e  Powl ey ,  P s y c h o l .  Rev. ,  84,  89,  1977 f o r  d i s c u s s i o n ) ,  
one might  p r e d i c t  t h a t  c l a s s i c a l l y  con d i t i o n e d  feed i ng  would 
be a s s o c i a t e d  wi th n e u r a l l y- media t ed c ond i t i one d  me t abo l i c  
r e s pons es  (e.g. ,  i n s u l i n  s e c r e t i o n )  t o  t he  CS.

Male Sprague Dawley r a t s  were f i t t e d  wi th ch r on i c  j u g u l a r  
v e i n  c a t h e t e r s  and t r a i n e d  f o r  a t  l e a s t  12 days  t o  e a t  5 t o  
6 l i qu i d  meals  per  day from t i me d - d e l i v e r y  f eede r s  in t h e i r  
cages .  A compound a c o u s t i c - v i s u a l  CS was p r e s e n t e d  for  t he  
4 m i n u t e s  p r e c e e d i n g  each  meal  f o r  one  gr oup  of  r a t s  
( " s i g n a l e d " , n = 7; s e e  We i n g a r t en,  S c i e n c e ,  2 2 0 , 4 31,  1983 
f o r  d e t a i l s ) ,  b u t  was c o m p l e t e l y  d i s s o c i a t e d  f r om meal  
d e l i v e r y  in anot her  group of r a t s  ( " nons i gna l ed",  n = 5).  A 
t h i r d  group of  r a t s  was ne ve r  e xpos e d  t o  t h e  CS p r i o r  t o  
t e s t ,  and had a d - l i b i t um r a t h e r  t han i n t e r m i t t e n t  ac ces s  t o  
food excep t  on t h e  t e s t  day when they  were food depr i ved  for  
6 t o  9 ho u r s  ( " a d - l ib" ,  n = 2) .

Even t h o u g h  t h e  " s i g n a l e d "  g r o u p  s h o w e d  r e l i a b l e  
c ond i t i one d  feedi ng  (6.6± 0 .5ml w i t h  a 2 . 8 ±0.8 s e c  l a t e n c y ) ,  
i t  e x h i b i t e d  no change of plasma i n s u l i n  and g l ucose  l e ve l s  
f r om b a s e l i n e  d u r i n g  t h e  4 m i n u t e  CS p r e s e n t a t i o n .  As 
compared t o  t h e  a d - l i b  group,  both t h e  s i g n a l e d  and non- 
s i g n a l e d  g r o u p s  s h o w e d  a h i g h e r  e a t i n g  r a t e  and  an 
a c c e l e r a t i o n  of d i g e s t i v e  p r oces s e s  as i nd i ca t ed  by f a s t e r  
r i s i n g  g l ucose  and i n s u l i n  l eve l s .

The s e  r e s u l t s  s u g g e s t  t h a t  w h i l e  f e e d i n g  b e h a v i o r  i s  
brought  under  s t i m u l u s  c on t r o l  in t h e  c o n d i t i o n i n g  paradigm 
us ed ,  t h e  c e p h a l i c  p h a s e  of  i n s u l i n  s e c r e t i o n  i s  n o t .  The 
con t r o l  of t h e  a c o u s t i c - v i s u a l  CS appear s  t o  be a s s o c i a t e d  
w i t h  a c t i v i t y  o r  a r o u s a l  r a t h e r  t h a n  a u t o n o mi c  r e s p o n s e s .  
The ques t i on  of whether  an e f f e c t i v e  CS for  t h e  e l a b o r a t i o n  
of a c ond i t i one d  i n s u l i n  r es pons e  must  engage g u s t a t o r y  or 
o l f a c t o r y  a f f e r e n t s i s  c u r r e n t l y  unde r  i n v e s t i g a t i o n .  
(USPHS g r a n t  AM27627).

ANGIOTENSIN AND DRINKING

295.1  THE DEPENDENCE OF SALT APPETITE ON A SYNERGY OF ALDOSTERONE 
AND ANGIOTENSIN.  A.N. E p ste in , R.R. Sakai*, B. Stamoutsos* 
& Jacob S ch u ltz*.  Dept. of Biology & I n s t i tu te  of Neurolo
g ic a l  Sciences, Univ. of Pennsylvania, P h ila . Pa. 19104.

A s a l t  a p p e t i te  i s  aroused in  the  sodium re p le te  r a t  by 
trea tm ent w ith an g io ten sin  and DOCA the p recu rso r of a ld o s
te rone  (F luharty  & E pste in , Behav. Neurosci . 97, 1983; 
Zhang e t  a l ,  P h ysio l. Behav. ,  1984), and can be suppressed 
in  the  sodium d ep le te  r a t  w ith a drug (c a p to p r il ,  CAP) th a t 
blocks the  p roduction  of endogenous ang io ten sin  I I  (Moe e t 
a l ,  Amer. J .  P h y s io l. ,  1984). These fin d in g s  favor the idea 
(E pste in , P ep tides 3, 1983) th a t  a synergy of a ldosterone  
(ALDO) and an g io ten sin  (ANG), the hormones of sodium con
se rv a tio n , a re  the  cause of the s a l t  a p p e t ite  th a t occurs 
under n a tu ra l c ircum stances of sodium d e fic ien cy .

We have now shown 1) th a t  the synergy can be produced 
w ith ALDO, and 2) th a t  the  s a l t  a p p e t ite  of the ad renalec
tomized (ADREX) r a t  i s  e sp e c ia lly  s e n s it iv e  to suppression  
by CAP.

Rats (N=8) f i t t e d  w ith in tra c e re b ro v e n tr ic u la r  (ICV) can
nulae  received  ALDO (40 µg/day, sc) fo r  f iv e  days w hile they 
were m aintained on Purina p e l le t s ,  fre sh  w ater and 3% sa 
l in e .  There was no in c rea se  in  24 hour s a lin e  in ta k e s . On 
the  f i f t h  day a pu lse  ICV in je c tio n  (pICV) of ANG I I  (0 .6 , 6 
or 60ng) or s a lin e  was g iven . Water and 3% s a lin e  in tak es  
were recorded a t  30 mins, 3 and 24 h rs  th e re a f te r ,  as w ell 
as the an im als ' la te n c ie s  to  d rin k  each f lu id .  The combin
ed trea tm en t w ith system ic ALDO and pICV ANG increased  sa
l in e  in tak e  r e la t iv e  to  e i th e r  treatm ent a lo ne. Latency to  
d rin k  s a lin e  was a lso  s h o rte r  in  the  synergy group.

ADREX r a t s  (N=8) th a t  were d rink ing  15.1 ± 4.5 ml during 
2 h rs  of d a ily  access to  3% NaCl drank only 1.9 ± 1.9 ml a f 
t e r  one day of f r e e  access to  w ater a d u lte ra ted  w ith doses 
of CAP (1-2 mg/ml) th a t  do not reduce the s a l t  a p p e tite  of 
the  non-ADREX Na+ d e f ic ie n t  r a t .  N eed-free ADREX ra ts  
( s a l t  a p p e t i te  reversed  by th e ra p e u tic  doses of ALDO) w/o 
CAP show comparable 3% s a lin e  in tak es  (1 .2  ± 0.9  ml) to 
those of the  CAP-treated ADREX r a t s .  This suggests th a t  the 
suppression  by CAP i s  a complete a b o li t io n  of the  need-in 
duced a p p e t i te .  S e lf-ad m in is tra tio n  of system ic CAP had no 
e f f e c t  on the  w ater in tak e  of the  ADREX r a ts  when i t  was 
only a v a i la b le  fo r  2 h r/d ay .

The s a l t  a p p e t i te  of adrenalectom y appears to  be com
p le te ly  and s p e c if i c a l ly  suppressed by blockade of produc
tio n  of endogenous ANG I I .

This work supported by NINCDS 03469.

295.2  CENTRAL AND PERIPHERAL INFUSION OF ANGIOTENSIN-CONVERTING 
ENZYME INHIBITOR ON SALT PREFERENCE IN SPONTANEOUSLY HYPER
TENSIVE RATS.  J .Y .H . Chan and  J . S .  H u tc h in s o n * .
D e p a rtm e n t o f  P h a rm a c o lo g y , F a c u l ty  o f  M e d ic in e , N a t io n a l  
U n i v e r s i ty  o f  S in g a p o re ,  K ent R id g e , S in g a p o re  0 5 1 1 .

I n j e c t i o n  o f  a n g io t e n s in  I I  (ANG I I )  i n to  th e  c e r e b r a l  
v e n t r i c l e s  i s  known to  r e s u l t  in  a m arked  i n c r e a s e  in  w a te r  
i n t a k e ,  fo llo w e d  by a s u s t a i n e d  in g e s t io n  o f  NaCl s o l u t i o n  
in  th e  r a t .  At th e  same t im e ,  th e  s p o n ta n e o u s ly  h y p e r 
t e n s i v e  r a t  (SHR) p o s s e s s  an e x a g g e r a te d  s a l t  a p p e t i t e  
com pared  to  n o rm o te n s iv e  W is ta r-K y o to  c o n t r o l s .  F u r th e r 
m o re , c e n t r a l l y  p ro d u c e d  ANG I I ,  in d e p e n d e n t  o f  th e  
c i r c u l a t i n g  r e n i n - a n g i o t e n s i n  sy s te m , i s  e l e v a t e d  in  th e  
SHR. The im p l ic a te d  p o s s i b i l i t y  t h a t  su ch  en d o g en o u s  b r a in  
ANG I I  i s  in v o lv e d  in  th e  e x a g g e r a te d  s a l t  a p p e t i t e  o f  th e  
SHR was ex am in ed  in  t h i s  s tu d y  u s in g  a tw o - b o t t l e  p r e f e r e n c e  
t e s t .

F lu id  in ta k e  by w e ig h t  from  s a l i n e  and  w a te r  b o t t l e s  was 
m easu red  d a i l y .  The b a s e l i n e  v a lu e s  w ere  e s t a b l i s h e d  o v e r  
a 6 -d a y  p e r i o d ,  a f t e r  th e  a n im a ls  had  b een  a llo w e d  to  
a c c l i m a t i z e  f o r  3 d a y s .  To d i f f e r e n t i a t e  th e  c e n t r a l  and 
p e r i p h e r a l  e f f e c t s  o f  ANG I I ,  th e  a n g io t e n s in - c o n v e r t i n g  
enzyme i n h i b i t o r ,  c a p t o p r i l ,  was i n fu s e d  by two d i f f e r e n t  
r o u t e s ,  u s in g  th e  A l z e t @ o s m o tic  m in ip u m p s. C a p to p r i l  was 
d e l i v e r e d  v ia  th e  i n t r a c e r e b r o v e n t r i c u l a r  r o u te  to  one g ro u p  
o f  SHR and th e  i n t r a p e r i t o n e a l  r o u te  to  a n o th e r ,  a t  a r a t e  
o f  80 µ g /h r .  I n f u s i o n  o f  s a l i n e ,  a t  c o m p a ra b le  r a t e  and 
r o u t e s ,  s e rv e d  a s  v e h ic l e  c o n t r o l s  in  two o t h e r  g ro u p s  o f  
a n im a ls .  The e f f e c t s  o f  t h e s e  t r e a tm e n ts  on f l u i d  i n ta k e  
and p r e f e r e n c e  w ere fo llo w e d  f o r  6 d a y s .

D u rin g  th e  c o n t r o l  p e r i o d ,  SHR d ra n k  2 4 .9 9 ±  2 .9 8  ml p e r  
100 g body w e ig h t  p e r  day o f  s a l i n e  and  2 .1 2  ± 0 .5 5  ml p e r  
100 g body w e ig h t  p e r  day o f  w a te r .  T h is  r e p r e s e n te d  a 
s a l i n e  p r e f e r e n c e  o f  92% o f  t o t a l  f l u i d  i n t a k e .  C e n t r a l  
c a p t o p r i l  i n f u s e d  r a t s  showed a s i g n i f i c a n t  d e c r e a s e  in  
s a l i n e  i n ta k e  d u r in g  th e  t r e a tm e n t  p e r io d  com pared  to  th e  
p r e t r e a t m e n t  p e r io d  ( F 1 ,5  = 6 7 .2 7 ,  P< 0 .0 0 1 ) .  In  c o n t r a s t ,  
p e r i p h e r a l  i n f u s i o n  o f c a p t o p r i l  d id  n o t  p ro d u c e  a 
s i g n i f i c a n t  c h an g e  in  s a l i n e  i n ta k e  (F 1 , 5 = 1 .6 5 ,  P > 0 . 2 0 ) .  
V e h i c l e - t r e a t e d  SHR showed no ch an g e  i n  s a l i n e  i n t a k e  d u r in g  
th e  p e r i p h e r a l  o r  c e n t r a l  c a p t o p r i l  i n f u s i o n  p e r i o d .

In  c o n c lu s io n ,  th e  s e l e c t i v e  a t t e n u a t i o n  o f  th e  
e x a g g e r a te d  s a l t  i n ta k e  o f  th e  SHR by c e n t r a l l y  a p p l i e d  
c a p t o p r i l  s u g g e s t s  t h a t  e le v a t e d  c e n t r a l  ANG I I  may 
c o n t r i b u t e  to  t h i s  e l e v a t e d  s a l t  a p p e t i t e .   ( S u p p o r te d  by a 
g r a n t ,  RP 4 5 /8 3 ,  from  th e  N a t io n a l  U n i v e r s i ty  o f  S in g a p o r e . )
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295.3  COMPARISON OF ANGIOTENSIN II AND I I I -INDUCED DIPSOGENICITY 
AND PRESSOR ACTION.  J.W. Wright, S.L. Morseth, M.J. 
Sullivan* and J.W. Harding.  Departments of Psychology and 
Veterinary Comparative Anatomy, Pharmacology and Physiol
ogy, Washington State University, Pullman, WA 99164.

The primary s i tes  responsible for angiotensin-induced 
dipsogenicity and pressor action in the laboratory rat  
appear to be in two forebrain circumventricular organs (CV 
0s ) ,  the Organum vasculosum of the lamina terminal is and 
the subfornical o rgan. Our laboratory has recently mea
sured specific  [ 125I]AIII binding in these CVOs taken from 
r a t s ,  ge rb i ls ,  rabbits ,  and monkeys suggesting a role for 
AIII  in the central control of drinking and blood pressure 
con tro l .

In the present investigation we i n i t i a l l y  compared AII 
and AI I I -induced blood pressure changes via brachial ar tery  
( a f te r  Haywood e t  a l .  Am. J.  Physiol. 239:H108-H113, 1980) 
or femoral vein infusion in rats  a t  doses of 1, 10, 100 and 
500 pM/kg/min for a duration of 10 min. Although the two 
avenues of infusion resulted in equivalent pressor respond
ing, AII was more potent than AIII par t icu larly  a t  the two 
highest doses. However, intracerebroventricular  (icv) 
injections of AII and AIII a t  doses of 0.1, 1, 10 and 100 
pM/2 µl resulted in approximately equivalent blood pressure 
elevations in ra ts .  The l a t t e r  observation agrees with our 
recent finding that  comparable doses of AII and AIII yield 
nearly equivalent dipsogenic responses when delivered icv 
(Wright e t a l . ,  Brain Research 295: 121-126, 1984). Fur
ther ,  AII and AIII infusion via brachial ar tery  catheter at 
doses of 1, 10, 100 and 500 pM/kg/min for 8 hr resulted in 
considerably more drinking to AII than to AIII, especially 
a t  the two highest doses.

The present investigation also evaluated the efficacy 
of [ S a r 1- I l e 8]AII in reducing these responses. Additional 
groups of ra ts  were prepared with brachial a r te ry  catheters 
and were pretreated with a 5 min infusion of [ S a r 1- I l e 8]AII 
a t  a dose of 10 nM/kg/min followed by 5 min durations of 
angiotensin infusion (100 pM dose), a t  1 0 , 30 and 60 min 
p o s t - [ S a r 1- I l e 8]AII treatment. [ S a r - I l e 8]AII signif icantly  
reduced the All and AI I I -induced pressor responses.

These resu l ts  suggest that:  AII and AI I I -induced drink
ing and pressor responses are equivalent when administered 
icv a t  low doses; however, All is more potent when infused 
via the brachial a r tery ;  and the receptor antagonist [Sar1- 
I le8]AII effects  indicate a common receptor s i te  for AII 
and AIII.  (Supported by the American Heart Association)

295.4  ANGIOTENSIN II-INDUCED D R I N K I N G  I N  R A T S  I S  
INHIBITED BY CLONIDINE, m-OCTOPAMINE AND m-SYNEPHRINE VIA BRAIN 

PRESYNAPTIC α2 -ADRENOCEPTORS.  N. R ow land an d  M .J . F r e g ly * .  
D e p ts .  o f  P s y c h o lo g y  & P h y s io lo g y ,  U n iv . F l o r i d a ,  
G a i n e s v i l l e ,  FL 32 6 1 1 .

S tu d ie s  fro m  t h i s  l a b o r a t o r y  h av e  shown t h a t  c e n t r a l  
( i n t r a c e r e b r o v e n t r i c u l a r ,  IVT) o r  p e r i p h e r a l  a d m i n i s t r a t i o n  
o f  c l o n i d i n e ,  a n  α2- a d r e n o c e p to r  a g o n i s t ,  c a n  a t t e n u a t e  
t h e  d r in k i n g  r e s p o n s e  t o  a  v a r i e t y  o f  d i p s o g e n ic  s t i m u l i  
i n  r a t s .  F u r th e r  y o h im b in e  an d  t o l a z o l i n e ,  α2 - a d r e n o c e p to r  
a n t a g o n i s t s ,  au g m en t t h e  w a te r  i n t a k e  t o  p e r i p h e r a l l y -  
a d m i n i s t e r e d  a n g io t e n s in  I I  o r  i s o p r o t e r e n o l .  The s t u d i e s  
r e p o r t e d  h e r e  e s t a b l i s h  a  d o s e - i n h i b i t i o n  r e l a t i o n s h i p  
b e tw e en  t h e  d o s e  o f  c l o n i d i n e  a d m i n i s t e r e d  ( 0 .5  t o  8 µ g , 
IVT) and  i n h i b i t i o n  o f  t h e  d r in k i n g  r e s p o n s e  t o  a n g io t e n s in  
I I  (200 µ g /k g ,  s . c . ) .  The D I50 was 1 µ g . Y ohim bine 
(300 µ g /k g ,  i . p . )  r e v e r s e d  t h e  a n t i d i p s o g e n i c  e f f e c t  o f  
c e n t r a l l y - a d m i n i s t e r e d  c lo n i d i n e  on a n g io t e n s in  I I  (200 
µ g /k g ,  s . c . ) - in d u c e d  w a te r  i n t a k e .

The a n t i d i p s o g e n i c  e f f e c t s  o f  t h e  o -  m-  an d  p - is o m e r s  
o f  b o th  o c to p a m in e  an d  s y n e p h r in e ,  a d m i n i s t e r e d  IVT i n  
d o s e s  o f  10 an d  20 µ g , w ere  a l s o  s t u d i e d .  Of t h e  is o m e rs  
t e s t e d ,  o n ly  d , 1 - m-o c to p a m in e  an d  1 - m- s y n e p h r in e  (p h e n y le 
p h r in e )  a t t e n u a t e d  t h e  d r in k i n g  r e s p o n s e  t o  a n g io t e n s in  I I  
(200 µ g /k g ,  s . c . ) ,  and  i n  a  d o s e - r e l a t e d  m an n e r . T h e i r  
a n t i d i p s o g e n i c  e f f e c t s  c o u ld  be p r e v e n te d  by c o n c u r r e n t  
a d m i n i s t r a t i o n  o f  y o h im b in e  (300 µ g /k g ,  i . p . ) .  T h ese  r e 
s u l t s  s u g g e s t  t h a t  m-o c to p a m in e  an d  m- s y n e p h r in e  e x e r t  
t h e i r  a n t i d i p s o g e n i c  e f f e c t  v i a  α 2- a d r e n o c e p to r s . T h ese  
d a t a  f u r t h e r  s u p p o r t  t h e  i d e a  t h a t  c e n t r a l  p r e s y n a p t i c  
α2- a d r e n o c e p to r s  a r e  in v o lv e d  i n  t h e  m e d ia t io n  o f  e x p e r i 
m e n ta l l y - in d u c e d  d r in k i n g  i n  r a t s .  S t im u la t io n  o f  t h e s e  
r e c e p t o r s  r e d u c e s  w a te r  i n t a k e  w h i le  i n h i b i t i o n  o f  t h e s e  
r e c e p t o r s  e n h a n c e s  w a te r  i n t a k e .

S u p p o r te d  by  C o n t r a c t  NCA2-OR240-101 fro m  NASA.

295.5  NORADRENERGIC (NE) CELL TRANSPLANTS INTO 6-HDA-DENERVATED 
VENTRAL LAMINA TERMINALIS NUCLEI RESTORE DRINKING RESPONSES 
TO SYSTEMIC ANGIOTENSIN I I  (AI I ) .  S . I .  B e i l i n ,  A. McRae-  
D e g u e u rc e , S. L an d as*  and  A.K. J o h n s o n .  C a r d io v a s c u la r  
C e n te r ,  U n i v e r s i t y  o f  Io w a , Iow a C i ty ,  IA 52242 .

A t t e n u a t e d  d r in k i n g  r e s p o n s e s  to  AI I  c h a l l e n g e s ,  and  co n 
f i n e d  r e d u c t io n s  o f  c a te c h o la m in e  (CA) h i s t o f l u o r e s c e n c e  i n 
t e n s i t y  i n  d i s c r e t e  AV3V m id l in e  n u c l e i  a r e  s p e c i f i c  c o n s e 
q u e n c e s  o f  in t r a p a r e n c h y m a l  6 -h y d ro x y d o p am in e  (6-HDA, 4 u g /
2 u l )  i n j e c t i o n s  i n t o  r a t  OVLT an d  m ed ia n  p r e o p t i c  (MnPO) 
n u c l e i  ( B e i l i n  e t  a l ,  N e u r o s c i .  A b s t r . , p 1 9 9 , 1 9 8 3 ; i b i d ,  
F e d . P r o c . p 1 0 7 0 , 1 9 8 4 ) .  C o n v e r s e ly ,  A l l - e l i c i t e d  d r in k i n g  
p e r s i s t s  i n  6 -H D A -tre a te d  a n im a ls  when d e s m e th y lim ip ra m in e  
p r e t r e a t m e n t s  s e l e c t i v e l y  p r e c l u d e  d e p l e t i o n  o f  NE i n  t h e s e  
n u c l e i .  H e re ,  we e x te n d  t h e s e  f i n d i n g s  an d  s t r e n g th e n  th e  
h y p o t h e s i s  t h a t  t h e  f u n c t i o n a l  I n t e g r i t y  o f  NE n e u ro n s  i n  
OVLT an d  MnPO n u c l e i  s u b s e r v e  t h e  d r in k i n g  r e s p o n s e  to  AI I . 
A l l  a n im a ls  d r a n k  a t  l e a s t  2 .5  ml t a p  w a te r  d u r in g  a  2 h r  
p r e s c r e e n i n g  t e s t  to  AI I  ( 1 .5  m g /k g , SC ). Two w eeks f o l lo w 
in g  sham o r  n e u ro c h e m ic a l  l e s i o n i n g  o f  OVLT and  MnPO n u c l e i  
w i th  6-HDA, v a lu e s  fro m  a  s e co n d  AI I  d r in k i n g  t e s t  w ere  r e 
c o rd e d  ( v e h i c l e  c o n t r o l s  = 5 .2  ± 0 .8  m l; n = 6 : 6 -H D A -tre a t
ed  = 0 .9  ± 0 .7  m l; n = 1 6 ) . T h i r t e e n  o f  th e  c h e m ic a l ly  l e s i o n 
ed  r a t s  th e n  r e c e i v e d  d i s s o c i a t e d  c e l l  s u s p e n s io n s  o f  A6 
(n= 7) o r  A1 ,2  (n= 6) t i s s u e s  w h ic h  w ere  e x c i s e d  u n d e r  s t e r i l e  
c o n d i t i o n s  fro m  1 7 -d a y  o ld  r a t  f e t u s e s  and  t r a n s p l a n t e d  i n t o  
OVLT and  MnPO n u c l e i .  T h re e  n o n - t r a n s p l a n t e d , 6 -H D A -tre a te d  
r a t s  s e rv e d  a s  t r e a tm e n t  c o n t r o l s .  F iv e  w eeks l a t e r ,  a  t h i r d  
AI I  d r in k i n g  t e s t  was g iv e n .  T re a tm e n t  c o n t r o l  a n im a ls  co n 
t i n u e d  to  d e m o n s t r a te  r e s p o n s e  d e f i c i t s  to  p e r i p h e r a l  AI I  
(0  ± 0 m l ) .  H ow ever, 5 o f  7 A6 t r a n s p l a n t  s u b j e c t s  ( 4 .9  ± 
2 .0  m l ) ,  and  4 o f  6 r a t s  i n  t h e  A1 ,2  t r a n s p l a n t  t r e a tm e n t  
g ro u p  ( 7 .5  ± 2 .9  m l) d r a n k  to  p r e s c r e e n i n g  c r i t e r i o n  ( 2 .5  
m l ) ,  w i th  r e s p o n s e  m a g n i tu d e s  s t a t i s t i c a l l y  i n d i s t i n g u i s h 
a b l e  fro m  th o s e  o b s e rv e d  i n  v e h i c l e  c o n t r o l s  ( 5 .6  ± 0 .5  m l) .  
P r e l i m i n a r y  h i s t o l o g i c a l  e x a m in a tio n  o f  t h e  t r a n s p l a n t e d  
l o c i  i n  c r e s y l  v i o l e t - s t a i n e d  s e c t i o n s  and  by h i s t o f l u o r e s 
c e n c e  i n d i c a t e  t h a t ,  i n  c a s e s  w h ere  v i a b l e  t r a n s p l a n t s  o f  NE 
c e l l s  i n t o  OVLT an d  MnPO n u c l e i  e x i s t e d ,  t h e r e  was a r e 
s t o r a t i o n  o f  A l l - e l i c i t e d  d r in k i n g .  C o n v e r s e ly ,  w h ere  th e  
t r a n s p l a n t s  d id  n o t  a p p e a r  to  s u r v i v e ,  A l l - s t i m u l a t e d  d r i n k 
i n g  w as a b s e n t .  The new t r a n s p l a n t  p a ra d ig m , em ployed  in  
c o n ju n c t io n  w i th  t h i s  u n iq u e  a n im a l m o d e l ,  p r o v id e s  an  o p p o r 
t u n i t y  t o  s e l e c t i v e l y  s tu d y  n e u ro b io c h e m ic a l  c o r r e l a t e s  o f  
body  f l u i d  b a la n c e  m ech an ism s  and  h y p e r t e n s io n  p a th o p h y s i o l 
o g y  w h ic h  may b e  a s s o c i a t e d  w i th  s p e c i f i c  n e u r o t r a n s m i t t e r  
d e f i c i t s  o r  o r g a n ic  d y s f u n c t io n  i n  d i s c r e t e  b r a i n  n u c l e i .

295.6  ANGIOTENSIN I I  PRODUCES A TASTE AVERSION IN CATS BUT NOT IN 
RATS.  B. M. Rabin, W. A. Hunt*, A. C. B akarich*, A. L . 
Chedester* , and J .  Lee*.  Behavior. S c i. and V et. Med. 
D epts. ,  Armed Forces R ad iob io l. Res. I n s t . ,  B ethesda, MD 
20814, and Dept. P sycho l., Univ. Maryland B altim ore County, 
B altim ore, MD 21228.

D espite th e  f a c t  th a t  th e  a rea  postrema (AP) o f th e  r a t  
co n ta in s  b ind ing  s i t e s  fo r  A ngiotensin I I  (AI I ) , le s io n s  o f 
th e  AP in  th e  r a t  do n o t e lim in a te  th e  hypertensive  e f f e c ts  
o f AI I  in je c tio n s  as  do AP le s io n s  in  th e  c a t  (Simpson, 
N euroendocrin. , 32: 248, 1981). These r e s u l t s  suggest th a t  
th e  AP o f th e  c a t  i s  more responsive to  exogeneously 
adm in istered  AI I  than  th a t  o f th e  r a t .  Because prev ious 
re sea rch  (Rabin e t  a l . , R ad ia t. Res. ,  93: 388, 1983) has 
e s ta b lis h e d  th a t  th e  AP m ediates th e  a c q u is it io n  o f a 
cond itioned  ta s t e  aversion  (CTA) fo llow ing exposure to  
io n iz in g  ra d ia tio n  o r trea tm en t w ith  a v a r ie ty  o f drugs, 
th e se  r e s u l t s  would suggest th a t  p e rip h e ra l in je c t io n  o f AI I  
would be more e f fe c t iv e  in  producing a CTA in  c a ts  than  in  
r a t s .

Using a s in g le -b o t t le  CTA procedure , in je c t io n  o f  AI I  
(1 mg/kg, i . p . )  in  c a ts  immediately fo llow ing in g e s tio n  o f 
choco late  m ilk on th e  co n d itio n in g  day caused a s ig n if ic a n t  
80% decrease  in  m ilk  in tak e  when te s te d  48 h rs  l a t e r .  
C on tro ls , given s a lin e  in je c tio n s  on th e  co n d itio n in g  day, 
shaved a s l ig h t  in c rea se  in  choco late  m ilk  in tak e  on th e  
t e s t  day. In  c o n tra s t ,  r a t s  g iven an in je c t io n  o f AI I  
(1 mg/kg, i . p . )  fo llow ing in g e stio n  o f a 10% sucrose 
so lu tio n  on th e  co n d ition ing  day showed no s ig n if ic a n t  
change in  t e s t  day sucrose in ta k e  compared to  s a l in e -  
in je c te d  c o n tro ls .  A second experim ent examined th e  e f f e c ts  
o f  AP le s io n s  in  th e  r a t  on th e  CTA response to  AI I  
in je c t io n  u sing  th e  more s e n s it iv e  tw o -b o tt le  p rocedure . 
With th i s  p rocedure, A II in je c t io n  produced a s l ig h t ,  bu t 
s ig n if ic a n t  decrease  in  sucrose  p re fe ren ce  (although 12 o f 
15 r a t s  continued to  show a p re fe ren ce  fo r  th e  sucrose  
s o lu t io n ) , whereas th e  r a t s  w ith  AP le s io n s  showed no change 
in  sucrose p re fe ren ce .

These r e s u l t s  in d ic a te  th a t  th e re  i s  a r e la tio n s h ip  
between th e  p h y s io lo g ica l s e n s i t iv i ty  o f th e  AP to  AII  and 
th e  cap ac ity  o f th e  hormone to  produce a CTA. They a lso  
suggest th a t  a c t iv a tio n  o f th e  AP may be a s u f f ic ie n t  
co n d itio n  fo r  th e  a c q u is it io n  o f a CTA.
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296.1  DISTRIBUTION OF NEURONS SENSITIVE TO NEUROCHEMICALS AND 
ITS FUNCTIONAL INVOLVEMENT IN THE MONKEY AMYGDALA. Y.  
Oomura, Y. Nakano*, L. Lenard*, S. Aou, T. Yamamoto*, and 
H. N ishino. (SPON: S. Mori)  Dept. of B io log ical C ontro l, 
Nat. In s t .  Physio l. S c i . ,  Okazaki 444, Japan; In s t ,  of 
P h y s io l.,  Univ. Med. School, Pecs H-7643, Hungary.

E x tra c e llu la r  neuronal a c t iv i ty  was s tud ied  in the 
monkey amygdala and the  e f fe c ts  of e le c tro p h o re tic a lly  
app lied  no rad rena line  (NA), dopamine (DA), ace ty lch o lin e  
(ACh), morphine (Mo) and glucose (Glue) were examined. 
The behavioral paradigm was a high fixed  ra t io  bar p ress 
ta sk  (FR 20) s ignaled  by a cue l ig h t  and rewarded by a 
cue tone. Out of the 186 neurons te s te d ,  6 8 % exhib ited  
changes in the  f i r in g  p a tte rn  during food ta sk . The 
predominant e f fe c t  of DA (23%) and ACh (30%) was an 
in c rease  in  the f i r in g  ra te  w hile th a t of NA (31%) and Mo 
(30%) was a decrease. In 15% of the neurons, a reduction  
in f i r in g  ra te  was observed a f te r  Glue a p p lic a tio n  
(C lu e -sen s itiv e  neu ron ). The number of NA s e n s itiv e  
neurons was more in  the  l a t e r a l  p a rt of amygdala than in 
the centrom edial p a r t ,  w hile DA, ACh and Mo s e n s it iv e  
neurons were found more o ften  in the l a t e r .  Glue- 
s e n s it iv e  neurons were found only in  and around the 
c en tra ] nucleus. The d is t r ib u t io n  of catecholam ine 
s e n s it iv e  neurons was comparable to  the anatom ical d a ta . 
The population  of c e l l s  which responded to  the d if fe e n t 
phases of the  ta sk  were almost s im ila r  in the cen tro 
m edial and the l a te r a l  p a r t .  But in h ib ito ry  responses to 
the d if f e r e n t  phases of the ta sk  was observed more often  
in  the  centrom edial p a r t than in  the l a t e r a l  p a r t .  In 
g en era l, drug s e n s it iv e  neurons changed th e i r  a c t iv i ty  
s ig n if ic a n t ly  during the ta sk , and a m ajority  of them 
changed th e i r  f i r in g  p a tte rn  when t r i a l s  were made w ith 
more p a la ta b le  food ( r a is in )  or no food (e x tin c tio n ) .  
F unctional c o rre la tio n s  between drug s e n s i t iv i ty  and 
p a tte rn  of the  task  were observed in the centrom edial 
p a r t .  The a c t iv i ty  of NA, Mo, and G lu e -sen s itiv e  neurons 
s ig n if ic a n t ly  decreased during bar p re s s , w hile th a t of 
DA s e n s it iv e  neurons in c reased . On the o ther hand, there  
were no such c o rre la tio n s  in the neurons of the l a t e r a l  
p a r t .  These r e s u l t s  suggest that' amygdalar neurons in 
the centrom edial and la t e r a l  p a rt may possib ly  be re la te d  
to  the food re la te d  response but in a d if f e r e n t manner.

296.2  E ffec ts  of an  Environm ental M ycotoxin, Zearalenone on Feeding and 
Body Weight a t  E strogen-Sensitive Brain S ites.  C. Wayne Simpson* 
(Spon. S tanley R. N elson).  D ept. of Biology and School o f M edicine, 
U niversity  of M issouri-Kansas C ity , K .C ., Mo. 64110

Z earalenone is synthesized  in na tu re  by a fungus th a t in fests  
grains in the  fie ld . Z earalenone is a  non-stero id  reso rcery l lac tone  
which in su ffic ien t q uan tities  in vivo has been associa ted  with 
hyprestrogenism  in both  livestock  and labora to ry  anim als. Although 
these  da ta  imply an a lte ra tio n  of estrogen  ac tion  alm ost no studies 
have investiga ted  the  CNS m echanism  o f ac tion  of th is  m ycotoxin. 
This experim en t investiga ted  the  e ffe c ts  of zeara leone on feed  
in takes and body w eights o f ra ts  when p laced  d irec tly  a t  es trogen - 
sensitive  brain s ite s. R ats, under ke tam ine  anesthesia , w ere 
im planted  w ith a  un ila te ra l s ta in less  s te e l cannula d ire c ted  in 
d iffe re n t groups of anim als to  es trogen -sensitive  s ite s  in th e  la te ra l  
p reop tic  a rea , bed nucleus of the  s tira  m edullar is, v en trom edial 
nucleus of th e  hypothalam us, and the  perifo rn ica l a re a  o f th e  dorsal 
hypothalam us. Z earalenone, estrogen  or cho les te ro l was im planted  
a t  each  s ite  in each  anim al over severa l w eeks. The compounds 
w ere p laced  a t  the  s ite  through a  sm aller gauge sta in less s te e l 
in jec to r filled  by the  tap  m ethod. In jec to rs w ere filled , weighed and 
placed  in th e  s ite  fo r 24 hours. Food in takes and body w eights w ere 
m easured daily for all anim als to  th e  nea re s t 0.1 gm un til body 
w eights and food in takes re tu rn ed  to  con tro l levels. Table 1 shows 
th e  com parison of the  m ean maximum response on 24 body w eights 
when ra ts  w ere in jec ted  w ith zearalenone or on d iffe re n t days 
c ho lestero l a t  th e  four es troeen  sensitive brain s ites.
Brain Site Zearalenone Cholesterol

LPO X = 9.48 X = 2.97 * * P<.05
S.D. = 9.35 S.D. = 9.32 ** P.<.02

SM X -  12.0 X = 3.46 ** *** P.<.01
S.D. = 7.89 S.D. = 14.17

VMH X =-23.17 X = 4.78 **
S.D. = 20.09 S.D. = 32.58

PVN X =-16.74 X = 0.09 ***
S.D. = 14.15 S.D. = 20.63

A dditional d a ta  concerning tim e course of the  e f fe c ts  on food 
in takes and body w eights as w ell as dose-response curves w ill be 
discussed. The da ta  suggests th a t zeara lenone ac ts  sim ilar to  
estrogen  a t  som e s ite s  bu t d is tinc tly  d iffe re n t a t  o the rs. 
Z earalenone may prove to  be a  useful m olecular probe to  investiga te  
th e  estrogen ic  con tro l of feeding and body w eight regu la tion  a t  
e s trogen-sensitive  brain s ites.

296.3  OBESITY IN ABSENCE OF FOOD-RESTRICTED HYPERINSULINEMIA IN 
FEMALE RATS WITH NONIRRITATIVE LESIONS OF THE VENTROMEDIAL 
HYPOTHALAMUS.  B. M. King, K. R. Esquerré* , and L. A. 
Frohman* .  Dept. of Psychology, Univ. of New Orleans, New 
Orleans, LA 70148 and Division of Endocrinology and 
Metabolism, Univ. Of Cincinnati College of Medicine, 
Cincinnati, OH 45267.

Damage to the ventromedial hypothalamus (VMH) results in 
hyperphagia and marked obesity in a variety of species 
including humans. Plasma insulin levels have consistently 
been found to be elevated during food-restr ic tion or pair
feeding of animals with VMH lesions, leading several 
investigators to conclude that  hypothalamic obesity is the 
resu l t  of hyperinsulinemia. I t  has recently been reported, 
however, that obesity-inducing knife cuts between the 
ventromedial and la tera l  hypothalamus do not result  in 
hyperinsulinemia unless the animals are allowed to overeat 
(Sclafani . A., Diabetologia 20: 402-410, 1981). The present 
experiment examined whether i r r i t a t i v e  metallic ion deposits 
which resu l t  from standard anodal e lec tro ly t ic  lesions with 
s ta in less  steel electrodes contribute to hyperinsulinemia.

Plasma insulin and glucose levels were assayed a f te r  a 
4-hr fast  and 17 min a f te r  the in i t ia t io n  of a meal (6  ml 
sweetened milk in 7 min) both during food-restr iction and 
during ad libitum feeding in female rats with i r r i t a t i v e ,  
n on irr i ta t ive  (cathodal e lec tro ly t ic  with platinum 
e lectrodes) ,  or sham lesions of the VMH. Histological 
analysis revealed heavy metallic ion deposition at the s i te  
of a ll  i r r i t a t i v e  les ions ,  but no deposits in 7 of 9 rats 
with non irr i ta t ive  lesions. Plasma insulin levels of rats 
with i r r i t a t i v e  lesions were s ignif icantly  elevated 
compared to sham-operated animals during food res t r ic t ion  
(3.0-3.5 g every 4 hr for 8 days) and the hyperinsulinemia 
was further exacerbated by hyperphagia during unrestr icted 
feeding. The seven rats  with successful nonirr i ta t ive  
lesions displayed hyperinsulinemia only when allowed to 
overeat , and then only under the postabsorptive condition. 
Both groups with lesions became obese during ad libitum 
feeding, but the mean 2 0 -day weight gain for animals with 
non irr i ta t ive  lesions was only 65% of that observed in rats 
with i r r i t a t i v e  lesions (114.7 vs. 175.3 g, respectively).
I t  is concluded tha t  VMH hyperphagia is largely the result  
of t issue  destruction while hyperinsulinemia is the result  
both of i r r i t a t i v e  metallic ion deposits (accounting for up 
to 40% of the weight gain in female ra ts)  and pancreatic 8 - 
ce l ls  made hyperresponsive on the basis of hyperphagia.

296.4  PERFORMANCE VERSUS COMPETENCE DEFICITS IN INSULIN INDUCED 
FEEDING IN THE DECORTICATE RAT.  Jay Schulkin & H.J. G r i l l ,   
Dept. of Psychology, New York University, N.Y.C. 10003 and 
the Univ. of Pennsylvania, Phil.  Pa. 19104, ( s p .  A d l e r ) .

In brain lesion research i t  is often d i f f i c u l t  to d is
cern whether a behavioral de f ic i t  is the resu l t  of impair
ments in the performance of the animal e.g. execution of the 
response, or whether i t  is an impairment in the competence 
of the animal, e.g . to detect and in i t i a te  compensatory 
behavior. In th is  regard, i t  has been reported that frontal 
neocortical lesioned ra ts  are unable to respond to insulin 
induced hypoglycemia with compensatory feeding (Brandes & 
Johnson, 1977, P & B). In this study, however, an unusually 
high dose of insulin was used--32U/kg. This dose may have 
impaired the animals performance. We simply lowered the 
dose to a less d ib i l i ta t in g  one--4U/kg and used the complete 
decorticated ra t  to determine whether the neocortex is es
sentia l for the integration of insulin induced feeding. We 
found that i t  was not.

Six decorticate and six control rats  were used. The 
decortication was accomplished in ei ther  one or two stages 
by visually guided aspiration of the neocortex. Testing 
began 6 months following the surgery. Rats were maintained 
ad libitum with water, and sweetened condensed milk (in 75 mm 
cans) as the ir  food source. Following adaptation to the milk 
d iet decorticate rats  were injected with the insulin ,  or 
isotonic sa l ine ,  in counterbalanced order. Food was removed 
for an hour following the injection and then returned; intake 
of milk was then measured for one hour. Both groups treated 
with the insulin approached the food source and began to feed 
as soon as they had access to the food. Decorticates 
ingested signif icantly  more food following the insulin in jec
t ion ,  than following the control injection (p<.05, 13.0 gm 
vs. 5.6 gm). Though the decorticates demonstrate the compe
tence to respond to the insulin challenge they nonetheless 
manifested d ef ic i ts  (but N.S.) in the magnitude of the ir  milk 
intake when compared to in tact  rats (20.2 gm vs. 13.0 gm). 
These def ic i ts  may re f lec t  non-specific sensory-motor impair
ments or performance def ic i ts  that resulted from the brain 
trauma and further  aggravated by the acute insulin challenge. 
The decorticates were ataxic following the insulin injections;  
they had d i f f icu l ty  maintaining the ir  posture while ingesting 
the food. I t  is also known that decorticate ra ts  have oral-  
motor impairments and other sensory-motor impairments, and 
acute regulatory challenges can reinstate  the severe behav
ioral de f ic i ts  that results  from brain trauma. These per
formance def ic i ts  may result  from brain trauma in general.
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296 5  2-DEOXY-D-GLUCOSE (2DG) AND FEEDING: PERIPHERAL OR CENTRAL 
ACTION?  L .L .B e l l u s h ,  L .W a tk in s * , J . C a r l t o n  an d  N. R ow land . 
 D ept. o f  P s y c h o lo g y ,  U n iv . o f  F l o r i d a ,  G a i n e s v i l l e ,  FL 32 6 1 1 .

G lu c o s e  a n t i m e t a b o l i t e s  su c h  a s  2DG e l i c i t  f e e d in g  i n r a t s  
an d  m any o t h e r  s p e c i e s ,  n o t a b l e  e x c e p t io n s  b e in g  h a m s te r s ,  
g e r b i l s  an d  d e e rm ic e .  I n t r a v e n o u s  ( iv )  i n f u s i o n s  o f  sod ium  
D L -β- h y d r o x y b u ty r a t e  (NaHB) a t t e n u a t e  f e e d in g  i n  r a t s  a f t e r  
2DG ( S t r i c k e r  & R ow land , 1 9 7 8 ) .  S in c e  k e to n e s  su c h  a s  HB c a n  
b e  u t i l i z e d  i n  v iv o  by  b r a i n  a s  an  a l t e r n a t e  m e ta b o l i c  f u e l  
t o  g l u c o s e ,  t h e  d a t a  w e re  i n t e r p r e t e d  i n  t e rm s  o f  a  c e r e b r a l  
o r i g i n  o f  h u n g e r  a f t e r  2DG. The p r e s e n t  e x p e r im e n ts  f u r t h e r  
e x a m in e  t h e  e f f e c t s  o f  k e to n e s  and  2DG on  f e e d i n g .
S tu d y  1 : R a ts  r e c e i v e d  i n j e c t i o n s  o f  NaHB o r  sod ium  a c e t o
a c e t a t e  (NaAA) (10 m m o l/k g , s c )  a t  t h e  s t a r t  o f  t h e  d a rk  
p h a s e .  F ood i n t a k e  i n  t h e  n e x t  h o u r  was s u p p re s s e d  from  
c o n t r o l  l e v e l s  by NaAA ( -4 .0 g )  an d  NaHB ( - 2 . 3 g ) , e f f e c t s  
w h ic h  p e r s i s t e d  i n  m a g n itu d e  f o r  6 h . Thus b o th  k e to n e s  
s u p p r e s s  f e e d in g  by a b o u t  2x t h e  n o m in a l i n j e c t e d  e n e rg y .  
T h ese  d a t a  do  n o t  e n t i r e l y  s u p p o r t  t h e  p u z z l i n g  r e p o r t  by 
L an g h an s e t  a l .  (P h y s .B e h . 3 1 :4 8 4 ,  ' 83) t h a t  NaHB s u p p re s s e d  
s p o n ta n e o u s  n o c tu r n a l  f e e d i n g ,  b u t  t h a t  NaAA d id  n o t .
S tu d y  2 : R a ts  w i th  i n d w e l l i n g  j u g u l a r  c a t h e t e r s  r e c i e v e d  
2DG (200 m g /k g , s c )  f o l lo w e d  by i v  i n f u s i o n s  (4 .6  m l/2 h )  
o f  v a r i o u s  s u b s t a n c e s .  Food i n t a k e s  w ere  r e c o r d e d  a t  3 0 , 
60 an d  120 m in  ( o n ly  t h e  l a t t e r  a r e  p r e s e n t e d ) . The mean+SE 

c h a n g e s  i n  fo o d  i n t a k e ,  from  a 
mean o f  4 .5 g /2 h  i n  2DG-O.15M 
NaCl c o n t r o l ,  a r e  shown i n  t h e  
T a b le .  H y p e r to n ic  NaCl s u p p 
r e s s e d  in t a k e  a s  much a s  t h e  
c o r r e s p o n d in g  NaAA and  NaHB 
s o l u t i o n s .  The n o n - io n ic  
e n a n t io m e r s  o f  b u t a n e - 1 ,3 - d i o l  
(BD) w ere  a l s o  i n f u s e d ,  i n  t h i s  
c a s e  f o r  an  a d d i t i o n a l  60 m in 

p r e c e d in g  t h e  2DG. The (R)-BD i s  c o n v e r t e d  t o  HB i n  v iv o ,  
b u t  h a d  a  n o n s i g n i f i c a n t  e f f e c t  on i n t a k e ;  t h e  n o n - u t i l i z e d  
( s )  fo rm  s u p p r e s s e d  i n t a k e .  In  a l l  c a s e s ,  t h e  N ut i n f u s i o n s  

p ro d u c e d  t o t a l  p la s m a  k e to n e  l e v e l s  o f  a b o u t  2mM. We th u s  
c o n c lu d e  t h a t  k e to n e s  h a v e  no s p e c i f i c  s a t i a t i n g  e f f e c t s  i n  
t h i s  p a ra d ig m , o r  i n  p a r a l l e l  s t u d i e s  w i th  i n s u l i n  f e e d i n g .
S tu d y  3 : H a m s te rs  do n o t  e a t  i n  r e s p o n s e  t o  p e r i p h e r a l  2DG 
b u t  d i d  i n c r e a s e  t h e i r  fo o d  i n t a k e  i n  r e s p o n s e  t o  2DG (5mg) 
a d m i n i s t e r e d  i n t o  t h e  c e r e b r a l  v e n t r i c l e s  ( 0 .9 g /2 h  com pared  
t o  0 .5 g /2 h  a f t e r  s a l i n e  o r  g lu c o s e  i n j e c t i o n s ) .  S e p a ra te  
c e n t r a l  an d  p e r i p h e r a l  m ech an ism  o f  a c t i o n  o f  2DG a r e  i n d i 
c a te d  by t h e s e  r e s u l t s .  S u p p o r te d  by BNS 8 2 -1 6 5 2 8  from  NSF.

296.6  ADULT ZINC DEPRIVATION AND CHELATION: ANOREXIA, HYPER
REACTIVITY, & 8-ARM MAZE BEHAVIOR.  M.D. Chafetz, S. Barbay*, 
J .  Cronin* and J .  Duhon*.  Psych. D ip t., Univ . L ouisiana, 
L a fa y e tte , LA 70504 .

The micronutrient model of anorexia (Chafetz, 1984) 
p redicts that an animal w ill become anorexic i f  i t  is  
prevented from optimizing nu trien t intake. Accordingly, 
d ietary  exclusion of any essen tia l n u trien t should lead to  
anorexia, as should any treatment th a t prevented the 
occurrence of the normal biochemical consequences of 
nu trien t intake. Because high levels of hippocampal zinc 
permit a focus on a neural system involving an essen tia l 
nu tr ie n t, we sought to  te s t  whether d ietary  or pharmacologic 
manipulations of zinc might re su lt in  a fa ilu re  to  optimize 
nu trien t intake.

Adult zinc deprived (ZD) animals were compared to  food 
re s tr ic te d  controls on several te s ts  of th e ir  a b il i ty  to  
optimize nu trien t intake. The ZD animals were impaired on 
th e ir  a b ility  to forage in  an 8-arm rad ia l maze i f  the food 
rewards excluded zinc, but only i f  the primary zinc 
deprivation occurred as a re su lt of home cage feeding. 
Animals who obtained th e ir  to ta l daily  ZD food by foraging 
for i t  on the 8-arm maze were not impaired re la tiv e  to  
contro ls. In home cage feeding experiments, ZD animals 
exhibited anorexia re la tiv e  to  controls and to  th e ir  own 
baseline levels . In a separate experiment, ZD animals were 
compared to  p air fed, ad l ib , and neocuproine (zinc 
chelator) in jected  animals on a ba ttery  of behavioral te s ts .  
Discriminant analysis revealed th a t ZD and neocuproine-
in jected  animals were anorexic re la tiv e  to  ad l ib  contro ls. 
In teresting ly , both in jected  and ZD animals were 
hyperreactive to  non-noxious ta c t i le  stim u li. Zinc 
deprivation and neocuproine in jec tion  a ltered  dithizone 
chromagen deposition in  the hippocampus. On the basis of 
these re su lts , we hypothesize th a t the hippocampus is  the 
primary target for d ietary  fluctuations in  zinc intake.

iv infusate Intake(g/2h)
1 .1  M NaCl - 1 . 5 ±0 .7
2 .2  M NaCl - 3 .5 ± 0 .9
1 .1  M (S)-BD - 1 . 7 ±0 .5
1 .1  M NaAA (N ut) - 1 .6 ± 0 .6
2 .2  M NaHB (N ut) - 2 . 2 ±0 .3
1 .1  M (R )-B D (N ut) - 0 . 5 ±0 .8
N o te :  N u t=u t i l i z a b l e  e n e rg y

296.7  INCREASED DOPAMINE METABOLITE LEVELS ASSOCIATED WITH INSULIN 
REVERSAL OF CANCER ANOREXIA.  W.T. Chance, M. Muggia-Sullam*, 
F.M. van Lammeren* and J.E. Fischer* .  Dept. of Surgery, UC 
Medical Center, Cincinnati,  Ohio 4 5 67.

Although insulin (IN) treatment has been reported to 
stimulate feeding in anorectic tumor-bearing (TB) ra ts ,  
l i t t l e  information is available concerning associated bio
chemical changes. Therefore, we investigated the effects of 
the daily administration of NPH IN (17-20 U/kg, sc) in acute 
(9-day) Walker (W) 256 and more chronic (35-day) methy
cholanthrene (MCA) animal models. W 256 tumors were induced 
in 60-80 g female SD r a t s ,  while the MCA sarcomas were 
transplanted into adult,  male, 344 ra ts .  IN treatment was 
in i t ia ted  the day af ter  tumor induction in the W 256 study 
and continued unt il  the ir  sacrif ice  7 days la te r .  For the 
MCA TB animals, IN administration was contingent upon the 
development of anorexia and continued for 7 days. Saline 
(SA)- and IN-treated nontumor-bearing (NTB) and SA-treated 
TB rats served as control groups. All animals were 
sacrif iced 24 hr af ter  the las t  injection. Concentrations of 
serotonin (5-HT), dopamine (DA) and norepinephrine (NE), 
precursors and metabolites were assayed in whole brain in 
the W 256 study as well as in the hypothalamus (HY), corpus 
striatum (CS), septal area (S) and amygdaloid tissue (A) in 
the MCA experiment by HPLC. Although the SA-injected W 256 
TB ra ts  exhibited anorexia by day 5, the IN-treated W 256 
ra ts  ate normally until sacri f ice .  IN treatments also 
restored normal feeding in the MCA TB ra ts  for 5 days. In 
the W 256 study, signif icant  elevation of the 5-HT 
metabolite, 5-hydroxyindoleacetic acid (5-HIAA) was observed 
in both TB groups. In the IN-treated TB r a ts ,  the DA 
metabolites,  3 , 4 -dihydroxyphenylacetic acid (DOPAC) and 
homovanillic acid (HVA), were increased by 96% and 58%, 
respectively. In the MCA study, levels of 5-HIAA were 
increased in both groups of TB rats in each brain area. 
Although s t r i a t a l  concentrations of DOPAC and HVA were 
decreased in TB r a t s ,  they were normalized by IN treatment. 
DOPAC and HVA were also elevated in the A of IN-treated TB 
r a t s ,  while HVA concentrations were increased in the S. 
Levels of NE in the HY and S were elevated in TB ra ts  and 
were normalized by the IN injections. Therefore, these data 
suggest that DA release may be reduced in anorectic TB rats  
and that  correcting the anorexia is accompanied by increased 
neuronal ac t iv i ty  of DA neurons. In addit ion, a more complex 
interaction of DA, 5-HT and NE neurons is suggested in the 
mediation of cancer anorexia. Supported by USPHS NCI grant 
#1 R01 CA36325.

296.8  DIFFERENTIAL JUNK FOOD SELECTION, OBESITY AND LINEAR GROWTH 
RETARDATION IN MALE AND FEMALE RATS THAT RECEIVED VENTRO
MEDIAL HYPOTHALAMIC LESIONS SHORTLY AFTER WEANING.  L.L. 
Berna r d is ,  P .J .  Davis* and G. McEwen*.  Div. Endocrinology, 
VAMC Buffa lo  and Dept. M edicine, SUNY a t  Buffa lo , NY 14215.

Male and female Sprague-Dawley r a t s  rece iv ed  b i l a t e r a l  
e le c t r o ly t i c  le s io n s  in  th e  ventrom edial hypothalamic nu
c l e i  (VMNL r a t s ) . Sham-operated anim als served  as  c o n tro ls .  
For 14 days p o s t-o p e ra tiv e ly  th e  r a t s  were g iven lab  chow 
and ta p  w ater ad lib itu m  whereupon th ey  were fed  in  a d d itio n  
to  lab  chow (and ta p  w ater) four human junk foods fo r  42 
days: H ostess HoHos, french  f r i e s ,  p o ta to  ch ip s and marsh
mallows. At t h i s  tim e body w eight, len g th  (n o s e -ta il)  and 
Lee Index were determ ined and th e  experim ent te rm ina ted .
The d a ta  were analyzed u sing  a three-w ay a n a ly s is  o f v a r i 
ance w ith  a polynomial transfo rm ation  o f th e  tim e p e rio d . 
Body w eights were s im ila r  in  a l l  groups b u t VMNL r a t s  were 
f a t t e r  and s h o rte r  than  c o n tro ls .  Female VMNL r a t s  were 
f a t t e r  and sh o r te r  than  male VMNL r a t s .  c a lo r ic  in tak e  
f r om a l l  foods combined was g re a te r  in  males than  in  females 
and g re a te r  in  co n tro ls  than  in  VMNL r a t s .  Females showed 
a  decrease  in  c a lo r ic  in tak e  and males an in c rea se  over 
tim e. c a lo r ic  in tak e  from lab  chow was g re a te r  in  males 
than  in  fem ales, w ith  th e  fem ales showing a decrease  over 
tim e. Lab chow was th e  only  food th a t  VMNL r a t s  a te  more of  
than  co n tro ls  and french  f r i e s  was th e  only  food th a t  males 
a te  more o f than  fem ales. The females a lso  showed a de
c rease  over tim e. Rats w ith  VMNL a te  le s s  french  f r i e s ,  Ho
Hos and p o ta to  ch ip s than  c o n tro ls  b u t a te  s im ila r  amounts 
o f marshmallows. In  conclusion , whereas prev ious s tu d ie s  
had shown th a t  male and female VMNL r a t s  fed  lab  chow a tta in  
th e  same  degree o f o b e s ity , th e  p re sen t d a ta  in d ic a te  th e  
a v a i la b i l i ty  o f junk food to g e th e r w ith  lab  chow, causes 
VMNL-induced o b e sity  in  w eanling r a t s  to  develop in  th e  pre
sence o f lower c a lo r ic  in tak e  than  in  c o n tro ls .  The d a ta  
a lso  show th a t  female VMNL r a t s  become f a t t e r  than  male 
VMNL r a t s  and a lso  show g re a te r  l in e a r  growth r e ta rd a tio n . 
Except fo r  french  f r i e s ,  th e re  i s  no sex d iffe ren c e  in  junk 
food p re fe ren ce . VMNL r a t s  e a t  le s s  than  c o n tro ls  f r om a l l  
junk foods except fo r  marshmallows, o f which they  e a t  a s  
much. I t  appears th a t  VMNL r a t s  e a t  more lab  chow than  th e  
more pa la tab le  junk foods because th e  former i s  n u t r i t io n a l ly  
balanced whereas th e  l a t t e r  i s  n u t r i t io n a l ly  "empty." This 
suggests th a t  th e  w eanling VMNL r a t  has n o t lo s t  th e  capa
c i ty  to  s e le c t  n u t r i t io n a l ly  balanced foods.
Supported by VA funds.
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296.9  STRESS INHIBITS GOLD THIOGLUCOSE LESIONS IN THE VENTROMEDIAL 
HYPOTHALAMUS.  D. F. Brown* and J .  M. V ile s* (SPON: R. 
A lp e r).  Combat C asualty  Care, Letterm an Army I n s t i t u t e  of 
Research, San F ran c isco , CA 94129; and Department o f 
Zoology, Iowa S ta te  U n iv e rs ity , Ames, IA 50011.

Gold th io g lu co se  (GTG) i s  a  s u b s tr a te - s p e c i f ic  neurotoxin 
fo r  a  group o f n eu ra l c e l l s  in  th e  ventrom edial hypothalamus 
(VMH). W ithin 24 hours a f te r  a  s in g le  in tr a p e r ito n e a l (IP) 
in je c t io n  o f GTG, d is c re te  b i l a t e r a l  le s io n s  a re  d e tec tab le  
in  th e  VMH o f mice. This VMH damage produces hyperphagia 
and o b e s ity . GTG-induced le s io n  form ation in  the  VMH is  
dependent on the  hormonal s ta tu s  of th e  mouse. In s u lin  must 
be p re sen t in  th e  VMH fo r  GTG le s io n  form ation to  occur; 
d iab e tes  ab o lish es  th e  GTG-induced VMH d e s tru c tio n . 
A dm in istra tion  o f g lu co co rtico id s  to  a  normal mouse prevents 
GTG-induced n e c ro sis  in  th e  VMH. Furtherm ore, the  
hyperphagia and o b esity  a sso c ia ted  w ith  GTG-induced VMH 
d e s tru c tio n  i s  dependent on an in ta c t  p itu ita ry -a d re n a l 
a x is .  S ince th e  ad ren a l co rtex  apparen tly  p lays a  major 
ro le  in  th e  VMH response to  GTG, we in v e s tig a te d  whether or 
not s t r e s s ,  a  s tim u la to r  o f g lu co co rtico id  s e c re tio n , could 
a l t e r  GTG le s io n  form ation in  the  mouse VMH. Female CF1 or 
Swiss Webster mice  approxim ately 3 months o f age were used 
in  th i s  study . They were housed a t  23°C on a  12-hour 
l i g h t : 12-hour dark pho toperiod , fed a  normal mouse d ie t ,  and 
given ta p  w ater f r e e ly .  I n i t i a l l y  food d ep riv a tio n  or cold 
exposure was u t i l i z e d  to  induce s t r e s s .  A fte r 3 days of 
s ta rv a t io n  or 5 hours o f cold exposure (4°C) the  mice were 
challenged w ith 300 mg/kg GTG IP , and the  s t r e s s  continued 
u n t i l  s a c r i f i c e .  Following ro u tin e  h is to lo g y , th e  VMH was 
examined a t  the  l ig h t  microscope le v e l .  No n ecro sis  or 
le s io n s  due to  GTG were observed in  th e  VMH, w hile co n tro ls  
d isp layed  ty p ic a l  VMH damage from GTG a d m in is tra tio n . In  
ano ther study mice were s tre s s e d  w ith  carrageenan (CAR)-
induced abdominal i r r i t a t i o n .  A 0.25 cc bolus of 2 .5% 
aqueous CAR was in je c te d  IP and 18 hours l a t e r  followed by 
500 mg/kg GTG IP . C ontro ls  received  only GTG. T a il vein 
blood samples were taken immediately befo re  GTG 
a d m in is tra tio n  and plasma c o rtic o s te ro n e  (CORT) 
co n cen tra tio n s  measured by radioimmunoassay. C ontrol 
anim als possessed c la s s ic  GTG-induced VMH damage, w hile CAR-
tre a te d  mice showed alm ost complete in h ib it io n  o f GTG-
induced d e s tru c t io n . CORT le v e ls  averaged 37+7 ng/ml plasma 
fo r  co n tro ls  and 207±18 ng/ml plasma fo r  CAR-treated mice  
(p<0.001). Our re s u l t s  in d ic a te  th a t  th e  mouse VMH is  
p ro tec ted  from GTG-induced n ec ro sis  by s t r e s s  and possib ly  
mediated by increased  plasma CORT le v e ls .

2 9 6 .1 0   CHANGES IN BODY COMPOSITION FOLLOWING AREA POSTREMA/CAUDAL 
MEDIAL NUCLEUS OF THE SOLITARY TRACT LESIONS IN RATS.  
T.M. Hyde and R.R. Misel is.  Schools of Medicine and 
Veterinary Medicine and the Ins t i tu te  of Neurological 
Sciences, University of Pennsylvania, Philadelphia, PA 19104.

Lesions of the area postrema (AP) and the subjacent caudal 
medial portion of the nucleus of the so l i ta ry  t r ac t  (cmNTS) 
cause a syndrome of transient  hypophagia and permanent 
depression of the body weight growth curve in adult male and 
female rats (Hyde & Miselis, 1983). In the current study, 
young male Sprague-Dawley rats weighing 120-170 g were 
housed individually and maintained on a standard pellet  d ie t .  
Following eight  days of baseline measurements, the rats 
received ei ther  AP/cmNTS lesions or sham les ions. The 
lesions resulted in a t ransitory  period of depressed food 
intake and a deceleration of body weight gain. Unlike 
adults,  body weight did not drop a f te r  lesioning. However, 
water intake and water/food rat ios were chronically elevated 
postoperatively in the lesioned group for the duration of 
the experiment. Behavioral verificat ion  of the lesion was 
demonstrated by a heightened intake of Instant Breakfast 
(Carnation) in a 30 minute t e s t  a f te r  overnight food 
deprivation (Edwards and R it te r ,  1981). Body composition 
analysis was performed sixty days a f te r  surgery. Lesioned 
rats weighed 73.4% of controls at time of sacri f ice  (p<.005). 
Wet organ weights were obtained; l ive r  and kidney weights of 
lesioned rats were 74.1% of controls (p<.05), while 
epididymal and retroperitoneal fat pads were 57.1% and 50.0% 
of controls,  respectively (p<. 01). There were no 
differences in tes te  weights. Shaved, eviscerated, 
decapitated carcasses were analyzed for total body water and 
fat  content. There were no differences in water content. 
However, total  body fat  content was s ignif icantly  reduced in 
lesioned rats (9.0±0.7% for lesions versus 13.2±0.7% for 
controls,  p<. 001). These studies demonstrate that  lesions 
of the AP/cmNTS region cause a permanent reduction in fa t  
stores. This reduction persis ts even a f te r  the animals 
return to a normal level of food intake and rate of body 
weight gain. Further analyses are underway to determine i f  
th is  is a primary consequence of the lesion or a chronic 
metabolic change secondary to the postoperative period of 
transient  hypophagia.

This research was supported by NIH grant GM-27739 to R.R. 
Miselis. T.M. Hyde is supported by NIH grant 5T32 GM 07170.

296. 11  RESPONSE OF RATS WITH FORNIX TRANSECTION TO VARIATION 
OF PROCUREMENT COST DURING FORAGING BEHAVIOR.  L .A . 
F la sh m a n *  an d  B. O s b o rn e .  D ept. o f  P s y c h o lo g y ,  M id d le
b u ry  C o l le g e ,  M id d le  b u ry ,  VT 05753

The p u r p o s e  o f  t h e  p r e s e n t  s tu d y  w as t o  e x p lo r e  th e  
e f f e c t s  o f  a  v a r i e d  p ro c u re m e n t c o s t  on th e  f o r a g i n g  
b e h a v io r  o f  r a t s  w i th  f o r n i x  t r a n s e c t i o n  and  c o n t r o l  
r a t s .  An o p e r a n t  a n a l o g  d e s ig n e d  by C o l l i e r  w as u se d  
t o  e x am in e  th e  f e e d i n g  p a t t e r n s  o f  t h e  a n im a ls  u n d e r  
f r e e  f e e d i n g ,  low  p ro c u re m e n t  c o s t  (FR5) and  h ig h  
p ro c u re m e n t  c o s t  (FR 80) s i t u a t i o n s ,  i n  a n  e n v iro n m e n t 
w i th  m in im a l s e n s o r y  d i s t r a c t i o n .  I t  was fo u n d  t h a t  
a n im a ls  w i th  f o r n i x  t r a n s e c t i o n  d id  n o t  d i f f e r  from  
c o n t r o l  r a t s  i n  g e n e r a l  c o n s u m p tio n  t o t a l  o r  p a t t e r n .  
The l e s i o n e d  a n im a ls  w e re  a b l e  t o  a d a p t  t h e i r  f e e d in g  
b e h a v io r  t o  t h e  v a r i e d  p r o c u re m e n t  c o s t  i n  t h e  same way 
t h a t  t h e  c o n t r o l  a n im a ls  d i d .  As th e  p ro c u re m e n t c o s t  
i n c r e a s e d ,  t h e  n um ber o f  m e a ls  consum ed d e c r e a s e d  w h i le  
t h e  m ea l d u r a t i o n  i n c r e a s e d .  The m ea l p a t t e r n s  th em 
s e l v e s  w e re  d i f f e r e n t  f o r  t h e  f o r n i x  t r a n s e c t e d  a n im a ls  
an d  th e  c o n t r o l  g r o u p .  L e s io n e d  a n im a ls  e a t  m ore m e a ls  
o v e r  t h e  c o u r s e  o f  a  d ay  th a n  do c o n t r o l  a n im a ls ;  
t h e i r  m e a ls  a r e  o f  a  l o n g e r  d u r a t i o n ,  an d  t h e i r  i n t e r 
m ea l i n t e r v a l s  a r e  s h o r t e r  t h a n  t h o s e  o f  c o n t r o l  
a n im a ls .  D u r in g  t h e  c o u r s e  o f  a  m e a l ,  f o r n i x  a n im a ls  
t a k e  a  l a r g e r  num ber o f  b r e a k s ,  d u r in g  w h ich  th e y  
d r i n k ,  e x p l o r e ,  o r  e n g a g e  i n  a c t i v i t i e s  o t h e r  th a n  
e a t i n g .  T h e se  d i f f e r e n c e s  i n  t h e  f e e d in g  p a t t e r n  w ere  
s e e n  a c r o s s  a l l  p ro c u re m e n t  c o s t  l e v e l s .  
I n t e r p r e t a t i o n  o f  th e  d a t a  seem  t o  s u p p o r t  t h e  p o s s i 
b i l i t y  o f  h ip p o c a m p a l in v o lv e m e n t  i n  b e h a v io r a l  o r g a n i 
z a t i o n  s e q u e n c in g .

296 12  BOMBESIN SUPPRESSES FOOg INTAKE OF AREA-POSTREMA-LESIONED 
RATS.  F ra n c o i se  L aco u r* , Nancy J . K enney, Jo n  N. K o tt* 
and  S te p h e n  C. Woods (SPON: E . L o t t e r ) .   D e p a r tm e n t o f  
P s y c h o lo g y ,  U n i v e r s i t y  o f  W a sh in g to n , S e a t t l e ,  WA 9 8 1 9 5 .

A b la t io n  o f  th e  a r e a - p o s t r e m a  and a d j a c e n t  c a u d a l -
m e d ia l  n u c le u s  o f  t h e  s o l i t a r y  t r a c t  (AP/cmNTS) r e s u l t s  i n  
a  r e d u c t io n  o f  fo o d  i n t a k e  and  body w e ig h t  o f  r a t s .  Food 
i n t a k e  o f  A P /cm N T S -les io n ed  r a t s  i s  u n a f f e c t e d  by 
i n t r a p e r i t o n e a l  ( i p )  a d m i n i s t r a t i o n  o f  c h o le c y s to k i n i n  
(CCK ). T h is  s tu d y  e x a m in e s  t h e  e f f e c t  o f  AP/cmNTS 
a b l a t i o n  on th e  r e d u c t io n  o f  i n t a k e  in d u c e d  by  a n o th e r  
p u r p o r t e d  s a t i e t y - i n d u c i n g  p e p t i d e ,  b o m b esin  (B B S ).

The e f f e c t  o f  i p  a d m i n i s t r a t i o n  o f  8 u g /k g  BBS on fo o d  
i n t a k e s  o f  1 5 -h r  f o o d - d e p r iv e d  A P /cm N T S -les io n ed  ( n =7) and  
s h a m - le s io n e d  (n = 7 ) r a t s  was s tu d i e d  b e g in n in g  8 d a y s  
a f t e r  s u r g e r y .  E ach  a n im a l was t e s t e d  4 t im e s ;  tw ic e  w i th  
BBS and tw ic e  w i th  e q u a l  volum e i n j e c t i o n s  o f  i s o t o n i c  
s a l i n e .  The o r d e r  o f  i n j e c t i o n s  w as c o u n te r b a la n c e d .  
D u rin g  1 s e t  o f  BBS and c o n t r o l  t e s t s , r a t s  w ere  f e d  
p e l l e t e d  l a b o r a t o r y  chow , t h e i r  s ta n d a r d  f o o d .  F o r  th e  
s e co n d  s e t ,  l i q u i d  E n s u re  d i e t  w as p r e s e n te d  d u r in g  th e  
t e s t  p e r i o d .  I n t a k e s  w ere  m ea su red  .5  an d  1 h r  a f t e r  i p  
i n j e c t i o n .
P e l l e t e d  f o o d : L e s io n e d  r a t s  consum ed l e s s  th a n  sham s o f  
t h i s  s ta n d a r d  fo o d  d u r in g  th e  h r  f o l l o w in g  i p  s a l i n e  
i n j e c t i o n  ( F ( 1 , 1 6 ) =1 7 .9 ,  p < .0 1 ) .  I n t a k e s  o f  s h a m - le s io n e d  
r a t s  w ere  r e d u c e d  d u r in g  th e  f i r s t  3 0 -m in  a f t e r  BBS 
a d m i n i s t r a t i o n  ( F ( 1 , 6 ) =7 .5 ,  p < .0 5 )  and  r e m a in e d  s u p p re s s e d  
a t  t h e  end  o f  th e  t e s t  s e s s i o n  ( F ( 1 , 6 ) =1 8 . 6 ,  p < .0 1 ) .  
W hile  h a v in g  no s i g n i f i c a n t  e f f e c t  on i n t a k e  o f  l e s i o n e d  
r a t s  d u r in g  th e  th e  f i r s t  h a l f  o f  t h e  t e s t  s e s s i o n ,  BBS 
d id  s u p p re s s  t o t a l  1- h r  i n t a k e s  o f  t h e s e  a n im a ls  
( F ( 1 ,6 ) = 7 . 0 ,  p < .0 5 ) .
L iq u id  E n s u r e : F o llo w in g  s a l i n e  i n j e c t i o n ,  l e s i o n e d  and 
s h a m - le s io n e d  r a t s  d id  n o t  d i f f e r  i n  t e s t - s e s s i o n  i n t a k e  
o f  E n s u r e .  As was t h e  c a s e  w i th  th e  s o l i d  f o o d ,  3 0 -m in  
( F l , 6 ) =2 0 .6 ,  p < .0 1 )  an d  t o t a l  1 - h r  i n t a k e s  ( F 1 , 6 ) - 4 6 . 3 ,  
p < .0 1 )  o f  sham s w e re  r e d u c e d  f o l lo w in g  BBS a d m i n i s t r a t i o n .  
BBS t r e a tm e n t  a l s o  e f f e c t i v e l y  re d u c e d  i n t a k e s  o f  l e s i o n e d  
r a t s  b o th  d u r in g  t h e  f i r s t  3 0 -m in  ( F ( 1 , 6 ) - 1 7 . 8 ,  p < .0 1 )  a s  
w e l l  a s  f o r  t h e  e n t i r e  h o u r  o f  E n s u re  a c c e s s  
( F ( 1 , 16 ) - 1 2 . 5 ,  p < .0 1 ) .

T h u s , BBS r e d u c e s  fo o d  i n t a k e  o f  A P /cm N T S -les io n ed  
r a t s .  T h ese  d a ta  i n d i c a t e  t h a t  AP/cmNTS a b l a t i o n  d o e s  n o t  
e l i m i n a t e  r e s p o n s iv e n e s s  t o  a l l  p u r p o r te d  s a t i e t y  h orm ones 
and  s u g g e s t  t h a t  th e  r e d u c t io n s  o f  f e e d in g  by  CCK an d  BBS 
may b e  i n d e p e n d e n t ly  m e d ia te d .
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296. 13  FURTHER EVALUATION OF M ACRONUTRIENT SELECTION OF RATS  
FOLLOWING AREA-POSTREMA ABLATION.  Jon N . Kott and Nancy 
J . Kenney (SPON: J .  Lockard).  Department of Psychology, 
U n iv e rs ity  of Washington, S e a t t le ,  WA 98195.

Immediately follow ing ab la tio n  of the area  postrema and 
ad jacen t caudal-m edial aspect of the nucleus of the 
s o l i ta r y  t r a c t  (AP/cmNTS), r a t s  decrease food in tak e  and 
lo se  w eight. For ra ts  m aintained in  a m acronu trien t-
s e le c tio n  s i tu a t io n ,  the p o s t-a b la tio n  reduction  of in take  
i s  due ex c lu siv e ly  to  reduced f a t  in ta k e . We have re c en tly  
shown th a t  AP/cmNTS-lesioned r a ts  may develop aversions to 
foods in g ested  around the time of le s io n in g . In th is  s tudy  
we examine the p o s s ib i l i ty  th a t the reduced in tak es  of fa t  
p rev iously  noted fo r  m acronu trien t-fed  lesioned  r a ts  i s  an 
a r t i f a c t  of the p re sen ta tio n  of the d ie t  during the  
p e r i -su rg e ry  pe rio d .

Ten AP/cmNTS-lesioned and 9 sham -lesioned r a ts  were fed 
p e lle te d  la b o ra to ry  chow p r io r  to  and fo r the f i r s t  25 days 
a f te r  su rgery . Separate sources of f a t ,  carbohydrate and 
p ro te in  were then presen ted  fo r  2 consecutive 1 0 -day 
periods (Macro 1 and Macro 2 ). Body weight and to ta l  
c a lo r ic  in tak e  were measured d a ily  during the la s t  7 days 
p r io r  to  m acronu trien t access (B aseline) and during the 
period  of m acronutrien t s e l f - s e le c t io n .  Proportions of 
in tak e  from each of the m acronutrien t sources were 
ca lcu la te d  fo r  the s e le c tio n  phase of the study.
B ase lin e : D aily food in tak e  (F (1 ,17)=20.4, p < .01), but not 
r a te  of w eight g a in , of the lesioned  ra ts  was reduced 
compared to  th a t of c o n tro ls .
Macro 1: As i s  ty p ic a l when lesioned  r a ts  are o ffered  a 
new food, t o ta l  c a lo r ic  in tak es  of the lesioned  r a ts  
inc reased  (F (1 ,9 )=24.2 , p<.01) and d id not d i f f e r  from th a t 
of sham-operated c o n tro ls  when the m acronutrien ts were 
p resen ted . No marked d iffe ren c e s  in  the p roportions of 
ca lo r ie s  taken by lesioned  and co n tro l r a ts  were noted 
during  th is  t r a n s i t io n  p e rio d .
Macro 2: T o tal in tak es  of lesioned  r a ts  re tu rned  to  
b a se lin e  le v e ls  and were lower than those of co n tro ls  
(F (1 ,17) = 12.0, p< .01 ). AP/cmNTS-lesioned r a ts  took a 
sm aller p ropo rtion  of to ta l  ca lo r ie s  as f a t  (F (1 ,17)=14.7 , 
p< .0 1 ) but g re a te r  p ropo rtions from both carbohydrate 
(F (1 ,17)=7.6 , p<.05) and p ro te in  (F (1 ,17)=4.8 , p< .05).

Thus, the reduc tion  of f a t  in take  by m acronu trien t-fed , 
AP/cmNTS-lesioned r a ts  appears to be a primary e ffe c t  of 
such ab la tio n  and i s  not dependent upon the p re sen ta tio n  of 
the  m acronutrien t d ie t during the  immediate p ost-su rge ry  
p e rio d .

296.14  DECREASED NOREPINEPHRINE CONTENT AND TURNOVER IN BROWN ADI
P O S E  T I S S U E  F R O M SYRIAN HAMSTERS FED HIGH-FAT DIET.  J . F .  

M cE lro y * , P.M . M ason*, J .M . H a m ilto n *  and  G .N . W ade.  D iv . 
o f  N e u ro s c ie n c e  and  B e h a v io r ,  D e p t .  o f  P s y c h o lo g y ,  U n iv . o f  
M a s s a c h u s e t t s ,  A m h e rs t, MA 0 1 0 0 3 .

M ale S y r ia n  h a m s te rs  ( M e s o c r ic e tu s  a u r a t u s )  f e d  a  h ig h -
f a t  (HF) d i e t  c a n  becom e o b e se  w i th o u t  o v e r e a t in g  and  e x h ib 
i t  i n c r e a s e s  i n  brow n a d ip o s e  t i s s u e  (BAT) w e ig h t  com pared  
t o  h a m s te rs  f e d  a  c o m m e rc ia l chow h ig h  in  c a r b o h y d r a te s .
T h is  i n c r e a s e d  m e ta b o l i c  e f f i c i e n c y  i s  s i m i l a r  t o  t h a t  o b 
s e rv e d  i n  g e n e t i c a l l y  o b e s e  ( o b /o b )  m ice  and  Z u c k e r  ( f a / f a )  
r a t s .  BAT i s  an  im p o r ta n t  s i t e  o f  a d a p t i v e  c h a n g e s  i n  h e a t  
p r o d u c t io n  in  r o d e n t s .  T h e rm o g e n e s is  i n  BAT i s  c o n t r o l l e d  
by  n o r e p in e p h r in e  (NE) r e l e a s e  a t  s y m p a th e t ic  n e rv e  e n d in g s  
i n  t h e  t i s s u e .  C hanges i n  BAT s y m p a th e t ic  a c t i v i t y  p a r a l l e l  
known a d a p t iv e  c h a n g e s  i n  h e a t  p r o d u c t i o n .  F o r  e x a m p le , NE 
tu r n o v e r  i n  BAT i s  i n c r e a s e d  i n  r a t s  e x p o se d  t o  c o ld  o r  f e d  
a  " c a f e t e r i a "  d i e t ,  w h e re a s  NE tu r n o v e r  i s  r e d u c e d  in  g e n e t 
i c a l l y  o b e se  m ice  and  r a t s .  The p u rp o se  o f  t h e  p r e s e n t  
s tu d y  was t o  d e te r m in e  w h e th e r  th e  HF d i e t - i n d u c e d  i n c r e a s e  
i n  m e ta b o l ic  e f f i c i e n c y  i s  a s s o c i a t e d  w i th  a d e c r e a s e  in  
s y m p a th e tic  a c t i v i t y  i n  BAT a s  r e f l e c t e d  by  a r e d u c t io n  in  
NE t u r n o v e r .  NE tu r n o v e r  was d e te rm in e d  by  th e  d i s a p p e a r a n c e  
o f  NE from  th e  t i s s u e  a f t e r  i n h i b i t i o n  o f  i t s  b i o s y n t h e s i s  
w i th  a l p h a - m e t h y l - p - t y r o s i n e .

As p r e v i o u s ly  r e p o r t e d ,  h a m s te rs  f e d  a  HF d i e t  d id  n o t  
o v e r e a t ,  b u t  th e y  t r i p l e d  t h e i r  r a t e  o f  w e ig h t  g a in  i n  a 
m onth  com pared  t o  a n im a ls  f e d  a  h i g h - c a r b o h y d r a te  d i e t .  
I n t e r s c a p u l a r  BAT (IBAT) and h e a r t  w et w e ig h ts  w ere  e l e v a t e d  
43 and 9%, r e s p e c t i v e l y ,  i n  f a t - f e d  h a m s te r s .  H ig h - f a t  
f e e d in g  f o r  30 d a y s  d e c re a s e d  NE c o n te n t  and  t u r n o v e r  in  
IBAT by 37% ( fro m  4 .4  t o  2 .8  ng  NE/mg t i s s u e )  and  75% ( fro m  
0 .3 1  to  0 .0 7 5  ng NE/mg t i s s u e / h r ) ,  r e s p e c t i v e l y .  NE c o n te n t  
and  tu r n o v e r  i n  h e a r t  w ere  u n a f f e c t e d  by  HF d i e t .

P r e v io u s  r e s e a r c h  show ed t h a t  f a t - f e d  h a m s te r s  becom e 
o b e s e  a t  l e a s t  i n  p a r t  b e c a u s e  o f  d i e t - i n d u c e d  d e c r e a s e s  i n  
e n e rg y  e x p e n d i t u r e .  I n  th e  p r e s e n t  s tu d y ,  h ig h  e f f i c i e n c y  
o f  e n e rg y  s to r a g e  f o l lo w in g  HF d i e t  f e e d in g  i s  p a r a l l e l e d  by 
d e c re a s e d  SNS a c t i v i t y  i n  BAT, a m a jo r  s i t e  o f  e n e rg y  e x 
p e n d i t u r e  i n  r o d e n t s .  C a rd ia c  NE tu r n o v e r  was n o t  a l t e r e d  
by  f a t  f e e d i n g ,  d e m o n s t r a t in g  t h a t  t h e  d i e t  e f f e c t  on NE 
tu r n o v e r  i n  BAT i s  n o t  due to  a  g e n e r a l  r e d u c t i o n  in  SNS a c 
t i v i t y .  T h u s , SNS a c t i v i t y  in  BAT c a n  be d im in is h e d  by  f a t  
f e e d in g  and  may be a  f a c t o r  c o n t r i b u t i n g  t o  t h e  en h a n ce d  
m e ta b o l ic  e f f i c i e n c y  s e e n  in  t h e s e  a n im a ls .  E x p e r im e n ts  in  
p r o g r e s s  a r e  e v a lu a t in g  GDP b in d in g ,  and c y to c h ro m e  o x id a s e  
a c t i v i t y  in  BAT fro m  s i m i l a r l y  t r e a t e d  a n im a ls .

296.15  FOOD INTAKE AND WEIGHT GAIN OF ZUCKER RATS: INCREASED BY 
AUTOIMMUNIZATION AGAINST B-ENDORPHIN:  C.L. McLaughlin and 
C.A. B a ile ,  Wash. Univ. Med. School, S t. Louis, MO 63110

Opioid pep tides  a re  p o s tu la ted  to  m ediate the hunger com
ponent in  the  co n tro l of food in tak e  and re g u la tio n  of body 
w eight, e .g . increased  plasma B-endorphin concen tra tions  a re  
a sso c ia ted  w ith hunger. I t  was p o s tu la ted  th a t  in  r a ts  immun
ized ag a in st B-endorphin the  an tib o d ies  would sequester B-
endorphin r e s u lt in g  in  decreased food in take  and body w eight. 
Zucker r a t s  have increased  B-endorphin concen tra tions  in  the 
b ra in  and neu ro in term ediate  p i tu i ta r y  but not a n te r io r  p i t u i 
ta ry  or plasma and were p o s tu la ted  to  be more responsive to 
trea tm en t. Adult Zucker obese (n=20, 568±13g) and lean  (n=20, 
299±16g) r a t s  were immunized ag a in st bovine serum albumin 
conjugated ( tre a te d )  or not (co n tro l) to B-endorphin. Capa
c i ty  of serum to  bind 125 I-B-endorphin was maximal a t  8 wks 
and was p resen t only in  serum from tre a te d  obese (721 vs. .3 
pmol/1, p<.  004) and lean  (829 vs. 5 pmol/1 p<. 001) r a t s .  
During the 12 wk period  food in tak es  were increased  in  t r e a t 
ed obese (31.4 v s. 30.75 g/day, p <.01) and lean  r a ts  (20.60 
v s. 20.32 g/day, p <.05) and body weight gains were increased  
in  tre a te d  obese ( . 8 6  v s . .44 g/day p <.01) but not lean  r a ts  
(.26 v s. .21 g /day, NS). Food in tak es  and body weight gains 
were increased  more in  tre a te d  obese than lean  r a ts  (p<. 001  
and p<.02 re s p e c tiv e ly . Serum concen tra tions  of fre e  B-en
dorphin in  tre a te d  r a ts  were only 1 0 % of those in  co n tro l 
obese (8.1 v s . 8 6  pmol/1, p <.002) and lean  (19.4 v s . 120 
pmol/1 p <. 001) r a t s .  However, concen tra tions  of t o ta l  B-en
dorphin (f re e  and th a t bound to the antibody) were increased  
in  tre a te d  obese (119 vs. 56 pmol/1 p .001) and lean  (133 vs. 
97 pmol/1 p <. 002) r a t s .  Weight of the  a n te r io r  p i tu i ta r y ,  
l ik e ly  the  source of plasma B-endorphin, was increased  in  
tre a te d  obese (14.44 v s . 10.45 mg) and lean  (13.38 v s. 10.10 
mg) r a t s  ( p <.001). However, co n cen tra tions  of B-endorphin in  
the  a n te r io r  p i tu i ta r y  were decreased in  tre a te d  obese (204 
vs. 373) and lean  (291 v s . 526 ng/mg) r a t s  (p<.004) and 
n e ith e r  to ta l  a n te r io r  p i tu i ta r y  content nor hypothalamic 
c o n cen tra tio n  of B-endorphin was a ffe c te d  by trea tm en t. Thus 
in  r a t s  autoimmunized ag a in st B-endorphin, food in tak e  and 
body weight gain  were increased  but i t  i s  unc lear whether 
these  a re  responses to  the decreased free  co n cen tra tion  or 
increased  to t a l  co n cen tra tio n  of plasma B-endorphin. I t  is  
p o ss ib le  th a t  increased  production  of o ther p ro o p ico rtico
tro p in  cleavage p roducts , e .g . ACTH, in  r a ts  w ith an tib o d ies  
to B-endorphin may have a lso  co n trib u ted  to  the increased  
food in take , body weight gain  and p i tu i ta r y  s iz e  responses 
found. (Supported by a g ran t from Monsanto Company).

296.16  RECEPTORS FOR CHOLECYSTOKININ (CCK) AND EFFECT OF CCK ON 
INDEPENDENT INGESTION IN RAT PUPS.  P.H. Robinson*, T.H. 
Moran*, P.R. McHugh.  Johns Hopkins University School of 
Medicine, Baltimore, MD 21205, Maudsley Hospital, London.

CCK is known to inhib it  feeding in a number of species 
but i t s  s i t e  of action may be central or peripheral. Rat 
brain CCK receptors are found in low concentrations at  
bir th  but increase over the f i r s t  f if teen  days of l i f e .  
Moreover, CCK reduces suckling in 15 day old, but not 
younger, ra ts .  I t  has been demonstrated recently tha t  ra t  
pups will show ingestive behaviour when tested in the 
presence of warm cow's milk, away from the dam.

Young r a ts ,  aged 1 ,  3 ,  6 ,  10 and 15 days were given CCK 
octapeptide, 8mcg/kg ip, or saline vehicle, and then placed 
on a milk soaked towel in a 35° observation chamber. The 
amount of milk ingested over 30 minutes was determined by 
weighing the pups before and a f te r  the t e s t .  Observers, 
blind to the treatment, noted the behaviour of the animals 
during the te s t  period. Other ra t  pups and foetuses were 
dissected and the ir  stomachs removed, sectioned and binding 
s i tes  for CCK were demonstrated by autoradiography.

Mean intake a f te r  saline injection was 5% of in i t i a l  
body weight, compared to 2.5% a f te r  CCK (F(1,25)=104.32, p< 
0.001). Observed ingestive ac t iv i ty  (mouthing, licking and 
gaping) was also reduced by CCK (F(1,25)=36.03, p< 0.001) 
but there was no signif icant  effec t  of CCK on non-ingestive 
motor ac t iv i ty  (F(1,25)=2.2, p > . l ) .

Specific CCK receptor s i tes  were observed in the pylorus 
and in gastric  mucosa of the 20 day foetus. At 3 days of 
age specific binding was identified in the c i rcu la r  muscle 
of the pyloric sphincter and of the pyloric antrum, and in 
the mucosa of the distal  part of the stomach. By 10 days, 
l i t t l e  mucosal binding was evident and binding was 
res t r ic ted  to the muscle of the pyloric sphincter  and 
antrum. In the adult ,  no antral binding was detectable and 
CCK receptors appeared to be localized exclusively to 
pyloric circular  muscle.

CCK reduces intake of milk in ra t  pups aged 1-15 days. 
That th is  was a specific effec t  on ingestion rather than a 
non specific behavioural effec t  is suggested by the 
observed reduction in ingestive but not in motor ac t iv i ty .  
This behavioural response, combined with the finding that  
CCK receptors are present in the stomach when brain 
receptor levels are low, provide evidence for a peripheral 
s i te  of action for the sa t ie ty  effec t  of CCK. (Supported 
by NIH grant 2-R01-AM19302, Wellcome Trust, London).



1016 FEEDING AND DRINKING: CENTRAL MECHANISMS II SUNDAY PM

296 17  EFFECTS OF NEONATAL AND POSTNATAL ANABOLIC STEROIDS ON FLUID 
INTAKE IN FEMALE RATS.  J .  Kucharczyk and J .  Lemoine*.  Dept. 
Physiology, Univ. Ottawa, Sch. Med., Ottawa, Canada K1H 8M5.

Dianabol (methandrostenolone) is a synthetic steroid with 
anabolic actions of longer duration than testosterone 
propionate (TP) but with fewer androgenic ef fects  when admin
istered to adult animals (Arch. Androl . 6 :  83, 1981). We 
compared the effects  of treat ing  female rats  with TP and 
Dianabol on f luid  ingestion during the immediate postpubertal 
period. Female rats injected with 1 mg TP on day 5 a f te r  
birth  weighed sign if ican t ly  more than Dianabol-treated (1 mg) 
or vehicle-injected control females. There were no d i f f e r 
ences between groups in 24 h intakes of food or water. TP-
and Dianabol-injected rats drank less water than controls in 
response to acute ex tracel lu lar  dehydration ( i .p .  polyethyl
ene glycol,  0.5% bwt.),  but not a f te r  acute ce l lu la r  dehyd
ration ( i .p .  2 M NaCl, 1% bwt.). Neonatal TP and Dianabol 
treatment was found to s ignif icantly  increase the volume of 
the "sexually dimorphic nucleus" of the preoptic area (SDN-
PDA). Body f lu id -e lec tro ly te  balance was also studied in 
postpubertal female rats injected with Dianabol (150 µg/wk 
for 6 wks) and subjected to biweekly periods of exercise 
(40 min medium intensity  treadmill running). Rats subjected 
to exercise plus Dianabol drank sign if ican t ly  more water 
and excreted greater urine volumes on a daily basis than 
control animals, but ad libitum intakes of 2.7% NaCl were 
not d if fe ren t .  Animals receiving Dianabol without exercise , 
or combined Dianabol-exercise treatment, showed an increase 
in Na retention compared with the pretreatment period.
However th is  e ffec t  was s ign if ican tly  greater  1n the 
combined stero id-exercise group than in animals given 
Dianabol alone. Plasma aldosterone levels in the exercised 
and Dianabol injected-exercised groups were lower than 
controls during the third  and fourth weeks of treatment, 
suggesting that  the Na-retaining action of Dianabol is not 
due to stimulation of adrenal mineraloco r t ico ids . Thus, in 
the adult female r a t ,  Dianabol has re la t ive ly  minor effects 
on f lu id -e lec tro ly te  balance unless combined with exercise.
In contrast ,  neonatal Dianabol, l ike neonatal TP, appears to 
induce 'male' drinking behavior charac te r is t ics  in genetic 
females. This appears to involve permanent organizational 
changes in the hypothalamic level of regulation.

(Supported by the Medical Research Council of Canada).

296. 18  FOREBRAIN LESIONS WHICH RENDER SHEEP ADIPSIC DO NOT ALTER 
SODIUM APPETITE IN SODIUM DEFICIENCY.  J .B . Simpson, 
D. A. Denton*, R.R. M ise lis , M .J.McKinley*, R.G. Park*, 
E. T arjan* , and R .S. W eisinger*.  Howard Florey I n s t i tu te  of 
Experimental Physiology and M edicine, U n ivers ity  of Melbourne 
A u s tra lia .

Radio-frequency le s io n s  of the  t is s u e  surrounding the  
o p tic  recess  of the  th ir d  c e reb ra l v e n tr ic le  were produced 
in  oophrectomized Merino sheep, each prepared w ith a chronic 
u n i la te r a l  p a ro tid  f i s t u l a  and two indw elling  l a t e r a l  v e n tr i
cu la r cannulae. The le s io n s  were centered  in  the  r e la t iv e ly  

large organum vasculosum laminae te rm in a lis  and encompassed 
ad jacen t t i s s u e ,  includ ing  the  nucleus medianus but not the 
su b fo rn ica l organ. Such sheep ty p ic a lly  show various  hydro
m ineral reg u la to ry  d e f ic ie n c ie s ,  in c lud ing : i ) tra n s ie n t  to  
permanent ad ip s ia ; i i ) f a i lu r e  to  d rink  follow ing system ic or 
c e n tra l  in fu sio n s  of hypertonic  sodium so lu tio n s  or of 
ang io tensin  I I ;  and, i i i ) reduced n a t r iu r e s is  and e levated  
plasma sodium concen tra tions  and osm ola lity  during w ater de
p riv a tio n  (McKinley, e ta l .,1 9 8 4 ) .  These sheep, however, 
show normal maintenance of food in tak e  and body weight i f  
a r t i f i c i a l l y  hydrated . We asked i f  such ad ip sic  animals 
would show normal sodium a p p e t ite  during the  chronic sodium 
d efic ien cy  produced by s a liv a  lo ss  from the p a ro tid  f i s t u l a .  
Animals were tra in e d  p re - le s io n  to  b a r-p ress  fo r d e liv e ry  of 
600 mM sodium b icarbonate  (2 h r/day  access) or w ater (con
tinuous access) and were fed chaff once d a ily .  Animals 
appeared to  respond a p p ro p ria te ly  to  d a ily  22  h r sodium 
lo ss  w ith operant behavior and in g estio n  during the  d a ily  
sodium access period  d e sp ite  th e i r  p e rs is te n t  a d ip s ia  accom
panied by a l te re d  plasma sodium and o sm o la lity . S pec ific  
experim ents examined w ater and sodium in g estio n  in  sev e ra l 
acute experim ental s i tu a tio n s  known to  a l t e r  w ater and/or 
sodium in tak es . In tr a c a ro tid  in fu sio n s  of hyperton ic  s a l 
ine suppressed sodium in take  w hile not in c reasin g  w ater 
in tak e ; in tr a v e n tr ic u la r  in fu sio n  of hyperton ic  Na-CSF l ik e 
wise decreased sodium in take  w hile not in c reasin g  w ater in 
take ; and 48 hr N a-deprivation  increased  responding fo r 
sodium in  normal fash ion . These fo reb ra in  le s io n s ,  which 
p e rtu rb  w ater in tak e  as w ell as u rin e  form ation , apparen tly  
did not a f fe c t  s a l t  a p p e t ite  seen during sodium d e fic ien cy . 
S a lt a p p e tite  may then be under d if f e r e n t  n eu ro lo g ica l con
t r o l s  than sev e ra l aspec ts  of w ater in take  and f lu id  reg u la 
tio n  in  general.
Supported by A u s tra lia  NH & MRC

296.19  PERSISTENT CHANGES IN SODIUM INTAKE AND PLASMA VASOPRESSIN 
FOLLOWING ACUTE EXTRACELLULAR FLUID DEPLETIONS.
S .P . Frankmann, D.M. D orsa, & J .B . Simpson,  Department of 
Psychology, U n ivers ity  of Washington, and GRECC, VA Medical 
C en ter, S e a t t le ,  WA 98195.

Acute subcutaneous a d m in is tra tio n  of the  c o llo id  poly
ethy lene  g lyco l (PEG) in  hyperoncotic concen tra tions  causes 
temporary isosm otic  d ep le tio n  of the  e x tra c e l lu la r  f lu id  
compartment (ECF). Homeostasis in  th is  s ta t e  is  defended 
both by re n a l conversa tion  of w ater and sodium, and by the  
in g estio n  of w ater and sodium. Following the  acute dep le
t io n ,  mean s a lin e  in tak e  increased  from 5 ml/day to  35 ml/
day over a period  of 2-3 weeks. Immediately follow ing the  
acu te  d e p le tio n , mean w ater in take  decreased by 7 ml/day. 
Both e f fe c ts  p e rs is te d  fo r a t  le a s t  3 months and were not 
secondary to  chronic ren a l f lu id  lo s se s . One compensatory 
mechanism induced by hypovolemia i s  e levated  s ec re tio n  of 
v asop ressin  (AVP). The follow ing experim ents examined the 
re la tio n s h ip  between the  increased  AVP and a lte re d  f lu id  
in ta k e s .

Expt. I .  Trunk blood was c o lle c te d  from unanesthetized  
ad u lt male Long-Evans r a t s  a t  3 and 5 weeks follow ing an in 
je c t io n  of PEG (MW=20,000; 20% w/v; 16.7 m l/kg ,sc) or the  
iso to n ic  s a lin e  v e h ic le . Plasma immunoreactive AVP was 
e lev a ted  post-PEG re la t iv e  to  c o n tro l. Plasma sodium con
c e n tra tio n s  and hem atocrits  were not a l te re d .

Expt. I I .  Male, Long-Evans (LE), heterozygous (HZ) and 
homozygous (HO) B ra ttleb o ro  r a ts  were in je c ted  sc w ith PEG 
(as above). In takes of tap  w ater and 0.3  M NaCl were re 
corded hourly  fo r  8  h rs  and then d a ily  fo r  4 weeks. A ll r a ts  
showed an acu te  inc rea se  in  in take  of 0 .3  M NaCl follow ing 
the  c o llo id  d ia ly s is .  However, whereas B ra ttleb o ro  HZ and 
LE r a t s  increased  s a lin e  in take  over the  4 weeks subsequent 
to  PEG ad m in is tra tio n , the  B ra ttleb o ro  HO r a t s  did not show 
the  increased  d a ily  s a lin e  in tak e .

Following acute  d ep le tio n  of e x tr a c e l lu la r  f lu id  induced 
by hyperoncotic  c o llo id  d ia ly s is ,  th e re  i s  an increased  
d a ily  in tak e  of 0 .3  M s a lin e . This is  accompanied by an 
e le v a tio n  in  b asa l immunoreactive AVP le v e ls .  F u rth er , the 
increased  d a ily  s a lin e  in tak e  may depend upon the  e levated  
plasma AVP le v e ls  as i s  suggested by the  co n s is te n t low 
s a lin e  in tak e  of B ra ttleb o ro  HO r a t s .  I t  i s  suggested th a t 
follow ing acu te  e x tr a c e l lu la r  body f lu id  d e p le tio n , th e re  
a re  adjustm ents which ac t to  o f f s e t  the  s e v e r ity  of subse
quent d e p le tio n s , and th a t  among the  compensatory a l t e r a 
tio n s  is  a chronic e le v a tio n  in  plasma AVP co n cen tra tio n . 
Supported by HL 21800 and by NS 20311



SUNDAY PM SPROUTING AND SPROUTING MECHANISMS 1017

297.1  AUTORADIOGRAPHIC TRACING OF CORTICOSPINAL PROJECTIONS IN CATS 
WITH NEONATAL OR ADULT ABLATION OF ONE CEREBRAL HEMISPHERE.
F .E .  Gomez, J .R .  V i l l a b l a n c a ,  B . J .  S o n n ie r  an d  M .S. L e v in e . 
 M e n ta l R e t a r d a t io n  R e s e a rc h  C e n te r ,  D e p ts .  Anatomy and P sy 
c h i a t r y ,  UCLA S c h o o l o f  M e d ic in e ,  Los A n g e le s ,  CA 90 0 2 4 .

The m o to r  c o r t e x  p r o j e c t i o n s  t o  t h e  c e r v i c a l  s p i n a l  c o rd  
w ere  e x am in ed  i n  c a t s  w i th  a d u l t  (N=4) o r  n e o n a ta l  (x ag e  
1 4 .7±  8 .3  d a y s ,  N=4) rem o v a l o f  t h e  l e f t  h a l f  o f  t h e  t e l e n 
c e p h a l o n (h e m isp h e re c to m y ) and  i n  i n t a c t  c o n t r o l s  (N =4). 
A f t e r  b e h a v io r a l  s t u d i e s  (co m p an io n  a b s t r a c t s ) , t h e  a n im a ls  
w ere  u s e d  f o r  t h i s  e x p e r im e n t  a t  a  mean p o s t  l e s i o n  ag e  o f  
295 ±  126 f o r  t h e  a d u l t s  and  o f  555 ±  79 d a y s  f o r  t h e  k i t 
e n s .  S t a r t i n g  a t  4 mm from  th e  m id l in e ,  5 -6  i n j e c t i o n s  o f  
t r i t i a t e d  l e u c i n e - p r o l i n e  ( .2  t o  .6  µ l a t  50 μ Ci/U L) w ere 
made 1 .0  t o  1 .5  mm i n  f r o n t  and  b e h in d  th e  r i g h t  c r u c i a t e  
s u lc u s  a t  3 mm d e p th .  F iv e  d a y s  l a t e r  c a t s  w ere  p e r f u s e d  
i n t r a c a r d i a l l y , f r o z e n  c o r o n a l  s p i n a l  c o rd  s e c t i o n s  w ere c u t  
a t  50 µ an d  p r o c e s s e d  f o r  a u to r a d io g r a p h y .  S e c t io n s  w ere  
d e v e lo p e d  a f t e r  a  6 week e x p o s u re  and  i n j e c t i o n s  s i t e s  an d  
t e r m in a l  f i e l d s  w ere  r e c o n s t r u c t e d  from  d ra w in g s  made u n d e r  
b o th  l i g h t  an d  d a rk  f i e l d  i l l u m i n a t i o n .  In  i n t a c t  and  a d u l t -
l e s i o n e d  c a t s  t h e  p r o j e c t i o n s  w ere  e s s e n t i a l l y  c o n t r a l a t e r a l .  
The f i b e r s  d e s c e n d e d  in  t h e  c r o s s e d  d o r s o l a t e r a l  c o r t i c o 
s p i n a l  t r a c t  and  p e n e t r a t e d  c h i e f l y  i n  t h e  d o r s a l  h o r n .  At 
u p p e r  l e v e l s  (C l -  C3) t h e  t e r m in a l s  c l u s t e r e d  i n  t h e  l e f t  
c u n e a te  n .  and  i n  th e  m o st m e d ia l  r e g io n  o f  la m in a e  V I, 
fe w e r  t e r m in a l s  w ere  s e e n  i n  t h e  m e d ia l  p a r t  o f  la m in a  V and 
d o r s a l  a s p e c t s  o f  la m in a  V I I .  A t lo w e r  l e v e l s  (C 7 -C 8 ), t h e  
t e r m in a l  f i e l d s  w ere  l e s s  d e n s e  b u t  o c c u p ie d  a  l a r g e r  a r e a  
i n  s i m i l a r  r e g i o n s  o f  th e  same t h r e e  l a m in a e .  In  n e o n a ta l -
l e s i o n e d  c a t s  th e  o u t s t a n d in g  d i f f e r e n c e  was t h e  p r e s e n c e  o f  
t e r m in a l  f i e l d s  i n  t h e  g re y  m a t t e r  i p s i l a t e r a l  t o  t h e  c o r t i 
c a l  i n j e c t i o n .  The to p o g ra p h y  o f  d i s t r i b u t i o n  was s i m i l a r  t o  
t h a t  d e s c r i b e d  f o r  t h e  c o n t r a l a t e r a l  s i d e  b u t  t h e  d e n s i t y  o f  
t h e  t e r m in a l  f i e l d s  was c o n s id e r a b l y  w e a k e r .  T hese t e r m in a l s  
a p p e a r e d  t o  o r i g i n a t e  fro m  c o n t r a l a t e r a l  f i b e r s  w h ich  c r o s s  
t h e  m id l in e .  O ngo ing  c o m p u t e r - a s s i s t e d  d e n s i to m e t r y  c o n f i rm s  
th e  ab o v e  o b s e r v a t i o n s ,  b u t  t h e  s p i n a l  t e r m in a l s  r e o r g a n i z a 
t i o n  a p p e a r s  t o  be l e s s  m ark ed  th a n  o t h e r  a n a to m ic a l  
c h a n g e s  w h ich  we h a v e  h i t h e r t o  r e p o r t e d  f o r  h e m is p h e r e c t 
om ized  a n im a ls .  The a b s e n c e  o f  i p s i l a t e r a l  t e r m in a l s  in  
a d u l t - l e s i o n e d  c a t s  i s  a n o th e r  ex am p le  (com pan ion  a b s t r a c t )  
o f  a  l e s s e r  b r a i n  r e o r g a n i z a t i o n  f o l lo w in g  th e  a d u l t  l e s i o n  
an d  t h i s  m a tc h e s  t h e  d im in is h e d  f u n c t i o n a l  r e c o v e r y  o f  t h e s e  
a n im a ls  co m p ared  t o  t h e  n e o n a t a l - l e s i o n e d  o n e s . (USPHS G ra n ts  
HD-05958 an d  H D -04612).

2 9 7 .2   REDUCED REORGANIZATION OF CORTICORUBRAL AND CORTICOTHALAMIC 
FIBERS IN ADULT VERSUS NEONATALLY HEMISPHERECTOMIZED CATS. 
 B . J .  S o n n ie r ,  J .R .  V i l l a b l a n c a ,  F . Gomez and J.W . B u r g e s s .  
 M e n ta l R e t a r d a t io n  R e s e a rc h  C e n te r ,  D e p a r tm e n ts  Anatomy & 
P s y c h ia t r y ,  UCLA S c h o o l M e d ic in e ,  Los A n g e le s ,  CA 9 0 0 2 4 .

The l e f t  h a l f  o f  t h e  t e l e n c e p h a l o n  was rem oved (h e m is 
p h e re c to m y ) in  6 a d u l t s  c a t s ,  n e u r o b e h a v io r a l  s t u d i e s  w ere  
p e rfo rm e d  (co m p an io n  a b s t r a c t s )  and  t h e  a n im a ls  w ere  u s e d  
f o r  t h i s  e x p e r im e n t  (m ed ian= 282  p o s t l e s i o n  d a y s ,  ra n g e =  1 0 9 -
3 1 7 ) .  I n j e c t i o n s  (5 -6 )  o f  t r i t i a t e d  l e u c i n e - p r o l i n e  w ere  
made 1 .0  t o  1 .5  mm in  f r o n t  and  b e h in d  t h e  r i g h t  c r u c i a t e  
s u l c u s .  C a ts  w ere  s a c r i f i c e d  5 d a y s  l a t e r  and  t h e  b r a i n s  
c u t  in  50µ c o r o n a l  s e c t i o n s  and  p r o c e s s e d  f o r  a u t o r a d i o 
g r a p h y .  I n j e c t i o n  s i t e s  w e re  r e c o n s t r u c t e d  and  c o m p u te r -
a s s i s t e d  a n a ly s e s  o f  t e r m in a l  f i e l d  a r e a s  i n  t h e  r e d  n u c le u s  
(RN) w ere  made f ro m  8 A-P s e c t i o n s  t a k e n  a t  .5  mm i n t e r v a l s  
and  p r o j e c t e d  o v e r  s q u a re  g r id  p a p e r .  T o ta l  s u r f a c e  a r e a  o f  
t h e  RN was com puted  f o r  e a c h  s e c t i o n  and  t h e  p r o p o r t i o n a l  
a r e a  c o n ta i n in g  t e r m in a l s  w as c a l c u l a t e d .  T e rm in a l  d e n s i t i e s  
w ere  v i s u a l l y  e s t im a te d  u s in g  a 0 -3  p o i n t  s c a l e  and  t h e  num
b e r  o f  g r id  s q u a r e s  c o n ta i n in g  e a c h  d e n s i t y  s c o r e  was a l s o  
com puted  f o r  e a c h  o f  t h e  8 s e c t i o n s .  R e s u l t s :  a )  o n ly  4 c a t s  
had b i l a t e r a l  i n n e r v a t i o n  o f  t h e  RN and  t e r m in a l  p a t t e r n s  in  
t h e  l e f t  RN ( i p s i l a t a l  t o  a b l a t i o n )  w ere  i n c o n s i s t e n t ;  b ) th e  
m ean p r o p o r t i o n a l  a r e a  w i th  t e r m in a l  f i e l d s  i n  t h e  l e f t  RN 
was o n ly  .1 5  ( .5 9  f o r  r i g h t  RN); c )  r e l a t i v e  t e r m in a l  d e n 
s i t i e s  w i t h in  t h a t  .1 5  a r e a  w ere  46.65%  f o r  minimum ( s c o r e  
1 ) ,  26.65%  f o r  medium ( s c o r e  2) and  26.65%  f o r  maximum 
( s c o r e  3) d e n s i t i e s .  In  c o n t r a s t ,  a l l  o u r  r e p o r t e d  n e o n a t a l
l y - l e s i o n e d  c a t s  had c o n s i s t e n t  b i l a t e r a l  RN i n n e r v a t i o n  and  
t h e  a r e a  w i th  t e r m in a l s  i n  t h e  l e f t  RN was s i g n i f i c a n t l y  
l a r g e r  ( .4 3 ,  P < .0 2 5 , S c h e f f é t e s t )  a l t h o u g h  r e l a t i v e  t e r m in a l  
d e n s i t y  s c o r e s  w ere  s i m i l a r .  C o r t ic o th a l a m ic  p r o j e c t i o n s  in  
t h e  p r e s e n t  c a t s  w ere  e s s e n t i a l l y  u n i l a t e r a l  w h ere  in  a l l  
n e o n a t a l l y - l e s i o n e d  c a t s  f i b e r s  c r o s s e d  t h e  m id l in e  to  i n 
n e r v a t e  v e n t r o b a s a l  and i n t r a l a m i n a r y  a r e a s  o f  t h e  l e f t  s i d e .  
The d i s t r i b u t i o n  to p o g ra p h y  o f  t h e  d e s c r ib e d  c r o s s i n g  f i b e r  
t e r m in a l s  was s i m i l a r  to  t h a t  r e p o r t e d  i n  i n t a c t  c o n t r o l s  
a l t h o u g h  in  t h e  l a t t e r  t h e  p a th w a y s  w ere  o n ly  i p s i l a t e r a l .  
R e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  some CNS r e o r g a n i z a t i o n  a f t e r  
a d u l t  h e m isp h e re c to m y  b u t  t h a t  i t  i s  much m ore e x t e n s i v e  f o l 
lo w in g  a  n e o n a ta l  l e s i o n .  The a n a to m ic a l  d a t a  f i t  w e l l  w i th  
o u r  b e h a v io r a l  r e s u l t s  w h ere  k i t t e n - l e s i o n e d  s u b j e c t s  re c o v e r  
m ore th a n  do c o m p a ra b le  a d u l t - l e s i o n e d  and  e s t a b l i s h  h e m is 
p h e re c to m y  a s  an e x c e l l e n t  m odel f o r  s tu d y in g  r e o r g a n i z a t i o n -
r e c o v e r y  a f t e r  b r a i n  l e s i o n s .  (USPHS G ra n ts  HD-05958 and 
H D -04612.

297.3   SYNAPTIC REPLACEMENT IN CLARKE’ S NUCLEUS AFTER LUMBOSACRAL 
RHIZOTOMY.  M. M u rra y , W. B a t t i s t i ,  G. L iu ,  and  M. 
G o ld b e r g e r .  D ept. o f  A natom y, M e d ic a l  C o l le g e  o f  
P e n n s y lv a n ia  an d  D e p t.  o f  B io m o rp h ic s ,  N a t io n a l  D e fe n se  
M e d ic a l  C o l le g e ,  T a i p e i ,  T a iw a n , R e p u b l ic  o f  C h in a .
(SPON: W. B r id g e r )

U n i l a t e r a l  lu m b o s a c ra l  d o r s a l  rh iz o to m y  h a s  b e e n  shown by 
l i g h t  m ic r o s c o p ic  m eth o d s  to  in d u c e  c o l l a t e r a l  s p r o u t i n g  by 
i n t a c t  s y s te m s  ( d o r s a l  r o o t s ,  i n t e r n e u r o n s )  i n  t h e  c a t  
s p i n a l  c o r d .  I n  la m in a  I I ,  q u a n t i t a t i v e  EM show ed t h a t  
d o r s a l  rh iz o to m y  e l i c i t s  r e p la c e m e n t  o f  new s y n a p s e s  c o n 
te m p o ra n e o u s  w i th  rem o v a l o f  l e s i o n e d  o n e s .  To d e te r m in e  
i f  r a p i d  s y n a p s e  r e p la c e m e n t  i s  c h a r a c t e r i s t i c  o f  s p i n a l  
c o rd  s p r o u t i n g  we a p p l i e d  t h e  same q u a n t i a t i v e  EM m eth o d s 
t o  p a r t i a l l y  d e a f f e r e n t e d  C l a r k e ’ s  n u c le u s .

A d u l t  c a t s  w e re  s u b je c t e d  to  u n i l a t e r a l  lu m b o s a c ra l  (L 1-
c a u d a l )  e x t r a d u r a l  d o r s a l  r h iz o to m ie s  w h ich  p a r t i a l l y  
d e n e r v a t e  C l a r k e 's  n u c l e u s .  C a ts  w e re  k i l l e d  3 -6  d a y s  o r  
3 -1 5  m o n th s  l a t e r  an d  s p i n a l  c o rd s  w e re  p r e p a r e d  f o r  EM. 
S e c t io n s  fro m  L3 se g m e n t w e re  trim m ed  i n t o  b lo c k s  c o n ta i n in g  
b o th  r i g h t  an d  l e f t  C l a r k e 's  n u c l e i .  M easu rem en ts  i n  t o l u 
i d i n e  b l u e  s t a i n e d  1µ s e c t i o n s  show ed no d i f f e r e n c e  i n  c r o s s  
s e c t i o n a l  a r e a  among g r o u p s ,  i n d i c a t i n g  no s h r in k a g e  i n  
n u c l e a r  a r e a  r e s u l t i n g  fro m  th e  d e a f f e r e n t a t i o n .  T h in  
s e c t i o n s  c o n ta i n in g  b o th  n u c l e i  w e re  s y s t e m a t i c a l l y  p h o to 
g ra p h e d  i n  t h e  EM. S t e r e o l o g i c a l  a n a l y s i s  i n d i c a t e d  a 
d e c r e a s e  i n  a r e a  o c c u p ie d  by a x o n s  i n  t h e  c h r o n i c a l l y  
d e a f f e r e n t e d  a n im a ls  an d  a  m ark ed  i n c r e a s e  i n  g l i a l  c y to 
p la s m  i n  d e a f f e r e n t e d  n u c l e i  w h ic h  l a r g e l y  a c c o u n ts  f o r  th e  
m a in te n a n c e  o f  n o rm a l n u c l e a r  a r e a  i n  a c u t e l y  d e a f f e r e n t e d  
CN. The a r e a  o c c u p ie d  by t e r m in a l s  i n  a c u t e l y  d e a f f e r e n t e d  
a n im a ls  i s  s l i g h t l y  d e c r e a s e d  com pared  to  c o n t r o l s  b u t  i n  
c h r o n i c a l l y  d e a f f e r e n t e d  a n im a ls  no d i f f e r e n c e  i s  s e e n .  In  
c o n t r o l s ,  m o st t e r m in a l s  a r e  a x o d e n d r i t i c  an d  c o n ta i n  
s p h e r i c a l  s y n a p t i c  v e s i c l e s .  I n  d e a f f e r e n t e d  n u c l e i ,  
s l i g h t l y  m ore t e r m in a l s  a p p e a r  to  b e  a x o d e n d r i t i c ,  p e rh a p s  
b e c a u s e  o f  s l i g h t  p e r i k a r y a l  a t r o p h y .  I n  a c u t e l y  d e a f 
f e r e n t e d  a n im a ls  t h e  t o t a l  num ber o f  t e r m in a l s  show ed a  
d e c r e a s e  b u t  t h e r e  was a  r e t u r n  t o  n o rm a l num bers i n  
c h r o n i c a l l y  d e a f f e r e n t e d  a n im a ls .  The r a t e  o f  r e p la c e m e n t  
o f  t e r m in a l s  i n  C l a r k e 's  n u c le u s  th u s  may be  s l i g h t l y  s lo w e r  
th a n  t h a t  i n  la m in a  I I .  We c o n c lu d e ,  h o w e v e r , t h a t  i n  
C l a r k e 's  n u c l e u s ,  a s  i n  l a m in a  I I ,  p a r t i a l  d e a f f e r e n t a t i o n  
by d o r s a l  r h iz o to m y  in d u c e s  r e a c t i v e  r e i n n e r v a t i o n  w h ich  
l a r g e l y  r e p l a c e s  t h e  s y n a p t i c  c o n ta c t s  l o s t .

S u p p o r te d  b y  NIH g r a n t s  NS16 5 5 6 , NS16629 an d  NSF 
BNS241775.

297.4   LESION-INDUCED SYNAPTOGENESIS IN HIPPOCAMPUS: CHANGES IN 
TOTAL S IALOGANGLIOSIDES AND GANGLIOSIDE SPECIES.  S .T .  
D eK osky, M. S k a g g s * , K . J . A n d e rs o n * , and  S.W . S c h e f f . 
 D e p ts .  o f  N e u ro lo g y  and  A natom y, L e x in g to n  V .A . an d  U n iv . 
K e n tu c k y  M e d ic a l  C e n t e r s ,  L e x in g to n ,  KY 4 0 5 3 6 .

T r a n s e c t io n  o f  t h e  f i m b r i a - f o r n i x  d i s r u p t s  th e  a f f e r e n t  
i n p u t s  t o  th e  h ip p o c a m p a l f o rm a t io n  r e s u l t i n g  i n  m a s s iv e  
d e n e r v a t io n  i n  t h i s  CNS s t r u c t u r e .  F o l lo w in g  su c h  a  l e s i o n  
a  w e l l - d e f i n e d  te m p o r a l  s e q u e n c e  e n s u e s :  d e g e n e r a t i v e  d e 
b r i s  i s  rem o v ed , fo l lo w e d  by a x o n a l  s p r o u t i n g  and  r e s t o r a 
t i o n  o f  t h e  s y n a p t i c  d e n s i t y  t o  c o n t r o l  l e v e l s .  B e c a u se  
t o t a l  s i a l o g a n g l i o s id e  i s  s e l e c t i v e l y  e n r i c h e d  i n  n e u ro n a l  
m em branes and  i s  r e g a r d e d  a s  a  q u a n t i t a t i v e  i n d e x  o f  sy n a p 
t i c  d e n s i t y  and  n e u ro n a l  m em brane m a s s , we a s s e s s e d  t o t a l  
s i a l o g a n g l i o s id e s  i n  th e  h ip p o ca m p i o f  F i s c h e r  344 r a t s  4 ,  
1 0 , 1 5 , an d  30 d a y s  f o l l o w in g  s u r g i c a l  t r a n s e c t i o n  o f  t h e  
f i m b r i a - f o r n i x  (n  = 3 -5  a n im a ls  a t  e a c h  t im e  p o i n t ) .  I n  
t h e s e  sam e s a m p le s ,  t h e  m a jo r  g a n g l i o s id e  s p e c i e s  (GM1 , 
GD1A, GD1B, GT1B, AND GQ1 ) w ere  q u a n t i t a t e d  u t i l i z i n g  h i g h -
p e rfo rm a n c e  t h i n  l a y e r  c h ro m a to g ra p h y . L e v e ls  o f  t o t a l  
l ip i d - b o u n d  s i a l i c  a c id  re m a in e d  s t a b l e  4 d a y s  p o s t  l e s i o n  
(D PL ), h ad  d e c l i n e d  to  75% o f  c o n t r o l s  10 DPL, an d  a t  15 
DPL w ere  60% o f  c o n t r o l s  ( p < 0 .0 1 ) .  By 30 DPL, g a n g l i o s id e s  
p e r  w et w e ig h t  h ad  r e t u r n e d  to  c o n t r o l  l e v e l s  i n  th e  d e n e r 
v a te d  h ip p o ca m p i ( i n c r e a s e  i n  g a n g l i o s id e s  b e tw e e n  15 and  
30 DPL p< 0 . 0 1 ) .  S i g n i f i c a n t  a l t e r a t i o n s  a l s o  o c c u re d  i n  
t h e  i n d i v i d u a l  g a n g l i o s id e  s p e c i e s ,  w i th  d i f f u s e  d e c l i n e s  
i n  a l l  m o ie t i e s  ( e x c e p t  GT1B) o c c u r in g  im m e d ia te ly .  L e v e ls  
o f  GT1B w ere  lo w e r  th a n  c o n t r o l s  a t  4 ,  1 0 , and  15 DPL, b u t  
t h e  d e c l i n e  d id  n o t  r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e .  By 30 
DPL, a l l  s p e c i e s  h ad  r e t u r n e d  to  c o n t r o l  p e r c e n ta g e s  e x c e p t  
GTlB, w h ich  was s i g n i f i c a n t l y  e l e v a t e d  a b o v e  c o n t r o l s ,  
d e s p i t e  t h e  r e t u r n  o f  t o t a l  g a n g l i o s id e  t o  n o rm a l .  The 
f a l l ,  th e n  i n c r e a s e ,  i n  t o t a l  g a n g l i o s id e  p a r a l l e l  t h e  
c h a n g e s  i n  s y n a p se  d e n s i t y  o v e r  tim e  a s  a s s e s s e d  by e l e c 
t r o n  m ic r o s c o p ic  a n a l y s i s ,  an d  i n d i c a t e  t h a t  d ynam ic  a l t e r 
a t i o n s  i n  b o th  t o t a l  an d  i n d i v i d u a l  g a n g l i o s id e  s p e c i e s  a c 
com pany th e  h i s t o l o g i c a l  a l t e r a t i o n s  o f  t h e  p o s t - l e s i o n  
s y n a p to g e n e s i s  p r o c e s s .  ( S u p p o r te d  by th e  V .A . R e s e a rc h  
S e r v ic e  an d  NIH g r a n t s  NS00444 and N S 1 6 9 8 1 .)
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297.5  DEVELOPMENT OF A NOVEL PROJECTION TO THE AVIAN COCHLEAR 
NUCLEUS FOLLOWING OTOCYST REMOVAL.  H.  Jackson and T.N. 
Parks.  Dept. of Anatomy, Univ. of Utah School of Medicine, 
Sa l t  Lake City, UT 84132.

We have recently found that ear ly otocyst removal in 
chick embryos, which prevents formation of the cochlear 
nerve, resu l ts  in formation of an anomalous projection to 
the cochlear nucleus (nuc. magnocellularis, NM) from the 
contralatera l  NM. This projection develops following both 
uni- and b i la te ra l  otocyst removal, indicating that intact  
input from the periphery is not required for the formation 
or maintenence of co l la te ra l  projections to the contrala
te ra l  NM. Further, these synapses are apparently func
tional in the case of both uni- and b i la tera l  otocyst 
removal subjects in that d irect  stimulation of NM is 
capable of evoking unit  responses from the contralatera l 
NM.

A key question in assessing the nature of th is  projec
tion is whether i t  resu lts  from the maintenance of an 
early ,  normally transient  projection. The a l te rnative ,  
tha t  i t  is a de novo projection existing only under experi
mental conditions, is of course impossible to prove. 
However, examination of a large number of older embryos and 
hatchlings has convinced us that NM-to-NM projections do 
not normally exis t  at stages subsequent to formation of 
normal cochlear nerve-NM synapses (10-13 days of incuba
t io n ) .  We have now extended our study to several 7-9 day-
old (during which time NM's projections to i t s  normal 
target  are forming) embryos with unilateral  otocyst removal 
and have found no evidence of anomalous co l la te ra ls  to NM 
on the unoperated side. This is despite successful 
labelling of normal projections originating from NM on the 
operated side. In these same animals, several examples of 
anomalous co l la te ra ls  from the normal NM to NM on the 
operated side were evident. All available evidence, there
fore,  indicates that  th is  projection arises de novo sub
sequent to otocyst removal.

The finding that  anomalous co l la te ra ls  are present prior 
to the time of normal synapse formation in NM was 
surprising. I t  suggests that the signal leading to growth 
of those co l la te ra ls  is not related to the fa i lu re  of coch
lear  nerve-NM synaptogenesis or the absence of those synap
ses.  This in turn may indicate that the signal in i t ia t ing  
sprouting in th is  case is d ifferent  from that at the neuro
muscular junction and most other CNS s i te s  where sprouting 
has been demonstrated.

Supported by USPHS grant NS 17257.

297.6  SPROUTING OF IPSILATERAL PROJECTIONS TO THE MEDIAL 
TERMINAL NUCLEUS IN THE OPTIC SYSTEM OF THE ALBINO RAT.  C.L. 
SHEN.  Dept. of Anatomy, Col. of Med., N a t 'l  Cheng Kung Univ. 
Tainan, Taiwan, Rep. of China.

In  a previous study (B aisden, R .H ., and Shen, C .L ., Exp 
N eurol. , 61: 549-560, 1978) ,  we found the  ex isten ce  of an 
i p s i l a t e r a l  p ro je c tio n  in to  the  medial te rm in a l nucleus of 
th e  accessory  o p tic  system in  th e  a lb in o  r a t .  I t  a lso  
showed th a t  r e t i n a l  f ib e r s  o f the  young r a t s  a re  capable of 
sp ro u tin g  in  response to  one eye denervation . The p resen t 
study i s  devoted to  in v e s t ig a te  the  e f fe c t  on sp ro u tin g  of 
the  rem aining eye in  mature r a t  enucleated  n e o n a ta lly  and 
as a d u lts .

Albino r a t s  were used in  th i s  experim ent. One eye of r a t  
pups (group I )  was removed a t  the  day o f b ir th .  One eye of 
group I I  r a t s  was enucleated  a t  the  age o f 18 months. Four 
months l a t e r ,  the  r a t s  of group I ,  group I I ,  group I I I  
(one ad u lt r a t  w ith one eye co n g en ita l b lindness) and con
t r o l  group were a n es th e tiz ed  w ith e th e r  and one eye o r the  
rem aining eye was in je c te d  w ith a m ixture of 3H -pro line  and 
3H -fu co se . Two days p o s tin je c tio n , th e  anim als were sac ri
f ie d .  The b ra in s  were removed and processed f o r  au to rad io 
graphic v is u a l iz a tio n  of the  lab e led  r e t i n a l  p ro je c tio n  in  
th e  accessory  o p tic  f ib e r  system. A nalysis o f th e  i p s i 
l a t e r a l  p ro je c tio n s  in d ic a ted  an accum ulation of s i lv e r  
g ra in s  over the  m edial te rm in a l nucleus of the  accessory  
o p tic  system in  a l l  experim ental r a t s  but not found in  the  
co n tro l one. No ip s i l a t e r a l  p ro je c tio n  to  the  o th e r  n u c le i 
in  th is  accessory  o p tic  system was found. The s i l v e r  g ra in  
d e n sity  in  th e  medial te rm in a l nucleus was found h eav ies t 
in  th e  co n g en ita l one eye b lindness r a t .  I t  was lab e led  
m oderately in  th e  r a t  enucleated  a t  th e  day of b i r th .  The 
ip s i l a t e r a l  medial te rm in a l nucleus of the  r a t  enucleated  
in  a d u lt was lab e led  l ig h t ly  but v is ib ly .  This study sup
p o rts  th e  sp ro u tin g  of th e  rem aining r e t i n a l  f ib e r s  to  the  
i p s i l a t e r a l  m edial te rm in a l nucleus o f the  accessory  o p tic  
system in  r a t .  However, by in c re a s in g  the  age of r a t ,  i t  
decreases th e  a b i l i t y  o f sp ro u tin g  in to  the  m edial te rm in a l 
nucleus a f t e r  one eye enu clea tio n . (Supported by th e  N a t 'l  
S c i. Counc. of Rep. of China NSC70-0412-B010-30.)

297.7  SPROUTING BY INTACT MOLLUSCAN NEURONS IN VIVO.  
A.G.M. B u llo c h ,  D ept. M edical P h y s io lo g y , U n iv e rs i ty  o f 
Calgary, Calgary, A lberta , Canada T2N 4N1.

Neurons of the ad u lt nervous system of Helisoma e x h ib it 
a v a r i e ty  of form s of p l a s t i c i t y  in  re sp o n se  to  a x o to my. 
The pu rpose  of th e  p re s e n t  s tu d y  was to  exam ine th e  
a b i l i t y  of in ta c t  ( i .e . ,  non-axotomized neurons) to sprout 
in  vivo in  response to  anim al s t r e s s .

The morphology of an id e n t i f ie d  neuron (buccal neuron 
5) was examined subsequent to anim al s t r e s s  by e ith e r :  (1) 
b le e d in g ,  ( 2 ) e s t i v a t i o n  or ( 3 ) exp o su re  to  ex trem e 
te m p e ra tu re s .  Neuron 5 sp ro u te d  in  re sp o n se  to  (1) and 
(2), but not to  (3). The occurrence of th is  sprout peaked 
3 days a f t e r  an im a l s t r e s s  (b e in g  p re s e n t  in  50% o f 
p rep a ra tio n s) and decreased to s t a t i s t i c a l l y  in s ig n if ic a n t 
le v e l th e r e a f te r .

The n e u r i t i c  sp ro u t evoked from neuron 5 by an im al 
s t r e s s  had a c h a r a c te r i s t ic  morphology which re su lte d  in  
i t s  p e n e t r a t i o n  o f  th e  d e n d r i t i c  a r b o r  o f  th e  
c o n t r a l a t e r a l  neuron 5. In  no case  was th e re  ev id en ce  
th a t  th e  s t r e s s  c o n d i t io n s  had caused  axotomy o f any of 
the neuron 5 p rocesses. This is  the f i r s t  dem onstration 
of sp rou ting  and r e tr a c t io n  of a n e u rite  in  the undamaged 
ad u lt nervous system of Helisoma.

The preceding observations suggest the hypothesis th a t 
s t r e s s  in v o lv in g  lo s s  of body f lu i d s  cau se s  r e le a s e  of 
growth fa c to rs .  The is o la te d  Helisoma nervous system is  
known to  r e le a s e  g row th  f a c to r s  w hich can c o n d itio n  
defined  medium and promote growth of d is so c ia te d  neurons. 
N ervous sy stem s from  p re v io u s ly  s t r e s s e d  an im a ls  were 
exam ined fo r  r e le a s e  o f g row th  f a c to r s .  In  acco rdance  
w ith  the hypothesis, the a b i l i t y  of the Helisoma nervous 
sy stem  to  c o n d it io n  medium was d r a s t i c a l l y  reduced  by 
p r io r  anim al s t r e s s .  S p e c if ic a lly ,  the ex ten t of n e u rite  
outgrow th by d is so c ia te d  Helisoma neurons was reduced by 
more than ten fo ld  in  medium conditioned by nervous systems 
from  s t r e s s e d  a n im a ls  (P<0.01). Thus, s t r e s s  a p p ea rs  to  
have caused the p r io r  re le a se  of growth fa c to rs .

The above r e s u l t s  su g g es t the in te r e s t in g  p o s s ib i l i ty  
t h a t  s p r o u t i n g  by i n t a c t  n e u ro n s  in  v iv o  and by 
d i s s o c i a t e d  n eu rons  in  c e l l  c u l tu r e  may be r e g u la te d  by 
common tro p h ic  fa c to rs .  Such fa c to rs  may be fundamental 
to  the p la s t ic  c a p a b i l i t ie s  of the ad u lt nervous system. 
(Supported by MRC, Canada, and A lberta  H eritage Foundation 
fo r Medical Research; te c h n ica l a ss is tan c e  by E. Kau).

297.8  DENDRITIC INJURY EVOKES DENDRITIC SPROUTING ONLY IN 
AXOTOMIZED LAMPREY CENTRAL NEURONS.  G.F . Hall* and M.J . 
Cohen.  Biology Department, Yale U n iv e rs ity , New Haven, CT.

The d is tance  of the s i t e  of axotomy from the soma has 
been found to  in fluence the s i t e  of n e u r i t ic  sp rou ting  in  
severa l in v e rteb ra te  systems, including  cu ltu red  Apl y s i a 
g ang lia . Helisoma ganglia  and c r ic k e t in te rn eu ro n s . Simi
la r ly ,  'c lo s e ' axotomy (w ith in  500 µm) of a group of v e rte 
b ra te  in te rneu rons , the a n te r io r  bulbar c e l ls  (ABC's) in 
the lamprey, re su lte d  in  ex tensive n e u r i t ic  sp rou ting  from 
the d en d rite s  (Hall and Cohen 83), while 'd i s t a n t '  axotomy 
a t s i te s  1 cm or more from the soma re s u lte d  only in axonal 
sp rou ting .

We rep o rt here th a t  s ig n if ic a n t n e u r i t ic  sp rou ting  from 
the den d rite s  of lamprey ABC's can be evoked by su rg ica l 
amputation of the d i s ta l  la te r a l  d en d rite s  (dendrotomy) in  
the h indbrain  follow ing a d is ta n t  axotomy of these  c e l l s  in  
the sp in a l cord. D is tan t axotomy alone or dendrotomy alone 
produced l i t t l e  or no sprouting  in  the d e n d rite s . A ll 
c e l l s  were examined in  whole mount between 1 and 2 months 
a f te r  d is ta n t axotomy (2-4 weeks post dendrotomy) follow ing 
in t r a c e l lu la r  in je c tio n  of L ucifer Yellow. Processes were 
considered sprouts i f  they (1) extended beyond the normal 
lim its  of the d e n d ritic  t re e ,  (2) took h ig h ly  aberran t 
paths w ith in  the normal d e n d ritic  f i e ld ,  or (3) had swollen 
t i p s .  Most processes id e n tif ie d  as sp rou ts  met 2 or more 
of the above co n d itio n s .

D endritic  sprouts re s u lt in g  from combined dendrotomy and 
d is ta n t axotomy were l in e a r  and unbranched, o ften  running 
p a ra l le l  to  the d e n d ritic  le s io n  along the ro s tro caudal 
a x is .  Most sprouts o rig in a te d  on the l a te r a l  d en d rite  a t 
or near the s i te  of dendrotomy. This p a tte rn  d i f f e r s  
somewhat from the d e n d ritic  sprou ting  seen follow ing c lose  
axotomy, in  which sprou ting  has been observed to  occur from 
a l l  p a rts  of the d e n d ritic  tre e  and the sprou ts  o ften  fo l
lowed winding p a th s .

These r e s u l ts  are c o n sis te n t w ith a hypothesis where (1) 
axotomy is  requ ired  in  order fo r  sp routing  to  occur any
where in  the c e l l ,  and (2) in ju ry  to  one p a r t  of the neuron 
perm its sp routing  to  occur nearby. This could account fo r 
the observations th a t :  (a) d is ta n t  axotomy re s u l t s  in  
sprouting  along the axon near the cut t i p ,  (b) c lose  axo
tomy causes d e n d ritic  sp ro u tin g , while (c) dendrotomy alone 
f a i l s  to  evoke sp ro u tin g , (d) D is tan t axotomy combined 
w ith dendrotomy, however, r e s u l t s  in  sprou ting  from both 
s i te s  of in ju ry  in  the  d en d rite s  and the axon stump. (Sup
ported  by NIH Spinal Trauma Grant NS 10174-12).
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2 9 7 .9   PROTEIN PRODUCTION IN THE DENERVATED NEUROPIL OF THE DENTATE 
GYRUS DURING LESION-INDUCED SYNAPTOGENESIS.  L.L. P h i l l i p s , 
R.A. Ogle*, and O. Steward.  Dept. of N eurosurg ., U niv. of 
Va. Sch. Med., C h a r lo t te s v i l le ,  VA 22908.

The re in n e rv a tio n  of the d en ta te  gyrus follow ing removal 
of i t s  normal inpu t from the en to rh in a l co rtex  is  accompan
ied  by in c rea se s  in  in co rp o ra tio n  of p ro te in  p recu rso rs ; 
th ese  occur s p e c if i c a l ly  w ith in  the lamina con tain ing  dener
vated d e n d rite s  of the  granule c e l ls  (F ass, B ., & Steward, O. 
N eurosci. 9: 653-644, 1983). This in c rease  in  inco rp o ra tio n  
i s  p a ra lle le d  by inc rea se s  in  the number of polyribosomes a s 
so c ia ted  w ith d e n d r it ic  sp ines (Steward, O. ,  J .  N eurosci. 3: 
177-188, 1983). Because the in c reases  in  in co rp o ra tio n  
might re p re sen t an im portant aspec t of the re in n e rv a tio n  
p ro cess , we were in te re s te d  in  d e fin in g  which p ro te in s  were 
syn thesized  to  a g re a te r  ex ten t during th is  pe rio d .

Adult male a lb ino  r a ts  received  u n i la te r a l  le s io n s  of the 
en to rh in a l co rtex  and survived fo r 8  d (the  time a t  which 
p ro te in  p recu rso r in co rp o ra tio n  in  the  denervated zone i s  
e le v a te d ) . E ight to  10 l iv in g  hippocampal s l ic e s  were e q u il
ib ra te d  fo r 1-2 h rs  in  m odified Eagles medium, and then in 
cubated in  medium supplemented w ith 3H -leucine (546 Ci/mM;0.3 
mCi/ml) fo r 30 mins. A fte r a 30 min chase w ith cold medium, 
the  m olecular la y e r was d is sec ted  free  and i t s  p ro te in s  were 
analyzed w ith one-dim ensional SDS-PAGE. The la b e lled  pro
te in s  of whole s l ic e s  were a lso  evaluated  fo r comparison. 
Leucine in co rp o ra tio n  in to  p ro te in  was examined w ith f lu o ro 
graphy, and se lec ted  ge l tra ck s  were s lic e d  fo r q u a n tif ic a 
tio n  of ra d io a c t iv i ty .  Counts in  in d iv id u a l bands were nor
m alized to  the  to ta l  number of counts in  the lane and the 
percen t d iffe ren c e  between denervated and co n tro l s id es  was 
determ ined.

The q u a l i ta t iv e  p a tte rn  of la b e ll in g  in  the d issec ted  mo
le c u la r  lay e r was c o n s is te n tly  sim pler than in  the whole 
s l i c e s ,  suggesting  th a t  a s e le c t  group of p ro te in s  i s  pro
duced in  the d e n d r it ic  lam ina. A nalysis of p ro te in s  from the 
m olecular la y e rs  revealed  in c reases  in  la b e ll in g  of bands a t 
200kd and 43kd and decreased la b e ll in g  in  a band a t  53kd. 
Since changes were observed in  sp e c if ic  bands, the increased  
in co rp o ra tio n  in  the denervated neu ro p il does not in d ic a te  a 
g eneralized  in c rea se  in  p ro te in  s y n th e s is . The MWs of the 
p ro te in s  which e x h ib it increased  la b e ll in g  a re  s im ila r  to  
HMW c y to sk e le ta l a sso c ia ted  p ro te in s  and a c t in .  I f  such 
id e n t i f ic a t io n  i s  v e r if i e d ,  th is  would suggest lo c a l synthe
s is  of cy to ske le ton  during the d e n d ritic  re co n stru c tio n  ac
companying re in n e rv a tio n . Supported by NIH g ran t NS-12333 
to  O.S.

297. 10  IS THERE COMPETITION FOR TARGET TISSUE BETWEEN 
TRANSPLANTED AND INTRINSIC 5-HT NEURONS?  F .C . 
Zhou, and E .C . A zm itia .  D epartm en t of Biology, New York 
U niversity , New York, NY 10003.

M icroinjection o f m inced fe ta l  raphe tissue (E 14-16) 
produce a  5-HT hyperinnervation  of the  dorsal hippocam pus 
(DHipp) of adu lt in ta c t ra ts  in one m onth. 5-H T-
im m unoreactive fibers a re  seen  in abnorm ally high num bers in 
th e  m olecular layer of th e  d e n ta te  gyrus, especially , in th e  
in fra -g ranu lar zone (A zm itia e t  a l., 1981). H owever, w ill th is 
local fe ta l 5-HT hyperinnervation  from  transp lan t raphe 
su b stitu te  or suppress the  norm al (in trinsic) 5-HT innervation  
from  the  d is tan t m idbrain raphe nuclei. To answ er this 
question, the  ana tom ical relationsh ip  betw een  tran sp lan t raphe 
neurons and in trinsic  raphe neurons p ro jec ting  to  hippocam pus 
was studied .

A group of ra ts  rece ived  fe ta l  raphe, or hippocam pus 
tran sp lan t (E 14-16) into th e  r igh t DHipp. The tissue was 
m inced and in jec ted  in 1-2 ul of a  balanced sa lt solution. 
Subsequently, a  m icro in jection  o f 100 nl o f 10% HRP was m ade 
in to  ip s ila te ra l DHipp (coordinates a t  90°: 4.5 mm an te rio r, 1.5 
mm la te ra l  and 4.5 mm below Lam bda su tu re) of th e  norm al 
and the  tran sp lan ted  ra ts  a month la te r . The labeled  ce lls in 
th e  m edian raphe nucleus (MRN) and in th e  tran sp lan t tissue in 
all groups w ere observed and counted .

In con tro l group, 295 ± 23 (n = 4) labeled  neurons in MRN 
innervating  DHipp w ere counted (also see Zhou & A zm itia , 
1983). A month a f te r  fe ta l  raphe tissue was tran sp lan ted  in to  
th e  DHipp, 305 ± 27 neurons (n = 4) in MRN w ere observed 
innervating  DHipp, and 287 ± 18 neurons (n = 3) w ere observed 
a f te r  f e ta l  hippocam pal tissue tran sp lan ted  in to  DHipp.
There is no sign ifican t an a tom ical change in in trin sic  5-HT 
a ffe re n t from  MRN to  th e  DHipp a f te r  raphe tran sp lan t w ithin 
one m onth. Study of long te rm  transp lan t in re la tio n  to  the  
in trinsic  innervation  is in progress.

F u rtherm ore , analysis of HRP labeled  ce lls in the  raphe 
tran sp lan t was perform ed in the fe ta l  raphe tissue. Many 
labeled  neurons w ere seen . This finding is in ag reem en t w ith 
previous studies showing a hyperinnervation  of adu lt 
hippocam pus by fe ta l  raphe. H owever, few er labeled  ce lls 
w ere seen in the f e ta l  hippocam pal tran sp lan t. This suggests a 
sparse innervation of the adult hippocam pus by fe ta l  
hippocam pus. F u tu re studies a re  planned to  com pare the  
grow th condition betw een the  fe ta l  homologous tran sp lan t 
versus the  non-homologous a ffe re n t tran sp lan t. N SF-G rant 
BNS-83-04704.

297. 11  AXON SPROUTING AND NERVE BRANCHING DURING HINDLIMB 
PLEXUS FORMATION IN THE AXOLOTL
J.M. Freeman* and D.F . Davey .  Dept. of Physiology, Univ. of 
Sydney, NSW 2006, A u s tra lia .

The a x o lo tl (Ambys toma mer i canum) hindlimb f i r s t  appears 
as a bud when the  body length approaches 20mm. However, as 
e a r ly  as 15mm body length , limb segmental nerves (SN) 
conta in  approxim ately 30% more axons than non-limb nerves. 
The axons w ith in  SN16 and SN17, the  major c o n trib u to rs  to  
hindlimb innervation , were counted in  e le c t ronmicrographs 
o f h o rizo n ta l sec tio n s taken a t various d istan ces from the 
sp in a l cord o f a 15mm anim al.

The proximal end o f SN17 contained 105 axons; 50µm from 
the  d i s ta l  extrem ity of the  myotomes, the  number had 
dropped s l ig h tly  to  95 (axon diam eter 0 .5 9 ± 0 .3 7 /μm) . By a 
fu r th e r  40µm more d i s ta l ,  the  number had increased to  155. 
Within the  next 10µm, SN17 b ifu rca ted  with one branch 
d iverging toward SN16. Each branch contained approximately 
90 axons. The mean axon diam eter w ithin the  two branches 
d iffe re d  s ig n if ic a n tly :  0.30±0.17/m and 0.52±0.29µm, the  
r o s t r a l  branch contain ing  the  sm aller axons.

SN16 contained 116 axons a t  the  d i s ta l  extrem ity o f the  
myotomes, where a sm all branch o f 30 axons diverged 
r o s t r a l ly  toward SN17. Beyond the  fork the  main branch 
contained 120 axons.

The observed increase  in  the  t o ta l  number o f axons 
beyond the  b ifu rc a tio n  o f SN17 could r e s u lt  from: 
( 1 ) s in g le  axons forming branches th a t  remain w ith in  the  
same nerve branch; or (2 ) s in g le  axons forming branches 
with one in  each nerve branch. Since no axon branching was 
observed o ther than a t  the  b ifu rca tio n , and since the 
number o f branches th a t  must have occurred approximates the 
number o f  axons, the  second o f these  p o s s ib i l i t i e s  seems 
the most l ik e ly . The sm aller mean diam eter o f the  axons 
forming the  ro s t r a l  branch to  SN17 compared to  e ith e r  SN17 
or the  caudal branch, may in d ic a te  th a t  these  axons 
sprouted from axons th a t  already ex is ted  in  the  o ther 
branch. The invariance o f the  axons numbers before and 
a f te r  branching in  SN16 a lso  suggests th a t  sprouts form the 
branch.

Such sprouting  may serve as a mechanism fo r ensuring 
th a t  an ind iv idua l axon makes contact with i t s  appropriate  
ta rg e t  region; the  inappropriate  branch may withdraw. A 
s im ila r  phenomenon has been described fo r SN9 of Xenopus by 
P restig e  and Wilson ( J .  Comp. N e u ro l. 194:235, 1980). The 
sprouting  th ere  was seen to  d isappear by l a te r  stag es .

297.12  THE FINE STRUCTURE OF THE ENDPLATE FOLLOWING LIMB 
IMMOBILIZATION.  B.R. Pachter and A. Eberstein*.  Dept. of 
Rehab. Med., New York Univ. Med. Ct r . , New York, NY 
10016.

Limb immobilization has often been cited as a model to pro
duce disuse of muscle. The interesting feature of this experi
mental model is that the continuity of the neuromuscular junc
tional apparatus is not interrupted. While the experimental 
literature is replete with studies on the muscle in this condition, 
there are no reported studies on the fine structure of the end
plate region following immobilization induced by casting in rat 
plantaris muscle.

Female Wistar rats (200-250 g.) had their right limb immobil
ized in the shortened position. After 21 days of immobilization, 
the plantaris muscle was removed whole and prepared for elec
tron microscopic examination. The innervation zone of the 
muscle was localized and ultrathin sections were taken. Every 
endplate encountered was photographed and examined. Various 
alterations were found in the immobilized endplates. The most 
susceptible endplates were found on the type II fiber popula
tions. Both degenerative as well as regenerative changes were 
observed. The degenerative changes were as follows; the post
junctional folds appeared highly-irregular shaped and attenuated, 
many nerve terminals appeared highly disrupted, large expanses 
of postjunctional folds were seen with no overlying nerve ter
minals, the subjunctional sarcoplasm contained pycnotic sole
plate nuclei and sarcoplasmic masses. Evidence of reinnervation 
(terminal sprouting) was also seen and consisted of an increase 
in the number of small nerve terminals overlying large expanses 
of junctional folds as well as the presence of multiple nerve 
terminal branches occurring within the same primary cleft isola
ted from one another by Schwann cell cytoplasm. Such ultra
structural evidence of degeneration and regeneration often oc
curred simultaneously within individual endplates. In conclusion, 
it would appear that limb immobilization leads to an ultrastruc
tural remodelling of the neuromuscular junction in response to 
hypoactivity. (Supported by NIHR Grant G008300071).
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297.13  MOTOR NERVE SPROUTING: EFFECTS OF α-BUHGAROTOXIN AND 
ANTI-ACHR ANTIBODY.  A. Pestronk, and D.B. Drachman,  
Dept. Neurology, Johns Hopkins School of Medicine, 
Baltimore, MD.21205

Motor nerves undergo extensive terminal sprouting, 
resulting in an enlarged area of neuromuscular contact, 
when the muscle ce l ls  they supply are "functionally 
denervated." In th is  study we have investigated the role 
of acetylcholine receptors (AChRs) newly appearing in 
such muscles in promoting nerve terminal outgrowth. 
Terminal sprouting was evoked by functional denervation 
of muscles induced by presynaptic neuromuscular blockade 
with botulinum toxin. The amount of sprouting was 
measured morphometrically in cholinesterase-silver  
stained neuromuscular junctions.

Our results  show that nerve terminal sprouting is 
inhibited by agents that bind to AChRs. Several 
parameters of terminal sprouting, including terminal 
branching and endplate length, were reduced by 1) 
α-Bungarotoxin, 2) anti-AChR antibody from a patient  with 
myasthenia gravis (MG), and 3) anti-AChR antibody from 
rats with experimental autoimmune MG. Other types of 
motor nerve outgrowth such as nerve regeneration af ter  
crush were unaffected by these agents. Our results 
suggest that  extrajunctional AChRs in skeletal muscle are 
one of several factors that play an important role in the 
control of nerve terminal sprouting.

297.14  ANTIBODIES TO NERVE GROWTH FACTOR INCREASES SENSORY AXON 
NUMBERS IN VIVO.  C.E. Hulsebosch, J .R . Perez-Polo+ and 
R.E. C oggeshall.  Marine Biomed. I n s t . ,  +Human B iolog. Chem. 
and G enetics, Univ. of Tex. Med. Branch, Galveston, TX 77550.

We p rev iously  found a 10-15% inc rease  in  unmyelinated dor
sa l roo t axons ip s i l a t e r a l  to sp in a l denervation  in  response 
to hem isection or to  u n i la te r a l  sec tio n  of neighboring dor
sa l ro o ts . This increase  was in te rp re te d  as sp rou ting . To 
m anipulate the sp rou ting , nerve growth fa c to r  (NGF) was 1) 
p resented  in excess or 2 ) removed in  the above paradigms.
The excess NGF had no no tic eab le  e f f e c t .  By c o n tra s t ,  remo
va l by ad m in is tra tio n  of an tib o d ies  to  NGF (3 μl  whole rab 
b i t  sera/gm .) in  hemisected animals increased  the number of 
unmyelinated do rsa l roo t axons by approxim ately 7% on the 
operated side  and 50% on the unoperated s id e .

The p resen t study i s  designed to pursue these  find ings  by 
determ ining the e f fe c ts  of removal of NGF in  neonatal r a ts  
with no su rg ic a l denervations. Shown below are unmyelinated 
axon counts from the f i f t h  th o rac ic  do rsa l ro o ts  from 1 
month old r a ts  tre a te d  w ith ANTI-NGF from b i r th  as compared 
to un trea ted  l i t te rm a te s .

RAT # ANTI-NGF RAT # UNTREATED

LF RT LF RT
1 6053 5622 5 4276 3574
2 5343 6498 6 3364 4643
3 6 8 6 8 5979 7 4135 4295
4 6073 5116 8 4066 4423

These fig u res  show a s t a t i s t i c a l l y  s ig n if ic a n t in c rease  in  
unmyelinated axons in the ANTI-NGF r a t s  (p < .0001). Al
though the p rec ise  mechanism fo r  the inc rease  i s  not c le a r ,  
the data in d ic a te  th a t endogenous NGF has an e f fe c t  on the 
number of do rsa l roo t axons. A hypothesis i s  th a t in te r ru p 
tio n  of the a v a i la b i l i ty  of NGF to d o rsa l roo t axons could 
be in te rp re te d  by do rsa l roo t ganglion c e l l s  as the chemical 
c o rre la te  of denervation .

Supported by BRSG S07-RR05427 and SO7-RR07205 (C .E .H .), 
NIH grant NS18708 (J .R .P .-P .)  and NIH g ran ts  NS17039 and 
NS10161 (R .E .C .).

297.15  GM1 GANGLIOSIDE ADMINISTRATION DOES NOT INDUCE SPROUTING 
IN DOPAMINERGIC NIGROSTRIATAL NEURONS FOLLOWING A 
UNILATERAL ELECTROLYTIC SUBSTANTIA NIGRA LESION.  I .  J. 
Dunkel* ,  L .S . Jones and  J. N. D avis.  Neur. Res. L ab ., VA 
Med. C tr . ,  Durham, NC 27705 and Depts. o f Med. (N eur.) and 
Pharm., Duke U niv., Durham, NC 27710.

S p r o u t in g  i s  where u n in ju re d  neurons expand t h e i r  
te rm in a ls  to  r e p la c e  damaged neu rons p r o je c t in g  to  th e  
sam e t a r g e t .  We c h o s e  to  s tu d y  s p r o u t in g  in  th e  
n ig r o s t r i a ta l  system  because  we wanted an a d u l t  anim al 
model where the  anatomy and neu ro tran sm itte r had been well 
ch a rac te r iz e d . This system was thought n o t to  s p ro u t in  
re sp o n se  to  a l e s i o n ,  b u t T offano e t  a l .  ( B ra in  R e s ., 
261:163-166) found th a t  GM1 s tim u la ted  s t r i a t a l  ty r o s in e  
h y d ro x y la se  (TH) re c o v e ry  fo llo w in g  hem itransec tion . We 
d ec id ed  to  e x p lo re  th e  e f f e c t  o f  GM1 on e l e c t r o l y t i c  
le s io n s  th a t  spare  the  c o n tra la te r a l  p ro je c tio n .

Male a lb ino  r a t s  were e le c t r o ly t ic a l ly  le s io n ed  in  th e  
r i g h t  s u b s t a n t i a  n ig r a ,  p a rs  compacta. Animals tre a te d  
w ith GM1 received  30 mg/kg i . p .  d a ily ,  from the second day 
p o s t - l e s i o n  up to  the  day before  s a c r i f i c e .  Animals were 
s a c r i f i c e d  a t  d e s ig n a te d  tim e  p e r io d s  and s t r i a t a l  
dopamine l e v e l s  were m easured by alumina e x tra c tio n  and 
HPLC d e t e r m i n a t i o n  o f  c a t e c h o la m in e s .  F o l l o w i n g  
s a c r i f i c e ,  l e s i o n s  were exam ined h i s t o l o g i c a l l y  and 
mapped. C o n tro ls  in c lu d e d  sham l e s i o n s ,  u n t r e a t e d  
le s io n e d  an im a ls  ( * ) ,  and le s io n ed  animals tre a te d  with 
s a lin e  (SAL) i . p .

Dopamine d e p le t io n  c o rre la te d  w ell with the  ex ten t of 
the  le s io n . The r e s u l t s  a re  ex p re sse d  as th e  r a t i o  o f 
r i g h t / l e f t  ( le s io n ed /u n les io n ed ) s t r i a t a l  dopamine:

2 day * 9-17 day* 14 day  SAL 14 day GM1 21 day GM1
.42 ± .10 .46 ±  .09 .48 ± .13 .21 ± .10 .20 ± .12

(N=9) (N=9) (N=5) (N=5) (N=5)

These r e s u l t s  i n d ic a te  t h a t  GM1 does n o t induce the 
reco v ery  o f  s t r i a t a l  dopamine ex p ec ted  in  a s p ro u tin g  
system  fo llo w in g  an e l e c t r o l y t i c  le s io n  th a t  spares the 
c o n tr a la te r a l  p ro je c tio n . This find ing  c o n tra s ts  w ith  th e  
work o f  T offano  e t  a l . ,  and may r e f l e c t  a d i f f e r e n t ia l  
e f f e c t  o f GM1 on recovery follow ing n e u ro n a l d e s t r u c t io n  
v e r s u s  axo tom y. A l te r n a t iv e ly ,  GM1 may s t im u la te  TH 
a c t iv i ty  w ithout in c rea s in g  s t r i a t a l  dopamine.

(Supported by NS-06233.)

297.16  GANGLIOSIDE ENHANCEMENT OF NEURONAL REPAIR MECHANISMS. 
 F. Di  Gregorio*, D. Jan ig ro* , F. V yskocil* º  and A. G orio . 
 F id ia  Research L abora to ries , Dept. of Cytopharmacology, 
35031 Abano Terme, I t a ly .  ° I n s t i tu t  of Physiology, 
Czechoslovak Academy of Science, Prague, Czechoslovakia.

Our labo ra to ry  and, more re c en tly , o thers  showed th a t 
G angliosides (GA) enhance sprouting  of regenerating  neurons 
in vivo and in  v i t r o ,  and in h ib i t  neuronal re tro g rad e  de
g en era tio n . In ad d itio n  we found th a t GA improved the neuro
lo g ica l d e f ic i t s  of d ia b e tic  neuropathy. All these  e f fe c ts  
could be ascribed  to membrane or m etabolic changes induced 
by GA, which we in v estig a ted  using neuromuscular p repara
tio n s  and hippocampal s l ic e s  in  v i t r o .  Neuromuscular p re
p a ra tio n s  were incubated w ith K+ - f re e  so lu tio n s  fo r seve ra l 
hours, the re s tin g  membrane p o te n tia l (RMP) decreased to 
about -60 mV for  both 2 hour GA tre a te d  and c o n tro ls . The 
readm ission of K+ caused a t ra n s ie n t RMP hy p e rp o la riz a tio n , 
which was 35% higher in  GA tre a te d  muscles in d ica tin g  th a t 
membrane pump e lec tro g en ic  a c t iv i ty  was increased  by GA. 
However, i f  neuromuscular p rep a ra tio n s  were incubated fo r  6 
hours in  GA p r io r  to  K+ readm ission or mice were tre a te d  in  
vivo w ith  10 mg/kg of GA fo r  3 days, Na-loading was not 
observed. Such p ro te c tiv e  e f fe c ts  on membrane p o te n tia l and 
m .e .p .p . frequency were a lso  observed under hypoxic condi
tio n s ,  when the  nerve-muscle p rep a ra tio n s  were maintained 
fo r 2 hours in  O2 - f re e  co n d itio n s . T ransverse hippocampal 
s l ic e s  500 um th ick  were perfused w ith ACSF bubbled w ith 95% 
O2 + 5% CO2. Hypoxia was induced by decreasing  O2 to  14%. 
Recordings were taken from CA3 pyramidal c e l l s ,  s tim ula ted  
w ith a b ip o la r e lec tro d e  placed in  the mossy f ib e r  reg ion . 
Hypoxia induced a d ep o la riz a tio n  of 48.7 mV ( ±  5.7 s .e . )  
which led to  a complete u n e x c i ta b il i ty  of the p rep a ra tio n . 
The la tency  to  the  d e p o la riz a tio n  was 2,75 min ( ± 0 .4 ) .  
Readmiss io n  of O2 induced a rapid recovery and a l a rge t r a n 
s ie n t h y p erp o la riza tio n . A ddition of GM1 (5 x 10-7 M) seemed 
to be e ffe c tiv e  in  increasing  the la tency  to  the  d e p o la r i
za tio n  (6.9 ± 1.96 min) and in  reducing the  dep o la riz in g  and 
hyperpolariz ing  response (31.8 ± 4.5 mV and 15 ± 2.5 mV 
re s p e c tiv e ly ) .  These data  a re  in d ica tin g  th a t g an g lio s id es  
a c t iv a te  membrane processes such as io n ic  pumps; however in  
a second stage  these  molecules show a strong p ro te c tiv e  
ac tio n  which may in d ic a te  a m etabolic s h i f t  of the  a ffec ted  
neurons. We are  now in v estig a tin g  whether one of the  two 
phenomena or both a re  responsib le  of GA ac tio n  on neuronal 
su rv iva l and sp ro u tin g .
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29 7 . 1 7   GONADAL STEROIDS INFLUENCE AXONAL SPROUTING IN THE 
HIPPOCAMPAL DENTATE GYRUS.  J.K.MORSE, S.W.SCHEFF, and 
S.T.DEKOSKY.  Depts o f Anatomy and Neurology, Univ .  o f 
Kentucky and V.A. Medical C en ter, Lexington, KY 40536.

P la s t i c i t y  in  th e  CNS has been s tu d ied  using th e  
hippocamp a l  den ta te  gyrus as  th e  model. Following a 
u n i la te r a l  le s io n  o f th e  e n to rh in a l co rtex , a  
d e a f fe re n ta t io n  o f th e  g ranu le  c e l l  d e n d r it ic  t r e e  occurs, 
along w ith  a growth o f re s id u a l f ib e r s .  This 
m orphological change invo lves th e  growth o f th e  comm issu ra l 
and a s s o c ia t io n a l f ib e r s  in n e rv a tin g  th e  den ta te  m olecular 
l a y e r .  T h e  in flu en ce  o f estro g en  (E) on t h i s  f ib e r  p lexus 
growth, has been p rev io u sly  re p o rte d  by u s . The p re sen t 
experim ent was designed to  extend th e se  fin d in g s  and to  
e v a lu a te  th e  in flu en ce  o f te s to s te ro n e  (T) on th e  re a c tiv e  
growth f ib e r s .

Young a d u lt anim als o f both  sexes were randomly assigned 
to  one o f 6  groups: 1)Normal u n tre a te d , 2) Normal w ith E 
im plant (serum co n cen tra tio n  o f 75pg/ml), 3) Normal w ith T 
im plant (serum co n cen tra tio n  o f 2 .5ng/m l), 4) C as tra tio n  
u n tre a te d , 5) C as tra tio n  w ith  E, and 6 ) C as tra tio n  w ith T.

A ll anim als were su b jec ted  to  a sham o r complete 
c a s t r a t io n  follow ed 7 days l a t e r  by removal o f e n to rh in a l 
co rte x  and im p lan ta tion  o f hormone c ap su le s . Following a 
15 day su rv iv a l p e rio d , anim als were k i l l e d  and th e i r  
b ra in s  examined fo r  changes in  hippocampal morphology 
u sing  th e  Holmes F ibe r s ta in  o r HRP.

C as tra te d  female anim als (group4) show a s ig n if ic a n t  
decrease  in  sp rou ting  when compared to  female c o n tro ls  
(group 1) o r  females w ith  E o r  T replacem ent (group 5 o r 
6 ) .  In te re s t in g ly ,  normal fem ales given T (group 3) show a 
s ig n i f ic a n t  red u c tio n  in  sp rou ting  w hile normal females 
g iven  E (group 2) a re  n o t s ig n if ic a n t ly  d if f e r e n t  from 
c o n tro ls .  Males show no s ig n if ic a n t  d ec lin e  in  sp rou ting  
when c a s tr a te d  (group 4) as compared to  co n tro ls  and no 
s ig n i f ic a n t  change in  e i th e r  th e  normal o r c a s tra te d  s ta t e  
when adm in istered  T. However, normal male anim als given E 
(group 2 ) show a s ig n if ic a n t  d ec lin e  in  re a c t iv e  growth 
when compared to  a l l  o th e r male groups. We prev iously  
found th a t  E replacem ent in c reased  sp rou ting  in  th e  female. 
We now f in d  th a t  T a lso  a id s  th e  overectam ized fem ale. 
Normal anim als o f both sexes show a decrease  in  th e  
sp ro u tin g  response, when adm in istered  the  opposite  sex 
hormone.
(Supported by NIH g ran ts  NS16981 and NS00444, and th e  V.A. 
M edical Research S e rv ice .)

297 .18   CA1 MOSSY FIBERS IN THE RAT: DE NOVO PROJECTION?  
T.M . Cook an d  K .A . C r u t c h e r .  D e p t .  A n ato m y , U n iv .  o f  U ta h  
S c h .  M e d ., S a l t  L ak e  C i t y ,  UT 8 4 1 3 2 .

I n  t h e  a d u l t  r a t  h ip p o c a m p a l f o r m a t i o n ,  d e n t a t e  g r a n u l e  
c e l l  a x o n s ,  o r  m ossy  f i b e r s  (MF) i n n e r v a t e  CA3 b u t  n o t  CA1 
p y r a m id a l  c e l l s .  M ossy f i b e r s  a r e  o n ly  fo u n d  i n  r a t  CA1 
f o l lo w in g  re m o v a l  o f  t h e  CA3 p y r a m id a l  c e l l s  d u r in g  a  
r e s t r i c t e d  p e r i o d  o f  d e v e lo p m e n t (FN 3 - 6 ) .  To d e te r m in e  
t h e  r e q u i r e m e n ts  f o r  e l i c i t i n g  t h i s  d e v e lo p m e n ta l  
r e a r r a n g e m e n t  we a n a ly z e d  t h e  p a t t e r n  and  am o u n t o f  CA3 
c e l l  l o s s  r e s u l t i n g  i n  CA1 MF. We a l s o  s o u g h t  t o  d e te r m in e  
w h e th e r  MF a r e  t r a n s i e n t l y  p r e s e n t  i n  CA1 d u r in g  d e v e lo p 
m en t a s  m ig h t  b e  p r e d i c t e d  f ro m  t h e  p a r c e l l a t i o n  h y p o t h e s i s  
(E b b e ss o n , C e l l  T i s s u e  R e s . 2 1 8 , 1 9 8 0 ) .

N e o n a ta l  r a t s  w ere  i n j e c t e d  a t  v a r i o u s  a g e s  w i th  k a i n i c  
a c i d  (KA). Some a l s o  r e c e i v e d  a  c o m m issu ro to m y  w i th  o r  
w i th o u t  KA. S e r i a l  (16 um) s e c t i o n s  w ere  p r o c e s s e d  f o r  
N i s s l  an d  Timms h i s t o c h e m i s t r y .  CA1 an d  CA3 c e l l s  w e re  
c o u n te d  an d  t h e  a r e a  m e a su re d  on  N i s s l - s t a i n e d  s e c t i o n s  
th ro u g h  t h e  d o r s a l  h ip p o c a m p a l f o r m a t i o n .  HRP i n j e c t i o n s  
w e re  made i n  p u p s  r a n g in g  f ro m  PN 1 -4  w i th  24 h r .  s u r 
v i v a l s .  R a ts  a t  t h e  sam e a g e s  w e re  p e r f u s e d  a c c o r d in g  t o  
t h e  Timm m eth o d  t o  v i s u a l i z e  MF d e v e lo p m e n t.

M ossy  f i b e r s  w ere  p r e s e n t  i n  CA1 o n ly  i n  t h o s e  c a s e s  i n  
w h ich  CA3 c e l l  l o s s  w as 80% o r  g r e a t e r .  T he p a t t e r n  o f  CA3 
c e l l  l o s s  w as a l s o  im p o r ta n t  s i n c e  CA1 MF o n ly  o c c u r r e d  
when t h e r e  w as a  g a p  i n  t h e  CA3 c e l l  l a y e r .  C om m issuro tom y 
d i d  n o t  a f f e c t  t h e  i n c id e n c e  o r  e x t e n t  o f  CA1 MF a l th o u g h  
t h i s  p r o c e d u r e  re d u c e d  p u p  m o r t a l i t y  f o l l o w in g  KA i n j e c 
t i o n .  C o m p le te  re m o v a l  o f  CA1 an d  CA3 c e l l s  r e s u l t e d  i n  MF 
w i t h in  t h e  h i l a r  r e g i o n  o n l y .  HRP i n j e c t i o n s  i n t o  t h e  d e n 
t a t e  g y r u s  d i d  n o t  r e s u l t  i n  an y  g r a n u l e  c e l l  o r  MF 
l a b e l i n g .  Nor was t h e r e  an y  e v id e n c e  o f  CA1 MF d u r in g  t h i s  
p e r i o d  o f  d e v e lo p m e n t b a s e d  on  t h e  T im m -s ta in e d  m a t e r i a l .

T h e se  r e s u l t s  i n d i c a t e  t h a t  t h e  p r e s e n c e  o f  CA1 MF i s  
d e p e n d e n t  on  t h e  am ount an d  p a t t e r n  o f  t a r g e t  c e l l  l o s s  
d u r in g  a  s p e c i f i c  p e r i o d  o f  d e v e lo p m e n t.  I f ,  i n  f a c t ,  CA1 
MF a r e  n o t  t r a n s i e n t l y  p r e s e n t  d u r in g  d e v e lo p m e n t,  t h i s  
r e a r r a n g e m e n t  w ou ld  r e p r e s e n t  t h e  e s t a b l i s h m e n t  o f  a  new 
p r o j e c t i o n  i n  t h e  r a t  CNS. T h is  may r e f l e c t  a  p h y lo 
g e n e t i c a l l y  p r i m i t i v e  c o n n e c t io n  s in c e  CA1 MF h a v e  b e e n  
r e p o r t e d  i n  t h e  h e d g e h o g  ( G a a r s k j a e r  e t . a l ,  B r a in  R e s . 
2 3 7 , 1 9 8 2 ) .  ( S u p p o r te d  b y  g r a n t  BNS 8 1 -0 3 6 7 8  f ro m  N S F .)

297.19  APPARENT SPROUTING OF STRIATAL DOPAMINERGIC TERMINALS AFTER 
6-HYDROXYDOPAMINE LESIONS OF ADULT RAT.  S.P. Onn, M.J. 
Zigmond, E.M. S t r i cker and T.W. B erger.  Depts. of B io log i
c a l Sciences & Psychology, Center fo r Neuroscience, 
U n iv e rs ity  of P it tsb u rg h , P it tsb u rg h , PA 15260

In tr a v e n tr ic u la r  in je c tio n  of 6-hydroxydopamine (6-HDA) 
in  ad u lt r a t s  r e s u l t s  in  a m e d ia l- la te ra l  g rad ien t of dopa
m inergic (DA) te rm ina l lo ss  throughout the s tria tu m  when 
examined w ith h is to flu o resc en c e  techniques one week p o st
le s io n . The g re a te s t  lo s s  occurs in  the p e r iv e n tr ic u la r ,  
medial s tr ia tu m  where few, i f  any, re s id u a l DA te rm ina ls  are 
observed. Biochemical assay  of reg io n a l s t r i a t a l  punches 
from the same b ra in s  confirmed an average DA d ep le tio n  to  2% 
of co n tro l le v e ls  in  the medial s tr ia tu m  and a sm aller DA 
d ep le tio n  in  l a t e r a l  s tr ia tu m . When animals from the same 
le sioned  group were examined 15 weeks p o s tle s io n , however, 
a g re a te r  d en sity  of f lu o resc en t te rm ina ls  was ev iden t in 
the  medial s tr ia tu m , and corresponding DA con ten t was 8% of 
age-matched c o n tro l le v e ls .  G reater DA concen tra tions  a lso  
were observed in  the c e n t ra l  and l a t e r a l  s tr ia tu m . These 
d iffe ren c e s  may re p re sen t lesion -induced  sp rou ting  of DA 
nerve te rm in a ls  from the  su b s ta n tia  n ig ra  (SN).

Considering the well-known topograph ical na tu re  of n ig ro 
s t r i a t a l  p ro je c tio n s ,  we attem pted to  determ ine whether the 
te rm in a ls  in  medial s tr ia tu m  v isu a lize d  15 weeks p o s tle s io n  
o r ig in a te  from medial SN c e l l s  norm ally in n e rv a tin g  th a t 
reg ion  or from SN c e l l s  norm ally in n e rv a tin g  more l a t e r a l  
s t r i a t a l  a re a s . HRP (20 n1 ; 10%) was in je c ted  in to  the 
medial s tr ia tu m  of r a ts  given in tr a v e n tr ic u la r  6-HDA 1 or 15 
weeks p rev io u sly . The d is t r ib u t io n  and number of HRP r e t r o 
g rad e ly -lab e led  neurons w ith in  the v e n tra l tegm ental (VTA)
SN a rea  was determ ined. M ateria l from animals in je c te d  one 
week p o s tle s io n  showed only 2% of the number of r e t r o 
g rad e ly -lab e led  neurons found in  v e h ic le - in je c te d  c o n tro l 
anim als (375±13, n=6 ) . In c o n tra s t ,  m a te ria l from animals 
in je c te d  15 weeks p o s tle s io n  revealed  10% of the  number of 
c e l l s  lab e led  in  age-matched co n tro ls  (469+25, n=6). This 
d iffe ren c e  in  re tro g rad e ly - lab e le d  neurons i s  co n s is te n t 
w ith the  p o s s ib i l i ty  of te rm ina l regrowth. Nearly a l l  of 
the  lab e led  neurons a t  15 weeks p o s tle s io n  were s t i l l  con
fined  to  VTA and medial SN, suggesting  th a t th e  normal topo
g rap h ica l n a tu re  of n ig r o s t r i a ta l  a f fe re n ts  was p resen t 
a f te r  the  le s io n . These find ings may re p re sen t a regenera
tio n  of p rev iously  lesioned  axons from SN, or c o l la te r a l i z a 
tio n  of SN axons which survived the i n i t i a l  le s io n .

Supported by NS 19608.

297.20  HYPERINNERVATION OF STRIATUM BY DORSAL RAPHE AFFERENTS AFTER 
DOPAMINE-DEPLETING BRAIN LESIONS IN NEONATAL RATS.  S. Kaul*, 
T.W. B erger, E.M. S tr ie k e r  and M.J. Zigmond.  Psychobiology 
Program, Univ. of P it tsb u rg h , P it tsb u rg h , PA 15260.

Dopamine-depleting b ra in  le s io n s  in  3-day-old  r a t s  p ro
duced by in tr a v e n tr ic u la r  6-hydroxydopamine (6-HDA) leads 
to  an inc rea se  in  s t r i a t a l  se ro to n in  (5-HT) con ten t when 
measured one month l a t e r  (Stachowiak e t a l . ,  B rain Res. ,  
291, 1984). The lesion -induced  in c rease  in  5-HT le v e ls  
occurs p rim arily  in  the  r o s t r a l  s tr ia tu m , where 5-HT te rm i
n a ls  norm ally a re  d is tr ib u te d  sp a rse ly . C ell bodies in  the  
brainstem  raphe n u c le i a re  known to  provide 5-HT in n e rv a tio n  
of the  in ta c t  r a t  s tr ia tu m . To determ ine whether 6-HDA 
lesion -induced  in c reases  in  5-HT rep re sen t a sp rou ting  of 
raphe a f fe re n ts  to  s tr ia tu m , we compared the q u a n tity  and 
d is t r ib u t io n  of re tro g rad e ly - lab e le d  neurons in  the  raphe 
n u c le i a f t e r  HRP in je c tio n  in  the  s tr ia tu m . Three-day old 
r a ts  were in je c te d  in tr a v e n tr ic u la r ly  w ith e i th e r  6-HDA (N=5) 
or i t s  veh ic le  (N=4 ) . When animals reached 5-6 weeks of 
age, HRP (0.05 µl , 20%) was in je c ted  in to  the r o s t r a l  
s tr ia tu m . Tissue was processed using  standard  procedures. 
Every o th e r sec tio n  (40µ) through the  su b s ta n tia  n ig ra  was 
examined fo r  HRP-containing p ro cesses, as was every sec tio n  
through the  raphe n u c le i.

For animals in je c ted  w ith v e h ic le  a lo n e , a mean to t a l  of 
261 (range = 222-309 per animal) weakly labe led  H RP-positive 
neurons was observed in  the  dorsal-m ost p o rtio n  of the 
d o rsa l raphe n . No o ther raphe n u c le i were seen to  con ta in  
re tro g rad e ly  f i l l e d  c e l l s .  Neurons w ith in  the  pars  compacta 
of the  su b s ta n tia  n ig ra  were h eav ily  labe led  w ith HRP, and 
dense an terog rade ly  tran sp o rted  product was v is ib le  in  the  
pa rs  r e t i c u la ta .  In  marked c o n tra s t ,  m a te ria l from animals 
in je c te d  w ith 6-HDA contained  4-5 tim es as many H R P-filled 
neurons in  the  d o rsa l raphe n. (mean = 1,111, range = 958-
1331 per an im a l). In a d d itio n , labe led  neurons in  lesioned  
animals were d is tr ib u te d  throughout both the  d o rsa l and 
v e n tra l  p o rtio n s  of the  d o rsa l raphe, though not in  o the r 
raphe n u c le i. The 6-HDA in je c tio n s  s p e c if i c a l ly  and com
p le te ly  lesioned  the  dopaminergic s u b s ta n tia  n ig ra ; th e re  was 
a v i r t u a l  absence of re tro g rad e ly  lab e led  neurons in  the  
pars  compacta, and ye t dense an te rog rade ly  lab e led  te rm ina ls  
were p resen t in  the  pars r e t i c u la ta .  These data  dem onstrate 
a lesion -induced  p r o l i f e r a t io n  of raphe p ro je c tio n s  to 
s tria tu m  th a t  may u n d e rlie  the  increased  le v e ls  of s t r i a t a l  
5-HT occurring  a f te r  dopam ine-depleting le s io n s  of neonatal 
r a t  b ra in . Supported by NS19608.
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297.21  NOREPINEPHRINE IN THE IPN: EFFECTS OF LOCUS COERULEUS 
LESION.  W. B a t t i s t i* ,  B. Levin* and M. Murray.  Dept. of 
Anatomy, The Med. C oll . of PA and Neurology Service, VA, 
East Orange, NJ.

The IPN is an unpaired midline nucleus which receives 
b i la te ra l  input from several sources. I ts  major afferents ,  
the paired fasiculi  retroflexus (FR), show considerable 
p la s t i c i ty .  Lesions to one FR e l i c i t  sprouting by remaining 
FR axons in subnuclei in the IPN where the two FRs converge. 
The IPN also receives converging input from the norepineph
rine (NE) containing axons arising from the paired loci 
coeruleus (LC). P la s t ic i ty  of LC neurons is well documented. 
We wished to map the normal LC projection into the IPN, de
termine the extent  of overlap of the two LC projections, 
and then determine whether a lesion of one LC would induce 
compensatory sprouting by the undamaged LC in adult rats.

LC lesions were made by injections of 6-OHDA into one or 
both LC and animals ki l led 2 weeks or 2 months la te r .  Some 
brains were reacted for fluorescence using the glyoxylic 
acid method. In others,  NE content of IPN was determined 
using HPLC. Histochemical analysis indicates that the LC 
projection to the IPN is concentrated in the central sub
nucleus. L i t t l e  fluorescence is seen in those subnuclei 
( l a te ra l ,  intermediate) where sprouting by FR axons has 
been described. Bilateral  LC lesions produce a marked and 
permanent loss of NE. Histochemical observations show loss 
and l i t t l e  recovery or redistr ibution  of fluorescence a f te r  
chronic b i la te ra l  LC lesions.  Unilateral LC lesions produce 
a permanent depletion of NE of about 50% in the IPN. The 
amount of fluorescence appears to be parti  a l ly  and equally 
diminished throughout the central subnucleus, suggesting 
that the projections of the two LC overlap.

The projection of paired LC to the unpaired midline IPN 
is thus symmetrical, b i l a te r a l ,  and overlapping. Destruction 
of 1 LC however, does not seem to be the appropriate stimu
lus for sprouting by the undamaged LC neurons. The proper
t ies  of the LC projection to IPN thus d i f fe r  from those of 
the FR projection which is similarly symmetrical and in 
part overlapping and biochemically homogeneous, and where 
destruction of 1 of the paired inputs e l i c i t s  sprouting by 
the remaining system.

Supported by NIH grant NS16556 and Medical Research
Service of Veterans Adminis t r a t ion.

REGENERATION II

298.1  IMPLANTATION OF FETAL CORTEX AND SPINAL CORD INTO ADULT 
SPINAL CORD: INITIAL RESPONSES.  J e r a ld  J .  B e rn s te in  and 
Dennis W. Hoovler.  Lab. CNS I n j . and Regen., V.A. Med. C tr . ,  
W ash ing ton , D.C. and D epts. Neurosurg. and P h y s io l.,  George 
Wash. Univ. Sch. Med., Washington, D.C. 20422.

The im p la n ta tio n  o f f e ta l  CNS in to  the  b ra in  o f adu lt 
h o s ts  has been s u c e s s f u l ,  formed new c o n n e c tio n s ,  had 
tro p h ic  e f fe c ts  on th e  host and has re s u lte d  in  am elio ration  
o f behav iors  lo s t  by p r io r  le s io n . In c o n t r a s t ,  f e t a l  CNS 
t r a n s p l a n t a t i o n  in to  th e  sp in a l cord has only been stud ied  
ve ry  r e c e n t ly .  In th e  fo llo w in g  e x p erim en ts  E11 f e t a l  
c o r te x  or sp in a l cord was implanted between the  do rsa l horn 
and d o r s a l  column o f  th e  s p in a l  co rd  o f  36 a d u lt  male 
Sprague-Dawley r a t  h o s ts .  Hosts were perfused fo r l ig h t  and 
e le c tro n  microscopy 1 ,3 ,7 ,  and 10 days l a t e r .  The donors 
w ere E11 o f tim e pregnan t Sprague-Dawley fem ales. Controls 
were c e s a re a n  d e l iv e r e d  pups from donor fem ales  (2 per 
g roup ) matched for days a f te r  im plan tation  and two c o n tro ls  
per group fo r s u rg ic a l im plant c o n t r o l s .  I n s e r t io n  o f th e  
im planting  needle in  c o n tro ls  re su lte d  in  th e  form ation o f a 
c y s t  in  th e  d o r s a l  co lum ns. Im p la n ta tio n  o f th e  f e t a l  
t i s s u e  by p re s s u re  in je c t io n  from a 30 gauge needle in the  
s p in a l  co rd  r e s u l t s  in  th e  fo rm atio n  o f  a c y s t .  The 
p h a g o c y t ic  a c t iv i ty  in  the  cyst i s  most a c tiv e  a t 1 day and 
removes most o f th e  d e b ris  from the  presumably f lu id  f i l l e d  
c y s t .  Between 1 and 3 days th e  tra n sp la n ted  E11 cortex  and 
sp in a l cord form m u ltip le  c i r c u la r  n e u ro e p ith e lia . This i s  
an i n d i c a t io n  t h a t  th e  t r a n s p l a n t  was in  p ie c e s  when 
im p la n te d . At 7 and 10 days th e s e  n e u r o e p i th e l i a  have 
sed im en ted  v e n tra d  in  th e  c y s t  and c o n ta in  many d iv id ing  
sp o n g io b lasts  and n eu ro b la s ts . Neurons w ith  d i f f e r e n t i a t e d  
n u c le i  and occasionaly  with well d i f f e r e n t ia te d  cytoplasm ic 
o rg an e lle s  were observed. At l a t e r  post im p la n ta t io n ,  t im e s  
th e  t r a n s p l a n t  grows to  f i l l  th e  cy st and has overlapping 
n eu rop il a t th e  isthm us o f th e  s p in a l  co rd  due to  e a r l i e r  
sed im en ta tion . Supported by the  Veterans A dm in istra tion .

298.2  IMPLANTATION OF FETAL RAT CORTEX INTO REGENERATING 
PERIPHERAL NERVE OF ADULT RAT.  D. W. H oovler and J .  J .  
B e r n s te in .  Lab. o f  CNS In ju ry  and R eg e n e ra tio n , V. A. 
Medical C enter, Washington, D.C. and D epts. o f Neurosurgery 
and P h y s io lo g y , George W ashington U n iv e rs i ty  School o f  
M edicine, Washington, D .C ., 20037.

Im plantation  of u n d if f e r e n t ia te d  f e t a l  CNS t i s s u e  in to  
th e  nervous systems o f adu lt ho s ts  i s  an e f fe c t iv e  method o f 
analyzing th e  p o ssib le  replacem ent of l o s t  fu n c t io n  due to  
in ju r y  or d isease  o f th e  adu lt nervous system . T ransp lan ts  
of f e ta l  cortex  and sp in a l cord  s u rv iv e  up to  fo u r months 
( le n g th  o f  ex p erim en t) in  re g e n e r a t in g  p e r ip h e r a l  nerve 
( B e r n s te in ,  J . N e u ro sc i . R es . ,  1983) and from one to  two 
months in  degenerating  p e rip h e ra l nerve (B ernste in  and Tang, 
B ra in  R es. , 19 8 5 ). In th e  p re s e n t  s tu d y ,  m orpholog ica l 
a s p e c ts  o f  th e  im p la n ta t io n  o f  11 day o ld  f e ta l  (E11) r a t  
co rtex  in to  re g e n e ra t in g  p e r ip h e r a l  n e rv e s  o f a d u lt  r a t s  
were ana ly zed  d u rin g  th e  f i r s t  t h r e e  weeks fo llo w in g  
im p lan ta tion . Under Chloropent a n e s th e s i a ,  45 a d u lt  male 
Sprague-D aw ley r a t s  (2 0 0 -3 0 0g) had th e  epineurium  o f th e  
nerve to  th e  biceps fem oris muscle crushed and in c i s e d ,  th e  
p e rin e u riu m  minced and E11 cortex  in je c te d , ju s t  d i s ta l  to  
the  crush s i t e ,  v ia  a g la s s  m icrop ipe tte  a ttach ed  to  a 50 μ l  
s y r in g e .  R ats were s a c r i f i c e d  1, 3, 5, 7, 10, 12, 14, 17 
and 21 days post im p lan tation  (DPI) and p ro c e ss e d  fo r  l i g h t  
o r e le c t r o n  microscopy. Im plants were compared to  c o r tic e s  
from age m atched pups as a c o n t r o l .  At e a r ly  s a c r i f i c e  
t im e s  (1 -7  D P I), immature neurons and n eu ro g lia  were found 
d ispersed  or in  n e u ro e p ith e lia l- l ik e  s t r u c t u r e s  th ro u g h o u t 
th e  d eg en e ra tin g  nerve. At 7-14 DPI, neurons and n eu rog lia  
appeared  to  be more m ature  and were i n t e r s p e r s e d  among 
g roups o f regenerating  host p e rip h e ra l nerve axons. At th e  
l a t e s t  s a c r i f ic e  d a te s  (14-21 D PI), a g g re g a te s  o f  m ature  
neu ro n s  and n e u ro g l ia ,  surrounded by neu rop il con ta in ing  a 
r ic h  s y n a p tic  bed , were observed  among r e g e n e r a te d  h o s t 
p e r ip h e r a l  nerve axons. Degenerating neurons were observed 
a t a l l  p o s toperative  d a te s . Thus, f e ta l  c o r t i c a l  im p la n ts  
s u rv iv e d ,  grew and d i f f e r e n t i a t e d  th ro u g h o u t th e  
p o s to p e r a t iv e  p e r io d .  T his s tu d y  p ro v id e s  a model fo r  
a n a ly z in g  tro p h ic  and e le c tro p h y sio lo g ica l a sp ec ts  o f f e ta l  
nervous t is s u e  im plan tation  in to  adult p e rip h e ra l nerves. 
(S u p p o rted  by th e  O ffice  o f Naval R esearch, CB-030-820505, 
and th e  V eteran 's  A dm in istra tion).
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29 8 . 3  THE IMPLANTATION OF RAT FETA L SPINAL CORD INTO 
IN JU RED  AND UNINJURED ADULT HOST SPINAL CORD AND 
PYRAMIDAL TRA CT.  U. P a te l  and M .R, W ells*.  A dult P sych ia try  
B ranch, NIMH, Sain t E lizabeth s H ospital and *The V eterans 
A dm in istration  H ospital, W ashington, D .C . 20032

I t has been  dem o n stra ted  th a t  E 11-15 day r a t  em bryo im plants of 
f e ta l  spinal cord  can survive and to  som e ex ten t d iffe re n tia te  when 
in se rted  in to  adu lt host sp inal co rd  (P ate l and B ernste in , J .  N euro
sc i. R es., 9:303-310, 1983). We have investiga ted  severa l conditions 
o f th e  host spinal cord fo r th e ir  e f fe c t on im plant survival and 
d iffe re n tia tio n . C onditions included overlaying  the  im plant on the 
host p ia , and in sertion  of th e  im plan t in to  various lesions including a  
dorsal m id-line m yelotom y, spinal hem isection , a  lesion of the  dorsal 
colum ns, and a  m edullary  pyram idal t r a c t  lesion. Im plants consisted 
o f em bryo (E11-15) sp inal cords labelled  w ith  3H -thym idine which 
had been d issec ted  ou t f ree  of m eninges and connective tissue. A t 
tim e  in te rv a ls  of 2, 3 and 4 w eeks, 2, 3, 6, 8 and 12 m onths a f te r  
im p lan ta tion  th e  hosts w ere perfu sed  and exam ined h isto logica lly .

Im plants survived under all conditions of im plan tation , although 
th e  e x te n t of d iffe re n tia tio n  and th e  ce lls surviving varied . Younger 
em bryos (E11-12) seem ed  to  survive b es t. F e ta l  ce lls , even from  
spinal overlays w ere  observed invading th e  host sp inal co rd . The 
m igra tion  o f ce lls  in to  the  host occurred  along th e  neuroglial s ep ta  
o f th e  sp inal cord tow ard  g rey  m a tte r . A fte r reach ing  the  grey  
m a tte r , th e  ce lls  seem ed to  d isperse individually. There was 
ev idence for th e  m igration  of ce lls ro s tro -cauda lly  upto several 
c e n tim e te rs  depending on th e  duration  of the im plant in the  host. In 
som e in s tances , s tru c tu re s  resem bling  ce n tra l canals w ere observed 
in  th e  im plan ted  tissue . In one instance m orphogenic d iffe re n tia tio n  
of a  f e ta l  spinal cord  occu rred  n ex t to  the  host v e rteb ra l colum n.

C av ita tio n  or en largem en t of the  host spinal ce n tra l canal was 
occasionally  observed n ea r th e  im plant s ite  but sca r fo rm ation  
around the  im plan t was reduced . A t longer tim e in tervals  (6-12 
m onths), som e of th e  im plants appeared  to  degenera te . The 
incorpora tion  of the im plant was occassionally  accom pained by 
degenera tion  of host axons. H ow ever, axons of undefined origin 
w ere usually  p resen t in  the  im plan t under all conditions.

These d a ta  dem o n stra te  th a t spinal cord  im plants can survive in 
injured and uninjured host spinal cord upto  one y ea r. C are fu l study 
w ill be necessary  befo re  such techniques m ay be considered  for the 
rep a ir  of in jured  host spinal cord.

298 4  FETAL RAT SPINAL CORD TISSUE TRANSPLANTED INTO RAT SPINAL 
CORD: IMMUNOCYTOCHEMICAL CHARACTERIZATION OF THE HOST-GRAFT 
INTERFACE.  J.R . WUJEK AND P .J . REIER.  Dept. of Anatomy , 
Univ. of Maryland Sch. of Med. Baltimore, MD 21201.

Our laboratory has been studying the transp lan ta tion  of 
fe ta l  spinal cord in to  injured adu lt spinal cord, in  th is  
study, we have used inmunocytochemistry to  examine the 
g l ia l  composition of the tra n s itio n  zone between host and 
implant. Donor tissu e  from E14 r a t  fe tu ses was 
transplanted in to  a cavity  created by hemisection of the 
adu lt r a t  spinal cord. The host was sac rif iced  1-8 months 
la te r  and frozen sections were obtained from the spinal 
cord region containing the implant. The sections were then 
stained with antiserum to  G lia l F ib rilla ry  Acidic Protein 
(GFAP). Although each implant generally f i l l e d  the lesion  
cav ity , none were observed whose surfaces were completely 
apposed to  the host spinal cord. Thus, areas of contact 
between each implant and the spinal cord varied from 
moderate to  extensive. Such regions exhibited an intim ate 
fusion between the host and donor tissu e  without an obvious 
intervening ce llu la r  in te rface . Where the implant was 
d ire c tly  apposed to  host spinal grey m atter, the tra n s itio n  
zone exhibited only a moderate GFAP-immunoreactivity. A 
s lig h tly  more intense GFAP-immunoreactivity was seen in  the 
tra n s itio n  zone adjacent to  white m atter, which probably 
re f le c ts  g lio s is  associated with degeneration of fib er 
t r a c ts .  On the other hand, when the implants were e ith er 
separated from the host by cysts or contacted by mesodermal 
tissu e  (e.g . from the overlying meninges), 
GFAP-immunoreactivity was more in ten se . In these 
instances, a dense layer of as tro cy tic  cytoplasmic 
processes lined  the periphery of the implants. Such g l ia l  
encapsulation was also  observed along the in jured  surfaces 
of spinal cords which did not contain an implant. These 
observations were confirmed q u an tita tiv e ly , using a 
video-based image analyzer to  measure the area of tissu e  
occupied by GFAP immunoreactive elements. Thus, in  th is  
study, only modest g lio s is  was observed when host and donor 
tissu es  were closely  apposed in  the injured spinal cord. 
In co n trast, intense as tro cy tic  re a c tiv ity  and development 
of a d is t in c t  g l ia l  lim iting  membrane occurred when the 
surfaces of e ith e r  the transp lan t or host spinal cord were 
exposed to  non-CNS environments. (Supported by NS 13836 to  
P .J.R .)

298.5  TRANSPLANTATION OF EMBRYONIC AND NEONATAL DORSAL ROOT GANG
LIA INTO THE SPINAL CORDS OF ADULT AND NEONATAL RATS.  S. 
Williams. B.T. Himes*. K. Winkler* and A. Tess ler .  Depts. of 
Neurology and Anatomy, VA Medical Center and The Medical 
College of Pennsylvania, Philadelphia, PA 19129.

Although dorsal root ganglion (DRG) neurons have been re
ported to survive transplantation into the brain of rec ip i
ent  animals (Ranson, 1914), i t  is  not yet clear  whether they 
survive transplantation into the spinal cord or, i f  so, 
whether they develop or maintain charac ter is t ics  typical of 
DRG ce l ls .  In the present investigation we have examined the 
capacity of DRG neurons taken from fetal  and newborn animals 
to survive in the spinal cord of host animals and examined 
the transplants for the presence of substance P (SP). Donor 
DRG neurons labeled with 3H-thymidine were dissected from 
fetal  (E14) or neonatal (day 0) Sprague-Dawley r a t s ,  d is
sociated with trypsin, and transplanted into subtotal lesions 
made in the spinal cords of newborn (0-3 days) or young 
adult (250gm) ra ts .  After survivals of 4-12 weeks, rec ip i
ents were sacrif iced  by the intracardiac perfusion of f ixa
t iv e ,  and frozen sections were cut transversely a t  16u on a 
cryostat. Adjacent sections were stained with cresyl violet 
or labeled on sl ides with the peroxidase-anti peroxidase 
technique for the presence of SP-immunoreactivity.

Fetal and newborn DRG neurons survived in the spinal 
cords of both neonatal and adult animals whether trans
planted into cerv ical ,  thoracic, or lumbar regions. Sections 
stained with cresyl vio let  contained large and small DRG 
neurons with well defined nuclei and nucleoli clustered in 
groups together with smaller, non-neuronal ce l ls  that s ta in 
ed more darkly. In some cases the transplanted DRG cells 
were closely apposed to or found within the white matter of 
the host spinal cord. Sections of fetal  transplants stained 
with SP-antiserum showed immunoreactive perikarya among the 
small DRG neurons as well as immunoreactive processes. These 
results  suggest that  fetal and newborn DRG neurons can sur
vive transplantation into the spinal cord of newborn and 
adult recipients and that specific  charac ter is t ics  of some 
ce lls  develop or are maintained through the survival period.

Supported in par t by the Medical Research Service of 
the Veterans Administration and NIH grant NS14477.

298.6  IN-VITRO REGENERATION OF LEECH PERIPHERAL AXONS. L.C.  
Soileau and W.J. Thompson.  Dept. of Zoology, U n ive rs ity  of 
Texas, A ustin , TX 78712.

The reg en era tiv e  a b i l i t i e s  of the p e rip h e ra l axons of the 
m edicinal leech  (Hirudo m e d ic in a lis ) were examined in  organ 
c u ltu re .  Ganglia w ith a ttached  p e rip h e ra l nerve ro o ts  were 
explanted toge ther w ith a p iece of t is s u e  taken from leech  
body w a ll. The severed end of one or more of the nerve 
ro o ts  was in se r te d  in to  th is  p iece of " ta rg e t"  t is s u e .
A fte r various periods of c u ltu re  (5-40 days) the  re in n e rv a 
tio n  of the " ta rg e t"  by id e n t i f ie d  sensory and motor 
neurons was examined by e le c tro p h y s io lo g ica l methods. 
Responses in  the p e rip h e ra l mechanosensory axons were 
recorded in  response to  mechanical or e l e c t r i c a l  s tim u li 
app lied  to  the  t i s s u e .  Each mechanosensory neuron re ta in ed  
i t s  stim ulus m odality . The recep tiv e  f ie ld s  formed were 
d is c re te  but sm all, .5x.5mm -  3x3mm. The touch (T) c e l l s  
had the la rg e s t  re c ep tiv e  f i e ld ,  followed next in  s iz e  by 
the p ressu re  (P) c e l l s .  The n oc icep tive  c e l l s  (N) were 
never seen to  form a la rg e  recep tiv e  f i e ld .  Only the region  
near the t ip  of the severed nerve evoked responses in  the N 
c e l l .  Extent of sp rou ting  was determined by in t r a c e l lu la r  
in je c tio n s  of L ucifer Yellow. The re c ep tiv e  f ie ld  s iz e  
determined by e le c tro p h y s io lo g ica l methods c o rre la te d  
ex cep tio n a lly  w ell w ith the dye in je c tio n s  r e s u l t s .

N either p o s itio n a l s p e c i f i c i ty  nor ta rg e t  t is s u e  
s p e c i f i c i ty  was m aintained under c u ltu re  co n d itio n s . 
Whereas the touch and p ressu re  mechanosensory neurons 
normally innerva te  d is c re te  p o rtions  of sk in , i t  was seen 
th a t the T and P c e l l s  would sprou t in to  sk in  reg a rd le ss  of 
any p o s it io n a l o r ig in .  In additon  to  sp ro u tin g  in  sk in , T 
and P responses were evoked even i f  the p e rip h e ra l axons 
were implanted in to  a ta rg e t  c o n sis tin g  of only muscle 
tis s u e  or of the connective t is s u e  which norm ally surrounds 
the leech CNS.

Even though severed motor axons re in n e rv a te  muscle t is s u e  
s p e c if ic a l ly  in  vivo (Van Essen and Jansen , J .  Comp. Neurol. 
171;433, 1977). we have never seen any muscle re in n e rv a tio n  
in  c u ltu re .  Dye in je c tio n s  show th a t the motor axons do 
sprout ex ten siv e ly  in  the p e rip h e ra l ro o ts .  The reasons fo r 
the lack  of success of re in n e rv a tio n  of muscle t is s u e  by 
motor neurons remain unknown.
(Supported BNS-80-19721)
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298.7  THE RESPONSE OF DORSAL ROOT AFFERENT FIBERS TO DORSAL 
FUNICULUS LESIONS IN DEVELOPING RANA CATESBEIANA 
TADPOLES.  H. L. Campbel l ,  M.S. B e a t t i e ,  and J .C . 
B resn ah an .  Dept. o f A nat. and D iv . o f N eu ro su rg ., and 
N e u r o s c i .  R es. L a b ., O hio S t a t e  U n iv . C o l l .  M ed., 
Columbus, OH 43210.

The response to  axotomy of d o rsa l roo t axons t r a v e l in g  
in  th e  d o r s a l  f u n i c u l u s  was t e s t e d  a t  s e v e r a l  
d e v e lo p m e n ta l s ta g e s  in  b u l l f r o g  tad p o les. U n ila te ra l  
le s io n s  of the  d o rsa l columns were p laced  ju s t  r o s t r a l  to  
th e  lum bar e n la rg e m en t a t  e a r ly  ( s ta g e s  I -V I  o f T a y lo r  
and K o l l r o s ,  1946), in te rm e d ia te  ( s ta g e s  X II-X IV ), o r 
l a te  (s tag e  XVII-XX) periods during hindlim b development. 
A f te r  v a ry in g  p e r io d s  o f  tim e f o r  re c o v e ry  (4 to  14 
w eeks), axons o f th e  e ig h th  d o r s a l  ro o t i p s i l a t e r a l  to  
th e  l e s i o n  were f i l l e d  w ith  HRP and a f t e r  12-18 h o u rs , 
t i s s u e  was p r o c e s s e d  u s in g  th e  CoCl - e n h a n c e d  DAB 
r e a c t io n .  S u r g ic a l  p ro c e d u re s  were acco m p lish ed  w h ile  
anim als were an es th e tiz ed  by hypothermia and/or MS 222.

I n j u r y - f i l l i n g  o f d o r s a l  ro o ts  w ith  HRP a llo w e d  
v is u a l iz a t io n  of the  p a tte rn s  and morphology of groups of 
axons as th ey  app roached  th e  l e s io n  s i t e ,  as w e l l  as 
th e i r  d is t r ib u t io n  and morphology caudal to  the le s io n . 
Axons growing in to  (o r remaining w ith in ) the le s io n  s i t e  
ap p ea red  d is o rg a n iz e d .  Some, p resum ab ly  r e g e n e r a t in g  
f i b e r s  co u ld  be seen  f o l lo w in g  th e  s u r fa c e  o f th e  cord  
under the  p ia . We have not observed s ig n if ic a n t numbers 
o f f i b e r s  p e n e t r a t in g  beyond th e  l e s i o n  s i t e ,  b u t our 
technique la b e ls  f ib e rs  fo r  only 10-15 mm t o t a l .  A common 
f e a tu r e  o f th e s e  e x p erim en ts  was a l t e r a t i o n s  in  ax o n a l 
m orphology in  th e  s p in a l  g ray  c a u d a l to  l e s i o n s .  Large 
c a l ib e r  axons could be fo llow ed  from the d o rsa l columns 
e n te rin g  the  sp in a l gray along to rtuous  paths u n lik e  the 
t r a je c to r ie s  noted in  c o n tro l  ex p e r im e n ts . Such f i b e r s ,  
which o ften  ex h ib ited  very  la rg e  en p a ssa n t and te rm ina l 
s w e llin g s , were s im ila r  to  those re c e n t ly  described  by 
L iu z z i and Lasek a f t e r  re g e n e r a t io n  o f d o r s a l  r o o ts  in  
a d u l t  f r o g s .  Some b u lb o u s  e le m en ts  e x h ib i te d  f in e  
diam eter ex tensions rem in iscen t of f i l ip o d ia .

In o rder to  examine the  e f fe c t  of blastem a im plants on 
r e g e n e r a t io n ,  a u to lo g o u s  g r a f t s  were ta k en  from t a i l  
am p u ta tio n  s i t e s  and p la c e d  in to  th e  d o r s a l  fu n ic u lu s .  
P re lim in ary  r e s u l t s  show th a t  la b e l le d  d o rsa l roo t axons 
p e n e tra te  the  g ra f t .  EM s tu d ie s  of lesioned  and im planted 
d o r s a l  colum n p r e p a r a t io n s  a re  c u r r e n t ly  underway. 
(Supported by NS-10165)

298.8  RECONNECTION OF THE EIGHIT NERVE FIBERS AFTER TRANSECTION 
IN THE RED-EARED TURTLE.  D. M arbey an d  R .H . B ro w n e r .  D ept. 
o f  A natom y, New York M e d ic a l C o l le g e ,  V a l h a l l a ,  NY 10595

The e ig h t h  n e rv e  was t r a n s e c t e d  i n  t h e  r e d - e a r e d  t u r t l e . 
Bones o v e r  t h e  i n n e r  e a r  an d  8 th  n e rv e  w e re  e x p o s e d .  The 
n e rv e  was c a r e f u l l y  t r a n s e c t e d  b e tw e e n  t h e  g a n g l io n  an d  th e  
b r a in s te m  w i th o u t  d i s r u p t i o n  t o  t h e  v a s c u l a r  s u p p ly .  The 
a r e a  was r o o f e d  o v e r  w i th  d e n t a l  c e m e n t.  The o p e r a t e d  
t u r t l e s  w e re  h o u s e d  i n  a  c o n s t a n t  e n v iro n m e n t  (2 5 °C ) f o r  
t h e  a p p r o p r i a t e  s u r v i v a l  t im e .  A n im als  w e re  a l lo w e d  t o  
s u r v i v e  f o r  22 d a y s ,  42 d a y s ,  52 d a y s ,  64 d a y s  an d  77 d a y s .  
E v a lu a t in g  t h e  e f f e c t s  o f  t h e  t r a n s e c t i o n s  e n t a i l e d  
r e a n e s t h e t i z i n g  t h e  a n im a l t o  s u r g i c a l l y  v i s u a l i z e  e i t h e r  
t h e  c o c h le a r  d u c t  (CD) o r  t h e  a c o u s t i c  t u b e r c l e  (A T ). HRP 
was i n j e c t e d  i n t o  e i t h e r  s t r u c t u r e .  An a d d i t i o n a l  3 d a y s  
p e r  a g e  was a llo w e d  p r i o r  t o  s a c r i f i c i n g .  F o l lo w in g ,  
p e r f u s io n  t h e  b r a i n s  w e re  rem o v e d , em bedded in  g e l a t i n  
a lb u m in ,  an d  f r o z e n - s e c t i o n e d  in  t h e  c o r o n a l  p l a n e  a t  40 µm 
i n t e r v a l s .  E v e ry  t h i r d  s e c t i o n  was s t a i n e d  f o r  HRP w i th  
t h e  TMB M ethod (M esulam , 1 9 8 2 ) .  A l t e r n a t e  s e c t i o n s  o f  t h e  
25 an d  67 d ay  s u r v i v o r s  w e re  p l a c e d  in  10% f o r m a l in  f o r  1 
week and  th e n  s t a i n e d  f o r  d e g e n e r a t i n g  t e r m in a l s  an d  a x o n s  
(F in k  and  H eim er m eth o d  # 2 ) .

The 25 d a y  s u r v i v o r  g ro u p  d i d  n o t  d i s p l a y  an y  HRP 
r e a c t i o n  i n  t h e  p r im a ry  a u d i t o r y  n u c l e i  o r  t h e  8 th  n e rv e  
f o l lo w in g  a  CD i n j e c t i o n .  D e g e n e r a t io n  b y p r o d u c t  was 
e v id e n t  i n  t h e  8 th  n e rv e  an d  t h e  n u c le u s  m a g n o c e l lu l a r i s  
(NM) and  t h e  n u c le u s  a n g u la r i s  (N A ). Some d e g e n e r a t i o n  
b y p r o d u c t  was e v id e n t  in  t h e  n u c le u s  v e s t i b u l a r i s  l a t e r a l i s  
(N L )(M arbey and  B ro w n er, 1 9 8 4 , In  P r e s s ) .

The 5 0 , 55 an d  t h e  80 d a y s  s u r v i v o r s  w h ic h  r e c e i v e d  
a c o u s t i c  t u b e r c l e  i n j e c t i o n s  d e m o n s t r a te d  HRP f i l l i n g  in  
t h e  8 th  n e rv e  g a n g l io n  an d  i n  t h e  8 th  n e r v e  f i b e r s  
p r o j e c t i n g  t o  t h e  a c o u s t i c  t u b e r c l e .  The 67 d a y  s u r v i v o r s  
w h ich  r e c e i v e d  (CD) i n j e c t i o n s  d e m o n s t r a te d  HRP r e a c t i o n  
p r o d u c t  a ro u n d  t h e  so m a ta  and  w i t h in  t h e  c e l l s  o f  t h e  NM 
and  NA. Some HRP f i l l i n g  was e v id e n t  i n  t h e  NL.
S e q u e n t i a l  s e c t i o n s  o f  t h e  67 d a y  s u r v i v o r s  s t a i n e d  f o r  
d e g e n e r a t i o n  d e m o n s t r a te d  o n ly  a  s m a l l  am ount o f  t e r m in a l  
d e g e n e r a t i o n .

R e s u l t s  i n d i c a t e d  t h a t  t u r t l e s  s u r v i v i n g  5 0 , 5 5 , 67 and  
80 d a y s  h a d  p r e s y n a p t i c  an d  t e r m in a l  a x o n a l  f i l l i n g  o f  
HRP. T h o se  s u r v i v i n g  25 d a y s  f o l l o w in g  s u r g e r y  d i d  n o t .  
R e s t o r a t i o n  o f  t h e  8 th  n e rv e  c o n n e c t io n s  t o  t h e  p r im a ry  
a u d i t o r y  n u c l e i  was i n d i c a t e d  by t h e  p r e s e n c e  o f  HRP 
r e a c t i o n  p r o d u c t  i n  t h e s e  s t r u c t u r e s . S u p p o r te d  by  t h e  
W h it e h a l l  F o u n d a t io n  # 4 8 -2 5 9 .

298.9  THE SEPARATION OF ADULT AXONS IN NERVE ROOTS AND 
PERIPHERAL NERVES ENZYMATICALLY AND THE RESULTANT 
AXONAL BEADING.  T. Spagnolia, W. Levy, R . Rum pf.  Division of 
N eurosurgery, U niversity  of Missouri School of M edicine, 
C olum bia, Missouri 65212.

M ethods of studying axons in adu lt tissue have usually involved 
teasing  a  few  viable axons out o f an adu lt nerve p repara tion , w here 
a  sm all p e rcen tag e  of th e  p repara tion  was successfully  separa ted  
w ithou t dam age. In o rder to  study axonal injury processes we a re  
using a  techn ique in which we enzym atica lly  d issec t adult axons, 
w ith a  high p ercen tag e  of undam aged axons ach ieved . In the  
m ethod a ra t  is an e sth e tized  w ith sodium pen to tha l and an incision 
m ade from  th e  abdom en to  th e  proxim al hind limb m edially . With 
d issec tion , a  superfic ia l branch of th e  sc ia tic  nerve is exposed and 
th e  neurovascu lar pedicle of th is  nerve is d issected  out along w ith 
a  m uscle supplied by th e  neurovascular ped icle , keeping its  
function  in ta c t .  The ra t  is then  p laced  in a special sling on th e  
s tag e  o f an inverted  phase c o n tra s t m icroscope and th e  pedicle 
p laced  from  the  r a t  across an isolation and perfusion cham ber. The 
a tta c h e d  m uscle of the  pedicle is in a  second m ore d is ta l cham ber 
w here it is kep t in a  saline so lu tion . A portion of th e  neurovascular 
pedicle  which is in th e  working cham ber has had th e  nerve 
sep a ra ted  from  th e  a r te ry  an d  vein through th e  course of th e  
cham ber. The nerve  is p laced  in a  slo t in a  coverslip  p repara tion  
and can  be exam ined w ith th e  inverted  m icroscope. The 
te m p e ra tu re  is con tro lled  to  37°. A m u lti-ro ller p e r is ta lt ic  pump 
is used to  perfu se  p as t th e  nerve in th e  cham ber. The su b stra te  
medium is a  m odified Brim ijoin's so lu tion . Initially  a  ca lc ium -free  
solution is perfused  for th ir ty  m inutes, then  a  .5% collaganse 
solution for approx im ately  one hour, and a  .1% trypsin  solution for 
approx im ate ly  1 hour. It can  be observed th a t gradually  th e  
epineureum  of th e  nerve d isappears allow ing v isualiza tion  of the  
axons w ith  the  phase c o n tra s t m icroscope. Axons d issec t out from 
th e  nerve and betw een  30% and 80% of th e  nerve is d isassocia ted  
in to  axons.

The axons a re  usually w ithout ex te rn a l signs of dam age and 
axonal con tours and m yelination  indistinguishable from  axons 
v isualized in th e  p repara tion  befo re  d issection . When dam age 
occurs i t  is usually in th e  form  of axonal beading. The beading 
appears to  a rise  a t  th re e  locations: in th e  paranodal a rea , 
b e tw een , and a t  th e  S chm idt-L anterm an c le f ts . Under continuous 
observation , th e  beading can o ften  be seen to  s ta r t  a t  a  Schm idt-
L anterm an c le f t  and en large . The developm ent of th is  m ethod was 
done for use in a  study of axonal injury p rocesses w here the  axons 
d issec ted  in th e  ad u lt living nerve  prep a re  m anipula ted  in to  close 
alignm ent w ith each  o th e r a f te r  sectioning  to  study th e  influence 
of th is  on grow th  cone gu idance.

298.10  REGENERATION IN THE CEREBELLUM OF THE POSTNATAL AND ADULT 
MOUSE IN LONG TERM CULTURES.  H.F. Johnston*, H.M. 
Sobkowioz, G.L. S co tt* , and C.V. Levenlck* .  Depts. of 
Neurology, P sych iatry , and Anatomy. U n iversity  o f 
W isconsin, Madison, W isconsin, 53706.

Twenty c e re b e lla r  exp lan ts  from the  ad u lt and 15 from the 
9-  to  12-day old mice were cu ltu red  up to  12 days in  v i t r o .  
Neuronal and g l i a l  outgrowth appeared w ith in  the  f i r s t  few 
days. U ltr a s tru c tu ra l ly ,  the f i r s t  s ig n s  o f reg en era tio n — 
g l i a l  growth and r e p a ir—are  s im ila r  in  c u ltu re s  o f a l l  ages 
examined. The most s t r ik in g  event i s  the form ation o f  a 
continuous, m u ltilay e red , i n t r i c a te  g l i a l  cover a t  the  
periphery  o f the exp lan t. F i r s t ,  the g l i a l  cover sep a ra te s  
the  explant from the s u b s tr a te ;  nex t, the  g l i a l  p rocesses 
invade juxtaposed neura l t is s u e ;  f in a l ly ,  some c e l l s  climb 
toward and cover the  upper su rface , sep a ra tin g  the  t i s s u e  
from the feeding  s o lu tio n . The su rv iv a l, maintenance, and 
regrowth of neuronal elements depend c r i t i c a l l y  on the  
presence o f the g l i a l  cover; in  the  a reas  where th e  g l i a l  
enclosure is  not com plete, degeneration  p re v a ils .  At l e a s t  
th ree  types o f a s t r o g l ia l  c e l l s ;  phagocytizing  g l i a  and 
macrophages p a r t ic ip a te  in  the  form ation of the  g l i a l  cover. 
S pec ia lized  membrane ju n c tio n s  may be seen between ju x ta 
posed g l i a l  p ro cesses. Among synap tic  c o n ta c ts , the  e a s ie s t  
to  recognize are  axodendritic  synapses on the  tho rns  of 
Purk in je  d e n d rite s ; most of them a re  made by the  v a r ic o s i
t i e s  o f p a r a l le l  f ib e r s .  Some abandoned th o rn s  r e ta in  th e i r  
postsy n ap tic  d e n sity . Many neuronal p ro f i le s  form boutons 
f i l l e d  w ith synap tic  v e s ic le s  or growth cones. The l a t t e r  
show sometimes a m ixture o f growth v e s ic le s  and synap tic  
v e s ic le s .  There a re  few axosomatic synapses. The c e l l s  
having nu c le i and cytoplasm c h a r a c te r is t ic  o f neurons su r
vive w ithout apparent preference  fo r  c e l l  type . Purkin je  
c e l l s ,  Lugaro c e l l s ,  la rg e  Golgi c e l l s ,  and g ranu le  c e l l s  
have been a l l  te n ta t iv e ly  id e n t i f ie d .  Among g l i a l  c e l l s ,  
la rg e  Golgi e p i th e l i a l  c e l l s ,  a s tro c y te s  w ith  c le a r  cy to 
plasm or those d isp lay ing  filam entous con ten t a re  abun
dan t. A stro g lia  in  m ito s is  was observed. Phagocytizing 
g l i a l  c e l l s  and macrophages are  p resen t throughout the  
ex p lan t. In summary: 1) Adult c e re b e lla r  t i s s u e  can 
surv ive e x p lan ta tio n  and show s igns o f reg en era tio n  and 
regrow th. 2) The regeneration  of th e  nervous t i s s u e  
depends c r i t i c a l l y  on the  development of a g l i a l  cover th a t  
corresponds c lo se ly  to  the g l ia  lim itan s  o f the  in ta c t  
anim al. 3) The neu ra l and g l i a l  re la tio n s h ip s  during 
regrowth and reg en era tio n  a re  s im ila r  in  young and ad u lt 
t i s s u e s .  Supported by NSH Grant NS15061.
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298.11EARLY AXONAL AND DENDRITE SPROUTING IN AXOTOMIZED LAMPREY 
NEURONS.S. A. Mackler*. H.-S. Yin. M. E, Selzer, (SPON:

D. H. Silberberg). Department of Neurology, University of 
Pennsylvania, Philadelphia, PA 19104

Axotomized giant interneurons (GIs) of larval sea 
lampreys show two types of neurite outgrowth: 1) neurites 
regenerate from the proximal axon stump, 2) long axon-like 
neurites sprout from anomalous locations on the soma or 
dendrites. The second type must change direction if they 
are to project normally. We have previously observed that 
in aminals surviving more than 4 weeks post-axotomy 70-85% 
of the distal ends of both types of neurites are oriented 
rostral and contralateral to the cell body, which is the 
normal axon projection for GIs. Is this directional 
specificity due to retraction after initial random neurite 
outgrowth? To answer this we examined neurite orientation 
during the first 4 weeks using intracellular injection of 
HRP.

In the first fourteen days, while axons were dying back, 
no evidence of sprouting was observed and the distal ends of 
all axons remained in their proper projection path. Between 
two and four weeks 64% of all regenerating neurites were 
correctly oriented.

During the first four weeks 77% of neurites with 
anomalous origins were normally oriented at their distal 
ends, compared to 85% after four weeks.

At two weeks, GIs showed a transient 30% increase (p 
0.05) in the average number of primary and secondary 
dendrites per cell. However, at no stage did they show a 
profusion of randomly oriented long neurites. Therefore, 
directional specificity of regeneration is not achieved by 
selective retraction from among many randomly oriented axon
like neurites. Instead a directionally selective trophic 
influence seems to guide the growth of individual fibers.

298.12 EFFECTS OF AXOTOMY ON LAMPREY INTERNEURONS. H.-S. Yin,  
S. A. Mackler*. M. E. Selzer. Department of Neurology, 
University of Pennsylvania, Philadelphia, PA 19104

Axotomy is known to produce retrograde morphological 
changes which may reflect signals for regeneration. In 
large larval lampreys axotomy produced the following changes 
in the rostrally projecting giant interneurons (GIs): 1) up 
to a three-fold increase in diameter of the cell body, 2) 
eccentricity of the nucleus, 3) changes in dendritic 
morphology (discussed in a second abstract), 4) loss of 
cytoplasmic chromophilia and 5) a perinuclear chromophilic 
shell. Using the cell diameter as a quantitative index, the 
retrograde reaction showed centrifugal movement of about 0.5 
iron per day away from the point of axotomy with a latency of 
6 days. Lateral cells, which are caudally projecting 
interneurons showed similar morphological changes.

Intracellular recordings from GIs at two weeks post
transection showed a 2½ fold decrease in the frequency of 
spontaneous synaptic potentials compared to untransected 
controls (0.70/sec vs. 1.71/sec). Thereafter, the frequency 
increased, so that after four weeks it was 2½ fold greater 
(4.59/sec) than in controls. The amplitudes of spontaneous 
EPSPs showed a reversible increase, reaching a maximum of 3- 
fold at 4 weeks (1.53 mV ±  .33 SE vs. 0.52 mV ±  0.08 for 
controls). Resting membrane potentials (RMP) were unchanged 
during the first 4 weeks, but thereafter decreased from 60.9 
mV ±  1.9 SE to 41.1 mV ±  1.6.

The changes in morphology and RMP in GIs were similar to 
those previously described for another cell type, the 
primary sensory dorsal cells, except that cell diameters 
decreased in the latter. In both cases, the maximum 
morphological changes occurred at approximately the time of 
earliest axonal regeneration across the transection site.

Supported by NIH grants NS14837, GM07170, and RR05415.

298.13 anatomical and functional studies of axonal regeneration  
FROM NEURONS IN THE SOMATOSENSORY CORTEX OF THE ADULT RAT 
BRAIN. M. Vidal-Sanz*, M. Rasminsky and A.J. Aguayo.
Neurosciences Unit, Montreal General Hospital and 
Department of Neurology and Neurosurgery, McGill 
University, Montreal, Canada.

Axons from neurons in several different regions of the 
adult rat central nervous system have been shown to 
elongate extensively through peripheral nerve grafts 
inserted into the brain (Nature 296:150,1982). Brainstem 
neurons regenerating axons into peripheral nerve grafts 
remain functionally active and can be excited and 
inhibited by afferent stimulation (Soc. Neurosci. Abstr. 
9:698,1983). Here we examine axonal regrowth from 
nerve cells in the somatosensory cortex of these animals.

In adult Sprague-Dawley rats weighing approximately 250 
gm, a 3.5 cm long segment of autologous sciatic nerve was 
removed and inserted into the ipsilateral cerebral cortex 
(0–2 mm caudal and 4–6 mm lateral to bregma), in close 
proximity to the region of the cortical "barrel" fields 
that normally receive inputs from mystacial and non 
mystacial vibrissae in the face and mouth. The other end 
of these nerve grafts was sutured and left blind-ended 
between the scalp and subcutaneous tissues.

From 2 to 6 months after grafting, the extracranial 
portion of the graft was exposed and transected close to 
its distal tip. Horseradish peroxidase was applied to the 
cut end to label retrogradely the soma of the neurons 
whose axons had grown into the graft. The location of 
these neurons was determined in whole mounts of these 
cortices and also in cross sections of the brain.
Labelled neurons were found in different layers about the 
"barrels". In all animals these cells were in close 
proximity to the intracerebral tip of the graft.

We recorded unitary activity from single regenerated 
axons teased from the grafts, in some cases observing 
centrifugal spontaneous activity. Stimulation of the 
muzzle contralateral to the graft gave rise to both 
excitatory and inhibitory responses.

These results indicate that as is the case in the 
brainstem, some somatosensory cortex neurons that 
regenerate axons into peripheral nerve grafts remain 
responsive to afferent stimulation.

298.14 AGE OF NEURAL IM PLA N T  AND IND U CTIO N OF L IM B  
R E G E N E R A T IO N .  B. F. S i s k e n  I. F o w l e r * . a n d 
Barr*.  Wenner Gren Research Laboratory and Dept. 
Anatomy, Univ. of Kentucky, Lexington, KY 40506.

H e are studying the effects of neural tissue 
i m p l a n t s  on a m p u t a t e d  4 day chick e m b r y o  limbs. 
In this study, W e describe the response obtained 
wh e n  the age of the i m p l a n t  wa s  varied, and the 
m o r p h o l o g i c a l  a p p e a r a n c e  of the y o u n g e s t  donor 
tissue after induction of nev; li m b  s e g m e n t s  had 
occurred. Fight w ing buds we re a m p u t a t e d  at the 
future e l b o w  joint. E x p e r i m e n t a l  e m b r y o s  had a 
s e g m e n t  of 2 day neural tube or 3,4,6 or 8 day 
spinal cord i m p l a n t e d  l o n g i t u d i n a l l y  into the 
limb stump. Control embryos were implanted with 
7 da y  h e a r t  t i s s u e  or w e r e  no t  i m p l a n t e d .  
P r e v i o u s  s t u d i e s  ( F o w l e r  a n d  S i s k e n ,  1982) 
demonstrated that 29.33 of the embryos implanted 
w i t h  2 day neural tube r e g e n e r a t e d  m i d d l e  and 
distal segments (Tyne III response), while 27.73 
s h o w e d  no  r e s p o n s e  ( T y p e  I), a n d  4 3 %  an 
i n t e r m e d i a t e  r e sponse (Type IT). Our pre s e n t  
studies indicate that donor i m p l a n t s  o b t a i n e d  
f r o m  3 , 4 or 6 day e m b r y o s  p r o d u c e d  s i m i l a r  but 
sl i g h t l y  lower p e r c e n t a g e s  (22– 2 6 % ) of Type III 
regenerates; no regeneration occurred with 8 day 
neural implants, or in any c ontrol group. W e 
have c o n c l u d e d  that y o unger donor neural tissue 
has a g r e ater chance of survival, resu l t i n g  in 
g r e a t e r  i n d u c t i o n  of n e w l i m b  g r o w t h .  To 
d e t e r m i n e  the d e g r e e  of d e v e l o p m e n t  of the 
imp l a n t  in s i t u , we  have s tarted i n v e s t i g a t i n g  
the tissue at the FM level. Two-day neural tube 
implanted into the l imb was examined 9 days after 
insertion in Type III embryos, and compared with 
that in Type I embryos. D i f f e r e n t i a t i o n  of 
c l o s e l y - p a c k e d  n e u r o n a l  cells and p r o c e s s e s  in 
the implant were significantly developed in Type 
III limbs, while the neurons in implants of Type 
I l i m b s  w e r e  i m m a t u r e  an d  c o n t a i n e d  m a n y  
p r o c e s s e s  sep a r a t e d  by large spaces. These 
results indicate that d i f f e r e n t i a t i o n  of the 
implanted tissue also plays a role in determining 
the success of limb induction. (FIR NS 1 9 7 998–
02) .
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298.15 REGENERATION OF AXONS IN PARENT AND TRIBUTARY NERVES.
Chung-Bii Jenq and Richard E. Coggeshall. Marine Biomedical 
Inst, and Dept. of Anat. and Physiol, and Biophys., Univ. of 
Tex. Med. Branch, Galveston, TX 77550.

Previously we showed that when nerves regenerate, axonal 
numbers in tributary nerves are dependent on the type of le
sion that interrupts the parent nerve. Here we show 1) that 
axonal numbers in the distal stump of the parent are also de
pendent on the type of transecting lesion and 2) that the ra
tio of axons that regenerate in the distal stump as compared 
to the numbers in the tributaries that arise from that stump 
is the same in some situations and different in others.

The rat sciatic nerve is the parent and the nerve to the 
medial gastrocnemius muscle (NMG) and sural nerve (SN) are 
the tributaries. Sciatic nerves are 1) crushed (C), 2) tran
sected (0), 3) transected and 4mm of nerve removed (4) and 4) 
transected and 8mm of nerve removed (8). The mean axon 
counts from nerves on the unoperated (Un) and operated (Op) 
sides 8 weeks after the lesion are shown below.

Sciatic Distal Stump S.N. N.M.G.
MY UN MY UN MY UN

Op Un Op Un Op Un Op Un Op Un Op Un
C 10052 7998 12730 16539 1312 947 2696 3183 394 298 778 458
0 13276 8107 9752 15322 1667 1062 2035 3557 513 335 752 475
4 13586 8396 10447 14899 1396 1008 1917 3385 450 312 530 425
8 7046 7905 7638 15573 491 973 906 3456 236 317 463 403

Thus the numbers of axons that regenerate are different in 
the distal stump of the sciatic nerve when the transecting 
lesion is different. Second, the myelinated axons in the NMG 
and the myelinated and unmyelinated axons in the SN regene
rate in concert with the axons in the distal stump of the 
sciatic for the crush, 0mm and 4mm transections. By contrast 
proportionately fewer axons regenerate in the tributary 
nerves in the 8mm transection. This seems to imply that 
there is a certain gap length beyond which the organism does 
not regulate axon numbers in regenerating tributary nerves.
By contrast, there are proportionately more unmyelinated 
axons in the NMG than in the distal stump in all paradigms.
We do not yet know the meaning of this finding but it implies 
that separate axonal populations regenerate differently in 
our paradigms. Supported by NIH grants NS10161, NS17039, 
NS07377 and NS11255.

298.16 REGENERATION OF SCIATIC NERVE WITH AND WITHOUT AN AUTOGRAFT.
L. Wilson*, Chung-Bii Jenq and R.E. Coggeshall. (SPON: H.J. 
Nauta). Marine Biomed. Inst, and Dept. of Anat. and Physiol, 
and Biophys., Univ. of Tex. Med. Branch, Galveston, TX 77550.

Here, we report the effects of a sciatic nerve autograft 
upon the numbers of axons that regenerate through the gap 
when an 8mm length of sciatic nerve is removed.

Under nembutal anesthesia, an 8mm length of sciatic nerve 
segment was removed from an adult rat. The stumps were then 
sliced in a silicon tube and each secured by a single 
stitch. In the grafted group, the removed sciatic segment 
was placed between the stumps. Eight weeks later, the 
axons were counted in the middle of the tube and in the 
distal stump. The table below shows means and standard 
deviations of these counts.

In The Tube Dist. Stump

No-Gr. Graft No-Gr. Graft

Myel. 4642 8285 7046 9238
±1226 ±1732 ±2262 ±2287

Unmy. 10446 10783 7638 13163
±1853 ±2355 ±3271 ±4509

Note that the number of myelinated axons in the tube in 
the grafted group is greater than that in the non-grafted 
group (p < 0.02). Also note that when no graft is done, 
myelinated axon numbers in the distal stump are greater 
than in the tube (p < 0.02, paired t-test). For the unmye
linated axons, there is no statistically significant dif
ference in the tube. In the distal stump, however, there 
are relatively fewer unmyelinated axons if there is no 
graft and relatively more if the graft is done. We thus 
conclude that the sciatic autograft in the tube results in 
more myelinated axons crossing the gap, and reduces the 
branching of regenerating axons as they enter the distal 
stump. Behavioral tests will be necessary to see if these 
changes are beneficial.

Supported by NIH grants NS10161, NS17039, NS07377 and 
NS11255.

298.17 A LONGITUDINAL ANALYSIS OF THE EFFECTS OF IONIZING RADIATION 
ON THE HIPPOCAMPAL FORMATION OF THE RAT. Robert B. Wallace. 
Philip Jasin*, John Gustafson*. Lab. of Developmental Psy
chobiology, University of Hartford, West Hartford, CT 06117.

A number of earlier investigations had indicated that 
focal neonatal X-irradiation of the rat hippocampus was cap
able of reducing the numbers of postnatally proliferating 
granule cells of the dentate gyrus (Altman and Das, J . Comp. 
Neurol., 124: 319, 1965; Wallace, Kaplan and Werboff, Exp 
Brain Res., 24:1, 1976). In all of these studies, however, 
relatively short survival times were employed. A study re
ported in the literature in 1970 dealing with focal X
irradiation of the cerebellum and involving survival times 
of up to two years indicated that behavioral abnormalities 
apparent in pre-weaning observations tended to disappear in 
middle age and in parallel with this change was a partial 
replacement of the number of granule cells in the IGL 
(Wallace, Daniels, and Altman, Develop. Psychobiol., 5 (1): 
33, 1970). In an effort to determine if a similar potential 
might exist in the hippocampus, the following experiment was 
carried out. 62 Long-Evans hooded rats (Rattus nurvegicus) 
from our animal colony were used. A 250 kV Kelekett deep 
therapy unit was used as the source of X-irradiation. A 
target-to-animal treatment distance of 39 cm was employed 
with a dose rate of 50 rad/min. and a field size of 13.5 x 
7 cm. A 2 mm copper sheet was used for filtration. Pups 
were wrapped in plastic tubes and placed in a lead-shielded 
lucite block with a slit that allowed only the hippocampal 
portion of the head to be irradiated. Irradiation treat
ments began on postnatal day 2. On the 2nd and 3rd days 
after birth, animals received 200 rad. Thereafter, irradia
tion received was 150 rad on alternating days (5th through 
15th day postnatally). Nonirradiated control animals were 
used to provide base line data. 3 experimental and 3 control 
animals were sacrificed at 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22 and 24 months. The number of granule cells in the 
dentate gyrus in matched sections was counted at 400x magni
fication. Results indicated that in the control animals, 
numbers of granule cells remained fairly constant over all 
ages sampled. In the experimental animals, there was an 
initial degranulation of about 50% against the control base
line. In the 1 to 2 year old groups, some recovery was noted 
in terms of numbers of cells but not to control levels. A 
decrease was observed in the 2 year + groups. Some transient 
reconstitutive capacity of the proliferative matrix is sug
gested by these data and a parallel is noted to the results 
earlier observed in the degranulated cerebellum.

298.18 CULTURED PNS CELLS SUPPORT PERIPHERAL NERVE REGENERATION 
THROUGH TUBES IN THE ABSENCE OF DISTAL NERVE STUMP.
H.D. Shine, P.G. Harcourt* and R.L. Sidman, Departments o f 
Neuropathology, Harvard Medical School and Neuroscience, 
Children's H osp ita l, Boston, MA. 02115.

Mouse axons w i l l  grow through a ≤  10mm gap formed when 
a periphera l nerve is  severed and the cut ends placed in 
opposite ends o f a tubular p rosthesis. The presence o f 
the d is ta l nerve stump w ith in  about 10mm o f the proximal 
stump is  essen tia l fo r  axon regrowth (W illiam s, e t  a l., 
B rain  Res. 293:201 '84 ). We examined the e f f e c t  o f  
cu ltu red  d o rs a l ro o t  ga n g lio n  c e l l s  (DRG; f ib r o b la s t s ,  
Schwann c e l l s ,  and sensory neurons) in  p e r m it t in g  or 
stim u la ting periphera l axonal regeneration  through tubes. 
D issociated DRG c e l ls  from mouse embryos were grown in  a 
c o lla g e n  m a trix  (V it ro g e n , F low  Labs) and p la ced  in  a 
polyethylene tube 7mm long, 1mm i.d . S c ia t ic  nerves o f 
adult mice were cut, the proximal stump was in serted  in to  
one end o f  the tube, and e i th e r  the d i s t a l  stump or a 
g lass plug was in serted  in to  the other end so that a 5mm 
chamber sep ara ted  p rox im a l stump from  d is t a l  stump or 
p lug. Tubes in  c o n tr o l  m ice w ere s a l i n e - f i l l e d  o r 
contained co llagen  matrix without c e l ls .  A fte r  4 wks the 
im p lan ts  w ere f ix e d  and c ro s s -s e c t io n e d  fo r  l i g h t  
microscopy a t points 1.5mm from each end. Only myelinated 
axons have been scored  to  d a te , but the specim ens w i l l  
a l l o w  EM e x a m in a t io n  to  d e l in e a t e  th e  g ro w th  o f  
u nm yelinated  axons. When the d is t a l  stumps w ere 
attached, myelinated axons were present 1.5mm from the 
d is t a l  ends in  c o n tr o l and ex p e r im en ta l a n im a ls ; t h is  
suggests that e ith e r  the cultured c e l ls  had no in flu ence 
on re g e n e ra t io n  o r the d i s t a l  stump masked the c e l l s '  
e f f e c t .  However, when the d i s t a l  end o f  th e tube 
con ta in ed  a g la s s  p lu g , axons regen e ra ted  and became 
myelinated to  the d is ta l end only when cu ltured c e l ls  had 
been added. C on tro l tubes co n ta in in g  c o l la g e n  m a tr ix  
w ithout c e l ls  supported form ation o f some m yelinated axons 
in  the proximal end on ly , and axons did not regrow a t a l l  
in to  s a l in e - f i l l e d  tubes. DRG neurons were not observed in 
any o f the implants; they appear to  have died and did not 
contribu te the axons observed w ith in  the tubes. These 
resu lts  in d ica te  that cultured PNS c e l ls  w i l l  mimic at 
le a s t  some o f the e f fe c t s  o f the d is ta l  stump on axonal 
re g e n e ra t io n  and o f f e r  a means f o r  id e n t i f y in g  t h e i r  
c e l lu la r  source and nature. Supported by Dysautonomia and 
King Foundations and NIH grants HD18655 and NS20821.
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298.19 EPENDYMA-MESENCHYME INTERACTION DURING SPINAL CORD 
REGENERATION. S.B. Simpson. Jr. and K. Pollack*. Dept. 
of Biochemistry, Molecular and Cell Biology, and the 
Neuroscience Program, Northwestern Univ., Evanston, IL 
60201.

During tail regeneration in the lizard Anolis, ependyma 
cells regenerate as a continuous epithelial tube and guide 
hundreds of regenerating central nerve fibers. If, how
ever, the lizard cord is injured at mid-back levels, no 
regenerative response occurs. Histologically, the end 
result is identical to that exhibited by the injured 
mammalian cord.

We report here results suggesting that the failure of 
cord regeneration at mid-back levels is due to the absence 
of an appropriate mesenchymal (connective tissue) wound 
environment. Ablation of the normally regenerating cord 
in the tail, followed by tight suturing of the incision 
(preventing overt blastema formation), results in the 
failure of cord regeneration. Segments of normally re
generating tail cord, autografted to an ablation zone in 
the mid-back region, likewise fail to regenerate in their 
sparse connective tissue wound environment. Segments of 
normally nonregenerating cord from mid-back regions auto
grafted to the tail, under conditions that allow blastema 
formation, exhibit a regenerative response comparable to 
that of normal tail cord. These results are consistent 
with the ependyma-mesenchyme hypothesis of spinal cord 
regeneration previously articulated (Simpson, S.B., Jr. 
1983 IN: Spinal Cord Reconstruction. C. Kao, R. Bunge 
and P. Reier,— eds., PP. 151–162, Raven Press).

Attempts to create a connective tissue wound environ
ment that will support cord regeneration at mid-back 
levels are currently underway. (Supported by NIH grant 
NS20970)

298.20 MODIFICATION ENHANCES NERVE REGENERATION WITHIN A 
 SILICONE CHAMBER.L.R. Williams and S. Varon.Dept. of 

Biology, Sch. of Med., Univ. Calif. San Diego, La Jolla, CA 
92093.

We have previously defined the spatial-temporal progress 
of rat sciatic nerve regeneration across a 10 mm gap within 
an 11 µl silicone chamber (J. Comp. Neurol. 218:460) and 
have delineated stages of the sequence crucial to regenera
tion success: 1) fluid accumulation; 2) formation of a con
tinuous, coaxial fibrin matrix; 3) replacement of the matrix 
by an appropriate cellular environment; and 4) axonal elong
ation and myelination. We now find that fluid accumulation 
and matrix formation can be modified by increasing chamber 
volume and prefilling the chamber with saline at the time of 
implantation. Such modifications enhanced regeneration and 
resulted in the formation of a 3-fold larger diameter nerve 
that contained 3-fold more endoneurial area and 3-fold more 
axons. Chambers with a 25 µl and 75 µl volume were implanted 
empty (E) or prefilled with saline (PF) and the spatial
temporal progress of their regeneration was compared to that 
in control Ell and PFll chambers. The E25 and E75 chambers 
took longer to fill with fluid than Ell chambers and fluid 
accumulation was greater from the proximal stump. By 1 wk, 
a coaxial continuous fibrin matrix had formed that had a 
prominent proximal-distal taper. The taper was more pro
nounced in E25 and E75 chambers due to significantly larger 
matrix diameters in the proximal chambers. These observa
tions indicated that the proximal stump was a preferential 
source of chamber fluid and matrix precursors. At 3 wks, 
Schwann cell migration and axonal regeneration were retarded 
in the larger chambers compared to Ell chambers. The re
tardation correlated with the presence of a small diameter, 
avascular organization of squamous circumferential cells. 
Prefilling chambers with saline permitted immediate diffusion 
of nerve stump exudate throughout and resulted in the forma
tion of a.larger diameter non-tapering 1 wk matrix containing 
smaller caliber and more dispersed fibrin fibers. At 3 wks, 
regeneration in the PFll chamber was not different from Ell 
chambers but was enhanced in the PF25 system: 3-fold more
axons had regenerated across the chamber. Replacement of 
matrix by migrating cells was retarded in PF75 chambers.
Thus modification of the early intrachamber events has large 
impact on subsequent cell and axonal behavior.
(Supported by NSF Grant No. BNS-81-8847)

298.21 Vascular Patterns in Intact Rat Brain and in frains Which Contain 
Inplants of Fetal Tissqe; Studies Using Microangiography and Ink 
Injection. L.A. Paul, R. Gibbs, L. Braun, W.H. Oldendorf, C.  
Cotuman. Dept. of Psychobiology, UC Irvine, Irvine, CA 92717 and 
Brentwood VA Hosp., Los Angeles, CA 90073

Knowledge of patterns of microcirculation in the brain is 
relevant for understanding neovascularization following ONS injury as 
well as neuron-vascular interactions during development and their 
functional relationships. To this end, we studied vascular patterns 
in intact rat brains and in those of animals at several time points 
following implantation of fetal CNS tissue item doners aged E 16–18 
days. Using stereotaxic methods, implants of approximately 4mm3 were 
introduced into the brains of male anesthetized rats which had 
previously received a knife cut transecting entorhinal cortex. A 
second group was composed of rats which received the knife cut only. 
At various times (1 day, 1 week, 1 month, 2 months) following 
inplantation, animals were perfused with fixative and their brains 
injected with either a radiopaque material (Micropaque) or India ink 
with gelatin dissolved in it. Unoperated rats of similar size 
comprised a third group.

Material injected with Micropaque was cut in 1000 micron 
sections and exposed to a beam of 40 KeV for 200 seconds in a 
table-top X-ray unit (Faxitron). The India ink brains were cut at 50 
microns on a freezing microtome and counterstained. The tissue was 
than subjected to qualitative and quantitative analysis. The X-ray 
material, an thick sections, provided information about the pattern 
of larger (>10 microns) vessels, while the India ink allowed us to 
visualize capillaries as well.

Preliminary impressions of longer-term inplanted trains indicate 
that, in many cases, the capillary/neuron ratio is poorer than in 
intact cortical regions. It is possible that this ratio relates 
simply to neuronal density. In addition, the vessels within and 
immediately approaching the implant appear thicker, of more uniform 
diameter, and less tortuous, than in adjacent or homologous cortical 
regions. The pial penetrating vessels, so notable in neo cortex, are 
disrupted near the implant. Gross microcirculatory patterns, as 
revealed in X-Ray photographs, appear remarkably undisturbed.

Several questions remain to be answered: 1) does the capillary 
pattern in the implant conform mere to that of the host, or to that 
of the embryonic donor?; 2) from what major trunks do the vessels 
reaching the implant arise; 3) what are the respective roles of donor 
and host in angiogenesis in this model of CNS repair following 
injury?

298.22 PRODUCTION OF A SPECIFIC ANTISERUM THAT BINDS TO 
DEGENERATING FIBER TRACTS IN THE RAT CNS.C .  Brian McGuire* ,  
G. Jackson Snipes*, Jeanette J . Norden, and John A. Freeman.
Dept. of Anatomy, Vanderbilt Medical School, Nashville, TN 
37232.

Injury to nerve fibers in the central nervous system 
stimulates a number of reactive events by glia and other 
cellular elements. At the molecular level, one of the major 
cellular responses is the secretion of a soluble 37kd 
protein following nerve injury (Skene & Shooter, PNAS, 
1983). We have purified this protein by preparative 2D gel 
electrophoresis, and have raised a highly specific rabbit 
antiserun to it, as verified by Western blot analysis. The 
37kd antigen was then immunocytochem ically localized in 
frozen sections of rat brains, following different CNS 
lesions.
Anesthetized adult rats received unilateral lesions of 

either the optic nerve or primary motor cortex. After one to 
three weeks, the rats were reanesthetized, the brains 
removed and cut into transverse lOum sections in a cryostat. 
The sections were fixed in 2:1 chloroform/methanol and 
placed in hydrogen peroxidase/methanol for 30 min (4°C) to 
block endogenous peroxidase activity. Following rehydration 
and paraformaldehyde fixation, the 37kd antigen was 
localized using a standard PAP technique, at a 1:500 primary 
antiserun dilution.

In rats with optic nerve lesions, the antiserum bound 
specifically to the contralateral optic tract, and to a much 
lesser degree to the ipsilateral optic tract. Binding was 
also found in retinal fiber layers in the contralateral LGN 
and superior colliculus. In rats receiving lesions of motor 
cortex, binding was found in the ipsilateral corticospinal 
tract through the entire brainstem. No preferential binding 
to degenerating fiber tracts was observed in control 
experiments in which brain sections were incubated with 
non-immune serum and antiserum pretreated with the 37kd 
protein. Thus binding occurs specifically in both sensory 
and motor CNS pathways undergoing early degenerative changes 
following axonal injury. Although the function of the 37kd 
protein has yet to be determined, these results suggest that 
induction and secretion of this protein by neuroglial cells 
associated with damaged axons is an early and general 
response to injury, and might play a role in the subsequent 
degenerative or regenerative metabolic response of neurons.

Supported by NIH Grants NS18103 & EY01117 to JAF and  
EY03718 to JJN.
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298 23 TO WHAT EXTENT IS NORMAL AUTONOMIC FUNCTION RESTORED 
FOLLOWING REGENERATION OF LESIONED PREGANGLIONIC SYMPATHETIC 
FIBERS? STUDIES ON THE PINEAL GLAND. J.R. Lingappa and 
R. E. Zigmond. Dept. of Pharmacology, Harvard Medical 
School, Boston, MA 02115

It is known that peripheral sympathetic nerves regenerate 
following a lesion, but it is not known if normal end-organ 
function returns. We have examined this question by look
ing at the recovery of function of the rat pineal gland 
after bilaterally lesioning the cervical sympathetic trunks 
(CST). The pineal gland is innervated by neurons in the 
superior cervical ganglia (SCG) that are in turn innervated 
by preganglionic fibers of the CST. Following bilateral 
crushing of the CST or sham operations, the activity of the 
pineal enzyme serotonin N-acetyltransferase (NAT) was 
measured. The activity of this enzyme normally exhibits a 
circadian rhythm, which is under sympathetic neural control, 
with peak activity occurring at night. Thirty-six hours 
after both CST were crushed, peak night NAT activity was 
decreased to 1% of the value in sham-operated controls. One 
hundred days after the lesion, enzyme activity had recovered 
to only 13% of control values. A time course experiment 
indicated that the recovery of NAT activity had reached a 
plateau by this time. Choline acetyltransferase (ChAT) 
activity within the SCG was negligible three days after the 
lesion and recovered to 50% of the sham-operated value by 
100 days. Sectioning the regenerated CST abolished pineal 
NAT and ganglionic ChAT activities, indicating that the 
recovery of these enzyme activities depends on regenerated 
CST fibers. We compared the ability of normal and 
regenerated CST fibers to increase pineal NAT activity when 
electrically stimulated. When both CST were stimulated at 
10 Hz for 3 hrs, enzyme activity was increased to the same 
extent in both groups, reaching near peak night levels. 
Thus, although regenerated CST fibers fail to raise pineal 
NAT activity during the rat's nighttime, they are in fact 
capable of raising NAT activity if electrically stimulated. 
These data raise the possibility that the regenerated fibers 
are adequate in number and efficacy to elevate pineal NAT 
activity. A reason for their failure to restore pineal 
function could be that following regeneration many of the 
postganglionic fibers that innervate the pineal gland are 
being driven with a pattern of electrical activity that is 
not appropriate for producing a normal rhythm in NAT 
activity. Further study is needed to determine if this is 
the case. Supported by USPHS grants NS 17512 and MH 00162.

298 24 FUNCTIONAL RESTORATION OF CIRCADIAN RHYTHMS FOLLOWING 
SUPRACHIASMATIG NUCLEUS TRANSPLANTS IN THE RAT*  Raúl 
Aguilar*, René Drucker Colín, Federico Fernandez Cancino*, 
Fernando García,* and Federico Bermudez Rattoni.  Centro de 
Investigaciones en Fisiología Celular, UNAM, México.

In recent years the procedure of grafting fetal brain 
tissue into adult rats has provided means of correcting the 
behavioral deficits produced by either brain lesions or 
congenital abnormalities. Moreover morphologically several 
authors have shown that the grafted tissue becomes 
differentiated and integrated into the host brain. The 
purpose of this study is to demonstrate that the loss of the 
circadian rhythm of drinking due to suprachiasmatic lesions 
can be restored by grafting the homologous fetal area into 
the adult rat.

Wistar male rats were placed in cages specially designed 
for measuring drinking behavior. Every time a rat touched 
the water dispenser, this generated a pulse. This pulse was 
picked on line by a PDP 11–34 computer. Each rat's drinking 
behavior was thus recorded for 48 hours. Following the 
recording of the normal rhythm, the suprachiasmatic nucleus 
of all rats was electrolytically lesioned. Upon recovery, 
their drinking rhythm was again recorded for 5 weeks. On the 
following day 10 rats were grafted with the suprachiasmatic 
nucleus of 17 day old fetal rats. The effect of the graft 
was followed for 2 months. At the end of the experiments 
histological analysis of all rats was carried out. The 
results of these experiments showed that loss of the 
circadian periodicity of drinking by suprachiasmatic lesions, 
was restored by grafting fetal suprachiasmatic tissue. The 
effect is illustrated below.

Histological analysis will be presented showing the 
reinnervation of this area. The results of these studies 
show that transplanted neurons can correct functional and 
morphological CNS deficiencies. *Supported by a Grant from 
the "Fundación Ricardo Zevada".

298 25 ALLEVIATION OF ESTROGEN-INDUCED HYPERPROLACTINEMIA BY HYPO
THALAMIC TISSUE TRANSPLANTS CONTAINING DOPAMINERGIC NEURONS.
G.W. Arendash and P.C.K Leung.  Lab. of Neuroendocrinology 
and Exp. Neurology, Dept. of Biology, Univ. of South Florida, 
Tampa, FL 33620 and Dept. of Ob/Gyn., Univ. of British 
Columbia School of Medicine, Vancouver, BC, Canada V6H 3V5.

Prolactin-secreting pituitary tumors can be induced in 
young rats through prolonged estrogen administration. Recent 
evidence (Science 218:684, 1982) suggests that such tumors 
are associated with a degeneration of tuberoinfundibular 
dopaminergic (TI-DA) neurons, which normally inhibit prolac
tin secretion by the ant. pituitary's lactotrophs. In this 
study, chronic hyperprolactinemia was induced in young, 
ovariectomized Fischer 344 rats through silastic capsule 
implants of 17-B estradiol, placed subcutaneously for one 
month prior to removal. Rats with such estrogen-induced 
hyperprolactinemia then received transplants of neonatal 
hypothalamic tissue (containing TI-DA neurons) or amygdala 
(control) tissue, placed either bilaterally within the hypo
thalamus, or within the third ventricle. Blood samples were 
obtained one month after transplantation via external 
jugular tap and prolactin concentrations measured by radio- 
immunoassay. Of the four animals receiving third ventricular 
implants of hypothalamic tissue, two showed dramatic reduc
tions in blood prolactin levels, to 4% and 23% of mean 
values for control animals. Also, four of the seven animals 
receiving bilateral implants of hypothalamic tissue showed 
33-59% reductions in their prolactin levels compared to 
mean values for control animals. Thus, approximately half 
of all hyperprolactinemic females receiving hypothalamic 
tissue transplants experienced an alleviation or elimination 
of estrogen-induced hyperprolactinemia.

Follow-up catecholamine (CA) histochemistry indicated a 
bright fluorescence in the median eminence of animals bear
ing effective hypothalamic transplants; this, in comparison 
to a weak CA fluorescence within the median eminence of ani
mals remaining hyperprolactinemic with ineffective grafts.

These data suggest that TI-DA neurons, within hypothal
amic grafts effective in reducing blood prolactin levels, 
innervated the host median eminence and became functional. 
Thus, an alleviation/elimination of estrogen-induced hyper
prolactinemia appears possible through a reconstitution of 
normal dopaminergic inhibition of prolactin secretion by 
means of transplanting TI-DA neurons.

Supported by NIH grant HD 17933 and a grant from the 
Medical Research Council of Canada.
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299.1   CHARACTERIZATION OF THE 37KD PROTEIN ASSOCIATED WITH NERVE 
DEVELOPMENT AND INJURY.  G. Jackson Snipes* and John A. 
Freeman. (SPON: A.M. BurTT  Dept. of Anatomy, Vanderbilt
University School of Medicine, Nashville, TN 37232.

Soluble extracellular proteins comprise a significant 
portion of the environment surrounding neurons and glia, and 
may play an important role in neural development and 
regeneration. Rat glial cells selectively release an acidic 
37kd protein during development (Snipes, et al, PNAS, 1984) 
and following nerve injury (Skene & Shooter, PNAS, 1983). To 
characterize this protein we have produced a highly specific 
rabbit antiserum against the 37kd protein isolated from 
injured adult rat sciatic nerves. Wesetm blot analysis, 
immunoprecipitation and two-dimensional gel electrophoresis 
(2D-PAGE) analysis have indent ified four distinct forms of 
the 37kd protein which can be independently isolated. 
Injured adult rat optic nerves, injured adult sciatic nerves 
and neonatal sciatic nerves all secrete distinct, 
immunologically related 37kd proteins. A fourth form is 
found as a normal component of rat serum.

The relationship between these different forms was 
clarified by biochemical analysis of the 37kd protein in the 
sciatic nerve. Soluble extracellular proteins isolated from 
excised rat sciatic nerves are distributed into 
intravascular and extravascular compartments. Plasma  
proteins are representiative of those found in the  
intravascular compartment. To examine the extravascular 
compartment, rats that had previously received a unilateral 
sciatic nerve crush were perfused with Dulbecco's phosphate 
buffered saline (D-PBS) to eliminate intravascular proteins. 
Then, both the normal and injured sciatic nerves were 
removed, cut into 5mm segments, and shaken with D-PBS to 
wash out the soluble extracellular proteins, which were then 
compared to those found in normal plasma using' 2D-PAGE. The 
plasma 37kd protein is excluded from the extravascular space 
around normal sciatic nerves, whereas the 37kd protein 
obtained from injured nerves accumulates in the 
extracellular, extravascular space surrounding the nerves. 
We conclude that there are multiple forms of the 37kd 
protein, and that the neurally derived form is related to an 
as yet unidentified form normally present in rat serum. The 
different forms of the 37kd protein are compartmentalized in 
such a way as to allow both a systemic and a local action of 
the protein, which may be associated with nerve growth and 
development. Supported by NIH grants EY01117 and NS18103 to 
JAF.

299 2  Peptide homology between the Intermediate filament proteins of neuronal 
and nonneuronal origin from goldfish optic nerve. N. Schechter and 
W. Quitschke. Department of Psychiatry and Behavioral Sciences, SUNY at 
Stony Brook, New York 11794.

Vigorous regeneration of the goldfish optic nerve is observed after 
crush. An analysis of optic nerve proteins Indicates that the 
predominant proteins in the goldfish optic nerve have a molecular weight 
of 58K, These proteins can be separated by two-dimensional gel 
electrophoresis and are observed as a series of isoelectric variants. 
They have been designated as ON proteins (Quitschke and Schechter, J.  
Neurochem., 41 (1137–1142) 1983). Previous studies have shown that ON 1 
and ON2 are neurofllament proteins whereas ON3 and ON4 are Intermediate 
filament (IF) proteins of nonneuronal origin (Qultschke and Schechter, J. 
of Neurochem., 42 (569–576) 1984). Since different cells within the same 
nerve tissue express an apparently homologous series of iF proteins, a 
structural analysis of these proteins with respect to their peptide  
fragments was performed35

Both unlabeled and S-methionine labeled proteins were used in these 
studies. The proteins were separated in the first dimension by  
Isoelectric focusing and hydrolysed directly within the gels. Reagents 
employed for proteolysis. i n separate experiments were V8 (S. aureus  
protease), chymotrypsin, and cyanogen bromide. The resulting peptide 
fragments were separated in the second dimension (SDS) and visualized by 
either Coomassie blue staining, silver staining or autoradiography.

Preliminary results Indicate that there are common peptide fragments 
between all of the ON proteins. in addition, fragments are observed 
which seem to be unique to the 58K neurofilament proteins and to the 58K 
Intermediate filament proteins. These results suggest that the 
similarities between these proteins may be related to a common structural 
function. The differences may be related to cellular specialization and 
function which reflects the regenerative capacity of the goldfish optic 
nerve. (This research was supported by grant EY05212 from the NIH).

299.3  Intermediate filament proteins: differential expression between the optic  
nerve and spinal cord in mammals and lower vertebrates. W. Qultschke and  
N. Schechter,  Dept. of Psychiatry and Behavioral Science, SUNY at Stony 
Brook, New York 11794

The Intermediate filament (IF) protein composition of the goldfish 
visual system is dissimilar to analogous tissues in mammais. The 
predominant intermediate filament proteins of the goldfish optic nerve have 
molecular weights of 58K. These proteins can be separated into a series of 
isoelectric variants which have been designated as ON1 - ON4. (Qultschke 
and Schechter, Journal of Neurochem. 42 (1984) 569–576). ON1 and ON2 are 
neurofilament proteins whereas ON3 and ON4 are nonneuronai intermediate 
filament proteins. The concentration of ON1 and ON2 varies with the 
degeneration and regeneration of the goldfish optic nerve whereas ON3 and 
ON4 are largely unchanged. in addition, subcomponents of ON1 and ON2 are 
specific to the retinotectal pathway. Because of this speciticity, a study 
was undertaken to determine the expression of Intermediate filament 
proteins in optic nerve and spinal cord of various species (rat, hamster, 
goldfish, frog and newt) which were selected with regard to their 
developmental characteristics and regenerative capacity. Intermediate 
filament proteins in optic nerve and spinal cord were analyzed by 
two-dimensional gel electrophoresis and Identified by reacting them with 
anti- 1F antibodies. in vitro Incubations of excised optic nerve in the 
presence of 35S-methionine distinguished between neuronal and nonneuronal 
Intermediate filament proteins. The proteins of the Intermediate filament 
complex in the two tissues for rat and hamster were similar. The typical 
neurofilament triplet and GFAP were observed. Vimentin was more 
concentrated in the optic nerve than in the spinal cord. The goldfish, 
newt and frog contained neurofilament proteins in the 145 - 150K range and 
in the 70 - 85K range. in addition, prominent neurofilament proteins in 
the 58 - 62K molecular weight range were found in all three species. in 
contrast to mammalian species, the goldfish, newt and frog displayed 
extensive heterogeneity between optic nerve and spinal cord in the 
expression of both neuronal and nonneuronal intermediate filament proteins. 
The distinctive presence of low molecular weight neurofilament proteins and 
their high concentration in the optic nerve and spinal cord of these 
nonmammali an vertebrates suggests that the expression of this class of IF 
proteins may be related to the regenerative capacity observed for these 
species. (This research was supported by grant EY05212 from the NIH).

299.4  PURIFICATION AND CHARACTERIZATION OF A DENERVATION-INDUCED 
NERVE SHEATH RELEASED PROTEIN  M.J.Ignatius, H.W.Muller,  
J.H.P.Skene and E.M.Shooter.  Dept. of Neurobiology, 
Stanford Univ., Stanford, Calif. 94305.

The PNS grafting experiments of Aguayo have suggested a 
supporting role of Schwann cells in stimulating growth of 
neurons both in the CNS and PNS, We have been examining  
whether glia might exert this influence through the  
secretion of soluble, extracellular proteins that 
"condition” or prime the denervated sheath for growth. To 
date it has been shown the two to four weeks after either  
cutting or crushing the sciatic nerve in rats several  
soluble secreted proteins are induced in non-neuronal 
sheath cells. Most prominent among these is a 37K dalton 
protein, first described by Skene and Shooter (PNAS 
80:4169;1983) and Politis et al (Brain Res. 
273:392;1983). We have isolated and begun to characterize 
this protein in order to study its possible role in the 
growth and maturation of neurons.

37 K was purified from adult rat sciatic nerves that 
had been crushed 3 weeks prior to their removal. The 
portion of the nerve distal to the site of injury was 
removed, partially minced and the secreted, soluble 
extracellular proteins were obtained by incubation of the 
tissue in nutrient medium. The medium containing the 37 
Kd protein was dialysed and loaded onto a DEAE 52 ion 
exchange column in 50mM sodium phosphate buffer pH 6.0, 
washed with several column volumes of 100mM phosphate, and 
the 37K enriched fractions eluted early during a linear 
gradient from 150mM to 500mM phosphate. The pooled 37K 
fractions were concentrated, resuspended in 0.1% SDS, 2mM 
DTT, and 10% glycerol and the proteins separated by 
preparative polyacrylamide gel electrophoresis. This 
final step yielded a homogeneous sample of denatured 37K 
as revealed both in coomassie and silver stained 2- 
dimensional polyacrylamide gels.

Rabbit antibodies were raised to the denatured 37K 
protein and the specificity of the serum for denatured 37K 
was confirmed by antibody probing of protein blots. Anti
bodies to 37K also recognize a protein of molecular weight 
110Kd not found in control nerves, that is abdunant in 
crushed nerves. Using this antibody to purified rat 37k 
we are asking whether the induction of this protein is a 
common feature of both regenerating and developing systems 
from a variety of sources. (Supported by NIH grants (NS 
04270 and NS 20178) and the Isabella Niemala Fund)
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299.5  DEVELOPMENTAL PROGRAM OF PROTEIN EXPRESSION IN RAT RETINAL 
GANGLION CELLS.  S. Bock, G. J. Snipes, J. J . Norden, J. A. 
Freeman, (SPON: L. H. Aulsebrook), Dept. of Anatomy, 
Vanderbilt Univ. Sch. of Med., Nashville, TN 37232. Growth 
and development of the optic nerve is intimately associated 
with a programmed sequence of induction of rapidly 
transported proteins in the retinal ganglion cells (RGC's; 
Bock et al., Neurosci. Abst., 9:1099, 1983). In order to 
study this developmental sequence of protein expression in 
greater detail, we have developed a computerized method to 
analyse proteins resolved by 2D PAGE and visualized by 
fluorography in late embryonic and early neonatal rats, 
which corrects for local labeling. At these early ages (4 
days before birth to 8 days after birth) the usual method of 
labeling rapidly transported proteins by injecting  35

S-methionine intravitreally results in substantial 
non-specific labeling due to the increased permeability of 
immature membranes to the amino acid, with subsequent 
vascular uptake and diffusion. This results in labeling of 
proteins synthesized by optic nerve glial cells in addition 
to proteins synthesized by RGC's and transported down the 
nerve. To solve this problem we obtained matched pairs of 
gels at a succession of developmental time points, where 
each pair consisted of: a) rapidly transported proteins and 
locally labeled glial proteins following intravitreal 
injection of radioisotope, and b) glial proteins only. The 
latter was obtained by separating the RGC axons from their 
cell bodies and labelling the surviving glial cells 

35S-methionine in vitro. After densitometric scanning 
(512x512 resolution), the proteins on each set of gels were 
resolved and quantitated with a new segmentation algorithm, 
and using a comparison program, glial contaminants were 
deleted from the RGC gels. The remaining RGC proteins can be 
divided into 3 classes on the basis of their rates of 
synthesis during development. This rate remains constant for 
the largest class of proteins. The second class, which 
includes a 20kd and a 43kd protein, is expressed during 
neonatal development, while the third class, which includes 
3 prominent 29kd proteins, appears only with maturation.

We conclude that the use of computer analysis provides 
an effective method to unambiguously identify  
developmehtally regulated, rapidly transported RGC proteins 
in a complex mixture of RGC and glial proteins. Many of 
these RGC proteins appear to be associated with specific 
developmental stages, and appear to merit further 
investigation. Supported by NIH Grants EY01117 and NS18103.

299.6  A "GROWTH-ASSOCIATED PROTEIN" (GAP-43) IN DEVELOPING AND 
SEVERED AXONS OF THE HAMSTER PYRAMIDAL TRACT.  Pate Skene 
and Katherine Kalil.  Dept. of Neurobiology, Stanford  
University, Stanford, CA 94305; and Dept. of Anatomy, 
University of Wisconsin, Madison, WIS 53706.

Skene and Willard (J. Cell Biol. 89: 86–106, 1981) have 
proposed that certain "growth-associated proteins" (GAPs) 
are necessary for some stages in axon growth, and that 
failure to induce these proteins limits regeneration in the 
CNS of higher vertebrates. The hamster pyramidal tract 
offers a 3trong test of this hypothesis, because pyramidal 
tract axons will regenerate if they are severed in hamsters 
less than two weeks old, but not if they are severed in 
animals more than three weeks old (Kalil and Reh, JCN 211: 
265–275, 1982). The "GAP hypothesis" predicts that in  
hamsters less than two weeks old, pyramidal tract neurons 
either synthesize GAPs constitutively or are induced to 
synthesize GAPs in response to axotomy. The hypothesis 
predicts further that in animals older than three weeks, GAP 
synthesis is largely repressed and is not re-induced in 
response to axotomy. Our current results confirm these 
predictions for one "growth-associated protein", GAP-43.

We injected 35-S-methionine into the sensorimotor cortex 
of normal hamsters at various ages (4–32 days old) and 
allowed 2– 3 hours for rapidly transported proteins to travel 
into pyramidal tract axons. A small region of medulla 
encompassing the pyramidal tract was then removed and quick
frozen, and the labeled proteins were later separated by 
two-dimensional electrophoresis and detected by 
fluorography. In neonates, we found a 43kd membrane protein 
which co-migrates in electrophoresis with GAP-43 from 
regenerating toad optic nerves. Labeling of this hamster 
"GAP-43" is maximal in animals 4-8 days old, declines 
slightly during the second postnatal week, and then declines 
sharply (greater than 10 fold) between postnatal days 12 and 
21. In preliminary experiments, pyramidal tracts were
severed in 24 day old hamsters, and axonally transported 
proteins were labeled 7–8 days later by injecting 35-S
methionine into sensorimotor cortex as before. We found no 
evidence for increased synthesis of GAP-43 in response to 
axotomy in these animals, supporting the proposition that 
abortive regeneration in the adult mammalian CNS involves 
failure of axotomized neurons to re-induce GAPs. We are now 
investigating whether GAP-43 synthesis is increased or 
prolonged by severing pyramidal tract axons in 4-12 days old 
hamsters, when regeneration does occur.

299.7  CHANGES IN TRANSPORTED RETINAL PROTEINS CORRESPOND WITH THE 
TIME OF INTERACTION BETWEEN REGENERATING OPTIC FIBERS AND 
THE TECTUM IN GOLDFISH  John E. Marsh and Myong G. Yoon  
Department of Psychology, Dalhousie University, Halifax, 
N. S. Canada B3H 4J1.

A group of rapidly transported proteins 
(M. W. 110–140 Kd) in regenerating optic fibers of goldfish 
increase in the presence of the tectum compared with those 
regenerating without the tectum. In the present experiment 
we varied the period between axotomy and reinnervation to 
determine whether timing of the optic fiber-tectum  
interaction would correspond to the changes in this specific 
group of retinal proteins. The left optic nerve (projecting 
to the right tectum) and the left optic tract (projecting to 
the left tectum) were simultaneously crushed in all fish. 
This manipulation results in a disparity in the time 
required for tectal reinnervation by the tract-crush side 
relative to the nerve-crush side by approximately 9 days. 
The complement of rapidly transported proteins in the two 
groups of regenerating optic fibers were compared by 
differentially labeling them with 3-H and 14-C proline at 
times ranging from 8–37 days after axotomy and separated by 
one-dimensional gel electrophoresis.

At early post-operative periods (12–15 days) there was an 
increase in 110–140 Kd proteins on the tract-crush side 
relative to the nerve-crush side. This trend was reversed 
at later time points (18–37 days); relative increases were 
found on the nerve-crush side. These results demonstrate a 
correspondance between the time of optic fiber-tectum 
interactions and changes in the rapidly transported 110–140 
Kd retinal proteins. Another group of proteins 
(M. W. 42–46 Kd) showed a relative increase in the 
nerve-crush side during early periods (8–15 days). This 
change in 42–46 Kd proteins disappeared at later periods 
(18–37 days). This result suggests that the regeneration of 
the axons of retinal ganglion cells after optic nerve crush 
require a greater amount of the 42–46 Kd proteins than that 
after a simultaneous optic tract crush during the early 
periods.

(Supported by MRC and NSERC of Canada)

299.8  PHOSPHOPROTEINS OF THE GOLDFISH TECTUM DURING OPTIC NERVE 
REGENERATION.  L.I. Benowitz and K.L. Moya.  Dept. Psychiatry 
(Neuroscience),  Harvard Med. Sch.; McLean Hosp., Belmont, MA 
02178.

Regeneration of the optic nerve in lower vertebrates is 
associated with a shift in the pattern of proteins that are 
synthesized in the retinal ganglion cells and transported 
intra-axonally to the nerve terminals. Among the most 
prominent of these changes is a 100-fold increase in a group 
of acidic proteins, Mr=44–49 kilodaltons (K), that are 
conveyed down regenerating optic fibers in the rapid phase of 
axonal transport (Benowitz and Lewis, J. Neurosci. 3:2153, 
1983; Skene and Willard, J. Cell Biol. 89:86, 1981). In the 
present study we examined whether these proteins are related 
to B-50, an acidic 48K phosphoprotein of mammalian 
presynaptic membranes (Zwiers et al, J. Neurochem. 34:1689, 
1980), while also examining the changes in intrinsic phospho
proteins of the optic tectum associated with denervation and 
reinnervation. Membrane and cytosol fractions of the tectum 
were phosphorylated at various times following optic nerve 
surgery. Calcium—calmodulin and c—AMP—dependent phosphoryl
ation followed the.,protocol of Zwiers et al, except for the 
substitution of [35S]-PO3S*-γ-ATP as a source of labeled 
phosphate.

In the absence of Ca++, the incorporation of label into the 
tectal membrane fraction was restricted primarily  t o  
prominent component at 49K. In the presence of Ca+ + 
+ calmodulin, several other membrane proteins, most having 
molecular weights in the 50–60,000 dalton range, became 
heavily phosphorylated. This pattern did not change over the 
course of optic nerve reinnervation. None of the tectal 
phosphoproteins corresponded on 2-D gels with rat B-50 which 
was run in parallel, nor with the 44–49K proteins of the 
regenerating optic nerve terminals, from which we conclude 
that the latter proteins are not B-50. Among the soluble 
proteins of the optic tectum, increased phosphorylation was 
found for soluble components between 45–50K at day 10 post
surgery, which then declined once the optic nerve began to 
return. The pattern of phosphorylation of t he soluble 
proteins did not depend on the presence of Ca++-calmodulin 
or c-AMP. The time-dependent changes in soluble phospho
proteins may play a role in regulating the metabolism of the 
deafferented optic tectum, or perhaps even in inducing 
changes in remote neurons. (Support: NINCDS R01-16943 and  
the American Paralysis Association.)
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299.9  [3H]ACTINOMYCIN D BINDING TO THE NUCLEI OF AXOTOMIZED  
NEURONS: A COMPARISON OF THE CNS AND PNS NUCLEAR REACTIONS 
TO AXON INJURY.  M. R. Wells and M. F. Hall.*  Neurochemistry 
Research Laboratory, Veterans Administration Medical Center 
and Department of Physiology, George Washington University, 
Washington, D.C. 20422

We recently introduced an autoradiographic method to study 
[3H ]actinomycin D (Act. D) binding to nuclei in tissue 
sections as an indicator for changes in chromatin structure 
and RNA synthesis (Wells, M.R.; Anat. Rec. 208: 193A, 1984). 
In the axotomized spinal ganglia of rats, nuclear binding of 
[3H]Act. D occurred as a biphasic response over time.  
Binding to nuclei significantly above normal at 1–3 days and 
7–11 days postoperation was observed. Below normal levels 
were detected at 5–7 days and 14 days. The timing of the 
response was related to the distance of the lesion from the 
cell body. For a CNS injury model, layer V pyramidal cells 
of a rat somatomotor cortex were examined after medullary 
pyramidal tract lesions. Comparisons were made using the 
contralateral cortex and hippocampus as a control. The 
lesion was approximately 1.5 cm from the pyramidal cell 
layer. Axotomized pyramidal tract neurons exhibited an 
early significant increase in [3H]Act. D binding to nuclei 
at 1 day postoperation. This response had decreased rapidly 
to below normal levels (p<0.05) by 3 days postoperation. A 
second increase was noted at 5 days, but this response was 
not significantly above normal. This was followed by a 
sustained subnormal level of [3H]Act. D binding from 7–11 
days. During this time a gradual increase in binding 
occurred, until by day 14 levels did not differ from normal. 
The unoperated side of brain demonstrated only a transient 
decrease in [3H]Act. D binding at 9 days postoperation 
relative to hippocampus.

Comparison of the two systems suggests in both cases a 
biphasic response in the pattern of chromatin changes. 
However, the central neuron reacts in a pattern indicative 
of severe injury with the second phase occurring rapidly (5 
days) and transiently. The subsequent period of prolonged 
depression in [3H ]Act. D binding may be associated with 
cellular atrophy. The data indicates that some critical 
responses of the CNS cell nucleus occur within the first 
week after injury. This time period may be important for 
the implementation of therapeutic methods aimed at enhancing 
CNS regeneration.
Supported by the Veterans Adm in istration.

299 10  POSTTRANSLATIONAL PROTEIN MODIFICATION BY AMINO ACID ADDI
TION FOLLOWING INJURY TO RAT SCIATIC AND OPTIC NERVES.
S.S. Athwa]*, G. Chakraborty*, M.F. Zanakis and
N.A. Inpoqlia,  (SPON: F.P.J. Diecke).  Dept. of Physiology,  
New Jersey Medical School, Newark, N.J. 07103

Axoplasm obtained from squid giant axons, and axons of 
the rat sciatic and goldfish optic nerves are capable of 
post-translational protein modification (PTPM) by amino acid 
addition. This reaction increases dramatically during re
generation indicating that ft may be involved in some aspect 
of the regenerative process.

The present investigation examines this reaction in a 
nerve which does not regenerate following injury, the rat 
optic nerve. The purpose of the study was to determine if 
the reaction occurs in this nerve and if so to compare the 
time course and magnitude of the reaction with that of the 
rat sciatic nerve.

Homogenates of normal optic nerves, like normal sciatic 
nerves, were able to incorporate low levels of 3H-Arg,
3H-Lys and 3H-Leu into protein in a partially purified 
fraction of the 150,000 xg supernatant. In other experi
ments, nerves were crushed and proximal segments were assayed 
for posttranslational incorporation of amino acids into 
protein at 1, 3, 6 and 14 days following nerve crush injury. 
In regenerating rat sciatic nerves the magnitude of this re
action increases 2–3 fold 18 hrs after crush and reaches a 
maximum of between 10 and 25 fold 12–14 days later for each 
amino acid tested. Incorporation of amino acids into pro
teins in rat optic nerves was suppressed at 1 and 3 days 
following nerve crush (0.5 times normals) but increased to 
approximately 7.5 times normal 6 days after crush. However, 
by 14 days post crush preliminary data indicates that the 
reaction is again depressed (0.75 times normals).

The data indicate that in regenerating rat sciatic nerves 
PTPM by amino acid addition occurs throughout the time 
course examined in this study, but that in damaged (and not 
regenerating) optic nerves there is only a transient in
crease in the reaction. We speculate that in sciatic nerves 
these reactions are critical for the regrowth of damaged 
axons, but that in optic nerves the reaction is associated 
either with abortive sprouting of injured axons or with a 
non-neuronal (glial) reaction. Supported by NIH grant NS 
19148.

299.11  POSTTRANSLATIONAL PROTEIN MODIFICATION BY POLYAMINES IN
AXONS OF INVERTEBRATE AND VERTEBRATE NERVES.  G. Chakraborty*.  
T. Leach*, M.F. Zanakis and N.A. Inqoqlia. Department of 
Physiology, New Jersey Medical School, Newark, NJ 07103.

Protein modification by covalent addition of putrescine 
and spermidine occurs in the soma of the R2 neuron of 
Aplysia (Ambron and Kremzner, PNAS 79, 3442–3446, 1982). The 
current experiments were performed to determine if these 
reactions also occur in axons, and what effect nerve regen
eration has on the magnitude of the reaction.

In the first series of experiments 3H putrescine and 3H 
spermidine were incubated with 150,000 xg supernatants ob
tained from brain, heart, liver, kidney and sciatic nerves 
of the rat. Levels of incorporation of radioactivity into a 
hot and cold TCA precipitable fraction were similar in all 
tissues (approx. 25–50 DPM/ug of protein), except in liver 
where the incorporation was on the order of 1000 DPM/ug of 
protein. In all cases the reaction was inhibited by 1OmM 
CuSO4, a potent inhibitor of transglutaminase, the enzyme 
required for the covalent addition of polyamines to proteins.

In other experiments, radioactive putrescine or spermi
dine were incubated along with the soluble supernatant frac
tion of axoplasm isolated from the giant axon of the squid. 
These extracts were also able to incorporate radioactivity 
into endogenous proteins (as well as N-N1-dimethylcasein 
added as an exogenous substrate), indicating that axoplasm 
contains the necessary elements for the posttranslational 
covalent modification of proteins by the addition of poly
amines. These elements are also likely to be present in ax
ons of vertebrate nerves since activity was found to build 
up proximal to a ligature applied to rat sciatic nerves.  
When these nerves were crushed 6 days prior to analysis, 
activity was increased 2 fold in regenerating shafts of the 
nerve, and approximately 3-4 fold in the most advanced por
tion of the growing nerve. Similar results have been ob
tained from experiments performed in regenerating optic 
nerves of goldfish.

These data suggest that axons contain the necessary ele
ments for the modification of proteins by polyamine addition, 
and that this activity is increased significantly in nerves 
undergoing regeneration. Supported by NIH grant NS19148.

299.12  REGULATION AT THE mRNA LEVEL OF REGENERATION - ASSOCIATED 
CHANGES IN THE SYNTHETIC PRODUCTS OF NON-NEURONAL CELLS 
SURROUNDING GOLDFISH OPTIC NERVE.  Rachailovich, I*., Stein- 
Izsak, C. and Schwartz, M.  Dept of Neurobiology, The 
Weizmann Institute of Science, Renovot, Israel.

Crush injury of the goldfish optic nerve was shown to be 
accompanied by changes in the nature of proteins secreted 
by the surrounding non-neuronal cells. (Rachailovich & 
Schwartz, Brain Res, 1984, in press). The aim of the pre
sent work was to elucidate whether these changes are regul
ated at the RNA level. RNA was prepared from non-neuronal 
cells originating from regenerating and intact optic nerves. 
The RNA preparations were further purified by passing them 
through oligo-dT columns. The resulting poly-A+fractions 
were then translated in reticulocyte lysate cell free 
systems. Translation was carried out in the presence of 
35S-methionine and human placental RNAase inhibitor. 
Electrophoretic analysis of the radiolabeled products 
revealed the presence of polypeptides having apparent 
molecular weights of 89kDa and 30kDa in the regenerating 
nerve preparation. The same polypeptides were hardly det
ectable in the translation products of the intact nerve.  
In addition, a polypeptide of 17kDa which appeared in the 
translation products of the regenerating prepartion could 
not be detected in the preparation of the intact nerve. A 
few polypeptides having apparent molecular weights of 44kDa, 
39kDa and 20kDa were detected in the translation products 
of the intact nerve and were either absent or reduced in the 
regenerating nerve.

Interestingly, electrophoretic analysis of secreted 
molecules derived from both regenerating and intact nerves 
revealed the presence of 17kDa polypeptide only in regener
ating nerve preparation. It is possible that this polypep
tide and that encoded by the purified mRNA derived from 
regenerating nerve are related.

These results indicate that the regeneration - associated 
changes in the synthetic products of non-neuronal cells
surrounding goldfish optic nerve are regulated at the mRNA 
level.
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300.1  PHOTORECEPTOR DEGENERATION ASSOCIATED WITH MUTATIONS IN 
PRESUMPTIVE OPSIN STRUCTURAL GENE IN DROSOPHILA.  D.S. 
Leonnrd* and W.L. Pak.  Department of Biological Sciences, 
Purdue University, West Lafayette, IN 47907.

A Drosophila locus has been identified that exhibits a 
gene dosage effect on functional rhodopsin content in only 
the major (Rl-6) class of photoreceptors, indicating that 
this locus, ninaE, probably defines the structural gene for 
Rl-6 opsin. Physiological studies of ninaE mutants isolated 
to date show that the functional Rl-6 rhodopsin content is 
severely reduced, whereas R7 and R8 rhodopsin content is 
probably normal (Scavarda et al., 1983, PNAS 80 :4441). To 
find out if these mutations have any effect upon photorecep
tor cell structure, we have begun a systematic anatomical 
study of several ninaE mutants.

In four mutants examined thus far, rhabdomeres (organel
les that contain most of the visual pigment) of Rl-6, but 
not R7 or R8, photoreceptors degenerate as a function of 
age. Degeneration occurs with the same time course in the 
presence or absence of screening pigments and with or with
out exposure to light. We therefore conclude that Rl-6 
rhabdomere degeneration is light independent in these ninaE 
mutants, indicating that the degeneration is not triggered 
by some input from the phototransduction pathway.

Physiological data show that levels of Rl-6 rhodopsin 
are severely reduced in different alleles of ninaE. There 
is approximately 10-3 as much Rl-6 rhodopsin in ninaEP332, 
and 10-6 as much in ninaEP334, as in will type (Johnson and 
Pak, 1983, Soc. Neurosci. Abstr. 9:683). oraJK84 contains 
two mutations, at ninaE and at another locus, but the 
mutation at the ninaE locus appears to be the only one that 
affects Rl-6 rhabdomere structure (O’Tousa, Leonard and Pak, 
in preparation). In oraJK84, intracellular recordings con
sistently yield no response (E.C. Johnson, personal communi
cation). Anatomical data from these mutants indicate that 
degeneration is relatively slow in ninaEP332, such that 
nine week old adults retain approximately 34% the normal 
number of Rl-6 rhabdomeres. Degeneration is more rapid in 
ninaEP334, such that Rl-6 rhabdomeres are absent in nine 
week old adults. The most accelerated degeneration is seen 
in oraJK84, where newly emerged adults have 90%, one week 
old flies 18%, and six week old adults essentially no Rl-6 
rhabdomeres. We conclude that the rate of Rl-6 rhabdomere 
degeneration may be related to the functional severity of 
each mutation.

300.2  INDUCED ALTERATION IN THE DEVELOPMENT OF THE DROSOPHILA 
GIANT FIBER PATHWAY IN THE TEMPERATURE-SENSITIVE MUTANT 
SHIBIRE.  M.R. Hummon* and W.J. Costello.  Dept. Zool. and 
Biomed. Sci./Col. Osteo. Med., Ohio Univ., Athens, OH 45701

The mutant shibire can be used to generate specific 
alterations in the dorsolongitudinal flight muscles (DLM) 
(Costello and Salkoff (83) Neurosci. Abs. 9:832); here we 
describe an alteration in the giant fiber (GF) pathway to 
these muscles. In wildtype flies, the GF pathway mediates 
the escape response by activating the tergotrochanteral 
(jump) muscle (TTM) and the DLM's. The pathway to TTM 
(minimum latency, 0.8 msec) includes GF, with electrical 
synapses to TTM motoneuron (TTMn), which itself synapses 
onto TTM. The pathway to DLM (minimum latency, 1.2 msec) 
involves GF, with electrical synapses to the peripherally 
synapsing interneuron (PSI); PSI then makes chemical syn
apses onto the 5 DLM motoneurons (DLMn). The pathway to 
DLM therefore includes chemical synapses in the peripheral 
nerve (PSI-DLMn) and at the muscle.

Shibire flies were reared at the permissive temperature 
of 22 C; pupae were heat-pulsed at 30 C for 6 hr early in 
development. Such flies show fusion of the normal 6 DLM’s 
on each side into 3 DLM’s. Ganglion stimulation elicits a 
stepwise increase in EPSP’s in the fused DLM's, implying 
that the DLM unit is innervated by two DLMn’s normally 
innervating each component DLM. Direct stimulation to the 
brain also activates GF pathway components. Latencies to 
the TTM (0.92 + 0.07 msec, n=9) are similar to that of wild- 
type, indicating that the GF-TTM pathway is intact and nor
mal. However, minimum latencies to the DLM’s (1.63 + 0.16 
msec, n=9) are longer than wildtype (1.2 msec). Synchrony 
of right and left DLM's is also lost.

Examination of heat-pulsed shibire flies with TEM shows 
that the GF is present. In the region of the peripheral 
nerve where TTMn, DLMn's, and PSI normally occur together, 
the TTMn and 5 DLMn's are present, but the PSI is absent. 
DLMn’s make inappropriate synapses throughout the region, to 
glia, to space, and to poorly defined membranes. The PSI 
remnant can be found extending an abnormally short distance 
in the nerve; here it makes occasional synapses onto DLMn 
and inappropriate synapses onto glia and to space. Work is 
in progress to determine critical periods for development of 
components of the GF pathway.

Supported by Muscular Dystrophy Association.

300.3  LONG-TERM POTENTIATION AND LONG-TERM ADAPTATION AT SYNAPSES 
OF A CRAYFISH PHASIC MOTONEURON.  G.A. Lnenicka and 
H.L. Atwood,  Department of Physiology, University of Toronto 
Toronto, Ontario, Canada M5S 1A8

We have previously shown that the normally depressible 
neuromuscular synapses of a crayfish phasic motoneuron (the 
"fast" excitor innervating the crayfish claw closer muscle) 
become more fatigue-resistant after in vivo tonic stimulation 
(Neurosci. Abstr. 9:53). Two weeks of 5 Hz stimulation for 
2 hours/day produces a 44% decrease in amplitude of the ini
tial EPSP, and a 4.3 fold increase in the final EPSP ampli
tude as tested during 30 minutes of 5 Hz stimulation of the 
fast axon. Adaptation results from changes in transmitter 
release, and persists for at least 10 days.

In order to examine the time course of the development of 
long-term adaptation (LTA), shorter chronic stimulation re
gimes were tested. EPSP measurements made 1 day after 2 
hours of in vivo 5 Hz stimulation showed a 60% increase in 
the initial EPSP amplitude and no change in the final EPSP 
amplitude. This long-term potentiation (LTP) of the initial 
EPSP amplitude persists for at least 3 days. This stimula
tion regime produced no evidence of LTA.

After 3 days of in vivo stimulation of the fast axon at 5 
Hz for 2 hours/day, LTA is evident. A 3.8-fold increase in 
the final EPSP amplitude was observed with no significant 
change in the initial EPSP amplitude. Thus, there was an in
crease in the ability of the terminals to maintain transmitt
er release during prolonged activation, and also, the initial 
transmitter output has apparently begun to decrease as evi
denced by the lack of LTP.

To determine the role of the cell body in the establish
ment of LTP and LTA, the distal segments of sectioned fast 
axons were stimulated in vivo for 1 and 3 days at 5 Hz for 2 
hours/day. One day of stimulation of decentralized axons 
produces LTP, indicating the cell body is not required for 
this effect. However, 3 days of stimulation did not produce 
the significant increase in the final EPSP amplitude normal
ly associated with LTA. Thus, products from the cell body 
are apparently required for the establishment of LTA, while 
LTP is due to local changes at the synapses.

Experiments are currently in progress to determine whether 
the change in electrical activity centrally, or at the neuro
muscular synapses is responsible for triggering the events 
leading to LTA.

(Supported by grants from NSERC and MRC, Canada)

300.4  EFFECTS OF REGENERATION OF AUDITORY AFFERENTS ON DENDRITIC 
SPROUTING OF AN IDENTIFIED AUDITORY INTERNEURON.  S.L.  
Pallas and R.R. Hoy.  Neurobiology and Behavior Section 
Cornell University, Ithaca, NY 14853.

In the cricket Teleogryllus oceanicus, the arborizations 
of an identified auditory interneuron, Int-1, are normally 
restricted to the ipsilateral auditory neuropil; unilateral 
removal of the ear causes the medial dendritic field to 
sprout across the midline and make functional connections 
with the contralateral auditory neuropil (Hoy, Casaday and 
Rollins, Neurosci. Abstr. 4, 1978; Hoy and Molseff,
Neurosci. Abstr. 5, 1979). We have investigated the effects 
of regeneration of the auditory afferents on this aberrant 
contralateral dendritic projection of Int-1.

Crickets at various stages of postembryonic development 
were unilaterally deafferented by crushing the prothoracic 
leg nerve which contains the auditory afferents. The 
morphology of Int-1 was examined by cobalt backfilling. The 
backfills revealed sprouting across the raidline in 76%
(n=50) of all animals tested. No sprouting was observed in 
the other 12 animals. In contrast, in animals whose ear was 
removed or whose leg nerve was crushed repeatedly to 
prevent regeneration, contralateral sprouting was always 
observed. Functional regeneration of the afferents was 
tested with a behavior known to be mediated by Int-1, 
ultrasound avoidance (Nolen and Hoy, Neurosci. Abstr. 8, 
1982). Deafferented crickets respond to ultrasound by 
turning away from the intact ear regardless of the location 
of the sound source. In this behavioral assay, 66% (n=86) 
of the animals whose leg nerve had been crushed once 
responded to ultrasound stimulation of both ears, 
indicating regeneration of afferents from the crush. Within 
this group, 31 animals were examined morphologically and 
sprouting was seen in 22 (71%). None of these results 
depended on the age of the animal at deafferentation.

Thus, interruption of the auditory afferents by 
crushing can cause contralateral sprouting in Int-1, and 
this abnormal projection is generally retained, despite 
regeneration of the crushed afferent fibers and formation 
of synaptic connections. In cases where sprouting was not 
seen, the regenerating afferents may have been able to 
prevent sprouting. Alternatively, the afferents may have 
caused a retraction of the contralateral dendrites after 
sprouting had been initiated.
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300.5  EMBRYONIC DEVELOPMENT OF SEGMENTALLY SPECIALISED SEROTONER
GIC NEURONES IN THE LEECH HIRUDO MEDICINALIS.  A.J.R. Mason* 
J.C. Glover and W.B. Kristan, Jr.  Dept. Biology, B-022, 
University of California at San Diego, La Jolla, CA 92093

Most of the 21 segmental ganglia of the medicinal leech 
contain about 400 neuronal cell bodies and this set of neu
rones is repeated from ganglion to ganglion. However, body 
segments 5 and 6 contain the male and female reproductive 
structures and the ganglia innervating these segments are 
correspondingly specialised. Ganglia 5 and 6 contain about 
twice as many neurones and innervate the sex organs via addi
tional segmental nerves. We wanted to know whether these 
specialised ganglia are different from the outset of embryo
nic development or whether they are initially identical to 
other ganglia and are later modified. We have studied the 
morphological development of a pair of large, serotonergic 
neurones (known as Retzius cells) present in all segmental 
ganglia. In most ganglia of the adult leech, each Retzius 
cell sends axons to the periphery and also to the adjacent 
segmental ganglia via the connectives. In ganglia 5 and 6 
the Retzius cells lack axons in the connectives but are 
otherwise similar. Using a serotonin antibody and intra
cellular Lucifer Yellow injections we have shown that all 
segmental ganglion Retzius cells have the same morphology in 
young embryos. During later development, however, the con
nective branches of the Retzius cells in ganglia 5 and 6 
fail to elongate as fast as the ganglia and connectives 
increase in size. This results in the connective axons ex
tending less and less far into the connectives. Eventually, 
the axons do not exit the ganglion and cannot be distin
guished from Retzius cell dendrites within the neuropil.

What causes the difference in Retzius cell connective 
axon growth between ganglia 5 and 6 and the other ganglia?
The explanation may be related to differences in peripheral 
innervation targets of the Retzius cells. The peripheral 
axons of most Retzius cells branch repeatedly in the body 
wall of an entire hemi-segment, probably to innervate mus
cles and mucous glands. However, the Retzius cells of gan
glia 5 and 6 innervate reproductive structures. Since other 
Retzius cells do not innervate these structures, it is pos
sible that contact between the peripheral axons and repro
ductive tissue during development signals the Retzius cells 
of ganglia 5 and 6 to stop extending their connective axons. 
We are currently investigating this possibility.

This research was supported by grants from NSF and the 
March of Dimes.

300.6  AXONAL BRANCHING TO THE OPENER MUSCLE in LOBSTER CLAWS AND 
WALKING LEGS.  K.M. MEAROW and C.K. GOVIND.  Scarborough 
College, Univ. of Toronto, West Hill, Ontario, Canada.

The opener muscle of the claws and the four walking 
legs in the lobster, Homarus americanus, is innervated by a 
single excitor and an inhibitor motor neuron (although it is 
possible that additional inhibitory innervation is present). 
We have been investigating the following characteristics of 
the opener muscle in these serially homologous structures: 
i) the major branching pattern of the excitor and inhibitor 
axons using methylene blue staining; ii) the gross 
morphology of the muscle using histochemical techniques; 
and iii) the electrophysiological characteristics of the 
neuromuscular junctions using conventional recording 
techniques. In the claws and the first 3 walking legs, the 
axons bifurcate providing a major branch to each side of the 
bipinnate muscle. The location of this major bifurcation 
varies, being situated proximally on the muscle in the claws 
and distally in the 3rd walking leg (Figure). In the 4th 
walking leg, however, there is no major bifurcation; in 
addition, the muscle is not symmetrically arranged about a 
central tendon in a bipinnate fashion. The axons travel 
along the side of the muscle displaying the most fibres; 
examination of cross-sections of the muscle show that the 
fibres have rotated under the tendon to insert on one side 
only. The above correlation seen between the presence or 
absence of a major axon bifurcation with the bipinnate or 
pinnate arrangement of the muscle reflects some trophic 
interaction between neuron and muscle in these homologous 
structures. This is further supported by aberrant cases 
such as a major axonal bifurcation in a 4th walking leg 
where the muscle was symmetrically arranged, and no axonal 
bifurcation in a 3rd walking leg where the muscle was asym
metric. Experiments manipulating either the axon or the 
muscle during development or regeneration may demonstrate 
the interdependence between the axonal branching pattern 
and muscle fibre arrangement. Supported by NSERCC and MDAC.
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301.1  THE MORPHOLOGY OF ISTHMO-TECTAL AXON ARBORS IN DEVELOPING 
XENOPUS FROGS.  Susan B. Udin.  Div. Neurobiology, Dept. 
Physiology, SUNY, Buffalo, NY 14214

The nucleus isthmi (NI) of the amphibian relays visual 
input from one tectum to the other tectum and thus brings 
a visual map from each eye to its ipsilateral tectum. The 
ipsilateral map develops in register with the contra
lateral retinotectal map if normal visual experience is 
allowed.

In this abstract, I report on the morphology of normal 
isthmo-tectal axon arbors at different stages of develop
ment. Axons were filled by anterograde transport of HRP 
from the nucleus isthmi. The tecta were reacted as flat- 
mounts (S.B. Udin and M.D. Fisher, 1983, J.Neurosci.Meth. 
9:283).

Stages 57–59: The eyes are laterally-directed and there 
is no binocular field. Nevertheless, isthmo-tectal axons 
do enter the tectum at these stages. The axons can extend 
over at least 80% of the extent of the tectum. The axons 
are very sparsely branched.

Stages 60–66 (metamorphic climax): The eyes begin to  
migrate dorsally; binocular overlap develops; and isthmo
tectal units can be recorded in rostral tectum (S.Grant 
and M.J.Keating, 1981, J.Phvsiol. 320:l8P). Isthmo-tectal 
arbors begin to arborize profusely. These arbors first 
are confined to the very rostral margin of the tectum; but 
they subsequently extend more caudally. The arbors are 
larger than in mature adults, and there often are long 
branches which extend away from the main arbor.

Juveniles (2–8 weeks post-metamorphosis): Eye  
migration continues at a slower rate. Many axons retain 
an immature appearance, with wide-spread arbors plus 
scattered branches, while other axons appear much more 
like adult axons, with compact arbors and few or no 
extraneous branches.

These patterns are consistent with the hypothesis that 
axons can enter "inappropriate" tectal regions (e.g., all 
of the tectum prior to stage 60 or caudal-most tectum at 
later stages) but that the axons only form relatively 
dense arbors in the binocular regions, where their visual 
fields can match the visual fields relayed from the oppo
site retina (e.g., the rostral tectal margin at stage 60–
62). The many "extraneous" branches may serve to "test" 
regions of the tectum and allow the arbors to shift caud
ally as the binocular segment of the tectum expands 
caudally.

Supported by NIH Grant #EY03470 to S.B.Udin.

301.2  THE SPECIFICITY OF INNERVATION AMONG XENOPUS TWITCH MUSCLE 
FIBERS.  B. M. Nudell and A. D. Grinnell.  The Jerry Lewis 
Neuromuscular Research Center, UCLA, Los Angeles, CA 90024.

In an earlier paper we reported that over 50% of the 
Xenopus pectoralis muscle fibers with two distant endplates 
were innervated at both sites by branches of the same motor 
neuron (mononeuronal innervation). It seemed unlikely that 
random innervation of muscle fibers would result in so much 
mononeuronal innervation, since it has been reported that 50 
motor neurons innervate this muscle. In order to determine 
whether some selective influences underlie this ordered 
pattern, we have extended our study to examine carefully the 
innervation pattern of individual motor neurons within the 
pectoralis muscle. We find that the muscle fibers receiving 
suprathreshold innervation from a given motor neuron are of 
similar size (input resistance), and that three distinct 
classes of motor units can be distinguished on the basis of 
fiber size. While all three classes of motor unit are 
represented in each section of the muscle, individual motor 
units are spatially localized within the muscle and similar 
type units are largely segregated from one another. Overlap 
between motor units of the same class seems to occur 
primarily at their common borders. These studies also con
firm that there is a high incidence of mononeuronal innerva
tion in the pectoralis muscle. Among the large muscle 
fibers which comprise one class of motor unit for instance, 
the incidence of mononeuronal innervation is 66%. On the 
basis of these studies, we suggest that the spatial segrega
tion of the synaptic projection fields of motor neurons 
innervating similar sized muscle fibers may be an important 
factor in generating the high incidence of mononeuronal 
innervation.
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301.3  THE ANATOMICAL RELATIONSHIP BETWEEN SPINDLE AFFERENTS 
AND MOTONEURONS DURING SYNAPTOGENESIS  

P.C . Jackson and E. Frank,  Dept. of Neurobiology and 
Physiology, Northwestern Univ., Evanston, IL 60201.

Monosynaptic inputs from muscle spindle afferents 
onto brachial motoneurons are as specific when first seen 
electrophyslologically in the tadpole (Stage XVII) as they 
are in the mature frog (Frank & Westerfield, J. Physiol. 
343:593, 1983). From the outset triceps spindle inputs to 
triceps motoneurons are stronger than those to other 
classes of motoneurons. However, if the sensory and motor 
cells were in anatomical proximity well before functional 
synapses could be detected, synaptic specificity might 
result from re-arrangements of physiologically 
undetectable synaptic contacts. The present work was 
undertaken to examine when triceps sensory axons and 
triceps motoneurons first come into anatomical proximity 
with each other.

Populations of triceps sensory and motoneurons were 
labelled in tadpoles (Stages XIV-XIX) by backfilling the 
triceps nerve in. vivo with HRP. In other tadpoles 
hemisected spinal cords were removed from the animal and 
individual triceps motoneurons were Impaled with micro
electrodes and filled with HRP.

By Stage XIV triceps sensory afferents projected to 
and arborized in the region of the spinal cord where 
sensory-motor connections are eventually made. In 
contrast, the dendrites of triceps motoneurons rarely were 
present in this region until late in Stage XVI. The very 
fine branches of dendrites projecting more laterally, 
medially, and ventrally were well filled, so the paucity 
of dendrites seen in the dorso-medial region of future 
monosynaptic connections is unlikely to be ascribable to 
poor filling of the cells. At mid to late Stage XVII, 
dorso-medial dendrites were present and intermingled with 
the collaterals of muscle sensory axons. Thus, the sensory 
axons grow into the future neuropil region several stages 
prior to the arrival of motoneuronal dendrites. Further, 
the time when the axons and dendrites come into close 
proximity correlates well with the time that monosynaptic 
connections are first detected between these two 
populations.

301.4  PROJECTIONS OF SENSORY NEURONS IN TRANSPLANTED DORSAL ROOT 
GANGLIA  C.L. Smith* and E. Frank. (SPON: J. Goldberg).  
Dept. of Neurobiology and Physiology, Northwestern Univ., 
Evanston, IL 60201.

During development, sensory neurons Innervate 
structures in the periphery and establish synaptic 
connections with the appropriate groups of neurons in the 
central nervous system. He are examining both the 
peripheral and central projections of neurons in dorsal 
root ganglia (DRGs) transplanted to a different level of 
the neuraxis to determine whether the connections formed 
by these neurons are Influenced by their novel 
environment.

Transplantations are performed in Rana catesbeiana 
tadpoles at Stages IX-XIV, which includes the period 
during which muscles and skin of the forellmb are 
innervated. DRG 2, which normally innervates the forelimb, 
is removed and replaced with both DRGs 4 and 5. In the 
normal adult frog, DRGs 4 and 5 are composed mainly of 
cutaneous afferents that Innervate skin of the trunk.  
After the animals metamorphose, their responses to 
mechanical stimulation of the forellmb are examined. Then, 
the projections of sensory neurons in the transplanted 
ganglia are traced by cutting the 2nd spinal nerve, which 
innervates the forelimb, and exposing the central stump to 
HRP.

Sensory neurons in the transplanted ganglia innervate 
the forelimb and form functional synaptic connections in 
the brachial spinal cord. Anatomically, the central 
projection resembles that of the normal DRG 2 in that it 
consists of two distinct plexuses, one located in the 
dorsal horn and the other in the intermediate gray matter. 
Afferents contributing to the latter plexus have 
varicosities that appear to contact the dendrites of 
brachial motoneurons. This projection is characteristic of 
muscle afferents and is not present in the thoracic spinal 
cord. Experiments now in progress are designed to 
determine whether the sensory neurons in the transplanted 
ganglia that arborize in the more ventral plexus in the 
spinal cord are muscle afferents and whether they 
innervated trunk skin prior to their transplantation.

301.5  PATTERNED ACTIVITY IS NOT CRITICAL FOR THE DEVELOPMENT OF 
SPECIFIC SENSORY-MOTOR SYNAPSES IN THE SPINAL CORD  

E. Frank and, P .C . Jackson,  Dept. of Neurobiology and 
Physiology, Northwestern Univ., Evanston, IL 60201.

In many developing systems, neural activity is 
Important in determining the specific patterns of synaptic 
connections among neurons. The experiments described here 
were designed to explore the effect of patterned activity 
on the development of specific synaptic connections 
between stretch-sensitive muscle afferent axons and 
motoneurons in the brachial spinal cord of the bullfrog.

Triceps muscle sensory axons provide strong, 
excitatory monosynaptic input to triceps motoneurons, but 
project only weakly to subscapularis and pectoralis 
motoneurons. We used this differential pattern of sensory 
projections to test the effect of altering the neuronal 
activity in a subset of the triceps sensory cells. The 
medial triceps tendon was cut in Stage XIV tadpoles, 
several stages before the onset of synaptogenesis between 
these sensory and motor cells in the spinal cord. The 
tendons of the synergistic internal and external triceps 
muscles were left intact. Tenotomy causes a drastic 
reduction in the discharge of muscle spindles by 
eliminating the ability of elbow flexion to stretch the 
triceps muscle. The consequences of reduced sensory 
activity were assessed after metamorphosis by making 
intracellular recordings from motorneurons and measuring 
the input these neurons received from sensory axons 
innervating the tenotomized and normal triceps muscles.

The monosynaptic connections made were normal; medial 
and internal-external triceps sensory fibers projected to 
both classes of triceps motoneurons more strongly than to 
non-triceps motoneurons, just as in normal frogs.

In several Stage XX tadpoles (metamorphic climax) the 
medial triceps tendon was out and re-inserted on the 
medial surface of the radio-ulnar bone just below the 
elbow such that the muscle was stretched by elbow 
extension rather than by elbow flexion. Even in these 
cases when the medial and internal-external triceps 
muscles had been made functional antagonists, sensory- 
motor connections were normal. Therefore, major 
disruptions of the normal pattern of muscle sensory 
activity seem not to disrupt the development of normal 
sensory-motor connections. Neural activity apparently does 
not play a decisive role in the establishment of specific 
synaptic connections between muscle afferent fibers and 
motoneurons.

301.6  FORMATION OF TARGET-SPECIFIC AXON TERMINAL DISTRIBUTIONS 
IN EMBRYONIC NIGRO-STRIATAL DOUBLE GRAFTS.  C. B. Jaeger, 
 Depts. Pharm. & Physiol. & Biophys., New York Univ. Med. 
Ctr., New York, NY 10016.

Neural transplants placed into the brain of a suitable 
host readily become vascularized and often show the cyto
architectonic characteristics of their origin. Therefore, 
neural grafts permit studies of the developmental poten
tial of isolated neuron groups. This investigation, 
examined specific cell interactions and their possible 
influence on the differentiation and survival of grafted 
dopaminergic (DA) neurons and associated glia. Glia fila
ment proteins (GF) of astroglia and tyrosine hydroxylase 
(TH) of DA neurons were localized in the grafts by immuno
cytochemical procedures. Synaptic contacts of labeled DA 
neurons in grafts where revealed by electron microscopy. 
Donor tissue of rat embryos (E 14-16) was taken from the 
ganglionic eminence, ventral mesencephalon, or both and 
placed either superficial or deep into cerebral cortex, 
tectum, cerebellum, or ventricles of newborn rats. Trans
plants persisted in the different host brain regions with 
the exception of single nigral grafts in cerebellar white 
matter. There grafts degenerated within two weeks of 
transplantation. Nigral grafts commonly contained groups 
of DA neurons that formed arching dendritic bundles char
acteristic of substantia nigra compacta . Activated astro
glia associated with DA neurons. Some superficial grafts 
connected to the host brain by a tissue stalk. Such 
stalks consisted of parallel astroglia and projection 
fibers including TH positive axons. Labeled terminals in 
nigral grafts distributed diffusely and synapsed predomi
nantly on dendrites. A striking change of DA neuron  
differentiation occurred in grafts co-transplanted with 
striatal tissue. In such transplants the TH positive 
fibers derived from DA neurons formed dense patches of 
terminals co-extensive with grafted striatal neurons. In 
contrast, nigro/cerebellar co-grafts exhibited ramified DA 
fibers, but lacked dense axon terminal clusters. These 
studies indicated that differentiation of DA neurons may 
be significantly affected by specific cell Interactions. 
The associations of glia and DA neurons emphasize the role 
of astroglia in the establishment of cytoarchitectonic 
structure. Supported by NIH Grant NS19699.
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301. 7  HOMOTYPIC GRAFTS OF ENTORHINAL CORTEX: CON
NECTIONS WITH THE HOST BRAIN.  R.B. Gibbs. E.W. H arris and  
C.W. C otm an .  D ep t. of Psychobiology, U.C. Irvine, Irvine, Ca. 
92717.

Em bryonic en to rh inal c o rtex  was im planted  in to  th e  en to rh inal 
reg ion  o f th ir ty  young adu lt ra ts  (w t. 150–200g) which had rece ived  
a  lesion through th e  angular bundle ten  days previously. One to  six 
m onths a f te r  im p lan ta tion , co n nectiv ity  betw een  th e  im plants and 
host brains was exam ined using fa s t blue and w heat germ  agglutin
horseradish  peroxidase (WGA-HRP). A djacent sections w ere 
s ta ined  fo r th e  presence  of ace ty lch o lin e ste rase  (AChE) and with 
c resy l v io le t. Our goal was to  determ ine  if dam aged co rtic a l 
p ro jec tions  could be rep laced  by im plants of an homologous 
c o rt ic a l a re a .

Im plants of em bryonic en to rh inal co rtex  se lec tiv e ly  re innervated  
regions o f th e  host hippocam pus and am ygdala which norm ally 
rece iv e  en to rh inal input. Im plant fibe rs which innervated  the 
hippocam pus w ere re s tr ic te d  to  th e  s tra tu m  lacunosum  m oleculare 
o f CA1 and to  th e  m olecular layer of th e  d e n ta te  gyrus. Im plant 
fibe rs  w ere also  observed w ithin th e  la te ra l  am ygdaloid nucleus and 
in  th e  b a so -la te ra l am ygdaloid nucleus. In anim als which had not 
rece ived  a  knife c u t through th e  angular bundle, few er im plant 
ce lls  p ro je c ted  to  th e  host hippocam pus suggesting th a t outgrouw th 
from  th e  im plan t is fa c i l i ta te d  by denerva tion  o f th e  host. Im plant 
p ro jec tions w ere no t observed w ithin th e  la te ra l  posterio r nucleus 
of th e  tha lam us, th e  f im bria  or in ad jacen t co r tic a l area s.

Im plants rece ived  p ro jec tions from  the  host sep tum /diagonal 
band. A fte r in jec ting  WGA-HRP in to  the  host septum , the  
d is tribu tion  o f HRP labelled  fibe rs w ithin th e  im plant m atched  the  
d is tribu tion  o f AChE positive fibe rs observed w ithin ad jacen t 
sec tions . U nlike th e  p ro jec tions from  im plan t to  host, host sep ta l 
fibe rs  strong ly  innervated  th e  im plan ts in the  absence o f a  knife 
cu t through th e  angular bundle. Im plants failed  to  rece ive  
p ro jec tions  from  th e  host am ygdala, pyriform  co rtex , hippocam pus 
o r o th e r co r tic a l a rea s , ex cep t in one anim al w here th e  im plant 
con ta ined  fibe rs  from  the  c o n tra la te ra l en to rh inal co rtex . The 
d istribu tion  o f the se  fibe rs co incided  w ith th e  d istribu tion  of sep ta l 
f ibe rs  observed w ithin ad jacen t sections.

In conclusion, im plants of em bryonic en to rh inal co rtex  
re in n e rv a te  sp ecific  a rea s  of th e  host brain  denerva ted  by a  lesion 
through th e  angular bundle. F unctional aspects  of these 
connections a re  cu rren tly  being studied .

(Supported by NIMH g ran t no. MH19691)

301.8   THALAMIC PROJECTIONS TO EMBRYONIC FRONTAL CORTEX 
TRANSPLANTED  INTO NEWBORN RAT CORTEX. F . - L .F .  C hang , 
J .G .  S teed m an * , an d  R .D . L u n d .  Dept.  o f  Anatom y & C e l l  
B io lo g y ,  C e n te r  f o r  N e u r o s c ie n c e ,  U n i v e r s i t y  o f  P i t t s b u r g h  
S c h o o l o f  M e d ic in e ,  P i t t s b u r g h ,  PA 15261 .

I n  a  p r e v io u s  s tu d y  (D e v e lo p . B r a in  R e s . ,  13 :1 6 4 )  we 
t r a n s p l a n t e d  em b ry o n ic  o c c i p i t a l  c o r t e x  i n t o  t h e  p a r i e t o 
o c c i p i t a l  (P -0 )  c o r t e x  o f  n ew b o rn  r a t s  an d  fo u n d  t h a t  t h e  
th a l a m ic  n u c l e i  p r o j e c t i n g  t o  su c h  t r a n s p l a n t s  a r e  t h o s e  
w h ic h  n o r m a l ly  p r o j e c t  t o  t h e  h o s t  c o r t i c a l  a r e a  s u r r o u n d 
in g  t h e  t r a n s p l a n t .  I n  t h e  p r e s e n t  s tu d y ,  e m b ry o n ic  
f r o n t a l  c o r t e x  was t r a n s p l a n t e d  to  t h e  same P -0  r e g i o n  to  
e x am in e  w h e th e r  t h e  s o u rc e  o f  t h e  t r a n s p l a n t  ( o c c i p i t a l  v s .  
f r o n t a l )  a f f e c t s  t h e  p r o j e c t i o n  p a t t e r n  fro m  t h e  h o s t  
th a l a m ic  n u c l e i .

P i e c e s  o f  f r o n t a l  c o r t e x  ( 1–2mm2 ) fro m  E15 r a t  em bryos 
w e re  d i s s e c t e d  o u t  i n  F10 m edium  ( G ib c o ) . H o s t r a t s  w e re  
a n a e s t h e t i z e d  w i th  i c e ,  a  s h a l lo w  c a v i t y  i n  t h e  l e f t  P - O 
c o r t e x  w as c r e a t e d  by  s u c t i o n ,  and  t h e  t r a n s p l a n t  t i s s u e  
w as t r a n s f e r r e d  t o  i t  w i th  a  f i n e  h a i r  lo o p .  The p r o 
c e d u re s  m a tc h e d  t h o s e  i n  t h e  p r e v i o u s  s tu d y .  A f t e r  one  
m onth  s u r v i v a l ,  n e u r a l  c o n n e c t io n s  w e re  t r a c e d  by  d e p o s i t 
in g  h o r s e r a d i s h  p e r o x id a s e  (HRP) i n  t h e  t r a n s p l a n t  e i t h e r  
a s  a  d r i e d  p e l l e t  on t h e  t i p  o f  a  f i n e  n e e d le ,  o r  by  i o n t o 
p h o r e t i c  i n j e c t i o n  o f  a  10% s o l u t i o n  th ro u g h  a  g l a s s  m ic r o 
p i p e t  ( t i p  d ia m e te r  10 µm, 1 µ A f o r  20 m in . ) .  A f t e r  24h 
s u r v i v a l  t im e ,  b r a i n s  w e re  s e c t i o n e d  f r o z e n  a t  4 0 y m and 
r e a c t e d  w i th  t e t r a m e th y l b e n z id i n e .

R e t r o g r a d e ly  l a b e l e d  c e l l s  w e re  e x am in ed  i n  t h e  h o s t  
t h a la m u s .  T h a la m ic  n u c l e i  t h a t  p r o j e c t e d  t o  f r o n t a l  c o r 
t i c a l  t r a n s p l a n t s  i n c lu d e d  v e n t r o l a t e r a l  (V L ), l a t e r o 
p o s t e r i o r  (L P ) , l a t e r o d o r s a l  (L D ), an d  p o s t e r i o r  (P O ). 
T h e se  n u c l e i  a l s o  p r o j e c t  t o  o c c i p i t a l  c o r t e x  t r a n s p l a n t s .  
I n  two c a s e s  we i n t e n t i o n a l l y  made a  l a r g e  HRP d e p o s i t  t o  
i n c l u d e  th e  w h o le  e x t e n t  o f  t h e  t r a n s p l a n t ,  b u t  we c o u ld  
n o t  f i n d  r e t r o g r a d e l y  l a b e l e d  c e l l s  i n  t h e  v e n t r o a n t e r i o r  
(VA) o r  d o r s o m e d ia l  (DM) n u c l e i  w h ic h  n o r m a l ly  p r o j e c t  to  
t h e  f r o n t a l  c o r t e x .  We c o n c lu d e  t h a t  c o r t i c a l  t i s s u e  a t  
E15 i s  u n a b le  t o  a t t r a c t  t h e  in g ro w th  o f  th a l a m ic  a f f e r e n t s  
s p e c i f i c  t o  i t s  p o s i t i o n  o f  o r i g i n  i n  t h e  c o r t e x .  R a t h e r ,  
t h e  a f f e r e n t s  t o  a  t r a n s p l a n t  seem  to  b e  d i c t a t e d  by  i t s  
l o c a t i o n  i n  t h e  h o s t ;  n u c l e i  w h ic h  n o r m a l ly  p r o j e c t  t o  t h e  
s u r r o u n d in g  c o r t e x  now p r o j e c t  i n t o  t h e  t r a n s p l a n t .  
T r a n s p l a n t a t i o n  o f  f r o n t a l  c o r t e x  i n t o  f r o n t a l  c o r t i c a l  
h o s t  r e g i o n s  i s  p r e s e n t l y  u n d e r  i n v e s t i g a t i o n .
S u p p o r te d  by  NIH g r a n t  EY03326 t o  R .D .L .

3 0 1 . 9   EARLY DEVELOPMENT OF PROJECTIONS FROM EMBRYONIC RETINA
TRANSPLANTED INTO THE HOST BRAIN OF RATS.  L . K .  McLoon a n d 
S . C .  M c L o o n .   De p t s .  o f  O p h t h a l . a n d  A n a t . ,  Un i v .  o f  M i n n . ,  
M i n n e a p o l i s , M N  5 5 4 5 5 .

F e t a l  r e t i n a e  t r a n s p l a n t e d  a d j a c e n t  t o  t h e  s u p e r i o r  
c o l l i c u l i  o f  n e w b o r n  r a t s  d i f f e r e n t i a t e  a n d  d e v e l o p  a x o n a l  
p r o j e c t i o n s  i n t o  t h e  h o s t  b r a i n .  One m o n t h  a f t e r  t r a n s p l a n 
t a t i o n ,  t h e  t r a n s p l a n t s  p r o j e c t  o n l y  t o  n u c l e i  o f  t h e  h o s t  
b r a i n  w h i c h  n o r m a l l y  r e c e i v e  r e t i n a l  c o n n e c t i o n s .  T he  
q u e s t i o n  a r i s e s  a s  t o  how t h e  s p e c i f i c i t y  o f  t h e s e  p r o j e c 
t i o n s  f r o m  t h e  t r a n s p l a n t  t o  h o s t  b r a i n  d e v e l o p .  S i n c e  
o t h e r  n e u r o n a l  t i s s u e  t r a n s p l a n t e d  t o  t h e  s am e l o c a t i o n  i n  
t h e  sa m e  m a n n e r  h a v e  a  c o m p l e t e l y  d i f f e r e n t  p r o j e c t i o n  p a t 
t e r n ,  i t  s e e m s  u n l i k e l y  t h a t  s i m p l e  m e c h a n i c a l  c u e s  a r e  
r e s p o n s i b l e  f o r  t h e  p a t t e r n  o f  c o n n e c t i o n s  f o r m e d  by  r e t i n a l  
t r a n s p l a n t s .  A n o t h e r  p o s s i b i l i t y  i s  t h a t  e a r l y  p r o j e c t i o n s  
f r o m  t h e  t r a n s p l a n t s  a r e  s o m e w h a t  r a n d o m ,  a n d  t h e n  by  a  p r o 
c e s s  o f  p r u n i n g  o r  c e l l  d e a t h  o n l y  a x o n s  w i t h  c o n n e c t i o n s  t o  
v i s u a l  n u c l e i  a r e  r e t a i n e d .  To t e s t  t h i s  we h a v e  s t u d i e d  
t h e  p r o j e c t i o n s  o f  r e t i n a l  t r a n s p l a n t s  d u r i n g  t h e i r  e a r l y  
s t a g e s  o f  d e v e l o p m e n t .  R e t i n a e  f r o m  r a t  e m b r y o s  on  t h e  
f o u r t e e n t h  d a y  o f  g e s t a t i o n  w e r e  d i s s e c t e d  a n d  c u l t u r e d  
o v e r n i g h t  i n  t i s s u e  c u l t u r e  m e d i a  ( s u p p l e m e n t e d  MEM) c o n 
t a i n i n g  v a r i o u s  m i x t u r e s  o f  t r i t i a t e d  a m i n o  a c i d s  ( p r o l i n e  
o r  l e u c i n e )  o r  a  f l u o r e s c e n t  d y e  ( T r u e  B l u e ,  F a s t  B l u e  o r  
r h o d a m i n e  i s o t h i o c y a n a t e ) .  T h e  r e t i n a e  w e r e  t h e n  w a s h e d  i n  
t i s s u e  c u l t u r e  m e d i u m  a n d  t r a n s p l a n t e d  t o  t h e  s u p e r i o r  
c o l l i c u l u s  o f  n e w b o r n  r a t s .  At  o n e  d a y  i n t e r v a l s  s t a r t i n g  
w i t h  t h e  t h i r d  d a y  a n d  up  t o  t w e n t y  d a y s  a f t e r  t r a n s p l a n 
t a t i o n ,  t h e  r a t s  w e r e  p e r f u s e d  a n d  t h e  b r a i n s  p r o c e s s e d  
f o r  a u t o r a d i o g r a p h y  o r  f l u o r e s c e n c e  m i c r o s c o p y .  As e a r l y  a s  
t h r e e  d a y s  p o s t - t r a n s p l a n t a t i o n  l a b e l l e d  p r o j e c t i o n s  w e r e  
s e e n  f r o m  t h e  t r a n s p l a n t s .  T h e s e  a x o n s  r a n  a l o n g  t h e  s u r 
f a c e  o f  t h e  h o s t  c o l l i c u l u s .  By t h e  f o u r t h  d a y ,  a x o n s  
r e a c h e d  a s  f a r  f o r w a r d  a s  t h e  l a t e r a l  g e n i c u l a t e  n u c l e u s .
A t  e a c h  o f  t h e  v i s u a l  n u c l e i  t h e  a x o n s  l e f t  t h e  b r a i n  s u r 
f a c e  a n d  a p p e a r e d  t o  p r o j e c t  i n t o  t h e  n u c l e u s .  T h e r e  wa s  
n o  s u g g e s t i o n  o f  w i d e s p r e a d  p r o j e c t i o n s  a t  a n y  t i m e  d u r i n g  
t h e  e a r l y  d e v e l o p m e n t a l  t i m e s  e x a m i n e d .  T h u s ,  i t  w o u l d  
a p p e a r  t h a t  t h e  i n i t i a l  o u t g r o w t h  f r o m  r e t i n a  t r a n s p l a n t e d  
t o  n e w b o r n  s u p e r i o r  c o l l i c u l u s  i s  s p e c i f i c  a n d  g o e s  o n l y  t o  
t h o s e  v i s u a l  n u c l e i  w i t h  w h i c h  i t  w i l l  s u b s e q u e n t l y  c o n n e c t . 
( S u p p o r t e d  by  NIH g r a n t s  E Y 053 71  a n d  E Y 0 5 3 7 2 ) .

3 0 1 . 1 0   TOPO GRAPHIC S P E C I F I C I T Y  OF THE ABERRANT COR T I CORUBRAL  
P RO JE CT I O N  FOLLOWING NEONATAL CO RT IC AL  L E S I O N S  IN THE RAT.   
C . G .  N a u s * ,  B . A .  F l u m e r f e l t  a n d  A .W .  H r y c y s h y n * .  D e p a r t m e n t  
o f  A n a t o m y ,  T h e  U n i v e r s i t y  o f  W e s t e r n  O n t a r i o ,  L o n d o n ,  
C a n a d a .

T h e  c o r t i c o r u b r a l  p r o j e c t i o n  w a s  s t u d i e d  i n  n e o n a t a l l y  
h e m i s p h e r e c t o m i z e d  r a t s  u s i n g  a n t e r o g r a d e  t r a n s p o r t  o f  
h o r s e r a d i s h  p e r o x i d a s e  c o n j u g a t e d  t o  w h e a t  g e r m  a g g l u t i n i n  
(H R P - W G A ) . T h e  r i g h t  c e r e b r a l  c o r t e x  o f  n e o n a t a l  r a t s  w a s  
a b l a t e d  a n d  6 – 8  w e e k s  l a t e r  t h e  l e f t  c e r e b r a l  c o r t e x  w a s  
i n j e c t e d  w i t h  1– 2 µ L o f  1% HRP-WGA.  T h e  r e s u l t s  w e r e  
c o m p a r e d  w i t h  t h o s e  f o l l o w i n g  s i m i l a r  i n j e c t i o n s  i n  u n l e s 
i o n e d  r a t s .

I n  c o n t r o l  a n i m a l s ,  d e n s e  b u n d l e s  o f  l a b e l e d  f i b e r s  o f  
t h e  r e c i p r o c a l  c o r t i c o t h a l a m i c  p r o j e c t i o n  c o u l d  b e  f o l l o w e d  
t h r o u g h  t h e  c a u d a t e  p u t a m e n  a n d  g l o b u s  p a l l i d u s  t o  t h e  
i p s i l a t e r a l  t h a l a m u s .  S o m e  l a b e l e d  f i b e r s  a p p e a r e d  t o  f i l t 
e r  t h r o u g h  t h e  t h a l a m u s  t o  t h e  m i d b r a i n .  i n  a d d i t i o n ,  
m a n y  l a b e l e d  f i b e r s  c o u r s e d  f r o m  t h e  c o r t e x  t h r o u g h  t h e  
i n t e r n a l  c a p s u l e  a n d  c e r e b r a l  p e d u n c l e .  C o r t i c o r u b r a l  
f i b e r s  w e r e  s e e n  l e a v i n g  t h i s  c o r t i c o f u g a l  p r o j e c t i o n  t o  
t e r m i n a t e  i p s i l a t e r a l l y  i n  t h e  r o s t r a l  t w o - t h i r d s  o f  t h e  
r e d  n u c l e u s .  O t h e r  a r e a s  o f  l a b e l i n g  i n c l u d e d  t h e  
i p s i l a t e r a l  z o n a  i n c e r t a ,  n u c l e u s  p a r a f a s c i c u l a r i s  p r e 
r u b r a l i s ,  s u p e r i o r  c o l l i c u l u s  a n d  m i d b r a i n  r e t i c u l a r  f o r m a 
t i o n ,  a s  w e l l  a s  t h e  c o r t i c o s p i n a l  t r a c t .

I n  n e o n a t a l l y  l e s i o n e d  a d u l t s ,  t h e  u n l e s i o n e d  c o r t e x  
g a v e  r i s e  t o  a  b i l a t e r a l  c o r t i c o r u b r a l  p r o j e c t i o n .  T h e  
a b e r r a n t  c o r t i c o r u b r a l  f i b e r s  c r o s s e d  t h e  m i d l i n e  i n  t h e  
d o r s a l  t e g m e n t a l  d e c u s s a t i o n  a n d  t e r m i n a t e d  c o n t r a l a t e r a l l y  
i n  t h e  r o s t r a l  t w o - t h i r d s  o f  t h e  r e d  n u c l e u s .  T e r m i n a l  
l a b e l i n g  i n  t h e  c o n t r a l a t e r a l  r e d  n u c l e u s  w a s  l e s s  d e n s e  
t h a n  t h e  i p s i l a t e r a l  r u b r a l  l a b e l i n g .  A b e r r a n t  c r o s s e d  
p r o j e c t i o n s  w e r e  a l s o  o b s e r v e d  i n  t h e  c o n t a l a t e r a l  t h a l a m u s ,  
n u c l e u s  p a r a f a s c i c u l a r i s  p r e r u b r a l i s ,  s u p e r i o r  c o l l i c u l u s  
a n d  m i d b r a i n  r e t i c u l a r  f o r m a t i o n .  L a b e l e d  c o r t i c o s p i n a l  
f i b e r s  w e r e  f o l l o w e d  c a u d a l l y  t o  t h e  p y r a m i d a l  d e c u s s a t i o n ,  
w h e r e  t h e y  c o u l d  b e  s e e n  p r o j e c t i n g  b i l a t e r a l l y  t o  t h e  
d o r s a l  f u n i c u l i .

U n i l a t e r a l  a b l a t i o n  o f  t h e  c e r e b r a l  c o r t e x  r e s u l t e d  i n  a  
b i l a t e r a l  c o r t i c o r u b r a l  p r o j e c t i o n  a n d  t h e  t o p o g r a p h i c  
s p e c i f i c i t y  w a s  m a i n t a i n e d  i n  t h e  a b e r r a n t  c o n t r a l a t e r a l  
i n p u t .
( S u p p o r t e d  b y  t h e  M . R . C .  o f  C a n a d a )
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301. 11  SYNAPSES FORMED BY SINGLE AFFERENT AXONS FROM 
MEDIAL HABENULA TO INTERPEDUNCULAR NUCLEUS IN 
RATS.  N . J .  L en n  an d  L . W h i tm o r e ,  D e p a r tm e n t  o f  
N e u r o lo g y  a n d  C l i n i c a l  N e u r o s c i .  R e s .  C e n t e r ,  
U n iv .  o f  V i r g i n i a ,  C h a r l o t t e s v i l l e ,  VA 2 2 9 0 8 .

A xons fro m  t h e  m e d ia l  h a b e n u l a  (MH) e n t e r  t h e  
i n t e r p e d u n c u l a r  n u c l e u s  ( IP N )  r o s t r o l a t e r a l l y . 
S e p a r a t e  p o r t i o n s  o f  MH p r o j e c t  t o  s e p a r a t e  
s u b n u c l e i  o f  IPN w h e re  t h e y  fo rm  d i f f e r e n t  t y p e s  
o f  e n d i n g s .  E x i s t i n g  d a t a  b a s e d  on ran d o m  
s e c t i o n s  s u g g e s t  t h a t  o n e  s u b g r o u p  o f  a x o n s  
f o rm s  t h e  w e l l  know n s p i r a l  p a t t e r n  w i th  
m u l t i p l e  r e c r o s s i n g s  o f  t h e  i n t e r m e d i a t e  an d  
c e n t r a l  s u b n u c l e i  o f  IP N . T h e s e  w o u ld  t h e r e f o r e  
be e x p e c t e d  t o  fo rm  many s y n a p s e s ,  i n c l u d i n g  
o n e - h a l f  o f  c r e s t  s y n a p s e s  i n  b o th  i n t e r m e d i a t e  
s u b n u c l e i  a n d  S s y n a p s e s  i n  t h e  c e n t r a l  s u b n u c l 
e u s .  T h e s e  h y p o t h e s e s  w e re  d i r e c t l y  t e s t e d  by 
EM o f  s e r i a l  s e c t i o n s  a f t e r  s t e r e o t a x i c  i n j e c 
t i o n  o f  HRP i n t o  o n e  f a s c i c u l u s  r e t r o f l e x u s  
( F R ) .  I n d i v i d u a l  a x o n s  w e re  f o l l o w e d  t h r o u g h  up 
t o  120  s e c t i o n s .  I t  w as f o u n d  t h a t  a x o n s  f o r m 
i n g  c r e s t  s y n a p s e s  a r e  i r r e g u l a r  i n  d i a m e t e r  a n d  
w avy i n  t r a j e c t o r y  i n  t h e  h o r i z o n t a l  p l a n e .  
W i th in  o n e  i n t e r m e d i a t e  s u b n u c l e u s  t h e y  h a v e  
o n ly  b e e n  s e e n  t o  fo rm  o n e  c r e s t  s y n a p s e s  a n d  up 
t o  t h r e e  s y m m e t r i c a l  c o n t a c t s .  W h ile  som e o f  
t h e s e  l a t t e r  a p p e a r  t o  be  s y n a p s e s ,  o t h e r s  may 
be n o n - s y n a p t i c . T h e s e  a x o n s  a r e  s y n a p s e  f r e e  
t h r o u g h  l o n g  d i s t a n c e s  r e l a t i v e  t o  t h e  w id th  o f  
t h e  i n t e r m e d i a t e  s u b n u c l e i .  Some o f  t h e s e  a x o n s  
e n t e r  d e n d r i t i c  g l o m e r u l i ,  fo rm  o n ly  o n e  c r e s t  
s y n a p s e ,  a n d  l e a v e  w i t h o u t  b r a n c h i n g .  T h e r e  i s  
no e v i d e n c e  t h a t  tw o  b r a n c h e s  o f  o n e  a x o n  c o n 
t a c t  b o th  s i d e s  o f  a c r e s t  s y n a p s e .  A x o n s f ro m  
o n e  FR do fo rm  c r e s t  s y n a p s e s  i n  b o th  i n t e r m e d i 
a t e  s u b n u c l e i .  I n  a few  c a s e s  b o th  e n d i n g s  a t  a 
c r e s t  s y n a p s e  a r e  f i l l e d  w i th  HRP, b u t  t h e  r e 
m a in d e r  h a v e  o n ly  o n e  e n d i n g  f i l l e d .  T he o c c a 
s i o n a l  c r e s t  s y n a p s e s  w i t h  a m y e l in  s h e a t h  c o n 
t a c t i n g  o n e  s i d e  a r e  n o t  d i f f e r e n t  i n  a n y  o t h e r  
w a y , a n d  may r e p r e s e n t  a v e r y  r a p i d  r e s p o n s e  t o  
t h e  t r a u m a  o f  t h e  i n j e c t i o n .  I t  i s  a n t i c i p a t e d  
t h a t  a d d i t i o n a l  f e a t u r e s  w i l l  be c l a r i f i e d  a s  
a x o n s  a r e  f o l l o w e d  o v e r  g r e a t e r  d i s t a n c e s .
( S u p p o r t e d  by NIH G r a n t  #NS 1 6 8 8 2 ) .

301.12   INAPPROPRIATE SYNAPSE FORMATION BY MISDIRECTED REGENERATING 
OPTIC FIBERS IN GOLDFISH: AN ELECTRON MICROSCOPIC HORSE
RADISH PEROXIDASE STUDY.  W .P . H ayes*  and  R .L . M eyer 
(SPON: M. B r o n n e r - F r a s e r ) .  D e v e lo p m e n ta l  B io lo g y  C e n t e r ,  
U n i v e r s i t y  o f  C a l i f o r n i a ,  I r v i n e  9 2 7 1 7 .

A r e c e n t  s t r a t e g y  f o r  t h e  s tu d y  o f  t h e  f o r m a t io n  o f  s e l e c 
t i v e  a x o n a l  c o n n e c t io n s  h a s  b e e n  th e  d e f l e c t i o n  o f  s e l e c t e d  
o p t i c  f i b e r s  fro m  a d o n o r  o p t i c  te c tu m ( O T ) in to  a  h o s t  OT d e 
n e r v a t e d  by c o n t r a l a t e r a l  e y e  e n u c l e a t i o n .  O p t ic  f i b e r s  fro m  
t h e  m e d ia l  o r  l a t e r a l  b rac h ia (M B  o r  LB) w ere  r e r o u t e d  i n t o  
t h e  a n te r o m e d ia l  r e g io n  o f  t h e  h o s t  OT. P r e v io u s  a u t o r a d i o 
g ra p h y  show ed t h a t  d e f l e c t e d  MB f i b e r s  p r o j e c t e d  m e d ia l l y  
w h e re a s  t h e  d e f l e c t e d  LB f i b e r s  p r o j e c t e d  i n t o  t h e  l a t e r a l  
r e g io n  o f  t h e  h o s t  OT. How ever t h e  m i s d i r e c t e d  LB f i b e r s  e x 
h i b i t e d  s i g n i f i c a n t  m e d ia l  l a b e l  a s  w e l l (M ey er, 1 9 8 4 , J . Neu
r o s c i e n c e  4 :2 3 4 ) .  To d i s t i n g u i s h  w h e th e r  t h i s  r e t i n o t o p i c a l 
l y  i n a p p r o p r i a t e  l a b e l  r e p r e s e n t s  f i b e r s  o f  p a s s a g e  o r  s y n 
a p t i c  c o n ta c t s  t h i s  u l t r a s t r u c t u r a l  a n a l y s i s  was u n d e r t a k e n .

In  o r d e r  t o  i d e n t i f y  o p t i c  f i b e r  t e r m in a t io n s  h o r s e r a d i s h  
p e r o x i d a s e (HRP)was a p p l i e d  t o  t h e  c u t  o p t i c  n e rv e  and  t e c t a l  
s e c t i o n s  w e re  p r o c e s s e d  u s in g  t h e  d i a m in o b e n z id in e - c o b a l t  
p r o to c o l  f o r  e l e c t r o n  m ic r o s c o p y .  In  n o rm a l f i s h  and  i n  f i s h  
w i th  o p t i c  n e rv e  c r u s h (3 0 – 150 d a y s  p o s t - c r u s h ) r e t i n a l  f i b e r s  
w ere  u n i fo r m ly  l a b e l e d  a lo n g  th e  a n t e r o p o s t e r i o r  an d  m ed io -  
l a t e r a l  e x t e n t  o f  t h e  OT . T e r m in a t io n s  w e re  o b s e rv e d  in  
t h r e e  t e c t a l  la m in a :  t h e  S u p e r f i c i a l  F i b e r  and  G ray (S F G S ), 
C e n t r a l  G ray  and  th e  d e e p e s t  C e n t r a l  W h ite (S A C ). E x c e p t  f o r  
s y n a p t i c  v e s i c l e s  and  m ito c h o n d r i a  w h ich  te n d e d  t o  e x c lu d e  
l a b e l ,  o p t i c  t e r m in a l s  w e re  e n t i r e l y  f i l l e d  w i th  p r o d u c t  and  
t h e r e  was l i t t l e  t o  no e v id e n c e  o f  t e r m in a l  d e g e n e r a t i o n .

In  f i s h  w i th  d e f l e c t e d  LB f i b e r s  many H R P - f i l l e d  t e r m in a l s  
w e re  o b s e rv e d  b e a r i n g  nu m ero u s a s y m m e tr ic  s y n a p t i c  c o n t a c t s  
i n  t h e  SFGS o f  t h e  i n a p p r o p r i a t e  a n te r o m e d ia l  h o s t  OT. A few  
l a b e l e d  n o n - r e t i n o t o p i c  t e r m in a l s  w e re  a l s o  s e e n  in  t h e  
d e e p e r  SAC. T h e se  s y n a p t i c  t e r m in a l s  w e re  m o r p h o lo g ic a l ly  
s i m i l a r  t o  n o rm a l and  n o n - m is d i r e c t e d  r e g e n e r a t i n g  t e r m i n a l s ,  
a l th o u g h  c l u s t e r i n g  o f  nu m ero u s l a b e l e d  t e r m in a l s  u s u a l l y  
a p p a re n t  was l e s s  e v i d e n t .  H e a v i ly  l a b e l e d  d e f l e c t e d  o p t i c  
f i b e r s  fo rm ed  l a r g e  f a s c i c l e s  o f  m y e l in a te d  a x o n s  i n  t h e  
o p t i c  f i b e r  l a y e r  an d  i n  t h e  SFGS.

E x t r a c e l l u l a r  r e c o r d in g s  on f i s h  w i th  LB d e f l e c t i o n s  co n 
f irm e d  t h a t  o n ly  LB f i b e r s  w e re  p r e s e n t  i n  t h e  m e d ia l  h o s t  
OT. I n t e r e s t i n g l y ,  t h e  p r o j e c t i o n  on t h e  m e d ia l  h a l f  o f  t h e  
h o s t  OT was fo u n d  t o  b e  c o n s i s t e n t l y  r e v e r s e d  a lo n g  th e  me
d i o l a t e r a l  a x i s  so  t h a t  t h e  e x tre m e  l a t e r a l  f i b e r s  w e re  r e 
p r e s e n t e d  m ost m e d ia l l y  on th e  h o s t  OT.

S u p p o r te d  by  PHS g r a n t s  N S-16319 and  HD -07029.

301.13  SYNAPTIC PLASTICITY IN CULTURE: SWITCH FROM CHEMICAL TO  
ELECTRICAL CONNECTIVITY BETWEEN CULTURED APLYSIA NEURONS.
 R o l f  Bodm er* an d  I rw in  B. L e v i t a n . F r i e d r i c h  M ie s c h e r  I n s t . ,  
B a s e l ,  S w i t z e r l a n d  and  B io ch em .  D e p t . ,  B r a n d e is  U n iv . ,  
W alth am , MA 0 2 2 5 4 .

A d u l t  A p ly s ia  n e u ro n s  m a in ta in e d  i n  p r im a ry  c u l t u r e  c a n  
r e g e n e r a t e  n e u r i t e s  w h ic h  i n t e r c o n n e c t  i n  e l a b o r a t e  n e t 
w o rk s . U n d er c u l t u r e  c o n d i t i o n s  w h ich  we h a v e  d e s c r i b e d  
p r e v i o u s l y  (D agan & L e v i t a n ,  J .  N e u r o s c i .  1 (1 9 8 1 )7 3 6 – 7 4 0 ) ,  
e l e c t r o t o n i c  c o n n e c t io n s  b e tw e e n  p a i r s  o f  c e l l s  fo rm  w ith  
h ig h  f r e q u e n c y ,  b u t  c h e m ic a l  s y n a p s e s  a r e  o b s e rv e d  o n ly  
r a r e l y .  One p a i r  o f  u n i d e n t i f i e d  n e u ro n s  f ro m  th e  a b d o m in a l 
g a n g l io n  e x h i b i t e d  s y n a p t i c  p l a s t i c i t y  i n  c u l t u r e .  A t th e  
s t a r t  o f  r e c o r d in g  f ro m  t h i s  p a i r  o f  c e l l s  ( a f t e r  5 w eeks i n  
c u l t u r e )  th e y  show ed no  e v id e n c e  o f  b e in g  e l e c t r o t o n i c a l l y  
c o n n e c t e d ,  b u t  t h e r e  w as a  c h e m ic a l  s y n a p se  b e tw e e n  them .
T h is  s y n a p s e  w as u n i d i r e c t i o n a l  an d  w as b lo c k e d  r e v e r s i b l y  
by  re m o v a l  o f  c a lc iu m  fro m  th e  e x t r a c e l l u l a r  m edium . H y p er
p o l a r i z a t i o n  o f  t h e  p o s t s y n a p t i c  c e l l  r e v e a l e d  t h a t  th e  
s y n a p t i c  r e s p o n s e  c o n s i s t e d  o f  a  f a s t  and  a  s lo w  c o m p o n en t. 
V o l ta g e  clam p a n a l y s i s  i n d i c a t e d  t h a t  t h e  f a s t  com ponen t was 
m o st l i k e l y  due  t o  a  d e c r e a s e  i n  a  r e s t i n g  o u tw a rd  c u r r e n t .  
The s lo w  co m p o n en t w as p r o b a b ly  due to  a n  i n c r e a s e  i n  o u t 
w ard  c u r r e n t ,  b u t  a  d e c r e a s e  i n  a  v o l ta g e - d e p e n d e n t  in w a rd  
c u r r e n t  c o u ld  n o t  b e  r u l e d  o u t .  P h a r m a c o lo g ic a l  e x p e r im e n ts  
i m p l i c a t e d  s e r o t o n i n  and  a c e t y l c h o l i n e  a s  p o s s i b l e  n e u ro 
t r a n s m i t t e r s  f o r  t h e  s lo w  co m p o n e n t. T h e se  e x p e r im e n ts  w ere  
c a r r i e d  o u t  o v e r  a  p e r i o d  o f  t h r e e  d a y s ,  d u r in g  w h ic h  tim e  
th e  c u l t u r e  d i s h  w as p e r f u s e d  w i th  p h y s i o l o g i c a l  s a l i n e  
c o n ta i n in g  g l u c o s e ,  i n  p l a c e  o f  t h e  n u t r i e n t - r i c h  se ru m - 
s u p p le m e n te d  L -1 5  c u l t u r e  medium i n  w h ic h  th e  c e l l s  h ad  b e e n  
g row n f o r  t h e  p r e v i o u s  f i v e  w e e k s . By th e  t h i r d  day  o f  
p e r f u s i o n  t h e  c h e m ic a l  s y n a p se  c o u ld  no l o n g e r  be  d e t e c t e d ,  
an d  th e  c e l l s  w e re  e l e c t r o t o n i c a l l y  c o n n e c te d  ( c o u p l in g  
c o e f f i c i e n t  = 0 . 2 ) .  Thus a d u l t  n e u ro n s  c a n  e x h i b i t  p l a s t i c i t y  
i n  t h e i r  c h o ic e  o f  ty p e  o f  s y n a p t i c  c o n n e c t i v i t y ,  and  t h i s  
c h o ic e  c a n  b e  p r o f o u n d ly  i n f l u e n c e d  by e n v ir o n m e n ta l  f a c t o r s .
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302.1  SENSITIVITIES TO NOREPINEPHRINE AND SEROTONIN IN DEVELOPING
DORSAL RAPHE NEURONS.  D.A. S m ith , J .F .  B a te s ,* and D.W. 
G all a g e r ,  D ep t. o f P s y c h ia t ry  and N euroanatom y, Y ale U niv. 
School o f  M ed., New Haven, CT 06508.

E le c t ro p h y s io lo g ic a l  and q u a n t i t a t i v e ,  a u to ra d io g ra p h ic  
r e c e p to r  b in d in g  te c h n iq u e s  w ere used  t o  c h a r a c te r iz e  th e  
p o s tn a t a l  developm ent o f α 1-  n o rep in e p h in e  (NE) and 5HT 
r e c e p to r s  in  th e  m id b ra in  d o r s a l  rap h e  (DR) n u c le u s .

D osen response  cu rv es  f o r  NE s e n s i t i v i t y  w ere o b ta in e d  by 
s u p e r fu s in g  m id b ra in  s l i c e s  which in c lu d e d  th e  m id b ra in  
rap h e  from  r a t s  o f v a r io u s  p o s tn a t a l  ages w ith  a r t i f i c i a l  
CSF c o n ta in in g  in c r e a s in g  do ses  (0 .5  t o  15 µM) o f  th e  α 1µNE 
a g o n i s t ,  p h e n y le p h rin e  (P E ). DR c e l l s  re c o rd e d  in  th e  
s l i c e  p r e p a r a t io n  w ere found to  be s e n s i t i v e  t o  PE a t  a l l  
ages t e s t e d .  T here was no c o n s is te n t  r e l a t i o n s h i p  between 
th e  p o s tn a t a l  age o f  th e  r a t  and th e  s e n s i t i v i t y  o f  DR 
neu rons  t o  PE (h a lf-m ax im a l e x c i ta to r y  dose o f  PE was 2 .4  
± 1 .2µM). T h is  e l e c t r o p h y s io lo g ic a l  d a ta  i s  c o n s is te n t  w ith  
a u to r a d io g ra p h ic  e v id en ce  f o r  α 1 s a d re n e rg ic  b in d in g  s i t e s  
(as  i d e n t i f i e d  by s p e c i f i c  3H- p ra z o s in  b in d in g )  in  r a t s  a t  
a l l  p o s tn a t a l  ages t e s t e d .  When m easured w ith  0.8nM of 
3H- PZ added , s i t e s  were 1 8 .8 , 2 2 .6 , 2 2 .6 , 2 2 .6 , 24 .9   
fm oles/m g t i s s u e  a t  1 ,3 ,5  & 7 days p o s tn a ta l  age and in  
a d u l ts  r e s p e c t iv e l y .

S e n s i t i v i t y  t o  LSD, u sed  as  a m easure o f  5HT a g o n is t  
a c t i v i t y  w ith o u t a f f i n i t y  f o r  th e  5HT up take  sy stem , was 
a l s o  t e s t e d  in  m id b ra in  s l i c e s  from r a t s  o f v a r io u s  
p o s tn a t a l  a g e s . P re lim in a ry  r e s u l t s  show t h a t  doses o f  LSD 
re q u i r e d  to  i n h i b i t  f i r i n g  o f  DR neurons d e c re a s e  w ith  
in c r e a s in g  a g e . These d a ta  s u g g e s t t h a t  s e n s i t i v i t y  t o  LSD 
in c r e a s e s  w ith  age ( f o r  exam ple, 3 - day LSD IC 50 = 400nM vs 
a d u l t  LSD IC 50 = 140nM). These d a ta  a r e  c o n s is te n t  w ith  
a u to ra d io g ra p h ic  e v id en ce  f o r  p ro g re s s iv e  in c r e a s e s  in  5HT 
b in d in g  s i t e s  (a s  i d e n t i f i e d  by s p e c i f i c  3H- 5HT b in d in g )  
w ith  in c r e a s in g  a g e . 3H- 5HT s i t e s  (w ith  8nM 3H- 5HT added) 
w ere found to  be p re s e n t  a t  1- day p o s tn a ta l  age ( 0 .6 4 
fm ole/m g t i s s u e )  and in c re a s e d  d u rin g  m a tu ra t io n  (1 .3 8 , 
2 .1 6 , 3 .4 4 , 6 .73  and 10 .43 fm oles/m g t i s s u e  a t  3 ,5 ,7 ,1 4  and 
21 days p o s tn a t a l  age r e s p e c t iv e l y ) .

These d a ta  s u g g e s t th e  d o rs a l  raphe n u c leu s  e x h ib i ts  
p h a rm a c o lo g ic a l ly  and f u n c t io n a l ly  m atu re  re s p o n s e s  to  NE 
by p o s tn a t a l  day 1. However, p ro g re s s iv e  in c r e a s e s  in  b o th  
f u n c t io n a l  5HT r e s p o n s i t i v i t y  and 5HT b in d in g  s i t e s  in  th e  
DR s u g g e s t t h a t  th e  5HT r e c e p to r  system  m a tu res  d u r in g  th e  
e a r l y  p o s tn a t a l  p e r io d .  (S u p p o rted  by. K lin g e n s te in  
F o u n d a tio n , USPHS NS 19655, S ta t e  o f  C o n n ec tic u t and 
O b e r lin  C o lle g e ) .

302.2  HIGH-AND-LOW [ 3H]IMIPRAMINE BINDING SITES IN DEVELOPING LONG 
EVANS RAT BRAIN.  R. S i r c a r .  J .R .  I e n i .  S .R . Z u k in , an d  H.M. 
v a n  P r a a q * ,  Dept. o f  P s y c h i a t r y ,  A l b e r t  E i n s t e i n  C o l le g e  o f  
M e d ic in e ,  B ro n x , NY 10 4 6 1 .

H ig h -  an d  l o w - a f f i n i t y  [ 3h ] im ip ra m in e  b i n d in g  s i t e s  h a v e  
b e e n  r e p o r t e d  i n  c o r t e x  o f  a d u l t  m ic e  an d  r a t  (R e ith  e t  a l . 
19 8 3 ; Conway an d  B ru n sw ic k , 1 9 8 3 ) .  M o c c h e t t i  e t  a l . (1982) 
r e p o r t e d  t h a t  h i g h - a f f i n i t y  [ 3H ] im ip ra m in e  b in d in g  s i t e s  d e 
v e lo p  a b o u t  d ay  5 i n  r a t  p u p s  an d  t h a t  b y  12 d a y s  o f  a g e  
t h e  num bers o f  b in d in g  s i t e s  r e a c h  a d u l t  v a l u e s .  They f u r 
t h e r  n o te d  t h a t  a l t h o u g h  no  h i g h - a f f i n i t y  [ 3H ]s e r o t o n i n  up 
t a k e  was s e e n  i n  b r a i n  u n t i l  d ay  5 , l o w - a f f i n i t y  [ 3H ]s e r o 
t o n in  u p ta k e  w as p r e s e n t  on  d ay  3 . The p r e s e n t  s tu d y  was 
a im ed  a t  f u r t h e r  a n a l y s i s  o f  t h e  o n to g e n y  o f  h i g h - a f f i n i t y  
I 3H ]im ip ra m in e  b in d in g  i n  r a t  b r a i n  an d  a l s o  t o  ex am in e  t h e  
p o t e n t i a l  d i f f e r e n t i a l  d e v e lo p m e n t o f  h i g h -  an d  l o w - a f f i n i t y  
[ 3H ]im ip ra m in e  b i n d in g  s i t e s .

B r a in s  fro m  3 ,6 ,9 , 1 2  a n d  15 d ay  o l d  Long E v an s h oo d e d  r a t  
p u p s  w ere  h o m o g en ized  i n  50 mM T r is -H C l  c o n ta i n in g  120 mM 
NaCl an d  5 mM KCl  (pH 7 .5  a t  7 ° C ) . 2– 6 b r a i n s  w e re  p o o le d   
t o  g iv e  a  f i n a l  p r o t e i n  c o n c e n t r a t i o n  o f  a b o u t  0 .5 - 1  m g/m l. 
A d u l t  b r a i n s  w ere  a s s a y e d  a s  c o n t r o l s .  500 µ1 a l i q u o t s  o f  
h o m o g en a te  w ere  i n c u b a te d  (1 h r  a t  4°C) w i th  0 .1  t o  500 nM 
I 3H ]im ip ra m in e ,  i n  t h e  p r e s e n c e  an d  a b s e n c e  o f  100 µM d e s 
im p ra m in e . B in d in g  was t e r m in a t e d  by  r a p i d  f i l t r a t i o n  u n d e r  
re d u c e d  p r e s s u r e  th ro u g h  GF/B f i l t e r s .  D a ta  a n a l y s i s  was 
p e r fo rm e d  u s in g  t h e  LIGAND p ro g ra m  (M unson, 1 9 7 9 ; T e i c h e r ,  
1 9 8 2 ) .

N o n - l in e a r  r e g r e s s i o n  a n a l y s i s  show ed t h e  p r e s e n c e  o f  a  
s i n g l e  s a t u r a b l e  b i n d in g  s i t e  i n  3 d ay  o ld  r a t s ,  h a v in g  an  
a p p a r e n t  Kd o f  1 2 .2  nM an d  Bmax o f  658 fm o l/m g  p r o t e i n .  I n  
15 d ay  o ld  r a t  b r a i n  a  good 2 - s i t e  f i t  was s e e n ;  an  a p p a r e n t  
h i g h - a f f i n i t y  s i t e  w i th  a  Kd o f  8 .1 5  nM an d  Bmax o f  396 f m o l /  
mg p r o t e i n  an d  a  l o w - a f f i n i t y  s i t e  w i th  a  Kd o f  178 nM an d  
Bmax o f  2 .3 7  pm ol/m g p r o t e i n .  T h ese  v a lu e s  d i f f e r e d  fro m  
t h o s e  o b t a i n e d  i n  t h e  c a s e  o f  t h e  a d u l t  b r a i n  w h ere  t h e  a p 
p a r e n t  Kd f o r  t h e  h ig h -  an d  l o w - a f f i n i t y  s i t e s  w ere  7 .0  nM 
an d  692 nM an d  Bmax v a lu e s  w e re  455 fm o l/m g  p r o t e i n  an d  8 .6 8  
pm ol/m g p r o t e i n  r e s p e c t i v e l y .  H ig h - an d  l o w - a f f i n i t y  s i t e s  
w ere  a l s o  d e t e c t e d  i n  12 d ay  o l d  r a t  b r a i n .  A s a t u r a b l e  low - 
a f f i n i t y  s i t e  made i t s  a p p e a r a n c e  b e tw e e n  6– 9 d a y s  a f t e r  
b i r t h .

The d i f f e r e n t i a l  a p p e a r a n c e  o f  t h e  a p p a r e n t  h i g h -  an d  low- 
a f f i n i t y  [ 3H ]im ip ra m in e  b i n d in g  s i t e s  s u g g e s t s  t h a t  t h e y  may 
h a v e  d i f f e r i n g  f u n c t i o n a l  r o l e s .

302.3  ONTOGENETIC CHANGES IN PINEAL GLAND MELATONIN SYNTHESIS IN
VITRO.  P .L .  G a rv e y * , K .A . H aak* , T . S w in k * , R .L . T e r r y ,  and 
L .D . L y t l e .   L a b o r a to r y  o f  P sy c h o p h a rm a c o lo g y , D e p a r tm e n t o f  
P s y c h o lo g y ,  U n iv . o f  C a l i f o r n i a ,  S a n ta  B a r b a ra ,  CA 9 3 1 0 6 .

I n  a d u l t  a n im a ls ,  s y n t h e s i s  o f  t h e  p i n e a l  g la n d  h o rm o n e , 
m e la to n in  (MEL), d e p e n d s  i n  p a r t  on  t h e  r e l e a s e  o f  n o r e p i n e 
p h r in e  f ro m  p o s tg a n g l io n i c  s y m p a th e t i c  n e u ro n s  o n to  p i n e a l o 
c y t e  β- n o r a d r e n o c e p t o r s . T h e se  c h a n g e s  i n  MEL s y n t h e s i s  a r e  
c o n t r o l l e d  by  a  r e c e p t o r - l i n k e d  m ech an ism  w h ich  in d u c e s  a c t 
i v i t y  i n  N - a c e t y l t r a n s f e r a s e ,  an  enzym e w h ich  r a t e - l i m i t s  an  
i n t e r m e d i a t e  s t e p  i n  t h e  s y n t h e s i s  o f  MEL fro m  i t s  u l t i m a t e  
p r e c u r s o r  am ino a c i d ,  1 - t r y p to p h a n .  C h a r a c t e r i z a t i o n s  o f  
p o s s i b l e  d e v e lo p m e n ta l  c h a n g e s  i n  MEL s y n t h e s i s  h a v e  b e e n  
c a r r i e d  o u t  p r e v i o u s ly  u n d e r  i n  v iv o  c o n d i t i o n s .  U n f o r tu 
n a t e l y ,  s e v e r a l  a r t i f a c t s  [ p o s s i b l e  m a t e r n a l - t o - f e t u s  and 
m a t e r n a l - t o - n e o n a te  t r a n s f e r  o f  MEL m o le c u le s ;  a g in g  d i f 
f e r e n c e s  i n  h e p a t i c  MEL c a ta b o l i s m  ( s e e  D .C . K le in  e t  a l . ,  
L i f e  S c i .  28 ; 1975 (1 9 8 1 ) o r  A. A l t a r ,  D ev. N e u r o s c i .  5 : 166 
(1 9 8 2 ) f o r  r e v i e w s ) ]  may h a v e  i n t e r f e r e d  w i th  a c c u r a t e  a s 
s e s s m e n ts  o f  t h e s e  m a t u r a t i o n a l  c h a n g e s .

We h a v e  r e a s s e s s e d  p o s s i b l e  m a t u r a t i o n a l  c h a n g e s  i n  p i n e a l  
g la n d  MEL s y n t h e s i s  u n d e r  i n v i t r o  c o n d i t i o n s  to  e l i m i n a t e  
some o f  t h e s e  p o t e n t i a l  a r t i f a c t s .  P i n e a l  g la n d s  o b t a in e d  
f ro m  f e t a l  ( p o s t c o n c e p t i o n  d a y  1 9 ) ,  n e o n a ta l  (0  d a y s  o l d ) ,  
o r  a d u l t  (50  d a y s  o ld )  a lb i n o  r a t s  w e re  i n c u b a te d  in v i t r o  
i n  t h e  p r e s e n c e  o f  a  10 -3  N HCl  v e h i c l e  o r  w i th  th e  β- n o r 
a d r e n o c e p to r  a g o n i s t  d ru g  i s o p r o t e r e n o l  (1 0 -4  M) f o r  4 h r .  
C h an g es  i n  p i n e a l  g la n d  o r  c u l t u r e  m ed ia  c o n c e n t r a t i o n s  o f 
p r e c u r s o r  [ t r y p to p h a n  (TR P), 5 - h y d ro x y t ry p ta m in e  (5H T ), N- 
a c e t y l s e r o t o n i n  (N A S)] o r  e n d -p r o d u c t  (MEL) com pounds w ere  
m e a su re d  u s in g  t h e  h ig h  p e rfo rm a n c e  l i q u i d  c h ro m a to g ra p h ic  
s e p a r a t i o n  an d  e l e c t r o c h e m i c a l  d e t e c t o r  q u a n t i f i c a t i o n  
m eth o d  o f  A n d e rs o n , Y oung, and  Cohen [J .  C h ro m ato g . 2 2 8 : 155 
( 1 9 8 2 ) ] .  O n ly  p i n e a l  g la n d  TRP w as d e t e c t a b l e  i n  f e t a l  r a t s  
u n d e r  e i t h e r  v e h i c l e  o r  i s o p r o t e r e n o l  c o n d i t i o n s .  I n  c o n 
t r a s t ,  by  t h e  t im e  o f  b i r t h  5HT c o n c e n t r a t i o n s  w e re  d e t e c t 
a b l e  i n  t h e  p i n e a l  g la n d  in c u b a te d  w i th  t h e  v e h i c l e .  More 
i m p o r t a n t l y ,  i n c u b a t io n  w i th  i s o p r o t e r e n o l  c a u se d  r e d u c t io n s  
i n  p i n e a l  g la n d  5HT, i n c r e a s e s  i n  p i n e a l  g la n d  NAS, and 
e l e v a t e d  c o n c e n t r a t i o n s  o f  MEL i n  t h e  c u l t u r e  m e d ia . T h ese  
d r u g - in d u c e d  c h a n g e s  i n  p i n e a l  g la n d  MEL s y n t h e s i s  a r e  
s i m i l a r  t o  t h o s e  o b s e rv e d  i n  a d u l t  a n im a ls ,  and  a r e  p resu m 
a b ly  c a u s e d  by i s o p r o t e r e n o l - i n d u c e d  en h a n ce m e n t o f  N - a c e t 
y l t r a n s f  e r a s e  a c t i v i t y .  Our d a t a  i n d i c a t e  t h a t  t h e  im m atu re  
p i n e a l  g la n d s  o f  new born  r o d e n t s  a r e  n e v e r t h e l e s s  c a p a b le  o f  
s y n t h e s i z i n g  an d  s e c r e t i n g  MEL u n d e r  a p p r o p r i a t e  c o n d i t i o n s .
( S u p p o r te d  b y  NIMH g r a n t  M H -31134.)

3 0 2 .4  PHARMACO-ONTOGENY OF REWARD: ENHANCEMENT OF INTRACRANIAL
ELECTRICAL SELF-STIMULATION BY d - AMPHETAMINE IN THE INFANT 
RAT.  G .A . BARR* AND T. LITHGOW* (S p o n s o r :  G eo rg e  G o u re 
v i t c h ) .  D e p t .  P s y c h i a t r y ,  A l b e r t  E i n s t e i n  C o l le g e  o f  Med
i c i n e  an d  B io p s y c h o lo g y  P ro g ra m , H u n te r  C o l le g e ,  CUNY, New 
Y o rk , N .Y . 1 0 0 2 1 .

The r a t  i s  b o r n  b o th  b e h a v i o r a l l y  and  n e u r o l o g i c a l l y  im
m a tu r e ,  b u t  n o n e th e l e s s  i s  c a p a b le  o f  l e a r n i n g .  I n  t h e  n e s t  
t h e  pu p  m u st l e a r n  t o  a p p ro a c h ,  a t t a c h  an d  su c k  fro m  t h e  
d a m 's  n i p p l e .  F u r th e r m o r e ,  r e c e n t  l a b o r a t o r y  s t u d i e s  h a v e  
shown t h a t  t h e  i n f a n t  r a t  i s  c a p a b le  o f  r e s p o n d in g  o p e r a n t 
l y  f o r  m ilk  i n f u s e d  i n t o  i t s  m o u th , o r  f o r  d i r e c t  e l e c t r i c a l  
s t i m u l a t i o n  o f  t h e  m e d ia l  f o r e b r a i n  b u n d le ,  an d  c l a s s i c a l l y  
t o  o d o r s  p a i r e d  w i th  m ilk  i n f u s t i o n  o r  o t h e r  " a c t i v a t i n g "  
s t i m u l i .  Y e t l i t t l e  i s  known o f  t h e  p h y s i o l o g i c a l  an d  neuro 
c h e m ic a l  b a s e s  o f  r e i n f o r c e m e n t  i n  t h e  n e o n a te .  The p r e s e n t  
s tu d y  fo u n d  t h a t  d -am p h e ta m in e  e n h a n ce d  r e s p o n d in g  f o r  i n 
t r a c r a n i a l  e l e c t r i c a l  s t i m u l a t i o n  i n  a  s e l f - s t i m u l a t i o n  
p a ra d ig m .

T h re e -d a y  o ld  Long E vans ho o d ed  p u p s  w ere  im p la n te d  w i th  
b i p o l a r  e l e c t r o d e s  a im ed  a t  a  num ber o f  f o r e b r a i n  s i t e s .  
E ig h te e n  h o u r s  l a t e r  t h e y  w e re  p l a c e d  i n  a  s m a l l  t e s t  cham 
b e r  and  a l lo w e d  t o  r e s p o n d  f o r  s t i m u l a t i o n  ( 2 .0  V, 150 Hz 
b i p h a s i c  s q u a re  wave o f  250 µ s e c  d u r a t i o n ) . R e s p o n s e s  f o r  
e a c h  p u p  w e re  c o u n te d  on  m a n ip u la n d a  t h a t  p ro d u c e d  (S+ ) o r  
d id  n o t  p ro d u c e  (S- ) t h e  e l e c t r i c a l  s t i m u l u s .  A f t e r  5 
h o u r s  p u p s  w ere  i n j e c t e d  w i th  e i t h e r  1 .0  o r  5 .0  m g/kg  o f  
d -am p h e ta m in e  HCl  o r  t h e  v e h i c l e  and  t e s t e d  f o r  an  a d d i t i o n 
a l  5 h o u r s .  I n c r e a s e d  r e s p o n d in g  on b o th  p o l e s  i n d i c a t e d  
e n h a n ce d  a c t i v a t i o n  w h i le  p r e f e r e n t i a l l y  i n c r e a s e d  r e s p o n d 
in g  on  th e  S+ i n d i c a t e d  i n c r e a s e d  r e i n f o r c e m e n t  d i r e c t e d  
b e h a v io r .

The h i g h e r  d o s e  o f  am p h e tam in e  s e l e c t i v e l y  e n h a n c e d  r e s 
p o n d in g  f o r  s t i m u l a t i o n  w h i le  t h e  lo w e r  d o s e  i n c r e a s e d  r e s 
p o n d in g  e q u a l l y  on b o th  t h e  S+ an d  S“ . H i s t o l o g i c a l  a n a ly s i s  
show ed t h a t  r e s p o n d in g  on  t h e  S+ i n c r e a s e d  m o st when th e  
e l e c t r o d e  was l o c a t e d  i n  t h e  a n t e r i o r  o l f a c t o r y  n u c le u s ,  n u 
c l e u s  a c cu m b e n s , a n t e r i o r  m e d ia l  f o r e b r a i n  b u n d le  (MFB) o r  
t h e  g lo b u s  p a l l i d u s .  M ore p o s t e r i o r  s i t e s ,  i n c l u d i n g  th e  
MFB, w ere  n o t  e n h a n ce d  by  a m p h e ta m in e .

G iv en  t h e  r e l a t i v e  m a t u r i t y  o f  t h e  m e s o lim b ic  d o p am in e  
sy s te m  i n  n e o n a ta l  r a t  p u p s ,  an d  t h a t  am p h e tam in e  e n h a n ce d  
r e s p o n d in g  f o r  e l e c t r i c a l  s t i m u l a t i o n ,  i t  c a n  b e  p o s t u l a t e d  
t h a t  r e i n f o r c e m e n t  i n  t h e  i n f a n t  r a t  m ig h t  b e  m e d ia te d ,  i n  
p a r t ,  by  c a te c h o la m e r g ic  m ec h a n ism s . T h is  s u g g e s t i o n  i s  
c o n s i s t e n t  w i th  c a te c h o la m in e  t h e o r i e s  o f  re w a rd  i n  a d u l t  
a n im a ls . ( S u p p o r te d  by  PSC-CUNY G r a n t  R F -6 -6 3 2 1 3  t o  GAB).
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302.5  ONTOGENY OF REGIONAL BRAIN CARNITINE LEVELS IN RATS:  R. G.  
F a r i e l l o ,  G. T . G o ld e n , A. L . S hug* ,   R e s e a rc h  and  N e u ro l
o g y , VA M e d ic a l  C e n te r ,  C o a t e s v i l l e ,  PA; Thomas J e f f e r s o n  
M e d ic a l  C o l le g e ,  P h i l a d e l p h i a ,  PA and VA M e d ic a l C e n te r ,  
M a d iso n , WI.

C a r n i t i n e  ( t r i m e t h y l b e t a i n e  o f  γ -a m in o -β - h y d r o x y b u ty r i c  
a c id )  i s  a t r a n s m i t o c h o n d r i a l  c a r r i e r  o f  f r e e  f a t t y  a c id  
c h a in s  in  many human t i s s u e s  and  i s  s t r u c t u r a l l y  s i m i l a r  to  
c h o l i n e  and γ - a m in o b u ty r ic  a c id  (GABA). C a r n i t i n e  and i t s  
a c e t y l a t e d  d e r i v a t i v e  a c e t y l c a r n i t i n e  a r e  u n e v e n ly  d i s t r i 
b u te d  i n  m am m alian b r a i n .  R e c e n t e v id e n c e  s u g g e s t s  t h a t  
c a r n i t i n e  and  i t s  d e r i v a t i v e s  e x e r t  an  a c t i o n  in  th e  CNS 
e i t h e r  a t  th e  e n d o n e u ro n a l  l e v e l ,  by e n t e r i n g  i n t o  n e u ro 
c h e m ic a l  p a t t e r n s ,  o r  a t  th e  s y n a p t i c  l e v e l ,  by i n t e r f e r i n g  
w i th  t r a n s m i s s io n ,  o r  b o th .  In  p a r t i c u l a r  i n t e r f e r e n c e  
w i th  c h o l i n e r g i c  and  GABAergic f u n c t i o n s  h a s  b e e n  s u g g e s te d  
a s  t h e  b a s i s  o f  s e v e r a l  s t u d i e s .

The p r e s e n t  s tu d y  was u n d e r ta k e n  to  ex am in e  th e  o n to 
g e n e t i c  d e v e lo p m e n t o f  c a r n i t i n e  i n  d i s c r e t e  b r a i n  r e g io n s  
fro m  b i r t h  t o  100 d a y s  o f  a g e .  S p ra g u e -D a w le y , A lb in o  r a t s  
w ere  d e c a p i t a t e d  a t  1 5 ,2 0 ,3 0 ,4 0 ,5 0  and 100 d a y s  o f  a g e . 
The b r a i n  was q u i c k l y  rem oved and d i s s e c t e d  on i c e  i n t o  
c e r e b e l lu m  (C B ), b r a i n  s te m  (B S ) , th a la m u s  (T H ), c a u d a te 
p u tam en  (C P ) , o c c i p i t a l - p a r i e t a l  c o r t e x  ( O- P ) ,  m id b r a in  
(MB), b a s a l  f o r e b r a i n  (NBM) and r e m a in in g  f o r e b r a i n  (FB) 
r e g i o n s .  B r a in  t i s s u e  was im m e d ia te ly  f r o z e n  in  d ry  ic e  
and  s to r e d  a t  -7 0 °C  u n t i l  a n a ly z e d  f o r  t o t a l  c a r n i t i n e  by a 
r a d i o m e t r i c  a s s a y .

T o ta l  c a r n i t i n e  l e v e l s  p ea k ed  a t  20 d a y s  o f  a g e  f o r  a l l  
r e g i o n s  s t u d i e d ,  e x c lu d in g  c e r e b e l lu m ,  w h ich  showed a 
d e c r e a s e .  A l l  b r a i n  r e g i o n s  e x am in ed  showed a  p r o g r e s s iv e  
d e c r e a s e  in  t o t a l  c a r n i t i n e  l e v e l  fro m  20 d a y s  to  100 d ay s  
o f  a g e .

A t 15 d a y s  p o s t n a t a l l y ,  th e  NBM and th e  CB h av e  th e  
h i g h e s t  c o n te n t  o f  t o t a l  c a r n i t i n e  and th e  FB and O-P  th e  
l o w e s t ,  w i th  MB, TH, CP and BS i n t e r m e d i a t e .  A t 20 d a y s  o f  
a g e ,  t h e  r a n k  o r d e r  fro m  h i g h e s t  t o  lo w e s t  was NBM>>TH>CR>O-  
P>BS, MB>CB, FB, a t  30 d a y s  o f  ag e  BS, MB, NBM>TH>CP, CB> O-  
P>FB. By 100 d a y s  o f  a g e  r e g i o n a l  a n a l y s i s  showed t h a t  O-  
P>BS>MB, CB>TH>CP>FB>NBM. The d e c a y in g  r a t e  o f  c a r n i t i n e  
c o n c e n t r a t i o n  was d i f f e r e n t  i n  v a r i o u s  r e g io n s  w i th  th e  
h i g h e s t  r a t e  f o r  NBM (98% ↓ ) and  lo w e s t  f o r  B r a in  Stem  
(62% ↓) .

R e s u l t s  w i l l  be  d i s c u s s e d  w i th  r e f e r e n c e  t o  t h e  o n to 
g e n e s i s  o f  c h o l i n e r g i c  n e u ro n s  and c h o l i n e r g i c  en zy m es.

3 0 2 .5 RAT BRAIN "MUSCLE-TYPE" ISOENZYMES OF CREATINE KINASE.
O .C . R am irez  and  G. L i c e a *  D e p t.  B io c h e m is t r y ,  C e n tro  de 
I n v e s t ig a c i o n  y d e  E s tu d io s  A v an zad o s d e l  I n s t i t u t o  P o l i t é c 
n i c o  N a c io n a l ,  07000 M éx ico , D .F .

Owing t o  i t s  d im e r ic  s t r u c t u r e ,  c y t o s o l i c  c r e a t i n e  k i n a s e  
(CK) e x i s t s  a s  t h r e e  m ain  iso e n z y m e s :  MM, MB and  BB. Amino
a c id  c o m p o s i t io n ,  f i n g e r p r i n t  a n a l y s i s  an d  im m unochem ica l 
r e a c t i o n s  show a  h ig h  d e g re e  o f  s t r u c t u r a l  hom ology  b e tw e e n  
th e  iso e n z y m e s  o f  d i f f e r e n t  s p e c i e s .  The MM iso e n z y m e  h a s  
b e e n  c la im e d  t o  b e  an  o r g a n - s p e c i f i c ,  r a t h e r  t h a n  a  s p e c i e s -  
s p e c i f i c  a n t i g e n .  In  d i f f e r e n t i a t i n g  s k e l e t a l  m u sc le  i n. v i v o  
and  i n  v i t r o , t h e r e  i s  a  c o n s id e r a b l e  a c c u m u la t io n  o f  CK a c 
t i v i t y .  The t r a n s i t i o n  o f  t h e  CK iso en zy m e  p a t t e r n  i n i t i a t e s  
w i th  t h e  BB-CK t y p e ,  fo l lo w e d  by  t h e  MB-CK and  c o n c lu d e s  w i th  
t h e  m a tu re  MM-CK ty p e  i n  th e  a d u l t  o f  t h e  s p e c i e s  s t u d i e d .  I t  
i s  th o u g h t  t h a t  i n  v e r t e b r a t e  b r a i n  BB-CK i s  th e  s o l e  fo rm  
fro m  th e  e a r l i e s t  s t a g e s  t h ro u g h o u t  m a t u r i t y  (E p p e n b e rg e r  e t  
a l . ,  D e v e lo p . B i o l .  1 0 : 1 , 1 9 6 4 ) . E v id e n c e  i s  p r e s e n t e d  h e re  
t h a t  a s  i n  s k e l e t a l  and  h e a r t  m u s c l e s ,  t h e  r a t  b r a i n  s y n th e 
s iz e d  c a t a l y t i c  fo rm s  o f  MM-CK and MB-CK i n  a d d i t i o n  to  th e  
BB-CK b r a i n  ty p e  i n  q u a n t i t i e s  t h a t  p e rm i t  t h e  iso e n z y m e s  t o  
be v i s u a l i z e d  by th e  NADP+ c o u p le d  r e a c t i o n s  t e c h n i q u e .  T o t a l  
r a t  b r a i n  c y t o s o l i c  ( p o s t  2 7 ,0 0 0  x g ) CK s p e c i f i c  a c t i v i t i e s  
w ere  in d e p e n d e n t  o f  t h e  p r o t e i n  d e te r m i n a t i o n  p r o c e d u r e  and  
a v e ra g e d  0 .5 2 2 ± 0 .0 5 1  µraol c r e a t i n e  d i s a p p e a re d /m in /m g  p r o 
t e i n .  Heavy s t a i n e d  MM and MB-CK t y p e s  w ere  c o n s i s t e n t l y  
fo u n d  i n  t h e  p o s t  1 2 5 ,0 0 0  x  g c y t o s o l i c  b r a i n  f r a c t i o n  o f  
r a t s  w hose w e ig h t  r a n g e d  fro m  200 t o  280 g .  In  no  c a s e  s p u r i 
o u s  s t a i n i n g  a p p e a re d  i n  t h e  b l a n k s .  F a i n t  t r a c e s  o f  t h e  MM 
d im e r  h a v e  b e e n  fo u n d  i n  o c c a s io n s  i n  a d u l t  d o g , hym an, r a b 
b i t  and  g u in e a  p ig  b r a i n  s o u r c e s ,  b u t  t h i s  i s  t h e  f i r s t  t im e  
t h a t  n e u r a l  MB-CK iso en zy m e  h a s  b e e n  fo u n d  i n  a  h i g h e r  v e r t e 
b r a t e .

Electrophoretogram of brain cytosolic CK isoenzymes

R at body  r a n g e
Distance  from the origin in cm±SD

N (g ) MM MB BB

18 2 0 0 -2 8 0 ( 1 2 ) 2 .8 6 ± 0 .017 ( 7 ) 3 .0 3 ± 0 .3 5  ( 1 1 ) 6 .3 5 ± 0 .022

No. i n  p a r e n t h e s e s  i n d i c a t e  No. o f  r a t s  sh o w in g  a  p a r t i c u l a r  
CK t y p e .  Some r a t s  h ad  m ore t h a n  one iso en zy m e  b a n d .

3 0 2 . 7  CHANGES IN ACETYLCHOLINESTERASE ACTIVITY AND MOLECULAR
FORMS IN A CLONAL NEUROBLASTOMA-GLIOMA HYBRID N G 1 0 8 - 1 5  CELL 
LINE DURING DI FF ERENT IAT ION.  R.  R a y ,  R . A ,  K e l l y * ,  C . E .  
M u r r a y * ,  a n d  C . R .  S t o r m * .  US Army M e d i c a ì  R e s e a r c h  I n s t i t u 
t e  o f  C h e m i c a l  D e f e n s e ,  A b e r d e e n  P r o v i n g  G r o u n d ,  MD 2 1 0 1 0 .

T r e a t m e n t  o f  N G 1 0 8 - 1 5  c e l l s  w i t h  1mM d i b u t y r y l  cAMP ( B t 2 
cAMP) f o r  s e v e r a l  d a y s  i n  c u l t u r e  p r o d u c e s  m a r k e d  a l t e r a 
t i o n s  i n  v a r i o u s  m o r p h o l o g i c a l  a n d  b i o c h e m i c a l  p a r a m e t e r s  
c h a r a c t e r i s t i c  o f  n e u r o n a l  d i f f e r e n t i a t i o n .  S e p a r a t e  c u l 
t u r e s  o f  t h e s e  c e l l s ,  g r o w n  i n  t h e  a b s e n c e  o r  p r e s e n c e  o f  
B t 2 cAMP, w e r e  a n a l y z e d  f o r  t o t a l  a m o u n t  o f  p r o t e i n ,  a n d  
s p e c i f i c  a c t i v i t y  a s  w e l l  a s  m o l e c u l a r  f o r m s  o f  a c e t y l c h o 
l i n e s t e r a s e  (ACh E) a t  d i f f e r e n t  d a y s  a f t e r  i n i t i a t i o n  o f  
c u l t u r e s .  C h o l i n e s t e r a s e  a c t i v i t y  o f  t h e s e  c e l l s ,  a s s a y e d  
b y  a  r a d i o m e t r i c  m e t h o d  u s i n g  a c e t y l - l -  C - c h o l i n e  i o d i d e  
a s  s u b s t r a t e ,  w a s  i n h i b i t e d  9 0 % b y  a  s p e c i f i c  AChE i n h i b i t o r  
c o m p o u n d  BW284C51 ( I C 50 = 3 x 1 0 - 8 M ) ,  i n d i c a t i n g  t h a t  t h e  e n z y m e  
a c t i v i t y  w a s  p r e d o m i n a n t l y  AChE.  A f t e r  6  d a y s ,  B t 2 cAMP 
t r e a t e d  c u l t u r e s  c o n t a i n e d  o n e - t h i r d  t h e  a m o u n t  o f  p r o t e i n  
o f  u n t r e a t e d  c u l t u r e s ;  b u t ,  t h e  s p e c i f i c  AChE a c t i v i t y  
( n m o l e s  ACh h y d r o l y z e d / m i n / m g  p r o t e i n )  o f  t h e  t r e a t e d  c u l 
t u r e s  w a s  t h r e e  t i m e s  ( 5 5  n m o l e s / m i n / m g )  t h a t  o f  u n t r e a t e d  
c u l t u r e s  ( 2 0  n m o l e s / m i n / m g ) .  AChE m o l e c u l a r  f o r m s  i n  t h e  
c e l l  e x t r a c t  p r e p a r e d  b y  s o n i c a t i o n  i n  a  s o l u t i o n  c o n t a i n i n g  
h i g h  s a l t  c o n c e n t r a t i o n ,  i o n i c  a n d  n o n i o n i c  d e t e r g e n t s ,  a n d  
EDTA w e r e  c h a r a c t e r i z e d  b y  t h e i r  s e d i m e n t a t i o n  c o e f f i c i e n t s  
i n  s u c r o s e  d e n s i t y  g r a d i e n t s .  Two m o l e c u l a r  s p e c i e s  w i t h  
s e d i m e n t a t i o n  c o e f f i c i e n t s  o f  a p p r o x i m a t e l y  5S a n d  10S w e r e  
f o u n d  i n  a l l  c u l t u r e s ,  u n t r e a t e d  o r  t r e a t e d ,  a f t e r  3 o r  6 
d a y s .  A f t e r  3 d a y s ,  w he n  t h e  u n t r e a t e d  c u l t u r e s  w e r e  i n  t h e  
l o g a r i t h m i c  g r o w t h  p h a s e  a n d  t h e  t r e a t e d  c u l t u r e s  w e r e  
i n c o m p l e t e l y  d i f f e r e n t i a t e d ,  t h e  r e l a t i v e  c o n t e n t s  o f  t h e  
5S a n d  t h e  10 S  m o l e c u l a r  f o r m s  w e r e  a p p r o x i m a t e l y  80% a n d  
20% r e s p e c t i v e l y .  H o w e v e r ,  a f t e r  6 d a y s ,  w he n  t h e  u n t r e a t e d  
c u l t u r e s  w e r e  c o n f l u e n t  a n d  t h e  t r e a t e d  c u l t u r e s  w e r e  h i g h l y  
d i f f e r e n t i a t e d ,  t h e  5S  f o r m  d e c r e a s e d  t o  70% a n d  t h e  10S  
f o r m  p r o p o r t i o n a t e l y  i n c r e a s e d  t o  30% i n  b o t h  t y p e s  o f  c u l 
t u r e s .  Work d o n e  i n  o t h e r  l a b o r a t o r i e s  h a v e  s h o w n  t h a t  AChE 
i n  b r a i n  a l s o  c o n s i s t s  o f  t h e s e  t w o  m o l e c u l a r  s p e c i e s ,  a n d  
t h e i r  r e l a t i v e  p r o p o r t i o n  a l t e r s  s i m i l a r l y  d u r i n g  d e v e l o p 
m e n t .  T h e s e  r e s u l t s  s h o w  t h a t  a c t i v i t y  a n d  m o l e c u l a r  f o r m s  
o f  AChE a r e  r e g u l a t e d  i n  N G 1 0 8 - 1 5  c e l l s ,  a n d  t h e s e  r e g u l a t 
o r y  m e c h a n i s m s  m ay  p o s s i b l y  b e  i n v o l v e d  i n  n e u r o n a l  d e v e l 
o p m e n t  a n d  d i f f e r e n t i a t i o n .

3 0 2 .8  LAMINAR REVERSALS OF RECEPTOR BINDING PATTERNS IN CAT VISUAL 
CORTEX DURING THE CRITICAL PERIOD.  C. Shaw, M. C. N e e d ie r*  
and M. C y n a d e r .  D e p ts .  o f  P s y c h o lo g y  and  P h y s io lo g y ,  
D a lh o u s ie  U n i v e r s i t y ,  H a l i f a x ,  Nova S c o t i a .

We h a v e  r e c e n t l y  d e m o n s t ra te d  a g e -d e p e n d e n t  c h a n g e s  i n  
r e c e p t o r  p r o p e r t i e s  su c h  a s  num ber (Bm ax) and  a f f i n i t y  (Kd ) 
f o r  v a r i o u s  r e c e p t o r  p o p u l a t i o n s  i n  c a t  v i s u a l  c o r t e x  d u r in g  
p o s t n a t a l  d e v e lo p m e n t.  GABA, b e n z o d ia z e p in e ,  β- a d r e n e r g i c , 
and  a c e t y l c h o l i n e  ( m u s c a r in ic )  r e c e p t o r s  a l l  show i n c r e a s e s  
i n  Bmax d u r in g  p o s t n a t a l  d e v e lo p m e n t w i th  p e a k  b i n d in g  
o c c u r r in g  d u r in g  t h e  p h y s io l o g i c a l l y - d e f i n e d  c r i t i c a l  
p e r i o d .  C hanges i n  Kd w e re  a l s o  o b s e rv e d  f o r  GABA, 
b e n z o d ia z e p in e ,  and  a c e t y l c h o l i n e  r e c e p t o r s  d u r in g  t h e  same 
p e r i o d .  We now r e p o r t  a g e -d e p e n d e n t  r e v e r s a l s  o f  th e  
l a m in a r  p a t t e r n s  o f  b in d in g  f o r  c e r t a i n  r e c e p t o r  p o p u l a t i o n s  
d u r in g  th e  c r i t i c a l  p e r i o d .

In  v i t r o  a u to r a d io g r a p h ic  t e c h n iq u e s  w e re  em ployed  to  
ex am in e  th e  d i s t r i b u t i o n s  o f  t h e  f o l l o w in g  b i n d in g  s i t e s :
[ 3H] m u sc im o l (GABA), [ 3H] FNZ ( b e n z o d ia z e p in e ) ,  [ 3H] QNB 
and  [ 3H] NMS ( m u s c a r in ic  a c e t y l c h o l i n e ) ,  [ 3H] DHA ( β- a d r e n 
e r g i c ) ,  [ 3H] g lu ta m a te  ( g l u t a m a t e / a s p a r t a t e / k a i n a t e ) , [ 3H] 
AMPA ( g lu t a m a t e ) ,  an d  [ 3H] p e n ta g a s t r in /C C K - 5  ( c h o l e c y s t o 
k i n i n ) . S e c t io n s  c u t  from  t h e  v i s u a l  c o r t i c e s  o f  c a t s  o f  
v a r i o u s  a g e s  w ere  in c u b a te d  a p p r o p r i a t e l y  w i th  t h e  v a r i o u s  
l ig a n d s  and  a p p o se d  t o  LKB U l t r o f i l m .

Each o f  t h e  l ig a n d s  g e n e r a t e d  s p e c i f i c  l a m in a r  b in d in g  
p a t t e r n s .  Of t h e s e ,  t h r e e  b in d in g  s i t e s  ( [ 3H] m u sc im o l,
[ 3H] FNZ and [ 3H] AMPA) show ed i n v a r i a n t  l a m in a r  b i n d in g  
p a t t e r n s  a t  e a c h  a g e  e x a m in e d . The o t h e r  b in d in g  s i t e s ,  
h o w e v e r , show ed a g e -d e p e n d e n t  c h a n g e s .  F o r  e a c h  o f  t h e s e  
c a s e s  b in d in g  was h i g h e s t  i n  c o r t i c a l  l a y e r  IV i n  young  
k i t t e n s  (3 d a y s -3 0  d a y s  p o s t n a t a l ) ,  b u t  r e v e r s e d  d u r in g  t h e  
c r i t i c a l  p e r i o d  so  t h a t  by  95 d a y s  t h e  b in d in g  s i t e s  w ere 
d o m in a n t ly  i n  t h e  s u p e r f i c i a l  a n d /o r  d e e p  l a y e r s .  D u rin g  
t h e  same p e r i o d  t h e  num ber o f  b in d in g  s i t e s  i n  l a y e r  IV 
d e c r e a s e d  d r a m a t i c a l l y .  Of t h e  e i g h t  p o p u l a t i o n s  o f  b in d in g  
s i t e s  e x a m in e d , s e v e n  w ere  i n i t i a l l y  d e n s e s t  i n  l a y e r  IV , 
t h e  s i n g l e  e x c e p t io n  b e in g  [ 3H1 AMPA w h ich  f a v o r e d  l a y e r s  I ,  
I I  and  VI a t  a l l  a g e s .  O nly  [*H] m usc im ol an d  [ 3H] FNZ 
b in d in g  s i t e s  show ed i n c r e a s e s  i n  num ber i n  l a y e r  IV d u r in g  
p o s t n a t a l  d e v e lo p m e n t.

S e v e ra l  p o s s i b l e  m ech an ism s can  be ev oked  t o  a c c o u n t  f o r  
t h e  o b s e rv e d  r e v e r s a l s  i n  b i n d in g  p a t t e r n .  N e u ro n a l  o r  
g l i a l  e le m e n ts  w i th  w h ich  th e  r e c e p t o r s  a r e  a s s o c i a t e d  m ig h t 
m ig r a te  d u r in g  p o s t n a t a l  d e v e lo p m e n t. A l t e r n a t i v e l y ,  s u b 
p o p u l a t i o n s  o f  e a ch  r e c e p t o r  m ig h t d e v e lo p  a t  d i f f e r e n t  r a t e s  
i n  t h e  v a r i o u s  la m in a e  w h i le  b e in g  e l i m in a te d  i n  l a y e r  IV.
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302.9  DEVELOPMENT OF CHOLINERGIC AND PEPTIDERGIC PHENOTYPIC 
CHARACTERS IN THE RAT NEOSTRIATUM (NS) VIVO AND IN 
VITRO,  H .J ,  M a r tin e z ,*  C. F . D reyfus and I .B . B lack  (Spon: 
K.A. M arkey).  C o rn e ll U niv . Med. C o l l . ,  N .Y ., NY 10021.

The n e o s t r i a tu m  i s  a r e m a rk a b le  com plex  s t r u c t u r e ,  
c o n s is t i n g  o f  b io c h e m ic a lly  d i s t i n c t  n eu ro n a l p o p u la tio n s  
t h a t  have been  im p lic a te d  in  a v a r i e ty  o f  c l i n i c a l  syn
drom es. To b eg in  c h a r a c te r iz in g  grow th re q u irem en ts  o f  
d i f f e r e n t  s t r i a t a l  p o p u la t io n s ,  we m easured c h o lin e  a c e ty l 
t r a n s f e r a s e  (CAT) a c t i v i t y  to  m o n i to r  o n to g e n y  o f  th e  
c h o l i n e r g i c  i n t e r n e u r o n s ,  and s u b s t a n c e  P to  f o l lo w  
d e v e lo p m e n t o f  th e  p e p t i d e r g i c  s t r i a t o n i g r a l  n e u r o n s .  
T here was n o ta b le  synchrony in  th e  developm ent o f  th e s e  
m arkers  in  th e  r a t  NS i n  v iv o . CAT a c t i v i t y  was d e te c ta b le  
a t  b i r t h ,  in c re a s e d  6 - fo ld  a f t e r  th e  f i r s t  week to  a t t a i n  
p la te a u  le v e ls  by one month o f  age . S im i la r ly ,  SP in 
c r e a s e d  p r o g r e s s i v e l y  a f t e r  b i r t h ,  d e s c r i b i n g  a 5 -  to  
6- f o ld  in c r e a s e  by one m onth. To b eg in  d e f in in g  deve lop 
m en ta l r e g u la to ry  f a c t o r s ,  th e  NS from E20 ( g e s ta t io n a l  
day) f e tu s e s  was grown in  o rg a n o ty p ic  c u l tu r e .  The NS was 
d is s e c te d  f r e e  o f  su rro u n d in g  b r a in  t i s s u e ,  s e c t io n e d  in to  
s e v e ra l  p ie c e s  and p la c e d  in  Maximov s l id e  a s s e m b lie s . 
D uring th e  2 week c u l tu r e  p e r io d ,  CAT a c t i v i t y  in c re a se d  
n e a r ly  3 - f o ld ,  s u g g e s tin g  th a t  th e  c h o l in e rg ic  in te rn e u ro n s  
grew  and deve loped  in  c u l tu r e .  In  c o n t r a s t ,  SP d ec re a sed  
m arked ly  a f t e r  3 days in  c u l tu r e ,  re a c h in g  alm ost u n d e te c t
a b le  l e v e l s  a f t e r  2 w eeks. These o b s e rv a t io n s  su g g es t th a t  
th e  S P -c o n ta in in g , s t r i a t o n i g r a l  p r o je c t io n  neurons f a i l  to  
d e v e lo p  n o r m a l ly ,  w h ile  th e  i n t r i n s i c  i n t e r n e u r o n s  do 
m a tu re  in  c u l tu r e .  We a re  p r e s e n t ly  d e te rm in in g  w hether 
th e  p e p t id e rg ic  p r o je c t io n  neurons re q u i r e  norm al e x t r i n s i c  
t a r g e t s  f o r  m a tu ra t io n  in  v i t r o .
(S u p p o rted  by NIH G ran ts  NS 10259 and HD 12108 and March o f  
Dimes B ir th  D e fe c ts  F d n ., H .J.M . i s  th e  r e c ip ie n t  o f  a 
s c h o la r s h ip  from th e  I n s t i t u t o  de I n v e s t ig a c io n e s  C l in ic a s ,  
U n iv e rs id a d  Del Z u l ia ,  M araca ibo , V en ezu e la . A ided by a 
g r a n t  from th e  American P ark inson  D isease  A s s o c ia t io n .)

302.10  ONTOGENY OF PRO-ACTH/ENDORPHIN-DERIVED PEPTIDES IN THE RAT 
PITUITARY.  S.  M . S ato   D ep t. o f  N eu ro sc ien c e , The Johns 
Hopkins U niv . School o f  M ed ic ine , B a ltim o re , MD 21205

The c o n te n t and m o lecu la r forms o f  im m unoreactive p ro -  
A C T H /endorphin-derived p e p t id e s  from a n t e r io r  and  
n e u ro in te rm e d ia te  p i t u i t a r y  e x t r a c t s  o f  r a t s  (a g e s ; p o s t 
n a t a l  day 1 to  21) were d eterm ined  u s in g  a n t i s e r a  d i r e c te d  
a g a in s t  β- e n d o rp h in (10–19) and 16K frag m en t. D ata a re  pm ol/ 
p i t u i t a r y  lobe (mean ±   S .D .; N = 6 ,  [N = 2 , a d u l t s ] ) .

A n te r io r  Lobe In te rm e d ia te  Lobe
Age 16K f r a g . β-en d o . 16K frag ., β-re n d o .
Day 1 8 ± 1 6 ± 1 5 ± 0 .1 7 ± 2
Day 3 7 ±  1 6 ±  3 8 ±  1 13 ± 2
Day 7 15 ± 2 10 ± 2 21 ± 2 32 ± 5
Day 14 21 ± 3 17 ±  5 36 ± 10 33 + 8
Day 21 26 ± 4 18 ± 3 60 ± 9 76 ± 25
A d u lt(~300g) 130 79 1100 980

Gel f i l t r a t i o n  an a ly s e s  (Sephadex G-75) d em o n stra ted  th a t  
th e  in te rm e d ia te  p i t u i t a r y  d is p la y e d  a p o s t - t r a n s l a t i o n a l  
p ro c e s s in g  p a t t e r n  th ro u g h o u t th e  p o s tn a t a l  p e r io d  (day  1 to  
day 21) s im i la r  to  th a t  in  th e  a d u l t ;  p e p t id e s  th e  s iz e  o f 
αMSH ( r a th e r  th a n  in t a c t  ACTH) and β-e n d o rp h in  ( r a t h e r  th a n  
i n t a c t  β-LPH) were p redom inan t p e p t id e s .  In  th e  d ev e lo p in g  
a n t e r io r  lo b e , pro-ACTH/endo rph in  accoun ted  fo r  40 to  50% o f 
th e  t o t a l  im m unoreactive p e p t id e ,  and m a te r ia l  t h e s iz e  o f 
αMSH was observed  th ro u g h o u t th e  3-week p o s tn a t a l  p e r io d .  
In  c o n t r a s t  to  th e  d ev e lo p in g  a n t e r io r  p i t u i t a r y ,  th e  s d u l t  
a n t e r io r  p i t u i t a r y  has o n ly  10% pro-ACTH/end o rp h in  and no 
d e te c ta b le  αMSH-sized m a te r i a l .  RP-HPLC a n a ly s e s  o f  th e  
m o lecu la r forms o f  αMSH-sized m a te r ia l  in  th e  in te rm e d ia te  
lobe d u rin g  p o s tn a t a l  developm ent dem o n stra ted  th a t  ~65% 
e x i s t s  as d iacety l-A C T H (1–13)NH2 , and th e  r e s t  as mono- and 
desacetyl-A C TH (1–13)NH2 ; t h i s  d i s t r i b u t i o n  p a t t e r n  is  
s im i la r  to  the  a d u l t .  By c o n t r a s t ,  ~65% o f  th e  t o t a l  
im m unoreactive αMSH-sized m a te r ia l  in  th e  dev e lo p in g  
a n t e r io r  lobe i s  d e s a c e ty l  ACTH(1–1 3 )NH2 . The p re se n c e  o f  
αMSH and ACTH im m unoreactive c e l l s  in  b o th  lo b e s  o f  th e  
a d u l t  p i t u i t a r y  and in  th e  d ev e lo p in g  a n t e r io r  p i t u i t a r y  has 
been  examined u s in g  a n t i s e r a  d i r e c te d  tow ard th e  C -te rm in a l 
α-am ide o f  αMSH and th e  C -te rm in a l o f  ACTH. As ex p e c te d , 
a l l  th e  c e l l s  in  th e  in te rm e d ia te  lobe s ta in e d  f o r  b o th  αMSH 
and ACTH and a p o p u la tio n  o f  ACTH-producing c e l l s  was 
d e te c te d  in  th e  a d u l t  a n t e r io r  p i t u i t a r y ;  no c e l l s  s ta in in g  
fo r  aMSH were observed  in  th e  a d u l t  a n t e r io r  p i t u i t a r y .  In  
c o n t r a s t . th e  d ev e lo p in g  a n t e r io r  p i t u i t a r y  d is p la y e d  no t 
on ly  ACTH im m unoreactive c e l l s  b u t a ls o  αMSH im m unoreactive 
c e l l s .  S uppo rt: DA-00266, McKnight Fdn.

302.11  OPIATE RECEPTOR DISTRIBUTION IN THE BRAIN OF A NEWBORN 
RHESUS MONKEY.  J .  B a c h e v a lie r , J .  B. O’N e i l l* ,  L. G. 
U n g e r le id e r , and D. P. F riedm an .  Lab. o f  N europsychology, 
NIMH, B e th esd a , MD. 20205.

The d i s t r i b u t i o n  o f  o p ia te  r e c e p to r  b in d in g  s i t e s  in  
th e  b ra in  o f a newborn rh e su s  monkey was mapped by in  v i t r o  
a u to ra d io g ra p h ic  l o c a l i z a t i o n  o f  [ 3H] n a lo x o n e . At one 
day o f ag e , th e  in f a n t  monkey was a n e s th e t iz e d  by i n t r a 
h e p a t ic  i n j e c t i o n  o f Na p e n to th a l ,  and th e  b r a in  was 
removed and f ro z e n  a t  -60°C . C ry o s ta t - s e c t io n e d ,  u n f ix e d , 
thaw-m ounted t i s s u e  was f i r s t  p re in c u b a te d  in  50 mM T r i s ,  
150 mM NaCl, and 1 mg/ml BSA a t  0°C fo r  30 min and th en  
in c u b a te d  in  2 .6  nM [ 3H] n a lo x o n e , 0.05M T ris-H C l, and 
150 mM NaCl (pH 7 .0 )  a t  0°C fo r  1 h r .  N o n sp e c ific  
b in d in g  was d e te rm in ed  in  th e  p re sen ce  o f  1 µM le v a lo rp h a n . 
The s e c t io n s  were f ix e d  in  parafo rm aldehyde vap o rs  a f t e r  
in c u b a tio n ,  apposed to  LKB f i lm , and exposed fo r  13 weeks 
a t  20°C. The a u to ra d io g ra p h s  a t  s e le c te d  le v e ls  th rough  
th e  newborn b r a in  were compared to  th o se  from two a d u l t  
monkey b ra in s  th a t  had been p ro cessed  in  th e  same way.

A com parison  betw een th e  newborn and a d u l t  b ra in s  
r e v e a le d  th a t  th e  a d u l t  d i s t r i b u t i o n  o f  o p ia te  r e c e p to r  
b in d in g  was a lre a d y  p re s e n t  a t  b i r t h  in  a l l o c o r t i c a l  a re a s  
and th e  h ippocam pal fo rm a tio n . These p r im it iv e  a re a s  
showed c o n sp ic u o u sly  h ig h e r  l e v e ls  o f o p ia te  b in d in g  than  
th e  n eo c o rte x  in  b o th  th e  newborn and a d u l t  b r a in s .  In  th e  
n e o c o rte x , by c o n t r a s t ,  d i f f e r e n c e s  betw een th e  in f a n t  and 
a d u l t  b ra in s  were se e n . Whereas th e  a d u l t  b ra in  was 
c h a ra c te r iz e d  by a r e a l - s p e c i f i c  lam in a r p a t t e r n s  in  p rim ary  
se n s o ry , m otor and p rem o to r, and d o r s o la t e r a l  p r e f r o n ta l  
a r e a s ,  th e  newborn b r a in  was n o t .  In  th e  newborn b r a in ,  
o n ly  th e  p rim ary  v is u a l  c o r te x  had a d i s t i n c t  lam in a r 
p a t t e r n  o f  la b e l in g ;  in  a l l  o th e r  n e o c o r t ic a l  a re a s  th e  
in f r a g ra n u la r  la y e r s  showed r e l a t i v e l y  h ig h  le v e ls  o f  
o p ia te  r e c e p to r  b in d in g . In  th e  a d u l t  b r a in ,  p o ly sen so ry  
a re a s  ( e .g .  PG and TF) showed g r e a t e r  la b e l in g  d e n s i ty  than  
m o d a l i ty - s p e c i f ic  sen so ry  a r e a s ,  b u t t h i s  d e n s i ty  
d i f f e r e n c e  was n o t ap p a re n t in  th e  newborn b r a in .  At th e  
s u b c o r t i c a l  l e v e l ,  th e  d e n s i ty  and p a t te r n  o f o p ia te  
r e c e p to r s  in  th e  in f a n t  and a d u l t  b ra in s  were s im i la r ,  w ith  
a pa tch y  m osaic o f l a b e l in g  in  th e  s t r ia tu m , h ig h  le v e ls  of 
l a b e l in g  in  c e r t a in  am ygdaloid and th a lam ic  n u c l e i ,  and an 
absence  o f la b e l in g  in  th e  m am illary  b o d ie s .

The f in d in g s  su g g e s t th a t  th e  d i s t r i b u t i o n  o f o p ia te  
r e c e p to r s  in  th e  macaque b ra in  i s  a d u l t - l i k e  a t  b i r t h  in  
lim b ic  s t r u c t u r e s  b u t i s  n o t y e t f u l l y  deve loped  in  
n e o c o r t ic a l  a r e a s .

3 0 2 . 1 2   GLYCOCONJUGATE METABOLISM DURING NEUROGENESIS AND
SYNAPSE FORMATION.  J . R .  M o s k a l * . A . E .  S c h a f f n e r  a n d  G.  
R o u g o n * ,  (SPON: M. Z a t z )   LCB ,  N IMH, LNP ,  NI NCDS a n d  Lab .  
 Im m u n o l. INSERM-CNRS, C ase  9 0 6 ,  M a r s e i l l e s ,  F r a n c e .

T h e  o l i g o s a c c h a r i d e  m o i e t i e s  o f  c e l l  s u r f a c e  g l y c o 
c o n j u g a t e s  may p l a y  a  r o l e  i n  c e l l  m i g r a t i o n ,  d i r e c t e d  
a x o n a l  g r o w t h  a n d  a p p r o p r i a t e  s y n a p s e  f o r m a t i o n .  
E x p e r i m e n t s  w e r e  u n d e r t a k e n  t o  i d e n t i f y  s p e c i f i c  
g l y c o s y l t r a n s f e r a s e s  (GT) t h a t  may r e g u l a t e  t h e s e  p r o c 
e s s e s  b y  t h e  u s e  o f  t h e  m o u s e  n e u r o b l a s t o m a  x  r a t  g l i o m a  
h y b r i d  c e l l  l i n e ,  N G 1 0 8 - 1 5 .  T h r e e  s p e c i f i c  GT a c t i v i t i e s  
w e r e  a s s a y e d :  1 )  a  g l y c o p r o t e i n  s i a l y l  t r a n s f e r a s e  u s i n g  
a s i a l o f e t u i n  a s  a c c e p t o r  ( G P S T ) ;  2 )  t h e  g a l a c t o s y l -  
t r a n s f e r a s e  i n v o l v e d  i n  t h e  b i o s y n t h e s i s  o f  t h e  c o r e  
b l o o d  g r o u p  g l y c o s p h i n g o l i p i d ,  l a c t o n e o t e t r a o s y l c e r a m i d e  
(G A LT );  a n d  3 )  t h e  s i a l y l  t r a n s f e r a s e  i n v o l v e d  i n  t h e  
b i o s y n t h e s i s  o f  t h e  g a n g l i o s i d e  GM3 ( S A T - 1 ) .  I n  o n e  
e x p e r i m e n t  t h e  e f f e c t  o f  r e t i n o i c  a c i d  (RA) ( 1 . 6  uM; 4 8  
h r )  o r  d i b u t y r l  c y c l i c  AMP (dBcAMP) (1 mM; 4 8  h r )  on  
N G 1 0 8 - 1 5  c e l l s  w a s  e x a m i n e d .  RA t r e a t m e n t  e l e v a t e d  b o t h  
s i a l y l  t r a n s f e r a s e  a c t i v i t i e s  c o m p a r e d  t o  c o n t r o l s :  GP ST ,
4 - f o l d ;  S A T - 1 ,  1 0 - f o l d .  GALT a c t i v i t y  w a s  n o t  a f f e c t e d  
b y  RA t r e a t m e n t  b u t  w a s  e l e v a t e d  4 0 – 50% b y  dBcAMP 
t r e a t m e n t .  T h e  h i g h  m o l e c u l a r  w e i g h t  f o r m  o f  t h e  c e l l  
s u r f a c e  g l y c o p r o t e i n  N-CAM w a s  d e t e c t e d  i n  b o t h  c o n t r o l  
a n d  dBcAMP t r e a t e d  c e l l s .  H o w e v e r ,  c e l l s  t r e a t e d  w i t h  RA 
w e r e  f o u n d  t o  h a v e  s w i t c h e d  t o  t h e  b i o s y n t h e s i s  o f  a  
l o w e r  m o l e c u l a r  w e i g h t  f o r m .  C h a r a c t e r i z a t i o n  o f  t h e  
e n z y m e ( s )  r e s p o n s i b l e  f o r  t h i s  c h a n g e ,  p r o b a b l y  c a u s e d  by  
a l t e r a t i o n s  i n  s i a l i c  a c i d  c o n t e n t  o f  N-CAM, a r e  i n  
p r o g r e s s .  I n  a n o t h e r  e x p e r i m e n t ,  dBcAMP d i f f e r e n t i a t e d  
N G 1 0 8 - 1 5  c e l l s  w e r e  c o c u l t u r e d  w i t h  p r i m a r y  r a t  m u s c l e  
c u l t u r e s  u n d e r  c o n d i t i o n s  t h a t  g i v e  m a x i m a l  s y n a p s e  
f o r m a t i o n  ( F i s h m a n ,  M .C .  a n d  N e l s o n ,  P . G . ,  J . N e u r o s c i  
( 1 9 8 1 )  1 , 1 0 4 3 ) .  GALT a c t i v i t y  w a s  f o u n d  t o  b e  e l e v a t e d 
i n  t h e s e  c o c u l t u r e s  3 - f o l d  o v e r  i d e n t i c a l l y  t r e a t e d  
c u l t u r e s  o f  N G 1 0 8 - 1 5  c e l l s  a l o n e .  N e g l i g i b l e  a c t i v i t y   
w a s  d e t e c t e d  i n  s i m i l a r l y  t r e a t e d  m u s c l e  c u l t u r e s  ( m i n u s  
N G 1 0 8 - 1 5  c e l l s ) .  When d B c A M P - t r e a t e d  N G 1 0 8 - 1 5  c e l l s  w e r e  
c u l t u r e d  i n  t h e  p r e s e n c e  o f  m u s c l e  e x u d a t e  GALT a c t i v i t y  
w a s  a l s o  m a r k e d l y  e l e v a t e d  ( 2 - f o l d )  T h e s e  r e s u l t s  
d e m o n s t r a t e  t h a t  f a c t o r s  a r i s i n g  f r o m  t h e  m u s c l e  c u l t u r e s  
a r e  a b l e  t o  s i g n i f i c a n t l y  i n c r e a s e  GALT a c t i v i t y .  E x
p e r i m e n t s  a r e  i n  p r o g r e s s  t o  f u r t h e r  c h a r a c t e r i z e  t h e s e  
f a c t o r s  a n d  a t t e m p t  t o  e s t a b l i s h  a  f u n c t i o n a l  l i n k  
b e t w e e n  e n z y m e  a c t i v i t y  a n d  s y n a p s e  f o r m a t i o n .
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302.13  ACTION OF ECLOSION HORMONE ON THE NERVOUS SYSTEM 
OF THE MOTH MANDUCA SEXTA AT PUPAL ECDYSIS: 
INVOLVEMENT OF CYCLIC GMP.  D .B . M orton*  a n d  J .W . 
T ru m a n . (SFON: J .C .  W ee k s ) .  D e p a r tm e n t o f  
Z o o lo g y , U n i v e r s i t y  o f  W a s h in g to n ,  S e a t t l e ,  WA 
9 8 1 9 5 .

A t t h e  en d  o f  e a c h  s t a g e  o f  t h e i r  l i f e  c y c l e ,  
i n s e c t s  go  th r o u g h  a  s t e r e o t y p e d  b e h a v i o r a l  
s e q u e n c e  w h ic h  a l l o w s  them  t o  s h e d  t h e  c u t i c l e  o f  
t h e  p r e v i o u s  d e v e lo p m e n ta l  s t a g e .  I n  v a r i o u s  
s p e c i e s  o f  m o th s  t h i s  b e h a v i o r  h a s  b e e n  shown t o  
b e  t r i g g e r e d  by  t h e  p e p t i d e ,  e c l o s i o n  ho rm one  
(E H ), w h ic h  a c t s  d i r e c t l y  on  t h e  n e rv o u s  s y s te m . 
P r e v io u s  s t u d i e s  on  t h e  s i l k m o th  H v a lo p h o ra  
c e c r o o i a  i n d i c a t e d  t h a t  t h e  a c t i o n s  o f  EH on  th e  
CNS a r e  m e d ia te d  b y  cGMP.

I n  t h e  p r e s e n t  s tu d y  t h e  mode o f  a c t i o n  o f  EH 
on  th e  CNS o f  M anduca s e x t a  a t  t h e  t im e  o f  p u p a l  
e c d y s i s  h a s  b e e n  i n v e s t i g a t e d .  D u r in g  n a t u r a l  
e c d y s i s  a  p e a k  i n  t h e  cGMP c o n t e n t  o f  t h e  n e rv o u s  
s y s te m  i s  s e e n .  T h i s  b e g in s  t o  r i s e  s o o n  a f t e r  
t h e  r e l e a s e  o f  EH, p e a k s  a t  t h e  b e g in n in g  o f  
e c d y s i s  b e h a v i o r  a n d  r e t u r n s  t o  t h e  
p r e s t i m u l a t i o n  l e v e l  90 m in u te s  a f t e r  e c d y s i s .  A 
r i s e  i n  t h e  CNS l e v e l s  o f  cGMP c a n  b e  in d u c e d  
p r e m a tu r e ly  b y  i n j e c t i o n s  o f  p u r i f i e d  EH i n t o  
p r e p u p a e .  A s i g n i f i c a n t  i n c r e a s e  i n  t h e  l e v e l s  o f  
cGMP i s  s e e n  5 m in u te s  a f t e r  i n j e c t i o n  a n d  th e  
h i g h  l e v e l  i s  t h e n  m a in ta in e d  u n t i l  e c d y s i s .  
I n j e c t i o n s  o f  cGMP i n t o  p re p u p a e  w i l l  m im ic t h e  
e f f e c t  o f  EH i n  c a u s in g  p r e m a tu r e  e c d y s i s  i n  a  
d o s e - d e p e n d a n t  m a n n e r .

T he CNS i s  o n ly  b e h a v i o r a l l y  r e s p o n s iv e  t o  EH 
a t  c e r t a i n  t im e s  t h a t  j u s t  p r e c e e d  t h e  n o rm a l 
t im e  o f  e c d y s i s .  T h i s  s e n s i t i v i t y  i s  th e n  l o s t  
so o n  a f t e r  e c d y s i s .  P r e l i m i n a r y  r e s u l t s  s u g g e s t  
t h a t  EH d o e s  n o t  p ro d u c e  a  r i s e  i n  cGMP i n  t h e  
CNS a t  a l l  t im e s  d u r i n g  d e v e lo p m e n t .  By c o m p a r in g  
t h e  a b i l i t y  o f  EH, g iv e n  a t  v a r i o u s  t i m e s ,  t o  
s t i m u l a t e  e c d y s i s  an d  t o  c a u s e  i n c r e a s e s  i n  cGMP 
i t  s h o u ld  b e  p o s s i b l e  t o  g a i n  i n s i g h t  i n t o  w h ic h  
s t e p s ;  f ro m  t h e  b i n d i n g  o f  EH by  i t s  r e c e p t o r s  t o  
t h e  i n i t i a t i o n  o f  e c d y s i s  b e h a v i o r ;  a r e  in v o lv e d  
i n  t h e  r e g u l a t i o n  o f  t h i s  s e n s i t i v i t y .
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303. 1   EXPRESSION OF A BRAIN SPECIFIC mRNA AND PROTEIN DURING RAT 
BRAIN DEVELOPMENT.  Dom inique L e n o ir* , E len a  B a t te n b e rg , 
Floyd E. Bloom, J .G regor S u tc lif fe *  and Robert J .  M ilner.*  
 Research I n s t i t u t e  o f S cripps C lin ic ,  La J o l la  CA 92037.

We have used reco m b in an t DNA te c h n iq u e s  to  s e l e c t  and 
c h a ra c te r iz e  cDNA c lo n e s  c o rre s p o n d in g  to  b r a in  s p e c i f i c  
mRNAs. The n u c leo tid e  sequences o f sev e ra l such c lones have 
been determ ined, p rov id ing  th e  amino a c id  seq u en ces  o f  th e  
corresponding p ro te in s .  To d e te c t  th ese  p ro te in s ,  a n t i s e r a  
were generated  a g a in s t s y n th e tic  pep tid e s  mimicking re g io n s  
o f the  p ro te in  sequence. One such p ro te in  (1B236) d e fin e s  a 
w idely d is t ib u te d  neuronal system and may be th e  p re c u rs o r  
fo r a novel fam ily  o f  neuropep tides (C e ll 33: 671, 19 8 3 ).  
To determ ine th e  tim e course  of exp ression  o f t h i s  and o th e r 
b ra in  s p e c if ic  genes during  b ra in  development, we have used 
p ro te in  and mRNA e x tra c ts  and im m unocytochem istry to  s tu d y  
th e  b ra in s  o f  r a t s  f ran  th e  14 th  em bryonic day  to  30 days 
p o s t n a t a l ,  and from a d u l t .  1B236 mRNA was d e te c te d  by 
N orthern b lo t t in g  and q u a n tita te d  by " s l o t  b lo t t i n g "  u s in g  
th e  plB236 cDNA c lo n e ;  1B236 p r o t e in s  were d e te c te d  by 
Western b lo t t in g  and q u a n tita te d  by radio im m unoassay  u s in g  
a p p ro p ria te  an tib o d ie s  a g a in s t s y n th e tic  p e p tid e s . In whole 
b ra in  e x tra c ts  1B236 p r o t e in  and mRNA a re  f i r s t  d e te c te d  
between 5 and 10 days a f t e r  b i r t h .  At t h i s  s tag e  th e  1B236 
p ro te in  i s  found only in  e x t r a c t s  o f  h in d  b r a in  and 1B236 
im m unoreactivity can be d e tec ted  im m unocytochem ically o n ly  
in  c e l l s  and f ib e r s  in  t h i s  r e g io n .  W ith in c re a s in g  age 
1B236 im m u n o rea c tiv ity  i s  found in  p r o g r e s s i v e l y  m ore 
r o s t r a l  b ra in  reg ions  and th e  whole b r a in  am ounts o f  b o th  
1B236 mRNA and p ro te in  in c rea se  to  maximum values a t  25 days 
p o s tn a t a l l y .  The whole b r a in  c o n te n t  o f  1B236 mRNA and 
p ro te in  a t  25 days i s  approxim ately tw ice th a t  o f th e  a d u l t  
and th e  im m unocytochem ical s t a i n in g  p a t t e r n  f o r  1B236 
resem bles th a t  o f th e  a d u l t .  T here  i s  no d e t e c t a b l e  la g  
betw een  th e  tim e  o f  a p p e a ra n c e  o f  1B236 mRNA and  th e  
e xp ress ion  o f th e  corresponding p ro te in ,  in d ic a tin g  th a t  the  
d ev e lo p m en ta l e x p re s s io n  o f  th e  1B236 gene i s  p ro b a b ly  
reg u la ted  a t  th e  le v e l o f mRNA t r a n s c r ip t io n .  F u rth e rm o re , 
th e  tim e course  o f 1B236 gene exp ression  c o r re la te s  w ith the  
e x p re s s io n  o f  ID ( i d e n t i f i e r )  gene e le m e n ts ,  w h ich  we 
b e lie v e  may re g u la te  b ra in  s p e c i f i c  gene  e x p re s s io n .  The 
p o s tn a ta l  appearance o f th e  1B236 p ro te in  s u g g e s ts  t h a t  i t  
i s  inv o lv ed  in  fu n c t io n s  t h a t  a r e  s p e c i f i c  to  th e  a d u l t  
b ra in .  Supported by NIH g r a n t  #NS 20728 and g r a n t s  from 
McNeil Pharm aceuticals and th e  Swiss N ational Foundation.

303. 2  EFFECTS OF CHRONIC HALOPERIDOL ADMINISTRATION DURING DEVEL
OPMENT ON DOPAMINE AUTORECEPTORS IN YOUNG AND OLDER ADULT 
RATS.  F . M. S c a lz o  & L. P . S p e a r .  D e p a r tm e n t o f  P sy c h o lo g y  
and  C e n te r  f o r  N e u r o b e h a v io r a l  S c i e n c e s ,  S t a t e  U n i v e r s i t y  o f  
New Y ork  a t  B in g h a m to n , B in g h a m to n , New Y ork  1 3 9 0 1 .

C h ro n ic  h a l o p e r i d o l  a d m i n i s t r a t i o n  d u r in g  p r e n a t a l  and  
p o s t n a t a l  d e v e lo p m e n t h a s  b e e n  shown t o  h a v e  p ro n o u n c e d  
b e h a v io r a l  an d  p s y c h o p h a r m a c o lo g ic a l  e f f e c t s .  S p e a r  e t  a l .  
(1 9 8 0 ) o b s e rv e d  t h a t  c h r o n i c a l l y  t r e a t e d  r a t s  w e re  h y p e r 
a c t i v e  and  d i s p l a y e d  a  d e c re a s e d  s e n s i t i v i t y  t o  am p h e tam in e  
a s  w e l l  a s  an  i n c r e a s e d  s e n s i t i v i t y  t o  h a l o p e r i d o l  when 
com pared  w i th  c o n t r o l  a n im a ls .  S h a la b y  and  S p e a r  (1 9 8 0 ) 
o b s e rv e d  t h a t  y oung  a d u l t  a n im a ls  c h r o n i c a l l y  t r e a t e d  w i th  
h a lo p e r i d o l  u n t i l  w e a n in g  e x h i b i t e d  an  a t t e n u a t e d  low  d o s e  
s u p p r e s s a n t  e f f e c t  o f  a p o m o rp h in e  on  lo c o m o to r  a c t i v i t y .  
G iv en  t h a t  th e  h y p o a c t i v i t y  in d u c e d  by  low  d o s e s  o f  apom or
p h in e  i s  p re s u m a b ly  a  r e s u l t  o f  a u t o r e c e p t o r  s t i m u l a t i o n ,  
t h i s  w ork  s u g g e s t s  t h a t  i n  t h e  t r e a t e d  a n im a ls  d o p a m in e rg ic  
a u to r e c e p t o r  f u n c t i o n in g  may be d i s r u p t e d  b y  e a r l y  h a l o p e r i 
d o l  t r e a tm e n t .  A l t e r a t i o n s  i n  d o p a m in e rg ic  f u n c t i o n in g  
m e d ia te d  by p r e s y n a p t i c  m ech an ism s h a v e  a l s o  b e e n  r e p o r t e d  
t o  o c c u r  i n  ag ed  a n im a ls  and may b e  a f f e c t e d  b y  c h r o n ic  
h a lo p e r i d o l  t r e a t m e n t .

In  t h e  p r e s e n t  s tu d y ,  g a m m a -b u ty ro la c o n e  (GBL)was u s e d  
t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  c h r o n ic  h a l o p e r i d o l  t r e a tm e n t  
on l a t e r  d opam ine  a u to r e c e p t o r  f u n c t i o n in g  i n  s t r i a t u m  (S T ) ,  
o l f a c t o r y  t u b e r c l e s  (O T ), an d  n u c le u s  accu m b en s (NAC) i n  
y oung  an d  o l d e r  a d u l t  r a t s .  M a te r n a l  i n j e c t i o n s  o f  h a lo 
p e r i d o l  o r  s a l i n e  w e re  g iv e n  t o  S p ra g u e -D aw le y  a lb i n o  r a t s  
s u b c u ta n e o u s ly  tw ic e  a  day  b e g in n in g  on d ay  1 o f  g e s t a t i o n  
an d  c o n t in u in g  u n t i l  w e a n in g  o f  t h e  o f f s p r i n g  on p o s t n a t a l  
day  2 1 . A t 5 0 –6 0  o r  350– 370 d a y s  p o s t n a t a l l y ,  o f f s p r i n g  
w ere  g iv e n  i n j e c t i o n s  o f  1 m g/kg  ap o m o rp h in e  o r  t h e  a s c o r b a t e  
v e h i c l e  fo l lo w e d  by  750 m g/kg  GBL o r  t h e  s a l i n e  v e h i c l e  40 
and  35 m in u te s ,  r e s p e c t i v e l y ,  b e f o r e  s a c r i f i c e .  ST, OT, and  
NAC w ere  a s s a y e d  f o r  DA, DOPAC, an d  HVA.

The r e s u l t s  s u g g e s t  t h a t  c h r o n ic  d e v e lo p m e n ta l  a d m in is 
t r a t i o n  o f  h a l o p e r i d o l  a t t e n u a t e s  d opam ine  a u t o r e c e p t o r  
f u n c t i o n ,  e f f e c t s  t h a t  a r e  e v id e n t  i n  yo u n g  a d u l th o o d  and  a r e  
m ore p ro n o u n c e d  l a t e r  i n  l i f e .  I n  c h r o n i c a l l y  t r e a t e d  a n i 
m a ls  s a c r i f i c e d  i n  young a d u l th o o d ,  ap o m o rp h in e  f a i l e d  t o  
a t t e n u a t e  G B L -induced  i n c r e a s e s  i n  DA i n  ST an d  OT, w h e re a s  
GBL t r e a tm e n t  f a i l e d  t o  in d u c e  i n c r e a s e s  i n  DA i n  c h r o n i c a l 
l y  t r e a t e d  a n im a ls  s a c r i f i c e d  l a t e r  i n  l i f e .
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303.3  EVIDENCE FOR CALCIUM MEDIATED ACTION POTENTIALS IN
PERIPHERAL NERVE OF RAT EMBRYOS.  L. Z isk ind-C onhaim , H .L. 
F i e l d s .  D ep t. o f  P h y s io l .  N eu ro ., U niv. C a l i f .  Med. S c h . , 
San F ra n c is c o , CA 9 4 1 4 3 .

The bund le  o f  axons t h a t  in n e rv a te s  r a t  i n t e r c o s t a l  
m uscles  i s  f i r s t  p r e s e n t  a t  13 days o f  g e s ta t io n  ( b i r t h  i s  
a t  21- 22 days o f  g e s t a t i o n ) , one day a f t e r  m otorneurons 
a r e  g e n e ra te d  in  th e  th o r a c ic  s p in a l  co rd  (N ornes, H .O ., 
D as, G.D. B ra in  R es. 73: 121, 1974). At t h a t  tim e nerv e  
s t im u la t io n  f a i l s  to  evoke an  e n d p la te  p o t e n t i a l  and 
m uscle c o n t r a c t io n .  N erve-m uscle c o n ta c ts  become 
fu n c t io n a l  a t  Days 14–15. To d e te rm in e  w hether a t  Day 13 
th e  axons can g e n e ra te  a c t io n  p o t e n t i a l s ,  th e  p rox im al end 
o f  i n t e r c o s t a l  n e rv e  was s t im u la te d  v ia  a  s u c t io n  
e l e c t r o d e  and th e  evoked p o te n t i a l s  were reco rd e d  
e x t r a c e l l u l a r l y  u s in g  0 .5 –2 M h e a t-p o li s h e d  e l e c t r o d e s .
At Day 13 and su b se q u en t em bryonic s ta g e s ,  s u p ra th re s h o ld  
s t im u l i  c o n s i s t e n t ly  evoked a b ip h a s ic  compound a c t io n  
p o te n t i a l  (CAP). To d e te rm in e  th e  io n ic  mechanism o f  th e  
CAP we s tu d ie d  th e  e f f e c t s  o f  d i f f e r e n t  io n s  and ch annel 
b lo c k e rs  on th e  shape o f  th e  CAP. B a th -a p p lie d  
t e t r o d o to x in  ( 0 .1 -1µM) o r  s u b s t i t u t i n g  sodium io n s  w ith  
c h o l in e  o r  barium  r e v e r s ib ly  e l im in a te d  bo th  phases o f  th e  
CAP. P o tass iu m  ch an n e l b lo c k e rs  ( te trae thy lam m on ium  (2 –
5mM) o r  4 -am in o p y rid in e  ( 1–2mM)) d ec re a sed  th e  am p litu d e  
o f  th e  n e g a t iv e  phase and o f te n  p ro longed  i t .

To d e te rm in e  th e  c o n t r ib u t io n  o f  ca lc iu m  to  th e  CAP 
c o b a l t  (4mM) o r  cadmium (0.2mM) were added to  z e ro -c a lc iu m  
r e c o rd in g  s o lu t i o n ,  o r  10mM c o b a lt  was added to  norm al 
s o lu t io n  ( c o n ta in in g  4mM c a lc iu m ) . Under th e s e  c o n d i tio n s  
th e  o n s e t o f  th e  CAP was d e lay ed  and i t s  d u ra t io n  
p ro lo n g e d . Both p o s i t i v e  and n e g a tiv e  phases  had reduced 
a m p litu d e . These e f f e c t s  were o b served  w ith o u t b lo c k in g  
p o ta ss iu m  co n d u c tan ce . We conc lu d e  t h a t  axons in  
em bryonic p e r ip h e r a l  n e rv e  a r e  c a p ab le  o f  g e n e ra tin g  
a c t io n  p o te n t i a l s  p r io r  to  e s ta b l i s h in g  fu n c t io n a l  n e rv e -  
m uscle c o n ta c t .  At t h i s  tim e th e  compound a c t io n  
p o te n t i a l  i s  p r im a r i ly  sodium dependen t w ith  a sm all 
c a lc iu m  com ponent. Calcium  c o n t r ib u t io n  to  th e  CAP can  be 
due to  a  sm a ll f r a c t i o n  o f  ca lc iu m  c h a n n e ls  in  axons th a t  
have a m a jo r i ty  o f  v o lta g e  dependen t sodium channel o r  a 
s e p a ra te  p o p u la tio n  o f  axons in  w hich th e  a c t io n  p o te n t i a l  
i s  p r im a r i ly  ca lc iu m  d ep en d en t. Calcium  component in  th e  
CAP d is a p p e a rs  around b i r t h  .

S uppo rted  by NS 05988.

303.4   SYNAPSIN I  IN PC12 CELLS: CHARACTERIZATION, AND EFFECTS OF 
NERVE GROWTH F A C T O R .  C .R o m a n o ,  R . A . N i c h o l s ,  a n d  
P . G r e e n g a r d .   T h e  R o c k e f e l l e r  U n i v e r s i t y ,  New Y o r k ,  NY 
10021.

S y n a p s in  I  i s  a  p h o s p h o p r o t e in  p r e s e n t  i n  m o s t ,  i f  n o t  
a l l ,  n e u r o n s  o f  t h e  c e n t r a l  and  p e r i p h e r a l  n e rv o u s  s y s te m , 
w h ere  i t  i s  fo u n d  in  a s s o c i a t i o n  w i th  s y n a p t i c  v e s i c l e s .  I t  
i s  n o t  p r e s e n t  i n  n o r m a l  a d u l t  r a t  a d r e n a l  c h r o m a f f i n  
c e l l s .  We h a v e  e x am in ed  PC12 c e l l s ,  a  c l o n a l  l i n e  d e r i v e d  
f ro m  a  tu m o r  b e l i e v e d  t o  h a v e  o r i g i n a t e d  fro m  r a t  a d r e n a l  
c h ro m a f f in  c e l l s ,  f o r  s y n a p s i n  I .  T h e s e  c e l l s  c o n t a i n  a 
m o l e c u l e  w h i c h  i s  s i m i l a r  t o  s y n a p s i n  I  b y  s e v e r a l  
c r i t e r i a :  1) i t  i s  s p e c i f i c a l l y  i m m u n o p r e c i p i t a t e d  b y  
s e v e r a l  s e ru m  a n d  m o n o c lo n a l  a n t i b o d i e s  r a i s e d  a g a i n s t  
s y n a p s i n  I ;  2 )  i t  i s  a  p h o s p h o p r o t e i n ;  3 )  i t  i s  a c i d  
s o l u b l e ;  4 )  p a r t i a l  p r o t e o l y s i s  p r o d u c t s  o f  3 5 S -m e th io n in e  
o r  3 2 P -p h o s p h a te  l a b e l e d  s y n a p s i n  I  a r e  i d e n t i c a l  t o  t h e  
p r o d u c t s  o f  c o r r e s p o n d i n g l y  l a b e l e d  r a t  b r a i n  s y n a p s in  I .  
R a t b r a i n  s y n a p s in  I  i s  a  d i s c r e t e  d o u b l e t  o f  tw o  r e l a t e d  
p o l y p e p t i d e s ,  s y n a p s in  I a  an d  s y n a p s in  I b ; PC12 s y n a p s in  I  
i s  p r e d o m in a n t ly  a  s i n g l e t  w i th  a  m o b i l i t y  b e tw e e n  th o s e  o f  
b r a i n  s y n a p s in  I a  an d  s y n a p s in  I b .

N erv e  g ro w th  f a c t o r  (NGF) c a u s e s  PC12 c e l l s  t o  a c q u i r e  
c e r t a i n  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  o f  s y m p a th e t i c  
n e u ro n s .  I n  t h e  p r e s e n c e  o f  NGF, s y n t h e s i s  o f  s y n a p s in  I  i s  
i n c r e a s e d :  t h i s  e f f e c t  i s  d e t e c t a b l e  a f t e r  s e v e r a l  d a y s  an d  
r e a c h e s  a  m axim um  o f  3 – 5 f o l d  o v e r  b a s a l  l e v e l s  a f t e r  
t h r e e  w eek s. T h is  in d u c e d  m a t e r i a l  h a s  a  d o u b le t  c h a r a c t e r .

NGF a l s o  h a s  a  r a p i d ,  t r a n s i e n t  e f f e c t  on s y n a p s i n  I  i n  
PC 12 c e l l s .  W i t h i n  m in u te s  o f  a d d i t i o n  o f  NGF, s y n a p s in  I 
i s  n o  l o n g e r  p r e d o m i n a n t l y  a  s i n g l e t  o n  S D S -P A G E , 
d i s p l a y i n g  i n s t e a d  i n c r e a s e d  h e t e r o g e n e i t y  a n d  a  lo w e r  
a v e ra g e  e l e c t r o p h o r e t i c  m o b i l i t y .  A f t e r  s e v e r a l  h o u r s  i n  
t h e  c o n t i n u e d  p r e s e n c e  o f  NGF, t h e  m o b i l i t y  r e t u r n s  t o  t h e  
b a s a l  p a t t e r n .  A d d i t io n  o f  d i b u t y r y l  cAMP o r  f o r s k o l i n  t o  
PC 12 c e l l s  a l s o  r e s u l t s  in  a  r a p i d ,  t r a n s i e n t  e f f e c t ,  b u t  
i n  t h i s  c a s e  t h e  m o b i l i t y  o f  s y n a p s i n  I  i s  i n c r e a s e d .  
P u l s e - c h a s e  e x p e r i m e n t s  r e v e a l  t h a t  b o th  o f  t h e s e  e f f e c t s  
a r e  p o s t - t r a n s l a t i o n a l .  T h e  r a p i d ,  t r a n s i e n t ,  a n d  p o s t -  
t r a n s l a t i o n a l  n a t u r e  o f  t h e s e  d i s t i n c t  e f f e c t s  s u g g e s t s  
r e v e r s i b l e ,  c o v a le n t  m o d i f i c a t i o n s  o f  s y n a p s in  I .

303.5   IDENTIFICATIO N OF AXONAL PROTEINS WITH POSSIBLE SIGNIFICANCE 
IN THE DEVELOPMENT OF THE NERVOUS SYSTEM.  P .  S o n d e r e g g e r * * , 
P . F .  Lemk i n $ ,  L . E .  L i p k i n $ ,  P . G .  N e l s o n * * .  L a b .  o f  D e v e l o p 
m e n t a l  N e u r o b i o l o g y ,  NICHD+ a n d  I m a g e  P r o c e s s i n g  S e c t i o n ,  
N C I $ , N I H ,  B e t h e s d a ,  Md 2 0 2 0 5 ,  USA

T h e  a x o n a l  f u n c t i o n s  t h a t  a c t  i n  t h e  f o r m a t i o n  o f  t h e  
n e u r o n a l  n e t w o r k  a r e  p h e n o m e n o l o g i c a l l y  d e s c r i b e d  a s  e l o n 
g a t i o n ,  s p r o u t i n g ,  p a t h f i n d i n g ,  f a s c i c u l a t i o n  a n d  s y n a p s e  
f o r m a t i o n .  T h e s e  p r o c e s s e s  h a v e  w i d e l y  b e e n  s h o w n  t o  o c c u r  
i n  c l o s e  i n t e r d e p e n d e n c e  w i t h  t h e  t i s s u e  t h a t  s u r r o u n d s  t h e  
g r o w i n g  a x o n s .  H e n c e ,  a s  a  f i r s t  s t e p  i n  a  p r o j e c t  a i m i n g  t o  
d e t e r m i n e  t h e  m o l e c u l e s  i n v o l v e d  i n  t h e  i m p l e m e n t a t i o n  o f  
a x o n a l  f u n c t i o n s ,  we h a v e  i d e n t i f i e d  a x o n a l  p r o t e i n s  w h o s e  
s y n t h e s i s  i s  s u b j e c t  t o  e n v i r o n m e n t a l l y  i n d u c e d  c h a n g e s .

D i s s o c i a t e d  d o r s a l  r o o t  g a n g l i a  (DRG) c e l l s  w e r e  p l a t e d  
i n  t h e  c e n t e r  c o m p a r t m e n t  o f  a  c o m p a r t m e n t a l  c e l l  c u l t u r e  
s y s t e m  ( C a m p e n o t ,  PNAS 7 4 ,  4 5 1 6 ,  1 9 7 7 ) .  T h e  o u t g r o w i n g  
a x o n s  c r o s s e d  t h e  b a r r i e r  b e t w e e n  c e n t e r  a n d  s i d e  c o m p a r t 
m e n t s  t h r o u g h  a  t h i n  f i l m  o f  m e d i u m ,  w h e r e a s  t h e  c e l l  s o m a s  
w e r e  r e t a i n e d  i n  t h e  c e n t e r  c o m p a r t m e n t .  P e r i p h e r a l  o r  c e n 
t r a l  g l i a l  c e l l s  a n d  a  m i x e d  p o p u l a t i o n  o f  n e u r o n a l  a n d  
g l i a l  c e l l s  f r o m  s p i n a l  c o r d  w e r e  c o - c u l t u r e d  w i t h  t h e  DRG 
a x o n s  i n  t h e  s i d e  c o m p a r t m e n t .  T h e  p r o t e i n s  s y n t h e s i z e d  u n 
d e r  t h e s e  d i f f e r e n t  e n v i r o n m e n t a l  c o n d i t i o n s  w e r e  m e t a b o l i 
c a l l y  l a b e l e d  w i t h  [ 3 5 S ] m e t h i o n i n e  a d d e d  t o  t h e  n e u r o n a l  
c e l l  s o m a s  i n  t h e  c e n t e r  c o m p a r t m e n t .  A f t e r  4 0  h ,  t h e  c e l l u 
l a r  m a t e r i a l  o f  t h e  s i d e  c o m p a r t m e n t s  w a s  h a r v e s t e d .  T h e  
p r o t e i n s  s y n t h e s i z e d  i n  t h e  n e u r o n a l  s o m a s  o f  t h e  c e n t e r  
c o m p a r t m e n t  a n d  i n c o r p o r a t e d  i n t o  t h e  a x o n s  t h a t  e x t e n d e d  
i n t o  t h e  s i d e  c o m p a r t m e n t s  w e r e  t h u s  t h e  o n l y  r a d i o a c t i v e l y  
l a b e l e d  p r o t e i n s  t o  b e  f o u n d  i n  t h e  s i d e  c o m p a r t m e n t s .  Two- 
d i m e n s i o n a l  S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  a n d  com
p u t e r i z e d  q u a n t i t a t i o n  o f  t h e  i n d i v i d u a l  a x o n a l  p r o t e i n s  r e 
v e a l e d  t h a t  t h e  c o - c u l t u r e d  c e l l s  m o d u l a t e  t h e  s y n t h e s i s  o f  
a  f e w  a x o n a l  p r o t e i n s  o f  DRG n e u r o n s  d i f f e r e n t i a l l y .  T h e s e  
p r o t e i n s  s u b d i v i d e  i n t o  g r o u p s  w i t h  a  common d i s t i n c t  m o d u 
l a t i o n  p r o f i l e  u n d e r  t h e  i n f l u e n c e  o f  p e r i p h e r a l  g l i a ,  c e n 
t r a l  g l i a  a n d  s p i n a l  c o r d  c e l l s .

P l a s t i c i t y  i n  t h e  e x p r e s s i o n  o f  a x o n a l  p r o t e i n s  i n  r e 
s p o n s e  t o  t h e  d i f f e r e n t  t o p o g r a p h i c a l  p r o v e n a n c e  o f  t h e  s u r 
r o u n d i n g  c e l l s  may r e f l e c t  e n v i r o n m e n t a l  m o d u l a t i o n  o f  a x o 
n a l  f u n c t i o n s  d u r i n g  t h e  d e v e l o p m e n t  o f  t h e  n e r v o u s  s y s t e m .  
T h e  p r o t e i n s  e x h i b i t i n g  a  common m o d u l a t i o n  p r o f i l e  m i g h t  b e  
i n v o l v e d  i n  t h e  s a m e ,  y e t  t o  d a t e  u n k n o w n ,  a x o n a l  f u n c t i o n s .

303.6   NEONATAL DOPAMINE DEPLETING LESIONS SPARE ELECTRICAL 
SELF-STIMULATION OF THE BRAIN IN ADULT RATS  Jam es R.  
S t e l l a r ,  Meg W a ra c z y n sk i* , and  J o h n  P . B ru n o .  D e p a r tm e n t o f  
P s y c h o lo g y  and  S o c . R e l . ,  H a rv a rd  U n i v e r s i t y ,  C a m b rid g e , MA 
0 2 1 3 8 , an d  D e p a r tm e n t o f  P s y c h o lo g y ,  U n i v e r s i t y  o f  P i t t s 
b u r g ,  P i t t s b u r g ,  PA, 1 5 2 6 0 .

In  a d u l t  r a t s ,  i n t e r f e r e n c e  w i th  d o p a m in e rg ic  t r a n s 
m is s io n  th ro u g h  6-h y d ro x y d o p a m in e  ( 6-OHDA) l e s i o n s  o r  r e 
c e p to r  b lo c k a d e  i s  known to  h a v e  s e v e r e  d e b i l i t a t i n g  e f f e c t s  
on m o to r  f u n c t i o n  and  a  v a r i e t y  o f  m o t iv a te d  b e h a v io r s ,  i n 
c lu d in g  s e l f - s t i m u l a t i o n  f o r  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  
b r a i n  (E S B ). H ow ever, 6-OHDA l e s i o n s  made i n  n e o n a ta l  r a t s  
do n o t  in d u c e  s e v e r e  m o to r  im p a i rm e n ts ,  and  t e s t e d  a s  
a d u l t s ,  t h e  m o to r  f u n c t i o n  o f  t h e s e  r a t s  i s  s u b s e n s i t i v e  to  
n e u r o l e p t i c s  (B ru n o , e t .  a l .  N e u ro s c . A b s t . ,  9:1 1 0 0 , 1 9 8 3 ) .  
In  t h i s  s t u d y ,  we e x te n d e d  t h i s  phenom enon to  ESB s e l f - s t i m 
u l a t i o n .

N e o n a ta l  r a t s  w ere  l e s i o n e d  a t  t h r e e  d a y s  a f t e r  b i r t h  
w i th  i n j e c t i o n s  o f  150µ g  o f  6 -OHDA i n t o  t h e  l a t e r a l  
c e r e b r a l  v e n t r i c l e s ,  30 m in u te s  a f t e r  p r e t r e a t m e n t  w i th  
d e s m e th y lim ip ra m in e  (25 m g/kg  s . c . ) .  A f t e r  5 -7  m o n th s , r a t s  
w e re  im p la n te d  w i th  l a t e r a l  h y p o th a la m ic  e l e c t r o d e s  and  
t e s t e d  f o r  s e l f - s t i m u l a t i o n .  A re w a rd  sum m ation  f u n c t i o n  
(RSF) was g e n e r a t e d  ( S t e l l a r  e t .  a l .  P h y s io .  & B e h a v . , 1 8 : 
433– 4 2 , 1 9 83) by  m e a s u r in g  th e  b a r  p r e s s i n g  r a t e  on a  v a r i 
a b le  i n t e r v a l  s c h e d u le  o f  r e in f o r c e m e n t  ( 2 .5  s e c o n d s )  o v e r  
a  num ber o f  d i f f e r e n t  ESB p u l s e  f r e q u e n c ie s .  Two s t a t i s t i c s  
w e re  t a k e n  from  th e  RSF: th e  m ax im al r e s p o n s e  r a t e  an d  th e  
ESB f r e q u e n c y  r e q u i r e d  t o  s u s t a i n  h a l f  m ax im al r e s p o n d in g  
( t h e  l o c u s  o f  r i s e ) . T h e se  two s t a t i s t i c s  r e f l e c t  m o to r  
c a p a c i t y  and  ESB re w a rd  p u l s e  e f f e c t i v e n e s s ,  r e s p e c t i v e l y .

The l e s i o n e d  r a t s  s e l f - s t i m u l a t e d  v i g o r o u s l y .  Com pared to  
c o n t r o l s  (N=4) t h a t  w e re  c l o s e l y  m a tc h e d  i n  ESB c u r r e n t  
(t  = .4 5 ,  d f = 5 , 2 =N S ), t h e  l e s i o n e d  g ro u p  (N=3) had  a n  i n 
s i g n i f i c a n t l y  d i f f e r e n t  lo c u s  o f  r i s e  (t = .4 8 ,  d f = 5 , p = N S ), 
b u t  a  s i g n i f i c a n t l y  lo w e r  m ax im al r e s p o n s e  r a t e  ( 6 1 .9  v s
3 3 .3  p r e s s e s / m i n . ; t = 3 .0 4 ,  d f =,5 , p < . 0 3 ) .  P im o z id e ,  a d m in i
s t e r e d  i n  d o s e s  r a n g in g  fro m  0 .1 2 5  to  1 .0  m g/kg  s e v e r e ly  
im p a ire d  c o n t r o l  (N=2) r e s p o n d in g  a t  0 .5  m g /k g , a s  s e e n  p r e 
v i o u s l y  ( S t e l l a r ,  e t .  a l . , 1 9 8 3 ) .  A l l  l e s i o n e d  a n im a ls  w e re  
n o t  s i g n i f i c a n t l y  a f f e c t e d  by t h i s  d o s e ,  an d  one r a t  w as un 
a f f e c t e d  by  th e  h i g h e s t  d o s e .  B io c h e m ic a l  a n a l y s i s  r e v e a l e d  
a  s t r i a t a l  d e p l e t i o n  o f  do p am in e  e x c e e d in g  95%. T h e se  r e 
s u l t s  a g r e e  w i th  p r e v io u s  w ork  on s im p le  m o to r  f u n c t i o n  
(B runo  e t .  a l . , 1 9 8 3 ) ,  and  e x te n d  i t  to  o p e r a n t  r e s p o n d in g  
f o r  r e w a rd in g  ESB.
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30 2 7  M o le c u la r  A l t e r a t i o n  o f  M u s c a r in ic  A c e t y l c h o l in e  R e c e p to r s  
D u r in g  S y n a p to g e n e s i s   Thomas H. L a r g e , Jam es R auh* and 
W il l ia m  L . K le in   D e p a r tm e n t o f  N e u ro b io lo g y  and  P h y s io lo g y ,  
N o r th w e s te r n  U n i v e r s i t y ,  E v a n s to n ,  I l l i n o i s  60201

The a s s e m b ly ,  p o s i t i o n i n g  and  r e g u l a t i o n  o f  r e c e p t o r  
s y s te m s  i s  im p o r ta n t  i n  th e  d e v e lo p m e n t o f  s y n a p t i c  t r a n s 
m is s io n .  I n  t h e  c h ic k  r e t i n a ,  t h e  m u s c a r in i c  a c e t y l c h o l i n e  
r e c e p t o r  (MAChR) sy s te m  i s  f u n c t i o n a l  p r i o r  to  s y n a p se  
f o r m a t io n  y e t  u n d e rg o e s  f u r t h e r  c h a n g e s  in  a g o n i s t  b in d in g  
p r o p e r t i e s  d u r in g  t h e  p e r io d  when s y n a p t i c  c o n t a c t s  a r e  
fo rm e d . We h a v e  b eg u n  to  i n v e s t i g a t e  th e  p o s s i b i l i t y  t h a t  
p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n  o f  t h e  MAChR d u r in g  s y n a p to 
g e n e s i s  m ig h t  s e r v e  a s  a  r e g u l a t o r y  s i g n a l  f o r  c h a n g e s  i n  
r e c e p t o r  p o s i t i o n i n g  a n d /o r  r e c e p t o r  i n t e r a c t i o n s  w i th  o t h e r  
f u n c t i o n a l l y - r e l a t e d  m em brane p r o t e i n s .

I n i t i a l  b io c h e m ic a l  c h a r a c t e r i z a t i o n  o f  3H-PrBCM la b e l e d  
MAChRs fro m  h a tc h e d  c h ic k  r e t i n a  h a v e  shown i t  to  h a v e  a 
m o le c u la r  w e ig h t  o f  73 kD on  SDS g e l s .  I n  a d d i t i o n ,  d i g i t o n i n  
s o l u b i l i z e d  MAChRs bound to  w h e a t g e rn  a g g l u t i n i n  (WGA) 
c o lu m n s , i n d i c a t i n g  t h e  r e c e p t o r  i s  a g l y c o p r o t e i n  and  
c o n ta i n s  s i a l i c  a c id  a n d /o r  N - a c e ty lg lu c o s a m in e  r e s i d u e s .  
T r e a tm e n t  o f  r e t i n a  m em branes w i th  n e u r a m in id a s e ,  w h ic h  
rem o v e s  s i a l i c  a c i d ,  d e c r e a s e d  MAChR b in d in g  to  WGA co lu m n s 
75% b u t  h ad  l i t t l e  e f f e c t  on m o le c u la r  w e ig h t .  A n a ly s is  
o f  t h e  m o le c u la r  p r o p e r t i e s  o f  MAChRs fro m  b o v in e  c e r e b r a l  
c o r t e x  i n d i c a t e d  c o n s id e r a b l e  hom ology w i th  r e c e p t o r s  from  
a v ia n  r e t i n a .  MAChRs fro m  c o r t e x  bound to  WGA b u t  n o t  Con A 
l e c t i n  co lu m n s  and  had  a  m o le c u la r  w e ig h t  o f  73– 78 kD. 
T re a tm e n t  o f  MAChRs w i th  e n d o g ly c o s id a s e s  D and  H, i n  an  
a t t e m p t  t o  rem ove  a l l  N - l in k e d  c a r b o h y d r a te  r e s i d u e s ,  
r e s u l t e d  i n  a  4 kD d e c r e a s e  i n  m o le c u la r  w e ig h t .

To e x am in e  w h at m o le c u la r  c h a n g e s  i n  t h e  MAChR may ta k e  
p l a c e  d u r in g  s y n a p to g e n e s i s ,  we a n a ly z e d  th e  i s o e l e c t r i c  
p o i n t  ( p I ) o f  r e c e p t o r s  a t  d i f f e r e n t  s t a g e s  o f  d e v e lo p m e n t 
o f  t h e  a v ia n  r e t i n a .  P r i o r  t o  s y n a p to g e n e s i s ,  on e m b ry o n ic  
d a y  1 3 , t h e  p I  o f  MAChRs w as 4 .2 5  w h e re a s  MAChRs from  h a tc h e d  
c h ic k  r e t i n a  w e re  d i s t r i b u t e d  b e tw e e n  a  p re d o m in a n t  fo rm  o f  
p I  4 .4 5  and a  m in o r  fo rm  o f  p I  4 .2 5 .  The m o le c u la r  t r a n s i 
t i o n  a p p e a r s  t o  a c c u r  d u r in g  s y n a p to g e n e s i s  a s  MAChRs from  
El 7 r e t i n a s  w ere  e v e n ly  d i s t r i b u t e d  b e tw e en  th e  two fo rm s . 
M o d i f i c a t io n  a l s o  o c c u r s  i n  v i t r o  a s  n in e - d a y  d i s s o c i a t e d  
r e t i n a s  grow n i n  m o n o la y e r  c u l t u r e  f o r  s e v e n  d a y s  c o n ta in e d  
b o th  h ig h  and  lo w  p I  f o rm s .  T re a tm e n t  o f  h a tc h e d  c h ic k  
r e t i n a  m em branes w i th  n e u ra m in id a s e  i n c r e a s e d  th e  p I  o f  
MAChRs a p p r o x im a te ly  .3  pH u n i t s  b u t  d id  n o t  e l e i m i n a t e  t h e  
d i f f e r e n c e  b e tw e e n  th e  two fo rm s .  We a r e  c u r r e n t l y  i n v e s t i 
g a t i n g  p o s s i b l e  c h a n g e s  i n  MW o r  p h o s p h o r y l a t i o n .

303.8  EFFECTS OF MORPHOLOGIC DIFFERENTIATION ON CALCIUM CHANNELS 
AND CHOLINERGIC CHARACTER OF TE671 MEDULLOBLASTOMA CELLS.  
H.N. S i e g e l  a n d  R .J .  L u k a s ,  D i v i s i o n  o f  N e u ro b io lo g y ,
B arro w  N e u r o lo g ic a l  I n s t i t u t e ,  P h o e n ix ,  AZ 8 5 013 .

The TE671 hum an m e d u l lo b la s to m a  c e l l  l i n e  g ro w s  in  
v i t r o  a s  p le io m o r p h ic  c e l l s  w i th  an  u n d i f f e r e n t i a t e d  
a p p e a r a n c e  c o n s i s t e n t  w i th  a  p r i m i t i v e  n e u ro e c to d e r m a l  
o r i g i n .  The o r i g i n a l  o b s e r v a t io n  o f  th e  c o e x i s t e n c e  i n  
c u l t u r e  (10% f e t a l  b o v in e  se ru m  [FES] i n  E a g le 's  m inim um  
e s s e n t i a l  m edium ) o f  a t  l e a s t  5 m o r p h o lo g ic a l ly  d i s t i n c t  
fo rm s  ( M c A l l i s t e r  e t  a l . , 1977) h a s  b e e n  c o n f i rm e d  i n  o u r  
l a b o r a t o r y  u n d e r  c u l t u r e  c o n d i t i o n s  o f  10% h o r s e  and 5%
FES i n  D u lb e c c o 's  M o d if ie d  E a g le 's  m edium  (DMEM). M edia  
r e p la c e m e n t  w i t h  DMEM s u p p le m e n te d  w i t h  i n s u l i n ,  p u t r e 
s c i n e ,  t r a n s f e r r i n ,  p r o g e s t e r o n e ,  and s e le n iu m  ( B o t t e n s t e i n  
and S a to ,  1979) r e s u l t s  i n  th e  t r a n s f o r m a t i o n  o f  m o st c e l l s  
t o  a  m ore n e u r o n a l - l i k e  p h e n o ty p e  a s  d e te r m in e d  by n e u r i t e  
f o r m a t i o n ,  e x t e n s i o n  and  a r b o r i z a t i o n  and th e  a p p e a r a n c e  o f  
p r e s u m p tiv e  g ro w th  c o n e s .  C e l l s  m a i n t a i n  t h i s  m o rp h o lo g y  
f o r  a b o u t  10 d a y s  and  w i l l  r e m a in  s t a b l e  l o n g e r  i f  f r e s h  
m ed ia  i s  a d d e d . S u b s t i t u t i o n  w i th  DMEM and 0.1% FES s lo w s ,  
b u t  d o e s  n o t  h a l t ,  m i t o s i s ,  and  a d d i t i o n  o f  1 mM d i b u t y r y l  
cAMP ( b u t  n o t  8 Br cAMP o r  2 mM so d iu m  b u t y r a t e )  i n d u c e s  a 
r a p i d  y e t  p a r t i a l l y  r e v e r s i b l e  t r a n s f o r m a t i o n  to  d i s t i n c t l y  
n e u r o n a l - l i k e  c e l l s .  E x te n s iv e  o u tg ro w th s  o f  n e u r i t i c  
p r o c e s s e s  fo rm  s y n a p t i c - l i k e  f i g u r e s  r e m i n i s c e n t  o f  a x o 
a x o n ic  and a x o - s o m a t i c  n e u ro n a l  c o n t a c t s .  TE671 c e l l s  
p o s s e s s  f u n c t i o n a l  n i c o t i n i c  r e c e p t o r s  and h ig h  a f f i n i t y  
b in d in g  s i t e s  f o r  125I - α - b u n g a r o to x in  (B g t)  a s  w e l l  a s  
b i n d in g  s i t e s  f o r  o t h e r  n e u r o a c t iv e  s u b s ta n c e s .  They do 
n o t  h av e  s i g n i f i c a n t  c h o l in e  a c e t y l t r a n s f e r a s e  a c t i v i t y  
( S y a p in  e t  a l . ,  1982). We f in d  t h a t  th e  d i h y d r o p y r id i n e  
3H - n i t r e n d ip i n e  ( N i t ) ,  a  p u t a t i v e  a n t a g o n i s t  o f  v o l t a g e 
g a te d  c a lc iu m  c u r r e n t s ,  r e v e r s i b l y  b in d s  w i t h  h ig h  a f f i n i t y  
to  i n t a c t  c e l l s .  M ost o f  th e  bound N i t  ( a t  1 nM) i s  
d i s p l a c e a b l e  w i t h in  10 m in  by 1 uM n i f e d i p i n e ,  w i th  
d i l t i a z e m  l e s s  e f f e c t i v e .  M a tu re  TE671 c e l l s  d i s p l a y  
a p p r o x im a te ly  100 fm o l o f  s p e c i f i c  N i t  b i n d in g  p e r  mg c e l l  
p r o t e i n .  B in d in g  s i t e s  f o r  125I-α -B g t s i m i l a r l y  a r e  o f  
h ig h  a f f i n i t y  and  d e n s i t y .  The TE671 c e l l  l i n e  h o ld s  
p ro m is e  f o r  e x a m in in g  r e g u l a t o r y  m ec h a n ism s  o f  m o rp h o lo g ic  
d i f f e r e n t i a t i o n  o f  n e u ro n a l  p h e n o ty p e .

Fu n d in g  by th e  B arro w  N e u r o lo g ic a l  F o u n d a t io n  i s  
g r a t e f u l l y  a c k n o w le d g e d .

3 0 3 . 9   ACTIVITY-DEPENDENT K+ ACCUMULATION IN RAT OPTIC NERVE REN
DERED AMYELINATED: A DEVELOPMENTAL STUDY.  C . L .  Y a m a t e *  a n d   
B . R .  R a n s o m .( S P O N :  L.  E n g ) .   D e p t . o f  N e u r o l . ,  S t a n f o r d  
U n i v .  S c h .  o f  M e d . ,  S t a n f o r d ,  CA 9 4 3 0 5 .

T h e  a d u l t  m a m m a l i a n  CNS e x h i b i t s  a  " c e i l i n g  l e v e l "  o f  8 –
12 mM f o r  t h e  max im um  [K+ ]O w h i c h  a c c u m u l a t e s  w i t h  n e u r a l  
a c t i v i t y .  T h e  d e v e l o p m e n t  o f  t h i s  a d u l t  " c e i l i n g  l e v e l "  h a s  
p r e v i o u s l y  b e e n  s t u d i e d  i n  a  s i m p l e  m o d e l  o f  t h e  CNS, t h e  
r a t  o p t i c  n e r v e  ( RON ) .  N e o n a t a l  n e r v e s  sh o w  a n  u n u s u a l l y  
l a r g e  c e i l i n g  [K+ ]  o f  1 7 . 2  mM. T h i s  l e v e l  g r a d u a l l y  f a l l s  
o v e r  t h e  n e x t  t w o  w e e k s  t o  t h e  a d u l t  l e v e l  o f  9 . 8  mM 
( C o n n o r s  e t  a l . ,  S c i e n c e  2 1 6 : 1 3 4 1 ,  1 9 8 2 ) .  G l i a l  c e l l s  a p 
p e a r  i n  RON w i t h  a  s i m i l a r  t i m e  c o u r s e  t o  t h e  d e v e l o p m e n t  o f  
t h e  a d u l t  c e i l i n g  l e v e l  s u g g e s t i n g  t h a t  g l i a  m ay b e  i n v o l v e d  
i n  " s e t t i n g "  t h i s  l e v e l .  To t e s t  t h i s  p o s s i b i l i t y ,  we a t 
t e m p t e d  t o  r e d u c e  t h e  n u m b e r  o f  g l i a  i n  RONs b y  t r e a t m e n t  
w i t h  t h e  m i t o t i c  i n h i b i t o r ,  5 - A z a c y t i d i n e  ( 5 A Z ) ,  a n d  t h e n  
c o m p a r e d  t h e  d e v e l o p m e n t a l  c h a n g e s  i n  c e i l i n g  l e v e l  i n  
t r e a t e d  a n d  c o n t r o l  RONs. T r e a t e d  a n i m a l s  r e c e i v e d  i n t r a 
p e r i t o n e a l  i n j e c t i o n s  o f  5AZ ( 3 . 3  m g / k g )  o n  p o s t n a t a l  d a y s  
1 ,  3 ,  5 a n d  7 .  RONs o f  d i f f e r e n t  a g e s  w e r e  a n a l y z e d  w i t h  
r e g a r d  t o  m axi mum  e v o k e d  [K+ ]O ( " c e i l i n g  l e v e l " )  a n d  p e a k  
[ K + ]  e l i c i t e d  b y  s i n g l e  s u p r a m a x i m a l  s t i m u l i  a s  p r e v i o u s l y  
d e s c r i b e d  ( C o n n o r s  e t  a l . ,  1 9 8 2 ) .  E x p e r i m e n t s  w e r e  d o n e  a t  
3 7 °  a n d  b a t h  [K + ]  w a s  3 mM.

T h e  d e v e l o p m e n t a l  t i m e  c o u r s e  f o r  K+ c e i l i n g  l e v e l  wa s  
s i g n i f i c a n t l y  a l t e r e d  i n  t h e  5 A Z - t r e a t e d  a n i m a l s .  Mean 
c e i l i n g  l e v e l s  i n  RONs 6 – 12 d a y s  o l d  w e r e  1 3 . 0 ± 3 . 3  ( t r e a t e d )  
a n d  8 . 2 ± 2 . 2  mM ( c o n t r o l s ) ,  a n d  i n  RONs 1 3 – 21 d a y s  o l d  t h e s e  
l e v e l s  w e r e  1 0 . 7 ± 0 . 5  ( t r e a t e d )  a n d  7 . 1 ± 0 . 6  mM ( c o n t r o l s ) .  
S i n c e  t h e  d e v e l o p m e n t a l  t i m e  c o u r s e  f o r  p e a k  [K+ ]  e v o k e d  by  
s i n g l e  s u p e r m a x i m a l  s t i m u l i  w a s  n o t  s i g n i f i c a n t l y O d i f f e r e n t  
i n  t r e a t e d  a n d  c o n t r o l  a n i m a l s ,  t h e  d e l a y  i n  a p p e a r a n c e  o f  
t h e  n o r m a l  a d u l t  c e i l i n g  l e v e l  w a s  n o t  l i k e l y  t o  d e p e n d  u p o n  
c h a n g e s  i n  t h e  r a t e  o f  K+ r e l e a s e  ( r e f l e c t e d  b y  K+ r i s e s  t o  
s i n g l e  s t i m u l i ) .  C o m pou nd  a c t i o n  p o t e n t i a l s  i n  t r e a t e d  RONs 
up  t o  13  d a y s  o l d  h a d  a  t r i p h a s i c  a p p e a r a n c e  c h a r a c t e r i s 
t i c a l l y  s e e n  o n l y  i n  RONs < 5 d a y s  o l d ,  s u g g e s t i n g  a  d e l a y  
i n  a x o n a l  m a t u r a t i o n  o r  m y e l i n a t i o n .  P r e l i m i n a r y  o b s e r v a 
t i o n s  r e v e a l  t h a t  5AZ m ay m a r k e d l y  r e d u c e  m y e l i n a t i o n  i n  com
p a r i s o n  t o  c o n t r o l  RONs o f  t h e  s a m e  a g e .  A q u a n t i t a t i v e  
e v a l u a t i o n  o f  g l i a l  e l e m e n t s  i n  t r e a t e d  n e r v e s  i s  u n d e r w a y .
We c o n c l u d e  t h a t  5AZ t r e a t m e n t  p r o d u c e s  a  s t r i k i n g  m a t u r a 
t i o n a l  d e l a y  i n  t h e  e s t a b l i s h m e n t  o f  a d u l t  c e i l i n g  l e v e l  a s  
w e l l  a s  m y e l i n a t i o n .  S u p p o r t e d  b y  NIH g r a n t s  NS 1 5 5 8 9  a n d  
NS 0 0 4 7 3  f r o m  t h e  NINCDS.

303 .10   DEVELOPMENT OF VASOPRESSIN BINDING SITES IN THE LONG-EVANS 
RAT BRAIN: AN AUTORADIOGRAPHIC STUDY  F.M. P e t r a c c a * ,  D.G. 
B a s k i n ,  J .  D i a z ,  a n d  D.M. D o r s a  ( S p o n :  W. C a t t e r a l l ) .    
D e p a r tm e n ts  o f  P h a rm a c o lo g y , P s y c h o lo g y ,  B i o lo g i c a l  S t r u c 
t u r e ,  an d  M e d ic in e ,  U n i v e r s i t y  o f  W a sh in g to n , S e a t t l e ,  WA 
98 1 9 5 , an d  t h e  V e te ra n 's  A d m i n i s t r a t i o n ,  S e a t t l e  WA 9 8 108 .

A r g i n i n e 8 - V a s o p r e s s i n  (AVP) i s  a  p e p t i d e  h o rm o n e  
i n v o l v e d  i n  m a i n t e n a n c e  o f  f l u i d  h o m e o s t a s i s  a n d  b lo o d  
p r e s s u r e .  A n a t o m i c a l  a n d  b e h a v io r a l  e v id e n c e  s u p p o r t  t h e  
h y p o th e s i s  t h a t  AVP may a l s o  a c t  a s  a  n e u r o t r a n s m i t t e r  o r  
n e u r o m o d u l a t o r .  I n  a d d i t i o n ,  t h i s  l a b o r a t o r y  a n d  o t h e r s  
h av e  r e c e n t l y  r e p o r t e d  p u t a t i v e  r e c e p t o r s  f o r  v a s o p r e s s in ,  
l o c a l i z e d  i n d i s c r e t e  r e g io n s  o f  t h e  a d u l t  r a t  b r a i n  w h ic h  
a r e  known t o  r e c e i v e  v a s o p r e s s i n e r g i c  i n n e r v a t i o n .  T h e s e  
a r e a s  i n c l u d e  t h e  l a t e r a l  s e p tu m ,  c e n t r a l  n u c l e u s  o f  t h e  
a m y g d a l a ,  o l f a c t o r y  t u b e r c l e ,  v e n t r a l  t e g m e n tu m ,  a n d  
n u c le u s  o f  t h e  s o l i t a r y  t r a c t .

The v a s o p r e s s i n e rg i c s y s te m  h a s  a l s o  b e e n  i m p l i c a t e d  
i n  t h e  d e v e lo p m e n t o f  t h e  n e rv o u s  s y s te m ,  s i n c e  hom ozygous 
B r a t t l e b o r o  r a t s ,  w h ic h  do n o t  s e c r e t e  t h i s  p e p t i d e ,  have  
d im in is h e d  b r a i n  g ro w th .  The p u rp o s e  o f  t h e  p r e s e n t  s tu d y  
w as t o  e x a m in e  t h e  o n to g e n y  o f  v a s o p r e s s in  r e c e p t o r  s i t e s  
i n  t h e  r a t  b r a i n ,  a s  t h e s e  r e c e p t o r s  may h a v e  a n  i m p o r ta n t  
r o l e  i n  m e d ia t i n g  t r o p h i c  i n f l u e n c e s  o f  v a s o p r e s s in .

R e c e p to r  s i t e s  w ere  l o c a l i z e d  u s in g  a  m eth o d  o f  b in d in g  
3 H-AVP t o  b r a i n  s l i c e s  o f  L o n g - E v a n s  r a t s  f ro m  p o s t n a t a l  
Day 0 t o  a d u l t .  2 0 - m i c r o n ,  s l i d e - m o u n t e d ,  s e c t i o n s  w e r e  
in c u b a te d  f o r  30 m in u te s  i n  200 m i c r o l i t e r s  o f  T r i s  b u f f e r  
s o l u t i o n  c o n ta i n in g  2 nM 3H-AVP i n  t h e  p r e s e n c e  o r  a b s e n c e  
o f  2 uM u n la b e l e d  AVP. The s l i d e s  w e re  r i n s e d ,  d r i e d ,  an d  
p la c e d  i n  c o n ta c t  w i th  LKB U l t r o f i l m  f o r  30– 45 d a y s .

R e s u l t s  i n d i c a t e d  a  c h a n g in g  p a t t e r n  i n  d i s t r i b u t i o n  
o f  AVP r e c e p t o r s  o v e r  d e v e lo p m e n t.  B in d in g  i n  Day 0 b r a i n s  
w as  m in i m a l  a n d  l i m i t e d  t o  t h e  d o r s a l  s e p tu m  a n d  c a u d a t e  
n u c l e u s .  I n  c o n t r a s t ,  b i n d i n g  i n  t h e  a d u l t  f o r e b r a i n  w as 
l o c a l i z e d  i n  t h e  l a t e r a l  s e p tu m  a n d  w as n o t  p r e s e n t  i n  
d o r s a l  s e p tu m  n o r  i n  c a u d a te .  B in d in g  s i t e s  c o r r e s p o n d in g  
t o  t h o s e  s e e n  i n  t h e  a m y g d a la  i n  a d u l t  b r a i n s  w e re  n o t  s e e n  
u n t i l  d a y  4 i n  t h e  d e v e l o p i n g  b r a i n .  By d a y  5 ,  i n t e n s e  
b i n d in g  w as a p p a r e n t  i n  t h e  d o r s a l  h ip p o c a m p u s , f o l l o w e d  by 
a  r e d u c t io n  i n  b in d in g  i n  s u c c e e d in g  d a y s  up  t o  a d u l th o o d .

T h e  a n a t o m i c a l  d i s t r i b u t i o n  o f  v a s o p r e s s i n  b i n d i n g  
s i t e s  i n  t h e  r a t  b r a i n  c h a n g e s  s i g n i f i c a n t l y  t h r o u g h o u t  
d e v e lo p m e n t,  s u g g e s t in g  a  t r o p h i c  r o l e  f o r  v a s o p r e s s in  i n  
t h e  o n to g e n y  o f  s p e c i f i c  b r a i n  s t r u c t u r e s .
( S u p p o r t e d  by V .A ., GSR G r a n t  o f  U.W ., a n d  NIH NS 2 0 3 1 1 – 0 1 )
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303. 11  IN-VIVO VOLTAMMETRIC ANALYSIS OF THE DEVELOPMENT OF SPONTAN
EOUS AND AMPHETAMINE-INDUCED DOPAMINE (DA) RELEASE IN RATS.

R .A . G a z z a ra ,  S . H o w a rd -B u tc h e r  and  R .S . F i s h e r .  MRRC and 
 D e p t . o f  P h a rm a c o lo g y , UCLA, L os A n g e le s ,  CA 9 0 0 2 4 .

U s in g  s e m i - d i f f e r e n t i a l  i n  v iv o  v o l ta m m e tr y ,  t h e  s p o n ta n 
e o u s  r e l e a s e  o f  DA w as m e a s u re d  i n  t h e  2 1 – 22 d ay  and  35– 38 
d a y  r a t  pup n e o s t r i a t u m  an d  com pared  w i th  t h e  s p o n ta n e o u s  
r e l e a s e  fo u n d  i n  t h e  a d u l t  r a t .  The e f f e c t s  o f  d -a m p h e ta 
m in e  i n  t h e s e  t h r e e  a g e  g ro u p s  w e re  a l s o  m e a s u re d .

M ale S p ra g u e -D aw le y  r a t s  w ere  i n j e c t e d  w i th  c h l o r a l  
h y d r a t e  (3 0 0  m g/kg  i . p . )  and  body  t e m p e r a tu r e  m a in ta in e d  
w i th  a  h e a t i n g  p a d .  E l e c t r o d e  im p l a n ta t i o n  fo l lo w e d  s t a n d 
a r d  s t e r e o t a x i c  t e c h n i q u e s .  S u r f a c e - m o d i f i e d  g r a p h i t e  
e l e c t r o d e s ,  s e l e c t i v e  f o r  c a te c h o la m in e s ,  w ere  i n s e r t e d  i n t o  
t h e  n e o s t r i a t u m .  S e m i - d i f f e r e n t i a l  v o l ta m m e tr ic  m e a s u re 
m en ts  w e re  p e rfo rm e d  by s c a n n in g  from  -0 .1 V  to  +0 .5V  v s .  
Ag/AgCl  and  m e a s u r in g  th e  p e a k  c u r r e n t  c e n t e r e d  a t  + 0 .13V . 
S c a n s  w e re  r e p e a t e d  o n c e  e v e ry  10 m in . A t t h e  end o f  e a c h  
e x p e r im e n t ,  a n  i n  v i t r o  s ta n d a r d  c a l i b r a t i o n  c u rv e  was ru n  
so  t h a t  c u r r e n t  v a lu e s  f o r  r e l e a s e  c o u ld  b e  r e l a t e d  to  
known c o n c e n t r a t i o n s  o f  DA.

S p o n ta n e o u s  DA r e l e a s e  i n  t h e  21– 22 d ay  g ro u p  was a p p ro x 
im a t e l y  2 0 % o f  a d u l t  v a lu e s  w h i l e  t h a t  i n  t h e  3 5 –38 day  
g ro u p  was a p p r o x im a te ly  43% o f  a d u l t  v a lu e s .

A f t e r  a  s t a b l e  b a s e l i n e  w as o b t a i n e d ,  r a t s  w e re  i n j e c t e d  
w i th  am p h e ta m in e  (1 m g/kg  s . c . ) .  I n  t h e  a d u l t  r a t ,  DA 
r e l e a s e  r e a c h e d  a  maximum (+85%) com pared  to  b a s e l i n e  a f t e r  
40 m in . I n  t h e  3 5 –38 d ay  g ro u p  a  maximum i n c r e a s e  (+30 
to  +65%) i n  DA r e l e a s e  o c c u r r e d  a f t e r  40 m in . H ow ever, i n  
t h e  2 1 –22 d a y  g ro u p  am p h e tam in e  p ro d u c e d  a n  i n i t i a l  s l i g h t  
i n c r e a s e  i n  DA r e l e a s e  f o l lo w e d  by a  d e c r e a s e  i n  DA r e l e a s e  
o f  - 3 0  to  40% o v e r  t h e  t h r e e  h o u r  t e s t i n g  p e r i o d .

T h e se  d a t a  d e m o n s t r a te  a  d e v e lo p m e n ta l  i n c r e a s e  i n  s p o n 
ta n e o u s  DA r e l e a s e  when co m p ared  w i th  a d u l t  l e v e l s .  T h ese  
d a t a  a l s o  s u g g e s t  a  d i f f e r e n c e  i n  r e s p o n s e  to  i n d i r e c t l y  
a c t i n g  DA a g o n i s t s  i n  th e  d e v e lo p in g  r a t  pup a t  21 – 22 d a y s ,  
when co m p ared  w i th  t h a t  s e e n  i n  t h e  a d u l t  r a t .

T h is  r e s e a r c h  w as s u p p o r te d  by USPHS g r a n t  HD 0 5615 .

303. 12  i d e n t if ie d  NEURONS PRODUCE ACETYLCHOLINESTERASE BEFORE THEY 
SPROUT AXONS IN THE ZEBRAFISH.  E r i c  Hannem an* an d  M onte 
W e s t e r f i e l d  (SPON: P . O 'D a y ) .  I n s t i t u t e  o f  N e u r o s c ie n c e ,   
U n i v e r s i t y  o f  O re g o n , E u g en e , OR 9 7 4 0 3 .

Can n e u ro n s  a c q u i r e  a  t r a n s m i t t e r  p h e n o ty p e  b e f o r e  th e y  
grow  ax o n s?  We ex am in ed  t h i s  q u e s t i o n  f o r  two c l a s s e s  o f  
i d e n t i f i e d  n e u ro n s  i n  t h e  z e b r a f i s h  c e n t r a l  n e rv o u s  s y s te m , 
t h e  M au th n e r  c e l l  ( M - c e l l )  an d  t h e  p r im a ry  m o to n e u ro n s  
(PM Ns). S in c e  b o th  c l a s s e s  h a v e  b e e n  shown t o  p o s s e s s  
c h o l i n e r g i c  p r o p e r t i e s ,  we s t u d i e d  t h e  o n s e t  an d  d i s t r i b u 
t i o n  o f  a c e t y l c h o l i n e s t e r a s e  (AChE) a c t i v i t y  t o  d e te r m in e  
when t h e s e  n e u ro n s  c a n  f i r s t  d e g ra d e  a c e t y l c h o l i n e  (A C h).

C h o l in e s t e r a s e  a c t i v i t y  s p e c i f i c  f o r  ACh c a n  f i r s t  b e  
d e t e c t e d  by  15 h o u r s  p o s t - f e r t i l i z a t i o n .  S t a in e d  n e u ro n s  
a r e  b i l a t e r a l l y  sy m m e tr ic  an d  s e g m e n ta l ly  a r r a n g e d  i n  t h e  
h i n d b r a i n  and  s p i n a l  c o r d .

By 18 h o u r s  p o s t - f e r t i l i z a t i o n ,  t h e  num ber o f  AChE p o s i 
t i v e  c e l l s  i n  e a c h  h e m ise g m e n t h a s  i n c r e a s e d  to  2– 4 c e l l s  
s i t u a t e d  i n  a  t i g h t  c l u s t e r .  The h i n d b r a i n  c o n ta i n s  s e v e r a l  
o f  t h e s e  s e g m e n ta l ly  a r r a n g e d  c l u s t e r s .  One i s  s i t u a t e d  a t  
t h e  r o s t r a l  a s p e c t  o f  t h e  e a r ,  an d  c o r r e s p o n d s  i n  p o s i t i o n  
t o  t h e  l o c a t i o n  o f  t h e  M - c e l l .  N e u ro n s  i n  c l u s t e r s  i n  t h e  
s p i n a l  c o rd  c o r r e s p o n d  i n  n u m b er, s i z e ,  an d  p o s i t i o n  t o  t h e  
e a r l y  PMN s o m a ta . The te m p o r a l  d e v e lo p m e n t o f  t h e  s p i n a l  
c o rd  s t a i n i n g  p r o c e e d s  i n  a  r o s t r a l - c a u d a l  d i r e c t i o n .

O th e r  w o rk e r s  u s in g  s e v e r a l  a p p ro a c h e s  h a v e  c o n f i rm e d  
t h a t  t h e  p e r i p h e r a l  p r o c e s s e s  o f  t h e  PMNs f i r s t  l e a v e  th e  
s p i n a l  c o rd  b e tw e e n  18 an d  19 h o u r s  p o s t - f e r t i l i z a t i o n .
The M -c e l l  i n i t i a t e s  a x o n a l  o u tg ro w th  a t  20 h o u r s .  B ased  
on  t h e s e  d a t a ,  we c o n c lu d e  t h a t  t h e  PMNs an d  p r o b a b ly  t h e  
M -c e l l  a c q u i r e  AChE a c t i v i t y ,  and  p e rh a p s  a  c h o l i n e r g i c  
p h e n o ty p e ,  p r i o r  t o  t h e  t im e  t h a t  t h e y  b e g in  t o  g row  a x o n s  
and  make s y n a p t i c  c o n n e c t i o n s . (S u p p o r te d  by  NIH GM07257 
an d  NSF B N S8103573.)

303.13  SHORT- AND LONG-TERM BEHAVIORAL AND NEUROCHEMICAL EFFECTS 
OF NEONATAL SYSTEMIC 6-OHDA AND 6- O DOPA TREATMENTS IN 
MICE.  M. J .  F o rs te r  and Z. M. Nagy,  D ept. o f Psychology, 
Bowling Green S t .  U niv ., Bowling Green, OH 43403.

S tu d ies  were conducted to  determ ine th e  development and 
p e rs is te n c e  o f behav io ra l and neurochanical e f f e c ts  of 
le s io n s  to  c e n t ra l  and p e rip h e ra l norep inephrine (NE) 
system s. Mice received  system ic in je c tio n s  (60 µg/g) o f 
th e  neurotox in s  6-hydroxydopamine (6-CHDA) or 6-hydroxydopa 
(6- OHDOPA) or v e h ic le  on p o s tn a ta l days 1 , 3, and 5.  
A cqu isition  and 24-hr memory of a d iscr im in a ted  escape ta sk  
were examined in  th ese  mice a t  13, 19, 30, or 100 days of  
age. At each age, a c q u i s i t i o n  tra in in g  co n sis ted  o f 25 
t r i a l s  in  which sh o ck -o ffse t occurred  upon reaching  the  
c o r re c t  goal in  a T-maze. A s im ila r  sessio n  was given 
24-hr l a t e r  to  th e se  mice, as  w e ll as  to  a p p ro p ria te  groups 
o f yoked c o n tro ls  in  o rd e r to  a sse ss  memory o f p r io r  
t r a in in g .  In a second b ehav io ra l t e s t ,  a d d itio n a l mice  
s e le c te d  from each of th e  3 p o s tn a ta l co n d itio n s  were  
te s te d  fo r  locom otor a c t iv i ty  a f t e r  rece iv in g  4 mg/kg of 
d-amphetamine a t  13 o r 100 days of age. F in a lly ,  NE in  
c o rte x/hippocampus and whole h e a r t was determ ined 
f lu o ro m e tr ic a l ly  in a d d itio n a l groups of t re a te d  and 
c o n tro l mice aged 13, 30 o r 100 days. The assays in d ica ted  
t h a t  mice tre a te d  w ith  6-OHDA or 6- O DOPA had comparable 
red u c tio n s  o f cortex/hippocam pus NE co n ten t a t  a l l  ages 
t e s te d ,  w ith  those  rece iv in g  6 -CHDA a lso  shewing a  
red u c tio n  o f whole h e a r t  NE. On th e  a c t iv i ty  t e s t   
fo llow ing  d-amphetamine, both groups t re a te d  w ith the  
neuro tox ins ex h ib ited  sm aller inc rea se s  in  a c t iv i ty  
compared to  v e h ic le  c o n tro ls .  On th e  lea rn in g  and memory 
ta sk  13-day-old  t re a te d  mice d isp lay ed  poorer a c q u is itio n  
and manory than c o n tro ls ,  w hile  n e u ro to x in -tre a ted  mice 
f a i le d  to  show any le a rn in g  o r memory d e f i c i t s  a t  the  o ld e r 
ages when compared to  c o n tro ls .  The p re sen t fin d in g s  
su g g est th a t  e a r ly  6-OHDA and 6- OHDOPA trea tm en ts  may de lay  
m atu ra tion  o f those NE systems involved w ith  le a rn in g  
and /o r manory of ta sk s  using  an av e rs iv e  s tim u lu s . 
However, recovery  o f behav io ra l func tion  was rap id  a f te r  
th e  e a r ly  le s io n s ,  notw ithstand ing  the  lo n g -la s tin g  NE 
d e p le tio n  and lo s s  of pharm acological re sponsiveness . The 
b ehav io ra l recovery  may in d ic a te  p o s t- le s io n  reo rg an iza tio n  
o f  th e  damaged NE system s, o r compensation by o th e r 
t ra n s m itte r  system s. The fin d in g s  may a ls o  r e f l e c t  the  
f a c t  th a t  NE modulation of lea rn in g  o r memory processes 
becomes le s s  c r i t i c a l  w ith  in c rea sin g  age. (Supported by 
NICHHD g ra n t HD-01945 to  Z. M. N.)
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304.1  IN VITRO PROLIFERATION AND DIFFERENTIATION OF NEURAL CREST 
CELLS IN A DEFINED CULTURE MEDIUM.  M. S ie b e r -B lu m  an d  H .R . 
C h o k s h i* .  D e p t . o f  C e l l  B io lo g y  an d  A natom y, The J o h n s  
H o p k in s  U n iv . S ch . o f  M e d ., B a l t im o r e  MD 2 1 2 0 5 .

C u l tu r e d  q u a i l  n e u r a l  c r e s t  c e l l s  g iv e  r i s e  t o  s e v e r a l  
d i f f e r e n t i a t e d  p h e n o ty p e s  an d  th u s  r e p r e s e n t  an  a t t r a c t i v e  
e x p e r im e n ta l  s y s te m  f o r  th e  s tu d y  o f  c e l l  d i f f e r e n t i a t i o n .  
H ow ever, s o  f a r  t h e  a n a l y s i s  o f  t h e  u n d e r ly in g  r e g u l a t o r y  
m ech an ism s h a s  b e e n  h a m p e re d  b y  two f a c t o r s ,  1 ) th e  
c o n ta m in a t io n  o f  t h e  c u l t u r e s  w i th  c e l l s  o f  n o n c r e s t  o r i g i n  
an d  2 ) t h e  co m p lex  g ro w th  medium  t h a t  c o n ta in e d  two i l l 
d e f i n e d  c o m p o n e n ts ,  h o r s e  se ru m  an d  c h ic k  em bryo e x t r a c t .
The i n t r o d u c t i o n  o f  c l o n a l  c u l t u r e s  ( S ie b e r -B lu m , M. an d  
C ohen , A .M ., D e v e lo p . B i o l .  8 0 : 9 6 ,  1 9 8 0 ) e l i m in a t e d  th e  
f i r s t  p ro b le m . We now r e p o r t  t h e  f o r m u la t io n  o f  a  d e f in e d  
c u l t u r e  m edium  t h a t  s u p p o r t s  p r o l i f e r a t i o n  and  
d i f f e r e n t i a t i o n  o f  q u a i l  n e u r a l  c r e s t  c e l l s  i n  p r im a ry  
c u l t u r e s .  N e u r a l  tu b e s  w e re  e x p la n t e d  i n t o  c o l l a g e n -  an d  
f i b r o n e c t i n - c o a t e d  c u l t u r e  d i s h e s  an d  c u l t u r e d  i n  medium 
MCDB 202 s u p p le m e n te d  w i th  i n s u l i n ,  t r a n s f e r r i n ,  c o r t i s o n e ,  
g o n a d a l  h o rm o n e s , v i t a m in s ,  an d  t r o p h i c  f a c t o r s .  The 
e x p la n t e d  n e u r a l  tu b e s  a d h e re d  t o  t h e  s u b s t r a tu m  an d  th e  
n e u r a l  c r e s t  c e l l s  e m ig r a te d  i n  t h e  u s u a l  f a s h i o n .  C e l l  
p r o l i f e r a t i o n  was s lo w e r  th a n  in  medium c o n ta i n in g  se ru m  
an d  em bryo e x t r a c t .  A f t e r  4– 6 d a y s  a l l  c u l t u r e s  c o n ta in e d  
p ig m e n t c e l l s  t h a t  w e re  d e n s e ly  p a c k e d  w i th  m e la n in  
g r a n u l e s  an d  h a d  th e  t y p i c a l  a p p e a r a n c e  o f  m e la n o c y te s .  
T w e n ty - f i v e  p e r c e n t  o f  th e  c u l t u r e s  c o n ta in e d  a d r e n e r g i c  
n e u ro n s  a s  i n d i c a t e d  by  i n t e n s e  fo rm a ld e h y d e / g l y o x y l i c  a c id -  
in d u c e d  c a te c h o la m in e  f l u o r e s c e n c e .  N eu ro n s  h ad  
c h a r a c t e r i s t i c  lo n g ,  v a r i c o s e  p r o c e s s e s  w i th  g ro w th  c o n e s  
an d  h a d  ro u n d e d  c e l l  b o d ie s  t h a t  te n d e d  t o  a g g r e g a t e  w i th  
e a c h  o t h e r .  We b e l i e v e  t h a t  t h e  d e v e lo p m e n t o f  t h i s  
d e f i n e d  m edium  w i l l  p ro v e  u s e f u l  i n  t h e  s tu d y  o f  n e u r a l  
c r e s t  c e l l  d i f f e r e n t i a t i o n  u n d e r  c o n t r o l l e d  c o n d i t i o n s .
( S u p p o r te d  by  USPHS G ra n t  HD15311)

304.2  DIVIDING ROD PRECURSORS IN THE GOLDFISH RETINA: THREE 
DIMENSIONAL RECONSTRUCTION FROM SERIAL, ELECTRON MICRO
SCOPIC AUTORADIOGRAPHS.  P.A. Raymond and P.K. R ivlin*, 
 Univ. of Michigan, Department of Anatomy & Cell Biology, 
Ann Arbor, MI 48109.

When la rv a l goldfish hatch, th e ir  re tin as  contain 
postm ito tic, undifferen tiated  cones but no rods. Cones 
rapidly d if fe re n tia te  during the f i r s t  few days of la rv a l 
l i f e .  Meanwhile, rods begin to  appear; they are produced 
by dividing, specialized  progenitors -  rod precursors -  
sca ttered  across the re tin a . Rod precursors continue to 
divide throughout la rv a l and in to  adult l i f e ,  adding new 
rods to  the growing re tin a . These dividing c e l ls ,  in te r 
calated among d iffe ren tia ted  re tin a l neurons, are unique 
and have not been described previously. The purpose of 
th is  study was to iden tify  rod precursors in  the la rv a l 
re tin a , to  characterize them u ltra s tru c tu ra lly  and to 
reconstruct th e ir  morphology.

Dividing rod precursors were labeled by 3H-thymidine 
in jec tions in  la te  la rv a l/ea rly  juvenile goldfish (26–51 
days posthatch). S erial th in  sections were prepared from 
the center of the eye, and every 20-25th section in  the 
se rie s  was processed for autoradiography. Labeled rod 
precursors were id e n tifie d , located in  the s e r ia l  se t, 
traced on transparencies, d ig itized  and reconstructed 
using a locally  developed computer graphics program.

Our re su lts  show th a t rod precursors are typ ica lly  
located on the v itread  side of the layer of photoreceptor 
nuclei (outer nuclear layer, ONL). They extend a sing le , 
long ap ical process through the ONL toward the external 
lim iting  membrane, a featu re reminiscent of the prim itive 
neuroepithelia l c e l ls  from which they were derived.
Short, r idge-like  processes extend la te ra l ly  from the 
c e ll  body. At 12 hr survival postin jection  labeled nuclei 
are in  interphase, by 24 hr many labeled nuclei are 
m itotic and by 48 hr there are many labeled p a irs ; th is  
implies th a t the c e l l  cycle of rod precursors i s  24 to  48 
hr long. Some c e lls  th a t had ju s t  withdrawn from the 
m itotic cycle, as evidenced by th e ir  proximity to  a 
c lu s te r  of labeled precursors and by the morphological 
featu res of th e ir  nuclei (interm ediate between p aler, 
la rg e r, irregularly-shaped precursors and darker, 
sm aller, more ovoid rods), contain perinuclear (immature) 
ribbons and accumulations of synaptic vesicles ind icative 
of th e ir  d iffe ren tia tio n  in to  rods. The above re su lts  
support the premise th a t rods in  the f ish  re tin a  are 
derived from a special c lass of neuroep ithelia l c e l l .

304 .3   CELLULAR LINEAGES FORMING THE ZEBRAFISH NERVOUS SYSTEM.
C .B . K im m el, R. W arg a* , an d  R .D . Law *.  I n s t . o f  N e u r o s c i 
e n c e ,  U n iv . o f  O re g o n , E u g e n e , OR 9 7 4 0 3 .

We h a v e  s tu d i e d  n e u r o n a l  l i n e a g e s  o r i g i n a t i n g  f ro m  z e b r a -  
f i s h  b l a s t o m e r e s  i n j e c t e d  w i t h  l i n e a g e  t r a c e r  m o le c u le s .  
I d e n t i f i e d  b l a s t o m e r e s  t h a t  a r i s e  by  t h e  same d i v i s i o n  
p a t t e r n  i n  d i f f e r e n t  em b ry o s m ake v a r i a b l e  c o n t r i b u t i o n s  to  
t h e  CNS an d  o t h e r  t i s s u e s ,  f o rm in g  l o n g i t u d i n a l l y  o r i e n t e d  
p a tc h y  s t r i p e s  o f  l a b e l e d  c e l l  c l u s t e r s .  W ith in  t h e  CNS o f  
many e m b ry o s , p a i r s  o f  c l u s t e r s  a r e  p r e s e n t  on  o p p o s i t e  
s i d e s  o f  t h e  m id l i n e ,  an d  s e t s  o f  c l u s t e r s  a r e  o f t e n  d i s t r i 
b u t e d  p e r i o d i c a l l y ,  w i th  s e g m e n ta l  s p a c i n g ,  a lo n g  t h e  n e u r 
a x i s .  A d ja c e n t  c l u s t e r s  f r e q u e n t l y  c o n ta i n  n e u ro n s  o f  t h e  
sam e o r  s i m i l a r  m o rp h o lo g y . T h e se  f e a t u r e s  a r e  in d e p e n d e n t  
o f  when t h e  c lo n e  w as fo u n d e d  ( th r o u g h  t h e  2 ,0 0 0  c e l l  s t a g e )  
an d  t h e y  a r e  in d e p e n d e n t  o f  t h e  r e g i o n  o f  t h e  CNS t h a t  t h e  
c lo n e  o c c u p ie s .

To l e a r n  how t h e s e  c l o n a l  d i s t r i b u t i o n s  a r i s e ,  we h a v e  
f o l lo w e d  p o r t i o n s  o f  s u b l i n e a g e s  o f  f l u o r e s c e n t l y  l a b e l e d  
b l a s to m e r e  c lo n e s  i n  l i v e  em b ry o s by  lo w  l i g h t - i n t e n s i t y  
v id e o  m ic r o s c o p y .  C e l l s  o f  a  b l a s to m e r e  c lo n e  b e g in  to  
s p r e a d  a p a r t  f ro m  o n e  a n o th e r  d u r in g  g a s t r u l a t i o n  an d  
becom e d i s p e r s e d  i n t o  l a b e l e d  s i n g l e  c e l l s  an d  s m a l l  c e l l  
c l u s t e r s  t h a t  a r e  s c a t t e r e d  among u n l a b e l e d ,  u n r e l a t e d  
c e l l s .  I n  c o n t r a s t  t o  t h e  o r i g i n a l  b l a s to m e r e  c lo n e s ,  s u b 
l i n e a g e s  t h a t  a r i s e  a t  t h e  g a s t r u l a  s t a g e  f r e q u e n t l y  p r o 
d u c e  o n ly  a  s i n g l e  t i s s u e  t y p e .  The s e g m e n ta l ly  d i s t r i 
b u t e d  c l u s t e r s  o b s e rv e d  a t  l a t e r  t im e s  a r e  s u b c lo n e s  
fo u n d e d  by  c l o s e l y  r e l a t e d  g a s t r u l a  c e l l s  t h a t  m ig r a te  
a p a r t  f ro m  o n e  a n o t h e r .  A b i l a t e r a l  p a i r  o f  c l u s t e r s  
o b s e rv e d  i n  t h e  CNS i s  d e r i v e d  fro m  a  s i n g l e  s u b l in e a g e  
f o u n d e d  by  o n e  c e l l  i n  t h e  l a t e  g a s t r u l a .

We i n t e r p r e t  t h e s e  r e s u l t s  t o  m ean t h a t  a t  t h e  b l a s t u l a  
s t a g e  z e b r a f i s h  c e l l s  h a v e  n o t  b e e n  r e s t r i c t e d  t o  fo rm  a 
p a r t i c u l a r  t y p e  o f  t i s s u e  o r  t o  m ig r a te  t o  a  p a r t i c u l a r  
l o c a t i o n  i n  t h e  em b ry o . D e v e lo p m e n ta l  r e s t r i c t i o n s  c o u ld  
f i r s t  a r i s e  i n  c e l l s  d u r in g  g a s t r u l a t i o n  an d  b e  t r a n s m i t t e d  
t o  c lo n e s  o f  t h e i r  d e s c e n d a n t s .  ( S u p p o r te d  by  NSF g r a n t  
n o .  B N S -8 1 1 2 4 7 7 .)

304.4  DO GRANULE CELLS CONTROL THE EXPRESSION OF CEREBELLIN IN  
THE DIFFERENTIATING PURKINJE CELL?  J .R .S le m m o n * , J .L .H e m p s t
ead *  and  J . I .M organ* (SPON :E .C a n t o r ) .  D e p t . o f  P h y s . Chem. 
and  P h a rm ., R oche I n s t ,  o f  M o lec . B io lo g y ,  N u t l e y , NJ 07 1 1 0 .

The c e re b e l lu m  o f  r a t  an d  m ouse c o n ta i n s  tw o u n iq u e  
p e p t i d e s ,  c e r e b e l l i n  an d  d e s - S e r 1- c e r e b e l l i n .  The p e p t i d e s  
h a v e  b e e n  i s o l a t e d ,  s e q u e n c e d  an d  s u b s e q u e n t ly  s y n th e s i z e d  
by s o l i d  p h a s e  t e c h n i q u e s .  S e q u e n c e - d i r e c t e d  a n t i b o d i e s  
h av e  b e e n  r a i s e d  to  s y n t h e t i c  c e r e b e l l i n  c o n ju g a te d  t o  
t h y r o g l o b u l i n .  A n t i s e r a  w ere  t h e n  a f f i n i t y  p u r i f i e d  a g a i n s t  
c e r e b e l l i n  c o u p le d  t o  a c t i v a t e d  A f f i - G e l  1 0 . Radio im m uno
a s s a y  an d  c h e m ic a l  a n a l y s i s  show b o th  c e r e b e l l i n  s p e c i e s  t o  
b e  e n r i c h e d  i n  t h e  sy n a p to s o m a l f r a c t i o n  o f  c e r e b e l lu m .  
Im m u n o cy to ch em ica l s t u d i e s  show c e r e b e l l i n  t o  b e  l o c a l i z e d  
i n  t h e  soma an d  d e n d r i t e s  o f  P u r k in j e  c e l l s .  D u r in g  d e v e lo p 
m ent c e r e b e l l i n s  f i r s t  a p p e a r  a t  5 d a y s  a f t e r  b i r t h .  L e v e ls  
t h e n  r i s e  r a p i d l y  t o  a  maximum a t  d a y  25 p o s t  p a r tu m  a f t e r  
w h ic h  t h e y  d e c l i n e  t o  a  s t a b l e  a d u l t  l e v e l .  T h is  b io c h e m ic a l  
p i c t u r e  i s  m ir r o r e d  by  im m u n o c y to c h e m ic a l a n a l y s i s  w h ere  
im m u n o re a c t iv i ty  i s  f i r s t  o b s e rv e d  a b o u t  4 d a y s  a f t e r  b i r t h  
i n  t h e  im m atu re  P u r k in j e  c e l l s .  As t h e  g r a n u l e  c e l l  p o p u la 
t i o n  m ig r a t e s  fro m  t h e  e x t e r n a l  g r a n u l a r  l a y e r  t o  i t s  a d u l t  
s t r a tu m ,  c e r e b e l l i n  e x p r e s s io n  i n c r e a s e s  r a p i d l y  i n  t h e  
a r b o r i z i n g  d e n d r i t e s  o f  t h e  P u r k in j e  c e l l s .  T h is  s i t u a t i o n  
i s  t h e  same i n  t h e  m o u se . C h em ica l a n a l y s i s  o f  t h e  c e r e b e l l a  
o f  3 g r a n u le  c e l l  m u ta t io n s  o f  m ouse ( R e e l e r ,  W eav er, S ta g g 
e r e r )  show ed a lm o s t  no c e r e b e l l i n .  P u r k in j e  c e l l  m u ta n ts  
(p c d ,  N e rv o u s )  show ed o n ly  a  s l i g h t  d i m in u t io n  i n  p e p t i d e  
l e v e l s ,  c o m m en su ra te  w i th  t h e i r  d i r e c t  l o s s  o f  P u r k in j e  
c e l l s .  T h is  i n d i c a t e d  t h a t  g r a n u le  c e l l s  m ig h t  c o n t r o l  
c e r e b e l l i n  e x p r e s s io n .  Im m u n o cy to ch em ica l s t u d i e s  on  R e e l e r  
showed o n ly  a  few  c e r e b e l l i n - i m m u n o r e a c t iv e  P u r k in j e  c e l l s  
t h a t  had  a p p a r e n t ly  r e a c h e d  t h e i r  c o r r e c t  a n a to m ic a l  l o c u s .  
T h e re  w ere  a l s o  two f o c i  o f  w e a k ly  r e a c t i v e  im m a tu re  c e l l s  
i n  t h e  R e e l e r  c e r e b e l lu m .  I n  p r e l i m i n a r y  e x p e r im e n t s ,  t h e  
W eaver m ouse show ed m ore im m u n o re a c t iv i ty  t h a n  R e e l e r .  S in c e  
n e i t h e r  m ouse had  c e r e b e l l i n  p e p t i d e  i t  i s  c o n c lu d e d  t h a t  
t h e  a n t ib o d y  i s  b in d in g  t o  c e r e b e l l i n  p r e c u r s o r  i n  t h e s e  
s t u d i e s .  Thus we s u g g e s t  t h a t  t h e  R e e l e r  m ouse d o e s  n o t  
e x p r e s s  c e r e b e l l i n  p r e c u r s o r  o r  p e p t i d e  w h e re a s  t h e  W eaver 
d o e s  e x p r e s s  p r e c u r s o r  b u t  h a s  a b e r r a n t  p r o c e s s in g  m a c h in e ry .  
S in c e  t h e  common d e n o m in a to r  i s  a  l o s s  o f  g r a n u l e  c e l l s  o r  
some i n t r i n s i c  d e f e c t  i n  t h e s e  n e u r o n s ,we f e e l  t h a t  an  
u n d e r s t a n d in g  o f  t h e  b io c h e m ic a l  d y s f u n c t io n s  o f  c e r e b e l l i n  
m e ta b o lis m  w i l l  p r o v id e  k e y s  t o  t h e  n a t u r e  o f  t h e  c o n t r o l  
o f  P u r k in j e  c e l l  d i f f e r e n t i a t i o n .
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304.5   DEVELOPMENTAL STAGE SPECIFIC ANTIGENS IN THE CEREBRAL 
CORTEX OF RODENTS.  M. Yamamoto, A. Boyer*.  
G. Schwarti ng*.  Div. o f N europathol. & Biochem., Shriver 
C tr . ,  Waltham, MA 02254

To study the m olecular mechanisms underly ing  the 
development of the ce reb ra l c o rte x , monoclonal an tib o d ies  
were produced ag a in st embryonic b ra in .  Homogenized tis s u e  
from E15– 18 r a t  fo reb ra in  was used as immunogens.
Among the  an tib o d ie s  produced, an tibody (7A) re a c ts  
in te n s e ly  w ith embryonic c o r t ic a l  anlagen in  the  r a t  & 
mouse. I t s  tem poral & s p a t ia l  d is t r ib u t io n  p a tte rn s  were 
stu d ied  in  the  mouse using immunocytochemistry. From E11 
to  E13, the  f u l l  th ick n ess  of the co rtex  i s  s ta in ed  
throughout i t s  l a t e r a l  e x te n t,  but the m edial w all shows 
no s ta in in g  u n t i l  E17. On E15, s h o r tly  a f te r  c o r t ic a l  
p la te  (CP) and the in te rm ed ia te  zone (IZ) appear, the  CP 
does not s ta in  and the deepest le v e l of the IZ s ta in s  
weakly. In tense  im m unoreactivity i s  confined to  the 
v e n tr ic u la r  (VZ) and su b v en tr ic u la r  zones (SVZ). At 
PO(E19), no s ta in in g  i s  seen in  the co rte x . Other 
immunoreactive reg ions of the CNS during  embryonic 
development a re  fo llo w s:a narrow v e n tro - la te r a l  s ec to r of 
the  hypothalamus, the v e n tra l w all of the in fe r io r  
c o l l ic u lu s  and the v e n tr ic u la r  germ inal zone in  the 
m edulla. Not a l l  the germ inal zones a re  la b e l le d .  The 
anlagen of the b asa l g an g lia  (BG) and the thalamus are  
negative  u n t i l  E17 but s ta in  subsequen tly . No s ta in in g  is  
seen in  the  sp in a l cord or the  d o rsa l roo t g a n g lia . 
Im m unoreactivity in  r a t  b ra in  i s  id e n tic a l  except th a t 
p o s it iv e  s ta in in g  i s  observed in  the BG a t  E l5.  
In prim ary t is s u e  c u ltu re  prepared from E15 r a t  
fo re b ra in , 80% of the c e l l s  a re  immunoreactive 2 hr a f te r  
p la t in g .  The percentage of p o s itiv e  c e l l s  decreased to 
50% a f t e r  5 days. Im m unoreactivity appears to  be confined 
mainly to  the plasma menbrane. P recu rsers  fo r both 
neurons & g l ia  appear to  be p o s it iv e .  A fte r 5 days in  
c u l tu re ,  im m unoreactivity i s  observed in  some 
v im e n tin -p o s itiv e  g l i a l  c e l l s .
Im m unoprecipitation does not show any re a c tiv e  p ro te in  
band in  embryonic t i s s u e .  However, immunoblotting on 
HPTLC p la te  rev ea ls  th ree  Immunoreactive bands of n e u tra l 
g ly c o lip id s .  No re a c tio n  i s  seen w ith g an g lio s id e s .
Supported by NIH g ra n t #HD04147– 15.

304.6   NEURORETINAL PROLIFERATION AND DIFFERENTIATION 
FOLLOWING VIRUS INDUCED TRANSFORMATION IN VITRO.  
Mary F.D . N o tte r and P iero C . B alduzzi*,  D epartm en ts  of 
Anatom y and M icrobiology, U niversity  of R ochester M edical 
C en te r, R ochester, New Y ork, 14642.

Em bryonic re tin a  has been shown to  con ta in  a  recognition  
fac to r  which allows d issocia ted  re tin a l ce lls  to  rea sso c ia te  w ith 
app rop ria te  ce ll types in v itro  and in vivo. We have begun a 
study to  exam ine th is  ce llu lar recognition  of em bryonic re tin a l 
ce lls following tran sfo rm atio n  by RNA tum or viruses and to  
assess th e  e ffe c ts  of th e  virus on individual re tin a l ce ll types. 
Seven day em bryonic chick n eu ro re tina  was trypsin  dispersed , 
placed e ith e r in m onolayer cu ltu re  or ro ta tio n -m ed ia ted , 
reaggregation  cu ltu re  and in fe c ted  w ith Rous sarcom a virus 
(RSV). D ete rm ination  of v ira l functions and ce ll tran sfo rm atio n  
ind icated  th a t both re tin a l ce ll m onolayers and spheroids 
produced virus and th a t ce lls  w ere m ito tica lly  stim u la ted  and 
m orphologically tran sfo rm ed . R etina l ce ll spheroids in cu ltu re  
for 24 hrs. could be tran sfo rm ed  by virus a f te r  ce ll associa tions 
had been form ed, while tran sfo rm ed  m onolayer cu ltu res  could 
form  spheroids when ce lls w ere rem oved from  th e ir  su rface  and 
placed in ro ta tio n . Specific stain ing  for nerve specific  eno lase , 
toxin binding, v im en tin , and acety lch o lin e ste rase  of m onolayer 
cu ltu res  ind icated  th e  presence of neurons and m ulier ce lls  tw o 
weeks following ce llu lar tra n sfo rm ation ; w hile ty rosine 
hydroxylase and choline ac e ty ltra n s fe ra se  ac tiv itie s  w ere 
d e tec te d  b iochem ically  in both virus in fec ted  m onolayers and 
spheroid cu ltu res . H ow ever, h isto log ica l exam ination  of virus 
in fe c ted , re tin a l spheroids d em onstra ted  th a t typ ica l ce ll 
associa tions w ere not m ade. M ito tic  figures w ere p resen t and 
ce lls appeared  as sw irls around a ce n tra l ce ll co re . These 
prelim inary  d a ta  suggest th a t although ce llu lar d iffe re n tia tio n  as 
de term ined  by enzym e ac tiv ity  and specific  stain ing  can occur 
following v iral tran sfo rm atio n , norm al n eu ro re tina l a rc h ite c tu re  
is not achieved.

Supported by th e  R ochester Eye Bank of th e  U nited Way and 
N ational In s titu te s  of H ealth  g ran t CA 32310.

304.7  DEVELOPMENT OF THE CHOLINERGIC BASAL FOREBRAIN NUCLEI IN 
THE RAT EMBRYO.  A la n  F i n e .   N e u ro c h e m ic a l  P h a rm a c o lo g y  
U n i t ,  M e d ic a l  R e s e a rc h  C o u n c i l ,  C am b rid g e  CB2 2QH UK.

The l a r g e  c h o l i n e r g i c  n e u ro n e s  o f  t h e  b a s a l  f o r e b r a i n  
n u c l e i  (m e d ia l  s e p t a l  n u c l e u s ,  MS; v e r t i c a l  an d  h o r iz o n 
t a l  l im b s  o f  t h e  d i a g o n a l  b a n d  o f  B ro c a ,  DBv an d  DBh; an d  
n u c le u s  b a s a l i s  m a g n o c e l l u l a r i s , NBM) a r e  t h e  m ain  s o u rc e  
o f  c h o l i n e r g i c  i n n e r v a t i o n  t o  t h e  t e l e n c e p h a l o n .  To 
s tu d y  t h e  d e v e lo p m e n t o f  t h e s e  n u c l e i  i n  t h e  em b ry o , and  
t o  e x a m in e  t h e i r  o n t o g e n e t i c  r e l a t i o n s , r a t  em bryos a t  
v a r i o u s  d e v e lo p m e n ta l  s t a g e s  w e re  f i x e d  b y  t r a n s c a r d i a c  
p e r f u s i o n  w i t h ,  o r  im m e rs io n  i n ,  4% p a ra f o r m a ld e h y d e  i n  
p h o s p h a te  b u f f e r .  C r y o s t a t  s e c t i o n s  o f  em bryos a t  e a c h  
d e v e lo p m e n ta l  s t a g e  w e re  c u t  i n  t h r e e  o r th o g o n a l  p l a n e s ,  
an d  s t a i n e d  f o r  a c e t y l c h o l i n e s t e r a s e  (AChE) by  a  s i l v e r 
i n t e n s i f i e d  m o d i f i c a t i o n  o f  t h e  a c e t y l t h i o c h o l i n e  m eth o d  
o f  K o e l l e .  AChE h a s  b e e n  shown t o  b e  a  r e l i a b l e  m a rk e r  
o f  c h o l i n e r g i c  c e l l s  i n  t h e  b a s a l  f o r e b r a i n  o f  t h e  a d u l t  
r a t  (L e v ey , A . I .  e t  a l . ,  N e u r o s c ie n c e  9 ,  9 ,  1 9 8 3 ) .
AChE+ NBM p r e c u r s o r s  a r e  f i r s t  v i s i b l e  b e n e a th  t h e  
s t r i a t a l  e m in e n c e s  o f  c ro w n -ru m p  l e n g t h  12mm em bryos 
( g e s t a t i o n a l  d a y  1 4 ) ,  f a r  i n  a d v a n c e  o f  t h e  AChE+ c e l l s  

o f  t h e  a d j a c e n t  n e o s t r i a t u m .  The c e l l s  a p p e a r  t o  m ig r a te  
b o th  r o s t r a l l y  a n d  c a u d a l l y ;  b y  t h e  15mm s t a g e  t h e y  h a v e  
e x te n d e d  t o  t h e  r e g i o n  o f  t h e  p r e s u m p tiv e  z o n a  i n c e r t a  
a n d  t o  t h e  DBh. AChE+ p r e c u r s o r s  t o  MS a p p e a r  by  th e  
16mm s t a g e  a s  a  d i s t i n c t  n u c l e u s , w i t h o u t  e v id e n t  o n to 
g e n e t i c  l i n k  t o  NBM o r  DBh. S h o r t l y  t h e r e a f t e r ,  DBv 
p r e c u r s o r s  c a n  b e  s e e n  a d j a c e n t  t o ,  an d  p re s u m a b ly  
d e r i v e d  f ro m , MS. O th e r  AChE+ n u c l e i  o f  t h e  d ie n c e p h a lo n  
a n d  m e s e n c e p h a lo n  a r i s e  i n d e p e n d e n t ly  o f  t h e  b a s a l  
f o r e b r a i n  n u c l e i .

304.8  A "c lo n a l” a n a ly sis  of somatosensory co rtex  b a r re l
form ation using  chim eric mice.  Daniel Goldowitz,  Dept. of 
Anatomy, Thomas J e ffe rso n  U n iv e rs ity , P h ilad e lp h ia , PA 
19107.

These s tu d ie s  were designed to  address the question :
Do developmental mechanisms e x is t  in  the mammalian c e reb ra l 
co rtex  by which c lo n a lly  re la te d  neu ro b lasts  become 
tra n s la te d  from the v e n tr ic u la r  zone to  compose c o r t ic a l  
s t ru c tu ra l  u n its?  The p o s s ib i l i ty  of a c lo n a l development 
fo r  d is c re te  assem blies of mammalian somatosensory neurons 
was examined in  the  posterom edial b a rre l s u b fie ld  (PMBSF) 
of chim eric mice. Chimeric mice a re  made by combining 4–8 
c e l l  embryos from two s e ts  of pa ren ts  th a t vary in  a 
determ inant th a t allow s us to  id e n tify  a given c e l l  as 
belonging to  one p a re n ta l genotype or the  o th e r, 
β-g lucuronidase le v e ls ,  de tected  by h istochem ical means, 
was used as the  c e l l  marker to  determ ine the  genotype-of- 
o r ig in  of each neuron. B6-beige ( bg/ bg) (high 
β-g lucuron idase  a c t i v i t y ) ,  C3H (low β -g lucuron idase  
a c t iv i ty ) ,  and B6 bg/ bg ↔  C3H chim eric mice were perfused  
w ith  4°C, 4% paraform aldehyde. A ta n g e n tia l  c o r t ic a l  
s l ic e  in c lud ing  PMBSF region  was sec tioned  w ith a 
vlbratom e, s ta in ed  fo r  β-g lucuron idase  a c t iv i ty ,  embedded 
in  epon, sec tioned  a t  3– 5 µ m, coun te rsta in ed  w ith  methyl 
green and analyzed. Based upon β-g lucuron idase  h is to 
chem istry of co n tro l b ra in s , c o r t ic a l  b a rre l  c e l ls  could 
be assigned  to  the  high or low genotype w ith  a confidence 
of about 98%. Several in d iv id u a l b a rre ls  of somatosensory 
co rtex  were examined in  s ix  chimeras comprised of varying 
p roportions of B6  bg/bg and C3H c e l l s .  Four chim eras, two 
of each whose b a rre l  neurons were predom inantly derived  
from one genotype or the o th e r , were c a re fu lly  analyzed to  
optim ize the  d e te c tio n  of coherent clones and p o ssib le  
enzyme tr a n s fe r .  The a n a ly sis  of these  four chimeras and 
co n tro l mice led  to  the  de term ination  th a t  the 
β -g lucuronidase  marking system was ap p lic ab le  to  PMBSF 
neurons. Neurons from th e  two genotypes were found to  be 
d is tr ib u te d  in  very s im ila r  p ropo rtions amongst a l l  the 
b a rre ls  examined from a given chimera. Furtherm ore, a 
s e r ia l - s e c t io n  an a ly sis  of s in g le  b a rre ls  provided no 
evidence fo r  any obvious non-random d is tr ib u t io n s  of 
neurons from one genotype in  a s in g le  b a r re l .  Such 
evidence does not support the  no tion  of a unique founder 
population  of neurons fo r  in d iv id u a l b a rre ls  (o r groups of 
b a r r e ls ) ,  and supports a no tion  of ex tensive  c e l l  mixing 
and e p i-g e n e tic  events in  the de term ination  of in d iv id u a l 
b a rre ls  in  the  mouse somatosensory co rtex .
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304.9   REGULATION OF CEREBELLAR PURKINJE CELL NUMBER: A QUANTI
TATIVE ANALYSIS OF LURCHER CHIMERIC MICE.  K. H e rru p  and  
T . J .  D i g l i o * .  D e p a r tm e n t o f  Human G e n e t ic s ,  Y a le  M e d ic a l  
S c h o o l ,  New H av en , CT 0 6 5 1 0 .

S t u d ie s  o f  t h e  m eans by  w h ich  t h e  d e v e lo p in g  n e rv o u s  
s y s te m  r e g u l a t e s  c e l l  num ber u s u a l l y  fo c u s  on th e  phenom 
enon  o f  n a t u r a l l y  o c c u r r in g  c e l l  d e a th .  E q u a l ly  a s  
i m p o r t a n t ,  th o u g h  l e s s  o f t e n  s t u d i e d ,  a r e  t h o s e  f a c t o r s  
t h a t  r e g u l a t e  how many c e l l s  a r e  g e n e r a t e d  to  b e g in  w i th .  
D a ta  o b t a in e d  by  q u a n t i t a t i v e  a n a l y s i s  o f  t h e  P u r k in j e  
c e l l  (PC) p o p u l a t i o n  o f  c h im e r ic  m ice  s u g g e s t  t h a t  th e  
num ber o f  c e l l s  p ro d u c e d  i s  an  i n t r i n s i c  p r o p e r t y  o f  th e  
p r o g e n i t o r  c e l l s  s e l e c t e d  a s  PC a n c e s t o r s .  The C3H/HeJ 
in b r e d  m ouse s t r a i n  h a s  8 1 ,6 0 0  (± 3%) PCs in  e a c h  
c e r e b e l l a r  h a l f .  In  C57BL-Lc ↔  C3H/HeJ c h im e ra s  a l l  
C57BL/6 (B6 ) PCs a r e  d e s t r o y e d  d u r in g  p o s t n a t a l  d e v e lo p m e n t 
by  t h e  c e l l - a u to n o m o u s  a c t i o n  o f  t h e  l u r c h e r  ( L c ) g e n e . 
The r e m a in in g  PCs a r e  t h u s  a l l  C3H/HeJ b u t  t h e  c o u n ts  o f  
t h e s e  c e l l s  i n  s i x  h a l f  c e r e b e l l a  do n o t  assum e a l l  p o s 
s i b l e  v a l u e s .  R a th e r  t h e y  i n c r e a s e  i n  " q u a n ta "  o f  1 0 ,2 0 0  
(±3%) P C s. T h e se  q u a n ta  a r e  t h e  n u m e r ic a l  e v id e n c e  o f  
d e v e lo p m e n ta l  c lo n e s  o f  PCs e a c h  o f  w h ich  d e s c e n d s  fro m  a 
s i n g l e  p r o g e n i t o r  c e l l  s e l e c t e d  e a r l y  i n  d e v e lo p m e n t.  The 
C3H/HeJ m ouse i t s e l f  c o n ta i n s  8 c lo n e s  o f  1 0 ,2 0 0  PCs p e r  
c e r e b e l l a r  h a l f .  I n  t h i s  s t u d y ,  an  i d e n t i c a l  s e r i e s  o f  
c h im e ra s  w e re  p ro d u c e d  u s in g  B6 i n s t e a d  o f  C3H/HeJ a s  th e  
w i l d - t y p e  s t r a i n .  T h is  i n b r e d  m ouse s t r a i n  c o n ta i n s  9 2 ,0 0 0  
(±3%) PCs p e r  c e r e b e l l a r  h a l f .  In  t h e  C57BL-Lc ↔  B6 
c h im e r a s ,  n u m e r i c a l  q u a n ta  w e re  s e e n  a s  b e f o r e .  I n s t e a d  o f  
e a c h  q u an tu m  ( o r  c lo n e )  c o n ta i n in g  1 0 ,2 0 0  PC s, h o w e v e r , 
t h e s e  a n im a ls  show ed e v id e n c e  o f  a  c lo n e  s i z e  o f  9 , 2 0 0 . 
The B6 m ouse i t s e l f  t h u s  c o n ta i n s  10 c lo n e s  o f  9 ,2 0 0  PCs 
e a c h .  F o r  b o th  C3H/HeJ and  B6 , t h e  s i z e  o f  a  c lo n e  d id  n o t  
v a ry  in  l u r c h e r  ↔  w i l d - t y p e  c h im e ra s  t h a t  ra n g e d  from  
m o s t ly  l u r c h e r  t o  m o s t ly  w i ld  - t y p e .  The r a t i o  o f  l u r c h e r  
t o  w i l d - t y p e  c e l l s ,  t h e r e f o r e ,  i s  n o t  a  f a c t o r  i n  t h i s  
a n a l y s i s .  O ur c o n c lu s io n s  a r e ,  f i r s t ,  t h a t  t h e  num ber o f  
c e l l s  o f  a  g iv e n  n e u r o n a l  ty p e  can  b e  r e g u l a t e d  by  a  ch an g e  
i n  e i t h e r  t h e  num ber o f  c e l l s  i n  an y  o n e  c lo n e  ( i . e .  c lo n e  
s i z e )  o r  t h e  t o t a l  num ber o f  c lo n e s  i n  t h e  p o p u l a t i o n  ( o r  
b o t h ) .  S e c o n d , t h e  d a t a  s u g g e s t  t h a t  th e  i n i t i a l  s i z e  o f  a  
c lo n e  i s  an  i n t r i n s i c  p r o p e r t y  o f  t h e  p r o g e n i t o r  c e l l  t h a t  
g i v e s  r i s e  t o  i t .  T h is  i m p l ie s  t h a t ,  i n  a d d i t i o n  to  an 
e a r l y  au tonom y o f  m o rp h o lo g ic a l  f a t e  ( i . e .  c e l l  ty p e ) ,  th e  
c e l l s  o f  t h e  e a r l y  CNS may b e  c o m m itted  t o  a  n u m e r ic a l  f a t e  
a s  w e l l .  S u p p o r te d  by th e  M arch o f  D im es (1 – 763) and  th e  
NIH (NS 1 8 3 8 1 ) .

3 0 4 .10  DISTRIBUTION OF IMMUNOHISTOCHEMICALLY IDENTIFIED AVIAN 
SENSORY NEURON SUBPOPULATIONS IS  CORRELATED WITH AXIAL 
LEVEL . M. F .  M a ru s ic h * . K . P o u rm e h r* , and J .  A . W eston* 
(SPON: G. C im e n t) .   D e p t . o f  B io lo g y ,  U n i v e r s i t y  o f  O re g o n , 
E u g e n e , OR 9 7 4 0 3 .

We h a v e  d e v e lo p e d  a m o n o c lo n a l a n t ib o d y  ( d e s i g n a te d  (SN 1 ) 
t h a t  b in d s  t o  a  s u b p o p u la t io n  o f  q u a i l  s e n s o r y  n e u r o n s .  
D e t e c t a b l e  l e v e l s  o f  t h e  a n t ib o d y  do n o t  b in d  to  o t h e r  PNS 
n e u ro n s  ( s y m p a th e t ic  o r  e n t e r i c ) ,  n o r  t o  an y  CNS n e u ro n s  
t e s t e d  ( s p i n a l  c o r d ,  c e r e b e l lu m ,  c e re b ru m , r e t i n a ) .  The 
a n t ib o d y  b in d s  t o  l i v e  c e l l s ,  w h ic h  i n d i c a t e s  t h a t  t h e  
i d e n t i f i e d  a n t i g e n  i s  a  c e l l  s u r f a c e  m o le c u le .  The e p i t o p e  
i s  r e s i s t a n t  t o  t r y p s i n ,  p r o n a s e ,  and  s i a l i d a s e  d i g e s t i o n .  
The t im e  c o u r s e  o f  a p p e a r a n c e  o f  SN1 s e n s o r y  n e u ro n s  
was d e te rm in e d  w i th  d o r s a l  r o o t  g a n g l i a  (DRG) p o o le d  from  
a l l  a x i a l  l e v e l s ,  d i s s o c i a t e d  and c u l t u r e d  f o r  16– 20 h o u r s .  
SN1 n e u ro n s  a r e  f i r s t  d e t e c t a b l e  i n  c u l t u r e s  o f  g a n g l i a  
from  7 - d a y  e m b ry o s , and  t h e  p r o p o r t i o n  o f  p o s i t i v e  c e l l s  
re m a in s  lo w  ( l e s s  t h a n  10%) th ro u g h  d a y  11 . B etw een  
e m b ry o n ic  d a y s  11 and  12 , t h e  p r o p o r t i o n  o f  SN1 n e u ro n s  
i n  c u l t u r e d  g a n g l i a  i n c r e a s e s  r a p i d l y  t o  a b o u t  5 0 %, w h ic h  i s  
m a in ta in e d  a t  l e a s t  u n t i l  h a tc h in g  on  d a y  16 .

Im m u n o h is to c h e m ic a l  e x a m in a tio n  o f  t i s s u e  s e c t i o n s  o f  
n e w ly -h a tc h e d  q u a i l  r e v e a l e d  t h a t  s e n s o r y  n e u ro n s  w i t h in  
b r a c h i a l  and lu m b a r  DRGs, w h ich  i n n e r v a t e  l im b s ,  a r e  
p r e d o m in a n t ly  SN1- , w h e re a s  s e n s o r y  n e u ro n s  w i t h in  
t h o r a c i c  DRGs a r e  p re d o m in a n t ly  SN1+ . We a r e  u s in g  t h i s  
m a rk e r  t o  t e s t  t h e  h y p o t h e s i s  t h a t  s e g m e n ta l  s e n s o r y  
i n n e r v a t i o n  p a t t e r n s  a r e  s p e c i f i e d  p r i o r  t o  t h e  e x t e n s i o n  o f  
n e u r i t e s  i n t o  t h e  p e r i p h e r y .

S u p p o r te d  by NSF G ra n t  PCM-8218899, NIH G ra n t  D E-04316 
and NIH P o s t d o c t o r a l  F e l lo w s h ip  HD-06292 t o  M.M.
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305. 1  DEVELOPMENT OF GABAergic NEURONS IN THE RAT 
HIPPOCAM PAL FORMATION.  L. S eress* ,C .E. R ibak, G.M. 
P e te rso n  and W.H. O e r te l .  D ep t. of A natom y, Univ. of C alif., 
Irvine, CA 92717 and D ep t. of N eurology, T echnical Univ., Munich, 
 FRG.

A num ber of studies have dem onstra ted  the  presence of 
G ABAergic neurons in th e  adu lt ra t  hippocam pal fo rm ation . B riefly , 
GABAergic neurons a re  found in all ce ll layers, and include the  large 
basket ce lls  in s tr a ta  granulosum  and pyram idale th a t give rise  to  a 
pe rice llu la r axonal plexus around th e  granule and pyram idal cells. 
The developm ent of th e  GABAergic neurons was studied in th re e  
types  of p repara tions: 3 H -thym idine auto rad iograph ic, Golgi and
im m unocytochem ical. The f irs t group of ra ts  rece ived  single 
in jec tions of 3H -thym idine a t  d iffe re n t p ostnata l ages from  6  hours 
to  12 days, w ere sac rificed  a t  50 days of age and standard  
au to rad iogram s of th e ir  brains w ere prepared . N either basket ce lls  
nor typ ica l GABAergic h ilar neurons w ere labeled . H owever, sm all 
s ize  neurons w ere occasionally  labeled in the d en ta te  gyrus 
m olecular layer bu t i t  was d ifficu lt to  de term ine  if they w ere 
d isp laced  granule ce lls  or local c irc u it neurons. These d a ta  suggest 
th a t m ost G ABAergic neuronal types a re  probably form ed 
p ren a ta lly . In Golgi p repara tions  basket ce lls  and o ther local c ircu it 
neurons a re  f irs t observed a t  3–5 days p o stnata l (dpn). These 
neurons a re  sim ilar to  the  ones found in adu lt brains in regard  to  
som al size and position but they  appear to  have sho rte r and th icker 
dend rites . S ince various types of GABAergic ce lls  a re  found a t  this 
ea rly  age , im m unocytochem ical p repara tions  for g lu tam a te  
decarboxylase (GAD), th e  synthesizing enzym e for GABA, w ere 
analyzed  a t  various p o s tn a ta l ages to  de term ine  when these  neurons 
have th e  functional c a p ac ity  to  m ed ia te  GABAergic inhibition. A t 
10 dpn, no GAD+ reac tio n  product was observed in th e  hippocam pus 
although th e  basal ganglia displayed axonal labeling in these  sam e 
p repara tions . By 14 dpn, GAD+ ce lls  and puncta  w ere p resen t in 
both th e  d e n ta te  gyrus and Ammon's horn. Som e GAD+ ce lls  (2–3 
per section) displayed a  G olgi-like stain ing  of th e ir  dend rites  a t  th is 
age . B etw een 14 and 16 dpn, th e  num ber of GAD+ ce lls  had doubled 
to  reach  th e  adu lt levels . In th e  o lder anim als studied  in th is  series 
(18–24 dpn), th e  num ber of GAD+ ce lls  did not change significantly  
but th e  in tensity  of axonal and d end ritic  stain ing  was inc reased . 
Based on th e se  observations, th e  GABAergic neurons of the 
hippocam pal fo rm ation  probably begin to  function  around 14 dpn 
which is much la te r  than  th e  tim e  when they can be iden tified  
s tru c tu ra lly  in Golgi p repara tions. H ow ever, the se   
im m unocytochem ical d a ta  a re  co nsis ten t w ith the  developm ent of 
inhibition in th e  hippocam pal fo rm ation  as de term ined  w ith 
e lec trophysio log ica l m ethods. (Supported by NIH g ran t NS-20228 
and th e  K lingenstein  Foundation.)

305. 2  SEPTAL HYPERREACTIVITY: A MULTIVARIATE ANALYSIS OF ITS 
RECOVERY AND THE ROLE OF THE SUPERIOR CERVICAL GANGLION.
R. G. Thom pson and  F . H. G ag e .  P s y c h o lo g y  D e p t . ,  T ex as  
C h r i s t i a n  U n i v e r s i t y ,  F o r t  W o rth , TX 76 1 2 9 .

G ro ss  l e s i o n s  o f  t h e  s e p t a l  a r e a  a r e  w e l l  known to  e l i c i t  
a  d r a m a t ic  i n c r e a s e  i n  t h e  a n im a l 's  r e s p o n s e  t o  t a c t i l e  
s t i m u l i .  The n e u r a l  b a s i s  o f  t h i s  h y p e r r e a c t i v i t y  re m a in s  
a  s u b j e c t  o f  c o n t r o v e r s y  s in c e  r e m is s io n  o f  t h e  syndrom e 
h a s  b e e n  shown to  o c c u r  s p o n ta n e o u s ly  and  c a n  b e  g r e a t l y  
f a c i l i t a t e d  by  e x p e r i e n t i a l  and  p h a rm a c o lo g ic a l  m a n ip u la 
t i o n s .  C o in c id e n t  w i th  dam age i n v o lv i n g  th e  m e d ia l  s e p tu m  
i s  t h e  d o cu m en ted  in g ro w th  o f  s y m p a th e t ic  f i b e r s  fro m  th e  
s u p e r i o r  c e r v i c a l  g a n g l io n  (SCG) i n t o  t h e  h ip p o ca m p u s  and  
o t h e r  s e l e c t  CNS s t r u c t u r e s .  S e v e r a l  s t u d i e s  h a v e  r e c e n t l y  
r e p o r t e d  a  f u n c t i o n a l  r o l e  o f  t h e  SCG in g ro w th  i n  p o s t 
l e s i o n  b e h a v io r  p a t t e r n s .  The o b j e c t i v e s  o f  t h e  p r e s e n t  
s tu d y  w e re :  1 ) to  d i s c r i m i n a t e  b e tw e e n  t h e  b e h a v io r  o f  
s e p t a l - l e s i o n e d  r a t s  a t  v a r i o u s  t im e s  a f t e r  s u r g e r y ,  and  
2 ) to  d i s c r i m i n a t e  b e tw e e n  th e  b e h a v io r  o f  s e p t a l - l e s i o n e d  
r a t s  w i th  an  i n t a c t  SCG and  s e p t a l - l e s i o n e d  r a t s  w i th  
b i l a t e r a l  g a n g l io n e c to m ie s .

A n im als  r e c e i v e d  sham  o r  b i l a t e r a l  g a n g l io n e c to m ie s  two 
w eeks p r i o r  t o  s e p t a l  s u r g e r y .  A f t e r  r e c e i v i n g  b i l a t e r a l  
l e s i o n s  o f  t h e  s e p tu m , t h e  a n im a ls  w e re  ran d o m ly  a s s ig n e d  
to  g ro u p s  r e p r e s e n t i n g  3 ,  7 , 15 and  30 d a y s  o f  r e c o v e r y .
The a n im a ls  w e re  t e s t e d  on t h e i r  r e a c t i v i t y  t o  a  l i g h t  a i r 
p u f f ,  b o d y p o k e  an d  h a n d l in g  u s in g  a  t r a d i t i o n a l  r a t i n g  s c a l e .  
The a n im a ls '  r e s p o n s e  to  i n e s c a p a b le  f o o ts h o c k  was a l s o  
o b t a in e d  y i e l d i n g  th e  a n im a ls '  r e s p o n s e  l a t e n c y ,  d u r a t i o n  
and  r e s p o n s e  i n t e g r a l .

The r e s u l t s  i n d i c a t e  t h a t  th e  b e h a v io r  o f  s e p t a l - l e s i o n e d  
r a t s  i s  v i r t u a l l y  i n d i s c r i m i n a t e a b l e  fro m  c o n t r o l s  30 d a y s  
a f t e r  t h e  l e s i o n .  T h e re  a l s o  d id  n o t  a p p e a r  t o  b e  an y  m a jo r  
b a s i s  f o r  d i s c r i m i n a t i n g  b e tw e e n  th e  g a n g l io n e c to m iz e d  and  
n o n - g a n g l io n e c to m iz e d  s e p t a l s  a t  3 ,  7 an d  15 d a y s  p o s t - l e s i o n  
H ow ever, t h e s e  two g ro u p s  c o u ld  b e  d i s c r im i n a t e d  a t  30 d a y s .  
T h is  d i s c r i m i n a t i o n  w as l a r g e l y  d u e  to  t h e  e f f e c t  o f  t h e  
g a n g lio n e c to m y  i n  b lo c k in g  th e  c o n t in u e d  r e c o v e r y  o f  t h e  
a n im a ls '  m a g n itu d e  o f  r e s p o n s e  t o  t h e  f o o ts h o c k .  T h is  may 
b e  i n t e r p r e t e d  to  s u g g e s t  t h a t  t h e  an o m alo u s in g ro w th  o f  
s y m p a th e t ic  f i b e r s  i n t o  t h e  c e n t r a l  n e rv o u s  s y s te m  a f t e r  
s e p t a l  l e s i o n s  i s  c o u n te r p r o d u c t iv e  t o  t h e  r e c o v e r y  o f  some 
b e h a v io r a l  f u n c t i o n s  w h i l e  n o t  a f f e c t i n g  t h e  r e m i s s i o n  o f  
o t h e r  c lo s e l y  r e l a t e d  b e h a v io r s .
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30 5 .3  METABOLIC CORRELATES OF KINDLING-INDUCED CHANGES IN THE 
REWARDING EFFICACY OF HIPPOCAMPAL STIMULATION:
A 2-DEOXYGLUCOSE AUTORADIOGRAPHIC STUDY.  K. A. C a m p b e ll .  
D e p t . o f  P s y c h . ,  U n iv . o f  P e n n s y lv a n ia ,  P h i l a . ,  P a . ,  19104 . 

P r e v io u s  s t u d i e s  h a v e  d e m o n s t ra te d  t h a t  th e  u s u a l l y  v e ry  
s lo w  a c q u i s i t i o n  o f  h ip p o c a m p a l (HPC) s e l f - s t i m u l a t i o n  ( 8 – 14 
d a i l y  3 0 -m in  s e s s i o n s )  can  be g r e a t l y  f a c i l t a t e d  ( t o  1– 3 
s e s s i o n s )  by a  p r i o r  p ro g ra m  o f  HPC k i n d l i n g  ( B ra in  
R e s e a r c h , 1 5 9 , 4 5 8 , 1 9 7 8 ) .  I t  h a s  b e e n  h y p o th e s iz e d  t h a t  
t h e  r e i n f o r c i n g  c o n s e q u e n c e s  o f  HPC s t i m u l a t i o n  may d e v e lo p  
a s  th e  s t i m u l a t i o n - in d u c e d  a c t i v i t y  p r o p a g a te s  m ore w id e ly  
th ro u g h  p a th w a y s  p o t e n t i a t e d  by p r i o r  k i n d l i n g .  The 
m e ta b o l i c  t r a c e r  [1 4 C ] - 2 -d e o x y g lu c o s e  (2DG) was u se d  to  
m e a su re  th e  f u n c t i o n a l  a c t i v i t y  r e s u l t i n g  from  e l e c t r i c a l  
s t i m u l a t i o n  o f  th e  HPC, c o m p a rin g  u p ta k e  in  a  g ro u p  o f  
c o n f i rm e d  HPC s e l f - s t i m u l a t o r s  w i th  a g ro u p  o f  s t i m u l a t i o n -  
n a iv e  r a t s .  A g ro u p  o f  im p la n te d ,  u n s t im u la te d  n a iv e  
c o n t r o l s  w ere  a l s o  u s e d .

17 r a t s  w ere  im p la n te d  in  th e  d o r s o l a t e r a l  HPC (C A -3 ), o f  
w h ich  6 w ere  t r a i n e d  to  s e l f - s t i m u l a t e : o p t im a l  p a ra m e te r s  
u s in g  0 .5  s e c  t r a i n s  o f  0 .1  m sec s q u a r e ,  m o n o p h a s ic -n e g a tiv e  
p u l s e s  w ere  fo u n d  to  be 80 µA a t  7 5 / s e c .  D u rin g  2DG u p ta k e  
(3 0  µC i i . p . ) ,  th e  c o n f irm e d  s e l f - s t i m u l a t o r s  w ere e i t h e r  
a l lo w e d  to  s e l f - s t i m u l a t e  (n = 2 ) o r  g iv e n  program m ed 
s t i m u l a t i o n  (5  s e c  I S I ;  n= 4) a t  th e  ab o v e  o p t im a l  p a ra m e te r s  
f o r  s e l f - s t i m u l a t i o n .  S t im u la t io n - n a iv e  r a t s  w ere  e i t h e r  
g iv e n  th e  same program m ed HPC s t i m u l a t i o n  ( n = 7 ) ,  o r  w ere n o t  
s t i m u l a t e d  ( n = 5 ) .  A f t e r  45 m in , t h e  a n im a l was im m e d ia te ly  
s a c r i f i c e d ,  p e r f u s e d ,  and  th e  b r a i n  f r o z e n ,  s l i c e d ,  and 
p r e p a r e d  f o r  a u to r a d io g r a p h y ;  d e t a i l s  o f  p r e p a r a t i o n  and 
c o m p u te r  d e n s i to m e t r y  o f  r a d io g r a p h s  h av e  b e e n  d e s c r ib e d  in  
G a l l i s t e l  e t  a l .  ( N e u r o s c i .  B io b e h a v . R e v . , 1 9 8 2 ) .

R a d io g ra p h ic  a n a l y s i s  i n d i c a t e d  t h a t  CA-3 s t i m u l a t i o n  in  
a c o n f i rm e d  s e l f - s t i m u l a t o r  r e s u l t s  in  w id e s p re a d  i n c r e a s e s  
in  m e ta b o l i c  a c t i v a t i o n  th ro u g h o u t  HPC f i e l d s  C A -1 ,2 ,3  and 
p o s t e r i o r  s u b ic u lu m  b i l a t e r a l l y ,  w h e th e r  s t i m u l a t i o n  was 
s e l f - a d m i n i s t e r e d  o r  p rogram m ed; th e  d e n ta t e  g y ru s  was 
u n a f f e c t e d .  In  n a iv e  r a t s ,  th e  program m ed CA-3 s t i m u l a t i o n  
p ro d u c e d  v e ry  l im i t e d  a c t i v a t i o n ,  in  m ost c a s e s  r e s t r i c t e d  
to  th e  r e g io n  a ro u n d  th e  e l e c t r o d e  t i p ,  w i th  m e ta b o lis m  in  
c o n t r a l a t e r a l  o r  d i s t a l  HPC n o t  m a rk e d ly  d i f f e r e n t  from  
u n s t i m u l a te d  c o n t r o l s .

The p r e s e n t  r e s u l t s  d e m o n s t r a te  t h a t  HPC s t i m u l a t i o n  in  
e x p e r i e n c e d  HPC s e l f - s t i m u l a t o r s  ( k in d le d  a n im a ls )  p ro d u c e s  
c o n s id e r a b l y  m ore w id e s p re a d  a c t i v a t i o n  o f  HPC th a n  d o es  th e  
same HPC s t i m u l a t i o n  in  n a iv e  r a t s  w h ich  w ould  n o t  be 
e x p e c te d  to  e x h i b i t  s e l f - s t i m u l a t i o n .

305.4  NONLINEAR CHARACTERISTICS OF HIPPOCAMPAL PERFORANT PATH 
DENTATE SYNAPTIC TRANSMISSION ARE DIFFERENT FOR SYNAPTIC AND 
ACTION POTENTIAL CURRENTS.  R . J .  S c l a b a s s i ,  J . L .  E r ik s s o n * , 
an d  T.W. B e r g e r ,  D e p ts .  o f  P s y c h o lo g y ,  P s y c h i a t r y  an d  N e u ro 
s u r g e r y ,  U n iv . o f  P i t t s b u r g h ,  P i t t s b u r g h ,  PA 1 5 2 6 0 .

Random im p u lse  t r a i n s  o f  e l e c t r i c a l  s t i m u l a t i o n  d e l i v e r e d  
t o  t h e  p e r f o r a n t  p a th  (PP) a r e  h i g h ly  e f f e c t i v e  i n  r e v e a l i n g  
n o n l in e a r  c h a r a c t e r i s t i c s  o f  s y n a p t i c  t r a n s m i s s io n  t o  t h e  
d e n t a t e  g y ru s  (DG) a s  m ea su red  by  a m p l i tu d e  o f  t h e  g r a n u le  
c e l l  f i e l d  p o t e n t i a l  p o p u l a t i o n  s p ik e  (B e rg e r  e t  a l . ,  S o c . 
N e u r o s c i . A b s t r . ,  1 9 8 3 ) .  The p o p u l a t i o n  s p ik e  i s  known to  
r e f l e c t  c u r r e n t s  g e n e r a t e d  by  g r a n u le  c e l l  a c t i o n  p o t e n t i a l s  
We h a v e  now a n a ly z e d  t h e  e f f e c t  o f  random  im p u ls e  t r a i n s  o f  
e l e c t r i c a l  s t i m u l a t i o n  on t h e  p o p u l a t i o n  e p s p  com p o n en t o f  
t h e  f i e l d  p o t e n t i a l  r e c o r d e d  i n  t h e  d e n t a t e  d e n d r i t i c  l a y e r ,  
w h ich  i s  known to  r e f l e c t  s y n a p t i c  c u r r e n t s .  R e s u l t s  show 
t h a t  e p sp  and  s p ik e  f i e l d  p o t e n t i a l s  r e s p o n d  s i g n i f i c a n t l y  
d i f f e r e n t l y  t o  v a r i a t i o n  i n  f r e q u e n c y  o f  p e r f o r a n t  p a th  
i n p u t .

A c o m p u te r - g e n e ra te d  random  i n t e r v a l  t r a i n  ( P o is s o n  d i s 
t r i b u t i o n ,  λ =2 H z, b a n d -w id th = 0 .2 – 1000 Hz) w as u s e d  t o  d e 
te r m in e  i n t e r v a l s  b e tw e e n  4064 s u c c e s s iv e  s t i m u l a t i o n s  ( 0 .1  
m sec d u r a t i o n )  o f  t h e  PP i n  t h e  a n e s t h e t i z e d  r a b b i t .  F i e ld  
p o t e n t i a l s  g e n e r a t e d  i n  t h e  d e n d r i t i c  l a y e r  o f  DG w e re  
a n a ly z e d  f o r  a m p l i tu d e  o f  t h e  e p s p .  Our p r e v i o u s  a n a l y s i s  
o f  p o p u l a t i o n  s p ik e  a m p l i tu d e  h ad  r e v e a l e d  t h a t ,  w i th  
r e s p e c t  t o  s e c o n d - o r d e r  n o n l i n e a r i t i e s  ( i . e . ,  t h e  e f f e c t  o f  
j u s t  t h e  p r e c e d in g  i n t e r v a l ) ,  t h e  p o p u l a t i o n  s p ik e  e x h i b i t s :  
i )  t o t a l  i n h i b i t i o n  a t  h ig h  f r e q u e n c ie s  (1 0 0 – 200 H z ) ,  i i )  
f a c i l i t a t i o n  o f  a  maximum o f  1 0 0 – 200% a t  10– 15 H z, i i i )  
p a r t i a l  i n h i b i t i o n  (1 0 – 30%) a t  1 . 5 –3 H z, an d  iv )  no s i g n i f 
i c a n t  a l t e r a t i o n s  a t  f r e q u e n c ie s  l e s s  t h a n  1 H z . I n  c o n 
t r a s t ,  t h e  p o p u l a t i o n  e p sp  sh o w s: i )  l i t t l e  o r  no i n h i b i 
t i o n  a t  t h e  same h ig h  f r e q u e n c ie s  o f  s t i m u l a t i o n ,  i i )  much 
l e s s  f a c i l i t a t i o n  (3 0 – 40%) t h a t  i s  m ax im al a t  h i g h e r  f r e 
q u e n c ie s  (3 0 –35 Hz) t h a n  f o r  t h e  p o p u l a t i o n  s p i k e ,  and  i i i )  
no i n h i b i t i o n  a t  1 . 5 –3 H z, so  t h a t  t h e  e p sp  r e s p o n d s  
l i n e a r l y  t o  a l l  f r e q u e n c ie s  l e s s  t h a n  4 0 -5 0  H z. Even 
g r e a t e r  d i f f e r e n c e s  b e tw e e n  e p sp  and  s p ik e  p o t e n t i a l s  a r e  
r e v e a l e d  when t h i r d - o r d e r  n o n l i n e a r i t i e s  a r e  ex am in ed  ( i . e . ,  
t h e  e f f e c t  o f  t h e  two p r e c e d in g  i n t e r v a l s ) . W h ile  a m p l i tu d e  
o f  t h e  p o p u l a t i o n  s p ik e  c a n  v a r y  by  a s  much a s  50– 60% d e p e n 
d in g  on  t h e  a b s o lu t e  v a lu e  o f  t h e  two p r e c e d in g  i n t e r v a l s ,  
t h e  p o p u l a t i o n  e p sp  c a n  b e  p r e d i c t e d  a lm o s t  e n t i r e l y  on t h e  
b a s i s  o f  t h e  p r e c e d in g  i n t e r v a l  a lo n e .  T h u s , t h e  e p sp  
e x h i b i t s  v i r t u a l l y  no t h i r d - o r d e r  n o n l i n e a r i t i e s . S u p p o r te d  
by  The W h ita k e r  F o u n d a t io n  and  MH 3 0 9 1 5 .

305.5  LONG-TERM POTENTIATION ALTERS NONLINEAR CHARACTERISTICS OF 
HIPPOCAMPAL PERFORANT PATH-DENTATE SYNAPTIC TRANSMISSION. 
 T.W. B e r g e r ,  J .R .  B a l z e r * ,  J .L .  E r ik s s o n *  and  R . J .  
S c l a b a s s i .  D e p ts .  o f  P s y c h o lo g y ,  P s y c h ia t r y  and  N eu ro 
s u r g e r y ,  U n iv . o f  P i t t s b u r g h ,  P i t t s b u r g h ,  PA 1 5 2 6 0 .

H ig h - f r e q u e n c y  s t i m u l a t i o n  o f  p e r f o r a n t  p a th  (PP) a f f e r 
e n t s  t o  t h e  h ip p o c a m p a l d e n t a t e  g y ru s  (DG) i s  known to  b e  
a s s o c i a t e d  w i th  lo n g - t e r m  p o t e n t i a t i o n  (LTP) o f  PP-DG 
s y n a p t i c  e f f i c a c y .  I n  a d d i t i o n  to  t h i s  e f f e c t  on  t h e  a m p li
f i c a t i o n  o r  " g a in "  o f  t h e  s y n a p s e ,  we i n v e s t i g a t e d  t h e  p o s 
s i b i l i t y  t h a t  LTP a l s o  a l t e r s  t h e  f r e q u e n c y  r e s p o n s iv e n e s s  
o f  PP-DG s y n a p s e s ,  and  t h u s ,  t h e i r  n o n l in e a r  p r o p e r t i e s .

A c o m p u te r - g e n e r a t e d  random  i n t e r v a l  t r a i n  ( P o is s o n  d i s 
t r i b u t i o n ,  λ =2 H z, b a n d -w id th = 0 .2– 1000 Hz) was u s e d  to  d e 
t e r m in e  i n t e r v a l s  b e tw e e n  a p p ro x im a te ly  1000 s u c c e s s iv e  
s i n g l e - s h o c k  ( 0 .1  m sec d u r a t i o n )  s t i m u l a t i o n s  o f  t h e  PP i n  
t h e  a n e s t h e t i z e d  r a b b i t .  F i e l d  p o t e n t i a l s  g e n e r a t e d  i n  th e  
c e l l  body  l a y e r  o f  DG i n  r e s p o n s e  t o  e a c h  p u l s e  i n  t h e  t r a i n  
w e re  a n a ly z e d  f o r  a m p l i tu d e  o f  t h e  p o p u l a t i o n  s p ik e .  The 
t r a i n  w as d e l i v e r e d  b o th  b e f o r e  and  30 m in  a f t e r  LTP was 
in d u c e d  b y  h ig h  f r e q u e n c y  s t i m u l a t i o n  (400 Hz) o f  t h e  PP .

P r i o r  t o  i n d u c t i o n  o f  LTP, W ien e r k e r n e l  a n a l y s i s  r e 
v e a le d  s e c o n d - o r d e r  n o n l i n e a r i t i e s  d e s c r i b e d  p r e v i o u s ly  
( B e rg e r  e t  a l . ,  S o c . N e u r o s c i . A b s t r . , 1 9 8 3 ) .  T h a t  i s ,  a t  
h ig h  f r e q u e n c ie s  o f  s t i m u l a t i o n  (1 0 0 – 200 H z ) , a c t i o n  p o te n 
t i a l  g e n e r a t i o n  i s  c o m p le te ly  i n h i b i t e d  s u c h  t h a t  no s p ik e  
c o m p o n e n ts  o f  t h e  f i e l d  p o t e n t i a l  a r e  r e c o r d e d .  A t m o d e ra te  
f r e q u e n c ie s  i n  t h e  r a n g e  o f  10 – 15 H z, a  f a c i l i t a t i o n  o f  10 0 –
2 0 0 % i n  s p ik e  a m p l i tu d e  i s  s e e n ,  w h i le  a t  lo w e r  f r e q u e n c ie s  
( 1 .5 – 3 H z ) ,  a  s i g n i f i c a n t  d e p r e s s io n  o f  10 – 30% o c c u r s .  No 
n o n l i n e a r i t i e s  i n  s y n a p t i c  t r a n s m i s s io n  o c c u r  w i th  f r e q u e n 
c i e s  l e s s  t h a t  1 H z. LTP r e s u l t s  i n  a  m arked  a l t e r a t i o n  o f  
t h e s e  s e c o n d - o r d e r  n o n l in e a r  p r o p e r t i e s .  The m o st s i g n i f i 
c a n t  p o s t-L T P  c h a n g e  i s  a  r e d u c t io n  i n  t h e  f a c i l i t a t i o n  
n o r m a l ly  s e e n  a t  m o d e ra te  f r e q u e n c ie s  o f  s t i m u l a t i o n .  The 
a v e ra g e  maximum f a c i l i t a t i o n  s e e n  a f t e r  LTP w as 42% v s .  158% 
p re -L T P . I n  a d d i t i o n ,  t h e  r a n g e  o f  s t i m u l a t i o n  i n t e r v a l s  
a t  w h ic h  f a c i l i t a t i o n  i s  o b s e rv e d  i s  a l s o  a l t e r e d  (4 0 – 322 
m sec p re -L T P ; 38 – 254 m sec p o s t - L T P ) .  F i n a l l y ,  i n h i b i t i o n  o f  
t h e  p o p u l a t i o n  s p ik e  i n  r e s p o n s e  t o  h ig h  f r e q u e n c ie s  o f  
s t i m u l a t i o n  i s  r e d u c e d  f o l lo w in g  LTP. P o s t-L T P  i n h i b i t i o n  
o f  t h e  p o p u l a t i o n  s p ik e  t o  s t i m u l a t i o n  f r e q u e n c ie s  i n  
t h e  r a n g e  o f  25– 60 Hz i s  a t  l e a s t  15% l e s s  th a n  th e  i n 
h i b i t i o n  s e e n  b e f o r e  LTP. T h e se  d a t a  show t h a t  c h a n g e s  i n  
t h e  p o te n c y  o f  a  s y n a p t i c  c o n n e c t io n  a l s o  c a n  r e s u l t  i n  
s i g n i f i c a n t  a l t e r a t i o n  o f  i t s  n o n l in e a r  r e s p o n s e  p r o p e r t i e s .  
S u p p o r te d  by  The W h ita k e r  F o u n d a t io n  and  MH 3 0 9 1 5 .

305.6  EFFECTS OF EXPERIENCE DURING SUCKLING ON WEIGHT 
AND VOLUME OF RAT HIPPOCAMPUS.  C a t h e r i n e  P.  
Cr amer  and J o h n  C. H u e s t o n *.   D e p t . o f  
P s y c h o l o g y ,  D a r t mo u t h  C o l l e g e ,  H a n o v e r ,  NH 

037 5 5 .
P o s t - w e a n i n g  e n v i r o n m e n t a l  c o m p l e x i t y  can  

h a v e  e f f e c t s  on b e h a v i o r  and b r a i n  a n a t o m y ,  
p h y s i o l o g y ,  and c h e m i s t r y .  R e c e n t l y  we have  
shown t h a t  a c q u i s i t o n  o f  maze t a s k s  i s  
p r o f o u n d l y  a f f e c t e d  by e x p e r i e n c e s  d u r i n g  
s u c k l i n g ;  r a t s  a l l o w e d  t o  s h i f t  f r om n i p p l e  t o  
n i p p l e  l e a r n e d  t h e  t a s k  i n  h a l f  t h e  number  o f  
t r i a l s  r e q u i r e d  by r a t s  n o t  a l l o w e d  t o  n i p p l e -  
s h i f t  ( Cr a me r ,  1 9 8 2 ) .  B e c a u s e  p r e w e a n i n g  
n i p p l e  a v a i l a b i l i t y  h a s  s u c h  p r o f o u n d  e f f e c t s  
on b e h a v i o r s  w i t h  known n e u r a l  c o r r e l a t e s ,  i n  
t h e s e  e x p e r i m e n t s  we exami ned  b r a i n  d e v e l o p m e n t  
f o l l o w i n g  d i f f e r e n t i a l  r e a r i n g .

R a t s  were  r e a r e d  f r om p o s t n a t a l  Days 5– 25 i n  
l i t t e r s  o f  5 by dams w i t h  e i t h e r  12 o r  4 
n i p p l e s  ( t o  e n c o u r a g e  o r  d i s c o u r a g e  n i p p l e -  
s h i f t i n g ,  r e s p e c t i v e l y ) .  W e i g h t s  o f  who l e  
b r a i n ,  c o r t e x ,  c e r e b e l l u m ,  and h i p p o c a m p u s  were  
d e t e r m i n e d  on Day 2 5 .  Whi l e  t o t a l  b r a i n  
w e i g h t ,  c e r e b e l l a r  w e i g h t ,  and c o r t i c a l  w e i g h t  
we r e  t h e  same f o r  b o t h  g r o u p s ,  t h e  h i p p o c a m p a l  
w e i g h t  o f  r a t s  r e a r e d  w i t h  o n l y  12 n i p p l e s  was 
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  o f  r a t s  r e a r e d  
w i t h  4 n i p p l e s .

A h i s t o l o g i c a l  a n a l y s i s  was c o n d u c t e d  t o  
d e t e r m i n e  i f  t h e r e  was an a c c o mp a n y i n g  c han g e  
i n  t h e  volume o f  t h e  h i p p o c a m p u s  f o l l o w i n g  
d i f f e r e n t i a l  s u c k l i n g  e x p e r i e n c e .  R a t s  were  
r e a r e d  a s  d e s c r i b e d  a b o v e .  H i p p o c am p a l  v o l ume s  
we r e  e s t i m a t e d  f rom t r a c i n g s  o f  K l u v e r - B a r r e r a 
s t a i n e d  s e c t i o n s .  Hi ppocampi  o f  r a t s  r e a r e d  
w i t h  12 n i p p l e s  we r e  s i g n i f i c a n t l y  l a r g e r  t h a n  
t h o s e  o f  r a t s  r e a r e d  w i t h  4 n i p p l e s .

( S u p p o r t e d  by PHS g r a n t  MH38436. )



1048 LIMBIC SYSTEM SUNDAY PM

305.7  ALTERATIONS IN PAIRED PULSE INH IBI TIO N AND POTENTIATION IN 
CA1 OF THE RAT HIPPOCAMPUS AS A FUNCTION OF VARIATION IN 
CONDITION AND TEST PULSE INTENSITY.  C . J .  R o g e r s ,  J . F .  O t t ,   
L . J a k e m a n ,  D.W. W a l k e r ,  a n d  B . E .  H u n t e r .  D e p a r t m e n t  o f  
N e u r o s c i e n c e ,  U n i v e r s i t y  o f  F l o r i d a ,  C o l l . o f  M ed .  a n d  V .A .  
M e d i c a l  C e n t e r ,  G a i n e s v i l l e ,  FL 3 2 6 1 0 .

T h i s  s t u d y  w a s  c o n d u c t e d  i n  a n  e f f o r t  t o  d i s s o c i a t e  t h e  
e f f e c t s  o f  f e e d - f o r w a r d  i n h i b i t i o n  ( F F I )  f r o m  t h o s e  o f  r e 
c u r r e n t  i n h i b i t i o n  ( R I ) .  P a i r e d - p u l s e  s t i m u l a t i o n  w a s  d e 
l i v e r e d  t o  CAl  o f  t h e  h i p p o c a m p u s  i n  e i t h e r  o r t h o d r o m i c / o r -  
t h o d r o m i c  ( 0 / 0 )  o r  a n t i d r o m i c / o r t h o d r o m i c  ( A / 0 )  p a i r s .  In  
a d d i t i o n  t o  t h e  u s e  o f  tw o  s t i m u l u s  c o n f i g u r a t i o n s ,  we 
s o u g h t  t o  f u r t h e r  d i s s o c i a t e  F F I  f r o m  RI b y  c o m p a r i n g  t h e  
p a t t e r n  o f  p o p u l a t i o n  s p i k e  ( P S )  r e s p o n s e s  b y  v a r y i n g  t h e  
c o n d i t i o n i n g  a n d  t e s t  p u l s e  c u r r e n t  i n t e n s i t i e s .

E x p e r i m e n t s  w e r e  c o n d u c t e d  i n  L o n g - E v a n s  h o o d e d  m a l e  
r a t s .  E l e c t r o d e s  w e r e  p l a c e d  i n  s t r a t u m  r a d i a t u m  a t  t h e  
CA2-CA1 b o r d e r  f o r  o r t h o d r o m i c  s t i m u l a t i o n  a n d  i n  t h e  a l v e 
u s  f o r  a n t i d r o m i c  s t i m u l a t i o n .  G l a s s  m i c r o p i p e t t e s  w e r e  
p o s i t i o n e d  i n  s t r a t u m  o r i e n s  t o  r e c o r d  PS  r e s p o n s e s .  O r 
t h o d r o m i c  c o n d i t i o n  p u l s e  i n t e n s i t i e s  o f  10 0 % ,  75% , 50%, 
a n d  25% o f  t h e  PS m axi mum  w e r e  u s e d  a s  w e l l  a s  t h e  c u r r e n t  
i n t e n s i t y  a t  PS t h r e s h o l d  a n d  50% o f  t h e  EPSP a m p l i t u d e  a t  
PS t h r e s h o l d .  A n t i d r o m i c  c u r r e n t  i n t e n s i t i e s  u s e d  w e r e  
10 0% , 75%, 50%, 25% a n d  0% o f  t h e  maximum a n t i d r o m i c  r e 
s p o n s e  o b t a i n e d .  T e s t  p u l s e  c u r r e n t  i n t e n s i t i e s  w e r e  50% 
a n d  25% o f  PS m a x im u m .

A / 0  a n d  0 / 0  PP s t i m u l a t i o n  p r o d u c e d  PS a m p l i t u d e s  co m 
p a r a b l e  t o  t h o s e  p r e v i o u s l y  r e p o r t e d .  T he m a j o r  r e s u l t s  o f  
o u r  s t u d i e s  w e r e :  1 )  As t h e  i n t e n s i t y  o f  A / 0  c o n d i t i o n   
p u l s e s  i n c r e a s e d ,  t h e  m a g n i t u d e  o f  i n h i b i t i o n  i n c r e a s e d .   
2 )  As t h e  i n t e n s i t y  o f  0 / 0  c o n d i t i o n  p u l s e s  i n c r e a s e d ,  b o t h  
m a g n i t u d e  a n d  d u r a t i o n  o f  i n h i b i t i o n  i n c r e a s e d ,  t h o u g h  a n  
a s y m p t o t e  w a s  r e a c h e d  w h i c h  w a s  w e l l  b e l o w  t h e  h i g h e s t  c u r 
r e n t  l e v e l s .  3 )  S u b t h r e s h o l d  0 / 0  c o n d i t i o n  p u l s e s  p r o d u c e d  
l i t t l e  i n h i b i t i o n  b u t  r e s u l t e d  i n  p o t e n t i a t i o n  e q u a l  i n  
m a g n i t u d e  t o  t h a t  f o u n d  w i t h  g r e a t e r  c u r r e n t  i n t e n s i t i e s  
t h o u g h  s h i f t e d  t o  s h o r t e r  i n t e r - p u l s e  i n t e r v a l s .  4 )  0 / 0  
s t i m u l a t i o n  p r o d u c e d  a n  i n h i b i t i o n  o f  t e s t  PS  r e s p o n s e s  
g r e a t e r  i n  m a g n i t u d e  t h a n  t h a t  p r o d u c e d  by  A / 0  s t i m u l a t i o n .  
T h e  r e s u l t s  o f  o u r  e x p e r i m e n t s  s u g g e s t  t h a t  t h e  c o m b i n e d  
e f f e c t s  o f  F F I  a n d  RI a r e  n o t  s i m p l y  a d d i t i v e .  R a t h e r  t h e y  
a p p e a r  t o  i n t e r a c t  i n  a  s y n e r g i s t i c  m a n n e r .

S u p p o r t e d  by  V e t e r a n s  A d m i n i s t r a t i o n ;  G r a n t s  AA 0 0 2 0 0 ,  
A A 0 5 7 9 3 ,  RCDA A A 00 06 5 f r o m  NIAAA; a n d  NIAAA f e l l o w s h i p  
A A 0 5 1 8 1 ,  a n d  NIMH f e l l o w s h i p  MH1 5 7 3 7 .

305. 8   USING PARALLEL WIRES TO RECONSTRUCT THE DISTRIBUTION OF 
ELECTRICAL POTENTIAL ACROSS THE HIPPOCAMPAL SLICE.  T . J .  
T e y l e r ,  L . J .  C a u l le r *  and  B .L . W i l h i t e . *  N e u ro b io lo g y  
D e p t . ,  N .E . O hio  U n iv . C o l le g e  o f  M e d ic in e ,  R o o ts to w n ,  
O hio  4 4 2 7 2 .

L a m e l la r  s l i c e s  w e re  p r e p a r e d  fro m  r a t  h ip p o ca m p u s  i n  
t h e  u s u a l  way ( T e y le r ,  B r a in  R e s . B u l l . , 1 9 8 0 , 5 , 3 9 1 ) .  
S p e c i a l  e l e c t r o d e  a r r a y s  w e re  f a b r i c a t e d  o u t  o f  u n i n s u l a t e d ,  
t h i n  (2 5 – 5 0 µ ) ,  s t a i n l e s s  s t e e l  w i r e .  WIREs w e re  s t r u n g  i n  
p a r a l l e l  (5 0 – 100µ s e p a r a t i o n )  a c r o s s  a  g l a s s  r i n g  w h ich  
was u se d  i n  p l a c e  o f  a  p o o l  i n  t h e  s l i c e  c h a m b e r . The 
s l i c e ,  m oun ted  on  f i l t e r  p a p e r ,  was s u s p e n d e d  o v e r  t h e  
e l e c t r o d e  a r r a y  by  f l o a t i n g  i t  on  t h e  s u r f a c e  o f  t h e  p o o l  
i n  s u c h  a  way t h a t  t h e  s l i c e  w as d i r e c t l y ,  a l th o u g h  
d e l i c a t e l y ,  c o n t a c t i n g  th e  a r r a y  o f  WIREs.

T h is  ty p e  o f  e l e c t r o d e  w as c o n c e iv e d  b y  a n a lo g y  w i th  th e  
CAT s c a n  t e c h n iq u e  o f  r e c o n s t r u c t i n g  tw o - d im e n s io n a l  
d i s t r i b u t i o n s  fro m  o n e -d im e n s io n a l  r a y  i n t e g r a l s .  F o r  
t h i s  r e a s o n ,  we c a l l  t h i s  ty p e  o f  e l e c t r o d e  a  W ire  
I n t e g r a t i n g  Ray E l e c t r o d e  (WIRE) a r r a y .  The s i g n a l  
r e c o r d e d  by  e a c h  WIRE i s  h y p o th e s i z e d  to  b e  t h e  i n t e g r a l  
o f  a l l  p o t e n t i a l s  e n c o u n te r e d  a lo n g  i t s  e x p o s e d  p a th .

We r e c o r d e d  r a d ia tu m - e v o k e d  p o t e n t i a l s  w i th  t h e  WIRE 
a r r a y  w h i l e  i t  was p r o j e c t e d  a c r o s s  t h e  s l i c e  i n  o n e  o f  
two d i r e c t i o n s ,  p a r a l l e l  o r  p e r p e n d i c u l a r  t o  t h e  CA1 c e l l  
body  l a y e r .  The c h a r a c t e r i s t i c  CA1 d e p th  p r o f i l e  was 
o b s e rv e d  when th e  WIREs w e re  p a r a l l e l  t o  t h e  c e l l  body 
l a y e r .  P o t e n t i a l s  r e c o r d e d  by  WIREs p r o j e c t i n g  a lo n g  th e  
s t r a tu m  r a d ia tu m  w e re  r e v e r s e d  w i th  r e s p e c t  t o  t h e  o r i e n s  
p r o j e c t i o n .  F u r th e r m o r e ,  i n  s l i c e s  w h e re  t h e  WIRE a r r a y  
was p e r p e n d i c u l a r  t o  t h e  c e l l  body  l a y e r ,  we r e c o r d e d  
n u l l  p o t e n t i a l s .  I n  a l l  c a s e s ,  s l i c e  v i t a l i t y  was 
c o n f i rm e d  w i th  c o n v e n t io n a l  m ic r o p ip e t t e  r e c o r d in g s .

We s u g g e s t  t h a t  t h e  i n t e g r a t e d  p o t e n t i a l  fro m  th e  
p e r p e n d i c u l a r  p r o j e c t i o n  i s  n u l l e d  b e c a u s e  t h e  r e v e r s e d  
p o r t i o n s  o f  t h e  d e p th  p r o f i l e  c a n c e l .  A ls o ,  c u r r e n t  s o u r c e -  
d e n s i t y  a n a l y s i s  o f  t h e  d e p th  p r o f i l e  i s  j u s t i f i e d  by  o u r  
f i n d i n g s  b e c a u s e  no l a t e r a l  p r o f i l e  w as fo u n d .  We p l a n  
to  d e r i v e  t h e  p r o f i l e  f o r  a d d i t i o n a l  p r o j e c t i o n  a n g le s  
an d  to  a p p ly  t h e  a l g e b r a i c  r e c o n s t r u c t i o n  t e c h n iq u e  to  
t h e s e  r e c o r d in g s .

305 9   DEVELOPMENT OF GRANULE CELLS IN THE RAT OLFACTORY BULB.  K. 
K i s h i* ,  H. O jim a * , A. M asuda* (SPON: Y. S h in o d a )   D e p t . o f  
A natom y, Tokyo M e d ic a l  an d  D e n ta l  U n iv . ,  S c h o o l o f  M e d ic in e ,  
T o k y o , J a p a n  1 1 3 .

S e v e r a l  H3- th y m id in e  a u to r a d io g r a p h ic  s t u d i e s  (A ltm an  '6 9  
H in d s  ' 6 8 ) h a v e  shown t h a t  m o st o f  g r a n u le  c e l l s  p o s t n a t a l l y  
o r i g i n a t e  fro m  t h e  p r o l i f e r a t i v e  s u b v e n t r i c u l a r  zo n e  (SVZ) 
o f  t h e  m am m alian f o r e b r a i n ,  and  m ig r a te  i n t o  g r a n u l a r  l a y e r  
(G rL) o f  t h e  o l f a c t o r y  b u l b .  B u t ,  t h e  p r o c e s s  o f  t h i s  c y to 
d i f f e r e n t i a t i o n  h a s  n o t  b e e n  e l u c i d a t e d .  To c l a r i f y  t h i s  
W is t a r  r a t s  a t  1 , 3 ,5 , 1 0 ,1 5 , 2 1 ,3 7 ,  an d  60 p o s t n a t a l  d a y s  w e re  
s t a i n e d  w i th  N i s s l  an d  G o lg i  m e th o d s .

I n  N i s s l - s t a i n e d ,  s a g i t t a l  s e c t i o n s  o f  t h e  r a t  f o r e b r a i n ,  
SVZ s u r r o u n d in g  t h e  o l f a c t o r y  v e n t r i c l e  e x te n d s  fro m  th e  
a n t e r i o r  h o r n  o f  t h e  l a t e r a l  v e n t r i c l e  t o  t h e  c e n t e r  o f  t h e  
o l f a c t o r y  b u lb  w h e re  SVZ i s  s u r r o u n d e d  by  th e  G rL .

I n  G o lg i  s e c t i o n s ,  S V Z -c e l ls  a r e  c l a s s i f i e d  i n t o  t h r e e  
g r o u p s .  The f i r s t  i s  ro u n d  c e l l s  w i th  many f i n e  m i c r o v i l l i  
( F ig .  a ) ,  an d  tw o d a u g h te r  c e l l s .  They a r e  p o s s i b l y  m i t o t i c  
c e l l s .  The s e c o n d  i s  som ew hat l a r g e  c e l l s ,  a p p ro x im a te ly  10 
p n  i n  d i a m e te r ,  w i th  many c y to p la s m ic  p r o c e s s e s .  Some o f  
t h i s  g ro u p  h a v e  a  t h i c k  p r o c e s s  w i th  g ro w th  co n e  ( F ig .  b ) . 
They a r e  p o s s i b l y  c e l l s  o f  g l i a l  c e l l - l i n e .  The t h i r d  i s  
b i p o l a r  c e l l s ,  a p p r o x im a te ly  8 µm i n  d i a m e te r ,  w i th  sm ooth  
c o n to u r .  They h a v e  a  lo n g  a p i c a l  p r o c e s s  u n d e r  50 µm i n  
l e n g t h  an d  a  s h o r t  b a s a l  p r o c e s s .  M ost o f  t h e  a p i c a l  p r o 
c e s s e s  w i th  l a r g e  g ro w th  c o n e s  o r i e n t  to w a rd s  t h e  o l f a c t o r y  
b u lb  ( F ig .  c ) . They a r e  m ig r a t i n g  fro m  t h e  a n t e r i o r  h o r n  o f  
t h e  l a t e r a l  v e n t r i c l e  t o  t h e  G rL . They o c c u p ie d  o v e r  50 % o f  
G o l g i - s t a i n e d  S V Z -c e l ls  i n  t h e  r a t s  fro m  1 t o  21 p o s t n a t a l  
d a y s ,  an d  17 % a t  37 an d  60 d a y s .  They a r e  p o s s ib l y  p r o 
g e n i t o r s  o f  g r a n u l e  c e l l s .  A f t e r  t h e i r  m ig r a t i o n  i n t o  t h e  
G rL , th e y  d i f f e r e n t i a t e  t o  t h e  d i f i n i t i v e  g r a n u le  c e l l s  ; 
t h e i r  so m a ta  e n l a r g e ;  a p i c a l  p r o c e s s e s  e l o n g a t e ,  b r a n c h ,  
s p r o u t  many gem m u les , an d  becom e t h e  p e r i p h e r a l  p r o c e s s e s ;  
b a s a l  p r o c e s s e s  becom e b a s a l  d e n d r i t e s .
R e f e r e n c e s :  A ltm a n , J .  1969 J .  Comp. N e u r . 1 3 7 : 433– 4 5 8 . 
H in d s ,  J .  W. 1968 J .  Comp. N e u r . 1 34 : 287– 3 0 4 .

305. 10  THE DENDRITIC MORPHOLOGY OF HIPPOCAMPAL CA3 PYRAMIDAL 
NEURONS: CELL TYPES AND ENVIRONMENTAL INFLUENCES.
 J .  M, J u r a s k a ,  J .  F i t c h *  an d  L . W a sh in g to n * .  D e p t . o f  
P s y c h o lo g y ,  I n d ia n a  U n iv . ,  B lo o m in g to n , IN 4 7 4 0 5 .

We h a v e  p r e v i o u s ly  d e m o n s t r a te d  t h a t  t h e  s e x e s  d i f f e r  i n  
d e n d r i t i c  r e s p o n s e  t o  r e a r i n g  i n  c o m p lex  (EC) an d  i s o l a t e d  
(IC ) e n v ir o n m e n ts .  I n  t h e  v i s u a l  c o r t e x  m a le  r a t s  show 
g r e a t e r  d e n d r i t i c  d i f f e r e n c e s  f o l l o w in g  d i f f e r e n t i a l  r e a r i n g  
th a n  fe m a le  r a t s  i n  some c e l l  p o p u l a t i o n s  ( J u r a s k a ,  B r a in  
R e s . 2 9 5 :2 7 ,  1 9 8 4 ) ,  w h i le  f e m a le s  e x h i b i t  g r e a t e r  p l a s t i c i t y  
th a n  m a le s  i n  t h e  g r a n u le  c e l l s  o f  t h e  h ip p o c a m p a l d e n t a t e  
g y ru s  ( J u r a s k a ,  e t  a l . ,  N e u r o s c i . A b s t . 1 3 :9 4 7 ,  1 9 8 3 ) .  I n  
t h e  p r e s e n t  e x p e r im e n t  we ex a m in e d  t h e  d e n d r i t i c  t r e e  o f  
n e u ro n s  f ro m  t h e  h ip p o c a m p a l CA3 a r e a ,  t h e  a r e a  t h a t  
r e c e i v e s  i n p u t  fro m  t h e  d e n t a t e  g r a n u le  c e l l s  v i a  t h e  m ossy  
f i b e r s , i n  m a le  an d  f e m a le  r a t s  r e a r e d  i n  EC o r  IC  f o r  one 
m onth  p o s tw e a n in g .  N e u ro n s  w e re  sa m p le d  f ro m  c o r o n a l  
s e c t i o n s  o f  G o lg i-C o x  s t a i n e d  t i s s u e .

A c o n c e n t r i c  r i n g  a n a l y s i s  r e v e a l e d  o n ly  a  fe w , seem 
i n g ly  ran d o m , d i f f e r e n c e s .  H o w ev er, we o b s e rv e d  t h a t  t h e r e  
w e re  tw o m o r p h o lo g ic a l ly  d i s t i n c t  c e l l  p o p u l a t i o n s  i n  o u r  
p y r a m id a l  n e u ro n  s a m p le .  The m o st n u m ero u s t y p e  h a s  a  
c o m p a r a t iv e ly  lo n g  a p i c a l  s h a f t  t h a t  e n d s  i n  a  s p a r s e  
d e n d r i t i c  t r e e .  The s e c o n d  c e l l  t y p e  h a s  a  s h o r t ,  t h i c k  
a p i c a l  s h a f t  an d  a  d e n s e  d e n d r i t i c  t r e e .  A t h i r d  ty p e  w i th  
a  d e n d r i t i c  t r e e  s i m i l a r  t o  t h a t  o f  t h e  s h o r t  a p i c a l  s h a f t  
p y r a m id a ls  e x i s t s  w i th o u t  an y  a p i c a l  s h a f t ;  t h e s e  c e l l s  
w e re  n o t  sa m p le d  i n  t h e  p r e s e n t  s tu d y .  When t h e  c o n c e n t r i c  
r i n g  a n a l y s i s  i n c lu d e d  t h e  t y p e  o f  p y r a m id a l  c e l l  ( lo n g  v s .  
s h o r t  a p i c a l  s h a f t )  t h e r e  w ere  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  b e tw e e n  t h e  c e l l  t y p e s  i n  b o th  t h e i r  a p i c a l  an d  
b a s i l a r  f i e l d s .  T h e re  a l s o  w e re  s i g n i f i c a n t  i n t e r a c t i o n s  i n  
a p i c a l  an d  b a s i l a r  t r e e s  b e tw e e n  t h e  c e l l  t y p e s  an d  e n v i r o n 
m e n ta l  c o n d i t i o n s ,  w i th  l o n g  a p i c a l  s h a f t  c e l l s  u n a f f e c t e d  
by  t h e  e n v iro n m e n t  an d  s h o r t  a p i c a l  s h a f t  c e l l s  fro m  IC  r a t s  
h a v in g  m ore d e n d r i t i c  m a t e r i a l  t h a n  t h o s e  fro m  EC r a t s .
T h is  i n t e r a c t i o n  i s  p r e l i m i n a r y  s in c e  t h e  s h o r t  a p i c a l  s h a f t  
n e u ro n s  c o m p r ise  l e s s  th a n  25% o f  t h e  390 n e u ro n s  s a m p le d .
No s e x  d i f f e r e n c e s  w e re  fo u n d .  A n o th e r  r e p l i c a t i o n  i n  a  
s e p a r a t e  g ro u p  o f  a n im a ls  i s  c u r r e n t l y  b e in g  p e r fo rm e d  to  
ex am in e  a  l a r g e r  sa m p le  o f  t h e  s h o r t  a p i c a l  s h a f t  p y r a m id a l  
n e u r o n s .

S u p p o r te d  by  NIH HD14949 an d  t h e  M a cA rth u r F o u n d a t io n .
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305.11   POSTNATAL DEVELOPMENT OF A CELL SURFACE MARKER FOR LIMBIC 
SYSTEM NEURONS.  H.L. Horton*, A. T u rtz* , P. L e v it t  (SPONS:  
N. Berman).  Dept. Anatomy, Hie Med. C o ll . o f Pennsylvania, 
P h i la . ,  Pa. 19129.

S p e c if ic  chem ical m arkers th a t  a re  d is t r ib u te d  on r e l 
a ted  c e l l s  may serv e  in  p a r t  to  lin k  developing neurons 
in to  d i s t i n c t  fu n c tio n a l system s. A monoclonal an tibody 
(2G9) produced a g a in s t a d u lt hippocampal membranes s p e c i f i 
c a l ly  la b e ls  neurons o f  th e  lim bic  system , p rovid ing  s trong  
evidence fo r  m olecular s p e c i f i c i ty  among fu n c tio n a lly  r e l 
a ted  neurons (L e v i t t ,  Science 223; 299, 1984). Using th is  
monoclonal an tibody , we have performed an immunocytochemi
c a l a n a ly s is  in  th e  developing r a t  to  determ ine whether the  
lim b ic  neuron marker i s  expressed in  th e  sane re g io n a lly  
s p e c if i c  fa sh ion  during  th e  tim e o f pathway and synapse 
form ation in  th e  lim bic  system .

Albino r a t s  a t  e ig h t d i f f e r e n t  ages from b i r th  to  
p o s tn a ta l day 28 (P28) were prepared fo r immunofluorescent 
s ta in in g .  2G9 imm u n o reac tiv ity  i s  d is t r ib u te d  in  a sp ec i
f i c  fash ion  a t  a l l  ages examined. Nuclei o r c o r t ic a l  a reas  
th a t  a re  n o t immu noreactive  in  a d u lts  a re  no t s ta in ed  
during  p o s tn a ta l development. However, f ib e r  t r a c t s ,  which 
a re  n o t s ta in ed  in  a d u l ts ,  a re  immunoreactive fo r  a sh o rt 
tim e p o s tn a ta l ly .  At b i r t h ,  c e l l s  in  only  a few reg ions 
a re  s ta in e d . Very l ig h t  im m unoreactivity i s  d is t r ib u te d  
along th e  su rface  o f c e l l s  and d if f u s e ly  in  the  neu rop il in  
th e  septum, n . accim bens, amygdala, a n te r io r  thalam ic n . ,  
and some reg io n s  o f  th e  hypothalamus and b ra instem . Limbic 
c o r t ic a l  a re as  and th e  hippocampus a re  no t immunopositive 
a t  b i r t h .  The most in ten se  s ta in in g  i s  seen in  f ib e r  
t r a c t s ,  p a r t i c u la r ly  th e  corpus callosum , in te rn a l cap su le , 
s t r i a  te rm in a li s  and fo rn ix . By P2, sp arse  s ta in in g  ap
p ears  in  th e  hippocampus and f r o n ta l  c o rte x . By P7, most 
reg io n s  th a t  a re  2G 9-positive  in  th e  a d u lt  co n ta in  some im
m unoreactive c e l l s .  By P12, th e  d is t r ib u t io n  o f s ta in in g  
w ith in  c o r t i c a l  reg ions  and n u c le i i s  id e n tic a l  to  the  
a d u l t ,  a lthough  th e  in te n s i ty  i s  n o t as  g re a t .  In add i
t io n ,  most t r a c t s  a re  no longer inm unoreactive. By P19, 
th e  p a tte rn  and in te n s i ty  o f s ta in in g  a re  f u l ly  m atured.
The d a ta  in d ic a te  th a t  th e  lim bic  system neuron marker de
velops in  a s p e c if ic  fa sh io n , r e s t r i c te d  to  those c e l l s  
th a t  w ill  express th e  dete rm inan t in  the  m ature CNS. The 
e a r ly ,  t r a n s ie n t  p resence o f im m unoreactivity in  f ib e r  
t r a c t s  i s  su g g estiv e  o f the  an tig en  p a r t ic ip a t in g  in  the  
form ation o f  lim bic  system connections.

Supported by NIH g ra n t NS19606, MOD B asil O'Connor S ta r
t e r  Grant 5–348 and Fellow ships from the  Sloan Foundation 
and N ational Down Syndrome S o c ie ty .

DEVELOPMENT AND PLASTICITY: TROPHIC AGENTS II

30 6 .1   β NGF IN SYNAPTOSOMAL FRACTIONS OF MOUSE CEREBRAL CORTEX?  J . 
L a k s h m a n a n * ,  M .E .  W e i c h s e l ,  J r . ,  H. K im * ,  R.  T a r r i s *  a n d   
D .A .  F i s h e r * ,   P e r i n a t a l  R e s e a r c h  L a b o r a t o r y ,  H a r b o r - U C L A  Med .  
C t r ,  T o r r a n c e ,  CA 9 0 5 0 9

We e x a m i n e d  β NGF i m m u n o r e a c t i v i t y  i n  s y n a p t o s o m a l  f r a c 
t i o n s  i s o l a t e d  f r o m  m o u s e  c e r e b r a l  c o r t e x  d u r i n g  v a r i o u s  
s t a g e s  o f  d e v e l o p m e n t .  P o o l e d  c o r t e x  t i s s u e s  w e r e  h o m o g e 
n i z e d  ( 1 : 9  w / v )  i n  i c e - c o l d  0 .3 2 M  s u c r o s e  w i t h  a  g l a s s - t e f 
l o n  h o m o g e n i z e r  ( 0 . 2 5 m m  c l e a r a n c e ) .  T h e  s y n a p t o s o m e  e n r i c h 
e d  f r a c t i o n  w a s  t h e n  p r e p a r e d  b y  d i f f e r e n t i a l  c e n t r i f u g a 
t i o n ,  f o l l o w e d  b y  a  d i s c o n t i n u o u s  s u c r o s e  d e n s i t y  g r a d i e n t  
t e c h n i q u e  e s t a b l i s h e d  f o r  r o d e n t  b r a i n .  S y n a p t o s o m a l  p e l 
l e t s  w e r e  h o m o g e n i z e d  i n  p h o s p h a t e  b u f f e r e d  s a l i n e  ( P B S ) ,  
pH 7 . 4 ,  a n d  c e n t r i f u g e d  t o  o b t a i n  t h e  1 1 5 , 0 0 0  xg  s u p e r n a t a n t  
r e f e r r e d  t o  a s  " s y n a p t o s o m a l  e x t r a c t  ( S E ) " .  β NGF c o n c e n t r a 
t i o n  w a s  g u a n t i f i e d  u s i n g  a  h i g h  a f f i n i t y  a n t i s e r u m  ( k d  = 
~ 1 . 7  x 10 - 11 m o l e / l i t e r )  g e n e r a t e d  a g a i n s t  p u r i f i e d  m o u s e  
s u b m a n d i b u l a r  g l a n d  β NGF w i t h  a s s a y  s e n s i t i v i t y  o f  1 6 – 20  
p g / t u b e .

I n  21 d a y  o l d  m i c e ,  t h e  r e l a t i v e  c o n c e n t r a t i o n s  o f  βNGF 
i n  w h o l e  b r a i n  (B) ,  c e r e b r a l  c o r t e x  (C) ,  a n d  SE w e r e  ( m e a n  ± 
SEM); B=61±2, C=59±5, SE=279±13, p g / m g  p r o t e i n ,  r e s p e c t i v e 
l y .  I n t r a v e n t r i c u l a r  i n j e c t i o n  o f  βNGF (5 n g / a n i m a l = 6  x 
w h o l e  b r a i n  c o n t e n t ) ,  16 h r  p r i o r  t o  s a c r i f i c e  d i d  n o t  s i g 
n i f i c a n t l y  a l t e r  βNGF c o n c e n t r a t i o n  i n  SE; c o n t r o l  v s  βNGF 
i n j e c t e d  a n i m a l s  w e r e  279±13 a n d  230±24 p g /m g  p r o t e i n ,  
r e s p e c t i v e l y .

β NGF c o n c e n t r a t i o n s  i n  SE p r e p a r e d  f r o m  n e r v e  t e r m i n a l s  
o f  c e r e b r a l  c o r t e x  d u r i n g  v a r i o u s  s t a g e s  o f  d e v e l o p m e n t  w e r e  
a s  f o l l o w s :
P o s t n a t a l  A ge  ( d a y s ) 12 16 21 26 32
pg β NGF/mg SE p r o t e i n * 6 8 3 50 3 2 9 8 2 7 6 2 4 5

± 1 1 3 ± 8 0 ± 4 6 ± 3 0 ± 3 2
mg SE p r o t e i n / g m  c o r t e x * 0 . 7 4 0 .9 6 0 . 8 5 0 . 7 8 0 . 8 1
*M ean ± SEM ± 0 . 0 5 ± 0 . 0 8 ± 0 . 0 4 ± 0 . 0 5 ± 0 . 0 1
When SE p r e p a r e d  f r o m  12  d a y  o l d  m o u s e  c e r e b r a l  c o r t e x  i n  
R P M I - 1 6 4 0  b u f f e r  w a s  b i o a s s a y e d  i n  a  P C - 1 2  c e l l  s y s t e m  ( i n  
t h e  p r e s e n c e  o f  1% h o r s e  s e r u m  f o r  24 h r ) ,  a  p o s i t i v e  n e u 
r i t e  o u t g r o w t h  r e s p o n s e  w a s  o b s e r v e d ;  t h e  e f f e c t  w a s  b l o c k 
e d  b y  β NGF a n t i b o d y .  C o n c l u s i o n :  1 )  β NGF c o n c e n t r a t i o n  i s   
h i g h  i n  s y n a p t o s o m a l  f r a c t i o n s  c o m p a r e d  t o  w h o l e  b r a i n  o r  
c e r e b r a l  c o r t e x .  2 )  I n t r a v e n t r i c u l a r  βNGF i n j e c t i o n  d o e s  
n o t  i n f l u e n c e  s y n a p t o s o m a l  β NGF. 3 )  E n d o g e n o u s  c e r e b r a l  
s y n a p t o s o m a l  β NGF c o n c e n t r a t i o n  i s  h i g h e s t  i n  t h e  n e r v e  
t e r m i n a l s  o f  12  d a y  o l d  m i c e .  4 )  βNGF c o n c e n t r a t i o n  i n  t h e  
s y n a p t o s o m a l  f r a c t i o n  d e c r e a s e s  w i t h  i n c r e a s i n g  a g e .

3 0 6 .2   EFFECTS OF GANGLIOSIDE TREATMENTS ON LESION-INDUCED SPROUT
ING BY THE SE PTODENTATE PATHWAY.  B. F a s s ,  J . J . R a m i r e z * ,  S . E .  
K a r p i a k  a n d  O . S t e w a r d .   N e u r o s u r g e r y  D e p t . ,  U n i v .  V i r g i n i a  
Med .  S c h . ,  C h a r l o t t e s v i l l e ,  VA 2 2 9 0 8 ;  P s y c h o l o g y  D e p t . ,  
C o l l e g e  o f  S t .  B e n e d i c t ,  S t .  J o s e p h ,  MN ( J J R ) ; D i v i s i o n  o f  
N e u r o s c i e n c e ,  NY S t a t e  P s y c h i a t r i c  I n s t . ,  N . Y . ,  N .Y .  ( S E K ) .

E x o g e n o u s  g a n g l i o s i d e s  ( g l y c o s p h i n g o l i p i d s )  h a v e  b e e n  
sh o w n  t o  e n h a n c e  r e g e n e r a t i v e  g r o w t h  i n  t h e  p e r i p h e r a l  n e r 
v o u s  s y s t e m  ( e . g . ,  G o r i o  e t  a l . ,  1 9 8 3 )  a n d  t o  p r o m o t e  b e h a v 
i o r a l  r e c o v e r y  a f t e r  so m e t y p e s  o f  CNS i n j u r y  ( e . g . ,  K a r p i a k ,  
1 9 8 3 ) .  T h e  p r e s e n t  s t u d y  e x a m i n e d  w h e t h e r  g a n g l i o s i d e s  a l s o  
e n h a n c e  o n e  t y p e  o f  l e s i o n - i n d u c e d  g r o w t h  i n  t h e  CNS; n a m e l y ,  
t h e  s p r o u t i n g  b y  s e p t o d e n t a t e  f i b e r s  i n d u c e d  b y  u n i l a t e r a l  
l e s i o n s  o f  t h e  e n t o r h i n a l  c o r t e x .  S u c h  f i b e r s  a r e  r i c h  i n  
a c e t y l c h o l i n e s t e r a s e  ( A C h E ) ,  a n d  t h e i r  s p r o u t i n g  r e s p o n s e  t o  
e n t o r h i n a l  l e s i o n s  c a n  b e  r e v e a l e d  b y  a q u a n t i f i a b l e  h i s t o 
c h e m i c a l  s t a i n .

T he  i n t e n s i t y  o f  AChE s t a i n i n g  i n  t h e  d e n e r v a t e d  n e u r o p i l  
o f  t h e  d e n t a t e  g y r u s  w a s  m e a s u r e d  m i c r o s p e c t r o p h o t o m e t r i c a l 
l y  a t  3 , 5 , 7 ,  o r  10 d a y s  p o s t l e s i o n  i n  t r e a t e d  ( t o t a l  b r a i n  
g a n g l i o s i d e s ,  F ID IA  R e s e a r c h  L a b o r a t o r i e s ;  50  m g / k g ,  im ) a n d  
u n t r e a t e d  a d u l t  r a t s  ( 3 – 7 a n i m a l s / g r o u p / s u r v i v a l  i n t e r v a l ) .  
T h e  d e n t a t e  g y r u s  c o n t r a l a t e r a l  t o  t h e  l e s i o n  w a s  u s e d  a s  a n  
i n t e r n a l  c o n t r o l .  T r e a t m e n t s  b e g a n  on t h e  d a y  b e f o r e  s u r g e r y  
a n d  w e r e  g i v e n  d a i l y  u n t i l  s a c r i f i c e .

I n  t h e  u n t r e a t e d  g r o u p ,  t h e r e  w a s  a n  i n t e n s i f i c a t i o n  o f  
s t a i n i n g  a s  e a r l y  a s  3  d a y s  p o s t l e s i o n  a n d  a  s u b s t a n t i a l  i n 
c r e a s e  b e t w e e n  7 a n d  10 d a y s .  I n  t h e  g a n g l i o s i d e - t r e a t e d  
g r o u p ,  t h e  g e n e r a l  p a t t e r n  o f  c h a n g e s  i n  s t a i n i n g  w a s  s i m i 
l a r ,  e x c e p t  t h a t  t h e  i n c r e a s e s  w e r e  c o n s i s t e n t l y  s m a l l e r  a t  
e a c h  s u r v i v a l  i n t e r v a l .  T h e  g r o u p s  d i f f e r e d  s i g n i f i c a n t l y  
o v e r a l l  ( F = 4 . 6 5 ;  d f = l , 2 3 ;  p < . 0 5 ) ;  p o s t h o c  c o n t r a s t s  r e v e a l e d  
a n  i n t e r g r o u p  d i f f e r e n c e  a t  10  d a y s  p o s t l e s i o n  ( p = . 0 5 ) ,  b u t  
n o t  a t  t h e  e a r l i e r  i n t e r v a l s .

T he  p r e s e n t  f i n d i n g s  s u g g e s t  t h a t  a l t h o u g h  g a n g l i o s i d e  
t r e a t m e n t s  e n h a n c e  b e h a v i o r a l  r e c o v e r y  a f t e r  e n t o r h i n a l  l e 
s i o n s  ( K a r p i a k ,  1 9 8 3 ) ,  t h e y  do  n o t  e n h a n c e  s p r o u t i n g  b y  o n e  
o f  t h e  p a t h w a y s  w h i c h  p a r t i c i p a t e  i n  t h e  s p r o u t i n g  r e s p o n s e .  
S i n c e  e x o g e n o u s  g a n g l i o s i d e s  h a v e  b e e n  s h o w n  t o  p r o m o t e  r e 
g e n e r a t i o n  i n  t h e  p e r i p h e r a l  n e r v o u s  s y s t e m ,  we p r o p o s e  t h a t  
g a n g l i o s i d e  t r e a t m e n t s  m i g h t  e n h a n c e  r e g e n e r a t i v e  g r o w t h  b u t  
n o t  l e s i o n - i n d u c e d  s p r o u t i n g .

S u p p o r t e d  b y  NSF g r a n t  BNS 7 6 – 1 7 7 5 0  ( O . S . ) .



1050 DEVELOPMENT AND PLASTICITY: TROPHIC AGENTS II SUNDAY PM

30 6 .3  CHARACTERIZATION OF A PROTEIN CAUSING A POSITIVE RESPONSE 
IN AN NGF RADIOIMMUNOASSAY.  T.L. Darling* (SPON: N .J. 
P a n ta z is ) .   Lab. CNS I n j . and Regen., VA Med C enter, and 
George Washington Univ. Med. S ch ., Washington, D.C. 20422.

Nerve growth fa c to r  (NGF) a c t iv i ty  i s  e x tra c ted  from the 
subm axillary  gland o f Mastomys n a ta le n s is , an A frican r a t ,  
as a high m olecular weight complex, termed 5S NGF, composed 
o f b e ta  NGF and NGF a lp h a -lik e  p ro te in s . When gland 
e x tra c ts  were fra c tio n a te d  on Sephadex G-100, a minor peak 
de tec ted  by v ir tu e  o f p o s it iv e  response in  the  com petitive 
s o lid  phase radioimmunoassay (RIA) fo r be ta  NGF e lu ted  a t 
25–30,000 MW and con tained  15–50% o f the  RIA a c t iv i ty  
recovered . N eurite  re g en era tiv e  b io lo g ic a l a c t iv i ty  
g en era lly  was ab sen t, but when presen t was low compared to  
th e  RIA measurements and could be blocked by anti-NGF 
an tibody . The RIA a c t iv i ty  was found to  have a 
sed im entation  c o e f f ic ie n t o f 2 .5  S. When sub jec ted  to  
a n a ly tic a l  i s o e le c t r ic  focusing in a sucrose d en sity  
g ra d ie n t,  th e  RIA a c t iv i ty  had an apparent pK o f 4 .5 , 
s im ila r  to  NGF alpha, and had no b io lo g ic a l a c t iv i ty .  The 
RIA a c t iv i ty  o f the  G-100 pool was fu r th e r  p u r if ie d  and 
sepa ra ted  from re s id u a l b io lo g ic a l a c t iv i ty  by 
chromatography on DEAE BioGel. The DEAE fr a c tio n  was found 
when analyzed by non-reducing denatu ring  SDS gel 
e le c tro p h o re s is  to  con ta in  3 p ep tid e s: 24,000; 27,000; and  
12,000 MW.

The s im ila r i ty  o f the  p ro te in s  p u rif ie d  from th is  
f r a c t io n  to  mouse NGF alpha subunit and to  Mastomys 
a lp h a - lik e  p ro te in  suggested th a t the  p o s it iv e  RIA response 
could be explained by binding  o f the ra d io a c tiv e  NGF tra c e r  
to  a p ro te in  o f the  25,000 MW f r a c tio n . To t e s t  the  
h y p o th e sis , 125I-NGF was incubated with the  DEAE p u rif ie d  
m a te ria l and then su b jec ted  to  c e n tr ifu g a tio n  through a 
sucrose  d e n sity  g ra d ie n t.  Tracer which had not been 
incubated  with DEAE pool dem onstrated poor recovery from 
th e  g rad ien t and gave the  expected sedim entation  
c o e f f ic ie n t  o f 2 .5 S . Recovery of 125I-NGF which had been 
incubated with the  DEAE p u r if ie d  p ro te in s  was g re a te r  and 
two peaks were observed which had sedim entation  
c o e f f ic ie n ts  o f 3S and 4 .5S . These r e s u l ts  suggest th a t the  
RIA p o s it iv e  p ro te in  was s im ila r  to  alpha NGF and binds 
mouse 125I-NGF to  g ive r i s e  to  a s ta b le  complex.
This re sea rch  was supported by the Veterans A dm inistration 
and by the  NIH (#NS 04270).

3 0 6 .4   VASOACTIVE INTESTINAL PEPTIDE INCREASES ACTIVITY-DEPENDENT 
NEURONAL SURVIVAL IN DEVELOPING SPINAL CORD CULTURES.  D . E .  
B r e n n e m a n ,  L . E .  E i d e n * ,  a n d  R . E .  S i e g e l * .  L a b .  o f  D e v e l o p 
m e n t a l  N e u r o b i o l o g y ,  NI CHD, L a b .  o f  C e l l  B i o l o g y ,  NIMH, N IH ,  
B e t h e s d a ,  M a r y l a n d  2 0 2 0 5

V a s o a c t i v e  i n t e s t i n a l  p e p t i d e  ( V I P )  w a s  i n v e s t i g a t e d  f o r  
p o s s i b l e  t r o p h i c  a c t i o n  on  d e v e l o p i n g  s p i n a l  c o r d  n e u r o n s .  
T h e  i n t e r a c t i o n  o f  VI P  w i t h  t h e  e l e c t r i c a l  s t a t e  o f  t h e  
c u l t u r e s  w a s  a l s o  e x a m i n e d .  D i s s o c i a t e d  s p i n a l  c o r d - d o r s a l  
r o o t  g a n g l i o n  (SC-DRG) c u l t u r e s  w e r e  p r e p a r e d  f r o m  1 2 - d a y  
o l d  f e t a l  m i c e .  B l o c k a d e  o f  s p o n t a n e o u s  a c t i o n  p o t e n t i a l s  
w i t h  t e t r o d o t o x i n  (TTX) h a s  b e e n  s h o w n  t o  p r o d u c e  s i g n i f i 
c a n t  d e c r e a s e s  i n  c h o l i n e r g i c  d e v e l o p m e n t  a n d  d e c r e a s e s  i n  
t h e  t o t a l  n u m b e r  o f  n e u r o n s .  V u l n e r a b i l i t y  o f  s p i n a l  c o r d  
n e u r o n s  t o  TTX t r e a t m e n t  o c c u r r e d  d u r i n g  a  c r i t i c a l  p e r i o d  
i n  d e v e l o p m e n t  ( d a y  7 – 21 i n  v i t r o ) . P r e v i o u s  s t u d i e s  a l s o  
h a v e  s h o w n  t h a t  c o n d i t i o n e d - m e d i a  o b t a i n e d  b e f o r e  o r  a f t e r  
t h e  c r i t i c a l  p e r i o d  p r o d u c e d  i n c r e a s e d  n e u r o n  s u r v i v a l  w he n 
a p p l i e d  t o  T T X - t r e a t e d  c u l t u r e s  w h i c h  w e r e  w i t h i n  t h e  c r i t i 
c a l  p e r i o d .  T h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  p o s s i b i l i t y  t h a t  
VI P  o r  a  V I P - l i k e  s u b s t a n c e  i s  t h e  a g e n t  i n  c o n d i t i o n e d  
m e d i a  w h i c h  m e d i a t e s  a c t i v i t y - r e l a t e d  t r o p h i c  a c t i o n .

V I P  a n d / o r  TTX w e r e  a d d e d  t o  c u l t u r e s  o n  d a y  9 i n  v i t r o . 
N e u r o n a l  c e l l  c o u n t s  w e r e  c o n d u c t e d  a f t e r  5 d a y s  o f  t r e a t 
m e n t .  A d d i t i o n  o f  1 0 - 1 0  M VIP  p l u s  1 µM TTX r e s u l t e d  i n  a  
25% i n c r e a s e  i n  n e u r o n s  a s  c o m p a r e d  t o  t h a t  o f  c o n t r o l s .  
TTX t r e a t m e n t  a l o n e  p r o d u c e d  a  2 0 – 25% d e c r e a s e  f r o m  c o n t r o l s .  
I n  c u l t u r e s  t r e a t e d  w i t h  VI P a l o n e ,  a  s i g n i f i c a n t  i n c r e a s e  
(2 0% ) w a s  o b s e r v e d  f r o m  c o n t r o l s .  N e u r o n a l  c e l l  c o u n t s  w e r e  
a l s o  c o n d u c t e d  on  d a y  9 ,  t h e  b e g i n n i n g  o f  t h e  t e s t  p e r i o d .  
T h e  c o n t r o l  c u l t u r e s  on d a y  9 w e r e  n o t  s i g n i f i c a n t l y  d i f f e r 
e n t  f r o m  t h o s e  o b s e r v e d  w i t h  VI P  p l u s  TTX o n  d a y  1 4 .  T h e  
s t u d i e s  s u g g e s t  t h a t  t r e a t m e n t  w i t h  V I P  o n  e l e c t r i c a l l y  i n 
a c t i v e  c u l t u r e s  p r o t e c t s  f r o m  n e u r o n a l  d e a t h  w h i c h  n o r m a l l y  
o c c u r r e d  i n  d e v e l o p m e n t  a n d  t h a t  w h i c h  w a s  T T X - m e d i a t e d .

To t e s t  i f  V I P - c o n t a i n g  n e u r o n s  w e r e  p r e s e n t ,  V I P - l i k e  
i m m u n o r e a c t i v i t y  ( V I P - L I )  w a s  a s s a y e d  f o r  by  RIA a n d  im muno 
f l u o r e s c e n t  t e c h n i q u e s .  VIP c o n t e n t  i n c r e a s e d  d u r i n g  d e v e l 
o p m e n t  t o  a  maximum o n  d a y  21 i n  c u l t u r e .  F r o m  3 – 5% o f  t h e  
t o t a l  n e u r o n s  p r e s e n t  i n  SC-DRG c u l t u r e s  w e r e  p o s i t i v e  f o r  
V I P - L I .

T o g e t h e r  t h e s e  s t u d i e s  s u g g e s t  t h a t  VI P  i s  p r e s e n t  i n  
t h e s e  c u l t u r e s  a n d  t h a t  VIP may p l a y  a  r o l e  i n  t h e  c o m p e t i 
t i v e  p r o c e s s e s  t h a t  i n f l u e n c e  a c t i v i t y - d e p e n d e n t  n e u r o n a l  
s u r v i v a l  i n  t h i s  m o d e l  s y s t e m .

306.5  LOCALIZATION OF NGF RECEPTORS ON CULTURED NEURAL CREST  
CELLS.  P . Bernd.  Dept. o f Anatomy, Mount S inai School 
o f  Medicine o f The C ity U n ivers ity  o f New York, New York,  
N.Y. 10029.

Nerve growth fa c to r  (NGF) i s  requ ired  fo r the  su rv iv a l 
and maintenance o f  some neural c r e s t  d e r iv a tiv e s ,  such as 
sym pathetic and some sensory  neurons. In order to  gain 
in s ig h t in to  the  ro le  o f NGF during e a r ly  embryonic 
development, the  appearance o f c e l l s  bearing  NGF re c ep to rs  
(p o ss ib le  ta rg e ts  o f  NGF) was s tud ied  in  c u ltu re s  o f  qu a il 
neu ra l c r e s t .  Neural tubes (neu ra l c r e s t  adherent) were 
removed from 48h q u a il embryos, d is se c te d  f re e  o f som ites 
and notochord ( in  0.125% try p s in  or 2 .4  U/ml d ispase  in  
HBSS w ithout Ca++ or Mg++) , and allowed to  a tta ch  
to  g e la tin -c o a ted  p la s t ic  t i s s u e  c u ltu re  d ish es  con tain ing  
medium (75% MEM, 15% heat in a c tiv a ted  horse serum o r 15% 
f e t a l  c a l f  serum, 20 U/ml p en /s tr e p ,  0.12% sodium 
b ica rb o n a te , 5% chick  embryo e x t r a c t ) .  Within 24 h , the  
n eu ra l c r e s t  c e l l s  have m igrated away from the  neura l tubes 
and th e  tubes were removed. A fter 3 to  5 days, c e l l s  were 
t r i tu r a te d  and re p la te d  onto g e la tin -c o a ted  g la ss  
c o v e r s lip s .  Incubation with 125I-NGF (5 ng/ml; 1 h) 
was performed approxim ately 1 week a f te r  ex p lan ta tio n  
follow ing a 2  h r in s e  w ith chick  embryo e x tra c t- f r e e  
medium. Light m icroscopic rad ioau tog raph ic  exam ination o f 
c e l l  c u ltu re s  revealed  heterogenous binding th a t  was 
blocked by an excess o f nonrad ioac tive  NGF (1 .5  u g /m l), 
except fo r an apparent low a f f in i t y  binding to  d e b r is - l ik e  
ag g reg a tes . No binding was d e tected  follow ing incubation  
w ith in a c tiv a ted  125I-NGF, o r in  c u ltu re s  prepared from 
som ites or notochord. Hie p a tte rn  o f 125I-NGF binding 
was s im ila r  in  medium con ta in ing  e i th e r  horse serum or 
f e t a l  c a l f  serum. M elanocytes did not appear to  be 
la b e l le d .  I t  remains to  be determ ined.w hat c e l l  types o f 
those p resen t in  th e se  c u ltu re s  bind 125I-NGF ( i . e .  
a d ren e rg ic , c h o lin e rg ic ,  se ro to n erg ic  and som atosta tin  
p o s it iv e  c e l l s ) .  In c o n tr a s t ,  u n d iffe re n tia te d  neura l 
c r e s t  c e l l s ,  s t i l l  adherent to  tube or 24 h following 
e x p la n ta tio n , ex h ib ited  undetectab le  or very low le v e ls  o f 

125I-NGF b in d in g . Ip summary, p re lim inary  s tu d ie s  have 
revealed  s p e c if ic  125I-NGF binding to  a heterogenous 
popula tion  o f  d i f f e r e n t ia t in g  c e l l s  in  neural c re s t  
c u l tu re s ,  w hile u n d iffe re n t ia te d  neura l c r e s t  c e l l s  do not 
appear to  bear NGF re c e p to rs .  Supported by g ran t HD 17262 
from NIH.

306.6  REGULATION OF SYNTHESIS AND PROPERTIES O F NERVE GROWTH 
FACTOR AND ANTIBODIES TO N B W E  GROWTH FACTOR.  K.  
Vterrbach-Perez*, K. Hubner* and J .  R. P erez-P o lo ,  Dept. 
of Human B io lo g ica l Chem istry & G en etics , The U n iv e rs ity  
o f Texas M edical Branch, G alveston , Texas 77550–2777.

Nerve growth fa c to r  (NGF) i s  th e  name given to  a  fam ily  
of p ro te in s  req u ired  fo r  th e  s u rv iv a l,  development and 
reg en era tio n  of mammalian sym pathetic and sensory  g an g lia . 
Although s im ila r  in  many re s p e c ts ,  th e re  a re  a lso  
d iffe ren c e s  among th e  sp ec ies  of NSF is o la te d  to  d a te  th a t  
may have im portant consequences as to  th e  re g u la tio n  of 
NGF a c t iv i ty  in  v iv o . NGF can be is o la te d  as an 
a lpha2 betagamna2 m ultim er f r om mouse subm axillary  
g land , a  gammab e ta  complex from snake venom o r an 
alpha b e ta  complex from human term p la c en ta . NGF o f human 
o r ig in ,  whether f r om term p la c en ta  o r sec re te d  by a  human 
neurofibroma l in e ,  i s  an tigen  i c a l ly  in d is tin g u is h a b le ; 
however, the  murine beta-NGF i s  no t recognized by a n t i 
bodies to  human beta-NGF and v ice  v e rsa . NGF syn thesized  
and sec re te d  by r a t  g l i a l  and murine sarcoma c e l l s  i s  
in d is t ig u is h a b le  f r om murine beta-NGF e i th e r  in  terms o f 
re co g n itio n  by a f f in i t y  p u r if ie d  an tib o d ie s  to  murine 
beta-NGF o r o f i s o e l e c t r ic  p o in t  and m oleculer weight of 
th e  a c t iv e  m olecular s p ec ie s . In  p a r t i c u la r ,  th e  mouse 
sarcoma l in e  sy n th esizes  the  th re e  d i f f e r e n t  murine NGF 
su b u n its ; a lp h a , b e ta  and gamma. The amino ac id  
com position, i s o e l e c t r ic  p o in t and m olecular w eight o f 
human term  p lacen ta  beta-NGF i s  very  s im ila r  to  th a t  of 
murine beta-NGF. Using a  m od ifica tion  o f a v a i la b le  in   
v i t r o  immunization techn iques , 12 hybridcma l in e s  were 
developed th a t  s e c re te  an tib o d ies  d ire c te d  to  human b e ta -  
NGF. None o f th ese  an tib o d ie s  c ro s s re a c t  w ith  murine 
beta-NGF bu t two o f th e  hybridcma sec re te d  a n tib o d ie s  d id  
c ro s s re a c t  w ith NTF-II, another neuronotrophic  fa c to r  
p ro te in  w ith  a  s im ila r  amino ac id  com position to  human 
beta-NGF th a t  has an a c id ic  pI  and i s  70,000 d a lto n s  in  
s iz e .  A lso, human term  p lacen ta  beta-NGF can d isp la ce  
murine beta-NGF f r om NGF recep to rs  on LAN-1 human 
neuroblastom a c e l l s . These re c ep to rs  a re  s im ila r  in  
k in e t ic  and s t r u c tu r a l  fe a tu re s  to  NGF re c ep to rs  on ch ick  
sensory  g an g lia  o r PC12 c e l l s . Supported by NIH NS18708 
and The Robert A. Welch Foundation.
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306.7  CORRKIA T I O N  O F I G F  INDUCED D IFFE R ENT I ATI ON WITH  GAN G L I O 
S ID E  COMP O S IT ION  IN  TH E HUMAN NEUROBLASTOMA L IN E  
S K -N -S H -S Y5Y .  J .  R. Perez-P o lo , K. Werrbach-Perez* and  
G .R e b e l* .  (SPON: D. K. R ass in ) .  Dept. o f HBC&G ., The 
U n iv e rs ity  o f Texas Medical Branch, G alveston , Texas 
77550–2777; +CNRS, 67000 S trasbourg  Cedex, France.

Nerve growth fa c to r  (NGF) i s  th e  name given to  a  fam ily  
o f p ro te in s  re q u ired  fo r  th e  survived, and ap p ro p ria te  
development o f mamm alian  sensory  and sym pathetic neurons. 
A lso , NGF has been dem onstrated to  d isp la y  neuronotrophic 
e f f e c ts  on ta r g e t  neurons in  v ivo  and in  v i t r o . 
NGF-responsive human neuroblastom a c e l l s  SK-N-SH-SY5Y 
(SY5Y) w i l l  ex trude  n e u r ite s  in  v i t r o  in  response to  
NGF. A lso, NGF a c c e le ra te s  r a te s  o f attachm ent o f human 
neuroblastom a c e l l s  in  c u l tu re .  NGF-responsive human 
neuroblastom a c e l l s  have NGF re c ep to rs  th a t  d isp la y  
s im ila r  lig an d  binding  k in e t ic  p ro p e r tie s  when compared to  
ch ick  embryonic sensory  g an g lia  d is so c ia te d  neurons. 
A lso, i t  has been suggested  th a t  g an g lio s id es  can induce 
m orphological changes in  NGF-responsive neurons no t u n lik e  
those  observed w ith  NGF. Here we wish to  re p o r t  th a t  when 
an NGF-responsive human neuroblastom a c lo n a l l in e  (SY5Y) 
i s  exposed to  NGF and allow ed to  d i f f e r e n t ia te ,  the  
g an g lio s id e  com position o f i t s  membranes i s  changed.
Gangliosides Control(%) NGF(%) cAMP*%)

GM3 9.5 3.9 5 .1
GM2 38.8 30.5 31.9
GM1 6.9 14.0 8.4
GD3 6.0 10.2 14.3
GDla 36.2 39.1 37.8
GDlb 2.6 2.3 2.5

u g  l i p i d  s i a l i c  acid/mg 0.73 0.92 0.70
The use o f d ib u ty ry l c y c l ic  AMP, p rev io u s ly  shown to  
r e s u l t  in  e x tru s io n  of n e u r ite s  bu t no t o th e r aspec ts  of 
d i f f e r e n t ia t i o n  unique to  NGF-induced d i f f e r e n t ia t io n ,  
a ls o  a l te r e d  g an g lio s id e  com position in  th ese  c e l l s .  The 
s ig n if ic a n c e  o f th e se  changes in  term s o f the  physio
lo g ic a l  e f f e c ts  o f NGF on neuronal membranes as an 
im portan t a sp e c t o f n e u r i te  e lo n g a tio n  has no t been 
determ ined. However, i t  would appear th a t  trea tm en t w ith 
d ib u ty ry l cAMP does a l t e r  g an g lio s id e  co n ten t in  a  
somewhat d i f f e r e n t  manner than  th a t  observed fo r  NGF 
trea tm en t. Supported by NI H NS18708 and The Robert A. 
Welch Foundation.

306.8  GM1 GANGLIOSIDES ST IM U L A T E  N E U R O N A L  R E O R G A N IZ A T IO N  
A N D  BEHAVIORAL RECOVERY AFTER NIGRO-STRIATAL HEMITRANSECTIONS. 

AN HRP-STUDY.  B . A .  S a b e l , G . L .  D u n b a r * ,  W.M. B u t l e r *  
a n d  D .G .  S t e i n .   B r a i n  R e s .  L a b . ,  D e p t .  P s y c h o l o g y ,  C l a r k  
U n i v e r s i t y ,  W o r c e s t e r ,  MA 0 1 6 1 0 .

G M l - g a n g l i o s i d e  t r e a t m e n t  h a s  r e c e n t l y  b e e n  s h o w n  t o  
r e d u c e  b e h a v i o r a l  d e f i c i t s  a f t e r  u n i l a t e r a l  a n d  b i l a t e r a l  
b r a i n  i n j u r y .  I n  o r d e r  t o  e l u c i d a t e  a n a t o m i c a l  
- m o r p h o l o g i c a l  m e c h a n i s m s  t h a t  may a c c o u n t  f o r  t h e s e  
e f f e c t s ,  a d u l t ,  m a l e  r a t s  w e r e  g i v e n  p a r t i a l  
h e m i t r a n s e c t i o n s  o f  t h e  n i g r o - s t r i a t o - n i g r a l  f i b e r s  a n d  
w e r e  t r e a t e d  w i t h  GM1 ( F i d i a  R e s .  L a b . ,  3 0  m g / k g ,  I P )  d a i l y  
f o r  14  d a y s .  A t  v a r i o u s  t i m e  i n t e r v a l s  ( 3 ,  15 o r  4 5  d a y s )  
a n i m a l s  w e r e  k i l l e d ,  a f t e r  r e c e i v i n g  i n t r a s t r i a t a l  
i n j e c t i o n s  o f  h o r s e r a d i s h  p e r o x y d a s e  (WGA-HRP).

B e h a v i o r a l  r e s u l t s :  I p s i v e r s i v e  a m p h e t a m i n e - i n d u c e d   
r o t a t i o n s  w e r e  s i g n i f i c a n t l y  r e d u c e d  o n  d a y s  2 a n d  14 i n  
G M l - t r e a t e d  a n i m a l s .  T h e s e  a n i m a l s  a l s o  r o t a t e d  l e s s  a f t e r  
a p o m o r p h i n e  i n j e c t i o n s  on d a y  3 9 .  A n a t o m i c a l  r e s u l t s :  
O n l y  a  f e w  H R P - l a b e l l e d  c e l l s  w e r e  s e e n  i n  t h e  i s p s i l a t e r a l  
s u b s t a n t i a  n i g r a  p a r s  c o m p a c t a  ( i S N c )  a n d  v e n t r a l  t e g m e n t a l  
a r e a  ( iV T A ) o n  d a y  3 i n  b o t h  t r e a t m e n t  g r o u p s .  H o w e v e r ,  
w i t h i n  15 d a y s ,  m o r e  l a b e l l e d  n e u r o n s  w e r e  s e e n  i n  iSN c  
( p < . 0 5 )  a n d  iVTA ( p < . 0 7 )  a f t e r  GM1 - t r e a t m e n t  c o m p a r e d  t o  
s a l i n e  c o n t r o l s .  C o m p a r a b l e  l a b e l l i n g  w a s  n o t  o b s e r v e d  i n  
t h e  s a l i n e  g r o u p  u n t i l  d a y  4 5 ,  w h e n  b o t h  g r o u p s  h a d  m an y  
l a b e l l e d  n e u r o n s  i n  iS N c  a n d  iVTA . S p a r s e  c o n n e c t i o n s  f r o m  
t h e  c o n t r a l a t e r a l  SNc ( c S N c )  d i d  n o t  d e g e n e r a t e  i n  a n i m a l s  
t r e a t e d  w i t h  GM1. I n  f a c t ,  t h e i r  n u m b e r  w a s  t e m p o r a r i l y  
a b o v e  t h a t  o f  s a l i n e  t r e a t e d  a n i m a l s  ( p < . 0 1 )  a n d  u n o p e r a t e d  
c o n t r o l s  ( p < . 0 5 ) .  T h e  a b s e n c e  o f  c r o s s e d  c o n n e c t i o n s  i n  
s a l i n e - t r e a t e d  r a t s  i n d i c a t e s  t h a t  t h e y  d e g e n e r a t e  a n d  do  
n o t  r e - a p p e a r  u n t i l  d a y  4 5 .

T h e s e  d a t a  i n d i c a t e  t h a t ,  f o l l o w i n g  u n i l a t e r a l ,  p a r t i a l  
t r a n s e c t i o n s  o f  t h e  n i g r o - s t r i a t o - n i g r a l  f i b e r s ,  GM1 
t r e a t m e n t  a c c e l e r a t e s  r e o r g a n i z a t i o n  o f  s p a r e d  i p s i l a t e r a l  
a n d  i n t e r h e m i s p h e r i c  n i g r o - s t r i a t a l  f i b e r s  ( p o s s i b l y  v i a  
s p r o u t i n g )  a n d  r e d u c e s  b o t h  a m p h e t a m i n e -  a n d  
a p o m o r p h i n e - i n d u c e d  r o t a t i o n a l  b e h a v i o r a l .  W h i l e  t h e  
r e d u c t i o n  o f  a m p h e t a m i n e - i n d u c e d  r o t a t i o n s  may b e  a 
c o r r e l a t e  o f  n e u r o n a l  r e o r g a n i z a t i o n ,  t h e  r e d u c t i o n  o f  
i p s i v e r s i v e  r o t a t i o n s  a f t e r  a p o m o r p h i n e - c h a l l a n g e  may b e  
r e l a t e d  t o  t h e  a c t i o n  o f  GM1 i n  p r e s e r v i n g  c e l l  d e a t h  i n  
t h e  s t r i a t u m .

S u p p o r t e d  b y  USAMRDC c o n t r a c t  #DAMD 1 7 - 8 2 - C - 2 2 0 5 .

3 0 6 . 9   GM1 GANGLIOSIDES REDUCE SPATIAL ALTERATION D EF IC IT S   
FOLLOWING BILATERAL LESIONS OF THE MEDIOFRONTAL CORTEX.
G . L .  D u n b a r * ,  B . A .  S a b e l ,  A . C .  F i r l *  a n d  D .G .  S t e i n  
 B r a i n  R e s .  L a b . ,  D e p t . o f  P s y c h o l o g y ,  C l a r k  U n i v e r s i t y ,  
W o r c e s t e r ,  MA 0 1 6 1 0 .

We h a v e  p r e v i o u s l y  s h o w n  ( S a b e l ,  e t . a l . ,  S c i e n c e ,  i n  
p r e s s )  t h a t  a d m i n i s t r a t i o n  o f  g a n g l i o s i d e s  r e d u c e  l e a r n i n g  
d e f i c i t s  o n  a n  e s c a p e / a v o i d a n c e  t a s k  f o l l o w i n g  b i l a t e r a l  
e l e c t r o t h e r m i c  l e s i o n s  o f  t h e  c a u d a t e  n u c l e u s .  T h e  p r e s e n t  
s t u d y  w a s  d e s i g n e d  t o  d e t e r m i n e  w h e t h e r  g a n g l i o s i d e - i n d u c e d  
r e d u c t i o n  o f  b e h a v i o r a l  i m p a i r m e n t s  c a n  b e  g e n e r a l i z e d  t o :  
( 1 )  l e s i o n s  i n  o t h e r  a r e a s  o f  t h e  b r a i n ;  ( 2 )  i n j u r i e s  
i n f l i c t e d  b y  d i f f e r e n t  l e s i o n  m e t h o d s ;  a n d  ( 3 )  b e h a v i o r a l  
t a s k s  w h i c h  u t i l i z e  a  q u a l i t a t i v e l y  d i f f e r e n t  t y p e  o f  
r e i n f o r c e m e n t  p a r a d i g m .

F o l l o w i n g  b i l a t e r a l  a s p i r a t i o n  l e s i o n s  o f  t h e  
m e d i o f r o n t a l  c o r t e x ,  i n j e c t i o n s  o f  G M l - g a n g l i o s i d e s  ( F i d i a  
R e s .  L a b . ,  3 0  m g / k g ,  I P )  w e r e  g i v e n  d a i l y  f o r  t w o  w e e k s  t o  
a d u l t ,  m a l e  r a t s .  A f t e r  a  1 0 - d a y  p o s t o p e r a t i v e  r e c o v e r y  
p e r i o d ,  t h e  a n i m a l s  w e r e  m a i n t a i n e d  o n  a  23  h r - 5 0  m i n  w a t e r  
d e p r i v a t i o n  s c h e d u l e  a n d  t r a i n e d  t o  r e c e i v e  w a t e r  
r e i n f o r c e m e n t  b y  s o l v i n g  a  s p a t i a l  a l t e r n a t i o n  t a s k  i n  a 
T - m a z e .  A f t e r  o n e  w e e k  o f  t e s t i n g ,  t h e  G M l - t r e a t e d  a n i m a l s  
w e r e  s t a t i s t i c a l l y  i n d i s t i n g u i s h a b l e  f r o m  s h a m - o p e r a t e d ,  
s a l i n e - t r e a t e d  c o n t r o l s  i n  t h e  n u m b e r  o f  e r r o r s ,  n u m b e r  o f  
p e r s e v e r a t i o n s ,  a n d  t h e  m e a n  n u m b e r  o f  t r i a l s  r e q u i r e d  t o  
a t t a i n  a  c r i t e r i o n  o f  18 o u t  o f  20  c o r r e c t  r e s p o n s e s .  I n  
c o n t r a s t ,  r a t s  w i t h  i d e n t i c a l  l e s i o n s  a n d  i n j e c t i o n s  o f  
s a l i n e  w e r e  s i g n i f i c a n t l y  i m p a i r e d  o n  t h e s e  m e a s u r e s  w he n  
c o m p a r e d  w i t h  t h e  s h a m - o p e r a t e d  c o n t r o l s  ( p < . 0 5 ,  f o r  a l l  
t h r e e  m e a s u r e s ) .

I n  s u m m a r y ,  o u r  r e s u l t s  d e m o n s t r a t e  t h a t  g a n g l i o s i d e  
t r e a t m e n t s  a t t e n u a t e  s p a t i a l  a l t e r n a t i o n  d e f i c i t s  f o l l o w i n g  
b i l a t e r a l  a s p i r a t i o n  l e s i o n s  o f  t h e  m e d i o f r o n t a l  c o r t e x .  
T a k e n  t o g e t h e r  w i t h  o u r  p r e v i o u s  w o r k ,  t h e s e  f i n d i n g s  
p r o v i d e  e v i d e n c e  t h a t  g a n g l i o s i d e s  r e d u c e  b e h a v i o r a l  
i m p a i r m e n t s  f o l l o w i n g  b r a i n  i n j u r y ,  i n d e p e n d e n t  o f  s p e c i f i c  
l e s i o n  o r  t e s t i n g  p a r a m e t e r s .

S u p p o r t e d  by USAMRDC c o n t r a c t  #DAMD 1 7 - 8 2 - C - 2 2 0 5 .

306.10  ACTIVITY OF A MUSCLE-DERIVED GROWTH FACTOR FOR 
SPINAL NEURONS IN VITRO AND IN VITRO.  M.E. Gurney and  
B. A pato ff,  D ept. Pharm acol, and Physiol. Sci., The U niversity  
of Chicago, 947 E. 58th S tre e t, C hicago, IL 60637.

E xperim ental an tise ra  and sera  from  som e p a tien ts  w ith m otor 
neuron disease (ALS) have previsously been shown to  suppress 
te rm ina l axonal sprouting a t  th e  neurom uscular junction  (N ature 
307:564–548). These se ra  re a c te d  in com m on w ith a 56kd 
polypeptide p resen t in conditioned medium from  d enerva ted  ra t  
diaphragm  organ cu ltu res . The 56kd an tigen  co -pu rifies  on gel 
f il tra tio n  (AcA44, Mr = 60-50kd) and chrom atography over DE52 
(elution w ith 0.15–0.25 M NaCl in 20mM NaH PO4, pH7.5) w ith 
a  survival a c tiv ity  for cu ltu red  spinal cord neurons (st24 chick 
neural tube). We now have produced a m onoclonal antibody th a t 
dem onstra tes  the  survival a c tiv ity  is a ssocia ted  w ith the  56kd 
polypeptide. R ats w ere im m unized w ith th e  DE52 frac tio n , and 
spleen ce lls w ere fused w ith mouse SP2/0 ce lls . Hybrids w ere 
in itia lly  screened  by ELISA w ith the  DE52 frac tio n . 1118 hybrids 
from  2 fusions yielded 188 positives by ELISA, 109 o f these  w ere 
rescreened  by im m unoblotting, and 11 w ere obta ined  th a t reac ted  
w ith the 56kd antigen . A t le a s t one of th e se , B86.3 (an IgG2a) 
recognizes the  rece p to r binding portion of th e  56kd fac to r as 
th e  IgG2a blocks th e  fa c to r 's  survival a c tiv ity  for cu ltu red  spinal 
cord  neurons when added to  th e  m edium . The survival ac tiv ity  
was re ta ined  on a  B86.3-A ffigel 10 colum n and th e  e lu ted  
m a te ria l was found to  be one-half m axim ally ac tiv e  in cu ltu re  
a t  1 ng/m l or 2 x 10-11M. 50% suppression of te rm in a l sprouting  
has been obtained in vivo by in jection  of the  purified  IgG2a. 
Thus, te rm ina l sprouting is con tro lled  in p a rt by re lease  of the  
56kd fac to r from  denerva ted  or inactive  m uscle, and ALS has 
an auto-im m une com ponent d irec ted  aga inst th is fac to r . W hether 
or not the au to -an tibod ies aga in st th e  56kd survival fac to r 
produce th e  d estruc tion  of m otor neurons seen in ALS rem ains 
unresolved. Supported by th e  ALSSOA, NALS, S earle Scholars 
P rogram , and Sloan Foundation.
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3 0 6 .11  TARGET-SIZE ANALYSIS OF A NEURITE ELONGATION FACTOR USING 
RADIATION INACTIVATION.  M. D. C o u g h l i n .  D e p t . o f  N e u r o 
s c i e n c e s ,  M c M a s t e r  U n i v e r s i t y ,  H a m i l t o n ,  O n t a r i o ,  C a n a d a  
L8N 3 Z 5 .

N e u r i t e  o u t g r o w t h  f r o m  s y m p a t h e t i c  a n d  o t h e r  p e r i p h e r a l  
n e u r o n s  i n  c e l l  c u l t u r e  i s  s t i m u l a t e d  b y  a  s u b s t r a t e 
b i n d i n g  f a c t o r  d e r i v e d  f r o m  m e d iu m  c o n d i t i o n e d  o v e r  v a r i o u s  
c l a s s e s  o f  c e l l s .  T h e  c o n d i t i o n e d - m e d i u m  f a c t o r  (CMF) h a s  
b e e n  d e s c r i b e d  i n  n u m e r o u s  s y s t e m s ,  w i t h  a c t i v i t y  b e i n g  
a t t r i b u t e d  t o  v e r y  h i g h  m o l e c u l a r  w e i g h t  m a t e r i a l .  U n d e r  
n o n - d i s s o c i a t i n g  c o n d i t i o n s ,  CMF a c t i v i t y  i s  e l u t e d  f r o m  
a  S e p h a r o s e  C L- 2B  c o l u m n  i n  a  l a r g e  a g g r e g a t e  w i t h  a n  a p 
p a r e n t  m o l e c u l a r  s i z e  o f  a p p r o x i m a t e l y  2 t o  5 m i l l i o n  
( C o u g h l i n ,  M . D . ,  a n d  K e s s l e r ,  J . A . ,  J .  N e u r o .  R e s . 8 : 2 8 9 ,   
1 9 8 2 ) .  T h e  a c t i v e  c o m p o n e n t  h a s  n o t  y e t  b e e n  c o m p l e t e l y  
p u r i f i e d .

G e l  e l e c t r o p h o r e s i s  o f  CMF p a r t i a l l y  p u r i f i e d  b y  i o n 
e x c h a n g e  c h r o m a t o g r a p h y  ( C o u g h l i n ,  M . D . ,  e t  a l . ,  D e v .  B i o l .  
8 2 : 5 6 ,  1 9 8 1 )  d e m o n s t r a t e s  n u m e r o u s  p r o t e i n  b a n d s .  T r e a t 
m e n t  o f  t h e  c r u d e  f r a c t i o n  w i t h  t e s t i c u l a r  h y a l u r o n i d a s e  
a n d  g e l  f i l t r a t i o n  t h r o u g h  a  S e p h a d e x  G - 1 0 0  c o l u m n  r e s u l t s  
i n  a n  a c t i v e  v o i d  v o l u m e  f r a c t i o n  w h i c h  p r o d u c e s  a  s i n g l e  
m a j o r  p r o t e i n  b a n d  a t  2 2 0  kd  o n  a  g r a d i e n t  g e l .  H o w e v e r ,  
t h e  f r a c t i o n  i s  n o t  c o m p l e t e l y  h o m o g e n e o u s ,  a s  s i l v e r  
s t a i n i n g  r e v e a l s  n u m e r o u s  m i n o r  b a n d s .

To  d e f i n e  t h e  f u n c t i o n a l  s i z e  o f  t h e  a c t i v e  m o l e c u l e ,  
p a r t i a l l y  p u r i f i e d  CMF w a s  s u b j e c t e d  t o  r a d i a t i o n  i n a c t i v a 
t i o n  a n a l y s i s .  CMF w a s  e x p o s e d  t o  gamma i r r a d i a t i o n  o v e r  
a  d o s e  r a n g e  o f  0 . 2  t o  8  m e g a r a d s .  I n a c t i v a t i o n  o f  f u n c 
t i o n  i s  p r o p o r t i o n a l  t o  t h e  s i z e  o f  t h e  t a r g e t  m o l e c u l e .  
E nzy m e s t a n d a r d s  r u n  s i m u l t a n e o u s l y  w e r e  u s e d  t o  c o n s t r u c t  
a  c a l i b r a t i o n  p l o t .  Mr o f  CMF w a s  c a l c u l a t e d  t o  b e  a p p r o x 
i m a t e l y  2 0 0 , 0 0 0  b y  r e f e r e n c e  b o t h  t o  t h e  c a l i b r a t i o n  p l o t  
o f  s t a n d a r d s  a n d  t o  t h e  e m p i r i c a l  f o r m u l a  d e r i v e d  b y  K e p n e r  
a n d  M a c e y  (BBA 1 6 3 : 1 8 8 ,  1 9 6 8 ) .  T h u s ,  r a d i a t i o n  i n a c t i v a 
t i o n  a n a l y s i s  o f  CMF a c t i v i t y  s u g g e s t s  t h a t  t h e  m a j o r  e l e c 
t r o p h o r e s t i c  b a n d  a t  2 2 0  kd  p o s s e s s e s  t h e  n e u r i t e  e l o n g a 
t i o n  a c t i v i t y .

306.12  ANALYSIS OF VARIOUS CONCENTRATIONS OF SERUMS ON 
 TISSUE CULTURE OF DISSOCIATED PRIMARY FETAL 

BRAIN STEM.  M.L. Bonvicino and E .C . A zm itia  (SPON: I. 
Fand).  D epartm en t o f Biology, New York U niversity , New 
York, NY 10003.

Brain stem  of f e ta l  ra ts  (E 16–17) was m inced in Hank’s 
Balanced S alt Solution (HBSS, Gibco Labs.) contain ing  1% 
glucose. The tissue was then  d issocia ted  w ith Versene (Flow 
Labs.) and gen tle  rep ip e ttin g  and cen trifuged  for 20 m inutes a t 
500 g. The su p ern a tan t was d iscarded and the ce lls w ere then  
resuspended in 5 ml of HBSS (w ithout Ca++, Mg++) and 
cen trifuged  for 10 m inutes. A pproxim ately 4.5 ml of 
superna tan t was d iscarded and the  cells w ere resuspended in 
N euronal C om plete Med ia (no serum  added) w ith a  fina l p la ting  
density  of 1.5-2 X 106 ce lls /c m 2. Various co n cen tra tions  o f 
F e ta l Bovine Serum (FCS; 10%, 5%, 1%); Horse Serum (HS; 
10%, 5%, 1 %); Clex (D extran  P roducts; 1 0 %, 5%, 1 %, 0 .1 %); 
com binations of 10% FCS and 10% HS; 5% FCS and 5% HS and 
ce lls w ithout serum  w ere te s te d . The solu tion  was p la ted  on a 
collagen p repared  Linbro M icro titra tion  P la te  (Flow Labs.) and 
incubated  a t  37°C, 4.8-5.2%  CO 2 for 1 w eek. A t le a s t 3 
sep a ra te  experim en ts w ere perfo rm ed  in tr ip lic a te  for each  
condition.

Amount of ce ll c lustering , num ber of ce lls  and processes 
w ere used as c r i te r ia  to  q ua lita tive ly  ev a lu a te  the  various 
serum s te s te d . R esults ind ica te  th a t p rim ary  fe ta l  brain  stem  
neurons grow op tim ally  in a concen tra tio n  o f 5% FCS. A t 10% 
FCS th e re  seem ed to  be less c lustering , p rocesses and few er 
cells. Cells in 1% FCS showed less grow th than  a t  10% FCS. 
Cells grown in 5% HS showed b e t te r  grow th than  a t  10% HS 
and 1% HS. A com bination  of 5% FCS and 5% HS showed 
b e t te r  grow th than  th e  10% FCS: 10% HS, and e ith e r , 10% FCS 
or 10% HS alone. Neurons grown in Clex 10% grew  w ell, but 
not as w ell as 5% FCS. Cells grown in 5% and 1% Clex showed 
few er processes and c lustering . Cells in 0.1% Clex and in 
serum  free  m edia w ere dead w ithin a  day.

In order to  q u an tita te  p ro te in  synthesis in tissue cu ltu re , 
th e  incorporation  of 3 5 S -m ethianine into p rec ip itab le  p ro te in  
was studied . P relim inary  resu lts  suggest th a t the  m ost 
incorporation  took p lace in 5% FCS and 10% Clex. Lesser 
am ounts w ere incorpora ted  in cells grown in the  o th e r serum s.

Our studies ind ica te  th a t d issocia ted  fe ta l  brain stem  cells 
seem  to  grow op tim ally  in 5% FCS or 10% Clex as de term ined  
by ce ll morphology and p ro te in  synthesis.

This research  supported  by N SF-G rant BNS-83-04704.

3 0 6 . 1 3   BIOTINYLATED β-NERVE GROWTH FACTOR BINDS TO HIGH AFFINITY NGF 
RECEPTORS ON PC12 CELLS.  M .B. R o se n b e rg * , E. H aw rot and  
X .O , B r e a k e f i e l d * (SPON: S .B . E d e l s t e i n ) .   D e p ts .  Human 
G e n e t ic s  & P h a rm a c o lo g y , Y a le  U n iv . S ch . M e d ., New H aven ,  
CT 0 6 5 1 0 .

C h e m ic a l ly  m o d if ie d  d e r i v a t i v e s  o f  β- n e r v e  g ro w th  f a c t o r  
(NGF) c a n  b e  u s e d  t o  s tu d y  t h e  b in d in g  an d  i n t r a c e l l u l a r  p r o 
c e s s i n g  o f  NGF by c e l l s  b e a r i n g  NGF r e c e p t o r s ,  a s  w e l l  a s  
t h e  s t r u c t u r e / f u n c t i o n  r e l a t i o n s h i p s  o f  t h i s  p e p t i d e  h o rm o n e . 
NGF w as b i o t i n y l a t e d  on c a rb o x y l  g ro u p s  u s in g  b i o t i n  h y d r a 
z id e  an d  t h e  c o u p l in g  r e a g e n t  l - e t h y l - 3 - ( 3 - d im e th y l a m i n o -  
p r o p y l ) c a r b o d i im id e .  The r e a c t i o n  y i e l d e d  an  a v e ra g e  r a t i o  
o f  6 b i o t i n s  p e r  NGF d im e r ;  a  low  l e v e l  o f  c o v a l e n t ly  l in k e d  
NGF d im e r s  a l s o  o c c u r r e d .  The b i o t i n y l a t e d  NGF d e r i v a t i v e  
(C -b io -N G F ) w as a s  e f f e c t i v e  a s  n a t i v e  NGF i n  c o m p e tin g  w i th  
125I-NGF f o r  b in d in g  to  r e c e p t o r s  on  PC12 c e l l s  a t  4°C . In  
c o n t r a s t ,  NGF t h a t  w as b i o t i n y l a t e d  on am ino g ro u p s  ( N - b io -  
NGF) a t  a  r a t i o  o f  2 b i o t i n s  p e r  d im e r ,  u s in g  N -h y d ro x y -  
s u c c i n i m i d y l  b i o t i n ,  h a d  o n ly  45% o f  t h e  b in d in g  a c t i v i t y  o f  
n a t i v e  NGF i n  c o m p e t i t iv e  r e c e p t o r  a s s a y s  a t  4°C . I n c r e a s 
in g  t h e  b i o t i n : d i m e r  r a t i o  o f  N -bio-N G F t o  4 :1  f u r t h e r  d e 
c r e a s e d  r e c e p t o r  b in d in g  t o  23% o f  n a t i v e  NGF.

C -b io -N G F , b u t  n o t  N -b io -N G F , was a b le  t o  m e d ia te  t h e  
s p e c i f i c  b in d in g  o f  125I - a v i d i n  t o  PC12 c e l l s .  A v a r i a n t  
PC12 l i n e  l a c k i n g  NGF r e c e p t o r s ,  PNR-18A ( d o n a te d  by  M. 
B o th w e l l ,  P r in c e t o n )  was n o t  l a b e l e d  by  125I - a v i d i n  a f t e r  
p r i o r  i n c u b a t io n  w i th  C -b io -N G F . B i o t i n y l a t e d  RNase A, w h ich  
i s  s i m i l a r  t o  NGF i n  m o le c u la r  w e ig h t  and  i s o e l e c t r i c  p o i n t ,  
d id  n o t  m e d ia te  t h e  b in d in g  o f  125I - a v i d i n  t o  PC12 c e l l s .  
B in d in g  o f  C -bio-N G F t o  PC12 c e l l s ,  a s  d e t e c t e d  by  s u b s e 
q u e n t  l a b e l i n g  w i th  125I - a v i d i n ,  w as d e c r e a s e d  by  e x c e s s  
n a t i v e  NGF b u t  n o t  by  RNase A, c y to c h ro m e  C o r  i n s u l i n .

E x p e r im e n ts  a r e  u n d e rw ay  t o  d e te r m in e  w h e th e r  t h e  b i o t i n y 
l a t e d  NGF d e r i v a t i v e s  a r e  i n t e r n a l i z e d  an d  a r e  b i o l o g i c a l l y  
a c t i v e .  C -bio-N G F c a n  b e  u s e d  t o  t a r g e t  l ip s o m e - e n c a p s u la te d  
DNA an d  d ru g s  t o  c e l l s  b e a r i n g  NGF r e c e p t o r s ,  i n c l u d i n g  PC12 
c e l l s  an d  m ela n o m a s , a s  w e l l  a s  t o  s tu d y  N G F -re c e p to r  i n t e r 
a c t i o n s  an d  c e l l u l a r  p r o c e s s in g  u s in g  f l u o r e s c e n t l y  l a b e l e d  
a v i d i n .

3 0 6 .1 4   RELA TION OF HIPPOCAMPAL TR O PH IC  A C T I V I T Y  TO CH O L IN E RG IC
NERVE S PR O U T I N G .   A . M .  H e a c o c k ,  A . R .  S c h o n f e l d  & R .  K a t z m a n , 
 D e p t . o f  N e u r o l o g y ,  A l b e r t  E i n s t e i n  C o l .  M e d . ,  B r o n x , N . Y . 1 0 4 6 1

T h e  r e q u i r e m e n t  o f  c u l t u r e d  n e u r o n a l  c e l l s  f o r  n e u r o t r o 
p h i c  f a c t o r s ( N T F )  h a s  l e d  t o  s p e c u l a t i o n  a b o u t  t h e  f u n c t i o n  
o f  s u c h  f a c t o r s  i n  CNS d e v e l o p m e n t  a n d  r e s p o n s e  t o  i n j u r y .  
R e c e n t l y ,  s t i m u l a t i o n  o f  NTF p r o d u c t i o n  b y  i n j u r y  t o  a d u l t  
r a t  b r a i n  w a s  f o u n d  t o  m a x i m i z e  t h e  s u r v i v a l  o f  t r a n s p l a n t e d  
e m b r y o n i c  n e u r o n s  ( N i e t o - S a m p e d r o  e t  a l ,  J . N e u r o s c i . 3: 2 2 1 9 ,  
1 9 8 3 )  a n d  e n h a n c e  s p r o u t i n g  o f  a d u l t  c h o l i n e r g i c  a x o n s  i n t o  
i n t r a h i p p o c a m p a 1 i r i s  i m p l a n t s ( S c h o n f e l d  e t  a  1 ,  N e u r o s c i .  A b s t . 
1 9 8 3 ) .  H e r e  w e  r e p o r t  f u r t h e r  s t u d i e s  o f  t h e  e f f e c t  o f  m a n i 
p u l a t i o n  o f  e n d o g e n o u s  h i p p o c a m p a l  NTF o n  t h e  s p r o u t i n g  o f  
s e p t o - h i p p o c a m p a l f i b e r s .  L e s i o n  o f  t h e  e n t o r h i n a l  c o r t e x ( E C )  
i s  k n o w n  t o  s t i m u l a t e  s p r o u t i n g  o f  s e p t a l  a x o n s  i n t o  t h e  
h i p p o c a m p u s  a n d  h a s  b e e n  r e p o r t e d  t o  i n c r e a s e  h i p p o c a m p a l  
N T F .  i n  a  f u r t h e r  e x p l o r a t i o n  o f  t h e  c o n n e c t i o n  b e t w e e n  t h e s e  
o b s e r v a t i o n s , t h e  e f f e c t  o f  u n i  l a t e r a l  ( r i g h t )  EC l e s i o n  o n  
h i p p o c a m p a l  N T F ( m e a s u r e d  b y  2 4 h  s u r v i v a l  o f  c h i c k  c i l i a r y  
g a n g l i o n  c e l l s )  w a s  c o m p a r e d  w i t h  t h a t  o n  c h o l i n e r g i c  s p r o u t 
i n g ( a s s e s s e d  b y  c h o l i n e  a c e t y l  t r a n s f e r a s e (C A T)  a c t i v i t y  i n  
i r i s  t i s s u e  i m p l a n t e d  i n t o  a n t e r i o r  h i p p o c a m p u s ) .  CAT a c t i v 
i t y  i n  i r i d e s  i m p l a n t e d  3 w e e k s  a f t e r  r i g h t  EC l e s i o n  a n d  
l e f t  i n  s i t u  f o r  15  d a y s  w a s  2 . 5  f o l d  h i g h e r  t h a n  t h a t  f r o m  
u n l e s i o n e d  c o n t r o l s  ( 1 3 . 4±1 . 4 9  a n d  5 . 3 0 ± 0 . 4 5  n m o l / m g / h ,  r e 
s p e c t i v e l y ) .  A t  t h i s  t i m e  t h e  r a t i o  o f  r i g h t / l e f t  h i p p o c a m p a l  
NTF h a d  i n c r e a s e d  2 – 3 f o l d .  I f  t h e r e  i s  a  c a u s e  a n d  e f f e c t  
r e l a t i o n s h i p  b e t w e e n  t h e s e  t w o  p h e n o m e n a ,  t h e n  i n t e r f e r e n c e  
w i t h  t h e  r i s e  i n  NTF i n  E C - l e s i o n e d  a n i m a l s  w o u l d  b e  e x p e c t 
e d  t o  a l t e r  i r i s  CAT a c t i v i t y .  A g l i a l  o r i g i n  o f  t h e  t r o p h i c  
f a c t o r  h a s  b e e n  s u g g e s t e d  s i n c e  t r e a t m e n t s  w h i c h  i n c r e a s e  
NTF o f t e n  r e s u l t  i n  g l i o s i s ( e . g . , w o u n d i n g , E . C .  l e s i o n  o r  
s y s t e m i c  k a i n i c  a c i d ) .  R e c e n t l y ,  m e t h o t r e x a t e  (MTX) t r e a t m e n t  
w a s  r e p o r t e d  t o  d i m i n i s h  t h i s  g l i a l  r e s p o n s e ( A v e n d a n o ,  B r a i n  
R e s . 2 6 5 : 1 6 0 ,  1 9 8 3 ) . We t h e r e f o r e  i n j e c t e d  r a t s  i n t r a v e n t r i c u 
l a r l y  w i t h  1 0 0  µ g MTX a t  t h e  t i m e  o f  EC l e s i o n  a n d  m e a s u r e d  
h i p p o c a m p a l  NTF a f t e r  5  w e e k s .  W h i l e  c o n t r o l  a n i m a l s  (EC 
l e s i o n  a l o n e )  s h o w e d  a  r i g h t / l e f t  r a t i o  o f  2 . 2 3 ,  i n  t h o s e  
i n j e c t e d  w i t h  MTX,  t h i s  r a t i o  w a s  o n l y  1 . 4 4 .  S t u d i e s  t o  d e 
t e r m i n e  t h e  e f f e c t  o f  MTX t r e a t m e n t  o n  i r i s  i m p l a n t  CAT 
a c t i v i t y  a r e  i n  p r o g r e s s .  T h e s e  r e s u l t s  s h o u l d  a i d  i n  t h e  
e l u c i d a t i o n  o f  t h e  o r i g i n  a n d  f u n c t i o n  o f  e n d o g e n o u s  CNS 
t r o p h i c  f a c t o r s .

S u p p o r t e d  b y  t h e  W o o d - K a l b  F o u n d a t i o n ,  a  P o t a m k i n - L e r n e r  
F e l l o w s h i p  a n d  N IA  g r a n t  A G 0 3 9 4 1 - 0 1 .
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306 .15   EFFECTS OF TUNICAMYCIN ON NERVE GROWTH FACTOR (NGF) BINDING 
AND NEU RITE OUTGROWTH IN  P C I2  C ELLS.  T.  J .  B a r i b a u l t *  a n d   
K.  E.  N e e t * ( S P O N :  M. M a g u i r e ) .   D e p t .  o f  B i o c h e m . ,  CWRU M e d .  
S c h o o l ,  C l e v e l a n d ,  OH 4 4 1 0 6 .

T h e  r a t  p h e o c h r o m o c y t o m a - d e r i v e d  P C 1 2  c e l l  l i n e  w a s  
t r e a t e d  w i t h  t u n i c a m y c i n  (TM) i n  a n  a t t e m p t  t o  d e f i n e  t h e  
r o l e  o f  N - l i n k e d  c a r b o h y d r a t e  i n  β -NGF b i n d i n g  t o  t h e  
s p e c i f i c  c e l l  s u r f a c e  g l y c o p r o t e i n  r e c e p t o r  (N G FR ).  I n  
a d d i t i o n  t o  a s s a y i n g  t h e  b i n d i n g  o f  1 2 5 - I - N G F  t o  t h e  
r a p i d l y  a n d  s l o w l y  d i s s o c i a t i n g  c l a s s e s  o f  NGFR i n  P C 1 2  
c e l l s  ( L a n d r e t h  a n d  S h o o t e r ,  P N A S , 7 7 :  4 7 5 1 ,  1 9 8 0 ) ,  t h e  
n e u r i t e  o u t g r o w t h  r e s p o n s e  t o  NGF w a s  m e a s u r e d  b y  t h e  
d i b u t y r y l  cAMP c o - i n c u b a t i o n  m e t h o d  ( G u n n i n g  e t  a l . , J.  
C e l  1 B i o l . , 8 9 : 2 4 0 ,  1 9 8 1 )  i n  b o t h  T M - t r e a t e d  a n d  c o n t r o l  
c u l t u r e s .

TM a f f e c t e d  b o t h  t h e  NGF b i n d i n g  a n d  b i o a s s a y s  i n  P C 1 2  
c e l l s  i  n a  d o s e  a n d  t i m e  d e p e n d e n t  m a n n e r .  E x p o s u r e  t o  TM 
( 1 – 1 0  µg / m l )  f o r  2 4 – 3 6  h o u r s  p r i o r  t o  a s s a y  r e s u l t e d  i n  
s i g n i f i c a n t  d e c r e a s e s  i n  t h e  r a p i d l y  d i s s o c i a t i n g  c o m p o n e n t  
o f  NGF b i n d i n g  ( 3 0 – 50% o f  t o t a l  s p e c i f i c  b i n d i n g  a t  1 0 0  pM 
NGF v s .  70 % f o r  c o n t r o l s )  a n d  i n  t h e  p r o p o r t i o n  o f  P C 1 2 
c e l l s  c a p a b l e  o f  e l a b o r a t i n g  n e u r i t e s  i n  t h e  p r e s e n c e  o f  
NGF a n d  d i b u t y r y l  cAMP (20% o f  c o n t r o l  r e s p o n s e  a t  1 0  µg / m l  
TM).  A f t e r  a  3 6  h o u r  d r u g  e x p o s u r e ,  c e l l  v i a b i l i t i e s  r a n g e d  
f r o m  8 5 – 9 5 %  ( b y  T r y p a n  B l u e  e x c l u s i o n )  a n d  t o t a l  p r o t e i n  
s y n t h e s i s  w a s  7 5 %  t h a t  o f  c o n t r o l s  ( b a s e d  o n  3 5 - S 
m e t h i o n i n e  i n c o r p o r a t i o n ) .  T h u s  t h e  c h a n g e s  i n  b i n d i n g  a n d  
n e u r i t e  o u t g r o w t h  w e r e  p r o b a b l y  d u e  t o  u n d e r g l y c o s y l a t i o n  
o f  t h e  NGFR i n  t h e  p r e s e n c e  o f  TM r a t h e r  t h a n  a  g e n e r a l  
d e c l i n e  i n  c e l l u l a r  m e t a b o l i s m .

T h e  m e c h a n i s m  b y  w h i c h  p o o r l y  g l y c o s y l a t e d  NGFR 
i n t e r a c t s  w i t h  l i g a n d  a n d  m e m b r a n e  c o m p o n e n t s  t o  y i e l d  
t h e s e  a l t e r e d  r e s p o n s e s  i s  u n k n o w n .  H o w e v e r ,  S c a t c h a r d  
a n a l y s e s  o v e r  t h e  NGF c o n c e n t r a t i o n  r a n g e  o f  10  pM t o  10  nM 
e s t a b l i s h e d  t h a t  u n d e r g l y c o s y l a t i o n  r e d u c e s  t h e  n u m b e r  o f  
r a p i d l y  d i s s o c i a t i n g  b i n d i n g  s i t e s  ( 5 0 , 0 0 0  v s .  2 1 5 , 0 0 0 ) ,  
d o e s  n o t  c h a n g e  t h e  t o t a l  n u m b e r  o f  s l o w l y  d i s s o c i a t i n g  
s i t e s  a n d  d e c r e a s e s  t h e  a f f i n i t y  o f  t h e  s l o w l y  
d i s s o c i a t i n g  s i t e s  ( 4 . 4  nM v s .  2 nM ).  T h e  d e c r e a s e  i n  
p e r c e n t a g e  o f  c e l l s  r e s p o n d i n g  i n  a  c o m p a n i o n  n e u r i t e  
o u t g r o w t h  a s s a y  s u g g e s t s  t h a t  t h e  r a p i d l y  d i s s o c i a t i n g  
c o m p o n e n t  o f  NGF b i n d i n g  i s  a s s o c i a t e d  w i t h  n e u r i t e  
e l a b o r a t i o n .  T h e  r e s u l t s  w i t h  t u n i c a m y c i n  i n d i c a t e  t h a t  
c a r b o h y d r a t e  s i d e  c h a i n s  a r e  i m p o r t a n t  f o r  t h e  f u n c t i o n  
a n d / o r  a c c e s s i b i l i t y  o f  t h e  NGF r e c e p t o r  i n  P C 1 2 c e l l s .  
( S u p p o r t e d  b y  NIH g r a n t  N S 1 7 1 4 1  a n d  NSF g r a n t  PCM 8 3 1 4 3 0 9 . )

3 0 6 . 1 6   ASSOCIATION KINETICS AND COOPERATIVE INTERACTIONS IN  βNGF 
RECEPTOR BIN D IN G  TO P C 1 2  C E LLS.  N. R.  W o o d r u f f *  a n d  K.E. 
N e e t *  (SPON: S.  Y o u n k i  n ) .   D e p t .  o f  B i o c h e m . ,  C a s e  W e s t e r n  
R e s e r v e  S c h o o l  o f  M e d i c i n e ,  C l e v e l a n d ,  OH 4 4 1 0 6 .

T h e  a s s o c i a t i o n  k i n e t i c s  o f  1 2 5 I - β NGF b i n d i n g  t o  t h e  
P C12  c l o n a l  c e l l  l i n e  h a v e  b e e n  e x a m i n e d  i n  d e t a i l  a t  0 . 5 ° ,  
2 0 °  a n d  3 7 ° .  T h e s e  d a t a  w e r e  e x a m i n e d  u t i l i z i n g  a 
r e v e r s i b l e  s e c o n d  o r d e r  i n t e g r a t e d  r a t e  e q u a t i o n  a n d  t h e  
r e s u l t s  w e r e  n o t  c o n s i s t e n t  w i t h  a  s i m p l e  b i m o l e c u l a r  
p r o c e s s .  A t  3 7 ° ,  t w o  i n d e p e n d e n t  a s s o c i a t i o n  c o m p o n e n t s  
w e r e  f o u n d  t o  a d e q u a t e l y  e x p l a i n  t h e  r e s u l t s .  T h e  f a s t e r  
c o m p o n e n t  w a s  e s t i m a t e d  t o  n a v e  a  s e c o n d  o r d e r  a s s o c i a t i o n  
r a t e  c o n s t a n t  o f  1 . 4 ( 1 0 / ) M - l s e c - l .  w h i l e  t h e  r a t e  c o n s t a n t  
f o r  t h e  s l o w e r  c o m p o n e n t  ( 2 . 8 ( 1 0 6 ) M - l s e c - l )  w a s  c l o s e  t o  5 
f o l d  l o w e r .

T h e  s t e a d y  s t a t e  b i n d i n g  r e s u l t s  a t  3 7 °  i n d i c a t e d  o n l y  
o n e  c l a s s  o f  b i n d i n g  s i t e s  ( 1 6 0 , 0 0 0 ± 1 9 , 0 0 0  s i t e s / c e l l )  
w h i c h  h a d  a n  a p p a r e n t  Kd o f  0 .5 n M . O ne c l a s s  o f  s i t e s  w a s  
a l s o  o b s e r v e d  a t  0 . 5 °  a n d  t h e  r e c e p t o r  c o n c e n t r a t i o n  w a s  
f o u n d  t o  b e  r e d u c e d  ( 9 0 , 0 0 0 ± 1 1 , 0 0 0  s i t e s / c e l l )  w h i l e  t h e  Kd 
w a s  i n c r e a s e d  ( 1 . 6 ± .1 9 n M ).  A s i g n i f i c a n t  l e v e l  o f  
p o s i t i v e l y  c o o p e r a t i v e  i n t e r a c t i o n s  w a s  o b s e r v e d  a t  3 7 °  
w h i c h  w a s  n o t  s i m p l y  d u e  t o  a  f a i l u r e  t o  r e a c h  s t e a d y  s t a t e  
c o n d i t i o n s .  S i n c e  c o o p e r a t i v i t y  w a s  n e v e r  o b s e r v e d  a t  0 . 5 ° ,  
a  m e m b r a n e  e v e n t  may b e  i n v o l v e d .

As s h o w n  b y  o t h e r s ,  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  
d i s s o c i a t i o n  k i n e t i c s  i n d i c a t e d  t h a t  w h i l e  t h e  r a p i d l y  
d i s s o c i a t i n g  c o m p o n e n t  w a s  o n l y  s l i g h t l y  s l o w e d  by  l o w e r i n g  
t h e  c h a s e  t e m p e r a t u r e  t o  0 . 5 ° ,  t h e  s e c o n d  c o m p o n e n t  w a s  
s l o w e d  by  a b o u t  2 3 0  f o l d ,  f r o m  7 ( 1 0 - 4 ) ± l . 5 ( 1 0 - 4 ) s e c - l  t o  
3 . 1 ( 1 0 - 6 ) ± o . l 4 ( 1 0 - 6 ) s e c - l .  T h e  b i n d i n g  p a r a m e t e r s  w h i c h  
d e s c r i b e  t h e  s l o w l y  d i s s o c i a t i n g  c o m p o n e n t  w e r e  
i n v e s t i g a t e d  by  u t i l i z i n g  t h i s  d i f f e r e n t i a l  t e m p e r a t u r e  
d e p e n d e n c e .  T h e  r e s u l t s  f r o m  c o m p u t e r  a n a l y s i s  u s i n g  a  
n o n l i n e a r  f i t t i n g  p r o g r a m  (LIGAND),  s u g g e s t  t h a t  t h i s  
c o m p o n e n t  c o n s i s t s  o f  a  s i n g l e  i n t e r a c t i n g  c l a s s  o f  a b o u t  
2 5 0 0  s i t e s / c e l l  w h i c h  h a v e  a  f i r s t  s t o i c h i o m e t r i c  s t e a d y  
s t a t e  d i s s o c i a t i o n  c o n s t a n t  o f  48pM a n d  a  s e c o n d  
s t o i c h i o m e t r i c  d i s s o c i a t i o n  c o n s t a n t  o f  5pM , i n d i c a t i n g  
p o s i t i v e l y  c o o p e r a t i v e  i n t e r a c t i o n s .  T h e  α ,  o r  t h e  ˠ  
s u b u n i t  o f  NGF c o m p e t e d  e q u a l l y  w e l l  w i t h  t h e  f a s t  a n d  s l o w  
b i n d i n g  c o m p o n e n t s  w i t h  a p p a r e n t  EC50 v a l u e s  o f  5 µM a n d  
2 0 0 n M ,  r e s p e c t i v e l y ,  i n  r e a s o n a b l e  a g r e e m e n t  w i t h  t h e i r  Kd 
v a l u e s  f o r  d i s s o c i a t i o n  o f  t h e  αβ a n d  βɣ co m p l e x e s  i n  
s o l u t i o n .

T h e  c o n t r i b u t i o n  o f  t h e  t w o  d i f f e r e n t  c l a s s e s  o f  NGF 
r e c e p t o r s  f o u n d  o n  PC12  c e l l s  t o  t h e  b i o l o g i c a l  a c t i o n s  o f  
NGF r e q u i r e s  a  c l e a r  u n d e r s t a n d i n g  o f  t h e i r  k i n e t i c  
p r o p e r t i e s  a n d  t h e i r  r e l a t i o n s h i p  t o  e a c h  o t h e r .  
D e t e r m i n i n g  t h e  m o l e c u l a r  b a s i s  f o r  t h e s e  p r o p e r t i e s  m ay 
h o l d  s i g n i f i c a n t  c l u e s  t o  t h e  m e c h a n i s m  o f  a c t i o n  o f  NGF.
( S u p p o r t e d  by  A m e r .  C a n e .  S o c .  G r a n t  BC2 4 9 . )

3 0 6 . 1 7   RESPONSES OF CULTURED RAT CHROMAFFIN CELLS TO NEURONOTRO
PHIC AND NEURITE PROMOTING FACTORS ARE DEVELOPMENTALLY 
REGULATED.  K. U n s i c k e r ,  S . D .  S k a p e r  a n d  S .  V a r o n .   D e p t .  B i o l .  
S c h .  o f  M e d . ,  U n i v .  o f  C a l i f .  S a n  D i e g o ,  La J o l l a ,  CA 9 2 0 9 3

C u l t u r e d  a d r e n a l  c h r o m a f f i n  c e l l s  f r o m  e a r l y  p o s t n a t a l  
r a t s  h a v e  p r e v i o u s l y  b e e n  s h o w n  t o  r e s p o n d  t o  n e u r o n o t r o p h i c  
a n d  n e u r i t e  p r o m o t i n g  f a c t o r s  b y  n e u r i t e  g r o w t h  a n d  e n h a n c e d  
s u r v i v a l  ( U n s i c k e r  e t  a l . PNAS 7 5 : 3 4 9 8 ,  1 9 7 8 ;  PNAS 1 9 8 4 ,  i n  
p r e s s ;  D o u p e  e t  a l .  S o c .  N e u r o s c i .  A b s t .  8 : 7 0 . 5 ,  1 9 8 2 ;  D o up e 
a n d  P a t t e r s o n  S o c .  N e u r o s c i .  A b s t .  9 : 2 6 3 . 1 ,  1 9 8 3 ) .  I n  t h e  
p r e s e n t  s t u d y  we h a v e  i n v e s t i g a t e d  t h e  e f f e c t s  o n  c u l t u r e d  
c h r o m a f f i n  c e l l  ( p o s t n a t a l  d a y  -  D 1 - D 1 0 0 )  s u r v i v a l  a n d  n e u 
r i t e  o u t g r o w t h  o f :  NGF, c i l i a r y  n e u r o n o t r o p h i c  f a c t o r  ( C N T F ) , 
l a m i n i n  (L N ) a n d  t h e  p o l y o r n i t h i n e - b i n d i n g  n e u r i t e  p r o m o t i n g  
f a c t o r  f r o m  RN22 S c h w a n n o m a  c e l l s  ( P N P F ) .  W i t h  n o  t r o p h i c  
f a c t o r s  t h e  4 - d a y  s u r v i v a l  o f  c h r o m a f f i n  c e l l s  i n c r e a s e d  
f r o m  33% o f  t h e  c e l l s  a t  D1 t o  4o% a t  D8 a n d  9 0 - 1 0 0 %  a t  D16 
a n d  o l d e r  s t a g e s .  A t  D1 NGF a n d  CNTF h a d  o n l y  a  v e r y  s m a l l  
e f f e c t  o n  s u r v i v a l  a f t e r  4  d a y s .  A t  D8 NGF s u p p o r t e d  t h e  
s u r v i v a l  o f  a b o u t  75% a n d  CNTF o f  a l l  c h r o m a f f i n  c e l l s  
a l l o w i n g  t h e  d i s c r i m i n a t i o n  o f  t h r e e  s u b s e t s  o f  D8 c h r o m a f f i n  
c e l l s ,  o n e  s u r v i v i n g  w i t h o u t  e x o g e n o u s  t r o p h i c  f a c t o r s ,  o n e  
o n l y  s u p p o r t e d  b y  CNTF a n d  o n e  s u p p o r t e d  b y  e i t h e r  NGF o r  
CNTF.

N e u r i t e  o u t g r o w t h  e l i c i t e d  b y  e i t h e r  NGF o r  CNTF a m o u n t e d  
t o  1 3 – 20% a t  D 1 , D8 a n d  D16 a n d  s u b s e q u e n t l y  d e c r e a s e d  t o  
a b o u t  5 –8% a t  D30 a n d  v i r t u a l l y  z e r o  a t  D 1 0 0 .  A t  t h i s  l a t t e r  
a g e  b o t h  f a c t o r s  a p p l i e d  t o g e t h e r  c l e a r l y  e l i c i t e d  n e u r i t e s .  
S u c h  a  p o t e n t i a t i n g  e f f e c t  o f  NGF a n d  CNTF o n n e u r i t e  g r o w t h  
w a s  a l s o  s e e n  a t  e a r l i e r  p o s t n a t a l  a g e s .  LN a n d  PNPF d i d  n o t  
s t i m u l a t e  n e u r i t e  g r o w t h  i n  t h e  a b s e n c e  o f  t r o p h i c  f a c t o r s  
a n d ,  i n  t h e i r  p r e s e n c e ,  d i d  n o t  e n h a n c e  n e u r i t e  r e c r u i t m e n t  
a s  c o m p a r e d  t o  a  p o l y o r n i t h i n e  s u b s t r a t u m  u n l e s s  t h e  c u l t u r e s  
w e r e  c a r r i e d  f o r  7 d a y s .  E v e n  a t  4  d a y s ,  h o w e v e r ,  LN a n d  
PNPF h a d  c l e a r  a n d  u n d i s t i n g u i s h a b l e  e f f e c t s  on n e u r i t e  
l e n g t h  a n d  n u m b e r s  o f  n e u r i t e s  a n d  e n d i n g s  p e r  c e l l .  LN a n d  
PNPF c o m b i n e d  w i t h  l a r g e  d o s e s  o f  NGF d i d  n o t  i n i t i a t e  n e u 
r i t e  g r o w t h  f r o m  D100 c e l l s .  N on e o f  t h e  a b o v e  s u b s t r a t a  
a f f e c t e d  c h r o m a f f i n  c e l l  s u r v i v a l .

O u r  r e s u l t s  s u g g e s t  t h a t  c h r o m a f f i n  c e l l s  u n d e r g o  a g e - r e 
l a t e d  c h a n g e s  i n  t h e i r  r e s p o n s e s  t o  n e u r o n o t r o p h i c  f a c t o r s  
a n d  e x t r a c e l l u l a r  m a t r i x  m o l e c u l e s .

S u p p o r t e d  b y  NINCDS G r a n t  N S - 1 6 3 4 9  a n d  G e rm a n  R e s e a r c h  F o u n 
d a t i o n  G r a n t  Un 3 4 / 8 - 1 .

306 .18   ASCORBIC ACID MEDIATES ACEYLCHOLINE RECEPTOR ACCUMULATION 
INDUCED BY BRAIN EXTRACT IN L 5 MYOGENIC CELLS. D a v id  
K n aack *  and Thomas P o d le s k l*  (SH IN : M iriam  M. S a l p e t e r ) ,    
N e u r o b io lo g y  an d  B e h a v io r ,  C o r n e l l  U n iv . ,  I t h a c a ,  NY 
14853 .

A d d i t io n  o f  f e t a l  c a l f  b r a i n  e x t r a c t s  t o  c u l t u r e d  
m y o g en ic  L5 c e l l s ,  l e a d s  t o  a  306% ±. 35 ( S .E .M .,  n= 14) 
i n c r e a s e  i n  a c e t y l c h o l i n e  r e c e p t o r  (AchR) a s  m e a s u re d  by  

125I-α b u n g a ro to x in  b i n d in g .  P u r i f i c a t i o n  o f  t h e  s u b s ta n c e  
c a u s i n g  th e  m a jo r  p o r t i o n  o f  t h i s  e f f e c t  h a s  b een  
c o m p le te d .  The p u r i f i e d  f r a c t i o n  in d u c e s  an  AchR i n c r e a s e  
o n  L .  c e l l s  o f  220% ±  71 ( S .E .M . ,  n = 3 ) .  A m ino a c i d  
a n a l y s i s  r e v e a l e d  no a p p r e c i a b l e  c o n c e n t r a t i o n  o f  am ino 
a c id s  i n  t h e  p u r i f i e d  f r a c t i o n .  N u c le a r  m a g n e t ic  r e s o n a n c e  
(NMR) s p e c t r a  c o n f irm e d  t h e  a b s e n c e  o f  p e p t i d e  b o n d s .  The 
m a jo r  NMR re s o n a n c e s  a t  3 .7 3 ,  4 .0 0  and  4 .5 0  ppm ( r e l a t i v e  
t o  D S S), and  t h e i r  r e s p e c t i v e  m u l t i p l i c i t i e s  a r e  i n d i c a t i v e  
o f  a s c o r b i c  a c i d .  Gas c h ro m a to g ra p h y -m a s s  s p e c t r a  o f  t h e  
s i l a t e d  p u r i f i e d  f r a c t i o n  w ere  i d e n t i c a l  t o  t e t r a - s i l a t e d  
a s c o r b i c  a c i d .  The u l t r a v i o l e t , s p e c t ru m  a t  n e u t r a l  pH 
c o n t a i n e d  a  s i n g l e  a b s o r p t i o n  m axim um  a t  26 5  nm w h ic h  
s h i f t e d  t o  243 nm upon a c i d i f i c a t i o n ,  c h a r a c t e r i s t i c  o f  
a s c o r b i c  a c i d .  The a s c o r b i c  a c id  e x t i n c t i o n  c o e f f i c i e n t  
was u se d  to  c a l c u l a t e  a  y i e l d  o f  100– 300 ug o f  a s c o r b a t e  
p u r i f i e d  fro m  1 g .  w et w e ig h t  o f  f e t a l  c a l f  b r a i n .  T h is  
v a lu e  i s  c o n s i s t e n t  w i th  p u b l i s h e d  v a lu e s  o f  100– 500 ug 
a s c o r b i c  a c i d  p e r  g ra m  w e t w e i g h t  o f  v e r t e b r a t e  b r a i n  
t i s s u e .

C o m m e rc ia l  a s c o r b i c  a c i d ,  w hen a d d e d  t o  L5 c e l l s  a t  
m ed ia  c o n c e n t r a t i o n s  o f  6 u g /m l ,  in d u c e d  a  m axim al AchR 
i n c r e a s e  o f  248% ±  37 ( S .E .M .,  n=6 ) .  T h e se  d a t a   
d e m o n s t r a t e  t h a t  t h e  p r e s e n c e  o f  a s c o r b i c  a c id  i n  a q u e o u s  
e x t r a c t s  o f  b r a i n  i s  s u f f i c i e n t  t o  a c c o u n t  f o r  t h e i r  
a b i l i t y  t o  in d u c e  AchR a c c u m u la t io n  i n  L 5. m y o g en ic  c e l l s .
S u p p o r te d  by NIH G ra n t NS14679 an d  NIH P r e d o c t o r a l  T r a in in g  
G ra n t GM07469.
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306.19  LOCALIZED PROTEOLYSIS REGULATES NEURONAL-GLIAL CELL  
INTERACTION IN DEVELOPING NERVOUS SYSTEM IN CELL CULTURE.
N. K a ld e r o n ,  The R o c k e f e l l e r  U n i v . , New Y o rk , NY 1 0 0 2 1 .  

The r o l e  o f  t h e  l o c a l i z e d  e x t r a c e l l u l a r  p r o t e o l y s i s  i n  
t i s s u e  r e m o d e l l i n g ,  i . e . ,  t h e  b rea k d o w n  an d  c o n s t r u c t i o n  o f  
c e l l u l a r  i n t e r a c t i o n s  d u r in g  h i s t o g e n e s i s  o f  t h e  n e rv o u s  
s y s te m  i s  b e in g  s t u d i e d .  D i s s o c i a t e d  c h ic k  em b ry o n ic  s p i n a l  
c o rd  c e l l s  m a in t a in e d  i n  a  c h e m i c a l l y - d e f in e d  m edium  s e r v e  
a s  a  m o d el s y s te m  f o r  t h i s  s t u d y .  I t  was p r e v i o u s ly  e s t a b 
l i s h e d  t h a t  t h e s e  c e l l s  p ro d u c e  e x t r a c e l l u l a r  p la s m in o g e n  
a c t i v a t o r ,  a n d  t h a t  w hen p u r i f i e d  p la s m in o g e n  i s  a d d e d  t o  
t h i s  m edium , p la s m in  i s  g e n e r a t e d  an d  i t s  p r o t e o l y t i c  
a c t i v i t y  a c t s  a s  a  m ito g e n  in d u c in g  g l i a l  c e l l  d i v i s i o n  i n  
t h i s  s p i n a l  c o rd  c e l l  p o p u l a t i o n  ( K a ld e r o n ,  1 9 8 2 ; J .  N eu ro 
s c i .  R e s . 1 8 :5 0 9 .

I t  i s  r e p o r t e d  i n  t h e  f o l l o w in g  t h a t  l o c a l i z e d  e x t r a 
c e l l u l a r  p r o t e o l y s i s ,  i . e . ,  t h e  p l a s m in - g e n e r a t in g  s y s te m , 
p ro m o te s  n e u r o n a l - g l i a l  p h y s i c a l  c e l l  c o n t a c t .  I n  s t u d i e s  
o f  [ 3H] th y m id in e  u p ta k e  i n t o  t h e  c e l l s ,  a s  a  r e s p o n s e  t o  
a d d i t i o n  o f  p la s m in o g e n  a n d  w h ic h  w e re  d e v e lo p e d  f o r  a u to 
r a d i o g r a p h y ,  o n ly  t h o s e  c e l l s  c l o s e l y  a s s o c i a t e d  w i th  n e u 
ro n s  o r  n e u r o n a l  p r o c e s s e s  w e re  l a b e l e d  w i th  [ 3 H ] th y m id in e , 
i . e . ,  w e re  d i v i d i n g .  I f  p r o t e o l y s i s  w e re  t h e  p r im a ry  m ito 
g e n ic  s i g n a l  f o r  t h e  g l i a l  c e l l s , t h e  r a d i o l a b e l e d  c e l l s  
w o u ld  h a v e  b e e n  ran d o m ly  s p r e a d  i n  t h e  d i s h .  H ow ever, t h e  
r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  g l i a l  c e l l s  c a n n o t  d iv id e  
u n l e s s  t h e y  a r e  i n  c lo s e  p h y s i c a l  a s s o c i a t i o n  w i th  n e u r o n s . 
F u r th e r m o r e ,  s i n c e  t h e  n e t  e f f e c t  o f  t h e  p r o t e o l y t i c  a c t i v 
i t y  was a n  i n c r e a s e  i n  t h e  r a t e  o f  g l i a l  c e l l  d i v i s i o n ,  and  
s in c e  a l l  t h e  d i v id i n g  c e l l s  w e re  a s s o c i a t e d  w i th  n e u r o n s ,  
i t  i s  a ssu m ed  t h a t  t h e  p r o t e o l y s i s  p ro m o te s  p r o p e r  n e u r o n a l -  
g l i a l  i n t e r a c t i o n s .  S p e c i f i c a l l y ,  i t  i s  p o s t u l a t e d  t h a t  
p r o t e o l y s i s  c le a v e s  o n e  o r  m ore c e l l  s u r f a c e  p r o t e i n s  an d  
t h a t  o n ly  t h e s e  p r o t e i n  f ra g m e n ts  c a n  m e d ia te  t h e  s p e c i f i c  
n e u r o n a l - g l i a l  c e l l  i n t e r a c t i o n s .  I t  i s  f u r t h e r  h y p o th e 
s i z e d  t h a t  o n c e  n e u r o n a l - g l i a l  c e l l  i n t e r a c t i o n  i s  e s t a b 
l i s h e d ,  some n e u r o n a l  com ponen t d i c t a t e s  g l i a l  c e l l  
d i v i s i o n .

S u p p o r te d  b y  g r a n t s  fro m  NIH NS1 7169 an d  M u s c u la r  
D y s tro p h y  A s s o c i a t i o n .  N .K . i s  a n  I rm a  T. H i r s c h l  C a re e r  
S c i e n t i s t  A w ard ee .

306.20  RAPID EFFECTS OF NERVE GROWTH FACTOR (NGF) ON SURFACE MOR
PHOLOGY AND ACTIN DISTRIBUTION OF PC -12 CELLS.  K. M o r r i s o n -  
G raham , S . H u t t n e r *, an d  P . O’L a g u e . D ep t B io lo g y  an d  J e r r y  
 L ew is N e u ro m u sc u la r  R e s e a rc h  C e n te r ,  UCLA, Los A n g e le s ,  CA

P o ly p e p t id e  h o rm o n e s , i n c l u d i n g  i n s u l i n ,  e p id e r m a l  g ro w th  
f a c t o r  (E G F ), and  p l a t e l e t - d e r i v e d  g ro w th  f a c t o r ,  p ro d u c e  i n  
a  v a r i e t y  o f  c e l l s  s u r f a c e  m em brane r u f f l i n g ,  u s u a l l y  w i t h in  
m in u te s .  S i m i l a r l y ,  NGF h a s  b e e n  fo u n d  to  in d u c e  r a p i d  s u r 
f a c e  c h a n g e s  i n  th e  n e u r o n - l i k e  c lo n e  PC -12 (C o n n o lly  e t  a l ,  
J  C e l l  B i o l , 8 2 :8 2 0 ,  1 9 7 9 ) . H ere  we p r e s e n t  e v id e n c e  t h a t  
NGF t r i g g e r s  t h e s e  c h a n g e s  l o c a l l y  an d  t h a t  t h i s  in v o lv e s  
s p e c i f i c  c y t o s k e l e t a l  e le m e n ts .

M u l t i n u c l e a t e  PC -12 c e l l s ,  p ro d u c e d  by c h e m ic a l  f u s i o n ,  
w ere  u s e d  to  f o l l o w  th e  s e q u e n c e  o f  e v e n ts  i n  s i n g l e  i d e n t i 
f i e d  c e l l s  i n  th e  p h a s e  c o n t r a s t  m ic r o s c o p e .  NGF (β ; 1– 1000 
n g /m l)  c a u se d  two s t a g e s  o f  t r a n s i e n t  m em brane a c t i v i t y :   
F i r s t ,  r u f f l e s  a p p e a re d  on th e  d o r s a l  s u r f a c e  o f  t h e  c e l l s  
w i t h in  30 s e c  and  c o n t in u e d  f o r  3– 4 m in ;  s e c o n d ,  a s  th e  
d o r s a l  r u f f l e s  s u b s id e d  l a r g e  r u f f l e s  a p p e a r e d  a lo n g  th e  
e n t i r e  c e l l  p e r i m e t e r .  By 10 m in  t h e s e  a l s o  d i s a p p e a r e d .  
C o n c u r re n t ly  w i th  t h e s e  c h a n g e s  a  g e n e r a l  s p r e a d in g  o f  th e  
c e l l s  o c c u r r e d ,  c r e a t i n g  an  i n c r e a s e  (up  to  45%) i n  s u b s t r a t e  
c o n ta c t e d  s u r f a c e  a r e a  w i t h in  10 m in . T h ese  r e s p o n s e s  w ere  
b lo c k e d  by a n ti-N G F  a n t i b o d i e s .  R u f f l i n g  r e s p o n s e s  c o u ld  be 
l im i t e d  to  one r e g io n  o f  th e  c e l l  s u r f a c e  by  l o c a l l y  a p p ly in g  
NGF (1 µ g /m l)  w i th  a  m ic r o p ip e t t e  (5 µm t i p  d i a ) . When th e  
p i p e t t e  was d i r e c t l y  ab o v e  a  s m a l l  p o r t i o n  o f  th e  c e l l  s u r 
f a c e  o n ly  t h a t  r e g io n  u n d e rw e n t r u f f l i n g  ( fo l lo w e d  up to  30 
m in).

I n d i r e c t  im m u n o c y to c h e m is try  was u s e d  to  d e te r m in e  c y to 
s k e l e t a l  in v o lv e m e n t .  Use o f  a n t i - a c t i n  a n t i b o d i e s  r e v e a l e d  
a  t r a n s i e n t  ch an g e  i n  th e  d i s t r i b u t i o n  o f  a c t i n  f o l l o w in g  NGF. 
U n t r e a t e d  c e l l s  w ere  d i f f u s e l y  s t a i n e d .  How ever c e l l s  
t r e a t e d  w i th  NGF show ed r e g io n s  o f  i n t e n s e  s t a i n i n g  a t  s i t e s  
o f  m em brane r u f f l i n g .  T u b u l in  a n t ib o d y  s t a i n i n g  p a t t e r n s  
w ere  n o t  a f f e c t e d .  F u r th e r m o r e ,  c y to c h a l a s i n  B (1 0 - 6 M) b u t  
n o t  c o l c h i c i n e  ( 10-6M ) d r a m a t i c a l l y  d e c r e a s e d  t h e  N G F -in d u ced  
r u f f l i n g .

EGF and  i n s u l i n  p ro d u c e d  som ew hat d i f f e r e n t  r u f f l i n g  
r e s p o n s e s  i n  PC-12 c e l l s .  U n l ik e  i n s u l i n  an d  NGF, t h e  EGF 
r e s p o n s e  was c o n c e n t r a t i o n  d e p e n d e n t .  EGF and  i n s u l i n  a l s o  
t r i g g e r e d  a  t r a n s i e n t  ch an g e  i n  a c t i n  d i s t r i b u t i o n .
(S u p p o rte d  by NINCDS g r a n t  N S -1 2 9 0 1 , MDA C e n te r  G r a n t ,  and  
USPHS N S-7161 to  KM-G)

506.21  NEUROTROPHIC FACTOR: PARTIAL PURIFICATION OF A FACTOR FROM 
SHEEP SCIATIC NERVE WITH TROPHIC EFFECTS ON DENERVATED 
MUSCLES OF RATS.  H.L. Davis, E.A. Heinicke*, J.A. Kieman 
and R.A. Cook*.  Departments of Biochemistry and Anatomy,
The U niversity of Western Ontario, London, Ontario, N6A 5C1, 
Canada.

Atrophy in  a denervated muscle re su lts  from the disuse 
caused by p ara lysis of the muscle, and from the loss of 
special neurotrophic substances. Crude ex trac ts of protein 
from r a t s ’ or sheep’s sc ia tic  nerves have been shown to 
prevent the non-disuse atrophy of r a t s ’ extensor digitorum 
longus (EDL) muscles denervated for 7 days when administered 
by d aily  intramuscular in jec tio n s.

Crude ex trac ts  of sheep’s sc ia tic  nerves were frac tio n 
ated by g e l- liq u id  chromatography. A fter each step of pu ri
f ic a tio n , the neurotrophic a c tiv it ie s  of the various frac 
tions of ex trac t were assessed on denervated r a t s ’ EDL 
muscles. The degree of atrophy was assessed to determine 
which frac tio n  contained the active p rin c ip le . A ffin ity  
chromatography on concanavalin A-Sepharose revealed th a t 
the trophic substance was adsorbed to the con-A and thus is  
probably a glycoprotein. Further frac tionation  by gel 
f i l t r a t io n  on Sephadex G-100 revealed th a t the active sub
stance has a molecular weight of approximately 100,000. 
P u rifica tio n  by ion-exchange column chromatography on DEAE 
cellu lose  produced an active frac tio n  containing substances 
with P i ’s between 6.4 and 6.6, as determined by polyacryl
amide gel iso e le c tr ic  focusing. This active frac tion  pro
duced three bands on sodium dodecyl su lfa te -g e l e lec tro 
phoresis which had apparant molecular weights between 70,800 
and 141,000. Antibodies w ill be raised  to these three pro
te in s  and the p u rifica tio n  w ill be completed by immunoaffin
i ty  chromatography.

Thus the trophic substance is  an acid ic glycoprotein of 
approximately 100,000 daltons. At th is  point a 250 fold 
p u rifica tio n  has been acheived.

Supported by the Muscular Dystrophy Association of Canada, 
the Conn Smythe Research Foundation for Crippled Children 
and the Medical Research Council of Canada.

306.22  EFFECTS OF POLYPEPTIDE GROWTH FACTORS ON RAT CUL
TURED MUSCLE.  V. A skanas and S. C ave*.  N eurom uscular C en te r, 
USC School of M edicine, Los A ngeles, CA 90017.

We have previously shown th a t com bined continuous addition  
to  th e  cu ltu re  medium of fib rob last grow th fac to r (FGF), ep iderm al 
grow th  fa c to r  (EGF) and insulin (I) has a  benefic ia l synerg istic  influ
ence on human m uscle developm ent in tissue cu ltu re  (Soc N eurosci 
A bstr, 9:2, 836, 1983). We have now exam ined th e  influence of 
those pep tides on prim ary  cu ltu res  of em bryonic r a t  m uscle in 5 
experim en ts. M uscle cu ltu res  w ere estab lished  w ith trypsin-d issoci
a te d  ce lls  from  thigh muscle of 18–19 day r a t  em bryos, in 60 mm 
P e tr i dishes contain ing  5x105 ce lls . C ontro l m edium (CM) consisted  
of 67% D ulbecco’s MEM (Gibco), 22% Medium 199 (Gibco), 10% 
horse serum , and 1% an tib io tics . E xperim ental m edium (EM) consist
ed of CM plus th e  com bined addition  of 10 ug/m l insulin, 50 ng/m l 
FGF, and 10 ng/m l EGF. C u ltu res w ere exam ined m orphologically 
daily by p h ase-con tras t inverted  m icroscopy. B iochem ical assays 
a t  days 8 , 15, and 22 w ere for to ta l  ace ty lcho line  rece p to rs  (AChR) 
by alpha-bungarotoxin  binding, c re a tin e  kinase a c tiv ity  (CK), 
and p ro te in , each  assay expressed per dish. From  day 1–8 th e re  
was no m orphologic d iffe rence  betw een cu ltu res  grown in CM and 
EM. A t day 8 , AChR in EM -cultured m uscle was 96% th a t of CM 
m uscle. H ow ever, CK of EM cu ltu res  was 137% th a t of CM cu ltu res . 
A t day 15, EM -cultured m uscle had th icker and bette r-d ev e lo p ed  
m uscle fibers; to ta l AChR was 220% and CK ac tiv ity  227% th a t 
of C M -cultures. Com paring day 15 to  day 8 , to ta l  AChR in EM 
cu ltu res  increased  347%, but in CM cu ltu res  inc reased  only 97%.
In d ay -15 cu ltu res  com pared  to  day - 8  cu ltu res , CK increased  1135% 
in EM cu ltu res , but only 648% in CM cu ltu res . A t day 22 th e re  
w ere only slight morphologic d iffe rences  betw een  th e  tw o se ts  
of cu ltu res . T o tal AChR in EM cu ltu res  was 253% th a t  of CM cu l
tu re s , w hereas CK ac tiv ity  of EM cu ltu res  was only 158% th a t of 
CM cu ltu res . A t 22 days, in EM cu ltu res , AChR w as inc reased  
124% com pared  to  day 8 ; how ever, in day-22 CM cu ltu re s  AChR 
was decreased  15% com pared to  day 8  (day-22 AChR in EM was 
253% th a t of day-22 CM). P rotein  values a t  a ll poin ts exam ined 
w ere v irtua lly  th e  sam e in th e  tw o se ts  o f cu ltu res .

Our stud ies ind ica te  th a t FGF, EGF, and insulin to g e th e r have 
a  benefic ia l influence on r a t  m uscle in long-term  cu ltu re . This 
influence: 1) is specific  to  m uscle ce lls  in th is  m ixed ce ll cu ltu re  
system  since i t  enhanced AChR and CK, w hile to ta l  p ro te in  value 
rem ained unchanged; 2 ) is not re la ted  to  m itogenic p ro p erties  of 
th e  grow th  fac to rs  since it  was not ev ident during th e  f ir s t  8  days 
o f grow th; 3) is possibly a  neurotrophic-like "ea rly -m atu ra tio n  
fac to r"  since i t  a f fe c ts  in itia l m ain tenance (decreased  deg rada
tion? inc reased  synthesis?) of AChR. (Supported by a  g ran t from  
M uscular Dystrophy A ssociation.)
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307.1  Motor neuron s iz e  changes depend upon in te g r ity  of axonal 
pathways to  ta rg e t muscles in  transforming shrimp claws.  
DeForest Mellon. J r . ,  Department of Biology, Univ of 
V irginia , C h a rlo ttesv ille , VA 22901.

In the snapping shrimp, Alpheus, the major chelipeds are 
dimorphic, and the motor neurons th a t supply the claw closer 
muscles exh ib it s iz e  asymmetries th a t are corre la ted  with 
ta rg e t volumes. Closer motor neurons in  the snapper are as 
much as 50% la rg er than homologous neurons to  the pincer 
claw. Furthermore, snapper closer muscle excita to ry  
junctional p o ten tia ls  exh ib it more f a c i l i ta t io n  than do 
junctions in  the pincer, and mean quantal output of snapper 
c loser excita to ry  nerve term inals i s  2-3 times th a t of 
pincer c lo ser term inals, During growth of id e n tifie d  muscle 
f ib e rs  in  crayfish  motor nerve p roperties are p a r t ia l ly  
dependent upon ta rg e t muscle growth [Lnenicka and Mellon, J . 
P hysio l., 345 (1983) 285]. During transform ation of a 
pincer to  a snapper claw in  shrimp, the neuron anatomical 
and functional asymetries are reversed. To what extent do 
these m odifications in  p roperties d ire c tly  depend upon 
changes in  th e ir  ta rgets?  We sought to answer th is  question 
by in te rru p tin g  the axonal pathways between motor neuron 
c e l l  bodies and ta rg e t muscle f ib e rs . Pincer claw transfo r
mation was in i t ia te d  by snapper removal and on the same day 
the limb nerve containing closer motor axons was lig a ted  and 
sectioned in  the pincer meropoite. In normal or control 
animals one moult cycle in to  transform ation motor neuron 
soma s iz e  reversal i s  50%-90% complete. In animals in  which 
the relevant limb nerve was su rg ica lly  sectioned, however, 
c e l l  s ize  reversa l was not evident and the re la tiv e  soma 
dimensions resembled those in  control groups [contro l groups 
consisted of (1) animals in  which the secondary limb nerve 
was severed in  transforming claws and (2) non-transforming 
animals in  which the relevant limb nerve of both pincer and 
snapper claws were sectioned.] These techniques cannot 
d if fe re n tia te  between fa ilu re  of c e ll  s ize  reversal due to  
axonal damage per se and fa ilu re  due to  in terup tion  of an 
important information pathway. Thus we have s ta rted  experi
ments in  which pincer claw transform ation i s  in i t ia te d  by 
crushing the snapper limb nerves [Mellon & Stephens, Nature, 
272 (1978) 246]. Regeneration of snapper closer motor axons 
should, in  th is  case, reestab lish  motor nerve-muscle commun
ica tio n  and may prevent the reduction in  snapper closer neu
ron size  which usually accompanies transformation following 
snapper removal. This re su lt  would provide additional evi
dence for trophic dependency of neuron c e ll  s ize  upon ta rg e t 
p roperties . Supported by USPHS Research Grant NS-15006.

307.2  RECEPTOR-MEDIATED UPTAKE OF 1 2 5 I-TRANSFERRIN BY EMBRYONIC 
CHICKEN DORSAL ROOT GANGLION NEURONS IN CULTURE.  G. J .  
M a r k e l o n i s ,  T .  H.  Oh a n d  F .  A z a r i * .  D e p t .  A n a t o m y ,  U n i v .  
M a r y l a n d  S c h o o l  o f  M e d i c i n e ,  B a l t i m o r e ,  M a r y l a n d  2 1 2 0 1 .

T r a n s f e r r i n  i s  a  g r o w t h - p r o m o t i n g  p l a s m a  p r o t e i n  w h i c h  
i s  known  t o  o c c u r  w i t h i n  d e v e l o p i n g  n e u r o n s .  S i n c e  l i t t l e  
i n f o r m a t i o n  e x i s t s  o n  t h e  p r o c e s s  b y  w h i c h  t r a n s f e r r i n  i s  
i n t e r n a l i z e d  b y  n e u r o n s ,  we s t u d i e d  t h i s  p r o c e s s  u s i n g  
d i s s o c i a t e d  e m b r y o n i c  c h i c k e n  d o r s a l  r o o t  g a n g l i o n  n e u r o n s  
i n  c u l t u r e .  C u l t u r e d  d o r s a l  r o o t  g a n g l i o n  n e u r o n s  w e r e  
i n c u b a t e d  i n  t h e  p r e s e n c e  o f  3 . 7 5  nM 1 2 5 I - t r a n s f e r r i n  a t  
3 7 ° C ,  t h e  c u l t u r e s  w e r e  e x t e n s i v e l y  w a s h e d ,  t h e  n e u r o n s  w e r e  
s o l u b i l i z e d  i n  a  T r i t o n  X - 1 0 0 - c o n t a i n i n g  b u f f e r  a n d  i n t e r 
n a l i z e d  1 2 5 I - t r a n s f e r r i n  w a s  q u a n t i f i e d  w i t h  a  gamma c o u n t e r .  
12 5 I - t r a n s f e r r i n  w a s  i n t e r n a l i z e d  i n  a  l i n e a r  f a s h i o n  f o r  
a t  l e a s t  6 0  m i n ,  a n d  t h i s  u p t a k e  w a s  a b o l i s h e d  b y  t h e  p r e s 
e n c e  o f  1 . 2 5  µM u n l a b e l e d  t r a n s f e r r i n .  No c o m p e t i t i o n  f o r  
t h e  u p t a k e  o f  1 2 5 I - t r a n s f e r r i n  w a s  o b s e r v e d  i n  t h e  p r e s e n c e  
o f  1 . 2 5  µM o v a l b u m i n ,  c y t o c h r o m e  c ,  h e m o g l o b i n ,  i n s u l i n ,  
h o r s e r a d i s h  p e r o x i d a s e ,  a l d o l a s e  o r  t h e  c a r b o x y l - t e r m i n a l  
f r a g m e n t  ( " h a l f - s i t e " )  o f  t r a n s f e r r i n .  By c o n t r a s t ,  u p t a k e  
w a s  i n h i b i t e d  b y  a p p r o x i m a t e l y  50% i n  t h e  p r e s e n c e  o f  t h e  
a m i n o - t e r m i n a l  f r a g m e n t  ( " h a l f - s i t e " )  o f  t r a n s f e r r i n  ( 1 . 2 5  
µM) o r  i n  t h e  p r e s e n c e  o f  c o n c a n a v a l i n  A ( 1 . 2 5  µM ) .  T h e  
p r e s e n c e  o f  i n t e r n a l i z e d  12 5 i - t r a n s f e r r i n  w i t h i n  n e u r o n s  
w a s  c o n f i r m e d  b y  a u t o r a d i o g r a p h y  a t  t h e  l i g h t  m i c r o s c o p i c  
l e v e l .  F u r t h e r m o r e ,  t h e  t r a n s f e r r i n  r e c e p t o r s  w e r e  v i s u a l 
i z e d  i m m u n o c y t o c h e m i c a l l y  o n  t h e  s u r f a c e  m e m b r a n e s  o f  d o r 
s a l  r o o t  g a n g l i o n  n e u r o n s  u s i n g  r a b b i t  a n t i b o d i e s  d i r e c t e d  
a g a i n s t  t r a n s f e r r i n  r e c e p t o r s  f r o m  c h i c k e n  r e t i c u l o c y t e s .
F ro m t h e s e  d a t a ,  we c o n c l u d e  t h a t  t r a n s f e r r i n  i s  i n t e r n a l 
i z e d  b y  n e u r o n s  v i a  r e c e p t o r - m e d i a t e d  e n d o c y t o s i s ,  a n d  
s u g g e s t  t h a t  t h i s  p r o t e i n  may s e r v e  a n  i m p o r t a n t  r o l e  i n  
t h e  d e v e l o p m e n t  a n d  s u r v i v a l  o f  d o r s a l  r o o t  g a n g l i o n  n e u 
r o n s .
S u p p o r t e d  b y  t h e  NIH (NS 1 6 0 7 6 - G JM  a n d  NS 1 5 0 1 3 -THO) ,  t h e  
MDA (THO) a n d  t h e  F r a n k  C.  B r e s s l e r  R e s e a r c h  F u n d  o f  t h e  
U n i v e r s i t y  o f  M a r y l a n d  S c h o o l  o f  M e d i c i n e  ( G JM ) .

3 0 7 .3  PHOTORECEPTOR D IFF E R E N T IA T IO N  IN CHICK EMBRYO 
NEURAL RETINA MONOLAYER CULTURES.  Jam es D. L in d s e y . 
C y n t h i a  L. E l s n e r * a n d  R ub en  A d l e r .  T he Wil m er 
I n s t i t u t e .  T he J o h n s  H o p k in s  U n i v e r s i t y ,  B a l t i m o r e ,  
M a ry la n d  2 1 2 0 5 .

T h e r e  i s  a l m o s t  no  i n f o r m a t i o n  r e g a r d i n g  
m o l e c u l a r  f a c t o r s  c o n t r o l l i n g  p h o t o r e c e p t o r  
s u r v i v a l  a n d  d i f f e r e n t i a t i o n .  T h i s  d e f i c i t  
i s  l a r g e l y  d u e  t o  t h e  u n a v a i l a b i l i t y  o f  a d e q u a t e  
c u l t u r e  s y s t e m s  f o r  t h e i r  i n v e s t i g a t i o n .  We 
r e p o r t  h e r e  t h a t  m any c e l l s  p r e s e n t  i n  g l i a l 
f r e e  r e t i n a l  m o n o la y e r  c u l t u r e s  e x p r e s s  p h o t o r e c e p 
t o r  s t r u c t u r a l  a n d  b i o c h e m i c a l  p r o p e r t i e s  i n vitro.

N eu r a l  r e t i n a s  f r o m  8 - d a y  c h i c k  e m b r y o s ,  
a t i m e  w h en  p h o t o r e c e p t o r  c e l l s  a r e  a l r e a d y  
p o s t m i t o t i c  b u t  s t i l l  l a r g e l y  u n d i f f e r e n t i a t e d ,  
w e r e  d i s s o c i a t e d  a n d  c u l t u r e d  f o r  3 – 7 d a y s  
a s  d e s c r i b e d  b y  A d l e r  e t  al . ( D e v e l .  N e u r o 
s c i . ,  1 9 8 2 )  w i th  som e m o d if i c a t i o n s .

M o n o p o la r  c e l l s ,  w h ic h  w e re  am ong t h e  m o s t 
a b u n d a n t  n e u r o n s  i n  t h e s e  c u l t u r e s ,  s h o w e d  
s e v e r a l  m o r p h o l o g i c a l  f e a t u r e s  c h a r a c t e r i s t i c  
o f  d e v e l o p i n g  c h i c k  c o n e s .  O v e r a l l ,  t h e  o r g a n i z a 
t i o n  o f  t h e s e  c u l t u r e d  c o n e - l i k e  c e l l s  a p p e a r e d  
h i g h l y  p o l a r i z e d  w i t h  a s i n g l e  s h o r t ,  u n b r a n c h e d  
n e u r i t e  a t  o n e  p o l e .  T h e  r e g i o n  o f  t h e  c e l l  
b o d y  c l o s e r  t o  t h e  n e u r i t e  w as a l m o s t  c o m p l e t e l y  
o c c u p i e d  b y  t h e  n u c l e u s .  M o re  d i s t a l l y ,  t h e  
c e l l s  s h o w e d  u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c  
i n n e r  s e g m e n t  e l e m e n t s ,  i n c l u d i n g :  i )  a l a r g e ,   
p i g m e n t - c o n t a i n i n g  v a c u o l e  s i m i l a r  t o  t h e  l i p i d  
d r o p l e t  p r e s e n t  i n  c h i c k  c o n e s ;  i i )  a c l u s t e r  
o f  m i t o c h o n d r i a ;  i i i )  a p o l a r i z e d  G o lg i  a p p a r a t u s ;  
a n d  on  o c c a s i o n  i v )  a p a r a b o l o i d .  A c i l i u m  
w a s  a l s o  e v i d e n t  i n  so m e s e c t i o n s . C u l t u r e d ,  
c o n e  c e l l s  c o u l d  b e  s e l e c t i v e l y  s t a i n e d  w i th  
f l u o r e s c e n t  p e a n u t  l e c t i n .  T h i s  l e c t i n  h a s  
b e e n  sh o w n  t o  b e  s p e c i f i c  f o r  c h i c k  c o n e s  i n  
v i v o  ( B l a n k s  a n d  J o h n s o n ,  i n  p r e s s ) .  S t a i n i n g  
o r  c o n e - l i k e  c e l l s , w h i c h  c a n  b e  i n h i b i t e d  
b y  t h e  s p e c i f i c  s u g a r  β - g a l a c t o s e , w as s t r o n g e s t  
in  t h e  i n n e r  s e g m e n t  r e g i o n  a n d  in  a m e m b ran o u s  
e x p a n s i o n  o r i g i n a t i n g  a t  t h e  d i s t a l  e n d  o f  
t h e  i n n e r  s e g m e n t .  O t h e r  n e u r o n s  p r e s e n t  in  
t h e  c u l t u r e s  b o u n d  c o n c a n a v a l i n  A b u t  n o t  p e a n u t  
l e c t i n .  T h e  d i s t a l  m e m b r a n o u s  e x p a n s i o n  w as 
s e e n  b y  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  t o  b e  
h i g h l y  f l a t t e n e d  a n d  t o  e x p r e s s  m any f i l o p o d i a  
t h a t  a p p e a r e d  t o  b e  s t r o n g l y  a t t a c h e d  to  t h e  
s u b s t r a t u m .

T h e  d e g r e e  o f  c o n e  c e l l  d i f f e r e n t i a t i o n  
f o l l o w i n g  6 d a y s  i n  v i t r o , i n c l u d i n g  t h e  l a c k  
o f  o u t e r  s e g m e n t  d e v e l o p m e n t , i s  s i m i l a r  t o  
t h a t  o b s e r v e d  i n  r e t i n a s  a l l o w e d  t o  d e v e l o p  
f o r  14 d a y s  i n  o v o . T h e s e  c u l t u r e s  t h u s  a p p e a r  
a s  an  a t t r a c t i v e  e x p e r i m e n t a l  s y s t e m  t o  i n v e s t i g a t e  
t h e  r e g u l a t i o n  o f  p h o t o r e c e p t o r  s u r v i v a l  an d  
d i f f e r e n t i a t i o n .  T h e  i n f l u e n c e  o f  p i g m e n t  
e p i t h e l i u m - d e r i v e d  m o l e c u l e s  on  t h e s e  p h en o m e n a  
i s  now  b e i n g  i n v e s t i g a t e d  in  t h i s  l a b o r a t o r y .

S u p p o r t e d  by  NIH G r a n t  EY 0 4 8 5 9 .

3 0 7 .4   ACETYLCHOLINE- AND DOPAMINE-INDUCED EXCITATION OF CULTURED 
NEWBORN RABBIT NODOSE GANGLION NEURONS: EFFECTS OF CO
CULTURE WITH CAROTID BODY FRAGMENTS.  W .F .  G o l d m a n * .   
M. S a t o * ,  L .  S t e n s a a s  a n d  C .  E y z a q u i r r e .  D e p t .  o f  P h y s i 
o l o g y ,  U n i v .  o f  U t a h ,  S a l t  L a k e  C i t y ,  UT 8 4 1 0 8 .

We a r e  s t u d y i n g  t h e  e f f e c t s  o f  c o - c u l t u r i n g  n o d o s e  
g a n g l i o n  n e u r o n s  a l o n g  w i t h  f r a g m e n t s  o f  c a r o t i d  b o d y  
( d i a m .  1 0 0  µm) on  t h e  e x p r e s s i o n  o f  a c e t y l c h o l i n e  (ACh) 
a n d  d o p a m i n e  (DA) r e c e p t o r s  o n  t h e  n e u r o n s .  N o d o s e  g a n 
g l i a  w e r e  o b t a i n e d  f r o m  n e w b o r n  r a b b i t s ,  e n z y m a t i c a l l y  
d i s s o c i a t e d ,  a n d  a  s u s p e n s i o n  o f  d i s s o c i a t e d  c e l l s  w a s  
p l a t e d  a n d  m a i n t a i n e d  i n  E a g l e ' s  m in im u m  e s s e n t i a l  m e d iu m  
c o n t a i n i n g  NGF 7S (1 µ g / m l ) ,  5% f e t a l  b o v i n e  a n d  5% a d u l t  
r a b b i t  s e r a ,  a n d  i n s u l i n  ( 5  µ g / m l ) .  Two d a y s  a f t e r  
p l a t i n g ,  c y t o s i i n e  a r a b i n o s i d e  w a s  a d d e d  t o  r e t a r d  p r o l i f 
e r a t i o n  o f  n o n - n e u r o n a l  c e l l s .  H o w e v e r ,  so m e  f i b r o b l a s t s  
a n d  g l i a  w e r e  a l w a y s  p r e s e n t .  E l e c t r o p h y s i o l o g i c a l  
s t u d i e s  w e r e  m a d e  1 8 – 21 d a y s  a f t e r  p l a t i n g .  A t  t h i s  t i m e  
n e u r o n a l  d i a m e t e r s  h a d  r e a c h e d  3 5 – 4 5  µm a n d  e x t e n s i v e  n e t 
w o r k s  o f  p r o c e s s e s  h a d  d e v e l o p e d .  F o r  t h o s e  n e u r o n s  g r o w n  
w i t h  c a r o t i d  b o d y  f r a g m e n t s  t h e r e  a p p e a r e d  t o  b e  p r e f e r e n 
t i a l  g r o w t h  i n t o  t h e  f r a g m e n t  a n d  s o m e  s y n a p s e s  o n  g l o m u s  
c e l l s  w e r e  o b s e r v e d .  T h e  n e u r o n a l  m e m b r a n e  p o t e n t i a l s  
(MP) g e n e r a l l y  r a n g e d  f r o m  - 5 0  t o  - 7 0  mV a l t h o u g h  p o t e n 
t i a l s  a s  h i g h  a s  - 8 4  mV w e r e  o b s e r v e d .  S m a l l  p u f f s  o f  ACh 
( 1 0 - 6M - 1 0 - 3M) p r e s s u r e  e j e c t e d  o n t o  t h e  s o m a s  f r o m  m i c r o 
p i p e t t e s  ( t i p  d i a m e t e r  1 0 – 2 0  µ )  r e s u l t e d  i n  r a p i d  d e p o l a r 
i z a t i o n s  o f  5 t o  14  mV d e p e n d i n g  on  t i p  d i a m e t e r  a n d  e j e c 
t i o n  p r e s s u r e  a n d  d u r a t i o n .  I n  t h o s e  i n s t a n c e s  w h e r e  
t h r e s h o l d  w a s  r e a c h e d ,  a  b r i e f  t r a i n  o f  a c t i o n  p o t e n t i a l s  
w a s  e l i c i t e d .  T h i s  r e s p o n s e  w a s  o b s e r v e d  i n  a l m o s t  a l l  
n e u r o n s  s t u d i e d  w h e t h e r  c u l t u r e d  a l o n e  o r  w i t h  c a r o t i d  
b o d y  f r a g m e n t s ,  a n d  t h e  r e s p o n s e  w a s  b l o c k e d  b y  h e x a 
m e t h o n i u m  ( 1 0 - 4 M ).  L e s s  t h a n  10% o f  t h e  n e u r o n s  i n  e i t h e r  
g r o u p  w e r e  i n s e n s i t i v e  t o  ACh.  O f  t h e  n e u r o n s  c u l t u r e d  
a l o n e ,  48% w e r e  a l s o  s e n s i t i v e  t o  d o p a m i n e  (DA; 1 0 - 5M t o  
1 0 - 3M ).  L i k e  AC h,  DA e l i c i t e d  a  d e p o l a r i z a t i o n  ( 4 – 16 mV) 
a n d  a  t r a i n  o f  a c t i o n  p o t e n t i a l s  i f  t h r e s h o l d  w a s  r e a c h e d ,  
w h i c h  w e r e  b l o c k e d  b y  h a l i p e r i d o l  ( 1 0 - 6M ) .  I n  c o n t r a s t ,  
t h e r e  w e r e  s i g n i f i c a n t l y  f e w e r  (1 2% ) D A - s e n s i t i v e  n e u r o n s  
am ong  t h o s e  c u l t u r e d  a l o n g  w i t h  c a r o t i d  b o d y  f r a g m e n t s .  
F u r t h e r ,  t h e  m a g n i t u d e  o f  t h e  r e s p o n s e s  o f  s u s c e p t i b l e  
c e l l s  ( 3 – 10 mV) w a s  d i m i n i s h e d  a n d  u s u a l l y  a c t i o n  p o t e n 
t i a l s  c o u l d  n o t  b e  i n d u c e d .  T h e s e  d a t a  s u g g e s t  t h a t  
c a r o t i d  b o d y  c e l l s  m ay i n f l u e n c e  t h e  e x p r e s s i o n  o f  d o p a 
m i n e  r e c e p t o r s  i n  t h e s e  s e n s o r y  n e u r o n s . ( S u p p o r t e d  i n  
p a r t  b y  NIH g r a n t  No.  5 R01 N S 0 5 6 6 6 . )



1056 DEVELOPMENT AND PLASTICITY: TROPHIC INTERACTIONS II SUNDAY PM

307.3  LOCALIZED UPTAKE OF 2 -D E OXYGLUCOSE BY THE LATERAL MOTOR 
COLUMN OF SPINAL CORD EXPLANTS AS A FUNCTION OF TARGET 
TI SS UE  AND SUBSTRATUM.  W .L .  M u h l a c h *  a n d  E . D .  P o l l a c k .
 I n s t .  S t u d y  o f  D e v e l o p .  D i s a b i l .  a n d  D e p t .  B i o l .  S c i . ,  U n i v .  
o f  I l l i n o i s  a t  C h i c a g o ,  C h i c a g o ,  IL 6 0 6 0 8 .

We h a v e  p r e v i o u s l y  d e m o n s t r a t e d  a n  i n  v i t r o  t i s s u e  i n t e r 
a c t i o n  b e t w e e n  d e v e l o p i n g  t a d p o l e  s p i n a l  c o r d  n e u r o n s  a n d  
t h e i r  m e s e n c h y m a l  h i n d - l i m b  t a r g e t  ( J . N e u r o s c i . R e s . , 8 : 
3 4 3 ,  8 2 ) .  T h i s  i n t e r a c t i o n  i n v o l v e s  t a r g e t  t i s s u e  c o n t r o l ,  
v i a  r e l e a s e  o f  a  d i f f u s i b l e  f a c t o r ,  o f  d i r e c t i o n  a n d  q u a n t i 
t y  o f  n e u r i t e  g r o w t h ,  n e u r i t e  g r o w t h  r a t e  c h a r a c t e r i s t i c s ,  
n e u r o n a l  s u r v i v a l  a n d  n e u r o t r a n s m i t t e r - b a s e d  m a t u r a t i o n  o f  
n e u r o n s .  T h e s e  p r o c e s s e s  p a r a l l e l  i n  v i v o  d e v e l o p m e n t a l  
e v e n t s .  N e u r o n a l  g r o w t h  p a r a m e t e r s  a r e  s i m i l a r l y  i n f l u e n c e d  
b y  t h e  a r t i f i c i a l  a t t a c h m e n t  s u b s t r a t u m ,  p o l y - D L - l y s i n e  
( P L Y S ) ,  t h a t  m i m i c s  t h e  e f f e c t  o f  t h e  t a r g e t .

To f u r t h e r  c h a r a c t e r i z e  t h i s  d e v e l o p m e n t a l  i n t e r a c t i o n ,  
t h e  m e t a b o l i c  a c t i v i t y  o f  s e v e r a l  s p i n a l  c o r d  r e g i o n s  wa s  
a s s a y e d  u n d e r  c o n d i t i o n s  r e l a t e d  t o  t a r g e t  t i s s u e  a n d  a t t a c h 
m e n t  s u b s t r a t u m .  A u t o r a d i o g r a p h i c  a n a l y s i s  o f  c o r d  e x p l a n t s  
f o l l o w i n g  a  o n e  h o u r  i n c u b a t i o n  i n  2 - [ 1 , 2 - 3 h ]  d e o x y - d - g l u c o s e  
p r o v i d e d  a  m e t a b o l i c  a c t i v i t y  i n d e x  o f  c o r d  r e g i b n s  ( g r a i n  
d e n s i t y / a r e a )  w i t h  r e s p e c t  t o  e x p e r i m e n t a l  v a r i a b l e s .  G r a i n  
c o u n t s ,  s t a n d a r d i z e d  f o r  b a c k g r o u n d  a n d  s p e c i f i c  a c t i v i t y  o f  
i n c u b a t i o n  m e d i u m ,  w e r e  m a d e  o f  s p i n a l  c o r d  m a r g i n a l  z o n e ,  
l a t e r a l  m o t o r  c o l u m n s  (L M C ),  n o n - m o t o r  i n t e r m e d i a t e  z o n e  a n d  
v e n t r i c u l a r  z o n e .  O n l y  t h e  LMC r e g i o n  o f  t h e  s p i n a l  c o r d  
s h o w e d  s i g n i f i c a n t  i n c r e a s e s  i n  m e t a b o l i c  r a t e  a s  a  f u n c t i o n  
o f  t h e  t a r g e t  t i s s u e  o r  t h e  s u b s t r a t u m .  G r a i n  c o u n t s  o f  m a r 
g i n a l ,  n o n - m o t o r  i n t e r m e d i a t e  a n d  v e n t r i c u l a r  z o n e s  w e r e  c o n 
s t a n t  r e g a r d l e s s  o f  c u l t u r i n g  c o n d i t i o n s .  T h e  LMC o f  s p i n a l  
c o r d  e x p l a n t s  c o - c u l t u r e d  w i t h  l i m b  m e s e n c h y m e  on  c o l l a g e n  
s u b s t r a t u m  s h o w e d  a n  i n c r e a s e  o f  36% o v e r  t h o s e  o f  c o r d s  
c u l t u r e d  on c o l l a g e n .  T a r g e t  t i s s u e  c o - c u l t u r e d  w i t h  c o r d  
e x p l a n t s  on  PLYS d i d  n o t  e l i c i t  a n  i n c r e a s e  i n  g r a i n  d e n s i t y  
b e y o n d  t h a t  r e s u l t i n g  f r o m  PLYS a l o n e .  S i n c e  t a r g e t  a n d  
s u b s t r a t u m  e f f e c t s  d o  n o t  a p p e a r  t o  b e  a d d i t i v e  t h e y  may 
o p e r a t e  t h r o u g h  a  s i m i l a r  m e c h a n i s m .  I t  i s  c o n c l u d e d  t h a t  
t h i s  a c t i o n  o f  t h e  t a r g e t  i s  s p e c i f i c a l l y  d i r e c t e d  t o w a r d  
t h e  LMC n e u r o n  p o p u l a t i o n  o f  s p i n a l  c o r d .  A s u b s t r a t u m -  
f a c t o r - n e u r o n  m e m b r a n e  i n t e r a c t i o n  r e s u l t i n g  i n  i n c r e a s e d  
m e t a b o l i c  a c t i v i t y  may b e  a b l e  t o  e x p l a i n  so m e a s p e c t s  o f  
t a r g e t -  a n d  s u b s t r a t u m - b a s e d  n e u r o n a l  g r o w t h  r e g u l a t i o n .

307.6  REGULATION OF NERVE GROWTH FACTOR SYNTHESIS IN TARGET 
 TISSUES OF THE PERIPHERAL AND CENTRAL NEFNOUS SYSTEM.

 S. Korsching and H. Thoenen,  M ax -P lanck -Institu te  fo r  
P sy ch ia try , Dept. o f  Neurochem istry, 8033 M artin sr ie d ,  FRG

Nerve growth fa c to r  (NGF) i s  n o t on ly  e s s e n t ia l  fo r  
th e  development and maintenance o f  fu n c tio n  and s t ru c tu re  
o f  th e  p e rip h e ra l sym pathetic and sensory  nervous system s, 
b u t may a ls o  e x e r t  re g u la to ry  in flu en ces  on c e n tra l  
ch o lin e rg ic  neurons. For th e  a n a ly s is  o f  NGF le v e ls  in  
v iv o , we have developed a  s e n s it iv e  tw o -s ite  enzyme 
immunoassay which can d e te c t  0 .01 fmole NGF/assay. Using 
t h i s  assay  we determ ined th e  NGF c o n te n t o f r a t  sym pathetic 
g a n g lia  (19–25 ng NGF/g wet weight) and sym pathetica lly  
innerva ted  organs (0.3–2 .1  ng NGF/g wet w sig h t). The NGF 
c o n ten t o f  th e  ta r g e t  organs was found to  be c o rre la te d  
w ith  th e  d e n s ity  o f  t h e i r  sym pathetic in n e rv a tio n  (Proc. 
N a t l .  Acad.Sci 80, 3513 (1983). The asymmetric accum ulation 
o f  NGF d i s ta l  to  a  c ru sh  o f th e  r a t  s c i a t i c  nerve provided 
evidence fo r  th e  re tro g rad e  axonal tra n s p o r t  o f  endogenous 
NGF (N eurosci. L e t t .  39, 1 (1983).

Treatm ent o f  r a t s  w ith  100 mg o f  6-OH-dopamine/kg body 
w eight, which s e le c t iv e ly  d e stro y s  th e  sym pathetic nerve 
te rm in a ls , led  to  a  2–4 fo ld  in c re a se  in  th e  NGF le v e ls  
in  sym pathetica lly  innerva ted  t a r g e t  t i s s u e s  ( i r i s ,  
submandibular g land , h e a rt)  w ith in  24 h . C onversely, 
during  t h i s  tim e p e rio d , th e  NGF c o n te n t o f  th e  sym pathetic 
g a n g lia  decreased  to  3% o f  co n tro l v a lu es. S im ila r r e s u l t s  
were ob tained  when axonal t ra n s p o r t  was blocked w ith  
c o lc h ic in e . These d a ta  suggest th a t  NGF sy n th e s is  i s  
confined  to  th e  innerva ted  t a r g e t  organs and does n o t 
occur in  g ang lion ic  nonneuronal c e l l s .  The c o n tr ib u tio n  
o f  th e  d i f f e r e n t  c e l l  types  to  NGF sy n th e s is  has been 
in v e s tig a te d  in  c u ltu re s  o f  d is so c ia te d  r a t  i r i s ,  a 
dense ly  innerva ted  t a r g e t  organ. There, NGF sy n th e s is  was 
s tu d ied  a f t e r  complement-mediated k i l l i n g  o f  s p e c if ic  
c e l l s  using  a n tib o d ie s  a g a in s t c e l l  ty p e -s p e c if ic  su rfa c e  
a n tig e n s . These s tu d ie s  dem onstrated th a t  Schwann c e l l s  
do n o t s ig n if ic a n t ly  c o n tr ib u te  to  NGF sy n th e s is  in  t h i s  
organ .

In  analogy to  th e  s i tu a t io n  in  th e  p e rip h e ry , we a lso  
found a re g io n -s p e c if ic  d is t r ib u t io n  o f  NGF in  th e  r a t  
b ra in .  The h ig h e s t va lues  were found in  a re a s  w ith  dense 
c h o lin e rg ic  in n e rv a tio n , such a s  f ro n ta l  co rte x  and 
hippocampus. The response o f th e  hippocampal NGF c o n te n t 
t o  ch o lin e rg ic  denervation  by septohippocampal le s io n s  i s  
c u rre n tly  under in v e s t ig a tio n .

307.7  EVIDENCE FOR TRANSSYNAPTIC REGULATION OF SYNAPTIC VESICLE 
 AND NEURONAL CELL SURFACE ANTIGENS IN RAT SUPERIOR CERVICAL 

GANGLION  K . F .  G r e i f  a n d  H . I .  T r e n c h a r d * ,  D e p t . o f  B i o l o g y ,  
B r y n  Mawr C o l l e g e ,  B r y n  M aw r,  PA 1 9 0 1 0

P r e v i o u s  s t u d i e s  h a v e  s h o w n  t h a t  t h e  n o r m a l  d e v e l o p m e n t  
o f  a  s y n a p t i c  v e s i c l e  m e m b r a n e  p r o t e i n  (S V ) a n d  a  n e u r o n a l  
c e l l  s u r f a c e  h e p a r a n  s u l f a t e  p r o t e o g l y c a n  (H e S - P G )  i n  t h e  
r a t  s u p e r i o r  c e r v i c a l  g a n g l i o n  c l o s e l y  p a r a l l e l s  p o s t n a t a l  
i n c r e a s e s  i n  n e u r o t r a n s m i t t e r  s y n t h e t i c  e n z y m e s  ( G r e i f  a n d  
R e i c h a r d t ,  J .  n e u r o s c i .  2 : 8 4 3 ,  1 9 8 2 ) .  T h e  c u r r e n t  s t u d y  
e x a m i n e d  w h e t h e r  p r e g a n g l i o n i c  i n p u t  i s  r e q u i r e d  f o r  t h e  
n o r m a l  m a t u r a t i o n  o f  t h e s e  a n t i g e n s .  M o n o c l o n a l  a n t i b o d i e s  
w e r e  u s e d  t o  m o n i t o r  c h a n g e s  i n  a n t i g e n  e x p r e s s i o n .  One 
a n t i b o d y  (SV 4 8 )  r e c o g n i z e s  a  65kD i n t e g r a l  m e m b r a n e  p r o t e i n  
a s s o c i a t e d  w i t h  s y n a p t i c  v e s i c l e s .  Two a n t i b o d i e s  b i n d  H e S-  
PG: PG 2 2  b i n d s  t o  a  d e t e r m i n a n t  on t h e  c o r e  p r o t e i n  a n d  PG 
3 b i n d s  t o  a  d e t e r m i n a n t  o n  t h e  HeS s i d e  c h a i n .  T h e  c e r 
v i c a l  s y m p a t h e t i c  t r u n k  w a s  c u t  b i l a t e r a l l y  i n  n e o n a t a l  o r  
a d u l t  r a t s ,  w i t h  l i t t e r m a t e s  s e r v i n g  a s  u n o p e r a t e d  c o n t r o l s .  
A t  s e l e c t e d  t i m e s  a f t e r  s u r g e r y ,  r a t s  w e r e  s a c r i f i c e d  a n d  
SCGs w e r e  r e m o v e d  a n d  p o o l e d .  L e v e l s  o f  a n t i g e n  w e r e  d e t e r 
m i n e d  by  R IA .  A n t i g e n  l o c a l i z a t i o n  w a s  c a r r i e d  o u t  u s i n g  
i m m u n o c y t o c h e m i c a l  m e t h o d s .

F o l l o w i n g  n e o n a t a l  d e a f f e r e n t a t i o n , t o t a l  p r o t e i n  p e r  
g a n g l i o n  w a s  s l i g h t l y  r e d u c e d .  SV l e v e l s  w e r e  r e d u c e d  a t  
7 ,  1 4 ,  a n d  3 0  d a y s ,  c o n s i s t e n t  w i t h  t h e  l o s s  o f  p r e s y n a p t i c  
t e r m i n a l s .  A t  3 0  d a y s ,  SV w a s  p r e s e n t  a t  24% o f  c o n t r o l  
l e v e l s .  S i n c e  SV i s  f o u n d  i n  p r i n c i p a l  g a n g l i o n  n e u r o n  
c y t o p l a s m  a s  w e l l  a s  i n  t e r m i n a l s ,  t h i s  r e s u l t  s u g g e s t s  t h a t  
s y n t h e s i s  i s  r e d u c e d  a f t e r  n e o n a t a l  d e a f f e r e n t a t i o n .  S u c h  a 
r e d u c t i o n  i s  n o t  d e t e c t e d  by i m m u n o c y t o c h e m i c a l  s t a i n i n g .
I n  c o n t r a s t ,  a d u l t  d e a f f e r e n t a t i o n  a p p e a r s  t o  i n c r e a s e  SV 
l e v e l s ,  a t  l e a s t  t r a n s i e n t l y .  F u r t h e r  s t u d i e s  a r e  i n  p r o 
g r e s s  t o  i n v e s t i g a t e  t h i s  o b s e r v a t i o n .  E x p r e s s i o n  o f  t h e  
c o r e  p r o t e i n  o f  H e S- PG  w a s  n o t  a f f e c t e d  by  d e a f f e r e n t a t i o n  
i n  n e o n a t a l  o r  a d u l t  r a t s .  L e v e l s  o f  HeS s i d e - c h a i n  w e r e  
s i g n i f i c a n t l y  r e d u c e d  a t  14 a n d  30  d a y s  p o s t n a t a l ,  w h i l e  
a d u l t  s u r g e r y  h a d  no e f f e c t .  T h e s e  r e s u l t s  s u g g e s t  t h a t  
p r o c e s s i n g  o f  He S- PG  s i d e  c h a i n s  by  p r i n c i p a l  n e u r o n s  i s  
p a r t i a l l y  r e g u l a t e d  by i n n e r v a t i o n .

T h e s e  s t u d i e s  i n d i c a t e  t h a t  t r a n s s y n a p t i c  r e g u l a t i o n  o f  
s y n t h e s i s  a n d  p r o c e s s i n g  o f  n e u r o n a l  m o l e c u l e s  may b e  a  
m o r e  g e n e r a l  f e a t u r e  o f  d e v e l o p m e n t  t h a n  p r e v i o u s l y  t h o u g h t .

S u p p o r t e d  b y  a  g r a n t  f r o m  t h e  D y s a u t o n o m i a  F o u n d a t i o n .

307.8  THE EFFECTS OF CONDITIONED MEDIA FROM PERIPHERAL TARGET
 TISSUES ON DEVELOPING SENSORY NEURONS IN TISSUE CULTURE, 

A.E. C o le , G.G. Chen*, A.B. M acDermott, and J .L .  B a rk e r ,
Lab o f N eu rophysio logy , NINCDS, NIH, B e th esd a , MD 20205.

D o r s a l  r o o t  g a n g l io n  (DRG) c e l l s  g row n i n  c u l t u r e  
c h a r a c t e r i s t i c a l l y  show s i n g l e  s p ik e  f i r i n g  an d  r e c t i f i c a 
t i o n  when th e  m em brane p o t e n t i a l  i s  d e p o la r i z e d  and  
a n o m alo u s  r e c t i f i c a t i o n  when h y p e r p o l a r i z e d .  T y p i c a l l y ,  
t h e s e  c e l l s  h a v e  b e e n  grow n i n  c o - c u l t u r e  w i th  c e n t r a l  
n e u ro n s  o r  i s o l a t e d  i n  m o n o c u l tu re .  T h e r e f o r e ,  we h av e  
i n v e s t i g a t e d  th e  e f f e c t s  o f  c o n d i t i o n e d  m ed ia  (CM) fro m  
p e r i p h e r a l  t a r g e t  t i s s u e s  grow n i n  c u l t u r e  on  th e  p h y s io 
lo g y  o f  d e v e lo p in g  DRGs. The DRGs w e re  d i s s e c t e d  from  
13 d a y  o ld  f e t a l  m ic e ,  d i s s o c i a t e d  and p l a t e d  on  c o l l a g e n -  
c o a te d  p l a s t i c  d i s h e s .  The c e l l s  fro m  e a c h  d i s s e c t i o n  
w ere  s e p a r a t e d  i n t o  c o n t r o l  and  e x p e r im e n ta l  g ro u p s  and  
m a in ta in e d  f o r  1 -1 1  w eeks u n d e r  a p p r o p r i a t e  c o n d i t i o n s .
CM from e x p la n te d  s k in ,  s k e l e t a l  m u sc le , and g u t c u l tu r e s  
o r  from d is s o c ia te d  s k e l e t a l  m uscle c u l tu r e s  was a p p lie d  
to  th e  c u l tu r e s  o f DRGs tw ic e  w eek ly . Membrane p r o p e r t ie s  
were reco rd e d  i n t r a c e l l u l a r ly  w ith  c o n v e n tio n a l , h ig h  
r e s i s ta n c e  e le c t r o d e s  and low r e s i s ta n c e  p a tc h  e le c t r o d e s .  
The b a th in g  medium was H ank 's  s a l t  s o lu t io n  w ith  2 mM Ca,  
2 mM Mg, 10 mM HEPES, and 6 mM g lu c o s e . C o n tro l p r o p e r t i e s  
o f DRG neu rons  w ere e s ta b l is h e d  by re c o rd in g  from 71 
c e l l s  o f  v a r io u s  a g e s . 28 a d d i t io n a l  c o n t ro l  c e l l s  were 
s tu d ie d  from d i s s e c t io n s  w ith  p a i re d  e x p e rim e n ta l g ro u p s . 
A veraging over a l l  ages o f  c o n t r o l  c e l l s ,  we found th a t  
th e  r e s t i n g  membrane p o te n t i a l  (RMP) was -5 6 .5  ± 5 .6  mV 
(9 9 ) ,  th e  membrane tim e  c o n s ta n t ( ) was 3 .8  ± 1 .3  msec 
(14 ) and th e  in p u t r e s i s ta n c e  (R1) was 30 .2  ± 1 2 .8  M Ohms 
(70 ) (mean ± s . d . , ( n ) ) .  Under c o n t r o l  c o n d i t io n s ,  2% o f 
th e  c e l l s  showed r e p e t i t i v e  f i r i n g  b e h a v io r  d u rin g  s u s t a in 
ed d e p o la r iz in g  c u r r e n t .  When c e l l s  grown in  CM were 
s tu d ie d ,  th e  RMP, , and R1 were n o t s i g n i f i c a n t l y  d i f f e r 
e n t .  However, th e  p e rc e n ta g e  o f th e  c e l l s  showing r e p e t i 
t i v e  f i r i n g  b e h a v io r  was in c re a s e d  to  26% . R e s u lts  mea
sured  w ith  p a tc h  e le c t r o d e s  showed an  even g r e a t e r  i n 
c re a s e  in  th e  p e rc e n ta g e  o f c o n d itio n e d  c e l l s  showing re p e 
t i t i v e  f i r i n g .  S ince th e  p a s s iv e  membrane p r o p e r t i e s  under 
s tu d y  were unchanged by th e  CM w h ile  th e  p e rc e n ta g e  o f  r e 
p e t i t i v e l y  f i r i n g  c e l l s  was in c r e a s e d ,  we co n c lu d e  t h a t  th e  
e f f e c t s  o f th e  CM may be on one o r s e v e ra l  a c t iv e  membrane 
p r o p e r t i e s .  T h is  a c t io n  cou ld  be d i r e c t l y  on th e  DRGs o r 
i n d i r e c t l y  th ro u g h  e f f e c t s  on th e  background c e l l s .
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307.9   CHICK EYE EXTRACT INCREASES CHOLINERGIC ENZYME 
ACTIVITY IN SYMPATHETIC GANGLIA IN CULTURE.
L. Iaco v itt i, T .H . Jo h , D .J. R eis and G. T e ite lm an .  Lab. of 
N eurobiology , C ornell Univ. Med. Coll., New York, NY 0 0 0 2 1 .

In r a t  sy m p ath e tic  neurons th e  expression o f n o t only 
ad rene rg ic  b u t also cholinerg ic p roperties  can  be influenced by 
ce rta in  fa c to rs  in cu ltu re  (Bunge e t  a l., S cience 199:1409–14–16, 
1978; P a tte rso n  e t  a l., Sci. A m er. 239:50–59, 1978). In chicks, one 
such fa c to r  found in em bryonic eye e x t ra c t (EEE) has been shown 
to  inc rease  th e  a c tiv ity  o f th e  cholinerg ic enzym e choline 
a c e ty ltra n s fe ra se  (CAT) in cu ltu res  o f p a rasym pathetic  neurons of 
chick c ilia ry  ganglia (Varon e t  a l., Brain Res. 173:29–45, 1979; 
N ishi and  Berg, J .  N eurosci. 1:505–513, 1981). In th e  p resen t 
study , we sought to  de te rm ine  w hether in cu ltu re  a) chick 
sy m p ath e tic  neurons express cholinerg ic as w ell as ad renerg ic  
p ro p erties  and, b) if so, w hether EEE in these  cu ltu res  will 
inc rease  CAT ac tiv ity . To address th e se  questions, lum bar and 
sac ra l sym pathe tic  ganglia  from  em bryonic day (E) 13–14 chick 
w ere d issocia ted  and p la ted  on co llagen -coated  dishes. Four 
groups w ere estab lished  and m ainta ined  on feed  supplem ented  
w ith e i th e r  f e ta l  c a lf  serum  (group 1); f e ta l  c a lf  serum  and EEE 
from  E15 chick  (group 2); horse serum  (group 3) or, horse serum  
and EEE (group 4). A ll feeds con ta ined  100ng /m l o f 2.5 S NGF. 
We found th a t  only those cu ltu res  supplem ented  w ith EEE (Groups 
2 and 4) developed d e te c ta b le  levels  of CAT enzym e ac tiv ity  
(0.066 ± 0.003 nm oles acety lC oA /gang lion /h r; n=7) a t  2–4 days and 
(0.186 ± 0.012 nm oles acety lC oA /gang lion /h r; n=6 ) a t  12-14 days 
in v it ro . In o rder to  de te rm in e  w hether th e  surv ival o f d iffe re n t 
popula tions o f ce lls  w ithin th e  four feed  groups was responsible 
fo r the se  d iffe ren ces  in enzym e ac tiv ity , cu ltu res  w ere incubated  
w ith sp ec ific  an tibodies to  th e  ad renerg ic  enzym e, tyrosine 
hydroxylase (TH) and processed  fo r im m unocytochem istry . 
I r resp ec tiv e  o f n u trien t m edium , a ll neurons in a ll cu ltu res  w ere 
T H -im m unoreac tive . M oreover, neurons in a ll feed  groups w ere 
ab le  to  ta k e  up and s to re  exogenously adm in iste red  3H- 
norepinephrine (1uM) in the  absence , bu t not in the  p resence of 
th e  sp ec ific  up take  inhib ito r desm ethylim ipram ine (10uM).

This study ind ica tes  th a t under c e rta in  conditions in cu ltu re  
a) chick sym p ath e tic  neurons express bo th  ad renerg ic  and 
cholinerg ic  p roperties ; b) a t  le a s t a  subpopulation of these  ce lls 
s im ultaneously  express t r a i ts  o f both  phenotypes; and, c) fa c tor(s) 
p resen t in EEE m odulate th e  expression o f a t  le a s t the  cholinergic 
enzym e CAT.

307.10  TARGET INFLUENCES UPON TERMINAL MORPHOLOGY AND ACH SYNTHESIS 
IN CULTURED CHICK CILIARY GANGLION NEURONS.  D. Bruce Gray 
and Jerem y B.  T u t t l e ,  P h sy io lo g y  S e c t io n , The U niv . o f 
C o n n e c tic u t, S tor r s ,  CT 06268.

We have shown th a t  c o - c u l tu r e  o f  CG neu rons  w ith  p e c to r a l  
m uscle o r  on myotube membrane rem nants in c r e a s e s  bo th  b a s a l  
a c e ty lc h o l in e  ( ACh) s y n th e s is  and d e p o la r iz a t io n  s t im u la te d  
s y n th e s is  over t h a t  o f neu rons  c u l tu r e d  a lo n e .  T hus, neu
ro n a l c o n ta c t  w ith  th e  t a r g e t  t i s s u e  membrane in f lu e n c e s  
t r a n s m i t t e r  s y n th e t ic  c a p a c i ty  and i t s  r e s p o n s iv e n e s s  to  
t r a n s m i t t e r  d e p le t io n .

The r a t e  l im i t in g  s te p  o f  ACh s y n th e s is  in  c u l tu r e  i s  a 
s o d iu m -d e p e n d e n t-h ig h -a f f in i ty  c h o lin e  u p ta k e  (SDHACU) sy s 
tem s im i la r  to  th a t  p re s e n t  in  CG te rm in a ls  in  th e  i r i s .  
The n e u ro n a l soma in  v ivo  la c k s  SDHACU. The tim e co u rse  o f 
ac cu m u la tio n , a p p a re n t Km and sodium dependency rem ain  con
s t a n t  in  a l l  c u l tu r e  c o n d i t io n s .  A lthough  c h o lin e  a c e ty l 
t r a n s f e r a s e  l e v e l s  p e r  neuron  In c re a se  in  c o - c u l tu r e  (100% 
on m yo tubes, 33% on myotube rem nan ts) th e  a b s o lu te  v a lu e s   
a r e  2–3 o rd e rs  o f m agnitude g r e a t e r  th a n  re q u ire d  f o r  th e  
o bserved  s y n th e s is  r a t e s .

M o rp h o lo g ic a lly , CG neurons on myotubes d i f f e r  from  neu
rons  p la te d  a lo n e  by th e  fo rm a tio n  o f s p e c i a l i z e d  te rm in a l 
c o n ta c ts  as r e v e a le d  by L u c ife r  Y ellow  i n j e c t i o n .  A s te r e o 
ty p ic  c l u s t e r  o f  la r g e  te rm in a l s w e llin g s  o f n e u ro n a l 
p ro c e sse s  was seen  on th e  s u r fa c e  o f  many m yo tubes, resem 
b lin g  a neu rom uscu lar sy n ap se . F u n c tio n a l NMJ's a re  common 
in  th e s e  c u l tu r e s .  These s p e c i a l i z e d  s t r u c t u r e s  w ere a l s o  
seen  in  c u l tu r e s  on ly se d  myotube rem nants b u t w ere n ev e r 
observed  in  c u l tu r e s  o f neurons a lo n e ,  d e s p i te  th e  fo rm a tio n  
o f  in te rn e u ro n a l  sy n a p se s .

The c o r r e l a t i o n  o f s p e c i a l i z e d  te rm in a l s t r u c t u r e  w ith  
th e  e f f e c t s  on SDHACU-dependent s y n th e s is  i s  s u g g e s t iv e  o f 
cause  and e f f e c t ,  b u t i t  i s  n o t known i f  th e  l o c a l i z a t i o n  of 
SDHACU in  v iv o  to  th e  n eu ro n a l te rm in a l a l s o  o c c u rs  in  c u l
tu re d  n eu ro n s . SDHACU-dependent s y n th e s is  i n  somas was 
t e s t e d  in  c u l tu r e  c o n d i tio n s  w hich m inim ized  p ro c e ss  and 
th u s  te rm in a l fo rm a tio n  ( p la in  g la s s  s u b s t r a te )  o r  w hich 
l i m i t  th e  fo rm a tio n  o f s t e r e o ty p ic  s y n a p tic  s t r u c t u r e s  ( l a t e  
em bryonic CG n e u ro n s ) . Both p r e p a ra t io n s  showed s i g n i f i c a n t  
SDHACU-dependent ACh s y n th e s i s ,  and l a t e  em bryonic CG neuron  
c u l tu r e s  showed an enhanced s y n th e t ic  re sp o n se  to  d e p le t i o n .  
These d a ta  im ply th a t  in  c u l tu r e ,  r e t r o g ra d e  tr o p h ic  i n f l u 
ences o f th e  n eu ro n a l t a r g e t  t i s s u e  in c lu d e  e f f e c t s  upon 
te rm in a l m orphology, b u t may n o t be r e s t r i c t e d  to  te rm in a ls  
in  re g a rd  to  t r a n s m i t t e r  m e tabo lism .
S u p po rt: U .S . Army R esea rch  O ff ic e ;  NS55402 (RCDA to  JB T ).

307.11  ACTIVE NEUROMUSCULAR INTERACTION IN CELL CULTURE UNDER SEM 
 Jerem y B. T u t t l e ,  P h y sio lo g y  S e c t io n , The U niv . o f 
CT, S to r r s ,  CT P re s e n t a d d re s s :  D ep t. o f  P h y s io lo g y , U niv .
o f V irg in ia  School o f M ed ic in e , C h a r l o t t e s v i l l e ,  Va. 22908  

Embryonic c i l i a r y  g a n g l io n ic  neurons a re  e a s i l y  ad ap ted  
to  c e l l  c u l t u r e .  S u rv iv a l o f th e  neurons i s su p p o rted  by 
s o lu b le  grow th f a c t o r ( s ) ,  a k i l l e d - c e l l  s u b s t r a te  w ith  
high-K + medium, o r c o - c u l tu r e  w ith  a m uscle t a r g e t  t i s s u e .  
The neurons r a p id ly  form t r a n s m it t in g  neurom uscu lar ju n c
t i o n s  (N M J's) w ith  m yotubes, and form  in te rn e u ro n a l  synapses 
in  v i t r o ,  b u t n o t in  th e  embryo. As p a r t  o f a s tu d y  o f  th e  
p h y s io lo g ic a l  consequences o f t a r g e t  i n t e r a c t i o n ,  c i l i a r y  
g a n g lio n  neurons w ere c o - c u l tu r e d  w ith  s e v e ra l  ty p es  o f  
s t r i a t e d  m uscle t a r g e t  t i s s u e ,  and examined under scann ing  
e l e c t r o n  m icro sco p y . The myotube ta r g e t s  in c lu d e d  th o se  
w ith  w hich th e  g a n g l io n ic  neurons form  l a s t i n g  a c t iv e  NMJ's 
and th o s e  th a t  a re  in n e rv a te d  on ly  t r a n s i e n t l y .

R eg a rd le s s  o f th e  t a r g e t  m uscle ty p e ,  in  th e  e a r ly  s ta g e s  
o f c o - c u l tu r e  (3 –5 days in  v i t r o )  ev id en ce  o f a c t iv e  in 
t e r a c t i o n  betw een th e  in n e rv a t in g  neurons and th e  t a r g e t  was 
p ro m in en t. N euronal p ro c e s s e s  e x ten d in g  a lo n g  th e  myotube 
s u r fa c e  o f te n  en c o u n te red  a re a s  w ith  s h o r t  ( ~ 1  µm)  
f i n g e r - l i k e  e x te n s io n s  from  th e  m uscle s u r f a c e .  In  some 
c a s e s ,  th e se  o cc u rre d  a t  f a i r l y  r e g u la r  in t e r v a l s  a lo n g  a 
n e u r i t e ,  c ro s s e d  and jo in e d  around th e  n e u r i t e ,  and gave th e  
ap p earan ce  o f  " c in c h in g "  o r " ty in g "  th e  n e u r i t e  to  th e  t a r 
g e t c e l l  s u r f a c e .  In  o th e r  c a s e s ,  th e  m uscle e x te n s io n s  
formed th e  edges o f a lo n g i tu d in a l  d e p re s s io n  in to  w hich th e  
n e u r i t e  d is a p p e a re d . F in a l ly ,  a p p a re n t fu s io n  of th e s e  ex
te n s io n s  caused  th e  n e u r i t e s  to  t r a v e l  u n d e rn ea th  an o u te r   
f l a p  o f myotube membrane. T h is form  o f a c t iv e  t a r g e t  in 
t e r a c t i o n  was n o t l im ite d  to  th e  m uscle t a r g e t ,  N e u r ite s  
p a s s in g  ov er th e  s u r fa c e  o f o th e r  n eu ro n a l c e l l  b o d ie s  were 
a l s o  "c in c h e d "  to  th e  s u r fa c e  by s im i la r  f i n g e r - l i k e  e x te n 
s io n s .  In  a d d i t io n ,  th i s  i n t e r a c t io n  was n o t l im ite d  to  
n e u ro n a l p r o c e s s e s , as th e  myotube o f te n  su rrounded  a neu
ro n a l  soma on i t s  s u r fa c e  w ith  an a re a  o f e x te n s io n s .

The d e t a i l s  o f  n e u ro - m u s c u la r  i n t e r a c t i o n  a r e  th o u g h t  t o  
be c o m p le x . A p p r o p r ia t e  t a r g e t  r e c o g n i t i o n  and  th e  e x c h an g e  
o f  m a c ro m o le c u le s  may b o th  d e p e n d  upon  a n  a c t i v e  r e s p o n s e  by 
n e u r o n a l  an d  m u sc le  e le m e n ts .  W h ile  t h e  m o r p h o lo g ic a l  s ig n s  
o f  su c h  a n  i n t e r a c t i o n  i n  c u l t u r e  may r e p r e s e n t  an  a r t i f a c t  
o f  t h e  i n  v i t r o  e n v ir o n m e n t ,  t h e y  e m p h a s iz e  th e  p o s s i b i l i t y  
t h a t  s i m i l a r  e v e n ts  may o c c u r  i n  v iv o  an d  may r e f l e c t  a  
fu n d e m e n ta l  a s p e c t  o f  t h e  n e u r o n - t a r g e t  r e l a t i o n s h i p .
Support by U .S . Army R esea rch  O ff ic e  and NS 55402 (RCDA).

307.12  INTERACTION OF GANGLIOSIDE AND NGF ON PC12 CELLS. S.G.
 M atta* , G. Yorke* and F . J .  R o isen .  D ep t. o f  Anatomy, 
UMD-Rutgers M edical S ch o o l, P isc a ta w a y , NJ 08854.

M urine N euro-2a n eu rob las tom a and c h ic k  se n so ry  
g a n g l ia  (DRG) d i f f e r e n t i a t e  in  re sp o n se  to  bov ine  b r a in  
g a n g l io s id e s .  G a n g lio s id e s  p o te n t ia te  n e rv e  grow th 
f a c t o r  (N GF)-induced n e u r i to g e n e s is  o f NGF-dependent DRG 
and N G F-responsive PC12 pheochrom ocytom a. A n tib o d ie s  
d i r e c te d  a g a in s t  GM1 in h i b i t  NGF-induced DRG 
d i f f e r e n t i a t i o n  (S chw artz  and Spirm an, PNAS 79: 6080, 
1982). S ince g a n g l io s id e s  may s e rv e  as  m o d u la to rs  in  th e  
r e g u la t io n  o f NGF-mediated i n t e r a c t i o n s ,  we examined th e  
e f f e c t s  o f GM1, GDla and GTlb (200 u g /m l, F id ia  R es. 
L a b s) , a lo n e  o r in  com bination  w ith  NGF (20 u g /m l) on 
PC12. C e l ls  were p la te d  in  RPMI-1640 + 10% HS + 5% FBS 
supplem ented  w ith  t e s t  ag e n ts  fo r  5 days and th e  le n g th  
and number o f n e u r i te s  w ere an a ly zed  w ith  co m p u te r-a id ed  
m orphom etry. NGF-induced s p ro u tin g  was p o te n t ia te d  o n ly  
by GM1, w hich produced a tw o -fo ld  In c re a s e  in  b o th  
p ro cess  le n g th  and number, w h ile  th e  NGF-independen t 
N euro-2a in c re a s e d  in  re sp o n se  to  GM1, GDla and GTlb. In  
a d d i t io n  to  NGF's a b i l i t y  to  s t im u la te  n e u r i to g e n e s i s ,  i t  
in d e p e n d e n tly  in c r e a s e s  polyam ine b io s y n th e s i s  in  PC12, 
as  dem onstra ted  by NGF's in d u c tio n  o f o r n i th in e  
d e c a rb o x y la se  (ODC), th e  r a t e - l i m i t i n g  enzyme in  t h i s  
pathway (M acDonnell e t  a l . ,  PNAS 74: 4681, 1977). 
A cco rd in g ly , we determ ined  th e  e f f e c t  o f th e  th r e e
s p e c ie s  on ODC a c t i v i t y .  PC12 c e l l s  were grown to  
co n flu en cy  and in c u b a ted  fo r  5 h r  in  se ru m -d ep le te d  
medium c o n ta in in g  an in d iv id u a l  g a n g l io s id e ,  in  th e  
p re sen ce  o r ab sence  o f NGF. In  c o n t r a s t  to  ou r morpho
lo g ic  r e s u l t s ,  each  g a n g l io s id e  enhanced ODC le v e l s  
in d e p e n d e n tly  and in  c o n c e r t w ith  NGF. To examine th e  
tem poral sequence o f gang lioside-N G F  in t e r a c t i o n ,  c e l l s  
w ere in c u b a te d  f o r  24 h r  i n medium c o n ta in in g  GM1 and 
washed p r io r  to  6 h r  NGF e x p o su re . T h is  ''p rim in g "  
induced  ODC le v e l s  to  th o se  o b ta in e d  w ith  NGF and GM1 
s im u lta n e o u s ly . T h is s tu d y  d e m o n stra te s  t h a t  in d iv id u a l  
g a n g l io s id e s  a f f e c t  NGF-induced re sp o n ses  w ith  d i f f e r e n t  
d eg ree s  o f s e n s i t i v i t y  depending on th e  c e l l  model and 
shows th a t  g a n g lio s id e - in d u c e d  s p ro u tin g  o cc u rs  in  th e  
absence  o f NGF. I t  a l s o  s u g g e s ts  th a t  g a n g l io s id e s  
enhance n e u r i to g e n e s is  by an N G F -independent, membrane 
m ed ia ted  mechanism , w hich may have a  g e n e ra l r o le  in  th e  
r e g u la t io n  o f t ro p h ic  i n t e r a c t io n s .  To examine t h i s  
p o s s i b i l i t y ,  s tu d ie s  u t i l i z i n g  o th e r  tr o p h ic  f a c t o r s  a re  
in  p ro g re s s .  NIH g ra n ts  NS11299 & NS11605.
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307.13  SURVIVAL AND PROLIFERATION OF CULTURED CHROMAFFIN CELLS: 
EFFECTS OF NERVE GROWTH FACTOR (NGF) AND DEXAMETHASONE.
L .E . L i l l i e n  an d  P . C la u d e ,  W is c o n s in  R e g io n a l  P r im a te  Re
s e a r c h  C e n te r ,  N e u r o s c ie n c e s  T r a in in g  P ro g ra m  and  D e v e lo p 
m e n ta l  B io lo g y  T r a in i n g  P ro g ra m , U n i v e r s i t y  o f  W is c o n s in -  
M a d iso n , W is c o n s in  5 3 7 0 6 .

C u l tu r e d  r a t  a d r e n a l  c h ro m a f f in  c e l l s  re s p o n d  to  NGF by 
e x p r e s s in g  many c h a r a c t e r i s t i c s  o f  s y m p a th e t ic  n e u ro n s  
(D oupe e t  a l . ,  1 9 8 2 ) .  G l u c o c o r t i c o i d  h o rm o n e s , i n c lu d in g  
d ex am eth aso m e  ( d e x ) , a n ta g o n i z e  t h i s  r e s p o n s e  (U n s ic k e r  e t  
a l . , 1 9 7 8 ) ,  a p p a r e n t l y  by d e la y i n g  o r  m o d u la t in g  t h e  NGF r e 
s p o n s e  ( L i l l i e n  and  C la u d e , 1 9 8 3 ) .  I n  a d d i t i o n ,  g ro w th  in  
NGF an d  d e x ,  a lo n e  o r  i n  c o m b in a t io n ,  r e s u l t s  i n  i n c r e a s e d  
c e l l  n u m b ers  co m p ared  t o  c o n t r o l  c u l t u r e s .  F o r  NGF t h i s  e n 
h a n c em e n t i n  c e l l  num ber ( a p p r o x .  4 0 – 50%) i s  a p p a r e n t  a t  1 
an d  2 b u t  n o t  c o n s i s t e n t l y  a t  4 w eek s i n  c u l t u r e .  F o r  NGF 
p l u s  d e x ,  t h e  en h a n ce m e n t ( a p p r o x .  4 0 – 80%) i s  a p p a r e n t  
t h r o u g h o u t  a  4 w eek  c u l t u r e  p e r i o d ;  e n h an cem en t o f  c e l l  n u 
m ber i n  d e x  a lo n e  ( a p p r o x .  4 0 – 80%) o c c u r s  b e tw e e n  2 an d  4 
w eek s i n  c u l t u r e .  T h is  e f f e c t  on  c e l l  num ber c o u ld  b e  due 
to  i n c r e a s e d  c e l l  s u r v i v a l  o r  i n c r e a s e d  c e l l  d i v i s i o n .  To 
d e te r m in e  t h e  e x t e n t  o f  c e l l  d i v i s i o n  u n d e r  d i f f e r e n t  g ro w th  
c o n d i t i o n s ,  c u l t u r e s  w e re  e x p o s e d  t o  t r i t i a t e d  th y m id in e  
(5  u C i /m l)  f o r  24 h r .  p e r i o d s  f o l l o w in g  d i f f e r e n t  t im e s  in  
c u l t u r e .  W hole-m o u n t a u to r a d io g r a m s  w e re  p r e p a r e d ,  and  
l a b e l e d  c h r o m a f f in  c e l l s  w e re  c o u n te d .  The num ber o f  l a b e l 
ed  c e l l s  i n  NGF w as 3 t o  4 t im e s  h i g h e r  t h a n  i n  c o n t r o l  c o n 
d i t i o n s  a t  1 w eek  i n  v i t r o  an d  d e c l i n e d  t o  c o n t r o l  l e v e l s  by 
4 w e e k s , w h ic h  c o r r e l a t e s  w i t h  t h e i r  b eco m in g  m ore n e u r o n a l .  
Dex r e d u c e d  t h i s  e f f e c t  o f  NGF by 40  to  60%. The l e v e l  o f  
c e l l  d i v i s i o n  i n  d e x  a lo n e  w as c o m p a ra b le  t o  t h a t  i n  c o n t r o l  
c u l t u r e s  a t  a l l  t im e  p o i n t s .  I f  c e l l s  w e re  grow n f o r  o n e  
w eek  i n  c o n t r o l  m edium , an d  t h e n  s w i tc h e d  f o r  2 d a y s  t o  NGF, 
2 t o  3 t im e s  a s  many c e l l s  w e re  l a b e l e d  i n  t h e  s w i tc h e d  c u l 
t u r e s  a s  i n  c o n t r o l  c u l t u r e s .  NGF th u s  a p p e a r s  t o  h a v e  a  
m i to g e n ic  e f f e c t  i n  t h e s e  c u l t u r e s .  The l a r g e r  num ber o f  
c h r o m a f f in  c e l l s  s e e n  i n  N G F - tr e a te d  c u l t u r e s  d u r in g  th e  
f i r s t  tw o w eek s i n  v i t r o  c a n  b e  a t t r i b u t e d  a t  l e a s t  i n  p a r t  
t o  a n  i n c r e a s e  i n  c e l l  d i v i s i o n ,  w h i l e  e n h a n ce d  c e l l  num ber 
i n  d e x  a p p e a r s  t o  b e  d u e  m ore  t o  e n h a n ce d  c e l l  s u r v i v a l  th a n  
to  c e l l  d i v i s i o n .  As i n  t h e  c a s e  o f  n e u r i t i c  o u tg ro w th  in  
r e s p o n s e  t o  NGF, d e x  a n t a g o n i z e s  t h e  e n h a n ce m e n t o f  c e l l  d i 
v i s i o n  in d u c e d  by  NGF.

S u p p o r te d  by  NIH g r a n t s  RR00167 to  t h e  P r im a te  R e s e a rc h  
C e n te r  an d  HD07118 t o  t h e  D e v e lo p m e n ta l  B io lo g y  T r a in in g  
P ro g ra m , an d  by a  r e s e a r c h  g r a n t  fro m  t h e  M u s c u la r  D y s tro p h y  
A s s o c i a t i o n .

307.14   INTEGRITY OF SENSORY DOMAINS WITHIN SINGLE TOUCH DOMES OF 
RATS.  J .  D iam ond, G.M. Y a s a rg il* @ , L. M a c In ty re * ,   
R. D o u c e t te .   D e p t . o f  N e u r o s c ie n c e s ,  M cM aster U n i v e r s i t y ,  
1200 M ain S t r e e t  W e st, H a m il to n ,  O n ta r io  L8N 3Z5

The to u c h  dome o f  r a t  h a i r y  s k in  c o n ta i n s  a  b a s a l  l a y e r  o f  
25– 150 M e rk e l c e l l s  (N u rse  & D iam ond, 1 9 8 3 , N e u r o s c ie n c e  1 1 : 
509) s u p p l i e d  by 1 -4  m y e l in a te d  a x o n s .  We a r e  u s in g  16 µm 
d ia m e te r  p r o d d e r s  t o  map t h e  m e c h a n o s e n s i t i v i t y  a c r o s s  s i n g l e  
dom es; i n  o n e s  i n n e r v a te d  by  m ore t h a n  1 ax o n  we f i n d  o f t e n  
t h a t  e a c h  s u p p l i e s  a  f u n c t i o n a l l y  d i s c r e t e  t e r r i t o r y  w i t h in  
t h e  dom e, w i th  a  v a r i a b l e  o v e r l a p .  The f i g u r e  show s r e s p o n 
s e s  r e c o r d e d  s im u l t a n e o u s ly  i n  t h e  2 a x o n s  (A & B ) , i n n e r 
v a t i n g  t h i s  t y p i c a l  s h a re d  dom e, t o  a  s ta n d a r d  s t im u lu s  
a p p l i e d  a t  e a c h  o f  4 l o c a t i o n s  (C , shown o n ly  f o r  1 l o c a 
t i o n ) .  The b o r d e r s  o f  d o m ain s  A and  B w e re  c o n s t r u c t e d  fro m  
many su c h  t e s t s .

Dome a x o n s ,  l i k e  o t h e r  " to u c h "  n e r v e s  o f  a d u l t  m am m als, f a i l  
t o  s p r o u t  i n t o  a d j a c e n t  d e n e rv a te d  s k i n ,  a l t h o u g h  a f t e r  c r u s h  
th e y  r e g e n e r a t e  i n t o  i t  ( J a c k s o n  & D iam ond, J .  Comp. N e u r o l . ,  
i n  p r e s s ) . W il l  a  r e m a in in g  n e rv e  s p r o u t  w i t h in  a  p a r t i a l l y  
d e n e r v a t e d  dome? F i r s t  we i d e n t i f y  s i n g l e  dom es s h a re d  b e 
tw een  2 a x o n s ,  o n e  i n  e a c h  c f  2 a d j a c e n t  d o r s a l  c u ta n e o u s  
n e r v e s  (D CN s), and  map t h e  2 d o m a in s . One o f  t h e  2 DCNs i s  
th e n  c ru s h e d .  To d a t e ,  no e v id e n c e  o f  f u n c t i o n a l  s p r o u t i n g  
by  t h e  r e m a in in g  ax o n  h a s  e m erg ed ; in d e e d ,  t h e  dom e’ s  M e rk e l 
c e l l s ,  v i s u a l i z e d  by  t h e i r  q u i n a c r in e  f l u o r e s c e n c e ,  w e re  r e 
du c e d  i n  num ber ( c f .  N u rse  e t  a l . , 198 3 , N e u r o s c ie n c e  1 1 : 
5 2 1 ) ,  b u t  l a r g e l y  w i t h in  t h e  d e n e r v a t e d  ( i n s e n s i t i v e )  d o m a in . 
When t h e  c ru s h e d  ax o n  r e g e n e r a t e s  t o  t h e  dome i t  r e s t o r e s  
b o th  m e c h a n o s e n s i t i v i t y  and  M e rk e l c e l l s  ( c f .  N u rse  e t  a l . ,  
N e u r o s c ie n c e ,  i n  p r e s s )  t o  i t s  fo rm e r  d o m ain . We a r e  now ex 
a m in in g  w h e th e r  o n e , o r  b o t h ,  a x o n ( s ) ,  r e g e n e r a t i n g  t o  a  
t o t a l l y  d e n e r v a t e d  dom e, r e s p e c t  fo rm e r  dom ain  b o r d e r s ,  and  
a l s o  t h e  EM a p p e a r a n c e s  o f  M e rk e l c e l l - n e u r i t e  c o m p le x e s  i n  
su c h  p o t e n t i a l l y  c o m p e t i t iv e  s i t u a t i o n s .
( S u p p o r te d  by MRC C anada)
@ V i s i t i n g  S c i e n t i s t  fro m  P h y s i o l .  I n s t .  U n iv . Z u r ic h

307 .15   REGIONAL DIFFERENCES IN  THE SENSORY NERVE DEPENDENCE OF  
MERKEL CELL DEVELOPMENT IN RAT SKIN.  L . M i l l s * ,  C .A . N u rs e ,  
J . D iam ond .  D e p t . o f  N e u r o s c ie n c e s ,  M cM aster U n i v e r s i t y ,
1200 M ain  S t r e e t  W e s t, H a m il to n ,  O n ta r io  L8N 3Z5

I n  m am m alian  s k in  c l u s t e r s  o f  e p id e r m a l  M e rk e l c e l l -  
n e u r i t e  c o m p le x e s  f u n c t i o n  a s  s lo w ly  a d a p t i n g  to u c h  r e c e p 
t o r s .  W h e th e r t h e s e  M e rk e l c e l l s  a r e  t r o p h i c a l l y  d e p e n d e n t  
on  a n  i n t a c t  s e n s o r y  n e r v e  s u p p ly  h a s  b e e n  a  p o i n t  o f  co n 
t r o v e r s y .  R e c e n t  q u a n t i t a t i v e  s t u d i e s ,  b a s e d  on  t h e  a b i l i t y  
o f  M e rk e l  c e l l s  t o  a c c u m u la te  t h e  f l u o r e s c e n t  d y e  q u i n a c r in e ,  
i n d i c a t e  t h a t  d e n e r v a t io n  o f  t h e  t o u c h  dom es o f  t h e  d o r s a l  
t r u n k  o f  t h e  r a t  ( h a i r y )  s k in  b e tw e e n  7 an d  60 d a y s  o f  a g e  
c a u s e s  a  r a p i d  an d  p e r s i s t e n t  l o s s  o f  c a .  60% o f  t h e i r  
q u i n a c r in e  f l u o r e s c e n t  (M e rk e l)  c e l l s  (QFC) (N u rse  e t  a l . ,  
1 9 8 4 , N e u r o s c ie n c e  1 1 : 521– 5 3 3 ) .  We now f in d  t h a t  a f t e r  
d e n e r v a t io n  a t  1– 3 d o f  a g e ,  a b o u t  62% o f  dom es a r e  v i r t u a l l y  
d e v o id  o f  QFC by  60 d (mean 1 .4  ±  0 .5  SEM/dome, n = 7 0 ) ;  i n  1 d 
c o n t r o l s  t h e  m ean v a lu e  w as 28 ±  1 .7  SEM ( n = 1 8 9 ) , and  i n  60 d 
c o n t r o l s ,  91 ±  3 .9  (n =6 6 ) . How ever a n  e n t i r e l y  d i f f e r e n t  
r e s u l t  w as o b t a in e d  f o r  M e rk e l c e l l s  i n  g l a b r o u s  s k in  o f  t h e  
r a t  f o o tp a d .  The s c i a t i c  o r  b o th  t h e  s c i a t i c  and  s a p h e n o u s  
n e r v e s  o f  t h e  r i g h t  b in d lim b  w e re  c u t  and  l i g a t e d ;  t h e  co n 
t r a l a t e r a l  u n o p e r a t e d  l im b  s e rv e d  a s  a  c o n t r o l .  The e x t e n t  
o f  t h e  d e n e r v a t io n  w as m e a s u re d  b e h a v io u r a l l y  (an d  i n  some 
c a s e s ,  e l e c t r o p h y s i o l o g i c a l l y )  14– 21 d a y s  l a t e r ,  and  a p p ro x 
im a t e l y  18 h r  p o s t  q u i n a c r in e  i n j e c t i o n .  The s m a l l e s t  (m ost 
p o s t e r i o r - l a t e r a l )  f o o tp a d  w as rem oved  f ro m  b o th  f e e t  and  i t s  
QFC p o p u l a t i o n  c o u n te d  a f t e r  v ie w in g  t h e  s e p a r a t e d  e p id e r m is  
i n  t h e  f l u o r e s c e n c e  m ic r o s c o p e  (N u rse  e t  a l . ,  1 9 8 3 , C e l l  
T i s s .  R e s . 2 2 8 : 511– 5 2 4 ) .  F o o tp a d s  d e n e r v a t e d  a t  b i r t h  -  2 
d a y s  o f  a g e ,  w hen t h e  a v e r a g e  num ber o f  QFC (± SEM) i s  
112 ±  7 (n = 2 0 ) , c o n t in u e d  to  a c q u i r e  new M e rk e l c e l l s  ( a s  do 
c o n t r o l s )  so  t h a t  b e tw e e n  t h e  2nd and  3 rd  p o s t - o p e r a t i v e  w eek 
t h e  num ber o f  QFC p e r  pad  h ad  i n c r e a s e d  p r o g r e s s i v e l y  by  6– 17 
f o l d ;  th o u g h  t h e  d e n e r v a t e d  f o o tp a d  w as s i g n i f i c a n t l y  s m a l le r  
t h a n  c o n t r o l ,  t h e  a v e r a g e  d e n s i t y  o f  QFC w as a lw a y s  co m p ar
a b l e  b e tw e e n  o p e r a t e d  an d  c o n t r o l  p a d s .  I n  c o n t r a s t ,  on  t h e  
d o r s a l  s u r f a c e  o f  t h e  lo w e r  l e g ,  to u c h  dom es t h a t  w e re  s e rv e d  
by t h e  sam e t r a n s e c t e d  n e r v e s  h a d  a  d r a s t i c  r e d u c t io n  i n  QFC 
(b y  m o re  t h a n  75%) o v e r  t h e  sam e p e r i o d ,  and  a p p e a r e d  to  b e 
h a v e  s i m i l a r l y  t o  t h e i r  c o u n t e r p a r t s  i n  d o r s a l  t r u n k  s k in .  
T hus t h e  d e v e lo p m e n t o f  M e rk e l c e l l s  i n  t h e  g l a b r o u s  s k in  o f  
t h e  r a t  h in d p aw  a p p e a r s  t o  b e  l a r g e l y  n e r v e - in d e p e n d e n t  i n  
c o n t r a s t  t o  t h o s e  o f  t h e  to u c h  dom es o f  h a i r y  s k in .

307.16  INTRACEREBRAL GRAETING OF NEURONAL CELL SUSPENSIONS:
FACTORS AFFECTING SURVIVAL AND GROWTH.  A. B jö rk lu n d  and 
F.H. Gage.  D ep t . of  H i s to lo g y ,  Univ. o f  Lund, Lund, Sweden.

Recent  ev id en ce  s u g g e s t s  t h a t  d e n e rv a t io n  o f  th e  h ip p o 
campal fo rm a t io n  by f i m b r i a - f o r n i x  (FF) l e s i o n  r e s u l t s  in  
t h e  r e l e a s e  of n e u r o t r o p h ic  f a c t o r s  with  c e l l  s u r v i v a l  and 
axona l growth -promot in g  p r o p e r t i e s  (Gage a t .  a l . ,  N a tu r e , 
3 0 8 :6 3 7 ,  1 9 8 4 ) .  The t r o p h i c  e f f e c t s  of  d e n e rv a t io n  on c h o l 
i n e r g i c  c e l l  su sp e n s io n  s u r v i v a l ,  growth and t r a n s p l a n t  
volume were a s s e s s e d  in  two ex p e r im en t s .  Rat s  were i n j e c t e d  
with  c e l l  s u s p e n s io n s  of th e  f e t a l  s e p t a l  d ia g o n a l  band r e 
g ion i n t o  th e  hippocampal  fo rm a t io n  s im u l ta n e o u s ly  w i th  or  
w i th o u t  FF t r a n s s e c t i o n .  Four to  s i x  months l a t e r ,  one 
group of t r a n s p l a n t e d  an im als  was i n j e c t e d  w i th  d i i s o p r o p y l 
f l u o r o p h o s p h a t e  (DFP) and th e n ,  a f t e r  4 h o u rs ,  was s a c r i 
f i c e d  and th e  b r a i n s  were s e c t i o n e d  and s t a i n e d  f o r  a c e t y l 
c h o l i n e s t e r a s e  (AChE). A second  group of t r a n s p l a n t e d  a n i 
mals was ana lyzed  f o r  c h o l in e  a c e t y l t r a n s f e r a s e  (ChAT) 
a c t i v i t y  in  th e  hippocampal  f o r m a t io n .  The t r a n s p l a n t  v o l 
ume of  th e  r a t s  w ith  FF t r a n s s e c t i o n  was g r e a t e r  th an  tw ice  
th e  volume in  th e  an im als  w i th o u t  FF t r a n s s e c t i o n .  In a d d i 
t i o n ,  th e  number of  AChE-posit ive  c e l l s  in  th e  t r a n s p l a n t  
was a l s o  tw ice  as  g r e a t  in  th e  d en e rv a ted  an im als  th an  in  
th e  non -d en e rv a ted  a n im a ls .  However, th e  number of  AChE- 
p o s i t i v e  ce ll s /m m 3 d id  not d i f f e r  between th e  two g ro u p s ,  
s u g g e s t in g  t h a t  th e  t r o p h i c  e f f e c t  o f  th e  d e n e rv a t io n  was 
not s p e c i f i c  f o r  th e  c h o l i n e r g i c  neu ro n s .  The ChAT a c t i v i t y  
of th e  an im als  t h a t  r e c e iv e d  a FF l e s i o n  s im u l ta n e o u s ly  
w ith  t r a n s p l a n t a t i o n  was g r e a t e r  than  tw ic e  t h a t  o f . t h e  
r a t s  which r e c e iv e d  t r a n s p l a n t a t i o n  bu t  no s im u l ta n e o u s  FF 
l e s i o n .  This  l a t t e r  group r e c e iv e d  FF l e s i o n s  7 days b e f o r e  
s a c r i f i c e  in  o rd e r  to  r e v e a l  th e  ChAT a c t i v i t y  d e r iv e d  ex
c l u s i v e l y  from th e  t r a n s p l a n t s .  These r e s u l t s  s t r o n g l y  sup
p o r t  th e  c o n t e n t i o n  t h a t  n e u r o t r o p h ic  f a c t o r s  a r e  r e l e a s e d  
as  a r e s u l t  of d e n e rv a t io n  t h a t  can s u p p o r t  c e l l  s u r v i v a l  
and growth; however, th e s e  f a c t o r s  do not appear  t o  be sp e 
c i f i c  f o r  one ty p e  of  neuron,  bu t  r a t h e r  have t h e i r  t r o p h i c  
e f f e c t ( s )  on many or  a l l  n eurons .

(S u p p o r te d  by  g r a n t s  fro m  PHS (N S 15592-06) an d  MRC C anada)
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307. 17  MATURATION AND SURVIVAL OF DORSAL ROOT GANGLION 
TRANSPLANTS TO ADULT SPINAL CORD.  M.A. Sharkey, R. 
Lund, R . P om *.  A natom y D epartm en t, M edical U niversity  of South 
C aro lina, C harleston , SC 29425.

In a  series of an esth e tized  adu lt Long Evans ra ts  th e  dorsal 
funiculi of ro s tra l ce rv ica l spinal cord segm ents w ere excised . The 
re su ltan t cav ity  was filled  w ith an em bryonic day 14 spinal cord 
segm ent w ith a tta ch e d  dorsal roo t ganglia (DRG), to  de term ine  th e  
v iab ility  of neural tissue  tran sp lan ted  into an injured spinal cord . 
R esu lts  show th a t  DRG's m atu red  and survived w ithout con tac ting  a  
periphera l troph ic source for nerve grow th  fac to r (NGF). One to  
tw o m onths a f te r  tran sp lan ta tion  th e  anim als w ere an esth e tized , the  
spinal cord  g ra fts  visualized and the spinal co rd  portion of th e  g ra f t 
in jec ted  w ith horseradish peroxidase (HRP:30% solution). 
T w enty -four hours la te r  the  anim als w ere perfused  w ith a  phosphate 
buffered  solution contain ing  0.5% glu taraldehyde followed by a  2% 
glu taraldehyde phosphate buffered  so lu tion . Following fixa tion  the  
neural tissue was frozen  sectioned  a t  40µm, and a l te rn a te  sections 
processed w ith e ith e r diam inobenzidine te trahyd roch lo ride  and 
c oun ters ta ined  w ith cresyl violet or subjec ted  to th e  Holmes fiber 
s ta in  techn ique. In tw o anim als th e  in jections w ere re s tr ic te d  to  th e  
spinal portion o f th e  im plan t.

R esults show th a t th e  spinal cord g ra fts  w ere w ell- in teg ra te d  
w ith th e  host, but th e  DRG rem ained a ttach e d  only via th e  dorsal 
roo t to  the  spinal g ra f t and did not in te g ra te  w ith th e  host 
parenchym a. None of th e  DRG's had processes extending to  the  
periphery; all appeared  to  be subarachnoid in location . The HRP 
labeled tran sp lan ts  showed retrog radely  labelled cells in the  
ganglion. Thus, th e re  was no peripheral ta rg e t tissue from  which 
NGF could be re trog radely  tran sp lan ted , yet survival and m atu ra tion  
o f dorsal root ganglion neurons occurred  in th is  in vivo environm ent.

307. 18  CONTROL OF MUSCLE MEMBRANE STABILITY. BY ALPHA- 
MOTONEURONS.  L . E ld r id g e *  and  W .F.H .M . M om m aerts.  D e p a r t 
m en t o f  P h y s io lo g y ,  U n i v e r s i t y  o f  C a l i f o r n i a  a t  Los 
A n g e le s ,  CA 90 0 2 4 .

The m ech an ism s by w h ic h  t h e  s p i n a l  a lp h a -m o to n e u ro n s  
m a in t a in  e l e c t r i c a l  s t a b i l i t y  o f  t h e  m em branes o f  t h e i r  
t a r g e t  m u sc le s  w e re  s t u d i e d  in  a d u l t  f e m a le  c a t s .  M embrane 
i n s t a b i l i t y  was a s s e s s e d  by m o n i to r in g  t h e  o c c u r r e n c e  o f  
p o s i t i v e  s h a rp  w a v e s , i r r i t a b i l i t y ,  and  f i b r i l l a t i o n  
p o t e n t i a l s  upo n  i n s e r t i o n  o f  n e e d le  e l e c t r o d e s  i n t o  t h e  
b e l l i e s  o f  t h e  m e d ia l  g a s tr o c n e m iu s  and  t i b i a l i s  a n t e r i o r  
m u s c le s .  I n  some c a s e s ,  f i b r i l l a t i o n  was a l s o  c h e c k e d  by 
d i r e c t  v i s u a l  o b s e r v a t io n  o f  m u sc le s  s u r g i c a l l y  e x p o sed  
w i th  t h e  c a t  u n a n e s t h e t i z e d .  C a ts  u n d e rw e n t o n e  o f  t h e  
f o l l o w in g  s u r g e r i e s  in v o lv in g  t h e  lu m b o s a c ra l  i n n e r v a t i o n  
L5 th ro u g h  S3 s e r v i n g  t h e  lo w e r  h in d l im b :  d e n e r v a t io n  by 
v e n t r a l  r o o t  o r  s c i a t i c  s e c t i o n  (D ) , s p i n a l  i s o l a t i o n  
( S I ) , c o rd  t r a n s e c t i o n  (C T ), o r  b i l a t e r a l  d o r s a l  r h i z 
ectom y (D R ). A l l  c a t s  e x c e p t  DR d e v e lo p e d  p o s i t i v e  s h a rp  
w a v e s , i r r i t a b i l i t y ,  and  f i b r i l l a t i o n  p o t e n t i a l s ,  g e n e r a l l y  
b e g in n in g  7 t o  9 d ay s  a f t e r  s u r g e r y .  T h e se  s ig n s  o f  mem
b r a n e  i n s t a b i l i t y  h a d  d i s a p p e a r e d  by  4 w eeks a f t e r  s u r g e r y  
i n  t h e  CT m u sc le s  and  by 7 to  8 w eeks i n  t h e  S I  m u s c le s .
The D m u s c le s  c o n tin u e d  to  f i b r i l l a t e  f o r  many m o n th s , 
u n t i l  th e y  d e g e n e r a te d .  The v a r i a t i o n  in  t im e  c o u r s e  o f  
t h e  f i b r i l l a t i o n  a c r o s s  t h e  t r e a tm e n t  g r o u p s ,  a s  w e l l  a s  
among t h e  i n d i v i d u a l  c a t s  i n  t h e  S I g r o u p ,  s u g g e s t s  t h a t  
t r o p h i c  f a c t o r s  a r e  a t  l e a s t  p a r t i a l l y  c o n t r o l l i n g  t h e  
c h a n g es  i n  m em brane s t a b i l i t y .  F i r s t ,  t h e  d i f f e r e n c e  b e 
tw een  t h e  S I  an d  D g ro u p s  a f t e r  8 w eeks c a n  n o t  b e  ex 
p l a i n e d  by a ssu m in g  t h a t  S I m u sc le s  w e re  m ore a c t i v e  th a n  
D m u s c le s ,  s i n c e  t h e  S I  f i b e r s  w e re  i n  t o t a l  f l a c c i d  
p a r a l y s i s ,  l e s s  a c t i v e  t h a n  t h e  f i b r i l l a t i n g  d e n e rv a te d  
o n e s  a t  a l l  t im e  p o i n t s  a f t e r  8 w e e k s . S e c o n d , a l t h o u g h  
t h e  CT c a t s  by 6 d a y s  a f t e r  s u r g e r y  h ad  r e c o v e r e d  from  
s p i n a l  s h o c k ,  show ed h y p e r a c t iv e  r e l f e x e s ,  an d  d e m o n s t ra te d  
c o n s id e r a b l e  m o to r  u n i t  a c t i v i t y  ev en  w h i l e  t h e i r  r e f l e x e s  
w e re  n o t  b e in g  d e l i b e r a t e l y  s t i m u l a t e d ,  th e y  d id  n o t  show 
m axim al s ig n s  o f  m em brane i n s t a b i l i t y  u n t i l  3 w eeks a f t e r  
s u r g e r y .  T h i r d ,  t h e  o n s e t  o f  f i b r i l l a t i o n  i n  t h e  S I  c a t s  
r a n g e d  from  5 to  17 d a y s  a f t e r  s u r g e r y .  The l a t e n c y  o f  
o n s e t  v a r i e d  d i r e c t l y  w i th  l e n g t h  o f  t h e  l e g s ,  w i th  t h e  
c a t  h a v in g  t h e  l o n g e s t  l e g s  sh o w in g  17 day  d e la y .

We ack n o w led g e  t h e  v a lu a b l e  a s s i s t a n c e  o f  C. M a r t in e z ,   
K. H o, and  E . D iz o n .

T h is  r e s e a r c h  was s u p p o r te d  by NIH G ra n t  5R01AG02562-03 
to  W .F.H .M . M om m aerts.

307.19  SOLUBLE PROTEINS OF RAT MUSCLE: EFFECT OF DENERVATION AND  
NERVE EXTRACT.   E. A. H e in ic k e *  and H .L . D a v is .
D e p a r tm e n ts  o f  Anatomy and  B io c h e m is t r y ,  The U n i v e r s i ty  o f  
W e ste rn  O n t a r i o ,  L ondon, O n ta r io  N6A 5C1 Canada

D e n e r v a tio n  o f  a s k e l e t a l  m u sc le  r e s u l t s  in  a tr o p h y  o f 
t h e  m u sc le  and  l o s s  o f  t o t a l  p r o t e i n .  T h ese  c h a n g es  
r e s u l t  from  b o th  d i s u s e  and  l o s s  o f  n e u r o t r o p h ic  
s u b s t a n c e s .  A queous e x t r a c t s  o f  r a t s '  o r  s h e e p 's  s c i a t i c  
n e rv e s  h av e  b e e n  shown to  re d u c e  some o f  th e  p r o t e i n  l o s s  
when i n j e c t e d  i n to  r a t s '  e x te n s o r  d ig i to ru m  lo n g u s  (EDL) 
m u sc le s  w h ich  h ave  b e e n  d e n e rv a te d  s e v e n  d a y s .

T h is  s tu d y  i n v e s t i g a t e s  th e  e f f e c t  o f  d e n e r v a t io n  on 
i n d i v i d u a l  p r o t e i n s  o f  th e  s a rc o p la s m  o f  EDL m u sc le s  o f  
t h e  r a t  and a s s e s s e s  th e  e f f e c t  o f  i n j e c t e d  sh e ep  n e rv e  
e x t r a c t  in  o f f s e t t i n g  t h e s e  c h a n g e s .  R ig h t  EDL m u sc le s  
w ere  d e n e r v a t e d  by rem o v a l o f  s c i a t i c  n e rv e  from  th e  
t h i g h .  D e n e rv a te d  and  c o n t r a l a t e r a l  n o rm a l m u sc le s  w ere 
d i s s e c t e d  o u t  a f t e r  s e v e n  d ay s  and  h o m o g en ized  in  d i l u t e  
p h o s p h a te - b u f f e r e d  s a l i n e .  I n s o l u b l e  p r o t e i n  was rem oved 
by c e n t r i f u g a t i o n  and  th e  am ount o f  p r o t e i n  in  th e  
s u p e r n a t a n t  was d e te rm in e d  b i o c h e m ic a l ly .  The e x t r a c t e d  
p r o t e i n s  w ere  s e p a r a t e d  by sod ium  d o d e c y l  s u l f a t e  
p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s ,  s t a i n e d  w i th  C oom assie  
B lu e  and  sc a n n e d  s p e c t r o p h o to m e t r i c a l l y .  The r e l a t i v e  
am ount o f  p r o t e i n  in  e a c h  band  was d e te rm in e d  from  th e  
a r e a  u n d e r  i t s  a b s o rb a n c e  p e a k  and  e x p re s s e d  a s  a f r a c t i o n  
o f  th e  t o t a l  p r o t e i n  on th e  g e l .  M o le c u la r  w e ig h ts  w ere 
e s t i m a t e d  by c o m p a r is o n  w i th  known s t a n d a r d s .  The  
r e l a t i v e  am ounts o f  p r o t e i n  in  c o r r e s p o n d in g  b an d s  from  
n o rm a l and  d e n e rv a te d  m u sc le s  w ere  co m p ared . The t o t a l  
s o lu b l e  p r o t e i n  was s i g n i f i c a n t l y  lo w e r in  th e  d e n e rv a te d  
m u sc le s  th a n  in  n o rm a l c o n t r a l a t e r a l  c o n t r o l s .  A num ber 
o f  e l e c t r o p h o r e t i c a l l y  s e p a r a t e d  p r o t e i n s  w ere 
p r o p o r t i o n a t e l y  i n c r e a s e d  in  th e  d e n e rv a te d  m u sc le s  and 
some w ere  r e l a t i v e l y  d im in is h e d .  D a i ly  in t r a m u s c u la r  
i n j e c t i o n s  o f  e x t r a c t  o f  s h e e p 's  s c i a t i c  n e rv e s   
a m e l io r a te d  some o f  th e  d e n e r v a t io n - in d u c e d  d e c re a s e  in  
th e  t o t a l  s o lu b l e  p r o t e i n .  The e f f e c t  o f  th e  n e u r o t r o p h ic  
f a c t o r  on th e  r e l a t i v e  d i s t r i b u t i o n  o f  s o lu b l e  p r o t e i n s  
was a l s o  e x am in ed  e l e c t r o p h o r e t i c a l l y .

T h is  r e s e a r c h  was s u p p o r te d  by th e  M u scu la r  D y s tro p h y  
A s s o c ia t io n  o f  C an ad a , th e  Conn Sm ythe R e s e a rc h  F o u n d a tio n  
f o r  C r ip p le d  C h i ld r e n ,  T o ro n to ,  C an ad a , and  th e  M e d ic a l 
R e s e a rc h  C o u n c il  o f  C an ad a .

307.20  DENERVATION OF STERNOMASTOID MUSCLE IN TREMBLER DYSMYELINA
TING MUTANT AS COMPARED TO CONTROL MOUSE ; H .L . KOENIG1 ,   
N .A . DOTHI2 , M. VIGNY3 .
1 U n i v e r s i t y  B o rd eau x I  F r a n c e .  2 U n iv . P a r i s  VI F r a n c e .
3 ENS P a r i s ,  F r a n c e .

T re m b le r  m u ta t io n  i s  c h a r a c t e r i z e d  by a s e g m e n ta l  d y sm y e li
n a t i o n  o f  p e r i p h e r a l  n e r v e s .  M otor i n n e r v a t i o n ,  A C h -re c e p to rs  
and AChE a c t i v i t y  a r e  m o d if ie d  i n  f a s t  and  s lo w  m u s c le s .  We 
i n v e s t i g a t e d  th e  p o s s i b l e  d i f f e r e n c e s  i n  t h e  e f f e c t s  o f  d e 
n e r v a t i o n  i n  s te r n o m a s to id  m u sc le  o f  T re m b le r  and  C o n t r o l  m i
c e .  S e v e r a l  d i f f e r e n c e s  w ere  o b s e rv e d  i n  T re m b le r  d e n e rv a te d  
m u sc le  1) t h e  t o t a l  AChE a c t i v i t y  i n  t h e  w h o le  m u sc le  d e c r e a 
se  m ore r a p i d l y  i n  T re m b le r .  2) t h e  r e l a t i v e  p r o p o r t i o n  o f  
a sy m m e tr ic  fo rm s (A12 + A8 ) d e c l i n e d  m ore r a p i d l y  i n  t h e  mu
t a n t ,  w h e re a s  t h e  i n c r e a s e  o f  g l o b u la r  fo rm s (G1 + G2) was 
s i m i l a r .  I n  b o th  m ice  G4 AChE d i s a p p e a r e d  c o m p le te ly  a f t e r  
1– 2 w e e k s . Even a f t e r  4 w eeks o f  d e n e r v a t io n ,  c o l l a g e n - t a i l e d  
fo rm s w ere  s t i l l  p r e s e n t  i n  b o th  n e rv e  f r e e  and  e n d p la t e  r e 
g io n s  i n  T re m b le r  and  c o n t r o l .  3) i n  t h e  c o n t r o - l a t e r a l  s t e r 
n o m a s to id ,  th e  s l i g h t  d e c r e a s e  o f  A12 + A8 fo rm s was a l s o  
m ore r a p i d  i n  T re m b le r .  4) s m a l l  p a tc h e s  o f  e x t r a j u n c t i o n a l  
A C h -re c e p to r s  w ere  o b s e rv e d  a t  d i s t a n c e s  o f  0 ,3  t o  3mm fro m  
th e  d e n e rv a te d  e n d p la t e s ,  i n  T re m b le r  and  c o n t r o l .  I n  
T re m b le r ,  t h e  a p p e a ra n c e  o f  th e  p a tc h e s  was d e la y e d  by 1 
w eek , th e y  a p p e a re d  o n ly  a f t e r  2 w eeks o f  d e n e r v a t io n .  5) 
o c c a s i o n a l l y ,  t h e  A C h -re c e p to r  p a tc h e s  w ere  c o l o c a l i z e d  w i th  
i d e n t i c a l  im m u n o sta in e d  p a tc h e s  o f  AChE i n  T re m b le r  and  c o n 
t r o l .  The d e n e rv a te d  e n d p la t e s  e x h i b i t e d  a lw a y s  s im u lta n e o u s  
AChE and A C h -re c e p to r  s t a i n i n g .
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307.21  REGULATION OF MUSCLE SIZE BY ACTIVITY AND 
NCN-ACTIVITY-RELATED FACTORS  S . A. S p ec to r .  Dept. of  
Kinesiology, UCLA, Los Angeles, Ca. 90024.

In view of fluc tuations in  muscle s ize  induced by modi
fied  a c tiv ity  lev e ls  in  such p e r tu b a tio n s  as h igh r e s i s 
tance  w eight t r a in in g  or j o in t  im m o b iliz a tio n , i t  i s  
thought th a t the s iz e  of sk e le ta l muscle depends to a large 
extent on the amount or p a ttern  of neuromuscular a c t i v i t y .  
However, i t  c an  n o t  be c o n c l u d e d  a  p r i o r i  t h a t  
n o n -a c tiv ity - re la te d  f a c to r s ,  thought to  re g u la te  some 
electrophysiological p roperties of muscle, does no t in f lu 
ence muscle s iz e .

To te s t  the p o ss ib ility  of a n o n -activ ity -re la ted  e ffec t 
on s iz e  of muscle, soleus muscle weight (MW) and mean fib er 
cross-sectional area (F-CSA) were assessed  b i l a t e r a l l y  in  
adu lt female r a ts  (180-200g) which underwent hindlimb den
ervation co n tra la te ra l to chemically induced neuromuscular 
p a ra ly sis . Denervation (D2) was produced by s c ia t ic  nerve 
excision in  the mid-thigh region; p a ra ly s is  (T2) was in 
duced w ith te tro d o to x in  ap p lied  c h ro n ic a lly  to  s c i a t i c  
nerve via a mini-osmotic pump whose contents were led  to  a 
S i la s t ic  nerve cu ff. B ila te ra l determinations were made on 
a second group of denervated (D1) and sham -operated (C1) 
r a ts .  A fter 2 or 4 weeks of t r eatment, each muscle was ex
cised and weighed, and the cross-sectional areas of between 
100-150 f ib e rs  were d ig itized .

The re su lts  (X ± SEM) l is te d  in  the Table show th a t, fo r 
both MW and F-CSA assessed a f te r  2 or 4 weeks, decreases in  
these values with denervation are  s ig n ifican tly  a tte n u a te d  
(P<0.05) for T2  The extent of differences between D2 and 
T2 for both MW and F-CSA for e ith e r  period of trea tm en t i s  
between 20% and 30%. These re su lts  suggest a su b s ta n t ia l  
influence of neuromuscular a c tiv ity  in  con tro lling  the size  
of muscle. In a d d it io n , however, th e  p re se n t f in d in g s  
n ecessita te  the postu lation  of a n cn -ac tiv ity -re la ted  f ac 
to r  which presumably i s  re lease d  by the  motoneuron and 
which con tro ls, to  a le s s e r  bu t s ig n i f ic a n t  deg ree , the  
size  of the  muscle and i t s  f ib e rs .

This study was supported by NIH grant NS16333 to  V. R. 
Edgerton, and was performed a t  the Jerry  Lewis Neuromuscu
l a r  Research C enter.

2 w eeks 4 w eeks
MW F-CSA n MW F-CSA n

C1 101 + 4 2337 + 132 7 120  + 4 2457 + 122 8
D1D1

51 ± 2
52 ± 3

1023 ± 96 
965 ± 58

7
8

46 ± 2
43 ± 2

741 ± 91
65 b ± 80

8
6

T2 67 ± 4 1154 ± 73 8 56 ± 4 864 ± 107 6

3 0 7 .22  TROPHIC SUPPORT BY THE OTOCYST OF CHICK COCHLEO-VESTIBULAR 
NEURONS IN ORGAN CULTURE: ROLE OF CELL DIVISION.  S .H .H a u g e r  
and D .K . M o re s t .  U. Conn. H e a l th  C e n te r ,  F a r m in g to n ,  CT 06032

We a r e  s tu d y in g  i n t e r a c t i o n s  b e tw e e n  t h e  n e u ro n s  o f  t h e  
c o c h l e o - v e s t i b u l a r  g a n g l io n  (CVG) and  t h e i r  p e r i p h e r a l  synap
t i c  t a r g e t s ,  a u d i t o r y  and  v e s t i b u l a r  h a i r  c e l l s  d e r iv e d  from  
th e  e m b ry o n ic  o t o c y s t .  When e x p la n t e d  a t  s t a g e  2 1 -2 3  (E3½–4 ) 
and  m a in ta in e d  i n  o rg a n  c u l t u r e  f o r  14 d ,  t h e  CVG c o n ta i n s  
416 ± 257 (SD) n e u ro n s  ( ra n g e  267– 7 7 3 ) . H ow ever, i f  t h e  o t o 
c y s t  i s  in c lu d e d  i n  t h e  e x p la n t ,  t h e  num ber o f  CVG n e u ro n s  
r i s e s  to  2843 ± 1132 ( ra n g e  1579– 4 9 2 5 ) (A rd , M o re s t & H auger, 
s u b m i t t e d ) .  T h is  d i f f e r e n c e  w as a t t r i b u t e d  to  t r o p h i c  su p p o rt 
o f  th e  CVG by th e  o t o c y s t ;  i . e . ,  n e u ro n s  s u r v iv e d  and  d i f 
f e r e n t i a t e d  b e c a u s e  o f  t h e  p r e s e n c e  o f  t h e  o t o c y s t .

In  th e  p r e s e n t  s tu d y ,  an  a l t e r n a t i v e  i n t e r p r e t a t i o n  was 
t e s t e d :  th e  a d d i t i o n a l  n e u ro n s  o c c u r r in g  w i th  t h e  o t o c y s t  
p r e s e n t  a r e  g e n e r a t e d  by  c e l l  d i v i s i o n .  T h is  w as t e s t e d  by 
m a i n t a i n in g  o rg a n  c u l t u r e s  o f  com bined  o t o c y s t  and  CVG a t  
s t a g e  18½–24 f o r  14 d i n  t h e  c o n t in u o u s  p r e s e n c e  o f  3H -th y 
m id in e  ( 0 .2 5 ,  0 .5  o r  1 .0  µ C i/m l) .  T h re e  d o s e s  w e re  u s e d  a s  
a  c o n t r o l  f o r  p o s s i b l e  t o x i c  e f f e c t s  o f  t r i t i u m ;  no c o n s i s 
t e n t  d o s e - r e l a t e d  d i f f e r e n c e s  w e re  s e e n .  O th e r  c u l t u r e  co n 
d i t i o n s  w e re  a s  b e f o r e  (A rd & M o re s t ,  ' 8 1 ,  S o c . N e u r o s c i .  
A b s t .  # 2 4 9 .1 7 ) .  The c u l t u r e s  w e re  f i x e d  i n  B o u i n 's ,  embedded 
in  p l a s t i c ,  s e r i a l l y  s e c t i o n e d  a t  5 µm, and  p r o c e s s e d  f o r  
a u to r a d io g r a p h y .  N eu ro n s w ere  i d e n t i f i e d  a f t e r  s t a i n i n g  w ith  
t o l u i d i n e  b l u e ,  c r e s y l  v i o l e t  o r  t h i o n i n .

The o n ly  p re d o m in a n t ly  u n l a b e l e d  c e l l s  w ere  t h e  CVG 
n e u ro n s  - -  l e s s  th a n  0.1%  o f  t h e s e  c e l l s  w ere  l a b e l e d  ab o v e  
b a c k g ro u n d . Many o f  th e  o t h e r  k in d s  o f  c e l l s  h ad  c l e a r l y  
l a b e l e d  n u c l e i ,  i n d i c a t i n g  t h a t  t h e y  h ad  d iv id e d  i n  v i t r o . 
T h ese  i n c lu d e d  h a i r  c e l l s ,  s u p p o r t i n g  c e l l s  and  o t h e r  e p i 
t h e l i a l  c e l l s ,  c a r t i l a g e ,  c o n n e c t iv e  t i s s u e  and p e r i - n e u r o n 
a l  s a t e l l i t e  c e l l s .

To f i n d  o u t  i f  n e u r o b l a s t s  d id  d i v id e  i n  c u l t u r e  b u t  w ere  
k i l l e d  by  t r i t i u m ,  t h e  n e u ro n s  i n  e a c h  c u l t u r e  w e re  c o u n te d .  
I n d e e d ,  c u l t u r e s  fro m  s ta g e  18½-2 2  em bryos had  few  n e u ro n s  
( l e s s  th a n  8 0 0 ) .  H ow ever, f p r  c u l t u r e s  fro m  s t a g e  23– 24 
em b ry o s , t h e  n um bers o f  n e u ro n s  w e re  i n  t h e  r a n g e  r e p o r t e d  
by Ard e t  a d . ( s e e  ab o v e )  .

We c o n c lu d e  t h a t  a l l  n e u ro n s  s u r v i v i n g  14 d i n  v i t r o  m ust 
h a v e  b e e n  p r e s e n t  and  p o s t m i t o t i c  a t  t h e  t im e  o f  e x p la n t a 
t i o n .  N e u r o b la s t s ,  i f  p r e s e n t ,  e i t h e r  f a i l e d  t o  d i v id e  o r  
f a i l e d  to  p ro d u c e  v i a b l e  o r  r e c o g n i z a b l e  p ro g e n y .  Thus th e  
p o s s i b i l i t y  t h a t  t h e  t r o p h i c  i n t e r a c t i o n  b e tw e e n  th e  o t o c y s t  
and th e  CVG n e u ro n s  i s  m e d ia te d  by  c e l l  d iv is io n  seems u n lik e ly .

S u p p o r te d  by USPHS g r a n t  n o . 5R01 NS14354.

307.23  NERVE GROWTH FACTOR REGULATES ACETYLCHOLINESTERASE IN SYM
PATHETIC GANGLIA.  L.M. I b s e n * , B .A . H ay*and C .G . R e in e s s .  
 D e p a r tm e n t o f  B io lo g y ,  Pomona C o l le g e ,  C la re m o n t,  CA 9 1 711 .

We h a v e  i n v e s t i g a t e d  w h e th e r  th e  fo rm s  o f  a c e t y l c h o l i n 
e s t e r a s e  (AChE) i n  r a t  s y m p a th e t ic  g a n g l i a  a r e  r e g u l a t e d  by 
n e rv e  g ro w th  f a c t o r  (NGF). V e l o c i t y  s e d im e n ta t io n  a n a l y s i s  
o f  e x t r a c t s  o f  s u p e r i o r  c e r v i c a l  g a n g l i a  (SCG) fro m  m ale  
S p ra g u e -D aw le y  r a t s  on l i n e a r  s u c r o s e  g r a d i e n t s  r e v e a l e d  
AChE fo rm s  s e d im e n tin g  a t  16S , 10S and a  d o u b le t  a t  4- 6S 
( c f  G i s ig e r  e t  a l . ,  J .  N eurochem . 3 0 , 501 ( 1 9 7 8 ) ) .  B ecau se  
o f  s e a s o n a l  v a r i a t i o n s  i n  l e v e l s ,  we r e p o r t  o n ly  d a t a  from  
s t u d i e s  c o n d u c te d  i n  sum m er. We e s t im a te d  th e  r e l a t i v e  p r o 
p o r t i o n  o f  t h e  fo rm s  g r a p h i c a l l y  a s  1 2 .4 + 2 .1 %  16S AChE, 
(m ean + S .D ., n = 1 3 ) , 4 1 .3 + 4 .2 %  10S and 4 6 .3 + 4 .4 %  4 -6 S .  A pprox
im a te ly  85% o f  t o t a l  c h o l i n e s t e r a s e  and  o f  e a c h  fo rm  was 
AChE, a s  ju d g e d  by  s e n s i t i v i t y  t o  iso-OMPA an d  BW 2 8 4 c5 1 .

D e p r iv in g  th e  g a n g l io n  o f  NGF by axo tom y o f  b o th  th e  e x 
t e r n a l  and  i n t e r n a l  c a r o t i d  b r a n c h e s  c a u se d  a  40– 50%d e c r e a s e  
i n  t o t a l  A C h E /g an g lio n  a f t e r  6 - 8 d .  T h e re  was a  s e l e c t i v e ,  
s i g n i f i c a n t  d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  t h e  16S fo rm  i n  
t h e  r e m a in in g  AChE i n  t h e  a x o to m iz e d  g a n g l io n  com pared  w i th  
th e  c o n t r o l  g a n g l io n  fro m  th e  same a n im a l ( 4 .5 ± 0.9%  v s  1 2 .1  
+ 2 .3% , n = 4 ; p < 0 .0 2 ) .  T h e re  was a  s m a l l ,  n o n s i g n i f i c a n t  i n 
c r e a s e  i n  10S AChE ( 5 2 .6 ± 7.9% v s  4 5 .6 + 3 .2 % ) and  no ch an g e  
i n  4 -6 S  AChE ( 4 2 .9 ± 7.2%  v s  4 2 .3 ±3.4% ) i n  a x o to m iz e d  g a n g l i a .  
Thus axo tom y s e l e c t i v e l y  r e d u c e s  th e  r e l a t i v e  p r o p o r t i o n  o f  
1 6 S AChE by >60%.

Im m u n iz a tio n  o f  r a t s  w i th  NGF a l s o  c a u se d  s e l e c t i v e  r e 
d u c t i o n  o f  16S AChE l e v e l s .  Im m u n iz a tio n  c a u se d  r e d u c t io n s  
i n  t o t a l  p r o t e i n  (21% ), t o t a l  AChE (19% ), and  t y r o s i n e  hy 
d r o x y la s e  (51%) l e v e l s  i n  SCG. The r e m a in in g  AChE showed 
a  s i g n i f i c a n t  r e d u c t io n  i n  t h e  p r o p o r t i o n  o f  th e  16S fo rm  
( 8 .9 ± 3.1% , n=7 v s  1 2 .4 ± 2 .1% ; p < 0 .0 1 ) ;  no s i g n i f i c a n t  d i f f e r 
e n c e s  i n  10S ( 4 4 .4 ± 6 .8 % 0 )o r 4 -6 S  AChE ( 4 6 .6 ± 6.6% ) w ere  s e e n .

D a i ly  i n t r a v e n o u s  i n j e c t i o n s  o f  e x o g e n o u s  NGF f o r  6 -8 d  
( 2 .5  m g/kg  b ody  w t /d )  a p p e a r e d  to  i n c r e a s e  16S AChE l e v e l s  
i n  b o th  a x o to m iz e d  ( 5 .6 ± 0.9%  v s .  4 .5 ± 0.9% , n= 4) and  c o n t r o l  
g a n g l i a  ( 1 6 .0 ± 2.2% v s  1 2 .1 ± 2.3% , n = 4 ) ,  b u t  t h e  d i f f e r e n c e s  
w e re  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p = 0 .0 6 ) .

T h e r e f o r e ,  t r e a tm e n t s  w h ich  p r o b a b ly  r e d u c e  NGF l e v e l s  i n  
SCG c a u s e  a  s e l e c t i v e  l o s s  o f  16S AChE, w h i l e  a d d i t i o n  o f  
e x o g e n o u s  NGF may i n c r e a s e  16S AChE l e v e l s .  T h ese  r e s u l t s  
i n d i c a t e  t h a t  l e v e l s  o f  16S AChE i n  s y m p a th e t ic  g a n g l i a  a r e  
r e g u l a t e d  by l e v e l s  o f  NGF, a s  a r e  many o t h e r  p r o p e r t i e s  o f  
g a n g l i o n i c  s y n a p s e s  ( P u rv e s  and  L ic h tm a n , P h y s i o l .  R e v . ,  58  

821 (1 9 7 8 ) .
S u p p o r te d  by  a  g r a n t  fro m  t h e  R e s e a rc h  C o r p o r a t io n .

307.24  CONTROL OF CEREBELLAR CELL PROLIFERATION IN STAGGERER, LUR -  
CHER AND HYPOTHYROID MUTANT MICE.  Anne M esse r and  
K a th le e n  H a tc h .*   C e n te r  f o r  L a b s . and  R e s e a rc h ,  N .Y . S t a t e  
D e p t . o f  H e a l th ,  A lb a n y , N.Y. 1 2 2 0 1 .

The num bers and  ty p e s  o f  c e l l s  w h ich  a r e  d e s t i n e d  t o  
i n t e r a c t  i n  t h e  m a tu re  c e re b e l lu m  seem  t o  be c o n t r o l l e d  by 
a  v a r i e t y  o f  d e v e lo p m e n ta l  m ec h a n ism s . Q u e s t io n s  o f  w hich  
p r o c e s s e s  a r e  i n t r i n s i c a l l y  c o n t r o l l e d  by th e  g e n e s ,  and  
w h ich  a r e  c o n t r o l l e d  i n d i r e c t l y  e i t h e r  by s i g n a l s  from  
o t h e r  c e l l  t y p e s  o r  v i a  s y s te m ic  h o rm o n es c a n  be p o w e r f u l ly  
i n v e s t i g a t e d  u s in g  m u ta t io n s  w hich  i n t e r f e r e  w i th  t h e  
n o rm a l d e v e lo p m e n t o f  t h e  c e r e b e l lu m ,  a n d /o r  by h o rm o n a l 
m a n ip u la t io n s  w h ich  a l t e r  d e v e lo p m e n ta l  s e q u e n c e s .  H ere  we 
a d d r e s s  t h e  m echanism  o f  a c t i o n  c o n t r o l l i n g  p r o l i f e r a t i o n  
i n  t h e  c e r e b e l l a r  e x t e r n a l  g r a n u le  l a y e r  (EGL) by co m p a rin g  
h y p o th y ro id is m  i n  m ic e ,  u s in g  t h e  h y p o th y ro id  ( h y t / h y t )  
m u ta n t ,  t o  t h e  s t a g g e r e r  ( s g / s g )  an d  L u rc h e r  (L c /+ )  
c e r e b e l l a r  m ouse m u ta n t s .  The 3 m u ta n ts  d i f f e r  i n  t h e  
t im e - c o u r s e  and s e v e r i t y  o f  t h e i r  P u r k in j e  c e l l  d e f e c t s ,  
and  show c o n c o m ita n t  a b n o r m a l i t i e s  i n  t h e i r  p a t t e r n s  o f  EGL 
p r o l i f e r a t i o n .

In  t h e s e  e x p e r im e n ts ,  l e v e l s  o f  t h e  enzym e th y m id in e  
k i n a s e  (TK) a r e  u se d  t o  a s s e s s  DNA p r o l i f e r a t i o n  
b io c h e m ic a l ly ,  w i th  h i s t o l o g i c a l  s t u d i e s  an d  
a u to r a d io g r a p h y  a f t e r  3 H - th y m id in e  u p ta k e  u se d  t o  c o r r e l a t e  
t h e  en zym ology  w i th  i n  v iv o  o b s e r v a t io n s .  P r e v io u s  work 
h a s  shown t h a t  i n d u c t i o n  o f  TK a c t i v i t y  i n  d e v e lo p in g  s g / s g  
m ouse c e re b e l lu m  i s  g r e a t l y  re d u c e d  d u r in g  th e  n o rm a l p eak  
o f  p r o l i f e r a t i o n  (d a y s  6 - 8 ) .  L c /+  show s no s u c h  e a r l y  
r e d u c t io n ,  w h i le  h y t / h y t  m ice  t o  d a te  h av e  shown g r e a t e r  
v a r i a b i l i t y  th a n  c o n t r o l s .

E f f e c t s  o f  t h e  t h r e e  m u ta t io n s  on th e  c e s s a t i o n  o f  
p r o l i f e r a t i o n  a r e  e v e n  m ore s t r i k i n g .  I n  a l l  c a s e s  t h e r e  
i s  an  e x te n s io n  o f  t h e  p r o l i f e r a t i v e  p e r i o d ,  a s  i f  t h e  EGL 
c e l l s  f a i l  t o  r e c e i v e  a  s i g n a l  t o  s to p  d i v id i n g  a t  th e  
p r o p e r  t im e .  S g /s g  m ice  show h ig h e r  th a n  n o rm a l l e v e l s  o f  
TK a t  d a y s  1 4 , 18 and  2 2 ; h y t / h y t  a t  d a y s  14 an d  1 8 , an d  
L c /+  on d a y s  18 and  2 2 . T h is  r o u g h ly  r e f l e c t s  th e  
c o n s t a n t ,  e a r l y  and  l a t e r  e f f e c t s  o f  t h e  m u ta t io n s  on 
P u r k in j e  c e l l s  r e s p e c t i v e l y ,  and can  a l s o  be c o r r e l a t e d  
w i th  an  e x te n d e d  t im e  f o r  o b s e r v a t io n  o f  t h e  EGL 
h i s t o l o g i c a l l y  and  w i th  c e l l  t y p e s  shown t o  t a k e  up 3H- 
th y m id in e  i n v iv o .  I m p l i c a t i o n s  f o r  t h e  h y p o th e s i s  t h a t  
P u r k in j e  c e l l  a b n o r m a l i t i e s  i n  a l l  3 m u ta n ts  l e a d  to  
a b b e r e n t  s i g n a l l i n g  o f  t h e  o n s e t  and c e s s a t i o n  o f  
p r o l i f e r a t i o n  i n  t h e  EGL w i l l  be  d i s c u s s e d .

S u p p o r te d  by g r a n t  #N S17633.
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308.1   HORMONAL REGULATION OF TRANSLATABLE mRNAs OF S PE C IF IC  
GLIAL PROTEINS IN C6 CELLS.   S .  K u m a r * ,  D .  P .  
W e i n g a r t e n * ,  J .  C a l l a h a n * ,  K .  S a c h a r * a n d  J .  d e  V e i l  i s . 
 L a b .  o f  B i o m e d .  a n d  E n v i r o n m e n t a l  S c i e n c e s ,  M e n t a l  
R e t a r d .  R e s .  C e n t e r ,  UCLA S c h o o l  o f  M e d i c i n e ,  L o s  
A n g e l e s ,  CA 9 0 0 2 4 .

The  r e g u l a t i o n  o f  t r a n s l a t a b l e  mRNAs o f  t h r e e  g l i a l  
e n z y m e s ,  n a m e l y ,  g l y c e r o l  p h o s p h a t e  d e h y d r o g e n a s e  (GPDH) 
a n d  g l u t a m i n e  s y n t h e t a s e  ( G S )  i n  r e s p o n s e  t o  h y d r o c o r 
t i s o n e  ( H C ) ,  a n d  l a c t a t e  d e h y d r o g e n a s e  (LDH) i n  
r e s p o n s e  t o  n o r e p i n e p h r i n e  ( N E ) ,  i s  d e s c r i b e d  i n  C6 
c e l l s .  S p e c i f i c  mRNAs w e r e  o b t a i n e d  b y  a f f i n i t y  p u r i f i 
c a t i o n  o f  GPDH, GS o r  LDH p o l y s o m e s  o n  Ig G  c o u p l e d  S ep h  
4B .  U s i n g  c e l l - f r e e  t r a n s l a t i o n s  o f  GPDH-,  G S - ,  o r  
L D H - p o l y s o m e  e n r i c h e d  p o l y ( A ) + RNA, we r e p o r t  a  
d r a m a t i c  I n c r e a s e  i n  t r a n s l a t a b l e  mRNAs o f  t h e s e  
e n z y m e s  i n  t h e  p r e s e n c e  o f  h o r m o n e  a s  c o m p a r e d  t o  
u n i n d u c e d  c e l l s .  The h o r m o n a l l y  i n d u c e d  a p p e a r a n c e  o f  
t h e s e  t r a n s l a t a b l e  p o l y s o m a l  p o l y ( A ) + RNA a r e  s e n s i 
t i v e  t o  a c t i n o m y c i n  D,  a n  i n h i b i t o r  o f  RNA s y n t h e s i s  
i n d i c a t i n g  t h e  t r a n s c r i p t i o n a l  r e g u l a t i o n  o f  t h e s e  
g l i a l  e n z y m e s .  Th e NE- m o d u l a t e d  t r a n s c r i p t i o n  o f  LDH 
o r  t h e  H C - m e d i a t e d  t r a n s c r i p t i o n  o f  GPDH a r e  d e p e n d e n t  
u p o n  t h e  s y n t h e s i s  o f  p r o t e i n ( s )  a s  e v i d e n c e d  b y  c y c l o 
h e x i m i d e  s e n s i t i v i t y .  Th e H C - m e d i a t e d  i n d u c t i o n  o f  
GS s p e c i f i c  mRNA, h o w e v e r ,  i s  n o t  d e p e n d e n t  
u p o n  p r o t e i n  s y n t h e s i s .  W h i l e  a  s h o r t - c h a i n  f a t t y  
a c i d ,  s o d i u m  b u t y r a t e  ( N a B ) ,  a b o l i s h e s  a l l  H C -i n d u c i b l e  
GPDH s p e c i f i c  mRNA, t h e  H C - m e d i a t e d  GS s p e c i f i c  mRNA i s  
e n h a n c e d  whe n i n  v i t r o  c e l l - f r e e  t r a n s l a t i o n  p r o d u c t s  
w e r e  a n a l y z e d  b y  im m u n o -  p r e c i p i t a t i o n .  The  m a g n i t u d e  
o f  NaB i n h i b i t i o n  o f  HC i n d u c i b l e  GPDH o r  i n c r e a s e  o f  
GS - i n d u c t i o n  p a r a l l e l e d  t h e  GPDH e n z y m e  i n h i b i t i o n  a n d  
GS e n z y m e  i n d u c t i o n  o f  HC i n  t h e  p r e s e n c e  o f  NaB i n  
t h e s e  c e l l s .  M i l l i m o l a r  c o n c e n t r a t i o n s  o f  NaB a n d  
o t h e r  s h o r t - c h a i n  f a t t y  a c i d s  i n  m a n m a l i a n  c e l l  c u l t u r e  
a r e  kno wn  t o  p r o d u c e  a  r e v e r s i b l e  h y p e r a c e t y l a t i o n  o f  
c o r e  h i s t o n e  p r o t e i n s  w h i c h  p l a y  s o m e  i m p o r t a n t  r o l e  i n  
t h e  c o n t r o l  o f  c h r o m a t i n  t r a n s c r i p t i o n a l  a c t i v i t y .  We 
o b s e r v e d  a n  i n c r e a s e d  h y p e r a c e t y l a t i o n  o f  h i s t o n e  
p r o t e i n s  w i t h  i n c r e a s i n g  l e n g t h  o f  f a t t y  a c i d  c h a i n .  A 
s a m e  o r d e r  o f  e f f e c t i v e n e s s  o f  i n h i b i t i o n  o f  t h e  HC- 
m e d i a t e d  GPDH f o l l o w e d  w i t h  t h e s e  f a t t y  a c i d s  a l o n g  
w i t h  t h e  s a m e  o r d e r  o f  e f f e c t i v e n e s s  i n  i n d u c t i o n  o f  
GS.

T h i s  w o r k  w a s s u p p o r t e d  b y  DOE C o n t r a c t  D E - A M 0 3 -7 6 -  
S F 0 0 0 1 2 ,  a n d  NICDH H D - 0 6 5 7 6 - 1 1 .

3 0 8 .2   INDUCTION BY A TUMOR PROMOTER OF RNA-DEPENDENT DNA POLYM- 
ERASE IN HUMAN BRAIN TUMOR CELLS GROWN IN CULTURE.  R . P .  
U t e g * ,  M. J a v i d ,  H . I . W .  Kao* a n d  H.  K u b i n s k i .  D i v i s i o n  o f  
N e u r o s u r g e r y ,  U n i v e r s i t y  o f  W i s c o n s i n  S c h o o l  o f  M e d i c i n e ,  
M a d i s o n ,  WI 5 3 7 0 6 .

S e v e r a l  a u t h o r s  r e p o r t e d  o n  t h e  p h e n o m e n o n  o f  t h e  i n d u c 
t i o n  b y  d e x a m e t h a s o n e  a n d  b y  v a r i o u s  a n a l o g s  o f  p u r i n e s  a n d  
p y r i m i d i n e s  o f  v i r u s - l i k e  p a r t i c l e s  i n  c e l l  l i n e s  d e r i v e d  
f r o m  t u m o r s  i n d u c e d  i n  e x p e r i m e n t a l  a n i m a l s .  T h e  p r e s e n c e  
o f  s u c h  p a r t i c l e s  c a n  b e  d e m o n s t r a t e d  b y  a  v a r i e t y  o f  
t e c h n i q u e s  i n c l u d i n g  d e t e r m i n a t i o n  o f  t h e  DNA p o l y m e r a s e  i n  
t h e  m e d i u m  ( t h e  s o - c a l l e d  r e v e r s e  t r a n s c r i p t a s e ) .  I n  t h e  
p r e s e n t  s t u d y  human b r a i n  t u m o r s  o b t a i n e d  d u r i n g  s u r g e r y  
w e r e  g r o w n  i n  v i t r o . S u c h  c u l t u r e s  w e r e  t h e n  c h a l l e n g e d  
w i t h  a  v a r i e t y  o f  i o d i n a t e d  a n d  b r o m i n a t e d  a n a l o g s  o f  
p u r i n e s  a n d  p y r i m i d i n e s  a n d  w i t h  d e x a m e t h a s o n e .  DNA s y n t h e 
s i s  w a s  t e s t e d  u s i n g  c a l f  t h y m u s  DNA, a  s y n t h e t i c  p o l y m e r  
p o l y ( A ) : o l i g o ( d T ) ,  o r  c u l t u r e  m e d i a  a n d  c e l l  e x t r a c t s  w i t h 
o u t  a n y  e x t e r n a l  t e m p l a t e .  We w e r e  u n s u c c e s s f u l  i n  o u r  
a t t e m p t s  t o  i n d u c e  v i r u s e s  i n  m o r e  t h a n  6 0  o f  s u c h  t u m o r 
d e r i v e d  c u l t u r e s .  N e x t ,  we  t e s t e d  t h e  e f f e c t s  o f  t u m o r  
p r o m o t e r s .  As a  t y p i c a l  t u m o r  p r o m o t e r  we u s e d  4 β - p h o r b o l  
1 2 6 - m y r i s t a t e  1 3 a - a c e t a t e  ( T P A ) .  T h e  c e l l s  w e r e  e x p o s e d  t o  
t h i s  c o m p o u n d  a t  m i c r o m o l a r  c o n c e n t r a t i o n s  f o r  p e r i o d s  u p  
t o  4 8  h r s  a n d  a t  3 7 ° C .  DNA s y n t h e s i s  w a s  o b s e r v e d  i n  t h e  
c e l l  c u l t u r e  m e d i a  a n d  i n  t h e  p o s t - m i t o c h o n d r i a l  s u p e r 
n a t a n t s  f r o m  t h e  d i s r u p t e d  c e l l s  u s i n g  e i t h e r  o f  t h e  tw o  
n u c l e i c  a c i d  t e m p l a t e s  o r  t h e  i n t e r n a l  t e m p l a t e .  T h e  
d e g r e e  o f  t h i s  e n z y m a t i c  a c t i v i t y  w a s  r e l a t e d  t o  t h e  
a m o u n t s  o f  t h e  p r o m o t i n g  c h e m i c a l  a p p l i e d .  No i n d u c t i o n  wa s  
s e e n  w i t h  d i m e t h y l  s u l f o x i d e  (DMSO) u s e d  a s  a  s o l v e n t  f o r  
TPA. S a m p l e s  o f  m e d i a  f r o m  t h e  i n d u c e d  c u l t u r e s  a n d  t h e  
p o s t - m i t o c h o n d r i a l  s u p e r n a t a n t s  w e r e  c e n t r i f u g e d  u n t i l  
e q u i l i b r i u m  i n  s u c r o s e  g r a d i e n t s .  T h e  D N A - s y n t h e s i z i n g  
a c t i v i t y  w a s  r e c o v e r e d  f r o m  t h e  g r a d i e n t s  a t  t h e  d e n s i t y  
c l o s e  t o  1 . 1 8  g / m l , c h a r a c t e r i s t i c  f o r  R N A - c o n t a i n i n g  
o n c o g e n i c  v i r u s e s  ( r e t r o v i r u s e s ) .  F u r t h e r  s t u d i e s  a r e  
n e e d e d  t o  d e c i d e  w h e t h e r  t h e s e  v i r u s - l i k e  p a r t i c l e s  a r e  i n  
a n y  wa y  r e l a t e d  t o  o t h e r  known  r e t r o v i r u s e s .  T h e  r e l e v a n c e  
o f  o u r  o b s e r v a t i o n s  t o  t h e  e t i o l o g y  o f  b r a i n  t u m o r s  i n  
h u m a n s  a n d  t h e  u s e f u l n e s s  o f  s u c h  o b s e r v a t i o n s  t o  t h e  
t h e r a p y  o f  b r a i n  t u m o r s  r e m a i n  t o  b e  e x p l o r e d .  -  S u p p o r t e d  
i n  p a r t  by  t h e  C o n s u l t a t i o n  P r a c t i c e  P l a n  o f  t h e  U n i v e r s i t y  
o f  W i s c o n s i n  M e d i c a l  S c h o o l .

308.3  TRANSCRIPTIONAL REGULATION IN THE HYPOTHALAMIC-PITUITARY 
AXIS.  M.Blum+, B.S.McEwen+, and J .L .R o b erts# .  +Dept. o f 
N eurobiology, R o ck efe lle r Univ. and #Center fo r  
Reproductive Sc iences, Columbia U n iv ., New York, NY.

The tu b e ro in fu n d ib u la r dopaminergic neurons (TIDA) have 
been dem onstrated to  i n h ib i t  th e  re le a s e  o f p ro la c t in  (PEL) 
from th e  a n te r io r  p i tu i t a r y  (AP) and pro-opiom elanocortin  
(PCMC) from th e  in te rm ed ia te  p i t u i t a r y  (IP ) . I t  has been 
p rev io u s ly  shewn th a t  dopamine (DA) decreases  t r a n s c r ip t io n  
o f  PEL from prim ary c u ltu re s  o f AP and PCMC from IP c u ltu re s  
suggesting  th a t  changes in  p ep tid e  re le a s e  a re  r e f le c te d  in  
changes o f  th e  t r a n s c r ip t io n a l  a c t iv i ty  o f th e  gene. Tyro
s in e  hydroxylase (TH) i s  th e  r a t e  lim it in g  enzyme in  th e  
s y n th e s is  o f  DA and changes in  i t s  a c t iv i ty  appear to  be a  
good in d ic a to r  o f e l e c t r i c a l  a c t iv i ty  o r  re le a s e  o f DA. 
V a ria tio n s  in  DA tu rn o v er and sy n th e s is  have been d e tec ted  
du ring  th e  r a t  e s t r u s  c y c le . A fte r  ovariectom y th e se  
c y c l ic  changes in  th e  TIDA immediately d is sa p e a r . Using 
a  n u c lea r ru n o ff t r a n s c r ip t io n  a ssay , s tu d ie s  a re  in  
p ro g ress  to  t e s t  whether changes in  TH gene t r a n s c r ip t io n  in  
th e  a rc u a te  nucleus can be d e te c te d  during  th e  e s tr u s  cy c le , 
r e f le c t in g  th e  c y c l ic  changes seen in  DA re le a s e .  Con
co m itan tly  we a re  measuring tr a n s c r ip t io n  o f  AP-PEL and IP
PCMC during  th e  e s t r u s  cy c le  and in  OVX/s te r o id  rep laced  
paradigm s. N uclei i s o la te d  by d i f f e r e n t i a l  c en tr ifu g a tio n  
a re  incubated  w ith  32p NTPs, allow ing  fo r  th e  RNA nascen t 
chain s  i n i t i a t e d  in  v ivo  to  be e longated  in  v i t r o .   
S p e c if ic  RNA t r a n s c r ip ts  a re  id e n t i f ie d  by h y b rid iza tio n  to  
TH, PCMC, and PEL cDNAs. The number o f  cpm in co rpo ra ted  
in to  a  s p e c if ic  RNA t r a n s c r ip t  r e f l e c t s  th e  number o f RNA 
polym erases on th e  gene a t  th e  tim e o f  s a c r i f ic e .  Levels 
o f  in co rp o ra tio n  o f  ra d io a c tiv e  RNA p recu rso rs  in to  RNA 
from n u c le i  is o la te d  from th e  a rc u a te  nucleus was s u f f ic ie n t  
to  a llow  fo r  th e  d e te c tio n  o f TH gene tra n s c r ip t io n .  Pre
lim in a ry  r e s u l t s  gave a va lue  o f 30ppm in  a rc u a te  n u c le i 
th a t  had been taken  from m ales, which i s  s u f f ic ie n t  to  
d e te c t  bo th  in c re a se s  and d ecreases  in  tr a n s c r ip t io n a l  
a c t iv i ty  re s u l t in g  from a  changing hormonal environm ent.
When t r a n s c r ip t io n  o f  PQMC in  IP  prim ary c u ltu re s  was 
measured to  d is t in g u is h  between d i r e c t  and in d i r e c t  e f f e c ts  
o f  e s tro g en , i t  was found th a t  e stro g en  d ecreases  PCMC gene 
t r a n s c r ip t io n  by approxim ately 40%. (This work was 
supported  by g ra n ts  NS07078 to  MB, NS07080 to  BSM, and 
AM27484 JLR).

308.4  TRANSCRIPTION OF THE RAT BETA LH GENE IS STIMULATED BY GNRH.  
J .A . Jonassen* and J .L . R oberts .  In te rn a t io n a l  I n s t i t u t e  
fo r  th e  Study o f Human R eproduction, Columbia U n iv e rs ity  
C ollege o f  P hysic ians and Surgeons, New York, NY 10032.

P i tu i ta r y  lu te in iz in g  hormone (LH) sec re tio n  i s  stim u
la te d  by gonadotropin re le a s in g  hormone (GnRH) and i s  a lso  
re g u la ted  by p o s it iv e  and neg ativ e  feedback e f f e c ts  o f 
e s tr a d io l  (E) on th e  hypothalamo/hypophyseal a x is .  Mole
c u la r  mechanisms by which GnRH and E modulate LH s e c re tio n  
a re  complex and n o t c le a r ly  understood. The p re s e n t s tu 
d ie s  were performed to  determ ine i f  e f f e c ts  o f  E o r  GnRH on 
LH s e c re tio n  were a sso c ia ted  w ith  changes in  tr a n s c r ip t io n  
o f th e  b e ta  (β) subun it o f  th e  LH gene. To t h i s  end, th e  
r a t  BLH gene was i s o l a t e d from a  lambda Charon 4a phage r a t  
genomic l ib r a r y  and c h a rac te r iz e d  by r e s t r i c t i o n  enzyme 
mapping. A 2 .1  kb DNA fragm ent, co n ta in in g  th e  e n t i r e  BLH 
gene b u t no middle r e p e t i t iv e  DNA sequences, was used in  
th e se  s tu d ie s .  A dult r a t  p i t u i t a r i e s  were enzym atica lly  
d isp e rsed , prim ary p i tu ic y te  c u ltu re s  e s ta b lis h e d  fo r  4 days 
and e i th e r  10- 8 M E was added fo r  an a d d it io n a l 48 h r  o r  
5 x 10-7  m GnRH was added fo r  4 h r .  C e lls  were perm eabil
iz ed  w ith  d ig ito n in  and e lo n g a tin g  nascen t hriRNA was lab e led  
w ith  32p [OTP] and 32p [GTP]. The p ro p o rtio n  o f  BLH RNA 
t r a n s c r ip ts  lab e led  during  th e  e lo n g a tio n  re a c t io n  was 
a ssessed  by h y b rid iza tio n  o f  p u r if ie d ,  32p-labeled  p i tu ic y te  
hnRNA to  th e  f i l te r -b o u n d  2.1  kb DNA fragm ent co n ta in in g  th e  
r a t  BLH gene. E trea tm en t fo r  48 h r  led  to  s l i g h t ,  b u t 
rep ro d u c ib le  decreases in  BLH gene t r a n s c r ip t io n ,  from 75 
ppm in  c o n tro l p i tu ic y te s  to  55 ppm in  E - tre a te d  c e l l s .  In  
d i s t i n c t  c o n tra s t ,  GnRH trea tm en t fo r  4 h r  markedly enhanced 
BLH gene tra n s c r ip t io n  5-20 fo ld . Thus, GnRH d i r e c t ly  
s tim u la te s  bo th  t r a n s c r ip t io n  o f  th e  BLH gene and LH sec re 
t io n  in  cu ltu re d  r a t  p i tu i t a r y  c e l l s .  In  c o n tra s t ,  absence 
o f a pronounced e f f e c t  o f  E on BLH gene t r a n s c r ip t io n  may 
in d ic a te  th a t  E m odulation o f  LH sec re tio n  i s  n o t accom
panied  by d i r e c t  t r a n s c r ip t io n a l  e f f e c ts  o r  th a t  i t  occurs 
a t  a  s i t e  d i s t i n c t  from th e  gonadotroph. (Supported by 
NIH 1R23HD18710-01 to  JAJ and a  Ford M ellon R o ck efe lle r 
Grant to  JLR).
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3 0 8 .5   MOLECULAR BASIS FOR THE DIFFERENCES IN EXPRESSION 
OF PHENYLETHANOLAMINE N-METHYLTRANSFERASE IN 
TWO STRAINS OF RAT.  M .J. E vinger* , E.E. B aetge, D.H. P ark , 
V.R. A lbert, D .J. Reis and T.H . Joh  (SPON: B. Judd).  Lab of 
N eurobiology, C ornell Univ. Med. C oll., New York, NY 10021

The a c tiv ity  of th e  epinephrine synthesiz ing  enzym e, 
phenylethanolam ine N -m eth y ltran sfe ra se  (PNMT, E.C . 2.1.1.28) 
d iffe rs  in th e  brain  and ad rena l m edulla in ra ts  of th e  B uffalo 
(Buf) and F ischer (F344) s tra in s . Thus, s tud ies by S tolk and 
asso c ia tes  (V antini e t  a l., Brain R es., 1984) have d em onstra ted  
PNMT a c tiv ity  is 90 and 65% less in hypothalam us and pons 
m edulla, respective ly , in Buf as com pared  w ith F344 con tro ls . 
We have sought to  estab lish  w hether d iffe rences  in PNMT 
a c tiv ity  in th e se  s tra in s  can  be a t tr ib u te d  to  d iffe rences  in 
am ount of enzym e p ro te in , and in tu rn , am ount o f specific  
mRNA fo r PNMT.

Studies w ere conducted  in m ale Buf and F344 ra ts  weighing 
200-250 g. In ag ree m en t w ith o thers, PNMT ac tiv ity  was low er 
in pons m edulla and ad rena l m edulla of Buf than  F344, 43% and 
21%, resp ec tiv e ly . PNMT in ad rena l hom ogenates p repared  from  
both s tra in s  was im m unostained  on W estern b lo ts. A ntibodies to  
bovine ad rena l PNMT recogn ize a  single p ro te in  band in both 
s tra in s  w ith substan tia lly  less stain ing  o f PNMT p ro te in  in Buf 
ra ts . To d eterm ine  w hether d iffe rences  in im m unoreactive 
PNMT w ere p ara lle led  by q u an tita tiv e  d iffe ren ces  in specific  
mRNAs, PNMT mRNA from  adrena l and brain  stem  of both 
s tra in s  was ana lyzed  using a  q u an tita tiv e  do t b lo t hybrid ization  
assay capab le of d e tec tin g  less than  5 pg o f the  m essage. N ick
tra n s la te d  PNMT cDNA (B aetge e t  a l., In t. J .  N eurochem ., 1983) 
served  as the  hybrid ization  probe. Poly A+ RNAs w ere iso la ted  
from  brain  stem  and ad rena l m edulla of both  s tra in s  and fixed to  
n itrocellu lo se  f il te rs . Based on com puter assisted  im age analysis 
of au to rad iogram s, PNMT mRNA of ad rena l and brain  stem  of 
Buffalo r a ts  was p ropo rtionate ly  low er than  th a t from  ra ts  o f the 
F344 s tra in .

T hese stud ies ind ica te  th a t s tra in  specific  d iffe rences  of 
PNMT a c tiv ity  in brain  and ad rena l o f Buf and F344 ra ts  a re  
a t tr ib u ta b le  to  d iffe ren ces  in am ount of enzym e pro te in , and as 
such, appear to  re f le c t corresponding d iffe rences  in the  am ounts 
o f specific  mRNA fo r the  p ro te in . (Supported by NIH G rants 
NS19002, MH24285 and HL18974.)

3 0 8 .6   COUPLED CELL-FREE TRANSLATION AND TWO-DIMENSIONAL GEL
ANALYSIS OF RAT BRAIN POLYSOMES ISOLATED DURING FUNCTIONAL 
PHENOBARBITAL TOLERANCE.  W.A.  W a l k e r ,  D. H a e c k e l * ,  W.  
D i e t z *  a n d  M . J .  M y c e k * .  D e p t . o f  R e s e a r c h ,  Q u e e n ' s  Med .  C t r  
H o n o l u l u ,  HI 9 6 8 0 8 .

T h e  r o l e  o f  p r o t e i n  s y n t h e s i s  i n  t h e  d e v e l o p m e n t  o f  f u n c 
t i o n a l  b a r b i t u r a t e  t o l e r a n c e  h a s  b e e n  s u g g e s t e d  b y  H i t z m a n n  
a n d  Loh i n  s t u d i e s  u s i n g  p r o t e i n  s y n t h e s i s  i n h i b i t o r s  t o  
b l o c k  t o l e r a n c e  a n d  i n  s t u d i e s  u s i n g  i n  v i v o  i n c o r p o r a t i o n  
o f  l a b e l e d  a m i n o  a c i d s  t o  m e a s u r e  p r o t e i n  s y n t h e s i s  ( E u r . J .  
P h a r m a c o l .  4 0  1 6 3 ,  1 9 7 6 ;  L i f e  S c i e n c e s  2 0  3 5 ,  1 9 7 7 ) .  W e  
h a v e  a t t e m p t e d  t o  m o n i t o r  b r a i n  g e n e  e x p r e s s i o n  i n  m o r e  
d e t a i l  d u r i n g  t h e  d e v e l o p m e n t  o f  t o l e r a n c e  t o  p h e n o b a r b i t a l  
(P B ) b y  u s i n g  a  c e l l - f r e e  t r a n s l a t i o n a l  s y s t e m  c o u p l e d  w i t h  
t w o - d i m e n s i o n a l  ( 2 - D )  g e l  e l e c t r o p h o r e s i s .  A c c o r d i n g  t o  t h i s  
m e t h o d ,  t h e  p o l y s o m a l  RNA p o p u l a t i o n s  o f  c o r t e x  a n d  s u b c o r t e x  
w e r e  i s o l a t e d  a f t e r  24  h r .  a n d  96  h r .  o f  PB e x p o s u r e  a n d  
t r a n s l a t e d  i n  a  w h e a t  g e r m  s y s t e m  i n t o  ( 3 5 s - M e t ) - l a b e l e d  
p r o t e i n s .  T h e  r a d i o a c t i v e  t r a n s l a t i o n  p r o d u c t s  w e r e  s e p a r a 
t e d  o n  2 -D  g e l s  u s i n g  t h e  c o m b i n a t i o n  o f  n o n - e q u i l i b r i u m  pH 
g r a d i e n t  e l e c t r o p h o r e s i s  a n d  S D S - l i n e a r  g r a d i e n t  p o l y a c r y l 
a m i d e  g e l  e l e c t r o p h o r e s i s .  T h e  r e s o l v e d  t r a n s l a t i o n  p r o d u c t s  
w e r e  v i s u a l i z e d  b y  f l u o r o g r a p h y . O v e r  6 0 0  d i f f e r e n t  mRNA 
t r a n s l a t i o n  p r o d u c t s  c o u l d  b e  d e t e c t e d  a n d  q u a n t i f i e d .

T r a n s l a t i o n a l  a c t i v i t y  a s  m e a s u r e d  b y  i n c o r p o r a t i o n  o f  
( 3 5 s ) - M e t  i n t o  t r i c h l o r o a c e t i c  a c i d  p r e c i p i t a b l e  p r o t e i n  w a s  
s i g n i f i c a n t l y  i n c r e a s e d  i n  t h e  p o l y s o m a l  mRNA f r a c t i o n  i s o l 
a t e d  f r o m  t h e  s u b c o r t e x  a f t e r  24  h r .  o f  PB e x p o s u r e  w h i l e  
mRNA a c t i v i t y  i n  t h e  c o r t e x  w a s  u n c h a n g e d .  T h i s  a c t i v a t i o n  
o f  mRNA a c t i v i t y  c o r r e l a t e s  i n  t i m e  w i t h  t h e  f i r s t  m e a s u r 
a b l e  d i s p l a y  o f  t o l e r a n c e .  2 -D  g e l  a n a l y s i s  s h o w e d  t h a t  t h e  
i n c r e a s e  i n  s u b c o r t i c a l  mRNA a c t i v i t y  w a s  d u e  t o  t h e  s e l e c 
t i v e  a c t i v a t i o n  o f  s p e c i f i c  mRNAs a n d  n o t  d u e  t o  a n  o v e r a l l  
i n c r e a s e  i n  t h e  t r a n s l a t i o n a l  a c t i v i t y  o f  a l l  mRNAs. I n  
p a r t i c u l a r ,  ( 3 5 S ) - M e t  i n c o r p o r a t i o n  w a s  s i g n i f i c a n t l y  
i n c r e a s e d  i n  a  5 3 , 0 0 0  MW t r a n s l a t i o n  p r o d u c t  t e n t a t i v e l y  
i d e n t i f i e d  a s  t u b u l i n .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
mRNA a c t i v i t y  o f  c o r t e x  o r  s u b c o r t e x  w a s  d e t e c t e d  a f t e r  96  
h r  o f  PB t r e a t m e n t ,  a  t i m e  p o i n t  a t  w h i c h  t o l e r a n c e  i s  
m a x i m a l .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  a  m a j o r  a c t i v a t i o n  
o f  g e n e  e x p r e s s i o n  t h a t  t a k e s  p l a c e  i n  t h e  s u b c o r t e x  w i t h i n  
24  h r  o f  PB t r e a t m e n t  a n d  t h a t  o n l y  t h e  p r o d u c t s  o f  c e r t a i n  
g e n e s  a r e  a c t i v a t e d .  F u r t h e r  e x p e r i m e n t s  a r e  p l a n n e d  t o  
i d e n t i f y  w h i c h ,  i f  a n y ,  o f  t h e s e  g e n e  p r o d u c t s  a r e  i n v o l v e d  
i n  t h e  p r o c e s s  o f  b a r b i t u r a t e  t o l e r a n c e .

308.7  RNA ISOLATION FROM ALZHEIMER'S BRAIN.  M.R. M orrison ,  
S . J a m is o n * ,  S . O je d a * .  S . P a r d u e * ,  an d  W .S .T . G r i f f i n . 
 D e p a r tm e n ts  o f  N e u ro lo g y ,  C e l l  B io lo g y ,  an d  P h y s io lo g y ,  
U n i v e r s i t y  o f  T e x a s  H e a l th  S c ie n c e  C e n te r  a t  D a l l a s ,  
D a l l a s ,  T e x a s ,  75235.

T here a r e  c h a r a c t e r i s t i c  d e f i c i t s  in  v a r io u s  c e l l  
p o p u la t io n s  and n e u r o t r a n s m it te r s  in  A lz h e im e r 's  d is e a s e  
(SDAT) and o v e r a l l  en e rg y  m etabo lism  in  c o r te x  may be 
com prom ised. However, h i s t o l o g i c a l  a n a ly s e s  o f  n eu ro n a l 
RNA c o n te n t  does n o t show w hethe r th e r e  i s  a d e c re a s e  in  
n e u ro n a l RNA c o n te n t  o v e r and above t h a t  c h a r a c t e r i s t i c  
o f  th e  norm al ag in g  p ro c e s s .  We and o th e r s  have r e c e n t ly  
shown t h a t  t r a n s l a t i o n a l l y  a c t iv e  m essenger RNAs, r e p r e 
s e n t a t i v e  o f  th o s e  p r e s e n t  in  v iv o , can  be i s o l a t e d  from 
postm ortem  human b r a in  (M orrison  and G r i f f i n ,  1981, A nal. 
Biochem. 113, 318; G i lb e r t  e t  a l , 1981, J .  Neurochem. 3 6 , 
976) and RNA m i c r o is o la t io n  te c h n iq u e s  (M orrison  e t  a l , 
1984, J .  C e l l .  B iochem ., Supp. 8B, 103) now a llo w  us to  
c o n t r a s t  th e  RNA i s o l a t e d  from a f f e c te d  and u n a f fe c te d  
a re a s  in  SDAT b r a in s  w ith  t h a t  i s o l a t e d  from e q u iv a le n t  
a r e a s  o f  c o n t r o l  b r a i n .  We f i r s t  compared r e c o v e r ie s  o f 
t o t a l  RNA from  SDAT and norm al c o r te x  when RNA was 
is o l a t e d  from  m icropunches by o u r s ta n d a rd  pheno l e x t r a c 
t i o n  p ro c e d u re . We w ere a b le  to  r e p ro d u c ib ly  i s o l a t e
0 .8 -1  µg t o t a l  RNA p e r  mg w et w eig h t c o n t r o l  c o r te x .  
Recovery o f  t o t a l  RNA from SDAT c o r te x  was 80–90% th a t  o f 
th e  c o n t r o l s ,  showing t h a t  th e r e  was n o t a d ra m a tic  lo s s  
o f  t o t a l  RNA in  a f f e c te d  c o r te x .  In  o rd e r  to  compare 
s p e c i f i c  mRNA l e v e l s ,  32P -n ic k  t r a n s l a t e d  tu b u l in  and 
a c t i n  recom binan t DNA p ro b es  w ere h y b r id iz e d  to  s l o t  
b lo t s  o f  c o n t r o l  and SDAT RNAs. H y b r id iz a tio n  l e v e l s  
w ere s im i l a r  showing t h a t  s p e c i f i c  mRNAs a r e  n o t a p p re 
c i a b ly  deg raded  i n  SDAT compared to  c o n t r o l  c o r te x .  Our 
r e s u l t s  a r e  i n  c o n t r a s t  to  th o s e  o f  S ad je l-S u lk o w sa  e t  a l  
(1983 , Banbury R epo rt 15, 193) who r e p o r t  low RNA re c o 
v e r i e s  from c o n t r o l  c o r te x  (0 .095  µg/mg t i s s u e )  and a 50% 
lo s s  o f  t o t a l  RNA from  SDAT c o r te x .  The t r a n s l a t i o n a l  
a c t i v i t y  o f  RNAs i s o l a t e d  from  c o n t r o l  and SDAT m icro 
punches u s in g  th e  cesium  c h lo r id e  te c h n iq u e  i s  now bein g  
a n a ly z e d . More e x te n s iv e  com parisons a r e  a l s o  b e in g  made 
betw een a r e a s  in  SDAT b r a in  compromised h i s to l o g ic a l ly  
and th o s e  w hich ap p e a r  norm al by h i s t o l o g i c a l  c r i t e r i a .

S upported  by NIH g ra n t s  14886 and 14663 and g r a n t s  
from  th e  L e land  F ik e s  and th e  C h il to n  F o u n d a tio n s .

308.8  CHARACTERIZATION OF ZI NC- BI NDI NG LIGANDS IN RAT 
BRAI N.   M.  E b a d i .,  D e p t . o f  P h a r m a c o l o g y ,  T h e  
U n i v e r s i t y  o f  N e b r a s k a  C o l l e g e  o f  M e d i c i n e ,  
Omaha ,  NE,  6 8 1 0 5 .

P r o t e i n s  t h a t  b i n d  z i n c  may be  c l a s s i f i e d  i n t o  
a t  l e a s t  t h r e e  m a j o r  g r o u p s  c o n s i s t i n g  o f  a )  
m e t a l l o e n z y m e s , b )  m e t a l l o t h i o n e i n s , a n d  c )  
m e t a l l o p r o t e i n s  o t h e r  t h a n  m e t a l l o e n z y m e s  o r  
m e t a l l o t h i o n e i n s .  By u s i n g  S e p h a d e x  G - 7 5  c o l u m n  
c h r o m a t o g r a p h y ,  we h a v e  d e t e c t e d  t h r e e  z i n c 
b i n d i n g  p r o t e i n s ,  w i t h  m o l e c u l a r  w e i g h t s  o f  
1 3 , 0 0 0 - 1 5 , 0 0 0 ,  2 5 , 0 0 0  a n d  2 1 0 , 0 0 0  d a l t o n s  r e 
s p e c t i v e l y .  T h e  s y n t h e s i s  o f  t h e  l o w  m o l e c u l a r  
w e i g h t  p r o t e i n ,  m o s t  p r o b a b l y  a m e t a l l o t h i o n e i n ,  
i s  s t i m u l a t e d  i n  a d o s e - d e p e n d e n t  f a s h i o n  ( 0 . 0 2 -  
0 . 2 2  µ m o l e s  z i n c / µ l / h r / 4 8  h r s )  f o l l o w i n g  i n t r a 
c e r e b r o v e n t r i c u l a r ,  b u t  n o t  i n t r a p e r i t o n e a l , a d 
m i n i s t r a t i o n  o f  z i n c  s u l f a t e .  C o p p e r  i s  a b l e  t o  
s t i m u l a t e  t h e  s y n t h e s i s  o f  z i n c  t h i o n e i n  i n  t h e  
b r a i n ,  b u t  d o e s  n o t  b i n d  t o  i t .  Ca dmi um c o m p e t e s  
w i t h  z i n c  f o r  b i n d i n g  s i t e ,  b u t  n o  e n d o g e n o u s  

c a d m i u m  b i n d i n g  l i g a n d s  
h a v e  b e e n  d e t e c t e d  i n  r a t  
b r a i n .  A c t i n o m y c i n  D 
( 1 . 5  µ g / h r  f o r  4 8  h r s )  
w a s  a b l e  t o  b l o c k  t h e  
z i n c - i n d u c e d  s t i m u l a t i o n  
o f  z i n c  t h i o n e i n .  F u r 
t h e r m o r e ,  z i n c  s t i m u l a t e d  
t h e  i n c o r p o r a t i o n  o f  L -  
[3 5 S ] c y s t e i n e  i n t o  z i n c  
t h i o n e i n .  The  i n c u b a t i o n  
o f  z i n c  t h i o n e i n  w i t h  
6 5 Z n 2+ a n d  c h r o m a t o g r a p h 
i e s  o n  S e p h a d e x  G - 5 0  a n d  
i o n  e x c h a n g e  c o l u m n s  o f  
DEAE S e p h a d e x  A - 2 5  p r o 

d u c e d  p e a k s  w h i c h  m i g r a t e d  t o  t h e  s a m e  p o s i t i o n  
a s  t h e  [ 3 5 S ] c y s t e i n e .  O t h e r  s t u d i e s  u s i n g  c h r o 
m a t o f o c u s i n g  h a v e  s h o w n  t h a t  t h e  b i n d i n g  a f f i n i t y  
o f  z i n c  f o r  z i n c  t h i o n e i n  i s  g r e a t l y  e n h a n c e d  by  
d i t h i o t h r e i t o l  ( F i g .  1 ) .  T h e  r e s u l t s  o f  t h e s e  
s t u d i e s  s u g g e s t  t h a t  s p e c i f i c  z i n c  t h i o n e i n  a n d  
o t h e r  n o n - t h i o n e i n - l i k e  z i n c - b i n d i n g  l i g a n d s  do  
e x i s t  i n  t h e  b r a i n . ( S u p p o r t e d  i n  p a r t  b y  a 
g r a n t  N S - 0 8 9 3 2 . )
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308.9 PROTEIN-O-CARBOXYLMETHYLTRANSFERASE IS  LOCATED IN RAT BRAIN 
NEURONS.  M .L . B i l l i n g s l e y  an d  D.M. Kuhn*  S e c t io n  o n  B io 
c h e m ic a l  P h a rm a c o lo g y , NHLBI, N IH , B e th e s d a ,  MD 20 20 5 .

The d i s t r i b u t i o n  o f  t h e  enzym e p r o te in - O - c a r b o x y lm e th y l -  
t r a n s f e r a s e  (PCM; E .C . 2 . 1 .1 . 2 4 )  h a s  b e e n  i n v e s t i g a t e d  i n  
t h e  r a t  b r a i n  u s in g  b o th  im m u n o h is to c h e m ic a l  an d  b io c h e m ic a l  
t e c h n i q u e s .  The en zy m e , w h ich  c a r b o x y lm e th y la t e s  a s p a r t i c  
an d  g lu ta m ic  a c id  r e s i d u e s  o f  p r o t e i n  s u b s t r a t e s ,  was l o c a l 
i z e d  i n  n e u r o n s ,  b u t  n o t  o t h e r  c e l l  t y p e s  th ro u g h o u t  th e  
b r a i n .  C o ro n a l  s l i c e s  o f  r a t  b r a i n  ( 6 0 – 100 µ M) w ere  i n c u 
b a te d  w i th  PCM a n t i s e r a  ( 1 :1 0 0 0 ) ,  f o l l o w e d  by  a  b i o t i n y l a t e d  
g o a t  a n t i r a b b i t  Ig G . Immune c o m p le x e s  w ere  v i s u a l i z e d  a f t e r  
i n c u b a t io n  w i th  a n  a v id i n - p e r o x i d a s e  co m p lex  an d  c o lo r  
d e v e lo p m e n t w i th  d ia m in o b e n z id in e .  The h i g h e s t  PCM immuno
r e a c t i v i t y  was d e t e c t e d  th ro u g h o u t  t h e  c o r t e x ,  f o l lo w e d  by 
t h e  h ip p o c a m p u s , t h e  c o rp u s  s t r i a t u m ,  t h e  t h a l a m u s ,  an d  t h e  
a m y g d a la . PCM im m u n o re a c tiv e  c e l l s  w ere  a l s o  d e te c t e d  
t h r o u g h o u t  o t h e r  b r a i n  r e g i o n s .  PCM im m u n o re a c tiv e  
p y r a m id a l  and  g r a n u le  c e l l s  w ere  fo u n d  th ro u g h o u t  th e  h ip p o 
cam pus (CA 1-CA 4). P y ra m id a l  c e l l s  an d  t h e i r  a s c e n d in g  a x o n s  
w e re  l a b e l l e d  i n  t h e  c e r e b r a l  c o r t e x .  N eu ro n s i n  th e  c o rp u s  
s t r i a t u m  w ere  u n i fo r m ly  l a b e l l e d ,  s u g g e s t i n g  t h a t  PCM was 
n o t  l o c a l i z e d  to  a n y  s p e c i f i c  n e u r o t r a n s m i t t e r  s y s te m . The 
a n t i s e r a  was g e n e r a t e d  a g a i n s t  p u r i f i e d  b o v in e  b r a i n  PCM an d  
w e s t e r n  im m u n o b lo t a n a l y s i s  i n d i c a t e d  c r o s s  r e a c t i v i t y  w i th  
b o th  r a t  b r a i n  and  human e r y t h r o c y t e  fo rm s  o f  PCM. PCM 
enzym e a c t i v i t y  an d  m e th y l  a c c e p t o r  p r o t e i n  c a p a c i ty  was 
ex am in ed  b i o c h e m ic a l ly ,  an d  h i g h e s t  enzym e a c t i v i t i e s  w ere 
fo u n d  i n  c o r o n a l  s e c t i o n s  o f  c o r t e x  an d  c o rp u s  s t r i a t u m ,  o r  
c o r t e x  an d  h ip p o c a m p u s . The lo w e s t  enzym e a c t i v i t i e s  w ere 
i n  s l i c e s  o f  b r a i n s t e m  an d  c e r e b e l lu m ,  a r e a s  w i th  lo w  
am o u n ts  o f  im m u n o re a c tiv e  PCM. M e th y l a c c e p t o r  p r o t e i n  
c a p a c i t y  was h i g h e s t  i n  s l i c e s  o f  c o r t e x  an d  c o rp u s  
s t r i a t u m ,  c o r t e x  an d  h ip p o ca m p u s  a n d  was lo w e s t  i n  s l i c e s  o f  
b r a i n s te m  an d  c e r e b e l lu m .  T h ese  r e s u l t s  d e m o n s t r a te  t h a t  
p r o t e i n - O - c a r b o x y lm e th y l t r a n s f e r a s e  h a s  an  u n iq u e  n e u ro n a l  
p a t t e r n  o f  d i s t r i b u t i o n  in  th e  r a t  b r a i n ,  s u g g e s t i n g  a  
s p e c i f i c  r o l e  f o r  c a r b o x y lm e th y la t io n  i n  t h e s e  n e u r o n s .

3 0 8 .10  AN ENZYME LINK ED IMMUNO-SORBENT ASSAY FOR HUMAN
LEUKOCYTE IN T E R F E R O N .  R . S i d d  h a r t h a n *, W. A . S h e r e m a t a  
a n d  A . S a z a n t .  N e u r o im m u n o lo g y  L a b s ,  D e p t .  N e u r o l . ,  
U n i v .  o f  M ia m i S c h .  o f  M e d . ,  M ia m i ,  FL 3 3 1 0 1

C l i n i c a l  t r i a l s  o f  h u m a n  l e u k o c y t e  i n t e r f e r o n  
( H u - I F N α ) i n  n e u r o l o g i c a l  d i s o r d e r s  p a r t i c u l a r l y  
m u l t i p l e  s c l e r o s i s  h a v e  i n c r e a s e d  i n  n u m b e r .  We 
p r e s e n t  a n  a c c u r a t e ,  e a s i l y  r e p r o d u c a b l e  t e c h n i q u e  
f o r  t h e  q u a n t i f i c a t i o n  o f  H u - I F N α  i n  b o d y  f l u i d s  a s  
a  n e c e s s a r y  c o r a i l a r y  o f  s u c h  i n v e s t i g a t i o n s .

We h a v e  s u c c e s s f u l l y  d e v e l o p e d  a  s o l i d  p h a s e  im 
m u n o a s s a y ,  b a s e d  o n  t h e  i n d i r e c t  E L IS A . R e s u l t s  
a r e  s t a n d a r d i z e d  a g a i n s t  a  l a b o r a t o r y  r e f e r e n c e  
s t a n d a r d .  T h e  p r o c e d u r e  i s  o u t l i n e d :  1 )  s e r i a l  d i l 
u t i o n  o f  H u - I F N α A i n  c o a t i n g  b u f f e r  ( c a r b o n a t e - b i 
c a r b o n a t e  b u f f e r  pH 9 . 4 )  a r e  c a r r i e d  o u t  i n  q u a d r u 
p l a t e  w e l l s  o f  p o l y s t y r e n e  m i c r o t i t e r  p l a t e s .  A n 
t i g e n  i s  p a s s i v e l y  a d s o r b e d  o n t o  t h e  s o l i d  p h a s e  b y  
i n c u b a t i n g  t h e  p l a t e s  a t  3 7 ° C .  f o r  3 h r s . ;  2 ) t h e  
p r o t e i n  b i n d i n g  s i t e s  a r e  t h e n  b l o c k e d  b y  f i l l i n g  
t h e  w e l l s  w i t h  1% B o v i n e  s e r u m  a l b u m i n  i n  d i l u e n t  
( p h o s p h a t e  b u f f e r e d  s a l i n e ,  pH 7 . 2 )  f o r  3 0 m i n .  a t  
2 5  C . ;  3 ) 2 0 0 µ l  o f  p o l y c l o n a l  s h e e p  a n t i  H u - I F N α  i n  
d i l u e n t  i s  p i p p e t e d  i n t o  t h e  w e l l s  a n d  t h e  p l a t e s  
i n c u b a t e d  a t  4 ° C .  f o r  2 h r s .  f o r  o p t i m a l  a n t i g e n -  
a n t i b o d y  b i n d i n g ;  4 )  2 0 0 µ l  o f  1 : 1 5 0 0 0  c o n j u g a t e  
( p e r o x i d a s e  c o n j u g a t e d  Ig G  f r a c t i o n  r a b b i t : a n t i -  
s h e e p  Ig G  F ( a b ' ) 2  f r a g m e n t  s p e c i f i c )  i n  d i l u e n t  i s  
p i p p e t e d  i n t o  t h e  w e l l s  a n d  i n c u b a t e d  a t  2 0  C . f o r  
2 h r s . ;  5 )  2 0 0 u l  o f  s u b s t r a t e  ( 4 0 m g / 1 0 0 m l  o f  o - p h e n 
y l e n e  d i a m e n e  i n  c i t r a t e - p h o s p h a t e  b u f f e r  pH 5 . 0  
w i t h  . 0 1 % H 2O 2 i s  a d d e d  i m m e d i a t e l y  b e f o r e  u s e ) .   
T h e  e n z y m a t i c  r e a c t i o n  i s  s t o p p e d  w i t h  5 0 u l  o f  5M 
c i t r i c  a c i d  a n d  a b s o r b a n c e  o f  t h e  e n d  p r o d u c t s  d e 
t e r m i n e d  a t  4 5 0 n m  a f t e r  3 0 m in .  a t  2 5 ° C . P l a t e s  a r e  
w a s h e d  w i t h  d i s t i l l e d  w a t e r  a f t e r  e a c h  s t a g e .

O u r  a s s a y  i s  a u t o m a t e d  a n d  u t i l i z e s  i m m u n o l o g i 
c a l  r e a g e n t s  t h a t  a r e  f r e e l y  a v a i l a b l e .  L a r g e  
b a t c h e s  o f  t e s t  s a m p l e s  c a n  b e  a s s a y e d  a n d  r e s u l t s  
o b t a i n e d  a t  t h e  e n d  o f  t h e  d a y .  T h e  a s s a y  p r o v i d e s  
r e l i a b l e  q u a n t i f i c a t i o n  o f  H u - I F N α  i n  c e r e b r o s p i n a l  
f l u i d  a n d  s e r u m  a n d  o f f e r s  a d v a n t a g e s  o v e r  t h e  
t i m e - c o n s u m i n g  v i r u s  p l a q u e  i n h i b i t i o n  a s s a y s ,  
w h i l e  o f f e r i n g  c o m p a r a b l e  s e n s i t i v i t y  t o  r a d i o - i m 
m u n o a s s a y s .  D e t e c t i o n  l i m i t s  c a n  b e  a s  l o w  a s  
1 0 0  I U / 1  d e p e n d i n g  o n  i n c u b a t i o n t i m e s  a n d  a n t i b o d y  
d i l u t i o n s .  ( S u p p o r t e d  b y  PHS g r a n t  NS 1 7 2 3 8 . )

308.11  ENZYMATIC DEPHOSPHORYLATION OF NEUROFILAMENTS (N F s ) .
 M .J . C a rd e n * , R . A. A n g e l e t t i * , W. W. S c h la e p f e r *  an d  V.M-Y. Lee* 
(SPON : N . K . G o n a t a s ) .  D iv n . o f  N e u r o p a th o lo g y ,  U n i v e r s i t y  o f  
P e n n s y lv a n ia  Med. S c h . ,  P h i l a d e l p h i a ,  PA 19104 .

M am m alian NFs a r e  com posed  p r i m a r i l y  o f  t h r e e  p o ly p e p 
t i d e s ,  t h e  t r i p l e t ,  w i th  a p p a r e n t  m o l .  w ts .  on SDS g e l s  o f  
a ro u n d  200K (N F 2 0 0 ), 150K (NF150) an d  70K (N F 7 0 ). NF200,  
an d  t o  a  l e s s e r  e x t e n t  NF15 0 , a r e  h ig h ly - p h o s p h o r y l a t e d  i n  
f r e s h l y - i s o l a t e d  b o v in e  NFs [ J . B . C . ,  2 5 7 :9 9 0 2  1 9 8 2 ] .

We h a v e  in c u b a te d  NFs f ro m  b o v in e  s p i n a l  c o rd  w i th  a l k a 
l i n e  p h o s p h a ta s e  fro m  E . C o l i . T h is  c a u s e s  a  p r o g r e s s i v e  
a l t e r a t i o n  o f  g e l  m o b i l i t i e s  f o r  NF200 an d  NF150 b a n d s .
A f t e r  < l h r .  s i n g l e ,  s h a r p l y - d e f i n e d  p o l y p e p t i d e  b a n d s  a r e  
p r o d u c e d  w h ic h , on  3-12% p o ly a c r y la m id e  g r a d i e n t  g e l s  
(Laem m li t y p e ) ,  h a v e  a p p a r e n t  m o l .  w ts .  150K an d  140K, 
r e s p e c t i v e l y .  The m o b i l i t y  o f  NF70 r e m a in s  u n a l t e r e d .
L o n g e r i n c u b a t io n  o r  a d d i t i o n  o f  f r e s h  enzym e d o e s  n o t  
p ro d u c e  f u r t h e r  m o b i l i t y  c h a n g e s  an d  a l l  e f f e c t s  a r e  
a b o l i s h e d  b y  p h o s p h a te  (a n  i n h i b i t o r  o f  p h o s p h a ta s e ) .

M o d if ie d  ( d e - p h o s p h o r y la te d )  fo rm s  o f  NF200 an d  NF150 
s e d im e n t  c o m p le te ly  w i th  f i l a m e n t s ,  no  p r o t e i n  b e in g  d e t e c t 
a b l e  i n  t h e  s u p e r n a t a n t .  P r e l i m i n a r y  e x p e r im e n ts  on t h e  
l i m i t e d  p r o t e o l y t i c  d i g e s t i o n  p a t t e r n s  g e n e r a t e d  fro m  d e 
p h o s p h o r y l a te d  N F s, u s in g  c h y m o try p s in  o r  c a lc i u m - a c t i v a t e d  
p r o t e a s e  f ro m  b o v in e  b r a i n ,  s u g g e s t  t h a t  m o f d i f i c a t i o n s  t o  
NF150 an d  NF200 o c c u r  a lo n g  t h e  p o r t i o n s  o f  t h e s e  c o m p o n en ts  
t h a t  a r e  n o t  i n v o lv e d  i n  f i l a m e n t  ' b a c k b o n e ' f o r m a t io n .

F r e s h l y - i s o l a t e d  NFs c o n ta i n  k i n a s e  a c t i v i t y  t h a t  c a u s e s  
32P - in c o r p o r a t i o n  i n t o  t h e  t r i p l e t  when NFs a r e  i n c u b a te d  
w i th  γ 32P-ATP. T h is  a c t i v i t y  d o e s  n o t  r e - p h o s p h o r y l a t e  NF 
p o l y p e p t i d e s  a f t e r  t r e a tm e n t  o f  NFs w i th  p h o s p h a ta s e .

F r e s h l y - i s o l a t e d  o r  d e p h o s p h o r y l a te d  NF s a m p le s  h a v e  b e e n  
im m u n o b lo tte d  w i th  >100 m o n o c lo n a l  a n t i b o d i e s  (MAs) and  
r e a c t i v i t y  o f  a l l  N F 7 0 - s p e c i f ic  MAs (1 4 ) i s  u n a f f e c t e d  by  
d e p h o s p h o r y l a t i o n .  H ow ever, o n ly  2 o u t  o f  >20 NF200- 
s p e c i f i c  MAs r e c o g n i z e  t h e  m o d if ie d  p o l y p e p t i d e  fo rm . Of 
>60 o t h e r  MAs t h a t  r e c o g n iz e  N F200, b u t  a l s o  c r o s s - r e a c t  
w i th  NF150, <5% r e c o g n iz e  t h e s e  p o l y p e p t i d e s  i n  d e p h o s p h o ry 
l a t e d  fo rm . Two o f  4 N F 1 5 0 - s p e c if ic  MAs r e a c t  w i th  NF150 
a f t e r  d e p h o s p h o r y l a t i o n .  MAs t h a t  do n o t  r e c o g n iz e  NF200 o r  
NF150 a f t e r  p h o s p h a ta s e  t r e a tm e n t  a r e  m o s t ly  (>95%) d i r e c t e d  
a g a i n s t  t h e  p o r t i o n s  o f  t h e s e  p o l y p e p t i d e s  t h a t  a r e  r e l e a s e d  
fro m  t h e  NF 'b a c k b o n e ' b y  l i m i t e d  c h y m o tr y p t ic  p r o t e o l y s i s .

We c o n c lu d e  t h a t  p h o s p h o r y l a t i o n  s i g n i f i c a n t l y  a f f e c t s  
im m u n o g e n ic ity  o f  NF200 an d  N F150, p o s s i b l y  by  d e te r m in in g  
t h e  c o n fo r m a t io n  o f  t h e s e  p o l y p e p t i d e s  i n  NFs.

308. 12  Ca++CALMODULIN DEPENDENT PHOSPHORYLATION IN IMMATURE RAT
CEREBRAL CORTEX UNDERGOING HYPOXIA-ISCHEMIA.  C .L . P o w e l l* , 
A.M. M o rin  an d  C .G . W a s t e r l a in * .  N e u ro lo g y  R e s e a rc h  L a b . ,  
V e t .  Adm in. Med. C t r . ,  S e p u lv e d a ,  CA 9 1 3 4 3 .

Some o f  t h e  b i o l o g i c a l  e f f e c t s  o f  Ca++ i n  b r a i n  may b e  
m e d ia te d  by  Ca++ c a lm o d u lin  (CaCM) d e p e n d e n t  p r o t e i n  p h o s 
p h o r y l a t i o n  (D P P ). B e c a u se  o f  CACM's r o l e  i n  n e u r o t r a n s 
m is s io n  an d  b e c a u s e  h y p o x ia - i s c h e m ia  (H I) i s  a  common 
p r e c u r s o r  o f  n e u r o n a l  i n j u r y  an d  s e i z u r e s  i n  im m a tu re  b r a i n ,  
we s o u g h t  to  s tu d y  t h e  e f f e c t s  o f  HI on  CaCM DPP o f  t h e  5 0 , 
5 8 , an d  60 K s u b u n i t s  o f  CaCM k i n a s e  I I  i n  t h e  n ew b o rn  r a t  
b r a i n .  S ix  day  o ld  r a t s  (n= 10) u n d e rw e n t l e f t  c a r o t i d  l i g a 
t i o n  u n d e r  l i g h t  a n e s t h e s i a .  F o l lo w in g  a  3 h o u r  r e s t  p e r i o d  
th e y  w e re  e x p o s e d  to  2 .5  h o u r s  o f  8 % O2 an d  92% N2 . T h e re 
a f t e r  t h e  p u p s  w e re  s a c r i f i c e d  a t  v a r y in g  i n t e r v a l s :  t =0 
h o u r s  (n = 3 ) ,  t = 2 . 5 h o u r s  ( n = 3 ) ,  t= 2 4  h o u r s  ( n = 2 ) , an d  t= 4 8  
h o u r s  ( n = 2 ) . N o n - l ig a t e d  n o rm o x ic  r a t s  (n= 9) a t  6 d , 7 d , an d  
8d e a c h  an d  l i g a t e d  n o rm o x ic  r a t s  (n= 3) s e r v e d  a s  c o n t r o l s .  
The l e f t  an d  r i g h t  c o r t i c e s  w e re  d i s s e c t e d ,  h o m o g e n iz e d , an d  
c e n t r i f u g e d  f o r  i s o l a t i o n  o f  s y n a p to s o m a l  f r a c t i o n s .  The 
p h o s p h o r y l a t i o n  a s s a y  i n c lu d e d  0.6mM Ca++, c a lm o d u l in ,  
1 0 .OmM Mg+ + , 0.5mM EGTA a n d  [ ˠ - 32p] ATP a s  p h o s p h a te  d o n o r .  
P r o t e i n s  w ere  s u b je c t e d  to  S D S -p o ly a c ry la m íd e  g e l  e l e c t r o 
p h o r e s i s .  G e ls  w e re  th e n  e x p o s e d  to  x - r a y  f i l m  f o r  a u to 
r a d i o g r a p h i c  l o c a l i z a t i o n  o f  p h o s p h o p r o t e in  b a n d s .  The 5 0 , 
5 8 , an d  60 K b a n d s  show ed no c h a n g e  i n  CaCM s t i m u l a t i o n  fro m  
c o n t r o l  a t  t =0 b u t  i n h i b i t i o n  g r e a t e r  on th e  l i g a t e d  s i d e  a t  
t= 2 .5  h o u r s .  L ig a te d  a n im a ls  d y in g  d u r in g  th e  h y p o x ia  a l s o  
h a d  p a r t i a l  i n h i b i t i o n  w i th  CaCM on t h e s e  b a n d s .  By t= 2 4  
h o u r s ,  t h e r e  w as p a r t i a l  s t i m u l a t i o n  by  CaCM o f  t h e  3 b a n d s ,  
g r e a t e r  on  th e  n o n - l i g a t e d  s i d e .  A t t= 4 8  h o u r s ,  r e c o v e r y  
w as c o m p le te  f o r  t h e  50 K b an d  b u t  p a r t i a l  f o r  t h e  58– 60 K 
d o u b le t  w i th  l e s s  s t i m u l a t i o n  by CaCM on t h e  l i g a t e d  s i d e .  
L ig a te d  n o rm o x ic  a n im a ls  show ed no r e l a t i v e  c h a n g e  i n  CaCM 
DPP. T h e se  p r e l i m i n a r y  r e s u l t s  s u g g e s t  t h a t  t h e  5 0 , 5 8 , an d  
60 K s u b u n i t s  o f  t h e  CaCM k i n a s e  I I  co m p lex  may b e  m a rk e rs  
o f  i s c h e m ic  c e l l  dam age i n  th e  new b o rn  r a t  b r a i n .  U n l ik e  
t h e  c l a s s i c a l  m a rk e rs  ( e . g . ,  ATP) w h ic h  q u i c k l y  r e c o v e r  o n c e  
O2 i s  r e s t o r e d ,  l o n g e r  i n h i b i t i o n  o f  t h i s  enzym e co m p lex  was 
o b s e rv e d .  S in c e  CaCM DPP may a f f e c t  s u c h  d i v e r s e  p r o c e s s e s  
a s  t h e  p o l y m e r iz a t i o n  o f  t u b u l i n  an d  may m o d u la te  n e u ro 
t r a n s m i t t e r  r e l e a s e  fro m  s y n a p t i c  v e s i c l e s ,  t h e  i n h i b i t i o n  
o b s e rv e d  i n  t h e  HI im m a tu re  b r a i n  may s u g g e s t  a  m ech an ism  
f o r  a b n o rm a l n e u r o t r a n s m is s i o n  an d  s e i z u r e s  i n  t h e  h i g h - r i s k  
n e o n a te .  (T h is  w ork  w as s u p p o r te d  i n  p a r t  by  DHHS  
fu n d s  u n d e r  f e d e r a l  c o n t r a c t  #N 01-N S -0-2332  an d  by  t h e  
E p i le p s y  F o u n d a t io n  o f  A m erica  G ra n t  # P 8 2 1 2 2 8 .)
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308.13  PROTEIN CARBOXYL METHYLTRANSFERASE PREFERENTIALLY MODIFIES 
ISOASPARTYL RESIDUES IN DEAMIDATED BRAIN PROTEINS.
 B .A .J o h n s o n * , N .E .F r e i t a g *  and  D .W .A swad.  D e p t . o f  P sy c h o 
b i o lo g y ,  U n iv . o f  C a l i f . ,  I r v i n e ,  CA 9 2 7 1 7 .

P r o t e i n  c a r b o x y l  m e t h y l t r a n s f e r a s e  (PCM) h a s  b e e n  assum ed 
t o  p l a y  a  r o l e  i n  c e l l u l a r  s t i m u l u s - r e s p o n s e  c o u p l in g .  How
e v e r ,  e v e n  i t s  b e s t  p r o t e i n  s u b s t r a t e s  a p p e a r  t o  a c c e p t  su b 
s t o i c h i o m e t r i c  n u m b ers  o f  m e th y l  g r o u p s .  The s u b s t r a t e  
p o r c i n e  a d r e n o c o r t i c o t r o p i n  (ACTH-Sigma) a c c e p te d  o n ly
0 .0 3  m ol CH3 /m o l p e p t i d e .  The low  m e th y l  i n c o r p o r a t i o n  
r e f l e c t e d  a  s u b p o p u la t io n  o f  ACTH m o le c u le s .  ACTH i s  known 
t o  becom e d e a m id a te d  a t  Asn2 5  I t s  l a b i l i t y  i s  d e r i v e d  fro m  
th e  p r e s e n c e  o f  a n  A sn -G ly  s e q u e n c e .  A sn -G ly  s e q u e n c e s  
f a c i l i t a t e  t h e  d e a m id a t io n  o f  t h e  Asn b e c a u s e  o f  t h e i r  
te n d e n c y  t o  fo rm  a  c y c l i c  im id e  i n t e r m e d i a t e .  R in g -o p e n in g  
r e s u l t s  i n  p r o t e i n s  w i th  e i t h e r  α -  o r  β - c a r b o x y l  l i n k e d  A sp , 
w i th  t h e  l a t t e r ,  i s o a s p a r t a t e ,  fo rm  p r e d o m in a t in g  (B o rn 
s t e i n ,  P . an d  B a l i a n ,  G . , M e th . E n z y m o l. , 4 7 ,  132– 1 4 5 , 1 9 7 7 ) .

ACTH w as d e a m id a te d  by  a l k a l i n e  t r e a t m e n t , and  t h e  d e 
a m id a te d  s p e c i e s  w as i s o l a t e d .  D e a m id a ted  ACTH a c c e p te d  
0 .7 8  m ol CH3 /m o l p e p t i d e  fro m  PCM, w h ic h  i s  c o n s i s t e n t  w i th  
t h e  s t o i c h i o m e t r i c  m e t h y l a t i o n  o f  t h e  α - c a r b o x y l  g ro u p  o f  
i s o a s p a r t a t e .  T h is  i s  t h e  h i g h e s t  s t o i c h io m e t r y  o f  c a rb o x y l  
m e t h y l a t i o n  y e t  r e p o r t e d .  I n c r e a s e s  i n  t h e  s to i c h io m e t r y  o f  
m e t h y l a t i o n  f o l lo w in g  a l k a l i n e  t r e a tm e n t  w e re  a l s o  s e e n  f o r  
c a lm o d u lin  ( 0 .0 2 → 0 .3 9  m ol % ), p r o l a c t i n  ( 0 .0 8 → 0 .2 4  m ol % ), 
and  s y n a p s in  I  ( 0 .0 4 → 0 .6 8  m ol % ), b u t  n o t  f o r  l u t r o p i n .  
C a lm o d u lin  and  p r o l a c t i n  c o n ta i n  A sn -G ly  s e q u e n c e s ;  l u t r o p i n  
d o e s  n o t .  A t pH 7 . 4 ,  37º C, m e th y la t e d  ACTH becam e r a p i d l y  
d e m e th y la te d  t o  a  fo rm  n o t  c a p a b le  o f  a c c e p t in g  m e th y l  
g ro u p s  fro m  PCM. D e m e th y la t io n  r e s u l t e d  i n  t h e  r e g e n e r a 
t i o n  o f  t h e  c y c l i c  im id e .  H y d r o ly s i s  o f  t h e  i s o l a t e d  im id e  
r e s u l t e d  i n  t h e  r e c o v e r y  o f  s u b s t r a t e  w h ic h  c a n  b e  m e th y l 
a t e d  t o  t h e  sam e s to i c h io m e t r y  a s  d e a m id a te d  ACTH.

T h e se  r e s u l t s  may e x p la i n  two w e ll-k n o w n  p a ra d o x e s  o f  
m am m alian p r o t e i n  c a r b o x y l  m e t h y l a t i o n .  S u b s t o ic h io m e t r i c  
m e t h y l a t io n  o f  p r o t e i n s  may r e f l e c t  th e  m e t h y l a t io n  o f  a 
s u b p o p u la t io n  c o n ta i n in g  i s o a s p a r t a t e .  The e x tre m e  i n s t a 
b i l i t y  o f  t h e  p r o t e i n  m e th y l  e s t e r s  may b e  c a u se d  by  th e  
r a p i d  f o r m a t io n  o f  a  c y c l i c  im id e  f o l lo w in g  e s t e r i f i c a t i o n  
o f  i s o a s p a r t a t e  i n  a n  A sp -G ly  s e q u e n c e .  The r e s u l t s  s u g g e s t  
t h a t  c a r b o x y l  m e t h y l a t i o n  may h a v e  a  r o l e  e i t h e r  i n  t h e  
r e p a i r  o f  a g e -d e a m id a te d  p r o t e i n s  o r  i n  t h e  a c t i v a t i o n  o f  
i s o a s p a r t y l - l i k e  α —c a rb o x y l  g ro u p s  f o r  n u c l e o p h i l i c  a t t a c k  
by  some o t h e r  m o le c u le .

3 0 8 .1 4   CALMODULIN-DEPENDENT MYOSIN L IG H T  CHAIN KI NA SE FROM BOVINE 
B R A IN .   D . C .  B a r t e l t * ,  S .  M o r o n e y *  a n d  D . J .  W o l f f * .  ( S p o n .  
H .M .  G e l l e r ) .   D e p t . o f  P h a r m a c o l o g y ,  U M D N J - R u t g e r s  M e d i c a l  
S c h o o l ,  P i s e a t a w a y ,  N . J .  0 8 8 5 4

I n  t h e  c o u r s e  o f  o u r  c h a r a c t e r i z a t i o n  o f  c a i m o d u l i n -  
b i n d i n g  p r o t e i n s  i n  b o v i n e  b r a i n ,  w e  h a v e  d e t e c t e d  t h e  
p r e s e n c e  o f  a  c a l m o d u l i n - d e p e n d e n t  p r o t e i n  k i n a s e  c a p a b l e  o f  
p h o s p h o r y l a t i n g  t h e  Mr  2 0 , 0 0 0  m y o s i n  l i g h t  c h a i n  i s o l a t e d  
f r o m  c h i c k e n  g i z z a r d .  T h e  k i n a s e  i s  p r e p a r e d  f r o m  a  p o s t -  
m i c r o s o m a l  s u p e r n a t a n t  f r a c t i o n  b y  c h r o m a t o g r a p h y  o n  p h o s 
p h o c e l l u l o s e . G r e a t e r  t h a n  9 0  p e r c e n t  o f  t h e  c a l m o d u l i n -  
d e p e n d e n t  m y o s i n  l i g h t  c h a i n  k i n a s e  (C aM -M LCK ) i s  b o u n d  b y  
t h e  r e s i n  i n  3 0  mM P i p e r a z i n e - N , N 1- b i s [ 2 - e t h a n e s u l f o n i c  
a c i d ]  ( P I P E S )  pH 6 . 9 ,  a n d  6 5  p e r c e n t  i s  r e c o v e r e d  b y  e l u t i o n  
w i t h  0 . 1 5  M N a C l . T h e  e n z y m e  i s  f r e e  o f  c A M P - d e p e n d e n t  
p r o t e i n  k i n a s e  a n d  c a l c i n e u r i n ,  t h e  c a l m o d u l i n - d e p e n d e n t  
p r o t e i n  p h o s p h a t a s e .  CaM-MLCK i s  f u r t h e r  p u r i f i e d  b y  a f f i 
n i t y  c h r o m a t o g r a p h y  o n  c a i m o d u l i n - A f f i - G e l . A t  t h i s  s t a g e  
o f  p u r i f i c a t i o n ,  p h o s p h o r y l a t i o n  o f  m y o s i n  l i g h t  c h a i n  i s  
s t i m u l a t e d  3 5 0  f o l d  b y  t h e  p r e s e n c e  o f  c a l c i u m / c a l m o d u l i n .  
CaM-MLCK e x h i b i t s  Km v a l u e s  o f  A . 8  µM f o r  m y o s i n  l i g h t  
c h a i n s  a n d  1 6  µ M f o r  A T P .  I n  a d d i t i o n  t o  s m o o t h  m u s c l e  
m y o s i n  l i g h t  c h a i n ,  CaM-MLCK p h o s p h o r y l a t e s  r a b b i t  l i v e r  
g l y c o g e n  s y n t h a s e  b u t  e x h i b i t s  l e s s  t h a n  o n e - t e n t h  t h e  a c t i 
v i t y  t o w a r d s  t h i s  s u b s t r a t e  a s  c o m p a r e d  w i t h  m y o s i n  l i g h t  
c h a i n .  CaM-MLCK d o e s  n o t  p h o s p h o r y l a t e  s k e l e t a l  m u s c l e  
m y o s i n  l i g h t  c h a i n ,  m y e l i n  b a s i c  p r o t e i n ,  h i s t o n e s  1 a n d  2 b ,  
c a s e i n ,  p h o s p h o r y l a s e  o r  m i c r o t u b u l e - a s s o c i a t e d  p r o t e i n  2 
t o  a n y  a p p r e c i a b l e  e x t e n t  w h e n  m e a s u r e d  a t  a  f i n a l  s u b s t r a t e  
c o n c e n t r a t i o n  o f  3 0 0  µ g / m l .

CaM-MLCK d i f f e r s  i n  s u b s t r a t e  s p e c i f i c i t y  f r o m  C a 2 + /  
c a l m o d u l i n  k i n a s e  I I  i s o l a t e d  f r o m  r a t  b r a i n  b y  s e v e r a l  
l a b o r a t o r i e s .  CaM-MLCK i s  s i m i l a r  i n  s u b s t r a t e  s p e c i f i c i t y  
t o  b o v i n e  b r a i n  C a 2 + / c a l m o d u l i n  k i n a s e  I ( N a i r n  a n d  G r e e n 
g a r d ,  A b s t r .  S o c .  f o r  N e u r o s c i . 9 , 1 0 2 9 ,  1 9 8 3 ) ;  h o w e v e r  t h e  
m o l e c u l a r  w e i g h t  o f  n a t i v e  C a 2 + / c a l m o d u l i n  k i n a s e  I i s  
r e p o r t e d  t o  b e  4 6 , 0 0 0 .  T h e  m o l e c u l a r  w e i g h t  o f  CaM-MLCK i s  
e s t i m a t e d  a t  2 7 0 , 0 0 0  b y  g e l  f i l t r a t i o n  o n  S e p h a r o s e  4 B .  
CaM-MLCK a p p e a r s  t o  b e  d i s t i n c t  f r o m  a n y  p r o t e i n  k i n a s e  
p r e v i o u s l y  r e p o r t e d .  ( S u p p o r t e d  b y  N . I . H .  g r a n t  NS 1 1 2 5 2  
a n d  U M D N J - R u t g e r s  M e d i c a l  S c h o o l  G e n e r a l  R e s e a r c h  S u p p o r t  
F u n d . )

3 0 8 .15  A NEURON SPECIFIC MONOCLONAL ANTIBODY RECOGNIZING A SMALL 
NUCLEAR PROTEIN IN RAT BRAIN.  S . J .  H ap n er an d  C.M. P a d e n . 
 D e p t .  o f  B io lo g y ,  M ontana  S t a t e  U n i v e r s i t y ,  Bozem an, M t .59717

D u r in g  th e  c o u r s e  o f  e x p e r im e n ts  d e s ig n e d  t o  p ro d u c e  mono
c l o n a l  a n t i b o d i e s  (MABs) t o  m em brane a n t i g e n s  o f  n e u r o s e c r e 
t o r y  c e l l s ,  we h a v e  g e n e r a t e d  a  MAB ( d e s i g n a te d  F 5 -2 6 )  w h ich  
l a b e l s  c e l l  n u c l e i  o f  n e u ro n s  th ro u g h o u t  t h e  CNS. F 5 -2 6 , an  
Ig G , w as g e n e r a t e d  a g a i n s t  a  c ru d e  m em brane f r a c t i o n  fro m  th e  
p a r a v e n t r i c u l a r  n u c le u s  o f  t h e  h y p o th a la m u s  u s in g  a  c o m b in a 
t i o n  o f  a  p r im in g  im m u n iz a tio n  an d  a  s e c o n d a r y  i n  v i t r o  a c t i 
v a t i o n  c o n ta i n in g  80µg o f  p r o t e i n  fro m  a  β - o c t y l  g l u c o s i d e  
e x t r a c t  o f  t h e  o r i g i n a l  m em brane p r e p a r a t i o n .  The a n t ib o d y  
s e c r e t i n g  h y b r id o m a  w as c lo n e d  tw ic e  b y  l i m i t i n g  d i l u t i o n ,  
an d  p a s s e d  th r o u g h  an  a s c i t e s  tu m o r t o  p ro d u c e  l a r g e  q u a n t i 
t i e s  o f  a n t i b o d y .  Im m u n o c y to c h e m ic a l c h a r a c t e r i z a t i o n  o f  
F - 5   26 w as p e rfo rm e d  a t  a  1 :5 0 0  d i l u t i o n  on 5 0 µ V ib ra to m e  s e c 
t i o n s  f o l l o w in g  p e r f u s i o n  o f  a d u l t  r a t s  w i th  a  m o d if ie d  
Z a m b o n i's  f i x a t i v e .

Im m u n o p e ro x id a se  l a b e l l i n g  o f  r a t  b r a i n  (PAP m e th o d ) r e 
v e a le d  t h a t  F 5 -2 6  s t a i n e d  t h e  n u c l e i  o f  v i r t u a l l y  a l l  n e u ro n 
a l  t y p e s  i n  t h e  CNS. The n u c l e o l u s  w as u n s t a i n e d ,  a s  w ere  
g l i a l  n u c l e i .  A lth o u g h  t h e  p r e c i s e  l o c a l i z a t i o n  o f  t h e  n u 
c l e a r  a n t i g e n  h a s  n o t  b e e n  d e te r m in e d ,  t h e  s t a i n i n g  p a t t e r n  
i n d i c a t e d  t h a t  i t  m ig h t  b e  l o c a t e d  on  t h e  n u c l e a r  m em brane.
I n  a d d i t i o n  t o  t h i s  n u c l e a r  l a b e l l i n g ,  a  g e n e r a l l y  f a i n t e r  
an d  m ore  v a r i a b l e  s t a i n i n g  o f  n e u r o n a l  c y to p la s m  was a p p a r e n t .  
P r e l i m i n a r y  e v id e n c e  s u g g e s t s  t h a t  F 5 -2 6  l a b e l i n g  i s  n e rv o u s  
s y s te m  s p e c i f i c .  A n t e r i o r  p i t u i t a r y ,  l i v e r ,  c a r d i a c  and  s k e l  
e t a l  m u sc le  show ed no  im m u n o re a c t iv i ty  i n  e i t h e r  c e l l  n u c l e i  
o r  c y to p la s m .  The p e r i p h e r a l  n e rv o u s  s y s te m  h a s  n o t  y e t  b e e n  
e x a m in e d .

S p e c i f i c i t y  o f  F 5 -2 6  w as f u r t h e r  c h a r a c t e r i z e d  by  SDS 
p o ly a c r y la m id e  s l a b  g e l  e l e c t r o p h o r e s i s  an d  im m u n o b lo t t in g . 
A n a l y s i s  o f  w h o le  b r a i n  h o m o g en a te  r e v e a l e d  t h e  p r e s e n c e  o f  
3 b a n d s  o f  a p p ro x im a te  m o le c u la r  w e ig h ts  4 1 ,7 0 0 ,  2 6 ,7 0 0 ,  an d  
1 2 ,5 0 0 .  When a  n u c l e a r  f r a c t i o n  fro m  w h o le  b r a i n  h o m o g en a te  
w as i s o l a t e d  by  d i f f e r e n t i a l  c e n t r i f u g a t i o n  o n ly  t h e  1 2 ,5 0 0  
d a l t o n  ban d  w as d e t e c t e d .  T h e se  r e s u l t s  s u g g e s t  t h a t  F 5 -2 6  
r e c o g n i z e s  a  s i n g l e  n u c l e a r  p r o t e i n  o f  s m a l l  s i z e  w h ic h  a p 
p e a r s  t o  b e  r e s t r i c t e d  t o  n e u r o n s .  S uch a  p r o t e i n  c o u ld  p la y  
a  r o l e  i n  r e g u l a t i o n  o f  n e u r o n a l  g e n e  e x p r e s s io n .  F u r th e r  
c h a r a c t e r i z a t i o n  o f  t h i s  MAB w i l l  b e  u s e f u l  i n  d e te r m in in g  i f  
i t  i s  in d e e d  CNS s p e c i f i c  an d  i n  e x p lo r i n g  t h e  r e l a t i o n s h i p s  
b e tw e e n  t h e  n u c l e a r  an d  c y to p la s m ic  p r o t e i n s  w h ic h  i t  r e c o g 
n i z e s .

T h is  w ork  w as s u p p o r te d  by  NIH NS17974 and  a  G r a n t - in - A id  
f ro m  t h e  M o n tan a  H e a r t  A s s o c i a t i o n .

308.16  CHARACTERIZATION OF FETAL CALF SERUM CHOLINESTERASE.
P a u l  M. S a l v a t e r r a  and  M a rg a re t  G. F i l b e r t * .
(SPON: P . Lynn D o n a ld so n )   D iv  o f  N e u r o s c i . ,  C i ty  o f  
Hope R sch  I n s t ,  D u a r te ,  CA 91010 and  US Army Med R sch  I n s t  
o f  Cml D e f , A b erd een  P r o v in g  G ro u n d , MD 21010

F e t a l  c a l f  se ru m  (FCS) i s  u s e d  w id e ly  t o  su p p le m e n t 
t i s s u e  c u l t u r e  m ed ia  f o r  n e u ro g e n ic  and  m y o g en ic  c e l l  l i n e s  
a s  w e l l  a s  f o r  p r im a ry  c u l t u r e s .  S in c e  many s t u d i e s  r e q u i r e  
t h e  d e te r m i n a t i o n  o f  a c e t y l c h o l i n e s t e r a s e  (AChE) a c t i v i t i e s  
i n  c u l t u r e d  c e l l s ,  t h e  h y d r o ly s i s  r a t e s  o f  a c e t y l -  - m e th y l-  
c h o l i n e  (MeCh) and  b u ty ry lc h o lin e (B u C h )  s p e c i f i c  s u b s t r a t e s  
f o r  AChE and  BuChE ( p s e u d o c h o l i n e s t e r a s e ) ,  w e re  m e a su re d  i n  
FSC w i th  th e  r a d i o m e t r i c  a s s a y  o f  S i a k o t i s  e t  a l .  (B iochem  
Med 3 : l ,  1 9 6 9 ) . The r a t e  o f  ACh h y d r o ly s i s  by  th e  FCS enzym e 
was u s e d  a s  a  c o n t r o l .  T h e se  w e re  com pared  w i th  h y d r o ly s i s  
r a t e s  by h o r s e  se ru m , a n o th e r  w id e ly  u s e d  m ed ia  su p p le m e n t 
t h a t  c o n ta i n s  p r i m a r i l y  BuChE.

SUBSTRATE
H y d r o ly s i s  R a te  

DPM/min/mg p r o t e i n
% Com pared t o  
ACh H y d r o ly s i s

ACh
H o rse  se rum 3 1 3 .5 100
FCS 284 100

MeCh
H o rse  se ru m 9 .6 3
FCS 8 3 .4 30

BuCh
H o rse  se rum 7 9 9 .6 255
FCS 4 4 .5 16

To c h a r a c t e r i z e  t h e  e s t e r a s e s  f u r t h e r ,  t h e  a b i l i t y  o f  
s p e c i f i c  i n h i b i t o r s  t o  b lo c k  th e  h y d r o l y s i s  o f  ACh by  FCS 
was e x a m in e d . A t 10- 7 M, 1 ,  5 - b is ( 4 -a l ly ld im e th y la m m o n iu m -  
p h e n y l) p e n ta n e - 3 - o n e  (BW 284C51), a  s e l e c t i v e  i n h i b i t o r  o f  
AChE, ( A u s t in  & B e r ry ,  B iochem  J .  5 4 : 6 9 5 , 19 5 3 ) i n h i b i t e d  
th e  FCS enzyme 96%. T e t r a i s o p r o p y l  p y ro p h o sp h o ra m id e  ( i s o -  
OMPA), an  i r r e v e r s i b l e  i n h i b i t o r  o f  BuChE, ( B a y le s s  & 
T o d r ic k ,  B iochem  J .  6 2 :6 7 ,  1 956) h ad  no  e f f e c t  on  th e  FCS 
enzyme u n t i l  t h e  c o n c e n t r a t i o n  was i n c r e a s e d  t o  4 x 10-5 M. 
T h is  c o n c e n t r a t i o n  o f  iso-OMPA i n h i b i t e d  FCS e s t e r a s e  
a c t i v i t y  by o n ly  20%. T h e se  r e s u l t s  i n d i c a t e  t h a t  FCS c o n 
t a i n s  p r e d o m in a te ly  AChE. T h e r e f o r e ,  c a r e  s h o u ld  b e  ta k e n  t o  
rem ove FCS by th o ro u g h  w a s h in g  i f  an  a c c u r a t e  m ea su rem e n t o f  
AChE a c t i v i t y  i n  c u l t u r e d  c e l l s  i s  d e s i r e d .
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309.1  EFFECTS OF D (+ )-AMPHETAMINE ON BLOWFLY FEEDING BEHAVIOR.  
R .S . Edgecom b* , T .F .  L ong* , L .L . M urdock .  D e p t . o f  
E n to m o lo g y , P u rd u e  U n i v e r s i t y ,  W est L a f a y e t t e ,  IN 4 7 9 0 7 .

R e c e n t  s t u d i e s  in  o u r  l a b o r a t o r y  i n t o  t h e  b io c h e m ic a l  
and n e u r a l  m ech an ism s  o f  a d u l t  b l a c k  b lo w f ly  ( P h o rm ia  
r e g i n a  M eigen) f e e d in g  b e h a v io r  h a v e  i n d i c a t e d  t h a t  
a m in e rg ic  n e u r o t r a n s m i t t e r  s y s te m s  (o c to p a m in e ,  d o p a m in e , 
and  s e r o t o n i n )  p a r t i c i p a t e  in  t h e  c o n t r o l  o f  f e e d in g  (L o n g ,  
T .F .  and M urdock , L .L . ,  PNAS, 8 0 :4 1 5 9 ,  1 9 8 3 ) . We h av e  
o b s e rv e d  t h a t  D (+ )-a m p h e ta m in e , a  w e l l - s t u d i e d  a n o r e c t i c  in  
m am m als, a f f e c t s  b lo w f ly  f e e d in g  b e h a v io r  i n  a t  l e a s t  tw o 
w a y s . In  s t a r v e d  f l i e s ,  i n j e c t i o n s  o f  D (+ )-a m p h e ta m in e  
(1 0  µg) c a u s e d  a m arked  d e c r e a s e  in  t h e  p r o b o s c i s  e x te n s io n  
r e s p o n s e  (PER) t o  t a r s a l  s t i m u l a t i o n  w i th  a q u e o u s  s u c r o s e  
s o l u t i o n s  w h i le  g e n e r a l  b e h a v io r  a p p e a re d  u n c h a n g e d . 
T y p i c a l l y ,  mean a c c e p ta n c e  t h r e s h o l d s  r o s e  from  10 mM 
s u c r o s e  t o  o v e r  500 mM. In  c o n t r a s t  t o  t h e  e f f e c t  on PER, 
D (+ )-a m p h e ta m in e  (1 0  µg) c a u se d  a s l i g h t  b u t  s i g n i f i c a n t  
i n c r e a s e  in  t h e  am ount o f  1 M s u c r o s e  consum ed by h u n g ry  
f l i e s .  H ig h e r  d o s e s  c a u s e d  g r e a t e r  i n c r e a s e s  in  m eal s i z e .  
E l e c t r o p h y s i o l o g i c a l  s t u d i e s  d e te r m in e d  t h a t  i n j e c t e d  D (+ ) -  
am p h e tam in e  (1 0  µg) and r e l a t e d  com pounds had  no s i g n i f i 
c a n t  e f f e c t  on t a r s a l  s u g a r  r e c e p t o r  a c t i v i t y .  In  v iew  o f  
t h e  w e l l - e s t a b l i s h e d  e f f e c t s  o f  D (+ )-a m p h e ta m in e  on 
a r o m a t ic  b io g e n i c  am ine s y s te m s  in  m am m als, t h e  p r e s e n t  
o b s e r v a t i o n s  p r o v id e  a d d i t i o n a l  s u p p o r t  f o r  an in v o lv e m e n t  
o f  su c h  a m in e s  in  t h e  c e n t r a l  c o n t r o l  o f  a d u l t  b lo w f ly  
f e e d i n g  b e h a v io r .

309.2  THYROIDECTOMY AND IMIPRAMINE TREATMENT IN THE RAT: A 2 -  
DEOXYGLUCOSE STUDY.  E .H . E l o w i t z * , L .A . F r e e d * ,  J .W . 
M e l i s i * ,  a n d  D .L .  D o w - E d w a r d s .  L a b .  o f  C e r e b r a l  
M e ta b o lis m , D e p t . o f  N e u r o s u rg e r y ,  SUNY, D o w n sta te  M e d ic a l 
C e n te r ,  B ro o k ly n , NY 11203 .

B o th  a l t e r e d  t h y r o i d  horm one l e v e l s  and t h e  t r i c y c l i c  
a n t i d e p r e s s a n t  d r u g ,  i rn ip ra m in e ,  h av e  b een  shown t o  a f f e c t  
c e n t r a l  n e u r a l  f u n c t i o n .  A l th o u g h  v a r i o u s  s t u d i e s  h a v e  
e x a m in e d  t h e  e f f e c t s  o f  h y p o th y ro id is m  and i rn ip ra m in e  on 
n e u r o c h e r a i s t r y ,  l i t t l e  i s  known o f  t h e  m e t a b o l i c  r e s p o n s e  
o f  s p e c i f i c  b r a i n  s t r u c t u r e s .  I n  o r d e r  t o  e l u c i d a t e  t h e  
e f f e c t  o f  a l t e r e d  th y r o i d  s t a t u s  and irn ip ra m in e  t h e r a p y  on 
b r a i n  f u n c t i o n  in  g e n e r a l ,  a n d  m o n o a m in e r g i c  s y s t e m s  i n  
p a r t i c u l a r ,  we c h o s e  t h e  q u a n t i t a t i v e  a u to r a d io g r a p h ic  2-  
d e o x y g l u c o s e  (2 D G ) m e th o d  w h i c h  m e a s u r e s  g l u c o s e  
u t i l i z a t i o n  in  b r a i n  ( S o k o lo f f ,  L . e t  a l . ,  J .  N eurochem . ,  
2 8 :8 9 7 – 9 1 6 , 1 9 7 7 ) .

F o u r  g r o u p s  o f  a n i m a l s  w e re  d e s i g n a t e d :  ( 1 )  s h a m
o p e r a t e d  + s a l i n e  i n j e c t ;  (2 )  th y ro id e c to m y  (TX) + s a l i n e  
i n j e c t ;  ( 3 )  s h a m - o p e ra te d  + i r n i p r a m in e  i n j e c t ;  ( 4 )  TX + 
i mi p r a m i n e  i n j e c t .  M ale S p ra g u e -D aw le y  r a t s  (3 0 0 – 400 gms) 
w e re  s u b j e c t e d  t o  h a l o t h a n e - N 2 O a n e s t h e s i a  a n d  e i t h e r  
t h y r o - p a r a t h y r o i d e c t o m y  o r  sham o p e r a t i o n .  F o u r te e n  d a y s  
a f t e r  s u r g e r y ,  d a i l y  IP  i n j e c t i o n s  o f  e i t h e r  10 m g /k g  
i r n i p r a m i n e  i n  s a l i n e  o r  0 . 5  m l /k g  s a l i n e  w e re  b e g u n .  
F o l lo w in g  tw o  w e e k s  o f  i n j e c t i o n s ,  t h e  2DG m e th o d  w as 
p e r f o r m e d .  C a t h e te r s  w ere i n s e r t e d  i n t o  t h e  f e m o ra l  a r t e r y  
a n d  v e i n  o f  e a c h  r a t  u n d e r  h a lo th a n e -N 2O a n e s t h e s i a .  14C- 
l a b e l e d  2DG was i n j e c t e d  i n t o  t h e  v e n o u s  c a t h e t e r .  T im ed  
a r t e r i a l  b lo o d  sa m p le s  w ere c o l l e c t e d .  At 45 m in u te s ,  t h e  
a n im a ls  w ere k i l l e d  w i t h  p e n t o b a r b i t a l .  L o c a l  c e r e b r a l  
g l u c o s e  u t i l i z a t i o n  w a s  t h e n  d e t e r m i n e d  f r o m  
a u t o r a d i o g r a p h i c  a n a l y s i s  an d  t h e  i n t e g r a t e d  a r t e r i a l  
c u rv e  f o r  2DG and g l u c o s e .

D a ta  w e re  a n a ly z e d  u s in g  ANOVA t e c h n i q u e s .  S i g n i f i c a n t  
a l t e r a t i o n s  in  s e v e r a l  r e g i o n s  o c c u r r e d .  An i n t e r a c t i o n  
b e t w e e n  TX a n d  i r n i p r a m i n e  w a s  f o u n d  i n  t h e  c e n t r a l  
a m y g d a l o i d  n u c l e u s ,  t h e  l a t e r a l  h a b e n u l a  a n d  t h e  
s u p r a o p t i c  n u c l e u s  o f  t h e  h y p o th a la m u s .  TX a lo n e  r e d u c e d  
g lu c o s e  u t i l i z a t i o n  in  t h e  m o to r and a u d i t o r y  s y s te m s ,  t h e  
h ip p o c a m p u s , t h e  p a r i e t a l  c o r t e x  and th e  p o n t in e  r e t i c u l a r  
f o r m a t io n .  I rn ip ra m in e  a lo n e  r e d u c e d  g lu c o s e  u t i l i z a t i o n  in  
t h e  m ed ian  e m in e n c e .

309.3   THE SPONTANEOUS SEIZURE GENOTYPE SZ IN HAMSTERS AS A DISEASE 
MODEL OF BENZODIAZEPINE RECEPTOR DEFICITS.  J .E .  F i s h e r ,  J r .*  
an d  W. B. I t u r r i a n . P h a rm a c o lo g y   D e p t . ,  U n i v e r s i t y  o f  
G e o r g ia ,  A th e n s ,  GA 3 0 6 0 2 .

We p r o p o s e  t h e  s p o n ta n e o u s  s e i z u r e s  ( s z )  w h ic h  o c c u r  i n  
BIO 8 6 .9 3  m u ta n t  h a m s te r s  ( J .  H e r e d i ty  67: 1 1 5 ,  1 976) a s  a  
d i s e a s e  m o d el p ro d u c e d  by  a l t e r a t i o n s  i n  en d o g e n o u s  b e n z o 
d i a z e p i n e  (BDZ) l i g a n d s  a n d /o r  t h e i r  r e c e p t o r s .  T h ese  g e 
n e t i c a l l y  d e te r m in e d  c o m p u ls iv e  s e t s  o f  r e p r o d u c ib l e  a b n o r 
m al m o to r  a c t i v i t i e s  w i th  d i s t i n c t i v e  s t e r e o ty p e d  b e h a v io r  
and  m y o c lo n ic  s e i z u r e s  a p p e a r  d u r in g  m ild  a n x ie t y  p r o v o k in g  
s i t u a t i o n s  ( e g .  w e a n in g ) .  The t r a i t  i s  an  a u to s o m a l  s im p le  
r e c e s s i v e  g e n e t i c  m u ta t io n  t h a t  p r o d u c e s  h i g h ly  p r e d i c t a b l e  
i n c i d e n c e  o f  s p o n ta n e o u s  s e i z u r e s  i n  o f f s p r i n g  fro m  c l a s s i 
c a l  g e n e t i c  b r e e d in g  s t u d i e s .  The h y b r id s  a f f o r d  l a r g e  
l i t t e r s  an d  e x c e l l e n t  r e p r o d u c t i o n  p o t e n t i a l  (G a. J .  S c i .  
4 2 : 4 5 ,  1 9 8 4 ) .  A s e i z u r e  s c o r e  s e v e r i t y  w as d e v e lo p e d  a s  t h e  
p h e n o ty p i c a l l y  d i s t i n g u i s h e d  s e i z u r e  o c c u r s  i n  d e f i n a b l e  
s t a g e s  o f :  h y p e r k i n e t i c - a t a x i c  g a i t ,  s t r a u b - t a i l ,  f a l l i n g ,  
b e h a v io r a l  " a b s e n c e " ,  t o n i c  h in d lim b  s p a sm s , w ad in g  p o o l  
c r a w l ,  s t e r i o t y p i c  h e a d  and  p sy c h o m o to r  m o v em en ts , f o l lo w e d  
b y  a  p a r a l y t i c  s t a t e  o f  e x te n d e d  r i g i d  h in d l im b s  w i th  myo
c lo n u s  o f  f o r e l im b s  an d  ja w . T h is  d i s t i n c t i v e  s z  s e i z u r e  
c a n  b e  e l i c i t e d  w i th  an  a n x io g e n ic  d o s e  o f  p e n t y l e n e t e t r a z o l  
(PTZ) o r  p i c r o t o x i n  w h ic h  a r e  n e v e r  c o n v u ls i v e .  P h e n y to in  
a l s o  e x a c e r b a t e s  s z ,  b u t  e v e n  c o n v u ls a n t  d o s e s  o f  PTZ d o e s  
n o t  p ro d u c e  s z  ty p e  o f  s e i z u r e  u n l e s s  t h e  a n im a ls  a r e  homo
zy g o u s  f o r  t h e  m u ta t io n .

We s u g g e s t  d e f i c i t s  i n  en d o g e n o u s  i n h i b i t o r y  s y s te m s  i n  
t h e  s z  h a m s te r  a s  d e m o n s t r a te d  by  l a c k  o f  p o s t i c t a l  d e p r e s 
s io n  i n  t h e  p a i r e d  m ax im al e l e c t r o s h o c k s  m eth o d  o f  F r e s to n  
an d  E s p l in  (E x p . N e u r o l .  4:2 2 1 ,  1 9 6 1 ) . M axim al e l e c t r o s h o c k  
i s  r e p o r t e d  ( S c ie n c e  2 0 2 : 8 9 2 ,  19 7 8 ) t o  i n c r e a s e  t h e  num ber o f  
a v a i l a b l e  BDZ b in d in g  s i t e s  and  we f in d  i t  p r e v e n t s  s z  
s e i z u r e  w i t h  a  t e m p o r a l  c o u r s e  r e s e m b l in g  t h e  r e c e p t o r  
e f f e c t .

CGS 8216 an d  βCCE a r e  a n t a g o n i s t s  w i th  h ig h  BDZ b in d in g  
b u t  d e v o id  o f  o v e r t  a c t i v i t y  i n  n o rm a l a n im a ls .  T h e se  com
p o u n d s  i n i t i a t e  s z  i n  h o m o z y g o tic  h a m s te r s  s u g g e s t i n g  an  
in v o lv e m e n t  o f  t h e  h ig h  a f f i n i t y  BDZ l i g a n d - r e c e p t o r  s y s te m  
i n  t h e  s z  s e i z u r e .  B o th  t h e  s p o n ta n e o u s  and  d ru g  in d u c e d  s z  
s e i z u r e  a r e  b lo c k e d  by t h e  BDZ a g o n i s t s  n o rd ia z e p a m  o r  
CGS 9 8 9 6 . S in c e  t h i s  m u ta t io n  h a s  r e l e v a n c e  f o r  b o th  a n x i 
e t y  an d  s e i z u r e s  i t  o f f e r s  an  e x c i t i n g  new m odel f o r  s tu d y 
in g  t h e  b e h a v io r a l  s i g n i f i c a n c e  o f  d e f i c i t s  i n  t h e  e n d o g e n 
o u s  b e n z o d ia z e p in e  l i g a n d s  a n d /o r  t h e i r  r e c e p t o r s .

309.4   COPING AND SEIZURE SUSCEPTIBILITY: CONTROL OVER STRESS  
PROTECTS AGAINST SEIZURES.  R .C . D ru g a n , T .D . M c In ty re ,  H .P . 
A lp e rn ,  an d  S .F .  M a ie r .  D e p a r tm e n t o f  P s y c h o lo g y ,  Box 3 4 5 , 
U n i v e r s i t y  o f  C o lo ra d o ,  B o u ld e r ,  CO. 80309

C o n t r o l  v e r s u s  l a c k  o f  c o n t r o l  o v e r  s t r e s s  h a s  b e e n  
d e m o n s t ra te d  t o  d i f f e r e n t i a l l y  a f f e c t  b e h a v io r ,  p h y s i 
o lo g y ,  and  s t r e s s  sym ptom s e l i c i t e d  by t h e  same s t r e s s o r .  
R e s e a rc h  h a s  b e e n  c o n d u c te d  to  a s c e r t a i n  t h e  en d o g e n o u s  
c h a n g e s  r e s p o n s i b l e  f o r  t h e  d e f i c i t s  f o l l o w in g  i n e s c a p a b le  
s h o c k  and  v a r i o u s  n e u r o t r a n s m i t t e r  s y s te m s  h a v e  b e e n  
i m p l i c a t e d  (NE, 5-H T, ACh, GABA). H ow ever, l i t t l e  r e s e a r c h  
h a s  b e e n  do n e  c o n c e r n in g  th e  e n d o g e n o u s  m ec h a n ism ( s )  
r e s p o n s i b l e  f o r  t h e  p r o t e c t i v e  e f f e c t s  o f  s t r e s s  c o n t r o l .  
P e t t y  and  Sherm an h a v e  shown t h a t  i n e s c a p a b le  s h o c k  p ro d u c 
e s  a  d e c r e a s e  i n  c a lc iu m - in d u c e d  r e l e a s e  o f  GABA, w h i l e  an  
i n j e c t i o n  o f  GABA p r e v e n t s  some o f  t h e  e f f e c t s  o f  i n e s c a p 
a b le  s h o c k .  I n d i r e c t  e v id e n c e  w i th  b e n z o d ia z e p in e s  an d  -  
c a r b o l i n e s  a l s o  s u g g e s t  t h a t  GABA i s  im p o r ta n t .  L ib r iu m  
g iv e n  b e f o r e  i n e s c a p a b le  sh o c k  p r e v e n t s  t h e  a n a l g e s i a  and  
e s c a p e  d e f i c i t ,  w h i l e  an  a n x io g e n ic  β - c a r b o l i n e  (F G -7142) 
g iv e n  i n  l i e u  o f  i n e s c a p a b le  sh o c k  p ro d u c e s  a  c o m p a ra b le  
e s c a p e  d e f i c i t  (D ru g an  e t  a l .  1 9 8 3 ; D rugan  e t  a l .  1 9 8 4 ) .

I n  sum , b o th  GABA an d  b e n z o d ia z e p in e s  w h ic h  a r e  known to  
f a c i l i t a t e  GABAergic t r a n s m i s s io n  p r o t e c t  a g a i n s t  i n e s c a p 
a b le  s h o c k - in d u c e d  d e f i c i t s ,  w h i le  b o th  GABA a n t a g o n i s t s  
( b i c u c u l l i n e )  and  b e n z o d ia z e p in e  i n v e r s e  a g o n i s t s  (F G -7142) 
known t o  a t t e n u a t e  GABAergic t r a n s m i s s io n  in d u c e  a  b e h a v i 
o r a l  syndrom e c o m p a ra b le  t o  t h a t  p ro d u c e d  by i n e s c a p a b le  
s h o c k . T h e se  d a t a  s u g g e s t  t h a t  GABA p l a y s  a  c r i t i c a l  r o l e  
i n  m o d u la t in g  t h e  d i f f e r e n t i a l  im p a c t  o f  e s c a p a b le  and  
i n e s c a p a b le  s t r e s s .

To t e s t  o u r  h y p o t h e s i s  t h a t  c o n t r o l  o v e r  o r  c o p in g  w i th  
a  s t r e s s o r  f a c i l i t a t e s  GABAergic t r a n s m i s s i o n ,  we em p lo y ed  a  
b e h a v io r a l  in d e x  o f  GABA l e v e l s  i n  t h e  CNS. We r e p o r t  t h a t  
t h e  l a t e n c y  to  b i c u c u l l i n e - i n d u c e d  c l o n i c  s e i z u r e s  i s  
d i f f e r e n t i a l l y  a f f e c t e d  by  c o n t r o l / l a c k  o f  c o n t r o l  o v e r  
sh o c k . R a ts  g iv e n  80 e s c a p a b le  sh o c k s  show ed i n c r e a s e d  
l a t e n c y  to  s e i z u r e  2 h o u r s  l a t e r ,  w h i le  i n e s c a p a b ly  sh o c k ed  
r a t s  d e m o n s t r a te d  a  m arked  d e c r e a s e  i n  s e i z u r e  l a t e n c y .  I n  
a d d i t i o n ,  we c o n f irm e d  th e  p r e v io u s  f i n d i n g  t h a t  a c u te  i n 
e s c a p a b le  sh o c k  (20  s h o c k s )  p r o t e c t s  a g a i n s t  s e i z u r e s  b o th  
im m e d ia te ly  and  2 h o u r s  l a t e r ,  w h i l e  c h r o n ic  (8 0 ) i n e s c a p 
a b le  sh o c k  p r o t e c t s  a g a i n s t  s e i z u r e s  i f  t e s t e d  im m e d ia te ly  
p o s t - s t r e s s .  We s u g g e s t  t h a t  c o p in g  w i th  s t r e s s  f a c i l i t a t e s  
GABAergic t r a n s m i s s io n  w h ich  h a s  a  p r o p h y l a c t i c  e f f e c t  on  
many s t r e s s  i n d i c e s .
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309.5  GABA/BENZODIAZEPINE MODULATION OF THE PROCONVULSIVE EFFECT 
OF UNCONTROLLABLE STRESS.  T .D . M c In ty re ,  R .C . D ru g a n , S .F .  
M a ie r ,  a n d  H .P . A l p e r n .  B e h a v io r a l  N e u r o s c ie n c e  P ro g ram  
and  D e p a r tm e n t o f  P s y c h o lo g y ,  U n i v e r s i t y  o f  C o lo ra d o ,  
B o u ld e r ,  C o lo r a d o ,  8 0 3 0 9 .

We h a v e  r e p o r t e d  ( t h i s  v o lu m e) t h a t  t h e  c o n t r o l  an  
a n im a l  e x e r t s  o v e r  s t r e s s f u l  s i t u a t i o n s  c r i t i c a l l y  i n f l u 
e n c e s  s e i z u r e  l a t e n c i e s .  S p e c i f i c a l l y ,  r a t s  g iv e n  80 
e s c a p a b l e  s h o c k s  show ed i n c r e a s e d  l a t e n c y  to  b i c u c u l l i n e 
i n d u c e d  s e i z u r e s , w h i l e  i n e s c a p a b ly  sh o c k e d  a n im a ls  e x h i b i t 
ed  a  s i g n i f i c a n t  d e c r e a s e  i n  l a t e n c y  t o  c l o n i c  s e i z u r e s .  
S herm an an d  P e t t y  (1 9 8 1 ) h a v e  shown t h a t  i n e s c a p a b le  sh o c k  
e l i c i t s  a  d e c r e a s e  i n  Ca++-e v o k e d  GABA r e l e a s e  fro m  th e  
h ip p o c a m p u s . F u r t h e r ,  i n d i r e c t  e v id e n c e  i n d i c a t e s  t h a t  t h e  
b e n z o d ia z e p in e  (BZ) r e c e p t o r  may a l s o  i n f l u e n c e  th e  ou tco m e 
o f  i n e s c a p a b le  s t r e s s .  C h lo r d ia z e p o x id e  p r e v e n t s  t h e  s u b 
s e q u e n t  a n a l g e s i a  an d  e s c a p e  d e f i c i t s  p ro d u c e d  by  i n e s c a p 
a b le  s t r e s s ,  w h i l e  the 8 - c a r b o l i n e  FG -7142 p ro d u c e s  d e f i c i t s  
c o m p a ra b le  t o  i n e s c a p a b le  s t r e s s .  I n  sum m ary , o u r  r e s u l t s ,  
a s  w e l l  a s  t h o s e  o f  o t h e r s ,  i m p l i c a t e  t h e  GABA-BZ co m p lex  
i n  m o d u la t io n  o f  t h e  e f f e c t s  o f  e s c a p a b le  an d  i n e s c a p a b le  
s t r e s s .

Much e v id e n c e  s u g g e s t s  t h a t  GABA i s  t h e  p r im e  r e g u l a t o r  
o f  e p i l e p t i c  a c t i v i t y .  T h u s , a g e n ts  i n t e r f e r i n g  w i th  GABA 
t r a n s m i s s io n  d i r e c t l y ,  s u c h  a s  b i c u c u l l i n e ,  o r  i n d i r e c t l y ,  
s u c h  a s  t h e  BZ a n t a g o n i s t  (3-CCM, in d u c e  s e i z u r e  a c t i v i t y .  
C o n v e r s e ly ,  a g e n t s  w h ic h  e l e v a t e  GABA l e v e l s ,  su c h  a s  AOAA, 
h a v e  an  a n t i c o n v u l s a n t  e f f e c t  (G re e r  an d  A lp e rn ,  1 9 7 8 ) .
The i m id a z o d ia z e p in e  RO 1 5 -1 7 8 8  w as o r i g i n a l l y  th o u g h t  to  
b e  a  s p e c i f i c  BZ a n t a g o n i s t  w i th o u t  an y  i n t r i n s i c  a c t i v i t y  
(M o h le r e t  a i ,  1 9 8 1 ) ,  b u t  h a s  s i n c e  b e e n  shown to  h a v e  
p a r t i a l  a g o n i s t  a c t i v i t y ,  i . e . ,  i t  b lo c k s  p e n t y l e n e t e t r a z o l -  
an d  b i c u c u l l i n e - i n d u c e d  s e i z u r e s  ( N u t t ,  1 9 8 3 ) .

I f  o u r  h y p o t h e s i s  c o n c e r n in g  t h e  GABA-BZ m e d ia t io n  o f  
t h e  e f f e c t s  o f  e s c a p a b le  and  i n e s c a p a b le  s t r e s s  i s  v a l i d ,  
th e n  i t  w o u ld  b e  o f  i n t e r e s t  t o  a s c e r t a i n  t h e  e f f e c t s  o f  
AOAA an d  RO 1 5 -1 7 8 8  on  t h e  p r o c o n v u l s iv e  e f f e c t s  o f  i n 
e s c a p a b le  s h o c k .  We r e p o r t  t h a t  b o th  AOAA an d  RO 1 5 -1 7 8 8  
a n ta g o n i z e  t h e  p r o c o n v u l s iv e  e f f e c t s  o f  i n e s c a p a b le  s h o c k .  
F u r th e r  w o rk  d e l i n e a t i n g  t h e s e  m ech an ism s i s  c u r r e n t l y  
u n d e rw a y .

We w o u ld  l i k e  t o  th a n k  H o ffm an -L a  R oche f o r  t h e i r  
g e n e ro u s  g i f t  o f  RO 15– 1 7 8 8 .

S u p p o r te d  i n  p a r t  by  NSF G ra n t  E N S -82-00944 t o  S .F .M .

309.6  EFFECTS OF PARA-CHLOROPHENYLALANINE (PCPA) ON PAIN THRESH
OLDS AND INDOLE LEVELS IN RAPHE NUCLEI AND SPINAL CORD.  
J .L .  S te in m a n , S.M . C a r l t o n ,  B. H ab er and  W.D. W i l l i s .  
M a rin e  B iom ed. I n s t ,  and  D e p t s .  o f  Anatom y an d  o f  P h y s i o l .  
& B io p h y s . ,  G a lv e s to n ,  TX 7 7550–2 7 7 2 .

The in v o lv e m e n t  o f  en d o g e n o u s  s e r o t o n e r g i c  p a th w a y s  
i n  t h e  m e d ia t i o n  o f  a n t i n o c i c e p t i o n  h a s  b e e n  i n d i c a t e d  
by e l e c t r o p h y s i o l o g i c a l ,  p h a rm a c o lo g ic a l  and  b e h a v io r a l  
e x p e r im e n t s .  H ow ever, m a n ip u la t io n  o f  t h e  i n d o le  p a th w a y , 
e i t h e r  by  l e s i o n i n g  o f  r a p h e  n u c l e i  o r  d ru g  i n t e r v e n t i o n ,  
o f t e n  p r o d u c e s  d i s p a r a t e  r e s u l t s .  I n  p a r t i c u l a r ,  PCPA, 
a d m in i s t e r e d  t o  i n h i b i t  5HT s y n t h e s i s  by  i n a c t i v a t i n g  th e  
r a t e  l i m i t i n g  enzyme t r y p to p h a n  h y d r o x y la s e ,  h a s  b e e n  
r e p o r t e d  t o  p ro d u c e  e i t h e r  h y p e r a l g e s i a  o r  a n a l g e s i a ,  d e 
p e n d in g  upon th e  ty p e  o f  p a in  m ea su rem e n t e x a m in e d .
I n  t h e  p r e s e n t  s tu d y ,  we s o u g h t t o  c o r r e l a t e  t h e  e f f e c t s   
o f  PCPA on 1 )  b e h a v io r a l  r e s p o n s e s  t o  n o x io u s  s t i m u l a t i o n  
and  2 )  d i r e c t  m e a su re m e n ts  o f  5HT, t r y p to p h a n  and  5HIAA 
i n  r a p h e  n u c l e i  ( p a l l i d u s ,  o b s c u r u s ,  m agnus and  d o r s a l i s )  
and  s p i n a l  c o rd  by HPLC-EC d e t e c t i o n .

B e fo re  d ru g  t r e a t m e n t ,  b a s e l i n e  t a i l  f l i c k  l a t e n c i e s   
(TFL) t o  r a d i a n t  h e a t  and  v o c a l i z a t i o n  t h r e s h o l d s  (VT) 
to  e l e c t r i c  s h o c k  o f  t h e  t a i l  w ere  m e a s u re d .  F o r  3 c o n s e c u 
t i v e  d a y s ,  r a t s  w ere  i n j e c t e d  IP  w i th  2 0 0 , 400 o r  600 m g/kg 
PCPA. On d a y  4 , TFL and VT w ere  d e te r m in e d  and  r a t s  s a c r i 
f i c e d .  B r a in s  and  lu m b a r s p i n a l  c o rd  w e re  im m e d ia te ly   
rem o v ed , f r o z e n  i n  l i q u i d  N2  and s t o r e d  a t  -7 0 ° C . S e r i a l   
c o r o n a l  b r a i n  s l i c e s  o f  300 µm w ere  c u t  and  r a p h e  n u c l e i  
p u n ch ed  o u t  w i th  s t a i n l e s s  s t e e l  n e e d le s  (1 5 –23 g a ) .  Sam
p l e s  w ere  h o m o g en ized  i n  0.05M  p e r c h l o r i c  a c id  and  c e n t r i 
fu g e d  on th e  d ay  o f  HPLC a n a l y s i s .

PCPA e l e v a t e d  b o th  TFL and  VT i n  a  d o s e -d e p e n d e n t  m a n n e r . 
I n  t h e  600 m g/kg g r o u p ,  none o f  t h e  s u b j e c t s  v o c a l i z e d  
a t  an y  c u r r e n t  i n t e n s i t y  ( t o  4mA), a l t h o u g h  v o c a l i z a t i o n  
c o u ld  be e l i c i t e d  by  in n o c u o u s  s t i m u l a t i o n  ( r a p i d  l i f t i n g  
o u t  o f  c a g e ) .  The 5HT l e v e l s  d id  n o t  show an  u n e q u iv o c a l  
d o s e -d e p e n d e n t  r e d u c t i o n .

The d a t a  i n d i c a t e  t h a t  e v e n  a t  t h e  h i g h e s t  d o s e  o f  PCPA, 
d i f f e r e n t i a l  a m o u n ts  o f  5HT re m a in  t h a t  c o u ld  be r e l e a s e d  
upon a c t i v a t i o n  o f  s e r o t o n e r g i c  s t r u c t u r e s  by  p a r t i c u l a r  
n o c i c e p t iv e  s t i m u l i .  P r e l i m i n a r y  m e a su re m e n ts  o f  t r y p to p h a n  
and  5HIAA s u g g e s t  t h a t  PCPA h a s  d i f f e r e n t i a l  e f f e c t s  on 
s y n t h e s i s  i n  d i f f e r e n t  r e g i o n s .  ( S u p p o r te d  by  N S 11255, 
N S09743, NS17696 and  N S 0 7 0 2 2 .)

309.7  MYOCLONIC JUMPING BEHAVIOR: A POTENTIAL ANIMAL MODEL FOR 
SCREENING HALLUCINOGENIC AGENTS  P.A. Nausieda. R. Weerts*. P. 
Carvev*,  Neurology Research Dept. V. A. Medical Center Wood, W I53193

Myoclonic Jumping Behavior (MJB), a clonic retroflexion of the forelimb 
and hindlimb musculature, is a behavioral response f irs t observed following 
the administration of 5-hydroxy tryptophan in guinea pigs. In an effort to 
determine whether or not d-lysergic acid diethyamide (LSD) was capable of 
potentiating myclonic responsiveness it was observed th a t this agent alone 
induced the behavior. This finding suggested th a t if other hallucinogenic 
agents induced MJB, this behavior could serve as an animal model for 
screening hallucinogenic agents.

There are four characteristics of the human hallucinogenic experience 
which should ac t as criteria  for this animal model: (1) th a t the behavioral 
index used to score the activity  of the hallucinogenic agent should vary in a 
dose dependent fashion, (2) th a t repeated administration of the agent should 
induce rapid tachyphylaxis, (3) th a t a cross-tolerance should exist between 
known hallucinogenic agents, and (4) th a t the behavioral response to  a series 
of hallucinogenic agents of varying potency should be consistent with tha t 
found in humans.

Studies with d-lysergic acid diethylamide (LSD) have yielded positive 
results with respect to  the f irs t three criteria . Twelve groups of guinea pigs 
were administered doses of LSD a t 2 .5 , 5 ,  10, 25, 5 0 , 100, 250, 350, 500,  
1000, 1500, and 2000 mcg/kg. S tatis tical analysis indicates a near linear 
relationship between the  frequency of MJB and the dose level of LSD 
(p<0.001). Five groups of animals administered repeated doses of LSD a t 50, 
150, 250, 350, and 500 mcg/kg on th ree consecutive days demonstrated a 
significant decrease in MJB for each dose level on each day (p<0.001). 
Cross-tolerance of LSD to  mescaline (MES) was demonstrated using two 
groups of six guinea pigs. One group was administered a dose of 50 mg/kg 
MES; the other an equal dose/kg of normal saline per day for five 
consecutive days. Challenged on the sixth day with LSD (500 mcg/kg) the 
MES trea ted  group exhibited a significantly lower response ra te  than the 
saline controls (p<0.001).

Preliminary work with four other agents known to  induce hallucinosis in 
hum ans; (d l)-2 ,5 -d im ethoxy -4 -m ethy lam phetam ine  (DOM), 
(dl)-2,5-dimethoxyamphetamine (DMA), (dl)-3,4,5-trimethoxyamphetamine 
(TMA), and mescaline, suggests th a t they also meet the firs t three criteria 
and taken together with LSD exhibit a Variation in potency which is 
consistent with th a t found in humans. Further investigations are presently 
being carried out which would extend the model elaborated for LSD to  the 
these other hallucinogins. If, as our preliminary data suggests, these agents 
fulfill th e  necessary criteria  MJB, could serve as a reliable, inexpensive 
method for assessing the hallucinogenic potential of pharmacologic agents.

309.8  SUBSTANCE P AND SUBSTANCE K, COTRANSMITTERS DERIVED 
FROM A COMMON PRECURSOR, HAVE SIMILAR POSTSYNAPTIC 
ACTIONS MEDIATED BY SEPARATE RECEPTORS. J.F. Bishop,   
C.W. Shults and T.L. O'Donohue.  Experimental Therapeutics 
Branch, NINCDŚ, Bethesda, MD 20205

Two genes encoding substance P (SP) precursors have recently 
been identified from bovine striatum (Nawa et al. Nature, 306:32,  
1983). One precursor contains only SP while the other contains SP 
and substance K (SK), a peptide named for its structural similarity 
to kassinin. This SP/SK precursor appears to be processed to SP and 
SK as both peptides can be measured in rat brain and have a parallel 
regional distribution (Shults et al.,  Soc. Neurosci., 1984). 
Furthermore, separate binding sites for 125-I-SP and 125-I-SK, 
labeled by the Bolton-Hunter method, are found in the brain (Shults 
et al., Soc. Neurosci., 1984) and in the periphery (Burcher et al., 
Soc. Neurosci., 1984). The purpose of the present study was to 
determine if separate receptors for SP and SK exist in the spinal 
cord and to compare the behavioral actions of int raspinal injections 
of SP, SK and kassinin. In the rat spinal cord, SP receptors have 
been identified in the dorsal horn using autoradiography with Bolton- 
Hunter labeled 125-I-SP (Quirion et al., Nature, 303:714, 1983; 
Shults et al., Peptides, 3:1073, 1982). In the present study, SK 
binding sites were also found in the spinal cord using Bolton-Hunter 
125-I-SK. SK binding sites were primarily localized in the 
superficial laminae of the dorsal horn as were SP receptors. in the 
second part of the present study, the postsynapt ic actions of SP, SK, 
and kassinin were studied using a modification of a behavioral 
testing procedure (Piercy et al., Brain Res. 210:407, 1981), In this 
procedure, intraspindl injections of SP are thought to mimic the 
effects of cutaneous irritation by stimulating target cells of primary 
sensory afferents, producing bite/scratch behavior. Briefly, male 
mice received intraspinal injections of either SP, SK, kassinin, or 
vehicle (0.01 M HAc), and bite/scratch behavior was assessed. 
Bite/scratch behavior was judged to be either present or absent 
after doses of peptide ranging from 10 to 1000 picomoles, and the 
results were expressed as the fractional number of mice responding. 
SP, SK and kassinin all produced bite/scratch behavior characterized 
by brief episodes of biting, licking, or scratching primarily directed 
at the hindquarters. The three peptides were approximately 
equipotent in eliciting this behavior, with ED50s ranging from 10 to 
30 picomoles. Injections of vehicle had no effect on bite/scratch 
behavior. The results of the two parts of this study suggest that SP 
and SK, two peptides derived from a common precursor, have 
similar postsynaptic actions which may be mediated by separate 
receptors. The results of this study are also consistent with recent 
findings showing similar electrophysiological actions of SP and SK in 
the midbrain (Lanthorn et al., Soc. Neurosci., 1984).
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309.9  SENSITIZATION, FEAR CONDITIONING, AND PHARMACOLOGICAL
MODULATION OF ACOUSTIC STARTLE FOLLOWING LESIONS OF THE 
DORSAL PERIAQUEDUCTAL GRAY.  J . V. C asael l a  and M. D av is .  
D ep t. o f  P s y c h ia t ry ,  Y ale U niv . S ch . o f  Med. New Haven, CT 
06508.

L e sio n s  o f th e  d o r s a l  p e r ia q u e d u c ta l  g ray  (DPAG) have 
p re v io u s ly  been found  t o  p roduce  b o th  a g e n e ra l iz e d  
h y p e rre s p o n s iv e n e ss  t o  s e n s o ry  s t im u la t io n  and t r a n s i e n t  
e x p lo s iv e  m otor b e h a v io r  in  th e  r a t .  The a c o u s t ic  s t a r t l e  
re s p o n s e  i s  u s e fu l  in  m easu ring  se n so ry -m o to r r e a c t i v i t y  
s in c e  i t  i s  a  s h o r t - l a t e n c y  r e f l e x  m ed ia ted  by a r e l a t i v e l y  
s im p le  n e u ra l  pathw ay. R ecent a n a to m ica l ev id en ce  has 
r e v e a le d  t h a t  th e  DPAG p r o je c t s  t o  th e  p rim ary  s t a r t l e  
pathw ay. Thus, i t  i s  p o s s ib le  t h a t  th e  DPAG m odu la tes  th e  
a c o u s t ic  s t a r t l e  r e s p o n s e .  The p r e s e n t  s e r i e s  o f 
ex p e rim en ts  exam ined th e  e f f e c t s  o f e l e c t r o l y t i c  l e s io n s  o f 
th e  DPAG on a c o u s t ic  s t a r t l e  and a l s o  e x p lo re d  th e  e f f e c t s  
o f  th e s e  l e s i o n s  on th e  a c t io n  o f  d rugs  p r e v io u s ly  r e p o r te d  
to  m odify  th e  a m p litu d e  o f  th e  s t a r t l e  r e s p o n s e .

R ats  w ere le s io n e d  b i l a t e r a l l y  w ith  two A-P p lacem en ts  
in  th e  DPAG (.1  mA DC anoda l c u r r e n t  f o r  60 s e c ; 
c o o rd in a te s  o f  P ax inos  and W atson, 1982 : A-P = - 5 .8  and 
- 6 .8  r e l a t i v e  t o  Bregma; M-L = ± 0 . 5  ; D-V = - 5 .5 )  o r  w ere 
sham o p e ra te d .  T e s t in g  was cond u c ted  when th e  e x p lo s iv e  
m otor b e h a v io r  had d is a p p e a re d .

L e s io n in g  th e  DPAG d ra m a tic a l ly  in c re a s e d  s t a r t l e  
a m p litu d e . D e s p ite  t h e i r  v e ry  h ig h  s t a r t l e  l e v e l s ,  
le s io n e d  an im a ls  s t i l l  showed p o te n t ia te d  s t a r t l e  when th e  
s t a r t l e - e l i c i t i n g  s tim u lu s  was p re s e n te d  in  th e  p re sen ce  o f  
a  l i g h t  t h a t  had p re v io u s ly  been p a i r e d  w ith  a  sh o ck , and 
d is p la y e d  norm al p r e -p u ls e  i n h i b i t i o n .  These an im als  
h a b i tu a te d  e a r l y  in  th e  t e s t  s e s s io n  b u t showed e x a g g e ra te d  
s e n s i t i z a t i o n  l a t e r  i n  th e  s e s s io n .  The ty p i c a l  e x c i ta to r y  
a c t io n s  o f  th e  DA a g o n i s t ,  apom orph ine, and th e  g ly c in e  
a n t a g o n is t ,  s t r y c h n in e ,  w ere o b se rv ed  in  le s io n e d  a n im a ls . 
The a lp h a -2  a d re n e rg ic  a g o n i s t ,  c l o n id in e ,  s t i l l  d ec re a sed  
s t a r t l e  a m p litu d e  in  th e s e  r a t s .  The e x c i ta t o r y  and 
in h i b i to r y  e f f e c t s  o f  th e s e  d ru g s  i n  le s io n e d  an im a ls  
p a r a l l e l e d  th o s e  o f sham an im a ls  b u t were superim posed  on a 
m arked ly  h ig h e r  s t a r t l e  b a s e l in e .

In  summary, th e  DPAG e x e r t s  a  s t r o n g  f u n c t io n a l ly -  
i n h i b i to r y  e f f e c t  on p ro c e s s e s  in v o lv e d  in  s e n s i t i z a t i o n  o f 
th e  a c o u s t ic  s t a r t l e  r e f l e x  b u t does n o t m e d ia te  
a l t e r a t i o n s  in  s t a r t l e  p roduced  by s e v e r a l  b e h a v io ra l and 
p h a rm aco lo g ica l m a n ip u la tio n s . F u r th e r  s tu d ie s  w i l l  
d e te rm in e  th e  e x a c t n a tu r e  o f  t h i s  p o te n t m odu la to ry  a c t io n  
o f  th e  DPAG on th e  a c o u s t ic  s t a r t l e  re s p o n s e .

309. 10  EFFECTS OF AGONISTS AND ANTAGONISTS OF D1 AND D2 DOPAMINE 
RECEPTORS ON DYSKINETIC MOVEMENTS ASSOCIATED WITH IDPN IN
TOXICATION.  A.Y. Oda* and J .S .  S ch n e id e r  (SPON: F . J .  D en a ro ). 
M enta l R e ta rd a t io n  R esearch  C t r . , UCLA, Los A ngeles CA 90024.

IDPN (3 ' 3 ' - im i n o d ip r o p r io n i t r i l e )  in t o x ic a t io n  has been  
shown to  p roduce in  r a t s  a complex m otor d is o rd e r  c o n s is t in g  
o f  locom otor h y p e r a c t iv i ty ,  c i r c l i n g ,  and c h o re o -a th e to id  
head movements. Components o f  t h i s  syndrom e, p a r t i c u l a r l y  th e  
abnorm al head movements, have been shown to  be r e l a t e d  to  b a 
s a l  g a n g l ia  fu n c t io n s  (S c h n e id e r , E x p tl .  N e u ro l . ,  in  p r e s s )  
and to  respond  to  m a n ip u la tio n s  o f  th e  dopam inerg ic  system . 
P r e s e n t ly ,  we have exam ined th e  p o s s ib le  p a r t i c i p a t i o n  o f  D1 
v e rsu s  D2 dopamine (DA) re c e p to r s  m e d ia tin g  abnorm al in v o l
u n ta ry  head movements a s s o c ia te d  w ith  th e  IDPN-induced syn
drome.

A f te r  a  b a s e l in e  freq u en cy  o f  abnorm al head  movements was 
d e te rm in ed , r a t s  w ere random ly a s s ig n e d  to  v a r io u s  tre a tm e n t 
g ro u p s . C h lorprom azine (0 . 1 mg/kg) and c i s - f l u p e n th i x o l  (5 ,  
10 mg/kg) w ere used  as D1-D2 r e c e p to r  a n t a g o n is ts ,  s u lp i r i d e  
(1 ,1 0 ,2 0  mg/kg) and h a lo p e r id o l  ( .1 ,1 2  mg/kg) as  D2 r e c e p to r  
a n ta g o n is ts  and SCH 23-390 ( .1 ,2 .5 ,1 0  mg/kg) as a s p e c i f i c  
D1 a n ta g o n is t .  Apomorphine was used  as a D1-D2 a g o n is t  ( 2 .5 ,   
5 m g /k g ), and l i s u r i d e  ( . 0 5 , . 1 , .-2 mg/kg) and b ro m o cry p tin e  
(1 ,2 ,8  mg/kg) as p red o m in an tly  D2 a g o n is t s .  A ll  compounds 
caused  some r e d u c t io n  in  th e  frequency  o f abnorm al head move
m en ts . However, D1 and D1-D2 a n ta g o n is ts  were more e f f e c t iv e  
th a n  D2 a n ta g o n is ts  a lo n e . Some o f  th e s e  e f f e c t s  w ere d o se - 
d ependen t. W hile D1 o r  D2 re c e p to r s  a lone  do n o t ap p ear to  be 
e x c lu s iv e ly  in v o lv e d  in  th e  o b served  movement d i s o r d e r ,  th e r e  
may be some p r e f e r e n t i a l  invo lvem ent o f  D1 r e c e p to r s .  T his 
complex m otor d i s o r d e r ,  whose p a th o p h y sio lo g y  i s  unknown, may 
to  some e x te n t  in v o lv e  an a l t e r a t i o n  o f  m u tua l e q u i l ib r iu m  o f  
D1 and D2 r e c e p to r s .  R educ tion  in  freq u en cy  o f  head  movement 
o b served  w ith  DA a g o n is ts  cou ld  be r e l a t e d  to  a c t iv a t io n  o f  
p r e s y n a p t ic  DA re c e p to r s  in  th e  s u b s t a n t i a  n ig r a  and s t r i a 
tum ( th u s  in h i b i t i n g  DA r e le a s e )  o r  o f p o s ts y n a p tic  DA re c e p 
t o r s .  The e f f e c t  cou ld  a l s o  in  p a r t  be r e l a t e d  to  p o s tsy n a p 
t i c  b lockade o f  DA re c e p to r s  by p a r t i a l  a g o n i s t i c  e f f e c t s  o f 
th e  compounds u sed . The in h i b i to r y  e f f e c t  on movement seen  
w ith  l i s u r i d e  may a d d i t io n a l ly  be due in  p a r t  to  i t s  h ig h  
a f f i n i t y  f o r  s e ro to n in  as w e ll as f o r  DA p o s ts y n a p t ic  re c e p 
t o r s .  L i s u r id e  a ls o  had a more p o te n t i n h ib i to r y  e f f e c t  on 
movement th an  d id  b ro m o c r ip tin e , a lth o u g h  b o th  a re  e rg o t  D2 
a g o n is t s .  These r e s u l t s  in d i c a t e  th e  p h a rm aco lo g ica l complex
i t y  o f  t h i s  syndrom e, w hich i s  in  p a r t  d em o n stra ted  by b o th  
a g o n is ts  and a n ta g o n is ts  o f  DA re c e p to r s  p ro d u c in g  s im i la r  e f 
f e c t s  on th e  m otor d is o r d e r . (S uppo rted  by NIH G ran t RR05756)

109.11  REDUCTION OF HEAD SHAKE BEHAVIOR AND 5HT RECEPTORS IN RATS 
TREATED REPEATEDLY WITH ANTIDEPRESSANT2 DRUGS.  I .  L u c k i, 
H .R. Ward*, L .S .Y . Tyau* and A. F r a z e r .   D epartm ents o f 
P s y c h ia t ry  and P harm acology, U n iv e r s i ty  of P e n n sy lv a n ia , 
VA M edical C e n te r , P h i la d e lp h ia ,  PA 19104.

The re p e a te d  a d m in is t r a t io n  o f v a r io u s  ty p e s  o f  a n t id e 
p r e s s a n t  d rugs  to  r a t s  r e s u l t  in  a  r e d u c t io n  i n  th e  number 
o f  5HT2 r e c e p to r s  in  r a t  f r o n t a l  c o r te x  (S c ie n c e , 2 1 0 :88 , 
1980 ). T h is  s tu d y  exam ined w hether head  shake b eh a v io r  in  
r a t s  p roduced by q u ip a z in e , a b e h a v io ra l  resp o n se  a s s o c i 
a te d  w ith  5HT2 r e c e p to r s  ( J .  P harm aco l. Exp. T he rap . 228: 
133, 1984), i s  a l t e r e d  by a n t id e p r e s s a n t  tre a tm e n ts  t h a t  
p roduce  re d u c t io n s  in  th e  number o f 5HT2 r e c e p to r s .

The head shake re sp o n se  i s  d e f in e d  2as a r a p id  l a t e r a l  
tw itc h  o f  th e  h ea d . Q u ipaz ine  (0 .5 -8 m g /k g ) was in j e c t e d
i .p .  to  ind u ce  head shake b e h a v io r  and th e  number o f  head 
s h a k e s  w ere  c o u n te d  f o r  th e  n e x t  30 m in u te s .  S e p a r a t e  
g roups o f r a t s  w ere t r e a t e d  w ith  th e  monoamine o x id a se  in 
h i b i t o r s  (MAOIs) n ia la m id e  (40m g/kg/day) o r  p h e n e lz in e  (10 
m g /k g /d ay ), th e  t r i c y c l i c  a n t id e p r e s s a n ts  d e s ip ra m in e  (10 
m g/kg, b id )  o r  a m i t r i p ty l i n e  ( 10m g/kg, b id ) ,  o r  th e  a ty p i
c a l  a n t id e p r e s s a n t  d rug  ip r in d o le  ( 10m g/kg, b id )  f o r  seven 
d a y s . R a ts  w ere exam ined f o r  head shake b eh a v io r  24 hou rs  
a f t e r  th e  f i n a l  i n j e c t i o n .  S e p a ra te  g roups o f r a t s  were 
t r e a t e d  s im i l a r l y  w ith  th e  a n t id e p r e s s a n t  d rugs f o r  seven  
days and s a c r i f i c e d  24 h o u rs  a f t e r  th e  f i n a l  i n j e c t i o n  in  
o rd e r  to  exam ine th e  number o f 5HT2 r e c e p to r s  in  r a t  f ro n 
t a l  c o r te x ,  u s in g  n - s p i r o p e r id o l  a s  a  l ig a n d .

T re a tm e n t w ith  a n t id e p r e s s a n t  d ru g s  f o r  seven  days r e 
s u l te d  i n  a  s i g n i f i c a n t  a t t e n u a t io n  o f th e  head shake r e 
sponse  to  q u ip a z in e  and a  r e d u c t io n  in  5HT re c e p to r s  in  
r a t  f r o n t a l  c o r t e x .  N ialam ide and p h e n e lz in e 2 were th e  most 
e f f e c t i v e  d rugs  a t  red u c in g  head shake b e h a v io r , p ro d u c in g  
ab o u t an 85–95% b lock ad e  o f  q u ip a z in e 's  a b i l i t y  to  e l i c i t  
th e  b e h a v io r . The t r i c y c l i c  a n t id e p r e s s a n t  d e s ip ra m in e  and 
a m i t r i p ty l i n e  w ere l e s s  e f f e c t i v e  a t  red u c in g  head shake 
b e h a v io r  th a n  th e  MAOIs, and ip r i n d o le ' s  e f f e c t  was i n t e r 
m e d ia te  betw een th e  two c l a s s e s  of d ru g s . A ll  o f th e  a n t i 
d e p re s s a n t  d ru g s  produced  a  s i g n i f i c a n t  re d u c t io n  in  3H- 
s p ip e ro n e  b in d in g .

The c h ro n ic  a d m in is t r a t io n  o f a n t id e p r e s s a n t  d ru g s , w hich 
cau se  a  r e d u c t io n  in  th e  number o f  5HT2 r e c e p to r s  in  r a t s  
f r o n t a l  c o r t e x ,  a l s o  p roduce a r e d u c t io n  in  a  b e h a v io ra l 
re s p o n s e , head shake b e h a v io r , t h a t  i s  a s s o c ia te d  w ith  5- 
HT2 r e c e p to r s .  (S u p p o rted  by NIHM g ra n t  MH 36262 and funds 
from  th e  V e te ra n s  A d m in is t r a t io n .)

109.12  THE CONCURRENT ADMINISTRATION OF ANTIMUSCARINIC AGENTS RE
DUCES THE DEGREE OF BEHAVIORAL HYPERSENSITIVITY INDUCED BY 
HALOPERIDOL.  Paul M. Carvey*, L.C. Kao*, C. Goetz*,  
C. Tanner* and H.L. Klawans*(SPCN: Ana H i t r i ) .  Dep ts .  o f  
N eurological Sciences and Pharmacology, R ush-P resby terian- 
S t. Luke's Med. C en ter, Chicago, IL 60612

Animals t r e a te d  w ith  n e u ro le p tic  agen ts e sd iib it an in 
creased  b ehav io ra l response to  DA ag o n is ts  upon t h e i r  w ith 
drawal from ch ron ic  tre a tm en t. This b eh av io ra l hypersensi
t i v i t y  (BH) i s  c o rre la te d  w ith  and i s  thought to  r e s u l t  from 
th e  p r o l i f e r a t io n  o f  DA re c ep to rs  w ith in  th e  s tr ia tu m . At 
th e se  m eetings two years  ago, we rep o rted  th a t  th e  degree o f  
BH a sso c ia ted  w ith  th e  ch ron ic  trea tm en t o f  e q u iv a len t doses 
o f  v a rio u s  n e u ro le p tic  agen ts  was in v e rs e ly  p ro p o r tio n a l to  
t h e i r  an tim u sca rin ic  potency. We have re c e n t ly  completed a 
s e r ie s  o f  experim ents which in v e s t ig a te d  t h i s  re la t io n s h ip  
by coadm in istering  th re e  d if f e r e n t  an tim u sca rin ic  agen ts 
w ith  h a lo p e rid o l (HAL), a  n e u ro le p tic  agen t considered  de
void  o f  an tim usca rin ic  a c t iv i ty .

Guinea p ig s  and r a t s  were t r e a te d  w ith  HAL along w ith  
v a rio u s  doses o f  trih ex y p h en id y l (TRI), scopolamine o r  benz- 
tro p in e  fo r  24 consecu tive  days. They were th en  withdrawn 
from trea tm en t and challenged  w ith  apomorphine (APO) 96 
hours l a t e r .  HAL s ig n if ic a n t ly  in c reased  s te re o ty p ic  re 
sponsiveness. The co ad m in istra tio n ' o f  any an tim u sca rin ic  
agent s ig n if ic a n t ly  reduced th e  degree o f  BH r e la t iv e  to  
HAL on ly  t r e a te d  anim als.  TRI in  exam ination w ith  HAL pro
duced a  dose-dependent red u c tio n  in  BH. At th e  h ig h e st 
dose, t h e i r  response r a te  was no longer s t a t i s t i c a l l y  d i f 
fe re n t from c o n tro ls . TRI when given fo llow ing chron ic  HAL 
p re trea tm en t p o te n tia te d  th e  b eh av io ra l response to  APO. In  
complementary s tu d ie s ,  we observed th a t  chron ic  tre a tm en t 
w ith  TRI rev e rsed  i t s  acu te  p o te n tia tio n  o f  APO-induced 
s te re o ty p ic  behav ior. V ehicle p re tre a te d  anim als g iven TRI 
dem onstrated augmentation o f  APO s te reo ty p y . In  c o n tr a s t ,  
TRI p re tre a te d  anim als m anifested  decreased  responsiveness 
when challenged w ith  TRI and APO.

The decrease  in  BH fo llow ing  th e  co -ad m in is tra tio n  o f  
an tim u sca rin ic  agen ts  w ith  HAL suggests  th a t  th e  ch o lin e rg ic , 
as  w e ll a s  th e  DA systems p a r t ic ip a te  in  th e  exp ress ion  o f  
BH perhaps through s u p e rse n s i t iz a tio n  o f  m uscarin ic  re 
c ep to rs .
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30 9 .1 3  EFFECTS OF PHENCYCLIDINE ON LOCOMOTOR ACTIVITY FOLLOWING 
INTRACEREBRAL INJECTIONS.  H .D . E v e r l s t  and  A. P e r t .  
B i o l o g i c a l  P s y c h ia t r y  B ra n c h , NIMH, B e th e s d a ,  MD 2 0 2 0 5 .

P h e n c y c l id in e  (PCP) h a s  b een  r e p o r t e d  to  h av e  s i g n i f i c a n t  
e f f e c t s  on lo c o m o to r  b e h a v io r .  Low d o s e s  a p p e a r  to  s t i m u l a t e  
lo c o m o to r  o u t p u t  w h i le  h ig h  d o s e s  r e s u l t  i n  an  i n i t i a l  
d e p r e s s io n  w h ich  i s  fo l lo w e d  by e x c i t a t i o n .  L o co m o to r e x c i 
t a t i o n  in d u c e d  by PCP may in v o lv e  th e  dopam ine  (DA) sy s te m  
s in c e  DA r e c e p t o r  b lo c k e r s  a r e  e f f e c t i v e  i n  a t t e n u a t i n g  t h i s  
r e s p o n s e .  L i t t l e  m o re , h o w e v e r , i s  known r e g a r d in g  th e  p r e 
c i s e  m ech an ism s o r  l o c i  o f  a c t i o n  o f  PCP i n  p r o d u c in g  a l t e r a 
t i o n s  i n  lo c o m o to r  b e h a v io r .  The p u rp o se  o f  t h e s e  s t u d i e s  
was to  a s c e r t a i n  th e  l o c i  o f  a c t i o n  o f  PCP i n  b r a i n  i n  r e l a 
t i o n  to  lo c o m o to r  o u tp u t  and  to  d e f i n e  i t s  m echan ism  o f  
a c t i o n .

F o r  t h e  f i r s t  s t u d y ,  r a t s  w ere im p la n te d  w i th  c a n n u la e  
g u id e s  a im ed  f o r  th e  l a t e r a l  v e n t r i c l e .  PCP ( 5 ,  2 5 , 75 
n  m o le s )  was i n j e c t e d  i n t r a v e n t r i c u l a r l y  and  lo c o m o to r  a c t i 
v i t y  was m ea su red  o v e r  th e  n e x t  t h r e e  h o u r s .  A l l  d o s e s  o f  
PCP p ro d u c e d  d e p r e s s io n  o f  lo c o m o to r  a c t i v i t y  d u r in g  th e  
f i r s t  30 m in u te s  p o s t  i n j e c t i o n .  O nly  th e  two h i g h e s t  d o s e s ,  
h o w e v e r , e n h a n c e d  lo c o m o to r  a c t i v i t y  d u r in g  th e  n e x t  30– 45 
m in u t e s .

I n  th e  n e x t  s e r i e s  o f  s t u d i e s ,  r a t s  w ere im p la n te d  w ith  
c a n n u la e  g u id e s  a im ed  f o r  a  v a r i e t y  o f  b r a i n  s t r u c t u r e s .  The 
a n im a ls  w ere  i n j e c t e d  b i l a t e r a l l y  w i th  1 2 .5  n  m o le s  o f  PCP. 
I n j e c t i o n s  i n t o  th e  v e n t r a l  th a la m u s ,  c a u d a te  n u c le u s  and 
v e n t r a l  t e g m e n ta l  a r e a  had  no e f f e c t  on lo c o m o to r  o u t p u t .  
I n j e c t i o n s  i n t o  th e  n u c le u s  ac cu m b e n s , on th e  o t h e r  h a n d , 
p ro d u c e d  an  im m e d ia te  and s i g n i f i c a n t  e l e v a t i o n  i n  b o th  h o r i 
z o n t a l  and  v e r t i c a l  c o m p o n en ts  w h ich  seem ed to  p e r s i s t  o v e r  
th e  c o u r s e  o f  an  h o u r .  T h is  e f f e c t  was r e v e r s e d  by p r e t r e a t 
m ent w i th  0 .2 5  m g/kg h a lo p e r i d o l  i . p . , s u g g e s t in g  d o p a m in e r 
g i c  in v o lv e m e n t .  I n j e c t i o n s  i n t o  th e  p e r i a q u e d u c t a l  g r a y  
m a t t e r  an d  m e s e n c e p h a l ic  r e t i c u l a r  f o rm a t io n  had  l i t t l e  
e f f e c t  on h o r i z o n t a l  a c t i v i t y  w h i le  s i g n i f i c a n t l y  d e p r e s s in g  
th e  v e r t i c a l  com ponen t d u r in g  th e  f i r s t  15– 30 m in u te s .  T hese  
f i n d i n g s  s u g g e s t  t h a t  PCP e x e r t s  i t s  d i f f e r e n t i a l  e f f e c t s  on 
lo c o m o to r  b e h a v io r  th ro u g h  d i f f e r e n t  b r a i n  s t r u c t u r e s .

309.14  THE EFFECT OF DESIPRAMINE, MIANSERIN, AND YOHIMBINE ON  
ALPHA2-ADRENOCEPTOR FUNCTIONAL SENSITIVITY IN THE RAT.  P .  
A. Seym our and  R. G. B row ne.  C e n t r a l  R e s e a rc h  D i v i s i o n ,  
P f i z e r ,  I n c . ,  G ro to n ,  CT 0 6 3 4 0 .

Many i n v e s t i g a t o r s  h a v e  ex am in ed  th e  e f f e c t s  o f  a n t i 
d e p r e s s a n t s  on a lp h a 2 - a d r e n o c e p to r  s e n s i t i v i t y .  H ow ever, 
t h e  r e p o r t e d  r e s u l t s  h a v e  o f t e n  b e e n  c o n t r a d i c t o r y  and  
i n c o n c l u s iv e  (H e a l e t  a l . ,  N e u ro p h a rm a c o lo g y , 22:9 8 3 ,  1 9 8 3 ; 
R a i t e r i  e t  a l . ,  E u r . J . P h a rm a c o l . , 91:1 4 1 ,  1 9 8 3 ) , w h ic h  may 
b e  a t t r i b u t a b l e  t o  t h e  u s e  o f  d i f f e r e n t  t r e a tm e n t  and  m ea
su re m e n t v a r i a b l e s  among i n v e s t i g a t o r s .  The p r e s e n t  i n v e s 
t i g a t i o n  e x am in ed  th e  e f f e c t s  o f  two m e c h a n i s t i c a l l y  d i s 
t i n c t  a n t i d e p r e s s a n t s ,  d e s ip r a m in e  (DMI) and  m ia n s e r i n ,  on 
a lp h a 2- a d r e n o c e p to r  s e n s i t i v i t y ,  u s in g  c l o n i d i n e - s e d a t i o n  
a s  a  m e a su re  o f  r e c e p t o r  f u n c t i o n a l  s e n s i t i v i t y .  A d d i t i o n a l  
s t u d i e s  ex am in ed  th e  e f f e c t s  o f  th e  a lp h a 2- a d r e n o c e p to r  
a n t a g o n i s t ,  y o h im b in e , and  th e  co m b in ed  t r e a tm e n t  o f  
y o h im b in e  w i th  e i t h e r  DMI o r  m ia n s e r in  on a lp h a 2 - a d r e n o -  
c e p to r  s e n s i t i v i t y .  A l l  t r e a tm e n t s  w ere  a d m i n i s t e r e d  f o r  1 , 
2 ,  4 ,  8 , and  16 d a y s .  T w e n ty - fo u r  h o u r s  a f t e r  t h e  l a s t  d ru g  
a d m i n i s t r a t i o n ,  a n im a ls  w ere  i n j e c t e d  w i th  c lo n i d i n e  ( .1  
m g /k g ) ,  and e x p lo r a to r y  lo c o m o to r  a c t i v i t y  ( a m b u la t io n  and  
r e a r i n g )  was m e a su re d  f o r  s i x  h o u r s ,  i n  c o m p u te r -m o n ito re d  
b e h a v io r a l  c h a m b e rs . The d a t a  r e v e a l e d  t h a t  1 ) DMI p r e 
t r e a tm e n t  in d u c e d  r a p i d ,  d o s e -d e p e n d e n t  an d  p r o g r e s s i v e l y  
i n c r e a s i n g  a lp h a 2- a d r e n o c e p to r  s u b s e n s i t i v i t y ;  2 ) m ia n s e r in  
p r e t r e a t m e n t  in d u c e d  r a p i d ,  n o n - d o s e - d e p e n d e n t  a lp h a 2 -  
a d r e n o c e p to r  s u p e r s e n s i t i v i t y ;  and 3 )  y o h im b in e  p r e t r e a t 
m en t in d u c e d  i n c o n s i s t e n t ,  n o n - d o s e - d e p e n d e n t  a lp h a 2 -  
a d r e n o c e p to r  s u p e r s e n s i t i v i t y .  I t  was a l s o  fo u n d  t h a t  
c o a d m i n i s t r a t i o n  o f  y o h im b in e  b lo c k e d  th e  D M I-in d u ced  s u b 
s e n s i t i v i t y  and  p o t e n t i a t e d  t h e  m ia n s e r in - in d u c e d  s u p e r 
s e n s i t i v i t y  o f  a lp h a 2 - a d r e n o c e p to r s .  I n  a d d i t i o n ,  DMI p r e 
t r e a tm e n t  s i g n i f i c a n t l y  i n c r e a s e d ,  w h i le  y o h im b in e  a n d /o r  
m ia n s e r in  p r e t r e a t m e n t  s i g n i f i c a n t l y  d e c r e a s e d ,  t h e  
e x p lo r a to r y  a c t i v i t y  o f  t h e  v e h i c l e - t r e a t e d  a n im a ls .  
C o a d m in i s t r a t i o n  o f  y o h im b in e  b lo c k e d  th e  D M I-in d u ced  
i n c r e a s e  i n  a c t i v i t y .  I t  was c o n c lu d e d  t h a t  DMI and  
m ia n s e r i n  in d u c e d  o p p o s i t e  e f f e c t s  on a lp h a 2- a d r e n o c e p to r  
s e n s i t i v i t y ,  a n d , t h e r e f o r e ,  t h a t  t h e  i n d u c t i o n  o f  a lp h a 2 -  
a d r e n o c e p to r  s u b s e n s i t i v i t y  i s  n o t  a  common m ech an ism  o f  
a c t i o n  o f  a l l  a n t i d e p r e s s a n t s .

309.15  NORADRENERGIC PHARMACOLOGY OF THE BEHAVIORAL RESPONSE TO 
NOVELTY.  *A. Garcia, *M. V arela, *M. R osenthal and D .R . 
B ritto n  (L .D . P a rtr id g e , sponso r)  D epartm ents of Physiology 
an d  M edicine, U niversity  of New Mexico School of Medicine, 
A lbuquerque , N.M. 87131.

P rev io u s  s tud ies  have su g g ested  a role fo r the  cen tra l 
n o rad ren e rg ic  system  in m ediating animal behav io rs  which are 
seen as analogous to human anxiety. The nature of this role, 
i f  a n y ,  re m a in s  u n c le a r  d u e  to  d if f e r e n c e s  in  th e  anim al 
models u sed  and the  m ethods of m anipulating the  level of 
c e n tra l n o rad ren e rg ic  tone . Some s tu d ies  with monkeys have 
su g g es ted  th a t the  locus coeru leus n o rad ren e rg ic  system  
becom es overly  active  d u rin g  s ta te s  of anx ie ty  and qu iescen t 
during non-anxious states (Redmond and Huang, 1979). On the 
o th e r  h an d , o th e r s tu d ies  have shown with ra ts  th a t 
d e s tru c tio n  of the  locus coeru leus p roduces no effect (Koob 
et a l . ,  in  p re s s )  o r an in c rease  (B ritto n  e t a l . ,  in p re ss) 
in an animal’s "an x ie ty -re la ted "  beh av io r.

In  th e  p re s e n t s tu d y , we have in v estig a ted  the  e ffects  of 
pharm acological m anipulation of the  c en tra l no rad ren e rg ic  
s y s te m  on th e  s t r e s s - r e l a t e d  b e h a v io r  show n b y  r a t s  in 
re sp o n se  to environm ental no v e lty . Fasted  animals were 
tre a te d  with e ith e r the  alphag recep to r ag on ist, clonidine 
(CLON) or the alphag receptor antagonist, yohimbine (YOH) or 
w ith  sa lin e . T h ir ty  min. la te r  th e  ra ts  were in troduced  to a 
novel modified open field in  the  c en te r  of which a single 
food pe lle t was sec u re d . D uring  the  10 min. period of the 
te s t records were kept of the amount of rearing and grooming, 
th e  n u m b er of app roaches to the  food, amount eaten  and the 
inc idence  of u rin a tio n . YOH increased  grooming at doses of  
1.0 mg/Kg and at higher doses suppressed rearing. Clonidine 
in c re a se d  u rin a tio n  and d ecreased  re a rin g  a t all doses ( 5 0 -  
200ug/Kg) tested . Food consumption was increased in animals 
t r e a te d  with 50 ug /K g  CLON. T hese e su lts  su g g es t th a t 
a lthough  th e  cen tra l n o rad ren e rg ic  system  may mediate some 
com ponents  of an animal’s re sponse  to novelty , manipulation 
o f th a t system  with pe rip h e ra lly  adm inistered  YOH o r CLON 
does no t mimic the  e ffec ts  of more commonly accepted  
anx io ly tic  o r anxiogenic a g en ts .

309.16   LATERALIZATION OF ATTENTION IN APOMORPHINE-TREATED RATS.
 M. P i s a  and  H. S z e c h tm a n ,  D e p a r tm e n ts  o f  N e u r o s c ie n c e s  and  
P s y c h i a t r y ,  M cM aster U n i v e r s i t y ,  H a m il to n ,  O n t . ,  L8N 3Z5.

A p o m o rp h in e , a  d opam ine  r e c e p t o r  a g o n i s t ,  in d u c e s  a  c l e a r  
p r e f e r e n c e  f o r  d i r e c t i o n  o f  t u r n i n g  i n  many r a t s .  T h is  t u r 
n in g  b i a s  c o u ld  r e f l e c t  a  p u r e l y  m o to r  a sy m m e try , i . e . ,  a  
l a t e r a l i z e d  a c t i v a t i o n  o f  m o to r  commands f o r  t u r n i n g .  Howe
v e r ,  i t  m ig h t  a l s o  r e f l e c t  a  d r u g - in d u c e d  l a t e r a l i z a t i o n  o f  
i n v e s t i g a t i v e  r e s p o n s e s .  The l a t t e r  h y p o t h e s i s  w as t e s t e d  
by  e x a m in in g  th e  r e s p o n s e  t o  e d g e s  o f  30 m ale  S p ra g u e  D aw ley 
r a t s  w h ic h  w e re  p l a c e d  on  a  180 x  180 cm w ooden b l a c k  t a b l e  
f o r  1 h  a f t e r  s . c .  i n j e c t i o n s  o f  1 .2 5  m g /k g  o f  a p o m o rp h in e .

T w e n ty - f iv e  r a t s  show ed e i t h e r  l i t t l e  a t t r a c t i o n  f o r  t h e  
e d g e s  o f  th e  t a b l e  o r  no c l e a r  p r e f e r e n c e  f o r  s i d e  o f  t h e  
body  e x p o se d  to  t h e  e d g e s .  I n  c o n t r a s t ,  5 r a t s  w a lk e d  c lo s e  
t o  th e  e d g e s  m o st o f  t h e i r  t im e ,  3 r a t s  c o n s t a n t l y  lo o p in g  
c o u n te r c lo c k w is e  an d  2 r a t s  c lo c k w is e .  To ex am in e  w h e th e r  
l a t e r a l i z e d  a t t e n t i o n  f o r  e d g e s  c o n t r o l l e d  t h e  d i r e c t i o n  
o f  lo c o m o tio n  o f  t h e s e  5 r a t s ,  a  50 x  50 cm p i e c e  o f  t h e  
w ooden s u r f a c e  was rem oved  fro m  th e  c e n t e r  o f  t h e  t a b l e ,  l e 
a v in g  a  s q u a re  h o l e  i n  i t ,  and  th e  r a t s  w e re  r e p e a t e d l y  
p l a c e d  c lo s e  t o  t h e  e d g e s  o f  t h e  h o l e .  A l l  5 r a t s  w a lk e d  
a lo n g  t h e  e d g e s  an d  a ro u n d  t h e  c o r n e r s  o f  t h e  h o l e  i n  a  d i r 
e c t i o n  o p p o s i t e  t h a t  t a k e n  to  lo o p  a t  t h e  p e r i p h e r y  o f  t h e  
t a b l e .  T h u s , d i r e c t i o n  o f  lo c o m o tio n  w as r e v e r s e d ,  b u t  s i d e  
o f  t h e  b ody  e x p o se d  to  t h e  e d g e s  rem a in e d  t h e  sam e, i n d i c a 
t i n g  t h a t  t h e  p o s i t i o n  o f  t h e  e d g e  c o n t r o l l e d  d i r e c t i o n  o f  
t u r n s  i n  t h e s e  r a t s .  L a t e r a l i z a t i o n  o f  a t t e n t i o n  f o r  t h e  
e d g e s  w as f u r t h e r  d e m o n s t ra te d  i n  t h e s e  5 r a t s  by  r e p e a t e d l y  
p l a c i n g  them  on t h e  t a b l e  w i th  a n  ed g e  on  e i t h e r  t h e i r  s p o n 
t a n e o u s l y  p r e f e r r e d  s i d e  o r  t h e  o p p o s i t e  s i d e .  A f t e r  b e in g  
r e l e a s e d ,  a l l  5 r a t s  im m e d ia te ly  an d  p e r s i s t e n t l y  lo c o m o te d  
a lo n g  th e  e d g e ,  i f  i t  w as on t h e i r  s p o n ta n e o u s ly  p r e f e r r e d  
s i d e .  I f  t h e  o p p o s i t e  s id e  w as e x p o se d  t o  t h e  e d g e ,  h o w e v e r , 
t h e  r a t s  im m e d ia te ly  t u r n e d  180O, t h u s  e x p o s in g  t h e i r  p r e 
f e r r e d  s id e  t o  t h e  e d g e ,  an d  th e n  p ro c e d e d  t o  lo c o m o te  a lo n g  
i t .  When p l a c e d  on p a r t s  o f  t h e  t a b l e  rem o v ed  f ro m  th e  
e d g e s ,  2 o f  t h e  5 r a t s  show ed no c l e a r  t u r n i n g  b i a s ,  an d  3 
r a t s  show ed a  b i a s  f o r  t u r n i n g  to w a rd  t h e  same s id e  a s  t h e  
s id e  o f  t h e  b ody  t h a t  th e y  u s u a l l y  e x p o se d  t o  t h e  e d g e s ,  a  
r e s u l t  s u g g e s t in g  t h a t  l a t e r a l i z a t i o n  o f  i n v e s t i g a t i v e  r e s 
p o n s e s  c o u ld  c o n t r i b u t e  t o  a  t u r n i n g  b i a s  d e s p i t e  t h e  a b 
s e n c e  o f  d i s t i n c t i v e  p ro x im a l  s t i m u l i .

The p r e s e n t  f i n d i n g s  r e v e a l  t h a t  a p o m o rp h in e  c a n  p ro m o te  
a  s t r o n g  l a t e r a l i z a t i o n  o f  i n v e s t i g a t i v e  r e s p o n s e s  i n  some 
i n t a c t  r a t s .  (S u p p o r te d  by  g r a n t s  f ro m  t h e  MRC an d  t h e  NSERC 
o f  C an ad a . M .P . i s  a n  OMHF s c h o la r  and  H .S . a  MRC s c h o l a r ) .
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309 .17  APOMORPHINE INDUCES POSTURAL ASYMMETRIES INDEPENDENT OF  
ASYMMETRIES IN THE DIRECTION OF TURNING.  H. S zech tm an  and  
M. P i s a .  D e p a r tm e n ts  o f  N e u r o s c ie n c e s  and  P s y c h ia t r y ,  
M cM aster U n i v e r s i t y ,  H a m il to n ,  O n t a r i o ,  C anada L8N 3Z5.

A f t e r  i n j e c t i o n  o f  t h e  do p am in e  r e c e p t o r  a g o n i s t ,  
a p o m o rp h in e , many a n im a ls  e x h i b i t  a n  asy m m etry  i n  t u r n i n g ;  
i . e . ,  t h e y  t u r n  m ore  i n  o n e  d i r e c t i o n  th a n  i n  t h e  o t h e r .
W hat b e h a v io u r a l  p r o c e s s e s  y i e l d  t h i s  a sy m m etry ?  T h is  
p r e s e n t a t i o n  i n d i c a t e s  t h a t  a f t e r  i n j e c t i o n  o f  a p o m o rp h in e , 
m o st r a t s  e x h i b i t  an  a sy m m etry  i n  p o s t u r a l  s u p p o r t ,  and  t h a t  
t h i s  asy m m etry  i s  o f t e n  c o u p le d  w i t h  an  asy m m etry  i n  t u r n i n g  
H ow ever, a  p o s t u r a l  b i a s  i s  n e i t h e r  a  s u f f i c i e n t  n o r  a  
n e c e s s a r y  e x p la n a t io n  f o r  t h e  d i r e c t i o n a l  b i a s  b e c a u s e  some 
r a t s  e x h i b i t  e i t h e r  a n  a sy m m etry  i n  p o s t u r a l  s u p p o r t  w i th o u t  
a n  a sy m m e try  i n  t h e  d i r e c t i o n  o f  t u r n i n g  o r  v i c e  v e r s a .  R a ts  
w e re  i n j e c t e d  s . c .  w i t h  a p o m o rp h in e  ( 1 .2 5  m g /k g ) an d  p l a c e d  
on  a  l a r g e  g l a s s  t a b l e  f o r  1 m in  e v e ry  5 m in . T h e i r  
b e h a v io u r  w as v i d e o t a p e d .  P o s t u r a l  s u p p o r t  was m ea su red  
i n d i r e c t l y  b y  c o u n t in g  t h e  f r e q u e n c y  o f  two o r  m ore s t e p s  i n  
s u c c e s s io n  o f  a  h i n d le g  w h i le  t h e  o t h e r  h in d le g  r e m a in e d  
r o o te d  d u r in g  t u r n i n g .  Amount o f  t u r n i n g  o f  t h e  p e l v i s  was 
m e a s u re d  u s in g  t h e  E shkol-W achm an M ovement N o t a t i o n .  Of 7 
r a t s  a n a ly z e d ,  o n e  d id  n o t  show an y  p o s t u r a l  o r  d i r e c t i o n a l  
a s y m m e tr ie s .  F o u r  r a t s  show ed b o th  a  s i g n i f i c a n t  p o s t u r a l  
b i a s  ( p < .05 o r  l e s s ,  p a i r e d  t - t e s t s  on f r e q u e n c ie s  o f  s t e p s  
i n  s u c c e s s io n  o f  r i g h t  an d  l e f t  h i n d l e g s  a t  5 ,1 0 ,2 0 ,3 0  and  
45 m in  a f t e r  i n j e c t i o n )  an d  a  s i g n i f i c a n t  t u r n i n g  b i a s  ( p < 
.0 5  o r  l e s s ) .  One r a t  h ad  a  s i g n i f i c a n t  p o s t u r a l  a sym m etry  
b u t  n o t  a  d i r e c t i o n a l  b i a s  w h i l e  t h e  r e m a in in g  r a t  show ed a  
s i g n i f i c a n t  d i r e c t i o n a l  b i a s  b u t  n o t  a  p o s t u r a l  b i a s .  
T h e r e f o r e ,  w h i l e  i n  m o st r a t s  t h e  p o s t u r a l  an d  d i r e c t i o n a l  
a s y m m e tr ie s  a r e  c o u p le d ,  th e y  a p p e a r  t o  be  in d e p e n d e n t  
e f f e c t s  o f  a p o m o rp h in e , a  c o n c lu s i o n  c o n s i s t e n t  w i th  t h e  
l a c k  o f  a  s i g n i f i c a n t  a s s o c i a t i o n  b e tw e e n  t h e s e  v a r i a b l e s  
( F i s h e r  e x a c t  t e s t ) . D e t a i l e d  a n a l y s i s  o f  t h e  s te p p i n g  
p a t t e r n s  r e v e a l e d  t h a t  o n e  b a s i s  f o r  p o s t u r a l  asy m m etry  i s  
u s a g e  o f  d i f f e r e n t  s t e p p i n g  s t r a t e g i e s  t o  t u r n  i n  o p p o s i t e  
d i r e c t i o n s .  T h u s , a  p o s t u r a l  a sy m m etry  i s  n e i t h e r  n e c e s s a r y  
n o r  s u f f i c i e n t  f o r  a  d i r e c t i o n a l  b i a s .  As a  b i a s  i n  th e  
d i r e c t i o n  o f  t u r n i n g  i s  a s s o c i a t e d  w i th  an  i n t e r h e m i s p h e r i c  
im b a la n c e  i n  d o p a m in e rg ic  s y s te m s ,  t h e  p r e s e n t  f i n d i n g s  
s u g g e s t  t h a t  s u c h  a n  im b a la n c e  may r e s u l t  i n  an  asy m m etry  o f  
o t h e r  t h a n  m o to r  p r o c e s s e s  ( s e e  P i s a  & S z e c h tm a n , t h i s  
v o lu m e , f o r  a n  a t t e n t i o n a l  h y p o t h e s i s ) .  (S u p p o rte d  by  g r a n t s  
fro m  NSERC an d  MRC. H. S zech tm an  i s  a  MRC S c h o l a r ,  M. P i s a  
i s  an  OMHF S c h o l a r . )
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310.1  LEARNED HELPLESSNESS INDUCED BY AN ACTIVE ANTAGONIST OF 
THE BRAIN BENZODIAZEPINE RECEPTOR.  P .S ko ln ick , R.C. 
Drugan, S .F . M aier, S.M. Paul* and J.N . Crawley . (SPON:  
C .R. Crev e lin g ) ,  Laboratory o f B toorganic Chem istry, 
NIADDD, Bethesda, MD 20205, Department o f Psychology, 
U n iv e rs ity  o f Colorado, Boulder, CO 80309, and C lin ica l 
Neuroscience Branch, NIMH, Bethesda, MD 20205.

Numerous behavioral and pharmacological s tu d ie s  have 
dem onstrated th a t  "learned  he lp lessn ess"  paradigms may 
re p re sen t an animal model o f d ep ress ion . The p sy ch ia tr ic  
l i t e r a t u r e  suggests a c lo se  re la tio n s h ip  between anx iety  
and dep ress io n . R ecen tly , ad m in is tra tio n  o f d e riv a tiv e s  
o f  β-ca rb o l i n e-3 -carboxy lic  acid  have been shown to  
produce a b eh av io ra l, som atic, and endocrine syndrome 
ch a rac te r iz e d  as "anx iety" o r "fea r"  in  both experim ental 
anim als and man. Blockade o f these  e f f e c ts  by the  high 
a f f in i ty  benzodiazepine recep to r a n ta g o n is t Rol5-1788 
suggests  th a t  the  β-c a rb o lin e  syndrome is  mediated through 
c e n tra l benzodiazepine re c e p to rs .

We have in v e s tig a te d  th e  re la tio n s h ip  between 
ex p erim en ta lly -induced "anx iety" and the  development of 
lea rned  h e lp le ssn ess  by adm in istering  an anxiogenic 
benzodiazepine recep to r " inverse"  a n ta g o n is t,
N1-m ethyl-B-carbol i ne-3-carboxyla te  (FG-7142) to  ra ts  
tw en ty-fou r hours p r io r  to  exposure to  a standard  FR-2 
sh u ttlebox  escape a c q u is it io n  ta sk . Rats t re a te d  with 
FG-7142, 10 mg/kg i . p . ,  fa i le d  to  acqu ire  an escape 
response tw enty-fo u r hours a f te r  trea tm en t, in 
comparison w ith v eh ic le  c o n tro ls .  However, the  FG-7142 
group performed th e  FR-1 con tro l task  as rap id ly  as the 
v eh ic le  c o n tro ls .  P retrea tm en t of r a ts  w ith the  s e le c tiv e  
benzodiazepine re c ep to r a n tag o n is t Rol5-1788, 20 mg/kg 
i . p . ,  blocked the  development o f learned  h e lp lessn ess  
e l i c i t e d  by FG-7142. Thus, ad m in is tra tio n  o f an 
anxiogenic B -carbo line  appears to  r e s u l t  in  a behavioral 
e f f e c t  s im ila r  to  a sessio n  o f inescapable  shock. The 
involvement o f the  benzodiazepine-GABA-chloride ionophore 
re cep to r complex suggests  th a t  the  p ro te c tiv e  e f fe c ts  of 
con tro l over a s t r e s s o r  may be linked  to  c en tra l 
mechanisms m ediating a n x ie ty .

310.2  EFFECT OF INJECTION OF CHOLINE MUSTARD INTO MEDIAL SEPTAL 
AREA OF RAT BRAIN ON BIOCHEMICAL AND BEHAVIOURAL PARAMETERS. 
L . A . M y l e s * , M . S t e i n g a r t * ,  R . J . R y l e t t  a n d  E . H .  C o l h o u n *  ( S P ON:  
R.  D o u c e t t e )   D e p t .  P h a r m a c o l o g y  a n d  T o x i c o l o g y ,  U n i v e r s i t y  
o f  W e s t e r n  O n t a r i o ,  L o n d o n ,  O n t a r i o ,  N6 A 5Cl .

T h e  s u g g e s t i o n  h a s  b e e n  m a d e  t h a t  i n j e c t i o n s  o f  n i t r o g e n  
m u s t a r d  a n a l o g u e s  o f  c h o l i n e  i n t o  c e r t a i n  b r a i n  a r e a s  o f  r a t  
c a n  p r o d u c e  c h o l i n e r g i c  h y p o f u n c t i o n .  We r e p o r t  t h e  e f f e c t s  
o f  i n j e c t i o n  o f  v a r y i n g  c o n c e n t r a t i o n s  o f  c h o l i n e  m u s t a r d  
a z i r i d i n i u m  i o n  (ChM Az ) i n t o  m e d i a l  s e p t u m  o f  r a t  o n  c h o l i n 
e r g i c  m a r k e r s  a n d  p a s s i v e  a v o i d a n c e  b e h a v i o u r .  M a l e  S p r a g u e -  
D a w l e y  r a t s  w e r e  g i v e n  a  s i n g l e  i n j e c t i o n  o f  ChM Az i n  d o s e s  
o f  0 . 3 ,  1 ,  2 ,  3 ,  5 ,  7 ,  10  o r  22  n m o l e s  i n  a  1 u l  v o l u m e  v i a  
a  c h r o n i c  c a n n u l a  p l a c e d  s t e r e o t a x i c a l l y  i n t o  t h e  m e d i a l  
s e p t a l  a r e a .  T h e  r a t s  w e r e  s a c r i f i c e d  10  d a y s  p o s t - i n j e c t i o n  
a n d  ChAT a n d  c h o l i n e  t r a n s p o r t  a c t i v i t y  w e r e  m e a s u r e d  i n  
c o r t e x ,  h i p p o c a m p u s  a n d  s t r i a t u m .  A h i s t o l o g i c a l  e x a m i n a t i o n  
o f  p a r a f f i n  s e c t i o n s  f r o m  c o n t r o l  a n d  t r e a t e d  b r a i n s  w a s  
c a r r i e d  o u t  t o  a s s e s s  t i s s u e  d a m a g e  a t  t h e  s i t e  o f  i n j e c t i o n .  
E x p l o r a t o r y  b e h a v i o u r  i n  a n  o p e n - f i e l d  t e s t  w a s  p e r f o r m e d  o n  
c o n t r o l  a n d  1 a n d  22  n m o l e  ChM A z - t r e a t e d  r a t s ;  s h o r t - t e r m  
m em or y  r e t e n t i o n  w a s  m e a s u r e d  by  a  p a s s i v e  a v o i d a n c e  t a s k  i n  
c o n t r o l  a n d  0 . 3  a n d  1 n m o l e  ChM A z - t r e a t e d  a n i m a l s .

I n j e c t i o n  o f  2 2  n m o l e s  ChM Az i n t o  m e d i a l  s e p t u m  d e c r e a s e d  
ChAT a c t i v i t y  by  6 8 % a n d  h i g h - a f f i n i t y  c h o l i n e  t r a n s p o r t  by  
76% i n  h i p p o c a m p u s .  C h o l i n e  t r a n s p o r t  wa s  d e c r e a s e d  by  37% 
i n  c o r t e x  b u t  n o t  i n  s t r i a t u m ;  t h e r e  w a s  no  r e d u c t i o n  i n  
ChAT a c t i v i t y  i n  t h e s e  b r a i n  a r e a s .  No s i g n i f i c a n t  c h a n g e s  
i n  c h o l i n e r g i c  m a r k e r s  w e r e  o b s e r v e d  i n  t h e s e  t h r e e  b r a i n  
a r e a s  i n  a n i m a l s  t r e a t e d  w i t h  0 . 3  o r  1 n m o l e  ChM A z .   
A n i m a l s  r e c e i v i n g  22 n m o l e s  ChM Az s h o w e d  d e c r e a s e d  e x p l o r 
a t o r y  b e h a v i o u r  i n  t h e  o p e n - f i e l d  t e s t  c o m p a r e d  t o  s a l i n e  
c o n t r o l s .  H o w e v e r ,  no s i g n i f i c a n t  d i f f e r e n c e  w a s  o b s e r v e d  
i n  t h e  1 n m o l e  r a t s .  A d d i t i o n a l l y ,  r a t s  i n j e c t e d  w i t h  0 . 3  
o r  1 n m o l e  ChM Az d i d  n o t  s h o w  c o n s i s t e n t  i m p a i r m e n t  w h e n  
t e s t e d  w i t h  a  o n e - t r i a l  s t e p - d o w n  p a s s i v e  a v o i d a n c e  t a s k  
w i t h  no  e s c a p e  c o n t i n g e n c y .  H i s t o l o g i c a l l y ,  l a r g e  a r e a s  o f  
n o n - s p e c i f i c  n e c r o s i s  w e r e  f o u n d  a t  t h e  s i t e  o f  i n j e c t i o n  i n  
r a t s  g i v e n  d o s e s  a b o v e  3 n m o l e s .  A t  l o w e r  d o s e s ,  g l i o s i s  
w a s  o b s e r v e d  i n  t h e  a r e a  o f  t h e  m e d i a l  s e p t u m  b u t  n e c r o s i s  
w a s  d e c r e a s e d .  I n  s u m m a r y ,  i t  w o u l d  a p p e a r  t h a t  a  s i n g l e  
a c u t e  i n j e c t i o n  o f  t h i s  c o m p o u n d  d o e s  n o t  p r o d u c e  a  s e l e c t 
i v e  d e s t r u c t i o n  o f  c h o l i n e r g i c  c e l l s  a t  l o w  d o s e s .  I n v e s t 
i g a t i o n  o f  o t h e r  a d m i n i s t r a t i o n  r e g i m e n s  may r e s u l t  i n  i n 
c r e a s e d  s e l e c t i v i t y .
( S u p p o r t e d  b y  t h e  O n t a r i o  M e n t a l  H e a l t h  F o u n d a t i o n )
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3 1 0 .3  EVALUATION OF THE ANXIOLYTIC POTENTIAL OF SELECTED 5-HT 
RECEPTOR ANTAGONISTS IN LABORATORY CONFLICT PROCEDURES.
J .B .  P a t e l  an d  J .B .  M a l i c k .  S t u a r t  P h a r m a c e u t i c a l s ,  
D i v i s i o n  o f  IC I  A m e ric a s  I n c . ,  W ilm in g to n , DE 1 9 8 9 7 .

E a r l i e r  i n v e s t i g a t i o n s  i n t o  t h e  m ech an ism  o f  a c t i o n  o f  
t h e  a n x i o l y t i c s  h a v e  shown t h e  im p o r ta n c e  o f  5-HT p a th w a y s  
i n  t h e i r  t h e r a p e u t i c  a c t i o n .  R e c e n t l y ,  a g e n ts  t h a t  a r e  
s e l e c t i v e  5-HT2 r e c e p t o r  a n t a g o n i s t s  su c h  a s  p i r e n p e r o n e  
(P ) h a v e  b e e n  r e p o r t e d .  I n  t h i s  s t u d y ,  a  s e l e c t e d  g ro u p  
o f  5-HT a n t a g o n i s t s  w e re  e v a lu a t e d  f o r  a n x i o l y t i c  p o t e n t i a l  
i n  c o n f l i c t  m o d e ls  i n  a n im a ls .  P i r e n p e r o n e  (MED = 0 .4  -  
0 .8  m g /k g , i . p . )  e x h i b i t e d  s i g n i f i c a n t  d o s e -d e p e n d e n t  
a n t i c o n f l i c t  a c t i v i t y  i n  t h e  s h o c k - in d u c e d  s u p p r e s s io n  o f  
d r in k i n g  (SSD) p r o c e d u r e  i n  r a t s .  O th e r  5-HT a n t a g o n i s t s  
w e re  fo u n d  t o  b e  m a rk e d ly  l e s s  p o t e n t ,  a s  d i s i n h i b i t i ng  
a g e n t s ;  f o r  i n s t a n c e ,  c in a n s e r i n  (C) d e m o n s t r a te d  s i g n i f i 
c a n t  a n t i c o n f l i c t  e f f e c t s  o n ly  a t  5 0 .0  m g /k g , i . p .  The 
a n t i c o n f l i c t  e f f e c t s  o f  t h e s e  a g e n ts  w e re  n o t  b lo c k e d  by 
t h e  b e n z o d ia z e p in e  r e c e p t o r  a n t a g o n i s t ,  RO 1 5 -1 7 8 8 . 
P r e l i m i n a r y  d a t a  s u g g e s t s  t h a t  u n l i k e  t h e  b e n z o d ia z e p in e s  
w h ic h  a l s o  e x h i b i t  a c t i v i t y  i n  r a t  and  m onkey l e v e r  h o ld 
down c o n f l i c t  t e s t s ,  b o th  (P ) and  (C) f a i l e d  t o  p ro d u c e  
s i g n i f i c a n t  i n c r e a s e s  i n  t h e  num ber o f  s h o c k s  t a k e n  in  
t h e s e  t e s t s .  A n ta g o n ism  o f  5-HTP in d u c e d  h e a d - t w i tc h i n g  
in  m ic e  w as u s e d  t o  a s s e s s  5-HT a n t a g o n i s t  a c t i v i t y .  T h u s , 
t h e  b e n z o d ia z e p in e s  an d  t h e  5-HT a n t a g o n i s t s  e x h i b i t  a  
d i f f e r e n t  s p e c t ru m  o f  a c t i v i t y  i n  c o n f l i c t  p r o c e d u r e s ;  t h e  
i m p l i c a t i o n s  o f  t h i s  d i f f e r e n c e  w i l l  b e  d i s c u s s e d .

3 1 0 .4   THE ACUTE BEHAVIORAL TOXICITY OF TABUN IN RATS.  M. R.  
L a n d a u e r* , an d  J .  A. Romano  (SPON: J .  G ib b o n s ) .  US Army 
C h e m ic a l R e s e a rc h  an d  D ev e lo p m en t C e n te r ,  an d  US Army 
I n s t i t u t e  o f  C h e m ic a l D e fe n s e ,  A b e rd e e n  P r o v in g  G ro u n d ,  
MD 2 1 0 1 0 .

A p o t e n t  o rg a n o p h o s p h o ru s  compound ta b u n  ( e th y l -N -d im 
e t h y l  p h o s p h o ra m id o c y a n id a te )  w as e v a lu a t e d  f o r  b e h a v io r a l  
t o x i c i t y  u s in g  a  r o t a r o d  p e r fo rm a n c e  (R TR ), s p o n ta n e o u s  
m o to r  a c t i v i t y  (SMA) an d  c o n d i t i o n e d  t e s t s  a v e r s i o n  (CTA) 
t e s t ,  a s  w e l l  a s  t h e  LD50 i n  158 a d u l t  m a le  r a t s .  I n  E x p . l ,  
t h e  24 h r  LD50 w as c a l c u l a t e d  u s in g  s e v e n  d o s e s  o f  ta b u n  
(N=8 p e r  g ro u p )  an d  fo u n d  t o  b e  240 µg /k g .  I n  E xp. 2 , 
m o to r  c o o r d i n a t i o n  w as e v a lu a t e d  by  p l a c i n g  r a t s  on art 
a c c e l e r a t i n g  r o t a r o d  (0 -4 5  rpm  i n  90 s e c ) . Time s p e n t  on 
t h e  r o t a r o d  i n  s e c o n d s  w as r e c o r d e d  a s  t h e  d e p e n d e n t  v a r i 
a b l e .  R a ts  r e c e i v e d  f o u r  t r a i n i n g  t r i a l s  an d  30 m in  p r i o r  
t o  t h e  90 s e c  t e s t  t r i a l  th e y  r e c e i v e d  a  s . c .  i n j e c t i o n  o f  
1 0 0 , 1 2 2 , 1 4 4 , 168 o r  198 µg /k g  ta b u n  o r  s a l i n e  (N=6- 8 / p e r  
g r o u p ) . D o ses  o f  168 an d  198 µg /k g  p ro d u c e d  p e r fo rm a n c e  
d e c re m e n ts  t h a t  d i f f e r e d  s i g n i f i c a n t l y  fro m  s a l i n e  c o n t r o l  
v a l u e s .  The ED50 w as 171 µg /k g .  I n  E xp . 3 ,  lo c o m o to r  
a c t i v i t y  w as m e a su re d  b y  p l a c i n g  a n  a n im a l  i n t o  an  o p e n -  
f i e l d  (41  X 43 cm) an d  d e te r m in in g  t h e  num ber o f  p h o to b eam  
i n t e r r u p t i o n s  i n  a  30 m in  t e s t .  A l l  a n im a ls  r e c e i v e d  t h r e e  
30 m in  a c c l i m a t io n  t r i a l s  an d  w e re  a d m i n i s t e r e d  1 0 0 , 1 2 2 , 
1 4 4 , 1 68 , o r  198 µg /k g  ta b u n  o r  s a l i n e  v e h i c l e  p r i o r  t o  th e  
f o u r t h  ( t e s t )  t r i a l  (N= 5 /6  p e r  g r o u p ) .  M o to r a c t i v i t y  was 
s i g n i f i c a n t l y  d e c r e a s e d  fro m  c o n t r o l  v a lu e s  f o r  t h e  t h r e e  
h i g h e s t  d o s e  g ro u p s  an d  t h e  ED50 w as d e te r m in e d  t o  b e  154 
µg /k g  ta b u n .  I n  E xp . 4 ,  r a t s  w e re  a c c l i m a t e d  to  a  d a i l y  30 
m in  p e r i o d  o f  w a te r  a v a i l a b i l i t y .  When c o n s u m p tio n  h ad  
s t a b i l i z e d ,  t h e y  w e re  g iv e n  a  30 m in  a c c e s s  t o  a  p e r i o d  o f  
0.2%  s a c c h a r in  (SAC) s o l u t i o n  w h a t w as im m e d ia te ly  f o l lo w e d  
by  a  s . c .  i n j e c t i o n  o f  1 00 , 1 22 , 144 o r  168 µg /k g  ta b u n  o r  
s a l i n e  c o n t r o l  v e h i c l e .  T h re e  d a y s  l a t e r ,  t h e  a n im a ls  (N=6 
p e r  g ro u p )  w e re  g iv e n  a  t w o - b o t t l e  c h o ic e  t e s t  (SAC v s .  
w a te r )  an d  t h e  p e r c e n t  SAC consum ed w as c a l c u l a t e d .  S i g n i 
f i c a n t  c h a n g e s  fro m  s a c c h a r in  p r e f e r e n c e  w e re  n o te d  a t  t h e  
t h r e e  h i g h e s t  d o s e s  an d  t h e  ED50 w as fo u n d  to  b e  130 µg /k g .  
The ED50/LD50 r a t i o  f o r  t h e  b e h a v io r a l  m e a s u re s  w e re  th u s  
0 .7 1 ,  0 .6 4 ,  an d  0 .5 4  f o r  RTR, SMA, an d  CTA, r e s p e c t i v e l y .   
Of t h e  t e s t s  e v a lu a t e d  t h e  CTA a p p e a r e d  t o  b e  t h e  m o st 
s e n s i t i v e  i n  d e t e c t i n g  t h e  b e h a v io r a l  t o x i c i t y  o f  t a b u n ,  a  
r e s u l t  fo u n d  p r e v i o u s ly  w i th  t h e  r e l a t e d  com pound, s a r i n  
(L a n d a u e r  e t  a l ,  S o c . N e u r o s c i .  A b s t r . , 1 9 8 3 ,  9 ,  1 3 5 ) . 

310.5  FAMILIARITY, ANXIETY, AND ETHYL-BETA-CARBOLINE-3-CARBOXYL
ATE (A BENZODIAZEPINE ANTAGONIST).  J .A .  W agner* and  
R . J .  K a tz .  D e p a r tm e n t o f  P sy c h o lo g y , The Johns H opkins 
U n i v e r s i t y ,  B a ltim o re , MD 21218 and C l in ic a l  CNS R esearch  
G ro u p , D iv i s io n  o f  P h a r m a c e u t i c a l s ,  C ib a -G e ig y  C o rp .,  
Summit, NJ.

E t h y l - B - c a r b o l i n e - 3 - c a r b o y l a t e  (B-CCE) i s  a p o t e n t  
a n t a g o n i s t  and p u ta t iv e  in v e r s e  a g o n is t  o f  b en z o d iaze p in e  
(B Z ) r e c e p t o r s .  I n  a d d i t i o n ,  B-CCE p ro d u c e s  a n x i e ty  
i n  a v a r i e ty  o f  b e h a v io ra l  t e s t s .  The p r e s e n t  ex p e rim en ts  
e x p l o r e d  c h a n g e s  i n  B -C C E -in d u ced  a n x i e ty  a s s o c i a t e d  
w i th  c h a n g e s  i n  e n v i r o n m e n ta l  f a m i l i a r i t y .  Two t e s t s  
w e re  u s e d .  A f i r s t  t e s t  a s s e s s e d  th e  e f f e c t s  o f  B-CCE 
o n  t h e  c o n s u m p t io n  o f  a n o v e l  fo o d  s u b s t a n c e .  A d u lt  
m a le  S p ra g u e -D a w le y  r a t s  e x p o se d  to  c h o c o la te  m ilk  f o r  
1 h r /d a y  in c r e a s e d  t h e i r  consum ption  m o n o to n ie a lly  a c ro s s  
d a y s  u n t i l  m ax im al c o n s u m p tio n  was r e a c h e d  by day  1 0 . 
R a ts  i n j e c t e d  w i th  B-CCE ( 0 ,  1 ,  5 , 10 mg/kg; IP ) on th e  
f o u r t h  day  o f  f a m i l i a r i t y  w i th  c h o c o la te  m ilk  d ec re a sed  
r a t h e r  th a n  in c r e a s e d  consum ption  on th e  day o f  tre a tm e n t 
i n  a  d o se-d ep en d e n t f a s h io n  ( F ( 3 ,  3 6 )= 4 .6 5 , p < .0 5 ) . Normal 
c o n s u m p tio n  r e t u r n e d  on th e  fo llo w in g  day . The B-CCE-in
du ced  d e c r e a s e  i n  c o n s u m p tio n  ( 1 ) w as b lo c k e d  by con
c o m ita n t  i n j e c t i o n  w ith  Ro 15-1788 (10 m g/kg), a  s p e c i f i c  
BZ a n t a g o n i s t  ( F ( 3 ,2 0 ) = 3 .6 9 ,  P < .0 5 ) ,  ( 2 )  w as b lo c k e d  
by tho rough  f a m i l i a r i z a t i o n  w ith  th e  fo o d , and ( 3 ) d iffe re d  
fro m  d e c r e a s e s  due t o  s ic k n e s s - in d u c in g  d ru g s . R e s u lts  
s u g g e s t  t h a t  th e  d e c r e a s e  i n  c o n s u m p tio n  due  t o  B-CCE 
i s  ( 1 )  a t  l e a s t  p a r t i a l l y  m e d ia te d  by BZ r e c e p to r s ,  (2 ) 
s p e c i f i c  t o  a  n e o p h o b ic  m o t i v a t i o n a l  s y s te m , and  ( 3 ) 
b e h a v i o r a l ly  d i f f e r e n t  from  e f f e c t s  o f  s ic k n e ss -p ro d u c in g  
d r u g s .  A s e c o n d  t e s t  w as u s e d  t o  f u r t h e r  e x p l o r e  th e  
e f f e c t s  o f  f a m i l i a r i t y .  R a t s ,  e i t h e r  f a m i l i a r  o r  un
f a m i l i a r  w i th  t h e  a p p a ra tu s ,  w ere c o n d itio n e d  w ith  B-CCE 
(sam e d o s e  r a n g e )  i n  a  p l a c e  a v e rs io n  p ro ced u re  (Wagner 
& K a tz ,  N e u ro s c i.  L e t t . ,  4 3 :333 , 1983). R e s u lts  i n d i c a t e  
t h a t ,  i n  com parison  w ith  v e h ic le ,  B-CCE produced a dose- -
dependen t p la c e  a v e rs io n  (F ( 3 ,4 0 )= 1 2 .7 , p < .0 0 1 ) . However, 
t h e  B -C C E -in d u ced  a v e r s i o n  w as r e s t r i c t e d  t o  th e  r a t s  
f a m i l i a r  w i th  t h e  a p p a r a tu s  ( f a m i l i a r i t y ,  F ( 1 ,  4 0 )= 4 .3 , 
p < .0 5 ;  f a m i l i a r i t y  X d o s e  i n t e r a c t i o n ,  F ( 3 ,  4 0 ) = 3 .5 ,  
p < .0 5 ) . Both s e t s  o f  r e s u l t s  su g g e s t t h a t  a n x ie ty  induced  
by B-CCE ca n  be  m o d i f ie d  by c h a n g e s  i n  e n v i r o n m e n ta l  
f a m i l i a r i t y .  T h e se  r e s u l t s  im p ly  t h a t  f a m i l i a r i t y  i s  
a  v a r i a b l e  w hich needs to  be c o n t r o l le d  i n  f u tu r e  behavior
a l  t e s t s  o f  p u ta t iv e  an x io g e n ic  compounds.

3 1 0 .6  EFFECT OF INTRACRANIAL DRUG INFUSIONS ON RESPONDING 
MAINTAINED UNDER A FIXED-INTERVAL SCHEDULE OF FOOD 
PRESENTATION.   S . I .  DWORKIN AND N .E . GOEDERS.   P s y c h i a t r y  
R e s e a r c h  U n i t ,  D e p a r tm e n t s  o f  P s y c h i a t r y  a n d  P h a rm a c o lo g y ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y  M e d ic a l  C e n t e r ,  S h r e v e p o r t ,  LA 
7 1 1 3 0 .

W ith  t h e  e x c e p t i o n  o f  s t u d i e s  on  t h e  r e i n f o r c i n g  
p r o p e r t i e s  o f  d r u g s ,  d i r e c t  i n v e s t i g a t i o n s  o f  t h e  
i n v o lv e m e n t  o f  d i f f e r e n t  n e u r o t r a n s m i t t e r  s y s t e m s  o r  
s p e c i f i c  b r a i n  r e g i o n s  in  b e h a v i o r a l  e f f e c t s  o f  d r u g s  h a v e  
b e e n  l i m i t e d .  N e u r o to x in  l e s i o n  p r o c e d u r e s  h a v e  r e s u l t e d  
w i t h  som e s u c c e s s  i n  d e t e r m in in g  n e u r o b i o l o g i c a l  
s u b s t r a t e s  o f  d ru g  e f f e c t s .  H o w e v e r, l e s i o n s  p ro d u c e  a  
r e l a t i v e l y  lo n g  t e r m  a n d / o r  p e rm a n e n t a l t e r a t i o n  i n  b r a i n  
n e u r o c h e m i s t r y .  Few r e s e a r c h e r s  h a v e  i n v e s t i g a t e d  t h e  
e f f e c t s  o f  a  d ru g  a d m i n i s t e r e d  d i r e c t l y  i n t o  s p e c i f i c  
b r a i n  r e g i o n s  on  s c h e d u l e - c o n t r o l l e d  b e h a v i o r  w i th  r a t s ,  
p e r h a p s  b e c a u s e  o f  l i m i t a t i o n s  i n  t e c h n o l o g y .  H o w e v e r , a  
new  d ru g  d e l i v e r y  s y s te m  w h ic h  a l l o w s  a d m i n i s t r a t i o n  o f  
v e r y  s m a l l  d ru g  q u a n t i t i e s  d u r in g  o n g o in g  b e h a v i o r  h a s  
b e e n  d e v e lo p e d  ( B o z a r th  a n d  W is e ,  J .  N e u ro l M e th o d , 2 : 2 7 5 ,  
1 9 8 0 ) .  T h is  s y s te m  h a s  b e e n  u s e d  t o  map d i f f e r e n t  b r a i n  
a r e a s  t h a t  a r e  I n v o l v e d  in  t h e  r e i n f o r c i n g  p r o p e r t i e s  o f  
d r u g s .  T h is  s t u d y  r e p o r t s  a n  i n v e s t i g a t i o n  o f  t h e  e f f e c t s  
o f  i n t r a c r a n i a l  i n j e c t i o n s  o n  s c h e d u l e - c o n t r o l l e d  b e h a v i o r  
u s i n g  t h e  EMIT s y s t e m .  T h is  m e th o d o lo g y  a l l o w s  a s s e s s m e n t  
o f  t h e  in v o lv e m e n t  o f  d i f f e r e n t  b r a i n  a r e a s  i n  t h e  e f f e c t s  
o f  d r u g s  on  s c h e d u l e - c o n t r o l l e d  b e h a v i o r .  M ale  F i s c h e r  
r a t s  w e re  p r e p a r e d  w i th  i n t r a c r a n i a l  m i c r o i n j e c t i o n  
c a n n u l a e  a n d  t r a i n e d  t o  r e s p o n d  on  a  f i x e d - i n t e r v a l  2 -m in  
s c h e d u l e  o f  f o o d  p r e s e n t a t i o n .  T he e f f e c t s  o f  s e v e r a l  
d r u g s  an d  n e u ro h u m o rs  w e re  i n v e s t i g a t e d  i n  6  r a t s  w i th  
b i l a t e r a l  c a n n u la e  im p l a n te d  i n t o  t h e  n u c l e u s  a cc u m b e n s  
a n d  4  s u b j e c t s  w i th  u n i l a t e r a l  p r e f r o n t a l  c o r t e x  
c a n n u l a e .  D ose  o f  m o r p h in e ,  d o p a m in e  a n d  c o c a i n e  t h a t  a r e  
s e l f - a d m i n i s t e r e d  h a d  n o  e f f e c t  o n  f i x e d - i n t e r v a l  
r e s p o n d i n g .  F u r th e r m o r e ,  l a r g e r  d o s e s  o f  t h e s e  d r u g s  a s  
w e l l  a s  a t r o p i n e  d id  n o t  a l t e r  r e s p o n d i n g .  T h is  s t u d y  
d e m o n s t r a t e s  t h a t  r e s p o n s e - c o n t i n g e n t  i n c r a c r a n i a l  d ru g  
I n f u s i o n s  c a n  h a v e  r e i n f o r c i n g  e f f e c t s  i n  t h e  a b s e n c e  o f  
a n y  e f f e c t  o f  r e s p o n s e - i n d e p e n d e n t  i n j e c t i o n s  on  
f i x e d - i n t e r v a l  p e r f o r m a n c e .  T h e s e  d a t a  s u g g e s t  t h a t  
d i f f e r e n t  b r a i n  r e g i o n s  may b e  i n v o lv e d  i n  t h e  r e i n f o r c i n g  
a n d  r a t e - d e p e n d e n t  e f f e c t s  o f  d r u g s . S u p p o r t e d  i n p a r t  by  
USPHS G r a n t  DA 05252 (S ID )  a n d  USPHS G r a n t  M H -09222 (N E G ).
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1 1 0 .7  DIFFERENTIAL  E F F E C T S  O F  F O R M A M I D I N E  
PESTICIDES ON MULTIPLE  FIXED-INTERVAL RESPONDING IN RATS.  V .C . M oser* and R .C . 

M acP h a il*  (SPON: P .H . R u p p e r t)   N e u r o to x ic o lo g y  D i v i s i o n ,  
U .S . E n v iro n m e n ta l  P r o t e c t i o n  A gency , R e s e a rc h  T r ia n g l e  
P a r k ,  N .C . 27711

C h lo rd im e fo rm  (CDM), a m i t r a z ,  and f o r m e ta n a te  (FMT) a re  
m em bers o f  th e  fo rm a m id in e  c l a s s  o f  p e s t i c i d e s .  To d a t e ,  
e f f e c t s  on o p e r a n t  b e h a v io r  h a v e  b e e n  d e te rm in e d  o n ly  f o r  
CDM. T h is  e x p e r im e n t  com pared  th e  e f f e c t s  o f  CDM, a m i t r a z ,  
and FMT on s c h e d u l e - c o n t r o l l e d  r e s p o n d in g .  N ine m ale  L ong- 
E vans r a t s  w ere  t r a i n e d  d u r in g  o n e -h o u r  s e s s i o n s  t o  l e v e r -  
p r e s s  u n d e r  a m u l t i p l e  f i x e d - i n t e r v a l  ( F I )  1- m in :F I  5 -m in  
s c h e d u le  o f  m ilk  r e i n f o r c e m e n t .  The r a t s  w ere  d iv id e d  i n t o  
t h r e e  g ro u p s  o f  t h r e e ,  w i th  e a c h  g ro u p  r e c e i v in g  e a c h  com
pound i n  a c o u n te r b a la n c e d  o r d e r .  A l l  com pounds w e re  g iv e n  
on T u e s .  and F r i .  e x c e p t  d u r in g  th e  a m i t r a z  d e te r m i n a t i o n s  
w hen, d u e  t o  p r o lo n g e d  s id e  e f f e c t s ,  a week o r  m ore s e p a 
r a t e d  t h e  h ig h  d o s e s .  A l l  i n j e c t i o n s  w ere  a d m in i s t e r e d  
i . p .  1 0 -2 0  m in  p r e - s e s s i o n .  The d o s e s  w e re :  CDM HCl , 0 . 3 -  
20 m g /k g ; FMT HCl , 0 .0 3 - 0 .7 5  m g /k g ; and a m i t r a z ,  5 -7 5  m g/kg  
( su s p e n d e d  i n  5% e m u lp h o r  and 5% e t h a n o l ) .  Unde r  b a s e l i n e  
c o n d i t i o n s  r e s p o n s e  r a t e s  w ere  h i g h e r  u n d e r  th e  F I 1 -m in  
th a n  u n d e r  F I 5 -m in , and in d e x  o f  c u r v a t u r e  (IO C) v a lu e s  
( a  m e a su re  o f  w i t h i n - i n t e r v a l  r e s p o n s e  p a t t e r n i n g )  w ere  
g e n e r a l l y  h i g h e r  u n d e r  th e  F I 5 -m in . A l l  com pounds p r o 
d u c e d  d o s e -d e p e n d e n t  d e c r e a s e s  i n  r e s p o n s e  r a t e .  CDM 
d e c r e a s e d  F I 1 -m in  r e s p o n s e  r a t e s  m ore th a n  F I 5 -m in  r a t e s ;  
a  s i m i l a r  e f f e c t  o f  a m i t r a z  was s e e n  o n ly  a t  i n t e r m e d i a t e  
d o s e s .  FMT d e c r e a s e d  r e s p o n d in g  t o  t h e  same e x t e n t  i n  b o th  
c o m p o n e n ts .  CDM p ro d u c e d  p ro n o u n c e d  c h a n g e s  i n  t h e  p a t t e r n  
o f  r e s p o n d in g  i n  b o th  c o m p o n e n ts ,  w i th  IOC d e c re a s e d  m ore 
u n d e r  F I 5 -m in  th a n  u n d e r  F I 1 -m in . A m itra z  p ro d u c e d  
g r e a t e r  d e c r e a s e s  i n  IOC u n d e r  F I 5 -m in  a t  i n t e r m e d i a t e  
d o s e s ,  b u t  e q u a l  d e c r e a s e s  a t  h i g h e r  d o s e s .  As i s  o f t e n  
s e e n  w i th  c a rb a m a te  p e s t i c i d e s ,  FMT d id  n o t  a p p r e c i a b l y  
d e c r e a s e  IOC i n  e i t h e r  c o m p o n e n t. H igh d o s e s  o f  a m i t r a z  
p ro d u c e d  g e n e r a l  s ig n s  o f  p o o r  h e a l t h  t h a t  p e r s i s t e d  f o r  
s e v e r a l  d a y s  a f t e r  h ig h  d o s e s .  In  a d d i t i o n ,  a g r e a t e r  
e f f e c t  on r e s p o n s e  r a t e s  and IOC in  b o th  c o m p o n en ts  was 
o b ta in e d  when a m i t r a z  (7 5  m g /k g ) was g iv e n  m ore th a n  10 
d a y s  f o l lo w in g  a n o th e r  d o se  com pared  t o  when i t  was g iv e n  
7 d a y s  o r  l e s s  a f t e r  a n o th e r  d o s e .  The e f f e c t s  o f  t h e s e  
t h r e e  fo rm a m id in e s  on o p e r a n t  p e rfo rm a n c e  a r e  n o t  s i m i l a r ,  
and t h e s e  d i f f e r e n c e s  mav p r o v id e  a t o o l  w i th  w h ich  to  
f u r t h e r  s tu d y  t h i s  c l a s s  o f  com pounds.

310.8  THE EFFECT OF PERGOLIDE AND BROMOCRIPTINE ON MOTOR PER
FORMANCE AND REINFORCEMENT EFFICACY.  G.M . H e yman *  (SPON:  
R . T .  B a r t u s ) .   A m e r i c a n  C y a n a m i d  C o . ,  M e d i c a l  R e s e a r c h  D i v .  
o f  L e d e r l e  L a b s . ,  P e a r l  R i v e r ,  NY 1 0 9 6 5 .

T h i s  s t u d y  u s e d  a  m a t h e m a t i c a l  m o d e l  t o  e v a l u a t e  t h e  
e f f e c t  o f  p e r g o l i d e  a n d  b r o m o c r i p t i n e ,  d o p a m i n e  a g o n i s t s ,  on  
r e i n f o r c e d  r e s p o n d i n g  i n  t h e  r a t .  I n  e a c h  s t u d y  t h e  e x p e r 
i m e n t a l  s e s s i o n s  c o n s i s t e d  o f  a  s e r i e s  o f  f i v e  v a r i a b l e -  
i n t e r v a l  r e i n f o r c e m e n t  s c h e d u l e s  i n  w h i c h  l e v e r  p r e s s e s  w e r e  
m a i n t a i n e d  b y  w a t e r  r e i n f o r c e m e n t .  F o r  a l l  s u b j e c t s ,  8  i n  
e a c h  s t u d y ,  t h e  r e l a t i o n s h i p  b e t w e e n  r e s p o n s e  r a t e  a n d  r e i n 
f o r c e m e n t  r a t e  w a s  d e s c r i b e d  b y  t h e  e q u a t i o n  f o r  a  r e c t a n g u 
l a r  h y p e r b o l a :  B = k R / ( R  + Re ) ,  w h e r e  B i s  r e s p o n s e  r a t e ,   
R i s  r e i n f o r c e m e n t  r a t e ,  a n d  k a n d  Re a r e  e s t i m a t e d  p a r a 
m e t e r s .  T h e  r e c t a n g u l a r  h y p e r b o l a  i s  t h e  b a s i c  m o d e l  i n  
s e v e r a l  r e s e a r c h  a r e a s ,  ( e . g . ,  e n z y m e  k i n e t i c s  a n d  r e c e p t o r  
b i n d i n g ) .  I n  b e h a v i o r a l  s t u d i e s  i t  i s  c a l l e d  t h e  " m a t c h i n g  
l a w " ,  a n d  t h e  p a r a m e t e r s  h a v e  t h e  f o l l o w i n g  m e a n i n g :  k i s  
e q u a l  t o  t h e  a s y m p t o t i c  r e s p o n s e  r a t e  a n d  Re  i s  e q u a l  t o  
t h e  r a t e  o f  r e i n f o r c e m e n t  t h a t  m a i n t a i n s  a  o n e - h a l f  a s y m p 
t o t i c  r e s p o n s e  r a t e .  P e r g o l i d e  d e c r e a s e d  t h e  a s y m p t o t i c  
r e s p o n s e  r a t e ,  k , a n d  i t  a l s o  d e c r e a s e d  t h e  r a t e  o f  r e i n 
f o r c e m e n t  t h a t  m a i n t a i n e d  a  o n e - h a l f  a s y m p t o t i c  r e s p o n s e  
r a t e ,  Re . I n  c o n t r a s t ,  b r o m o c r i p t i n e  o n l y  a f f e c t e d  t h e  
a s y m p t o t i c  r e s p o n s e  r a t e ,  k ; i t  d i d  n o t  s y s t e m a t i c a l l y  
c h a n g e  t h e  r e i n f o r c e m e n t  p a r a m e t e r ,  Re .

On t h e o r e t i c a l  a n d  e m p i r i c a l  g r o u n d s ,  t h e  a s y m p t o t i c  r e s 
p o n s e  r a t e ,  k , h a s  b e e n  i n t e r p r e t e d  a s  a n  i n d e x  f o r  m o t o r i c  
c o m p o n e n t s  o f  r e i n f o r c e d  r e s p o n d i n g ,  s u c h  a s  t o p o g r a p h y , a n d  
Re  h a s  b e e n  i n t e r p r e t e d  a s  t h e  i n d e x  f o r  r e i n f o r c e m e n t  e f 
f i c a c y .  A d o p t i n g  t h e s e  d e f i n i t i o n s ,  p e r g o l i d e  a l t e r e d  b o t h  
m o t o r i c  a n d  r e i n f o r c i n g  a s p e c t s  o f  r e s p o n d i n g ,  w h e r e a s  
b r o m o c r i p t i n e  a l t e r e d  o n l y  t h e  m o t o r i c  f a c t o r s .  T h a t  b r o m o 
c r i p t i n e  s e l e c t i v e l y  a l t e r e d  t h e  m o t o r  p a r a m e t e r  i s  i n  c o n 
t r a s t  w i t h  p r e v i o u s  s t u d i e s  t h a t  u s e d  t h e  m a t c h i n g  l a w  t o  
e v a l u a t e  d r u g  e f f e c t s .  A m p h e t a m i n e  i n c r e a s e d  r e i n f o r c e m e n t  
e f f i c a c y  a n d  i n c r e a s e d  t h e  r e s p o n s e  r a t e  a s y m p t o t e ,  w h e r e a s  
t w o  d o p a m i n e  r e c e p t o r  b l o c k e r s ,  p i m o z i d e  a n d  c h l o r p r o m a z i n e ,  
d e c r e a s e d  r e i n f o r c e m e n t  e f f i c a c y  a n d  d e c r e a s e d  t h e  r e s p o n s e  
r a t e  a s y m p t o t e .  T h a t  i s ,  t h e s e  d r u g s  a f f e c t e d  b o t h  p a r a 
m e t e r s  o f  t h e  h y p e r b o l a ,  a n d  i n  e a c h  c a s e  t h e  d o s e  t h r e s h o l d  
f o r  t h e  r e i n f o r c e m e n t  e f f e c t  w a s  l o w e r  t h a n  t h e  d o s e  t h r e s h 
o l d  f o r  t h e  m o t o r  e f f e c t .  C o n s e q u e n t l y ,  b r o m o c r i p t i n e  i s  
t h e  f i r s t  d r u g  t o  sh o w  a  s e l e c t i v e  m o t o r  e f f e c t  a c c o r d i n g  
t o  t h e  m a t c h i n g  l a w  a p p r o a c h  t o  b e h a v i o r a l  p h a r m a c o l o g y .

3 1 0 .9   EFFECTS OF THE ETHYL ESTER OF β -CARBOLINE  
-3-CARBOXYLIC ACID ON NON-PUNISHED AND PUNISHED 
RESPONDING IN THE RHESUS MONKEY.  Glo w a .  J . R . , 
C r a w l e v .  J . N . .  S k o l n i c k * .  P .  a n d  P a u l *  S . M . :  C l i n i c a l   
N e u r o s c i e n c e  B r a n c h ,  N a t i o n a l  I n s t i t u t e  o f  M e n t a l  
H e a l t h  a n d  L a b o r a t o r y  o f  B i o - o r g a n i c  C h e m i s t r y ,  
N a t i o n a l  I n s t i t u t e  o f  A r t h r i t i s ,  D i g e s t i v e ,  D i a b e t e s  
a n d  K i d n e y  D i s e a s e s ,  B e t h e s d a ,  MD 2 0 2 0 5 .   
T h e  e f f e c t s  o f  t h e  e t h y l  e s t e r  o f  
β - c a r b o l i n e - 3 - c a r b o x y l i c  a c i d  ( β -C CE)  a n d  d i a z e p a m  
(D Z)  w e r e  c o m p a r e d  on  p u n i s h e d  a n d  n o n - p u n i s h e d  
s c h e d u l e - c o n t r o l l e d  r e s p o n d i n g  i n  a d u l t ,  m a l e  r h e s u s  
m o n k e y s .  B o t h  d r u g s  w e r e  g i v e n  i n t r a v e n o u s l y ,  10 min 
b e f o r e  r e s p o n d i n g  w a s  a s s e s s e d .  T h e  m o n k e y s  w e r e  
m a i n t a i n e d  a t  85% o f  t h e i r  f r e e - f e e d i n g  w e i g h t ,  a n d  
c h a i r e d  d u r i n g  e x p e r i m e n t s .  L e v e r - p r e s s i n g  w a s  
m a i n t a i n e d  u n d e r  f i x e d - i n t e r v a l  ( F I )  2 - m i n  s c h e d u l e  
o f  f o o d - p e l l e t  p r e s e n t a t i o n ,  r e s p o n d i n g  w a s  
s u p p r e s s e d  ( p u n i s h e d )  b y  s c h e d u l i n g  e a c h  t e n t h  
r e s p o n s e  d u r i n g  t h e  F I  t o  p r o d u c e  a  3 – 5 mA f o o t  
s h o c k .  P u n i s h e d  a n d  n o n - p u n i s h e d  r e s p o n d i n g  w e r e  
s t u d i e d  u n d e r  s e p a r a t e  e x p e r i m e n t a l  c o n d i t i o n s ;  t h r e e  
m o n k e y s  w e r e  s t u d i e d  u n d e r  t h e  p u n i s h m e n t  c o n d i t i o n  
f i r s t  a n d  t h e n  u n d e r  t h e  n o n - p u n i s h m e n t  c o n d i t i o n .  
R e s p o n d i n g  o f  t w o  o t h e r  m o n k e y s  w a s  s t u d i e d  i n  t h e  
r e v e r s e  o r d e r .  R a t e s  o f  r e s p o n d i n g  u n d e r  t h e  
p u n i s h m e n t  c o n d i t i o n  w e r e  a l w a y s  l o w e r  t h a n  t h o s e  
u n d e r  t h e  n o n - p u n i s h m e n t  c o n d i t i o n .  C u m u l a t i v e  d o s e s  
o f  β -CCE d e c r e a s e d  n o n - p u n i s h e d  r e s p o n d i n g  o v e r  t h e  
r a n g e  o f  0 . 0 1 - 1 . 0  m g / k g ;  t h e  ED50  w a s  a p p r o x i m a t e l y   
0 . 0 3  m g / k g .  C u m u l a t i v e  d o s e s . o f  β -CCE d i d  n o t  
r e l i a b l y  d e c r e a s e  p u n i s h e d  r e s p o n d i n g  u n t i l  d o s e s  o f  
0 . 3  m g / k g  w e r e  o b t a i n e d .  I n  c o n t r a s t ,  DZ i n c r e a s e d  
p u n i s h e d  r e s p o n d i n g  a t  d o s e s  ( 1 . 0  m g / k g  o r  g r e a t e r )  
t h a t  d i d  n o t  i n c r e a s e ,  o r  i n c r e a s e d  l e s s ,  
n o n - p u n i s h e d  r e s p o n d i n g .  Mean b l o o d  p r e s s u r e  (B P) 
a n d  h e a r t  r a t e  (HR) i n c r e a s e d  a s  a  f u n c t i o n  o f  
i n c r e a s i n g  d o s e .  H i g h e r  d o s e s  o f  b o t h  β -CCE a n d  DZ 
d e c r e a s e d  BP a n d  HR. T h e  r e s u l t s  s h o w  t h a t  
b e h a v i o r a l  e f f e c t s  o f  β -CCE c a n  b e  o b t a i n e d  w i t h  
d o s e s  a s  l o w  a s  0 . 0 1  m g / k g ,  a n d  s u g g e s t ,  t h a t  i n  
p r i m a t e s ,  p u n i s h e d  r e s p o n d i n g  i s  l e s s  s e n s i t i v e  t o  
t h e  r a t e - d e c r e a s i n g  e f f e c t s  o f  3 -CCE t h a n  i s  
n o n - p u n i s h e d  r e s p o n d i n g .

3 1 0 .10  EFFECTS OF PYRIDOSTIGMINE ON BEHAVIOR AND CHOLINESTERASE  
LEVELS IN CYNOMOLOGUS MACAQUES.  J . H. M cDonough, H . E . M odrow *, 
A. K a m in s k is * and  M. Z . M ays* .  USAMRICD, A b e rd e e n  P ro v in g  
G ro u n d , MD 2 1 0 1 0 .

As p a r t  o f  an  o n g o in g  s e r i e s  o f  s t u d i e s  o f  c a rb a m a te  
com pounds t h e  p r e s e n t  w ork  w as d e s ig n e d  t o  r e l a t e  t h e  b e h a v 
i o r a l  e f f e c t s  o f  t h e  q u a r t e r n a r y  c a rb a m a te  p y r id o s t ig m in e  
to  t h e  i n h i b i t i o n  o f  b lo o d  c h o l i n e s t e r a s e  (ChE) l e v e l s .
S in c e  c a rb a m a te s  p ro d u c e  d o s e  r e l a t e d  r e d u c t i o n s  i n  r e s p o n s e  
r a t e s  on fo o d  m o t iv a te d  o p e r a n t  t a s k s ,  t h e  d o s e - e f f e c t  r e l a 
t i o n s h i p  o f  p y r id o s t ig m in e  w as f i r s t  d e te r m in e d  on v a r i a b l e  
i n t e r v a l  (V I) 60 s e c  p e rfo rm a n c e  f o r  fo o d  p e l l e t  r e i n f o r c e 
m e n t.  A f t e r  b e h a v io r a l  t e s t i n g  w as c o m p le te d ,  b lo o d  ChE 
d o s e  x t im e  p r o f i l e s  w e re  d e te r m in e d  in  t h e  same s u b j e c t s  
u s in g  s i m i l a r  p y r id o s t ig m in e  d o s e s .

N in e  a d u l t  m a le  c y n o m o lo g u s m onkeys w e re  t r a i n e d  t o  l e v e r  
p r e s s  on a  VI 60 s e c  s c h e d u le  f o r  fo o d  r e i n f o r c e m e n t .  S e s 
s io n s  w e re  1 h r /d a y ,  5 d a y s /w k . A f t e r  s t a b l e  p e r fo rm a n c e  
was a t t a i n e d  e a c h  s u b j e c t  w as t e s t e d  w i th  e a c h  d o s e  o f  
p y r id o s t ig m in e  B r .  ( v e h i c l e ,  0 .1 0 ,  0 .1 8 ,  0 .3 2 ,  0 .5 6  an d  1 .0 0  
m g /k g , im .)  a c c o r d in g  t o  a  L a t in  S q u a re  d e s ig n .  D rug w as 
g iv e n  on o n ly  o n e  t e s t  s e s s io n /w e e k .  A d o s e  b y  t im e  ANOVA 
o f  r e s p o n s e  r a t e s  d e m o n s t r a te d  o n ly  s i g n i f i c a n t  e f f e c t s  f o r  
d o s e ,  i n d i c a t i n g  t h a t  p e r fo rm a n c e  d id  n o t  v a r y  o v e r  t h e  f o u r  
15 m in p o r t i o n s  o f  a  d ru g  t e s t  s e s s i o n .  P e r fo rm a n c e  w as 
n o rm a l f o l l o w in g  p y r id o s t ig m in e  d o s e s  o f  0 .1 0 ,  0 .1 8  an d  0 .3 2  
m g /k g . R e sp o n d in g  w as s i g n i f i c a n t l y  d e p r e s s e d  o n ly  b y  t h e  
0 .5 6  m g/kg  (55% o f  b a s e l i n e )  an d  t h e  1 .0 0  m g/kg  (4.6%  o f  
b a s e l i n e )  d o s e s  o f  p y r id o s t ig m in e .

I n  t h e  se c o n d  p h a s e  t h e  e f f e c t s  o f  0 .0 5 6 ,  0 .1 0 ,  0 .1 8  
an d  0 .3 2  m g /k g , im . p y r id o s t ig m in e  on w h o le  b lo o d  ChE l e v e l s  
w as d e te r m in e d  a t  0 , 5 , 1 0 , 2 0 , 4 0 ,  8 0 ,  160 an d  320 m in  a f t e r  
d ru g  a d m i n i s t r a t i o n .  T h e se  d o s e s  p ro d u c e d  ChE l e v e l s  o f  
5 9 .9 ,  4 6 .9 ,  3 7 .3  an d  21.5% o f  c o n t r o l  v a lu e s  a t  t h e  tim e  
o f  p e a k  i n h i b i t i o n .  A t a l l  d o s e s  m ax im al i n h i b i t i o n  o c c u r r e d  
a t  40 m in a f t e r  i n j e c t i o n .  M u sc le  f a s c i c u l a t i o n s  w e re  o b 
s e rv e d  a t  d o s e s  a s  low  a s  0 .1 8  m g /k g .

The r e s u l t s  o f  t h i s  s tu d y  d e m o n s t r a te  t h a t  p y r id o s t ig m in e  
a f f e c t s  o p e r a n t  p e rfo rm a n c e  a t  d o s e  l e v e l s  t h a t  p ro d u c e  > 80% 
i n h i b i t i o n  in  w h o le  b lo o d  ChE v a l u e s .  S in c e  p y r id o s t ig m in e  
i s  p r i m a r i l y  p e r i p h e r a l l y  a c t i n g ,  t h e  o b s e rv e d  p e r fo rm a n c e  
d e c re m e n ts  a r e  b e s t  a t t r i b u t e d  t o  t h e  m o to r  an d  g a s t r o i n t e s 
t i n a l  e f f e c t s  o f  t h i s  a n t i c h o l i n e s t e r a s e .  Of p e rh a p s  g r e a t e r  
i n t e r e s t  i s  t h e  f i n d i n g  t h a t  p e r fo rm a n c e  w as n o t  a f f e c t e d  
a t  d o s e s  t h a t  p ro d u c e d  ≤  80% ChE i n h i b i t i o n  w h i l e  p r e v io u s  
w ork  w i th  c e n t r a l l y  a c t i n g  a n t i c h o l i n e s t e r a s e s  i n d i c a t e s  
i n h i b i t i o n  ≥  50– 60% i s  s u f f i c i e n t .
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3 1 0 . 1 1   A M P H E T A M I N E  C U E :  E L I C I T A T I O N  
BY INTRA-ACCUMBENS MICROINJECTION.  E.B. N ie l se n  and J .  S c h e e l - K r ü q e r .  Psychophar

macol.  Resea rch  L a b . ,  Sc t .  Hans H o s p i t a l ,  DK-4000 R o s k i l
e ,  Denmark.

P rev io u s  r e s e a r c h  in  our  l a b o r a t o r i e s  has  dem onst ra te d  
t h a t  b o th  c l a s s i c a l  and a t y p i c a l  n e u r o l e p t i c s  b lock  th e  
d i s c r i m i n a t i v e  s t im u lu s  p r o p e r t i e s  o f  1 mg/kg d-am phe ta
mine s u l p h a t e  i n  th e  r a t  ( tw o - l e v e r ,  w a te r - r e in f o r c e m e n t ,  
f ix e d  r a t i o  32 o p e r a n t  t a s k ) .  Moreover, t h i s  cue was not 
mimiced by e i t h e r  apomorphine or  l i s u r i d e .  These f i n d i n g s  
may s u g g e s t  t h a t  t h e  amphetamine cue i s  m edia ted  by meso
l im b ic  dopamine (DA) systems  which a r e  d i s t i n c t  from th o s e  
m e d ia t in g  s t e r e o t y p e d  b eh a v io r  induced by h ig h  doses  o f  
amphetamine and DA a g o n i s t s .  This  h y p o th e s i s  was examined 
by s u b j e c t i n g  r a t s  t o  1) d i s c r i m i n a t e  1 mg/kg o f  am
phetam ine from s a l i n e ;  2) s t e r e o t a x i c a l l y  im p lan t in g  guide  
ca n n u la s  f o r  b i l a t e r a l  m i c r o i n j e c t i o n s  i n t o  th e  n u c leu s  
accumbens ( c o o r d i n a t e s  a f t e r  h i s t o l o g y  A 9 . 4 - 9 . 8 ,  L
1 . 1 - 1 . 6 ,  DV - ( 1 - 1 . 4 )  ac co rd in g  to  König and K l ip p e l ,  
1 9 6 3 ) ;  3) t e n  days o f  d i s c r i m i n a t i o n  r e - t r a i n i n g ;  4) one  
i n t r a - c e r e b r a l  i n j e c t i o n  t e s t  s e s s i o n ;  3) two d i s c r i 
m in a t io n  t r a i n i n g  s e s s i o n s ;  6) a second i n t r a - c e r e b r a l  
i n j e c t i o n  t e s t  s e s s i o n ;  7) h i s t o l o g y .  The b i l a t e r a l   
i n j e c t i o n  i n t o  t h e  n u c l eu s  accumbens o f  0 .2 3 ,  1, and 5 µg 
o f  d-amphetamine produced 5 6 % (N=6), 73% (N=3),  and 93% 
(N=6) r e s p o n s e s  on th e  amphetamine a p p r o p i a t e  resp o n se  
l e v e r .  The in t r a -acc u m b en s  e f f e c t  o f  1 µg o f  amphetamine 
was reduced  d o s e -d ep en d e n t ly  t o  50% (N=3) and 1 9 % (N=3) by 
mixing 50 and 100 ng, r e s p e c t i v e l y ,  o f  ( - ) - s u l p i r i d e  with 
th e  amphetamine in  th e  m i c r o i n j e c t i o n  b o lu s .  However, th e  
s t im u lu s  e f f e c t  o f  IP amphetamine (1 mg/kg; th e  t r a i n i n g  
c o n d i t i o n )  was u n a f f e c t e d  by s u l p i r i d e  (50 and 100 ng) 
i n j e c t e d  i n t o  t h e  accumbens. These r e s u l t s  i n d i c a t e  t h a t  
s t i m u l a t i o n  o f  DA r e c e p t o r s  in  th e  accumbens produces  the  
same d i s c r i m i n a b l e  e f f e c t  a s  IP amphetamine b u t ,  t h a t  
o t h e r  (DA) n eu ro n a l  systems  may a l s o  be s i t e ( s )  fo r  
p e r c e p t io n  o f  t h e  g lo b a l  cue e f f e c t  i t s e l f .  Th is  i s  
c u r r e n t l y  under  i n v e s t i g a t i o n  i n  our  l a b o r a t o r y .

310. 12  CHOLECYSTOKININ (CCK) AND PHENYLPROPANOLAMINE (PPA) SHARE 
DISCRIMINATIVE STIMULUS PROPERTIES WITH AMPHETAMINE,  I .  
S ta f fo rd  and B. H oebel.  D ept. P sychology, P r in c e to n  U n iv . , 
P r in c e to n , NJ 08544.

The d rug  d is c r im in a t io n  paradigm  i s  w id e ly  used  to  
c h a r a c te r iz e  d rugs based  on t h e i r  d is c r im in a t iv e  s tim u lu s  
p r o p e r t i e s ,  which r e f l e c t  u n d e rly in g  mechanism s o f  a c t io n .  
Drugs w ith  s im i la r  d is c r im in a t iv e  e f f e c t s  a s  a s s e s s e d  by 
g e n e ra l i z a t i o n  t e s t s  a r e  th o u g h t to  s h a re  n eu rona l 
mechanism s w ith  th e  t r a in in g  d rug  (A ppel, W hite & Kuhn, In  
S tim u lu s  P ro p e r t i e s  o f  D rugs: Ten Y ears o f  P ro g re s s . 1978 ). 
Anim als t r a in e d  to  d is c r im in a te  am phetam ine from s a l i n e  
w ere t e s t e d  f o r  g e n e ra l i z a t i o n  to  c h o le c y s to k in in  (CCK) and 
pheny lp ropano lam ine  (PPA). I t  h a s  been su g g es ted  t h a t  some 
o f  th e  e f f e c t s  o f  PPA and CCK a r e  dopam ine-m edia ted . PPA 
a t  h ig h  d o ses  h a s  been shown to  in c r e a s e  locom oto r 
a c t i v i t y ,  induce  s te re o ty p e d  b e h a v io r , produce a n o re x ia  and 
cause  i p s i l a t e r a l  r o t a t i o n  i n  r a t s  w ith  u n i l a t e r a l  l e s i o n s  
o f  th e  s u b s t a n t i a  n ig r a  (Z e lg e r  & C a r l i n i ,  N europharm acol. 
20 :8 3 9 , 1981 ). CCK h as  r e c e n t ly  been found to  c o - e x i s t  i n  
dopamine neu rons  (H o k fe lt e t  a l . , N a tu re . 28 5 :4 7 6 , 1980) 
and to  su p p o r t s e l f - i n j e c t i o n  i n  th e  n u c le u s  accumbens 
(H oebel & A u l is i ,  Soc. N eu ro sc l., A b s tr . . 1984 ). Thus, i t  
i s  o f  i n t e r e s t  t o  a s s e s s  th e s e  d rugs  f o r  any tendency  to  
g e n e ra l iz e  to  am phetam ine w hich i s  a  w ell-know n a n o r e c t ic ,  
locom otor s tim u la n t  and ca tech o lam in e  a g o n is t .

S ix  fem ale  Sprague-D aw ley r a t s  w ere t r a in e d  to  
d is c r im in a te  i . p .  amphetamine s u l f a t e  ( 1 . 0  mg/kg) vs i . p .  
s a l i n e  i n  a  tw o -le v e r  ch o ice  p ro ced u re  i n  w hich one le v e r  
d e l iv e r e d  food p e l l e t s  fo llo w in g  p r e - s e s s io n  am phetam ine 
in j e c t i o n ,  and th e  o th e r  le v e r  fo llo w in g  s a l i n e .  S u b je c ts  
r e q u ir e d  20 to  30  d a i ly  t r a in in g  s e s s io n s  t o  m eet a 
c r i t e r i o n  o f  90% c o r r e c t  r e s p o n s e s  on th e  f i r s t  t r i a l  f o r  
10 c o n s e c u tiv e  s e s s io n s .  T e st d o ses  o f  CCK (0 .1  -  0 .8  
mg/kg) o r  PPA ( 5 - 5 0  mg/kg) w ere th e n  s u b s t i tu t e d  f o r  
am phetam ine i n  e x t in c t io n  t e s t  t r i a l s .  Both compounds 
produced dose-d ep en d en t g e n e ra l i z a t i o n  to  th e  am phetam ine 
cue . PPA (10 & 20 mg/kg) p roduced 100% re sp o n d in g  on th e  
l e v e r  a p p ro p r ia te  f o r  am phetam ine; CCK (0 .1  -  0 .2  mg/kg) 
produced  a maximum o f  80% am p h e tam in e-a p p ro p ria te  
re sp o n d in g . These te n d e n c ie s  t o  g e n e ra l iz e  from 
amphetamine to  PPA and CCK w ere p a r t i a l l y  a n tag o n ize d  by 
th e  DA b lo c k e r  pim ozide (0 .5  m g/kg).

These r e s u l t s  in d i c a t e  t h a t  PPA and CCK s h a re  s tim u lu s  
p r o p e r t i e s  w ith  am phetam ine and t h a t  th e  g e n e r a l i z a t i o n  i s  
l a r g e ly  DA-m ediated. (S u p p o rted  by USPHS g ra n t  MH-35740 
and Squibb I n s t ,  f o r  Med. R es.)

310 .13  S E H A Y I U R A LAND MEUSOCACHEHI CAL U O EE L A TES OF 
E  P H A R M AC OLO GY IM V OLV ING TH E 5 -HIT  RECEPI O F  D.G. Soencer. Jr. T. Glaser*, T. Schuurmant. and J. Traber*.   Neurobiology Dep., Trodonwerke.  

N e u r s t h e r  P i n o  I .  5 0 0 0  C o l o a n e  5 0 .  W e s t  Ge r m a n y ,
Re c e p t o r s  in t h e  C N S  t h a t  b i n d  t r i t i a t e d  5 - HT  

w i t h  h i o n s n i n i t y  h a v e  b e e n  h v n o t h e s i z s r i  t o   

5 - HT I  8 - Hy d r o n y - 2 ( d i  -  n - p r o pviamino, teralin  
(FAT) w a s  r e c e n t y  s h o w n  t o  b e  a r a t h e r  s n e c i f i c

.lioa n d  f o r  t h e  5 - H T l r e c e o t o r .  p e r h a p s  e v e n  
d e mo n s t r a t i n o  s e l e c t i v i t y  f o r  a  o r o u p  o f  5 - H Tl  
r e c e o t o r  s  f o u n d  p r e - s v n a p t i c a l l y  G o z i a n   e t  a l . ,  

N a t u r e  3 0 5 :  1 4 0 - 1 4 2 .1 9 8 3 )  T h e  C N S   pharmacology 
o f  PAT a n d  o t h e r  5 - HT l  l i a s n d s  w a s  i n v e s t i p a t e d   
b e ha v i o r slly a n d  n e u r o c h e mica l ly .   The  be h a v i o r a j  
t e s t s  c o n s i s t e d  o f  o b s e r v a t i o n  o f  t h e  
" s e r o t o n e r a i c  s y nd r o m e "  ( f i a t  b o d y  p o s t u r e  
f o r e o s w  t r e a d i n a .  e t c . )  a n d  t h e  e f f e c t s  o f  t h e s e  
d r u a s  i n  r a t s  t r a i n e d  t o  d i s c r i m i n e t e   
5 - m e t h o a xv - d i m e t h vl t r v p t a m i n e  ( 5 - OMe- DMT) f r o m   
s a l i n e  i n  a  d r u a  d i s c r i m i n a t i o n  p a r a d i a m. T h e  
n e u r o c h e m i c a l  t e s t s  c o n s i s t e d  o f  e f f e c t s  o n  
r e l e a s e  o f  l a b e l l e d  5 - H T  f r o m  r a t  c e r e b r a l  b r a i n  
s i i c e s s  a n d commnr t i t io n w i t h  ia b e l l e d  5 - H T  i n  
b i n d i n g t o  r a t  h ippocemoal memberan e s ,

I n  b e h a v i o r a l  o b s e r v a t i o n ,  b o t h  PAT a n d  TAX R 
153 1  we r e   p o t e n t  i n  p r o d u c i n g  t h e  s e r o t o i n   
Sv n d r o m e  T h e s e  t w o  c o m p o u n d s  a l s o   
d o s e  d e p e n d e n t l y   a e r e r a l i z e d  t o  t h e  5 - OMe-DMTstimulusBoth 
c o m p o u n d s  d e c r e e s e d  
p o t a s s i u m - s t i m u l a t e d  5 - H T release   a n d  p o t e r t l y  
competed with 5-HT b i n d i n a .  
The actions of other serotoneraic  a o a n i s t s  a n d  a n t a a a nis t s  w e r e  a l s o  
p r e s e n t e d .

TUX Q 7821 os a butative anxiolvtic that also  como e t es  p o t e n tly w i t h  5 -HT fo r  t h e  h i p p o c a mo a l  
r e c e o t o r . H o w e v e r . t h i s  co mp o u n d  d o e s  n o t 
d e c r e a s e  5 - HT r e l e a s e  
from cortical slices.At  doses hiaher than.t h o s e  r e a u i r e d  f o r   
a n x ia l v t i c - l ik e  b e ha i o r al effects i n   a n im a l s .  TVX 
Q  7 8 2 1  a l s o  p r o d u c e s  t h e  s e r o t o n i n  
svndrome and   aeneralizes t o  t h e 5-O M e-D M T  s t i m u l u s  T h e s e  d a t e  
s u p p o rt  t h e  n o t i o n t h at  PAT a n d  
T V X  R  1 5 3 1  a r e  p r e - s y n a p t i c  5 - H T l  a p o n i s t s .  b u t  i n d i c a t e  
t h a t  T V X    8  7 8 2 1  m a y  i n t e r a c t  w i t h  t h i s  r e c e p t o r  i n  
a  d i f f e r e n t  w a v e s

310.14  INTRACRANIAL SELF-ADMINISTRATION OF DOPAMINE INTO THE 
NUCLEUS ACCUMBENS.  G .F .  GUERIN*, N .E . GOEDERS, S . I .  DWORKIN 
a n d  J . E .  SMITH.  (S P ON: L .  BETTINGER).  P s y c h i a t r y   
R e s e a r c h  U n i t ,  D e p a r tm e n t s  o f  P s y c h i a t r y  a n d  P h a rm a c o lo g y ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y  M e d ic a l C e n t e r ,  S h r e v e p o r t ,  LA 
7 1 1 3 0 .

D o p a m in e rg ic  i n n e r v a t i o n s  o f  t h e  n u c l e u s  a c c u m b e n s  (NA) 
h a v e  b e e n  show n t o  b e  i n v o lv e d  in  b o th  s t i m u l a n t  a n d  o p i a t e  
i n t r a v e n o u s  s e l f - a d m i n i s t r a t i o n .  6 -OHDA l e s i o n s  o f  t h e  NA 
d e c r e a s e  c o c a i n e  a n d  a m p h e ta m in e  s e l f - a d n i n i s t r a t i o n  w h i l e  
i n c r e a s i n g  t h a t  o f  m o r p h in e .  The m e s o l im b ic  d o p a m in e r g ic  
s y s te m  i s  a l s o  t h o u g h t  t o  p a r t i c i p a t e  i n  c e n t r a l  r e i n f o r c e 
m e n t p r o c e s s e s .  A v a r i e t y  o f  d r u g s  a n d  e n d o g e n o u s  s u b s t a n 
c e s  h a v e  b e e n  show n t o  be  s e l f - a d m i n i s t e r e d  i n t o  s p e c i f i c  
b r a i n  r e g i o n s  s u g g e s t i n g  t h a t  t h e  r e s u l t a n t  c h a n g e s  i n  n e u 
r o n a l  a c t i v i t y  a r e  r e i n f o r c i n g  i n  t h o s e  a r e a s .  I f  d o p a m in e  
(DA) i s  i n v o lv e d  in  r e i n f o r c e m e n t  p r o c e s s e s ,  t h e n  i t s  d i r 
e c t  a p p l i c a t i o n  i n t o  t h e  b r a i n  may a l s o  i n i t i a t e  s u c h  n e u 
r o n a l  a c t i v i t y .  T h is  e x p e r im e n t  w as d e s ig n e d  t o  d e t e r m in e  
i f  r a t s  w o u ld  s e l f - a d n i n i s t e r  DA d i r e c t l y  i n t o  t h e  NA. 
E i g h t  r a t s  w e re  i m p l a n te d  w i t h  u n i l a t e r a l  i n j e c t i o n  c a n n u 
l a e  i n t o  t h e  NA a n d  a l lo w e d  t o  s e l f - a d m i n i s t e r  p i c o m o la r  
d o s e s  o f  DA o n  a  f i x e d - i n t e r v a l  1 -m in  s c h e d u l e .  I n f u s i o n s  
w e re  1 0 0  n l i n  v o lu m e  d e l i v e r e d  o v e r  5 s e c  a n d  w e re  p a i r e d  
w i t h  t o n e  a n d  l i g h t  s t i m u l i  f o l l o w e d  by  a  1 - s e c  t i m e o u t .  
R e s p o n s e s  m ade b e f o r e  t h e  e n d  o f  t h e  i n t e r v a l  r e s u l t e d  i n  
t h e  b r i e f  p r e s e n t a t i o n  o f  t h e  s t i m u l i .  R a ts  w e re  s a c r i f i c 
e d ,  b r a i n s  re m o v e d  a n d  c a n n u la e  p l a c e m e n t s  h i s t o l o g i c a l l y  
v e r i f i e d .  R a te s  o f  DA s e l f - a d m i n i s t r a t i o n  w e re  s i g n i f i c a n 
t l y  h i g h e r  t h a n  v e h i c l e .  M o re o v e r ,  i t  t o o k  s e v e r a l  s e s s 
i o n s  f o r  r a t e s  t o  d e c r e a s e  w hen DA w as r e p l a c e d  w i t h  v e h i 
c l e  s u g g e s t i n g  t h a t  i t s  a d m i n i s t r a t i o n  h a s  p o t e n t  r e i n f o r c 
i n g  s t i m u l u s  p r o p e r t i e s .  T h e s e  d a t a  i n d i c a t e  t h a t  DA i s  
i n v o l v e d  i n  t h e  c e n t r a l  m e d i a t i o n  o f  r e i n f o r e m e n t .  I t  h a s  
b e e n  r e p o r t e d ,  h o w e v e r ,  t h a t  DA a p p l i e d  t o  t h e  NA i n c r e a s e s  
lo c o m o to r  a c t i v i t y .  The m a in te n a n c e  o f  r e s p o n d i n g  u n d e r  a  
f i x e d  i n t e r v a l  s c h e d u le  s u g g e s t s  t h a t  t h e  n o n - s p e c i f i c  o r  
m o t o r i c  e f f e c t s  o f  DA d i d  n o t  c o n fo u n d  t h e  r e i n f o r c i n g  p r o 
p e r t i e s  o f  t h e  n e u r o t r a n s m i t t e r .  T w o - l e v e r  c h o i c e / r e v e r s a l  
a n d  r e c e p t o r  b lo c k a d e  s t u d i e s  a r e  now in  p r o g r e s s  t o  f u r 
t h e r  c h a r a c t e r i z e  t h i s  b e h a v i o r .  A l th o u g h  t h e s e  d a t a  s u p 
p o r t  t h e  c e n t r a l  d o p a m in e  t h e o r y  o f  r e i n f o r c e m e n t ,  p r e l i m i 
n a r y  s t u d i e s  s u g g e s t  t h a t  o t h e r  b r a i n  a r e a s  a n d  n e u ro h u m o rs  
a r e  a l s o  i n v o lv e d  i n  t h e s e  p r o c e s s e s . ( S u p p o r t e d  i n  p a r t  by  
USPHS G ra n t  D A -01999  t o  J E S , USPHS G r a n t  M H -09222 t o  NEG, 
a n d  USPHS G ra n t  DA05252 t o  S I D ) .
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310. 15  BLOCKADE OF NUCLEUS ACCUMBENS OPIATE RECEPTORS ATTENUATES 
THE REWARDING P R O P E R T IE S  OF INTRAVENOUS HEROIN 
SELE-ADMINISTRATION  F . J .  V a c c a r in o ,  F .E .  B loom  an d  G .F . 
Koob.  S c r ip t s  C l in ic  and R es . Fdn . ,  La J o l l a ,  CA 92037.

E v idence  t h a t  c o c a in e  and h e r o i n  a r e  r e i n f o r c i n g  d r u g s  
ca n e s  f r a n  s tu d ie s  showing t h a t  r a t s  w i l l  s e l f - a d m i n i s t e r  
th e s e  d ru g s  in t r a v e n o u s ly  ( iv ). W h i le ,  c u r r e n t  f i n d i n g s  
i n d i c a t e  t h a t  m eso lim b ic  dopam ine (DA) fu n c t io n  i s  c r i t i c a l  
f o r  th e  m a in te n an ce  o f  iv  c o c a in e  s e l f - a d m i n i s t r a t i o n ,  t h e  
n e u r o c h e m i c a l  m e c h a n i s m s  u n d e r l y i n g  h e r o i n  
s e l f - a d m in i s t r a t i o n  a r e  n o t y e t  c l e a r .  T he p r e s e n t  s tu d y  
a t te m p ts  to  f u r th e r  e l u c id a t e  th e  n e u ro c h e m ic a l s u b s t r a t e s  
o f  iv  h e ro in  s e l f - a d m in i s t r a t i o n  b y  exam ining th e  e f f e c t s  o f  
m e th y l naloxonium  c h l o r id e  (MN) (an o p ia te  a n t a g o n is t  w h ic h  
d o e s  n o t  r e a d i l y  c r o s s  t h e  b l o o d  b r a i n  b a r r i e r )  
m ic r o in j a c t io n s  in to  e i t h e r  t h e  v e n t r a l  te g m en ta l a re a  (VTA) 
o r  n u c le u s  accunbens (N .Acc.).

R a ts  w ith  c a n n u la  im p la n t s  a im ed  a t  e i t h e r  t h e  VTA o r   
N .A c c . w e re  t r a i n e d  t o  s e l f - a d m i n i s t e r  h e r o i n  ( 0 .0 6  
m g /k g /in je c t io n )  i v .  F o llow ing  s t a b l e  r e s p o n d in g  e a c h  r a t  
re c e iv e d  m ic r o in j e c t io n  o f  MN in t o  e i t h e r  th e  N .Acc. o r  VTA 
t e n  m in u te s  p r i o r  t o  s e l f - a d m i n i s t r a t i o n  t e s t s .  T h e  
fo llo w in g  d o s e s  w ere t e s t e d :  0 .0 ,  0 .1 2 5 , 0 .2 5 ,  0 .5  and 1 .0  
 µg .  MN was d is s o lv e d  in  s a l i n e  and a d m in is te re d  b i l a t e r a l l y  
in  a  2 µ l  v o lu n e  ov er 2 m in u te s . Doses w ere a d m in is te re d  in  
ascen d in g  o rd e r  w ith  a  minimum o f  th r e e  no p re t re a tm e n t  days 
s e p a ra t in g  d ru g  t e s t s .  F o llow ing  c o m p le t io n  o f  MN t e s t i n g
N .A cc. r a t s  w ere sw itch ed  from  h e r o i n  t o  c o c a in e  r e w a r d .  
F o l l o w i n g  s t a b l e  r e s p o n d i n g  o n  c o c a i n e  ( 1 . 0  
m g / k g / i n j e c t i o n ) , t h e s e  r a t s  r e c e i v e d  i n t r a - N . A c c .  
m i c r o i n j e c t i o n s  o f  0 .5  µg MN ( o p t im a l  d o se )  t e n  m in u te s  
p r i o r  to  th e  s e l f - a d m in i s t r a t i o n  s e s s io n .

The r e s u l t s  d e m o n s tra te  t h a t  in t r a -N .A c c . MN p ro d u c e s  a  
d o se -d e p e n d e n t a t t e n u a t io n  o f  h e ro in  rew ard  a s  r e f l e c t e d  b y  
a  d o se -d ep en d e n t in c r e a s e  in  r e s p o n d in g . In tra -V T A  MN h ad  
no s i g n i f i c a n t  e f f e c t  on i . v .  h e ro in  s e l f - a d m i n i s t r a t i o n .  
A ls o ,  in t r a -N .A c c .  m i c r o in j e c t i o n s  o f  MN ( 0 .5  µg) had  no 
s i g n i f i c a n t  e f f e c t  on c o c a in e  s e l f - a d m i n i s t r a t i o n .  T aken 
to g e th e r ,  th e s e  r e s u l t s  s u g g e s t t h a t  o p ia te  r e c e p to r s  in  th e  
n u c le u s  accunbens a r e  c r i t i c a l  in  t h e  m e d ia t io n  o f  h e r o i n  
re w a rd . F u r th e rm o re , th e  f in d in g s  t h a t  MN m i c r o i n j e c t i o n s  
in to  th e  VTA d id  n o t in f lu e n c e  h e r o i n  s e l f - a d m i n i s t r a t i o n  
and t h a t  MN m i c r o in j e c t io n s  in to  th e  N .Acc. d id  n o t  a f f e c t  
r e s p o n d in g  f o r  c o c a in e  a r e  a d d i t i o n a l  s u p p o r t  f o r  t h e  
h y p o th e s is  t h a t  s e p a r a t e  n e u r a l  s y s te m s  m e d ia t e  s t i m u l a n t  
and o p ia t e  rew a rd . T h is  r e s e a r c h  was su p p o rted  by  g r a n t  DA 
03665 f r a n  th e  N a tio n a l I n s t i t u t e  on Drug A buse.
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311.1  SOME EFFECTS OF TONIC AFFERENT ACTIVITY ON INPUT FROM IN
DIVIDUAL SYNAPSES AS MODELED IN A CORTICAL PYRAMIDAL CELL 
OF KNOWN MORPHOLOGY.  W.R. Holmes* and C.D. Woody (SPON:  
B. Sw artz).  Depts. of Biomathematics and Biobehavioral 
Sciences, UCLA, Los Angeles, CA. 90024.

S tudies using the  equ iv a len t cy lin d e r model fo r passive 
d e n d r it ic  cab les have shown th a t  the  e le c tro to n ic  d is tance  
to  most d i s ta l  synapses i s  le s s  than 2λ . However, to n ic  
a f fe re n t  a c t iv i ty  is  l ik e ly  to  a f fe c t  estim ates of e le c tro 
to n ic  len g th , and in  vivo and in  v i t r o  p rep a ra tio n s  used to  
study the  same c e l l  type may have s ig n if ic a n t ly  d if f e r e n t 
le v e ls  of such a c t iv i ty .  The aim of the p resen t study was 
to  examine the  e f fe c t  of d if f e r e n t  le v e ls  of to n ic  a ffe re n t 
a c t iv i ty  on the  spread of s in g le  synap tic  inpu ts  in  a 
c o r t ic a l  pyramidal c e l l .

To do th i s  a passive-membrane, continuous cable model of 
an H RP-injected c o r t ic a l  pyramidal c e l l  s e r ia l ly  recon
s tru c te d  by means of photo-montages was used. The v ir tu e  
of th is  p a r t ic u la r  model ( c f .  Holmes and Woody, Soc. 
N eurosci. A b s t r . . 1983) was th a t  conductance input from 
s in g le  synapses and to n ic a lly  a c tiv a te d  d is t r ib u t io n s  of 
synapses could be in troduced w hile allow ing the  p o te n tia l 
a t  a l l  d e n d r it ic  branch p o in ts  and te rm ina tions  to  be 
m onitored over tim e. E ffec ts  of uniform and non-uniform 
synap tic  d is t r ib u t io n s  on the  spread of s in g le  synap tic  
in p u ts  w ith peak conductance 2nS and re v e rs a l p o te n tia l 
+0mV were compared fo r d if f e r e n t  combinations of back
ground a f fe re n t  a c t iv i ty  in  which a conductance of 107nS 
was d is t r ib u te d  among conductance-increase  synapses 
(6-30nS) and conductance-decrease synapses (101-77nS).

With uniform d is tr ib u t io n s  o f the  two types of synapses, 
the  am plitude of the  EPSP seen a t  the  soma due to  a s in g le  
synap tic  input was reduced w ith increased  le v e ls  of a f 
fe re n t a c t iv i ty .  This might be explained in  p a rt by a re 
duced d riv in g  fo rce  caused by the  le ss  negative  re s tin g  
p o te n tia l  seen w ith to n ic  a c t iv i ty  and in  p a rt by shunting . 
Non-uniform d is tr ib u t io n s  of the  two types of synapses 
produced non-uniform  re s tin g  p o te n tia ls  w ith v a r ia tio n s  in 
the  e ff ic a c y  of synap tic  in p u t. When conductance-increase 
synapses were concen trated  d i s t a l ly and conductance- 
decrease synapses proxim ally , the s tren g th  of a d is ta l  
synap tic  input a t  the  soma was enhanced w ith low lev e ls  of 
a f fe re n t  a c t iv i ty  and reduced w ith high lev e ls  of a f fe re n t 
a c t iv i ty  (compared to  th a t  seen w ith uniform d is tr ib u t io n s  
of the synapses).

(This re sea rch  was supported in  p a rt by AFOSR and USPHS.)

311.2  I N A C T IV A T I N G  O U T W A R D  C U R R E N T S  V A R Y  A M O N G  
L O B S T E R  S T O M A T O G A S T R IC  N E U R O N S .
K a t h e r i n e  G r a u b a r d  a n d  D a n i e l  K. H a r t l i n e ,   U n iv . o f 
W a s h in g to n  (Z o o logy), S e a t t l e  WA, a n d  U n iv . o f H a w a ii (B ek e sy  
L ab),  H o n o lu lu  HI.

E v id e n c e  o f t h r e e  o u tw a r d  c u r r e n t  s y s te m s  w a s  fo u n d  in  
v o l ta g e  c la m p  o f c e l l s  in  t h e  p y lo r ic  s y s te m  o f l o b s t e r  
s t o r o a to g a s t r ic  g a n g l io n . C lam p s fro m  r e s t  t o  m o d e r a te  ( 40 mV) 
d e p o la r i z a t i o n s  w e re  c h a r a c t e r i z e d  by  la r g e  ( in  e x c e s s  of 100 
nA ), r a p id ly  d e c a y in g  n e t  o u tw a r d  c u r re n t ,  ( s o m e tim e s  e x h ib i t i n g  
tw o  r a t e  c o n s t a n t s  of d e c a y ) . T h e  l a r g e  t r a n s i e n t  o u tw a r d  
c u r r e n t  i s  t e n t a t i v e l y  i d e n t i f i e d  a s  b e lo n g in g  to  A c u r r e n t  
(C o n n e r  a n d  S te v e n s  1971) b e c a u s e  i t  i s  p o t e n t i a t e d  by -2 0  mv 
c o n d i t io n in g  p u l s e s ,  r e d u c e d  by d e p o la r iz in g  c o n d i t i o n in g ,  a n d  
is  T EA - i n s e n s i t i v e .  T h i s  A c u r r e n t  i s  m o re  p ro n o u n c e d  in  so m e 
c e l l s  (e  g ., PD) t h a n  o t h e r s  ( e .g ., LP). A n o th e r  o u tw a r d  
c u r r e n t  c o m p o n e n t,  p r e s e n t  in  b o th  PD a n d  LP c e l l s ,  i s  m u ch  
l e s s  d e p e n d e n t  u p o n  c o n d i t i o n in g ,  i s  m a in ta in e d  d u r in g  lo n g  
s t e p s ,  a n d  i s  T E A - s e n s i t i v e ;  i t  s e e m s  to  a c c u m u la te  
i n a c t i v a t i o n  w h e n  r e p e a t in g  0. 5 s e c  v o l ta g e  p u l s e s  a t  2 s e c  
i n t e r v a l s .  A sm a l l  o u tw a r d  c u r r e n t  r e m a in s  a f t e r  TEA a n d  4 -A P  
a n d  i s  a c c e n tu a te d  by in w a r d  T T X - r e s i s t a n t  c u r r e n t s ;  p re s u m a b ly  
t h i s  i s  a c a l c i u m - a c t i v a te d  p o ta s s iu m  c u r r e n t .  T h e  r e l a t i v e  
c o n t r i b u t i o n  of A c u r r e n t  a p p e a r s  to  be c o r r e l a te d  w i th  t h e  
f u n c t io n a l  r o l e  of t h e  c e l l  in  t h e  n e tw o r k . (Supported by NIH 
grants NS 15697 and NS 15314).
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311.3  CURRENT FLOW THROUGH HIPPOCAMPAL SLICES.
John G.R. J e f f e r y s .  S o b e l l  D epartm ent o f  N euro
p h y s io lo g y , I n s t i t u t e  o f N euro logy , Queen S q u are , 
London WClN 3BG. U.K.

The r e s i s t i v e  p r o p e r t i e s  o f  b r a in  t i s s u e  a re  
s i g n i f i c a n t  b o th  f u n c t i o n a l ly ,  in  e p h a p t ic  ( f i e l d )  
i n t e r a c t i o n s ,  w hich  have r e c e n t l y  p ro v ed  to  be 
im p o rta n t  in  sy n c h ro n iz in g  h ippocam pal d is c h a rg e s  
( J e f f e r y s ,  J . P h y s io l .  319, 143-152 , 1981 ; J e f f e r y s  
& H aas, N a tu re  300, 448-450 , 1982 ; T a y lo r  & Dudek, 
S c ie n c e  218, 8 1 0 -2 , 1 9 8 2 ), and p r a c t i c a l l y ,  in  
th e  te c h n iq u e  o f  c u r r e n t  so u rc e  d e n s i ty  a n a ly s i s ,  
w hich  e s t im a te s  membrane c u r r e n t  from  th e  s p a t i a l  
p a t t e r n  o f  e x t r a c e l l u l a r  p o t e n t i a l .

400um s l i c e s  o f  r a t  hippocam pus and a d ja c e n t  
t i s s u e  w ere trim m ed w ith  s c i s s o r s  to  be as n e a r ly  
r e c t a n g u la r  as p o s s i b l e .  C u rre n t  was a p p l ie d  in  
th e  p la n e  o f  th e  s l i c e  th ro u g h  s i n t e r r e d  Ag/AgCl 
e l e c t r o d e s .  To m in im ize  s h u n t in g ,  s l i c e s  w ere 
m a in ta in e d  u n d e r warm, m o is t O2  -  CO2  m ix tu re , 
on a t h i n  f i lm  o f  a r t i f i c i a l  c . s . f .  w hich  flow ed  
s lo w ly  th ro u g h  a s t r i p  o f  le n s  t i s s u e  on a g la s s  
p la t f o rm .  C u rre n t  d e n s i ty  was c a l c u l a t e d  from  
th e  a p p l ie d  c u r r e n t  and th e  c r o s s - s e c t i o n a l  a re a  
o f  th e  s l i c e  m easuredfrom  th e  m ic ro m a n ip u la to r  
s c a l e s  u s in g  th e  r e c o r d in g  e l e c t r o d e  as a p ro b e . 
Thus t i s s u e  r e s i s t i v i t y  c o u ld  be e s t im a te d  from 
th e  evoked v o l ta g e  g r a d i e n t s ,  and y ie ld e d  v a lu e s  
o f  3 . 6 - 6 . 0 Ω .m p e r p e n d ic u la r  to  th e  c e l l  l a y e r s .  
T hese v a lu e s  re se m b le  th o se  p r e v io u s ly  o b ta in e d  
w ith  c e re b e llu m , th o u g h  th e  h ippocam pal s l i c e  
i s  l e s s  a n i s o t r o p ic  (N ic h o lso n  & Freem an, J .N e u ro 
p h y s io l .  38, 456–368, 1 9 7 5 ; Y ed lin  e t  a l .  Exp. 
N e u ro l. 43, 555–569, 1 9 7 4 ).

P r o f i l e s  ta k e n  a t  10 o r  20µ m s te p s  r e v e a le d  
a b ru p t  in c r e a s e s  (X 1 .5 -X 3 .0 ) in  e s t im a te d  lo c a l  
r e s i s t i v i t y  a t  th e  p y ra m id a l and g ra n u le  c e l l  
body la y e r s  and a t  th e  h ippocam pal f i s s u r e .  These 
l o c a l  v a r i a t i o n s  in  r e s i s t i v i t y  may enhance 
e p h a p t ic  i n t e r a c t i o n s ; th e y  a l s o  can cau se  
s p u r io u s  d e v ia t io n s  in  th e  e s t im a te d  c u r r e n t  
so u rc e  d e n s i ty  (a s  se en  w ith  th e  p u r e ly  e x t r i n s i c  
c u r r e n ts  u sed  h e re )  and th u s  p r e s e n t  a p i t f a l l  
t h a t  sh o u ld  be c o n s id e re d  in  t h i s  k in d  o f  
a n a l y s i s .

S u p p o rte d  by th e  Thorn Fund.

311.4  MODELLING THE INFLUENCE OF NEURONAL GEOMETRY ON MEMBRANE 
POLARIZATION INDUCED BY APPLIED ELECTRIC FIELDS. D. 
Tranchi na* and C. Nicholson (SPON: J .  Gordon).  Courant  
I n s t i tu te  & Dept. of B iology, New York U niv ., New York 
10012; Dept. P hysio l. & B iophys., New York Univ. Med. 
C tr . ,  New York 10016.

Refinement of b ra in  s tim u la tio n  re q u ire s  a b e t te r  
understanding of the coupling between neuronal morphology 
and e x tr in s ic  e le c t r ic  f ie ld s .  We p resen t a method fo r 
computing the membrane p o te n tia l  in  various p a rts  of an 
id e a liz e d  neuron sub jected  to  an e le c t r i c  f i e ld .  The 
model neuron co n sis ted  of a soma, a m yelinated axon, and a 
d e n d r it ic  tre e  th a t branched sym m etrically . The diam eters 
of the branches conformed to  the  3/2 power ru le  of R a il, 
and the s p a t ia l  branching p a tte rn  could be v a rie d . The 
t is s u e  encompassing the  neuron was assumed to  be a homo
geneous conductive medium, and the  f ie ld  app lied  to  i t  was 
not d is tu rbed  by the  presence of the neuron. This allowed 
us to  spec ify  the e x te rn a l p o te n tia l  on the  su rface  of the 
neuron. As a consequence of the  model adopted, a n a ly tic  
so lu tio n s  fo r  the  membrane p o te n tia l  a t  the  soma and a t  
the  nodes of Ranvier could be d e riv ed . The problem was 
div ided  in to  two independent p a r ts :  an equ iva len t f i n i t e  
cy lin d e r re p re sen ta tio n  of the  d e n d ritic  tre e  and a semi
in f i n i t e  axon. In te rn a l and e x te rn a l p o te n tia ls  in  the 
equ iva len t cy lin d e r problem corresponded to  average poten
t i a l s  a t  a given e le c tro to n ic  d is tan ce  from the  soma. The 
so lu tio n s  to  these  problems were combined by s a tis fy in g  
cond itions of vo ltage co n tin u ity  and cu rren t conservation  
a t the soma. We stud ied  both constan t app lied  f ie ld s  and 
those generated by a monopolar po in t source. In the 
former case we showed th a t the p o la r iz a tio n  a t  the soma 
exceeded th a t  in  the axon where p o te n tia l  change dimin
ished ex ponen tia lly  w ith node d is tan ce  from soma. With 
po in t sources, r e s u l t s  were dependent on the source posi
t io n .  This method can be app lied  to  determ ine the  r e la 
t iv e  s u s c e p t ib i l i ty  of d if f e r e n t  neuronal geom etries to 
various applied  f i e ld s .  I t  i s  p a r t ic u la r ly  re lev an t to  
neurons w ith o rien ted  d e n d rite s , such as elem ents of the 
cerebellum . Supported by USPHS g ran t NS18287 from NINCDS.

311.5  EFFECT OF APPLIED SINUSOIDAL ELECTRIC FIELD ON IDENTIFIED 
TURTLE CEREBELLAR NEURONS.  C. Y. Chan* and C. N icholson. 
Dept. P h ysio l. & Biophys. New York Univ. Med. C tr . ,  New 
York, NY 10016.

The in te ra c t io n  between e le c t r i c  f ie ld s  and neurons is  
of importance both in  understanding b asic  physiology and 
in  ap p lic a tio n s  involv ing  e l e c t r i c a l  p ro s th e s is .  We 
determ ined how imposed low frequency e le c t r i c  f ie ld s  modu
la te  neuronal a c t i v i t i e s  in  is o la te d  t u r t l e  cerebellum . 
The cerebellum  was removed and supported h o riz o n ta lly  on a 
nylon mesh across  a hole in  the  p a r t i t io n  of a recording  
chamber between two la rg e  h o riz o n ta l Ag/AgCl p la te  e le c 
tro d e s . The whole assembly was bathed in  oxygenated 
Ringer s o lu tio n . Spontaneous s in g le  u n it sp ikes or those 
evoked by a b ip o la r  lo c a l su rface  e lec tro d e  (LOC) p o s i
tioned  on the  d o rsa l b ra in  su rface  were recorded e x tra 
c e l lu la r ly  using  g la s s  m icroe lectrodes f i l l e d  w ith  NaCl or 
KCl  w ith 3% HRP. S inuso ida l cu rren t (0 .5 -4  mA, 0.05-2 
Hz) from an is o la te d  cu rre n t source was passed between the  
p la te  e le c tro d e s . Unit f i r in g  p a tte rn s  in  the  presence 
and absence of the imposed c u rren t were d iscrim ina ted  and 
compared using a computer or a ch a rt reco rd e r to  determ ine 
the  ex ten t of m odulation by the  c u rre n t.  The neuron was 
then impaled and f i l l e d  w ith  HRP. The induced e le c t r ic  
f ie ld  in  the  t is s u e  was measured in  each cerebellum  and 
was found to  be constan t fo r  a given c u rre n t.  Most neur
ons showed both spontaneous and LOC-evoked a c t iv i t i e s .  
Some were s i l e n t  but responded to  LOC s tim u la tio n , or were 
spontaneously a c t iv e  but not stim u la ted  by the  LOC. The 
c e l l s  recorded from were id e n t i f ie d  by e lec tro p h y sio 
lo g ic a l  c r i t e r i a  and anatom ically  a f te r  Co2+-DAB h is to 
lo g ic a l  tre a tm en t. Among id e n t i f ie d  neurons, the  a c t iv i 
t i e s  of P u rk in je  c e l l s  and deep m olecular la y e r s t e l l a t e  
c e l l s  were modulated w hile those of shallow  in te rneurons 
having d e n d rite s  p a r a l le l  to  the  su rface  were unmodu
la te d .  A ll modulated u n its  responded to  the f ie ld  of 22 
mv/cm or more. The neuronal modulation p a tte rn s  suggested 
th a t  c u rren t flow o rien ted  from d i s ta l  d e n d r itic  pole 
towards the  soma a cc e le ra ted  f i r in g  w hile cu rren t flow in  
the  opposite  d ire c tio n  in h ib ite d  i t ,  c o n s is te n t w ith p re f
e r e n t ia l  a c t iv a tio n  by d e p o la riz a tio n  of the soma or a d ja 
cen t proxim al p ro cesses. Supported by USPHS Grant NS18287 
from NINCDS.

3 1 1 .6   BEHAVIOR O F THALAMIC C ELLS IN  THE ABSENCE OF R E T IC U L A R IS   
INPUT: EVOKED A C T I V I T I E S .   L .  D o m i c h * . C .  M u l l e * ,  M. S t e r i a de  
a n d  M. D e s c h ê n e s .  De p t .  d e  P h y s i o l o g i e ,  F a c .  d e  M é d e c i n e ,  
U n i v e r s i t é  L a v a l ,  Q u é b e c ,  C a n a d a ,  G1 K 7 P 4 .

D u r i n g  s y n c h r o n i z e d  s l e e p  i n  c h r o n i c a l l y  i m p l a n t e d  a n i 
m a l s  o r  i n  b a r b i t u r i z e d  p r e p a r a t i o n s ,  c o r t i c a l  s t i m u l a t i o n  
t r i g g e r s  i n  m o s t  t h a l a m i c  n e u r o n s  s p i n d l e - l i k e  s e q u e n c e s  o f  
m e m b r a n e  p o t e n t i a l  o s c i l l a t i o n s .  I n  a  c o m p a n i o n  c o m m u n i c a 
t i o n ,  we r e p o r t  t h a t  r e l a y  n e u r o n s  d i s c o n n e c t e d  f r o m  t h e  
r e t i c u l a r i s  t h a l a m i  (R E)  n u c l e u s  n o  l o n g e r  d i s p l a y  s p o n t a 
n e o u s  s p i n d l e  o s c i l l a t i o n s .  I n  o r d e r  t o  c h e c k  i f  c o r t i c a l  
s t i m u l a t i o n  c o u l d  t r i g g e r  s u c h  o s c i l l a t i o n s  i n  r e l a y  n e u r o n s  
i n  t h e  a b s e n c e  o f  RE i n p u t ,  t h e  RE n u c l e u s  w a s  d e s t r o y e d  by  
l o c a l  i n j e c t i o n s  o f  k a i n i c  a c i d .  On t h e  o t h e r  h a n d ,  we h a v e  
r e c e n t l y  r e p o r t e d  t h a t ,  a t  v a r i a n c e  w i t h  m o s t  t h a l a m i c  n u 
c l e i ,  t h e  a n t e r i o r  n u c l e a r  c o m p l e x  d o e s  n o t  r e c e i v e  a  RE 
i n p u t  ( H a d a  e t  a l . ,  N e u r o s c i .  A b s t r . ,  9 :  1 2 1 3 ,  1 9 8 3 ) .  Re
c o r d i n g s  w e r e  t h e n  p e r f o r m e d  i n  t h e  a n t e r i o r  v e n t r a l  a n d  
a n t e r i o r  m e d i a l  n u c l e i  i n  o r d e r  t o  s e e  i f  t h e s e  c e l l s  d i s 
p l a y  s p i n d l e  o s c i l l a t i o n s .  S e l e c t i v e  d e s t r u c t i o n  o f  RE 
c e l l s  w a s  p e r f o r m e d  i n  c a t s  b y  a  s i n g l e  i n j e c t i o n  o f  O . l j i l  
o f  k a i n i c  a c i d  (1% o f  H2O) i n  t h e  i n t e r n a l  c a p s u l e .  I n  
t h e s e  p r e p a r a t i o n s  u n d e r  b a r b i t u r a t e  a n e s t h e s i a ,  t h a l a m i c  
r e l a y  n e u r o n s  o f  t h e  v e n t r o l a t e r a l  n u c l u e s  c o u l d  b e  b a c k 
f i r e d  by  m o t o r  c o r t e x  s t i m u l a t i o n  b u t  i n  no  i n s t a n c e  d i d  
s u c h  s t i m u l a t i o n  i n d u c e  r h y t h m i c  a c t i v i t i e s  a s  o b s e r v e d  i n  
n o r m a l  c a t s .  I n s t e a d  o f  t h e  u s u a l  s e q u e n c e  o f  r e p e t i t i v e  
l o n g - l a s t i n g  h y p e r p o l a r i z a t i o n s ,  c o r t i c a l  s t i m u l i  w e r e  f o l 
l o w e d  by  a  g r a d e d  d e p o l a r i z a t i o n  a n d  a  s u b s e q u e n t  s l o w l y -  
d e c a y i n g  h y p e r p o l a r i z a t i o n .  When r e c o r d i n g s  w e r e  p e r f o r m e d  
i n  t h e  a n t e r i o r  n u c l e a r  g r o u p  o f  n o n - l e s i o n e d  b a r b i t u r i z e d  
c a t s ,  s p o n t a n e o u s  s p i n d l e s  w e r e  a b s e n t  a n d  t h e y  c o u l d  n o t  b e  
t r i g g e r e d  b y  s t i m u l a t i o n  o f  t h e  p a r a s p l e n i a l  c o r t e x .  N o n e 
t h e l e s s ,  a n t e r i o r  t h a l a m i c  c e l l s  a p p e a r e d  t o  p o s s e s s  t h e  
s a m e  i n t r i n s i c  m e m b r a n e  p r o p e r t i e s  a s  f o u n d  i n  r e l a y  n e u r o n s  
o f  o t h e r  t h a l a m i c  n u c l e i .  T a k e n  t o g e t h e r ,  t h e s e  r e s u l t s  
s h o w  t h a t  t h e  i n t e r c o n n e c t i o n s  b e t w e e n  RE n e u r o n s  a n d  t h a l a 
m i c  r e l a y  c e l l s  a r e  e s s e n t i a l  f o r  t h e  g e n e s i s  o f  t h e  7 - 1 4  Hz 
s p i n d l e  o s c i l l a t i o n s . S u p p o r t e d  b y  MRC g r a n t s  M T -3 68 9  a n d  
M T -5 8 7 7 .
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3 1 1 . 7  BEHAVIOR OF THALAMIC CELLS IN THE ABSENCE OF RETICULARIS 
INPUT: SPONTANEOUS A C T I V I T I E S .   C. M u l l e * ,  L .  D o m i c h * .  
M. D e s c h ê n e s  a n d  M. S t e r i a d e .  D é p t .  d e  P h y s i o l o g i e ,   
F a c .  d e  M é d e c i n e ,  Uni  v e r s i t é  L a v a l ,  Q u é b e c ,  C a n a d a ,  G 1 K 7P 4.

T h e  r o l e  o f  r e t i c u l a r i s  t h a l a m i  (R E)  n e u r o n s  i n  t h e  
g e n e s i s  o f  t h a l a m i c  s p i n d l e s  w a s  i n v e s t i g a t e d  i n  c h r o n i c a l l y  
i m p l a n t e d  c a t s  a n d  i n  a n e s t h e t i z e d  p r e p a r a t i o n s .  I n  r e l a y  
n e u r o n s  o f  t h e  l a t e r a l  t h a l a m u s ,  s p i n d l e  s e q u e n c e s  w e r e  
c h a r a c t e r i z e d  b y  r h y t h m i c  h y p e r p o l a r i z a t i o n s  o f  a b o u t  
1 5 0  m s e c  i n t e r r u p t e d  b y  h i g h - f r e q u e n c y  b u r s t  d i s c h a r g e s .
I n  RE n e u r o n s  s p i n d l e s  a p p e a r e d  a s  s e q u e n c e s  o f  r h y t h m i c  
d e p o l a r i z a t i o n s  w i t h  s p i k e  b a r r a g e s  a t  i n t e r v a l  o f  a b o u t  
1 5 0  m s e c .  A f t e r  t r a n s e c t i o n s  t h a t  d e p r i v e d  r e l a y  n e u r o n s  
f r o m  t h e i r  RE i n p u t ,  s p i n d l i n g  w a s  a b o l i s h e d  i n  t h a l a m i c  
r e l a y  c e l l s .  I n  c h r o n i c  c a t s  o r  i n  c a t s  a n e s t h e t i z e d  w i t h  
k e t a m i n e ,  R E - d e p r i v e d  r e l a y  n e u r o n s  d i s p l a y e d  a  p e c u l i a r  
r h y t h m i c  a c t i v i t y  c h a r a c t e r i z e d  b y  b u r s t  d i s c h a r g e s  r e 
c u r r i n g  a t  a  f r e q u e n c y  o f  T t o  2 Hz .  I n  d e e p l y  b a r b i t u r a t e d  
a n i m a l s  n o  s u c h  r h y t h m  w a s  r e c o r d e d  f o l l o w i n g  t h e  t r a n s e c 
t i o n .  R h y t h m i c  b u r s t  d i s c h a r g e s  o b s e r v e d  u n d e r  k e t a m i n e  
w e r e  b l o c k e d  b y  i . v .  i n j e c t i o n s  o f  b i c u c u l l i n e  s u g g e s t i n g  
t h a t  I P S P s  w e r e  a t  t h e  o r i g i n  o f  b u r s t i n g  a c t i v i t y .  When 
r e c o r d e d  i n t r a c e l l u l a r l y  t h e  m e m b r a n e  p o t e n t i a l  o f  RE- 
d e p r i v e d  t h a l a m i c  c e l l s  d i s p l a y e d  n u m e r o u s ,  s h o r t - l a s t i n g  
(=1 0 - 1 5  m s e c )  I P S P s ,  w h o s e  a m p l i t u d e  d e p e n d e d  u p o n  t h e  a n e s 
t h e t i c  u s e d :  4 - 8  mV u n d e r  k e t a m i n e ,  1 - 2  mV u n d e r  p e n t o 
b a r b i t a l .  No r h y t h m i c  p a t t e r n  c o u l d  b e  d e t e c t e d  i n  t h e  
o c c u r e n c e  o f  I P S P s .  C u r r e n t  p u l s e s  i n j e c t i o n s  r e v e a l e d  
t h a t  t h e  k i n e t i c s  o f  d e i n a c t i v a t i o n  o f  t h e  Ca c o n d u c t a n c e  
u n d e r l y i n g  b u r s t  d i s c h a r g e s  w a s  s u c h  t h a t  t e m p o r a l  i n t e g r a 
t i o n  o f  s h o r t - l a s t i n g  h y p e r p o l a r i z a t i o n s  c o u l d  b e  c a r r i e d  
o u t  b y  t h a l a m i c  c e l l s .  R h y t h m i c  b u r s t  d i s c h a r g e s  i n  RE- 
d e p r i v e d  r e l a y  c e l l s  c o u l d  t h u s  r e s u l t  f r o m  n o n - r h y t h m i c ,  
s u b t h r e s h o l d  h y p e r p o l a r i z a t i o n s  p r o v i d e d  t h a t  t h e  l a t t e r  
o c c u r  w i t h  a  m i n i m a l  t e m p o r a l  d e n s i t y ,  d u r a t i o n  a n d  a m p l i 
t u d e .  S u p p o r t e d  by  MRC g r a n t s  M T- 587 7  a n d  M T - 3 6 8 9 .

311.8  REGIONAL CALCIUM ENTRY IN NEURONS OF THE GIANT BARNACLE DE
TECTED WITH ARSENAZO I I I .   W.N. R o s s , L .A . L e w é n s té in  an d  
N. S to c k b r id g e * ,  D e p t . o f  P h y s io lo g y ,  New Y ork  M e d ic a l  
C o l le g e ,  V a l h a l l a ,  New Y ork  1 0 5 9 5 .

A b so rb a n c e  c h a n g e s  o f  t h e  d y e  A rse n a z o  I I I  w e re  m e a s u re d  
w i th  an  a r r a y  o f  p h o to d io d e s  t o  d e t e c t  v a r i a t i o n s  i n  t h e  
m a g n itu d e  and  t im e  c o u r s e  o f  i n t r a c e l l u l a r  c a lc iu m  c h a n g e s  
among d i f f e r e n t  r e g i o n s  o f  n e u ro n s  i n  t h e  s u p r a e s o p h a g e a l  
g a n g l io n  o f  B a la n u s  n u b i l u s .  A f t e r  t h e  i o n t o p h o r e s i s  o f  
A rse n a z o  I I I  i n t o  t h e  c e l l ,  a b s o rb a n c e  c h a n g e s  a t  6 1 0 -6 7 0  nm 
w e re  m o n ito re d  a t  e a c h  p o s i t i o n  s im u l t a n e o u s ly  i n  r e s p o n s e  
t o  d e p o l a r i z i n g  s t i m u l i .  S p e c t r a l  m e a su re m e n ts  o v e r  t h e  soma  
a x o n , d e n d r i t e s ,  and  p r e s y n a p t i c  r e g i o n s  c o n f i rm e d  t h a t  t h e  
c h a n g e s  w e re  d u e  to  c a lc iu m  c o n c e n t r a t i o n  i n c r e a s e s .  Anatom 
i c a l  c o r r e l a t i o n s  t o  th e  o p t i c a l  s i g n a l s  w e re  made by  t h e  
i n j e c t i o n  o f  L u c i f e r  Y e llo w  and  s u b s e q u e n t  e x a m in a tio n  w i th  
f lu o r e s c e n c e  o p t i c s .

I n  many n e u ro n s  a c t i o n  p o t e n t i a l s  c a u s e d  an  a b s o rb a n c e  
i n c r e a s e  o v e r  a l l  p a r t s  o f  t h e  c e l l  i n d i c a t i n g  t h a t  t h e r e  
w e re  v o l t a g e  d e p e n d e n t  c a lc iu m  c h a n n e ls  i n  t h e  som a, a x o n , 
and  d e n d r i t i c  p r o c e s s e s .  When t h e  a c t i o n  p o t e n t i a l s  w e re  
i n c r e a s e d  i n  w id th  by  t h e  s u b s t i t u t i o n  o f  50 mM TEA f o r  Na 
i n  t h e  s a l i n e  t h e  a b s o rb a n c e  c h a n g e s  r e c o r d e d  o v e r  t h e  f i n e  
d e n d r i t i c  p r o c e s s e s  s a t u r a t e d  a f t e r  s e v e r a l  h u n d re d  
m i l l i s e c o n d s .

The d e c a y  o f  t h e  a b s o rb a n c e  i n c r e a s e  w as v e ry  s e n s i t i v e  
to  t h e  c o n c e n t r a t i o n  o f  i n j e c t e d  A rs e n a z o  I I I , i n c r e a s i n g  
fro m  a b o u t  1 s e c  t o  15 s e c  a s  t h e  d y e  c o n c e n t r a t i o n  i n c r e a s 
ed fro m  0 .3  mM to  2 mM. At a l l  d y e  c o n c e n t r a t i o n s  t h e  t im e  
c o n s t a n t  was f a s t e r  a t  t h e  e d g e s  o f  t h e  soma th a n  a t  t h e  
c e n t e r  o f  th e  c e l l .

The w id e  d i s t r i b u t i o n  o f  v o l t a g e  d e p e n d e n t  c a lc iu m  c h a n 
n e l s  o v e r  t h e  s u r f a c e  o f  t h e s e  n e u ro n s  a l s o  m akes t h e  a b s o r 
b a n c e  c h a n g e s  a  u s e f u l  t o o l  f o r  e x a m in in g  t h e  p r o p a g a t io n  o f  
e l e c t r i c a l  p o t e n t i a l s .  F o r  e x a m p le , d e p o l a r i z i n g  p u l s e s  i n  
s a l i n e  c o n ta i n in g  TTX r e s u l t s  i n  a b s o rb a n c e  c h a n g e s  o n ly  
o v e r  t h e  s o m a t ic  r e g io n  o f  some c e l l s ,  w h i l e  i n  a n o th e r  c e l l  
(w h ich  h a s  b e e n  d e m o n s t r a te d  t o  s u p p o r t  a  p r o p a g a t in g  c a l 
c ium  s p ik e  i n  TTX) a b s o rb a n c e  c h a n g e s  a r e  fo u n d  a l l  o v e r  t h e  
c e l l .  I n  o t h e r  e x p e r im e n ts  an  a n t id r o m ic  a c t i o n  p o t e n t i a l  
f a i l s  t o  in v a d e  t h e  soma w hen h y p e r p o l a r i z in g  c u r r e n t  i s  
p a s s e d  i n t o  t h e  c e l l  b o d y . A b so rb a n c e  s i g n a l s ,  i n  t h i s  c a s e ,  
a r e  fo u n d  o v e r  t h e  axon  up to  t h e  r e g i o n  i n  t h e  g a n g l io n  
from  w h ere  m o st o f  t h e  p r o c e s s e s  b r a n c h ,  s u g g e s t i n g  t h a t  
t h i s  i s  t h e  f a i l u r e  p o i n t .

S u p p o r te d  by  USPHS g r a n t  N S 16295, F e l lo w s h ip  N S07172, 
and  th e  Irm a  T . H i r s c h l  F o u n d a t io n .

311.9  INACTIVATION OF Ca2+-DEPENDENT K+ CONDUCTANCE DURING  
REPETITIVE INTRACELLULAR STIMULATION IN HIPPOCAMPAL NEURONS.  
T.A. P itle r*  and P.W. Landfield (SPON: T. T roost).  Dept.  
of Physiol. & Pharmacol., Bowman Gray Sch. Med., Winston- 
Salem, NC 27103

The Ca2+-mediated in ac tiv a tio n  of inward C a2+ currents 
and Ca2+ -dependent K+ conductance has been previously des
cribed fo r invertebrate  neurons (cf. Eckert and T illo tson ,  
J . Physiol. ,  1981; Eckert and Ewald, Science, 1982). How
ever, i t  is  not yet c lear whether Ca2+-mediated inac tiv a
tio n  of Ca2+-dependent processes also  occurs in  cen tra l ver
teb ra te  neurons.

Hippocampal frequency p o te n t ia t io n  o f the  EPSP, which is  
very  l ik e ly  a Ca2+-dependent p ro ce ss , g rad u a lly  dec lin es  
during  r e p e t i t iv e  sy nap tic  s tim u la tio n . This r a is e s  the  
p o s s ib i l i ty  th a t  in a c tiv a t io n  o f Ca2+-dependent p rocesses 
might a lso  occur in  hippocampus. To in v e s t ig a te  t h i s ,  we 
s tu d ied  a more c le a r ly  e s ta b lis h e d  Ca2+-dependent p rocess : 
The prolonged K+ conductance (500–1000 ms) th a t  fo llow s de
p o la r iz a t io n  in  hippocampal neurons (Hotson and P rin ce , J . 
N europhysiol. , 1980; A lger and N ic o ll,  Sc ience , 1980; 
Schw artzkroin and S tafs trom , i b id , 1980) .

T rains o f r e p e t i t iv e  (10 Hz) in t r a c e l lu la r  d ep o la riz in g  
c u rre n t p u lses  (40 m s), above th re sh o ld  fo r  sp ike in i t ia t io n ,  
were adm in istered  fo r  4–5 min to  CA1 c e l l s  in  hippocampal 
s l i c e s .  Input r e s is ta n c e  was assessed  a t  s ev e ra l in te rv a ls  
w ith  h y p erp o la riz in g  p u ls e s . The d ep o la riz in g  in t r a c e l lu la r  
s tim u la tio n  e l i c i t e d  a major in c rea se  in  inpu t conductance, 
which was found to  be due to  a Ca2+-dependent K+ conduc
tance  .

A c lea r  decline of th is  stim ulation-induced K+ conduc
tance increase was seen during the tra in ; the decline began 
a f te r  30-60 sec and was generally  pronounced by 4–5 min of 
10 Hz depolarizing stim ulation.

Since a s im ila r  tim ecourse o f in a c tiv a t io n  i s  found fo r 
frequency p o te n t ia t io n  o f th e  EPSP, th ese  s tu d ie s  in d ic a te  
th a t  Ca2+-dependent p rocesses may g en era lly  e x h ib it i n a c t i 
v a tio n  in  hippocampal neurons during  r e p e t i t iv e  s tim u la tio n . 
However, the  observ a tio n  th a t  in a c tiv a t io n  does no t begin 
fo r  30–60 sec o f s tim u la tio n  suggests e i th e r  th a t  re s id u a l 
Ca2+ may con tinue to  g rad u a lly  accumulate in t r a c e l lu la r ly ,  
o r th a t  th e  Ca2+-b u ffe r in g  c ap a c ity  o f the  c e l l  may decrease  
during  prolonged s tim u la tio n .

Supported by AG01737 and AG04542.

311 .10  MODULATION OF THE FIRING RATE OF APLYSIA NEURONS BY SIN U
SOIDAL ELECTRIC FIELDS AND INTRACELLULAR CURRENTS.  A . R .  
S h e p p a r d .  M.B .  S a g a n * .  S .M . B a w i n  a n d  W.R .  A d e y .  J . L .  P e t t i s  
H o s p i t a l  a n d  Loma L i n d a  U n i v e r s i t y ,  Loma L i n d a ,  CA 9 2 3 5 7 .

F i e l d  e f f e c t s  o n  n e u r o n s  a r e  i m p l i c a t e d  i n  s y n c h r o n i z a 
t i o n  o f  c e l l s  s u r r o u n d i n g  t h e . g o l d f i s h  M - c e l l  a n d  i n  s i n g l e  
u n i t  o r  p o p u l a t i o n  r e s p o n s e  o f  h i p p o c a m p a l  CAl  n e u r o n s .  I n  
so m e m o d e l s ,  f i e l d  e f f e c t s  a p p e a r  r e l a t e d  t o  l o c a l  c o u p l i n g  
o f  n e i g h b o r i n g  c e l l s ,  b u t  o u r  o b s e r v a t i o n s  o f  f i e l d  e f f e c t s  
a t  l e v e l s  o f  1 t o  50 mV/cm i n  A p l y s i a  o r  r a t  h i p p o c a m p u s  
s u g g e s t  a  p h y s i o l o g i c a l  r o l e  f o r  f i e l d s  d i s t r i b u t e d  t h r o u g h 
o u t  t h e  t i s s u e .

We s t u d i e d  p a c e m a k e r  c e l l s  o f  t h e  A p l y s i a  a b d o m i n a l  g a n 
g l i o n  w i t h  e i t h e r  i n j e c t e d  s i n u s o i d a l  c u r r e n t s  ( I C s ,  a p p r o x .   
0 . 2  t o  2 nA a m p l i t u d e )  o r  e x t r a c e l l u l a r  s i n u s o i d a l  f i e l d s  
( E F s ,  3 . 3  o r  6 . 7  mV/cm a m p l i t u d e ,  p r o d u c e d  by  c u r r e n t s  i n  
t h e  s a l i n e  b a t h ) .  A s p h e r i c a l  c e l l  m o d e l  ( t h a t  i g n o r e s  n e u 
r i t e  c o n t r i b u t i o n s )  i n d i c a t e s  f i e l d - i n d u c e d  s o m a t i c  t r a n s 
m e m b r a n e  c u r r e n t  d e n s i t i e s  7 0  f o l d  w e a k e r  t h a n  t h o s e  p r o 
d u c e d  by  a  0 . 2  nA s o m a - i n j e c t e d  c u r r e n t .  A l t h o u g h  v e r y  d i f 
f e r e n t  i n  t h e i r  e l e c t r i c a l  c o u p l i n g  t o  t h e  c e l l ,  b o t h  I C s  
a n d  EFs  c a n  p r o d u c e  s i m i l a r  c h a n g e s  i n  p a c e m a k e r  f i r i n g :  
b o t h  c a n  d r i v e  c e l l s  n e a r  t h e i r  n a t u r a l  f i r i n g  r a t e s  ( N F R s ) ,  
a l t h o u g h  t h e  EFs n e v e r  l o c k  c e l l s  t o  t h e  s a m e  e x t e n t ,  a n d  
c e l l s  s e l d o m  s t a y  p h a s e  l o c k e d  t o  t h e  EFs f o r  p e r i o d s  > 1 0 s .  
M o s t  c o m m o n l y ,  EFs  h a d  a  p r o b a b i l i s t i c  i n f l u e n c e  o n  t h e  
p h a s e  a n g l e ,  ɸ , m e a s u r e d  b e t w e e n  t h e  w a v e f o r m  a n d  c e l l  f i r 
i n g .  ( φ d e f i n e d  a s  z e r o  f o r  a  s p i k e  a t  t h e  p o s i t i v e - g o i n g  
z e r o - c r o s s i n g  o f  t h e  w a v e f o r m . )  A t  h i g h  I C s  ( 2  n A ) , w i t h  
f r e q u e n c i e s  n e a r  N F R s,  φ c a n  b e  << 9 0  d e g ,  a n d  m u l t i p l e  
s p i k e s  may o c c u r  f o r  e a c h  d e p o l a r i z i n g  p o r t i o n  o f  t h e  c u r 
r e n t .  W e a k e r  I C s  t e n d  t o  l o c k  t h e  c e l l  f i r i n g  b e t w e e n  9 0  
a n d  1 8 0  d e g .  EF s may a l s o  l o c k  c e l l  f i r i n g  b e t w e e n  9 0  a n d  
1 8 0  d e g ,  b u t  w i t h  g r e a t e r  v a r i a b i l i t y .  I n  c a s e s  w h e r e  
l o c k i n g  d o e s  n o t  o c c u r ,  EFs n e v e r t h e l e s s  h a v e  a  s t a t i s t i c a l  
i n f l u e n c e :  f i r i n g  o c c u r s  m o r e  o f t e n  a t  a  f i x e d  φ , w h i c h   
v a r i e s  f r o m  c e l l  t o  c e l l  ( ± 1 8 0  d e g ) .  T h i s  s u g g e s t s  t h a t  t h e  
e x c i t a t i o n  p r o c e s s  i n v o l v e s  a  s u m m a t i o n  o f  c u r r e n t s  ove r  t h e  
e n t i r e  n e u r o n ,  n o t  u n i q u e l y  r e l a t e d  t o  f i e l d  p o l a r i t y  i n  t h e  
m e d i u m .

( s p o n s o r e d  by D e p a r t m e n t  o f  E n e r g y  a n d  S o u t h e r n  C a l i f o r n i a  
E d i s o n  C om p a n y )
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311.11  GLUTAMATE MICROAPPLICATION AS A PHYSIOLOGICAL METHOD TO
STUDY LOCAL NEURONAL CIRCUITS IN HIPPOCAMPAL SLICES.
E . P . C h r i s t i a n *  a n d  F .  E.  D u d e k .  D e p t .  o f  P h y s i o l o g y ,  
T u l a n e  U n iv .  S c h .  o f  M e d ., New O r l e a n s ,  LA 7 0 1 1 2 .

L o c a l  n e u ro n a l  c i r c u i t s  a r e  th o u g h t  t o  p l a y  a n  i m p o r ta n t  
r o l e  i n  n o rm a l i n f o r m a t io n  p r o c e s s in g  and  i n  p a th o p h y s io 
l o g i c a l  p r o c e s s e s ,  s u c h  a s  e p i l e p s y .  N o n e t h e l e s s ,  t h e  
s p a t i a l  a r r a n g e m e n t  o f  l o c a l  c i r c u i t s  i s  unknow n b e c a u s e  o f  
a  l a c k  o f  p r a c t i c a l  m e th o d o lo g ie s  f o r  e x p lo r i n g  t h i s  i s s u e .  
We t h e r e f o r e  t e s t e d  th e  t e c h n iq u e  o f  l o c a l  a p p l i c a t i o n  o f  
g l u t a m a t e  (G lu ) t o  r a t  h ip p o c a m p a l  s l i c e s  w h i l e  r e c o r d in g  
p o s t s y n a p t i c  p o t e n t i a l s  (P S P s) i n t r a c e l l u l a r l y  fro m  p y ra m i
d a l  c e l l s  a s  a  p o t e n t i a l  p ro b e  f o r  e x a m in in g  l o c a l  c i r c u i t s  
w i t h o u t  s t i m u l a t i n g  a x o n s .

H i p p o c a m p a l  s l i c e s  w e r e  p r e p a r e d  u s i n g  s t a n d a r d  
p r o c e d u r e s .  The s l i c e s  w e re  c o n s t a n t l y  p e r f u s e d  d u r in g  t h e  
e x p e r im e n t s  w i t h  a  s t a n d a r d  m am m alian  m ed iu m , a l t h o u g h  K+ 
r a n g e d  f ro m  3 – 6 mM a n d  C a 2+ f r o m  2 . 4 - 4 .8  mM t o  v a r y  t h e  
l e v e l  o f  b a c k g r o u n d  P S P s .  I n  p r e l i m i n a r y  e x p e r i m e n t s ,  
a c t i o n  p o t e n t i a l s  w e re  r e c o r d e d  e x t r a c e l l u l a r l y  f ro m  d e n 
t a t e  g r a n u l e  c e l l s  w h i l e  m ic r o d ro p s  (1 0 -4 0  µ m d i a . )  o f  G lu  
(5 -5 0  mM) w e re  a p p l i e d  f ro m  g l a s s  m ic r o p i p e t t e s  o n to  e i t h e r  
th e  g r a n u l e  c e l l  body l a y e r  o r  n e a rb y  a r e a s  c o n ta i n in g  th e  
m o ssy  f i b e r  a x o n s  f ro m  t h e s e  c e l l s .  G lu ta m a te  a p p l i c a t i o n  
to  c e l l  b o d ie s  w i t h i n  100 µ m o f  t h e  r e c o r d in g  s i t e ,  b u t  n o t  
t o  m o ssy  f i b e r s ,  i n c r e a s e d  s p ik e  f r e q u e n c y  f o r  2 -8  s e c  i n  a  
c o n c e n t r a t i o n - d e p e n d e n t  m an n e r . When CA3 p y r a m id a l  c e l l s  
w e r e  r e c o r d e d  i n t r a c e l l u l a r l y ,  G lu  m i c r o a p p l i c a t i o n  t o  
g r a n u l e  c e l l  b o d i e s  b u t  n o t  m o s s y  f i b e r s  p r o d u c e d  a n  i n 
c r e a s e d  f re q u e n c y  o f  PSPs (≥  3 mV) l a s t i n g  1– 8 s e c .  T h e se  
d a t a  s u p p o r t  t h e  n o t i o n  t h a t  m i c r o d r o p s  o f  G lu  i n  t h e  
c o n c e n t r a t i o n  r a n g e  s t u d i e d  s e l e c t i v e l y  a c t i v a t e  c e l l  
b o d i e s  b u t  n o t  a x o n a l  p r o j e c t i o n s .

G lu ta m a te  w as a l s o  a p p l i e d  d i r e c t l y  t o  t h e  CA3 c e l l  body 
r e g i o n  a t  v a r i o u s  d i s t a n c e s  f ro m  i n t r a c e l l u l a r l y  r e c o r d e d  
CA3 c e l l s .  A p p l i c a t i o n  w i t h i n  a p p r o x im a te ly  300 µm o f  t h e  
r e c o r d in g  e l e c t r o d e  r e s u l t e d  i n  an  i n c r e a s e d  f r e q u e n c y  o f  
P S P s f o r  1– 2 s e c ,  f o l l o w e d  b y  a  s l o w e r  d e p o l a r i z a t i o n -  
r e p o l a r i z a t i o n  s e q u e n c e .  T h e se  i n c r e a s e s  i n  PSP f r e q u e n c y  
m ay  b e  t h e  r e s u l t  o f  G lu  a c t i v a t i o n  o f  l o c a l  s y n a p t i c  
c i r c u i t s  i n  t h e  CA3 a r e a .  A l th o u g h  t h e  p o s s i b i l i t y  t h a t  
G lu  m ay  h a v e  a c t i v a t e d  p r e s y n a p t i c  t e r m i n a l s  c a n n o t  
p r e s e n t l y  b e  r u l e d  o u t ,  t h i s  t e c h n i q u e  d e s e r v e s  f u r t h e r  
c o n s i d e r a t i o n  a s  a  p o t e n t i a l  m eth o d  f o r  s tu d y in g  th e  s p a 
t i a l  c h a r a c t e r i s t i c s  o f  l o c a l  e x c i t a t o r y  a n d  i n h i b i t o r y  
c i r c u i t s  i n  h ip p o ca m p u s  an d  o t h e r  b r a i n  s t r u c t u r e s .

S u p p o r te d  by NIH g r a n t  NS 16683.

311.12  VOLTAGE-SENSITIVE DYES SIGNAL SYNAPTIC POTENTIALS IN 
GOLDFISH OPTIC TECTUM  IN VITRO. P.  M anis* and J. A.  
F reem an .  D e p t . o f  A natom y, V a n d e r b i l t  U n iv . S c h . o f  M e d ., 
N a s h v i l l e ,  TN 3 7 2 3 2 .

The a b i l i t y  to  ex am in e  tra n sm e m b ra n e  p o t e n t i a l s  u s in g  
v o l t a g e - s e n s i t i v e  d y e s  i s  a  new and p o t e n t i a l l y  p o w e r fu l  
t o o l  f o r  th e  s tu d y  o f  f u n c t i o n a l  s y n a p t i c  o r g a n i z a t i o n .  We 
r e p o r t  h e re  t h a t  c e r t a i n  s t y r y l  d y e s  can  s ig n a l  m em brane 
p o t e n t i a l  c h a n g es  in  th e  g o l d f i s h  o p t i c  t e c tu m .

T h ic k  s l i c e s  o f  th e  o p t i c  te c tu m  w ere c u t  on a  t i s s u e  
c h o p p e r  and m a in ta in e d  in  o x y g e n a te d  R in g e r s .  E l e c t r i c a l  
s t i m u l a t i o n  o f th e  o p t i c  t r a c t  p ro d u c e d  e x t r a c e l l u l a r  f i e l d  
p o t e n t i a l s  s i m i l a r  to  th o s e  s e e n  i n  v i v o , w i th  an  a d d i t i o n a l  
com ponent a t  20 m sec l a t e n c y  ("L "  w ave) .  A p p l i c a t io n  o f  th e  
s t y r y l  d y e s  RH414, RH246, o r  RH355 im m e d ia te ly  and   
i r r e v e r s i b l y  s u p p re s s e d  th e  L p o t e n t i a l  b u t o n ly  t r a n s i e n t l y  
a f f e c t e d  th e  p resum ed  m o n o sy n a p tic  p o t e n t i a l s .

C hanges in  d y e - in d u c e d  f lu o r e s c e n c e  (3 x 1 0 - 3  Δ F /F )  w ere   
o b s e rv e d  f o l lo w in g  o p t i c  t r a c t  s t i m u l a t i o n .  The dye r e s p o n s e  
c o n s i s t e d  o f  two co m p o n e n ts : a  10 m sec h a l f - w i d th   
d e p o l a r i z a t i o n  w ith  a  2–4 m sec l a t e n c y ,  and a  lo n g  d u r a t i o n  
( >1s e c )  d e p o l a r i z a t i o n  w h ich  b eg an  d u r in g  th e  f i r s t  
r e s p o n s e .  The se co n d  p o r t i o n  o f th e  r e s p o n s e  was a b o u t h a l f  
th e  a m p l i tu d e  o f  i n i t i a l  d e p o l a r i z a t i o n .  S u p e r fu s io n  w i th  
0 .2mMCa-5mMMg R in g e rs  r e v e r s i b l y  s u p p re s s e d  b o th  c o m p o n e n ts ,  
i n d i c a t i n g  a  p o s t - s y n a p t i c  o r i g i n .  I n t e r e s t i n g l y ,  no 
f lu o r e s c e n c e  c h a n g es  w ere a s s o c i a t e d  w i th  th e  p r e s y n a p t i c  
f i b e r  v o l l e y  o r  t e r m in a l  p o t e n t i a l ,  e v e n  when th e  o b j e c t i v e  
was c a r e f u l l y  f o c u s s e d  on th e  f a s i c l e s  o f  o p t i c  f i b e r s .  A l l  
d y e s  t e s t e d  (RH414, RH246, RH355) g a v e  s i m i l a r  r e s u l t s .  No 
o p t i c a l  c h a n g es  o c c u re d  in  th e  a b s e n c e  o f  d y e .

The f i r s t  p o r t i o n  o f  th e  dye  r e s p o n s e  p r o b a b ly  r e f l e c t s  
m o n o sy n a p tic  d e p o l a r i z a t i o n  o f t e c t a l  n e u r o n s .  The t im e  
c o u rs e  and l a t e n c y  i s  s i m i l a r  to  t h a t  o f  p u b l is h e d  
i n t r a c e l l u l a r  r e c o r d in g s .  The lo n g  d u r a t i o n  o f th e  seco n d  
com ponent i s  how ever a t  odds w i th  p u b l is h e d  d a t a .  We a re  
c u r r e n t l y  i n v e s t i g a t i n g  th e  p o s s i b i l i t y  t h a t  i t  i s  g l i a l  i n  
o r i g i n .  The l a c k  o f  an  o b s e rv a b le  p r e s y n a p t i c  com ponent m ay 
be e x p la in e d  by f a i l u r e  o f  th e  dye  to  a c c e s s  th e  o p t i c  n e rv e  
axon  m em brane b e c a u s e  o f  e n s h e a th in g  g l i a l  c e l l s .  C h an g in g  
th e  f o c a l  l e v e l  o f  th e  o b j e c t i v e s  a f f e c t e d  b o th  th e  r i s e  
tim e  and l a t e n c y  o f  th e  dye r e s p o n s e s .  T h e r e f o r e ,  i t  i s  
l i k e l y  t h a t  o p t i c a l  s e c t i o n in g  t e c h n iq u e s  w i l l  im p ro v e  th e  
s p a t i a l  (an d  h e n c e  te m p o r a l )  r e s o l u t i o n  o f v o l t a g e - s e n s i t i v e  
dye r e c o r d in g s .  We th a n k  P r o f .  A. G r in v a ld  f o r  h i s  g e n e ro u s  
g i f t  o f  th e  d y es  u sed  i n  t h i s  s t u d y . (S u p p o r te d  by EY-01777 
to  JAF and NS07377 to  PBM).

511.13  GIA NT F IB E R S  AND PECTORAL F IN  ADDUCTOR MOTONEURONS 
IN  THE H A T C H E T F IS H ,  E . G i l a t * ,  D .H .  H a l l ,  a n d   
M .V .L .  B e n n e t t ,   D e p t . o f  N e u r o s c i e n c e ,  A l b e r t  E i n 
s t e i n  C o l l .  o f  M e d . B r o n x ,  N .Y .  1 0 4 6 1 .

I n  t h e  h a t c h e t f i s h  G a s t e r o p e l e c u s  a  m a j o r  c o m p o 
n e n t  o f  t h e  M a u t h n e r  f i b e r  (M F ) m e d i a t e d  e s c a p e  r e 
f l e x  i n v o l v e s  b i l a t e r a l  a c t i v i t y  o f  t h e  p e c t o r a l  
f i n  a d d u c t o r  m u s c l e s .  T h e  MFs e x c i t e  g i a n t  f i b e r s  
( G F s )  v i a  c h e m i c a l  s y n a p s e s  a n d  G F s i n  t u r n  e x c i t e  
t h e  p e c t o r a l  f i n  m o t o n e u r o n s  (M N s) ( A u e r b a c h ,  A .A .  
a n d  B e n n e t t ,  M . V . L . , J . G e n . P h y s i o l . ,  5 3 : 1 8 3  
1 9 6 9 ) .  S y n a p s e s  f r o m  G F s t o  MNs a r e  e l e c t r o t o n i c  
a n d  r e c t i f y  s o  a s  t o  f a c i l i t a t e  s p r e a d  o f  d e p o l a r 
i z a t i o n  f r o m  G F s t o  M N s. I n  t h e  p r e s e n t  s t u d y  L u c 
i f e r  Y e l l o w  CH ( S i g m a ,  4% i n  0 .1 M  L iC L )  w a s  i n j e c t 
e d  i o n t o p h o r e t i c a l l y  i n t o  G F s a n d  MNs w e r e  s t u d i e d  
b y  e l e c t r o n  m i c r o s c o p y  (E M ).  As p r e v i o u s l y  s h o w n ,  
G F s o r i g i n a t e  f r o m  c e l l  b o d i e s  a b o u t  25  µ M i n  d i a 
m e t e r  i n  t h e  l a t e r a l  w a l l  o f  t h e  f o u r t h  v e n t r i c l e .  
E a c h  a x o n  c r o s s e s  t h e  n e a r  MF f r o m  w h i c h  i t  r e 
c e i v e s  a  s i n g l e  s y n a p s e  a n d  b i f u r c a t e s  t o  f o r m  a 
c a u d a l  a n d  a  r o s t r a l  b r a n c h ,  w h i c h  r u n  l o n g i t u d i n 
a l l y  a n d  r e c e i v e  s e v e r a l  s y n a p s e s  f r o m  t h e  o t h e r  
M F. T h e  r o s t r a l  b r a n c h  c o n t i n u e s  a n t e r i o r l y  t o   
s y n a p s e  o n  a  p o o l  o f  n e u r o n s  t h a t  p r e s u m a b l y  i n 
n e r v a t e  c e p h a l i c  m u s c u l a t u r e .  T h e  c a u d a l  b r a n c h  o f  
t h e  g i a n t  f i b e r  g o e s  p o s t e r i o r l y  t o  s y n a p s e  o n  MNs 
i n n e r v a t i n g  a d d u c t o r  m u s c l e  o f  t h e  p e c t o r a l  f i n  
o n  t h a t  s i d e .  M o s t  c a u d a l  b r a n c h e s  a l s o  s e n d  a  t h i n  
s e c o n d a r y  b r a n c h  b a c k  a c r o s s  t h e  m i d l i n e  t o  t h e  
o p p o s i t e  a d d u c t o r  m u s c l e  MNs ( i p s i l a t e r a l  t o  t h e  
GF s o m a ) .  P r e l i m i n a r y  EM s t u d y  s h o w s  t y p i c a l  g a p  
j u n c t i o n s  ( G J s )  b e t w e e n  MNs a n d  l a r g e  m y e l i n a t e d  f i 
b e r s .  We a r e  e x a m i n i n g  p r e p a r a t i o n s  w i t h  HRP i n 
j e c t e d  G F s t o  d e t e r m i n e  w h e t h e r  t h e  G J s  c o u p l e  G Fs 
a n d  M N s. No a s y m m e t r y  o f  G J s  t h a t  w o u l d  a c c o u n t  
f o r  r e c t i f i c a t i o n  h a s  b e e n  s e e n .  D y e  p a s s a g e  f r o m  
i n j e c t e d  G F s t o  p o s t s y n a p t i c  MNs w a s  n o t  o b s e r v e d  
b u t  m ay  h a v e  b e e n  o b s c u r e d  b y  a u t o f l u o r e s c e n c e .  T h e  
n u m b e r  o f  p e c t o r a l  f i n  a d d u c t o r  MNs i n  t h e  1 s t  s p i 
n a l  s e g m e n t  o n  e a c h  s i d e  w a s  f o u n d  t o  b e  2 6 . 5 ± 3 
( n = 4 )  i n  N i s s l  s t a i n e d  p r e p a r a t i o n s  w h i l e  t h e  n u m 
b e r  o f  a u t o  f l u o r e s c e n t  MNs i n  f i x e d  b u t  u n s t a i n e d  
p r e p a r a t i o n s  w a s  2 4 . 2 ± 6 . 9  ( n = 8 ) . T h e  a u t o f l u o r e s 
c e n c e  e m i t t e d  b y  t h e  MNs i s  n o n u n i f o r m  a n d  m ay  a 
r i s e  i n  p e r i n u c l e a r  a g g r e g a t e s  o f  l y s o s o m e s  s e e n  
b y  EM.

311.14  INTEGRATIVE MECHANISMS CONTROLLING DIRECTIONAL 
SEN SIT IV IT Y  OF AN ID E N TIFIED  SENSORY INTERNEURON 
G .A . J a c o b s ,  J . P . M i l l e r  & R .K .M u rp h e y ,  D e p t . o f  
B i o l o g y .  SUNY A lb a n y ,  A lb a n y  N .Y . 1 2 2 2 2  8, Dept.  
o f  Z o o l o g y ,  UCB, B e r k e l e y ,  C a . 9 4 7 2 0

We a r e  s t u d y i n g  how t h e  s t r u c t u r e  o f  a n  
i d e n t i f i e d  i n t e r n e u r o n  i n  t h e  c r i c k e t  i n f l u e n c e s  
t h e  i n t e g r a t i o n  o f  c o m p le x  s y n a p t i c  i n p u t s .  T h i s  
n e u r o n ,  w h ic h  r e c e i v e s  i n p u t  f r o m  a f f e r e n t s  
a s s o c i a t e d  w i t h  w in d  s e n s i t i v e  f i l i f o r m  h a i r s  on  
t h e  c e r c i  o f  t h e  a n i m a l ,  e x h i b i t s  a n  o v e r a l l  
d i r e c t i o n a l  s e n s i t i v i t y  t o  w in d  s t i m u l i .  T h e  c e l l  
h a s  t h r e e  d i s t i n c t  d e n d r i t i c  b r a n c h e s ,  a n d  we 
h a v e  u s e d  tw o  c o m p le m e n ta r y  t e c h n i q u e s  t o   
d e m o n s t r a t e  t h a t  e a c h  d e n d r i t e  e x h i b i t s  i t s  own 
d i r e c t i o n a l  s e n s i t i v i t y .  T h e , t e c h n i q u e s  i n v o l v e d  
D s e l e c t i v e  a c t i v a t i o n  o f  s m a l l  p a t c h e s  o f  h a i r s  
know n t o  o v e r l a p  w i t h  i n d i v i d u a l  d e n d r i t e s  a n d  
2 )  s e l e c t i v e  i n a c t i v a t i o n  o f  i n d i v i d u a l  d e n d r i t e s  
w i t h  a  l a s e r  m ic r o b e a m . P o l y s y n a p t i c  i n h i b i t i o n  
i s  know n t o  c o n t r i b u t e  t o  t h e  d i r e c t i o n a l   
s e n s i t i v i t y  o f  t h i s  n e u r o n ,  a n d  we h a v e   
i d e n t i f i e d  a  c l a s s  o f  a f f e r e n t s  t h a t  a c t i v a t e s  
t h i s  i n h i b i t o r y  p a t h w a y .  T h ro u g h  s e l e c t i v e  l a s e r  
a b l a t i o n s  a t  d i f f e r e n t  p o s i t i o n s  o n  t h e  n e u r o n  
t h e  l o c a t i o n  o f  i n h i b i t o r y  i n p u t s  o n t o  t h e  c e l l  
h a s  b e e n  d e t e r m i n e d .  S i m i l a r  a b l a t i o n  e x p e r i m e n t s  
r e v e a l e d  t h e  p r o b a b l e  l o c a t i o n  o f  t h e  s p i k e  
i n i t i a t i n g  z o n e .  We now h a v e  a  d e s c r i p t i o n  o f  t h e  
l o c a t i o n  o f  e x c i t a t o r y  a n d  i n h i b i t o r y  i n p u t s  o n t o  
t h i s  n e u r o n  a n d  h a v e  a s s e s s e d  t h e i r  r e l a t i v e  
e f f i c a c i e s  w i t h  r e s p e c t  t o  s p i k e  i n i t a t i o n .  T h i s  
i n f o r m a t i o n  h a s  b e e n  u s e d  t o  p r o v i d e  a   
q u a n t i t a t i v e  e x p l a n a t i o n  f o r  t h e  r e l a t i o n s h i p  
b e tw e e n  s y n a p t i c  i n p u t  a n d  t h e  d i r e c t i o n a l l y  
s e l e c t i v e  s p i k i n g  o u t p u t  o f  t h i s  n e u r o n .

S u p p o r t e d  by  NSF g r a n t s  B N S -8 1 1 9 7 9 9  ( t o   
R . K . M. )  a n d  B N S -8 2 0 2 4 1 6  ( t o  J . P . M . ) .
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3 13 WORKSHOP. THE SUBFORNICAL ORGAN AS A MODEL OF NEUROHUMORAL 
INTEGRATION.  P.M. G ro ss , SUNY a t  S tony  Brook (Chairman) ;
H.D. D ellm ann*, Iowa S ta t e  U n iv .; A.K. Jo h n so n , U niv . o f  
Iow a; R.W. L in d , S a lk  I n s t . ;  M .I. P h i l l i p s , U niv. o f  F lo r id a ;  
L .P . Renaud, M o n trea l Gen. H o sp .; J .B .  S im pson, U niv . o f  
W ashington; J .Y . Summy-Long,  Penn. S t a t e  U niv.

The numerous r e c e n t  in v e s t ig a t io n s  on th e  s u b f o r n ic a l  
o rg an  (SFO) h e r a ld  i t s  em ergence a s  a  model s t r u c t u r e  o f  
n eu ro en d o c rin e  r e g u la t i o n .  The SFO d e r iv e s  e m b ry o lo g ic a lly  
from  te le n c e p h a l i c  ependyma a t  th e  co nve rgence  o f  th e  lam ina  
te r m in a l i s  and  t e l a  c h o ro id e a . I t  i s  s t r a t e g i c a l l y  lo c a te d  
f o r  n e u ro en d o c rin e  a c t i v i t y  a s  a  m id lin e  tu b e r c le  p r o tru d in g  
in t o  th e  t h i r d  v e n t r i c l e  a t  th e  i n t e r v e n t r i c u l a r  fo ram in a . 
Having h ig h ly  s p e c i a l i z e d  m o rp h o lo g ica l f e a t u r e s  f o r  d e t e c t 
io n  o f  b o th  hum oral and n e u ra l  s i g n a l s ,  th e  SFO i s  a  m a jo r 
b r a in  t a r g e t  f o r  th e  p r in c ip a l  hormone o f  t h i r s t ,  a n g io te n s in  
I I .  An in c r e a s e  i n  v a s o p re s s in  s e c r e t io n  upon SFO s t im u l
a t i o n  s u g g e s ts  i t s  r o l e  w i th in  n e u ro n a l c i r c u i t r y  in f lu e n c in g  
th e  p i t u i t a r y  n e u ra l  lo b e . The o rg a n iz a t io n  o f  n e u r a l  sub
s t r a t e s  and c e n t r a l  in t e g r a t i o n  o f  s t im u l i  a c t in g  a t  th e  
SFO a r e  th e  h ig h l ig h te d  to p i c s  o f  t h i s  w orkshop. The program  
i s  d iv id e d  in t o  h a lv e s  d ev o ted  t o  1 ) th e  u n d e r ly in g  n eu ro 
an a to m ic a l and  neu ro ch em ica l b a s e s  f o r  SFO f u n c t io n ,  and  
2) re s p o n s e s  o f  th e  SFO t o  s t im u l i  o f  d e h y d ra t io n .

D. D ellm ann w i l l  sum m arize m o rp h o lo g ica l c h a r a c t e r i s t i c s  
o f  th e  SFO, in c lu d in g  i t s  c a p i l l a r y  b e d , n e u ra l  c o n s t i t u e n t s ,  
and ependym al c e l l s .  The a n a to m ic a l c o n n e c t iv i ty  o f  th e  SFO 
w ith  o th e r  c e r e b r a l  s t r u c t u r e s  in v o lv e d  i n  t h i r s t  and f l u i d  
b a la n c e  w i l l  be  th e  d is c u s s io n  o f  W. L in d . Com plem entary t o  
t h i s  a n a ly s i s  a r e  th e  s tu d ie s  by L. Renaud who w i l l  d is c u s s  
e l e c t r o p h y s io lo g ic a l ly - d e r iv e d  maps o f  SFO e f f e r e n t  p r o j e c t 
io n s .  K. Johnson  w i l l  d e s c r ib e  th e  s ig n i f i c a n c e  o f  th e s e  
c o n n e c tio n s  w ith  r e l a t i o n  t o  c a te c h p la m in e rg ic  i n t e r a c t io n s  
w ith  s t r u c t u r e s  a lo n g  th e  lam ina  t e r m in a l i s .

E nzym atic , m e ta b o l ic , and  n e u ro e n d o c rin e  com parisons  o f  
th e  SFO w ith  th e  hypo thalam oneurohypophyseal sy stem  c o n s t i t 
u te  th e  p r e s e n ta t io n  by  J .  Summy-Long. P . G ross w i l l  
summarize ev id e n c e  showing e le v a te d  g lu c o se  u t i l i z a t i o n  in  
th e  SFO i n  d i f f e r e n t  r a t  m odels o f  t h i r s t .  The o r ig i n  
and l o c a l i z a t i o n  o f  c e n t r a l  i n t e r a c t io n s  betw een  p e r ip h e r a l  
and b r a in  a n g io te n s in ,  and t h e i r  p o t e n t i a l  in f lu e n c e  on th e  
SFO and  t h i r s t  r e s p o n s e s , w i l l  b e  d is c u s s e d  by I .  P h i l l i p s .  
The fo rm a l p r e s e n ta t io n s  o f  th e  w orkshop w i l l  co n c lu d e  w ith   
J .  S im p so n 's  rev iew  o f  SFO c o n t r ib u t io n s  t o  p h y s io lo g ic a l  
mechanism s g o v e rn in g  body f l u i d  b a la n c e .

DEVELOPMENT AND PLASTICITY: GENICULO-CORTICAL PATHWAYS

314 .1  POSTNATAL DEVELOPMENT OF RECEPTIVE FIELD SURROUND 
MECHANISM(S ) IN THE KITTEN DORSAL LATERAL GENICULATE 
NUCLEUS.  J . S .  T o o t le *  an d  M .J . F r i e d l a n d e r .  D e p t . o f  
P h y s io lo g y  & B io p h y s ic s ,  U n iv . o f  A labam a in  B irm in g h am , A1 
35294

C e l l s  i n  t h e  k i t t e n  d o r s a l  l a t e r a l  g e n i c u l a t e  n u c le u s  
(LGNd ) h a v e  b e e n  r e p o r t e d  t o  h a v e  l a r g e  r e c e p t i v e  f i e l d  
c e n t e r s .  T h i s  may b e  i n  p a r t  d u e  t o  an  im m atu re  r e c e p t i v e  
f i e l d  s u r r o u n d  m e c h a n is m ( s ) . We h a v e  b eg u n  a  q u a n t i t a t i v e  
s tu d y  o f  t h e  d e v e lo p m e n t o f  t h i s  m ech an ism  ( b o th  t h e  
s u r r o u n d ’ s  a n ta g o n is m  o f  t h e  c e n t e r  r e s p o n s e  an d  th e  
s u r r o u n d 's  e x c i t a t o r y  r e s p o n s e )  in  t h e  A -la m in a e  o f  th e  
26– 35 d a y - o ld  k i t t e n ’ s  LGN,. P h y s i o l o g i c a l  m a in te n a n c e ,  
r e c e p t i v e  f i e l d  c l a s s i f i c a t i o n  an d  i n t r a c e l l u l a r  f i l l i n g  
w i th  h o r s e r a d i s h  p e r o x id a s e  w e re  a s  p r e v i o u s ly  r e p o r t e d .  
In  a d d i t i o n ,  i n t r a - a r t e r i a l  b lo o d  p r e s s u r e  w as c o n t in u o u s ly  
m o n i to re d  an d  k e p t  a t  a  m ean p r e s s u r e  >80 mmHg an d  <120 
mmHg. S t r e n g t h  o f  s u r r o u n d  a n ta g o n is m  w as a s s e s s e d  w i th  
t h e  a r e a - r e s p o n s e  f u n c t i o n  t e c h n iq u e  an d  w as q u a n t i f i e d  a s  
p e r c e n t  i n c r e a s e  i n  t h e  a r e a  o f  a  s p o t  w h ic h  re d u c e d  th e  
c e l l s  r e s p o n s e  t o  h a l f  i t s  m ax im al v a lu e .  The m a t u r i t y  o f  
t h e  e x c i t a t o r y  r e c e p t i v e  f i e l d  s u r r o u n d  w as a s s e s s e d  by  1) 
n o t in g  t h e  p e r c e n t a g e  o f  c e l l s  w h ic h  g a v e  a n , e x c i t a t o r y  
s u r r o u n d  r e s p o n s e  t o  a n n u l i  f l a s h e d  in  t h e  r e c e p t i v e  
f i e l d  s u r r o u n d ,  an d  2 ) m e a s u r in g  t h e  c o n t r a s t  t h r e s h o l d  o f  
t h e  e x c i t a t o r y  s u r r o u n d  r e s p o n s e  w h i l e  a  s t a n d a r d i z e d  
a d a p t i n g  s p o t  w as p o s i t i o n e d  in  t h e  r e c e p t i v e  f i e l d  c e n t e r .  
Our sa m p le  t o  d a t e  i n c l u d e s  73 LGNd c e l l s  ( k i t t e n s :  n = 3 6 , 
a d u l t  c o n t r o l  a n im a ls :  n =3 7 ) .  The s t r e n g t h  o f  s u r ro u n d   
a n ta g o n is m  in  m o st k i t t e n  c e l l s  w as c o m p a ra b le  t o  t h a t  
m e a s u re d  in  a d u l t  c o n t r o l s .  No s u r r o u n d  a n ta g o n is m  w as 
e v id e n t  h o w e v e r , i n  t h e  r e s p o n s e  o f  two o f  t h e  k i t t e n  
c e l l s ,  e v e n  w i t h  v e r y  l a r g e  s p o t  s i z e s .  F ew er k i t t e n  c e l l s  
w e re  e x c i t e d  b y  a n n u l i  i n  t h e  r e c e p t i v e  f i e l d  s u r r o u n d  th a n  
w e re  c e l l s  i n  t h e  a d u l t  (18% v s .  81% ). When th e  c e n t e r  
m ech an ism  w as a d a p te d ,  m ore c e l l s  ( 8 8 % v s .  100% in  k i t t e n s  
an d  a d u l t s ,  r e s p e c t i v e l y )  h a d  e x c i t a t o r y  s u r r o u n d s .  T h r e s 
h o ld  m e a s u re m e n ts  show ed t h a t  t h e  e x c i t a t o r y  s u r r o u n d  
m ech an ism  i s  m ore s e n s i t i v e  t o  c o n t r a s t  m o d u la t io n  in  t h e  
a d u l t  a n im a ls  th a n  in  t h e  k i t t e n s .  We a r e  c u r r e n t l y  
r e l a t i n g  t h e  d e v e lo p m e n t o f  t h e  c e l l s ’ s u r ro u n d  
m e c h a n ism (s )  t o  t h e i r  m o rp h o lo g ic a l  m a t u r i t y .

(S u p p o r te d  by NIH g r a n t s  EY 03805, EY05714 an d  t h e  A l f r e d  P . 
S lo a n  F o u n d a t io n ) .   

r r i e d l a n d e r ,  M .J .  N a tu re  3 0 0 , 1 8 0 -1 8 3 , 19 8 2 .

3 1 4 .2  POSTNATAL DEVELOPMENT OF GENICULOCORTICAL Y-AXON TERMINAL 
ARBORIZATIONS IN AREA* 18 OF THE CAT.  M .J . F r i e d l a n d e r ,  
K .A .C . M a rt in *  an d  J . S .  T o o t le *  (SPON: C.W. O y s t e r ) .   
D e p t . o f  P h y s io lo g y  an d  B io p h y s ic s ,  U n iv .  o f  A labam a in  
B irm in g h am , B irm in g h am , AL 35294 an d  +D e p t . o f  Exp. 
P s y c h o lo g y ,  O x fo rd  U n iv . ,  U .K .

The g e n i c u l o c o r t i c a l  p a th w ay  o f  t h e  c a t  u n d e rg o e s  a 
p e r i o d  o f  p o s t n a t a l  m a t u r a t i o n .  C e l l s  o f  t h e  d o r s a l   
l a t e r a l  g e n i c u l a t e  n u c le u s  (LGNd ) a r e  m a tu r in g  s t r u c t u r a l l y  
an d  f u n c t i o n a l l y  f o r  a t  l e a s t  6 w eek s p o s t n a t a l l y . 1 , 2 
O c u la r  do m in an ce  co lu m n s in  v i s u a l  c o r t e x  (w h ich  r e p r e s e n t  
t h e  d i s t r i b u t i o n  o f  g e n i c u l o c o r t i c a l  axon t e r m in a l s )  a r e  
a l s o  m a tu r in g  and  p a r t i t i o n i n g  d u r in g  t h i s  p e r i o d . 3 We 
h a v e  b eg u n  t o  s tu d y  th e  m o rp h o lo g ic a l  d e v e lo p m e n t o f  
g e n i c u l o c o r t i c a l  a x o n s  ( p a r t i c u l a r l y  Y -a x o n s  w h ic h  p r o j e c t  
t o  a r e a  1 8 ) .  Axons i n  t h e  o p t i c  r a d i a t i o n s  w ere  
e l e c t r o p h y s i o l o g i c a l l y  c h a r a c t e r i z e d  on a  b a t t e r y  o f  t e s t s  
( i n c l u d in g  l i n e a r i t y  o f  s p a t i a l  su m m a tio n ) . The a x o n s  w ere  
th e n  f i l l e d  w i th  h o r s e r a d i s h  p e r o x id a s e  (HRP) w h ic h  l a b e l e d  
t h e i r  t e r m in a l  a r b o r i z a t i o n  in  v i s u a l  c o r t e x .  O ur sam p le  
t o  d a t e  i n c l u d e s  10 Y -a x o n s  t h a t  p r o j e c t  t o  a r e a  18 (6  
a x o n s  fro m  4 –5 w eek o ld  k i t t e n s  an d  4 a x o n s  fro m  a d u l t  
c o n t r o l  a n im a l s ) .  T h ese  a x o n s  h e a v i l y  i n n e r v a t e  la m in a e  IV 
an d  VI o f  a r e a  18 in  t h e  k i t t e n s  an d  a d u l t  c a t s .  T h e re  a r e  
a t  l e a s t  2 d i f f e r e n c e s  h o w e v e r , b e tw e e n  th e  t e r m in a l  
a r b o r i z a t i o n s  o f  t h e  k i t t e n  an d  a d u l t  c a t  Y -a x o n s :  1) The  
d i a m e te r s  o f  i n d i v i d u a l  b o u to n s  on t h e  k i t t e n  Y -a x o n s  a r e  
s m a l l e r  th a n  th o s e  on a d u l t  Y -a x o n s  ( k i t t e n  mean = 1 .3  µm, 
r a n g e  = 0 .5  µm -  2 .3  µm; a d u l t  mean = 2 .2  µm, r a n g e  = 1 .0  
µm -  3 .3  µm ). 2) The d i s t a n c e  b e tw e en  a d j a c e n t  b o u to n s   
(m e a su re d  in  3 - s p a t i a l  d im e n s io n s )  i s  l e s s  in  t h e  k i t t e n s  
th a n  in  t h e  a d u l t s  ( k i t t e n  mean = 6 .8  µm, r a n g e  = 1 .1  µm -   
2 2 .3  µ m; a d u l t  mean = 1 1 .9  µm, r a n g e  = 0 .9  µm -  2 4 .9  µm ). 
The p o s t n a t a l  d e v e lo p m e n t o f  t h e  Y - c e l l  p r o j e c t i o n  t o  a r e a  
18 in  t h e  v i s u a l  c o r t e x  t h e r e f o r e  i n c l u d e s  b o th  g ro w th  o f  
i n d i v i d u a l  b o u to n s  and  in c r e a s e d  s p a c in g  b e tw e e n  b o u to n s .  
The l a t t e r  r e s u l t  may b e  a c c o m p lis h e d  by  b o u to n  
e l i m i n a t i o n ,  e lo n g a t io n  o f  i n t e r b o u to n  axon  s e g m e n ts  o r  a 
c o m b in a tio n  o f  t h e s e  p r o c e s s e s .
( S u p p o r te d  by  NIH G ra n t  EY03805, NATO G ra n t  0 4 9 7 /8 2  an d  th e   
A l f r e d  P . S lo a n  F o u n d a t io n )
f r i e d l a n d e r ,  M .J . N a tu re  3 0 0 , 1 8 0 -1 8 3 , 1982 .
2To o t l e ,  J . S .  an d  M .J . F r i e d l a n d e r  S o c . N e u r o s c i .  A b s t r .   
1 0 , 1984 .
3L e v a y , S . ,  M .P. S t r y k e r  an d  C .J .  S h a tz  J .  Comp. N e u r o l .  
1 7 9 , 2 2 3 -2 4 4 , 19 7 8 .
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3 1 4 .3  E n h an ced  p h o s p h o r y l a t i o n  o f  m ic r o tu b u l e - a s s o c i a t e d   
p r o t e i n ,  MAP2 , i n  th e  c a t  v i s u a l  c o r t e x  d u r in g  th e  c r i t i c a l  
p e r i o d .   C. A oki and  P . S i e k e v i t z ,  L ab . C e l l  B io lo g y ,  The 
R o c k e f e l l e r  U n i v e r s i t y ,  New Y o rk , NY 10021

K a sa raa tu , e t . a l . ,  D a n i e l s ,  e t . a l .  and  Daw, e t . a l .  r e p o r t 
ed  t h a t  th e  l o c a l  c o n e ,  o f  NE in  th e  c o r t e x  c a n  a l t e r  th e  
d e g re e  o f  p l a s t i c i t y  d u r in g  th e  c r i t i c a l  p e r io d  (C P ) . We h ave  
b e e n  i n t e r e s t e d  to  know w h e th e r  th e  cAMP c a s c a d e  o f  e v e n ts  
s t i m u l a t e d  by NE c o u ld  be i n v o lv e d ,  and  h ave  ex am in ed  in  th e  
v i s u a l  s y s te m  th e  o n to g e n ic  c h a n g e s  i n  th e  enzym es w h ich  sy n 
t h e s i z e  and  d e g ra d e  cAMP, t h e  cA M P-dependent p r o t e i n  k i n a s e ,  
and  th e  s u b s t r a t e s  f o r  t h i s  k i n a s e .  W ith in  e a c h  o f  f i v e  l i t 
t e r s ,  k i t t e n s  w ere  e i t h e r  d a r k - r e a r e d  (D R ), l i g h t - r e a r e d  
(L R ), o r  d a r k -  and  th e n  l i g h t - r e a r e d  (D L ). DR k i t t e n s  (n = 7 ) 
w ere  k e p t  in  c o m p le te  d a rk n e s s  f o r  1– 5 m os. w i th  m o th e r s ,  DL 
(n = 8 ) w ere  th e  l i t t e r m a t e s  o f  DR b u t  e x p o se d  to  l i g h t  f o r  3–
17 h r s . ,  and  LR (n = 7 ) w ere  on 12D/12L c y c l e .  P h y s i o lo g i c a l ly  
and  b e h a v i o r a l l y , DR h a s  b e e n  shown to  e x te n d  th e  CP o f  a r e a  
17 b i n o c u l a r  c e l l s  (C y n a d e r , e t . a l .  and  M i t c h e l l ,  e t . a l ) ,  im
p l y in g  a s e p a r a t i o n  o f  s e n s o r y - s t i m u l a t e d  from  g e n e r a l  d e 
v e lo p m e n t.  At 1 ,  2 ,  3 ,  & 5 m os. a r e a  17 and  LGN w ere  rem o v ed , 
and  th e n  h o m o g en ized  in  b u f f e r e d  i s o t o n i c  s u c r o s e .  W hile  some 
c h a n g e s  in  th e  above  enzym es w ere  o b s e rv e d  (A ok i & S i e k e v i t z ,  
1 9 8 3 , N e u r o s c i .  A b s . ,  p .  9 1 1 ) ,  th e  m ost d r a m a tic  e f f e c t  i s  
th e  cA M P -dependent [ 3 2 P]-A TP p h o s p h o r y l a t i o n  o f  MAP2 . T h is  
p r o t e i n  was i d e n t i f i e d  by m o b i l i t y  on SDS g e l s ,  by e n h a n ce d  
p h o s p h o r y l a t i o n  by cAMP, and  by r e a c t i o n  on W e ste rn  b l o t s  
w i th  m o n o c lo n a l a n t i b o d i e s  ( p ro v id e d  by A. M atus and  L . I .  
B i n d e r ) .  MAP2 , a s  w e l l  a s  S y n a p s in I ,  w ere  p h o s p h o ry la te d  in  
a cA M P -dependent m anner u n d e r  a l l  t h r e e  c o n d i t i o n s  o f  r e a r i n g .  
In  a l l  f i v e  l i t t e r s ,  th e  v i s u a l  c o r t e x ,  b u t  n o t  th e  LGN, o f 
DL k i t t e n s  show ed e n h a n ce d  MAP2 p h o s p h o r y l a t i o n  o v e r  DR (an  
i n c r e a s e  o f  25– 350%, m ea su red  by c u t t i n g  o u t  MAP2 b a n d s  and 
c o u n t i n g ) .  The e n h an cem en t was in d e p e n d e n t  o f  th e  a d d i t i o n  o f  
p r o t e i n  k i n a s e ,  i n d i c a t i n g  t h a t  th e  enzyme was n o t  l i m i t i n g .
In  c o n t r a s t ,  th e  p h o s p h o r y l a t i o n  o f  S y n a p s in  I  was n o t  a l t e r e d .  
E x p e r im e n ts  a r e  b e in g  done to  s e e  i f  MAP2 c o n e s ,  a r e  ch an g ed  
by th e  r e a r i n g  c o n d i t i o n s .  I t  h a s  b e e n  r e p o r t e d  t h a t  MAP2 i s  
fo u n d  in  d e n d r i t e s  and  n o t  i n  a x o n s ,  t h a t  i t  i s  in v o lv e d  in  
th e  p o l y m e r iz a t i o n  o f  t u b u l i n  and  th e  a s s o c i a t i o n  o f m ic ro 
t u b u le s  w i th  n e u r o f i l a m e n t s .  S in c e  p h o s p h o r y l a t i o n  o f  MAP2 
a l t e r s  t h e s e  a c t i v i t i e s ,  i t  may be t h a t  p l a s t i c i t y  in  th e  
v i s u a l  c o r t e x  i n v o lv e s  a r e o r g a n i z a t i o n  o f  d e n d r i t i c  s p in e s  
a nd  b r a n c h in g . S u p p o r te d  by NIH 1 R03 EY04812-01 and  NIH 
5 T32 GM07524 I n s t i t u t i o n a l '  T r a in i n g  G r a n t .

314.4  THE VISUAL CORTEX OF DARK REARED KITTENS: UNRESPONSIVE 
CELLS BECOME RESPONSIVE WITH INDUCED INCREASES IN 
EXCITABILITY.  A .S . Ramoa*, M. S h a d le n * , R .D . F reem an  
(SPO N :P .A .A n d e r s o n ) ,  S c h o o l o f  O p to m e try , U n iv . o f  
C a l i f o r n i a ,  B e r k e le y ,  CA 94720

The v i s u a l  c o r t e x  o f  d a r k - r e a r e d  k i t t e n s  i s  p r o f o u n d ly  
a b n o rm a l.  M ost c e l l s  a r e  v i s u a l l y  u n r e s p o n s iv e  o r  w e a k ly  
r e s p o n s i v e  t o  v i s u a l  s t i m u l a t i o n  an d  t e n d  t o  b e  r e l a t i v e l y  
u n s e l e c t i v e  f o r  b a s i c  s t i m u l u s  p r o p e r t i e s  s u c h  a s  o r i e n 
t a t i o n  o r  d i r e c t i o n .  T h ese  c h a n g e s  c o u ld  b e  d u e  t o  c o m p le te  
f u n c t i o n a l  o r  a n a to m ic a l  l o s s  o f  v a r i o u s  c o n n e c t i o n s .  On 
t h e  o t h e r  h a n d , i n p u t s  may b e  p r e s e n t  b u t  d y s f u n c t io n a l  
a s  a  r e s u l t  o f  l a c k  o f  v i s u a l  s t i m u l a t i o n .  We h a v e  
a t t e m p te d  t o  d i s t i n g u i s h  b e tw e e n  t h e s e  p o s s i b i l i t i e s  by  
a r t i f i c i a l l y  r a i s i n g  t h e  l e v e l  o f  e x c i t a b i l i t y  o f  c o r t i c a l  
c e l l s ,  w h ic h  m ig h t  r e v e a l  t h e  e x i s t e n c e  o f  i n p u t  t h a t  i s  
o th e r w i s e  s u b th r e s h o ld .

A t h r e e - b a r r e l e d  g l a s s  m i c r o e l e c t r o d e  w i th  a  s h a rp e n e d  
t u n g s t e n  w i r e  p r o j e c t i n g  fro m  o n e  o f  t h e  b a r r e l s  was u s e d  
f o r  s im u l ta n e o u s  s i n g l e  u n i t  r e c o r d in g  an d  i o n o p h o r e s i s  
o f  D L -h o m o c y ste ic  a c id  (DLH, 0 .2 M ). DLH r a i s e s  s p o n ta n e o u s  
a c t i v i t y  o f  c o r t i c a l  n e u ro n s  w i th o u t  a f f e c t i n g  r e c e p t i v e  
f i e l d  p r o p e r t i e s  i n  n o rm a l c a t s .  F o r  t h e  d a r k  r e a r e d  
a n im a ls ,  a  q u a n t i t a t i v e  e v a lu a t io n  o f  r e s p o n s e s  d u r in g  
i o n o p h o r e s i s  o f  DLH show ed t h a t :
1) A l l  s am p led  c e l l s  c o u ld  b e  d r iv e n  b y  a  m oving  b a r  o f  
l i g h t ,  i n c l u d i n g  t h o s e  c o n s id e r e d  u n r e s p o n s iv e  p r i o r  t o  
t h e  a d m i n i s t r a t i o n  o f  DLH.
2) F o r  some c e l l s ,  t h e  o n ly  r e s p o n s e  w as a  s u p p r e s s io n  o f  
t h e  r a i s e d  m a in t a in e d  d i s c h a r g e .  T h is  p r o p e r t y  g e n e r a l l y  
c a n n o t  b e  r e v e a l e d  p r i o r  t o  DLH e j e c t i o n  d u e  t o  t h e  low  
s p o n ta n e o u s  a c t i v i t y  o f  m o st u n i t s .
3) I o n o p h o r e s i s  o f  DLH h ad  no e f f e c t  on s e l e c t i v i t y  t o  
s t i m u l u s  p r o p e r t i e s .  M ost c e l l s  w e re  r e l a t i v e l y  u n s e l e c t i v e  
f o r  t h e  o r i e n t a t i o n  an d  d i r e c t i o n  o f  m o ving  s l i t s .

T h e se  r e s u l t s  show t h a t  m o st s t r i a t e  c o r t i c a l  c e l l s  in  
d a rk  r e a r e d  c a t s  r e t a i n  some k in d  o f  o r g a n iz e d  v i s u a l  
i n p u t .  H ow ever, f o r  m any n e u ro n s  t h i s  i n p u t  a l l o w s  
r e s p o n s e s  w h ic h  a r e  j u s t  s u b th r e s h o ld  o r  s u p p r e s s iv e  in  
n a t u r e .  On t h e  o t h e r  h a n d , l o s s  o f  s t i m u l u s  s p e c i f i c i t y  
a p p e a r s  d u e  t o  f a c t o r s  o t h e r  t h a n  w e a k e n in g  o f  r e m a in in g  
c o n n e c t i o n s .  (EY01175)

314.5 MODIFICATION OF FUNCTION IN CAT VISUAL CORTICAL NEURONES 
INDUCED BY CONTROL OF THE CORRELATION BETWEEN POSTSYNAPTIC 
ACTIVITY AND VISUAL INPUT.  Y.Frég nac . S .Thorpe, D.Shulz* and  
E .B ie n e n s to c k  (S P ON: E u ro p e a n  N e u ro s c ie n c e  A s s o c i a t i o n ) .   
L a b o r a t o i r e  de N e u ro b io lo g ie  du D é v e lo p p e m e n t, B at 4 4 0 , 
U n iv e r s i t é  de P a r is  X I, 91405 O rsay Cédex, F ran ce .

A l i k e ly  m echanism  o f e p ig e n e s is  in  v i s u a l  c o r te x  i s  mo
d i f i c a t i o n  in  s y n a p tic  t r a n s m i s s i o n  l i n k e d  to  c o r r e l a t i o n  
b etw een  p r e -  and p o s t - s y n a p t ic  a c t i v i t i e s  (H ebb,1949; F régnac 
and  I m b e r t ,  19 8 4 ). To t e s t  t h i s  h y p o t h e s i s ,  a c o n d i t i o n i n g  
p ro ced u re  was u sed : we a r t i f i c i a l l y  c o n t r o l le d  th e  te m p o ra l 
c o r r e l a t i o n  betw een  p r e s e n ta t io n  o f a s t im u lu s  in  th e  re c e p 
t i v e  f i e l d  o f th e  reco rd e d  c e l l  and i t s  p o s ts y n a p tic  a c t i v i 
t y .  The a im  o f  t h i s  s tu d y  was to  m o d ify  o r i e n t a t i o n  p r e f e 
ren ce  a n d /o r  o c u la r  dom inance o f s in g le  c o r t i c a l  neu rones  in  
a n a e s th e t iz e d  ( A lth e s in )  and p a ra ly s e d  c a t s .

Io n o p h o re t ic  te c h n iq u e s  w ere used  to  clam p n eu ro n a l f i 
r in g  in  a s s o c ia t io n  w ith  d i f f e r e n t  v is u a l  in p u ts :  one s tim u 
lu s  o f a g iv e n  o r i e n t a t i o n  o r  o c u l a r i t y  was p re s e n te d  w h ile  
th e  c e l l ' s  a c t i v i t y  was m a in ta in e d  a t  a "low " l e v e l ,  and an
o th e r  one (o f d i f f e r e n t  o r i e n t a t i o n  o r  o c u la r i t y )  w h ile  th e  
c e l l ' s  f i r i n g  w as i n c r e a s e d  to  a " h ig h "  l e v e l .  C lam p o f  
n e u r o n a l  a c t i v i t y  w as a c h ie v e d  by v a r y i n g . th e  r e t e n t i o n /  
e j e c t i o n  c u r r e n t  o f th e  p o ta ss iu m  a c e ta t e  o r c h lo r id e  e x t r a 
c e l l u l a r  r e c o r d i n g  e l e c t r o d e .  C a re  w as ta k e n  to  a v o id  
p o ta ss iu m  a c c u m u la tio n  and d e p re s s io n  e f f e c t s .

C o n t r o l  s t u d i e s  show ed t h a t  p r e f e r r e d  o r i e n t a t i o n  i s  
u n a f f e c t e d  by th e  l e v e l  o f  a c o n s t a n t  c u r r e n t  a p p l ie d  
th ro u g h  th e  m ic ro e le c tro d e .  When th e  o r i e n t a t i o n  c o n d i t io 
n ing  p ro ced u re  was a p p l ie d  (m o n o c u la r ly ) , s i g n i f i c a n t  chan
ges in  th e  v is u a l  re sp o n se  p r o f i l e  o r  in  th e  r e l a t i v e  p r e f e 
ren ce  fo r  th e  two s t im u l i  w ere found in  more th a n  50% of th e  
c a se s  s tu d ie d .  These m o d i f ic a t io n s  w ere o bserved  in  n o rm a lly  
r e a r e d  c a t s  a s  o ld  a s  5 m o n th s , b u t  th e  c l e a r e s t  e f f e c t s  
i n c l u d i n g  s i g n i f i c a n t  ch a n g es  o f th e  p r e f e r r e d  o r ie n t a t i o n  
w ere seen  in  d e p riv e d  k i t t e n s  re co rd e d  a t  6 weeks o f age .

R egard ing  o c u la r  dom inance, in  s p i t e  o f h ig h e r  v a r i a b i l i 
ty  in  c o n t r o l  r e c o r d i n g s ,  s i g n i f i c a n t  c h a n g e s  h av e  b ee n  
observ ed  in  th e  a d u l t  c a t .  Some c e l l s  r e ta in e d  th e  te m p o ra l 
p a t t e r n  o f  d i s c h a r g e  im p o se d  d u r in g  th e  c o n d i t i o n i n g .  
S im i la r  e x p e rim e n ts  a r e  c a r r i e d  o u t in  k i t t e n s .

In  g e n e ra l ,  th e  o bserved  fu n c t io n a l  changes w ere c o n s is 
t e n t  w i th  H eb b 's  h y p o t h e s i s :  th e  s t i m u l u s  p r e s e n t e d  w hen 
p r e -p o s t  c o r r e l a t i o n  was in c r e a s e d  becam e m ore e f f e c t i v e ,  
w h i le  th e  s t i m u l u s  s e e n  d u r in g  d e c r e a s e d  c o r r e l a t i o n  o r  
b lo c k  o f a c t i v i t y  became l e s s  e f f e c t i v e .

T h is  work has  been  s u p p o rted  by CNRS and DGRST g r a n t s .

314.6  PREMATURE EXPOSURE TO LIGHT DOES NOT ALTER THE COURSE OF 
SYNAPTOGENESIS IN THE PRIMATE STRIATE CORTEX.
 J . - P .  B ourgeois*  and P. R ak ic .  S e c tio n  o f  N euroanatom y,
Y ale U n iv e r s i ty  School o f  M ed ic in e , New Haven, CT 06510.

E vidence from th e  l i t e r a t u r e  i n d i c a t e s  d e f i c i t s  o f 
v i s u a l  p ro c e s s in g  in  p rem atu re  human i n f a n t s ,  w h ile  some 
e x p e rim e n ta l d a ta  in  an im als  su g g e s ts  an in d u c tiv e  e f f e c t  
o f  l i g h t  on s y n a p tic  developm ent. We te s t e d  th e  e f f e c t s  o f 
p re c o c io u s  v i s u a l  e x p e rie n c e  on th e  r a t e  o f s y n a p to g e n e s is , 
r a t i o  and s iz e  o f  v a r io u s  s y n a p tic  c l a s s e s  in  th e  s t r i a t e  
c o r te x  o f th e  rh e s u s  monkey. Four f e tu s e s  w ere d e l iv e r e d  
by C aesarean  s e c t io n  3 weeks b e fo re  te rm , w hich no rm a lly  
o cc u rs  a t  th e  165th p o s tco n c e p tu a l day . The a n im a ls ' eyes 
w ere opened and th ey  w ere exposed to  a 12-h o u r  l i g h t /d a rk  
c y c le  in  th e  p r im a te  n u rs e ry  w here th e y  w ere r a i s e d .  Four 
p a i r s  o f  p rem atu re  and c o n t ro l  an im a ls  ( d e l iv e r e d  a t  te rm ) 
w ere s a c r i f i c e d  a t  te rm , o n e , tw o, and th r e e  weeks a f t e r  
th e  ex p e c ted  day o f  b i r t h ,  r e s p e c t iv e ly .  The s t r i a t e  
c o r te x  in  th e  upper bank o f th e  c a lc a r in e  f i s s u r e  was 
an a ly zed  by e l e c t r o n  m icro scopy . The d e n s i ty  o f  syn
a p s e s /100um2 o f  n e u ro p i le ,  and th e  r a t i o  and le n g th  o f 
membrane d e n s i t i e s  o f  d i f f e r e n t  c l a s s e s  o f  sy n ap ses  w ere 
de te rm ined  on photom ontages spann ing  th e  e n t i r e  c o r t i c a l  
th ic k n e s s .

We found th a t  th e  s y n a p tic  d e n s i ty  was s im i la r  in  a l l  
la y e r s  in  b o th  e x p e rim e n ta l and c o n t r o l  s u b je c t s ,  in c r e a s 
in g  from  15–20 c o n t a c t s /100um2 a t  te rm  to  25–30 con
t a c t s /  100um2 o f  n e u ro p i le  a t  th r e e  w eeks. The p e rc e n ta g e  
o f  s y n a p tic  c o n ta c ts  s i t u a t e d  on somas (0 – 2%), d e n d r i t i c  
s h a f t s  (20–30%) and s p in e s  (70–80%) w ere a l s o  s im i la r  in  
s u b la y e rs  IVA, B, C in  b o th  groups o f  a n im a ls . A s l i g h t  
in c r e a s e  in  th e  p e rc e n ta g e  o f  c o n ta c ts  on s p in e s  concomi
t a n t  w ith  a  d e c re a s e  in  th e  c o n ta c ts  on s h a f t s  in  s u b la y e rs  
IVA and B o c c u rs  betw een b r i t h  and 3 weeks in  b o th  c o n t r o ls  
and an im als  d e l iv e r e d  p re m a tu re ly . The le n g th  o f  s y n a p tic  
c o n ta c ts  on d e n d r i t i c  s p in e s  and s h a f t s  in  s u b la y e rs  IVA,  
B, and C in  norm al and p rem atu re  monkeys was n o t s i g n i f i 
c a n t ly  d i f f e r e n t  by th e  Mann-Whitney U - te s t .  The f in d in g  
th a t  th e  r a t e  o f  sy n a p to g e n e s is , d i s t r i b u t i o n  and s iz e  o f 
v a r io u s  c l a s s e s  o f  s y n a p tic  c o n ta c ts  in  th e  v i s u a l  c o r te x  
i s  u n a l te r e d  by p re c o c io u s  v i s u a l  e x p e rie n c e  s u g g e s ts  t h a t  
th e  i n i t i a t i o n  and co u rse  o f  th e s e  c e l l u l a r  e v e n ts  may be 
d eterm ined  by in n a te  m echanism s. W hatever th e  e f f e c t  o f 
p rem atu re  l i g h t  ex posu re  may b e , i t  i s  n o t ex p re sse d  in  th e  
s y n a p tic  p a ram a te rs  m easured in  t h i s  s tu d y . S upported  by 
EY02593 and NS19610.
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314.7  SPATIO-TEMPORAL RELATIONS BETWEEN THE CELLS OF LAYERS 4 & 
6 AND THEIR GENICULOCORTICAL AFFERENT INPUT DURING
DEVELOPMENT.  M.B. L usk in  and C .J .  S h a tz .  D ep t. Neuro  
b io lo g y , S ta n fo rd  U niv . S ch . M ed., S ta n fo rd , CA 94305.

In  th e  a d u l t  c a t ’ s  p rim ary  v i s u a l  c o r te x  a f f e r e n t s  from 
th e  l a t e r a l  g e n ic u la te  n u c le u s  te rm in a te  m ain ly  in  l a y e r s  
4 & 6 . To f in d  o u t more ab o u t how t h i s  p a t t e r n  o f  connec
t i v i t y  i s  a c h ie v e d , we have exam ined th e  r e l a t i o n s h i p  
betw een th e  p o s i t i o n  o f  ing row ing  a f f e r e n t s  and c e l l s   
d e s t in e d  f o r  l a y e r s  4 & 6 , a t  v a r io u s  tim es  d u rin g  th e   
c a t ’ s  65 day g e s ta t io n  p e r io d .  The a f f e r e n t  pathway was  
la b e le d  by i n t r a o c u l a r  i n j e c t i o n s  o f  3H -p ro lin e  fo llow ed  
by tr a n s n e u ro n a l  t r a n s p o r t .  C e l ls  d e s t in e d  f o r  la y e r s  4 & 
6 w ere i d e n t i f i e d  by la b e l in g  w ith  3H -thym idine v ia   
i n t r a u t e r i n e  i n j e c t i o n  on th e  days th e y  a re  know to  be  
g e n e ra te d : Em bryonic day 37 (E37) to  E43 f o r  la y e r  4 , and 
E30 to  E35 f o r  la y e r  6 (N e u ro s c i. A b e t. ,  8 : 3 , 1982 ).

By E39, most la y e r  6 c e l l s  a r e  p o s tm ig ra to ry  and 
p o s i t io n e d  w ith in  th e  c o r t i c a l  p l a t e  (C P), w h ile  la y e r  4 
c e l l s  have j u s t  begun to  be g e n e ra te d .  A f fe re n ts  a r e  
c o n fin e d  to  th e  o p t i c  r a d i a t i o n s  and can n o t be d e te c te d  
e i t h e r  w ith in  th e  CP o r  u n d e r ly in g  s u b p la te  (S P ). Even 1 
week l a t e r  f u tu r e  la y e r  6 a p p e a rs  f r e e  o f  l a b e l ,  a lth o u g h  
a f f e r e n t s  have invaded  th e  SP. By E57, how ever, some 
a f f e r e n t s  have grown in t o  th e  low er h a l f  o f  th e  CP ( f u tu r e  
l a y e r s  5 & 6 from 3H-th y m id in e  l a b e l i n g ) .  The upper h a l f  
o f  th e  CP c o n s i s t s  a lm o s t e n t i r e l y  o f  f u tu r e  la y e r  4 a t  
t h i s  a g e , y e t  no a f f e r e n t s  can be d e te c te d  th e r e .  By 
b i r t h ,  th e  upper h a l f  o f  th e  CP i s  s t i l l  im m ature, and i s  
a  h e te ro g en eo u s  m ix tu re  c o n s is t i n g  o f  th e  p o s tm ig ra to ry  
c e l l s  o f  la y e r  4 p lu s  th e  c e l l s  o f  la y e r s  2 & 3 t h a t  a re  
s t i l l  en ro u te  to  t h e i r  f i n a l  p o s i t i o n s  e x te r n a l  to  la y e r  
4 . At t h i s  tim e , some o f  th e  a f f e r e n t s  can be found n o t 
o n ly  in  th e  low er b u t a l s o  in  th e  upper h a l f  o f  th e  CP. I t  
i s  n o t u n t i l  th e  fo u r th  p o s tn a t a l  week t h a t  th e  m a jo r ity  
o f  c e l l s  co m p ris in g  l a y e r s  2 & 3 re ac h  t h e i r  a d u l t  p o s ito n  
above la y e r  4; t h i s  tim e c o in c id e s  w ith  th e  o n s e t o f 
s e g re g a t io n  o f  th e  g e n i c u lo c o r t i c a l  a f f e r e n t s  in  la y e r  4 .  

T hese r e s u l t s  i n d i c a t e  t h a t  in  c a t ,  a s  in  monkey 
(R ak ic , P h i l .  T ra n s . R. S oc . ,  278 :245 , 1977) g e n ic u lo   
c o r t i c a l  a f f e r e n t s  accum ula te  in  th e  SP and w a it a t  l e a s t  
1 week b e fo re  e n te r in g  th e  CP. Thus i t  may be t h a t  th e  
o n s e t o f  th e  s e g re g a t io n  o f  a f f e r e n t s  in to  o c u la r  domi
nance colum ns i s  s ig n a le d  in  p a r t  by th e  p re sen ce  o f  a 
homogenous c o r t i c a l  la y e r  4 in  w hich th e  m a jo r ity  o f  c e l l s  
a r e  p o s tm ig ra to ry . (S uppo rted  by NIH g ra n t s  EY02585 and 
N S07158).

314.8  THE DEVELOPMENT OF AXONAL ARBORS IN THE VISUAL 
 CORTEX OF THE HAMSTER.  J.R . Naeoele and G.E. 

Schneider.  Whitaker Col l ege and Dept.  of 
Psychology, M .I.T ., Cambridge, MA 02139.

The rapid postnatal formation o-f a ffe re n t axonal 
arbors in the visual cortex of the Syrian hamster 
Mas studied by in se rtin g  small p e llees of HRP, 
adhering to  the t ip  of a m icropipette, in to  the 
optic rad ia tio ns  and processing the tis su e  using 
co b a lt- in te n s ified  DAB histochem istry. Individual 
axons Mere traced Mith the aid of a draMing tube, 
and complete arbors Mere reconstructed from se r ia l 
sec tions. Q ualita tive  and q u an tita tiv e  comparisons 
Mere made of axonal branching a t d iffe re n t ages.

On the day of birth (PO), HRP labelled afferent 
axons Mere located in the intermediate zone beloM 
the cortical plate. The axons Mere oriented 
parallel to the pial surface and frequently 
supported several short (<20 µm) filopodia, and 
one or more longer processes (branches) coursing 
toward the overlying cortical plate. Growth cones 
Mere located at the terminal ends of axons and on 
branches. On P3-P5, many more labelled axons Mere 
observed extending into the cortical plate where 
they formed small, rudimentary arbors oriented 
perpendicular to the pial surface. At this age, 
the arbors consisted of a central fiber with 4 or 
5 primary branches often tipped with growth cones. 
By P12, larger and more complex terminal 
ramifications were observed within the cortex.

Comparisons with  the morphology of presumptive 
genicu locortical axons in the mature animal 
ind ica te  th a t the terminal arbors have atta ined  an 
a d u lt- lik e  morphology by P24. Q uantitative 
analysis of the d is tr ib u tio n  and lengths of 
branches demonstrates th a t a ffe ren t axons support 
m ultiple branches a t various d istances proximal to  
th e ir  end-arbor, a t le a s t u n til P5. On the 
average, during th is  period, each axon forms 1.5 
branches per 100 μm of i t s  length. However, 
widespread branching Mas seldom observed a t P12. 
The disappearance of extraneous branches coincides 
with  an augmentation of the terminal portion of 
the axonal arbor.

The age-related  d ifferences in the d is tr ib u tio n  
and focalization  of branches on a ffe ren t axons in 
the visual cortex may re f le c t  an i n i t i a l  process 
of t r i a l -and-error growth . Subsequent remodeling 
serves to  improve sp a tia l organization in the 
visual cortex; th is  process of maturation occurs 
before the eyes have opened on P14.
Support: NIH grants 5R01 EY00126 & 5P30 EY02621.

314.9  6-OHDA: PROTECTION AGAINST BEHAVIORAL EFFECTS OF MONOCULAR 
DEPRIVATION.  B. Gordon. J .  Moran*. P. Trombley*, and J . 
Sovke*.  I n s t . o f N euroscience, Univ. of Oregon, Eugene, OR 
97403.

Kasamatsu and h is  co lleagues have repo rted  th a t dep le t
ing norepinephrine (NE) in  the v isu a l co rtex  with 6-hydroxy
dopamine (6 -OHDA) p reserves the a b i l i ty  of a monocularly 
deprived (MD) eye to d rive  c e l ls  in  the v isu a l cortex  
( Sc ience , 194:206, 1976; J .  comp. Neurol. ,  185:139, 1979).  
I f  th is  p ro te c tio n  from the e f fe c ts  of MD is  beh av io ra lly  
s ig n i f ic a n t ,  6-OHDA should a lso  prevent the behav ioral 
b lindness in  the deprived eye th a t would otherw ise accom
pany MD. To te s t  th is  p re d ic tio n  we compared the v isu a l 
a cu ity  of MD k i t te n s  tre a te d  w ith 6-OHDA in tr a v e n tr ic u la r ly  
w ith the acu ity  o f monocularly deprived k it te n s  th a t did 
no t receive  6-OHDA. We tra in e d  the k it te n s  to  perform a 
v is u a l a cu ity  task  a t  about 4 weeks of age. At about 5 
weeks of age experim ental k it te n s  received  6-OHDA (4 .8  mg/  
anim al, over 6 days). Control k it te n s  received  veh ic le  
so lu tio n  in tr a v e n tr ic u la r ly  or received  no treatm ent a t a l l .  
At about 6 weeks o f age the r ig h t eye o f a l l  k it te n s  was 
su tu red  shut fo r one week. When the deprived eye was 
opened a t 7 weeks of age, 8 of 11 co n tro l k i t t e n s were 
b lin d  when te s te d  w ith the deprived eye. In c o n tra s t none 
o f the k it te n s  rece iv in g  6-OHDA were b lin d  when te s te d  with 
the deprived eye. The d iffe ren ce  between these groups was 
s t a t i s t i c a l l y  s ig n if ic a n t  (p<0.05, F ish e r Exact T e s t) .  
6 -OHDA had no e f f e c t  on performance w ith the nondeprived  
eye.

We used high performance liq u id  chromatography to  meas
ure the amount of NE in  the v isu a l co rtex  of 5 experimen
t a l  and 14 co n tro l anim als. NE averaged 8 ± 2.8  ng/g 
(mean ± S .E .) in  the experim ental animals and 55 ± 4.9  
ng/g (mean ± S .E .) in  the co n tro l anim als. Two o f these  
con tro ls  were used in  the behav iora l experim ents, twelve 
were used in  o th e r experim ents.

We conclude th a t 6-OHDA p ro te c ts  v is io n  through an eye 
th a t has su ffe red  one week of d e p riv a tio n . The fa c t th a t 
v is io n  in the nondeprived eye was not impaired argues th a t 
6-OHDA does not e x e r t i t s  e f fe c ts  by damaging connections 
from both eyes and thus decreasing  b in o cu la r com petition .

Supported by g ran t number EY04050 from the N ational Eye 
I n s t i t u t e .

314.10  NOREPINEPHRINE DEPLETION; RELATION TO VISUAL CORTICAL 
PLASTICITY.  E . E . A l l e n .  P . T ro m b le y * . J .  S o v k e* . and  
B. G o rd o n .  I n s t ,  o f  N e u r o s c ie n c e ,  U n iv . o f  O reg o n , E u g e n e , 
OR 97403

K a sa m a tsu , e t  a l . ( S c ie n c e  1 9 4 :2 0 6 ,  1976;
J.  Comp. N e u r o l ,  1 8 5 : 1 3 9 , 1 9 7 9 ; i b i d . , 163;
J . N e u ro p h y s . 4 5 :2 5 4 ,  1 9 8 1 ) ,  h ave  o b ta in e d  e v id e n c e  t h a t  
d e p l e t i o n  o f  n o r e p in e p h r in e  (NE) from  th e  d e v e lo p in g  v i s u a l  
c o r t e x  o f th e  c a t  r e s u l t s  in  a l o s s  o f  n e u ro n a l  p l a s t i c i t y .  
A d r ie n ,  e t  a l . (C . R. Acad.  S c . P a r i s  2 9 5 :7 4 5 ,  1 9 8 2 ) ,  B e a r ,  
e t  a l .  ( N a tu re  3 0 2 :2 4 5 ,  1 9 8 3 ) ,  and Daw, e t  a l .
( J .  N e u r o s c i . , 1 9 8 4 , i n  p r e s s ) ,  h o w e v e r , have  r e p o r t e d  
c o n t r a r y  r e s u l t s .  A c c o rd in g  to  K a sa m a tsu  and h i s  c o l l e g u e s ,  
i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  6 -h y d ro x y d o p a m in e  
( 6 - OHDA) to  k i t t e n s  e l i m i n a t e s  th e  d om inance  o f th e  
n o n d e p r iv e d  eye w h ic h  w o u ld  o th e r w is e  o c c u r  f o l l o w in g  a 
p e r i o d  o f  m o n o c u la r  d e p r i v a t i o n  (MD). In  o u r  h a n d s  6 - OHDA 
r e d u c e s ,  b u t  d o e s  n o t  e l i m i n a t e ,  t h i s  s h i f t  i n  o c u l a r  
d o m in a n c e . F iv e  c o n t r o l  c a t s  w h ic h  r e c e i v e d  th e  a s c o r b i c  
a c id  v e h ic l e  s o l u t i o n  a lo n e  h ad  a m ean v a lu e  o f  7 .8  ( ± 2 .2 ,  
S .E . )  p e r c e n t  o f  v i s u a l  c o r t i c a l  c e l l s  d r iv e n  by th e  
d e p r iv e d  e y e ,  w h i le  10 a n im a ls  w h ic h  r e c e i v e d  d o s e s  o f  4 . 8  -  
1 2 .4  mg 6 - OHDA h a d  a m ean v a lu e  o f  3 6 .9  ( ± 5 .4 ,  S .E .)  
p e r c e n t .  I f ,  a s  K a sa m a tsu  b e l i e v e s ,  t h i s  l o s s  o f  p l a s t i c i t y  
i s  due to  d e p l e t i o n  o f  NE, th e n  th e  d o s e - r e s p o n s e  
r e l a t i o n s h i p  b e tw e en  6 - OHDA and th e  p e r c e n ta g e  o f  c o r t i c a l  
c e l l s  d r iv e n  by th e  d e p r iv e d  ey e  s h o u ld  p a r a l l e l  th e  
r e l a t i o n s h i p  b e tw e e n  6 - OHDA and c o r t i c a l  NE d e p l e t i o n .  
K a sa m a tsu  and P e t t i g r e w  (1 9 7 9 ; F ig .  5) p r e s e n t  a s e r i e s  o f  
d o s e - r e s p o n s e  r e l a t i o n s h i p s  w h ich  i n d i c a t e  t h a t  th e  m o s t 
p ro n o u n c e d  e f f e c t s  o f  6 - OHDA on p l a s t i c i t y  o c c u r  a t  d o s e s  
g r e a t e r  th a n  10 mg, w h i le  d o s e s  o f  l e s s  th a n  5 mg h a v e  no 
e f f e c t ;  i n t e r m e d i a t e  d o s e s  show l i m i t e d  p r o t e c t i o n  from  th e  
e f f e c t s  o f  MD. R e c e n t  e x p e r im e n ts  in  o u r  l a b o r a t o r y  h av e  
d e m o n s t r a te d ,  th ro u g h  th e  u se  o f  h ig h  p e r fo rm a n c e  l i q u i d  
c h ro m a to g ra p h y , t h a t  a l l  d o s e s  o f  6 - OHDA from  0 .1  – 4 .8  mg 
r e s u l t  i n  a p p ro x im a te ly  90% d e p l e t i o n  o f  c o r t i c a l  NE. Thus 
some e f f e c t  o f  6 - OHDA o t h e r  th a n  d e p l e t i o n  o f  c o r t i c a l  NE i s  
p r o b a b ly  r e s p o n s i b l e  f o r  i t s  a b i l i t y  to  p r o t e c t  a g a i n s t  th e  
e f f e c t s  o f  MD. In  o r d e r  to  f u r t h e r  c l a r i f y  th e  
r e l a t i o n s h i p s  among 6 - OHDA, NE, and n e u ro n a l  p l a s t i c i t y ,  we 
a r e  c u r r e n t l y  s tu d y in g  th e  p h y s io l o g ic a l  and b e h a v io r a l  
e f f e c t s  o f  th e s e  low  d o s e s  o f  6 - OHDA.

S u p p o r te d  by NIH g r a n t  E Y 0 4050-02 .
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314.11.  HEMISPHERIC DIFFERENCES IN VISUAL EVOKED POTENTIALS  
ELICITED FROM CATS REARED WITH ALTERNATING MONOCULAR VISION.  
M. S h a d le n *  an d  R .D . F reem an  (SPON: J .A .  A n d erso n )  N e u ro 
b i o lo g y  G ro u p , U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e le y ,  CA 9 4 7 2 0 .

V i s u a l  e v o k ed  p o t e n t i a l s  (VEPs) e l i c i t e d  by  c o n t r a s t  
r e v e r s a l  c a n  b e  u t i l i z e d  t o  ex am in e  s e p a r a t e  r e s p o n s e s  o f  
t h e  tw o h e m is p h e r e s .  I n t e r h e m i s p h e r i c  d i f f e r e n c e s  i n  
a c t i v i t y  c a n  b e  e n h a n c e d  b y  r e c o r d in g  d i f f e r e n t i a l l y  
b e tw e e n  e l e c t r o d e s  p l a c e d  o v e r  e a c h  h e m is p h e re .  We h a v e  
u t i l i z e d  t h i s  m eth o d  o f  r e c o r d in g  t o  com pare  h e m is p h e r ic  
o r g a n i z a t i o n  i n  n o rm a l c a t s  an d  t h o s e  r e a r e d  w i th  a l t e r 
n a t i n g  m o n o c u la r  o c c lu s i o n  (A ltM D ).

We f in d  t h a t  n o rm a l c a t s  e x h i b i t  s t r o n g  d i f f e r e n c e  
p o t e n t i a l s  (DPs) t o  c o n t r a s t  r e v e r s a l  r e s t r i c t e d  t o  o n e  
h e m i f i e l d .  The DP r e v e r s e s  p o l a r i t y  w hen s t i m u l i  a r e  
p r e s e n t e d  i n  t h e  o p p o s i t e  h e m i f i e l d ,  an d  i s  c a n c e l l e d  
d u r in g  f u l l  f i e l d  s t i m u l a t i o n .  W aveform s a r e  n e a r l y  
i d e n t i c a l  f o r  l e f t  an d  r i g h t  e y e  s t i m u l a t i o n ,  an d  e x h i b i t  
su m m atio n  when s t i m u l i  a r e  p r e s e n t e d  b i n o c u l a r l y .

C a ts  r e a r e d  w i th  AltMD show p r o fo u n d  d i f f e r e n c e s  i n  DPs 
d e p e n d in g  on  t h e  e y e  s t i m u l a t e d .  The m o n o c u la r  r e s p o n s e  
t o  t h e  c o n t r a l a t e r a l  h e m i f i e l d  ( u n c r o s s e d  p a th w a y ) i s  
e x t r e m e ly  w eak o r  a b s e n t .  The b i n o c u l a r  r e s p o n s e  i s  
i n d i s t i n g u i s h a b l e  fro m  t h e  i p s i l a t e r a l  (d o m in a n t)  m o n o c u la r  
r e s p o n s e .  F u l l  f i e l d  s t i m u l a t i o n  t o  e a c h  e y e  p ro d u c e s  
s t r o n g  DPs w h ic h  a r e  o f  o p p o s i t e  p o l a r i t y  f o r  l e f t  and  
r i g h t  e y e s .  F u l l  f i e l d  s t i m u l i  p r e s e n t e d  t o  b o th  e y e s  
p ro d u c e  c a n c e l l a t i o n .

T hus f o r  c a t s  d e p r iv e d  o f  n o rm a l b i n o c u l a r  v i s i o n ,  a  
s t r o n g  c o n t r a l a t e r a l  o c u l a r  d o m in an ce  i s  r e f l e c t e d  i n  one  
c o m p o n en t o f  t h e  VEP. A p p a r e n t ly ,  t h i s  o r g a n i z a t i o n  i s  
n o t  e v id e n t  fro m  s i n g l e  u n i t  r e c o r d in g .  I t  h a s  b e e n  
r e p o r t e d  t h a t  t h e  d e v e lo p in g  k i t t e n  c a n  u t i l i z e  t h e  
t e m p o r a l  v i s u a l  f i e l d  ( c r o s s e d  p a th w a y )  p r i o r  t o  t h e  n a s a l  
h e m i f i e l d  f o r  o p t o k i n e t i c  n y s ta g m u s  an d  o r i e n t i n g  b e h a v io r .  
Our r e s u l t  i s  c o n s i s t e n t  w i th  t h e s e  f i n d i n g s  an d  s u g g e s t s  
t h a t  b i n o c u l a r  v i s i o n  i s  n e c e s s a r y  f o r  d e v e lo p m e n t o f  a  
f u n c t i o n a l  u n c r o s s e d  p a th w a y . The d i s c r e p a n c y  b e tw e e n  
s i n g l e  u n i t  r e c o r d in g  and  VEPs r e m a in s  t o  b e  r e s o l v e d .

S u p p o r te d  by  EY 01175.

3 1 4 . 1 2   BINOCULAR DEPTH PERCEPTION IN CATS REARED WITH INTEROCULAR 
 TORSIONAL DISPARITY.  P a u l  G. S h inkm an , B r ia n  T im n ey , 

M ic h a e l  R. I s l e y * ,  an d  D ia n e  C. R o g e r s * .  U n iv . N o r th  C a ro 
l i n a ,  C h a p e l H i l l ,  NC 27 5 1 4 , an d  U n iv . W e s te rn  O n t a r i o ,  
L on d o n , Canada N6A 5C2.

I n  t h e  p a s t  few  y e a r s  we h a v e  r e p o r t e d  t h e  e f f e c t s  o f  
r e a r i n g  k i t t e n s  w i th  o p t i c a l l y - i n d u c e d  t o r s i o n a l  d i s p a r i t y  
b e tw e en  t h e  two e y e s '  v i s u a l  i n p u t s ,  e s p e c i a l l y  i n  te r m s  o f  
t h e  i n t e r o c u l a r  r e l a t i o n s h i p s  o f  b i n o c u l a r  c o r t i c a l  c e l l s '  
r e c e p t i v e  f i e l d  p r o p e r t i e s .  K i t t e n s  w o re  g o g g le s  f i t t e d  
w i t h  s m a l l  p r is m s  t h a t  i n t r o d u c e d  o p p o s i t e  r o t a t i o n s  o f  t h e  
im ag es  i n  t h e  two e y e s .  The r e s u l t s  o f  some o f  t h e s e  e x p e r 
im e n ts  may b e  su m m arized  a s  f o l l o w s :  a f t e r  e a r l y  e x p e r i e n c e  
w i th  s m a l l  i n t e r o c u l a r  t o r s i o n a l  d i s p a r i t i e s  (16° t o t a l )  t h e  
g e n e r a l  p h y s io l o g ic a l  o r g a n i z a t i o n  o f  v i s u a l  c o r t e x  i s  r e l 
a t i v e l y  n o rm a l, e x c e p t  t h a t  t h e  d i s t r i b u t i o n  o f  i n t e r o c u l a r  
d i s p a r i t i e s  o f  b i n o c u l a r  c e l l s '  p r e f e r r e d  s t i m u l u s  o r i e n t a 
t i o n s  i s  s h i f t e d  away fro m  z e ro  an d  m a tc h e s  t h e  e x p e r i e n c e d  
i n t e r o c u l a r  d i s p a r i t y .  W ith  l a r g e  i n t e r o c u l a r  d i s p a r i t i e s  
(3 2 ° t o t a l )  b i n o c u l a r i t y  i s  s e v e r e l y  d i s r u p t e d ,  an d  t h e  few  
r e m a in in g  b i n o c u l a r  c e l l s  do n o t  show a  c o m p e n s a to ry  c h a n g e  
i n  p r e f e r r e d  i n t e r o c u l a r  o r i e n t a t i o n  d i s p a r i t y  on t h e  a v e r 
a g e .

M ore r e c e n t l y  we h a v e  s t u d i e d  th e  b e h a v io r a l  e f f e c t s  o f  
p r is m  g o g g le  r e a r i n g .  T h e re  a r e  d i s t i n c t  p a r a l l e l s  b e tw e en  
t h e  p h y s i o l o g i c a l  an d  b e h a v io r a l  f i n d i n g s .  We t e s t e d  32° 
g o g g le  r e a r e d  k i t t e n s  u s in g  t h e  ju m p in g  s ta n d  t e c h n iq u e  an d  
fo u n d  s e v e r e  d e f i c i t s  in  b i n o c u l a r  d e p th  p e r c e p t i o n ,  co n 
s i s t e n t  w i th  t h e  l o s s  o f  b i n o c u l a r i t y  i n  v i s u a l  c o r t e x  
(Shinkm an e t  a l . ,  I n t .  Cong. P h y s i o l .  S c i . ,  1 9 8 3 ) .  The 
d e f i c i t  i s  due n e i t h e r  to  p o o r  a c u i t y ,  w h ic h  i s  w i t h in  n o r 
m al l i m i t s ,  n o r  to  a r t i f a c t s  o f  t h e  r e a r i n g  c o n d i t i o n ,  s in c e  
b i n o c u l a r  d e p th  d i s c r i m i n a t i o n  o f  c o n t r o l  k i t t e n s  r e a r e d  
w e a r in g  0 ° g o g g le s  i s  in  t h e  low  n o rm a l r a n g e  a n d  i s  s u b 
s t a n t i a l l y  s u p e r i o r  t o  t h e i r  m o n o c u la r  p e r f o r m a n c e .  We now 
r e p o r t  t h a t  16 ° g o g g le  r e a r e d  k i t t e n s  e x h i b i t  b i n o c u l a r  
d e p th  p e r c e p t io n  s i m i l a r  to  t h e  c o n t r o l  o r  0 ° k i t t e n s .  
B in o c u la r  p e rfo rm a n c e  i s  s u p e r i o r  to  t h e  d i s c r i m i n a t i o n s  
made u n d e r  m o n o c u la r  c o n d i t i o n s .  T hus t h e  r e l a t i v e l y  n o rm a l 
c o r t i c a l  b i n o c u l a r i t y  o f  k i t t e n s  r e a r e d  w i th  s m a l l  i n t e r o c 
u l a r  t o r s i o n a l  d i s p a r i t i e s  i s  r e f l e c t e d  in  a  c o r r e s p o n d in g ly  
good  p e r c e p t u a l  c a p a c i ty  f o r  b i n o c u l a r  d e p th  d i s c r i m i n a t i o n .

S u p p o r te d  b y  ONR c o n t r a c t  N 0 0 0 1 4 -8 3 -K -0 3 8 7 , USPHS g r a n t  
H D -03110, an d  M e d ic a l  R e s e a rc h  C o u n c il  o f  C anada g r a n t  
MA7125. M .R .I .  was a  p o s t d o c t o r a l  f e l l o w  s u p p o r te d  b y  NIMH 
g r a n t  MH-14277 to  t h e  N e u ro b io lo g y  P ro g ra m .
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315.1  MOTONEURON NUMBER INCREASES FOLLOWING AXOTOMY OF 
DEVELOPING SPINAL MOTONEURONS.  P.B. F a re l .  Dept. 
o f Physiology, Univ. N. Car. Sch. o f Med. Chapel H il l ,  
 NC 2 7 5 1 4 .

While the phenomenon o f n a tu ra lly  occuring death  of 
motoneurons during  development o f the  sp in a l cord has been 
w ell documented, the  co n d itio n s  which d is t in g u is h  a 
motoneuron th a t  w il l  l iv e  from one th a t  w il l  d ie  remain 
u n c lea r . Most freq u e n tly , motoneuron su rv iv a l has been 
thought to  depend upon su ccessfu l com petition  fo r  a troph ic  
substance th a t  d e riv e s  from the ta rg e t  organ. In  the 
p re sen t work, however, the  number o f lumbar sp in a l 
motoneurons was found to  in c rea se  follow ing tra n s ie n t  
d isconnec tion  from the  h in d li mb.

B ullfrog  ( Rana ca te sb e ian a ) tadpo les between s tag es  
IV and XVIII were sub jec ted  to  u n i la te r a l  tra n s e c tio n  of 
th e  th re e  v e n tra l ro o ts  th a t  provide in n e rv a tio n  to  the  
hindlim b. Six weeks p o s to p e ra tiv e ly , the  lumbar enlargem ent 
was removed and prepared fo r  m ethacry late  (before  s t .  VII) 
o r p a ra f f in  embedment and sec tioned  a t  2 um and 8 um 
re s p e c tiv e ly . Motoneurons on the  two s id es  o f the  sp in a l 
cord were counted in  a l te rn a te  p a ra ff in  sec tio n s  and in  
every e ig h th  m ethacry late  sec tio n . Immature motoneurons in  
the  LMC were id e n t i f ie d  by the  presence o f la rg e , pale  
n u c le i con ta in in g  clumps o f b a so p h ilic  m a te r ia l. Mature 
motoneurons were id e n t i f ie d  by th e i r  c h a r a c te r i s t ic  shape 
and the  presence o f a s in g le  la rg e  n uc leo lus. That both 
these  p ro f i le s  were motoneurons was confirmed in  sev e ra l 
experim ents by no ting  th e i r  f i l l i n g  follow ing a p p lic a tio n  
o f HRP to  the  v e n tra l  ro o t. N e ithe r nuc lear nor n u c leo la r 
s iz e  d if fe re d  on the  operated  and unoperated s id e s .

The number o f motoneurons on the  operated  s id e  exceeded 
th a t  on the  co n tro l s id e  by as much as 100% before  s t .  IX. 
In  tadpo les operated  between s tag e s  XI and XIV, a 25% 
in c rea se  in  motoneurons on the  operated  s id e  was found.

P relim inary  evidence in d ic a te s  th a t  these  in c rea se s  
p e r s i s t  beyond the  end o f the  period  in  which n a tu ra lly  
o ccu rring  motoneuron death  i s  found. The p o s s ib i l i ty  i s  
thus ra ised  th a t  the  ta rg e t  organ conveys to  the  motoneuron 
a s ig n a l th a t  r e s u l t s  in  death  o f the  motoneuron. 
D isconnection from the  ta rg e t  during  the  period when the 
s ig n a l would norm ally be received  appears to  r e s u l t  in  
sparing  o f the  motoneuron.
Supported by NIH g ra n t NS16030.

3 1 5.2  REGIONAL VARIATION IN NATURALLY OCCURRING GANGLION CELL  
DEATH PARALLELED BY MICROGLIAL INVASION IN THE POSTNATAL CAT 
RETINA.  H.E. P e a rs o n B . R .  Payne2 and T .J .  Cunningham2 .  
D ep ts . o f  Anatomy, Temple U niv. Med. S c h .1 and Med.  C o l l . o f  
P a .2, P h i l a d e lp h i a ,  P en n sy lv a n ia .

The g e n e ra tio n  and m a tu ra t io n  o f  g an g lio n  c e l l s  in  c a t  
r e t i n a  show re g io n a l v a r i a t i o n  such th a t  developm ent o f 
c e l l s  in  c e n tr a l  r e t i n a  p rece d es  th a t  o f c e l l s  in  the  
p e r ip h e ry . We have a lre a d y  dem o n stra ted  t h a t  n a t u r a l l y  
o c c u rr in g  neuron d ea th  c o n t r ib u te s  to  p o s tn a ta l  developm ent 
o f  the  g an g lio n  c e l l  la y e r  in  p e r ip h e ra l  r e t i n a  o f th e  c a t  
(P earson  e t  a l ,  1983). We have now expanded th i s  s tu d y  to  
in v e s t ig a t e  th e  e x te n t  o f n a t u r a l l y  o c c u rr in g  g a n g lio n  c e l l  
d ea th  in  c e n t r a l  r e t i n a .  Our aim was to  d e te rm in e  w hether 
any re g io n a l v a r i a t i o n  i s  p r e s e n t  in  th e  tim in g  o f  th i s  p ro 
c e ss  and to  i n v e s t ig a t e  th e  r e l a t i o n s h i p  o f  g a n g lio n  c e l l  
d e a th  to  th e  in v a s io n  o f  p h ag o c y tic  m ic ro g lia  c e l l s .

R e tin ae  were o b ta in e d  from a ld e h y d e -p e rfu s e d  k i t t e n s  b e t 
ween th e  ages o f  2 and 10 days p o s tn a t a l .  From each r e t i n a ,  
sam ples from bo th  c e n t r a l  and d o rs a l  p e r ip h e ra l  re g io n s  
were embedded in  p l a s t i c  and s e c t io n e d  a t  one m icron . From 
each sam ple, r e g u la r ly  spaced s e c t io n s  were s ta in e d  w ith  
to lu id in e  b lu e  and examined fo r  th e  p re sen ce  o f  normal 
g an g lio n  c e l l s ,  d e g e n e ra tin g  c e l l s  and m ic ro g lia .  The s u r 
face  a r e a l  d e n s i ty  o f each type  o f  p r o f i l e  was d e te rm in ed .

Counts o f  d e g e n e ra tin g  c e l l s  show a g rad u a l lo s s  o f 
g an g lio n  c e l l s  over th e  ages exam ined. In  c o n s t r a s t ,  c o u n ts  
o f  norm al g an g lio n  c e l l s  show a sh arp  d e c l in e  in  a more 
r e s t r i c t e d  p e r io d  -  betw een 2 and 3 days p o s tn a ta l  in  
c e n t r a l  r e t i n a  and between 8 and 10 days in  p e r ip h e ra l  
r e t i n a .  The r e s u l t s  s u g g e s t th a t  c e l l  d ea th  in  c e n t r a l  
r e t i n a  p rece d es  th a t  in  f a r  p e r ip h e ra l  r e t i n a  by abou t a 
week. M ic ro g lia  were p re s e n t  a t  a l l  ages exam ined, b u t in  
bo th  c e n t r a l  and p e r ip h e ra l  r e t i n a ,  were m ost abundan t a t  
th e  tim e o f  g r e a t e s t  g an g lio n  c e l l  l o s s .  From th e s e  r e s u l t s  
we conc lude  f i r s t l y ,  th a t  th e re  i s  r e g io n a l  v a r i a t i o n  in  
n a t u r a l l y  o c c u rr in g  neuron  d ea th  in  th e  p o s tn a ta l  c a t  
r e t i n a .  S econd ly , in c re a s e d  d e g e n e ra tio n  o f  neurons in  th e  
g an g lio n  c e l l  la y e r  i s  accom panied by an in c re a s e  in  th e  
d e n s i ty  o f  p h ag o c y tic  m ic ro g lia ,  so th a t  th e  d e n s i ty  o f  
d e g e n e ra tin g  p r o f i l e s  i s  m a in ta in ed  a t  a n e a r  c o n s ta n t  
l e v e l .  We a re  c u r r e n t ly  in v e s t ig a t in g  w hether in c re a s e d  
n eu ro n a l d ea th  s e rv e s  as a t r i g g e r  fo r  m ic ro g lia l  m o b iliz a 
t io n  in  c a t  r e t i n a .

S upported  by th e  N a tio n a l S o c ie ty  to  P re v e n t B lin d n ess  
and NS16487 from NINCDS.
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315.3  QUANTITATIVE CYTOLOGY OF THE POSTNATAL 
 DEVELOPMENT OF NIGROSTRIATAL DOPAMINE NEURONS IN 

THE RAT: RELATIONSHIP TO CELL DEATH AND  
FUNCTIONAL CONNECTIVITY.  M. S aji* , T.H. Joh , and D .J. 
Reis (SPON. R. Ross),  Lab. o f  N eurobiology, Cornell Univ. Med. 
Coll., New Y ork, NY 10021

We sought to  de te rm in e  using q u an tita tiv e  cy tochem ical 
m ethods w hether dopam inergic neurons o f  the  substan tia  nigra 
pars com pacta  (SNc) o f r a t ,undergo p o s tn a ta l ce ll dea th  in 
re la tionsh ip  to : (a) th e  developm ent o f functional connections; 
and (b) p o s tn a ta l accum ula tion  o f  im m unoreactive tyrosine 
hydroxylase (TH) in th e  n ig ro s tria ta l pathw ay.

In adu lt ra ts , th e  SNc on each  side con tains 10,242 ± 670 
neurons. O f the se , 8558 ± 433 o r 84% contain  TH revea led  by 
using sa tu ra tin g  s ta in ing  conditions. A fte r in jections o f HRP 
filling  81% o f th e  cau d a te  nucleus, 5930 ± 388 SNc neurons w ere 
labeled  (rep resen ting  58% o f  to ta l  and 70% o f  TH -labeled 
neurons). By doub le-stain ing  95% o f H R P-labeled neurons 
con ta ined  TH. The range, m ean size , and d istribu tion  o f SNc 
neurons w ith or w ithou t TH or tran sp o rted  HRP w ere iden tica l. 
Lesions o f  ascending bundle resu lted  in re tro g ra d e  dea th  o f 
app rox im ate ly  65% o f  SNc neurons w ithin 12 d. During p ostna ta l 
(P) developm ent from P I to  adu lt, th e  length  o f SNc increased
1.8x. The to ta l  num ber o f  neurons a t  b irth  (9442 ± 330) did not 
d iffe r  sign ifican tly  from  those o f adu lts . The num ber o f neurons 
a t  P I w ith TH (a t sa tu ra tio n ) was 5960 ± 590 or 66% o f to ta l. 
The num ber o f  TH -neurons gradually  increased  reach ing  adult 
values by P5. With su b -sa tu ra tin g  s tain ing , the  m ajor changes in 
TH co n ten t occurs betw een  P5 and P 11. The num ber o f HRP 
labeled  neurons was 1910 ± 56, or 20% o f to ta l,  a t  P 1, increasing  
slowly P 1-P2 and rapid ly  betw een  P2-P5 reach ing  near adult 
values a t  th a t tim e . The resu lts  ind ica te : (a) over 90% o f  
neurons in SN con ta in  TH, but only 70% o f  these  p ro jec t to  
ip s ila te ra l s tr ia tu m ; (b) th a t 80% o f  the  cap ac ity  o f  n ig ro s tria ta l 
neurons to  tra n sp o rt HRP develops postnata lly  betw een  P2-P5 
and in advance o f  fu ll b iochem ical m a tu ra tion . We conclude: (c) 
C om petition  for ta rg e t organ is not associa ted  w ith program m ed 
p o s tn a ta l ce ll d ea th  in th e  dopam inergic n ig ro s tria ta l sy stem ; (d) 
functional c o n ta c t o f  SNc neurons w ith ta rg e t e lic its  the final 
accum ula tion  o f  TH. These resu lts  suggest th a t the  com pletion 
o f  neu ra l co n nectiv ity  is requ ired  for the full phenotypic 
expression o f  TH in th e  n ig ro s tria ta l system . (Supported by 
G ran t HL18974).

3 1 5.4  THE EFFECT OF TETROTOTOXIN ON THE DEATH OF MAMMALIAN RETINAL 
GANGLION CELLS.  S t u a r t  A. L ip to n  an d  P a u l  H a r c o u r t *.  Dept. 
o f  N e u ro lo g y , H a rv a rd  M e d ic a l S c h o o l and  D iv . o f  N e u r o s c i 
e n c e ,  C h i ld r e n ’ s  H o s p i ta l  M e d ic a l  C e n t e r ,  B o s to n ,  MA 0 2 1 1 5 .

To lo o k  f o r  f a c t o r s  t h a t  m ig h t b e  im p o r ta n t  i n  n a t u r a l  
c e l l  d e a th ,  we s tu d i e d  g a n g l io n  c e l l s  i n  c u l t u r e s  o f  d i s s o 
c i a t e d  r e t i n a .  T h is  a p p ro a c h  a f f o r d e d  c o n t r o l  o f  t h e  e x t r a 
c e l l u l a r  e n v iro n m e n t  an d  f a c i l i t a t e d  e l e c t r i c a l  r e c o r d in g s .  
O ur p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  m a in t a in e d  r e g e n e r a 
t i v e  a c t i v i t y  may b e  i m p o r ta n t  i n  p r e v e n t in g  c e l l  d e a th .

A f t e r  l a b e l l i n g  th e  g a n g l io n  c e l l s  by  r e t r o g r a d e  t r a n s 
p o r t  o f  f l u o r e s c e n t  d y e , r e t i n a s  o f  7 day  o l d  r a t s  w ere  
d i s s o c i a t e d  an d  c u l t u r e d  a s  p r e v i o u s ly  d e s c r i b e d  ( L e i f e r ,  
L ip to n ,  B a r n s ta b l e  & M a sla n d , S c ie n c e  1 9 8 4 ;2 2 4 :3 0 3 - 6 ) .  Gan
g l io n  c e l l s  w ere  i d e n t i f i e d  by  th e  p r e s e n c e  o f  r e t r o g r a d e  
l a b e l  a n d /o r  w i th  a  m o n o c lo n a l a n t ib o d y  t o  T h y -1 . In  c u l 
t u r e ,  i d e n t i f i e d  g a n g l io n  c e l l s  w ere  fo u n d  a s  s o l i t a r y  c e l l s  
o r  w i t h in  s m a l l  c l u s t e r s  o f  o t h e r  r e t i n a l  c e l l s .  G a n g lio n  
c e l l s  i n  c l u s t e r s  re m a in e d  v i a b l e  f o r  up t o  2 1 /2  w eeks and  
s o l i t a r y  c e l l s  one week ( L e i f e r  e t  a l . ,  i b i d ) .  R e c o rd in g s  
w i th  i n t r a c e l l u l a r  e l e c t r o d e s  r e v e a l e d  t h a t  b o th  s o l i t a r y  
an d  c l u s t e r e d  g a n g l io n  c e l l s  f i r e d  a c t i o n  p o t e n t i a l s  upon 
d e p o l a r i z a t i o n .  T h ese  a c t i o n  p o t e n t i a l s  w ere b lo c k e d  by 
0 .1 - 1  µM t e t r o t o t o x i n  (TTX ). To a v o id  i n j u r y  c u r r e n t  on 
p e n e t r a t i o n  w i th  m i c r o e l e c t r o d e s ,  r e c o r d in g s  w ere a l s o  made 
w i th  e x t r a c e l l u l a r  p a tc h  p i p e t t e s .  U s in g  t h i s  t e c h n i q u e ,  
s o l i t a r y  g a n g l io n  c e l l s  o n ly  r a r e l y  d i s p l a y e d  s p o n ta n e o u s  
s p i k e s ,  w h e re a s  a b o u t  h a l f  o f  t h e  r e c o r d in g s  (N=46) fro m  
g a n g lio n  c e l l s  fo u n d  in  c l u s t e r s  h a d  s p o n ta n e o u s  a c t i o n  p o 
t e n t i a l s .  In  c u l t u r e s  in c u b a te d  in  1 µM TTX f o r  t h e  f i r s t  
24 h r s  a f t e r  p l a t i n g ,  t h e r e  was a  50% d e c re a s e  i n  t h e  n u m b er 
o f  g a n g l io n  c e l l s  fo u n d  in  c l u s t e r s  com pared  w i th  c o n t r o l  
c u l t u r e s  c o n ta i n in g  n o rm a l m ed ia  w i th o u t  TTX. On th e  o t h e r  
h a n d , TTX h a d  n o  e f f e c t  on th e  n um ber o f  s o l i t a r y  g a n g l io n  
c e l l s  s u r v i v i n g  in  c u l t u r e  o r  on t h e  p e r c e n t a g e  o f  s o l i t a r y  
g a n g l io n  c e l l s  c a p a b le  o f  r e g e n e r a t i n g  p r o c e s s e s  on p l a i n  
g l a s s  o r  on g l a s s  c o a te d  w i th  p o l y l y s i n e ,  c o l l a g e n ,  o r  a n t i 
b ody  t o  T h y -1  ( L e i f e r  e t  a l . ,  i b i d ) .  T h u s , when s p o n ta n e o u s  
a c t i v i t y  was p r e v e n t e d ,  a  s i g n i f i c a n t  p r o p o r t i o n  o f  th e  g a n 
g l io n  c e l l s  i n  c l u s t e r s  d i e d ,  b u t  t h e r e  was no  i n c r e a s e d  
d e a th  o f  s o l i t a r y  c e l l s .  I t  w o u ld  th u s  a p p e a r  t h a t  t h e  
m a in te n a n c e  o f  s p o n ta n e o u s  r e g e n e r a t i v e  a c t i v i t y  i n  a  p o p u 
l a t i o n  o f  g a n g lio n  c e l l s  may be im p o r ta n t  i n  p r e v e n t in g  
t h e i r  d e a th .  In  v iv o ,  n a t u r a l  d e a th  o c c u r s  in  a  l a r g e  
num ber o f  r e t i n a l  g a n g lio n  c e l l s  t h a t  a r e  th e  same age  a s  
t h e s e  c u l t u r e d  c e l l s .  IV hether o u r  r e s u l t s  a r e  a  r e f l e c t i o n  
on th e  n o rm a l p r o c e s s  o f  c e l l  d e a th  re m a in s  t o  b e  s e t t l e d .

3 1 5 . 5   REDUCTION OF NATURALLY-OCCURRING MOTONEURON DEATH IN THE 
SPINAL CORD OF THE MOUSE MUTANT, MUSCULAR DYSGENESIS.  R.  
W. O p p e n h e i m ,  J .  A. P o w e l l *  a n d  L.  J .  S t a n d i s h ,  D e p t . o f  
A n a t o m y ,  Bowman G r a y  S c h o o l  o f  M e d i c i n e ,  W i n s t o n - S a l e m ,  NC 
2 7 1 0 3  a n d  D e p t s .  o f  B i o l o g y  a n d  P s y c h o l o g y ,  S m i t h  C o l l e g e ,  
N o r t h a m p t o n ,  MA 0 1 0 6 3 .

M u s c u l a r  d y s g e n e s i s  ( m d g ) i s  a  l e t h a l  a u t o s o m a l  
r e c e s s i v e  m u t a n t  c h a r a c t e r i z e d  b y  t h e  a b s e n c e  o f  a l l  
n e u r o m u s c u l a r  a c t i v i t y  d u r i n g  e m b r y o g e n e s i s ;  r e s p i r a t o r y  
a c t i v i t y  i s  a b s e n t  a n d  t h e  m i c e  i n v a r i a b l y  d i e  a t  
p a r t u r i t i o n .  T h e  a f f e c t e d  e m b r y o s  e x h i b i t  e x c e s s i v e  
i n t r a m u s c u l a r  b r a n c h i n g  o f  n e r v e s ,  i n c r e a s e d  n u m b e r s  o f  
a c e t y l c h o l i n e  r e c e p t o r s  (AChR) a n d  AChR c l u s t e r s  p e r  
m y o f i b e r ,  i n c r e a s e d  f o c i  o f  a c e t y l c h o l i n e s t e r a s e  s t a i n i n g  
o f  m y o f i b e r s  a n d  i n c r e a s e d  l e v e l s  o f  c h o l i n e  a c e t y l 
t r a n s f e r a s e  a c t i v i t y .  Many o f  t h e s e  c h a n g e s  h a v e  a l s o  
b e e n  r e p o r t e d  i n  c h i c k  e m b r y o s  c h r o n i c a l l y  t r e a t e d  w i t h  
n e u r o m u s c u l a r  b l o c k i n g  a g e n t s  t h a t  s u p p r e s s  m o t i l i t y .  T h e  
s u p p r e s s i o n  o f  m o t i l i t y  i n  t h e  c h i c k  a l s o  r e s u l t s  i n  a  
n e a r - t o t a l  r e d u c t i o n  o f  n a t u r a l l y - o c c u r r i n g  m o t o n e u r o n  
(MN) d e a t h .  T h u s ,  i n  t h i s  c o n t e x t ,  t h e  mdg  m u t a n t  i s  o f  
p a r t i c u l a r  i n t e r e s t  b e c a u s e  t h e  d e f e c t  a p p e a r s  t o  e f f e c t  
e x c i t a t i o n - c o n t r a c t i o n  c o u p l i n g  b u t  n o t  s y n a p t i c  
t r a n s m i s s i o n .

M o t o n e u r o n  s u r v i v a l  w a s  s t u d i e d  i n  t h e  l u m b a r  a n d  
t h o r a c i c  s p i n a l  c o r d s  o f  m u t a n t  ( m d g / m d g ) a n d  c o n t r o l  
( + / m d g ? )  e m b r y o s  f r o m  e m b r y o n i c  d a y  ( E )  13 t o  E 1 8 .  C e l l  
c o u n t s  o f  b o t h  h e a l t h y  a n d  d e g e n e r a t i n g  MNs a n d  d o r s a l  
r o o t  g a n g l i o n  (DRG) c e l l s  w e r e  m a d e  t h r o u g h  a l l  l u m b a r  a n d  
t h o r a c i c  s e g m e n t s .  C e l l  s i z e ,  n u c l e o l a r  m e a s u r e s  a n d  
s p i n a l  c o r d  v o l u m e s  w e r e  a l s o  d e t e r m i n e d .

T h e r e  w a s  a  59% d e c r e a s e  o f  l u m b a r  a n d  a  53% d e c r e a s e  
o f  t h o r a c i c  MNs i n  t h e  c o n t r o l  ( + / m d g ? )  e m b r y o s  b e t w e e n  
E1 3 a n d  E1 8  i n d i c a t i n g  a  s i g n i f i c a n t  n o r m a l  MN d e a t h .  A t  
a l l  a g e s  t h e  m d g /m d g  e m b r y o s  h a d  s i g n i f i c a n t l y  m o r e  
h e a l t h y  a n d  s i g n i f i c a n t l y  f e w e r  d e g e n e r a t i n g  MNs t h a n  
c o n t r o l s .  By E1 8 t h i s  d i f f e r e n c e  w a s  a p p r o x i m a t e l y  45% 
( h e a l t h y )  f o r  b o t h  t h o r a c i c  a n d  l u m b a r  MNs. T h e r e  w e r e  no  
d i f f e r e n c e s  i n  t h e  n u m b e r  o f  DRG c e l l s  o r  i n  a n y  o f  t h e  
o t h e r  m o r p h o m e t r i c  p a r a m e t e r s  e x a m i n e d  b e t w e e n  m dg /m d g  a n d  
+ / m d g ? e m b r y o s .  T h u s ,  t h e  a b s e n c e  o f  m u s c l e  c o n t r a c t i o n s  
( b u t  n o t  s y n a p t i c  t r a n s m i s s i o n )  i n  t h e  mdg m o u s e  m u t a n t  i s  
a s s o c i a t e d  w i t h  a  l a r g e  r e d u c t i o n  o f  n a t u r a l l y - o c c u r r i n g  
MN d e a t h .

3 1 5 .6  THE NUMBER, SIZ E , MYELINATION, AND REGIONAL VARIATION OF  
AXONS IN THE CORPUS CALLOSUM AND ANTERIOR COMMISSURE OF THE 
DEVELOPING RHESUS MONKEY.  A -S . L a M a n tia  and  P . R a k ic .  S e c . 
N e u ro a n a to m y , Y a le  U n iv . S c h . Med. New H av en , CT 0 6 5 1 0 .

A xons i n  t h e  c o rp u s  c a l lo s u m  (CC) an d  a n t e r i o r  com m is
s u r e  (AC) w e re  s tu d i e d  i n  12 p r e -  and  p o s t n a t a l  r h e s u s  
m o n k ey s. The CC o r  AC w as d i s s e c t e d  a s  a  s i n g l e  1 mm t h i c k  
m i d - s a g i t t a l  s l i c e ,  em bedded i n  p l a s t i c  an d  a f t e r  p o ly m e r i 
z a t i o n ,  d iv id e d  i n t o  s m a l le r  b l o c k s .  The s u r f a c e  a r e a  o f  
e a c h  b lo c k  was d e te rm in e d  from  1 um s e c t i o n s  an d  s e l e c t e d  
r e g i o n s  w e re  s e c t i o n e d  f o r  e l e c t r o n  m ic ro s c o p y .  The d e n 
s i t y ,  d i a m e te r ,  d i s t r i b u t i o n ,  an d  t o t a l  num ber o f  a x o n s  w as 
d e te rm in e d  f o r  t h e  e n t i r e  CC an d  AC. M a tu re ,m o n k e y s  h a v e  
a b o u t  45 x  106 a x o n s  i n  t h e  CC an d  3 .5  x 106 i n  t h e  AC, 94% 
o f  w h ic h  a r e  m y e l in a t e d .  S m a ll and  medium  s i z e d  m y e l in a te d  
a x o n s  ( 0 .5 - 4  urn) a r e  p r e s e n t  th ro u g h o u t  th e  CC, w h i l e  l a r g e  
m y e l in a te d  f i b e r s  (4 -1 0  um) a r e  l im i t e d  t o  t h e  bod y  and  
s p le n iu m ;  u n m y e l in a te d  f i b e r s  a r e  c o n c e n t r a t e d  i n  t h e  g e n u . 
Axons o f  t h e  CC a r e  p ro d u c e d  i n  e x c e s s  p r e n a t a l l y  and  
e l i m in a t e d  p o s t n a t a l l y .T w o  m o n th s  b e f o r e  b i r t h  th e  num ber 
o f  CC a x o n s  i s  100 x 106 , tw ic e  t h e  a d u l t  n u m b e r . A t te rm  
th e  num ber o f  a x o n s  r e a c h e s  a  maximum o f  150 x 106 , 3X th e  
a d u l t  v a lu e .  R e g io n a l  d i f f e r e n c e s  i n  a x o n  s i z e  an d  m y e l in a 
t i o n  em erg e  a ro u n d  b i r t h .  A f t e r  b i r t h ,  a x o n s  a r e  e l i m in a t e d  
a t  a  r a t e  o f  4 2 5 ,0 0 0 /d a y ,  a t t a i n i n g  a d u l t  l e v e l s  i n  t h e  6 t h  
m onth  when an  a v e ra g e  o f  25% a r e  s t i l l  u n m y e l in a te d .  S in c e  
t h e  num ber o f  m y e l in a te d  a x o n s  n e v e r  e x c e e d s  t h e  a d u l t  
l e v e l  and  d e g e n e r a t in g  m y e l in a t e d  a x o n s  a r e  n o t  o b s e rv e d  
d u r in g  th e  p e r i o d  o f  l o s s ,  m o st a x o n s  m u st b e  e l i m in a t e d  
b e f o r e  th e y  r e a c h  t h e i r  f i n a l  s i z e  and  becom e m y e l in a t e d .  
A x o n a l l o s s  i s  n o t  r e l a t e d  t o  t h e  f o r m a t io n  o f  c a l l o s a l  
co lu m n s w h ich  a r e  fo rm ed  w e l l  b e f o r e  e l i m i n a t i o n  b e g in s  
(G o ld m a n -R a k ic , '8 2 ,  NRP B u l l . 2 0 :5 2 0 ) .  I n  c o n t r a s t ,  ax o n  
l o s s  c o in c i d e s  w i th  a  r a p i d  i n c r e a s e  i n  s y n a p t i c  d e n s i t y  i n  
t h e  n e o c o r t e x ;  a  g r a d u a l  d e c r e a s e  i n  s y n a p tic ,  d e n s i t y  o n ly  
o c c u r s  a f t e r  t h e  a d u l t  num ber o f  a x o n s  h a s  b e e n  r e a c h e d  
( B o u r g e o is ,  Z e c e v ic  & R a k ic ,  u n p u b . ) .  The AC a l s o  c o n ta i n s  
an  e x u b e ra n t  num ber o f  a x o n s  d u r in g  d e v e lo p m e n t. H ow ever, 
t h e  a d u l t  l e v e l  i s  r e a c h e d  by  t h e  2nd p o s t n a t a l  m o n th , 4 
m o n th s  e a r l i e r  th a n  i n  t h e  CC. T h is  d i f f e r e n c e  may r e f l e c t  
an  e a r l i e r  o n s e t  and  f a s t e r  tem po o f  m a t u r a t i o n  i n  c o r t i c a l  
a r e a s  r e l a t e d  t o  t h e  AC. B o th  c o l l a t e r a l  r e t r a c t i o n  and  
c e l l  d e a th  h a v e  b e e n  s u g g e s te d  a s  m ech an ism s w h ic h  u n d e r l i e  
ax o n  e l i m i n a t i o n  in  t h e  d e v e lo p in g  m am m alian CNS. The 
r e l a t i v e  c o n t r i b u t i o n s  o f  t h e s e  m ech an ism s to  t h e  d e v e lo p 
m ent o f  t h e  p r im a te  c e r e b r a l  co m m issu re s  re m a in  to  be  
d e te r m in e d . S u p p o r te d  by  t h e  NIH.
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3 1 5 .7  TRUE BLUE REVEALS THE MAINTENANCE OF NUMEROUS AFFERENTS TO 
THE RAT ADRENAL MEDULLA.  L . L .  R o s s ,  A . J .  S m o l e n  a n d  L . 
M c C a r t h y . *  D e p t .  A n a t o m y ,  T h e  M ed.  C o l l .  P A ,  P h i l a . PA 1 9 1 2 9 .

P r e v i o u s l y  we  h a v e  u s e d  HRP t o  r e t r o g r a d e l y  l a b e l  p r e 
g a n g l i o n i c  n e u r o n s  w h i c h  p r o j e c t  t o  o n e  a d r e n a l  m e d u l l a .
P r i o r  t o  p o s t n a t a l  d a y  2 0 ,  m a n y  n e u r o n s  i n  t h e  s p i n a l  c o r d  
a r e  l a b e l e d  b o t h  i p s i l a t e r a l  a n d  c o n t r a l a t e r a l  t o  t h e  i n 
j e c t e d  a d r e n a l  m e d u l l a .  By d a y  2 5 ,  HRP l a b e l s  f a r  f e w e r  c e l l s  
i p s i l a t e r a l l y  a n d  v i r t u a l l y  n o n e  c o n t r a l a t e r a l l y .  F ro m t h e s e  
o b s e r v a t i o n s  we c o n c l u d e d  t h a t ,  i n  common w i t h  o t h e r  a r e a s  
o f  t h e  d e v e l o p i n g  n e r v o u s  s y s t e m ,  t h e r e  i s  a n  e a r l y  e x u b e r 
a n t  p r o j e c t i o n  o f  p r e g a n g l i o n i c  a x o n s  t o  t h e  a d r e n a l  m e d u l l a  
f o l l o w e d  b y  a  l o s s  o f  a x o n s  a n d  a  p r o g r e s s i v e  r e s t r i c t i o n  o f  
t h e  a f f e r e n t  i n p u t .

I t  i s  g e n e r a l l y  t h o u g h t  t h a t  t h e  l o s s  o f  e x u b e r a n t  p r o 
j e c t i o n  i s  d u e  t o  c e l l  d e a t h  o f  i n a p p r o p r i a t e l y  p r o j e c t i n g  
n e u r o n s  o r  t o  r e t r a c t i o n  o f  t h e i r  a x o n s .  T o  e x a m i n e  t h i s ,  
we r e p e a t e d  t h e  i n j e c t i o n  p r o t o c o l  u s i n g  T r u e  B l u e ,  a  
l o n g e r - l a s t i n g ,  m o r e  e f f i c i e n t  r e t r o g r a d e  l a b e l i n g  a g e n t  
t h a n  HRP. We i n j e c t e d  T r u e  B l u e  o n  d a y  1 0 .  By d a y  15  t h e  
p a t t e r n  o f  T r u e  B l u e  l a b e l i n g  w a s  e s s e n t i a l l y  t h e  s a m e  a s  
t h a t  d e m o n s t r a t e d  b y  HR P,  a l t h o u g h  t h e  t o t a l  n i m b e r  o f  c e l l s  
l a b e l e d  b y  T r u e  B l u e  w a s  m uc h g r e a t e r ,  We o b s e r v e d  m a n y  
l a b e l e d  c e l l s  b o t h  i p s i l a t e r a l  a n d  c o n t r a l a t e r a l  t o  t h e  
s i d e  o f  t h e  i n j e c t e d  a d r e n a l .  By d a y  2 5 ,  t h e r e  w a s  n o  l o s s  
o f  T r u e  B l u e  l a b e l e d  c e l l s  w h e n  c o m p a r e d  t o  t h e  n u m b e r  
l a b e l e d  a t  d a y  1 5 .  T h e s e  o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  
t h e  h y p o t h e s i s  t h a t  t h e  i n a p p r o p r i a t e l y  p r o j e c t i n g  a x o n s  
a p p e a r  t o  b e  w i t h d r a w n  a n d  t h e  n e u r o n s  a r e  s u s t a i n e d  by  
o t h e r  t a r g e t s  t o  w h i c h  t h e y  p r o j e c t .

As a  f u r t h e r  v e r i f i c a t i o n  o f  t h i s  h y p o t h e s i s ,  we i n j e c t e d  
T r u e  B l u e  i n t o  o n e  a d r e n a l  g l a n d  on d a y  25  a n d  c o u n t e d  t h e  
n u m b e r  o f  l a b e l e d  n e u r o n s  o n  d a y  2 9 .  We a g a i n  o b s e r v e d  m an y 
l a b e l e d  n e u r o n s  o n  b o t h  s i d e s  o f  t h e  s p i n a l  c o r d .  T h u s ,  p r e 
g a n g l i o n i c  n e u r o n s  d o  n o t  c o m p l e t e l y  w i t h d r a w  t h e i r  a x o n s  
f r o m  t h e  a d r e n a l  m e d u l l a  d u r i n g  p o s t n a t a l  d e v e l o p m e n t .  T h e s e  
o b s e r v a t i o n s  d e m o n s t r a t e  t h a t  t h e  e a r l y  e x u b e r a n t  p r o j e c 
t i o n s  t o  t h e  a d r e n a l  m e d u l l a  a r e  m a i n t a i n e d  b e y o n d  t h e  
i m m e d i a t e  p o s t n a t a l  p e r i o d  w h e n  p r e g a n g l i o n i c  i n p u t s  w e r e  
p r e s u m e d  t o  h a v e  b e e n  l o s t .

We p r o p o s e  t h a t  t h e  l o s s  o f  e x u b e r a n c e  i n  t h e  n e r v o u s  
s y s t e m  m ay  n o t  b e  q u a l i t a t i v e ,  w h e r e b y  a l l  o f  t h e  i n a p p r o 
p r i a t e  a f f e r e n t s  a r e  l o s t ,  b u t  r a t h e r  i t  may b e  q u a n t i t a t i v e ,  
w h e r e b y  t h e  i n a p p r o p r i a t e  a f f e r e n t s  a r e  m a i n t a i n e d  b u t  r e 
d u c e d  i n  r e l a t i v e  i m p o r t a n c e  b y  e i t h e r  p a r t i a l  r e t r a c t i o n  o r  
by  u n e q u a l  o v e r g r o w t h  o f  t h e  m o r e  a p p r o p r i a t e  a f f e r e n t s .

315.8  SYNAPTIC DISTRIBUTION ON SUPERIOR CERVICAL GANGLION CELL 
SOMATA AND DENDRITES IN DIFFERENT MAMMALIAN SPECIES.  D. 
P u rv es , C .J . Forehand and J.W . L ichtm an,  Dept. o f P h y s io l ,  
and B io p h y s ., Wash. U niv. Sch. Med., S t .  L ou is, MO 63110.

In  some mammalian autonom ic g a n g lia  n eu rons  re c e iv e  very  
l i t t l e  p re g a n g l io n ic  in n e rv a t io n  on t h e i r  c e l l  b o d ie s , 
w hereas in  o th e r  g a n g lia  p r in c ip a l  n eu rons  re c e iv e  dense 
som atic  in n e r v a t io n .  S ince neurons w ith  few c e l l  body 
c o n ta c ts  g e n e ra l ly  have complex d e n d r i t i c  a r b o r s ,  and 
v ic e - v e r s a ,  i t  o c c u rre d  to  us t h a t  th e  d i s t r i b u t i o n  o f 
sy n ap ses  on c e l l  b o d ie s  o f homologous neurons m ight v ary  
s y s te m a t ic a l ly  a s  a fu n c t io n  o f n eu ro n a l geom etry . We  
th e r e f o r e  com pared th e  in n e rv a t io n  o f  c e l l  b o d ie s  and 
d e n d r i te s  in  mouse, h am ste r, r a t ,  g u inea  p ig  and r a b b i t  
s u p e r io r  c e r v i c a l  g a n g l ia  (SCG) in  w hich th e  p r in c ip a l  
neurons d i f f e r  b o th  in  d e n d r i t i c  co m p lex ity  and in  th e  
deg ree  o f p re g a n g l io n ic  convergence o n to  g a n g lio n  c e l l s  
(P u rves and L ichtm an, Soc. N e u ro sc i. A b str  9 : 320, 19 8 3 ).

The so m atic  in n e rv a t io n  o f th e se  neu rons  does indeed  
vary  a c ro s s  s p e c ie s  hand in  hand w ith  d e n d r i t i c   
c o m p lex ity . Thus mouse SCG c e l l s ,  w hich have 4-5  
d e n d r i te s  and a re  in n e rv a te d  by 4 -5  p re g a n g l io n ic  in p u ts  
r e c e iv e  a b o u t 9 .4  s y n a p tic  c o n ta c ts  p e r  1000 µm o f  c e l l  
body membrane p r o f i l e .  On th e  o th e r  hand, r a b b i t  SOG  
c e l l s ,  which on av e ra g e  b e a r  a dozen p rim ary  d e n d r i te s  and 
a r e  in n e rv a te d  by a b o u t 15 p re g a n g l io n ic  axons r e c e iv e  
o n ly  ab o u t 1 .8  s y n a p tic  c o n ta c ts  p e r  1000 µm o f  c e l l  body 
membrane. An in te rm e d ia te  number o f so m atic  c o n ta c ts  was 
observ ed  in  th e  o th e r  s p e c ie s ,  c o n s i s te n t  w ith  t h e i r  
in te rm e d ia te  d e n d r i t i c  co m p le x ity . S y n ap tic  d e n s i ty  in  
th e  g a n g l ia ,  w hether ex p re sse d  p e r  u n i t  a re a  o r  p e r  c e l l  
p r o f i l e ,  d id  n o t d i f f e r  s i g n i f i c a n t l y  among th e  v a r io u s  
s p e c ie s .  T h e re fo re , th e  r e l a t i v e  number o f sy n ap ses  made 
on c e l l  b o d ie s  d e c re a s e s  a s  d e n d r i t i c  co m p lex ity  and in p u t  
convergence in c r e a s e .

A lthough th e  rea so n  fo r  th e se  d i f f e r e n c e s  in  s y n a p tic  
d i s t r i b u t i o n  i s  n o t c l e a r ,  th e  s y s te m a tic  v a r i a t i o n  o f 
s y n a p tic  d i s t r i b u t i o n  on t a r g e t  neurons as  a f u n c t io n  o f 
d e n d r i t i c  co m p lex ity  su g g e s ts  a  g e n e ra l r u le  o f 
in n e rv a t io n  w hich b e a rs  f u r th e r  i n v e s t ig a t io n .
S upported  by NIH G ran ts  NS 18629 and 11699. C .J .F .  i s  a 
p o s td o c to r a l  fe l lo w  o f th e  MDA.

315.9  EFFECT OF DENERVATION ON DENDRITIC GROWTH IN THE NEONATAL 
SUPERIOR CERVICAL GANGLION.  J .  Voyvodic* and D. P u rv e s , 
(SPONs J .  L ich tm an).  D ept. o f  P h y s io l ,  and B io p h y s ., 
W ashington Uhiv. Sch. o f  M ed., S t .  L o u is, MO 63110.

The r o l e  o f  p re g a n g l io n ic  in n e rv a t io n  in  th e  p o s tn a t a l  
developm ent o f  d e n d r i te s  was in v e s t ig a t e d  in  th e  s u p e r io r  
c e r v i c a l  g a n g lio n  (SCG) o f  th e  h a m ste r . G ang lion  c e l l  
m orphology was a n a ly z e d  q u a n t i t a t i v e l y  u s in g  a  com puter 
a s s i s t e d  m easu ring  p ro c e d u re  a f t e r  i n t r a c e l l u l a r  i n j e c 
t i o n  o f  h o r s e r a d is h  p e ro x id a s e  (HRP).

H am ster SCG c e l l s  a r e  m o rp h o lo g ic a lly  im m ature a t  b i r t h  
and undergo a  marked p o s tn a t a l  in c r e a s e  in  th e  le n g th  o f  
t h e i r  d e n d r i t e s .  Thus n e o n a ta l  SCG c e l l s  (from  an im als  0 
t o  3 days o ld )  had  an av e ra g e  o f  6 .0  p rim ary  d e n d r i t i c  
p r o c e s s e s ,  and an av e ra g e  t o t a l  d e n d r i t i c  le n g th  o f  200 
µm; th e  mean r a d i a l  d is ta n c e  from  th e  c e l l  soma to  th e  
f u r t h e s t  d e n d r i t i c  p ro c e s s  was 39 µm (N=23 c e l l s ) .  The 
SCG c e l l s  o f  a d u l t  h am ste rs  had an av e ra g e  o f  7 .4  p rim ary  
d e n d r i te s  w ith  a t o t a l  d e n d r i t i c  le n g th  o f  1224 µm and an 
av e ra g e  maximum e x te n s io n  o f  182 µm (N=54 c e l l s ) .  Thus 
t h e t o t a l  d e n d r i t i c  le n g th  in c r e a s e s  ab o u t 6 f o ld  a f t e r  
b i r t h  and th e  o v e r a l l  s i z e  o f  th e  d e n d r i t i c  a rb o r  
in c r e a s e s  4 -5  t im e s .

The in f lu e n c e  o f  p r e g a n g l io n ic  axons on th e  p o s tn a t a l  
developm ent o f  d e n d r i t i c  geom etry was a s s e s s e d  by c u t t i n g  
th e  c e r v i c a l  sy m p a th e tic  tru n k  (CST) w ith in  one day o f 
b i r t h ; th e  an im als  w ere th e n  exam ined a t  4 weeks o f  ag e . 
R e in n e rv a tio n  was p re v e n te d  by l i g a t i o n  and r e s e c t io n  o f 
th e  p ro x im a l end o f th e  CST. Com plete d e n e rv a tio n  was 
v e r i f i e d  by i n t r a c e l l u l a r  re c o rd in g  a t  th e  tim e  o f  
s a c r i f i c e ; none o f  th e  c e l l s  showed a  s y n a p tic  re sp o n se  
t o  s t im u la t io n  o f  th e  d i s t a l  stump o f th e  p re g a n g l io n ic  
t r u n k .  In  c o n t r a s t ,  a l l  c o n t r o l  c e l l s  showed s u p ra -  
th r e s h o ld  re s p o n s e s  t o  p r e g a n g l io n ic  s t im u la t io n .

At 4 weeks o f age th e  g a n g lio n  c e l l s  d e n e rv a te d  s in c e  
b i r t h  had  an  av e ra g e  t o t a l  d e n d r i t i c  le n g th  o f  899±347 µm 
(SD, N=21 c e l l s  in  8 g a n g l ia ) ; t h i s  i s  an in c r e a s e  o f  4 .5  
f o ld  s in c e  th e  tim e  o f  d e n e rv a tio n . U hoperated  c o n t r o l  
c e l l s  a t  t h i s  age had an av e ra g e  t o t a l  d e n d r i t i c  le n g th  
o f  1097±453 µm (SD, N=26 c e l l s  in  9 g a n g l ia ) .  S im i la r ly  
th e r e  was o n ly  a  s l i g h t  d i f f e r e n c e  betw een d e n e rv a te d  and 
c o n t r o l  c e i l s  in  th e  number o f  d e n d r i te s  o r  th e  maximum 
e x te n s io n  o f t h e i r  d e n d r i t i c  a r b o r s .  T h e re fo re  p reg an g 
l i o n i c  f i b e r s  ap p e a r t o  p la y  a  r e l a t i v e l y  m inor r o le  in  
th e  p o s tn a t a l  developm ent o f  d e n d r i te s  in  t h i s  sy stem .
S u p p o rted  by g r a n t s  NS 11699 and 18269 t o  D.P. and a  NSF 
G radua te  F e llo w sh ip  t o  J .V .

315.10  INNERVATION OF RABBIT CILIARY NEURONS: ELECTRON MICRO  
SCOPIC ANALYSIS OF THE DISTRIBUTION OF SYNAPTIC BOOTONS 
FROM HORSERADISH PEROXIDASE-LABELED PREGANGLIONIC AXONS. 
C .J .  Forehand and D. D i l l * ,  D ept. o f  P h y s io l ,  and 
B io p h y s ., Wash. Uhiv. Sch. o f M ed., S t .  L o u is , MO 63110.

The number o f  in p u ts  a  neuron  r e c e iv e s  in  th e  r a b b i t  
c i l i a r y  g an g lio n  i s  d i r e c t l y  c o r r e l a te d  w ith  th e  number 
o f  t a r g e t  c e l l  d e n d r i te s  (P u rves  and Hume, J .  N e u ro s c i.  1: 

441, 1981). M oreover, th e  in n e rv a t io n  o f  g e o m e tr ic a lly  
com plex (m u l tip ly  in n e rv a te d )  neu rons  by in d iv id u a l  p r e 
g a n g lio n ic  axons i s  r e g io n a l :  th e  s y n a p tic  c o n ta c ts  made 
by an  axon o n to  such  neu rons  a r e  l im i t e d  t o  a  p o r t i o n  o f 
th e  p o s ts y n a p tic  s u r f a c e  t h a t  u s u a l ly  in c lu d e s  th e  c e l l  
body and some, b u t n o t a l l ,  o f  th e  d e n d r i te s  (F orehand  
and P u rv e s , J .  N e u ro s c i. 4:  1, 1984). To e x p lo re  th e   
d eg ree  to  which d e n d r i t i c  re g io n s  a r e  e x c lu s iv e ly  in n e r 
v a te d  by a g iv en  axon, we have exam ined th e  u l t r a s t r u c 
t u r a l  d i s t r i b u t i o n  o f  bou tons  from  in d iv id u a l  p reg an g 
l i o n i c  axons t h a t  have been i n t r a c e l l u l a r l y  m arked w ith  
h o r s e r a d is h  p e ro x id a s e  (HRP).

Camera lu c id a  d raw ings o f  th e  H R P-labeled  axons 
(v i s u a l iz e d  w ith  d iam in o b e n z id in e ) w ere made from  40 µm 
v ib ra to m e  s e c t io n s ; s e r i a l  t h i n  s e c t io n s  w ere th e n  
o b ta in e d  f o r  e l e c t r o n  m ic ro sco p ic  e x a m in a tio n . E ig h t 
neu rons  t h a t  w ere i n n e rv a te d  by a  la b e le d  axon and 
p o s se ss e d  a t  l e a s t  two d e n d r i te s  w ere p a r t i a l l y  reco n 
s t r u c t e d  to  exam ine th e  deploym ent o f la b e le d  s y n a p tic  
b ou tons  on t h e i r  s u r f a c e .  Each o f  th e s e  8 c e l l s  had a 
minimum o f  two in p u ts  s in c e  b o th  la b e le d  and u n la b le d  
synapses  w ere o b se rv ed .

At l e a s t  one p ro x im al d e n d r i te  e x te n d in g  from  each  o f 
th e  8 c e l l s  was c o n ta c te d  by o n ly  la b e le d  o r  o n ly  un
la b e le d  b o u tons  o v e r th e  d is ta n c e  r e c o n s t ru c te d  (10-60 
µm). In  5 c a se s  th e  d e n d r i t i c  segm ent r e c e iv e d  on ly  
la b e le d  b o u to n s , and th u s  was e x c lu s iv e ly  in n e rv a te d  by a 
s in g le  axon. On th e  o th e r  hand , s ix  o f th e  c e l l s  re c e iv e d  
b o th  la b e le d  and u n la b e le d  bou tons  on one o f  th e  
d e n d r i t i c  segm ents exam ined.

These o b s e rv a t io n s  in d i c a t e  t h a t  th e  r e g io n a l  in n e rv a 
t i o n  o f  r a b b i t  c i l i a r y  neu rons  by in d iv id u a l  axons ca n , 
in  some c a s e s ,  r e f l e c t  e x c lu s iv e  in n e rv a t io n  o f  a  den
d r i t i c  segm ent by a  s in g le  axon? how ever, th e  c o e x is te n c e  
o f  a t  l e a s t  two in p u ts  on some d e n d r i te s  in d i c a t e s  t h a t  
an a x o n 's  te rm in a ls  do n o t alw ays g a in  e x c lu s iv e  dom inion 
o v e r th e  re g io n  o f  th e  p o s ts y n a p t ic  s u r f a c e  th e y  in n e r 
v a t e .  (S uppo rted  by NIH g ra n t  NS18629 to  Dr. Dale P u rv e s .
C .J .F .  i s  a p o s td o c to r a l  f e l lo w  o f  th e  MDA.)
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3 1 5 .11  THE GROWTH OF CATECHOLAMINE- AND ACHE-CONTAINING FIBERS 
INTO NEOCORTICAL TRANSPLANTS. J .  P a r k * ,  R.  J .  Cl i n t o n *  F . F .  
E b n e r ,   D i v .  o f  B i o l ,  a n d  M e d . , B ro w n  U n i v e r s i t y ,  P r o v i d e n c e .  

R . I .  0 2 9 1 2
When e m b r y o n i c  n e o c o r t e x  i s  i m p l a n t e d  i n t o  t h e  n e o c o r t e x  

o f  a d u l t  B A L B /c m i c e ,  m an y  n e u r o n s  a n d  g l i a  s u r v i v e ,  
p r e s u m a b l y  f o r  t h e  l i f e t i m e  o f  t h e  h o s t  a n i m a l . '  AChE- 
p o s i t i v e  f i b e r s  f r o m  t h e  h o s t  b r a i n  s t a r t  t o  g r o w  i n t o  
t r a n s p l a n t s  w i t h i n  o n e  w e e k  a n d  t h e y  a c h i e v e  a  d e n s i t y  
e q u i v a l e n t  t o  t h e  h o s t  c o r t e x  b y  t w o  m o n t h s  a f t e r  t r a n s p l a n 
t a t i o n .  O n l y  a  f e w  t h a l a m i c  f i b e r s  g r o w  i n t o  t h e  t r a n s 
p l a n t s  f r o m  t h e  h o s t  b r a i n  a t  a n y  t i m e  a f t e r  i m p l a n t a t i o n .  
One  h y p o t h e s i s  t o  a c c o u n t  f o r  t h e  p o o r  i n g r o w t h  o f  t h a l a m i c  
f i b e r s  i n t o  t h e  t r a n s p l a n t s  i s  t h a t  t h e  e a r l y  a r r i v a l  o f  
c h o l i n e r g i c  a n d  c a t e c h o l a m i n e r g i c  (CA) f i b e r s  s e t s  up  
c o n d i t i o n s  t h a t  a c t i v e l y  i n h i b i t  t h a l a m i c  f i b e r  e l o n g a t i o n  
i n t o  t h e  d o n o r  c e l l  m a t r i x .  We s t u d i e d  t h e  o n s e t  o f  CA 
f i b e r  g r o w t h  f r o m  t h e  h o s t  i n t o  t h e  t r a n s p l a n t s ,  u s i n g  t h e  
g l y o x y l i c  a c i d  h i s t o f l u o r e s c e n c e  t e c h n i q u e  a s  m o d i f i e d  by  
d e  l a  T o r r e .  CA f i b e r s  w e r e  n o t  d e m o n s t r a b l e  w i t h i n  t h e  
t r a n s p l a n t s  f r o m  E 1 7 - 1 9  d o n o r s  f o r  3 0  d a y s ,  e v e n  a f t e r  
p a r g y l i n e  p r e t r e a t m e n t .  T r a n s p l a n t s  f r o m  y o u n g e r  d o n o r s  
( E 1 2 - 1 4 )  s h o w e d  d e t e c t a b l e  f l u o r e s c e n c e  s l i g h t l y  e a r l i e r ,  
a b o u t  21 d a y s  a f t e r  t r a n s p l a n t a t i o n .  L o n g e r  s u r v i v a l  
p e r i o d s  l e d  t o  m o d e s t  i n g r o w t h  o f  CA f i b e r s  b y  6 - 8  w e e k s ,  
b u t  t h e i r  d e n s i t y  n e v e r  a p p r o a c h e d  t h a t  o f  h o s t  c o r t e x  e v e n  
a f t e r  6  m o n t h  s u r v i v a l s .  T h e r e  i s ,  h o w e v e r ,  a  d e f i n i t e  
b u i l d u p  o f  h i s t o f l u o r e s c e n t  f i b e r s  on  t h e  h o s t  b r a i n  s i d e  
o f  t h e  i n t e r f a c e  r e g i o n .  No d e t e c t a b l e  c h a n g e  i n  t h e  
i n g r o w t h  o f  C A - c o n t a i n i n g  f i b e r s  w a s  p r o d u c e d  by s o a k i n g  
t h e  d o n o r  t i s s u e  i n  1 0 - 4 M NGF f o r  10  m i n .  p r i o r  t o  i m p l a n 
t a t i o n .  No c h a n g e  i n  t h e  i n g r o w t h  o f  AChE+ f i b e r s  w a s  s e e n  
a f t e r  i m p l a n t i n g  i n t o  h o s t s  d e p l e t e d  o f  CA by DSP4 t r e a t 
m e n t .

We c o n c l u d e  t h a t  t h e  h o s t  CA f i b e r s  a r e  r e l a t i v e l y  s l o w  
t o  g r o w  i n t o  n e o c o r t i c a l  t r a n s p l a n t s  u n d e r  o u r  c o n d i t i o n s ,  
a n d  h e n c e ,  t h a t  CA f i b e r  i n g r o w t h  p e r  s e  i s  n o t  d i r e c t l y  
r e s p o n s i b l e  f o r  p r e v e n t i n g  t h a l a m i c  f i b e r  i n v a s i o n  
o f  t h e  t r a n s p l a n t e d  t i s s u e .  We d o  n o t  know w h e t h e r  t h e  
r e l e a s e  o f  C A ' s  f r o m  f i b e r s  c l o s e  t o ,  b u t  o u t s i d e  o f  t h e  
t r a n s p l a n t  c a n  d i f f u s e  a c r o s s  t h e  b o r d e r  t o  i n f l u e n c e  t h e  
d e v e l o p m e n t  a n d  m a t u r e  c h a r a c t e r i s t i c s  o f  n e u r o n s  a n d  g l i a  
i n  t h e  t r a n s p l a n t s .  C h o l i n e r g i c  f i b e r s ,  t h e r e f o r e ,  e m e r g e  
a s  t h e  o n l y  kn own  f i b e r  s y s t e m  t o  g r o w  i n t o  t h e  t r a n s p l a n t s  
a t  a n  e a r l y  s t a g e  a n d  t o  a c h i e v e  d e n s i t i e s  t h r o u g h o u t  t h e  
t r a n s p l a n t s  t h a t  a r e  e q u i v a l e n t  t o  n o r m a l  a d u l t  o r  h o s t  
c o r t e x ( S u p p o r t e d  b y  NIH g r a n t  # N S 1 3 0 3 1 ) .

3 1 5 .12  SPROUTING IN GRANULOPRIVAL CEREBELLAR CULTURES IS NOT 
PREVENTED BY SUPPLEMENTATION WITH GLUTAMATE OR GABA.  F .J . 
Seil and A.L. Leiman*.  Neurology Research, VA Med. C tr. 
and De p t. o f Neurology, Oregon H ealth Sciences U niv ., 
P o rtlan d , OR 97201, and Dept. o f Psychology, Univ. o f 
C a l i f . ,  B erkeley, CA 94720.

C ereb e lla r exp lan ts  derived  from neonatal mice exposed 
to  cy to sin e  arab inoside  (Ara C) fo r  the  f i r s t  5 days in  
v i t r o  (DIV) to  destroy  granule c e l l s  undergo a remarkable 
sp rou ting  of Purk in je  c e l l  re c u rre n t axon c o l la te r a l s  
(S e i l ,  F .J .  e t  a l . , Brain Res. 186:393, 1980). In o rder to  
determ ine i f  supplem entation w ith th e  g ranule  c e l l  p u ta tiv e  
n e u ro tra n sm itte r, glutam ic a c id , might preven t such 
sp ro u tin g , o r i f  presence o f  la rg e  amounts o f the  P urk in je  
c e l l  n e u ro tran sm itte r, GABA, might suppress re c u rre n t axon 
c o l la te r a l  sp ro u tin g , c e re b e lla r  c u ltu re s  were exp lanted 
w ith 5 ug Ara C/ml medium plus la rg e  co n cen tra tio n s  o f the  
amino acid s  fo r  the  f i r s t  5 DIV. A fte r 5 DIV, the  c u ltu re s  
were con tinuously  exposed to  10-3M o r 2x10-3M concen
tr a t io n s  o f L -glutam ate, D-glutamate o r GABA inco rpo ra ted  
in to  the  n u tr ie n t  medium.

The e x c ita to ry  e f fe c ts  o f the  glutam ic acid  isomers 
a f te r  bath ap p lic a tio n  to  c e r e b e l la r  c u ltu re s  have been 
rep o rted  (S e i l ,  F .J .  e t  a l . ,  B rain Res. 159:431, 1978; 
161:253, 1979). GABA produced a re v e rs ib le  in h ib it io n  of 
c o r tic a l  spontaneous e le c t r ic a l  d ischa rges . C ultu res 
exposed to  Ara C p lus the  amino ac id s  were not appreciab ly  
d i f f e r e n t  m orphologically  from c u ltu re s  tre a te d  w ith Ara C 
alone when viewed by l ig h t  microscopy in  whole mount 
p rep a ra tio n s  fixed  a f te r  15 DIV and s ta in ed  w ith s i lv e r .  
N either the  glutam ic acid  isomers nor excess GABA prevented 
Purk in je  c e l l  axon c o l la te r a l  sp ro u tin g . I t  i s  concluded 
th a t  lo s s  o f p u ta tiv e  n eu ro tran sm itte r consequent to  
g ranule  c e l l  d e s tru c tio n  is  not the  tr ig g e r  fo r  Purk in je  
c e l l  axon c o l la te r a l  sp rou ting  in  the  g ranu loprival 
c e re b e lla r  c u ltu re  model, bu t th a t  such sprou ting  i s  more 
l ik e ly  due to  an a l te r a t io n  o f some tro p h ic  in te ra c tio n  
between P u rk in je  and granule  c e l l s .

Supported by the  Veterans A dm in istra tion .

REGENERATION IV

316.1  GANGLION CELL AXONS REGENERATE ALONG SEGMENTS OF PERIPHERAL 
NERVE TRANSPLANTED INTO THE RETINA OF ADULT RATS.  K . - F .  So 
an d  A . J .  A g uayo .  N e u r o s c ie n c e s  U n i t ,  M o n tr e a l  G e n e ra l  
H o s p i t a l ,  an d  D e p a r tm e n t o f  N e u ro lo g y ,  M c G ill  U n i v e r s i t y ,  
M o n t r e a l ,  Q u e b e c , C an ad a  H3G 1A4

B e c a u se  n e rv e  c e l l s  i n  s e v e r a l  d i f f e r e n t  r e g i o n s  o f  t h e  
m am m alian  b r a i n  an d  s p i n a l  c o rd  h a v e  b e e n  shown t o  re g ro w  
a x o n s  a lo n g  p e r i p h e r a l  n e r v e  t r a n s p l a n t s  we h a v e  now 
i n v e s t i g a t e d  t h e  r e s p o n s e  o f  r e t i n a l  g a n g l io n  c e l l s  t o  th e  
f o c a l  i m p l a n t a t i o n  o f  a  s eg m en t o f  p e r i p h e r a l  n e r v e  i n t o  
t h e  e y e .

I n  a d u l t  S p ra g u e  D aw ley r a t s  a  2 to  4 cm lo n g  seg m en t 
o f  a u to lo g o u s  p e r o n e a l  n e r v e  w as rem oved  fro m  t h e  t h ig h  
an d  u s e d  f o r  g r a f t i n g .  One en d  o f  t h i s  p e r i p h e r a l  n e rv e  
g r a f t  w as t r a n s p l a n t e d  i n t o  t h e  r e t i n a  th ro u g h  a  s m a l l  
s c l e r a l  i n c i s i o n  m ade i n  t h e  s u p e r i o r  t e m p o r a l  q u a d ra n t  o f  
t h e  e y e ,  a p p r o x im a te ly  4 mm b e h in d  t h e  l im b u s ,  an d  s e c u r e d  
w i th  1 0 -0  s u t u r e s .  The r e s t  o f  t h e  n e r v e  g r a f t  w as p l a c e d  
o v e r  t h e  r o o f  o f  t h e  o r b i t  an d  s k u l l ,  i t s  o t h e r  en d  t i e d  
t o  t h e  s u b c u ta n e o u s  t i s s u e s  o v e r l a y in g  th e  o c c i p i t a l  b o n e . 
A n im a ls  w e re  s a c r i f i c e d  1 t o  3 m o n th s  a f t e r  g r a f t i n g .  Two 
d a y s  b e f o r e  s a c r i f i c e  t h e  c a u d a l  t i p  o f  t h e  g r a f t  w as 
d i s s e c t e d  t o  p e r m i t  t h e  a p p l i c a t i o n  o f  h o r s e r a d i s h  
p e r o x i d a s e  (S ig m a  V I) a t  a  c o n c e n t r a t i o n  o f  30-50% . The 
e n t i r e  r e t i n a  w as rem o v e d , p r o c e s s e d  an d  ex am in ed  a s  a  
w h o le  m oun t t o  d e te r m in e  t h e  p r e s e n c e  an d  d i s t r i b u t i o n  o f  
r e t r o g r a d e l y  l a b e l l e d  n e u r o n s .

We h a v e  fo u n d  h o r s e r a d i s h  p e r o x id a s e  l a b e l l e d  g a n g l io n  
n e u ro n s  o f  d i f f e r e n t  c e l l  d i a m e te r s  i n  an  a r e a  o f  th e  
r e t i n a  t h a t  i s  p e r i p h e r a l  t o  t h e  s i t e  o f  g r a f t i n g .  Such 
d i s t r i b u t i o n  s u g g e s t s  t h a t  t h e  r e g e n e r a t i n g  a x o n s  o r i g i n a t e  
f ro m  f i b e r s  dam aged a lo n g  t h e i r  r e t i n a l  c o u r s e  t o  t h e  o p t i c  
d i s c .  T h e se  f i n d i n g s  i n d i c a t e  t h a t  a x o n s  o f  r e t i n a l  
g a n g l io n  n e u ro n s  a r e  c a p a b le  o f  e x t e n s i v e  r e g ro w th  a f t e r  
d am ag e . N o n -n e u ro n a l  co m p o n e n ts  o f  t h e  p e r i p h e r a l  n e rv e  
g r a f t  a p p e a r  t o  i n f l u e n c e  t h e  e x p r e s s io n  o f  t h e  r e g e n e r a t 
i v e  c a p a b i l i t y  o f  t h e s e  c e n t r a l  n e rv o u s  s y s te m  n e u r o n s .
(S u p p o r te d  by  M e d ic a l  R e s e a rc h  C o u n c i l  o f  C an ad a  an d  The 
C ro u c h e r  F o u n d a t io n  o f  Hong K ong. K .- F .  So i s  on l e a v e  from  
D e p t . o f  A natom y, U n iv . o f  Hong K o n g ).

3 1 6 . 2   REGENERATION OF LONG SPINAL AXONS INTO PERIPHERAL NERVOUS
SYSTEM GRAFTS IN THE CAT.  D . J .  S c e a t s * ,  W.A.  F r i e d m a n ,  G.W. 
S y p e r t ,  a n d  W. E.  B a l l i n g e r * .  VA M e d i c a l  C e n t e r  a n d  D e p t s .  
o f  N e u r o l o g i c a l  S u r g e r y ,  N e u r o s c i e n c e ,  a n d  P a t h o l o g y ,  U n i v .  
o f  F l o r i d a ,  G a i n e s v i l l e ,  FL 3 2 6 1 0

I n  c a t s ,  s c i a t i c  n e r v e  a u t o g r a f t s  w e r e  m a d e  t o  a  l e f t  
r o s t r a l  ( T 2 - 4 )  a n d  c a u d a l  ( L 2 - 4 )  h e m i s e c t e d  s p i n a l  c o r d  a n d  
s t u d i e d  u s i n g  h i s t o l o g i c a l  t e c h n i q u e s .  A s p i r a t i o n  l e s i o n s  
w e r e  m a d e  i n  t h e  l e f t  s i d e  o f  t h e  c o r d  a n d  t h e  s c i a t i c  
d i v i d e d  a n d  sew n  t o  t h e  d u r a  a t  b o t h  s i t e s  w i t h  t h e  d i s t a l  
e n d  t u n n e l e d  s u b c u t a n e o u s l y .  C a t s  w e r e  s t u d i e d  w i t h  s t a n 
d a r d  h i s t o l o g i c a l  t e c h n i q u e s  a t  7 3 ,  1 4 6 ,  a n d  1 4 9  d a y s  p o s t 
o p e r a t i v e l y .  Common t o  a l l  w a s  a x o n a l  g r o w t h  t h e  e n t i r e  
l e n g t h  o f  t h e  g r a f t s .  The a m o u n t  o f  a x o n a l  r e g e n e r a t i o n  
a p p e a r e d  t o  b e  r e l a t e d  t o  t h e  a m o u n t  o f  i n t e r f a c e .  T he  
i n t e r f a c e  s h o w e d  p r o l i f e r a t i o n  o f  f i b r o b l a s t s ,  a s t r o c y t e s ,  
a r a c h n o i d  c e l l s ,  S c h w a n n  c e l l s ,  m i c r o c y s t  f o r m a t i o n  a n d  
m uch  i n t e r m i n g l e d  c o l l a g e n .  T h e  p e r i n e u r i u m  a p p e a r e d  t h i c k 
e n e d  a n d  w a s  c o n t i g u o u s  w i t h  t h e  d u r a  m a t e r .  A t  73  d a y s  
s i g n s  o f  l a t e  W a l l e r i a n  d e g e n e r a t i o n  w e r e  c o m b i n e d  w i t h  
new  a x o n a l  g r o w t h .  A t  1 4 6  a n d  1 4 9  d a y s  t h e  a c u t e  r e s p o n s e  
h a d  r e s o l v e d ,  b u t  so m e a r e a s  h a d  u n d e r g o n e  e n d o n e u r i a l  f i 
b r o s i s .  T h e  g r a f t  t i p  a p p e a r e d  s i m i l a r  t o  a  n e u r o m a .

T h u s  f a r ,  f o u r  c a t s  h a v e  u n d e r g o n e  i n v e s t i g a t i o n  w i t h  
h o r s e r a d i s h  p e r o x i d a s e  ( H R P ) .  I n  t h e  f i r s t  t w o ,  a  c o n c e n 
t r a t e d  s o l u t i o n  o f  HRP w a s  a p p l i e d  t o  t h e  c u t  e n d s  o f  t h e  
g r a f t s  a n d  t h e  g r a f t  i s o l a t e d  o n  a  r u b b e r  dam f o r  o n e  h o u r .  
Two d a y s  l a t e r ,  t h e  a n i m a l s  w e r e  s a c r i f i c e d  by  p e r f u s i o n  
w i t h  g l u t e r a l d e h y d e  p h o s p h a t e  b u f f e r e d  s u c r o s e .  F i v e  p i e c e s  
o f  t i s s u e  w e r e  s e r i a l l y  s e c t i o n e d  i n c l u d i n g :  s e n s o r i m o t o r  
c o r t e x ,  t h e  e n t i r e  m i d b r a i n  a n d  b r a i n s t e m  c o m p l e x ,  a  3 . 5  cm 
s e g m e n t  c o n t a i n i n g  t h e  r o s t r a l  g r a f t ,  a  3 . 5  cm s e g m e n t  c o n 
t a i n i n g  t h e  c a u d a l  g r a f t  a n d  t h e  3 . 5  cm i m m e d i a t e l y  d i s t a l  
t o  t h e  c a u d a l  g r a f t .  A l t e r n a t e  s e c t i o n s  o f  t h e  t i s s u e  w e r e  
p r o c e s s e d  w i t h  a  TMB t e c h n i q u e .  I n  c o n t r a s t  t o  p r e v i o u s l y  
r e p o r t e d  g r a f t s  a t  C- 8  i n  t h e  r a t ,  ( R i c h a r d s o n  e t  a l . ,  J  
N e u r o c y t o l  1 3 : 1 6 5 - 1 8 2 ,  1 9 8 4 )  n o  l a b e l e d  n e u r o n s  w e r e  f o u n d  
i n  t h e  c o r t e x  o r  b r a i n s t e m ,  e v e n  t h o u g h  t h e  g r a f t s  w e r e  
d e m o n s t r a t e d  t o  h a v e  g o o d  c o n n e c t i v i t y  a n d  m an y  l o c a l  n e u 
r o n s  w e r e  l a b e l e d .  N e u r o n s  w e r e  l a b e l e d  a t  l e a s t  s i x  cm 
c a u d a l  t o  t h e  c a u d a l  g r a f t .  I n  t w o  s u b s e q u e n t  c a t s  t h e  c o r 
t e x  a n d  b r a i n s t e m  w e r e  n o t  s t u d i e d ,  w i t h  a t t e n t i o n  d i r e c t e d  
t o  t h e  g r a f t  i n t e r f a c e  a n d  t h e  s p i n a l  c o r d .  HRP w a s  a p p l i e d  
o n l y  t o  t h e  c a u d a l  g r a f t s ,  a n d  i t  w a s  n o t e d  t h a t  t h e  d e g r e e  
a n d  q u a l i t y  o f  i n t e r f a c e  w a s  r e l a t e d  t o  t h e  n u m b e r s  o f  
n e u r o n s  l a b e l e d .  N e u r o n s  up t o  s e v e n  cm d i s t a l  t o  t h e  
g r a f t  s i t e  w e r e  l a b e l e d  w i t h i n  t h e  g r a y  m a t t e r  o f  t h e  c o r d .
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316.3  GROWTH OF CNS AXONS THROUGH PERIPHERAL NERVE IMPLANTS IN THE  
CAT.  R. P .  Dum and C. G. S alam e*,  D e p t . o f  N e u r o s u rg e r y ,  SUNY 
a t  U p s t a te  M e d ic a l  C e n t e r ,  S y r a c u s e ,  NY, 13210.

R a t c e n t r a l  n e rv o u s  s y s te m  (CNS) ax o n s  h a v e  shown a  r e 
m a rk a b le  c a p a c i ty  to  grow  th ro u g h  im p la n te d  p i e c e s  o f  p e r 
i p h e r a l  n e rv e  (D av id  & A g u ay o , S c ie n c e  2 1 4 :9 3 1 ,  1 9 8 1 ) . T h is  
s tu d y  ex am in ed  th e  c a p a c i ty  o f  CNS n e u ro n s  i n  th e  c a t  to  
s p r o u t  and e lo n g a t e  th ro u g h  p e r i p h e r a l  n e rv e  g r a f t s .

I n  y oung  a d u l t  c a t s ,  a  64-80mm a u t o g r a f t  o f  th e  s u p e r f i c 
i a l  p e r o n e a l  n e rv e  was im p la n te d  i n t o  th e  b r a i n s t e m ,  l e d  e x 
t r a s p i n a l l y  and  i n s e r t e d  i n t o  th e  s p i n a l  c o rd  (C 5 -C 6 ) . O th e r 
w is e  t h e  n e u r a x i s  was l e f t  i n t a c t .

F o u r  t o  n in e  m o nths l a t e r ,  c a t s  w ere  a n e s t h e t i z e d  w i th  
b a r b i t u r a t e s  and  b i p o l a r  c u f f  e l e c t r o d e s  w e re  p la c e d  on  th e  
n e rv e  g r a f t .  S h o r t  t r a i n s  o f  e l e c t r i c a l  s t i m u l i  e v o k e d  o b 
s e r v a b l e  c o n t r a c t i o n s  i n  v a r i o u s  f a c e  and s h o u ld e r  m u s c le s .  
L ik e w is e ,  t h e  d ia p h r a g m ic  EMG was i n h i b i t e d  by th e  s t i m u l a 
t i o n  o f  t h e  n e rv e  g r a f t .  C o n t r o l  s t i m u l a t i o n  a p p l i e d  d i r e c t 
l y  t o  t h e  t i s s u e  s u r r o u n d in g  th e  c u f f  e l e c t r o d e s  d id  n o t  r e 
p ro d u c e  th e  e f f e c t s  o f  n e rv e  g r a f t  s t i m u l a t i o n .

HRP a p p l i e d  t o  th e  c u t  e n d s  o f  th e  t r a n s e c t e d  n e rv e  g r a f t  
was u s e d  to  r e t r o g r a d e l y  l a b e l  n e u ro n s  w hose a x o n s e n te r e d  
th e  g r a f t .  A f t e r  TMB p r o c e s s i n g ,  l a b e l e d  n e u ro n s  w ere  fo u n d  
in  b o th  th e  b r a i n s te m  and s p i n a l  c o rd  (m ean 2 8 0 , r a n g e  185-
3 7 4 ) .  The l e n g t h  o f  th e  n e rv e  g r a f t  t r a v e r s e d  by th e s e  n ew ly  
g ro w in g  a x o n s was b e tw e e n  15 and  48mm. I n  th e  b r a i n s t e m ,  a l l  
l a b e l e d  n e u ro n s  w ere  w i t h i n  2.0mm o f  th e  i m p l a n t .  The f o l lo w 
in g  n u c l e i  w ere  l a b e l e d :  c u n e a t e , d o r s a l  m o to r n u c le u s  o f  
th e  v a g u s ,  g r a c i l i s ,  l a t e r a l  t e g m e n ta l  f i e l d ,  m e d ia l  s o l i 
t a r i u s ,  and r e t r o a m b i g u u s . In  th e  s p i n a l  c o r d ,  l a b e l e d  n e u 
r o n s  w ere  fo u n d  a s  f a r  a s  21.0mm fro m  th e  im p la n t  s i t e .  L ab 
e le d  n e u ro n s  w ere  fo u n d  w i t h in  la m in a e  1, 4 - 1 0 .  D o r s a l  r o o t  
g a n g l io n  (DRG) c e l l s  w ere  l a b e l e d  p r i m a r i l y  i n  i p s i l a t e r a l  
DRGs a d j a c e n t  t o  th e  im p la n t  s i t e .

A num ber o f  c o n c lu s io n s  c a n  be d raw n  fro m  t h i s  s tu d y .  
F i r s t ,  a  v a r i e t y  o f  n e u ro n a l  ty p e s  w i t h i n  th e  c a t  CNS a re  
a b le  t o  s p r o u t  and e lo n g a t e  t h e i r  ax o n s  f o r  up to  5cm 
th ro u g h  p e r i p h e r a l  n e rv e  g r a f t s .  T h u s , th e  f a i l u r e  o f  CNS 
r e g e n e r a t i o n  i s  n o t  due  to  an  i n t r i n s i c  i n a b i l i t y  o f  CNS 
n e u ro n s  t o  r e g ro w . S e c o n d , t h e s e  ax o n s  c a n  c o n d u c t  a c t i o n  
p o t e n t i a l s  w h ic h  p ro d u c e  t r a n s s y n a p t i c  e f f e c t s  e i t h e r  
th ro u g h  ax o n  c o l l a t e r a l s  a c t i v a t e d  by a n t id r o m ic  s t i m u l a t i o n  
o r  by  th e  f o r m a t io n  o f  new s y n a p t i c  c o n n e c t i o n s .  T h i r d ,  th e  
a b i l i t y  o f  CNS n e u ro n s  to  reg ro w  d e p e n d s  on t h e i r  p r o x im ity  
t o  th e  im p la n t  s i t e .

316.4   CHARACTERISTICS OF CENTRAL NERVOUS SYSTEM (CNS) AXONAL REGE
NERATION INTO SCIATIC NERVE IMPLANTS IN RATS.  C . G .Salam e*and 
R . P . Dum, (SPON :G .H .C o l l i n s ) .  D e p t . o f  N e u r o s u rg e r y ,  SUNY a t  
U p s t a te  M e d ic a l  C e n t e r ,  S y r a c u s e ,  NY 13210.

P e r i p h e r a l  n e rv o u s  s y s te m  g r a f t s  a r e  known to  p rom ote 
e lo n g a t io n  o f  CNS a x o n s .  E x te n s iv e  CNS a x o n a l  e lo n g a t io n  
i n t o  s c i a t i c  n e rv e  g r a f t s  h a s  b e e n  h i s t o l o g i c a l l y  docum ented 
i n  r a t s  (D av id  and A g uayo , S c ie n c e  2 1 4 :9 3 1 ;  1 9 8 1 ). T h is  
s tu d y  e x a m in e s  th e  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  o f  CNS 
a x o n s  g ro w in g  th ro u g h  s c i a t i c  n e rv e  g r a f t s  and th e  r e g e n e r a 
t i v e  c a p a b i l i t i e s  o f  d i f f e r e n t  CNS n e u r o n s ,  i n  a d u l t  r a t s .

I n  t h i r t e e n  fe m a le  r a t s  (2 0 0 -2 2 5 g m s ) , one end  o f  an  a u to 
lo g o u s  s c i a t i c  n e rv e  w as im p la n te d  in  t h e  m e d u l l a .  The d i s t a l  
end  was le d  e x t r a s p i n a l l y  and im p la n te d  i n  th e  i p s i l a t e r a l  
c e r v i c a l  c o rd  (C 4 ) .

F o u r to  e i g h t  m o nths a f t e r  i m p l a n t a t i o n ,  e l e c t r i c a l  s tim u 
l a t i o n  o f  th e  g r a f t  e v o k ed  EMG a c t i v i t y  in  a  v a r i e t y  o f  head 
and  n e c k  m u sc le s  i n  6 / 8  r a t s .  I n  r a t s  w h ere  d ia p h r a g m a t ic  
EMG was r e c o r d e d ,  e l e c t r i c a l  s t i m u l a t i o n  o f  th e  g r a f t  d u r in g  
i n s p i r a t i o n  r e s u l t e d  i n  a  c h an g e  o f  th e  o n g o in g  EMG in  4 /7  
r a t s .  T h is  ch an g e  in  EMG a c t i v i t y  c o n s i s t e d  m a in ly  o f  p o te n 
t i a t i o n  o f  th e  EMG r e s p o n s e  i n  th e  i p s i l a t e r a l  d iap h ra g m  
( 3 / 4 ) .  No s p o n ta n e o u s  n e u r a l  a c t i v i t y  was r e c o r d e d  from  th e  
g r a f t s  e v e n  w i th  e x t e n s i v e  m a n ip u la t io n  o f  t h e  s k i n .

A f t e r  t h e  r e c o r d in g s  w ere  d o n e ,  th e  g r a f t s  w ere  c u t  and 
t h e i r  e n d s  so a k ed  i n  h o r s e r a d i s h  p e r o x id a s e  (HRP) d i s s o lv e d  
i n  2% DMSO . When th e  g r a f t  was f i r m l y  im p la n te d  i n  th e  n eu 
r a x i s ,  th e  a v e ra g e  c o u n t  o f  HRP l a b e l e d  n e u ro n s  i n  th e  
b r a in s te m  and s p i n a l  c o rd  was 563 (1 8 3 -1 5 0 3 )  and  398 (1 7 -
1335) r e s p e c t i v e l y .  M ost l a b e l e d  n e u ro n s  w ere  c o n c e n t r a t e d  

w i t h i n  ±4mm o f  th e  im p la n t  s i t e ,  b u t  some w ere  o b s e rv e d  up 
to  9mm fro m  e i t h e r  en d  o f  th e  g r a f t .  I n  th e  b r a i n s t e m ,  l a 
b e le d  n u c l e i  in c lu d e d  th e  d o r s a l  m o to r n u c le u s  o f  th e  v a g u s , 
a m b ig u u s , h y p o g l o s s a l ,  l a t e r a l  r e t i c u l a r i s ,  g i g a n t o c e l l u l a 
r i s ,  ra p h e  and  s u b c o e r u l e u s . The c o n t r a l a t e r a l  r e d  n u c le u s  
and l a t e r a l  p o n t in e  r e t i c u l a r  n u c le u s  w ere  l a b e l e d  a s  w e l l .
I n  th e  s p i n a l  c o r d ,  l a b e l e d  n e u ro n s  w ere  fo u n d  in  lam in ae  
4 - 8  and la m in a  10. They te n d e d  t o  be i p s i l a t e r a l  t o  th e  
g r a f t  n e a r  th e  s i t e  o f  i m p l a n t ,  b u t  w ere  fo u n d  c o n t r a l a t e r a l 
l y ,  f a r t h e r  aw ay.

T h ese  r e s u l t s  s u g g e s t  t h a t  r e g e n e r a t i n g  CNS ax o n s  w i th in  
s c i a t i c  n e rv e  g r a f t s  i n  r a t s  a r e  a b le  t o  c o n d u c t  a c t i o n  po
t e n t i a l s  and  p o s s ib l y  e s t a b l i s h  f u n c t i o n a l  s y n a p s e s  on CNS 
n e u r o n s ,  and show t h a t  1) r e g e n e r a t i o n  i s  m ore p ro m in e n t  in  
n e u ro n s  c lo s e  t o  th e  s i t e  o f  th e  p e r i p h e r a l  im p l a n t ,  and 
2 ) many d i f f e r e n t  k in d s  o f  b r a i n s te m  n e u r o n s ,  i n c l u d i n g  mo
n o a m in e rg ic  o n e s ,  h av e  r e g e n e r a t i v e  c a p a b i l i t i e s .

316 .5   AXONAL REGENERATION IN THE ADULT MAMMALIAN CNS IS  PROMOTED 
BY TRANSPLANTS OF SCHWANN CELLS, CULTURED  IN VITRO.  
L a w re n c e  F . K rom er and  C a rso n  J .  C o rn b ro o k s .  D e p t . o f  
A natom y & N e u r o b io lo g y ,  U n iv . o f  V erm o n t, B u r l . ,  VT 0 5 4 0 5 .

A l th o u g h  CNS a x o n s  c a n  grow  f o r  c o n s id e r a b l e  d i s t a n c e s  
w i t h i n  p e r i p h e r a l  n e rv e  g r a f t s ,  t h e  co m p lex  c e l l u l a r  n a t u r e  
o f  t h e s e  g r a f t s  h a s  p r e c lu d e d  t h e  i d e n t i f i c a t i o n  o f  f a c t o r s  
r e s p o n s i b l e  f o r  p ro m o tin g  a x o n a l  g ro w th . T h u s , t h e  p r e s e n t  
s tu d y  w as u n d e r t a k e n  to  d e v e lo p  a  t r a n s p l a n t a t i o n  p r o c e d u r e  
i n  w h ic h  r e s t r i c t e d  c e l l  p o p u l a t i o n s ,  c u l t u r e d  i n  v i t r o , 
c o u ld  b e  u s e d  to  c h a r a c t e r i z e  CNS a x o n a l  g ro w th  p ro m o tin g  
f a c t o r s  t h a t  f u n c t i o n  jin  v i v o .

F o r  t h e s e  e x p e r im e n t s ,  a d u l t  f e m a le  S p ra g u e -D aw le y  r a t s  
r e c e i v e d  b i l a t e r a l  a s p i r a t i o n  l e s i o n s  o f  t h e  f o r n i x ,  f im b r i a  
an d  s u p r a c a l l o s a l  s t r i a .  T h is  p r o c e d u r e  d e n e r v a t e d  th e  
h ip p o ca m p u s  (HPC) o f  i t s  s e p t a l  c h o l i n e r g i c  i n p u t  and  p r o 
d u c e d  a  p h y s i c a l  gap  (2-3mm) b e tw e e n  t h e  l e s i o n e d  s u r f a c e s  
o f  t h e  se p tu m  and  HPC, i n t o  w h ic h  th e  t r a n s p l a n t s  w e re  
i n s e r t e d .  The t r a n s p l a n t s  c o n s i s t e d  o f  l o n g i t u d i n a l  s t r i p s  
o f  e i t h e r  a n  a c e l l u l a r  c o l l a g e n  s u b s t r a t e  o r  m a tu re  p r e p a 
r a t i o n s  o f  Schwann c e l l s  c u l t u r e d  on  th e  c o l l a g e n  su b 
s t r a tu m  f o r  o v e r  2 m o n th s . The c u l t u r e s  w e re  p r e p a r e d  from  
e m b ry o n ic  r a t  d o r s a l  r o o t  g a n g l i a  (E 1 5 -2 1 ) and  w e re  t r e a t e d  
w i th  a n t i m i t o t i c s  t o  rem ove  f i b r o b l a s t s .  The d i s s e c t e d  
t r a n s p l a n t s ,  d e v o id  o f  n e u r o n a l  s o m a ta  and  f i b r o b l a s t s ,  
c o n ta in e d  d e g e n e r a t i n g  n e u r i t e s  and  m y e l in ,  v i a b l e  Schwann 
c e l l s  an d  s t a b l e  e x t r a c e l l u l a r  m a t r ix .  A c e t y l c h o l i n e s t e r a s e  
(AChE) h i s t o c h e m i s t r y  w as u t i l i z e d  to  i d e n t i f y  r e g e n e r a t i n g  
s e p t a l  c h o l i n e r g i c  a x o n s  w i t h i n  t h e  t r a n s p l a n t s  and  h o s t  
HPC a t  1 , 6 , 14 and  30 d a y s  p o s t t r a n s p l a n t a t i o n .  No AChE- 
p o s i t i v e  a x o n s  w e re  o b s e rv e d  i n  a s s o c i a t i o n  w i th  t h e  a c e l l u 
l a r  c o l l a g e n  s u b s t r a t e s  o r  w i t h i n  t h e  h o s t  HPC i n  t h e s e  
s p e c im e n s  a t  an y  s u r v i v a l  t im e .  I n  c o n t r a s t ,  s t r a n d s  o f  
AChE f i b e r s  w e re  o b s e rv e d  to  e n t e r  t h e  s e p t a l  end  o f  t h e  
Schw ann c e l l  t r a n s p l a n t s  by  d a y  6 . A t 14 and  30 d a y s ,  t h e r e  
w as a n  e x tr e m e ly  d e n s e  b and  o f  AChE f i b e r s  l o c a l i z e d  w i t h in  
t h e  c e l l u l a r  p o r t i o n s  b u t  n o t  t h e  c o l l a g e n  s u b s t r a tu m  o f  
t h e s e  t r a n s p l a n t s .  AChE f i b e r s  a l s o  w e re  o b s e rv e d  to  l e a v e  
t h e  t r a n s p l a n t s  and  r e i n n e r v a t e  t h e  a n t e r i o r  end  o f  t h e  h o s t  
HPC.

T h e se  r e s u l t s  d e m o n s t r a te  t h a t  i t  i s  p o s s i b l e  to  u s e  
t r a n s p l a n t s  o f  s e l e c t i v e  PNS c e l l  p o p u l a t i o n s ,  c u l t u r e d  
i n  v i t r o , t o  a n a ly z e  CNS a x o n a l  r e g e n e r a t i o n  i n  v i v o . M ore
o v e r ,  t h e  d a t a  s u g g e s t  t h a t  Schw ann c e l l s  and  t h e i r  a s s o 
c i a t e d  e x t r a c e l l u l a r  m a t r ix  a r e  r e s p o n s i b l e  f o r  p ro m o tin g  
a x o n a l  r e g e n e r a t i o n  i n  t h e  a d u l t  m am m alian CNS. (S u p p o rte d  
b y  NIH G ra n t  #N S -18126 & t h e  M u s c u la r  D y s tro p h y  A s s o c i a t i o n )  .

316.6  LAMININ AND A SCHWANN CELL SURFACE ANTIGEN PRESENT WITHIN 
TRANSPLANTS OF CULTURED PNS CELLS CO-LOCALIZE WITH CNS 
AXONS REGENERATING IN VIVO.  C. J .  C o rn b ro o k s  and  L . F . 
K ro m er.  D e p t . o f  A n a t .  & N e u r o b io l .  UVM, B u r l . ,  VT 05 4 0 5 .

M a c ro m o le c u le s  w h ich  r e s i d e  i n  t h e  m a tu re  p e r i p h e r a l  
n e rv e  p ro m o te  a x o n a l  o u tg ro w th  fro m  r e g e n e r a t i n g  PNS a s  
w e l l  a s  CNS n e u ro n s .  I n  o r d e r  to  ex a m in e  t h e  s o u rc e  and 
c o n t r i b u t i o n  o f  PNS m o le c u le s  t o  t h e  phenom enon o f  CNS 
a x o n a l  r e g e n e r a t i o n ,  m e th o d s  w e re  d e v is e d  to  t r a n s p l a n t  c u l 
t u r e d  PNS c e l l s  i n t o  i n t r a c e p h a l i c  CNS l e s i o n s  ( s e e  K rom er 
& C o rn b ro o k s , t h e s e  a b s t r a c t s ) .  A n t ib o d ie s  d i r e c t e d  
a g a i n s t  l a m in in  (LAM), a  known e x t r a c e l l u l a r  m a t r ix  (ECM) 
c o m p o n en t, and  C4, a  c e l l  s u r f a c e  a n t i g e n  on Schwann c e l l s  
c o n ta c t in g  a x o n s ,  w ere  u s e d  to  c o - l o c a l i z e  r e g e n e r a t i n g  
c h o l i n e r g i c  CNS a x o n s  w i th  m o le c u la r  c o m p o n e n ts  o f  t h e  
t r a n s p l a n t .  C r y o s ta t  s e c t i o n s  o f  b r a i n s  h a r v e s t e d  1 , 6 and  
14d p o s t t r a n s p l a n t a t i o n  w e re  e x am in ed  fro m  e x p e r im e n ta l  
a n im a ls  h o s t i n g  c e l l u l a r  t r a n s p l a n t s  c o n ta i n in g  Schw ann 
c e l l s  an d  ECM o n  a  c o l l a g e n  s u b s t r a tu m  an d  l e s i o n e d  s p e c i 
m ens w i th  a c e l l u l a r  c o l l a g e n  t r a n s p l a n t s .  I n  sp e c im e n s  w i th  
c o l l a g e n  t r a n s p l a n t s ,  LAM+ a r e a s  w e re  l o c a l i z e d  t o  t h e  b r a i n  
s u r f a c e ,  c h o ro id  p l e x u s ,  ependym a and  a l s o  a p p e a r e d  to  
b e  a s s o c i a t e d  w i th  r e a c t i v e  a s t r o c y t e s  a lo n g  t h e  c a v i t y .  
S t a in i n g  i n  t h e  c a v i t y  q u a n t i t a t i v e l y  d e c r e a s e d  b e tw e e n  6 
an d  14d p o s t t r a n s p l a n t a t i o n .  T h e se  sp e c im e n s  e x h i b i t e d  no 
r e g e n e r a t i o n  o f  c h o l i n e r g i c  a x o n s .  B r a in s  h o s t i n g  c e l l u l a r  
t r a n s p l a n t s  c o n ta in e d  p ro m in e n t  LAM s t a i n i n g  a t  a l l  t im e  
p e r i o d s  i n  a r e a s  i d e n t i c a l  to  t h o s e  d e s c r i b e d  a b o v e , w i t h in  
t h e  c e l l u l a r  r e g i o n s  o f  t h e  t r a n s p l a n t  and  a t  t h e  t r a n s p l a n t -  
h o s t  i n t e r f a c e s .  By 1 4 d , r e g e n e r a t i n g ,  c h o l i n e r g i c  CNS 
f i b e r s  d i s t i n c t l y  c o - l o c a l i z e d  w i th  LAM a t  t h e  t r a n s p l a n t -  
h o s t  i n t e r f a c e s  an d  t h e  c e l l u l a r  p o r t i o n  o f  t h e  t r a n s p l a n t .  
The C4 a n t i g e n  w as o n ly  p r e s e n t  on t h e  c e l l u l a r  p o r t i o n  o f  
t h e  t r a n s p l a n t  a t  t h e  1 and  14d t im e  p o i n t s .  C o r r e s p o n d in g 
l y ,  Schwann c e l l s  w e re  i n  c o n ta c t  w i th  PNS a x o n s  ( a l b e i t  
d e g e n e r a t in g )  a t  I d  and  r e g e n e r a t i n g  CNS a x o n s  a t  1 4 d . In  
c o n c lu s i o n ,  im m u n o h is to c h e m ic a l  m e th o d s  r e l i a b l y  i d e n t i f i e d  
t r a n s p l a n t s  o f  PNS c u l t u r e d  c e l l s  w i t h i n  i n t r a c e p h a l i c  
c a v i t i e s .  M o re o v e r , by  14d p o s t t r a n s p l a n t a t i o n ,  r e g e n e r a t 
in g  c h o l i n e r g i c  f i b e r s  c o - l o c a l i z e d  w i th  LAM+ c e l l s  o n ly  a t  
t h e  Schwann c e l l  t r a n s p l a n t - h o s t  i n t e r f a c e s  and  w i t h i n  t h e  
c e l l u l a r  p o r t i o n  o f  t h e s e  t r a n s p l a n t s  w h ic h  c o n ta in e d  b o th  
ECM (LAM+) and  Schwann c e l l s  c o n ta c t in g  a x o n s  (C 4 + ) . T h e re 
f o r e ,  t h e  r e g e n e r a t i o n  o f  c h o l i n e r g i c  CNS a x o n s  may n o t  b e  
s u p p o r te d  by  s o u r c e s  o f  e n d o g e n o u s  CNS LAM an d  may r e q u i r e  
n e u r i t e  p ro m o tin g  f a c t o r s  s y n th e s i z e d  by  Schw ann c e l l s  
w i t h in  t h e  t r a n s p l a n t .  (NIH GRANT #NS-18126 & MDA).
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316.7  MOLECULAR CYTOLOGY OF SATELLITE GLIAL CELLS DURING 
REGENERATION OF MOTONEURONS.  G.W. K re u tz b e rg  and  
M. G rä b e r* .  Max P lan ck  I n s t i t u t e  f o r  P s y c h ia tr y ,  
D-8033 M a r t in s r i e d  n .M u n ich , F e d .R e p .o f  Germany.

In  th e  f a c i a l  o r  h y p o g lo s s a l  n u c le i  r e s t i n g  
m ic r o g l i a l  c e l l s  can  be s t im u la te d  to  p r o l i f e r a t e  
by c u t t i n g  th e  a p p r o p r ia te  m otor n e rv e . W ith in  
3“ 5 d ay s m ic r o g l i a l  c e l l s  m a in ly  in  p e r in e u ro n a l  
p o s i t i o n s  d iv id e  and c o v e r  th e  s u r f a c e  o f  th e  n eu 
r o n a l  c e l l  b o d ie s  and stem  d e n d r i t e s .  T h is  i s  a c 
com panied  by s t r i p p i n g  o f  m ost o f  th e  s y n a p t ic  
b o u to n s  n o rm a lly  t e r m in a t in g  a t  th e s e  s i t e s  
(B l in z in g e r  and K re u tz b e rg , C e ll  T i s s .  R es. 8 5 : 
145, 1 9 6 8 ). The o r i g in  and n a tu r e  o f  m ic r o g l ia l  
c e l l s  h a s  b een  d e b a te d  f o r  some t im e . They a r e  
c o n s id e re d  by some t o  be p a r t  o f  th e  m ononuclear 
ph a g o c y te  sy s te m , w hereas o th e r s  c o n s id e r  them  to  
be a t h i r d  n e u r o g l i a l  e le m e n t.  We have now a p 
p l i e d  a number o f  a n t ib o d ie s  a g a in s t  v a r io u s  co n 
s t i t u e n t s  o f  th e  c e l l  in  o r d e r  to  c l a r i f y  f u r t h e r  
th e  n a tu r e  o f  m ic r o g l ia .  The c e l l s  were c l e a r l y  
shown to  have c r o s s  r e a c t i v i t y  a g a in s t  two d i f f e r 
e n t  m o n oclonal and one p o ly c lo n a l  a n tib o d y  a g a in s t  
g l i a l  f i b r i l l a r y  a c i d i c  p r o t e in  (GFAP). A n ti-S  100 
a l s o  s t a in e d  th e  c e l l s  s l i g h t l y .  No d e c o r a t io n  
h as  been  se en  by a p p ly in g  a n t ib o d ie s  a g a in s t  f i 
b r o n e c t in ,  la m in in ,  th e  s u r f a c e  m arker L2 , O4 and 
C1 . The p re s e n c e  o f  G FA P-like im m u n o re a c tiv ity  
in  th e  p r o l i f e r a t e d  s a t e l l i t e  m ic r o g lia  le a d  us to  
p o s t u l a t e  t h a t  th e s e  c e l l s  can  be c la s s e d  a s  
n e u r o g l i a ,  e s p e c i a l l y  b e lo n g in g  to  th e  a s t r o c y te  
f a m ily .  However, a  r e i n v e s t i g a t i o n  o f  th e  u l t r a 
s t r u c t u r e  o f  th e  c e l l s  h a s  n o t  r e v e a le d  a ty p e  o f  
in te r m e d ia te  f i la m e n t  re se m b lin g  th e  t y p i c a l  g l i a l  
f i la m e n ts  o f  a s t r o c y t e s .  M ic ro g l ia l  c e l l s  p o s s e s s  
a v e ry  d en se  c y to p la sm  in  w hich a r e t i c u l a r  n e t  o f  
in te r m e d ia te  f i la m e n ts  i s  p r e s e n t  a l th o u g h  d i f f i 
c u l t  t o  r e c o g n iz e .

3 1 6 .8   FIBROBLAST-LIKE CELLS ACCUMULATE IN THE JUNCTIONAL REGION 
OF SKELETAL MUSCLES AFTER DENERVATION.  E l iz a b e th  A. 
Connor. Edward C allaw ay* and U .J . McMahan.  Dept o f  
N eu rob io logy , S ta n fo rd  U n iv e r s i ty ,  S ta n fo rd , CA 94305.

I f  the  nerves to  s k e le ta l  muscles a re  severed , the 
muscle f ib e rs  undergo sev e ra l s t r ik in g  changes in  s t ru c 
tu re  and fu n c tio n . To th i s  l i s t  of muscle a l te r a t io n s  we 
add a response th a t  occurs in  the  connective t is s u e  a t  or 
near the  former s i t e s  of the  neuromuscular ju n c tio n s .

M uscles c o n ta in  a  v a r i e ty  o f  c o n n e c tiv e  t i s s u e  c e l l s  
in c lu d in g  f i b r o b l a s t s .  F ib r o b la s t s  have long  th in  
p ro c e s s e s  w ith  few o rg a n e l le s  t h a t  co u rse  among c o l la g e n  
f i b r i l s .  In  th e  f ro g  cu tan eo u s p e c to r i s  m uscle , w hich we 
s tu d y , th e s e  c e l l s  a r e  s p a r s e  and ev e n ly  d i s t r i b u t e d  
th ro u g h o u t th e  m u sc le ' s  ju n c t io n a l  and e x t r a - ju n c t io n a l  
r e g io n s .  We n o te  t h a t  fo llo w in g  d e n e rv a t io n , th e r e  i s  a 
s e l e c t i v e  in c re a s e  in  th e  number o f  c e l l s  re sem b lin g  
f i b r o b l a s t s  in  th e  ju n c t io n a l  r e g io n .  T h e ir  p ro c e s s e s  form 
a v e i l  around th e  m uscle f i b e r s  so  t h a t  on av e ra g e  more 
th a n  95 % o f  th e  d en e rv a ted  s y n a p tic  re g io n s  o f  a  m yofiber 
have one o r  more p ro c e s s e s  w ith in  1 - 2  m icrons o f  th e  
m yofiber membrane. N uc lear co u n ts  on c ro s s  s e c t io n s  o f  
c h ro n ic a l ly  d e n e rv a ted  m uscles showed t h a t  th e  ju n c t io n -  
s p e c i f i c  in c r e a s e  in  c e l l  number began w ith in  1 week a f t e r  
d e n e rv a tio n  and reach ed  a p la te a u  by 3 weeks a t  which tim e 
th e  number o f  c o n n e c tiv e  t i s s u e  c e l l  n u c le i  p e r  m yofiber 
was 4 tim es  g r e a t e r  th a n  no rm a l. T h is  in c re a s e  p e r s i s te d  
up to  10 w eeks. T hroughout t h i s  p e r io d  th e  number o f  c e l l  
n u c le i  in  e x t r a ju n c t io n a l  re g io n s  rem ained norm al. The 
re sp o n se  was n o t a l l  o r  none, s in c e  r e in n e rv a t io n  o f  
m uscles w ith in  1 week a f t e r  ne rv e  damage, r e s u l t e d  in  on ly  
a 2 - f o ld  in c re a s e  in  th e  number o f  c e l l  n u c l e i .

The so u rce  o f  th e  f i b r o b l a s t - l i k e  c e l l s  i s  unknown. 
U n like  th e  Schwann c e l l s  t h a t  cap th e  axon te rm in a ls  and 
rem ain  a t  th e  s y n a p tic  s i t e s  a f t e r  n erve  d e g e n e ra tio n  
(Antelman & Connor, in  p r o g r e s s ) ,  th e  f i b r o b l a s t - l i k e  
c e l l s  undergo m i to s is  a s  in d ic a te d  by 3H-th y m id in e  
l a b e l l i n g .  Thus th e s e  c e l l s  may be d a u g h te rs  o f  
f i b r o b l a s t s  in  th e  ju n c t io n a l  re g io n  p r io r  to  damage.

R ecent s tu d ie s  in  t h i s  la b o ra to ry  have re v e a le d  t h a t  th e  
e x t r a c e l l u l a r  m a tr ix  o f  m uscles p la y s  an im p o rta n t r o le  in  
th e  re g e n e ra t io n  o f  th e  neu rom uscu lar ju n c t io n s .  S in ce  
f i b r o b l a s t s  produce and degrade  com ponents o f  th e   
e x t r a c e l l u l a r  m a tr ix , d e te rm in in g  th e  r o l e  o f  th e   
j u n c t io n a l - s p e c i f i c  f i b r o b l a s t - l i k e  c e l l  a c cu m u la tio n  in  
th e  d e g e n e ra tio n  and re g e n e ra t io n  o f  th e  n eu rom uscu lar 
ju n c t io n  i s  o f  c o n s id e ra b le  i n t e r e s t .

3 1 6 .9  THE MAINTENANCE OF NORMAL AND REGENERATING MOTOR NERVE 
TERMINALS IN THE ABSENCE OF MYOFIBERS.  Y.M. Yao & U .J . 
McMahan.  D ep t. o f  N eu ro b io lo g y , S ta n fo rd  U niv . Sch . M ed., 
S ta n fo rd ,  C a l i f o r n ia  94305.

The s t r u c t u r e  o f  axon te rm in a ls  a t  th e  neurom uscu lar 
ju n c t io n  o f  s k e l e t a l  m uscles i s  h ig h ly  o rd e red  and 
s p e c i f i c .  To s tu d y  th e  r o le  o f  th e  m yofiber on th e  
m a in tenance  o f  axon te rm in a l  s t r u c t u r e  we d ev ise d  an 
o p e ra t io n  f o r  rem oving m y o fib ers  from th e  th in  cu tan eo u s 
p e c to r i s  (CP) m uscle o f  th e  f ro g  w ith o u t damaging axons, 
axon te r m in a ls ,  th e  o v e r ly in g  Schwann c e l l s  o r  th e  
s y n a p tic  p o r t io n  o f  th e  m yofiber b a s a l  lam ina (BL) 
s h e a th .  The s y n a p tic  s i t e s  on th e  BL, examined by 
e l e c t r o n  m icroscopy  w ere i d e n t i f i e d  by s ta in in g  f o r  th e  
enzyme a c e ty lc h o l in e s t e r a s e ,  w hich i s  t i g h t l y  bound to  th e  
p o r t i o n  o f  th e  m y o fib er BL in  th e  s y n a p tic  c l e f t  and 
p e r s i s t s  a f t e r  damage to  th e  m u sc le .

At th r e e  months a f t e r  m yofiber rem oval, th e  % o f  
s y n a p tic  s i t e s  on m yofiber BL th a t  were occup ied  by 
p r o f i l e s  o f  axon te rm in a ls  w ere n o t d i f f e r e n t  from no rm al. 
Between 3 and 6 mo th e  % o f  s y n a p tic  s i t e s  occup ied  by 
te rm in a ls  d ec re a se d  s l i g h t l y  ( 10 %) and th e r e  was a  marked 
in c r e a s e  in  th e  % o f  axon te rm in a l  p r o f i l e s  co m p le te ly  
enw rapped by Schwann c e l l  p r o c e s s e s .  However, a t  6 mo th e  
axon te r m in a ls ,  a s  in  norm al m u sc le s , c o n ta in e d  numerous 
s y n a p tic  v e s i c l e s  and a c t iv e  zo n e s , and th e  c r o s s -  
s e c t io n a l  a r e a  o f  th e  axon te rm in a l d id  n o t d i f f e r  from 
c o n t r o l  v a lu e s .  T hus, w h ile  m otor axon te rm in a ls  o f  th e  
f ro g  a r e  c l e a r ly  dependen t on th e  p re sen ce  o f  m yofibers  
f o r  m a in tenance  o f  m ajo r s t r u c t u r a l  f e a t u r e s ,  th e  e f f e c t s  
o f  m y o fib er ab sence  on th e s e  f e a tu r e s  i s  g ra d u a l and 
r e q u i r e s  months to  be d e te c te d .

In  some e x p e rim en ts  we c ru sh ed  th e  nerv e  to  th e  CP 
m uscle 1 mo a f t e r  rem oving th e  m y o fib e rs . One month l a t e r  
55% o f  th e  s y n a p tic  s i t e s  on th e  BL s h e a th s  were occup ied  
by r e g e n e ra t in g  axon te rm in a ls  w hich c o n ta in e d  v e s ic le s  
and a c t iv e  z o n e s . At 4 mo a f t e r  m yofiber damage, how ever, 
o n ly  10 % o f  th e  s y n a p tic  s i t e s  w ere occu p ied  by axon 
te r m in a ls .  These f in d in g s  ex ten d  e a r l i e r  s tu d ie s  in  t h i s  
la b  (S anes e t  a l . , J .C .B . 78: 1978) w hich showed th a t  
a f t e r  rem oval o f  m y o fib e rs  and damage to  Schwann c e l l s ,  
r e g e n e ra t in g  axons d id  n o t p e r s i s t  a t  s y n a p tic  s i t e s  on 
empty m yofiber BL tu b e s .  We conc lu d e  th a t  re g e n e ra t in g  
axon te rm in a ls  a r e  f a r  more dependen t on th e  p re sen ce  o f  
m y o fib e rs  th a n  norm al axon te rm in a ls  f o r  t h e i r  m ain tenance  
a t  s y n a p tic  s i t e s .

316.10  ROLE OF CELLULAR TERRAIN IN SPINAL CORD 
REGENERATION.
L. Guth, C. P. Borrett *, E. J. Donati*, and E. Roberts.
Dept. of Anatomy, Univ. of Maryland Sch. of Med., Baltimore, 
MD 21201 and City of Hope Natl. Med. Center, Duarte, CA.

Recent studies showing that CNS axons will grow into PNS 
environments indicate that comparable growth into spinal cord 
lesions could be achieved if the lesion site were populated by 
astrocytes and ependymal cells rather than by the macrophages, 
lymphocytes and fibroblasts that generally accumulate at sites 
of CNS injury. In order to examine this hypothesis 
experimentally, we performed a laminectomy at T5 and crushed 
the cord of rats for 1-3 seconds with a smooth forceps (while 
leaving the dura mater intact to prevent ingrowth of connective 
tissue). At one week, the lesion was filled with mononuclear 
cells, degenerating nerve fibers, and capillaries oriented parallel 
to the long axis of the spinal cord. By two weeks, 
longitudinally-oriented cords of ependymal cells and astrocytes 
had migrated into the lesion from the adjacent spinal cord, and 
similarly-oriented nerve fibers had begun to regenerate into the 
lesion along the surface of the capillaries, ependymal cells, and 
astrocytes. The mononuclear cells had now assumed phagocytic 
activity and were engorged with melin and other cellular 
debris. After three weeks, the astrocytes had elaborated thick 
processes within which glial fibers could be discerned by GFAP 
histochemistry. The regenerated nerve fibers were still oriented 
longitudinally, but they had increased in number and were often 
arranged in small fascicles. We conclude that the intrinsic 
regenerative capacity of spinal cord can be expressed provided 
ischemic necrosis and collagenous scarring are prevented and 
the spinal cord parenchyma is first reconstructed by its non
neuronal constituents.

The reproducibility and non-necrotizing nature of this model 
of injury renders it suitable for the evaluation of treatments to 
promote axonal regeneration. After crushing the spinal cord of 
rats, a polyethylene tube was implanted in such a way that one 
end lay over the site of the crush injury and the other end was 
exteriorized at the back of the neck. The dura was then opened 
and the lesion site superfused with drug or vehicle four times 
daily for two weeks. The in-vivo ingrowth of CNS axons into the 
spinal cord lesion was markedly stimulated by treatment with 
two drugs known to promote in-vitro growth of dorsal root 
ganglion axons.

(Supported by grants from the NIH and the Hurd Foundation).
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316.11  ELECTRON MICROSCOPY OF HRP INJURY-FILLED  
REGENERATED AXONS IN THE ADULT FROG SPINAL CORD.  
F . J .  L iu z z i  and R. J .  Lasek,   D e p t. o f  Anatomy, 
Case W estern  R eserv e  U n iv .,  C le v e la n d , Oh. 44106

Axons o f  c ru sh e d  o r  c u t  and rean asto m o sed  
lum bar d o r s a l  r o o t s  r e g e n e r a te  back in to  th e  
s p in a l  c o rd s  o f  a d u l t  f r o g s  and r e e s t a b l i s h ,  in  
p a r t ,  th e  se g m en ta l d i s t r i b u t i o n  o f  th e  ro o t  
(L iu z z i  and L asek , 1 9 8 4 ). L ig h t m ic ro sc o p ic  
e x a m in a tio n  o f  c r e s y l - v i o l e t  s t a in e d  t r a n s v e r s e  
s e c t io n s  o f  lum bar s p in a l  c o rd s  a f t e r  HRP 
i n j u r y - f i l l i n g  o f  r e g e n e ra te d  d o r s a l  r o o ts  
showed t h a t  axons grew  m ain ly  a lo n g  th e  co rd  
s u r f a c e  in  th e  d o r s a l  f u n ic u lu s  (D F). Some 
axons p e n e t r a te d  th e  DF p a s s in g  v e n t r a l l y  to  
e n t e r  th e  d o r s a l  g r a y .  However, th e  m a jo r i ty  o f  
r e g e n e ra te d  axons e n te r e d  th e  g ra y  m a t te r  
th ro u g h  th e  d o r s o l a t e r a l  f a s c i c u lu s  (DLF). T h is  
su g g e s te d  t h a t  t h e r e  a r e  d i f f e r e n c e s  in  th e  DF 
and th e  DLF t h a t  in f lu e n c e  ax o n a l r e g e n e r a t io n .

We u n d e rto o k  an EM s tu d y  to  d e te rm in e  th e  
u l t r a s t r u c t u r a l  n a tu r e  o f  th e  l o c a l  en v iro n m en ts  
o r  dom ains th ro u g h  w hich th e  r e g e n e r a t in g  axons 
g row . A f te r  s u r v iv a l  t im e s  o f 15-75 days 
r e g e n e ra te d  axons w ere i n j u r y - f i l l e d  w ith  HRP. 
The s p in a l  c o rd s  w ere s e c t io n e d ,  p ro c e ss e d  in  
DAB, o sm ic a te d , run  up f o r  EM and f l a t  embedded 
betw een  two s h e e t s  o f  A c la r  p l a s t i c  f o r  
s e q u e n t i a l  l i g h t  and EM.

Near th e  r o o t  e n t r y  zone th e  HRP l a b e l l e d  
axons c o u rse d  l o n g i t u d i n a l l y  b e n e a th  th e  p ia  
w i th in  th e  DF a s  w e ll a s  in  th e  DLF. EM showed 
th e s e  axons to  be a s s o c ia te d  w ith  th e  end f e e t  
o f  th e  g l i a  l i m i t a n s .  Few axons grew th ro u g h  
th e  r e g io n s  o f  th e  DF w hich  w ere packed  w ith  
m y elin  d e b r i s  and l a r g e  num bers o f  o l ig o d e n d ro 
c y t e s .  Those axons t h a t  t r a v e r s e d  t h i s  g l i o t i c  
r e g io n  w ere a s s o c ia te d  w ith  th e  r a d i a l  p ro c e s s e s  
o f  a s t r o c y t e s  w hich resem b led  em bryonic r a d i a l  
g l i a l  p r o c e s s e s .  More axons t r a v e r s e d  th e  DLF, 
b u t  in  t h i s  r e g io n  th e r e  was l e s s  d e g e n e ra t iv e  
d e b r i s  and th e  g l i a l  p ro c e s s e s  w ere more c lo s e ly  
p a c k e d . T hese o b s e rv a t io n s  su g g e s t  t h a t  s e n so ry  
axons r e g e n e r a t in g  in  th e  a d u l t  f ro g  s p in a l  co rd  
p r e f e r r e d  to  grow a lo n g  th e  end f e e t  and r a d i a l  
p r o c e s s e s  o f  a s t r o c y t e s  r a th e r  th a n  in  r e g io n s  
c o n ta in in g  m y e lin  d e b r i s  and o l ig o d e n d r o c y te s .

316. 12  DEGENERATION AND REGENERATION OF VESTIBULAR AXONS IN AXOLOTL 
(AMBYSTOMA MEXICANUM) LARVAE.  D .A .C o v e i l ,  J r . *  and  P .G .M o d e l.  
D e p t. N e u r o s c i . ,  A lb e r t  E i n s t e i n  C o l l .  M e d ., B ro n x , NY 10461

In  many p a r t s  o f  th e  n e rv o u s  s y s te m  c u t  n e r v e  f i b e r s  can  
fo rm  f u n c t i o n a l  c o n n e c t io n s  w i th  t h e i r  o r i g i n a l  t a r g e t  c e l l s  
and s o  r e - e s t a b l i s h  t h e i r  o r i g i n a l  p a t t e r n  o f  c o n n e c t i v i t y .  
T h e re  a r e  s e v e r a l  w ays t h i s  can  b e  a c h ie v e d :  r e c l a m a t io n  o f  
u n o c c u p ie d  p o s t s y n a p t i c  s i t e s ,  d i s p la c e m e n t  o f  t r a n s i e n t  
t e r m in a l s  from  n e a rb y  a x o n s ,  o r  i n d u c t i o n  o f  new s i t e s .

In  p re m e ta m o rp h ic  a m p h ib ia n s  an d  f i s h ,  a  s i n g l e  p a i r  o f  
i d e n t i f i a b l e  n e u r o n s ,  t h e  M au th n e r  c e l l s  ( M - c e l l s ) ,  a r e  p r e 
s e n t  i n  t h e  m e d u l la  a t  t h e  l e v e l  o f  e n t r y  o f  t h e  v e s t i b u l a r  
n e rv e  ( n V I I I ) .  Axons from  th e  i p s i l a t e r a l  v e s t i b u l a r  s y s te m  
p r o v id e  m a jo r  s e n s o r y  i n p u t  t o  th e  M - c e l l ,  and  i n  th e  axo
l o t l ,  t h e i r  t e r m in a l s  ( c lu b  e n d in g s )  a r e  l o c a t e d  in  t h e  p ro x 
im o - v e n t r a l  s u r f a c e  o f  t h e  l a t e r a l  d e n d r i t e .  To a n a ly z e  m ech
an ism s o p e r a t i v e  d u r in g  a x o n a l  r e g e n e r a t i o n ,  we s e v e r e d  n V I I I  
o f  2 9 -3 7  mm l a r v a e  a t  th e  s i t e  w h e re  t h e  n e rv e  e n t e r s  t h e  
m e d u l la .  A l t e r a t i o n s  i n  t h e  f i n e  s t r u c t u r e  o f  t h e  c u t  axons 
w ere  o b s e rv e d  as e a r l y  as 2 h o u r s  a f t e r  s u r g e r y :  d e g e n e r a t io n  
i s  i n i t i a l l y  o f  t h e  f i l a m e n to u s  ty p e  an d  w i th  t im e ,  i t  p r o 
g r e s s e s  i n t o  t h e  d e n se  t y p e .  P r e -  an d  p o s t s y n a p t i c  m em brane 
come t o  b e  s e p a r a t e d  fro m  one a n o th e r  by g l i a l  p r o c e s s e s  and  
l a t e r ,  t h e  g l i a  e n g u l f  t h e  t e r m in a l  r e m n a n ts .  No v a c a t e d  
p o s t s y n a p t i c  d e n s i t i e s  w e re  o b s e rv e d  f o l lo w in g  th e  s e p a r a t i o n  
o f  c lu b  e n d in g s  fro m  th e  M -c e l l  s u r f a c e :  t h e  p r e s e n c e  o f  
c o a te d  v e s i c l e s  and  m u l t i v e s i c u l a r  b o d ie s  i n  t h e  M -c e l l  c y to 
p lasm  n e a r  t h e  d e g e n e r a t in g  t e r m in a l s  s u g g e s t s  t h a t  t h e  M- 
c e l l  may p l a y  an a c t i v e  r o l e  i n  th e  re m o v a l  o f  su c h  d e n s i t i e s

To f a c i l i t a t e  i d e n t i f i c a t i o n  o f  n V I I I  axons d u r in g  e a r l y  
p h a s e s  o f  r e g e n e r a t i o n  as w e l l  a s  f o l l o w in g  s y n a p to g e n e s i s , 
h o r s e r a d i s h  p e r o x id a s e  (HRP) w as p u t  i n t o  t h e  v e s t i b u l a r  
a p p a r a tu s  t o  l a b e l  th e  n e r v e .  W ith in  a  w eek a f t e r  t h e  l e s i o n ,  
s m a l l  HRP l a b e l e d  p r o c e s s e s  w e re  o b s e rv e d  l a t e r a l l y  i n  th e  
m e d u l la  i n  t h e  r e g io n  n o r m a l ly  o c c u p ie d  by th e  n V I I I  t r a c t .   
By 4 w e e k s , l a b e l l e d  s y n a p s e s  a r e  p r e s e n t  on th e  p ro x im o -  
v e n t r a l  s u r f a c e  o f  t h e  M -c e l l  l a t e r a l  d e n d r i t e .  The r e g e n e r 
a te d  f i b e r s  fo rm  a p r o j e c t i o n  t h a t  lo o k s  l i k e  t h a t  o f  t h e  
n o rm a l n V I I I  in  t h a t  th e y  a r e  l a r g e l y  c o n f in e d  t o  t h e  same 
r e g io n  o f  t h e  m e d u l la .  In  a d d i t i o n ,  th e y  fo rm  s y n a p s e s  on th e  
a p p r o p r i a t e  r e g io n  o f  th e  M - c e l l .

The d a t a  show t h a t  c u t  v e s t i b u l a r  ax o n s r e g e n e r a t e  and 
r e - e s t a b l i s h  th e  o r i g i n a l  p a t t e r n  o f  c o n n e c t i v i t y .  The d a t a  
s u g g e s t  t h a t  p o s t s y n a p t i c  d e n s i t i e s  a r e  rem oved when p r e -  
s y n a p t i c  t e r m in a l s  d e g e n e r a t e ,  and  th u s  t h e  new s i t e s  may b e  
in d u c e d  by r e g e n e r a t i n g  a x o n s .
(S u p p o rte d  by NIH g r a n t  NS-18823 and NRSA N S -0 7 1 3 8 .)

AXONAL TRANSPORT II

317.1  BIOCHEM ICA L A N A L Y SIS OF HRP RETROGRADE TRANSPORT 
EFF E C T  BY AXONAL REACTION AFTER S C IA T IC  NERVE 
CRUSH IN  C A T.  J . C .  L i u * ,  C . F .  C h a o *  a n d  S . D .  W a n g *  
D e p t . o f  B i o l o g y  a n d  A n a t o m y ,  NDMC, T a i p e i ,  T a i w a n  
R e p u b l i c  o f  C h i n a .  (S P O N : T . H .  Y i n )

T h e  m o r p h o l o g i c a l  a n d  b i o c h e m i c a l  a x o n a l  r e a c 
t i o n s  i n  n e u r o n  c e l l  b o d y  a f t e r  a x o n a l  i n j u r y  h a v e  
b e e n  w e l l  e s t a b l i s h e d .  A x o n a l  t r a n s p o r t  a f t e r  n e r 
v e  i n j u r y  s h o w s  n o  e f f e c t  i n  t h e  r a t e  o f  o r t h o g r 
a d e  t r a n s p o r t ,  a n d  t h e  t o t a l  a m o u n t  o f  p r o t e i n  
t r a n s p o r t  s t i l l  r e m a i n s  u n c e r t a i n . T h e  s i g n a l  
t r a n s p o r t  f o r  t h e  a x o n a l  r e a c t i o n  b y  n e r v e  i n j u r y  
h a s  b e e n  p r o p o s e d  b y  s e v e r a l  a u t h o r s . T h e  r e t r o 
g r a d e  t r a n s p o r t  o f  e n d o g e n o u s  o r  e x o g e n o u s  m o l e 
c u l e s  i s  o n e  o f  t h e  p o s s i b i l i t i e s  o f  t h e  s i g n a l  
t r a n s p o r t .  O u r  s t u d y  w a s  i n i t i a t e d  t o  i n v e s t i g a t e  
i f  t h e r e  i s  a n y  e f f e c t  i n  r e t r o g r a d e  t r a n s p o r t  
a f t e r  n e r v e  i n j u r y .  HRP w a s  u s e d  a s  t h e  m a r k e r  i n  
s t u d y i n g  t h e  c a t  s c i a t i c  n e r v e  r e t r o g r a d e  t r a n s p 
o r t  a f t e r  n e r v e  i n j u r y .  I n  t h i s  e x p e r i m e n t  w e  
c r u s h e d  t h e  p e r o n e a l  n e r v e  o n  o n e  s i d e  a n d  l e f t  
t h e  t i b i a l  n e r v e  i n t a c t  a n d  v i c e  v e r s a  o n  t h e  
o t h e r  s i d e  a t  t h e  p o p l i t e a l  r e g i o n . F ro m  1 t o  14 
d a y s  a f t e r  t h e  s c i a t i c  n e r v e  w a s  c r u s h e d ,  i t  w a s  
s e c t i o n e d  2 cm  p r o x i m a l l y  a w a y  f r o m  t h e  i n j u r e d  
s i t e  t h e n  i m m e r s e d  i n  0 . 5 %  o f  0 . 5 m l  o f  HRP s o l u 
t i o n  f o r  2 h o u r s .  2 4  h o u r s  l a t e r ,  b o t h  s i d e s  o f  
t h e  p e r o n e a l  a n d  t i b i a l  n e r v e s  w e r e  s e c t i o n e d  i n t o  
5mm s e g m e n t s  p r o x i m a l l y  f r o m  t h e  t e r m i n a l  e n d  t o  
t h e  g l u t e a l  r e g i o n . E a c h  s e g m e n t  w a s  h o m o g e n a t e d  
a n d  c e n t r i f u g e d  i n  a  b u f f e r  s o l u t i o n .  T h e  s u p e r 
n a t e n t s  w e r e  u s e d  f o r  t h e  HRP a c t i v i t y  a s s a y  a n d  
t h e  p r o t e i n  c o n t e n t s  w e r e  d e t e r m i n e d  b y  B i o - R a d  
p r o t e i n  a s s a y .  T h e  u n i t  a c t i v i t y  o f  HRP p e r  mg 
p r o t e i n  f o r  e a c h  s e g m e n t  w a s  p l o t t e d  o n  t h e  g r a p h .  
T h e  r a t e  o f  r e t r o g r a d e  t r a n s p o r t  a n d  t h e  t o t a l  
a m o u n t  o f  HRP t r a n s p o r t  w e r e  a n a l y z e d .  I n  o u r  r e 
s u l t s ,  t h e r e  a r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  
e i t h e r  t h e  r a t e  o r  t h e  t o t a l  a m o u n t  o f  t r a n s p o r t  
o f  HRP i n  t h e  i n j u r i e d  n e r v e  w h e n  c o m p a r e d  t o  t h e  
c o n t r o l .

317. 2   S IZ IN G OF AXONALLY TRANSPORTED VESICLES FROM ADRENERGIC 
NERVE.  D . R .  S t u d e l s k a *  a n d  S .  B r i m i j o i n .   D e p t .  o f  
P h a r m a c o l o g y ,  Mayo M e d i c a l  S c h o o l ,  R o c h e s t e r ,  MN 5 5 9 0 5 .

We h a v e  a t t e m p t e d  t o  p h y s i c a l l y  c h a r a c t e r i z e  a n d  c o m p a r e  
t h e  m e m b r a n o u s  o r g a n e l l e s  t h a t  a r e  t h e  v e h i c l e s  i n  w h i c h  
v a r i o u s  n e u r o n a l  c o m p o n e n t s  a r e  c a r r i e d  t o  t h e i r  d e s t i n a 
t i o n s  a l o n g  t h e  a x o n  v i a  r a p i d  a n t e r o g r a d e  a n d  r e t r o g r a d e  
t r a n s p o r t .  B e c a u s e  d o p a m i n e  p - h y d r o x y l a s e  (D BH ),  a 
c o n s t i t u e n t  o f  a d r e n e r g i c  s t o r a g e  v e s i c l e s ,  i s  s u b j e c t  t o  
r a p i d  b i d i r e c t i o n a l  t r a n s p o r t  i n  a d r e n e r g i c  n e r v e s ,  i t  was 
s e l e c t e d  a s  a  m a r k e r  f o r  t h e s e  i n t r a a x o n a l  s t r u c t u r e s .

R a t  s c i a t i c  n e r v e s  w e r e  l i g a t e d  in  s i t u  f o r  v a r i o u s  t i m e  
i n t e r v a l s .  N e r v e  s e g m e n t s  i m m e d i a t e l y  p r o x i m a l  a n d  d i s t a l  
t o  t h e  p o i n t  o f  l i g a t i o n  w e r e  s u b j e c t e d  t o  h o m o g e n i z a t i o n  i n  
a n  i s o t o n i c  s u c r o s e  b u f f e r  t o  y i e l d  D B H - c o n t a i n i n g  p a r t i c l e s  
t h a t  h a d  a c c u m u l a t e d  by  a n t e r o g r a d e  o r  r e t r o g r a d e  a x o n a l  
t r a n s p o r t .  E x p e r i m e n t s  i n  w h i c h  t h e  s u p e r n a t a n t  f r o m  a n   
8 , 0 0 0  g c e n t r i f u g a t i o n  o f  p r o x i m a l  o r  d i s t a l  n e r v e  h o m o g e n 
a t e s  was s u b j e c t e d  t o  r a t e  c e n t r i f u g a t i o n  ( 1 5 0 , 0 0 0  x g f o r  2 
h r )  i n  5 ml s u c r o s e  g r a d i e n t s  r e v e a l e d  t w o  p o p u l a t i o n s  o f  
s e d i m e n t i n g  DBH p a r t i c l e s .  A t  1 2 - 2 4  h r  l i g a t i o n  i n t e r v a l s ,  
DBH a c t i v i t y  a s s o c i a t e d  w i t h  t h e  f a s t e r  s e d i m e n t i n g  
p a r t i c l e s  p r e d o m i n a t e d  on t h e  p r o x i m a l  s i d e  o f  t h e  l i g a t i o n  
w h i l e  t h e  p a t t e r n  o f  a c t i v i t y  w a s  r e v e r s e d  on  t h e  d i s t a l  
s i d e .  I n  s u b s e q u e n t  e x p e r i m e n t s ,  s i m i l a r l y  p r e p a r e d  8 , 0 0 0  x 
g s u p e r n a t a n t s  w e r e  s u b j e c t e d  t o  s e i v i n g  by S e p h a c r y l  S - 1 0 0 0  
c o l u m n  c h r o m a t o g r a p h y .  A c o m p a r i s o n  o f  t h e  p a t t e r n s  o f  
e l u t e d  e n z y m e  a c t i v i t y  r e v e a l e d  t h a t  e x t r a c t s  o f  d i s t a l  
n e r v e ,  b u t  n o t  p r o x i m a l  n e r v e ,  w e r e  d o m i n a t e d  b y  s t r u c t u r e s  
l a r g e  e n o u g h  t o  b e  e x c l u d e d  by  t h e  g e l  ( d i a m e t e r s  g r e a t e r  
t h a n  2 4 0  n m ) .  D o u b l e  s e p a r a t i o n  e x p e r i m e n t s  w e r e  p e r f o r m e d ,  
i n  w h i c h  o n l y  t h e  f a s t  o r  s l o w  s e d i m e n t i n g  D B H - c o n t a i n i n g  
p a r t i c l e  f r a c t i o n s  f r o m  t h e  s u c r o s e  g r a d i e n t s  w e r e  a p p l i e d  
t o  t h e  S - 1 0 0 0  c o l u m n .  T he  r e s u l t s  s h o w e d  a  n i c e  c o r r e s p o n 
d e n c e  b e t w e e n  t h e  s i z e  a n d  s e d i m e n t a t i o n  r a t e  o f  p a r t i c l e s  
f r o m  p r o x i m a l  n e r v e .  C a l i b r a t i o n  o f  t h e  S - 1 0 0 0  c o l u m n  w i t h  
l a t e x  m i c r o s p h e r e s  g a v e  a  h y d r o d y n a m i c  d i a m e t e r  o f  1 2 0  nm 
f o r  t h e  f a s t  s e d i m e n t i n g  p a r t i c l e s  a n d  8 5  nm f o r  t h e  s l o w  
s e d i m e n t i n g  p a r t i c l e s .  T he  r e s u l t s  o f  s i m i l a r  e x p e r i m e n t s  
w i t h  d i s t a l  n e r v e  s a m p l e s  w e r e  m o r e  c o m p l e x .  H e t e r o g e n o u s  
p a r t i c l e  s i z e  d i s t r i b u t i o n s  w e r e  f o u n d  w he n e i t h e r  s l o w  o r  
f a s t  s e d i m e n t i n g  p a r t i c l e s  w e r e  c h r o m a t o g r a p h e d .  T r a n s m i s 
s i o n  e l e c t r o n  m i c r o s c o p y  o f  t h e s e  p a r t i c l e  f r a c t i o n s  i s  
c u r r e n t l y  u n d e r w a y . ( S u p p o r t e d  b y  NIH g r a n t  NS 1 1 8 5 5 . )
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3 1 7 .3  SLOW AXONAL TRANSPORT IN A CNS MOTOR PATHWAY: THE PROTEIN 
COMPOSITION AND KINETICS OF SCa AND SCb IN HAMSTER CORTICO
SPINAL AXONS.  M.M. O b l i n g e r ,  D e p t .  B io l .C h e m is t r y  and  
S t r u c t u r e ,  The C h ic a g o  M e d ic a l  S c h . ,  N o r th  C h ic a g o  IL  60064

Many o f  t h e  s t r u c t u r a l  an d  f u n c t i o n a l  p r o p e r t i e s  o f  
a x o n s  a r e  d e p e n d e n t  on t h e  d e l i v e r y  o f  c y t o s k e l e t a l  an d  
c y to m a t r i x  p r o t e i n s  b y  s lo w  a x o n a l  t r a n s p o r t .  B e c a u se  o f  
t h e  e s s e n t i a l  r o l e  o f  a x o n a l  t r a n s p o r t  i n  a x o n a l  g ro w th ,  i t  
i s  p o s s i b l e  t h a t  a s p e c t s  o f  s lo w  a x o n a l  t r a n s p o r t  d i f f e r  
i n  n e u ro n s  w h ic h  d i f f e r  i n  t h e i r  r e g e n e r a t i v e  a b i l i t y ,  su c h  
a s  CNS an d  PNS m am m alian n e u r o n s .  In  f a c t ,  m a jo r  d i f f e r 
e n c e s  i n  t h e  p r o t e i n  c o m p o s i t io n  an d  r a t e  o f  b o th  SCa and  
SCb b e tw e e n  p e r i p h e r a l  s e n s o r y  an d  m o to r  a x o n s  an d  o p t i c  
a x o n s  h a v e  b e e n  d e s c r i b e d .  H ow ever, a  l a c k  o f  d e f i n i t i v e  
i n f o r m a t io n  on  s lo w  t r a n s p o r t  i n  a n o th e r  t y p e  o f  CNS ax o n  
p ro m p te d  t h e  p r e s e n t  a n a l y s i s  o f  a x o n s  i n  a  m a jo r  i n t r i n s i c  
CNS m o to r  p a th w a y .

SCa an d  SCb p r o t e i n s  i n  c o r t i c o s p i n a l  a x o n s  w ere  r a d i o -  
l a b e l l e d  b y  u n i l a t e r a l  s t e r e o t a x i c  m ic r o i n j e c t i o n s  o f  
35S - m e th io n in e  i n t o  t h e  m o to r  c o r t e x  o f  G o ld en  h a m s te r s .  
A n im a ls  w e re  s a c r i f i c e d  3 -5 0  d a y s  l a t e r  and  t h e  b r a i n s  and  
s p i n a l  c o r d s  rem o v e d . F ro z e n  s e c t i o n s  o f  b r a i n  an d  c o rd  
w e re  s e r i a l l y  c u t  an d  r e g i o n s  c o n ta i n in g  c o r t i c o s p i n a l  
a x o n s  w e re  d i s s e c t e d  fro m  e a c h  1 mm s e c t i o n .  R o s t r a l  t o  
t h e  p y r a m id a l  d e c u s s a t io n  a x o n s  c o n t r a l a t e r a l  t o  t h e  
i n j e c t i o n  s e r v e d  a s  l a b e l l i n g  c o n t r o l s ;  b e lo w  t h e  d e c u s s a 
t i o n  t h e  o p p o s i t e  was t h e  c a s e .  A x o n al s a m p le s  w ere  
s o l u b i l i z e d ,  d e l i p i d a t e d  an d  s u b je c t e d  t o  o n e  an d  tw o 
d im e n s io n a l  S D S -P A G E /f lu o ro g ra p h y .

B o th  s lo w  c o m p o n e n ts  w e re  i d e n t i f i e d  an d  c h a r a c t e r i z e d  
i n  c o r t i c o s p i n a l  a x o n s .  SCa m oves a t  0 . 2 - . 5  mm/day and  i s  
d e f i n e d  b y  t h e  n e u r o f i l a m e n t  p r o t e i n s ,  t u b u l i n  an d  t a u  
p r o t e i n s .  The SCb co m p o n en t m oves s i g n i f i c a n t l y  f a s t e r ,  
c o n ta i n s  n u m ero u s  p r e v i o u s l y  i d e n t i f i e d  p o l y p e p t i d e s ,  b u t  
d o e s  n o t  c o n ta i n  t u b u l i n .  The a b s e n c e  o f  t u b u l i n  i n  SCb, 
t h e  10 f o l d  r a t e  d i f f e r e n c e  b e tw e e n  SCa an d  SCb an d  s e v e r a l  
q u a n t i t a t i v e  a s  w e l l  a s  q u a l i t a t i v e  d i f f e r e n c e s  i n  s lo w  
a x o n a l  t r a n s p o r t  a p p e a r  t o  b e  c h a r a c t e r i s t i c s  t h a t  d i f f e r 
e n t i a t e  c o r t i c o s p i n a l  a x o n s  (an d  o t h e r  CNS a x o n s )  fro m  PNS 
a x o n s  t h a t  h a v e  b e e n  s t u d i e d  t o  d a t e .  S uch  d i f f e r e n c e s  i n  
t h e  p a r a m e te r s  o f  p r o t e i n  s u p p ly  may b e  im p o r ta n t  f a c t o r s  
i n  t h e  d i f f e r e n t  c a p a c i t y  f o r  r e g e n e r a t i o n  o f  t h e s e  c l a s s e s  
o f  n e u ro n s  i n  a d u l t  m am m als.

317.4 WITHDRAWN

317. 5  EVIDENCE THAT ACTIN PARTICIPATES IN THE COMPARTMENTATION OF 
SEROTONIN, DOPAMINE AND NOREPINEPHRINE IN RAT P C -12 CELLS. 
D .H . S m a ll*  and  R . J .  W urtm an,  L ab . o f  N e u r o e n d o c r in e  
R e g u l a t i o n ,  M . I .T . ,  C a m b rid g e , MA 02139

S i m i l a r i t i e s  b e tw e e n  th e  e v e n ts  o c c u r r in g  d u r in g  m u sc le  
c o n t r a c t i o n  and  t h o s e  i n v o lv e d  i n  t h e  r e l e a s e  o f  some n e u ro 
t r a n s m i t t e r s ,  h a v e  l e d  i n v e s t i g a t o r s  t o  s p e c u l a t e  t h a t  
m u s c l e - l i k e  p r o t e i n s  may a l s o  b e  i n v o lv e d  i n  t h e  r e l e a s e  o f  
n e u r o t r a n s m i t t e r s .  N erv e  t e r m in a l s  a r e  e n r i c h e d  w i th  c o n 
t r a c t i l e  p r o t e i n s  s u c h  a s  a c t i n  and  m y o sin  ( B e r l  e t  a l . ,  
1 973 , S c ie n c e  1 79 , 4 4 1 ) .  We h a v e  i s o l a t e d  an  a c t i n - l i k e  
p r o t e i n  fro m  r a t  b r a i n  sy n a p to so m e s  w h ich   b i n d s  3H - s e r o to n in  
i n  a  s p e c i f i c  an d  s a t u r a b l e  m anner (Kd =10- 5 M) (S m a ll  an d  
W urtm an, 198 4 , P r o c .  N a t l .  A cad . S c i .U S A  8 1 , 9 5 9 ) .  Dopam ine 
and  n o r e p i n e p h r i n e  a l s o  co m p e te  w i th  3H - s e r o t o n in  f o r  b in d 
in g  s i t e s .  As t h e r e  i s  e v id e n c e  f o r  t h e  e x i s t e n c e  o f  m u l t 
i p l e  s to r a g e  p o o ls  o f  n e u r o t r a n s m i t t e r s  w i t h in  n e u r o n s ,  i t  
i s  p o s s i b l e  t h a t  an  a c t i n - b o u n d  p o o l  c o u ld  p r o v id e  a  s t o r e  
o f  f u n c t i o n a l  n e u r o t r a n s m i t t e r  a v a i l a b l e  f o r  r e l e a s e  u pon  
m em brane d e p o l a r i z a t i o n .

In  t h e  p r e s e n t  s tu d y ,  we e x am in ed  th e  p o s s i b i l i t y  t h a t  
a c t i n  m ig h t b in d  s e r o t o n i n  o r  c a te c h o la m in e s  i n  r a t  p h e o 
chrom ocy tom a (P C -12) c e l l s .  PC -12 c e l l s  a c t i v e l y  t a k e  up 
s e r o t o n i n  and  c a te c h o la m in e s ,  aijid th e y  h a v e  b e e n  shown to  
s e c r e t e  c a te c h o la m in e s  i n  a  Ca2 - d e p e n d e n t  m an n e r . When 
P C -12 c e l l s  w ere  in c u b a te d  w i th  e i t h e r  3H - s e r o t o n in ,  3H- 
d opam ine  o r  3H - n o r e p in e p h r in e  (1 µM c o n c e n t r a t i o n )  a  s m a l l  
p r o p o r t i o n  ( a p p r o x im a te ly  5%)o f  t h e  r a d i o a c t i v i t y  t a k e n  up 
by th e  c e l l s  was a s s o c i a t e d  w i th  a  h ig h  m o le c u la r  w e ig h t  
p r o t e i n  i n  s u p e r n a t a n t  f r a c t i o n s  i s o l a t e d  fro m  t h e  c e l l  hom
o g e n a te s .  The b in d in g  to  t h i s  p r o t e i n  i n  s i t u  was i n h i b i t e d  
by  f l u o x e t i n e ,  an  i n h i b i t o r o f  t h e  s e r o t o n i n  and  c a t e c h o l 
am ine u p ta k e  s y s te m s  i n  P C -12 c e l l s .  The b in d in g  p r o t e i n  
c o u ld  b e  a b s o rb e d  o n to  m y o sin  t h i c k  f i l a m e n t s ,  w h ic h  b in d  
a c t i n  f i l a m e n t s  w i th  h ig h  s p e c i f i c i t y .  F u r th e r m o r e ,  t h e  
a f f i n i t y  o f  t h e  b in d in g  p r o t e i n  f o r  m y o sin  w as lo w e r  i n  t h e  
p r e s e n c e  o f  1 mM ATP, w h ic h  a l s o  lo w e rs  t h e  a f f i n i t y  o f  
m y o sin  f o r  a c t i n .  DNase I ,  w h ich  a l s o  b in d s  t o  a c t i n ( a t  
a  d i f f e r e n t  s i t e )  w i th  h ig h  a f f i n i t y  and  s p e c i f i c i t y ,  d i s 
p l a c e d  bound  3H - s e r o t o n in  f ro m  t h e  b in d in g  p r o t e i n .  T h u s , 
i t  i s  l i k e l y  t h a t  t h e  b in d in g  p r o t e i n  i s  i d e n t i c a l  t o  c y to 
p la s m ic  a c t i n .  T h e se  r e s u l t s  i n d i c a t e  t h a t  a c t i n  may p a r 
t i c i p a t e  i n  t h e  c o m p a rtm e n tio n  o f  s e r o t o n i n ,  d o p am in e  and 
n o r e p in e p h r in e  w i t h in  n e u ro n s .  They f u r t h e r  s u g g e s t  t h a t  a  
Ca2+ -d e p e n d e n t  jpechan ism  s i m i l a r  to  m u sc le  c o n t r a c t i o n  c o u ld  
m e d ia te  t h e  Ca2 -d e p e n d e n t  r e l e a s e  o f  t h e s e  n e u r o t r a n s m i t t e r s  
fro m  n e rv e  t e r m i n a l s .

317.6  TRANSPORT FILAMENTS FROM SQUID AXOPLASM CONSIST PRIMARILY OF 
SINGLE MICROTUBULES.  B .J .S c h n a p p ,  M .P .S h e e tz * , R .D .V a le * ,  
a n d  T . S . R e e s e .  (S p o n : E .N em eth )  NINCDS, NIH , a t  t h e  MBL, 
Woods H o le ,  M ass . 0 2 5 4 3 , an d  U n iv . o f  C o n n . ,  H e a l th  C e n te r ,  
F a r m in g to n ,  C onn. 0 6 0 3 2 .

When a x o p la sm  i s  e x t r u d e d  fro m  t h e  s q u id  g i a n t  a x o n  and  
p l a c e d  b e tw e e n  two c o v e r s l i p s  i n  a n  ATP c o n ta i n in g  b u f f e r  
h a v in g  o n e - h a l f  t h e  c o n c e n t r a t i o n  o f  s a l t s  an d  am ino a c id s  
o f  t h e  n o rm a l i n t r a c e l l u l a r  c o m p a r tm e n t,  a n  a p p a r e n t ly  
s i n g l e  c l a s s  o f  f i l a m e n t s  d i s s o c i a t e  f ro m  t h e  e x tr u d e d  
c y to p la s m  and  s e t t l e  on  t h e  s u r f a c e  o f  t h e  c o v e r g l a s s  n o t  
m ore  t h a n  30um aw ay . T h e se  f i l a m e n t s  s u p p o r t  d i r e c t e d  
o r g a n e l l e  m ovem ents and  a r e  a c c o r d i n g ly  te rm e d  t r a n s p o r t  
f i l a m e n t s  (A n a t . R e c . ,  2 0 8 : 157A; B i o p h y s ic a l  J . , 4 5 : 164A ). 
E l e c t r o n  m ic ro s c o p y  o f  s i n g l e  t r a n s p o r t  f i l a m e n t s  ( fro m  
d i s s o c i a t e d  a x o p la sm  p r e p a r e d  by  q u i c k - f r e e z i n g ,  
f r e e z e - d r y i n g ,  an d  r o t a r y - r e p l i c a t i o n  w i th  P t - I r )  p r e v i o u s ly  
i d e n t i f i e d  by  v id e o - e n h a n c e d  l i g h t  m ic r o s c o p y ,  i n d i c a t e s  
t h a t  e a c h  t r a n s p o r t  f i l a m e n t  i s  a  d i s c r e t e  f i l a m e n to u s  
s t r u c t u r e  h a v in g  a  d i a m e te r  m e a s u r in g  from  22nm t o  27nm and 
a  s u r f a c e  s u b s t r u c t u r e  c o n s i s t i n g  o f  row s o f  l i n e a r l y  
a r r a y e d  s u b u n i t s  w i th  a  u n i t  s p a c in g  up t o  5 .5  nm w i t h i n  a  
row  an d  up  t o  3 nm b e tw e e n  ro w s . T h is  p a t t e r n  o f  s u b u n i t s  
i s  i n d i c a t i v e  o f  e i t h e r  a  s i n g l e  m ic r o tu b u le  o r  a  co m p lex  o f  
up t o  6 a c t i n  f i l a m e n t s .  To d i s t i n g u i s h  t h e s e  p o s s i b i l i t i e s  
we c a r r i e d  o u t  im m u n o flu o re s c e n c e  u s in g  two a n t i - t u b u l i n  
m o n o c lo n a l  a n t i b o d i e s ,  o n e  t o  t h e  a lp h a  s u b u n i t  and  o n e  t o  
t h e  b e t a  s u b u n i t ,  b o th  r a i s e d  t o  c h ic k  b r a i n  m ic r o tu b u l e s .  
F o r  t h e s e  e x p e r im e n ts  t h e  d i s s o c i a t e d  a x o p la sm  w as p r e p a r e d  
i n  a  D v o r a k - S to t l e r  p e r f u s i o n  cham ber an d  t h e  s o l u t i o n s  
c h a n g ed  by  s u p e r f u s io n  u s in g  a  s y r i n g e  pum p. F ix e d  and  
r i n s e d  p r e p a r a t i o n s  w e re  l a b e l l e d  i n d i r e c t l y  u s in g  
r h o d a m i n e - l a b e l le d  im m u n o g lo b u lin  a f t e r  e x p o s u re  t o  one  o f  
t h e  p r im a ry  a n t i b o d i e s .  The a n t i - a l p h a  t u b u l i n  m o n o c lo n a l  
l a b e l l e d  g r e a t e r  t h a n  95% o f  a l l  t r a n s p o r t  f i l a m e n t s .  SDS 
g e l  e l e c t r o p h o r e s i s  o f  e x t r u d e d  s q u id  a x o p la sm  and  s ta n d a r d  
im m u n o b lo t p r o c e d u r e s  show ed t h a t  t h i s  a n t ib o d y  l a b e l s  a  
s i n g l e  b a n d  h a v in g  a  m o le c u la r  w e ig h t  o f  5 5 ,0 0 0  d a l t o n s  and  
w h ic h  c o m ig r a t e s  w i t h  a l p h a - t u b u l i n  fro m  b o v in e  b r a i n .  The 
b e t a - t u b u l i n  a n t ib o d y  f a i l e d  t o  l a b e l  any  m ic r o tu b u le s  i n  
t h e  p r e p a r a t i o n .  C o n t r o l s  w e re  e x p o se d  t o  t h e  s e c o n d a ry  
a n t ib o d y  o n ly  w e re  n e g a t i v e .  We c o n c lu d e  t h a t  e a c h  
t r a n s p o r t  f i l a m e n t  c o n s i s t s  p r i m a r i l y  o f  a  s i n g l e  m ic r o
t u b u l e .  F u r th e r  e x p e r im e n ts  a r e  n e e d e d  t o  d e te r m in e  w h e th e r  
i t  i s  t h e  m ic r o tu b u l e s  th e m s e lv e s  o r  a s s o c i a t e d  co m p o n en ts  
w h ic h  a r e  d i r e c t l y  r e s p o n s i b l e  f o r  o r g a n e l l e  m o v em en ts .

3 1 7 .7  INDENTIFICATION OF THE MAJOR CALMODULIN-BINDING PROTEINS IN 
MICROTUBULE PREPARATIONS AS THE SUBUNITS OF A CALCIUM- 
CALMODULIN-DEPENDENT KINASE.  J . R .  G o l d e n r i n q , M .L .  V a l l a n o * ,  
R . E .  L a r s o n *  a n d  R . J .  D e L o r e n z o .  D e p t  o f  N e u r o l o g y ,  Y a l e  
U n i v .  S c h o o l  o f  M e d i c i n e ,  New H a v e n ,  CT 0 6 5 1 0 .

T h e  a b i l i t y  o f  c a l c i u m - c a l m o d u l i n  t o  i n d u c e  t h e  d e p o l y m e r 
i z a t i o n  o f  m i c r o t u b u l e s  b o t h  i n  v i t r o  a n d  i n  v i v o  i s  now w e l l  
e s t a b l i s h e d .  H o w e v e r ,  t h e  mol e c u l a r  m e c h a n i s m  f o r  c a l m o d u 
l i n ' s  e f f e c t  o n  m i c r o t u b u l e s  h a s  r e m a i n e d  o b s c u r e .  S i n c e  
c a l m o d u l i n  e f f e c t s  a r e  m e d i a t e d  t h r o u g h  i t s  i n t e r a c t i o n  w i t h  
c a l m o d u l i n  b i n d i n g  p r o t e i n s ,  we i n v e s t i g a t e d  t h e  i d e n t i t y  o f  
c a l m o d u l i n  b i n d i n g  p r o t e i n s  i n  m i c r o t u b u l e s  b y  t h e  m e t h o d  o f  
C a r l i n  e t  a l . ( J . C e l l  B i o l . 8 7 : 4 4 9 ,  1 9 8 1 ) .  I n  t h r i c e - c y c l e d  
m i c r o t u b u l e  p r e p a r a t i o n s ,  o n l y  t w o  c a l m o d u l i n - b i n d i n g  p r o 
t e i n s  o f  5 2 , 0 0 0  a n d  6 3 , 0 0 0  d a l t o n s  w e r e  o b s e r v e d .  B o t h  c a l 
m o d u l i n - b i n d i n g  p r o t e i n s  s h o w e d  i s o e l e c t r i c  p o i n t s  n e a r  n e u 
t r a l i t y .  P h o s p h o c e l l u l o s e  p u r i f i e d  t u b u l i n  d i d  n o t  d i s p l a y  
a n y  c a l m o d u l i n - b i n d i n g  p r o t e i n s .  T h e  c a l m o d u l i n - b i n d i n g  p r o 
t e i n s  i n  m i c r o t u b u l e s  c o m i g r a t e d  w i t h  t h e  c a l m o d u l i n - b i n d i n g  
s u b u n i t s  o f  p u r i f i e d  c a l m o d u l i n - d e p e n d e n t  k i n a s e  ( G o l d e n r i n g  
e t  a l . ,  J . B i o l . C h e m . 2 5 8 : 1 2 6 3 2 ,  1 9 8 3 ) .  C a l m o d u l i n - d e p e n 
d e n t  k i n a s e  a c t i v i t y  w a s  o b s e r v e d  i n  m i c r o t u b u l e  p r e p a r a t i o n s  
w i t h  p h o s p h o r y l a t i o n  o f  a l p h a  a n d  b e t a  t u b u l i n  a n d  MAP-2 a n d  
t w o  p h o s p h o p r o t e i n s  f o c u s i n g  a t  n e u t r a l i t y  w h i c h  c o m i g r a t e d  
w i t h  t h e  p h o s p h o r y l a t i o n  o f  t h e  ρ  a n d  σ  s u b u n i t s  o f  p u r i f i e d  
c a l m o d u l i n - d e p e n d e n t  k i n a s e .  T w o - d i m e n s i o n a l  t r y p t i c  p h o s 
p h o p e p t i d e  m a p p i n g  o f  t h e  n e u t r a l  MT p h o s p h o p r o t e i n s  d e m o n 
s t r a t e d  i d e n t i c a l  p h o s p h o p e p t i d e  p a t t e r n s  t o  t h e  a u t o p h o s -  
p h o r y l a t e d  s u b u n i t s  o f  p u r i f i e d  c a l m o d u l i n  k i n a s e .  I n  a d d i 
t i o n ,  i n  MT p r e p a r a t i o n s  c a l m o d u l i n - d e p e n d e n t  k i n a s e  a c t i v i t y  
p h o s p h o r y l a t e d  a l p h a  t u b u l i n  o n l y  on s e r i n e  r e s i d u e s  w h i l e  
b e t a - t u b u l i n  p h o s p h o r y l a t e d  60% o n  t h r e o n i n e  a n d  40% o n  
s e r i n e  r e s i d u e s .  T h i s  p a t t e r n  i s  i d e n t i c a l  t o  t h e  c h a r a c 
t e r i s t i c  p h o s p h o r y l a t i o n  p a t t e r n  o b s e r v e d  f o r  t h e  p u r i f i e d  
c a l m o d u l i n  k i n a s e .  A l l  t h e s e  r e s u l t s  i n d i c a t e d  t h e  o n l y  
d e t e c t a b l e  c a l m o d u l i n - b i n d i n g  p r o t e i n s  o b s e r v e d  i n  i n  v i t r o  
p o l y m e r i z e d  m i c r o t u b u l e  p r e p a r a t i o n s  w e r e  i d e n t i c a l  t o  t h e  
s u b u n i t s  o f  a  p r e v i o u s l y  c h a r a c t e r i z e d  c a l m o d u l i n - d e p e n d e n t  
k i n a s e  t h a t  p h o s p h o r y l a t e s  MAP-2 a n d  t u b u l i n  a s  m a j o r  s u b 
s t r a t e s .  T h e  d a t a  s u g g e s t  t h a t  c a l c i u m - c a l m o d u l i n  m ay i n 
d u c e  f u n c t i o n a l  e f f e c t s  o n  m i c r o t u b u l e  s y s t e m s  t h r o u g h  p h o s 
p h o r y l a t i o n  o f  s p e c i f i c  m i c r o t u b u l e  a s s o c i a t e d  p r o t e i n s  b y  a 
c a l m o d u l i n - d e p e n d e n t  p r o t e i n  k i n a s e .
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3 1 7 .8  EVIDENCE THAT GLIAL-NEURONAL TRANSFER OF 3H-PROLINE-LABELED 
PROTEINS I S  A COMPONENT OF THEIR TRANSPORT FROM THE DORSAL 
COLUMN NUCLEI TO THE INFERIOR OLIVE IN THE CAT. N.  C o n t o s  
a n d  K . J .  B e r k l e y . Dept.  o f  P s y c h o l o g y ,  F l o r i d a  S t a t e  U n i v . ,  
T a l l a h a s s e e ,  FL 3 2 3 0 6 .

When 3 H - l e u c i n e  ( 3 H - l e u )  o r  3H - p r o l i n e  ( 3H - p r o )  i s  
i n j e c t e d  i n t o  t h e  d o r s a l  c o l u m n  n u c l e i  (DCN) o f  c a t s ,  3H - l e u  
p r o d u c e s  d e n s e  l a b e l i n g  o v e r  n e u r o n s  a n d  s o m e  m a c r o g l i a l 
c e l l s ,  w h e r e a s  3H - p r o  p r o d u c e s  d e n s e  l a b e l i n g  o n l y  o v e r  
m a c r o g l i a l  c e l l s  ( M o l i n a r i  a n d  B e r k l e y ,  1 9 8 1 ) .  D e s p i t e  
3H - p r o ' s  f a i l u r e  t o  d e n s e l y  l a b e l  n e u r o n s  i n  DCN, l i g h t  
m i c r o s c o p i c  a u t o r a d i o g r a p h y  s h o w s  t h a t  b o t h  t h e  i n t e r n a l  
a r c u a t e  f i b e r s  p r o j e c t i n g  f r o m  DCN a n d  t h e  t e r m i n a l  r e g i o n s  
i n  t h e  i n f e r i o r  o l i v e  ( 1 0 ) a r e  s i m i l a r l y  l a b e l e d  2 4  h r s  
a f t e r  e i t h e r  3H - l e u  o r  3H - p r o  i n j e c t i o n s .  T h e s e  f i n d i n g s  
s u g g e s t  t h a t  3H - p r o - l a b e l e d  p r o t e i n s  a r e  t r a n s p o r t e d  t o  10 
e i t h e r  p r e d o m i n a n t l y  t h r o u g h  a  g l i a l  r o u t e  a l o n g  t h e  i n t e r 
n a l  a r c u a t e  p a t h ,  o r  t h a t  t h e  3H - p r o - l a b e l e d  p r o t e i n s  e n t e r  
DC N' s  p r o j e c t i o n  f i b e r s  b y  d i f f e r e n t  c e l l u l a r  m e c h a n i s m s  
t h a n  p r o t e i n s  l a b e l e d  w i t h  o t h e r  a m i n o  a c i d s .

I n  o r d e r  t o  i n v e s t i g a t e  t h i s  q u e s t i o n ,  q u a n t i t a t i v e  
e l e c t r o n  m i c r o s c o p e  a u t o r a d i o g r a p h y  w a s  u s e d  t o  s p e c i f y  
d i f f e r e n c e s  i n  l a b e l i n g  d i s t r i b u t i o n  o v e r  s a m p l e s  o f  i n t e r 
n a l  a r c u a t e  f i b e r s  f r o m  c a t s  w h o s e  DCN h a d  b e e n  i n j e c t e d  
w i t h  3H - l e u  o r  3 H - p r o  a n d  a l l o w e d  t o  s u r v i v e  2 4  h r s .  T h e  
l a b e l i n g  d i s t r i b u t i o n  o v e r  3 H - l e u  s a m p l e s  t a k e n  c l o s e  t o  
t h e  i n j e c t i o n  s i t e  w a s  i d e n t i c a l  t o  t h a t  o v e r  3 H - l e u  
s a m p l e s  t a k e n  f a r  f r o m  t h e  i n j e c t i o n  s i t e  a n d  c l o s e  t o  1 0 .  
I n  3 H - p r o  s a m p l e s  n e a r  t h e  i n j e c t i o n  s i t e ,  l a b e l i n g  w a s  m o s t  
h e a v i l y  d i s t r i b u t e d  o v e r  g l i a l  e l e m e n t s ,  w h e r e a s  a x o p l a s m  
a c c o u n t e d  f o r  a  v e r y  s m a l l  p r o p o r t i o n  o f  t h e  l a b e l i n g .  I n  
3 H - p r o  s a m p l e s  f a r  f r o m  t h e  i n j e c t i o n  s i t e ,  t h e  l a b e l i n g  
d i s t r i b u t i o n  a p p r o a c h e d  t h a t  o f  t h e  3H - l e u  s a m p l e s ,  b u t  w a s  
s t i l l  m o r e  h e a v i l y  d i s t r i b u t e d  o v e r  g l i a l  e l e m e n t s .  Q u a l i 
t a t i v e l y ,  l a b e l i n g  o v e r  s a m p l e s  f r o m  t h e  i n f e r i o r  o l i v e  f r o m  
b o t h  3 H - l e u  a n d  3 H - p r o  c a s e s  w a s  p r i m a r i l y  n e u r o n a l  ( s y n a p 
t i c  t e r m i n a l s  a n d  a x o p l a s m ) .

T h e s e  r e s u l t s  d e m o n s t r a t e  a  s h i f t  i n  t h e  d i s t r i b u t i o n  o f  
3 H - p r o - l a b e l e d  p r o t e i n s  f r o m  g l i a l  t o  n e u r o n a l  a l o n g  t h e  
a r c u a t e  f i b e r  p a t h  f r o m  DCN t o  1 0 .  S u c h  r e s u l t s  s u p p o r t  
t h e  h y p o t h e s i s  t h a t  t h e  m o v e m e n t  o f  3H - p r o - l a b e l e d  p r o t e i n s  
f r o m  DCN t o  10  i n v o l v e s  a  t r a n s f e r  o f  t h e s e  p r o t e i n s  f r o m  
g l i a l  c e l l s  t o  n e u r o n s  w h e r e  t h e y  a r e  t h e n  t r a n s p o r t e d  t o  
s y n a p t i c  t e r m i n a l s  i n  10 b y  a x o n a l  t r a n s p o r t  m e c h a n i s m s .

S u p p o r t e d  b y  NSF g r a n t s  BNS 7 9 - 0 3 4 2 3  a n d  BNS 8 2 - 1 0 2 5 1 .
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318.1 Ca2+-ACTIVATED Na+ CURRENT IN PARAMECIUM AND A MUTANT  
LACKING THIS CURRENT.  Yoshiro Saimi* (SPON* M. Epstein).  
Laboratory of Molecular Biology, University of Wisconsin, 
Madison, WI 53706.

We have reported the presence of a Ca2+-dependent Na+ 
current in Paramecium (Saimi and Kung 1980, J . Exp.  
B io l. ) . This current tran sfe rs  net charge a t a ra te  of 
~ 100 pmole/cm2.sec , much higher than expected of a 
Ca2+-Na+ exchange pump. This conductance passes Li+ and 
Na+ but to  a much less  extent K+ or any other ion tested  
and is  therefore se lec tiv e .

Normal paramecia show spontaneous avoiding reactions in 
Na+-containing culture  medium and the frequency and dura
tion  of these reactions increase when the paramecia are 
presented with a high Na+ concentration. The complex 
membrane discharges corresponding to these avoiding reac
tions have previously been recorded and analyzed. Among 
the many d iffe ren t types of behavioral mutants of  
P. te t r a u re l ia , one called  fa s t-2  does not have avoiding 
reactions when challenged with Na+.

Voltage-clamp experiments showed th a t depolarizations 
f a i l  to  induce the Ca+-activated  Na+ current in fa st-2  
even when the depolarizing steps were large . To te s t  
whether there remains a mutated channel in fas t-2  which 
requires a higher concentration of Ca2+ for ac tiv a tio n , 
we used a unique way to  in je c t Ca2+.in to  paramecia using 
a second mutation, dancer. Dancer f a i l s  to properly 
inac tiv a te  i t s  Ca2+ channel and allows a large Ca2+ 
buildup in the physiologically relevant compartments as 
evident by the strong ac tivation  of both the 
Ca2+-activa ted  K+ current and the Ca2+-activated  Na+ 
current in dancer (Hinrichsen and Saimi 1984, 
 J. P hysio l. ) .  However, the Ca2+-activa ted  Na+ current 
remains undetectable in the fast-2 /dancer double mutant 
constructed for th is  te s t .

These re su lts  w ill be discussed with respect to the 
ro le  the Ca2+-activated  Na+ current plays in the complex 
e le c tr ic  discharges which underlie the most natu ral and 
most common type of avoiding reactions of these c e lls .

Supported by NSF BNS-82-16149 and NIH GM22714.

318.2  A SINGLE GENE MUTATION CONVERTS THE RESTING PARAMECIUM 
MEMBRANE TO A PURE K+ ELECTRODE.  E.A. Richard* and 
Y. Saimi* (SPON: G. N icol).  Laboratory of Molecular  
Biology, University of Wisconsin, Madison, WI 53706

The resting  membrane p o ten tia l of Paramecium has been 
thought to be decided by Pk and PCa with the restin g  
p o ten tia l between Ek and ECa . However i n 1 mM Ca++ the 
slope of the resting  p o ten tia l versus [K+]o is  less than 
40 mV per decade and.the membrane w ill not hyperpolarize 
past -45 mV when [K+]O is  less than 2 mM. A gamma-ray 
induced, single locus mutant of P . te tra u re lia  behaves as 
a pure K+ electrode. The mutant membrane continues to 
hyperpolarize past -100 mV in law [K+]O with a slope of 
approximately 60 mV per decade [K+]o change. Sim ilarly 
an increase in [Ca++]O above 0.1 mM depolarizes the wild- 
type membrane with a slope of 16 mV per decade. The 
membrane p o ten tia l of the mutant does not respond to 
changes in [Ca++]O i f  [K+]O is  held constant.

Voltage-clamp experiments and current in jection  studies 
showed th a t most of the depolarization properties of the 
mutant membrane are in ta c t:  the action p o ten tia l, the  
tran s ien t Ca++ current, and the depolarization-induced K+ 
current are normal.

Genetic analyses showed th a t th is  mutation complements 
and is  not linked to other mutations known to a ffe c t the 
tran s ien t Ca++ current (pwA, pwB), the Ca++-dependent K+ 
current (pan t), or the Ca++-dependent Na+ current (fn a ) .

We w ill discuss the defect of th is  mutant with respect 
to  the mechanism which homeostatically adjusts the 
membrane p o ten tia l.

Supported by NSF BNS-82-16147 and NIH GM 22714.
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3 1 8 .3  A STRATEGY FOR ISOLATING MUTANTS WHICH CAUSE OVERPRODUCTION 
OF THE VOLTAGE-SENSITIVE SODIUM CHANNEL.  L.M . H a l l  an d   
S .D . W ils o n * .  D e p t . o f  G e n e t i c s ,  A l b e r t  E i n s t e i n  C o l l . o f  
M e d ., B ro n x , NY 1 0 4 6 1 .

A g o a l  o f  t h i s  l a b o r a t o r y  i s  t o  i d e n t i f y  g e n e s  in v o lv e d  
i n  t h e  p r o d u c t i o n  an d  r e g u l a t i o n  o f  v o l t a g e - s e n s i t i v e  so d iu m  
c h a n n e l s  i n  e x c i t a b l e  c e l l s  i n  D r o s o p h i l a  m e l a n o g a s t e r . P r e 
v i o u s  w o rk  f ro m  t h i s  l a b o r a t o r y  i n v o lv e d  t h e  c h a r a c t e r i z a 
t i o n  o f  a  t e m p e r a t u r e - s e n s i t i v e  p a r a l y t i c  m u ta n t ,  no a c t i o n  
p o t e n t i a l - t e m p e r a t u r e  s e n s i t i v e  ( n a p t s ) ( J a c k s o n  e t  a l . ,  
N a tu re  3 0 8 :1 8 9 ,  1 9 8 4 ) .  The n a p t s  m u ta n t  h a s  f e w e r  so d iu m  
c h a n n e l s  t h a n  n o rm a l a s  d e te r m in e d  b y  3H- s a x i t o x i n  b in d in g ,  
b u t  t h e  c h a n n e l s  w h ic h  r e m a in  a p p e a r  t o  h a v e  a  n o rm a l KD and 
n o rm a l pH s e n s i t i v i t y .  I n  d ru g  f e e d in g  e x p e r im e n ts  u s in g  
a d u l t  f l i e s ,  we h a v e  fo u n d  t h a t  t h e  n a p t s  m u ta n t  i s  a b n o r 
m a l ly  s e n s i t i v e  t o  t h e  so d iu m  c h a n n e l  a n t a g o n i s t  t e t r o d o t o x 
i n  an d  a b n o rm a l ly  r e s i s t a n t  t o  t h e  a g o n i s t  v e r a t r i d i n e .   
T h e se  r e s u l t s  c a n  b e  e x p la in e d  by  t h e  f a c t  t h a t  t h i s  m u ta n t  
h a s  fe w e r  so d iu m  c h a n n e l s  t h a n  n o rm a l .  S in c e  t h e  m u ta t io n  
c a u s e s  a  r e d u c t i o n  i n  t h e  num ber o f  f u n c t i o n a l  c h a n n e l s ,  i t  
i s  m im ick in g  a n  a n t a g o n i s t  a c t i o n  an d  t h e r e f o r e  s h o u ld  b e  
s e n s i t i v e  t o  t h e  f u r t h e r  a n t a g o n i s t i c  a c t i o n  o f  t e t r o d o t o x i n  
S in c e  t h e  m u ta n t  h a s  fe w e r  c h a n n e l s  t o  b e  a c t i v a t e d  b y  th e  
a g o n i s t  v e r a t r i d i n e ,  i t  w ou ld  b e  e x p e c te d  t o  b e  l e s s  s e n s i 
t i v e  t o  t h e  d e p o l a r i z i n g  e f f e c t s  o f  t h i s  d ru g  s in c e  t h e r e  
w ou ld  b e  fe w e r  c h a n n e l s  t o  b e  a c t i v a t e d .  C o n s id e r in g  th e  
p h a r m a c o lo g ic a l  p h e n o ty p e  o f  t h i s  so d iu m  c h a n n e l  " u n d e rp r o 
d u c e r "  m u ta n t ,  we p r e d i c t e d  t h a t  a n  " o v e r p r o d u c e r "  m u ta n t  
s h o u ld  h a v e  t h e  r e c i p r o c a l  p h e n o ty p e .  T h a t  i s ,  i t  s h o u ld  
b e  m ore  s e n s i t i v e  t o  a g o n i s t s  an d  m ore r e s i s t a n t  t o  a n t a 
g o n i s t s  t h a n  w i l d - t y p e .  T h u s , we h a v e  s y s t e m a t i c a l l y  
s c r e e n e d  p o t e n t i a l l y  m u ta n t  s t r a i n s  f o r  r e s i s t a n c e  t o  t e t r o 
d o t o x in .  We h a v e  c h a r a c t e r i z e d  t e t r o d o t o x i n - r e s i s t a n t  
s t r a i n s  by  3H - s a x i t o x in  b in d in g .  We r e p o r t  h e r e  on  t h e  
i d e n t i f i c a t i o n  o f  a  t e t r o d o t o x i n - r e s i s t a n t  s t r a i n  w h ic h  h a s  
75% m o re  m em b ran e-b o u n d  s a x i t o x i n  r e c e p t o r s  t h a n  w i l d - t y p e .  
T h e se  s t u d i e s  i n d i c a t e  t h a t  t h e  num ber o f  sod iu m  c h a n n e ls  
i n  n e u r o n a l  m em branes c a n  b e  i n c r e a s e d  b y  g e n e t i c  m a n ip u la 
t i o n .  I d e n t i f i c a t i o n  o f  a d d i t i o n a l  so d iu m  c h a n n e l  o v e r p r o 
d u c e r s  i s  i n  p r o g r e s s  t o  d e te r m in e  t h e  num ber an d  chrom osom 
a l  l o c a t i o n  o f  g e n e t i c  l o c i  w h ic h  c a n  m u ta te  t o  t h e  o v e r p r o 
d u c e r  p h e n o ty p e .  T h is  s t r a t e g y  f o r  i s o l a t i o n  o f  so d iu m  
c h a n n e l  o v e r p r o d u c e r s  s h o u ld  b e  g e n e r a l l y  a p p l i c a b l e  f o r  
o t h e r  n e u r o n a l  m a c ro m o le c u le s  f o r  w h ic h  a g o n i s t  and  a n t a 
g o n i s t  com pounds h a v e  b e e n  i d e n t i f i e d . ( S u p p o r te d  by  NIH 
g r a n t  NS 1 6 2 0 4 . LMH i s  a n  I rm a  T . H ir s c h l-M o n iq u e  W e i l l -  
C a u l i e r  C a r e e r  S c i e n t i s t  A w a rd e e .)

318 .4   CLONING OF POTASSIUM CHANNEL GENE(S) IN THE SHAKER LOCUS 
OF DROSOPHILA.  L .Y . J a n , D.M. P a p a z ia n * , Y .N . J a n  and   
P .H . O 'F a r r e l l * .  D e p a r tm e n ts  o f  P h y s io lo g y  and 
B io c h e m is t r y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  S an  F r a n c i s c o ,   
CA 9 4 1 4 3 .

P o ta s s iu m  c h a n n e ls  a r e  known to  c o n t r o l  t h e  f i r i n g  
p a t t e r n  and  sh a p e  o f  a c t i o n  p o t e n t i a l s ,  t h e r e b y  a f f e c t i n g  
t r a n s m i t t e r  r e l e a s e .  D i f f e r e n t  p o ta s s iu m  c h a n n e ls  n o t  
o n ly  show d i f f e r e n t  v o l t a g e  s e n s i t i v i t y  b u t  a l s o  a r e  
c o n t r o l l e d  by d i f f e r e n t  i o n s ,  i n t r a c e l l u l a r  m e s s e n g e rs  o r  
t r a n s m i t t e r  m o le c u le s .  Thus p o ta s s iu m  c h a n n e ls  
c o n c e iv a b ly  may c o n t r o l  th e  e f f i c a c y  o f  s i g n a l l i n g  b e tw e e n  
n e u ro n s ,  a s  s u g g e s te d  fro m  s t u d i e s  o f  s e n s i t i z a t i o n  i n  
A p ly s ia  (S ie g e lb a u m , Camardo and  K a n d e l ,  1 9 8 2 , N a tu re  2 9 9 : 
4 1 3 ) .  To u n d e r s t a n d  how th e  e x p r e s s io n  an d  f u n c t i o n  o f  
p o ta s s iu m  c h a n n e ls  i s  r e g u l a t e d  i n  d i f f e r e n t  n e u ro n s  one 
n e e d s  t o  c h a r a c t e r i z e  t h e s e  c h a n n e ls  i n  m o le c u la r  t e r m s .
I n  D r o s o p h i l a , m u ta t io n s  a t  t h e  S h a k e r  l o c u s  a f f e c t  t h e  
a m p l i tu d e  o r  th e  v o l ta g e -d e p e n d e n c e  o f  a  p a r t i c u l a r  
p o ta s s iu m  c h a n n e l ,  th e  A c h a n n e l ,  t h e r e b y  c a u s in g  
p r o lo n g e d  a c t i o n  p o t e n t i a l s  and  t r a n s m i t t e r  r e l e a s e  ( J a n ,  
J a n  and  D e n n is ,  1 9 7 7 , P r o c .  R. S o c . Lond. B. 1 9 8 : 9 8 7 ; 
T an o u y e , F e r r u s  and  F u j i t a ,  1981 , PNAS 7 8 : 6 5 4 8 ; S a l k o f f  
and  Wyman, 1 9 8 1 , N a tu re  2 9 3 : 2 2 8 ) .  Thus s t u d i e s  o f  th e  
S h a k e r  g e n e ( s )  and  g e n e  p r o d u c t s  m ig h t  l e a d  to  m o le c u la r  
s t u d i e s  o f  p o ta s s iu m  c h a n n e l s .

More th a n  70 k i l o b a s e s  o f  DNA from  th e  S h a k e r  r e g io n  
h a s  been  c lo n e d  and a n a l y z e d . T h e  r e s t r i c t i o n  m a p  o f  
c lo n e d  DNA a g r e e s  w i th  t h e  p h y s i c a l  map p r e d i c t e d  fro m  
genom ic  S o u th e rn  a n a ly s e s  and  r e v e a l s  t h a t  a  s eg m en t o f  
th e  S h a k e r  DNA i s  d u p l i c a t e d  o n ce  i n  th e  D r o s o p h i la  
genom e. T h is  seg m en t e n c o m p a sses  t h r e e  b r e a k p o i n t s  i n  
t h r e e  t r a n s l o c a t i o n  S h a k e r  m u ta n ts  and  p r o b a b ly  c o n ta i n s  
f u n c t i o n  r e l e v a n t  to  th e  A c h a n n e l ,  a s  s u g g e s te d  by 
p r e v io u s  g e n e t i c  and  p h y s io l o g ic a l  s t u d i e s .  C u r r e n t l y  we 
a r e  a n a ly z in g  h y b r id  d y s g e n e s i s - in d u c e d  S h a k e r  m u ta n ts  and  
o t h e r  S h a k e r  m u ta n t s ,  i n c l u d i n g  Sh5 , t h e  m u ta n t  w i th  
a l t e r e d  A c h a n n e l  i n a c t i v a t i o n  k i n e t i c s .  T r a n s f o r m a t io n  
and  t r a n s c r i p t i o n  s t u d i e s  a r e  a l s o  i n  p r o g r e s s  t o  f u r t h e r  
d e f i n e  th e  DNA r e l e v a n t  f o r  p o ta s s iu m  c h a n n e l  f u n c t i o n s .

3 1 8 .5  THE G E N E T IC S  AND ELECTRO PH Y SIO LO G Y  OF SHAKER ( S h )  M UTATIONS 
IN  D R O SO PH ILA  M ELANOGASTER.  L .  I v e r s o n * ,  A . K am b a n d  M.  
T a n o u y e .  D i v i s i o n  o f  B i o l o g y ,  C a l i f o r n i a  I n s t i t u t e  o f  
t e c h n o l o g y ,  P a s a d e n a ,  CA 9 1 1 2 5 .

K+  c h a n n e l s  m ay  l a r g e l y  d e t e r m i n e  t h e  e x c i t a b i l i t y  
p r o p e r t i e s  t h a t  d i f f e r e n t i a t e  o n e  c l a s s  o f  n e u r o n s  f r o m  
a n o t h e r .  M o r e o v e r ,  t h e r e  i s  e v i d e n c e  t h a t  p r i m i t i v e  f o r m s  
o f  l e a r n i n g  i n v o l v e  m o d u l a t i o n  o f  K+  c h a n n e l  a c t i v i t y .  
N e v e r t h e l e s s ,  l i t t l e  i s  k n o w n  a b o u t  t h e  g e n e s  t h a t  e n c o d e  K+ 
c h a n n e l s ,  o r  t h e  g e n e  p r o d u c t s  t h e m s e l v e s .

We h a v e  u s e d  a  c o m b i n a t i o n  o f  g e n e t i c s  a n d  e l e c t r o -  
p h y s i o l o g y  t o  a p p r o a c h  t h i s  p r o b l e m .  S h  m u t a t i o n s  h a v e  b e e n  
s h o w n  t o  e l i m i n a t e  o r  m o d i f y  o n e  t y p e  o f  K+  c u r r e n t  i n  t h e  
f r u i t  f l y .  We h a v e  m a p p e d  S h  c y t o l o g i c a l l y ,  u s i n g  a  
c o l l e c t i o n  o f  S h  t r a n s l o c a t i o n  s t o c k s ,  t o  w i t h i n  4  b a n d s  a t  
1 6 F  o n  t h e  X c h r o m o s o m e .  I n  a d d i t i o n ,  a  v a r i e t y  o f  E M S - 
i n d u c e d  S h  a l l e l e s  h a v e  b e e n  m a p p e d  g e n e t i c a l l y  w i t h  r e s p e c t  
t o  e a c h  o t h e r ,  a n d  w i t h  r e s p e c t  t o  n e a r b y  r e c e s s i v e  l e t h a l  
m u t a t i o n s  a n d  c e r t a i n  t r a n s l o c a t i o n  b r e a k p o i n t s .  I t  a p p e a r s  
t h a t  S h  i s  a  c o m p l e x  l o c u s .

We h a v e  e x a m i n e d  t h e  e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  o f  
s e v e r a l  S h  a l l e l e s  i n  d i f f e r e n t  g e n e t i c  b a c k g r o u n d s .  T h e  K+  
c u r r e n t  d e f e c t  i s  p r e s e n t  i n  a  n e r v e  a x o n .  V a r i o u s  m u t a n t  
a l l e l e s  e x h i b i t  c h a r a c t e r i s t i c  a c t i o n  p o t e n t i a l  w a v e f o r m s  i n  
t h e  p r e s e n c e  o f  d i f f e r e n t  d o s e s  o f  w i l d - t y p e  a l l e l e .

3 1 8 .6   MOLECULAR A N A LY SIS  OF THE SHAKER (S h )  GENE COMPLEX IN  
D R O SO PH ILA  MELANOGASTER.  A . K am b* ,  L ,  I v e r s o n  a n d  M. 
T a n o u y e .   D i v i s i o n  o f  B i o l o g y ,  C a l i f o r n i a  I n s t i t u t e  o f  
T e c h n o l o g y ,  P a s a d e n a ,  CA 9 1 1 2 5 .

A v a r i e t y  o f  g e n e t i c  a n d  e l e c t r o p h y s i o l o g i c a l  e v i d e n c e  
s u g g e s t s  t h a t  m u t a t i o n s  i n  t h e  S h  g e n e  c o m p l e x  a f f e c t  o n e  
c l a s s  o f  K+  c h a n n e l s  i n  t h e  f r u i t  f l y .  O u r  g o a l  i s  t o  
c h a r a c t e r i z e  t h e  g e n e s  r e s p o n s i b l e  f o r  t h e  S h  p h e n o t y p e .  
T o  t h i s  e n d ,  w e h a v e  s c r e e n e d  a  D r o s o p h i l a  g e n o m i c  DNA 
l i b r a r y  w i t h  a  cDNA p r o b e  k n o w n  t o  h y b r i d i z e  w i t h i n  t h e  S h  
g e n e  c o m p l e x  a n d  i s o l a t e d  a  f a m i l y  o f  o v e r l a p p i n g  A c l o n e s  
f r o m  t h e  r e g i o n .  T h e s e  c l o n e d  s e q u e n c e s  h a v e  b e e n  u s e d  i n  
t u r n  a s  p r o b e s  f o r  a  c h r o m o s o m a l  w a lk  t h a t  u l t i m a t e l y  w i l l  
c o v e r  m o s t  o f  t h e  S h  c o m p l e x .

We h a v e  t a k e n  tw o  a p p r o a c h e s  t o  i d e n t i f y  s p e c i f i c  m u t a n t  
l o c i :  f i r s t ,  w e h a v e  u s e d  t h e  S o u t h e r n  b l o t  t e c h n i q u e  t o   
s e a r c h  f o r  t h e  p r e c i s e  s i t e s  o f  DNA r e a r r a n g e m e n t  i n  
s e v e r a l  S h  m u t a n t  s t r a i n s  k n o w n  t o  c o n t a i n  c h r o m o s o m e  
t r a n s l o c a t i o n s  w i t h i n  t h e  S h c o m p l e x .  S o m e  o f  t h e s e  
b r e a k p o i n t s  h a v e  b e e n  l o c a l i z e d  a n d  s h o w n  t o  l i e  w i t h i n  
t r a n s c r i p t i o n  u n i t s .  S e c o n d ,  w e h a v e  c o n s t r u c t e d  s e v e r a l  
P  e l e m e n t  v e c t o r s  c o n t a i n i n g  S h  DNA s e q u e n c e s .  We a r e  
i n s e r t i n g  t h e s e  p l a s m i d s  i n t o  f r u i t  f l i e s ,  h o p i n g  t o  
o b s e r v e  a  d i f f e r e n c e  i n  S h  p h e n o t y p e  o f  t h e  r e c o m b i n a n t  
f l i e s .
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3 1 8 .7  A DROSOPHILA MUTATION WITH A DEFECT IN C a 2 + -DEPENDENT 
OUTWARD CURRENT,  T. T . E l k i n s * .  B. G a n e t z k y * , a nd  C .-F . 
Wu. (SPON: C. W o o ls e y ) .   D e p t . o f  G e n e t i c s ,  Un i v .  o f  
W is c o n s in ,  M a d iso n , WI. 53706 an d Dept. o f  Z o o lo g y , U n iv . 
o f  Io w a , Io w a  C i ty ,  IA. 52242 .

M u t a t i o n s  a r e  b e i n g  u s e d  t o  p r o b e  t h e  m o l e c u l a r  
i d e n t i t y  a n d  f u n c t i o n  o f  p o t a s s i u m  c h a n n e l s  i n  
D r o s o p h i l a . C o n v e n t io n a l  tw o  e l e c t r o d e  v o l t a g e  c la m p  o f  
t h e  d o r s a l  l o n g i t u d i n a l  f l i g h t  m u s c l e s  (DLM s) o f  a d u l t  
a n i m a l s  d e m o n s t r a t e d  t h e  e x i s t e n c e  o f  a  C a2+ in w a r d  
c u r r e n t  ( I Ca ) ,  a n  e a r l y  t r a n s i e n t  o u t w a r d  c u r r e n t  a n d  a  
d e la y e d  o u tw a rd  c u r r e n t  ( I k ). The f a s t  o u tw a rd  c u r r e n t  
h a s  tw o  s e p a r a t e  c o m p o n e n t s  o n e  o f  w h ic h  i s  v o l t a g e  
d e p e n d e n t  ( I A) a n d  t h e  o t h e r  C a 2 + - d e p e n d e n t  d C ) 
( S a l k o f f ,  N a tu re  3 0 2 :2 4 9 , 1 9 8 3 ).

We h a v e  now d i s c o v e r e d  a  new m u ta t io n ,  s lo w p o k e  ( s i p ) , 
t h a t  p r o l o n g s  t h e  d e p o l a r i z a t i o n  p h a s e  o f  t h e  DLM C a 2+ 
s p i k e  f ro m  t h e  n o r m a l  2 m s. t o  30  m s. V o l t a g e  c la m p  
a n a l y s i s  o f  s l o  DLMs i n d i c a t e s  t h a t  t h i s  m u ta t io n  g r e a t l y  
r e d u c e s  I C b u t  l e a v e s  IA  i n t a c t .  U n d e r  v o l t a g e  c la m p  
c o n d i t i o n s ,  IA  a n d  I C c a n  b e  d i s t i n g u i s h e d  i n  n o r m a l  
f l i e s  b e c a u s e  IA  b u t  n o t  IC  i s  b l o c k e d  b y  4 -A P , w h e r e a s  
IC  b u t  n o t  IA i s  e l i m i n a t e d  i n  C a 2+ - f r e e  R i n g e r ' s .  
F u r t h e r m o r e ,  ICa ( a n d  t h e r e f o r e  I C ) i s  a c t i v a t e d  a t  a 
m o re  n e g a t i v e  v o l t a g e  t h a n  IA . I n  c o n t r a s t ,  i n  s l o  f l i e s  
I Ca c an  be a c t i v a t e d  w i t h o u t  e l i c i t i n g  an y  f a s t  o u tw a rd  
c u r r e n t  b e lo w  t h e  v o l t a g e  a t  w h ic h  I A i s  a c t i v a t e d .  I n  
t h e  p r e s e n c e  o f  4 -A P  n o  f a s t  o u t w a r d  c u r r e n t  i s  
d e t e c t a b l e  a t  a l l  i n  s l o  f l i e s .  T h e se  d a ta  i n d i c a t e  t h a t  
t h e  c h a n n e ls  m e d i a t i n g  t h e  tw o  co m p o n e n ts  o f  f a s t  o u tw a rd  
c u r r e n t  a r e  m o l e c u l a r l y  d i s t i n c t ,  c o n s i s t e n t  w i t h  t h e  
o b s e r v a t i o n  t h a t  S h m u t a t i o n s  e l i m i n a t e  IA b u t  n o t  I C 
( S a l k o f f ,  i b i d . , 1983). The c o m p le m e n ta ry  e f f e c t s  o f  Sh 
an d  s l o  a r e  c l e a r l y  e v id e n t  i n  t h e  DLMs o f  Sh s l o  d o u b le  
m u ta n t s  w h ic h  e n t i r e l y  l a c k  f a s t  o u tw a rd  c u r r e n t s .

Our r e s u l t s  s u g g e s t  t h a t  s l o + may en c o d e  a  co m p o n en t o f  
IC c h a n n e ls  an d  t h a t  IC i s  t h e  m a jo r  c u r r e n t  r e s p o n s i b l e  
f o r  r e p o l a r i z a t i o n  o f  t h e  m u sc le  s p ik e .  The s l o  m u ta t io n  
w i l l  p e r m i t  a n a l y s i s  o f  IC a  u n c o n t a m i n a t e d  by  o u t w a r d  
c u r r e n t s  an d  may s e r v e  a s  a  g e n e t i c  t o o l  i n  t h e  s tu d y  o f  
o t h e r  Ca2+- d e p e n d e n t  p r o c e s s e s .  I t  w i l l  be  o f  i n t e r e s t  
e v e n t u a l l y  t o  c o m p a re  a t  a  m o le c u la r  l e v e l  t h e  p r o d u c t s  
o f  t h e  s l o  l o c u s  w i t h  t h o s e  e n c o d e d  b y  Sh a n d  e a g , tw o  
o t h e r  m u t a t i o n s  a f f e c t i n g  K+ c u r r e n t s  i n  D r o s o p h i l a .
( S u p p o r t e d  b y  NIH g r a n t s  t o  B. G. a n d  C .-F .  W. a n d  a 
g r a n t  f ro m  t h e  S e a r l e  S c h o la r s  P ro g ra m  t o  C .-F . W.)

3 1 8 .8  EFFECTS OF SHAKER MUTATIONS ON POTASSIUM CURRENTS IN  
DROSOPHILA LARVAL MUSCLE.  F . N. H a u g la n d *  and  C .- F .  Wu 
(SPON: R. W ong).  D e p ts .  o f  P h y s i o l .  B io p h y s . an d  Z o o lo g y ,
U n iv . o f  Io w a , Iow a C i ty ,  Iow a 52242

P r e v io u s  s t u d i e s  i n d i c a t e  t h a t  m u ta t io n s  i n  t h e  S h a k e r  
( S h) l o c u s  o f  D r o s o p h i la  c a u s e  i n c r e a s e d  e x c i t a b i l i t y  i n  
b o th  n e rv e  an d  m u s c le .  U s in g  two m ic r o - e l e c t r o d e  v o l t a g e  
c la m p , we a n a ly z e d  k i n e t i c  an d  s t e a d y - s t a t e  p r o p e r t i e s  o f  
m em brane c u r r e n t s  i n  i d e n t i f i e d  l a r v a l  m u s c l e  f i b e r s  o f  S h  
m u ta n t s .  I n  c e r t a i n  m u ta n t  a l l e l e s  ( ShK S 133, Sh1 0 2 ) t h e   
e a r l y  t r a n s i e n t  p o ta s s iu m  c u r r e n t  IA i s  e l i m i n a t e d .  Exam in
a t i o n  o f  t h e  d e la y e d  s te a d y  p o ta s s iu m  c u r r e n t  IK i n  m u ta n t  
f i b e r s  show s c u r r e n t - v o l t a g e  ( I -V )  r e l a t i o n s ,  t a i l  c u r r e n t  
k i n e t i c s ,  r e v e r s a l  p o t e n t i a l  an d  i n a c t i v a t i o n  p r o p e r t i e s  
i n d i s t i n g u i s h a b l e  from  n o rm a l .  The a l l e l e s  w h ic h  s p e c i f i 
c a l l y  e l i m i n a t e  I  m ake p o s s i b l e  a  d e t a i l e d  e x a m in a tio n  o f  
IK i n  i s o l a t i o n  o r  I A  The i n s t a n t a n e o u s  I -V  r e l a t i o n  o f  IK 
show s m ark ed  o u tw a rd  r e c t i f i c a t i o n .  I n  c o n t r a s t ,  t h i s  r e c 
t i f i c a t i o n  i s  n o t  p r e s e n t  i n  a d u l t  m u sc le s  w h ich  e x h i b i t  
l a r g e  in w a rd  I K t a i l s  ( S a lk o f f  and  Wyman, TIN S, 6 :1 2 8 ,  198 3 ).

The r e l a t i o n  o f  t h e  Sh lo c u s  t o  t h e  I  f u n c t i o n  i s  m o st 
l i k e l y  co m p lex  a s  e v id e n c e d  by o r  o t h e r  a l l e l e s  t h a t   
do n o t  e l i m i n a t e  IA . A lth o u g h  Shrk0120  c a u s e s   a  c l e a r  d e f e c t   
i n  n e rv e  e x c i t a b i l i t y ,  a n a l y s i s  o f  IA i n  Shrk0120  l a r v a l   
m u sc le  r e v e a l s  t h a t  I -V  r e l a t i o n s ,  i n a c t i v a t i o n  an d  r e c o v e r y  
from  i n a c t i v a t i o n  a r e  s i m i l a r  to  t h o s e  s e e n  i n  n o rm a l  
f i b e r s .  M o re o v e r , t h e  e f f e c t s  o f  a n o th e r  a l l e l e ,  Sh5 on 
m u sc le  w e re  fo u n d  to  d ep en d  on  d e v e lo p m e n ta l  s t a g e .  In  
l a r v a l  m u s c le ,  Sh5 r e d u c e s  t h e  a m p l i tu d e  o f  IA by  s h i f t i n g  
th e  I -V  r e l a t i o n  t o  m ore p o s i t i v e  p o t e n t i a l s .  I n  c o n t r a s t ,  
i n  a d u l t  Sh5 m u s c le s ,  IA i s  n o rm a l i n  a m p l i tu d e  b u t  show s 
a b n o rm a lly  r a p i d  i n a c t i v a t i o n  ( S a lk o f f  and  Wyman, 1 9 8 3 ) .
The d i f f e r e n t i a l  e f f e c t s  o f  t h e s e  Sh a l l e l e s  on  e x c i t a b l e  
m em branes s u p p o r t  t h e  i d e a  t h a t  o t h e r  g e n e s  a r e  in v o lv e d  in  
t h e  c o n t r o l  o f  IA (Wu an d  G a n e tz k y , B io p h y s . J . ,  4 5 :7 7 ,   
1984) and  t h e  p o s s i b i l i t y  t h a t  m u l t i p l e  i n t e r a c t i n g  g e n e s  
p a r t i c i p a t e  i n  t h e  c o n t r o l  o f  v a r i o u s  p o ta s s iu m  c h a n n e l s .  
Work s u p p o r te d  by  NIH g r a n t s  NS 0 0 6 7 5 , NS 18500 an d  a  g r a n t  
fro m  S e a r l e  S c h o la r s  P ro g ram  to  C .- F .  W. F . N. H. s u p p o r te d  
by NIMH p r e - d o c t o r a l  t r a i n i n g  g r a n t  MH 15 1 7 2 .

31 8 .9  VOLTAGE-DEPENDENT SINGLE-CHANNEL CURRENTS IN DISSOCIATED CNS 
NEURONS OF DROSOPHILA.  Y .-A . Sun* an d  C .- F .  Wu.  D e p t . o f  
Z o o lo g y , U n iv . o f  Io w a , Iow a C i ty ,  IA 5 2 2 4 2 .

A num ber o f  D r o s o p h i l a  m u ta n ts  a r e  known to  a f f e c t  n e rv e  
e x c i t a b i l i t y .  H ow ever, t h e  n o rm a l p r o p e r t i e s  o f  n e u ro n a l  
m em brane c u r r e n t s  i n  t h i s  s p e c i e s  h a v e  n o t  b e e n  s t u d i e d ,  
p r e c l u d in g  an  a n a l y s i s  o f  t h e  m u ta t io n a l  e f f e c t s  on n e rv e  
m em b ran es . U s in g  d i s s o c i a t e d  CNS n e u ro n s  fro m  D r o s o p h i la  
l a r v a e ,  we e x am in ed  s in g l e - c h a n n e l  c u r r e n t s  a c t i v a t e d  by 
m em brane p o l a r i z a t i o n s  i n  c u l t u r e d  ty p e  I I I  n e u ro n s  (Wu e t  
a l . ,  J . N e u r o s c i . 3 :1 8 8 8 , 1 9 8 3 ) .  P a tc h  e l e c t r o d e s  w ere  
f i l l e d  w i th  D r o s o p h i l a  p h y s i o l o g i c a l  s a l i n e  t o  r e c o r d  from  
c e l l - a t t a c h e d  m em brane p a tc h e s  on  t h e  som a. Among d i f f e r e n t  
c l a s s e s  o f  s in g l e - c h a n n e l  c u r r e n t s  a c t i v a t e d  by  m em brane 
d e p o l a r i z a t i o n ,  t h e  m o st f r e q u e n t l y  e n c o u n te r e d  w as an  o u t 
w ard  c u r r e n t  r e s e m b l in g  t h e  d e la y e d  r e c t i f i e r .  I t  show ed a  
u n i t  c o n d u c ta n c e  o f  a b o u t  7 pS an d  a  mean c h a n n e l  o p e n  t im e  
i n  t h e  r a n g e  o f  1 0 -1 5  m s. The p r o b a b i l i t y  o f  c h a n n e l  o p e n in g  
i n c r e a s e d  s h a r p l y  w i th  i n c r e a s i n g  d e p o l a r i z a t i o n .  The 
k i n e t i c s  o f  c h a n n e l  o p e n in g  i n  r e s p o n s e  t o  d e p o l a r i z i n g  
s t e p s  i n d i c a t e s  t h a t  t h e s e  c h a n n e ls  a r e  r e s p o n s i b l e  f o r  a 
d e la y e d ,  s t e a d y  o u tw a rd  c u r r e n t  i n  t h e s e  n e u r o n s .  Two o t h e r  
c l a s s e s  o f  o u tw a rd  c u r r e n t  c h a n n e ls  h a v e  b e e n  o b s e r v e d .  One 
ty p e  show ed a  l a r g e  u n i t  c o n d u c ta n c e  (50  pS) and  a  l o n g  mean 
c h a n n e l  o p e n  t im e  (90  m s) .  The o t h e r  c l a s s ,  i n  c o n t r a s t ,  
h a d  a  b r i e f e r  c h a n n e l  o p e n  t im e  (3 -5  m s) an d  d i s p l a y e d  
b u r s t i n g  an d  c l u s t e r i n g  a c t i v i t i e s .  In w a rd  c u r r e n t s  w i th  
s m a l l  a m p l i tu d e  an d  b r i e f  o p en  t im e  w e re  a l s o  d e t e c t e d .

I n  a d d i t i o n ,  c h a n n e ls  a c t i v a t e d  e x c l u s i v e l y  b y  m em brane 
h y p e r p o l a r i z a t i o n s  a r e  p r e s e n t .  In w a rd  c u r r e n t s  w i th  
p r o p e r t i e s  s i m i l a r  t o  t h e  in w a rd  r e c t i f i e r  r e p o r t e d  i n  o t h e r  
s p e c i e s  w e re  r e c o r d e d ,  sh o w in g  a  u n i t  c o n d u c ta n c e  o f  35 pS 
an d  a  m ean o p e n  t im e  o f  1 5 -4 0  m s.

T h e se  r e s u l t s  i n d i c a t e  t h a t  t h e  d i s s o c i a t e d  CNS n e u ro n s  
r e t a i n  a  v a r i e t y  o f  f u n c t i o n a l  c h a n n e ls  i n  c u l t u r e  and  a r e  
t h u s  s u i t a b l e  f o r  a n a l y s i s  o f  t h e  e f f e c t s  o f  m u ta t io n s  a t  a 
s i n g l e - c h a n n e l  l e v e l .  D i s s o c i a t e d  n e u ro n s  fro m  t h e  m u ta n t  
ShK S 133, w h ic h  l a c k s  t h e  t r a n s i e n t  K+ c u r r e n t  IA i n  m u s c le s ,  
h a v e  b e e n  e x a m in e d . P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  t h e  
f r e q u e n t l y  e n c o u n te r e d  c h a n n e l  t y p e s  d e s c r i b e d  a b o v e  a r e  a l l  
p r e s e n t  i n  t h i s  m u ta n t .  F u r th e r  k i n e t i c  an d  p h a rm a c o lo g i c a l  
s t u d i e s  a r e  r e q u i r e d  t o  d e te r m in e  t h e  e f f e c t s  o f  t h e  ShKS133 
m u ta t io n  on  t h e  n e r v e  m em brane.

S u p p o r te d  by  NIH g r a n t s  NS 00675 an d  NS 18500 an d  a  g r a n t  
f ro m  t h e  S e a r l e  S c h o la r s  P ro g ra m .

318.10 WITHDRAWN

318.PO MUTATIONS OF A GENE AFFECTING POTASSIUM CURRENTS INDUCED 
BY TRANSPOSABLE ELEMENTS IN DROSOPHILA.  B. G a n e tzk y  an d   
C .- F .  Wu (SPON: W. I .  W e lk e r ) .   D e p t . o f  G e n e t i c s ,  U n iv .  
o f  W is c o n s in ,  M a d iso n , WI. 53706 an d  D e p t. o f  Z o o lo g y , 
U n iv .  o f  I o w a ,  Io w a  C i t y ,  IA . 5 2 2 4 2 .

M o le c u la r  s t u d i e s  o f  t h e  s t r u c t u r e  an d  f u n c t i o n  o f  
p o ta s s iu m  c h a n n e ls  a r e  r e s t r i c t e d  by t h e  l a c k  o f  
s p e c i f i c ,  h i g h - a f f i n i t y  t o x i n s  t h a t  f a c i l i t a t e  
b io c h e m ic a l  p u r i f i c a t i o n .  I n  D r o s o p h i l a , t h i s  p ro b le m  
can  be a p p ro a c h e d  by m o le c u la r  g e n e t i c  a n a l y s i s  o f  
m u ta t io n s  t h a t  a l t e r  t h e  p r o p e r t i e s  o f  p o ta s s iu m  
c h a n n e ls .  One su c h  m u ta t io n  i s  e a g . P r e v io u s  v o l t a g e -  
c la m p  s t u d i e s  o f  t h e  l a r v a l  body w a l l  m u s c le  f i b e r s  
i n d i c a t e d  t h a t  e a g  d im in is h e d  t h e  d e la y e d  r e c t i f i c a t i o n  
K+ c u r r e n t  ( I K) (Wu e t  a l . .  S c i e n c e  2 2 0 : 1 0 7 6 .  1 9 8 3 ) .  
F u r th e r  a n a l y s i s  o f  a d d i t i o n a l  e a g  m u ta t io n s  r e v e a l s  t h a t  
t h e  f a s t  t r a n s i e n t  K+ c u r r e n t  ( IA ) m ay a l s o  be a f f e c t e d  
by p a r t i c u l a r  a l l e l e s .  A b n o r m a l i t i e s  i n  c u r r e n t  
a m p l i tu d e  an d  i n  t h e  i n s t a n t a n e o u s  c u r r e n t - v o l t a g e  ( I -V )  
r e l a t i o n s h i p  h a v e  b e e n  fo u n d . T h e se  r e s u l t s  s u g g e s t  t h a t  
e a g + p l a y s  an  im p o r ta n t  r o l e  i n  t h e  f u n c t i o n  o f  tw o  ty p e s  
o f  p o ta s s iu m  c h a n n e ls  an d  p o s s ib l y  e n c o d e s  a  common 
s u b u n i t  s h a re d  by t h e s e  c h a n n e l s .

B e s id e s  i t s  e f f e c t  on m u s c le  m em b ran e , e a g  c a u s e s  
s p o n ta n e o u s  r e p e t i t i v e  f i r i n g  o f  a c t i o n  p o t e n t i a l s  i n  
m o to r  a x o n s  an d  a b n o rm a l r e l e a s e  o f  t r a n s m i t t e r  a t  t h e  
l a r v a l  n e u ro m u s c u la r  j u n c t i o n .  T h e se  d e f e c t s  a r e  a l s o  
a t t r i b u t a b l e  t o  a l t e r e d  K+ c u r r e n t s  an d  d e m o n s t r a t e  t h e  
r o l e  o f  t h e  e a g + i n  t h r e e  d i s t i n c t  m em brane r e g i o n s .   

To a n a ly z e  t h e  p r o d u c t  o f  t h i s  g en e  an d  i t s  r o l e  i n  
m em brane e x c i t a b i l i t y  a t  t h e  m o le c u la r  l e v e l ,  a t t e m p t s  t o  
i s o l a t e  DNA c lo n e s  a r e  u n d e rw a y . F o r t h i s ,  we h a v e  
s c re e n e d  f o r  m u ta n t  e a g  a l l e l e s  a r i s i n g  by t h e  i n s e r t i o n  
o f  a  t r a n s p o s a b l e  DNA e le m e n t  ( t h e  P f a c t o r )  i n t o  t h e  
g e n e , w h ic h  p r o v id e s  a m o le c u la r  t a g .  S e v e ra l  su c h  
m u ta t io n s  h a v e  b e e n  r e c o v e r e d  an d  t h e  p r e s e n c e  o f  a  P 
f a c t o r  in  t h e  a p p r o p r i a t e  s a l i v a r y  ch rom osom e r e g i o n  h a s  
b e e n  c o n f i r m e d  by  i n  s i t u  h y b r i d i z a t i o n .  Once t h e  g en e  
h a s  b e e n  c lo n e d ,  i t  w i l l  be  p o s s i b l e  t o  c o r r e l a t e  t h e  
s t r u c t u r e  o f  t h e  p r o t e i n  p r o d u c t  w i t h  i t s  f u n c t i o n  f o r  
b o th  n o rm a l an d  v a r i o u s  m u ta n t  a l l e l e s . (S u p p o r te d  by 
g r a n t s  f r o m  NIH t o  B. G. a n d  C .-F .  W a n d  a  g r a n t  f r o m  t h e  
C h ic a g o  C om m unity  T r u s t / S e a r l e  S c h o la r s  P ro g ra m  t o  
C .-F . W.)
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319.1  NEUROCHEMICAL ANALYSIS OF CEREBROSPINAL FLUID IN  
HUNTINGTON'S DISEASE, R. Kurlan*, R Zazcek* , J . Coyle, I . 
Shoulson,  Dept. of Neurology, Univ. of Rochester,
Rochester, NY 14642 and Depts. of Psychiatry and 
Neuroscience, Johns Hopkins Univ., Baltimore, MD 21205 

Measurement of CSF monoamine m etabolites and amino acids 
in  Huntington's disease (HD) has yielded conflic ting  
re su lts . We co llected  CSF from 36 HD patien ts  (Stages I 
and I I ,  no neuroleptic therapy) under standard a c tiv ity  and 
d ie t and from 14 contro l p a tien ts  who had other movement 
d isorders. An aliquot from each 5-10 cc CSF sample was 
analyzed by HPLC-EC for homovanillic acid (HVA) and 
5-hydroxy-indole acetic  acid (HIAA) and by HPLC- 
fluorometry using ortho-phthaldehyde derivatiza tion  for 
asparagine (ASN), glutamine (GLN), glutamate (GLU), 
phenylalanine (PHE) and taurine (TAU). Results from HD and 
contro l p a tien ts  were compared by student t  te s t  for pooled 
data:

HVA
(PMOL/ML)

HIA
APMOL/ML

ASN
(NM/ML)

GLN
(NM/ML)

HD 200.5 ± 82.8 
(n = 36)

228 ±74.5 
(n ;= 36)

6.5 ± 0.99 
(n = 35)

514.9 ±80.2 
(n = 35)

Controls 187.8 ±48.6 
(n = 9)

231.1 ±80.2 
(n = 14)

6 .8 4 ± 1.47 
(n = 5)

467.3 ±145 
(n = 10)

GLU
(NM/ML)

PHE
(NM/ML)

TAU
(NM/ML)

HD 5.45 ±1.11 
(n = 17)

8.18 ±1.51 
(n = 35)

53.9 ± 17.4 
(n = 32)

Controls 4 .3 1 ± 1.0 
(n = 5)

9.46 ±3.92 
(n = 5)

35.3 ±20 
(n = 10)

We found no sig n if ican t differences in concentrations of 
HVA, HIAA, ASN, GLN or PHE. CSF glutamate was g reater in 
HD p a tien ts  and nearly atta ined  s ta t i s t i c a l  significance 
(T=2.07, p <.052). Taurine was s ig n ifican tly  g reater in 
CSF of HD p a tien ts  (T=2.86, p T .01). CSF analyses of 
additional p a tien ts  with HD, other neurologic disorders and 
normal contro ls are in progress to determine whether the 
observed d ifferences in taurine and glutamate have 
diagnostic and pathogenetic significance for HD. (Work 
supported by USPHS NS 17978 and CRC of University of 
R ochester).

3 1 9 .2  PROPERTIES OF MPTP BINDING IN RAT BRAIN: POSSIBLE  
ASSSOCIATIONS WITH MONOAMINE OXIDASE.  Bruc e Parsons* 
and Thomas C. Rainbow.  D ep t. o f  Pharm acology, U niversity  of 
Pennsylvania M edical School 19104.

N -m ethyl-4-phenyl-1,2 ,5 ,6 -te trahydropyrid ine (MPTP) produces 
parkinsonian sym ptom s in humans and p rim ate s  by unknown 
m echanism s. We have u tiliz ed  in v itro  autoradiography and 
enzym atic  p repara tions to  localize , quan tify  and c h a ra c te r iz e  
MPTP binding s ite s  in th e  r a t .

Our procedures for in v itro  q u an tific a tion  o f (3H)-MPTP binding 
s ite s  have been described  (Eur. J . Pharm . 98:453). H ere, we 
observed the  binding of (3H)-MPTP to  frozen  r a t  brain  sec tions  to  
be sa tu rab le , specific , reversib le  and of high a ffin ity . S catchard  
analysis ind icated  a  single population o f s ite s  (Kd = 15 nM: Bmax = 
329 fm ol/m g p). LKB U ltrofilm  autoradiogram s ind icated  th a t th e  
highest levels o f binding w ere observed in the  a rc u a te  nucleus, 
dorsal raphe, locus coeruleus and th e  in terpeduncu lar nucleus (700- 
1000 fm /m g p). Slightly low er levels w ere seen  w ithin th e  
ependym a of th e  ven tric les  and in a ll c ircum ven tricu lar organs. 
M oderate levels (100-200 fm ol/m g p) w ere observed in ce re b ra l 
co rtex , c e n tra l grey  and a ll regions of th e  hippocam pus. Low 
levels (10-50 fm /m g p) o f binding w ere observed in th e  ca u d a te 
pu tam en , substan tia  n igra and th e  ce reb e lla r  co r te x . Because th e  
d istribu tion  o f (3)H-MPTP resem bled  th a t o f brain  MAO (J . 
N eurochem . 30:263), we p lo tted  the  co ncen tra tion  o f (3H)-MPTP 
binding s ite s  against th e  concen tra tion  of MAO for 42 brain  
s tru c tu re s . A highly sign ifican t co rre la tio n  was ob ta ined  (r = 0.97;  
p < 0.0001).

MPTP and the MAO inhib itors, c lorgyline and Lilly 51514, w ere 
the  m ost p o ten t inhibitors o f (3H)-MPTP in frozen  sec tions  (IC50's 
approx im ately  30 nM a t  2 nM (3H)-MPTP); deprenyl, pargyline, 
harm aline and d im ethy ltryp tam ine  w ere approxim ately  1/10 as 
p o te n t. 5HT and dopam ine w ere approxim ately  1/500 as  p o te n t as 
MPTP. In v itro  enzym atic  p repara tions u tiliz ing  (14C )-tryptam ine 
as a  su b stra te  for MAO ind icated  th a t MPTP inhib ited  deam ination  
a t  m icrom olar co n cen tra tions  (IC50's: MPTP = 53 µM; clorgyline = 
1 µM; deprenyl = 9 µM; pargyline = 33 µM a t  6 µ M (14C)- 
tryp tam ine). U tiliza tion  o f (3H)-5HT and (14C)-PEA  suggested  
th a t  MPTP was a  re la tiv e ly  nonselective inhibitor o f MAO (IC 50 = 
48 µM for 5HT a t  200 µM; 140 µM for PEA a t  50 µM).

Our resu lts  suggest th a t MPTP may e l ic i t som e o f its  
patho log ical consequences by inhibiting brain  MAO. Such a view is 
consisten t w ith the  hypothesis th a t MPTP may e lev a te  n ig ro s tria ta l 
dopam ine to  neurotoxic levels. Supported by NS 19597, Sloan, 
K lingenstein and Lieberm an Fellowships.

3 1 9 . 3   PARKINSONISM-INDUCING TOXIN MPTP: CAN BINDING SITE  
LOCALIZATION EXPLAIN NEUROTOXICITY?  J . A .  J a v i t c h ,  G . R .
Uhl  a n d  S . H .  S n y d e r .   D e p t . o f  N e u r o s c i e n c e ,  J o h n s  H o p k i n s  
U n i v e r s i t y ,  S c h .  o f  M e d . ,  B a l t i m o r e ,  MD 2 1 2 0 5 .

MPTP ( N - m e t h y l - 4 - p h e n y l - l , 2 , 3 , 6 - t e t r a h y d r o p y r i d i n e )  
p r o d u c e s  n e u r o p a t h o l o g i c  a n d  c l i n i c a l  a b n o r m a l i t i e s  i n  
h u m a n s  a n d  a n i m a l s  w h i c h  c l o s e l y  r e s e m b l e  i d i o p a t h i c  
P a r k i n s o n ' s  d i s e a s e .  T h e  t o x i n  p r o d u c e s  l o s s  o f  
n i g r o s t r i a t a l  d o p a m i n e  n e u r o n s  a n d  n e u r o c h e m i c a l  c h a n g e s  
i n  d o p a m i n e r g i c  a n d  n o n - d o p a m i n e r g i c  b r a i n  s y s t e m s  i n  
h u m a n s ,  m o n k e y s  a n d  m i c e  ( L a n g s t o n ,  J . W .  e t  a l . ,  S c i e n c e , 
2 1 9 : 9 7 9 ,  1 9 8 3 ;  B u r n s ,  R . S .  e t  a l . ,  P r o c .  N a t l .  A c a d .  S c i .  
USA, 8 0 : 4 5 4 6 ,  1 9 8 3 ;  H a l l m a n ,  H.  e t  a l . ,  E u r .  J .  P h a r m a c o l . ,  
9 7 : 1 3 3 ,  1 9 8 4 ) .

We h a v e  i n v e s t i g a t e d  t h e  b i n d i n g  o f  r a d i o l a b e l e d  MPTP t o  
b o t h  r a t  a n d  hum an b r a i n .  [ 3 H]MPTP b i n d s  t o  a  h i g h  
a f f i n i t y  s i t e  i n  r a t  b r a i n  m e m b r a n e s  w i t h  a  KD o f  2 8  nM 
a n d  a  Bmax o f  2 2 5  p m o l / g  t i s s u e .  I n  hum an c e r e b r a l  
c o r t i c a l  m e m b r a n e s ,  t h e  h i g h  a f f i n i t y  s i t e  h a s  a  s i m i l a r  
KD o f  2 4  nM a n d  a  l a r g e r  Bmax o f  4 0 0  p m o l / g  t i s s u e .   
B i n d i n g  i s  n o t  p o t e n t l y  i n h i b i t e d  b y  a  w i d e  v a r i e t y  o f  
d r u g s  o r  n e u r o t r a n s m i t t e r  c a n d i d a t e s .  T h e  c h e m i c a l  
s p e c i f i c i t y  o f  t h e  b i n d i n g  s i t e  c o r r e s p o n d s  t o  
s t r u c t u r e - a c t i v i t y  r e q u i r e m e n t s  f o r  n e u r o t o x i c i t y .  T h u s ,  
a n a l o g u e s  l a c k i n g  t h e  N - m e t h y l  o r  t h e  4 - p h e n y l  m o i e t i e s  
l a c k  M P T P - l i k e  n e u r o t o x i c i t y  a n d  a r e  much  l e s s  p o t e n t  a t  
t h e  MPTP b i n d i n g  s i t e .  T h e  h i g h  b i n d i n g  p o t e n c y  (K j  = 
41  nM) o f  t h e  MPTP m e t a b o l i t e ,  N - m e t h y l - 4 - p h e n y l p y r i d i n e  
(MPP+ ) ,  a c c o r d s  w i t h  a  p o s s i b l e  r o l e  f o r  t h i s  s u b s t a n c e  i n  
MPTP t o x i c i t y .

A u t o r a d i o g r a p h i c  s t u d i e s  i n  hum an b r a i n  s h o w  v e r y  h i g h  
b i n d i n g  s i t e  d e n s i t i e s  i n  t h e  c a u d a t e ,  s u b s t a n t i a  n i g r a  
a n d  l o c u s  c o e r e l e u s ,  w h i c h  may e x p l a i n  t h e  n e u r o t o x i c  a n d  
n e u r o c h e m i c a l  s e q u e l a e  o f  MPTP a d m i n i s t r a t i o n .  I n  r a t s ,  
s u b s t a n t i a  n i g r a  a n d  c a u d a t e  d i s p l a y  o n l y  m o d e r a t e  g r a i n  
d e n s i t i e s .  T h i s  s p e c i e s  d i f f e r e n c e  may e x p l a i n  t h e  
d i f f i c u l t y  i n  p r o d u c i n g  s e l e c t i v e  n i g r o s t r i a t a l  
d e g e n e r a t i o n  i n  r a t s .  S i t e s  d e n s e l y  l a b e l e d  i n  r a t  b r a i n  
i n c l u d e  t h e  l o c u s  c o e r u l e u s ,  i n t e r p e n d u n c u l a r  n u c l e u s ,  
a r c u a t e  a n d  p e r i v e n t r i c u l a r  h y p o t h a l a m i c  n u c l e i  a n d  t h e  
s u b f o r n i c a l  o r g a n .  B i n d i n g  o f  t h e  t o x i n  t o  n o n - n i g r a l  
a r e a s  may c a u s e  d y s f u n c t i o n  w i t h o u t  c e l l  d e a t h ,  a l l o w i n g  
t h e s e  z o n e s  t o  p l a y  a  r o l e  i n  t h e  e x p r e s s i o n  o f  t h e  
M P T P - i n d u c e d  P a r k i n s o n i s m .

3 1 9 .4  IMAGING OPIATE RECEPTORS WITH POSITRON EMISSION TOMOGRAPHY.
J . J .  F r o s t * ,  H .N . W agner, J r . ,  R .F .  D a n n a ls * ,  H .T . R a v e r t* ,  
A .A . W ils o n * , J .M . L in k s * ,  D .F . Wong*, H .D . B u rn s * , S .H . 
S n y d e r  and  M .J . K u h a r . (SPON: A.M. G o ld b e r g ) . The J o h n s   
H o p k in s  M e d ic a l I n s t i t u t i o n s ,  B a l t o . ,  MD 2 1 2 0 5 .

O p ia te  r e c e p t o r s  i d e n t i f i e d  i n  b in d in g  s t u d i e s  m e d ia te  
t h e  p h y s io l o g ic a l  a c t i o n s  o f  o p i a t e  d r u g s .  The 
4 -c a rb o m e th o x y d e r i v a t i v e s  o f  f e n t a n y l ,  su c h  a s  l o f e n t a n i l  
and  c a r f e n t a n i l ,  b in d  to  t h e  mu o p i a t e  r e c e p t o r  w i th  h ig h  
a f f i n i t y .  The K1 o f  c a r f e n t a n i l  f o r  t h e  mu r e c e p t o r  was 
fo u n d  to  be 0 .0 7  nM i n  b in d in g  s t u d i e s  a t  3 7 °C . The K1 ' s  
f o r  th e  d e l t a ,  k ap p a  and  s igm a r e c e p t o r s  w ere  a t  l e a s t  1000 
t im e s  h i g h e r .  C a rb o n -1 1  l a b e l e d  c a r f e n t a n i l  ( 11C-CAR) 
was s y n th e s i z e d  by r e a c t i n g  C -11 m e th y l  i o d id e  w i th  th e  
a p p r o p r i a t e  c a r b o x y l a t e .

M ale ICR m ice  w ere i n j e c t e d  i n t r a v e n o u s l y  w i th  
11C-CAR, s a c r i f i c e d  a f t e r  30 m in , and  th e  b r a i n s  r a p i d l y  
d i s s e c t e d .  The th a l a m i ,  s t r i a t a ,  and  c e r e b r a l  c o r t e x  a r e  
r i c h  i n  mu r e c e p t o r s  w h i le  th e  c e re b e l lu m  c o n ta i n s  a  v e ry  
low  r e c e p t o r  l e v e l .  The t h a l a m u s /c e r e b e l lu m  and s t r i a t u m /  
c e re b e l lu m  r a t i o s  w ere  4 .1  an d  5 .2  r e s p e c t i v e l y ,  c a l c u l a t e d  
a s  cpm p e r  mg t i s s u e .  T h ese  r a t i o s  c o r r e s p o n d  to  th e  
t o t a l / n o n s p e c i f i c  b in d in g  r a t i o s  o b t a in e d  i n  i n  v i t r o  
b in d in g  s t u d i e s .  C o i n j e c t io n  o f  5 m g/kg  n a lo x o n e  re d u c e d  
th e  r a t i o s  t o  1 .1  w h ic h  i s  c o n s i s t e n t  w i th  a  p r e f e r e n t i a l  
l a b e l i n g  o f  o p i a t e  r e c e p t o r s  i n  v i v o .

Two a n e s t h e t i z e d  m ale  b ab o o n s  w ere  im aged w i th  a  
NeuroECAT s c a n n e r  a f t e r  i n j e c t i o n  o f  11C-CAR ( a b o u t  
20 m C i, 6 2 0 -1 2 0 0  c i/m m o le , 0 .3  -  0 .5  u g / k g ) . From 15 t o  70 
m in a f t e r  i n j e c t i o n ,  p r e f e r e n t i a l  a c c u m u la t io n  o f  a c t i v i t y  
c o u ld  be s e e n  i n  th e  t h a l a m i ,  c a u d a t e  n u c l e i  and c e r e b r a l  
c o r t e x .  Im ag in g  p la n e s  w ere s e l e c t e d  by  x - r a y  CT s c a n s .   
Low l e v e l s  o f  a c t i v i t y  w ere  fo u n d  i n  th e  c e r e b e l lu m .  At 
a b o u t  one h o u r  p o s t  i n j e c t i o n  th e  maximum c a u d a t e ,  th a la m i  
and f r o n t a l  c o r t e x - t o - c e r e b e l l u m  r a t i o s  ( c a l c u l a t e d  on  p e r  
p i x e l  b a s i s )  w ere o b s e rv e d .  T h e se  v a lu e s  o f  4 . 2 ,  4 . 2 ,  and  
2 .0 1  r e s p e c t i v e l y ,  a r e  p re s u m a b ly  an  u n d e r e s t im a te  b e c a u s e  
o f  th e  f i n i t e  s p a t i a l  r e s o l u t i o n  o f  t h e  NeuroECAT. The 
r e c o v e r y  c o e f f i c i e n t  f o r .  th e  NeuroECAT i s  a b o u t  0 .2 5 ,  0 . 4 ,  
0 .7  an d  1 .0  f o r  th e  c a u d a t e ,  t h a l a m i ,  f r o n t a l  c o r t e x  and 
c e re b e l lu m  and t h e r e f o r e  t h e  a c t u a l  r a t i o s  a r e  a b o u t  1 7 , 11 
an d  2 . 9 ,  r e s p e c t i v e l y .  S tu d ie s  o f  human s u b j e c t s  a r e  i n  
p r o g r e s s .

T h ese  s tu d i e s  d e m o n s t r a te  th e  f e a s i b i l i t y  o f  im a g in g  and  
m e a s u r in g  o p i a t e  r e c e p t o r s  i n  v iv o  by PET s c a n n in g .
(S u p p o r te d  by NS15080, MH00053, DA00266, and  D A 00074).
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319.5 IMAGING OF S2 SEROTONIN RECEPTORS IN THE HUMAN CEREBRAL 
CORTEX WITH IN VIVO POSITRON EMISSION TOMOGRAPHY.  H .N . 
W agner, J r . * ,  D .F . W ong*, R .F .  D a n n a ls * ,  J . J .  F r o s t * ,
G. P e a r l s o n ,  H .T . R a v e r t* ,  J .M . L in k s * ,  M. T i t e l e r  and  M .J . 
K u h ar (SPON: W. J a n k e l ) .  J o h n s  H o p k in s  Med. I n s t . ,  D e p ts .  
o f  N u c le a r  M e d ic in e ,  N e u r o s c ie n c e ,  and  P s y c h ia t r y ,  B a l t o . ,  
MD 21205

The im a g in g  by p o s i t r o n  e m is s io n  to m o g ra p h y  (PET) o f  
human d opam ine  r e c e p t o r s  i n  v iv o  h a s  b e e n  r e p o r t e d  ( S c ie n c e  
2 2 1 :1 2 6 4 ,  1 9 8 3 ) ,  and e x te n d e d  to  i n c l u d e  o v e r  40 n o rm a l 
v o l u n t e e r s  and 50 p a t i e n t s  w i th  n e u r o p s y c h i a t r i c  d i s o r d e r s .  
The t r a c e r  em p lo y e d , a  n e u r o l e p t i c ,  3 - n -m e th y l  s p ip e r o n e  
(NMSP), i s  l a b e l e d  w i th  a  20 m in  h a l f - l i f e  p o s i t r o n  e m i t t e r  
c a rb o n -1 1  ( 11C ) . I n  v i t r o  b in d in g  s t u d i e s  h av e  shown 
t h a t  NMSP, w h ich  i s  s i m i l a r  to  s p ip e r o n e ,  h a s  a  h ig h  
a f f i n i t y  n o t  o n ly  f o r  d o p am in e  D2 r e c e p t o r s ,  b u t  a l s o  f o r  
s e r o t o n i n  S2 r e c e p t o r s .  The S2 a f f i n i t y  i s  a b o u t  5 f o ld  
l e s s .

A v a r i e t y  o f  p h a rm a c o lo g ic a l  and  r e g i o n a l  b in d in g  
s t u d i e s  i n d i c a t e  t h a t  NMSP b in d s  p re d o m in a n t ly  to  S2 
r e c e p t o r s  i n  c e r e b r a l  c o r t e x .  F o r e x a m p le , c in a n s e r i n  ( a n  
S2 d ru g )  d i s p l a c e s  NMSP i n  c o r t e x  w i th  a  100 f o ld  lo w e r  
d o s e  th a n  d o e s  h a l o p e r i d o l  (D2 d r u g ) .  In  o u r  human s t u d i e s  
u s in g  PET we h a v e  o b s e rv e d  an  i n i t i a l  p r o g r e s s iv e  
a c c u m u la t io n  o f  H e  NMSP i n  th e  f r o n t a l ,  p a r i e t a l ,  
o c c i p i t a l ,  and  te m p o ra l  c o r t i c a l  r e g i o n s ,  w i th  a  p l a t e a u  
and  f a l l  o f f  a t  a b o u t  2 0 -3 0  m in  a f t e r  i n j e c t i o n ,  a s  
c o n t r a s t e d  w i th  th e  p r o g r e s s iv e  a c c u m u la t io n  in  th e  
c a u d a t e .  T h is  a c c u m u la t io n  i s  i n t e r m e d i a t e  b e tw e en  th e  D2 
c a u d a te  b in d in g  and th e  r a p i d  c l e a r i n g  from  th e  c e r e b e l lu m ,  
w h ere  D2 and  S2 r e c e p t o r s  a r e  a b s e n t  o r  i n  low  
c o n c e n t r a t i o n .  T h is  i s  c o n s i s t a n t  w i th  known k i n e t i c s  o f  
NMSP l a b e l i n g  o f  D2 an d  S2 r e c e p t o r s .

S tu d ie s  i n  21 n o rm a l m a le s  h a v e  r e v e a l e d  an  e x p o n e n t i a l  
d e c l i n e  w i th  ag e  i n  th e  r a t i o  o f  f r o n t a l  c o r t i c a l  to  
c e r e b e l l a r  a c t i v i t y  and a  s i m i l a r  c u r v i l i n e a r  b u t  l e s s e r  
f a l l  i n  19 n o rm a l f e m a le s .  F r o n ta l  c o r t e x / w h i te  m a t t e r  
r a t i o s  showed a  s i m i l a r  d e c l i n e  w i th  a g e .  T h ese  r a t i o s  a r e  
e s t i m a t e s  o f  S2 r e c e p t o r  d e n s i t i e s  and  a r e  ro u g h ly  
c o m p a ra b le  to  r a t i o s  o f  t o t a l  to  n o n s p e c i f i c  b in d in g  i n  i n  
v i t r o  s t u d i e s .  P r e l im in a r y  s t u d i e s  i n  p a t i e n t s  W ith 
u n i p o la r  and  b i p o l a r  m an ic  d e p r e s s iv e  i l l n e s s e s  and w i th  
s c h i z o p h r e n i a  a r e  u n d e rw a y . ( S u p p o r te d  by USPHS g r a n t s  
NS15080 and MH00053.

319.6  D2 DOPAMINE RECEPTORS IN NORMAL AND PATHOLOGICAL STATES 
IMAGED BY POSITRON TOMOGRAPHY.  D .F . W ong*, H .N . W agner, 
J r . * ,  R .F .  D a n n a ls * ,  J . J .  F r o s t * ,  H .T . R a v e r t* ,  J .M .  
L in k s * ,  M. F o l s t e i n * , G. U h l ,  L . T u n e . ,  S .  F o l s t e i n * ,   
H. S in g e r * ,  T . P r e z i o s i*  and  M .J . K u h a r , (SPON: R . I .   
S c h o e n f e ld ) .   D e p ts .  o f  N u c le a r  M e d ic in e ,  N e u r o s c ie n c e ,  
N e u ro lo g y , and P s y c h ia t r y ,  J o h n s  H o p k in s  M e d ic a l  
I n s t i t u t i o n s ,  B a l t o . ,  MD 21205

We h ave  u t i l i z e d  11C- n - m e th y l s p ip e r o n e  ( 11C-NMSP) 
and  p o s i t r o n  e m is s io n  to m o g rap h y  (PET) to  l a b e l  and  
q u a n t i t a t i v e l y  im age D2 do p am in e  r e c e p t o r s  i n  t h e  human 
b r a i n  ( S c ie n c e  2 2 1 :1 2 6 4 , 1 9 8 3 ) .  NMSP i s  s i m i l a r  i n  i t s  
b in d in g  p r o p e r t i e s  to  s p ip e r o n e ,  a  p o t e n t  n e u r o l e p t i c .  The 
i n i t i a l  s t u d i e s  h av e  b e e n  ex p an d ed  to  i n c l u d e  21 m ale  and  
19 fe m a le  s u b j e c t s  who r a n g e d  i n  a g e  from  19 t o  73 y e a r s .
D2 r e c e p t o r  b in d in g  was e s t im a te d  by th e  c a u d a t e / c e r e b e l l a r  
(C a /C b ) and  th e  p u t a m e n /c e r e b e l la r  r a t i o s  fro m  d a t a  t a k e n  
4 3 -4 9  m in . p o s t  i n j e c t i o n .

A c c u m u la tio n  o f  11C-NMSP i n  th e  r e c e p t o r  r i c h  c a u d a te  
and pu tam en  in c r e a s e d  p r o g r e s s i v e l y  i n  t im e ,  w h i le  
r a d i o a c t i v i t y  i n  t h e  c e r e b e l lu m ,  w h ich  c o n ta i n s  l i t t l e  o r  
no D2 r e c e p t o r s ,  d e c re a s e d  s t e a d i l y .  C o m p ariso n  b e tw e en  
d i f f e r e n t  i n d i v i d u a l s  r e v e a l e d  a  s t r i k i n g  d e c l i n e  i n  D2 
b in d in g  w i th  a g e .  I n  m a le s ,  t h e  d a t a  w ere  b e s t  f i t  by  an  
e x p o n e n t i a l  f u n c t i o n ;  Ca/Cb r a t i o  = 2 .2 3  +  7 .0 7  ex p  ( -  .0 6  
a g e ) ;  R = .8 7 .  T h e re  was a b o u t  a  50% d e c l i n e  i n  th e  f i t t e d  
f u n c t i o n  o v e r  th e  ag e  r a n g e  e x a m in e d . I n  women t h e r e  was a  
s m a l le r  d e c l i n e  i n  b in d in g .

T h ese  i n  v iv o  d a t a  a r e  i n  a g re e m e n t w i th  i n  v i t r o  d a t a  
o b a in e d  i n  p o s tm o rte m  human and r o d e n t  t i s s u e  i n  o t h e r  
l a b s .  L o ss  o f  D2 r e c e p t o r s  on th e  n i g r o s t r i a t a l  t e r m in a l s  
a n d /o r  l o s s  o f  s t r i a t a l  d o p a m in o c e p tiv e  c e l l s  c o u ld  
c o n t r i b u t e  to  th e  o b s e rv e d  c h a n g e s .  C hanges i n  b lo o d  f lo w  
w ith  ag e  do n o t  seem  a d e q u a te  to  e x p la i n  t h e  d e c l i n e .
T h ese  s t u d i e s  show th e  im p o r ta n c e  o f  a g e  and  se x  m a tc h in g  
o f  c o n t r o l s  and p a t i e n t s  i n  c l i n i c a l  s t u d i e s .  They a l s o  
d e m o n s t r a te  th e  f e a s i b i l i t y  o f  m e a s u r in g  c h a n g e s  i n  
r e c e p t o r s  i n  v i v o . P r e l im in a r y  s t u d i e s  w ith . H u n t i n g to n 's ,  
P a r k i n s o n 's ,  s c h iz o p h r e n ia  and  T o u r e t t e 's  p a t i e n t s  s u g g e s t  
a l t e r a t i o n s  i n  r e c e p t o r  p o p u l a t i o n s .  A d d i t io n a l  s t u d i e s  
a r e  i n  p r o g r e s s . (S u p p o r te d  by NS15080 and  M H00053).

3 1 9 .7   SUBSTANTIA NIGRA RECEPTOR AUTORADIOGRAPHY IN NORMAL, 
  PARKINSONIAN, AND NEUROLEPTIC-TREATED HUMANS.  G . O .  

H a c k n e y * ,  G . R .  U h l ,  W.W. T o u r t e l l o t t e ,  V . T .  T r a n ,  P . J .  
Wh i t e h o u s e ,  J .  J a v i t c h ,  S .  S t r i t t m a t t e r ,  D. L .  P r i c e  a n d 
S . H . S n y d e r  (SPON: R.  K u n c l ) .   D e p t s  o f  N e u r o l o g y  a n d  
N e u r o s c i e n c e ,  J o h n s  H o p k i n s  M e d i c a l  S c h o o l  B a l t i m o r e ,  MD 
2 1 2 0 5 ,  D e p t s .  o f  N e u r o l o g y  a n d  HHMI,  MGH, B o s t o n ,  MA 
0 2 1 1 4 ,  W a d s w o r t h  VA H o s p i t a l ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 .

N i g r o s t r i a t a l  n e u r o n s  may p l a y  i m p o r t a n t  r o l e s  i n  s e v 
e r a l  hum an m o v e m e n t  d i s o r d e r s  i n c l u d i n g  P a r k i n s o n ' s  
d i s e a s e  (P D)  a n d  t a r d i v e  d y s k i n e s i a  ( T D ) .  D e f i n i t i o n  o f  
r e c e p t o r  p o p u l a t i o n s  l o c a t e d  i n  t h e  s u b s t a n t i a  n i g r a  (SN) 
a n d  s t u d y  o f  SN a l t e r a t i o n s  i n  t h e s e  r e c e p t o r s  i n  d i s e a s e  
s t a t e s  c a n  h e l p  t o  e l u c i d a t e  n o r m a l  a n d  p a t h o l o g i c a l  i n f l u 
e n c e s  on  t h e s e  c e l l s .  We h a v e  u s e d  r e c e p t o r  a u t o r a d i o 
g r a p h i c  t e c h n i q u e s  t o  d e f i n e  n i g r a l  d r u g ,  n e u r o t r a n s m i t t e r  
a n d  t o x i n  r e c e p t o r s  a n d  t o  d e l i n e a t e  r e c e p t o r  a l t e r a t i o n s  
i n  p a t h o l o g i c a l  s t a t e s .

I n  n o r m a l  h um an  SN, h i g h  d e n s i t i e s  o f  mu o p i a t e  
( m o r p h i n e - d i s p l a c a b l e  3 H - d i h y d r o m o r p h i n e  b i n d i n g ) ,  
n e u r o t e n s i n  ( n e u r o t e n s i n - d i s p l a c a b l e  3H- n e u r o t e n s i n  
b i n d i n g ) ,  s o m a t o s t a t i n  ( S S - 1 4 - d i s p l a c a b l e  1 2 5 I - L t t - S S 2 8  
b i n d i n g ) ,  b e n z o d i a z e p i n e  I a n d  I I  ( C L 2 1 8 8 7 2  a n d  
c l o n a z e p a m - d i s p l a c a b l e  3 H - f l u n i t r a z e p a m  b i n d i n g )  
a n g i o t e n s i n - c o n v e r t i n g  e n z y m e  ( c a t o p r i l - d i s p l a c a b l e  
3 H - c a t o p r i l  b i n d i n g )  a n d  nMPTP ( N - m e t h y l - 4 - p h e n y l -   
1 , 2 , 3 , 6  t e t r a h y d r o p y r i d i n e - d i s p l a c a b l e  3 H - n M P T P - b i n d i n g )  
s i t e s  a r e  f o u n d .  M or e m o d e s t  d e n s i t i e s  o f  k a p p a  o p i a t e  
( U - 5 0 , 4 8 8  d i s p l a c a b l e  3 H - e t h y l k e t o c y c l o z o c i n ) ,  s e r o t o n i n  
( 5 HT2 ; c i n a n s e r i n - d i s p l a c a b l e  3 H - s p i p e r o n e  b i n d i n g ) ,  
d o p a m i n e  ( D2 ; 2 - a m i n o - 6 , 7 - d i h y r o x y - l , 2 , 3 , 5 -  t e t r a h y d r o -  
n a p t h a l e n e - d i s p l a c a b l e  3 H - s p i p e r o n e  b i n d i n g )  a n d  
c h o l e c y s t o k i n i n  (CCK; C C K - o c t a p e p t i d e - d i s p l a c a b l e  
1 2 5 I - C C K - 3 2  b i n d i n g )  b i n d i n g  s i t e s  a r e  p r e s e n t .

I n  ( P D ) ,  b i n d i n g  t o  m u - a n d  k a p p a - o p i a t e ,  n e u r o t e n s i n ,   
CCK a n d  s o m a t o s t a t i n  r e c e p t o r s  i s  r e d u c e d .  B e n z o d i a z e 
p i n e  r e c e p t o r  s u b t y p e s  a r e  d i f f e r e n t i a l l y  a f f e c t e d ,  w i t h  
s e l e c t i v e  d e p l e t i o n  o f  C L - 2 1 8 8 7 2 - s e n s i t i v e  ( t y p e  I )  
b i n d i n g .  T h e r e  a r e  m i n i m a l  a l t e r a t i o n s  i n  s e r o t o n i n ,  t y p e  
I I  b e n z o d i a z e p i n e ,  a n d  a n g i o t e n s i n - c o n v e r t i n g  e n z y m e  
b i n d i n g .

I n  n e u r o l e p t i c - t r e a t e d  s c h i z o p h r e n i c s ,  SN n e u r o t e n s i n  
r e c e p t o r s  a r e  m a r k e d l y  e l e v a t e d  w i t h  m o r e  m o d e s t  i n c r e a s e s  
i n  m u - o p i a t e  a n d  d o p a m i n e  r e c e p t o r s .

S t u d y  o f  t h e  d i f f e r e n t i a l  s e q u e l a e  o f  d o p a m i n e  n e u r o n a l  
l o s s  a n d  d o p a m i n e  r e c e p t o r  b l o c k a d e  s h o u l d  a i d  u n d e r s t a n d 
i n g  o f  m o t o r  s y s t e m s  a b n o r m a l i t i e s  i n  PD a n d  TD.

3 1 9 .8  TRH RECEPTOR BINDING IN SPINAL CORD AFTER EXPERIMENTAL 
TRAUMATIC AND ISCHEMIC SPINAL INJURY.  A. I . F a d e n , N. S . 
P i l o t t e  and  D. R. B u r t .  N e u ro b io lo g y  R e s e a rc h  U n i t ,  U n i
fo rm ed  S e r v ic e s  U n i v e r s i t y  o f  t h e  H e a l th  S c i e n c e s ,  B e th 
e s d a ,  MD 2 0 8 1 4 , an d  D e p a r tm e n t o f  P h a rm a c o lo g y  and  E x p e r i 
m e n ta l  T h e r a p e u t i c s ,  U n i v e r s i t y  o f  M a ry la n d  S c h o o l o f  
M e d ic in e ,  B a l t im o r e ,  MD 2 1 2 0 1 .

P h a r m a c o lo g ic a l  t r e a tm e n t  w i th  t h y r o t r o p i n - r e l e a s i n g  
horm one (TRH) h a s  p ro v e d  e f f e c t i v e  i n  a  v a r i e t y  o f  e x p e r i 
m e n ta l  and  c l i n i c a l  d i s o r d e r s  i n v o lv i n g  t h e  m o to r  s y s te m , 
i n c l u d i n g  t r a u m a t i c  s p i n a l  and  b r a i n  i n j u r y ,  m o to r  n e u ro n  
d i s e a s e  and  s p i n o c e r e b e l l a r  d e g e n e r a t i o n .  In  c o n t r a s t ,  
s u c h  t r e a tm e n t  h a s  p ro v e d  i n e f f e c t i v e  f o l l o w in g  is c h e m ic  
i n j u r y  t o  t h e  b r a i n  o r  s p i n a l  c o r d .  C hanges  i n  TRH r e c e p 
t o r  b in d in g  h a v e  n o t  b e e n  e v a lu a t e d  i n  t h e s e  c o n d i t i o n s .  
The p r e s e n t  s t u d i e s  e x am in ed  c h a n g e s  i n  s p e c i f i c  b in d in g  o f  

3H- l a b e l e d  [3 -M e -H is2 ]-TRH (1 nM, 5 h i n c u b a t io n  a t  0°C ) t o  
m em branes o f  r a t  o r  r a b b i t  s p i n a l  c o rd  one  w eek f o l lo w in g  
s p i n a l  c o rd  i n j u r y ,  u s in g  t h e  m eth o d  o f  S h a r i f  an d  B u r t  
( B r a in  R e s . 2 7 0 :2 5 9 ,  1 9 8 3 ) . T ra u m a t ic  s p i n a l  c o rd  i n j u r y  
w as p ro d u c e d  a t  T -1 0  i n  t h e  r a t  u t i l i z i n g  a  m o d i f i c a t i o n  o f  
t h e  A l l e n  m eth o d  (75 g-cm  im p a c t  e n e r g y ) .  I s c h e m ic  s p i n a l  
c o rd  i n j u r y  was p ro d u c e d  i n  r a b b i t s  t h ro u g h  te m p o ra ry  
a o r t i c  o c c lu s i o n  (25  m in ) , u t i l i z i n g  a  m o d i f i c a t i o n  o f  th e  
m eth o d  o f  Z iv in  e t  a l .  ( P e p t i d e s  4 :6 3 1 ,  1 9 8 3 ) . The two  
fo rm s  o f  i n j u r y  y i e l d e d  c o m p a ra b le  d e g r e e s  o f  h in d lim b  
p a r a l y s i s  a t  o n e  w eek a f t e r  i n j u r y .  F o l lo w in g  t r a u m a t i c  
s p i n a l  i n j u r y  i n  t h e  r a t ,  s p e c i f i c  TRH r e c e p t o r  b in d in g   
w as s i g n i f i c a n t l y  r e d u c e d  ( 2 .6  ± 0 .2 6  fm ol/m g  p r o t e i n ) ,  
a s  com pared  w i th  c o n t r o l  a n im a ls  ( 4 .0 1  ± 0 .2 2  fm o l/m g   
p r o t e i n ) .  T h is  d e c r e a s e  was fo u n d  o n ly  a t  t h e  i n j u r y  s i t e ,  
n o t  a t  a d j a c e n t  lu m b a r  s i t e s  o r  m ore d i s t a n t  c e r v i c a l   
s i t e s .  I n  c o n t r a s t ,  i s c h e m ic  s p i n a l  c o rd  i n j u r y  i n  t h e  
r a b b i t ,  w h ic h  c a u s e s  s e v e r e  i n f a r c t i o n  o f  v e n t r a l  g r a y   
m a t t e r ,  p ro d u c e d  no s i g n i f i c a n t  c h a n g e  i n  TRH r e c e p t o r   
b in d in g  a t  t h e  i n j u r y  s i t e .  The p r e s e n t  f i n d i n g s  i n d i c a t e  
t h a t  r e d u c t io n s  i n  TRH r e c e p t o r  b in d in g  f o l l o w  o n ly  c e r t a i n  
c l a s s e s  o f  s p i n a l  c o rd  i n j u r y  ( e . g . ,  t r a u m a t i c ) ,  an d  t h a t  
su c h  c l a s s e s  o f  i n j u r y  may b e  t h o s e  w h ich  show b e n e f i c i a l  
e f f e c t s  fro m  p h a r m a c o lo g ic a l ly  a d m i n i s t e r e d  TRH.
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3 1 9 .9   DECREASES IN SPINAL RECEPTORS FOR THYROTROPIN-RELEASING 
HORMONE PRECEDE SYMPTOM DEVELOPMENT IN MURINE LEUKEMIA VIRUS 
INDUCED MOTOR NEURON DISEASE.  D .R. B u r t ,  S .R . Max and P.M. 
Hoffm an*.  D e p ts . Pharm acology and N eu ro logy , U. Md. S ch. 
M ed., B a l tim o re , MD 21201 and B a l t .  V .A. Med. C t r .

T re a tm e n t w ith  t h y r o t r o p in - r e le a s in g  hormone (TRH) has  
b ee n  r e p o r te d  t o  r e l i e v e  symptoms o f  am yo troph ic  l a t e r a l  
s c l e r o s i s  (ALS) (Engel e t  a l . ,  1983, L a n c e t i i : 7 3 ) . The 
mechanism o f  t h i s  e f f e c t  i s  unknown, b u t  known e x c i ta t o r y  
a c t io n s  o f  TRH on s u rv iv in g  m otor n eu ro n s  o r  t r o p h ic  a c t io n s  
on n e u ro n a l s u r v iv a l  may b e  in v o lv e d . To in v e s t ig a t e  th e  
p o s s ib le  r o l e  o f  TRH and i t s  r e c e p to r s  i n  th e   
p a th o p h y s io lo g y  o f  m otor neu ro n  d i s e a s e  (MND), we u sed  a  
m odel o f  MND in d u c ed  by  i n f e c t i o n  w ith  m urine leukem ia v i r u s  
(MuLV). Newborn NFS/N m ice w ere i n j e c t e d  i n t r a c e r e b r a l ly  

w ith  Cas-Br-M  MuLV and s a c r i f i c e d  a t  2 , 3 , 4 , and  5 weeks o f  
a g e . S u rv iv in g  m ice d ev e lo p ed  n e u ro lo g ic a l  symptoms  
b e g in n in g  a t  4 t o  5 w eeks. S p in a l c o rd s  w ere rem oved, 
c h i l l e d  and  hom ogenized i n  c o ld  20 mM Na-PO4 b u f f e r .  A 
re s u s p e n s io n  o f  t h i s  hom ogenate was a s s a y e d  f r e s h  f o r  TRH 
r e c e p to r  b in d in g  u s in g  1 nM [3H] [3-M e-H is2]TRH ( 3 H]MeTRH) 
i n  a  s in g l e  p o in t  a s s a y  w ith  a  5 h  in c u b a tio n  a t  0°C. 
F ro zen  hom ogenate was a l s o  a s sa y e d  f o r  m u s c a rin ic  r e c e p to r  
b in d in g  (u s in g  [3H]NMS), c h o l in e  a c e t y l t r a n s f e r a s e , and 
a c e ty l c h o l in e s t e r a s e .  In  tw o s e r i e s  o f  e x p e rim e n ts , 2 week 
o ld  MuLV m ice d is p la y e d  a  h ig h ly  s i g n i f i c a n t  20-25% d e c re a s e  
i n  s p in a l  TRH re c e p to r  b in d in g  com pared t o  age-m atched  
c o n t r o l s  (fm ol/m g p r o t e in  i n  w hole c o rd : c o n t .  = 1 1 .0  ± 1 .4   
( 4 )  , MuLV = 8 .2  ± 0 .6  (5 ) ,  1 s t  s e r i e s ;  c o n t .  = 1 1 .3  ± 0 .4   
( 5 ) ,  MuLV = 9 .0  ± 0 .3  ( 5 ) ,  2nd s e r i e s ) . T h is  d i f f e r e n c e  was 
l e s s  a p p a re n t  i n  3 week o ld  m ice , and  had  a l to g e th e r  
d is a p p e a re d  i n  MuLV m ice a t  4 and 5 weeks o f  a g e . The 
d e c re a s e  i n  TRH r e c e p to r  b in d in g  th u s  p rece d ed  th e  o n s e t  o f  
c l i n i c a l  n e u ro lo g ic a l  s ig n s  (4 -5  w e e k s ) . P a th o lo g ic a l  
chan g es  i n  m otor n eu ro n s  co u ld  n o t  be  d em o n stra ted  b e fo re
3 -4  w eeks o f  a g e . Serum from  sym ptom atic MuLV m ice , added 
i n  c o n c e n tr a t io n s  up  t o  10%, d id  n o t  d i r e c t l y  i n h i b i t  TRH 
r e c e p to r  b in d in g  t o  membranes from  r a t  am ygdala. No 
c h o l in e r g i c  m arker was s i g n i f i c a n t l y  d i f f e r e n t  betw een MuLV 
m ice and c o n t r o l s  a t  any  ag e  exam ined. These r e s u l t s  
s u p p o r t th e  p o s s ib le  in v o lv em en t o f  TRH o r  TRH r e c e p to r s  in  
th e  p a th o p h y sio lo g y , o f  v a r io u s  form s o f  MND, in c lu d in g  ALS.
(S uppo rted  i n  p a r t  by USPHS (NS20022, MH29671), V e t. A dm in., 
and  ALSSOA.)

3 1 9 .10  ELEVATED CEREBROSPINAL FLUID CONCENTRATIONS OF CORT IC OTROPIN- 
RELEASING FACTOR-LIKE IMMUNOREACTIVITY ( C R F - L I )  IN MAJOR 
DEPRESSION.  C . B . N e m e r o f f ,  E .  M i d e r l ö v * ,  G.  B i s s e t t e ,  H.  
M a l l e u s * ,  K. E k l u n d * ,  I .  K a r l s s o n  * ,  P . T .  L o o s e n ,  C . D .  K i l t s *, 
W. V a l e .  D u k e U n i v .  Med .  C t r . ,  D u r h a m ,  NC 2 7 7 1 0 ,  U n i v .  U p p 
s a l a ,  U p p s a l a ,  S w e d e n ;  U n i v .  G o t h e n b u r g ,  G o t h e n b u r g ,  S w e d e n ;  
S a l k  I n s t i t u t e ,  La J o l l a ,  CA 9 2 1 3 8 .

I t  i s  now w i d e l y  a c c e p t e d  t h a t  a l t e r a t i o n s  i n  t h e  h y p o 
t h a l a m i c - p i t u i t a r y - a d r e n a l  (HPA) a x i s  a r e  p r e s e n t  i n  many 
p a t i e n t s  w i t h  a f f e c t i v e  d i s o r d e r .  H y p e r a c t i v i t y  o f  t h e  HPA 
a x i s  i n  e n d o g e n o u s  d e p r e s s i o n  h a s  b e e n  d o c u m e n t e d  b y  i n 
c r e a s e d  s e r u m  c o r t i s o l  a n d  i t s  r e s i s t a n c e  t o  s u p p r e s s i o n  
a f t e r  d e x a m e t h a s o n e  ( C a r r o l l ,  B r i t .  J .  P s y c h i a t .  1 4 0 : 2 9 2 ,  
1 9 8 2 ) .  T h e  s i t e  w i t h i n  t h e  HPA a x i s  w h e r e  t h i s  e n d o c r i n e  
f a u l t ( s )  r e s i d e s  h a s  n o t  b e e n  i d e n t i f i e d .  T h e  r e c e n t  ( V a l e  
e t  a l . ,  S c i e n c e  2 1 3 : 1 3 4 4 ,  1 9 8 1 )  e l u c i d a t i o n  o f  t h e  s t r u c t u r e  
o f  CRF a n d  d e v e l o p m e n t  o f  a  s e n s i t i v e  a n d  s p e c i f i c  RIA f o r  
t h i s  4 1 - a m i n o  a c i d  p e p t i d e  h a v e  now p r o v i d e d  t h e  t o o l s  f o r  
e x a m i n a t i o n  o f  CRF c o n c e n t r a t i o n s  i n  CSF o f  p a t i e n t s  w i t h  
n e u r o p s y c h i a t r i c  d i s e a s e ,  i n c l u d i n g  d e p r e s s i o n .  F u r t h e r  
i m p e t u s  f o r  t h i s  s t u d y  w a s  p r o v i d e d  b y  t h e  d i s t r i b u t i o n  o f  
C R F - l i k e  i m m u n o r e a c t i v i t y  ( C R F - L I )  i n  t h e  m a m m a l i a n  C N S ; 
h i g h  c o n c e n t r a t i o n s  a r e  c o n t a i n e d  i n  l i m b i c  ( e . g .  a m y g d a l a )  
a n d  h y p o t h a l a m i c  r e g i o n s ,  a r e a s  b e l i e v e d  t o  b e  p a t h o p h y s 
i o l o g i c a l l y  a l t e r e d  i n  a f f e c t i v e  d i s o r d e r .  CRF w a s  d e t e r 
m i n e d  i n  CSF s a m p l e s  b y  RIA a s  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e  
( V a l e  e t  a l . ,  M e t h .  E n z y m o l . 1 0 3 : 5 6 5 ,  1 9 8 3 )  u s i n g  a n  a n t i 
s e r u m  r a i s e d  i n  r a b b i t s  a g a i n s t  r a t / h u m a n  CRF a n d  a  t r a c e r  
o f  1 2 5 I - T y r ° - C R F  p r e p a r e d  w i t h  c h l o r a m i n e - T  a n d  p u r i f i e d  by  
HPLC. CSF s a m p l e s  w e r e  c o l l e c t e d  b y  l u m b a r  p u n c t u r e  a t  9  AM 
a s  p r e v i o u s l y  d e s c r i b e d  ( W i d e r l ö v  e t  a l . ,  A m e r .  J .  P s y c h i a t .  
1 3 9 : 1 1 2 2 ,  1 9 8 2 )  f r o m  n o r m a l  c o n t r o l s  ( n = 1 0 )  a n d  d r u g - f r e e  
p a t i e n t s  w i t h  D S M - I I I  d i a g n o s e s  o f  m a j o r  d e p r e s s i o n  ( n = 2 3 ) ,  
s c h i z o p h r e n i a  ( n = l l ) ,  o r  s e n i l e  d e m e n t i a  ( n = 2 9 ) .  T h e  CSF 
s a m p l e s  w e r e  f r o z e n  a t  - 7 0 ° C ,  c o d e d  a n d  a s s a y e d  f o r  CRF b y  
tw o  m e m b e r s  o f  t h e  r e s e a r c h  t e a m  i g n o r a n t  o f  t h e  d i a g n o s t i c  
i d e n t i t y  o f  t h e  s a m p l e s .  T h e  m e a n s  ± SEM c o n c e n t r a t i o n s  o f  
CRF -L I ( p g / m l )  i n  t h e  g r o u p s  w e r e  a s  f o l l o w s :  h e a l t h y  c o n   
t r o l s  = 5 7 . 3  ± 3 . 8 ;  s c h i z o p h r e n i c s  = 5 6 . 9  ± 5 . 6 ;  m a j o r  d e 
p r e s s i o n  = 7 1 . 8  ± 4 . 0  a n d  d e m e n t i a  = 5 6 . 0  ± 2 . 4 .  B o t h  p a r a 
m e t r i c  a n d  n o n - p a r a m e t r i c  a n a l y s i s  r e v e a l e d  a  s i g n i f i c a n t  
i n c r e a s e  i n  CSF CRF -L I i n  t h e  m a j o r  d e p r e s s i o n  g r o u p  w h e n  
c o m p a r e d  t o  t h e  c o n t r o l s .  No o t h e r  g r o u p  d i f f e r e n c e s  w e r e  
n o t e d .  T h e s e  d a t a  a r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  
HPA h y p e r a c t i v i t y  i n  m a j o r  d e p r e s s i o n  i s  a s s o c i a t e d  w i t h ,  a t  
l e a s t  p a r t l y ,  i n c r e a s e d  CRF s e c r e t i o n .

( S u p p o r t e d  b y  NIMH M H - 3 9 4 1 5 ) .

3 1 9 .11  REDUCTIONS OF CEREBROSPINAL FLUID CONCENTRATIONS OF SOMATO
S T A TI N -L IK E IMMUNOREACTIVITY ( S R I F - L I )  IN DEMENTIA, MAJOR 
DEPRESSION AND SCHIZOPHRENIA.  G.  B i s s e t t e ,  H.  M a l l e u s * , 
E .  M i d e r l ö v * ,  I .  K a r l s s o n * ,  K.  E k l u n d  * ,  P . T .  L o o s e n  a n d  
C . B .  N e m e r o f f .  D uk e U n i v .  Med .  C t r . ,  D u r h a m ,  NC 2 7 7 1 0 ,  USA; 
U n i v .  U p p s a l a ,  U p p s a l a ,  S w e d e n ;  U n i v .  G o t h e n b u r g ,  G o t h e n 
b u r g ,  S w e d e n .

S o m a t o s t a t i n  ( S R I F )  i s  a  t e t r a d e c a p e p t i d e  o r i g i n a l l y  i s o 
l a t e d  f r o m  h y p o t h a l a m u s  a n d  l a t e r  l o c a l i z e d  i n  o t h e r  r e g i o n s  
o f  t h e  c e n t r a l  n e r v o u s  s y s t e m .  S R I F  i n h i b i t s  t h e  r e l e a s e  o f  
m an y  h o r m o n e s  b u t  m o r e  r e c e n t  r e s e a r c h  h a s  r e v e a l e d  t h a t  
t h i s  p e p t i d e  p r o d u c e s  a  v a r i e t y  o f  e l e c t r o p h y s i o l o g i c a l  a n d  
b e h a v i o r a l  e f f e c t s .  T h e  s y n a p t o s o m a l  l o c a l i z a t i o n  o f  S R I F ,  
i t s  c a l c i u m - d e p e n d e n t  r e l e a s e  f r o m  d e p o l a r i z e d  n e r v o u s  t i s 
s u e ,  t h e  h e t e r o g e n o u s  CNS d i s t r i b u t i o n  o f  S R I F  a n d  i t s  p u t a 
t i v e  r e c e p t o r s  a t  t h e  c e l l u l a r  s i t e s  o f  a c t i o n  o f  S R I F  a n d  
t h e  p r e s e n c e  o f  d e g r a d a t i v e  e n z y m e s  s t r o n g l y  s u g g e s t  a n e u r o 
t r a n s m i t t e r / m o d u l a t o r  r o l e  f o r  t h i s  p e p t i d e .  T h e r e  h a v e  
b e e n  s e v e r a l  r e c e n t  s t u d i e s  o f  s o m a t o s t a t i n - l i k e  i m m u n o r e a c 
t i v i t y  ( S R I F - L I )  i n  t h e  c e r e b r o s p i n a l  f l u i d  (C S F) o f  p a t i e n t s  
w i t h  n e u r o p s y c h i a t r i c  d i s o r d e r s .  T h e  c o n c e n t r a t i o n  o f  S R I F -  
LI  h a s  b e e n  r e p o r t e d  t o  b e  s i g n i f i c a n t l y  d e c r e a s e d  i n  d e m e n 
t i a ,  P a r k i n s o n ' s  d i s e a s e ,  m u l t i p l e  s c l e r o s i s  a n d  m a j o r  
d e p r e s s i o n .

S a m p l e s  o f  CSF w e r e  o b t a i n e d  b y  l u m b a r  p u n c t u r e  f r o m  
h e a l t h y  v o l u n t e e r s ,  d e m e n t e d  p a t i e n t s  o r  p a t i e n t s  f u l f i l l i n g  
D S M - I I I  c r i t e r i a  f o r  m a j o r  d e p r e s s i o n  o r  s c h i z o p h r e n i a .  
D u p l i c a t e  s a m p l e s  o f  CSF w e r e  l y o p h i l i z e d  a n d  a s s a y e d  f o r  
S R I F - L I  b y  r a d i o i m m u n o a s s a y .  S e n s i t i v i t y  o f  t h e  a s s a y  w a s
2 . 5  p g / t u b e .  T h e  a n t i s e r a  u s e d  r e c o g n i z e s  l i n e a r  S R I F  a n d  
S R I F  1 - 28 a s  w e l l  a s  c y c l i c  S R I F 1 - 14 w i t h  e q u a l  a f f i n i t y .   
T h e  r e s u l t s  a r e  a s  f o l l o w s  ( p g / m l  S R I F - L I  ± SEM):  h e a l t h y   
v o l u n t e e r s  ( n = 1 0 ) ,  1 1 6 . 1  ± 1 5 . 7 ;  d e m e n t i a  ( n = 2 9 ) ,  7 1 . 3  ±  
6 . 4 ;  m a j o r  d e p r e s s i o n  ( n = 2 3 ) ,  6 7 . 4  ± 9 . 2  a n d  s c h i z o p h r e n i c s  
( n = 1 0 ) ,  6 0 . 9  ± 6 . 8 .  T h e  d e m e n t e d ,  d e p r e s s e d  a n d  s c h i z o 
p h r e n i c  g r o u p s  a l l  h a d  m e a n  CSF c o n c e n t r a t i o n s  o f  S R I F - L I  
t h a t  w e r e  s i g n i f i c a n t l y  l o w e r  ( p  s  0 . 0 5 ,  S t u d e n t  Newman- 
K e u l s  T e s t  a f t e r  ANOVA) t h a n  t h e  S R I F - L I  c o n c e n t r a t i o n  i n  
h e a l t h y  v o l u n t e e r s .  T h u s ,  d e c r e a s e s  i n  CSF c o n c e n t r a t i o n s  
o f  S R I F - L I  m ay r e f l e c t  i m p a i r m e n t  o f  c o g n i t i v e  f u n c t i o n  a n d  
may n o t  b e  s p e c i f i c  f o r  a  p a r t i c u l a r  d i s e a s e  e n t i t y .

( S u p p o r t e d  b y  NIMH-MH 3 9 4 1 5 ) .

3 1 9 .1 2   CORTICOTROPIN-RELEASING FACTOR-LIKE IMMUNOREACTIVITY (C RF- LI )  
IN CEREBROSPINAL FLUID (C S F) IN NORMAL CONTROLS AND MAJOR DE
PRESSION: RELATIONSHIP TO CSF MONOAMINE METABOLITES,  DST AND
TRH STIMULATION TEST RESULTS.

 E .  M i d e r l ö v * ,  H.  M a l l e u s * ,  G. B i s s e t t e ,  P . T .  L o o s e n ,  C . D .  
K i l t s * ,  M. V a l e ,  C . B .  N e m e r o f f  (SPOTT: B. D r a y e r )
 P s y c h i a t r .  R e s .  C t r . ,  U n i v .  U p p s a l a ,  7 5 0  17 U p p s a l a ,  S w e d e n ;  
Duk e U n i v .  Med .  C t r . ,  D u r h a m ,  NC 2 7 7 1 0 ;  S a l k  I n s t i t u t e ,  La 
J o l l a ,  CA 9 2 1 3 8 .
H y p e r a c t i v i t y  o f  t h e  h y p o t h a l a m i c - p i t u i t a r y - a d r e n a l  (HPA) a x 
i s  i s  o n e  o f  t h e  m o s t  c o n s i s t e n t  n e u r o e n d o c r i n e  f i n d i n g s  i n  
p a t i e n t s  w i t h  m a j o r  d e p r e s s i o n .  T h i s  a b n o r m a l i t y  i s  r e f l e c 
t e d  i n  e l e v a t e d  b a s a l  p l a s m a  c o n c e n t r a t i o n s  o f  c o r t i s o l  o r  
f a i l u r e  t o  s u p p r e s s  c o r t i s o l  s e c r e t i o n  f o l l o w i n g  d e x a m e t h a 
s o n e  a d m i n i s t r a t i o n .  CRF w a s  t h e  f i r s t  h y p o t h a l a m i c  r e l e a s 
i n g  f a c t o r  f o r  w h i c h  b i o l o g i c a l  a c t i v i t y  w a s  d e t e c t e d  b u t  i t  
w a s  o n l y  r e c e n t l y  i s o l a t e d  a n d  s e q u e n c e d  ( V a l e  e t  a l . ,  S c i 
e n c e  2 1 3 : 1 3 4 4 ,  1 9 8 1 ) .  S e r o t o n i n  i s  g e n e r a l l y  b e l i e v e d  t o  ac 
t i v a t e ,  a n d  n o r e p i n e p h r i n e  t o  i n h i b i t ,  t h e  HPA a x i s  b y  a n  a c 
t i o n  on  CRF s e c r e t i o n .  By u s i n g  a  r e c e n t l y  d e v e l o p e d  RIA 
m e t h o d  f o r  CRF ( V a l e  e t  a l . ,  M e t h .  E n z y m o l .  1 0 3 : 5 6 5 ,  1 9 8 3 ) ,  
CSF c o n c e n t r a t i o n s  o f  C RF-L I w e r e  d e t e r m i n e d .  T h e  c o n c e n t r a 
t i o n s  o f  CSF m o n o a m i n e  m e t a b o l i t e s  (MHPG, HVA a n d  5 -H IA A ) 
w e r e  d e t e r m i n e d  u s i n g  a  g a s  c h r o m a t o g r a p h y / m a s s  s p e c t r o s c o p y  
m e t h o d .  CSF s a m p l e s  f r o m  h e a l t h y  v o l u n t e e r s  ( n = 1 0 )  a n d  p a t 
i e n t s  w i t h  D S M - I I I  d i a g n o s i s  o f  m a j o r  d e p r e s s i o n  ( n = 2 3 )  w e r e  
c o l l e c t e d  by  l u m b a r  p u n c t u r e  a t  9 a . m .  P l a s m a  c o n c e n t r a t i o n s ,  
o f  TSH a t  b a s e l i n e  a n d  30  m i n .  a f t e r  IV i n j e c t i o n  o f  2 0 0  µ g 
TRH w e r e  m e a s u r e d  a f t e r  t h e  l u m b a r  p u n c t u r e .  A d e x a m e t h a s o n e  
s u p p r e s s i o n  t e s t  (DST) w a s  a l s o  p e r f o r m e d .  No r e l a t i o n s h i p s  
w e r e  o b s e r v e d  b e t w e e n  t h e  CRF v a l u e s  a n d  e i t h e r  b a s a l  o r  
p o s t - d e x a m e t h a s o n e  c o r t i s o l  c o n c e n t r a t i o n s .  Two o f  t h e  10 
c o n t r o l s  a n d  15 o f  t h e  23  d e p r e s s e d  p a t i e n t s  w e r e  DST n o n 
s u p p r e s s o r s  ( p l a s m a  c o r t i s o l  c o n c e n t r a t i o n s  ≥ 5 µ g / d l ) .  S i x  
o u t  o f  21 d e p r e s s e d  p a t i e n t s  e x h i b i t e d  a  b l u n t e d  TSH r e s p o n s e  
t o  TRH. F o u r  o f  t h e s e  6 p a t i e n t s  h a d  CSF CRF c o n c e n t r a t i o n s  
g r e a t e r  t h a n  t h e  h i g h e s t  n o r m a l  v a l u e s .  I n  t h e  h e a l t h y  v o l 
u n t e e r s  a n  i n v e r s e  r e l a t i o n s h i p  w a s  o b s e r v e d  b e t w e e n  CSF c o n 
c e n t r a t i o n s  o f  CRF a n d  MHPG ( r = - . 7 2 ;  p = 0 . 0 1 9 ) ;  n o  r e l a t i o n 
s h i p  w a s  o b s e r v e d  b e t w e e n  t h e  c o n c e n t r a t i o n s  o f  CRF a n d  5 -  
HIAA o r  HVA. I n  c o n t r a s t ,  i n  t h e  d e p r e s s e d  p o p u l a t i o n  p o s i 
t i v e  c o r r e l a t i o n s  w e r e  f o u n d  b e t w e e n  CSF c o n c e n t r a t i o n s  o f  
CRF a n d  5 -H IAA ( r = . 5 7 ;  p= 0 . 0 0 4 )  a n d  b e t w e e n  CRF a n d  HVA ( r =  
. 4 3 ;  p = 0 . 0 3 9 ) .  T h e s e  d a t a  a r e  c o n c o r d a n t  w i t h  t h e  v i e w  t h a t  
n o r e p i n e p h r i n e  a n d  s e r o t o n i n  may b e  i n v o l v e d  i n  t h e  r e g u l a 
t i o n  o f  CRF s e c r e t i o n .  H o w e v e r ,  t h e s e  r e g u l a t o r y  m e c h a n i s m s  
may b e  a l t e r e d  i n  p a t i e n t s  w i t h  m a j o r  d e p r e s s i o n .
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320.1  EFFECTS OF CLOMIPHENE AND CATECHOLESTROGENS ON DOPAMINE  
CELL FIR ING IN THE RAT SUBSTANTIA NIGRA.  W.V.  M c C a l l * ,  T . S .  
M c D o w e l l * ,  E . H .  E l l i n w o o d ,  J r . ,  T . H .  L e e *  a n d  J . K .  N i s h i t a .
D e p t . o f  P s y c h i a t r y ,  Du ke  U n i v .  Med .  C e n t e r .  D u r h a m ,  NC
2 7 7 1 0 .

M i l d  t a i l  p r e s s u r e  ( T P )  a c t i v a t e s  v a r i o u s  b e h a v i o r s  i n  
t h e  r a t  t h a t  a r e  m e d i a t e d  by t h e  n i g r o s t r i a t a l  d o p a m i n e  (DA) 
s y s t e m  ( A n t e l m a n  e t  a l . ,  1 9 7 5 ) .  A p p l i c a t i o n  o f  TP t o  a n e s 
t h e t i z e d  r a t s  h a s  b e e n  u s e d  t o  i d e n t i f y  t w o  d i f f e r e n t  t y p e s  
o f  n i g r o s t r i a t a l  DA n e u r o n s  t h a t  a r e  r e s p o n s i v e  t o  e s t r a d i o l  
( E 2 ) :  1 )  T y p e  A c e l l s  i n c r e a s e  t h e i r  f i r i n g  r a t e s  f o l l o w i n g  
TP o r  E2 , a n d  2 )  T y p e  B c e l l s  d e c r e a s e  t h e i r  f i r i n g  r a t e s  
f o l l o w i n g  TP o r  E2 ( C h i o d o  & C a g g i u l a ,  1 9 8 0 ) .  We i n v e s t i g a t e d  
t h e  r e s p o n s e  o f  n i g r o s t r i a t a l  T y p e  A a n d  B n e u r o n s  t o  E2 ,  
2 - h y d r o x y e s t r a d i o l , 2 - h y d r o x y e s t e r o n e ,  a n d  c l o m i p h e n e .

F e m a l e  S p r a g u e - D a w l e y  r a t s  w e r e  o v a r i e c t o m i z e d  a n d  t e s t e d  
e a c h  w e e k  f o r  TP b e h a v i o r s .  R a t s  w e r e  k e p t  i n  a  1 2 : 1 2  LD- 
c y c l e  a n d  t e s t e d  e i t h e r  d u r i n g  t h e  l a s t  6 h r  o f  l i g h t  o r  t h e  
f i r s t  6 h r  o f  d a r k .  A l l  d r u g s  w e r e  a d m i n i s t e r e d  t h r o u g h  t h e  
j u g u l a r  v e i n  d u r i n g  c h l o r a l  h y d r a t e  a n e s t h e s i a .  E x t r a c e l 
l u l a r  r e c o r d i n g s  w e r e  m a d e  w i t h  t u n g s t e n  m i c r o - e l e c t r o d e s  
u s i n g  t h e  c r i t e r i a  o f  G u y e n e t  a n d  A g h a j a n i a n  ( 1 9 7 8 ) .  M u l t i 
p l e  a p p l i c a t i o n s  o f  TP w e r e  u s e d  t o  v e r i f y  t h e  r e l i a b i l i t y  
( r  = . 8 3 )  o f  t h e  i d e n t i f i c a t i o n  o f  T y p e  A a n d  B n e u r o n s .  
B e t a - E 2 ( 3 n g / k g )  a n d  t h e  c a t e c h o l e s t r o g e n s  ( 3n g / k g )  p r o d u c e d  
a  r a p i d  a n d  s i g n i f i c a n t  c h a n g e  i n  c e l l  f i r i n g  r a t e s  ( p < . 0 5 ) .  
B o t h  a l p h a - E 2 ( 3 0 0 0  n g / k g )  a n d  c l o m i p h e n e  ( 0 . 4  m g / k g )  f a i l e d  
t o  p r o d u c e  a  s i g n i f i c a n t  c h a n g e  i n  D A - n e u r o n  f i r i n g ' .  C lo m 
i p h e n e  b l o c k e d  t h e  e f f e c t  o f  b e t a - E 2 ( 3  n g / k g ;  p < . 0 5 ) .  how
e v e r ,  a l p h a - E 2 h a d  no  e f f e c t  on  s u b s e q u e n t  a d m i n i s t r a t i o n  o f  
b e t a - E 2 .

O u r  d a t a  d e m o n s t r a t e  t h a t  b e t a - E 2 a n d  i t s  2 - h y d r o x y m e t a b 
o l i t e s  p r o d u c e  s i m i l a r  c h a n g e s  i n  D A - c e l l  f i r i n g  r a t e s  i n  
t h e  s u b s t a n t i a  n i g r a .  I n  a d d i t i o n ,  we h a v e  s h o w n  t h a t  m u l 
t i p l e  a p p l i c a t i o n s  o f  TP p r o d u c e  r e l i a b l e  c h a n g e s  i n  c e l l  
f i r i n g .

R e f e r e n c e s
A n t e l m a n  e t  a l .  ( 1 9 7 5 ) .  B r a i n  R e s . ,  9 9 ,  3 1 9 - 3 3 7 .
C h i o d o  & C a g g i u l a  ( 1 9 8 0 ) .  E u r .  J .  P h a r m a c o l . ,  6 7 ,  1 6 5 - 1 6 6 .
G u y e n e t  & A g h a j a n i a n  ( 1 9 7 8 ) .  B r a i n  R e s . ,  1 5 0 ,  6 9 - 8 4 .

320.2  INVOLVEMENT OF 5-HT RECEPTORS IN THE REGULATION OF 
BODY TEMPERATURE.  G.A. Gudelsky, J .I. Koenig and H.Y. 
M eltzer.  D epartm en t of P sych iatry , Univ. of C hicago, and Illinois 
S ta te  P sych ia tric  In s titu te , Chicago, IL.

Although th e  ro le  o f 5-HT in the rm oregu la tion  is controversial, 
th e re  is evidence th a t the  system ic adm in istra tion  of serotonergic 
agen ts can  e lic it a  hyperthem ic response in the  ra t .  Fenfluramine, 
quipazine and m -chlorophenylpiperazine have been shown to 
inc rease r e c ta l  te m p era tu re  in the r a t .  The p resen t study was 
undertaken  to c la rify  the na tu re  o f the  5-HT m ediated  hypertherm ic 
response in th e  ra t .  The adm in istra tion  of 5-methoxy-N,N- 
d im ethy ltryp tam ine  (5MeODMT, 5 m g/kg,ip) and 6-chloro-2-(l- 
piperazinyD -pyrazine (MK-212, 1 mg/kg, ip) resu lted  in increases in 
r e c ta l  tem p era tu res  o f 0.8 ± 0.1°C  and 0.6 ± 0 .1°C , respectively. 
These hypertherm ic  responses appear to  be ce n tra lly  m ediated since 
th e  periphera l 5-HT antagon ist, xylam idine (5mg/kg), did not 
sign ifican tly  a l te r  the increase in r e c ta l  te m p era tu re  produced by 
5MeODMT. In addition, 5 -m ethoxy tryp tam ine (10 mg/kg), which 
does not readily  p en e tra te  the blood-brain b a rrie r , did not alter 
re c ta l  te m p era tu re . The se le c tiv e  5-H T 2 an tagon ists  ketanserin  and 
pirenperone (0.3 mg/kg) both produced sign ifican t decreases in 
r e c ta l  te m p era tu re . The adm in istra tion  o f ke tanserin  prior to 
5MeODMT com pletely  p reven ted  the  hyperthem ic response and, in 
fa c t , resu lted  in a decrease  in re c ta l  te m p era tu re  much g rea te r  than 
th a t produced by ketanserin  alone. The e ffe c ts  of 8-hydroxy-2-(di- 
n-propylam ino) te tra lin  (8-OH-DPAT), a se lec tiv e  5-HT agonist 
which binds p re fe re n tia lly  to  5 -H T -. rece p to rs  (Eur. J .  Pharm acol., 
90, 151) also was exam ined. 8-OHDPAT (0.05 -0.3 mg/kg) produced 
a d o se-re la ted  decrease  in body te m p era tu re . The hypothermic 
response to  8-OH-DPAT was partia lly  antagonized  by metergoline 
(1 mg/kg). In te resting ly , 8-O H-D PAT-induced hypotherm ia also 
was antagonized  by spiperone, which has been shown to  bind to 
5-H T1A s ite s, but not by ketanserin  or haloperidol.

It is concluded th a t the hypertherm ia  produced by bo th  5MeODMT 
and MK-212 is m ed iated  by ce n tra l 5-HT2 rece p to rs . M oreover, it 
appears th a t 5-H T 2 recep to rs  a re  in tim a te ly  involved in therm o
regu lation , since blockade o f these  recep to rs  resu lts  in a  pronounced 
hypotherm ia. In addition, it is tem pting  to  specu la te  th a t ac tivation  
of 5-HT1 recep to rs  m ed iates 5-H T-induced hypotherm ic responses. 
The opposing na tu re  o f 5-HT2 and 5-HT1 rece p to rs  in therm o
regu lation  may accoun t, in p a r t , for the  ea rlie r  d iscordant findings 
regarding  5-HT and therm oregu la tion .

3 2 0 .3  C A T A L E P S Y  R E Q U I R E S  I N T A C T  C H O L I N E R G I C  F U N C T I O N ,  
B U T  CAN BE C A U S E D  BY A P O MOR P H I N E .   W. R .  K l e m m . 
 D e p t .  V e t .  A n a t o m y ,  T e x a s  A&M U n i v e r s i t y ,  C o l l e g e  
S t a t i o n ,  TX 7 7 8 4 3 .

I n  m i c e  t h a t  w e r e  s c o r e d  f o r  t h e  l e n g t h  o f  t i m e  
t h e y  r e m a i n e d  i m m o b i l e  ( c a t a l e p t i c )  o n  a n  i n c l i n e d  
w i r e  g r i d ,  I t e s t e d  t w o  h y p o t h e s e s :  1 )  t h a t  c h o 
l i n e r g i c  m e c h a n i s m s  n e e d  t o  b e  i n t a c t  f o r  f u l l  
e x p r e s s i o n  o f  n e u r o l e p t i c - i n d u c e d  c a t a l e p s y ,  a n d  
2 ) t h a t  d o p a m i n e  a g o n i s t s  w o u l d  a n t a g o n i z e  c a t a 
l e p s y .

L a r g e  d o s e s  ( 8 0  m g / k g )  o f  t h e  c h o l i n o m i m e t i c ,  
p i l o c a r p i n e ,  c o u l d  i n d u c e  c a t a l e p s y .  L o w  d o s e s  o f  
p i l o c a r p i n e  c a u s e d  a  p r o n o u n c e d  e n h a n c e m e n t  o f  t h e  
c a t a l e p s y  t h a t  w a s  i n d u c e d  b y  t h e  d o p a m i n e r g i c  
b l o c k e r ,  h a l o p e r i d o l .  A t r o p i n e  d i s r u p t e d  h a l o
p e r i d o l - i n d u c e d  c a t a l e p s y .  I n t r a c r a n i a l  i n j e c t i o n  
o f  a n  a c e t y l c h o l i n e - s y n t h e s i s  i n h i b i t o r ,  h e m i c h o 
l i n i u m ,  p r e v e n t e d  t h e  c a t a l e p s y  t h a t  w a s  u s u a l l y  
i n d u c e d  b y  h a l o p e r i d o l .  T h e s e  f i n d i n g s  s u g g e s t  
t h e  h y p o t h e s i s  t h a t  t h e  c a t a l e p s y  w h i c h  i s  
p r o d u c e d  b y  n e u r o l e p t i c s  s u c h  a s  h a l o p e r i d o l  i s  
a c t u a l l y  m e d i a t e d  b y  i n t r i n s i c  c e n t r a l  c h o l i n e r g i c  
s y s t e m s .  A l t e r n a t i v e l y ,  a c t i v a t i o n  o f  c e n t r a l  
c h o l i n e r g i c  s y s t e m s  c o u l d  p r o m o t e  c a t a l e p s y  b y  
s u p p r e s s i o n  o f  d o p a m i n e r g i c  s y s t e m s .  I n  t h e  t e s t s  
o f  d o p a m i n e r g i c  r e v e r s a l  o f  c a t a l e p s y ,  b o t h  DA 
a g o n i s t s  t h a t  w e r e  t e s t e d ,  a p o m o r p h i n e  ( 4  o r  8 
m g / k g ) ,  a n d  b r o m o c r i p t i n e  ( 8 m g / k g ) ,  w e r e  e f f e c t i v e  
i n  d i s r u p t i n g  p i l o c a r p i n e  c a t a l e p s y .  B r o m o c r i p 
t i n e  h a d  l i t t l e  e f f e c t  o n  h a l o p e r i d o l  c a t a l e p s y  
a n d ,  m o s t  s u r p r i s i n g l y ,  a p o m o r p h i n e  ( 4  o r  8  m g / k g )  
a c t u a l l y  c a u s e d  a  m a r k e d  e n h a n c e m e n t  o f  c a t a l e p s y .  
W h e n  g i v e n  a l o n e  o v e r  a  r a n g e  o f  d o s e s ,  a p o m o r 
p h i n e  p r o d u c e d  c a t a l e p s y  a t  t h e  t w o  l o w e r  d o s e s .  
A f t e r  a  l o w  d o s e  o f  a p o m o r p h i n e  ( 0 . 3  m g / k g ) ,  r e 
p e a t e d  t e s t i n g  o f  t h e  s a m e  m i c e  s h o w e d  t h a t  c a t a 
l e p s y  w a s  m o s t  p r o f o u n d  a t  5 m i n  p o s t  i n j e c t i o n ,  
w i t h  p r o g r e s s i v e  d e c l i n e  t h e r e a f t e r .  T h u s ,  a p o m o r 
p h i n e ,  b u t  n o t  b r o m o c r i p t i n e ,  c a n  p r o d u c e  c a t a 
l e p s y  i f  t h e  d r u g  i s  g i v e n  t o  a n  a n i m a l  u n d e r  
c e r t a i n  c o n d i t i o n s  o f  DA r e c e p t o r  b l o c k a d e  o r  i f  
g i v e n  i n  l o w  d o s e .  T h e s e  r e s u l t s  s u g g e s t  t h e  
h y p o t h e s i s  t h a t  c a t a l e p s y  c a n  b e  d i f f e r e n t i a l l y  
m e d i a t e d  b y  a  s u b c l a s s  o f  d o p a m i n e r g i c  r e c e p t o r s .

3 2 0 .4  THE TOPOGRAPHY OF LOCOMOTION: EFFECTS OF AMPHETAMINE OR  
SCOPOLAMINE.  P .R . S a n b e rg , M.A. H e n a u l t ,  K. D. H o u s e r ,  R.M. 
K rem a, G.W. M l l l i k e n *  an d  D.A. J o h n s o n .  B eh av . N e u ro s c ie n c e  
L a b o r a to r y , Dept. o f  P s y c h o lo g y ,  Ohio U n i . ,  A th e n s ,  OH 45701.

L o co m o to r a c t i v i t y  h a s  p r o v e n  t o  b e  an  i m p o r ta n t  m ea su re  
f o r  e l u c i d a t i n g  v a r i o u s  n e u r o l o g i c a l  s u b s t r a t e s  o f  b e h a v io r .  
H ow ever, many ty p e s  o f  b r a i n  m a n ip u la t io n s  p ro d u c e  q u a n t i t a 
t i v e l y  s i m i l a r  c h a n g e s  i n  lo c o m o t io n ,  m ak in g  i t  im p o s s ib l e  
t o  a s c r i b e  s p e c i f i c  b e h a v io r a l  d e f i c i t s  t o  t h e s e  m a n ip u la 
t i o n s .  T h is  i s  i n  p a r t  b e c a u s e  o n ly  one " a c t i v i t y "  v a r i a b l e  
i s  t y p i c a l l y  m e a s u re d . A c t i v i t y ,  p e r  s e ,  i n v o lv e s  many a s 
p e c t s  o f  m ovem ent, an d  a  m u l t i f a c t o r i a l  a n a l y s i s  o f  t h e s e  
a s p e c t s  c o u ld  r e v e a l  im p o r ta n t  q u a l i t a t i v e  c h a n g e s  t h a t  may 
be  r e l a t e d  t o  d i f f e r e n t  u n d e r ly in g  m ec h a n ism s . The p r e s e n t  
s tu d y  e x am in ed  h y p e r a c t i v i t y  in d u c e d  by  th e  do p am in e  (DA) 
a g o n i s t ,  d -am p h e ta m in e  s u l f a t e  (AMP) o r  t h e  a c e t y l c h o l i n e  
(ACh) a n t a g o n i s t ,  s c o p o la m in e  h y d ro b ro m id e  (SCO ).

M ale S p ra g u e -D aw le y  r a t s  ( a b o u t  250g) w e re  i n d i v i d u a l l y  
p la c e d  i n t o  c o m p u te r iz e d  D ig is c a n  A nim al A c t i v i t y  M o n ito r s  
(O m n ite ch , I n c . ) ,  a llo w e d  to  h a b i t u a t e  f o r  2 h r ,  an d  a g a in  
f o r  1 h r  3 d a y s  l a t e r .  They w e re  th e n  i n j e c t e d  i . p .  w i th  
e i t h e r  AMP (1  m g /k g ) ,  SCO (2 m g /k g ) o r  s a l i n e  an d  r e p l a c e d  
i n  t h e  m o n i to r .  T w en ty -o n e  d i f f e r e n t  lo c o m o to r  v a r i a b l e s  
w e re  th e n  m ea su red  i n  t h e  h o r i z o n t a l  and  v e r t i c a l  p l a n e s  f o r  
t h e  n e x t  2 h o u r s .  S t a t i s t i c a l  d i f f e r e n c e s  b e tw e e n  g ro u p s  
w e re  a n a ly z e d  u s in g  ANCOVA te c h n i q u e s .

The r e s u l t s  i n d i c a t e d  a  p ro fo u n d  h y p e r a c t i v i t y  i n  b o th  
AMP an d  SCO r a t s .  A lth o u g h  t h i s  d o s e  o f  SCO p ro d u c e d  a b o u t  
50% m ore a c t i v i t y  i n  th e  h o r i z o n t a l  p l a n e  th a n  AMP, v e r t i c a l  
( r e a r i n g )  an d  s t e r e o t y p i c  b e h a v io r  i n c r e a s e d  a b o u t  t h e  sam e . 
The to p o g ra p h y  o f  h o r i z o n t a l  ( a m b u la to r y )  b e h a v io r  was a l s o  
s i m i l a r  b e tw e e n  g r o u p s ;  th e  r a t s  t r a v e l l e d  f a r t h e r ,  f a s t e r  
an d  s p e n t  m ore t im e  m oving  th a n  c o n t r o l s .  D i f f e r e n c e s  w e re  
r e f l e c t e d  by  t h e  d e g re e  t o  w h ich  v a r i o u s  f a c t o r s  c o n t r i b u t e d  
to  t h e  h y p e r a c t i v i t y .  I n c r e a s e d  s p e e d  an d  m ovem ent t im e  c o n 
t r i b u t e d  t o  SCO a c t i v i t y ,  w h e re a s  AMP a c t i v i t y  r e f l e c t e d  
m a in ly  an  i n c r e a s e  i n  m ovem ent t im e .  AMP p ro d u c e d  a  l a r g e  
i n c r e a s e  i n  c lo c k w is e  r e v o l u t i o n s  a ro u n d  th e  p e r i m e t e r  o f  
t h e  c a g e .

The s i m i l a r i t i e s  i n  t h e  to p o g ra p h y  o f  lo c o m o tio n  p ro d u c e d  
by d ru g s  a c t i n g  on th e  DA o r  ACh s y s te m s  s u p p o r t  t h e  a ssu m p 
t i o n  t h a t  t h e  h y p o t h e t i c a l  DA/ACh b a la n c e  o f  m ovem ent i s  me
d i a t e d  b y  th e  sam e n e u r o l o g i c a l  s u b s t r a t e s .  The d i f f e r e n c e s ,  
h o w e v e r , s u g g e s t  t h a t  t h e s e  s u b s t r a t e s  may p l a y  v a r y in g  
r o l e s  i n  t h e  e x p r e s s io n  o f  h y p e r a c t i v i t y . S u p p o r te d  by  P r a t t  
F a m ily  and  F r i e n d s ,  OURC, an d  T o u r e t t e  Syndrom e A s s o c i a t i o n .
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320.5  CACLIUM CHANNEL INHIBITORS DIFFERENTIALLY AFFECT 
PHENCYCLIDINE- AND AMPHETAMINE-INDUCED BEHAVIORAL 
STIMULATION IN MICE.  J .  G rebb* , K. E llsw orth* and W. F reed*  
(SPON: P . O liver).  A dult P sy ch ia try  Branch, N ational In s titu te  of 
M enta l H ealth , S ain t E lizabeth s  H ospital, W ashington, D .C . 20032 

C alcium  channel inh ib ito rs (CCIs) block phencyclidine (PCP)- 
induced vasospasm  in iso la ted  canine a r te r ie s  (A ltura, B. and A ltu ra ,
B., S cience, 212:1051, 1981) and d isp lace P C P  binding in r a t  brain  
(Quirion, R . and P e r t  C ., E u r.J . P harm aco l., 83:155, 1982). CCIs also 
inh ib it am phetam ine-induced  s tim u la tion  of ca techo lam ine  synthesis 
in r a t  s tr ia tu m  (U retsky, N ., e t  a l.: J .  N eurochem ., 32: 951, 1979) 
and reduce  am phetam ine-induced  circling  behavior in m ice w ith 6- 
O H -dopam ine s tr ia ta l  lesions (Fung, Y. and U retsky , N., N euro
pharm aco l., 19:555, 1980). Review s have em phasized  th a t d iffe re n t 
CCIs have d iffe re n t e f fe c ts  in d iffe re n t tissues and m odels. We 
th e re fo re  have inv estig a ted  th e  e ffe c ts  of 16 CCIs on P C P - and 
am phetam ine-induced  behav io ral s tim u la tion  in m ice. METHODS: 
Sw iss-W ebster m ice w ere in jec ted  IP  w ith e ith e r  ac tiv e  drug (up to  
50 m g/kg of CCI) in  veh icle  (10% Tw een 80 in saline) o r vehicle 
alone. L ocom otor a c tiv ity  was m easured  fo r 30 min, then  5.0 m g/kg 
of e ith e r  P C P  or am phetam ine was adm in istered  IP . The ac tiv ity  
during th e  30 m in follow ing P C P /am phetam ine  adm in istra tion  was 
divided by th e  p re -P C P /am phetam ine  ac tiv ity  to  give stim ulation  
ra tio s  (SRs) (F reed , W., e t  a l., Psychopharm acol., 71: 291, 1980). 
D a ta  w ere analyzed by a  one-w ay analysis of variance  followed by 
S cheffe  m ultip le  com parisons. The null hypothesis was re je c te d  a t 
the  0.05 level. RESULTS: The SR fo r anim als th a t rece ived  vehicle 
follow ed by PC P was 2.18 ± 0.22 (mean ± SEM). The  
dihydropyridines had the  m ost m arked e f fe c t in reducing  SRs, e.g ., 
n itrend ip ine  (SR=O .ll ± 0.04). F lunariz ine  was also e ffec tiv e  
(SR=0.59 ± 0.26). The SR fo r an im als th a t rece ived  vehicle followed 
by am phetam ine was 3.39 ±  0.25. F o r th e  am phetam ine-stim u la ted  
m ice, n ifedip ine and PY 108-068, reduced  the  SR; how ever, o the r 
dihydropyridines did no t; flunarizine reduced th e  SR, w hereas o the r 
p iperazines did n o t. M olsidomine was unique in increasing  ac tiv ity  
befo re  e i th e r  P C P  or am phetam ine was adm in iste red . DISCUSSION: 
This study  fu r th e r  supports th e  im p o rtan t observation  of d iffe re n tia l 
e f fe c ts  of CCIs w ithin a  single m odel. Use of d iffe re n t CCIs, 
in trace llu la r  calcium  inhib ito rs, and calcium  channel enhancers will 
allow fu rth e r investiga tions in to  the  ro le  of calcium  in the  
regu la tion  of behavior and b ra in  function . In addition, rep o rts  th a t 
CCIs have been usefu l in p a tien ts  w ith m ania, dem entia , and 
se izu res, suggest th a t CCIs m ay have a  benefic ia l ro le  in PC P 
and /o r am phetam ine tox ic ity , as w ell as in o the r neuropsych iatric  
conditions.

3 2 0 .6  BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF AN ALKYLATING 
ANALOG OF OXOTREMORINE.  C .A . S m ith ,  R.W. R u s s e l l * ,   
R .A . B o o th * , D .J ,  J e n d e n  and  J .  W a ite * .  P h a rm a c o lo g y  
D e p t . ,  S c h . o f  M e d ., C e n te r  f o r  H e a l th  S c i . ,  U n iv . o f  
C a l i f o r n i a ,  Los A n g e le s ,  CA 9 0 024 .

P r e v io u s  w ork  ( E h l e r t ,  F . J . ,  J e n d e n ,  D . J . ,   
R in g d a h l ,  B . ,  L i f e  S c i . 3 4 :9 8 5  (1 9 8 4 ))  h a s  shown t h a t  
BM 123 (N -[ 4 - ( 2 - c h lo r o e th y l m e t h y la m in o ) - 2 - b u t y n y l ] - 2 -  
p y r r o l id o n e )  s p o n ta n e o u s ly  c y c l i z e s  t o  fo rm  an  a z i r i d i n i u m  
io n  (BM 123A) w h ic h  i s  a  p o t e n t  and  s e l e c t i v e  m u s c a r in i c  
a g o n i s t  and  b in d s  i r r e v e r s i b l y  t o  m u s c a r in i c  r e c e p t o r s  
(mAChR). The p r e s e n t  s e r i e s  o f  e x p e r im e n ts  w as d e s ig n e d  
t o  s tu d y  t h e  e f f e c t s  o f  BM 123 on  b e h a v io r a l  and  p h y s io l 
o g i c a l  v a r i a b l e s  known t o  b e  s e n s i t i v e  t o  m a n ip u la t io n s  o f  
t h e  c h o l i n e r g i c  n e u r o t r a n s m i t t e r  s y s te m . BM 123 was 
i n j e c t e d  i n t o  t h e  t a i l  v e in  o f  S p ra g u e -D aw le y  r a t s  i n  
d o s e s  o f  8 , 20 and  50 µm ol kg-1 a t  1 h r  i n t e r v a l s .  T h is  
p r o c e d u r e  r e d u c e s  t h e  mAChR t o  10% o f  n o rm a l a s  ju d g e d  by 
[ 3H-]-QNB b in d in g .  In  o t h e r  e x p e r im e n ts  o x o t r e m o r in e  was 
i n j e c t e d  i n  a  s i m i l a r  s e r i e s  o f  d o s e s  ( 0 .3 ,  0 .7 5 ,
1 .8 8  ym ol kg- 1 )  M e asu re m e n ts  o f  b e h a v io r a l  and  p h y s io l o 
g i c a l  v a r i a b l e s  b e g a n  im m e d ia te ly  a f t e r  c o m p le t io n  o f  t h e  
i n j e c t i o n s  and  c o n t in u e d  d a i l y  f o r  26 d a y s .  The tim e  
c o u r s e  o f  t h e  c h a n g e s  in d u c e d  by BM 123 v a r i e d  w id e ly .  
Some v a r i a b l e s  ( e . g .  t r e m o r ,  c h ro m o d a c ry o r rh e a )  show ed 
p e a k  c h a n g e s  i n  < 5 m in . and  r e t u r n e d  to  t h e i r  p r e t r e a t 
m en t b a s e l i n e s  w i t h in  5 -3 0  m in . ;  body  t e m p e r a tu r e  and  
n o c i c e p t iv e  t h r e s h o l d s  show ed p e a k  c h a n g e s  o f  - 2 .6  °C and 
+ 270% and r e t u r n e d  to  n o rm a l w i t h in  6 and  24 h r  r e s p e c t 
i v e l y .  L o co m o to r a c t i v i t y  and  l e a r n e d  o p e r a n t  r e s p o n d in g  
w e re  im p a ire d  f o r  4 and  8 d a y s .  A f t e r  r e t u r n  t o  b a s e l i n e  
some v a r i a b l e s  show ed a  s i g n i f i c a n t  reb o u n d  i n  t h e  o p p o 
s i t e  d i r e c t i o n .  O nly  t h e  p e rfo rm a n c e  o f  t h e  f i x e d  i n t e r 
v a l  o p e r a n t  r e s p o n s e  p a r a l l e l e d  t h e  r e t u r n  o f  t h e  mAChR to  
t h e i r  n o rm a l l e v e l s .  A l l  c h a n g e s  e l i c i t e d  by o x o t re m o r in e  
r e c o v e r e d  m ore r a p i d l y  th a n  th o s e  p ro d u c e d  by  BM 1 2 3 , 
c o n f i r m in g  t h a t  t h e  l a t t e r  p r o d u c e s  a  s u s t a i n e d  c h a n g e  i n  
r e c e p t o r - m e d i a te d  e v e n ts  w h ic h  w ould  be  e x p e c te d  fro m  an  
i r r e v e r s i b l e  l i g a n d .  T h e se  r e s u l t s  s u g g e s t  w id e ly  d i f 
f e r i n g  s e n s i t i v i t y  o f  d i f f e r e n t  n e u r a l  c i r c u i t s  t o  i n t e r 
f e r e n c e  by BM 1 2 3 . The d i f f e r e n c e s  c o u ld  b e  d u e  t o  t h e  
s t a b i l i z i n g  e f f e c t  o f  n e u r a l  f e e d b a c k  lo o p s  o r  t o  t h e  
p r e s e n c e  o f  a  l a r g e  r e c e p t o r  r e s e r v e  a t  some s i t e s .
(S u p p o rte d  by  MH 17691 and DA M D 17-83-C -3073).

320.7  ANALGESIA AND CHANGES IN RESIDENTIAL MAZE ACTIVITY PATTERNS
PRODUCED BY CLONIDINE INFUSION.  B. C u lv e r  an d  E. L a C ro s s e *  
D e p a r tm e n t o f  P h a rm a c o lo g y  an d  D e p a r tm e n t o f  P s y c h o lo g y ,  U niv, 
o f  W yoming, L a ra m ie ,  WY 8 2 0 7 1 .

C l o n id i n e ,  an  a lp h a - 2  a d r e n e r g i c  a g o n i s t ,  h a s  b e e n  r e 
p o r t e d  t o  p ro d u c e  a n a l g e s i a  an d  c e r t a i n  o t h e r  o p i a t e - l i k e  
e f f e c t s  i n  r a t s .  S t u d ie s  o f  lo c o m o to r  a c t i v i t y  i n  r a t s  a d 
m in i s t e r e d  c lo n i d i n e  h a v e  r e p o r t e d  c o n f l i c t i n g  r e s u l t s .

E x p e r im e n ts  w e re  d e s ig n e d  t o  s tu d y  t h e  t im e  c o u r s e  and  
d u r a t i o n  o f  e f f e c t s  o f  c lo n i d i n e  i n f u s i o n  i n  y oung  a d u l t  
S p r a g u e - D a w le y - d e r iv e d  f e m a le  a lb i n o  r a t s  ( C h a r le s  R i v e r ) . 
C l o n id in e  (2 m g/m l) was a d m in i s t e r e d  t o  tw e lv e  r a t s  b y  s . c .  
im p la n te d  A lz e t  o s m o t ic  m in ip u m p s i n te n d e d  t o  c o n t in u o u s ly  
r e l e a s e  c l o n i d i n e  a t  a  r a t e  o f  2 u g / h r  f o r  a  p e r i o d  o f  7 d a y s

E x p e r im e n ta l  an d  c o n t r o l  g ro u p s  (3 r a t s / g r o u p )  w ere  
m a in t a in e d  i n  a d jo i n i n g  r e s i d e n t i a l  m azes and  s tu d i e d  f o r  10 
c o n s e c u t iv e  d a y s .  The g ro u p s  w e re  t a k e n  o u t  o f  t h e  m azes f o r  
o n e  h o u r  (9 a . m . - 10 a .m .)  e a c h  d a y  a t  w h ich  t im e  a n a l g e s i c  
t e s t s  w e re  c o n d u c te d .  L o co m o to r a c t i v i t y  o v e r  t h e  i n i t i a l  6 
d a y s  o f  i n f u s i o n  was d e c r e a s e d  i n  c lo n i d i n e  r a t s  co m p ared  t o  
c o n t r o l s  d u r in g  t h e  f i r s t  e x p l o r a t o r y  h o u r  and  d u r in g  t h e  
n o c tu r n a l  p e r i o d ,  b u t  c l o n i d i n e  a n im a ls  w e re  m ore a c t i v e  th a n  
c o n t r o l s  d u r in g  t h e  p o s t - e x p l o r a t o r y  d i u r n a l  p e r i o d .  H ow ever, 
b e g in n in g  on  d ay  7 , t h e  l a s t  d ay  o f  i n f u s i o n ,  c l o n i d i n e  r a t s  
w e re  a l s o  m ore a c t i v e  t h a n  c o n t r o l s  d u r in g  t h e  e x p lo r a to r y  
an d  h y p e r a c t i v i t y  p e r s i s t e d  f o r  t h e  n e x t  tw o d a y s .  T h ese  
c h a n g e s  a r e  s u g g e s t i v e  o f  a  w i th d ra w a l  sy n d ro m e a s s o c i a t e d  
w i th  t h e  d i s c o n t i n u a t i o n  o f  c h r o n ic  c lo n i d i n e  i n  r a t s .

A n a lg e s ic  e f f e c t s  o f  c l o n i d i n e  i n f u s i o n  w e re  e v id e n c e d  
by  s i g n i f i c a n t  e l e v a t i o n s  i n  r e s p o n s e  l a t e n c i e s  m e a su re d  i n  
e x p e r im e n ta l  a n im a ls  t e s t e d  i n .b o t h  a  t a i l  f l i c k  (TF) and  a 
paw l i c k  (PL) p a ra d ig m . I n t e r e s t i n g l y ,  PL & TF l a t e n c i e s  
w e re  e l e v a t e d  t o  a b o u t  t h e  sam e e x t e n t  (2 -  an d  5 - t i m e s ,  
r e s p e c t i v e l y ,  t h a t  o f  c o n t r o l s )  d u r in g  d a y s  o f  c lo n i d i n e  
i n f u s i o n  an d  t h e  f o l l o w in g  4 d a y s .  R a ts  c o n t in u e d  t o  show 
e l e v a t e d  TF, b u t  n o t  PL, l a t e n c i e s  when t e s t e d  a g a in  1 week 
an d  a l s o  2 w eeks f o l l o w i n g  c l o n i d i n e  i n f u s i o n .

I n  a n o th e r  s tu d y  m o rp h in e  (5 m g/kg) was i n j e c t e d  on  d ay  
5 o f  i n f u s i o n  t o  c l o n i d i n e  and  c o n t r o l  r a t s  3 0 -4 5  m in p r i o r  
t o  t e s t i n g .  M o rp h in e  p r o d u c e d  an  i n c r e a s e  i n  lo c o m o to r  
a c t i v i t y  i n  b o th  c l o n i d i n e  an d  c o n t r o l  g r o u p s .  M o rp h in e  a l s o  
e l e v a t e d  TF an d  PL l a t e n c i e s  a b o u t  4 - f o l d  i n  c o n t r o l  a n im a ls .  
H ow ever, m o rp h in e  f a i l e d  t o  p ro d u c e  an y  i n c r e a s e  i n  TF o r  PL 
l a t e n c i e s  i n  r a t s  i n f u s e d  w i th  c l o n i d i n e .

3 2 0 . 8   THE EFFECTS OF LONG-TERM ADMINISTRATION OF PHENYTOIN ON DO
PAMINE AND GABA RECEPTOR S E N S IT IV I T Y .   R. L a l o n d e * ,  M . I .  
B o t e z *  (SPON: Y. L a m a r r e ) .   N e u r o p s y c h o l o g y  L a b o r a t o r y ,
C l i n i c a l  R e s e a r c h  I n s t i t u t e ,  M o n t r e a l ,  Q u e b e c ,  C a n a d a  
H2W l R7 .

M a l e  a l b i n o  r a t s  (N = 4 0 )  w e r e  i n j e c t e d  w i t h  p h e n y t o i n  
(PHT)  e v e r y  d a y  f o r  2 0  c o n s e c u t i v e  d a y s  a n d  w e r e  t e s t e d  on  
d a y s  21 a n d  2 8  a s  t o  t h e i r  r e s p o n s e  t o  1 m g / k g  o f  a p o m o r p h i 
n e ,  a  d o p a m i n e  r e c e p t o r  a g o n i s t .  I t  w a s  f o u n d  t h a t  r a t s  
t r e a t e d  w i t h  PHT h a d  a n  i n c r e a s e d  r e s p o n s i v e n e s s  t o  a p o m o r 
p h i n e - i n d u c e d  s t e r e o t y p i e s  on  d a y  2 8  b u t  n o t  o n  d a y  2 1 , 
w h i c h  i s  e v i d e n c e  o f  d o p a m i n e r g i c  s u p e r s e n s i t i v i t y  a f t e r  
l o n g - t e r m  t r e a t m e n t  w i t h  t h e  d r u g .  T h e s e  r e s u l t s  a g r e e  w i t h  
t h e  h y p o t h e s i s  t h a t  PHT i s  a n  a n t i  d o p a m i n e r g i c  a g e n t  w h i c h  
p r o d u c e s  s u p e r s e n s i t i v i t y  o f  d o p a m i n e  r e c e p t o r s  f o l l o w i n g  
l o n g - t e r m  a d m i n i s t r a t i o n ,  a n  e f f e c t  s i m i l a r  t o  t h a t  o f  t h e  
n e u r o l e p t i c s .  T he  c l i n i c a l  f i n d i n g s  o f  o r o - f a c i a l  d y s k i n e 
s i a s  p r o d u c e d  b y  PHT i n  e p i l e p t i c  p a t i e n t s  may b e  e x p l a i n e d  
b y  t h e s e  r e s u l t s .

I n  a  s e c o n d  e x p e r i m e n t ,  r a t s  (N = 4 0 )  w e r e  i n j e c t e d  
w i t h  PHT a c c o r d i n g  t o  t h e  sa m e  d e s i g n  a s  a b o v e  a n d  t e s t e d  
a s  t o  t h e i r  r e s p o n s e  t o  t h e  GABA r e c e p t o r  a g o n i s t ,  m u s c i m o l .  
A t  2 m g / k g  m u s c i m o l  p r o d u c e d  a  c a t a l e p s y  r e s p o n s e ,  m e a s u r e d  
by  m e a n s  o f  f o u r  d i s t i n c t  t e s t s .  I n  t h e  a k i n e s i a  t e s t ,  l a 
t e n c i e s  t i l l  i n i t i a t i o n  o f  m o v e m e n t  o f  t h e  r a t  i n  t h e  o p e n  
f i e l d  a r e  m e a s u r e d .  I n  t h e  b a r  t e s t  a n d  t h e  g r i d  t e s t ,  l a 
t e n c i e s  t i l l  t h e  d i s p l a c e m e n t  o f  t h e  r a t  f r o m  i t s  i n i t i a l  
p o s i t i o n  a r e  m e a s u r e d .  F i n a l l y ,  a  b r a c i n g  r e a c t i o n  t e s t  
w a s  u s e d ,  c a t a l e p t i c  r a t s  b e i n g  m o r e  r e s i s t a n t  t o  t h e  h o r i 
z o n t a l  p u s h  o f  t h e  e x p e r i m e n t e r ' s  h a n d .  R a t s  t r e a t e d  w i t h  
PHT s h o w e d  a  d e c r e a s e d  r e s p o n s i v e n e s s  t o  m u s c i m o l - i n d u c e d  
c a t a l e p s y  on  d a y  21 b u t  n o t  on d a y  2 8 .  M u s c i m o l - i n d u c e d  
c a t a l e p s y  w a s  n o t  a n t a g o n i z e d  b y  a c u t e  p r e - t r e a t m e n t  w i t h  
b i c u c u l l i n e  ( 0 . 5  m g / k g ) ,  a  GABA-A r e c e p t o r  a n t a g o n i s t .  I t  
i s  p r o p o s e d  t h a t  w i t h d r a w a l  a f t e r  l o n g - t e r m  a d m i n i s t r a t i o n  
o f  PHT a l t e r e d  t h e  s e n s i t i v i t y  o f  t w o  n e u r o t r a n s m i t t e r  r e 
c e p t o r s  i n  o p p o s i t e  d i r e c t i o n s  a n d  a c c o r d i n g  t o  a  d i f f e r e n t  
t i m e  s e q u e n c e ,  p r o d u c i n g  s u p e r s e n s i t i v i t y  t o  t h e  d o p a m i n e  
r e c e p t o r  on  d a y  2 8  a n d  s u b s e n s i t i v i t y  t o  a  GABA r e c e p t o r  n o t  
s e n s i t i v e  t o  b i c u c u l l i n e  on  d a y  2 1 .

( T h i s  w o r k  h a s  b e e n  f u n d e d  by  t h e  J e a n n e - M a n c e  a n d  S a v o y  
F o u n d a t i o n s ) .
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320.9  E n h an ced  s e n s i t i v i t y  t o  n a l t r e x o n e  a f t e r  c h r o n ic  adm in
i s t r a t i o n :  E f f e c t s  o f  q u a te r n a r y  n a l t r e x o n e  and  c h l o r d i 
a z e p o x id e .   P .H . W arren  and W.H. M orse*  L a b o r a to r y  o f  
P s y c h o b io lo g y ,  H a rv a rd  M e d ic a l  S c h o o l,  B o s to n , MA.

U nder some c o n d i t i o n s  o p i o id  a n t a g o n i s t s ,  s u c h  a s  n a l 
t r e x o n e  (NTX), d e c r e a s e  s c h e d u l e - c o n t r o l l e d  r e s p o n d in g  a t  
low  d o s e s  f o l lo w in g  a  p e r i o d  o f  c h r o n ic  a d m i n i s t r a t i o n  
( s u p e r s e n s i t i v i t y ) .  S u p e r s e n s i t i v i t y  t o  t h e  b e h a v io r a l  
e f f e c t s  o f  n a l t r e x o n e  was s tu d i e d  i n  s i x  f o o d -d e p r iv e d  
s q u i r r e l  m onkeys. R e sp o n d in g  was m a in ta in e d  u n d e r  a 
s c h e d u le  o f  fo o d  p r e s e n t a t i o n  i n  w h ich  t e n  m in u te  t im e - o u t  
p e r io d s  a l t e r n a t e d  w i th  t h r e e  m in u te  p e r i o d s ,  i n  th e  
p r e s e n c e  o f  a  v i s u a l  s t i m u l u s ,  d u r in g  w h ich  e v e ry  3 0 th  
r e s p o n s e  was fo l lo w e d  by th e  d e l i v e r y  o f  a  fo o d  p e l l e t  
(F R 3 0 ) . I n  d ru g  s e s s i o n s  s u c c e s s iv e l y  g r e a t e r  d o s e s  o f  
n a l t r e x o n e  w e re  i n j e c t e d  i .m .  d u r in g  e a c h  t im e - o u t  p e r i o d ,  
and  th e  e f f e c t s  o f  c u m u la t iv e  d o s e s  o f  t h e  d ru g  on r e 
s p o n d in g  w e re  d e te rm in e d  i n  t h e  f o l lo w in g  FR p e r i o d .  Cumu
l a t i v e  n a l t r e x o n e  d o s e - e f f e c t  c u rv e s  w ere  d e te rm in e d  
d u r in g  s i n g l e  s e s s i o n s  b e f o r e  and a f t e r  v a r io u s  re g im e n s  
o f  c h r o n ic  a d m i n i s t r a t i o n  o f  n a l t r e x o n e .  P r i o r  t o  th e  
c h r o n ic  t r e a tm e n t  a  c u m u la t iv e  d o se  o f  10 m g/kg n a l t r e x o n e  
w as r e q u i r e d  t o  d e c r e a s e  r e s p o n d in g  s u b s t a n t i a l l y .

F o l lo w in g  d a i l y  c h r o n ic  t r e a tm e n ts  o f  10 o r  1 7 .6  m g/kg 
NTX th e  c u m u la t iv e  d o s e - e f f e c t  c u rv e s  f o r  n a l t r e x o n e  w ere  
s h i f t e d  t o  t h e  l e f t  o f  t h e  o r i g i n a l  c u rv e s  by  a p p ro x im a te ly  
o n e  lo g  u n i t .  No s u p e r s e n s i t i v i t y  was e v id e n t  when d o se s  
o f  c h lo r d i a z e p o x id e  (1 to  10 m g/kg) w ere  g iv e n  one  h o u r  
b e f o r e  c u m u la t iv e  d o s e s  o f  n a l t r e x o n e .  U nder t h e s e  c o n d i 
t i o n s  t h e  e f f e c t s  o f  n a l t r e x o n e  w e re  s i m i l a r  t o  i t s  e f f e c t s  
b e f o r e  c h r o n ic  a d m i n i s t r a t i o n ;  c h lo r d i a z e p o x id e  a lo n e  d id  
n o t  a f f e c t  r e s p o n d in g  s i g n i f i c a n t l y .  The e f f e c t s  o f  q u a t e r 
n a ry  n a l t r e x o n e ,  a  n a l t r e x o n e  a n a lo g  w i th  l im i t e d  a c c e s s  
to  t h e  c e n t r a l  n e rv o u s  s y s te m , w e re  s i m i l a r  t o  th e  p r e 
c h r o n ic  e f f e c t s  o f  n a l t r e x o n e  an d  w ere  n o t  a f f e c t e d  by th e  
co m b in ed  t r e a tm e n t s  w i th  c h lo r d i a z e p o x i d e .  T h ese  r e s u l t s  
s u g g e s t  t h a t  th e  b e h a v io r a l  s u p e r s e n s i t i v i t y  to  n a l t r e x o n e  
in v o lv e s  a c e n t r a l  com ponen t o f  a c t i o n  and  t h a t  i t  c an  be 
r e v e r s e d  by a  p h o to ty p ic  a n t i - a n x i e t y  d ru g . S u p p o r te d  by 
MH07658, MH14275, RR00168, DA00499, DA02658, M H02094.)

320. 10  NEUROCHEMICAL AND FUNCTIONAL CONSEQUENCES AFTER 
MPTP ADMINISTRATION TO THE RAT  M .F . J a r v i s * ,  
D. S u g a r*  a n d  G .C . W a g n e r .  D e p t . o f  P s y c h o lo g y  
R u t g e r s  U n i v e r s i t y ,  New B r u n s w i c k ,  N J 0 8 9 0 3

A d m i n i s t r a t i o n  o f  1 - m e t h y 1 - 4 - p h e n y 1 - 1 , 2 , 5 , 6 -  
t e t r a h y d r o p y r i n e  (MPTP) w as  sh o w n  t o  p r o d u c e  
d e s t r u c t i o n  o f  c e n t r a l  d o p a m i n e r g i c  c e l l s  i n  
h u m a n s  ( L a n g s t o n  e t  a l ,  S c i . 219  979  1 9 8 3 ) ,  r h e s u s  
m o n k e y s  (B u rn s  e t  a l , P r o c .  N a t .  A c a d . S c i .  80 
45 4 6  1 9 8 3 )  a n d  r o d e n t s  ( H e i k k i l a  e t  a l ,  F e d .  P r o c .  
43 793  1 9 8 4 ) .  T he p r e s e n t  s t u d i e s  w e r e  c o n d u c t e d  
t o  i n v e s t i g a t e  t h e  n e u r o c h e m i c a l  a n d  f u n c t i o n a l  
c o n s e q u e n c e s  f o l l o w i n g  MPTP a d m i n i s t r a t i o n  t o  r a t s .

A d u l t  m a le  S p r a g u e - D a w le y  r a t s  w e re  i n j e c t e d  
SC , t w i c e  p e r  d a y  a t  12 h  i n t e r v a l s  f o r  4 d a y s  
w i t h  30 m g /k g  o f  MPTP. C o n t r o l  r a t s  r e c e i v e d  
c o m p a r a b le  v e h i c l e  i n j e c t i o n s .  R a t s  w e r e  a l l o w e d  
a  2 w eek  r e c o v e r y  p e r i o d  a n d  t h e n  s a c r i f i c e d ,  
b r a i n s  re m o v e d  a n d  d i s s e c t e d  f o r  c a u d a t e  n u c l e u s .  
HPLC a n a l y s i s  r e v e a l e d  a  s i g n i f i c a n t  d e p l e t i o n  
(43%) o f  c a u d a t e  d o p a m in e .

I n  a  s e c o n d  s t u d y ,  r a t s  w e re  f i r s t  d e p r i v e d  o f  
w a t e r  f o r  2 3 .3  h / d a y  a n d  t r a i n e d  i n  a  s t a n d a r d  
o p e r a n t  c h a m b e r  t o  p r e s s  a  l e v e r  o n  a  f i x e d - r a t i o  
(FR) 5 s c h e d u l e  f o r  w a t e r  d e l i v e r y .  R a t s  w e re  

g i v e n  4 f i v e  m in  s e s s i o n s  p e r  d a y  w i t h  a  20 m in  
i n t e r s e s s i o n  i n t e r v a l .  When r e s p o n d i n g  w as  s t a b l e ,  
d o s e - r e s p o n s e  c u r v e s  f o r  a m p h e ta m in e  (AMPH) a n d  
a p o m o r p h in e  (APO) w e r e  e s t a b l i s h e d  u s i n g  t h e  cum u
l a t i v e  d o s i n g  p r o c e d u r e .  AMPH a n d  APO w e r e  a d m in 
i s t e r e d  IP  5 m in  b e f o r e  e a c h  s e s s i o n  ( t h e  cum u
l a t i v e  AMPH d o s e s  w e r e  1 ,  2 ,  4 ,  & 8 m g /k g ;  t h e  APO 
d o s e s  w e re  0 . 6 5 ,  . 1 2 5 ,  . 2 5 ,  & .5  m g / k g ) .

F o l l o w i n g  d e t e r m i n a t i o n  o f  t h e s e  ' p r e - '  d o s e -  
r e s p o n s e  c u r v e s , r a t s  w e r e  d i v i d e d  i n t o  tw o  g ro u p s .  
One g r o u p  r e c e i v e d  c h r o n i c  MPTP a s  a b o v e  a n d  t h e  
o t h e r  r e c e i v e d  c o n t r o l  i n j e c t i o n s .  A l l  r a t s  t h e n  
h a d  a  tw o  w eek  r e c o v e r y  p e r i o d  a f t e r  w h ic h  b a s e 
l i n e  r e s p o n d i n g  o n  t h e  o p e r a n t  s c h e d u l e  w as  r e 
e s t a b l i s h e d .  ' P o s t - '  d o s e - r e s p o n s e  c u r v e s  w e re  
t h e n  d e t e r m i n e d  f o r  AMPH a n d  APO. I t  w as  o b s e r v e d  
t h a t ,  w i t h  r e s p e c t  t o  c o n t r o l  r a t s ,  M P T P - t r e a t e d  
r a t s  w e r e  t o l e r a n t  t o  t h e  d i s r u p t i v e  e f f e c t s  o f  
AMPH a n d  s u p e r s e n s i t i v e  t o  t h e  e f f e c t s  o f  APO.

320.11  USEFULNESS OF CLONIDINE FOR THE TREATMENT OF 
PREMENSTRUAL TENSION SYNDROME.  W.A P r i c e ,  
A . J . G ia n n in i .  D epartm en ts o f  P s y c h ia t r y , 
U n iv e r s i ty  o f  P i t t s b u r g h ,  P i t t s b u r g h ,  PA; 
N o r th e a s te rn  Ohio U n iv e r s i t i e s  C o lle g e  o f  
M e d ic in e , R ootstow n, OH; Ohio S ta te  U n iv e r s i ty ,  
Columbus, OH.

The e f f e c t iv e n e s s  o f  th e  a lp h a - tw o  a g o n is t  
c lo n id in e  ( c a ta p r e s s )  f o r  t r e a t i n g  th e  symptoms 
o f  p r e m e n s tru a l  t e n s io n  syndrome was t e s t e d  in  
a d o u b le -b l in d  d e s ig n  u s in g  tw e lv e  human v o lu n 
t e e r s  w ith  m o d era te  to  se v e re  sym ptom atology as 
d e te rm in e d  by th e  m o d ifie d  Beck-Abraham q u e s t io n 
n a i r e .  They r e c e iv e d  c lo n id in e  0 .1  mg q id  o r  
p la c e b o  q id  f o r  t h i r t y  d ay s . C oncom itan t u se  
o f  p s y c h o tro p ic  m e d ic a tio n  in  a d d i t io n  to  c l o n i 
d in e  was n o t  p e r m i t te d .  P a t i e n t s  w ere r a t e d  
u s in g  th e  BPRS ( B r ie f  P s y c h ia t r i c  R a tin g  S c a le )  
on th e  1 0 th  and 2 5 th  days o f  t h e i r  m e n s tru a l  
c y c le  p r i o r  to  s t a r t i n g  t r e a tm e n t  and th e n  on 
th e  1 0 th  and 2 5 th  day o f  c lo n id in e /p la c e b o  
t r e a tm e n t . C lo n id in e  was s u p e r io r  to  p la c e b o  
in  r e d u c in g  BPRS s c o re s  o f  a n x ie ty ,  t e n s io n ,  
and e x c ite m e n t,  b u t  was e q u a l ly  as e f f e c t i v e  in  
t r e a t i n g  o th e r  BPRS s c o re s  such  as d e p re s s iv e  
mood, h o s t i l i t y ,  m otor r e t a r d a t i o n ,  and b lu n te d  
a f f e c t .  C lo n id in e  a ls o  had no a d v an tag e  ov er 
p la c e b o  in  a l l e v i a t i n g  some o f  th e  s e l f - r e p o r t e d  
p h y s ic a l  symptoms t h a t  accompany p re m e n s tru a l  
t e n s io n  such  a s  b r e a s t  te n d e r n e s s ,  b lo a t in g ,  
and abdom inal c ram ping . C lo n id in e  may, t h e r e 
f o r e ,  have c l i n i c a l  u t i l i t y  in  th e  tr e a tm e n t  
o f  p re m e n s tru a l  t e n s io n  syndrom e, e s p e c i a l l y  
when a n x ie ty ,  te n s io n ,  and m a n ic - l i k e  e x c ite m e n t 
a r e  th e  p rim a ry  sym ptom s.
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3 21 .1  CHARACTERIZATION OF NEUROEFFECTOR TRANSMISSION TO GUINEA PIG 
MESENTERIC ARTERIES AND VEINS BY TRANSMURAL AND NERVE TRUNK 
STIMULATION.  O . D .  H o t t e n s t e i n *  & D . L .  K r e u l e n  
(SPON: R . G r u e n e r ) .  D e p a r t m e n t  o f  P h a r m a c o l o g y ,  C o l l e g e  o f  
M e d i c i n e ,  U n i v e r s i t y  o f  A r i z o n a ,  T u c s o n ,  AZ 8 5 7 2 4

R e s i s t a n c e  a n d  c a p a c i t a n c e  v e s s e l s  d i f f e r  i n  f u n c t i o n a l  
r e s p o n s e  t o  c o n s t a n t  s y m p a t h e t i c  o u t f l o w .  T h e s e  s t u d i e s  
e x a m i n e d  w h e t h e r  d i f f e r e n c e s  i n  t h e  n a t u r e  o f  n e u r o e f f e c t o r  
t r a n s m i s s i o n  b e t w e e n  a r t e r i e s  a n d  v e i n s  may a c c o u n t  f o r  t h e i r  
d i s s i m i l a r  s e n s i t i v i t e s  t o  n e r v e  a c t i v i t y .  P r e p a r a t i o n s  o f  
t h e  i n f e r i o r  m e s e n t e r i c  a r t e r y  a n d  v e i n  a t t a c h e d  t o  l u m b a r  
c o l o n i c  n e r v e s  (LCN) w e r e  d i s s e c t e d  f r o m  m a l e  g u i n e a  p i g s  a n d  
p i n n e d  i n  a  t i s s u e  b a t h  f o r  i n t r a c e l l u l a r  r e c o r d i n g  ( K r e b s , -  
9 5 %O 2 , 5 %CO2 , 3 7 ° C ) . P e r i v a s c u l a r  e l e c t r o d e s  f o r  t r a n s m u r a l ,  
f i e l d  s t i m u l a t i o n s  (TMS) w e r e  p l a c e d  on e i t h e r  s i d e  o f  t h e  
v e s s e l s  a b o u t  15 mm f r o m  t h e  LCN e l e c t r o d e s  f o r  n e r v e  t r u n k  
s t i m u l a t i o n s  ( N T S ) .  M e m b ra n e  p o t e n t i a l s  (Em) w e r e  r e c o r d e d  
b e t w e e n  t h e  TMS e l e c t r o d e s .  I n  a r t e r y  c e l l s  s i n g l e  s h o c k  TMS o r  
NTS r e s u l t e d  i n  e x c i t a t o r y  j u n c t i o n  p o t e n t i a l s  ( E J P s )  w h i c h  
w e r e  g r a d e d  by  i n t e n s i t y .  When t h e  t w o  s t i m u l a t i o n s  w e r e  
c o m p a r e d  a t  s u p r a m a x i m a l  i n t e n s i t i e s  E J P s  w e r e  g r e a t e r  i n  
a m p l i t u d e  f o r  IMS t h a n  f o r  NTS. E J P s  w e r e  b l o c k e d  by t e t r o 
d o t o x i n  ( 3 x 1 0 - 7 M) b u t  n o t  by p h e n t o l a m i n e  ( 1 0 - 6 M ).  I n  v e n o u s  
c e l l s  s i n g l e  s h o c k  NTS p r o d u c e d  no  E J P s .  A t  l o w  i n t e n s i t y  TMS 
( 3 0 - 7 0 V )  p r o d u c e d  no  c h a n g e s  i n  Em b u t  h i g h e r  i n t e n s i t i e s  ( 8 0 -  
15 0V ) r e s u l t e d  i n  s t e p  d e p o l a r i z a t i o n s  ( a m p l i t u d e :  2 - 5  mV, 
d u r a t i o n :  2 - 1 0  s e c )  w h i c h  w e r e  a t t e n u a t e d  by p r a z o s i n  ( 1 0 - 6 M).  
I n  a r t e r i e s  r e p e t i t i v e  n e r v e  s t i m u l a t i o n s  (NS) r e s u l t e d  i n  
s l o w  d e p o l a r i z a t i o n s  ( S D s )  w h i c h  w e r e  r e l a t e d  t o  f r e q u e n c y  ( 5 -  
2 0  Hz)  a n d  b l o c k e d  by p r a z o s i n  ( 1 0 - 6 M).  F o r  a  g i v e n  f r e q u e n c y  
TMS r e s u l t e d  i n  g r e a t e r  SDs t h a n  NTS d i d .  I n  v e n o u s  c e l l s  NS by 
e i t h e r  m e t h o d  p r o d u c e d  s i m i l a r  SDs w h i c h  w e r e  b l o c k e d  by 
p r a z o s i n  ( 1 0 - 6 M ).  H o w e v e r ,  i n  c o n t r a s t  t o  a r t e r i a l  c e l l s  
v e n o u s  SDs o c c u r r e d  a t  much  l o w e r  f r e q u e n c i e s  ( 0 . 1 - 2  H z ) .  
T h e s e  s t u d i e s  d i s t i n g u i s h  e f f e c t s  o f  p o s t - g a n g l i o n i c  n e r v e  im
p u l s e s  on  m e s e n t e r i c  a r t e r i e s  a n d  v e i n s  i n  v i t r o .  We p r o p o s e  
t h a t  f u n c t i o n a l  d i s s i m i l a r i t y  b e t w e e n  m e s e n t e r i c  a r t e r i e s  an d  
v e i n s  i n v o l v e s  d i f f e r e n c e s  i n  t h e i r  m e c h a n i s m  o f  n e u r o e f f e c t o r  
t r a n s m i s s i o n . S u p p o r t e d  by AZ A f f i l i a t e  AHA f e l l o w s h i p ,  NIH 
HL27 781  & H L 0 1 1 3 6 .

321. 2  THE INTESTINAL MUCOSA AS A NEURO-EFFECTOR SYSTEM: CHOLINER
G IC  AND SEROTONERGIC T R A N S M IS S IO N .  H . J .  C o o k e *  a n d   
H.V. C a r e y * (SPON: C. W a k e f i e l d ) .   Dept.  o f  P h y s i o l . ,  U n iv .  
o f  N ev ad a , R eno, NV 89557.

The i n t e s t i n a l  m u co sa  o f  g u in e a  p ig  i le u m  i s  i n n e r v a te d  
b y  n e u r o n a l  p r o c e s s e s  w h o s e  c e l l  b o d i e s  l i e  w i t h i n  t h e  
s u b m u c o s a l  p l e x u s e s .  E l e c t r i c a l  f i e l d  s t i m u l a t i o n  o f  
i n t r a m u r a l  n e u r o n s  i n  t h e  g u i n e a  p i g  i l e u m  i n c r e a s e s  
c h l o r i d e  s e c r e t i o n  t h a t  i s  m e d i a t e d  in  p a r t  b y  r e l e a s e  o f  
a c e t y l c h o l i n e  fro m  e n t e r i c  c h o l i n e r g i c  n e u ro n s  (C ooke, H .J ., 
Am. J .  P h y s i o l .  2 4 6 : G 2 6 3 ,  1 9 8 4 ) .  S i n c e  e l e c t r i c a l   
s t i m u l a t i o n  o f  e x t r i n s i c  n e rv e s  h a s  b e e n  show n to  i n c r e a s e  
t h e  r e l e a s e  o f  s e r o t o n i n  f r o m  e n t e r i c  n e u r o n s  a n d  
e n t e r o c h r o m a f f i n  c e l l s ,  w e i n v e s t i g a t e d  t h e  r o l e  o f  
s e r o t o n i n  i n  t h e  s e c r e t o r y  r e s p o n s e  e v o k e d  b y  e l e c t r i c a l  
f i e l d  s t i m u l a t i o n .  F l a t  s h e e t s  o f  g u in e a  p ig  i le u m  w i t h  th e  
l o n g i t u d in a l  m u s c le  rem oved  w e re  m o u n te d  in  f l u x  c h a m b e rs  
a n d  s h o r t - c i r c u i t  c u r r e n t  ( I s c ) ,  a  m e a s u r e  o f  a c t i v e  io n  
t r a n s p o r t  p r o c e s s e s ,  w a s  r e c o r d e d .  B i p o l a r  r e c t a n g u l a r  
s t i m u l u s  p u l s e s  w e r e  a p p l i e d  t o  a c t i v a t e  e n t e r i c  n e u r o n s .  
S e r o t o n i n  (2 .5 -1 0 0 u M )  e v o k e d  a  t r a n s i e n t  b i p h a s i c  i n c r e a s e  
in  I s c  w i t h i n  1 -2  m in  o f  i t s  a d d i t i o n  to  th e  s e r o s a l  b a th in g  
s o l u t i o n ,  and  t h i s  e f f e c t  w as b lo c k e d  by  rem o v a l o f  c h l o r i d e  
f ro m  t h e  b a t h i n g  m e d ia  o r  b y  t h e  s e r o t o n i n  a n t a g o n i s t  
c i s a p r i d e  (5uM ). A f t e r  t a c h y p h y la x is  to  150uM s e r o t o n in  o r  
in  th e  p r e s e n c e  o f  c i s a p r i d e ,  s t i m u l a t i o n  o f  e n t e r i c  n e u ro n s  
e v o k e d  a  b i p h a s i c  c h a n g e  in  I s c  t h a t  w a s  s i m i l a r  in  
m a g n i t u d e  t o  t h e  r e s p o n s e  i n  c o n t r o l  t i s s u e s .  I n  o r d e r  t o  
d e te r m in e  w h e th e r  th e  m u co sa l r e s p o n s e  to  s e r o t o n in  w as a 
d i r e c t  a c t i o n  on  t h e  e p i t h e l i a l  c e l l s ,  o r  m e d i a t e d  b y  
e n t e r i c  n e u r o n s ,  t e t r o d o t o x i n  ( 0 . 1uM) w as  a d d e d  t o  t h e  
s e r o s a l  b a t h i n g  m e d iu m . In  t h e  p r e s e n c e  o f  t e t r o d o t o x i n ,  
th e  m u co sa l r e s p o n s e  to  s e r o t o n in  w as r e d u c e d  by  80%. The 
c h a n g e  in  I s c  e v o k e d  b y  a d d i t i o n  o f  s e r o t o n i n  a l s o  w as  
r e d u c e d  b y  1uM a t r o p i n e ,  a n d  t h e  m a g n i t u d e  o f  t h i s  e f f e c t  
w as s i m i l a r  to  t h a t  in  th e  p r e s e n c e  o f  t e t r o d o t o x i n .  T h e se  
r e s u l t s  s u g g e s t  t h a t  s e r o t o n in  d o e s  n o t  m e d ia te  th e  m u c o sa l 
s e c r e t o r y  r e s p o n s e  e v o k ed  by  s t i m u l a t i o n  o f  e n t e r i c  n e rv e s  
a t  e p i t h e l i a l  c e l l s ;  h o w e v e r ,  s e r o t o n i n  a c t s  a t  t h e  
su b m u c o sa l g a n g l i a  to  e x c i t e  e n t e r i c  c h o l i n e r g i c  m o to r  n e u 
ro n s  t h a t  i n f l u e n c e  e p i t h e l i a l  io n  t r a n s p o r t .

321.3  SEROTONIN RECEPTORS ON THE PROCESSES OF INTRINSIC ENTERIC  
NEURONS: REDUCTION IN THE AGANGLIONIC BOWEL OF I s / I s  MICE.
T. B ra n c h e k , T .P .  Rothm an and M.D. G e rs h o n ,  Dept. o f  A n a t . 
an d  C e l l  B i o l .  C o lu m b ia  U n iv .  P&S, New Y o r k ,  NY 1 0 0 3 2 .

S e r o to n i n  (5-H T ) h a s  b e e n  e s t a b l i s h e d  a s  t h e  n e u r o t r a n s 
m i t t e r  o f  a  p o p u l a t i o n  o f  i n t r i n s i c  e n t e r i c  n e u ro n s  t h a t  
p r o j e c t  to  b o th  m y e n te r ic  and su b m u co sa l g a n g l i a .  I n  th e  
g u t ,  5-HT a c t s  on n e u ro n s  i n  t h e s e  g a n g l i a  and a l s o  on m uco
s a l  a f f e r e n t  n e rv e  f i b e r s  to  t r i g g e r  th e  p e r i s t a l t i c  r e f l e x .  
We h a v e  r e c e n t l y  c h a r a c t e r i z e d  e n t e r i c  5-HT r e c e p t o r s  u s in g  

H -5 -H T  a s  a r a d i o l i g a n d .  T he r e c e p t o r  w as a s s a y e d  by  
r a p i d  f i l t r a t i o n  o f  i s o l a t e d  m em branes and by r a d i o a u to g r a 
p h y . T h is  r e c e p t o r  i s  d i f f e r e n t  from  e i t h e r  o f  th e  two 5-HT 
R e c e p t o r s  d e s c r i b e d  i n  t h e  CNS. N e i t h e r  t h e  b i n d i n g  o f  

H-5-H T  n o r  i t s  p h y s io l o g ic a l  a c t i o n s  a r e  a f f e c t e d  by c l a s 
s i c a l  ( ty p e s  1 o r  2) 5-HT a n t a g o n i s t s ;  h o w e v e r , b o th  a r e  
a n ta g o n iz e d  by th e  s p e c i f i c  d i p e p t i d e ,  N - a c e ty l - 5 - h y d r o x y - 
t r y p t o p h y l ,  5 - h y d ro x y t ry p to p h a n  am id e . The e n t e r i c  r e c e p t o r  
h a s  b e e n  fo u n d  by r a d io a u to g r a p h y  n o t  o n ly  i n  m y e n te r ic  
g a n g l i a  b u t  a l s o  a t  th e  j u n c t i o n  o f  m ucosa and subm ucosa 
(M -S). I t  h a s  b e e n  p ro p o se d  t h a t  th e  M-S s i t e  m ig h t  r e p r e 
s e n t  5-HT r e c e p t o r s  on m u co sa l a f f e r e n t  n e rv e  f i b e r s .  S in c e  
r e c e p t o r  r a d io a u to g r a p h y  d o e s  n o t  h av e  a d e q u a te  r e s o l u t i o n  
to  e s t a b l i s h  w h ich  s t r u c t u r e s  a r e  r e s p o n s i b l e  f o r  t h e  M-S 
l a b e l i n g ,  we h av e  r a d i o a u t o g r a p h i c a l l y  i n v e s t i g a t e d  th e  
d i s t r i b u t i o n  o f  5-HT r e c e p t o r s  in  n o rm al and  I s / l s  m ic e . The 
t e r m in a l  2 mm o f  bow el i n  th e  l s / l s  a n im a ls  a r e  d e v o id  o f  
i n t r i n s i c  e n t e r i c  n e u ro n s  and p r o c e s s e s ,  a l th o u g h  e x t r i n s i c  
a u to n o m ic  and s e n s o r y  axons do e n t e r  t h e  ab n o rm a l g u t .  5-HT 
r e c e p t o r s  w ere  fo u n d  in  m y e n te r ic  g a n g l i a  and th e  M-S r e g io n  
o f  t h e  e n t i r e  b o w e l o f  n o r m a l  m ic e ,  a s  w e l l  a s  i n  t h e  
g a n g l i o n a te d  p ro x im a l bow el o f  l s / l s  m ic e ; h o w e v e r , th e  M-S 
l a b e l i n g  by 5-HT was much r e d u c e d  and m y e n te r ic  l a b e l in g  was 
a b s e n t  in  th e  a g a n g l io n ic  se g m e n ts  o f  th e  l s / l s  a n im a ls .  In  
a d d i t i o n  to  t h e  g u t ,  5-HT r e c e p t o r s  w ere  fo u n d  in  th e  d e rm is  
and h y p o d e rm is  o f  p e r i a n a l  s k in .  S i l v e r  s t a i n i n g  r e v e a le d  
n e rv e  f i b e r s  i n  r e g io n s  w here  5-HT l a b e l i n g  o c c u r r e d .  T h ese  
r e s u l t s  a r e  c o n s i s t e n t  w i th  th e  h y p o th e s e s  t h a t  a f f e r e n t  
n e rv e  f i b e r s  h a v e  e n t e r i c - t y p e  5-HT r e c e p t o r s  and t h a t  M-S 
l a b e l i n g  i s  g r e a t l y  re d u c e d  in  th e  a g a n g l io n ic  se g m e n ts  o f  
l s / l s  m ic e  b e c a u s e  i n t r i n s i c  n e u r i t e s  a r e  a b s e n t  from  t h i s  
t  i s s u e .

S u p p o r te d  by NIH g r a n t s  NS 1 2 969 , 15547; NSF g r a n t  BNS  
8 3 -0 4 9 0 4  and  th e  PMAF.

3 2 1 .4   MODULATION OF THE CHOLINERGIC AND PEPTIDERGIC REGULATION OF 
GANGLIONIC TYROSINE HYDROXYLASE ACTIVITY.  R . E .  Z i g m o n d ,  N .Y .  
I p ,  a n d  C.  B a l d w i n * .   D e p a r t m e n t  o f  P h a r m a c o l o g y ,  H a r v a r d  
M e d i c a l  S c h o o l ,  B o s t o n ,  MA 0 2 1 1 5 .

We h a v e  p r e v i o u s l y  sh o w n  t h a t  t y r o s i n e  h y d r o x y l a s e  (TH) 
a c t i v i t y  i n  t h e  r a t  s u p e r i o r  c e r v i c a l  g a n g l i o n  c a n  b e  a c u t e l y  
i n c r e a s e d  by  n i c o t i n i c ,  m u s c a r i n i c  a n d  c e r t a i n  p e p t i d e r g i c  
a g o n i s t s .  T h e  n e u r o p e p t i d e s  w h i c h  a r e  e f f e c t i v e  a r e  s e c r e 
t i n ,  v a s o a c t i v e  i n t e s t i n a l  p e p t i d e  ( V I P )  a n d  P H I .  To d e t e r 
m i n e  w h e t h e r  t h e r e  i s  a n y  i n t e r a c t i o n  b e t w e e n  t h e  c h o l i n e r g i c  
a n d  t h e  p e p t i d e r g i c  r e g u l a t i o n  o f  TH a c t i v i t y ,  t h e  e f f e c t s  o f  
s e c r e t i n  a n d  VIP w e r e  e x a m i n e d  i n  t h e  p r e s e n c e  o f  a  l o w  c o n 
c e n t r a t i o n  o f  c a r b a c h o l  ( 3  µM ). C a r b a c h o l  p o t e n t i a t e d  t h e  
e f f e c t  o f  b o t h  s e c r e t i n  (1  nM t o  1 µM) a n d  VIP ( 0 . 1  µM t o  10  
µM) a t  a l l  c o n c e n t r a t i o n s  o f  t h e  p e p t i d e s  e x a m i n e d .  I n  o r d e r  
t o  d e t e r m i n e  w h e t h e r  t h i s  e f f e c t  o f  c a r b a c h o l  w a s  m e d i a t e d  by  
n i c o t i n i c  o r  m u s c a r i n i c  r e c e p t o r s ,  we e x a m i n e d  t h e  e f f e c t s  o f  
t h e  n i c o t i n i c  a n t a g o n i s t  h e x a m e t h o n i u m  a n d  t h e  m u s c a r i n i c  
a n t a g o n i s t  a t r o p i n e .  I t  h a s  b e e n  h y p o t h e s i z e d  t h a t ,  i n  a d d i 
t i o n  t o  h a v i n g  p o s t s y n a p t i c  c h o l i n e r g i c  r e c e p t o r s ,  g a n g l i a  
h a v e  p r e s y n a p t i c  c h o l i n e r g i c  r e c e p t o r s  w h i c h  r e g u l a t e  a c e t y l 
c h o l i n e  r e l e a s e .  T h e r e f o r e ,  i n  o r d e r  t o  s i m p l i f y  t h e  
a n a l y s i s  o f  t h e  e f f e c t  o f  c a r b a c h o l ,  e x p e r i m e n t s  w e r e  d o n e  
w i t h  g a n g l i a  t h a t  h a d  b e e n  d e c e n t r a l i z e d  f o u r  d a y s  e a r l i e r ,  
i n  o r d e r  t o  c a u s e  t h e  p r e g a n g l i o n i c  n e r v e  t e r m i n a l s  t o  
d e g e n e r a t e .  C a r b a c h o l  p o t e n t i a t e d  t h e  e f f e c t  o f  s e c r e t i n  i n  
d e c e n t r a l i z e d  g a n g l i a  a s  i t  d i d  i n  n o r m a l  g a n g l i a .  T h i s  
p o t e n t i a t i o n  c o u l d  b e  b l o c k e d  by  a t r o p i n e  ( 6  µM) b u t  n o t  by  
h e x a m e t h o n i u m  ( 3  mM). B e t h a n e c h o l , a  s e l e c t i v e  m u s c a r i n i c  
a g o n i s t ,  a l s o  p o t e n t i a t e d  t h e  e f f e c t s  o f  s e c r e t i n .  T h e s e  
d a t a  s u g g e s t  t h a t  t h e  c h o l i n e r g i c  p o t e n t i a t i o n  o f  t h e  p e p t i 
d e r g i c  r e g u l a t i o n  o f  TH a c t i v i t y  i s  m e d i a t e d  v i a  m u s c a r i n i c  
r e c e p t o r s .

We h a v e  p r e v i o u s l y  r e p o r t e d  a n o t h e r  t y p e  o f  c h o l i n e r g i c 
p e p t i d e r g i c  i n t e r a c t i o n  i n  t h e  r e g u l a t i o n  o f  TH a c t i v i t y ,  
n a m e l y  t h a t  s u b s t a n c e  P c a n  c o m p l e t e l y  a n t a g o n i z e  t h e  a b i l i t y  
o f  t h e  n i c o t i n i c  a g o n i s t  d i m e t h y l  p h e n y l  p i p e r a z i n i u r n  (DMPP) t o  
s t i m u l a t e  TH a c t i v i t y .  T h e  I C c n  f o r  t h l ’ s  e f f e c t  o f  s u b s t a n c e  
P i s  a b o u t  3  µM. I n  o r d e r  t o  d e t e r m i n e  t h e  t y p e  o f  s u b s t a n c e  
P r e c e p t o r  i n v o l v e d  i n  t h i s  e f f e c t ,  we e x a m i n e d  t h e  a b i l i t y  
o f  t w o  o t h e r  t a c h y k i n i n s ,  k a s s i n i n  a n d  p h y s a l a e m i n ,  t o  
i n h i b i t  t h i s  a c t i o n  o f  DMPP. N e i t h e r  o f  t h e s e  tw o  p e p t i d e s  
w a s  e f f e c t i v e  a t  a n y  c o n c e n t r a t i o n  e x a m i n e d  ( i . e . ,  0 . 3 ,  10 
a n d  3 0  µM).  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h i s  a c t i o n  o f  
s u b s t a n c e  P i n  t h e  s u p e r i o r  c e r v i c a l  g a n g l i o n  i s  n o t  m e d i a t e d  
by  e i t h e r  s u b s t a n c e  P " t y p e  E" o r  " t y p e  P" r e c e p t o r s .  
S u p p o r t e d  b y  USPHS g r a n t s  NS 12 6 5 1  a n d  MH 0 0 1 6 2 .
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321. 5  CHANGES IN SMALL INTENSELY FLUORESCENT ( S I F )  CELL NUMBER 
AND TYROSINE HYDROXYLASE (TH ) ACTIVITY IN SYMPATHETIC 
GANGLIA OF F IS C H E R - 3 4 4  RATS AFTER ADRENALECTOMY.  S t e v e n  
W a l l e r   D e p t .  P h y s i o l .  & P h a r m a c o l . ,  U n i v .  o f  S o u t h  D a k o t a ,  
V e r m i l l i o n ,  SD 5 7 0 6 9 .  P a u l i  H e l e n *  a n d  S t a n l e y  I .   
R a p o p o r t  L a b  N e u r o s c i . ,  N a t ' l  I n s t .  A q i n q ,  B e t h e s d a .  MD 
2 1 2 0 5 .

P a r a g a n g l i o n i c  S I F  c e l l s  h a v e  b e e n  r e p o r t e d  t o  i n c r e a s e  
i n  n u m b e r  i n  a g e d  r a t s  ( A n a t .  R e c .  2 0 1 : 5 6 3 )  a n d  t h e i r  
s e c r e t i o n s  a r e  t h o u g h t  t o  c o n t r i b u t e  t o  t h e  e l e v a t e d  p l a s m a  
c a t e c h o l a m i n e  l e v e l s  n o t e d .

To d e t e r m i n e  t h e  e f f e c t s  o f  r e m o v i n g  t h e  m a j o r  s o u r c e  o f  
p l a s m a  c a t e c h o l a m i n e s  on  S I F  c e l l  n u m b e r  a n d  TH a c t i v i t y ,  
m a l e  r a t s  o f  f o u r  a g e s  ( 3 ,  1 2 ,  2 4 ,  a n d  3 0 - 3 4  mo) w e r e  
a d r e n a l e c t o m i z e d .  On e m o n t h  l a t e r ,  s y m p a t h e t i c  t i s s u e s  
w e r e  r e m o v e d  f o r  a n a l y s e s .  B o t h  a g i n g  a n d  a d r e n a l e c t o my 
w e r e  a s s o c i a t e d  w i t h  c h a n g e s  i n  S I F  c e l l  c o n t a i n i n g  t i s s u e s .  
F o r  e x a m p l e ,  i n  t h e  h y p o g a s t r i c  g a n g l i o n ,  b o t h  S I F  c e l l  
n u m b e r  a n d  TH a c t i v i t y  w e r e  s i g n i f i c a n t l y  g r e a t e r  i n  3 0 - 3 4  
mo o l d  r a t s  t h a n  i n  y o u n g e r  r a t s .  C o m p a r e d  t o  a g e - m a t c h e d  
s h a m - o p e r a t e d  a n i m a l s ,  a d r e n a l e c t o n y  i n  3 0 - 3 4  mo o l d  r a t s  
r e s u l t e d  i n  a  s i g n i f i c a n t  d e c r e a s e  i n  t h e  n u m b e r  o f  S I F  
c e l l s  a n d  i n c r e a s e  i n  TH a c t i v i t y .  T he r e d u c e d  n u m b e r  o f  
S I F  c e l l s  a f t e r  a d r e n a l e c t o r n y  s u g g e s t s  t h a t  S I F  c e l l s  may 
b e  d e p e n d e n t  o n  a  f a c t o r  s e c r e t e d  b y  t h e  a d r e n a l  g l a n d .  To 
d e t e r m i n e  i f  g l u c o c o r t i c o i d s  a r e  r e s p o n s i b l e ,  2 4  a n d  30  mo 
o l d  r a t s  w e r e  g i v e n  h y d r o c o r t i s o n e  ( 4 0  m g / k g ,  s . c . )  d a i l y  
f o r  t w o  w e e k s .  No s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  
b e t w e e n  h y d r o c o r t i s o n e -  a n d  v e h i c l e - t r e a t e d  r a t s .  S i m i l a r  
f i n d i n g s  w e r e  o b s e r v e d  i n  t h e  c e l i a c - m e s e n t e r i c  g a n g l i o n .

T h e  f i n d i n g s  o f  i n c r e a s e d  TH a c t i v i t y  a n d  S I F  c e l l  
n u m b e r  w i t h  a g e  a n d  i n c r e a s e d  TH a c t i v i t y  a f t e r  a d r e n a l e c 
t o my  w o u l d  b e  c o n s i s t e n t  w i t h  a  c o n t r i b u t i o n  o f  S I F  c e l l s  
t o  p l a s m a  c a t e c h o l a m i n e s .  T h e  n u m b e r  o f  S I F  c e l l s  w a s  r e 
d u c e d  a f t e r  a d r e n a l e c t o n y  i n  a g e d  r a t s ,  s u g g e s t i n g  a  r e l a 
t i o n s h i p  b e t w e e n  S I F  c e l l s  a n d  t h e  a d r e n a l  g l a n d .  T h i s  
r e l a t i o n s h i p  d o e s  n o t  a p p e a r  t o  b e  m e d i a t e d  b y  g l u c o c o r t i 
c o i d s  a s  c h r o n i c  a d m i n i s t r a t i o n  o f  h y d r o c o r t i s o n e  d i d  n o t  
a l t e r  S I F  c e l l  n u m b e r .

3 2 1 .6  SPINAL INJURY AND SYMPATHETIC ACTIVATION.  R.Wt H a m il l .   
M onroe Com munity H o s p i t a l / U n i v e r s i t y  o f  R o c h e s te r  M e d ic a l  
C e n te r ,  R o c h e s te r  NY 14603

P r e v io u s  i n v e s t i g a t i o n s  i n d i c a t e  t h a t  s p i n a l  i n j u r y  
r e s u l t s  i n  t r a n s s y n a p t i c  a c t i v a t i o n  o f  p e r i p h e r a l  n o r 
a d r e n e r g ic  n e u ro n s  i n  a d u l t  S p ra g u e -D aw le y  r a t s :  t y r o s i n e   
h y d r o x y la s e  (T-OH) a c t i v i t y ,  t h e  r a t e  l i m i t i n g  enzym e i n  
c a te c h o la m in e  b i o s y n t h e s i s  an d  a  m a rk e r  o f  t h e  b io c h e m ic a l  
a d a p t a b i l i t y  o f  s y m p a th e t ic  n e u r o n s ,  i n  t h e  s u p e r i o r  c e r v i 
c a l  g a n g l i a  (SCG) i s  i n c r e a s e d  200% o f  c o n t r o l  w i t h in  96 
h r s  o f  m id t h o r a c i c  s p i n a l  i n j u r y  and  t h i s  e f f e c t  i s  b lo c k e d  
by p r e g a n g l io n i c  n e u re c to m y . The p r e s e n t  s t u d i e s  e x am in e  
t h e  tim e  c o u r s e  o f  t h e s e  e f f e c t s  and  w h e th e r  v a r i o u s  com
p o n e n ts  o f  t h e  s y m p a th o a d re n a l  a x i s  r e s p o n d  s i m i l a r l y  t o  
s p i n a l  i n j u r y .  I n  o r d e r  t o  ex am in e  th e  t im e  c o u r s e ,  
a d u l t  r a t s  r e c e i v e d  s p i n a l  t r a n s e c t i o n  an d  SCG T-OH a c t i 
v i t y  e x am in ed  a t  2 4 ,  4 8 ,  7 2 , an d  96 h r s  and  1 ,  2 ,  4 ,  8 , and  12 
w eeks l a t e r .  Enzyme a c t i v i t y  w as u n c h a n g ed  24 h r s ,  s i g n i 
f i c a n t l y  i n c r e a s e d  (p  < 0 .0 5 )  b y  48  h r s ,  p e a k e d  a t  210% 
o f  c o n t r o l  by  96 h r s ,  and r e m a in e d  e l e v a t e d  (150-190%  o f  
c o n t r o l )  f o r  2 m o n th s  b e f o r e  r e t u r n i n g  to  c o n t r o l  l e v e l s  
a t  3 m o n th s . To d e te r m in e  w h e th e r  o t h e r  s y m p a th e t ic  
g a n g l i a  i n n e r v a t e d  by s p i n a l  se g m e n ts  r o s t r a l  t o  t h e  l e s i o n  
a r e  a f f e c t e d  s i m i l a r l y ,  t h e  s t e l l a t e  g a n g l i a  (SG) was 
ex am in ed  a t  i d e n t i c a l  t im e  p o i n t s .  The i n i t i a l  p r o f i l e  o f  
SG enzym e a c t i v i t y  o v e r la p p e d  t h a t  o b s e rv e d  f o r  t h e  SCG: 
no  c h a n g e  a t  24 h r s ,  a  s i g n i f i c a n t  i n c r e a s e  a t  48 h r s ,  an d  
p eak  a c t i v i t y  a t  96 h r s .  H ow ever, t h e  lo n g  te rm  p r o f i l e  
d i f f e r e d :  SG T-OH a c t i v i t y  was s i g n i f i c a n t l y  i n c r e a s e d
(142% on  c o n t r o l ;  p < 0 .0 2 )  a s  lo n g  a s  5 m o n th s  a f t e r  
p a r a p l e g i a ,  t h e  l o n g e s t  t im e  e x a m in e d . The s p e c t r a  o f  
s y m p a th e tic  r e s p o n s e s  w e re  a d d re s s e d  by  e x a m in in g  T-OH 
a c t i v i t y  (n m o le s / g a n g l i a )  i n  v a r i o u s  g a n g l i a  [SCG, SG, 
s i x t h  lu m b a r  ( L - 6 ) , and  h y p o g a s t r ic  g a n g l i a  (HG)] an d  t h e  
a d r e n a l  g la n d  (AG) 72 h r s  f o l l o w in g  s p i n a l  i n j u r y  ( T x ) :

SCG SG L -6 HG AG
C o n t r o l 4 .7  ± .5 9 6 .8  ± .7 2 1 .5  ± .5 1 6 .8  ± .8 6 8 8 .6  ± 6 .6
Tx 8 .1  ± .81* 1 2 .3  ± .9 9 * 1 . 9 ± .1 9 7 .9  ± .8 6 168 ± 7 .2 *

( * d i f f e r s  fro m  c o n t r o l  a t  p < 0 .0 0 5 )
T h ese  s t u d i e s  i n d i c a t e  t h a t  p r o fo u n d  an d  p r o lo n g e d  b io c h e m i
c a l  a c t i v a t i o n  o f  p e r i p h e r a l  s y m p a th e t ic  n e u ro n s  o c c u r  i n  
a c u te  p a r a p l e g i a  and  t h i s  e f f e c t  i s  r e s t r i c t e d  t o  g a n g l i a  
i n n e r v a te d  by  s p i n a l  s e g m e n ts  r o s t r a l  t o  t h e  l e s i o n  an d  th e  
a d r e n a l  m e d u l la .  Such  a l t e r a t i o n s  may c o n t r i b u t e  t o  t h e  
a u to n o m ic  d y s f u n c t io n s  w h ic h  o c c u r  i n  s p i n a l  i n j u r y .

321.7  DECREASED CARDIAC B-ADRENERGIC RECEPTOR NUMBER IN THE
ABSENCE OF CARDIAC HYPERTROPHY IN ZUCKER RATS.  S . Bass* 
and S. R i t t e r  (SPON: G. H eg reb e rg ).  C o lleg e  o f  V e te r in a ry  
M ed ic in e , W ashington S ta t e  U n iv e r s i ty ,  P u llm an , WA 
99164-6520.

R e c e n tly  we re p o r te d  t h a t  g e n e t ic a l ly  obese  fem ale 
Zucker r a t s  have reduced  c a rd ia c  B r e c e p to r  c o n c e n tra t io n s  
and h y p e r t ro p h ic  h e a r t s  compared to  le a n  l i t t e r m a t e s .  To 
a s s e s s  th e  r e l a t i o n s h i p  betw een th e  c a rd ia c  h y p e rtro p h y  
and th e  d ec re a se d  c a rd ia c  B re c e p to r  number in  th e s e  
a n im a ls , th e  r a t e  o f  w e ig h t g a in  and d eg ree  o f  c a rd ia c  
h y p e rtro p h y  was reduced  in  one group o f  obese  r a t s  by 
r e s t r i c t i n g  t h e i r  food in ta k e  betw een 3 and 9 mo o f  ag e . 
Obese and le a n  l i t t e r m a t e s  w ere g iv e n  f r e e  a c c e s s  to  food 
d u r in g  t h i s  tim e . At s a c r i f i c e ,  body w e ig h ts  w ere 430 ± 
6 . 0g fo r  th e  c a l o r i c a l l y  r e s t r i c t e d  obese  r a t s  and 686  ± 
1 3 .3g and 264 ± 3 .9 g , r e s p e c t iv e ly ,  f o r  th e  obese  and le a n  
l i t t e r m a t e s .  C a lo r ic  r e s t r i c t i o n  p re v e n te d  c a rd ia c  
h y p e rtro p h y  in  th e  o b ese  r a t s .  H ea rt w e ig h ts  w ere 1 .097 ±  
0 .1 4 g , 0 .793  ± 0 .1 4 g  and 0 .761  ± 0 .0 2 g , r e s p e c t iv e ly ,  fo r  
th e  o b e se , th e  c a l o r i c a l l y  r e s t r i c t e d  o b e se , and th e  le a n  
r a t s .  C a rd iac  membranes w ere p re p a re d  from w hole h e a r t s  
m inus a t r i a  and f ib r o u s  r i n g s .  U sing 3H-d ih y d ro a l
p r e n o lo l  a s  th e  lig a n d  and p ro p ra n o lo l a s  th e  d i s p la c in g  
ag e n t in  a  s ta n d a rd  in  v i t r o  b in d in g  a s s a y , th e  d e n s i ty  o f  
c a rd ia c  B r e c e p to r s  and th e  a p p a re n t KD o f  th e  
r a d io l ig a n d  w ere d e te rm in ed  by s c a tc h a rd  a n a ly s i s .  As 
re p o r te d  p re v io u s ly ,  c a rd ia c  ß  r e c e p to r  c o n c e n tr a t io n  was 
reduced  in  th e  obese  Z u c k e rs , compared to  th e  le a n s  (46 .65  
± 2 .81  v s  55 .84  ± 3 .2 5  fm ole/m g p r o te in ,  r e s p e c t iv e ly  p < 
.0 5 ) .  C a lo r ic  r e s t r i c t i o n ,  r a t h e r  th a n  r e v e r s in g  th e  B 
r e c e p to r  d e f i c i t ,  f u r th e r  d e c re a se d  r e c e p to r  numbers 
(3 8 .6 4  ± 3 .4 3 , p < 0 .0 6  v s  ob ese  and p < .01 v s  l e a n s ) .
The a p p a re n t KD v a lu e s  f o r  b in d in g  d id  n o t d i f f e r  
betw een g roups (2 .7 5  ± .0 2 1 , 2 .2 7  ± 0 .3 2  and 2 .80  ± 0 .038  
nM). Our r e s u l t s  show th a t  d e c re a se d  c a rd ia c  B re c e p to r  
b in d in g  was n o t re v e r s e d  in  th e  obese  Z uckers by b lockade 
o f  th e  c a rd ia c  h y p e r tro p h y . T h e re fo re , th e  d e c re a se d  
c a rd ia c  B re c e p to r  number a p p a re n tly  i s  n o t a t t r i b u t a b l e  
t o  c a rd ia c  h y p e rtro p h y  in  th e s e  r a t s ,  b u t in s te a d  may 
r e f l e c t  a  p rim ary  d e f i c i t  in  p o s ts y n a p tic  sy m p a th e tic  
m echanism s.

S uppo rted  by PHS AM28087 to  S .R .

321. 8  EVIDENCE FOR A DI RECT NEURAL CONTROL OF ADIPOSE TISSUE 
LIPOPROTEIN LIPASE.  N. D. Courtney, T. Kellogg*, D. R.  
Reed* and S. C. Woods.  Department o f Psychology, Univ. of 
Washington, S e a t t le ,  WA 98195.

Adipose t is s u e  lip o p ro te in  lip a s e  (AT-LPL) p lays a c r i t i 
cal ro le  in  the  sto rage  o f t r ig ly c e r id e s  (TG) in  adipose 
t is s u e .  AT-LPL hydrolyzes TG from c irc u la tin g  lip o p ro te in s ,  
and the  re le a sed  free  f a t ty  acids a re  r e e s te r i f ie d  and 
s to red  as TG in s id e  ad ipocy tes. L i t t l e  i s  known o f the  
fa c to rs  th a t  co n tro l AT-LPL a c t iv i ty .  We have p rev io u sly  
found th a t  AT-LPL a c t iv i ty  o f r e tro p e r i to n e a l ,  epididymal 
or ovarian  f a t  pads i s  s ig n if ic a n t ly  decreased follow ing 
subdiaphragm atic vagotomy in  r a t s ,  suggesting  a p o ss ib le  
neura l co n tro l over AT-LPL a c t iv i ty .  However, a l l  o f the  
f a t  pads sampled were p o s te r io r  to  th e  diaphragm such th a t  
a d ir e c t  vs. an in d ir e c t  ( e .g . ,  a change in  a c irc u la tin g  
fa c to r) e f fe c t  o f vagotomy could no t be a sc e rta in e d . In 
o th e r s tu d ie s ,  a u to tra n s p lan ta tio n  (and th e re fo re  denerva
tio n ) o f these  same f a t  pads a lso  reduced AT-LPL. The 
p resen t experiments addressed the  question  o f d ir e c t  v s. in 
d ire c t  e f fe c ts  by examining a pad a n te r io r  to  th e  diaphragm 
which would presumably not be e ffe c te d  by our vagotomy p ro 
cedure. In Experiment 1, 30-day-old Long Evans r a t s  under
went subdiaphragm atic vagotomy w hile a co n tro l group was 
sham operated . Seven weeks l a t e r ,  in te rs c a p u la r  w hite a d i
pose t is s u e  (IS) was removed and processed fo r  AT-LPL. In 
Experiment 2, IS from one s id e  was au to tran sp lan ted  under 
the  ren a l capsule  o f s im ila r  r a t s .  A fte r 7 weeks, i t  was 
removed along w ith in ta c t  IS from th e  c o n tra la te r a l  s id e .  
No change o f IS AT-LPL was observed between vagotomized and 
non-vagotomized r a t s  in  Experimen t  1, c o n s is te n t w ith a lack 
o f removal o f d i r e c t  in n e rv a tio n . In  Experiment 2, AT-LPL 
a c t iv i ty  was s ig n if ic a n t ly  reduced in  tra n sp la n ted  IS t is s u e  
r e la t iv e  to  in ta c t  t is s u e  (406 ± 59 and 537 ± 53 nmoles FF/ 
min/g, M ± SEM, re s p e c t iv e ly ) , showing th a t  when IS i s  de
nerva ted , i t s  AT-LPL a c t iv i ty  d ecreases . Taken to g e th e r , 
th e  re s u l t s  in d ic a te  a d i r e c t  neu ra l co n tro l over AT-LPL.
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321.9  HYPERPROLACTINEMIA IN COCAINE ABUSE,  C.A. Dackis*, M.S. 
Gold, T.W. E s tro f f4*, D.R. Sweeney,  Research F a c i l i t i e s ,  
F a ir  Oaks H o sp ita l , Summit, N .J. 07901.

I t  i s  w ell e s ta b lis h e d  th a t  th e  s e c re tio n  of 
p r o la c t in  i s  under to n ic  in h ib ito ry  re g u la tio n  by 
dopamine (DA) (1 ) . S ince cocaine a c ts  upon dopamine 
neurons, we s tu d ied  plasma p ro la c t in  le v e ls  in  20 
consecu tive  p a t ie n ts  h o s p ita liz e d  fo r  cocaine abuse and 
lack ing  dependence on o th e r  substances. Each p a t ie n t  had 
p o s i t iv e  serum cocaine le v e ls  and none were tak ing  
in d ic a tio n s .  Of th e  20 p a t ie n ts  (ages 19-34) th e re  were 
15 males and 5 fem ales. Plasma p ro la c tin  le v e ls  were 
drawn a t  8 a.m. w ith in  72 hours o f adm ission and 
determ ined in  d u p lic a te  by radioimmunoassay.

Using th e  e s ta b lis h e d  normal range (10-20 ng/m l) 
c u to ff  of 20 ng/ml to  d e fin e  th e  upper l im it  of norm al, 
we found th a t  15 o f 20 p a t ie n ts  had e lev a ted  p ro la c tin  
le v e ls .  The mean and standard  d e v ia tio n  of th i s  
d i s t r ib u t io n  was 35.5 ± 24.7 ng/m l. Our f in d in g  of 
e lev a ted  p ro la c t in  in  cocaine p a t ie n ts  i s  c o n s is te n t w ith  
an in h ib i t io n  o f DA neurons and subsequent re le a se  from 
to n ic  DA in h ib i t io n  of plasma p ro la c tin  in  chron ic  
cocaine abuse. Although cocaine appears to  a cu te ly  
a c t iv a te  DA neu ro transm ission  by b locking DA reuptake and 
perhaps re le a s in g  DA, chron ic  cocaine exposure reduces 
b ra in  DA co n cen tra tio n s  (2) and inc rea se s  p o stsy n ap tic  DA 
re c ep to r d e n sity  (3 ) ,  which would be c o n s is te n t w ith  DA 
in h ib i t io n .  P ro la c tin  e le v a tio n s  may a lso  r e s u l t  from 
cocaine-induced se ro to n erg ic  d is ru p tio n s . Given the  
dram atic  e le v a tio n  of p ro la c t in  in  chron ic  cocaine abuse, 
th i s  measure may prove u se fu l in  understanding th e  na tu re  
o f cocaine-induced neuroendocrine and n e u ro tran sm itte r 
d is ru p tio n s .  The d u ra tio n  of hyperpro lactinem ia a f te r  
th e  cessa t io n  o f cocaine abuse may correspond w ith  
"p sycho log ica l"  w ithdraw al s ta t e s  a sso c ia ted  w ith  the  
abrup t d isco n tin u a tio n  o f coca ine .

1. MacLeod, R.M., F ro n tie r  in  Neuroendocrinology, Raven  
P re s s , 4:169-194, 1976

2 T ay lor, D. ,  e t  a l  J  N eurosci Res 3:95-101, 1977 
3. B u rt, D .R .,e t a l  Science 196:326-328, 1977

3 2 1.10  ELECTRICAL STIMULATION INCREASES THE PHOSPHORYLATION OF TY
ROSINE HYDROXYLASE I N  THE SUPERIOR CERVICAL GANGLION.  An ne 
L . C a h i l l *  a n d  R o b e r t  L . P e r l m a n   Dept. o f  P h y s i o l ,  a n d  
B i o p h y s . ,  U o f  I l l . C o l l . o f  M e d . ,  C h i c a g o ,  I L  6 0 6 8 0

D e p o l a r i z i n g  a g e n t s ,  n i c o t i n i c  a n d  m u s c a r i n i c  a g o n i s t s ,  
a n d  a g e n t s  t h a t  r a i s e  c y c l i c  AMP l e v e l s  a l l  a c t i v a t e  t y r o 
s i n e  h y d r o x y l a s e  (TH) a n d  i n c r e a s e  t h e  p h o s p h o r y l a t i o n  o f  
t h i s  e n z y m e  i n  t h e  s u p e r i o r  c e r v i c a l  g a n g l i o n  (SCG) o f  t h e  
r a t .  B e c a u s e  p r e g a n g l i o n i c  s t i m u l a t i o n  a l s o  i n c r e a s e s  TH 
a c t i v i t y  w e h a v e  now i n v e s t i g a t e d  t h e  e f f e c t s  o f  p r e g a n 
g l i o n i c  n e r v e  s t i m u l a t i o n  o n  t h e  p h o s p h o r y l a t i o n  o f  TH 
i n  t h e  SCG. G a n g l i a  w e r e  p r e i n c u b a t e d  f o r  9 0  m i n  i n  m e d i u m  
c o n t a i n i n g  3 2 Pi  a n d  t h e n  t h e  p r e g a n g l i o n i c  n e r v e  w a s  
e l e c t r i c a l l y  s t i m u l a t e d .  TH w a s  i s o l a t e d  f r o m  h o m o g e n a t e s  
o f  t h e  g a n g l i o n  by i m m u n o p r e c i p i t a t i o n  f o l l o w e d  b y  SDS g e l  
e l e c t r o p h o r e s i s .  3 2 p - th  w a s  v i s u a l i z e d  b y  r a d i o a u t o 
g r a p h y  a n d  t h e  i n c o r p o r a t i o n  o f  3 2 P i n t o  t h e  e n z y m e  w a s  
qua n t i t a t e d  b y  d e n s i t o m e t r y .  S t i m u l a t i o n  o f  t h e  g a n g l i a  a t  
2 0  Hz f o r  5  m i n  i n c r e a s e d  t h e  i n c o r p o r a t i o n  o f  3 2 P i n t o  
TH t o  a  l e v e l  5 t i m e s  g r e a t e r  t h a n  t h a t  f o u n d  i n  u n s t i m u 
l a t e d ,  c o n t r o l  g a n g l i a .  The m a g n i t u d e  o f  t h e  i n c r e a s e  i n  
TH p h o s p h o r y l a t i o n  d e p e n d e d  u p o n  t h e  f r e q u e n c y  o f  s t i m u 
l a t i o n .  W i t h  2 0  Hz s t i m u l a t i o n ,  t h e  i n c o r p o r a t i o n  o f  3 2 P 
i n t o  TH was n e a r  m a x i m a l  w i t h i n  3 0  s  a n d  r e m a i n e d  a p p r o x i 
m a t e l y  c o n s t a n t  f o r  up t o  10 m i n  o f  c o n t i n u o u s  s t i m u l a 
t i o n .  The i n c r e a s e  i n  3 2 P i n c o r p o r a t i o n  w a s  r e v e r s i b l e ;  
w i t h i n  3 0  m i n  a f t e r  c e s s a t i o n  o f  s t i m u l a t i o n ,  t h e  r a d i o a c t i 
v i t y  i n c o r p o r a t e d  i n t o  TH d e c r e a s e d  t o  t h e  l e v e l  f o u n d  i n  
u n s t i m u l a t e d  g a n g l i a .  The r e v e r s i b i l i t y  o f  3 2 P i n c o r p o 
r a t i o n  i n d i c a t e s  t h a t  s t i m u l a t i o n  a c t u a l l y  i n c r e a s e d  t h e  
p h o s p h a t e  c o n t e n t  o f  TH a n d  d i d  n o t  m e r e l y  i n c r e a s e  t h e  
t u r n o v e r  o r  t h e  s p e c i f i c  a c t i v i t y  o f  e n z y m e - b o u n d  p h o s 
p h a t e .  The n i c o t i n i c  a n t a g o n i s t  h e x a m e t h o n i u m  i n h i b i t e d  
t h e  i n c r e a s e  i n  3 2 P i n c o r p o r a t i o n  by a b o u t  50 %, w h i l e  t h e  
m u s c a r i n i c  a n t a g o n i s t  a t r o p i n e  h a d  n o  e f f e c t .  T h u s ,  p r e g a n 
g l i o n i c  s t i m u l a t i o n  a p p e a r e d  t o  i n c r e a s e  p h o s p h o r y l a t i o n  o f  
TH i n  p a r t  b y  a  n i c o t i n i c  m e c h a n i s m  a n d  i n  p a r t  b y  a  n o n -  
c h o l i n e r g i c  m e c h a n i s m .  We h a v e  a l s o  s t u d i e d  t h e  p h o s p h o r y 
l a t i o n  o f  TH i n  h o m o g e n a t e s  o f  t h e  SCG. T h e  g a n g l i o n  
c o n t a i n s  c y c l i c  AMP - d e p e n d e n t ,  C a 2 + / c a l m o d u l i n - d e p e n d e n t ,  
a n d  Ca2 + / p h o s p h o l i p i d - d e p e n d e n t  p r o t e i n  k i n a s e  a c t i v i t i e s .

TH c a n  b e  p h o s p h o r y l a t e d  b y  b o t h  t h e  c y c l i c  AMP- d e p e n d e n t  
a n d  t h e  Ca2 + / c a l m o d u l i n - d e p e n d e n t  p r o t e i n  k i n a s e s .  T h e s e  
k i n a s e s  m ay p a r t i c i p a t e  i n  t h e  p h o s p h o r y l a t i o n  o f  TH i n  
r e s p o n s e  t o  p r e g a n g l i o n i c  s t i m u l a t i o n .  ( T h i s  r e s e a r c h  wa s  
s u p p o r t e d  i n  p a r t  b y  g r a n t  H L 2 9 0 2 5  f r o m  NIH a n d  by  t h e  E a r l  
M. B a n e  C h a r i t a b l e  T r u s t ) .

CYCLIC NUCLEOTIDES II

3 2 2 .1   P A R T IA L L Y  P U R IF IE D  S T R IA T A L  ADENYLATE CYCLASE COMPONENTS 
R E T A IN  FUNCTIO N A L IN T E R A C T IO N S .  R . E .  G r o s s * ,  J . Y .  L e w * ,  
M. G o l d s t e i n  a n d  M .H . M a k m a n *  ( S P ON : I . D .  H I r s c h h o r n ) .  D e p t s .  
o f  B i o c h e m i s t r y  a n d  M o l e c u l a r  P h a r m a c o l o g y ,  A l b e r t  E i n s t e i n  
C o l l e g e  o f  M e d i c i n e ,  B r o n x ,  NY, N e u r o c h e m i s t r y  L a b o r a t o r i e s ,  
N ew  Y o r k  U n i v e r s i t y  M e d i c a l  C e n t e r ,  N ew  Y o r k ,  NY.

T h e  s o l u b i l i z a t i o n  a n d  i n i t i a l  c h a r a c t e r i z a t i o n  o f  r a t  
S t r i a t a l  d o p a m i n e  (D A ) b i n d i n g  s i t e s  h a s  r e c e n t l y  b e e n  r e 
p o r t e d  ( J . Y .  L e w , M . G o l d s t e i n ,  J .  N e u r o c h e m . , 4 2 ( 5 ) ,  1 9 8 4 ) .  
R e g u l a t i o n  o f  t h e  b i n d i n g  o f  a g o n i s t s  t o  t h e s e  s i t e s  b y  
g u a n i n e  n u c l e o t i d e s  w a s  r e t a i n e d  i n  a  l e c t i n  c o l u m n  e l u a t e ,  
s u g g e s t i n g  t h a t  a d d i t i o n a l  c o m p o n e n t s  o f  t h e  a d e n y l a t e  c y c 
l a s e  (A C ) c o m p l e x  a r e  a l s o  p r e s e n t .  T h e s e  p r o t e i n s  a p 
p e a r e d  t o  e x i s t  i n  a n  a g g r e g a t e  o r  m i c e l l e  f o r m .  I n  t h i s  
s t u d y  w e  i n v e s t i g a t e d  t h e  i n t e r a c t i o n  o f  AC c o m p o n e n t s  i n  
t h i s  p r e p a r a t i o n .

R a t  s t r i a t a l  h o m o g e n a t e s  w e r e  s o l u b i l i z e d  w i t h  3 - [ ( 3 -
c h o l a m i d o p r o p y 1 ) d i m e t h y l a m m o n i o ] - 2 - h y d  r o x y - 1 - p  r o p a n e s u 1 f o n a te  
(C H A P S O) .  A f t e r  c e n t r i f u g a t i o n  a t  1 0 0 , 0 0 0 g ,  t h e  s u p e r n a t a n t  

w a s  a p p l i e d  t o  a  w h e a t  g e r m  a g g l u t i n i n - a g a r o s e  (WGA) c o l u m n ,  
a n d  e l u t e d  w i t h  N - a c e t y l  g l u c o s a m i n e .  AC a c t i v i t y  w a s . a s 
s a y e d  u s i n g  a  cAMP c o m p e t i t i v e  b i n d i n g  a s s a y .

Mn+ +  a n d  f o r s k o l i n  p o t e n t l y  s t i m u l a t e d  AC a c t i v i t y  i n  t h e  
p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  
t h e  c a t a l y t i c  c o m p o n e n t .  P r e i n c u b a t i o n  w i t h  A l 3 + , M g2+ , a n d  
F -  (A M F) s t i m u l a t e d  a c t i v i t y  u p  t o  s e v e n - f o l d ,  a n d  c h o l e r a  
t o x i n  w a s  s o m e w h a t  l e s s  e f f e c t i v e .  I t  t h u s  a p p e a r s  t h a t  
t h e  s t i m u l a t o r y  c o m p o n e n t  o f  AC (N s )  i s  p r e s e n t  a n d  i n t e r 
a c t s  w i t h  t h e  c a t a l y t i c  c o m p o n e n t .

M n2 + , f o r s k o l i n ,  AM F, a n d  c h o l e r a  t o x i n - s t i m u l a t e d  AC 
a c t i v i t y  w e r e  i n h i b i t e d  b y  DA f r o m  1 - 3 0 µ M. A M F - s t i m u l a t i o n  
w a s  i n h i b i t e d  b y  DA a n d  1 - e p i n e p h r i n e  a p p r o x i m a t e l y  e q u i
p o t e n t l y ,  a n d  t h i s  w a s  c o m p l e t e l y  b l o c k e d  b y  s p i r o p e r i d o l  
o r  y o h i m b i n e .  A l t h o u g h  i t  i s  n o t  y e t  c l e a r  w h e t h e r  i n h i b 
i t i o n  i s  m e d i a t e d  t h r o u g h  DA o r  α 2  r e c e p t o r s  o r  b o t h ,  i t  i s  
a p p a r e n t  t h a t  b l o c k a b l e  r e c e p t o r - m e d i a t e d  i n h i b i t i o n  o f  AC 
a c t i v i t y  i s  p r e s e n t  i n  t h i s  p r e p a r a t i o n .  T h i s  s u g g e s t s  t h e  
r e t e n t i o n  o f  t h e  i n h i b i t o r y  c o m p o n e n t  (N i )  i n  t h e  WGA c o l u m n  

e l u a t e .
O u r  r e s u l t s  s u p p o r t  t h e  p r e s e n c e  a n d  f u n c t i o n a l  i n t e r 

a c t i o n s  o f  r e c e p t o r  s i t e s ,  Ns , N i , a n d  t h e  c a t a l y t i c  c o m p o 
n e n t  i n  t h e  WGA c o l u m n  e l u a t e  o f  a  C H APSO e x t r a c t e d  s t r i a t a l  
h o m o g e n a t e .  W h e t h e r  t h i s  i s  a  s p e c i a l  p r o p e r t y  o f  t h e  
z w i t t e r i o n i c  d e t e r g e n t  h a s  n o t  y e t  b e e n  d e t e r m i n e d .
( S u p p o r t e d  b y  U SPH S g r a n t s  N - 0 9 6 4 9 ,  T 3 2  G M 7 2 8 8 , NIMH 0 2 7 1 7 ) .

3 2 2 .2   PURIFICATION AND PROPERTIES OF THE &  SUBUNIT OF THE  
GUANINE NUCLEOTIDE BINDING PROTEINS OF ADENYLATE CYCLASE 
FROM BOVINE BRAIN.  R .M . H u f f *  a n d  E . J .  N e e r ,   D e p t . o f  
M e d . ,  B r i g h a m  a n d  W o m e n ' s  H o s p . ,  H a r v a r d  M ed .  S c h . ,   
B o s t o n ,  MA 0 2 1 1 5

Th e s t i m u l a t o r y  ( N s ) an d  i n h i b i t o r y  ( N i ) g u a n i n e  n u c l 
e o t i d e  b i n d i n g  p r o t e i n s  o f  a d e n y l a t e  c y c l a s e  p u r i f i e d  
f r o m  s e v e r a l  t i s s u e s  c o n s i s t  o f  h e t e r o d i m e r s  o f  αa n d  β 
s u b u n i t s .  T he  3 5 , 0 0 0 - 3 6 , 0 0 0  d a l t o n  β  s u b u n i t s  f r o m  Ns  
a n d  Ni a r e  u n c t i o n a l l y  a n d  s t r u c t u r a l l y  i n d i s t i n g u i s h 
a b l e .  We h a v e  p u r i f i e d  a  3 6 , 0 0 0  d a l t o n  ( 3 6 K )  p r o t e i n  
f r o m  b o v i n e  b r a i n  m e m b r a n e s  w h i c h  i n t e r a c t s  w i t h  t h e  α  
s u b u n i t  o f  Ni .

The 36K p r o t e i n  w a s  s o l u b i l i z e d  f r o m  m e m b r a n e s  i n  1% 
L u b r o l - P X  a n d  p u r i f i e d  b y  a  s e r i e s  o f  c h r o m a t o g r a p h i c  
s t e p s  c a r r i e d  o u t  i n  b u f f e r  c o n t a i n i n g  0 . 1 %  L u b r o l - P X  
a n d  1 uM GppNHp. Th e s o l u b i l i z e d  p r o t e i n s  w e r e  p a s s e d  
o v e r  D E A E - S e p h a c e l  a n d  t h e  p e a k  o f  Ns  a c t i v i t y  ( m e a s u r e d  
b y  r e c o n s t i t u t i o n  w i t h  r e s o l v e d  b r a i n  c a t a l y t i c  u n i t )  
w a s  a p p l i e d  t o  S e p h a r o s e  6B .  T he  NS p e a k  w a s  a p p l i e d  t o  
a n o t h e r  D E A E - S e p h a c e l  c o l u m n  r e s u l t i n g  i n  a  s e p a r a t i o n  
o f  t h e  36K p r o t e i n  f r o m  Ns a c t i v i t y .  T h e  36K p r o t e i n  
w a s  f u r t h e r  p u r i f i e d  b y  a n o t h e r  D E A E - S e p h a c e l  c o l u m n  an d  
g e l  f i l t r a t i o n  o v e r  AcA 4 4  U l t r o g e l .  T h e  p u r i f i e d  p r o 
t e i n  a p p e a r s  e i t h e r  a s  a  s i n g l e  b a n d  o r  a  d o u b l e t  on  SDS 
p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  T h e  36K p r o t e i n  h a s  
a  S t o k e s  r a d i u s  o f  35 A d e t e r m i n e d  b y  g e l  f i l t r a t i o n  on 
c a l i b r a t e d  AcA 4 4  Ul t r o g e l  c o l u m n .  U l t r a c e n t r i f u g a t i o n  
i n  s u c r o s e  d e n s i t y  g r a d i e n t s  p r e p a r e d  i n  H2 O a n d  D2O 
s h o w s  t h a t  t h e  p r o t e i n  h a s  a  S 2O , w v a l u e  o f  3 . 2  S a n d  a  
p a r t i a l  s p e c i f i c  v o l u m e  ( V) o f  0 8 5  c m3/ g m  i n  0 . 1 %  
L u b r o l - P X  i n d i c a t i n g  t h a t  1 . 0  gm o f  d e t e r g e n t  i s  b o u n d  
p e r  gm o f  p r o t e i n .  Th e h i g h  v a l u e  f o r  v i n d i c a t e s  t h a t  
t h e  36K p r o t e i n  i s  v e r y  h y d r o p h o b i c .  T h e  m o l e c u l a r  
w e i g h t  o f  p r o t e i n  an d  d e t e r g e n t  i s  8 3 , 0 0 0  a n d  t h a t  o f  
p r o t e i n  a l o n e  i s  4 1 , 0 0 0 .

T h i s  l a b o r a t o r y  h a s  sh o w n  t h a t  t h e  β  s u b u n i t  o f  Ni 
e n h a n c e s  t h e  ADP r i b o s y l a t i o n  o f  t h e  α  s u b u n i t  o f  Ni by  
I s l e t  A c t i v a t i n g  P r o t e i n  ( I A P )  o f  B o r d e t e l l a  p e r t u s s i s .  
T h e  p u r i f i e d  36K p r o t e i n  a l s o  i n c r e a s e s  IAP d e p e n d e n t  
ADP r i b o s y l a t i o n  o f  t h e  α  s u b u n i t  o f  Ni i n  a  d o s e  d e p e n 
d e n t  m a n n e r  w i t h  a  m a x i m a l  i n c r e a s e  o c c u r r i n g  a t  a p p r o x i 
m a t e l y  e q u a l  a m o u n t s  o f  t h e  t w o  p o l y p e p t i d e s .  U n d e r  
t h e s e  c o n d i t i o n s  t h e  ADP r i b o s y l a t e d  α  s u b u n i t  a n d  p u t a 
t i v e  β  s u b u n i t  a p p e a r  t o  s e d i m e n t  a s  a  h e t e r o d i m e r .   
(ACS G r a n t  3 8 0 A ,  a n d  NIH G r a n t s  AM 1 9 2 0 7 7  a n d  AM 0 7 3 3 7 )



522.3  A MONOCLONAL ANTIBODY TO A MEMBRANE COMPONENT THAT INTERACTS 
WITH BETA-ADRENERGIC RECEPTOR S I T E .   D. M. C h u a n q *  (SPON: 
L .  d e M e d i n a c e l i ) .   L a b .  P r e c l i n .  P h a r m a c o l . ,  NIMH, S t .  
E l i z a b e t h s  H o s p . ,  W a s h i n g t o n ,  D . C .  2 0 0 3 2 .

A l t h o u g h  b e t a - a d r e n e r g i c  r e c e p t o r  (BAR) h a s  b e e n  h i g h l y  
p u r i f i e d  f r o m  m a n y  s o u r c e s ,  i t s  i n t e r a c t i o n  w i t h  v a r i o u s  mem
b r a n e  c o m p o n e n t s  t o  e x p r e s s  i t s  f u n c t i o n  i s  f a r  f r o m  c l e a r .  
I n  a n  a t t e m p t  t o  g e t  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e s e  i n t e r 
a c t i o n s ,  m o n o c l o n a l  a n t i b o d i e s  h a v e  b e e n  r a i s e d  u s i n g  a  c r u d e  
p r e p a r a t i o n  o f  BAR a s  t h e  a n t i g e n .  BAR i s  s o l u b i l i z e d  w i t h  
d i g i t o n i n  f r o m  p u r i f i e d  p l a s m a  m e m b r a n e s  o f  b u l l  f r o g  
e r y t h r o c y t e s  a n d  t h e n  i n j e c t e d  i n t o  b a l b / c  m i c e .  S p l e e n  
c e l l s  f r o m  i m m u n i z e d  m i c e  a r e  f u r t h e r  i m m u n i z e d  i n  v i t r o  w i t h  
t h e  BAR p r e p a r a t i o n  b e f o r e  t h e y  a r e  f u s e d  w i t h  m y e l o m a  P3  x 6 3  
Ag8 x 6 5 3 .  S c r e e n i n g  f o r  a n t i b o d y  p r o d u c t i o n  i s  m a d e  u s i n g  
ELISA a n d  i m m u n o p r e c i p i t a t i o n  o f  t h e  BAR l a b e l e d  w i t h  1 2 5 I -  
i o d o h y d r o x y b e n z y l p i n d o l o l  ( I H Y P ) .  F o l l o w i n g  r e p e a t e d  
l i m i t i n g  d i l u t i o n  o f  t h e  p o s i t i v e  h y b r i d o m a  c u l t u r e s ,  m o n o 
c l o n a l  a n t i b o d i e s  a r e  m a s s i v e l y  p r o d u c e d  b y  a s c i t i c  f l u i d  o f  
m o n o c l o n a l  c u l t u r e s .

One o f  t h e  m o n o c l o n a l  a n t i b o d i e s ,  t e r m e d  DAF, h a s  b e e n  
e x t e n s i v e l y  c h a r a c t e r i z e d .  DAF ( w i t h  a  c h a i n  c o m p o s i t i o n  o f  
I g g 1K) c a n  i m m u n o p r e c i p i t a t e  BAR-IHYP c o m p l e x  i n  t h e  c r u d e  
p r e p a r a t i o n s  o f  f r o g  e r y t h r o c y t e s ,  f r o g  h e a r t  a n d  C6 g l i o m a  
c e l l s  b u t  f a i l s  t o  i m m u n o p r e c i p i t a t e  IHYP c o m p l e x e d  t o  i n t e r 
n a l i z e d  BAR ( w h i c h  i s  p r e s e n t  i n  t h e  3 0 , 0 0 0  x g s u p e r n a t a n t  
d e r i v e d  f r o m  f r o g  e r y t h r o c y t e s  e x p o s e d  t o  i s o p r o t e r e n o l  f o r  2 
h r s ) .  When s o l u b i l i z e d  f r o g  BAR i s  f r a c t i o n a t e d  b y  a  
S e p h a d e x  G - 1 5 0  c o l u m n ,  t w o  BAR a c t i v i t y  p e a k s  a r e  d e t e c t e d ;  
o n l y  t h e  p e a k  w i t h  a  h i g h e r  m o l e c u l a r  w e i g h t  c a n  b e  i m m u n o - 
p r e c i p i t a t e d .  DAF a f f e c t s  n e i t h e r  t h e  s p e c i f i c  b i n d i n g  o f  

125I - I H Y P  o r  3 H - d i h y d r o a l p r e n o l o l  t o  BAR, n o r  t h e  a c c u m u l a 
t i o n  o f  c y c l i c  AMP i n  i n t a c t  e r y t h r o c y t e s  i n d u c e d  b y  i s o p r o 
t e r e n o l .  H o w e v e r ,  u s i n g  p u r i f i e d  p l a s m a  m e m b r a n e s  o f  f r o g  
e r y t h r o c y t e s ,  DAF h a s  b i p h a s i c  e f f e c t s  on  t h e  i s o p r o t e r e n o l -  
s e n s i t i v e  a d e n y l a t e  c y c l a s e  a c t i v i t y .  A t  l o w  c o n c e n t r a t i o n s  
o f  DAF, i s o p r o t e r e n o l - s e n s i t i v e  a d e n y l a t e  c y c l a s e  i s  a c t i 
v a t e d ,  w h e r e a s  t h e  a c t i v i t y  i s  i n h i b i t e d  b y  h i g h  c o n c e n t r a 
t i o n s  o f  t h e  i m m u n o g l o b u l i n .  I m m u n o b l o t t i n g  o f  t h e  i s o e l e c 
t r o f o c u s i n g  g e l  i n d i c a t e s  t h a t  DAF i s  b o u n d  t o  a  c o m p o n e n t  i n  
t h e  a n t i g e n  w i t h  a  p I = 6 . 2 .  D i r e c t  i n m p i o p r e c i p i t a t i o n  o f  
t o t a l  e r y t h r o c y t e  p r o t e i n s  l a b e l e d  w i t h  1 2 5 I  r e v e a l s  t h a t  t h e  
i m m u n o g l o b u l i n  p r e c i p i t a t e s  a  m a j o r  p r o t e i n  w i t h  a  M. W t .  o f  
r o u g h l y  4 3 , 0 0 0  d a l t o n s .  T a k e n  t o g e t h e r  t h e s e  r e s u l t s  s u g g e s t  
t h a t  m o n o c l o n a l  a n t i b o d y  DAF i s  a g a i n s t  a  m e m b r a n e  c o m p o n e n t  
t h a t  i n t e r a c t s  w i t h  BAR a n d  m ay  b e  e s s e n t i a l  f o r  BAR t o  
e x p r e s s  i t s  f u n c t i o n .
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3 2 2 .4  DIFFERENTIAL BLOCKADE OF GTP-DEPENDENT EFFECTS ON THE CHICK 
CARDIAC MUSCARINIC RECEPTOR-ADENYLATE CYCLASE SYSTEM BY I N 
VIVO PERTUSSIS TOXIN TREATMENTS.  K . K .  McMahon*1 , R . D .  
G r e e n * 2 .  M.M. H o s e v * 1 (SPON: C .M .  C o m b s ) .   1C h i c a g o  M ed .  
S c h . ,  N.  C h i c a g o ,  IL 6 0 0 6 4 ;  2 U n i v .  o f  i l  S c h .  o f  M e d . ,  
C h i c a g o ,  IL 6 0 6 8 0 .

P e r t u s s i s  t o x i n  ( 0 . 0 3  t o  1 µ g / 4 0  g c h i c k )  w a s  i n j e c t e d  
i n t o  n e w b o r n  c h i c k s  a n d  t h e  a n i m a l s  w e r e  s a c r i f i c e d  4 8  h r s  
l a t e r .  C a r d i a c  m e m b r a n e  p r e p a r a t i o n s  f r o m  c o n t r o l  a n d  p e r 
t u s s i s  t o x i n  t r e a t e d  a n i m a l s  (P TA ) w e r e  u s e d  t o  s t u d y  t h e  
i n f l u e n c e  o f  t h e  t o x i n  on t h r e e  g u a n i n e  n u c l e o t i d e - d e p e n 
d e n t  e f f e c t s  o f  t h e  m u s c a r i n i c  r e c e p t o r / a d e n y l a t e  c y c l a s e  
a t t e n u a t i n g  s y s t e m .  I n  c o n t r o l  m e m b r a n e s ,  g u a n i n e  n u c l e o 
t i d e s  d e c r e a s e d  t h e  a p p a r e n t  a f f i n i t y  o f  t h e  m u s c a r i n i c  r e 
c e p t o r  f o r  t h e  a g o n i s t  o x o t r e m o r i n e .  T h e  I C 5 0 v a l u e s  w e r e  
0 . 1  µM a n d  0 . 7  µM i n  t h e  a b s e n c e  a n d  p r e s e n c e o f  1 0 0  µM 
G p p ( N H ) p ,  r e s p e c t i v e l y .  I n  m e m b r a n e s  f r o m  PTA t h e  I C 50 
v a l u e s  o b t a i n e d  i n  t h e  a b s e n c e  o f  G p p ( N H )p  i n c r e a s e d  w i t h  
t h e  c o n c e n t r a t i o n  o f  t o x i n  i n j e c t e d ,  a n d  t h e  G p p ( N H )p  i n 
d u c e d  i n c r e a s e  i n  I C 50 v a l u e s  w a s  c o n c o m i t t a n t l y  d i m i n i s h 
e d .  I n  m e m b r a n e s  f r o m  l µ g  p e r t u s s i s  t o x i n  t r e a t e d  a n i 
m a l s ,  t h e  I C 50 v a l u e s  w e r e  1 . 2  a n d  1 . 6  µM i n  t h e  a b s e n c e  
a n d  p r e s e n c e  o f  G p p ( N H ) p .  A s e c o n d  g u a n i n e  n u c l e o t i d e -  
d e p e n d e n t  e f f e c t  i n  t h i s  s y s t e m  w a s  on  b a s a l  a d e n y l a t e  
c y c l a s e  a c t i v i t y .  I n  c o n t r o l  m e m b r a n e s ,  GTP i n h i b i t e d  
b a s a l  a d e n y l a t e  c y c l a s e  a c t i v i t y  i n  a  d o s e  d e p e n d e n t  
m a n n e r .  Maximum i n h i b i t i o n  w a s  25% a t  10 µM GT P.  I n  PTA 
m e m b r a n e s ,  t h i s  i n h i b i t i o n  w a s  r e v e r s e d  t o  a  GTP d e p e n d e n t  
s t i m u l a t i o n .  B a s a l  c y c l a s e  i n  m e m b r a n e s  f r o m  l µ g  t o x i n  
t r e a t e d  a n i m a l s  wa s  s t i m u l a t e d  by  30% by  10 µM GT P.  T h e  
t h i r d  g u a n i n e  n u c l e o t i d e - d e p e n d e n t  e f f e c t  w a s  t o  s u p p o r t  
t h e  a t t e n u t a t i o n  by  o x o t r e m o r i n e  o f  b a s a l  o r  i s o p r o t e r e n o l -  
s t i m u l a t e d  a d e n y l a t e  c y c l a s e  a c t i v i t y .  U n p r e d i c t a b l y , t h e  
t o x i n  t r e a t m e n t s  d i d  n o t  a l t e r  t h e  p o t e n c y  o r  e f f i c a c y  o f  
o x o t r e m o r i n e  t o  c a u s e  a  G T P - d e p e n d e n t  a t t e n u a t i o n  o f  b a s a l  
o r  i s o p r o t e r e n o l - s t i m u l a t e d  a d e n y l a t e  c y c l a s e .  T o x i n  i n 
d u c e d  ADP r i b o s y l a t i o n  o f  t h e  m e m b r a n e s  w a s  u s e d  t o  d e t e r 
m i n e  how c o m p l e t e  t h e  i n  v i v o  t r e a t m e n t  W a s .  A c o m p a r i s o n  
o f  t o x i n  i n d u c e d  ADP r i b o s y l a t i o n  o f  t h e  3 9 - 4 1  K d a l  t o n  
p r o t e i n  s u s p e c t e d  t o  b e  t h e  i n h i b i t o r y  c o u p l i n g  p r o t e i n  
( N i ) i n  m e m b r a n e s  f r o m  c o n t r o l  a n d  1 µ g  PTA s h o w e d  t h a t  PTA 
m e m b r a n e s  h a d  o n l y  15% o f  t h e  3 2 P i n c o r p o r a t e d  f r o m  
[ 3 2 p ] N AD i n  t h a t  r e g i o n  a s  d i d  c o n t r o l s .  T h e  r e s u l t s  s u g 
g e s t  t h e r e  a r e  d i f f e r e n t i a l  s e n s i t i v i t i e s  o f  t h e  v a r i o u s  
f u n c t i o n s  o f  N. i n  c o u p l i n g  r e c e p t o r - m e d i a t e d  a t t e n u a t i o n  
o f  a d e n y l a t e  c y c l a s e . ( S u p p o r t e d  i n  p a r t  by  BRSG 
# R R - 0 5 3 6 6 ,  A m e r .  H e a r t  A s s o c ,  a n d  H L 3 1 6 0 1 . )

3 2 2 . 5  PROPERTIES OF INHIBITED ADENYLATE CYCLASE IN RAT BRAIN
MEMBRANES DEPLETED OF STIMULATED ADENYLATE CYCLASE. S . R .  
C h i l d e r s , Dept. o f  P h a r m a c o l o g y ,  U n i v .  o f  F l o r i d a  C o l l .
M e d . ,  G a i n e s v i l l e ,  FL 3 2 6 1 0 .

N e u r o t r a n s m i t t e r s  s t i m u l a t e  a d e n y l a t e  c y c l a s e  t h r o u g h  
Ns - ,  a n d  i n h i b i t  t h e  e n z y m e  t h r o u g h  N - j - c o u p l i n g  p r o t e i n s .  
B e c a u s e  o f  t h e i r  h e t e r o g e n e i t y ,  b r a i n  m e m b r a n e s  h a v e  a l w a y s  
b e e n  a  d i f f i c u l t  m a t e r i a l  f o r  a s s a y  o f  i n h i b i t e d  c y c l a s e .  
E a r l i e r  ( C h i l d e r s  e t  a l . ,  L i f e  S c i . [ 1 9 8 3 ]  3 3 , 2 1 5 )  we 
s h o w e d  t h a t  t r e a t m e n t  o f  m e m b r a n e s  a t  pH 4 . 5  b e f o r e  a s s a y  
s e l e c t i v e l y  d e c r e a s e s  Ns - s t i m u l a t e d  c y c l a s e  a n d  i n c r e a s e s  
i n h i b i t i o n  o f  c y c l a s e  by  o p i a t e  a g o n i s t s .  We now r e p o r t  
o t h e r  i n h i b i t e d  a c t i v i t i e s  i n  r a t  b r a i n  m e m b r a n e s .

R a t  b r a i n  s y n a p t o s o m a l  m e m b r a n e s  w e r e  i n c u b a t e d  i n  pH 4 . 5  
b u f f e r  (Na a c e t a t e )  o r  pH 7 . 4  b u f f e r  ( T r i s - H C l )  a t  0 °  f o r  
2 0  m i n ,  w a s h e d  w i t h  pH 7 . 4  b u f f e r  a n d  a s s a y e d  f o r  a d e n y l a t e  
c y c l a s e  a c t i v i t y  i n  pH 7 . 4  b u f f e r .  I n  m e m b r a n e s  f r o m  
s e v e r a l  r e g i o n s  o f  r a t  b r a i n ,  N a F - a n d  G p p ( N H ) p - s t i m u l a t e d  
a c t i v i t i e s  w e r e  i n h i b i t e d  5 0 - 1 0 0 %  by l o w  pH p r e t r e a t e m n t .
I n  s t r i a t a l  m e m b r a n e s ,  o p i o i d  p e p t i d e s  i n h i b i t e d  a c t i v i t y  by 
3 0 - 5 0 %  a f t e r  l o w  pH p r e t r e a t m e n t ,  w i t h  e n k e p h a l i n  a n a l o g s  
m o s t  p o t e n t ,  f o l l o w e d  by  d y n o r p h i n  p e p t i d e s ,  w i t h  o p i a t e  
a l k a l o i d s  ( e . g . , m o r p h i n e )  l e a s t  p o t e n t .  O p i a t e - i n h i b i t e d  
c y c l a s e  w a s  m o s t  a p p a r e n t  i n  s t r i a t u m ,  w i t h  l e s s  i n h i b i t i o n  
i n  c o r t e x  a n d  h y p o t h a l a m u s ,  a n d  n o  a c t i v i t y  i n  c e r e b e l l u m .  
T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  d e l t a  ( a n d  p e r h a p s  k a p p a )  
b u t  n o t  mu r e c e p t o r s  i n h i b i t i n g  c y c l a s e  i n  s t r i a t u m .

C a r b a m y l c h o l i n e  i n h i b i t e d  c y c l a s e  i n  l o w  pH p r e t r e a t e d  
s y n a p t o s o m a l  m e m b r a n e s  f r o m  b o t h  c o r t e x  a n d  s t r i a t u m  t o  a 
max im um  o f  3 0 - 4 0 %  o f  b a s a l  a c t i v i t y .  C a r b a c h o l  i n h i b i t i o n  
wa s  b l o c k e d  by  a t r o p i n e  b u t  n o t  by  n i c o t i n i c  a n t a g o n i s t s .  
P r e l i m i n a r y  e v i d e n c e  s u g g e s t s  t h a t  m u s c a r i n i c - i n h i b i t e d  
c y c l a s e  i s  m e d i a t e d  b y  M2 r e c e p t o r s .

I n  l o w  pH p r e t r e a t e d  m e m b r a n e s  f r o m  c o r t e x ,  s o m a t o s t a t i n  
a l s o  i n h i b i t e d  c y c l a s e  by 3 0 - 5 0 % ,  w i t h  a n  a p p a r e n t  I C 50  
v a l u e  o f  0 . 1  µM. I n  h y p o t h a l a m u s  m e m b r a n e s  p r e t r e a t e d  a t  
l o w  pH,  c l o n i d i n e  i n h i b i t e d  c y c l a s e  by  2 5 - 3 5 % ,  a n d  i t s  
i n h i b i t i o n  wa s  b l o c k e d  by  p h e n t o l a m i n e  a n d  y o h i m b i n e  b u t  n o t  
by  b e t a - a d r e n e r g i c  a n t a g o n i s t s .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  
r e d u c t i o n  i n  Ns - s t i m u l a t e d  a d e n y l a t e  c y c l a s e  i n c r e a s e s  
d e t e c t i o n  o f  s e v e r a l  c l a s s e s  o f  N-j- i n h i b i t e d  a d e n y l a t e  
c y c l a s e  i n  b r a i n  m e m b r a n e s .

S u p p o r t e d  by  PHS g r a n t  D A - 0 2 9 0 4  f r o m  NIDA.

322.6   THE SUBCELLULAR DISTRIBUTIONS OF CALCIUM/CALMODULIN-STIMU- 
LATED AND GUANINE NUCLEOTIDE-REGULATED ADENYLATE CYCLASES.
 S . T . B is s e n *  and  T . U ed a .  D e p a r tm e n t o f  P h a rm a c o lo g y  and 
M e n ta l  H e a l th  R e s e a rc h  I n s t i t u t e ,  U n i v e r s i t y  o f  M ic h ig a n ,  
Ann A rb o r ,  MI 48 1 0 9 .

The d i s t r i b u t i o n s  o f  Ca2+ /c a lm o d u l in  (CaM)- s t i m u l a t e d ,  
g u a n o s in e  5 ' - ( β , γ - im i n o ) t r i p h o s p h a t e  (G p p N H p ) -s t im u la te d , 
an d  GppNHp-i n h i b i t e d  a d e n y la t e  c y c l a s e s  w e re  d e te r m in e d  i n  
s u b c e l l u l a r  f r a c t i o n s  o f  b o v in e  c e r e b r a l  c o r t e x .  I n  t h e  
p r im a ry  and  c ru d e  m i t o c h o n d r i a l  s u b f r a c t i o n s ,  a l l  t h e  c y c 
l a s e s  w e re  a s s o c i a t e d  w i th  t h e  f r a c t i o n s  e n r i c h e d  w i th  
n e r v e  e n d in g s .  B ut f u r t h e r  f r a c t i o n a t i o n  o f  t h e  s y n a p to s o 
m al m em branes on  a  s u c r o s e  d e n s i t y  g r a d i e n t  r e v e a l e d  d i f 
f e r e n t  p a t t e r n s  o f  d i s t r i b u t i o n .  The G p p N H p -s tim u la te d  
c y c l a s e  was p r i m a r i l y  a s s o c i a t e d  w i th  t h e  h e a v ie r  f r a c t i o n s  
o f  t h e  g r a d i e n t .  I n  c o n t r a s t ,  t h e  Ca2+ /C a M -s t im u la te d  and  
t h e  GppNHp-i n h i b i t e d  c y c l a s e s  w e re  fo u n d  i n  e v e ry  f r a c t i o n ,  
b u t  t h e  l i g h t e r  f r a c t i o n s  o f  t h e  g r a d i e n t  c o n ta in e d  p r e d o 
m in a t e l y  t h e s e  c y c l a s e s .

The c y c l a s e  t h a t  w as i n h i b i t e d  by  GppNHp w as s tu d i e d  i n  
m ore d e t a i l .  GppNHp i n h i b i t e d  Ca2+ /C a M -s t im u la te d  a c t i v i t y  
a p p ro x im a te ly  60%, b u t  i t  a l s o  i n h i b i t e d  b a s a l  a c t i v i t y  and  
f o r s k o l i n - s t i m u l a t e d  a c t i v i t y  25% to  40% i n  C a M -d ep le te d  
m em branes. H en ce , CaM i s  n o t  r e q u i r e d  f o r  t h e  GppNHp- 
in d u c e d  i n h i b i t i o n  o f  b r a i n  a d e n y la t e  c y c l a s e  a c t i v i t y .

T h e se  r e s u l t s  i n d i c a t e  t h a t  t h e  C a 2 + /C a M -s tim u la te d  and  
t h e  GppNHp-i n h i b i t e d  c y c l a s e s  may h a v e  d i f f e r e n t  c e l l u l a r  
o r  s u b c e l l u l a r  l o c a t i o n s  t h a n  t h e  G p p N H p -s tim u la te d  c y c la s e .  
A ls o ,  t h e  d i f f e r e n t i a l  d i s t r i b u t i o n s  o f  t h e  G p p N H p -stim u la 
t e d  and  - i n h i b i t e d  c y c l a s e  s y s te m s  i n  s u b c e l l u l a r  f r a c t i o n s  
o f  t h e  b r a i n  s u g g e s t  t h a t  t h e s e  tw o c y c l a s e  s y s te m s  a r e  
n o t  a lw a y s  p h y s i c a l l y  a s s o c i a t e d .

S u p p o r te d  by  G ra n t  BNS 8207999  fro m  NSF.
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322.7  DAILY FLUCTUATIONS IN ADENYLATE CYCLASE ACTIVITY OF THE 
MALE RAT CORPUS STRIATUM.  G . D .  C h a n g *  a n d  V . D .  R a m i r e z .   
D e p t .  o f  P h y s i o l o g y  a n d  B i o p h y s i c s ,  U n i v .  o f  I l l i n o i s ,  
U r b a n a ,  IL 6 1 8 0 1

A cAMP r a d i o i m m u n o a s s a y  wa s  u s e d  t o  q u a n t i t a t e  cAMP p r o 
d u c e d  i n  a n  i n  v i t r o  a d e n y l a t e  c y c l a s e  a s s a y .  T h e  i n c u b a 
t i o n  m e d iu m  f o r  t h e  a d e n y l a t e  c y c l a s e  a s s a y  wa s m a d e  t o  a  
f i n a l  v o l u m e  o f  1 0 0  u l  c o n t a i n i n g :  1 m g /m l  BSA; 1 o r  4  mM 
ATP; 1 mM d i t h i o t r e i t o l ; 0 . 4  mM EGTA; 8 mM MgCl2 ; 10 mM 
t h e o p h y l l i n e ;  10  uM T r i s - H C l ,  pH 7 . 4 ;  a n d  10 ug s t r i a t a l  
h o m o g e n a t e  o r  3 ug  s t r i a t a l  P2 m e m b r a n e s .  R e a c t i o n s  w e r e  
c a r r i e d  o u t  w i t h  3 0  m i n  p r e i n c u b a t i o n  ( w i t h  o r  w i t h o u t  t e s t  
c h e m i c a l )  a t  4 ° C  f o l l o w e d  b y  15 m i n  i n c u b a t i o n  a t  3 7 ° C .

U n d e r  t h e s e  a s s a y  c o n d i t i o n s ,  a d e n y l a t e  c y c l a s e  w a s  
c a p a b l e  o f  r e s p o n d i n g  t o  b o t h  s t i m u l a t o r y  ( d o p a m i n e ,  n o r e 
p i n e p h r i n e  a n d  e t h a n o l )  a n d  i n h i b i t o r y  a g e n t s  ( h a l o p e r i d o l , 
e n k e p h a l i n  a n d  a c e t y l c h o l i n e ) .  A l l  a n i m a l s  w e r e  a c c l i m a 
t i z e d  t o  c o n t r o l l e d  p h o t o p e r i o d  ( l i g h t s  o n  a t  0 5 0 0  a n d  o f f  
a t  1 9 0 0 )  f o r  a t  l e a s t  10 d a y s  p r i o r  t o  e x p e r i m e n t .  I t  was 
f o u n d  t h a t  b a s a l  e n z y m e  a c t i v i t y  u s i n g  h o m o g e n a t e  i n  t h e  
a s s a y  s t a r t e d  t o  i n c r e a s e  b y  1 6 0 0  i n  t h e  a f t e r n o o n  ( 2 1 0  ±  
14 p m o l e s  c A M P / m g /m i n ,  n = 3 ,  e x p e r i m e n t s ,  e a c h  i n  t r i p l i 
c a t e s ) ,  r e m a i n e d  h i g h  a n d  r e a c h e d  a  p e a k  a t  2 4 0 0  ( 2 8 6  ± 5 1 ,  
n =4 ) .  A n o t h e r  p e a k  i n  e n z y m e  a c t i v i t y  w a s  o b s e r v e d  a t  0 8 0 0  
( 3 2 4  ± 1 1 5 ,  n = 6 ) w h e r e a s  t w o  t r o u g h s  o c c u r r e d  a t  0 3 0 0  (1 91  
± 3 4 ,  n = 4 )  a n d  b e t w e e n  1 0 0 0  ( 1 7 3  ± 2 3 ,  n= 6 ) a n d  1 2 0 0  ( 1 8 6  ± 
1 1 ,  n = 5 ) .  A s i m i l a r  p r o f i l e  o f  b a s a l  a c t i v i t y  was a l s o  
f o u n d  u s i n g  P2 m e m b r a n e s  i n  t h e  a s s a y .  T h e s e  c h a n g e s  w e r e  
i n  p a r t  d u e  t o  f l u c t u a t i o n s  i n  d o p a m i n e - s e n s i t i v e  a d e n y l a t e  
c y c l a s e  a c t i v i t y  s i n c e  r e s p o n s i v e n e s s  o f  t h e  e n z y m e  t o  
1 0 - 4  M d o p a m i n e  d i s p l a y e d  a  s i m i l a r  p a t t e r n .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  s t r i a t a l  a d e n y l a t e  c y c l a s e  
a c t i v i t y  o f  t h e  m a l e  r a t  c h a n g e s  s i g n i f i c a n t l y  d u r i n g  a  
2 4 - h o u r  p e r i o d ,  e m p h a s i z i n g  t h e  i m p o r t a n c e  o f  p h o t o p e r i o d  
i n  s t r i a t a l  a d e n y l a t e  c y c l a s e  a c t i v i t y .

322 .8  FORSKOLIN MIMICS SLOW SYNAPTIC EXCITATION IN MYENTERIC 
NEURONS.  D. H. Z a f i ro v * , P. R. Nemeth*, J . M. Palm er*  and  
J . D. Wood.  Dept. o f P h y s io lo g y , Sch. o f Med., Univ. Nevada, 
Reno, NV 89557.

Slow s y n a p tic  e x c i t a t i o n  (s lo w  EPSP) in  AH/Type 2 
m yenteric neurons p e rs is ts  fo r several seconds a f te r  tra n 
s ie n t  a c t i v a t i o n  o f the  s y n a p tic  in p u t and th e  a c t io n s  o f 
s u b s ta n c e s  th a t  m im ic th e  slow  EPSP a re  p ro lo n g ed  fo r  
seconds or m in u te s  a f t e r  t r a n s i e n t  a p p l ic a t i o n  o f th e  
su b s ta n c e  fo r  p e r io d s  in  th e  m i l l i s e c o n d  range . T h is  
suggests th a t a c t iv a tio n  of an in t r a c e l lu la r  second messen
ger might be involved in the slow EPSP. The purpose of the 
s tu d y  was to  in v e s t ig a te  the  p o s s i b i l i t y  th a t  lo n g -te rm  
synap tic  a c t iv a tio n  of AH/Type 2 m yenteric neurons is  asso
c ia te d  w ith  a c t i v a t i o n  o f a d e n y la te  c y c la s e  and second 
messenger function  of newly synthesized  c y c lic  n u c leo tid es . 
F orsko lin , which is  a potent a c t iv a to r  of adeny late  cyclase  
in n e rv e  c e l l s ,  was used fo r t h i s  p u rp o se . C o n v en tio n a l 
i n t r a c e l l u l a r  m ethods w ith  3M KCl - f i l l ed m icroe lectrodes  
were used to record and in je c t  e le c t r ic a l  cu rren t in  AH/Type 
2 neurons in guinea -p ig  sm all in te s t in e  i n  v i t r o .  Forskolin  
was app lied  by ad d itio n  to the superfusion  so lu tio n  (Krebs 
s o lu t io n ) .  N euronal e x c i t a b i l i t y  was assessed  by counting 
th e  number o f sp ik e s  evoked by i n t r a c e l l u l a r  in j e c t i o n  o f 
r e c ta n g u la r  d e p o la r iz in g  e l e c t r i c a l  p u ls e s  o f c o n s ta n t 
cu rren t and d u ra tion . A s ta t i s t i c a l l y - s ig n i f i c a n t  increase  
in  th e  mean number of s p ik e s  evoked per c u r r e n t  p u ls e  was 
i n te r p r e te d  as a r e f l e c t i o n  of in c re a se d  n eu ro n a l e x c i t a 
b i l i t y .  Based on t h i s  c r i t e r i o n ,  fo r s k o l in  in c re a se d  the  
e x c i t a b i l i t y  in  a l l  o f 24 c e l l s  th a t  have been te s t e d  in  
p re p a ra t io n s  from 20 g u in e a -p ig s  w ith  one to  th re e  t r i a l s  
p e r c e l l .  P r io r  to  f o r s k o l in ,  th e  c e l l s  d id  not d is c h a rg e  
spikes to d ep o la riz in g  pu lses or f ir e d  only a s in g le  spike. 
A fter fo rsk o lin , the c e l l s  f ir e d  r e p e t i t iv e ly  throughout the 
c u r r e n t  p u ls e s .  The enhanced e x c i t a b i l i t y  was a s s o c ia te d  
w ith  membrane d e p o la r iz a tio n , in c re a s e d  in p u t r e s i s t a n c e ,  
su p p re ss io n  o f p o s t sp ik e  h y p erp o la riza tio n  and spontaneous 
spike d ischarge. The th resho ld  co ncen tra tion  was 0.5uM w ith  
an exposu re  tim e  o f 30 sec , and th e re  was a dose dependen t 
in c re a s e  in  th e  i n t e n s i t y  of th e  e f f e c t s  betw een  0.5 and 
1.0uM. These e f f e c t s  w ere re v e rs e d  by w ash ing  w ith  d ru g 
f r e e  s o lu t io n .  R ev e rsa l o f th e  e f f e c t s  r e q u ire d  5 to  15 
m inutes of washing when the exposure tim e was 30sec to lm in. 
The re s u l ts  im p lica te  a c t iv a tio n  of adenylate  cyclase  as a 
fa c to r in slow synap tic  e x c i ta tio n  of m yenteric neurons and 
suggests th a t c y c lic  nu c leo tid es  could be m ediato rs of long
term m odulation of e x c i ta b i l i ty  in these c e l ls .

322.9  MODULATION OF MULTIPLE POTASSIUM CURRENTS IN DIALYZED BAG 
CELL NEURONS OF APLYSIA. J .A .S tro n g *  and L.K .Kaczm arek
(SPON: S .T .P a la y o o r)   D ep ts . o f  Pharm acology and P h y sio lo g y , 
Y ale U n iv . S ch . o f M ed., New Haven, CT. 06510

In  t h e i r  r e s t i n g  s t a t e ,  th e  p e p t id e r g ic  bag c e l l  neu rons  
o f  A p ly s ia  a r e  e l e c t r i c a l l y  s i l e n t  and can n o t u s u a l ly  f i r e  
r e p e t i t i v e l y  in  re sp o n se  to  c u r r e n t  i n j e c t i o n s .  In   
re sp o n se  to  a b r i e f  e l e c t r i c a l  s t im u lu s  to  th e  p le u ro 
abdom inal c o n n e c tiv e , th e  c e l l s  d e p o la r iz e  and f i r e  r e p e t i 
t i v e l y .  T h is  a f t e r d i s c h a r g e  (AD) can l a s t  f o r  20 to  60 
m in u te s . There i s  s t ro n g  ev id en ce  th a t  in c r e a s e s  in  i n t r a 
c e l l u l a r  cAMP p la y  a  r o l e  in  th e  i n i t i a t i o n  o f  th e  AD.

We have used  th e  w h o le -c e l l  p a tc h  clamp method to  do 
v o lta g e  clamp s tu d ie s  o f  i s o l a t e d  bag c e l l s  in  p rim ary  
c u l tu r e .  The a d e n y la te  c y c la s e  a c t i v a t o r  f o r s k o l in  (F ) 
( .0 1 - .0 5  mM) a lo n g  w ith  th e o p h y ll in e  (Th) (1 mM) was used  
to  s tu d y  th e  e f f e c t s  o f  in c re a s e d  cAMP le v e l s  on th e  c e l l s '  
e l e c t r i c a l  p r o p e r t i e s .  When th e  d i a l y s i s  s o lu t io n s  
c o n ta in e d  20 mM EGTA, w hich e l im in a te d  c a lc iu m -a c t iv a te d  
p o ta ss iu m  c u r r e n t s ,  s e v e r a l  v o lta g e -d e p e n d e n t outw ard 
c u r r e n t s  rem ain ed . D e p o la r iz a t io n  from h o ld in g  p o te n t i a l s  
more p o s i t i v e  th a n  -6 5  mV re v e a le d  two k i n e t i c a l l y  d i s t i n c t  
c u r r e n t s ,  I - f a s t  and I - s lo w . Of th e  tw o, I - f  had a  f a s t e r  
r i s e  tim e  d u rin g  d e p o la r iz a t io n  and f a s t e r  t a i l  k in e t i c s  
d u rin g  r e p o l a r i z a t i o n .  I - f  showed a s t r i k i n g  cu m u la tiv e  
in a c t i v a t io n  w ith  r e p e t i t i v e  p u ls e s ;  an i n t e r p u ls e  i n t e r v a l  
g r e a t e r  th a n  60 seconds was re q u ir e d  to  av o id  t h i s  i n a c t i 
v a t io n .  I n a c t iv a t io n  o f  I - f  co u ld  a l s o  be seen  d u rin g  a 
d e p o la r iz in g  p u ls e ;  t h i s  i n a c t i v a t io n  was m arkedly  speeded 
by F /Th a p p l i c a t i o n .  In  c o n t r a s t ,  I - s ,  w hich may be 
an a lo g o u s  to  th e  d e lay ed  r e c t i f i e r  seen  in  most n eu ro n s , 
was reduced  in  a m p litu d e  by F/Th b u t i t s  k in e t i c s  were 
u n a l t e r e d .

In  a d d i t io n  to  th e s e  two c u r r e n t s ,  th e  c e l l s  c o n ta in  a  
t r a n s i e n t  ou tw ard  c u r r e n t  ( A -c u r r e n t ) ,  seen  on ly  a f t e r  i t s  
i n a c t i v a t i o n  i s  removed a t  h o ld in g  p o te n t i a l s  below  -7 0  mV. 
As p re v io u s ly  r e p o r te d  (S tro n g , J .N e u r o s c i . in  p r e s s ) ,  F/Th 
caused  a  sp eed in g  up o f  th e  i n a c t i v a t io n  k in e t i c s  o f  th e  A- 
c u r r e n t .  Thus F /Th can  a f f e c t  a t  l e a s t  th r e e  d i f f e r e n t  
c u r r e n t s  i n  th e s e  c e l l s .  A ll  th r e e  e f f e c t s  would te n d  to  
make th e  c e l l s  more e x c i t a b l e ,  and a r e  th u s  c o n s i s te n t  w ith  
th e  e l e c t r i c a l  changes seen  a t  th e  o n s e t o f AD in  th e  bag 
c e l l  n eu ro n s .

322.10  cAMP AND THE MODULATION OF TRANSMITTER RELEASE AT THE
LOBSTER NEUROMUSCULAR JUNCTION.  M .F. Goy and  E .A . K r a v i t z .  
 N e u ro b io lo g y  D e p t . ,  H a rv a rd  Med. S c h o o l,  B o s to n ,  MA 0 2 1 1 5 .

The p h y s io lo g y  o f  t h e  d a c t y l  o p e n e r  m u sc le  o f  t h e  l o b 
s t e r  w a lk in g  l e g  i s  r e g u l a t e d  by  a  com plex  c o n t r o l  s y s te m .  
I n  a d d i t i o n  to  th e  e x c i t a t o r y  and  i n h i b i t o r y  t r a n s m i t t e r s  
( g lu t a m a te  and GABA), s e v e r a l  n e u ro h o rm o n es  a f f e c t  th e  
p r e p a r a t i o n .  One o f  t h e s e  n e u ro h o rm o n e s , s e r o t o n i n  (5 H T ), 
a c t s  a t  low  c o n c e n t r a t i o n s  ( th r e s h o ld = 5 x 1 0- 9 M) to  c a u se  
l o n g - l a s t i n g  c h a n g e s  i n  m u sc le  and n e r v e :  p o s t s y n a p t i c a l l y  
5HT in d u c e s  a  s u s t a i n e d  c a lc iu m - d e p e n d e n t  c o n t r a c t u r e  i n  th e  
m u sc le  w i th o u t  c a u s in g  s i g n i f i c a n t  c h a n g e  i n  m em brane p o te n 
t i a l ,  and  p r e s y n a p t i c a l l y  i t  i n c r e a s e s  ev o k ed  t r a n s m i t t e r  
r e l e a s e  from  b o th  e x c i t a t o r y  and i n h i b i t o r y  t e r m i n a l s .  The 
e f f e c t  on  t r a n s m i t t e r  r e l e a s e  from  e x c i t a t o r y  n e rv e  t e r m i 
n a l s  c o n s i s t s  o f  two d i s t i n c t  c o m p o n e n ts :  when 5HT i s  w ashed 
o u t  o f  t h e  p r e p a r a t i o n ,  t h e  d e c a y  o f  th e  e n h a n ce d  s y n a p t i c  
r e s p o n s e  c a n  be  a p p ro x im a te d  a s  t h e  sum o f  two e x p o n e n t i a l s ,  
w i th  t im e  c o n s t a n t s  o f  9 and 125 m in (T = 13° C ). P h arm aco 
l o g i c a l  e x p e r im e n ts  s u g g e s t  t h a t  t h e s e  two co m p o n en ts  a r e  
m e d ia te d  by  d i f f e r e n t  ty p e s  o f  5HT r e c e p t o r s .

In  t h i s  p r e p a r a t i o n ,  a s  i n  many o t h e r  s y s te m s ,  5HT 
c a u s e s  an  i n c r e a s e  i n  t i s s u e  l e v e l s  o f  cAMP. We h a v e  i n v e s 
t i g a t e d  th e  p h y s io l o g ic a l  r o l e  o f  cAMP by  u s in g  a g e n ts  t h a t  
m im ic , p o t e n t i a t e ,  o r  i n h i b i t  th e  a b i l i t y  o f  5HT to  a l t e r  
i n t r a c e l l u l a r  l e v e l s  o f  t h i s  n u c l e o t i d e .  T h ese  e x p e r im e n ts  
s u g g e s t  t h a t  cAMP i s  n o t  d i r e c t l y  i n v o lv e d  i n  t h e  m echan ism  
by  w hich  5HT in d u c e s  t e n s i o n  i n  m u sc le  f i b e r s :  p h o sp h o 
d i e s t e r a s e  i n h i b i t o r s ,  su c h  a s  IBMX (0.5mM) o r  SQ 20,009 
(0 .2m M ), and a d e n y la t e  c y c la s e  a c t i v a t o r s ,  s u c h  a s  f o r s k o l i n  
(0 .03m M ), n e i t h e r  c a u se  s i g n i f i c a n t  c o n t r a c t i o n  by  them 
s e lv e s  n o r  p o t e n t i a t e  th e  a b i l i t y  o f  5HT to  c a u s e  c o n t r a c 
t u r e s .  F u r th e r m o r e ,  l o n g - te rm  e x p o s u re  to  1mM 8 -Br-cAM P 
f a i l s  to  i n c r e a s e  m u sc le  t e n s i o n .  In  c o n t r a s t ,  cAMP d o e s  
a p p e a r  t o  p l a y  a  r o l e  i n  e n h a n c in g  t r a n s m i t t e r  r e l e a s e .  How
e v e r ,  o f  t h e  two co m p o n en ts  o f  5H T 's p r e s y n a p t i c  a c t i o n ,  
o n ly  t h e  s lo w e r - d e c a y in g  p h a se  a p p e a r s  to  be d e p e n d e n t  on 
th e  c y c l i c  n u c l e o t i d e .  T h is  p h a se  i s  s e l e c t i v e l y  p o t e n 
t i a t e d  by  f o r s k o l i n  and by  p h o s p h o d ie s t e r a s e  i n h i b i t o r s ;  
f u r t h e r m o r e ,  p h o s p h o d ie s t e r a s e  i n h i b i t o r s  g r e a t l y  d e c r e a s e  
th e  r a t e  o f  d e c a y  o f  t h i s  p h a s e ,  w i th o u t  a f f e c t i n g  th e  e a r l y  
p h a s e .  Thus i t  a p p e a r s  t h a t  5HT c an  e n h a n ce  t r a n s m i t t e r  
r e l e a s e  a t  th e  l o b s t e r  n e u ro m u s c u la r  j u n c t i o n  by  two m echan
i s m s ,  one cA M P-dependent and  th e  o t h e r  cA M P -in d e p e n d e n t.
( S u p p o r te d  by NIH g r a n t  #NS 0 7 8 4 8 ) .
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322. 11  PEPTIDERGIC NEURONS OF APLYSIA LOSE THEIR RESPONSE TO 
CYCLIC AMP DURING A PROLONGED REFRACTORY PERIOD.  J .A .K auer 
and L .K .K aczm arek.  D ep ts . o f  P harm aco l. and P h y s io l . ,  Y ale 
U niv. Sch. o f M ed., New Haven, CT 06510.

A lthough th e  p e p t id e rg ic  bag c e l l  neu rons  o f A p ly s ia  a re  
o r d in a r i l y  s i l e n t ,  b r i e f  e l e c t r i c a l  s t im u la t io n  e l i c i t s  an 
a f t e r d i s c h a r g e  (AD) l a s t i n g  ap p ro x im a te ly  30 m in u te s . 
F o llo w in g  t h i s  AD th e  c e l l s  e n t e r  a  r e f r a c to r y  p e r io d  
l a s t i n g  ab o u t 18 h o u rs , d u rin g  w hich s t im u la t io n  t r i g g e r s  
o n ly  b r i e f  ADs o r f a i l s  to  t r i g g e r  an AD. The o n s e t o f th e  
f i r s t  long  l a s t i n g  AD i s  l in k e d  to  an e le v a t io n  o f  cAMP 
l e v e l s  in  th e  bag c e l l  n eu ro n s . We have now found th a t  
l e v e l s  o f  cAMP a re  e le v a te d  w ith  s t im u la t io n  in  th e  
r e f r a c to r y  p e r io d  w hether o r n o t a second AD o c c u rs . The 
e l e v a t io n  was s im i la r  to  t h a t  seen  w ith  s t im u la t io n  o f a 
1 s t  AD (pm ols cAMP/mg p r o te in :  c o n t r o l ,  9 .6 ± 0 .9 ; s t im . o f  
1 s t  AD, 13 .7± 1 .9 ; s t im . in  r e f r a c to r y  p e r io d , 16 .5± 1 .5 )  
(m e th o d s ,see  K aczm arek.e t  a l . , PNAS 75 :5 2 0 0 ,1 9 7 8 ).

The e l e c t r o p h y s io lo g ic a l  re sp o n se  o f  th e  bag c e l l  
n eu rons  to  e l e v a t in g  cAMP le v e l s  p h a rm aco lo g ica lly  was 
examined a t  th r e e  tim e p o in t s :  1 ) b e fo re  th e  s t im u la t io n  o f 
a  f i r s t  AD, 2) 10 m in. a f t e r  th e  end o f  a  1 s t  AD, and 3) in  
th e  r e f r a c to r y  p e r io d  1 hour a f t e r  th e  end o f a 1 s t  AD. 
T reatm en t o f  th e  bag c e l l  neu rons  w ith  th e  aden y l c y c la s e  
a c t i v a t o r  f o r s k o l in  (F )(5 0  µM) in  th e  p re sen ce  o f 
th e o p h y ll in e  ( T ) ( 1mM) p r io r  to  s t im u la t io n  s ig n i f i c a n t ly  
p ro longed  th e  d u ra t io n  o f  th e  1 s t  AD (m in u te s : c o n t r o l ,   
3 2 .3 ± 2 .7 ; FT, 64 .5± 2 2 .1 ) .  T reatm ent w ith  FT w ith in  10 
m in u tes  o f  th e  end o f  a  1 s t  AD a l s o  s ig n i f i c a n t ly  p ro longed  
th e  d u ra t io n  o f 2nd ADs s t im u la te d  a t  t h i s  tim e (2nd AD, 
m in .: c o n t r o l ,  3 .2± 2 .1 ;  FT, 2 0 .0 ±5 .9 ) .  When, how ever, FT  
was added 60 m inu tes  a f t e r  th e  end o f  th e  AD, d u ra t io n s  
w ere i d e n t i c a l  to  th o s e  o b ta in e d  w ith o u t FT (2nd AD, m in .: 
c o n t r o l ,  4 .Q ± 2 .2 ; FT 2 . 8± 1 .3 ) .  F u rth erm o re , when FT was 
added b e fo re  th e  1 s t  AD o r a t  10 m inu tes  fo llo w in g  th e  1 s t 
AD, th e  bag c e l l  neu rons  would o f te n  a f te r d is c h a r g e  
sp o n ta n e o u s ly . T h is  neve r o cc u rre d  when FT was added 60 
m in u tes  fo llo w in g  th e  1 s t  AD. M easurem ents o f  cAMP le v e l s  
in  th e  p re se n c e  o f FT showed th a t  th e  la c k  o f  e f f e c t  o f FT 
in  th e  r e f r a c to r y  p e r io d  was n o t due to  f a i l u r e  to  e le v a te  
cAMP le v e l s  a t  t h i s  tim e .

Our r e s u l t s  su g g e s t t h a t  a t  l e a s t  one component o f th e  
e l e c t r o p h y s io lo g ic a l  re sp o n se  to  cAMP in  th e s e  neu rons i s  
a t te n u a te d  o r l o s t  a f t e r  th e  o n s e t o f th e  r e f r a c to r y  p e r io d .

OPIATE EFFECTS ON BEHAVIOR

323.1  VARIABLES AFFECTING TREATMENT OUTCOME IN MIDDLE AND UPPER 
CLASS OPIOID AND COCAINE ABUSERS AND ADDICTS.  D.M.Ockert1*, 
I .  Extein2 , and M.S. G o ld 3  1 Columbia U niversity, N.Y., N.Y.  
10025,2 Falkirk Hospital, Central Valley, N.Y. 10917,  
3F a ir O aks H o s p i t a l ,  Sum m it, N .J .  0 7 9 0 1 .

We studied the treatment outcome of a multimodality 
treatment program whose p atien ts included predominantly 
middle and upper socioeconomic class drug abusers and 
add icts . The m ajority of the drug abuse l i te ra tu re  deals 
with lower socioeconomic s ta tu s p a tien ts . This research, 
therefore, is  unique in studying a s ig n if ican tly  d iffe ren t 
population. Subjects consisted of 101 consecutive voluntary 
inpatien t opioid and cocaine admissions to  Fair Oaks Hospi
t a l ,  a p rivate psychiatric hosp ital in Summit, NJ. The 
average patien t was 29, male, white, Catholic, employed, 
with 2  years of college, earning $45,00 yearly, and 
addicted for 7 years. Patients consisted of 25 addicted to 
heroin, 22 methadone, 19 mixed opioids, 13 cocaine and 22 

speedballs (heroin plus cocaine). The treatment program 
included clonidine detox ification  i f  needed, psychiatric 
evaluation and treatm ent, including psychotropic medication 
i f  indicated , and outpatient afte rcare  emphasizing 
abstinence. P atients were rated using the Addiction Severity 
Index on admission and 6  months la te r  (an average of 3. 5 
months a f te r  hosp ital d ischarge).Ratings were performed by 
an independent investiga to r not involved in treatm ent. Of 
the 1 0 1  p a tien ts , 74 completed the inpatien t program of 
which 51 entered the outpatient a fte rcare  program. At 
followup, 47% of the o rig ina l p a tien ts were drug free . 
Methadone addicts had the highest readdiction ra te  followed 
by heroin, speedballs and cocaine. Cocaine abusers were 
s ig n if ican tly  more lik e ly  to be drug free than opioid 
add icts . Successful completion of the inpatien t program, 
entry in to  the outpatien t program', ou tpatient length of 
stay , and presence of soc ial supports a l l  were associated 
with drug free  outcome. The 25 p atien ts treated  with 
psychotropics (prim arily tr ic y c lic  antidepressants) were 
s ig n if ican tly  more lik e ly  to be drug free a t followup, 
independent of other variab les. These re su lts  suggest tha t 
a subgroup of drug abusers benefit from appropriate use 
of psychotropic medications.

3 2 3 . 2   Effect of C y c l o ( L e u - G l y )  on  D i f f e r e n t  F o r m s  o f  T o l e r a n c e   
t o  M o r p h i n e .  R . F .  R i t z m a n n ,  J . M .  L e e ,  a n d  K . A .  S t e e c e .  
A l c o h o l  a n d  D r u g  A b u s e  R e s e a r c h  a n d  T r a i n i n g  C e n t e r ,  
U n i v e r s i t y  o f  I l l i n o i s  M e d i c a l  C e n t e r ,  C h i c a g o ,  I L .

I t  h a s  b e e n  p r o p o s e d  t h a t  d i f f e r e n t  f o r m s  o f  
t o l e r a n c e  t o  p s y c h o a c t i v e  d r u g s  m ay d e v e l o p .  One s c h e m e  
u s e d  t o  d e s c r i b e  t h e s e  f o r m s  o f  t o l e r a n c e  s u g g e s t s  4 
d i f f e r e n t  t y p e s :  E n v i r o n m e n t a l  D e p e n d e n t  F u n c t i o n a l   
( E D F ) ,  E n v i r o n m e n t a l  D e p e n d e n t  D i s p o s i t i o n a l  (E D D ),  
E n v i r o n m e n t a l  I n d e p e n d e n t  F u n c t i o n a l  ( E I F )  a n d  
E n v i r o n m e n t a l  I n d e p e n d e n t  D i s p o s i t i o n a l  ( E I D ) .  T he  
e n v i r o n m e n t a l  d e p e n d e n t  f o r m s  o f  t o l e r a n c e  a r e  t h o s e  
f o r m s  w h i c h  a r e  a s s o c i a t e d  w i t h  l e a r n i n g  w h i l e  e n v i r o n 
m e n t a l  i n d e p e n d e n t  t o l e r a n c e  i s  t h e  m o r e  t r a d i t i o n a l  
f o r m  o f  t o l e r a n c e .  T he  p e p t i d e  c y c l o ( L e u - G l y )  (c L G ) h a s  
b e e n  s h o w n  t o  b l o c k  f u n c t i o n a l  t o l e r a n c e  t o  m o r p h i n e .
Du e t o  t h e  m e t h o d  u s e d  t o  i n d u c e  t o l e r a n c e  ( p e l l e t  
i m p l a n t )  a n d  t h e  m e t h o d  o f  a s s e s s i n g  t o l e r a n c e  
( i n j e c t i o n )  t h i s  t o l e r a n c e  i s  c o n s i d e r e d  E I F  t o l e r a n c e .  
On t h e  o t h e r  h a n d ,  d a t a  u s i n g  a  c u e  a s s o c i a t e d  m u l t i p l e  
i n j e c t i o n  p a r a d i g m  t o  a s s e s s  ED t o l e r a n c e  h a s  i n d i c a t e d  
t h a t  cLG may  a l t e r  t h i s  f o r m  o f  t o l e r a n c e  i n  a  d i f f e r e n t  
m a n n e r  t h a n  i t  a l t e r s  E l  t o l e r a n c e .  I t  d o e s  a p p e a r  t h a t  
t h e  t o l e r a n c e  w h i c h  d e v e l o p s  t o  m o r p h i n e  u s i n g  t h i s  
m e t h o d  i s  p r i m a r i l y  d i s p o s i t i o n a l .  B r a i n  m o r p h i n e  
l e v e l s  i n  t o l e r a n c e  m i c e  w e r e  50% l e s s  t h a n  t h a t  w h i c h  
wa s  f o u n d  i n  n o n - t o l e r a n t  a n i m a l s .  T h e r e f o r e ,  i t  
a p p e a r s  t h a t  i t  i s  EDD t o l e r a n c e  w h i c h  i s  f a c i l i t a t e d  b y  
c L G .  S i n c e  cLG a l t e r s  t h e  v a r i o u s  f o r m s  o f  t o l e r a n c e  
w h i c h  d e v e l o p  t o  t h i s  d r u g  d i f f e r e n t l y ,  i t  w o u l d  a p p e a r  
t h a t ,  a t  l e a s t  a s  f a r  a s  t h e  p e p t i d e s  a c t i o n s  a r e  
i n v o l v e d ,  t h e r e  a r e  d i f f e r e n t  u n d e r l y i n g  m e c h a n i s m  w h i c h  
m e d i a t e  t h e s e  p r o c e s s e s .  I n  a d d i t i o n ,  t h e  d i f f e r e n t  
f o r m s  o f  t o l e r a n c e  w h i c h  d e v e l o p  may a c c o u n t  f o r  t h e  
d i f f e r e n t  r e s u l t s  o b t a i n e d  i n  v a r i o u s  l a b o r a t o r i e s  w h i c h  
i n d u c e  t o l e r a n c e  b y  d i f f e r e n t  m e t h o d s .
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3 2 3 .3  OPIOID EFFECTS ON TIMING BEHAVIOR IN THE RAT: POSSIBLE AC
TIONS ON DOPAMINERGIC AND GABAERGIC NEURONS. W arren  H. Mec k * 
an d  R u s s e l l  M. C h u rc h . W. S . H u n te r  L a b o r a to r y  o f  P s y c h o lo g y , 
Brown U n i v e r s i t y ,  P r o v id e n c e ,  Rhode I s l a n d  02 9 1 2 .

The p u r p o s e  w as to  d e te r m in e  i f  th e  p r o p e r t i e s  o f  an  i n 
t e r n a l  c lo c k  c o u ld  b e  a f f e c t e d  by th e  p h a rm a c o lo g ic a l  m an i
p u l a t i o n  o f  o p i a t e  and  d opam ine  r e c e p t o r s .  E m phasis was 
p l a c e d  o n  t h e  e v a l u a t i o n  o f  m o rp h in e  an d  i t s  i n t e r a c t i o n  
w i th  n a lo x o n e ,  m e th a m p h e ta m in e , and  h a l o p e r i d o l . A p e a k  p r o 
c e d u re  was u se d  to  s tu d y  th e  s c a l i n g  o f  s t i m u l u s  d u r a t i o n  by 
r a t s  ( e . g . ,  Meek & C h u rc h , J . E x p . P s y c h o l . Anim . B eh av . 
P r o c e s s e s  1 0 : 1 ,  1 9 8 4 ) .  I n  t h i s  p r o c e d u r e ,  a f t e r  an  i n t e r 
t r i a l  i n t e r v a l  a  s i g n a l  o c c u r s  an d  on  fo o d  t r i a l s  t h e  r a t ’ s 
f i r s t  l e v e r  p r e s s  a f t e r  a  f i x e d  d u r a t i o n  i s  r e i n f o r c e d ;  on  
p e a k  t r i a l s  no fo o d  i s  a v a i l a b l e  an d  th e  t r i a l  l a s t s  f o r  a 
r e l a t i v e l y  lo n g  t im e  a f t e r  t h e  f ix e d  d u r a t i o n .  On p e a k  t r i a l s  
t h e  r e s p o n s e  r a t e  o f  t h e  r a t  i n i t i a l l y  i n c r e a s e s  a s  a  fu n c 
t i o n  o f  t h e  t im e  s in c e  s i g n a l  o n s e t ,  a s  i t  d o e s  d u r in g  s t a n 
d a rd  f i x e d - i n t e r v a l  t r a i n i n g ,  and  th e n  i t  d e c r e a s e s  i n  a 
f a i r l y  s y m m e tr ic a l  f a s h i o n  w hen p l o t t e d  on  a  l i n e a r  tim e  
s c a l e .  The tim e  th e  r e s p o n s e  r a t e  i s  m ax im al i s  c a l l e d  th e  
" p e a k  t i m e ."  I t  o c c u r s  n e a r  t h e  t im e  t h a t  fo o d  i s  m ax im a lly  
e x p e c te d  by th e  r a t .  U s in g  t h i s  p ro c e d u r e  w i th  r e i n f o r c e 
m en t so m e tim e s  f o l lo w in g  th e  r a t ' s  f i r s t  l e v e r  p r e s s  a f t e r  a  
w h i te  n o i s e  s i g n a l  h ad  b e e n  p r e s e n t  f o r  20 s we d e m o n s tra te d  
t h a t  m o rp h in e  (0 ,  1 , & 3 m g /kg) a d m in i s t e r e d  i . p .  20 m in  
p r i o r  to  a n  e x p e r im e n ta l  s e s s i o n  d e c re a s e d  th e  p r o b a b i l i t y  
iof a t t e n t i o n  to  s t i m u l u s  d u r a t i o n  w h i le  a t  th e  same t im e  i t  
i n c r e a s e d  th e  s e n s i t i v i t y  o f  th e  te m p o ra l  d i s c r i m i n a t i o n  on  
th o s e  t r i a l s  t h a t  r a t s  a t t e n d e d  to  t im e .  T h ese  e f f e c t s  o c 
c u r r e d  i n  a  d o s e  d e p e n d e n t  m an n e r . No ch a n g e  i n  p e a k  tim e  
was o b s e rv e d  when m o rp h in e  w as a d m in i s t e r e d  a lo n e ,  b u t  m or
p h in e  a d m i n i s t r a t i o n  e n h a n ce d  th e  te m p o ra ry  l e f t w a r d  s h i f t  
i n  p e a k  t im e  p ro d u c e d  by m eth am p h e tam in e  w h ich  h a s  b e e n  i n 
t e r p r e t e d  a s  a n  i n c r e a s e  i n  th e  sp e e d  o f  th e  i n t e r n a l  c lo c k  
d u e  to  a n  i n c r e a s e  i n  t h e  e f f e c t i v e  l e v e l  o f  d opam ine  ( e . g . ,  
M eek, J . E xp . P s y c h o l . A nim . B eh av . P r o c e s s e s  9 : 1 7 1 , 1 9 8 3 ) . 
The e f f e c t s  o f  m o rp h in e  an d  m o rp h in e  + m eth am p h e tam in e  w ere  
a n ta g o n iz e d  by n a lo x o n e .  M o rp h in e  was w i th o u t  e f f e c t  on  th e  
r ig h tw a r d  s h i f t  i n  p e a k  t im e  p ro d u c e d  by h a lo p e r id o l  b lo c k 
a d e  o f  do p am in e  r e c e p t o r s .  T aken  t o g e t h e r ,  th e  d a ta  i n d i c a t e  
a  co m p lex  i n t e r a c t i o n  b e tw e en  o p i a t e s ,  d o p am in e , and  tem 
p o r a l  p r o c e s s in g .  I t  i s  s u g g e s te d  t h a t  th e  e f f e c t s  o f  m or
p h in e  on th e  s p e e d  o f  a n  i n t e r n a l  c lo c k  a r e  b e s t  e x p la in e d  
by a s su m in g  t h a t  o p i a t e  a d m i n i s t r a t i o n  i n h i b i t s  GABAergic 
n e u ro t r a n s m i s s io n ,  t h e r e b y  d i s i n h i b i t i n g  d o p a m in e rg ic  
a c t i v i t y . ( S u p p o r te d  by NIMH G ra n t  MH 3 7 0 4 9 .)

323.4   ANTIHISTAMINES ALTER MORPHINE-INDUCED LOCOMOTOR HYPER
ACTIVITY.  G. Andrew M ic k le y .  B e h a v io ra l  S c ie n c e s  D e p a r tm e n t,  
Armed F o rc e s  R a d io b io lo g y  R e s e a rc h  I n s t i t u t e ,  B e th e s d a ,  MD 
20814

M o rp h in e  c a u s e s  a  s t e r e o t y p i c  lo c o m o to r  h y p e r a c t i v i t y  i n  
t h e  C57BL/6J m ouse. A lth o u g h  t h i s  b e h a v io r a l  r e s p o n s e  h a s  
b e e n  w e l l  d e s c r i b e d  ( O l iv e r o ,  A. an d  C a s t e l l a n o ,  C . ,  
P s y c h o p h a rm a c o l. 39:1 3 ,  1 9 7 4 ) , t h e  n e u ro c h e m ic a l  m e d ia to r s  
w h ich  p ro d u c e  i t  h a v e  y e t  t o  b e  f u l l y  i d e n t i f i e d .  O th e rs  
h a v e  r e p o r t e d  t h a t  b r a i n  h i s t a m in e  l e v e l s  a r e  i n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  m o rp h in e - in d u c e d  lo c o m o tio n  o f  t h e  
m ouse (L e e , J .R .  an d  F e n n e s s y ,  M .R ., C l i n . E x p . P h a rm a c o l . 
P h y s i o l . 3 : 1 7 9 , 1 9 7 6 ; M cC la in , D .E . ,  C a t r a v a s ,  G .N. and  
T e i te lb a u m ,  H . , S o c . N e u r o s c i . A b s t r . 3 : 2 9 7 , 1 9 7 7 ) . B ra in  
h i s t a m in e  may a l s o  b e  in v o lv e d  i n  v a r i o u s  lo c o m o to r  
symptoms a s s o c i a t e d  w i th  o p i a t e  w i th d ra w a l  (Wong, C. and  
R o b e r ts ,  M .B ., A g en ts  and  A c t io n s  5 / 5 : 4 7 6 , 1 9 7 5 ) . The 
p r e s e n t  i n v e s t i g a t i o n  s o u g h t  t o  f u r t h e r  e x p lo r e  t h e  r o l e  o f  
b r a i n  h i s t a m in e  i n  o p i a t e - i n d u c e d  lo c o m o tio n  by  c h a l l e n g in g  
t h i s  b e h a v io r a l  r e s p o n s e  w i th  i n t r a c r a n i a l  i n j e c t i o n s  o f  
a n t i h i s t a m i n e s .

E le v e n  m ale  C57BL/6J m ice  w ere  c h r o n i c a l l y  im p la n te d  w i th  
b i l a t e r a l  i n t r a c r a n i a l  c a n n u la s  aim ed a t  t h e  l a t e r a l  
v e n t r i c l e s .  A f t e r  s u r g i c a l  r e c o v e r y  m ice  r e c e i v e d  m o rp h in e  
(3 0 m g /k g , i . p . ) .  On d i f f e r e n t  d a y s ,  am p h etam in e  (4 m g /k g ,  
i . p . )  o r  s a l i n e  c o n t r o l  i n j e c t i o n s  w e re  a l s o  g iv e n .  The 
b e h a v io r a l  r e s p o n s e s  p ro d u c e d  by  t h e  p e r i p h e r a l  d ru g  i n 
j e c t i o n  w e re , a t  d i f f e r e n t  t im e s ,  c h a l l e n g e d  b y  e a c h  o f  t h e  
f o l l o w in g  b i l a t e r a l  i n t r a v e n t r i c u l a r  i n j e c t i o n s :  1) 20mg 
c h lo r p h e n ir a m in e  (H1 r e c e p t o r  b l o c k e r ) , 2) 75 mg c im e t i d in e  
(H2 r e c e p t o r  b l o c k e r ,  3) 2 mg n a lo x o n e ,  o r ,  3) s a l i n e .  
L ocom otor a c t i v i t y  was r e c o r d e d  f o r  30 m in u te s  a f t e r  t h e  
i n t r a c r a n i a l  d ru g  i n j e c t i o n s .

I n t r a v e n t r i c u l a r  n a lo x o n e  s i g n i f i c a n t l y  ( P < 0 .0 5 ,  ANOVA) 
a t t e n u a t e d  m o rp h in e - in d u c e d  lo c o m o tio n  i n  t h i s  m ouse. 
D -am phetam ine h y p e r a c t i v i t y  was u n a l t e r e d  by  t h e  o p i a t e  
a n t a g o n i s t .  C h lo rp h e n ir a m in e  a l s o  r e d u c e d  m o rp h in e - in d u c e d  
lo c o m o tio n  ( a l t h o u g h  n o t  t o  t h e  same d e g re e  a s  n a lo x o n e )  b u t  
f a i l e d  t o  p ro d u c e  a  c o n s i s t e n t  r e d u c t io n  i n  am p h etam in e  
h y p e r a c t i v i t y .  I n t r a c r a n i a l  c im e t i d in e  e v o k e d  a  g e n e r a l i z e d  
l e t h a r g y  w h ich  r e d u c e d  th e  b e h a v io r a l  a c t i v a t i o n  p ro d u c e d  
by b o th  m o rp h in e  and  d -a m p h e ta m in e .

T h ese  p r e l i m i n a r y  d a t a  s u g g e s t  a  r o l e  f o r  b r a i n  h i s t a m in e  
i n  m o rp h in e  s t i m u l a t e d  lo c o m o tio n .  In  a d d i t i o n ,  h i s t a m i n e ’ s 
c o n t r i b u t i o n  t o  t h e  p r o d u c t io n  o f  m o rp h in e  h y p e r a c t i v i t y  
may d i f f e r  from  i t s  r o l e  i n  am p h etam in e  h y p e r a c t i v i t y .

323. 5  FEEDING ELICITED BY THE OPIATE PEPTIDE  
D-ALA-2-MET-ENKEPHALINAMIDE: SITES OF ACTION IN THE 
BRAIN.  B. G. S t a n le y * ,  D. L a n th ie r *  and  S . F . L e ib o w itz  
(SPON: D. J .  M ic c o ) .  The R o c k e f e l l e r  U n i v . , 1230 Y ork A v e .,  
New Y o rk , NY 10 0 2 1 .

A p o s s i b l e  r o l e  f o r  b r a i n  o p i a t e  p e p t i d e s  i n  th e  
r e g u l a t i o n  o f  f e e d in g  b e h a v io r  was s u g g e s te d  by th e  
f i n d i n g s  t h a t  i n t r a c e r e b r a l  m i c r o i n j e c t i o n  o f  s e v e r a l  
o p i a t e s  e l i c i t e d  f e e d in g  b e h a v io r .  A fu n d a m e n ta l  q u e s t i o n  
r e l a t i n g  to  t h i s  phenom enon c o n c e rn s  w h ich  b r a i n  r e g i o n ( s )  
i s  r e s p o n s i b l e  f o r  m e d ia t i n g  th e s e  e f f e c t s .  To a d d re s s  
t h i s  i s s u e ,  t h e  lo n g  a c t i n g  e n k e p h a l in  a n a lo g u e  
D - A la -2 -M e t-e n k e p h a l in a m id e  (DALA), w h ich  h a s  b e e n  shown 
to  e l i c i t  f e e d in g  b e h a v io r  (M clean  & H o e b e l ,  1 9 8 3 ) ,  was 
m ic r o in j e c t e d  i n t o  v a r i o u s  b r a i n  r e g i o n s  and  i t s  e f f e c t  on 
fo o d  i n t a k e  was m e a s u re d .

A d u l t  m ale  S p ra g u e -D aw le y  r a t s  w i th  s t e r e o t a x i c a l l y -  
im p la n te d  26 g au g e  c a n n u la s  w ere  u s e d .  A f t e r  s a t i a t i o n  
w i th  f r e s h  d i e t  (46% P u r in a  r a t  chow , 37% s u c r o s e  and  17% 
C a r n a t io n  e v a p o r a t e d  m ilk )  s u b j e c t s  w ere  i n j e c t e d  th ro u g h  
th e  b r a i n  c a n n u la  w i th  DALA (4 µ g / 0 .3  µ l )  o r  v e h ic l e  
(0 .9%  s a l i n e ,  0 .3  µ l )  and  fo o d  i n t a k e  was m ea su red  1 and  2 
h r  p o s t i n j e c t i o n .  F o u r to  e i g h t  s u b j e c t s  p e r  b r a i n  r e g io n  
w e re  r e p e a t e d l y  t e s t e d  w i th  DALA and  v e h ic l e  on 
a l t e r n a t i n g  d a y s .  S u b je c t s  w e re  c o n s id e r e d  to  b e  
r e s p o n d e r s  i f  t h e i r  mean fo o d  i n t a k e  was i n c r e a s e d  2 o r  
m ore g o v e r  b a s e l i n e .

As h a s  b e e n  shown p r e v i o u s l y ,  we fo u n d  t h a t  i n j e c t i o n  
o f  DALA i n t o  t h e  r e g io n  o f  th e  p a r a v e n t r i c u l a r  h y p o th a la m u s  
e l i c i t s  a  f e e d in g  r e s p o n s e  w i t h in  1 h r .  T h is  r e s p o n s e  was 
a l s o  o b s e rv e d  w i th  i n j e c t i o n  i n t o  th e  r e g io n  o f  th e  
p e r i f o m i c a l  h y p o th a la m u s  and  th e  am y g d a la . O th e r  b r a i n  
r e g i o n s  i n c l u d i n g  th e  s e p tu m , g lo b u s  p a l l i d u s ,  h ip p o ca m p u s , 
p e r i a q u e d u c t a l  g r a y ,  m id b r a in  tegm entum  and  f o u r t h  
v e n t r i c l e  a p p e a r e d  to  b e  i n s e n s i t i v e  to  t h i s  o p i a t e  
a g o n i s t .

T h ese  r e s u l t s  s u g g e s t  t h a t  o p i a t e  f e e d in g  i s  e l i c i t e d  
th ro u g h  s p e c i f i c  b r a i n  r e g i o n s ,  i n  p a r t i c u l a r  th e  
h y p o th a la m u s  an d  am y g d a la . I n  c o n t r a s t ,  a  num ber o f  o t h e r  
b r a i n  s i t e s  a p p e a r  to  be  i n s e n s i t i v e  to  t h i s  e f f e c t .

( S u p p o r te d  by g r a n t  M K -22879).

3 2 3 . 6  DAY 10  RAT P U P S :  EVIDENCE FOR ANA LGESIC E FF E C T S OF O P I O I D S . 
P .  KEHOE a n d  E .M .  BL A SS .   Dept. o f  P s y c h o l o g y ,  T h e  J o h n s  
H o p k i n s  U n i v e r s i t y ,  B a l t i m o r e ,  Md .  2 1 2 1 8 .

T o  d e t e r m i n e  t h e  a n a l g e s i c  e f f e c t s  o f  o p i o i d s  o n  n e o n a t a l  
r a t  n o c i c e p t i v e  b e h a v i o r ,  a  h o t - p l a t e ,  p a w - l i f t  t e s t  w a s  
c o n d u c t e d  o n  1 0 - d a y - o l d  p u p s  a f t e r  v a r i o u s  t r e a t m e n t s .  T h e  
f i r s t  s t u d y  e x a m i n e d  t h e  a n a l g e s i c  e f f e c t  o f  m o r p h i n e .  P u p s  
w e r e  g i v e n  s a l i n e  ( s . c . )  f o l l o w e d  b y  m o r p h i n e  0 . 5 m g / k g  ( i p )  
15 m i n u t e s  l a t e r .  N a l t r e x o n e  0 . 5 m g / k g / s a l i n e , n a l t r e x o n e /  
m o r p h i n e  a n d  s a l i n e / s a l i n e  w e r e  t h e  o t h e r  i n j e c t i o n  r e g i m e n s  
P a w - l i f t  l a t e n c i e s  w e r e  t e s t e d  a t  s e v e r a l  i n t e r v a l s  a f t e r  
t h e  s e c o n d  i n j e c t i o n .  A t  t h e  15 m i n u t e  i n t e r v a l  w e  f o u n d  
i n c r e a s e d  l a t e n c i e s  ( 2 7  s e c . )  a f t e r  s a 1 i n e / m o r p h i n e  a n d  
c o n s i d e r a b l y  l o w e r  l a t e n c i e s  f o r  t h e  o t h e r  3 t r e a t m e n t  
c o n d i t i o n s .  A p p a r e n t l y  t h e  o p i o i d  i n d u c e d  a n a l g e s i a  w a s  
b l o c k e d  b y  n a l t r e x o n e .

T h e  s e c o n d  s t u d y  d e m o n s t r a t e d  a  s t r e s s - i n d u c e d  a n a l g e s i a ,  
p r e s u m a b l y  m e d i a t e d  b y  e n d o g e n o u s  o p i o i d  r e l e a s e ,  w h i c h  w a s  
a n t a g o n i z e d  b y  n a l t r e x o n e .  P r i o r  t o  p a w  t e s t i n g ,  e a c h  p u p  
r e c e i v e d  e i t h e r  n o  i n j e c t i o n ,  s a l i n e  o r  n a l t r e x o n e  ( . 5 m g /  
k g )  a n d  i s o l a t e d  i n  a  c u p  o f  c l e a n  c h i p s  f o r  5 m i n u t e s .  
L a t e n c i e s  w e r e  1 6 ,  1 8 . 5 ,  a n d  7 s e c .  r e s p e c t i v e l y . S i m i l a r  
r e s u l t s  w e r e  o b t a i n e d  w h e n  t h e  p u p  w a s  i s o l a t e d  i n  o r a n g e -  
s c e n t e d  c h i p s  f o r  5  m i n .  H o w e v e r ,  w h e n  g r o u p - h o u s e d  i n  t h e  
o r a n g e - s c e n t e d  c h i p s  f o r  5  m i n . ,  p a w  l a t e n c i e s  w e r e  9 . 5  
s e c .  f o r  n o  i n j e c t i o n ,  8 . 1  s e c .  f o r  s a l i n e ,  a n d  5 . 6  s e c .  
f o r  t h e  n a l t r e x o n e  g r o u p .  T h u s  t h e  a n a l g e s i c  e f f e c t s  o f  
o p i o i d s  a r e  b e h a v i o r a l l y  f u n c t i o n a l  i n  D a y 10  r a t  p u p s  
e x p o s e d  t o  a  h e a t e d  s u r f a c e .  T h i s  f u n c t i o n a l  s y s t e m ,  w h i c h  
w a s  o b s c u r e d  i n  p r e v i o u s  s t u d i e s  u t i l i z i n g  t h e  t a i l - f l i c k  
t e s t  w a s  s e e n  c l e a r l y  i n  t h e  p r e s e n t  s t u d i e s  t h a t  u s e d  a  
t e s t  t h o u g h t  t o  b e  m e d i a t e d ,  a t  l e a s t  i n  p a r t  b y  b r a i n  
o p i o i d  s y s t e ms .
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323.7  E FF EC TS OF NALOXONE, MORPHINE AND DIAZEPAM
 AD M IN ISTERED  PER IPH ER A LLY  AND CENTRALLY ON 

PU N ISH ED  R E SPO N D IN G .  B .H .  H e r m a n + a n d  S .G .  
H o l t z m a n * . D e p a r t m e n t  o f  P h a r m a c o l o g y ,  E m o ry  
U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  A t l a n t a ,  GA 3 0 3 2 2 .

R a t s  w e r e  t e s t e d  i n  t h e  G e l l e r - S e i f t e r  p u n i s h 
m e n t  t a s k  t o  d e t e r m i n e  i f  m o r p h i n e  h a s  " a n t i 
a n x i e t y "  e f f e c t s  a n d  i f  n a l o x o n e  h a s  " a n x i e t y 
p o t e n t i a t i n g "  e f f e c t s .  C e n t r a l  a n d  p e r i p h e r a l  
r o u t e s  o f  d r u g  i n j e c t i o n  w e r e  c o m p a r e d .  D i a z e p a m  
w a s  a l s o  s t u d i e d .  T h e  t e s t  w a s  a  V I 1 m in  s c h e d 
u l e  o f  f o o d  r e i n f o r c e m e n t  i n  w h i c h  t h r e e  4 - m i n  
p u n i s h m e n t  t r i a l s  w e r e  p r e s e n t e d  a l t e r n a t e l y  
w i t h  f o u r  1 2 - m i n  n o n p u n i s h m e n t  t r i a l s .

R e g a r d l e s s  o f  t h e  r o u t e  o f  i n j e c t i o n ,  m o r p h i n e  
p r o d u c e d  d o s e - d e p e n d e n t  d e c r e a s e s  i n  b o t h  o p e r a n t  
c o m p o n e n t s .  F o r  s u b c u t a n e o u s l y  ( s . c . )  i n j e c t e d  
d r u g ,  t h e  I C 5 0  w a s  4 . 8  m g /k g  ( 1 , 4 4 0  u g )  f o r  p u n 
i s h e d  r e s p o n d i n g  a n d  2 . 6  m g /k g  ( 7 8 0  u g )  f o r  n o n -  
p u n i s h e d  r e s p o n d i n g .  F o r  i n t r a v e n t r i c u l a r l y  ( IC V )  
a d m i n i s t e r e d  d r u g ,  t h e  I C 5 0 s  w e r e  27  n m o l  (7  u g )  
f o r  p u n i s h m e n t  a n d  32  n m o l  (9  u g )  f o r  n o n p u n i s h 
m e n t .  N a l o x o n e  (1  m g / k g ,  s . c . )  c o m p l e t e l y  
a n t a g o n i z e d  t h e s e  e f f e c t s .

No e v i d e n c e  f o r  a n  " a n x i e t y - p o t e n t i a t i n g "  
e f f e c t  o f  n a l o x o n e  w a s  f o u n d .  ICV i n j e c t i o n s  i n 
d u c e d  n o n s e l e c t i v e  r a t e - d e c r e a s i n g  e f f e c t s .  T h e  
I C 5 0  f o r  t e r t i a r y  n a l o x o n e  o n  b o t h  o p e r a n t  c o m p o 
n e n t s  w a s  g r e a t e r  t h a n  3 0 0  n m o l  ( 9 8  u g ) . Q u a t e r 
n a r y  n a l o x o n e  w a s  a b o u t  30  t i m e s  m o re  p o t e n t  t h a n  
t h e  t e r t i a r y  d e r i v a t i v e  ( I C 5 0  p u n i s h m e n t  = 11 n m o l  
( 3 . 0  u g ) ,  I C 5 0  n o n p u n i s h m e n t  = 6 . 0  n m o l  ( 2 . 0  u g ) ) .

ICV  a d m i n i s t e r e d  d i a z e p a m  ( 1 . 0  a n d  35  n m o l )  o r  
a n  s . c .  i n j e c t i o n  ( 1 . 0  m g /k g )  s e l e c t i v e l y  i n 
c r e a s e d  t h e  r a t e  o f  p u n i s h e d  r e s p o n d i n g  w i t h o u t  
a f f e c t i n g  n o n p u n i s h e d  r e s p o n d i n g .  T h e s e  d a t a  
s u g g e s t  a  c e n t r a l  m o d e  o f  a c t i o n  o f  d i a z e p a m .

I n  s h o r t ,  we f a i l e d  t o  f i n d  a  r o l e  o f  
e n d o r p h i n s  i n  t h e  m o d u l a t i o n  o f  e x p e r i m e n t a l l y -  
i n d u c e d  " a n x i e t y " .

S u p p o r t e d  b y  D A 0 0 5 4 1 a n d  K02 D A 0 0 0 0 8  t o  S .G .H .  
+ P r e s  e n t  a d d r e s s :  D e p a r t m e n t  o f  N e u r o s u r g e r y ,

C h i l d r e n ’ s H o s p i t a l ,  1 1 1  M i c h i g a n  A v e ,  N .W .,  
W a s h i n g t o n ,  D .C .  2 0 0 1 0

323.8  The E f f e c t  o f  M o rp h in e  o n  T r a in  D u r a t io n  T h r e s h o ld s  a n d  Re
s p o n s e  R a te s  i n  S e l f - S t i m u l a t i n g  R a t s .  R. A. F ra n k  a n d   
A. M arkou . D e p t . o f  P s y c h o lo g y ,  U n i v e r s i t y  o f  C i n c i n n a t i ,  
C i n c i n n a t i ,  OH 4 5 2 2 1 .

M o d e ra te  d o s e s  o f  m o rp h in e  (5 -2 0  m g/kg) h a v e  b e e n  show n t o  
i n i t i a l l y  d e p r e s s  s e l f - s t i m u l a t i o n  f o l lo w e d  b y  a  
f a c i l i t a t i o n  o f  r e s p o n d in g  a f t e r  3 -6  d a y s  o f  d r u g  
a d m i n i s t r a t i o n .  The t im e  c o u r s e  o f  t h e  f a c i l i t o r y  a n d  
d e p r e s s iv e  e f f e c t s  a n d  t h e i r  m a g n itu d e  a r e  d e p e n d e n t  o n  b o th  
t h e  t im e  o f  t e s t i n g  a n d  d r u g  d o s e .  U n l ik e  m o st p r e v io u s  
s t u d i e s  t h a t  h a v e  u s e d  e i t h e r  r e s p o n s e  r a t e s  o r  t h r e s h o l d s  
t o  a s s e s s  t h e  f a c i l i t o r y  a n d  d e p r e s s iv e  e f f e c t s  o f  m o rp h in e , 
t h e  p r e s e n t  s tu d y  m ea su red  b o th  r a t e s  a n d  t h r e s h o l d s  
f o l l o w in g  d r u g  a d m i n i s t r a t i o n .  T h is  a p p ro a c h  w as a d o p te d  t o  
s im u l t a n e o u s ly  d e te r m in e  t h e  s e n s i t i v i t y  o f  e a c h  m e a s u re  t o  
t h e  b i p o l a r  e f f e c t s  o f  m o rp h in e . T en  m a le  S p ra g u e -D aw le y  
r a t s  im p la n te d  w i t h  b i p o l a r  s t i m u l a t i n g  e l e c t r o d e s  i n  t h e  
v e n t r a l  t e g m e n ta l  a r e a  (VTA) w e re  t r a i n e d  t o  l e v e r  p r e s s  f o r  
b r a i n  s t i m u l a t i o n  u s in g  a  p r o c e d u r e  t h a t  a l t e r n a t e d  3 .0  m in 
t e s t  w i t h  1 .0  m in  t im e - o u t  p e r i o d s .  The b r a i n  s t i m u l a t i o n  
t r a i n  d u r a t i o n  t h a t  w as a v a i l a b l e  d u r in g  e a c h  t e s t  p e r i o d  
w as v a r i e d  fro m  15 t o  70 m sec i n  5 m sec i n c r e m e n t s .  T r a in  
d u r a t i o n s  o f  0 a n d  100 m sec w e re  a l s o  u s e d .  The 14 t r a i n  
d u r a t i o n s  w e re  p r e s e n t e d  i n  a  random  o r d e r  d u r in g  e a c h  d a i l y  
t e s t i n g  s e s s i o n .  Two 1 .0  h r  t e s t i n g  s e s s i o n s  w e re  r u n  e a c h  
d a y ;  t h e  f i r s t  15 m in  a n d  t h e  s e c o n d  3 .0  h r  p o s t - i n j e c t i o n .  
D u r in g  p r e -  an d  p o s t - d r u g  b a s e l i n e  p e r i o d s ,  n o rm a l s a l i n e  
w as a d m i n i s t e r e d  w h e re a s  e i t h e r  5 o r  10 m g/kg  m o rp h in e  w as 
i n j e c t e d  (SC) o n  e a c h  o f  11 c o n s e c u t iv e  d r u g  t e s t i n g  d a y s .
An e x a m in a t io n  o f  t h e  d a t a  r e v e a l e d  t h a t ,  i n  g e n e r a l ,  
i n c r e a s e d  r a t e s  w e re  a s s o c i a t e d  w i t h  d e c r e a s e d  t h r e s h o l d s  
a n d  d e c r e a s e d  r a t e s  w i th  i n c r e a s e d  t h r e s h o l d s .  The r e s u l t s  
o f  t h i s  e x p e r im e n t  i n d i c a t e d  t h a t  ( 1 ) m o rp h in e  a f f e c t s  s e l f 
s t i m u l a t i o n  r e s p o n s e  r a t e s  a n d  t h r e s h o l d s  i n  a p p r o x im a te ly  
t h e  sam e m an n e r , (2 ) a  s im p le  m o to r  e x p la n a t io n  o f  
m o r p h in e 's  d e p r e s s iv e  o r  f a c i l i t a t i v e  e f f e c t s  o n  s e l f 
s t i m u l a t i o n  i s  i n a d e q u a te  a n d  (3) i n d i v i d u a l  d i f f e r e n c e s  i n  
r e s p o n s e  t o  m o rp h in e  c a n  b e  s u b s t a n t i a l  a n d  m u st b e  
c o n s id e r e d  i n  a n y  g e n e r a l  e x p la n a t i o n  o f  m o r p h in e 's  e f f e c t  
o n  s e l f - s t i m u l a t i o n .  T h is  r e s e a r c h  w as s u p p o r t e d  b y  a  
U n i v e r s i t y  o f  C i n c i n n a t i  URC g r a n t  t o  R. F ra n k .

3 2 3 .9  FACILITATION OF SELF-STIMULATION BY MORPHINE: AN ASSOCIATIVE 
RATHER THAN A PHARMACOLOGICAL PROCESS?  T .H .H and* and  K .B .J .  
F r a n k l i n .   D e p a r tm e n t o f  P s y c h o lo g y ,  M c G ill  U n i v e r s i t y ,  
M o n tr e a l ,  Q uebec H3A 1B1

In  r e c e n t  y e a r s  i t  h a s  becom e a p p a r e n t  t h a t  a  num ber o f  
t h e  p h y s i o l o g i c a l  and  b e h a v io r a l  e f f e c t s  o f  c h r o n ic  m o rp h in e  
a r e  c o n t r o l l e d  b y  e n v ir o n m e n ta l  s t i m u l i  a s s o c i a t e d  w i th  d ru g  
a d m i n i s t r a t i o n .  The f a c i l i t a t i o n  o f  s e l f - s t i m u l a t i o n  (SS) by  
d a i l y  m o rp h in e  i n j e c t i o n s  d e v e lo p s  o v e r  a  p e r i o d  o f  s e v e r a l  
d a y s ,  s u g g e s t i n g  t h a t  i t  i s  n o t  a  s im p le ,  d i r e c t  p h a rm a c o 
l o g i c a l  e f f e c t  o f  t h e  d r u g .  The h y p o t h e s i s  t h a t  t h i s  e f f e c t  
r e p r e s e n t s  t h e  d e v e lo p m e n t o f  a  l e a r n e d  a s s o c i a t i o n  b e tw e en  
m o rp h in e  a d m i n i s t r a t i o n  an d  t h e  SS s i t u a t i o n  was t e s t e d  i n  
2 e x p e r im e n t s .  In  E x p e r im e n t 1 , r a t s  w ere  t r a i n e d  t o  s e l f -  
s t i m u l a t e ,  an d  t h e n  s t a b i l i z e d  a t  c u r r e n t s  p r o d u c in g  h a l f -  
m ax im al, r a t e  f o r  s e v e r a l  c o n s e c u t iv e  d a y s .  The a n im a ls  w ere  
t h e n  ran d o m ly  d i v id e d  i n t o  2 g r o u p s .  G roup A r e c e i v e d  10 mg/ 
kg m o rp h in e  SO4 s u b c u ta n e o u s ly  e a c h  d a y ,  an d  SS p e rfo rm a n c e  
was t e s t e d  l h  an d  3h p o s t - i n j e c t i o n .  T h is  p r o c e d u r e  was f o l 
lo w ed  f o r  8 d a y s .  G roup B r e c e i v e d  t h e  sam e d o s e  o f  d ru g  i n  
t h e  a n im a l  c o lo n y  f o r  4 d a y s ,  an d  w ere  n o t  r e t u r n e d  t o  t h e  
SS p r o c e d u r e  u n t i l  t h e  5 th  d ay  o f  m o rp h in e  i n j e c t i o n .  G roup 
A show ed a  g r a d u a l  d e v e lo p m e n t o f  SS f a c i l i t a t i o n  a t  3h p o s t -  
i n j e c t i o n .  T h is  was d e t e c t a b l e  a s  e a r l y  a s  t h e  se c o n d  d ay  o f  
m o rp h in e  a d m i n i s t r a t i o n  an d  v e ry  s t r o n g  by  d a y s  3 and  4 .  
G roup B show ed no  f a c i l i t a t i o n ,  d e s p i t e  r e p e a t e d  t e s t i n g .   
T h is  s u g g e s t e d  t h a t  f a c i l i t a t i o n  o f  SS by  m o rp h in e  r e q u i r e s  
r e p e a t e d  p a i r i n g s  o f  t h e  d ru g  an d  t h e  SS s i t u a t i o n ,  an d  t h a t  
rem o v a l o f  t h e  a s s o c i a t i o n  b e tw e e n  t h e  d ru g  an d  t h e  SS s i t u 
a t i o n  b lo c k s  t h i s  e f f e c t .  In  E x p e r im e n t 2 ,  a  g ro u p  o f  a n im 
a l s  was t r a i n e d  an d  t e s t e d  u n d e r  t h e  same c o n d i t i o n s  a s  
Group A a b o v e ,  e x c e p t  t h a t  t h e  d ru g -S S  a s s o c i a t i o n  was w eak
e n e d  b y  t e s t i n g  o n ly  3h p o s t - i n j e c t i o n  ( r a t h e r  t h a n  lh  and  
3h p o s t - i n j e c t i o n ) .  U n d er t h e s e  c o n d i t i o n s ,  c h r o n ic  m o rp h in e  
f a i l e d  t o  a f f e c t  SS p e r fo rm a n c e  o v e r  5 d a y s  o f  d ru g  t r e a t 
m e n t.  I n t r o d u c t i o n  o f  t h e  l h  p o s t - i n j e c t i o n  s e s s i o n  on d a y s
6 -1 0  o f  SS d i d  n o t  i n i t i a t e  f a c i l i t a t i o n .  T h e se  d a t a  show 
t h a t  r e p e a t e d  o p i a t e  r e c e p t o r  a c t i v a t i o n  by  m o rp h in e  i s  n o t  
a  s u f f i c i e n t  c o n d i t i o n  f o r  SS f a c i l i t a t i o n ,  and  th e y  s u p p o r t  
t h e  n o t io n  t h a t  t h i s  f a c i l i t a t i o n  i s  u n d e r  t h e  c o n t r o l  o f  
e n v ir o n m e n ta l  s t i m u l i  a s s o c i a t e d  w i th  d ru g  a d m i n i s t r a t i o n .

(S u p p o r te d  b y  NSERC A6303 an d  F .C .A .C . 84EQ0084)

323. 10  EFFECTS OF 0 .5  HZ AND 60 HZ MAGNETIC FIELDS ON MORPHINE-
INDUCED BEHAVIORAL CHANGES IN MICE.  M. K a v a l i e r s  an d  K .- P .  
O ssen k o p p  (SPON: R. S h i v e r s ) .   D e p ts .  o f  Z o o lo g y  an d  P s y c h 
o lo g y ,  U n i v e r s i t y  o f  W e s te rn  O n t a r i o ,  L o n d o n , O n t a r i o ,  
C anada  N6A 5B7

A s u b s t a n t i a l  bod y  o f  e v id e n c e  i n d i c a t e s  t h a t  m a g n e t ic  
f i e l d s  c a n  i n f l u e n c e  b i o l o g i c a l  s y s te m s .  Of s p e c i a l  
i n t e r e s t  i s  t h e  e x tr e m e ly  low  f r e q u e n c y  b a n d  i n  t h e  r a n g e  
o f  5 0 -6 0  Hz s in c e  t h i s  i s  t h e  f r e q u e n c y  o f  a l t e r n a t i n g  
c u r r e n t s  u s e d  a s  s o u r c e s  o f  e l e c t r i c a l  e n e rg y  by  m an. 
A lth o u g h  t h e r e  i s  some e v id e n c e  f o r  i n c r e a s e d  a c t i v i t y  
l e v e l s  i n  m ic e  e x p o se d  t o  m a g n e t ic  f i e l d s  w i th  a  60 Hz 
f r e q u e n c y ,  few  o t h e r  r e l i a b l e  b e h a v io r a l  c h a n g e s  h a v e  b e e n  
r e p o r t e d .  R e c e n t ly ,  c h r o n ic  e x p o s u re  t o  0 .5  Hz m a g n e t ic  
f i e l d s  w as shown to  m a rk e d ly  a t t e n u a t e  n o c tu r n a l  m o rp h in e -  
in d u c e d  a n a l g e s i a  i n  m ic e .  We r e p o r t  h e r e  t h a t  a c u t e  (1 h )  
e x p o s u re  t o  0 .5  Hz an d  60 Hz m a g n e t ic  f i e l d s  a l s o  re d u c e d  
m u rin e  n o c tu r n a l  and d i u r n a l  m o rp h in e - in d u c e d  a n a l g e s i a  a s  
w e l l  a s  r e d u c in g  m o rp h in e  in d u c e d  h y p e r a c t i v i t y .

CF-1 m ic e  g iv e n  m o rp h in e  d i s p l a y  d a y - n i g h t  rh y th m s  i n  
t h e  l a t e n c y  o f  t h e i r  r e s p o n s e  t o  a  th e r m a l  s t i m u l u s  ( 5 0 ° C ) . 
I n  e x p e r im e n t  1 , 1 h  e x p o s u re  t o  0 ,  0 . 5 ,  1 .0  an d  1 .5  g a u s s  
60 Hz m a g n e t ic  f i e l d s  re d u c e d  i n  a  d o s e -d e p e n d e n t  f a s h i o n  
t h e  n o r m a l ly  e l e v a t e d  n o c tu r n a l  a n a l g e s i a  l e v e l s  i n  CF-1 
m ic e  t h a t  w e re  i . p .  t r e a t e d  w i th  m o rp h in e  s u l f a t e  (1 0  
m g /K g ). I n  e x p e r im e n t  2 ,  e x p o s u re  o f  CF-1 m ic e  f o r  1 h  t o  
a  0 .5  Hz m a g n e t ic  f i e l d  (3 -9 0  g a u s s )  w as fo u n d  t o  a l s o  
r e d u c e  t h e  d a y - t im e  m o rp h in e  (10  m g/K g)- in d u c e d  a n a l g e s i c  
r e s p o n s e s .  I n  t h e  f i n a l  e x p e r im e n t  C J-5 7  m ic e  w e re  e x p o s e d  
t o  t h e  0 .5  Hz m a g n e t ic  f i e l d  c o n d i t i o n s  an d  t h e i r  a c t i v i t y  
l e v e l s  w e re  m e a su re d  a f t e r  t r e a tm e n t  w i th  m o rp h in e  (10  
m g /K g ). I n  c o n t r a s t  t o  t h e  CF-1 m ic e  t h e  C J-5 7  s t r a i n  o f  
m ouse d i s p l a y s  h y p e r a c t i v i t y  r a t h e r  t h a n  a n a l g e s i a  a f t e r  
m o rp h in e  t r e a t m e n t .  A s i g n i f i c a n t  r e d u c t io n  i n  m o rp h in e -  
in d u c e d  a c t i v i t y  w as o b s e rv e d  i n  t h e  C J-5 7  m ic e  e x p o s e d  t o  
t h e  m a g n e t ic  f i e l d s .

T h e se  e x p e r im e n ts  show t h a t  e x p o s u re  t o  m a g n e t ic  f i e l d s  
c a n  s i g n f i c a n t l y  a l t e r  m o rp h in e - in d u c e d  b e h a v io r  i.n m ic e .  
T h e se  r e s u l t s  a r e  c o m p a t ib le  w i th  a  m a g n e t i c - f i e ld - i n d u c e d  
i n h i b i t i o n  o f  p i n e a l  g la n d  a c t i v i t y  h y p o t h e s i s .
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3 2 3 .11  EFFECTS OF 5,7-DIHYDROXYTRYPTAMINE LESIONS OF THE NUCLEUS 
ACCUMBENS ON RAT INTRAVENOUS MORPHINE SELF-ADMINISTRATION.  
J . E .  SMITH a n d  G .F .  GUERIN*.  P s y c h i a t r y  R e s e a r c h  U n i t ,  
D e p a r tm e n t s  o f  P s y c h i a t r y  a n d  P h a rm a c o lo g y ,  L o u i s i a n a  S t a t e  
U n i v e r s i t y  M e d ic a l  C e n t e r ,  S h r e v e p o r t ,  LA 7 1 1 3 0 .

T h e  n u c l e u s  a c c u m b e n s  (NA) i s  t h o u g h t  t o  be a n  im p o r t a n t  
b r a i n  s t r u c t u r e  t o  s t i m u l a n t  a n d  o p i a t e  r e i n f o r c e m e n t .  B i
l a t e r a l  6 - OHDA a n d  k a i n i c  a c i d  l e s i o n s  d e c r e a s e  i n t r a v e n o u s  
c o c a i n e  a n d  a m p h e ta m in e  s e l f - a d m i n i s t r a t i o n ,  b u t  e i t h e r  do  
n o t  e f f e c t  o r  i n c r e a s e  o p i a t e  i n t a k e .  B i l a t e r a l  6-OHDA l e 
s i o n s  a l s o  a t t e n u a t e  o p i a t e  a n d  a m p h e ta m in e  p l a c e - p r e f e r e n c e  
c o n d i t i o n i n g  w i t h o u t  e f f e c t i n g  c o c a i n e ,  s u g g e s t i n g  a  h e t e r o 
g e n i t y  o f  f u n c t i o n .  5 , 7 - d i h y d r o x y t r y p t a m i n e  (5 ,7 -D H T ) l e 
s i o n s  o f  t h e  NA d o  n o t  c h a n g e  i n t r a v e n o u s  a m p h e ta m in e  s e l f 
a d m i n i s t r a t i o n .  T h is  e x p e r im e n t  w as i n i t i a t e d  t o  a s s e s s  t h e  
e f f e c t s  o f  s i m i l a r  s e r o t o n e r g i c  l e s i o n s  on  i n t r a v e n o u s  m or
p h i n e  s e l f - a d m i n i s t r a t i o n .  S ix  p a i r s  o f  9 0 - d a y - o l d  m a le   
F i s c h e r  F - 3 4 4  l i t t e r m a t e s  w e re  s u r g i c a l l y  im p l a n te d  w i t h  i n 
t r a v e n o u s  j u g u l a r  c a t h e t e r s  a n d  b i l a t e r a l  i n j e c t i o n  g u id e  
c a n n u l a e  i n t o  t h e  c e n t r a l  m e d ia l  n u c l e u s  a c c u m b e n s , w e re  
m ade p h y s i c a l l y  d e p e n d e n t  on  m o rp h in e  a n d  t h e n  a l lo w e d  t o  
l e v e r  p r e s s  on  a  F R -1 0  s c h e d u l e  o f  i n t r a v e n o u s  d ru g  p r e s e n 
t a t i o n  ( 1 0  m g /k g  in  0 . 2  ml d e l i v e r e d  o v e r  5 .5  s e c  w i th  2 4 -  
h o u r  a c c e s s ) .  A f t e r  s t a b l e  b a s e l i n e s  o f  d ru g  i n t a k e  w e re  
o b t a i n e d  ( 2 - 3  w e e k s )  o n e  o f  e a c h  p a i r  r e c e i v e d  b i l a t e r a l  
sh am  v e h i c l e  t r e a t m e n t  w h i l e  t h e  o t h e r  r e c e i v e d  b i l a t e r a l  
5 ,7 -D H T  m i c r o i n j e c t i o n s  i n t o  t h e  n u c l e u s  a cc u m b e n s  ( 6  ug  in  
0 .5 u l  o f  s a l i n e  w i th  0 . 2  m g/m l o f  a s c o r b i c  a c i d  i n f u s e d  
o v e r  7 - 1 / 2  m in u te s  w i th  t h e  i n j e c t i o n  c a n n u la e  l e f t  i n  p l a c e  
a n  a d d i t i o n a l  10  m i n u t e s )  3 0  t o  4 5  m in u te s  a f t e r  d e s m e th y l 
im ip ra m in e  p r e t r e a t m e n t  ( 2 5  m g /k g ,  i . p . ) .  The l i t t e r m a t e s  
r e c e i v e d  r e s p o n s e  in d e p e n d e n t  i n f u s i o n s  o f  m o rp h in e  f o r  24  
h o u r s  a t  t h e  p r e v i o u s  s e l f - a d m i n i s t r a t i o n  r a t e  a n d  th e n  
a g a i n  a l l o w e d  t o  s e l f - a d m i n i s t e r  w i th  d r u g i n t a k e  m o n i to r e d  
f o r  t h i r t e e n  d a y s .  T he  l i t t e r m a t e s  w e re  s a c r i f i c e d  by  t o t a l  
im m e rs io n  in  l i q u i d  n i t r o g e n ,  t h e  b r a i n s  rem o ved  a t  - 2 0 ° C , 
f r o z e n  s e c t i o n s  o f  t h e  c a n n u l a e  t r a c t  t a k e n  f o r  h i s t o l o g i c a l  
a s s e s s m e n t ,  t h e  n u c l e u s  a c c u m b e n s  re m o v e d  a t  -2 0 ° C  a n d  b i o 
g e n i c  m on oam ine  c o n t e n t  d e t e r m in e d  by  HPLC w i th  e l e c t r o 
c h e m i c a l  d e t e c t i o n .  5 ,7 -D H T  l e s i o n s  r e s u l t e d  i n  a  s i g n i f i 
c a n t  i n c r e a s e  i n  d ru g  i n t a k e  (7 5 % ) , w h i l e  t h e  sham  v e h i c l e  
t r e a t m e n t  d i d  n o t .  C o n te n t  o f  5-H T a n d  5-H IA A  w as a l s o  s i g 
n i f i c a n t l y  r e d u c e d  in  t h e  l e s i o n e d  a n i m a l s .  The i n c r e a s e  in  
d r u g  i n t a k e  i s  s i m i l a r  t o  t h a t  s e e n  a f t e r  6-OHDA l e s i o n s ,  
s u g g e s t i n g  a  r o l e  f o r  5-H T i n n e r v a t i o n s  o f  t h e  NA i n  o p i a t e  
r e i n f o r c e m e n t . ( S u p p o r t e d  by  USPHS G r a n t  D A -0 1 9 9 9 ) .

323. 12  OP I OI DS AND AGGRESSION: INFLUENCES OF OPIOID AGONISTS AND  
ANTAGONISTS ON AGGRESSIVE BEHAVIOR IN MICE.  G .C . T e sk e y  
an d  M. K a v a l i e r s .  D e p t . o f  Z o o lo g y , U n i v e r s i t y  o f  W e s te rn  
O n t a r i o ,  L o n d o n , O n t a r i o ,  C an ad a  N6A 5B7.

A g ro w in g  body  o f  e v id e n c e  h a s  s u g g e s t e d  a  r o l e  f o r  e n d o 
g e n o u s  o p io id  p e p t i d e s  i n  t h e  c o n t r o l  o f  a g g r e s s iv e  b e h a v 
i o r .  A g g r e s s iv e  i n t e r a c t i o n s  f o l l o w  a  d e f i n e d  te m p o r a l  
c o u r s e  and  a r e  com posed o f  a  r e p e r t o i r e  o f  b e h a v io r a l  e l e 
m e n ts .  The p r e s e n t  s tu d y  w as u n d e r ta k e n  t o  ex am in e  th e  
r o l e s  o f  d i f f e r e n t  c o m p o n en ts  o f  t h e  o p i o id  s y s te m  i n  m ed i
a t i n g  t h e s e  b e h a v io r s .  D e te r m in a t io n s  w e re  m ade o f  t h e  
e f f e c t s  o f  v a r i o u s  o p io id  a g o n i s t s  an d  a n t a g o n i s t s  on th e  
c o m p o s i t io n  and  b e h a v io r a l  c o n s e q u e n c e s  o f  a g g r e s s iv e  
e n c o u n te r s  i n  m ic e .

The e f f e c t  o f  s i z e ,  t e r r i t o r y ,  and  p r e v io u s  s o c i a l  e x 
p e r i e n c e  on a g g r e s s iv e  b e h a v io r  w as i n v e s t i g a t e d  u s in g  
" r e s i d e n t - i n t r u d e r "  e n c o u n te r s .  O p io id  a g o n i s t s  f o r  mu, 
d e l t a ,  and  k a p p a  r e c e p t o r s  a s  w e l l  a s  t h e  o p i o id  a n ta g o n 
i s t ,  n a lo x o n e ,  w e re  a d m i n i s t e r e d  t o  e i t h e r  t h e  r e s i d e n t  o r  
i n t r u d e r  m ouse . B e h a v io r a l  i n t e r a c t i o n s  o f  v a r i o u s  com bin
a t i o n s  o f  m ic e  f ro m  tw o s i z e  c l a s s e s  (2 0 -2 5  g and  3 5 -4 0  g ) , 
on t h r e e  t e r r i t o r i e s  (hom e, n e u t r a l ,  and  f o r e i g n ) ,  an d  fro m  
two d i f f e r e n t  h o u s in g  c o n d i t i o n s  (g ro u p e d  and  i s o l a t e d )  
w e re  e x a m in e d . A g g r e s s iv e  i n t e r a c t i o n s  w e re  o b s e rv e d  o v e r  
a  10 m in u te  p e r i o d  an d  a  num ber o f  b e h a v io r a l  co m p o n en ts  
w e re  r e c o r d e d .  T h e se  i n c l u d e ,  l a t e n c y  t o  a t t a c k ,  num ber o f  
b i t e s ,  num ber o f  b i t e s  t o  p ro d u c e  d e f e a t ,  f r e q u e n c y  o f  a t 
t a c k ,  and  num ber o f  b o u t s .  I n  a d d i t i o n ,  a v e r s i v e  t h e r m a l  
r e s o p n s e  l a t e n c i e s ,  lo c o m o to r  a c t i v i t y ,  and  f e e d in g  b e h a v 
i o r s  w e re  m ea su red  f o l lo w in g  th e  a g g r e s s iv e  i n t e r a c t i o n .  
T h is  p e r m i t t e d  a  f u r t h e r  e v a l u a t i o n  o f  t h e  r e l a t i v e  i n 
v o lv e m e n ts  and  a c t i v a t i o n  o f  d i f f e r e n t  o p i o id  r e c e p t o r  
a r i s i n g  fro m  d u r in g  t h e  a g g r e s s iv e  e n c o u n te r s .

The te m p o r a l  s e q u e n c e  and  a g g r e s s iv e  co m p o n en ts  w e re  c o n 
s i s t e n t  w i t h i n  a  p a ra d ig m  b u t  d i f f e r e d  g r e a t l y  b e tw e e n  p a r 
a d ig m s . I n  p a r a l l e l  t h e r e  w e re  a l s o  v a r i a t i o n s  i n  r e l a t i v e  
o p i o id  in v o lv e m e n t  i n  t h e  d e t e r m i n a t i o n  o f  t h e  s u b s e q u e n t  
f e e d i n g ,  a c t i v i t y ,  and  a v e r s i v e  r e s p o n s e s .

3 23 . 13  EFFECTS OF PENTOBARBITAL ON THREE FORMS OF STRESS-INDUCED 
ANALGESIA.  M.V. K le in * ,  G.W. Term an an d  J .C .  L i e b e s k in d .   
D e p a r tm e n t o f  P s y c h o lo g y ,  UCLA, Los A n g e le s ,  CA 9 0 024 .

A v a r i e t y  o f  s t r e s s o r s  h a s  b e e n  i m p l ic a te d  as  s t i m u l i  
a c t i v a t i n g  e n d o g e n o u s  p a i n - i n h i b i t o r y  s y s te m s  w i th in  th e  
b r a i n  and  s p i n a l  c o r d .  We h av e  r e c e n t l y  fo u n d  t h a t  by  
v a r y in g  th e  p a ra m e te r s  o f  an i n e s c a p a b le  f o o ts h o c k  s t r e s s o r  
a t  l e a s t  t h r e e  d i s t i n c t  fo rm s o f  s t r e s s - i n d u c e d  a n a lg e s i a  
can  be d i f f e r e n t i a l l y  p ro d u c e d .  W h e re a s , 1 min o f  
c o n t in u o u s  o r  20 m in o f  i n t e r m i t t e n t  (1  s e c  on e v e ry  5 s e c )   
2 .5  mA f o o ts h o c k  e l i c i t s  an a n a l g e s i a  t h a t  by s e v e r a l  
c r i t e r i a  a p p e a r s  to  be m e d ia te d  by o p io id  p e p t i d e s ,  4 m in 
o f  c o n t in u o u s  f o o ts h o c k  a t  th e  same i n t e n s i t y  p ro d u c e s  an 
e q u ip o t e n t  a n a l g e s i a  in d e p e n d e n t  o f  o p i o i d s .  The two 
o p io id  p a ra d ig m s  o f  s t r e s s  a n a l g e s i a  d i f f e r  from  one 
a n o t h e r ,  in  t h a t  th e  20 m in p a ra d ig m  p ro d u c e s  a n a lg e s i a  
a t t e n u a t e d  by h y p o p h y se c to m y  and a d re n a le c to m y ,  w h e re a s  th e  
a n a l g e s i a  from  1 m in o f  f o o ts h o c k  i s  in d e p e n d e n t  o f  th e s e  
m a n i p u l a t i o n s .  F u r t h e r ,  a l th o u g h  a l l  t h r e e  form s o f  s t r e s s  
a n a l g e s i a  d ep en d  on s u p r a - s p i n a l  s t r u c t u r e s ,  in  t h a t  th e y  
a r e  b lo c k e d  by s p i n a l  t r a n s e c t i o n ,  o n ly  th e  20 min 
i n t e r m i t t e n t  s t r e s s  a n a l g e s i a  d ep e n d s  on s u p r a -  
m e s e n c e p h a l ic  s t r u c t u r e s  and can  be a t t e n u a t e d  by 
m i d - c o l l i c u l a r  d e c e r e b r a t i o n .  In  t h i s  s t u d y ,  th e  e f f e c t s  
o f  so d iu m  p e n t o b a r b i t a l  on th e s e  t h r e e  fo rm s o f  s t r e s s  
a n a l g e s i a  w ere  e x a m in e d .

M ale S p ra g u e -Daw le y  r a t s  w ere  a d m i n i s t e r e d ,  0 ,  1 0 , 2 0 ,  
3 0 , 4 0 ,  5 0 , o r  60 m g/kg o f  so d iu m  p e n t o b a r b i t a l  ( i . p . )   
( n = 6 ) .  A n im als  w ere  t e s t e d  f o r  b a s e l i n e  n o c i c e p t iv e  
r e s p o n s i v e n e s s  u s in g  th e  t a i l - f l i c k  t e s t  and f o o ts h o c k e d  
f o r  1 o r  4 min c o n t i n u o u s ly  o r  20 min i n t e r m i t t e n t l y .  
F o o ts h o c k  f o r  a l l  a n im a ls  en d ed  40 m in p o s t - i n j e c t i o n .  
P o s t - s t r e s s  t a i l - f l i c k  t e s t s  w ere  c o n d u c te d  a t  1 min 
i n t e r v a l s  f o r  10 m in .  

P e n t o b a r b i t a l  was fo u n d  to  s i g n i f i c a n t l y  a t t e n u a t e  20 min 
s t r e s s  a n a l g e s i a  a t  d o s e s  o f  4 0 ,  50 and 60 m g/kg when  
co m p ared  to  s a l i n e  c o n t r o l s ,  w h e re a s  1 0 , 20 and 30 m g/kg  
h ad  n o  e f f e c t  on t h i s  a n a l g e s i a .  A n im als sh o c k ed  w ith  
e i t h e r  1 o r  4 m in o f  c o n t in u o u s  f o o ts h o c k  showed no 
s i g n i f i c a n t  a n a l g e t i c  d i f f e r e n c e s  from  s a l i n e  i n j e c t e d  
c o n t r o l s ,  a f t e r  1 0 , 2 0 , 5 0 , o r  60 m g /k g . H ow ever, a n im a ls  
i n j e c t e d  w i th  e i t h e r  30 o r  40 m g/kg  d o s e s  d e m o n s tra te d  
s i g n i f i c a n t l y  l e s s  s t r e s s  a n a l g e s i a . (S u p p o r te d  by NIP 
g r a n t  NS07628 and a  g i f t  from  th e  Brotm an F o u n d a t io n ) .

323. 14  TMPORTANCE OF STRESS SEVERITY IN DETERMINING THE OPIOID OR 
NONOPIOID NATURE OF COLD SWIM-INDUCED ANALGESIA.  G.W. 
Term an, M .J . M organ* and J .C .  L ie b e s k in d .   D e p a r tm e n t o f  
P s y c h o lo g y ,  UCLA, Los A n g e le s ,  CA 9 0 0 2 4 .

Much e v id e n c e  s u p p o r t s  th e  h y p o th e s i s  t h a t  s y s te m s  e x i s t  
w i th in  th e  b r a i n  and s p i n a l  c o rd  w hose n o rm a l f u n c t i o n  i s  
th e  i n h i b i t i o n  o f  p a in .  S t r e s s  h a s  b een  s u g g e s te d  to  be a 
n a t u r a l  t r i g g e r  f o r  su ch  e n d o g en o u s  p a i n - i n h i b i t o r y  
s y s te m s .  We h av e  r e c e n t l y  found  t h a t  e x p o s u re  to  one  
s t r e s s o r ,  c o n tin u o u s  in e s c a p a b le  f o o ts h o c k ,  can  e l i c i t  
a n a lg e s i a  in  r a t s  o r  m ice  w h ic h , a s  a f u n c t i o n  o f  th e  
te m p o ra l  and i n t e n s i v e  p a r a m e te r s ,  d e p e n d s  e i t h e r  on o p io id  
p e p t i d e s  o r  i s  in d e p e n d e n t  o f  t h e s e  n e u ro c h e m ic a ls .   
W hereas s h o r t e r  o r  w e a k e r fo o ts h o c k  c a u se d  o p io id  
a n a l g e s i a ,  l o n g e r  o r  s t r o n g e r  f o o ts h o c k  c a u se d  n o n o p io id  
a n a l g e s i a .  The p r e s e n t  e x p e r im e n t  was u n d e r ta k e n  to  
ex am in e  w h e th e r  s t r e s s  s e v e r i t y  m ig h t a l s o  d e te r m in e  th e  
o p io id  o r  n o n o p io id  n a tu r e  o f  a n a lg e s i a  e l i c i t e d  by a n o th e r  
s t r e s s o r ,  c o ld  w a te r  sw im .

M ale S p ra g u e-D aw le y  r a t s  w ere  d iv id e d  i n to  4 g ro u p s  
( n = l 2 ) a n d ,  a f t e r  b a s e l i n e  p a in  t e s t i n g  ( u s in g  th e  
t a i l - f l i c k  t e s t ) ,  w ere  p la c e d  in  4 0 °C w a te r  f o r  5 m in , 
15° C w a te r  f o r  5 min o r  10 m in , o r  1 0 °C w a te r  f o r  5 
m in . Tw enty min p r i o r  to  w a te r  e x p o s u re ,  h a l f  o f  e a ch  
g ro u p  was i n j e c t e d  w ith  n a l t r e x o n e  (5  m g /k g , s . c . ) .   
F o llo w in g  rem o v a l from  th e  w a t e r ,  c o re  t e m p e r a tu r e s  w ere 
ta k e n  and a l l  a n im a ls  r e c e iv e d  10 t a i l - f l i c k  t r i a l s  a t  1 
m in i n t e r v a l s .

W hereas no s i g n i f i c a n t  a n a l g e s i a  was s e e n  f o l lo w in g  
e x p o s u re  to  4 0 ° C w a te r  f o r  5 m in , a l l  o t h e r  swim 
c o n d i t i o n s  d id  p ro d u c e  a n a l g e s i a .  N a l tr e x o n e  s i g n i f i c a n t l y  
a t t e n u a t e d  o n ly  th e  a n a lg e s i a  f o l lo w in g  e x p o s u re  to  15º C 
w a te r  f o r  5 m in . I n c r e a s in g  e i t h e r  th e  i n t e n s i t y  ( t o  10 
C) o r  d u r a t i o n  ( t o  10 m in ) o f  c o ld  w a te r  e x p o s u re ,  r e s u l t e d  
in  an a n a lg e s i a  u n a f f e c te d  by n a l t r e x o n e .  Swim c o n d i t i o n s  
y i e l d i n g  n a l t r e x o n e - i n s e n s i t i v e  a n a lg e s i a  p ro d u ce d  lo w e r 
c o re  t e m p e r a t u r e s .  N a l tr e x o n e  had  no e f f e c t  on p o s t- s w im  
te m p e r a tu r e s  f o r  any swim c o n d i t i o n .

T h u s , i n c r e a s i n g  th e  s e v e r i t y  o f  c o ld  w a te r  e x p o s u re ,  
l i k e  i n c r e a s i n g  f o o ts h o c k  s e v e r i t y ,  c h a n g e s  th e  
n e u ro c h e m ic a l  b a s i s  o f  th e  r e s u l t i n g  s t r e s s  a n a l g e s i a  from  
o p io id  to  n o n o p io id . (S u p p o r te d  by NIH g r a n t  NS07628 and a 
g i f t  from  th e  B rotm an F o u n d a t io n ) .
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32 3 .15  LACK OF CROSS-TOLERANCE TO SYSTEMIC MORPHINE 
INDUCED ANALGESIA AFTER CHRONIC INTRATHECAL INFU
SION IN RATS. C.B. T y ler and C .D . A dvokat.  D ept. Pharm acology, 
U niversity  of Illinois C ollege of M edicine, Chicago, IL 60612

C onstan t spinal infusion of op ia tes has proven to  be a  valuable 
tre a tm e n t fo r chronic (usually cancer) pain. Surprisingly, severa l 
rep o rts  have shown th a t in co n tra s t to  the system ic ro u te  of 
adm in is tra tio n , m inim al to le ran ce  develops to  the  analgesic  e f fe c t 
w ith co n s tan t infusion over days and som etim es m onths. In the 
process of exam ining th e  question  of to le ran ce  to  spinal vs system ic 
o p ia tes , we have previously rep o rted  (N eurosci. A bst. 8 : 355: 1982; 
C om m , on P roblem s of Drug D ependency, Ju n e , 1984) th a t the  
ana lgesic  e f fe c t  of in tra th e c a l (i.th .) m orphine in anim als made 
to le ra n t to  sy stem ic  m orphine is influenced by th e  nociceptive 
assessm ent te s t .  R a ts  th a t a re  to le ra n t to  system ic  m orphine on the 
h o t p la te  (HP) a re  also to le ra n t to  i.th . m orphine; w hile ra ts  th a t a re  
to le ra n t to  sy stem ic  m orphine on the ta il flick  (TF) a re  not to le ran t 
to  i.th . m orphine. In o rder to  fu rth e r explore the  in te rac tio n  
betw een  the  developm ent of to le ran ce  and "c ro ss -to le ra n ce" to  
o p ia tes , th e  ro u te  o f ad m in is tra tion  and th e  nocicep tive te s t  
em ployed, we exam ined the  developm ent of "cro ss-to le ran ce"  to  
sy stem ic  m orphine following c hronic i.th . m orphine infusion.

M ale albino ra ts  (350-400 gm) w ere im planted  with spinal 
c a th e te rs . A fte r  recovery , anim als rece ived  3 non-drug te s ts  on 
e ith e r  the  HP or th e  T F . A nim als w ere then  im plan ted  subcutan
eously (sc) w ith an osm otic mini pump (A lzet Model 2001; flow ra te  1 
µ l/h r fo r 1 week) w hich was connected  to  the  spinal c a th e te r . The 
pumps w ere filled  w ith e ith e r  saline, 25, 50 or 70 µ g /µ l. R a ts  w ere 
te s te d  daily  until th e  la ten c ie s  re tu rn ed  to  baseline. "C ross
to le rance"  was assessed  by an ac u te  sc  in jection  of e ith e r 3 m g/kg 
(TF) o r 6 m g/kg (HP) m orphine follow ed by a  fina l te s t  40 m inutes 
la te r . The resu lts  ind icated : 1) the  70 µ g /µ l dose was tox ic and the  
d a ta  from  these  ra ts  was not included in the  analysis and 2 ) th a t the 
tw o m orphine groups did no t d iffe r  from  th e  saline con tro l group on 
e ith e r  te s t .  T h e re fo re , no "c ro ss-to le ran ce"  was obta ined  to  sys
te m ic  m orphine a f te r  chronic spinal infusion.

In co n c ert w ith previous resu lts  th ese  d a ta  suggest th a t the  level 
o f drug ac tio n  (spinal vs supra-sp inal) and th e  neural su b stra te s  
m ed iating  th e  nocicep tive  behavior in te ra c t to  a f fe c t the develop
m ent o f "c ro ss -to le ra n ce" . We a re  cu rren tly  investigating  w hether 
a  sim ilar e f fe c t on to le ran ce  is ob ta ined  to  an ac u te  i.th . in jection  
a f te r  chronic spinal infusion o f m orphine. (Supported by PHS G rants 
DA 38053 and DA 02845)

323.16 STUDIES ON IPSILATERAL CIRCLING IN RATS INDUCED BY 
 UNILATERAL INJECTIONS OF OPIATES INTO THE VENTRAL TEGMENTAL 

AREA.  M.R. S zew czak* and M .T . S p o e r l e i n .  R u tg e rs  U n i v e r s i t y ,   
P .O . Box 7 8 9 , P i s c a ta w a y ,  N .J .  0 8 8 5 4 .

P r e v io u s l y ,  we r e p o r t e d  t h a t  m o rp h in e  an d  e t h y l k e t o 
c y c la z o c in e  c a u s e  d o s e -d e p e n d e n t  i p s i l a t e r a l  c i r c l i n g  
b e h a v io r  i n  r a t s  when i n j e c t e d  u n i l a t e r a l l y  i n t o  t h e  v e n t r a l  
t e g m e n ta l  a r e a  (VTA); t h i s  c i r c l i n g  was n o t  s e n s i t i v e  t o  a 
r e l a t i v e l y  h ig h  d o se  o f  n a lo x o n e  ( 10m g/K g, i p ) . (Szew czak 
and  S p o e r l e i n ,  S o c . o f  N e u r o s c i .  A b s t r .  9 :2 7 9 ,  1 9 8 3 .)

We a r e  now r e p o r t i n g  t h a t  th e  c i r c l i n g  c a u s e d  by th e s e  
com pounds i s  b lo c k e d  by th e  n a r c o t i c  a n t a g o n i s t ,  d i p r e n o r 
p h in e  (10 m g/Kg, i p ) , s u g g e s t in g  t h a t  t h i s  b e h a v io r  m ig h t  
b e  m e d ia te d  by a  non-m u o p i a t e  r e c e p t o r .  A d d i t i o n a l l y ,  in  
r a t s  made t o l e r a n t  t o  m o rp h in e  (2 -5 0  mg p e l l e t s  f o r  72 h r s . ) ,  
c i r c l i n g  c a u s e d  by e th y l k e to c y c l a z o c i n e  b u t  n o t  m o rp h in e  was 
d im in is h e d  in  a n im a ls  w i th  p e l l e t s  rem oved an d  u n d e rg o in g  
w i th d ra w a l .  In  a n im a ls  w i th  p e l l e t s  l e f t  i n t a c t ,  th e  
c i r c l i n g  b e h a v io r  s e e n  w i th  b o th  m o rp h in e  and  e t h y l k e t o 
c y c la z o c in e  was u n c h a n g ed . T h ese  r e s u l t s  a g a in  s u g g e s t  
i n t e r a c t i o n s  a t  a  non-m u o p i a t e  r e c e p t o r  l o c a t e d  in  th e  VTA.

(S u p p o rte d  in  p a r t  by  a  C h a r le s  an d  J o h a n n a  B usch  R e s e a rc h  
G ra n t  -  R u tg e r s  U n i v e r s i t y . )

323.17  T H E  EFFEC T S OF HEROIN ON BRAIN -  ST IM U L A TIO N 
REWARD. C.B. H ubner and  C. K o rn e ts k v . L a b o r a to r y  
o f  B e h a v i o r a l  P h a r m a c o lo g y ,  B o s to n  U n i v e r s i t y  
S c h o o l o f  M e d ic in e ,  B o s to n , MA 0 2 1 1 8

I n c r e a s e d  s e n s i t i v i t y  f o r  r e w a r d i n g  b r a i n  
s t i m u l a t i o n  h a s  b e e n  u s e d  a s  an  a n im a l  m o d e l o f  
d r u g - i n d u c e d  e u p h o r i a  an d  i s  t h o u g h t  t o  be  p r e 
d i c t i v e  o f  a b u s e  l i a b i l i t y  i n  m an. A b u sed  s u b 
s t a n c e s  i n c l u d i n g  m o r p h i n e ,  a m p h e ta m in e  and  
c o c a i n e  h a v e  b e e n  show n  to  l o w e r  b r a i n - s t i m u l a 
t i o n  r e w a r d  t h r e s h o l d s  ( K o r n e t s k y  an d  E s p o s i t o ,  
F ed  P r o p . , 3 8 : 2 4 7 3 - 2 4 7 6 ,  1 9 7 9 ) .  The p r e s e n t   
s t u d y  w as c o n d u c t e d  t o  d e t e r m i n e  i f  h e r o i n ,  a 
d r u g  w i t h  h i g h  a b u s e  p o t e n t i a l  an d  w h ic h  h a s  
b e e n  r e p o r t e d  t o  i n c r e a s e  l e v e r  p r e s s i n g  f o r  
i n t r a c r a n i a l  s t i m u l a t i o n  (K oob e t  a l . ,  P s y c h o -  
p h a r m a c o l o g y .,  4 2 :2 3 1 - 2 3 4 ,  1 9 7 5 ) ,  w o u ld  a l s o  
s i g n i f i c a n t l y  lo w e r  t h e  re w a rd  t h r e s h o l d .

M ale  a l b i n o  r a t s  (C D F -C h a r le s  R iv e r  L a b o r a t 
o r i e s )  w e r e  s t e r e o t a x i c a l l y i m p l a n t e d  w i t h  
b i p o l a r  s t a i n l e s s  s t e e l  e l e c t r o d e s  aim ed a t  th e  
m e d i a l  f o r e b r a i n  b u n d l e - l a t e r a l  h y p o t h a l a m i c  
a r e a .  D e t e r m i n a t i o n  o f  t h e  b r a i n - s t i m u l a t i o n  
r e w a r d  t h r e s h o l d s  w as a c c o m p l i s h e d  by u s i n g  a 
v a r i a t i o n  o f  th e  p s y c h o p h y s ic a l  m ethod o f  l i m i t s .  
H e r o i n  ( 0 . 0 3 - 0 . 5  m g /k g  s c )  p r o d u c e d  a d o s e -  
d e p e n d e n t  l o w e r i n g  o f  t h e  r e w a r d  t h r e s h o l d  f o r  
i n t r a c r a n i a l  s e l f - s t i m u l a t i o n .

I t  h a s  b e en  r e p o r t e d  t h a t  h e r o in  i s  b e tw ee n  2 -  
10 t im e s  a m ore p o t e n t  a n a l g e s i c  th a n  m o rp h in e  in  
a n im a ls  and man (Umans and I n t u r r i s i ,  jL*. P harm a
c o l .  E x p . T h e r . , 2 1 8 :  4 0 9 - 4 1 5 ,  1 9 8 1 ; R e i c h l e  e t   
a l . ,  J .  P h a r m a c o l .  E x p . T h e r . , 1 3 6 : 4 3 - 4 6 ,  1 9 6 2 ) .  
I n  o u r  l a b o r a t o r y  we h a v e  fo u n d  t h a t  t h e  m i n i 
m a l l y  e f f e c t i v e  d o s e  o f  m o rp h in e  t h a t  w i l l  lo w e r  
t h e  r e w a r d  t h r e s h o l d  i s  2 -4  m g /k g , w h i l e  i n  t h e  
p r e s e n t  s tu d y  we fo u n d  t h a t  th e  m in im a l ly  e f f e c 
t i v e  d o s e  o f  h e r o i n  t h a t  lo w e r s  th e  t h r e s h o l d  i s  
0 .06  m g /kg . T h ese  r e s u l t s  i n d i c a t e  t h a t  h e r o in  i s  
a p p r o x im a te ly  30 t im e s  m ore p o t e n t  th a n  m o rp h in e  
i n  c a u s i n g  i n c r e a s e d  s e n s i t i v i t y  t o  r e w a r d i n g  
b r a i n  s t i m u l a t i o n .  I f  a l o w e r i n g  o f  t h e  t h r e s 
h o ld  f o r  i n t r a c r a n i a l  s t i m u l a t i o n  i s  an  i n d i c a 
t i o n  o f  d r u g - i n d u c e d  e u p h o r i a ,  t h e s e  r e s u l t s  
w o u ld  s u g g e s t  t h a t  g iv e n  e q u a l  p o t e n t  a n a l g e s i c  
d o s e s ,  h e r o i n  w i l l  c a u s e  g r e a t e r  e u p h o r i a  t h a n  
m o rp h in e .
( S u p p o r t e d  i n  p a r t  by NIDA g r a n t  DA02326 an d  by 
NIDA R e s e a r c h  S c i e n t i s t  Award [CK] K05 DA00099).

3 2 3 .18  ACTI VE INVOLVEMENT OF ENDORPHINS IN THE PRODUCTION OF TOL
ERANCE TO ANALGESIA INDUCED BY INTERMITTENT COLD WATER 
STRESS IN RATS.  F .A . H o llo w ay  & M.N. G i r a r d o t * .  D e p a r tm e n t 
P sy c h . & B ehav . S c i . ,  Oklahom a U n iv . HSC, Oklahom a C i t y ,  OK 

We h av e  shown t h a t  i n t e r m i t t e n t  c o ld  w a te r  s t r e s s  (ICWS, 
18 e x p o s u r e s ,  10 s e c  e a c h ,  3 /m in )  in d u c e s  an  a n a lg e s i a  
w hich  i s  c r o s s - t o l e r a n t  t o  m o rp n in e , s u g g e s t in g  t h a t  ICWS- 
a n a l g e s i a  i s  an  o p ia t e d - m e d ia t e d  phenom enon. H ow ever, o u r  
f i n d i n g  t h a t  r a t s  t o l e r a n t  t o  m o rp h in e  a r e  n o t  t o l e r a n t  to  
ICWS r u l e d  o u t  th e  h y p o th e s i s  t h a t  th e  sam e m echan ism s 
m e d ia te  m o rp h in e  an d  IC W S - to le ra n c e .  T n is  s tu d y  was a im ed  
to w a rd  f u r t h e r  a n a l y s i s  o f  m ech an ism s in v o lv e d  i n  ICWS- 
t o l e r a n c e .  M ale S p ra g u e -D aw le y  r a t s  w ere  s u b m i t t e d  t o  l e w s  
on 16 c o n s e c u t iv e  d a y s .  On Days 15 an d  1 6 , th e y  w e re  i n 
j e c t e d  i . p .  w i th  s a l i n e  an d  n a l t r e x o n e  ( 10 m g /k g ) , r e s p e c 
t i v e l y .  A n a lg e s ia  w as m e a su re d  u s in g  th e  t a i l - f l i c x  t e s t  
p r i o r  t o  a n d  30 m in a f t e r  d a i l y  ICWS. T o le ra n c e  t o  ICWS- 
a n a lg e s i a  d e v e lo p e d ,  and  was s i g n i f i c a n t l y  r e v e r s e d  by 
n a l t r e x o n e .  The t o l e r a n c e - r e v e r s i b l e  e f f e c t  o f  n a l t r e x o n e  
g e n e r a l i z e d  t o  t h e  o t h e r  e f f e c t s  o f  ICWS t o  w n ich  a d a p ta 
t i o n  a l s o  d e v e lo p e d :  c o re  h y p o th e rm ia ,  h y p o a c t i v i t y , and  a 
t y p e  o f  b e h a v io r  w h ich  a p p e a re d  on  Day 4 -5  o f  ICWS ( p a s s i 
v i t y ,  h o r i z o n t a l  f l o a t i n g ) .  N a l t r e x o n e  h ad  no  e f f e c t  on 
t h o s e  v a r i a b l e s  s t u d i e d  f o r  w h ich  no a d a p ta t i o n ,  was fo u n d  
( s k i n  h y p o th e rm ia ,  i n t e n s i v e l y  a c t i v e  e s c a p e  b e h a v io r ,  
p a s s i v i t y ,  v e r t i c a l  f l o a t i n g ) .  T h is  s u g g e s te d  t h a t  t o l e r 
a n c e  t o  ICWS may r e s u l t  fro m  an  a c t i v e  in v o lv e m e n t  o f  
e n d o r p h in s .  Such a  p a r a d o x i c a l  r o l e  o f  e n d o rp h in s  i n  c h ro 
n i c  s t r e s s  w as c o n f i rm e d  by e f f e c t s  o f  m o rp h in e  i n  r a t s  
s u b m i t te d  t o  ICWS on 14 c o n s e c u t iv e  d a y s .  T h ese  r a t s  d i s 
p la y e d  t o l e r a n c e  t o  ICWS an d  a  b i p h a s i c  r e s p o n s e  on t he 
t a i l - f l i c k  t e s t  a f t e r  10 m g/kg  m o rp h in e ,  i . e . , a s h o r t -  
l a t e n c y  h y p e r a l g e s i a  was f o l lo w e d  by a l o n g e r - l a t e n c y  a n 
a l g e s i a  w h ich  w as s i g n i f i c a n t l y  w e a k e r th a n  i n  n o n - s t r e s 
s e d  r a t s .  The s h o r t - t e r m  h y p e ra l g e s i c  e f f e c t  o f  m o rp n in e  
was fo u n d  w i th  d o s e s  r a n g in g  from  2 .5  t o  10 m g /k g . The 
lo n g - te rm  a n a l g e s i c  e f f e c t  o f  m o rp h in e  w as r e d u c e d .  T n e se  
r e s u l t s  s u g g e s t  t h a t  a  t y p e  o f  o p i a t e  r e c e p t o r  i s  p r o g r e s 
s i v e l y  s e n s i t i z e d  by c h r o n ic  ICWS, w hicn  r e s u l t s  i n :  i )   
th e  p r o d u c t io n  o f  IC W S -to le ra n c e  th ro u g h  s t r e s s - r e l e a s e d  
e n d o r p h in s ,  and  i i )  a  h y p e r a i g e s i c  e f f e c t  an d  re d u c e d  
a b i l i t y  o f  e x o g e n o u s ly  a d m i n i s t e r e d  o p i a t e s  t o  in d u c e  
a n a l g e s i a .  T h e se  f in d i n g s  p r o v id e  e m p i r i c a l  v a l i d a t i o n  f o r  
t h e  o p p o n e n t- p r o c e s s  t h e o r y  o f  t o l e r a n c e  (S o lo m o n , 1980 ) 
a c c o r d in g  t o  w h ic h , d u r in g  c h r o n i c  e x p o s u re  t o  a  d ru g  o r  
s t r e s s o r ,  t o l e r a n c e  r e s u l t s  from  th e  d e v e lo p m e n t o f  a  p r o 
c e s s  w hich  a c t i v e l y  o p p o s e s  a c u t e  e f f e c t s  o f  t h e  t r e a t m e n t .
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323. 19  DIFFERENTIAL PATTERNS OF ANALGESIA PRODUCED BY MORPHINE AND 
KETOCYCLAZOCINE IN THE DEVELOPING RAT.  J .  G io rd a n o * ,  G.A. 
B a r r , M -C . P o u p a r d *  & R . S . Z u k i n  ( S p o n :  J . Na z z a r o ) .
A l b e r t  E i n s t e i n  C o l le g e  o f  M e d ic in e  and  B io p s y c h o lo g y  P r o 
g ram , H u n te r  C o l le g e ,  CUNY, New Y o rk , N .Y . 1 0 021 .

O ur l a b o r a t o r y  h a s  d e m o n s t r a te d  t h a t  k a p p a  o p i a t e  r e c e p 
t o r  m e d ia te d  a n a l g e s i a  i s  d e t e c t a b l e  i n  t h e  y oung  r a t  f o u r  
d a y s  e a r l i e r  t h a n  i s  mu o p i a t e  m e d ia te d  a n a l g e s i a  i n  t h e  
t a i l  f l i c k  t e s t  u s in g  th e r m a l  n o x io u s  s t i m u l i .  N e u ra l  c i r 
c u i t s  f o r  n o c i c e p t i o n  h a v e  b e e n  shown to  d i f f e r  f o r  fo re p a w , 
h in d p a w , an d  t a i l f l i c k  r e s p o n s e s ;  f u r t h e r  k a p p a  o p i a t e  
r e c e p t o r s  may b e  m ore s e l e c t i v e  t h a n  mu r e c e p t o r s  i n  b lo c k 
in g  m e c h a n ic a l  n o c i c e p t i v e  s i g n a l s .  The p r e s e n t  s tu d y  ex 
am in ed  t h e  o n t o g e n e t i c  p a t t e r n  f o r  t h e  a n a lg e s i c  r e s p o n s e  
p ro d u c e d  b y  t h e  p r o t o t y p i c  mu a g o n i s t  m o rp h in e  (M) and  th e  
p r o t o t y p i c  k a p p a  a g o n i s t  k e to c y c l a z o c i n e  (KC) u s in g  b o th  
t h e r m a l  an d  m e c h a n ic a l  n o x io u s  s t i m u l i  i n  t h e s e  t h r e e  p a r a 
d igm s .

D ru g s  w e re  a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  t o  3 ,  1 0 ,  1 4 , o r  
21 d ay  o ld  r a t  p u p s  an d  r e s p o n s e  l a t e n c i e s  to  a  t h e r m a l  (h o t  
w a t e r ,  50º C) o r  m e c h a n ic a l  n o x io u s  s t im u lu s  ( d u l l e d  23 g a .  
n e e d le )  w e re  m e a s u re d .  I n  t h e  c a s e  o f  a  t h e r m a l l y  n o x io u s  
s t i m u l u s  a p p l i e d  t o  t h e  f o re p a w s ,  an  a n a l g e s i c  r e s p o n s e  to  
m o rp h in e  w as e v id e n t  a t  3 d a y s  o f  a g e .  I n  t h e  c a s e  o f  
t h e r m a l  s t i m u l a t i o n  t o  t h e  t a i l ,  m o rp h in e  f i r s t  p ro d u c e d  
a n a l g e s i a  a t  14 d a y s  o f  a g e ;  m o rp h in e  d id  n o t  p ro d u c e  s i g 
n i f i c a n t  a n a l g e s i a  t o  th e r m a l  s t i m u l a t i o n  o f  t h e  h in d p aw s a t  
an y  a g e .  I n  c o n t r a s t ,  in  t h e  c a s e  o f  a  m e c h a n ic a l  s t i m u l u s ,  
a d u l t  l e v e l s  o f  a n a l g e s i a  a p p e a r e d  f i r s t  a t  10 d a y s  o f  ag e  
f o r  e a c h  bod y  p a r t .

KC a l s o  p ro d u c e d  a d u l t  l e v e l s  o f  a n a l g e s i a  when th e  
th e r m a l  s t i m u l u s  w as a p p l i e d  t o  t h e  fo re p a w  o f  3 day  o l d s ,  
b u t  a g a in  f a i l e d  t o  p ro d u c e  a n a l g e s i a  when th e r m a l  s t i m u l i  
w e re  a p p l i e d  t o  t h e  h in d p a w . The a b i l i t y  o f  KC t o  b lo c k  
t h e  t a i l  f l i c k  r e s p o n s e ,  h o w e v e r , a p p e a re d  a t  a d u l t  l e v e l s  
by 10 d a y s  o f  a g e ,  r e g a r d l e s s  o f  t h e  t y p e  o f  s t i m u l u s .

The o n t o g e n e t i c  p a t t e r n  o f  o p i a t e - i n d u c e d  a n a l g e s i a  was 
c o r r e l a t e d  w i th  t h e  d e v e lo p m e n t o f  mu and k a p p a  o p i a t e  
r e c e p t o r s .  The p r e s e n t  s t u d i e s  s e r v e  t o  d e f i n e  f u r t h e r  t h e  
f u n c t i o n a l  d i f f e r e n c e s  b e tw e e n  mu and  k a p p a  r e c e p t o r s  i n  
t h e  m e d ia t i o n  o f  d ru g  in d u c e d  a n a l g e s i a .
( T h is  w o rk  w as s u p p o r t e d  i n  p a r t  by  NIH g r a n t s  DA01843 and 
DA00069 t o  R .S . Z u k in .)

323.20  EFFECT OF PG SYNTHETASE IN H IBITO RS ON MORPHINE- 
INDUCED EXCITATION OF CNS IN  RAT.
 M .C .  W a l l e n s t e i n .  D e p t .  P h y s i o l o g y ,  New  Y o r k  
U n i v e r s i t y ,  NY NY 1 0 0 1 0 .

P r o s t a g l a n d i n  (PG) s y n t h e t a s e  i n h i b i t o r s  
a t t e n u a t e  m o r p h i n e - i n d u c e d  c a t a l e p s y ,  e x o p h t h a l 
m o s , m y d r i a s i s ,  a n d  i n h i b i t  m o r p h i n e - i n d u c e d  
h y p e r t h e r m i a  i n  r a t  ( W a l l e n s t e i n ,  1 9 8 3 ) .
M o r p h in e  a l s o  i n d u c e s  d o s e - r e l a t e d  e x c i t a t i o n  
i n  t h e  r a t  l e a d i n g  t o  s e i z u r e .  To i n v e s t i g a t e  
w h e t h e r  PGs p l a y  a  r o l e  i n  t h i s  a c t i o n  o f  
m o r p h i n e ,  t h e  e l e c t r o c o r t i c a l  a c t i v i t y  a n d  
b e h a v i o r  o f  r a t s  w i t h  c h r o n i c a l l y - i m p l a n t e d  
e l e c t r o d e s  w e r e  s t u d i e d .  A 60  m g /k g  d o s e  o f  
m o r p h i n e  i p  p r o d u c e d  e l e c t r o c o r t i c a l  b u r s t s  o f  
h i g h  v o l t a g e  a c t i v i t y  d u r i n g  w h ic h  t h e  a n i m a l s  
s h o w e d  n o  s p o n t a n e o u s  b o d y  m o v e m e n ts .  Two o u t  
o f  5 a n i m a l s  s h o w e d  i s o l a t e d  m y o c lo n u s .  A d o s e  
o f  250  m g /k g  m o r p h in e  i p  p r o d u c e d  e l e c t r o 
c o r t i c a l  s p i k e s  a n d  m y o c lo n u s  l e a d i n g  t o  s e i z u r e s .  
P r e t r e a t m e n t  w i t h  p a r a c e t a m o l  (4 5 0  m g /k g )  o r  
i b u p r o f e n  (3 0  o r  90  m g /k g )  s i g n i f i c a n t l y  d e l a y e d  
a n d / o r  b l o c k e d  m o r p h i n e - i n d u c e d  s e i z u r e s .  I n  
c o n t r a s t ,  m e fe n a m ic  a c i d  o r  m e c lo f e n a m ic  a c i d  
(1 5  o r  50 m g /k g )  s i g n i f i c a n t l y  i n c r e a s e d  t h e  
a m o u n t o f  m y o c lo n u s  i n d u c e d  b y  60  m g /k g  m o r p h in e  
a n d  d e c r e a s e d  t h e  o n s e t  l a t e n c y  t o  e l e c t r o 
c o r t i c a l  s e i z u r e s  i n d u c e d  b y  250  m g /k g  m o r p h i n e .  
T h i s  d i f f e r e n t i a l  e f f e c t  o f  i n d i v i d u a l  PG 
s y n t h e t a s e  i n h i b i t o r s  m ay r e f l e c t :  1 ) PG 
s y n t h e t a s e  s y s t e m s  w i t h  d i f f e r e n t  p h a r m a c o 
l o g i c a l  c h a r a c t e r i s t i c s ;  2) a  v a r i e t y  o f  
a c t i o n s  b y  t h e  PG s y n t h e t a s e  i n h i b i t o r s  i n  
a d d i t i o n  t o  b l o c k i n g  PG s y n t h e s i s .

T h e  a u t h o r  t h a n k s :  W a r n e r - L a m b e r t  C o . ( m e c lo 
f e n a m ic  a c i d ,  m e fe n a m ic  a c i d ) ;  T h e  U p jo h n  C o . 
( i b u p r o f e n ) . S u p p o r t e d  i n  p a r t  b y  BRSG G r a n t  
R R 0 5 3 3 2 -2 2 ,  NIH
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3 2 4 .1  N I CO T IN IC  REGULATION OF THE SE CR E T I O N  OF IMMUNOREACTIVE 
MET-ENKEPHALIN.  G . R .  Van L o o n  a n d  S .  M o u s a * .  VA M e d i c a l  
C e n t e r  a n d  D e p a r t m e n t  o f  M e d i c i n e ,  U n i v e r s i t y  o f  K e n t u c k y ,  
L e x i n g t o n  KY 4 0 5 1 1 .

M e t - e n k e p h a l i n  a n d  a  n u m b e r  o f  p r o e n k e p h a l i n  A - d e r i v e d  
p e p t i d e s  a r e  l o c a l i z e d  i n  c h r o m a f f i n  c e l l s  a n d  s p l a n c h n i c  
n e r v e  t e r m i n a l s  o f  t h e  a d r e n a l  m e d u l l a .  I n  a d d i t i o n ,  
M e t - e n k e p h a l  i n  i s  d i s t r i b u t e d  i n  s y m p a t h e t i c  g a n g l i a  a n d  a 
n u m b e r  o f  p r e -  a n d  p o s t g a n g l i o n i c  s y m p a t h e t i c  n e r v e s .  
C o - s e c r e t i o n  o f  e n k e p h a l i n - r e l a t e d  p e p t i d e s  a n d  
c a t e c h o l a m i n e s  h a s  b e e n  d e m o n s t r a t e d  f r o m  c h r o m a f f i n  c e l l s  
i n  c u l t u r e  a n d  f r o m  i s o l a t e d  p e r f u s e d  a d r e n a l  g l a n d s  i n  
r e s p o n s e  t o  e i t h e r  n i c o t i n e  o r  a c e t y l c h o l i n e .  I n  t h i s  
s t u d y ,  we c o m p a r e d  t h e  e f f e c t s  o f  a c u t e  a n d  c h r o n i c  
a d m i n i s t r a t i o n  o f  n i c o t i n e  t o  a d u l t  m a l e  F i s h e r  r a t s  o n  t h e  
i n  v i v o  s e c r e t i o n  o f  M e t - e n k e p h a l i n .

N i c o t i n e ,  1 m g / k g ,  w a s  a d m i n i s t e r e d  a c u t e l y  
i n t r a a r t e r i a l l y  i n  c h r o n i c a l l y  c a n n u l a t e d  r a t s ,  a n d  b l o o d  
c o l l e c t e d  a t  i n t e r v a l s  f r o m  t h e  c a n n u l a .  A l s o ,  n i c o t i n e ,  1 
m g / k g ,  w a s  a d m i n i s t e r e d  a c u t e l y  s u b c u t a n e o u s l y  i n  
n o n c a n n u l a t e d  r a t s ,  a n d  t r u n k  b l o o d  c o l l e c t e d  a t  
d e c a p i t a t i o n .  N i c o t i n e  wa s  a d m i n i s t e r e d  c h r o n i c a l l y  f o r  o n e  
m o n t h  i n  d r i n k i n g  w a t e r ,  a n d  f o o d  a n d  w a t e r  i n t a k e  a n d  b o d y  
w e i g h t  w e r e  m o n i t o r e d ;  d a i l y  n i c o t i n e  i n t a k e  a p p r o x i m a t e d  
0 . 9  mg p e r  r a t .  I n  t h i s  s t u d y ,  t r u n k  b l o o d  wa s  c o l l e c t e d  a t  
d e c a p i t a t i o n .  A d r e n a l  g l a n d s  w e r e  d i s s e c t e d  a n d  h o m o g e n i z e d  
i n  IN  H C l c o n t a i n i n g  1% d i s o d i u m  e t h y l e n e d i a m i n e  
t e t r a a c e t a t e .  P l a s m a  a n d  a d r e n a l  c o n c e n t r a t i o n s  o f  
M e t - e n k e p h a l i n - l i k e  i m m u n o r e a c t i v i t y  ( i r M E )  w e r e  a s s a y e d  b y  
r a d i o i m m u n o a s s a y  u s i n g  a  r a t h e r  s p e c i f i c  a n t i b o d y  w h i c h  d o e s  
n o t  c r o s s - r e a c t  w i t h  o t h e r  e n k e p h a l i n - r e l a t e d  p e p t i d e s .  
P l a s m a  e p i n e p h r i n e  a n d  n o r e p i n e p h r i n e  w e r e  a s s a y e d  
r a d i o e n z y m a t i c a l l y , a n d  a d r e n a l  e p i n e p h r i n e  a n d  
n o r e p i n e p h r i n e  w e r e  a s s a y e d  b y  h i g h  p r e s s u r e  l i q u i d  
c h r o m a t o g r a p h y  w i t h  e l e c t r o c h e m i c a l  d e t e c t i o n .

T h e  a c u t e  s y s t e m i c  a d m i n i s t r a t i o n  o f  n i c o t i n e  i n c r e a s e d  
p l a s m a  c o n c e n t r a t i o n s  o f  i r M E ,  e p i n e p h r i n e  a n d  
n o r e p i n e p h r i n e  w i t h o u t  a f f e c t i n g  t h e  a d r e n a l  c o n c e n t r a t i o n s .  
T h e  p l a s m a  i r M E  r e s p o n s e  t o  i n t r a a r t e r i a l  n i c o t i n e  w a s  
g r e a t e r  t h a n  t h a t  t o  s u b c u t a n e o u s  n i c o t i n e  a n d  p e a k e d  w i t h i n  
2 m i n u t e s  a f t e r  a d m i n i s t r a t i o n .  I n  c o n t r a s t ,  t h e  c h r o n i c  
o r a l  a d m i n i s t r a t i o n  o f  n i c o t i n e  r e s u l t e d  i n  d e c r e a s e d  p l a s m a  
c o n c e n t r a t i o n  o f  i rM E . T h u s ,  t h e  s e c r e t i o n  o f  i rME p r o d u c e d  
by  i n i t i a l  e x p o s u r e  t o  n i c o t i n e  i s  a l t e r e d  d u r i n g  c h r o n i c  
e x p o s u r e  t o  n i c o t i n e .

( S u p p o r t e d  b y  t h e  V e t e r a n s  A d m i n i s t r a t i o n  a n d  U n i v e r s i t y  
o f  K e n t u c k y  T o b a c c o  a n d  H e a l t h  R e s e a r c h  I n s t i t u t e )

3 2 4 . 2   E F FE C T  OF MU- AND D E L T A - O P I O I D  RECEPTOR A G O N IS T S ON  
C A RD IOR ES PIR A TO RY  AND METABOLIC FU N CT IO N .   J . I . S c h a e f f e r * a n d  
G . G .  H a d d a d .* ( S p o n :  S a l v a t o r e  D i M a u r o )   D e p t . o f  P e d i a t r i c s .  
C o l u m b i a  U n i v e r s i t y - C o l l e g e  o f  P & S ,  New Y o r k ,  NY 1 0 0 3 2 .

T o  i n v e s t i g a t e  t h e  r o l e  o f  e n d o g e n o u s  o p i o i d s  i n  r e g u l a 
t i n g  c a r d i o r e s p i r a t o r y  f u n c t i o n ,  w e  s t u d i e d  v e n t i l a t i o n ,  
v e n t i l a t o r y  p a t t e r n ,  h e a r t  r a t e ,  a r t e r i a l  b l o o d  p r e s s u r e ,  O2 
c o n s u m p t i o n  (VO2 ) a n d  a r t e r i a l  b l o o d  g a s  t e n s i o n s  i n  c h r o n 
i c a l l y  i n s t r u m e n t e d ,  u n a n e s t h e t i z e d  d o g s  a f t e r  i n t r a c i s t e r n a l  
a d m i n i s t r a t i o n  o f  o p i o i d s .  M o r p h i c e p t i n  a n a l o g  ( M A )  ( T y r - P r o -  
N M e P h e - D - P r o - N H 2 ) , a  v e r y  s e l e c t i v e  m u - r e c e p t o r  o p i o i d  a g o n 
i s t ,  a n d  D - A l a - D - L e u - E n k e p h a l i n  ( DA D L E ) , a  p r e f e r e n t i a l  
d e l t a - r e c e p t o r  o p i o i d  a g o n i s t  w e r e  a d m i n i s t e r e d  i n  d o s e s  o f  
5 , 2 5  a n d  1 2 5  m c g / k g .  We p e r f o r m e d  2 8  s t u d i e s  i n  9  a d u l t  d o g s .  
V e n t i l a t i o n  w a s  m e a s u r e d  b y  b a r o m e t r i c  p l e t h y s m o g r a p h y  a n d  
V 0 2  b y  a  c l o s e d  c i r c u i t  s y s t e m .

DADLE i n c r e a s e d  e x p i r a t o r y  t i m e  ( T e )  a n d  d e c r e a s e d  i n s t a n 
t a n e o u s  m i n u t e  v e n t i l a t i o n  ( V t / T t o t )  f o r  a b o u t  2 h o u r s ;  t h e  
e f f e c t  w a s  d o s e - d e p e n d e n t .  I n  c o n t r a s t ,  MA d e c r e a s e d  T e  a n d  
t i d a l  v o l u m e  w i t h  a  r e s u l t a n t  i n c r e a s e  i n  V t / T t o t .  B o t h  MA 
a n d  DADLE i n c r e a s e d  t h e  n u m b e r  o f  s i g h s / u n i t  t i m e .  T h e  RR 
i n t e r v a l  ( i n v e r s e  o f  h e a r t  r a t e ) ,  a f t e r  a n  i n i t i a l  t r a n s i e n t  
d r o p ,  i n c r e a s e d  a n d  r e a c h e d  a  p e a k  a t  a b o u t  2 5 - 6 0 m i n u t e s  
a f t e r  b o t h  MA a n d  DADLE. H o w e v e r ,  DADLE p r o d u c e d  a  m o r e  p r o 
l o n g e d  a n d  m a r k e d  c h a n g e  i n  RR i n t e r v a l  t h a n  MA. A f t e r  b o t h  
a g o n i s t s ,  m e a n  a r t e r i a l  b l o o d  p r e s s u r e  (MAP)  i n c r e a s e d  d u r i n g  
t h e  f i r s t  1 0  m i n u t e s  b y  1 0 - 4 0 %  b u t  r e t u r n e d  t o  b a s e l i n e  b y  
2 0 - 3 0  m i n u t e s ,  a  t i m e  w h e n  t h e  RR i n t e r v a l  w a s  s t i l l  i n c r e a s 
i n g .  B o t h  t h e  m u -  a n d  d e l t a - a g o n i s t s  p r o d u c e d  p r o f o u n d  d e 
c r e a s e s  i n  VO2  ( 2 0 - 5 0 % ) .  A r t e r i a l  p C O2 i n c r e a s e d  a n d  p O2  d e 
c r e a s e d  m o d e s t l y  a f t e r  b o t h  a g o n i s t s .  I n t r a c i s t e r n a l  n a l o x o n e  
( d o s e :  0 . 0 1 - 2 0 . 0  m c g / k g )  r e v e r s e d  t h e  c a r d i o v a s c u l a r  a n d  
r e s p i r a t o r y  e f f e c t s  w h e n  i n j e c t e d  p o s t  a g o n i s t  b u t  h a d  n o  
e f f e c t  w h e n  i n j e c t e d  a l o n e .

T h e s e  d a t a  s u g g e s t  t h a t :  1 )  a l t h o u g h  t h e  e f f e c t  o f  t h e  m u 
o p i o i d  r e c e p t o r  a g o n i s t  o n  c a r d i o v a s c u l a r  a n d  m e t a b o l i c  
f u n c t i o n  i s  s i m i l a r  i n  d i r e c t i o n  t o  t h a t  o f  t h e  d e l t a - o p i o i d  
r e c e p t o r  a g o n i s t ,  t h e y  h a v e  o p p o s i t e  e f f e c t s  o n  t o t a l  v e n t i 
l a t i o n ;  2 ) b o t h  a g o n i s t s  i n d u c e  a l v e o l a r  h y p o v e n t i l a t i o n .   
T h i s  r e s u l t s  f r o m  t h e  d e c r e a s e  i n  t o t a l  v e n t i l a t i o n  a f t e r  
d e l t a - o p i o i d  a g o n i s t  a n d  t h e  i n c r e a s e  i n  d e a d  s p a c e  v e n t i l a 
t i o n  a f t e r  m u - o p i o i d  a g o n i s t  a n d  3 ) e n d o r p h i n s  d o  n o t  t o n 
i c a l l y  m o d u l a t e  v e n t i l a t o r y ,  c a r d i o v a s c u l a r  a n d  m e t a b o l i c  
f u n c t i o n .
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324.3   MICTURITION IN CONSCIOUS DOGS FOLLOWING SPINAL OPIATE ADMIN
ISTRATION.  J  M B olam *. C J  R o b in s o n , an d  R D W u rs te r  (S p o n : 
T K h a n ) .  H in e s  VA Rehab R&D C e n te r ,  H i n e s ,  IL  60141 & D ept o f  
P h y s io lo g y ,  L o y o la  U niv Sch o f  M e d ic in e ,  M ayw ood, IL  6 0 1 5 3 .

M i c t u r i t i o n  d y s f u n c t io n  i s  a  m a jo r  s id e  e f f e c t  when o p i 
a t e s  a r e  u s e d  s p i n a l ly  f o r  p a in  r e l i e f .  The p r e s e n c e  o f  o p i 
a t e  r e c e p t o r s  i n  th e  l a t e r a l  s a c r a l  s p i n a l  c o rd  ( G la z e r  and  
B ausbaum ,JC N  '8 1 )  may be one b a s i s  f o r  t h i s  d y s f u n c t io n .  We 
t e s t e d  t h i s  h y p o t h e s i s  by p e r f o r m in g  r e p e a t e d  s l o w - f i l l  (16  
m l/m in )  r e t r o g r a d e  w a te r  c y s to m e tr y  on  s i x  d o g s  w e ig h in g  20 
t o  24 k g .  We co m p ared  th e  e f f e c t s  o f  1 mg i n t r a t h e c a l  ( IT )  
m o rp h in e  s u l f a t e  ( w i th  and  w i th o u t  p r e s e r v a t i v e )  and  0 .4  mg 
n a lo x o n e  HCl , w i th  t h o s e  e f f e c t s  p ro d u c e d  by IV i n j e c t i o n s  
o f  1 an d  10 mg m o rp h in e  and  0 .4  mg n a lo x o n e .  E ach  dog was 
t e s t e d  a b o u t  o n ce  a  w eek f o r  5 t o  8 w e e k s , w i th  a  d i f f e r e n t  
i n t e r v e n t i o n  e a c h  w eek . B e fo re  e a c h  s e s s i o n ,  we i n s t a l l e d  
an  IT  c a t h e t e r  t h ro u g h  a  lu m b a r  p u n c tu r e  and  c a t h e t e r i z e d  
th e  b l a d d e r ,  a l l  u n d e r  h a lo th a n e  a n e s t h e s i a  ( 2% in  100% 0 2 ) .  
A c o n t r o l  c y s to m e tro g ra m  was p e rfo rm e d  one h o u r  o r  m ore a f 
t e r  a n e s t h e s i a  was d i s c o n t in u e d ,  w i th  th e  a n im a l awake in  a 
f a m i l i a r  r e s t r a i n i n g  s l i n g .  A d d i t i o n a l  c y s to m e tro g ra x n s  w ere  
p e rfo rm e d  a f t e r  d ru g  a d m i n i s t r a t i o n .  R e f le x  r e s p o n s e s  t o  p in  
p r i c k  w e re  n o te d  f o r  a l l  l im b s  a f t e r  e a c h  c y s to m e tr y .

IT  m o rp h in e  s i g n i f i c a n t l y  (p < 0 .0 5 )  i n c r e a s e d  th e  m i c t u r i 
t i o n  vo lum e t h r e s h o l d .  IT  n a lo x o n e ,  a lo n e  o r  f o l l o w in g  IT  
m o rp h in e  i n j e c t i o n ,  s i g n i f i c a n t l y  r e d u c e d  t h i s  t h r e s h o l d ,  in  
m o st c a s e s  t o  b e lo w  c o n t r o l  v o lu m e s . IV m o rp h in e  r a i s e d  
t h r e s h o l d s  in  a  d o se  d e p e n d e n t  m a n n e r , b u t  r e v e r s a l  by IV 
n a lo x o n e  was n o t  a s  m ark ed  a s  w i th  IT  n a lo x o n e .  No s i g n i f i 
c a n t  d i f f e r e n c e  e x i s t e d  b e tw e e n  c o n t r o l  and  p o s t - d r u g  t r e a t 
m en ts  r e g a r d in g  th e  a v e ra g e  q u i e s c e n t  p r e s s u r e  o r  v o lu m e -  
p r e s s u r e  s lo p e  o f  t h e  c y s to m e tro g ra m , o r  p e a k  m i c t u r i t i o n  
p r e s s u r e .  H ow ever, moment to  moment p r e s s u r e  f l u c t u a t i o n s  
( r e f l e c t i n g  d e t r u s s o r  s t a b i l i t y )  w ere  g e n e r a l l y  re d u c e d  a f 
t e r  IT  m o rp h in e  and  i n c r e a s e d  a f t e r  IT  n a lo x o n e .  By n o v e l  
u s e  o f  R asch  p s y c h o m e t r ic  a n a l y s i s  (W rig h t  & M a s te r s ,  MESA 
P r e s s ,  C h ic a g o ,  '8 1 ) ,  we c o u ld  a n a ly z e  r e f l e x  c h a n g e s  ev en  
th o u g h  n o t  a l l  a n im a ls  r e c e i v e d  a l l  t r e a t m e n t s .  IT  m o rp h in e  
r e d u c e d  h in d lim b  p in  p r i c k  r e f l e x e s ,  w h i le  a  s i m i l a r  am ount 
g iv e n  IV d id  n o t .  IT  n a lo x o n e ,  when g iv e n  t o  r e v e r s e  a  m or
p h in e  i n j e c t i o n ,  p ro d u c e d  h y p e r r e f l e x i c  r e s p o n s e s  t o  h i n d -  
lim b  p in  p r i c k ,  w h i le  IT  n a lo x o n e  g iv e n  w i th o u t  a  p r e v io u s  
m o rp h in e  i n j e c t i o n  h ad  no e f f e c t  on r e f l e x  b e h a v io r .

Our r e s u l t s  s u g g e s t  t h a t  th e  b l a d d e r  d y s f u n c t io n  s e e n  
f o l lo w in g  s p i n a l  o p i a t e  a d m i n i s t r a t i o n  i s  o f  s p i n a l  o r i g i n .

( S u p p o r te d  by th e  V e te ra n s  A d m i n i s t r a t i o n ) .

324.4  CONTRASTING EFFECTS O F OPIATE AGONISTS AND  
AGONIST-ANTAGONISTS O N  ADENYLATE CYCLASE AND 
EXCITABILITY IN SYMPATHETIC PREGANGLIONIC NEURONS.  
P a r le y  W . M a d s e n .  B radford  D . H a re* , a n d  D o n a ld  N . F ra n z . 
 D e p a rtm e n ts  o f  P h a rm a co lo g y  a n d  A n e s th e s io lo g y , 
U n iv e r s i ty  o f  U ta h ,  S a l t  L ake C i ty ,  U ta h  84132.

O u r p re v io u s  s tu d ie s  h a v e  sh o w n  th a t  c lo n id in e  and 
o p ia te  a g o n i s t s  d e p re s s  s y m p a th e tic  p re g a n g lio n ic  neurons 
(SPG N s) by  a c t iv a t in g  a l p h a - 2 a n d  o p ia te  r e c e p to r s ,  both 
o f  w h ic h  a re  n e g a t iv e ly  c o u p le d  to  a d e n y la te  c y c la s e  
(S c ie n c e  215:1643, 1982; S o c .  N e u r o s c i .  A b s t r .  9 :7 9 7 , 1983). 
T he p r e s e n t  s tu d y  co m p a re d  th e  e f f e c ts  o f  tw o  o p ia te  
a g o n i s t - a n t a g o n i s t s ,  p e n ta z o c in e  a n d  b u to rp h a n o l w ith  
th o s e  o f  tw o  o p ia te  a g o n i s t s ,  m o rp h in e  a n d  m e th ad o n e , 
on  SPGN e x c i ta b i l i t y  a n d  a d e n y la te  c y c la s e  a c t iv i ty .  
S y m p a th e tic  d is c h a r g e s  re c o rd e d  from u p p e r  th o ra c ic  p re
g a n g l io n ic  ram i w e re  e v o k e d  a t  0 .1  H z  by  s tim u la t in g  
d e s c e n d in g  e x c i ta to ry  p a th w a y s  in  th e  c e rv ic a l  d o rs o la te ra l 
fu n ic u lu s  o f  u n a n e s th e t i z e d ,  s p in a l  c a t s .

In h ib i t io n  o f  c y c l ic  AMP p h o s p h o d ie s te r a s e  (PDE) by 
a m in o p h y ll in e  (50 m g /k g ) , IBMX (1 m g /k g ) , o r RO 20-1724 
(1 m g /k g ) e n h a n c e d  in t r a s p in a l  t r a n s m is s io n  to  175% of 
c o n tro l v a lu e s  w ith in  10 m in . P re tre a tm e n t w ith  m orphine 
(2  m g /k g ) o r m e th a d o n e  (1 m g /k g ) r a p id ly  d e p re s s e d  tra n s 
m is s io n  to  0 -40%  o f  c o n tro l a n d  a lm o s t  c o m p le te ly  p re 
v e n te d  e n h a n c e m e n t by  th e  PDE in h i b i to r s . The o p ia te  
a n t a g o n i s t s ,  n a lo x o n e  o r n a l tr e x o n e  (2 0 -4 0  u g /k g ) ,  rap id ly  
r e v e r s e d  th e  d e p re s s io n  by  th e  a g o n i s t s  a n d  r e s to r e d  the  
a b i l i t y  o f  th e  PDE in h ib i to r s  to  e n h a n c e  t r a n s m is s io n .  In 
c o n t r a s t ,  p e n ta z o c in e  (2  m g /k g ) o r b u to rp h a n o l (1 m g/kg) 
p ro d u c e d  o n ly  a  m ild  d e p r e s s io n  (10-15%) o f  tr a n s m is s io n  
to  SPG N s th a t  w a s  n o t r e v e r s e d  by  th e  a n t a g o n is t s .  
F u rth e rm o re , th e s e  d ru g s  d id  n o t a l t e r  th e  r a p id  e n h a n c e 
m e n t o f  t r a n s m is s io n  p ro d u c e d  by  th e  PDE in h ib i to r s .  The 
a b i l i t y  o f  o p ia te  a g o n i s t s ,  b u t n o t a g o n i s t - a n ta g o n i s t s  to  
d e p r e s s  SPGN e x c i ta b i l i t y  a n d  to  in h ib i t  a d e n y la te  c y c la s e  
in d i c a t e s  th a t  th e  o p ia te  r e c e p to r s  on  SPG N s th a t  a re  
n e g a t iv e ly  c o u p le d  to  a d e n y la te  c y c la s e  a re  m u -re c e p to rs  
r a th e r  th a n  k a p p a -  o r s ig m a - r e c e p to r s .  O p ia te  a g o n is ts  
m ay lo w e r b lo o d  p r e s s u r e  by  d e p r e s s in g  S P G N s.
(S u p p o rted  by  NIH g ra n ts  H L -2 4 0 8 5  a n d  G M -0 7 5 7 9 .)

324 . 5  DYNORPHIN A REDUCES VOLTAGE-DEPENDENT CALCIUM-CONDUCTANCE 
OF SENSORY NEURONS: A VOLTAGE CLAMP STUDY.  R .L . M acdonald  
an d  M .A . W erz .  D e p t . o f  N e u ro lo g y ,  U n i v e r s i t y  o f  M ic h ig a n ,  
Ann A rb o r ,  MI 4 8 1 0 4 .

We p r e v i o u s ly  r e p o r t e d  t h a t  d y n o r p h in  A (DYN) d e c re a s e d  
s o m a t ic  c a lc iu m - d e p e n d e n t  a c t i o n  p o t e n t i a l  (CAP) d u r a t i o n  
i n  a  p o r t i o n  o f  m ouse d o r s a l  r o o t  g a n g l io n  (DRG) n e u r o n s .  
DYN a c t i o n  was a n ta g o n iz e d  b y  n a lo x o n e .  R e s p o n s e s  o f  DRG 
n e u ro n s  to  DYN, u n l ik e  r e s p o n s e s  to  L e u - e n k e p h a l in  (L -E N K ), 
a  δ -  p r e f e r r i n g  l i g a n d ,  o r  m o r p h i c e p t i n , a  µ - s e l e c t i v e  l i 
g a n d ,  w e re  a s s o c i a t e d  w i t h  d e c r e a s e d  CAP a f t e r - h y p e r p o l a r i 
z a t i o n  a n d  p e r s i s t e d  f o l lo w in g  i n t r a c e l l u l a r  i n j e c t i o n  o f  
c e s iu m ,  a  p o ta s s iu m  c h a n n e l  b l o c k e r .  T h e r e f o r e ,  we s u g g e s 
t e d  t h a t  µ-  an d  δ- o p i o i d  r e c e p t o r s  a r e  c o u p le d  to  v o l t a g e -  
a n d /o r  c a lc iu m - d e p e n d e n t  p o ta s s iu m  c h a n n e ls  b u t  t h a t  DYN 
a c t s  a t  a  d i s t i n c t  o p io id  r e c e p t o r ,  p o s s ib l y  t h e  k - o p io id  
r e c e p t o r ,  t h a t  i s  c o u p le d  to  v o l ta g e - d e p e n d e n t  c a lc iu m  
c h a n n e l s .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  we d i r e c t l y  a s s e s s e d  
DYN a c t i o n s  on c a lc iu m  and p o ta s s iu m  c u r r e n t s  u s in g  th e  
s i n g l e  e l e c t r o d e  v o l t a g e  c lam p  t e c h n i q u e .

C e l l  c u l t u r e  and o p io id  a p p l i c a t i o n  te c h n iq u e s  w e re  a s  
p r e v i o u s ly  d e s c r i b e d  ( J .P h a r m a c .E x p t .T h e r . , 2 2 7 :3 7 4 ,  1 9 8 3 ) .  
The soma t a  o f  DRG n e u ro n s  w e re  v o l t a g e  c lam p ed  u s in g  a  s i n 
g l e  m ic r o e l e c t r o d e  v o l t a g e  c lam p  p r e a m p l i f i e r  (A xoclam p 2 ) .

S te p  d e p o l a r i z a t i o n s  o f  n e u ro n s  b a th e d  i n  m edium  s u b s t i 
t u t i n g  t h e  p o ta s s iu m  c h a n n e l  b l o c k e r  c e s iu m  f o r  p o ta s s iu m  
and im p a le d  w i t h  m ic r o p i p e t t e s  f i l l e d  w i th  3M C s C l, ev o k ed  
c a lc iu m - d e p e n d e n t  c u r r e n t s  t h a t  o n ly  p a r t l y  d e c ay e d  o v e r  a  
75 m sec p e r i o d .  DYN a t  1 yM d e c re a s e d  c a lc iu m  in w a rd  c u r 
r e n t s  i n  13 o f  38 n e u r o n s .  I n  c o n t r a s t ,  L-ENK a t  5 µ M d id  
n o t  a f f e c t  c a lc iu m  c u r r e n t s  i n  11 o f  11 n e u ro n s  i n c l u d i n g  5 
n e u ro n s  t h a t  r e s p o n d e d  to  DYN. DYN d e c r e a s e s  o f  c a lc iu m  
c u r r e n t s  w e re  a n ta g o n iz e d  by  1 µ M n a lo x o n e  (n =5 ) .  DYN d id  
n o t  a f f e c t  t h r e s h o l d  p o t e n t i a l  f o r  t h e  o n s e t  o f  t h e  in w a rd  
c u r r e n t ,  t h e  p o t e n t i a l  a t  w h ic h  th e  in w a rd  c u r r e n t  w as max
im a l ,  o r  t h e  r e v e r s a l  p o t e n t i a l  f o r  c a lc iu m  c u r r e n t  ( n =5 ) .  
When th e  in w a rd  c a lc iu m  c u r r e n t  w as b lo c k e d  by cadm ium , t h e  
r e m a in in g  l e a k  c u r r e n t  was u n a f f e c t e d  by DYN. The d e c r e a s e s  
i n  in w a rd  c u r r e n t  by  DYN a t  s t e p  commands t h a t  f u l l y  a c t i 
v a te d  c a lc iu m  c o n d u c ta n c e  w ere  a s s o c i a t e d  w i th  a  r e d u c t io n  
o f  c h o rd  c o n d u c ta n c e .  We s u g g e s t  t h a t  DYN ( κ ) - r e c e p t o r s  a r e  
c o u p le d  to  v o l ta g e - d e p e n d e n t  c a lc iu m  c h a n n e l s .  H ow ever, vi
and  δ- r e c e p t o r s  a r e  l i k e l y  to  m e d ia te  a c t i o n s  v i a  e n h a n c e 
m ent o f  p o ta s s iu m  c o n d u c ta n c e .

S upported  by BNS 1 8 7 6 2 .

3 2 4 .6  ACTION OF OPIOID PEPTIDES ON FAST-PHASE CALCIUM UPTAKE INTO 
BRAIN REGIONAL SYNAPTOSOMES.  E . B a r r  and  S.W. L e s l i e .
D i v i s i o n  o f  P h a rm a c o lo g y , C o l le g e  o f  P h a rm a c y , U n i v e r s i t y  o f  
T e x a s , A u s t in ,  TX 78712

U p ta k e  o f  c a lc iu m  by  s y n a p to s o m e s  i s o l a t e d  fro m  h ip p o 
cam pus (H I P ) , f r o n t a l  c o r t e x  (FC) an d  s t r i a t u m  (STR) o f  
m ale  S p ra g u e -D aw le y  r a t s  was m e a su re d  a t  t h r e e  s e c o n d s .
U p tak e  w as m ea su red  f o r  d e p o la r i z e d  and  n o n d e p o la r iz e d  
s y n a p to so m e s  (65mM and  5mM KCl , r e s p e c t i v e l y )  and  n e t  
c a lc iu m  u p ta k e  was c a l c u l a t e d  a s  t h e  d i f f e r e n c e .  Non
d e p o la r i z e d  and  d e p o la r i z e d  s y n a p to s o m e s  fro m  e a c h  o f  th e  
b r a i n  r e g i o n s  w e re  t r e a t e d  w i th  10µM D -A la , D -L e u -e n k e p h a l in  
(DADLE). The c a lc iu m  u p ta k e  o f  t h e  D A D L E -trea ted  s y n a p to 
som es w as com pared  t o  t h e  c a lc iu m  u p ta k e  o f  a  m atc h e d  
c o n t r o l .  No s i g n i f i c a n t  d i f f e r e n c e  o f  t h e  mean n e t  c a lc iu m  
u p ta k e  w as o b s e rv e d  f o r  t h e  s y n a p to s o m e s  o f  an y  o f  t h e  
b r a i n  r e g i o n s  th o u g h  i n d i v i d u a l  e x p e r im e n ts  show ed i n c r e a s e s .  
A p r e v io u s  r e p o r t  (E . B a r r  and  S.W. L e s l i e  F e d . P r o c .  4 3 :9 6 8 , 
1984) show ed s i g n i f i c a n t  i n c r e a s e s  o f  m ean c a lc iu m  u p ta k e  
by h y p p o cam p a l and  s t r i a t a l  s y n a p to so m e s  t r e a t e d  w i th  10nM 
DADLE and d y n o rp h in  (A1 - 1 7 ) . T h e se  d i f f e r e n c e s  a r e  d i s 
c u s s e d  w i th  r e s p e c t  t o  t h e  a c t i o n s  o f  v a r i o u s  c o n c e n t r a t i o n s  
o f  o p io id  p e p t i d e s . S u p p o r te d  by  NIAAA AA05809 and  RSOA 
AA00044 t o  SWL.
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3 2 4 . 7   D E F E R E N T I A L  E F F E C T S  OF ME T -E N K E PH A L IN  ON HIPPOCAMPAL CA1 
C O M P L E X - S P I K E  AND THETA C E L L S .   K. P a n g * a n d  G . Ro s e ,  D e p t . o f  
P h a r s a c o l o g y ,  UCHSC a n d  M e d i c a l  R e s e a r c h ,  VAMC, D e n v e r ,  CO.

P r e v i o u s  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  o p i a t e s  c a u s e  
p r o n o u n c e d  e x c i t a t i o n  o f  h i p p o c a m p a l  p y r a m i d a l  c e l l s ,  b u t  
t h e  m e c h a n i s m  b y  w h i c h  t h i s  e x c i t a t i o n  i s  a c h i e v e d  i s  s t i l l  
u n k n o w n .  O n e  h y p o t h e s i s ,  t e r m e d  t h e  d i s i n h i b i t i o n  
h y p o t h e s i s ,  s u g g e s t s  t h a t  o p i a t e s  d o  n o t  d i r e c t l y  e x c i t e  
h i p p o c a m p a l  p y r a m i d a l  c e l l s ,  b u t  i n s t e a d  a c t  i n d i r e c t l y  b y  
s u p p r e s s i n g  t h e  f i r i n g  o f  l o c a l  i n h i b i t o r y  i n t e r n e u r o n s .

P r e v i o u s  e l e c t r o p h y s i o l o g i c a l  w o r k  h a s  i d e n t i f i e d  t w o  
n e u r o n a l  t y p e s  i n  a r e a  CA l  o f  t h e  h i p p o c a m p u s :  c o m p l e x 
s p i k e  ( C S )  c e l l s  a n d  t h e t a  c e l l s .  T h e s e  t w o  n e u r o n a l  t y p e s  
m ay  b e  d i s t i n g u i s h e d  f r o m  e a c h  o t h e r  b y  t h e i r  u n f i l t e r e d  
e x t r a c e l l u l a r  a c t i o n  p o t e n t i a l  d u r a t i o n s .  I n  a r e a  CAl , CS 
c e l l s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  b e  t h e  p y r a m i d a l  c e l l s ,  
w h i l e  t h e t a  c e l l s  a r e  t h o u g h t  t o  b e  i n t e r n e u r o n s .

I n  t h e  p r e s e n t  s t u d y  t h e  e f f e c t s  o f  l o c a l  a p p l i c a t i o n  o f  
m e t h i o n i n e  e n k e p h a l i n  ( m e t - e n k )  w e r e  s t u d i e d  o n  CS c e l l s  
a n d  t h e t a  c e l l s  i n  a r e a  CA l  o f  t h e  h i p p o c a m p u s  i n  a n  
a t t e m p t  t o  p r o v i d e  a d d i t i o n a l  s u p p o r t  f o r  t h e  d i s i n h i b i t i o n  
h y p o t h e s i s .  M e t - e n k  ( 1 0 - 5 M) a n d  t h e  o p i a t e  a n t a g o n i s t  
n a l o x o n e  ( 1 0 - 4 M ) w e r e  l o c a l l y  a p p l i e d  t o  h i p p o c a m p a l  CS 
c e l l s  a n d  t h e t a  c e l l s  b y  p r e s s u r e  e j e c t i o n  i n  a n e s t h e t i z e d  
r a t s  a n d  t h e  e f f e c t s  o n  s p o n t a n e o u s  f i r i n g  r a t e  w e r e  
d e t e r m i n e d .  As  h a s  b e e n  p r e v i o u s l y  r e p o r t e d ,  t h e  m a j o r  
e f f e c t  o f  m e t - e n k  o n  CS c e l l s  w a s  t o  i n c r e a s e  t h e  
s p o n t a n e o u s  f i r i n g  r a t e  ( 2 7  o f  31  c e l l s ;  3  n e u r o n s  w e r e  
d e p r e s s e d  a n d  1 s h o w e d  a  b i p h a s i c  r e s p o n s e ) .  I n  c o n t r a s t ,  
m o s t  t h e t a  c e l l s  w e r e  d e p r e s s e d  ( 2 6  o f  3 2  c e l l s ;  3  n e u r o n s  
w e r e  e x c i t e d  a n d  3  s h o w e d  b i p h a s i c  r e s p o n s e s ) .  A l t h o u g h  
n a l o x o n e  a p p l i c a t i o n  d i d  n o t  a p p r e c i a b l y  a l t e r  t h e  s p i k e  
h e i g h t  o f  CS c e l l s ,  i t  d i d  p r o d u c e  f r e q u e n t  d e c r e a s e s  i n  
t h e  s p i k e  h e i g h t  o f  t h e t a  c e l l s .  C o n s e q u e n t l y ,  t h e  s t u d i e s  
i n v o l v i n g  n a l o x o n e  a n t a g o n i s m  o f  t h e  t h e t a  c e l l  r e s p o n s e  t o  
m e t - e n k  w e r e  g r e a t l y  c o m p l i c a t e d ,  b u t  i n  t h o s e  c a s e s  w h e r e  
a  c l e a r  e f f e c t  c o u l d  b e  d i s c e r n e d ,  n a l o x o n e  a n t a g o n i z e d  t h e  
m e t - e n k  i n d u c e d  r e s p o n s e  i n  4 o f  5 t h e t a  c e l l s  a n d  7 o f  8 
CS c e l l s .

T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  l o c a l  a p p l i c a t i o n  o f  m e t 
e n k  i n c r e a s e s  t h e  s p o n t a n e o u s  f i r i n g  r a t e  o f  CS c e l l s  a n d  
d e p r e s s e s  t h e  s p o n t a n e o u s  a c t i v i t y  o f  t h e t a  c e l l s  i n  a n  
o p i a t e - s p e c i f i c  m a n n e r .  T h e  f i n d i n g s  o f  t h i s  s t u d y  s u p p o r t  
t h e  h y p o t h e s i s  o f  d i s i n h i b i t i o n  a s  a  m e c h a n i s m  o f  o p i a t e  
a c t i o n  i n  t h e  h i p p o c a m p u s .  I n  a d d i t i o n ,  t h e s e  r e s u l t s  a l s o  
p r o v i d e  a d d i t i o n a l  e v i d e n c e  t h a t  t h e  t h e t a  c e l l s  a r e  t h e  
i n t e r n e u r o n s  i n  a r e a  CAl  o f  t h e  h i p p o c a m p u s .

324.8  INTERLEUKIN I INTERACTS WITH OPIOID BINDING SITES.  M.S. 
Ahmed*, J .  Llanos-Q .*, and C.M. B la t t e i s .  Univ. of Tenn. 
C tr. H lth. Sci . ,  Memphis, TN 38163.

In te r leu k in  1 (IL l) is  a macrophage-derived monokine 
which s ig n a ls  neurons in the p re o p tic -a n te r io r  hypothalamus 
(POAH) to  i n i t i a t e  fever and various o th e r , a sso c ia ted , 
n o n feb rile  host-defense  responses, c o lle c tiv e ly  termed the 
acute-phase re a c tio n . I t  is  not yet c le a r  whether ILl a c ts  
d ir e c t ly  or through the re le a se  of m ediato rs . R ecently , 
increases in cereb rosp ina l f lu id  and hypothalamic lev e ls  of 
(β-endorphin (BE) have been reported  during endotoxin (LPS)- 
and ILl -induced fev e rs ; BE and c e r ta in  o ther opio ids are 
hyperthermogenic when m icro in jec ted  in to  the POAH. How
ever, naloxone does not prevent the fe b r ile  responses to  
LPS and IL l. S im ila r ly , a n tip y re tic s  do not antagonize the 
hypertherm ia induced by c e n t ra lly  adm inistered  o p io id s . 
Might the opio id  p ep tid es, th e re fo re , modulate the nonfeb
r i l e  ac tio n s  of ILl? To te s t  th is  p o s s ib i l i ty ,  we d e te r 
mined whether ILl a f fe c ts  the s p e c if ic  binding of opio id  
agon ists  in the b ra in . Accordingly, we assayed the p o ss i
b le  com petition of p u rif ie d  human IL1 with u (3H-dihydro
morphine, DHM) and δ (3H -2-D -alanine-5-L-m ethionine, DAME)  
rad io lig an d s  in d if f e r e n t guinea pig b ra in  reg io n s , using 
P2 o p ia te  recep to r-en riched  membrane p re p a ra tio n s . ILl 
in h ib ite d  DHM b ind ing , in  order of decreasing  potency, in 
the pons-m edulla, hypothalam us-m idbrain, and co rtex . On 
the o ther hand, ILl a tten u ated  DAME binding most p o ten tly  
in the cortex  and le a s t p o ten tly  in the hypothalamus-mid
b ra in . S im ilar re s u l ts  were obtained with homologous, 
crude IL l. LPS ( S. e n t e r i t id i s  suspended in pyrogen-free 
s a lin e , in the concen tration  range from 4 to 40 ng/ml of 
binding assay medium) did not in h ib it  the binding of e i th e r  
opio id  ligand to any of the b ra in  reg ions. These re s u lts  
suggest th a t ILl may in te ra c t  with the op ia te  system in  the 
b ra in . I t  appears, moreover, th a t such in te ra c tio n s  may 
not be lim ited  to the hypothalamus alone, the primary s i t e  
of the feb rigen ic  a ction  of IL l.

3 2 4 .9  THE OPIATE ACTIVATED POTASSIUM CONDUCTANCE IN LOCUS 
COERULEUS NEURONES.  J .T . Williams and R.A. North. 
Neuropharmacology Laboratory, M .I.T ., 56-245, Cambridge, MA 
02139, U.S.A.

In tra c e llu la r  recordings were made from locus coeruleus 
(LC) neurones in  a s lic e  preparation of ra t  b ra in . Drugs 
were applied by superfusion and by pressure ejection  from a 
p ip e tte  placed in the superfusing solution 200 -  400 µm from 
the neurone. Opiates caused an outward current which was 
measured with a sing le  electrode voltage clamp am plifier 
(Axoclamp I I ) .  The amplitude of the outward current was 
dependent on the concentration of agonist applied, was 
reproducible among c e lls  for any given agonist and had a 
maximum amplitude of about 250 pA (a t -60 mV; th is  is  
equivalent to a maximum opiate coaductance of 6 nS). The 
conductance increase produced by LMet5] -enkephalin, [D-Ala2 , 
D-Leu5] -enkephalin or normorphine was voltage independent 
from -60 to -120 mV but declined sharply a t p o ten tia ls less 
negative than -50 mV. Agents which decreased potassium con
ductance also  reversib ly  decreased the amplitude of the 
opiate induced outward cu rren t. The most se lec tive  of these 
agents were quinine (50 µM -  1 mM), barium (30 µM -  2 mM) 
and rubidium su b s titu tio n  (fo r potassium). Decreasing 
calcium entry by reducing ex trace llu la r  calcium or addition 
of cobalt or magnesium had no immediate e ffe c t on the opiate 
induced outward current but a f te r  15-20 min often reduced 
the amplitude of the opiate cu rren t. Increasing the ex tra 
c e llu la r  calcium content had no e ffe c t on the opiate conduc
tance. The voltage dependence and se n s itiv ity  to quinine 
and barium of the outward current caused by opiates suggest 
th a t opiates increase a potassium conductance which i s  also 
activated  by in tra c e llu la r  calcium ions. The increase in 
potassium conductance accounts q uan tita tive ly  for the hyper- 
po lariza tions caused by µ-receptor agonists. I t  leads both 
to an in h ib itio n  of action p o ten tia l generation and a reduc
tion  in noradrenaline re lease  from LC neurones.
S u p p o r te d  b y  D e p a r tm e n t o f  H e a l th  and  Human S e r v ic e s  g r a n t  
DA 03161.

324.10   MET-ENKEPHALIN: DIFFERENTIAL EFFECTS IN THE HIPPOCAMPUS. 
  L . C a h i l l * , H. H a i g l e r , and  R. Kochman (SPON: J .  B l o s s ) .  

S e a r l e  R e s e a rc h  & D ev lo p m e n t, 4901 S e a r l e  P a rk w a y ,
S k o k ie ,  IL  6 0 0 7 7 .

M e t-E n k e p h a lin  (ME) h a s  b e e n  r e p o r t e d  t o  p ro d u c e  an  
e x c i t a t o r y  e f f e c t  on n e u r o n a l  f i r i n g  when a d m i n i s t e r e d  
m ic r o io n t o p h o r e t i c a l l y  i n  t h e  h ip p o c a m p u s , b u t  t h e r e  was 
no  r e p o r t e d  h i s t o l o g i c a l  c o n f i r m a t io n  o f  t h e  r e c o r d in g  s i t e s  
( Z i g e l g a n s b e r g e r , W. e t  a l .  S c ie n c e  2 0 5 :4 1 5 ,  1 9 7 9 ) .  We 
r e p o r t  h e r e  t h a t  t h e  r e s p o n s e  t o  ME d e p e n d s  on t h e  a r e a  o f  
t h e  h ip p o ca m p u s  from  w h ic h  t h e  r e c o r d in g  was o b t a i n e d .

The e x p e r im e n ts  w ere  c a r r i e d  o u t  a s  f o l l o w s :  F i s h e r  344  
r a t s  (3 5 0 -4 0 0  gms) w e re  a n e s t h e t i z e d  w i th  c h l o r a l  h y d r a t e  
(CH) (4 0 0  mpk) a d m i n i s t e r e d  i . p . ; a n e s t h e s i a  w as m a in ta in e d  
b y  s u p p le m e n ta l  d o s e s  o f  CH. M ic r o io n t o p h o r e t i c  e x p e r im e n ts  
w e re  c a r r i e d  o u t  u s in g  t h e  t e c h n i q u e s  d e s c r i b e d  p r e v i o u s ly  
( H o s f o rd ,  D. an d  H a i g l e r ,  H . , J .  P h a rm a c o l.  Exp. T h e ra p .  
2 1 3 :3 5 5 ,  1 9 8 0 ) . When p resu m ed  h ip p o c a m p a l n e u r o n a l  a c t i v i t y  
w as e n c o u n te r e d  ( i . e . ,  n e g a t i v e  a c t i o n  p o t e n t i a l s  t h a t  
u s u a l l y  o c c u r r e d  i n  b u r s t s  o f  d e c r e a s in g  a m p l i tu d e )  t h e  
r e s p o n s e  t o  v a r y in g  e j e c t i o n  c u r r e n t s  o f  b o th  ACh an d  ME 
w e re  o b t a i n e d .  D rugs w ere  e j e c t e d  by  a  p o s i t i v e  d i r e c t  
c u r r e n t  (1 0 -1 0 0  nA) a p p l i e d  t o  t h e  d ru g  b a r r e l  f o r  a  
p e r i o d  o f  50 s e c o n d s .  A t t h e  en d  o f  a n  e x p e r im e n t  f a s t  
g r e e n  (FG) w as e j e c t e d  e l e c t r o p h o r e t i c a l l y  fro m  th e  r e 
c o r d in g  b a r r e l ,  w h ich  w as f i l l e d  w i th  2M s a l i n e  s a t u r a t e d  
w i th  FG. The FG m ark  s e rv e d  a s  a  r e f e r e n c e  p o i n t  t o  
l o c a l i z e  t h e  r e c o r d in g  s i t e s .  The r e s u l t s  a r e  su m m arized  
b e lo w :

L o c a t io n  i n  
H ippocam pus N I n c r e a s e  

N (%)
D e c re a s e  

N (%)
No E f f e c t  

N (%)
CA1
CA2,  3 ,  4

32
20

5 (1 6 )
18 (9 0 )

3 (9 )
0

24 (7 5 )
2 ( 10)

N o te :  R e s p o n s iv e  an d  n o n - r e s p o n s iv e  n e u ro n s  w ere  
fo u n d  u s in g  t h e  same m ic r o p ip e t t e

ACh i n c r e a s e d  f i r i n g  o f  a l l  o f  t h e  a b o v e  n e u ro n s  i n 
d i c a t i n g  t h a t  t h e  d i f f e r e n t i a l  e f f e c t  o f  ME on  f i r i n g  r a t e s  
was n o t  a r t e f a c t u a l .  T h e se  d a t a  may a c c o u n t  f o r  t h e  
v a r i a t i o n  i n  r e p o r t s  o f  p e r c e n ta g e  o f  h ip p o c a m p a l p y r a m id a l  
c e l l  e x c i t e d  by ME. T h e se  d a t a  a l s o  i n d i c a t e  t h a t  ME d o e s  
n o t  h a v e  a  u n ifo rm  e f f e c t  on n e u ro n s  i n  t h e  h ip p o c a m p u s . 
The f u n c t i o n a l  s i g n i f i c a n c e  o f  t h i s  o b s e r v a t io n  r e m a in s  t o  
b e  d e te r m in e d .
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3 2 4 .11  ALTERATIONS OF DYNORPHIN-LIKE IMMUNOREACTIVITY IN THE RAT  
BRAIN AFTER REPEATED ELECTROCONVULSIVE SHOCKS.  T .  K a n a m a t s u * ,  
J . F .  M c G i n t y  a n d  J . S .  H o n g .  L a b ,  o f  B e h a v i o r a l  & N e u r o l o g i c a l  
T o x i c o l o g y ,  N I E H S / N I H , R e s e a r c h  T r i a n g l e  P a r k ,  NC 2 7 7 0 9 .    
D e p t . o f  A n a t o m y ,  S c h .  o f  M e d . ,  E a s t  C a r o l i n a  U n i v . ,  G r e e n 
v i l l e ,  NC 2 7 8 3 4 .

I t  h a s  b e e n  s u g g e s t e d  t h a t  e n d o g e n o u s  o p i o i d  p e p t i d e s  may 
m e d i a t e  e l e c t r o c o n v u l s i v e  s h o c k  ( E C S ) -  e l i c i t e d  b e h a v i o r a l  
a l t e r a t i o n s ,  s u c h  a s  a n a l g e s i a ,  r e t r o g r a d e  a m n e s i a ,  c h a n g e s  
i n  s e i z u r e  t h r e s h o l d  o r  p o s t i c t a l  d e p r e s s i o n .  T h i s  n o t i o n  
w a s  s u p p o r t e d  b y  o u r  p r e v i o u s  r e p o r t  t h a t  r e p e a t e d  e l e c t r o 
c o n v u l s i v e  s h o c k s  (E CSs )  i n c r e a s e  t h e  [ M e t 5 ] - e n k e p h a l i n - l i k e  
i m m u n o r e a c t i v i t y  ( M E - L 1 ) i n  c e r t a i n  l i m b i c  a r e a s  o f  t h e  r a t  
b r a i n  (H o n g  e t  a l . ,  B r a i n  R e s . , 1 7 7 : 2 7 3 ,  1 9 7 9 ) .  O u r  r e c e n t  
s t u d y  u s i n g  i n  v i t r o  c e l l  f r e e  t r a n s l a t i o n  o r  b l o t  h y b r i d i z a 
t i o n  t o  e s t i m a t e  t h e  l e v e l  o f  mRNA c o d i n g  f o r  p r e p r o e n k e p h 
a l i n  A s u g g e s t e d  t h a t  t h e  i n c r e a s e  i n  h y p o t h a l a m i c  ME-LI 
a f t e r  r e p e a t e d  ECSs i s  d u e  t o  a n  i n c r e a s e  i n  b i o s y n t h e s i s  
( Y o s h i k a w a  e t  a l . ,  9 t h  IUPHAR P r o g r a m  1 9 8 4 ) .  T h e s e  o b s e r v 
a t i o n s  f u r t h e r  s u p p o r t  t h e  p o s s i b i l i t y  t h a t  a n  i n c r e a s e  i n  
e n k e p h a l i n e r g i c  n e u r o n a l  a c t i v i t y  may b e  r e l a t e d  t o  ECS- 
e l i c i t e d  p h e n o m e n a .  I n  a n  a t t e m p t  t o  e x a m i n e  w h e t h e r  t h e  
o t h e r  o p i o i d  p e p t i d e s  m ay  a l s o  p a r t i c i p a t e  i n  t h e  a c t i o n s  
o f  ECS,  we m e a s u r e d  d y n o r p h i n  A ( l - 8 ) - l i k e  i m m u n o r e a c t i v i t y  
( D N - L I )  i n  v a r i o u s  r a t  b r a i n  r e g i o n s  a f t e r  r e p e a t e d  E C Ss .
T e n  d a i l y  ECSs c a u s e d  a n  i n c r e a s e  i n  DN-LI i n  h y p o t h a l a m u s  
( 5 0 % ) ,  c a u d a t e  n u c l e u s  ( 3 0 % ) ,  s e p t u m  (3 0% ) b u t  no  s i g n i f i 
c a n t  c h a n g e  w a s  f o u n d  i n  t h e  f r o n t a l  c o r t e x  a n d  t h e  n e u r o 
i n t e r m e d i a t e  l o b e  o f  t h e  p i t u i t a r y .  H o w e v e r ,  t h e  m o s t  p r o m 
i n e n t  e f f e c t  o f  r e p e a t e d  ECSs o n  t h e  d y n o r p h i n  s y s t e m  w a s  i n  
t h e  h i p p o c a m p u s .  A 70% d e c r e a s e  o f  DN-LI w a s  f o u n d  i n  t h e  
h i p p o c a m p u s  a f t e r  1 0  d a i l y  E C S s .  D e t a i l e d  t i m e  c o u r s e  
s t u d i e s  r e v e a l e d  t h a t  a  s i n g l e  s h o c k  f a i l e d  t o  a l t e r  t h e  
h i p p o c a m p a l  D N - L I .  A 30% d e c r e a s e  i n  DN-LI w a s  f o u n d  24  h 
a f t e r  3 c o n s e c u t i v e  d a i l y  s h o c k s .  T h e  m a x i m a l  d e c r e a s e  
(7 0% ) w a s  r e a c h e d  a f t e r  6 d a i l y  E C Ss .  T h e  l e v e l  o f  DN-LI 
i n  t h e  h i p p o c a m p u s  r e m a i n e d  l o w e r  t h a n  t h e  c o n t r o l  v a l u e  
4 ,  7 a n d  1 4  d a y s  a f t e r  t h e  s e c e s s i o n  o f  6  d a i l y  ECSs (5 0 % , 
70% , a n d  80% o f  c o n t r o l  v a l u e  r e s p e c t i v e l y ) .  I t  i s  i n t e r 
e s t i n g  t o  n o t e  t h a t  1 0  d a i l y  ECSs c a u s e d  a  m o d e s t  b u t  s i g 
n i f i c a n t  i n c r e a s e  (4 0% ) o f  ME-LI i n  t h e  h i p p o c a m p u s .  F u r 
t h e r m o r e ,  t h e  i m m u n o c y t o - c h e m i c a l  s t u d i e s  c o n f i r m e d  t h e  
c h a n g e s  o f  ME -L I a n d  DN-LI a t  d i f f e r e n t  t i m e  p o i n t s  a f t e r  
ECS.  T h i s  s t u d y  p l u s  o u r  p r e v i o u s  r e s u l t s  s u g g e s t  t h a t  
a l t e r a t i o n s  i n  o p i o i d  p e p t i d e s  i n  t h e  l i m b i c  s y s t e m  may 
c o n t r i b u t e  t o  t h e  b e h a v i o r a l  c h a n g e s  o b s e r v e d  a f t e r  r e p e a t e d  
ECS e x p o s u r e .

324.12  IMMUNOCYTOCHEMISTRY S P E C I F I E S  THE DYNORPHIN AND EN KEPHA LIN  
CON T A I N I NG NEURONS INVOLVED IN ELECTROC ONVULSIVE SHOCK

E F F E C T S .   J . F .  M c G i n t y .  T .  K a n a m a t s u * ,  a n d  J . S .  H o n g .   D e p t .  
o f  A n a t o m y ,  E a s t  C a r o l i n a  U n i v .  S c h .  o f  M e d . ,  G r e e n v i l l e ,   
NC 2 7 8 3 4  a n d  L a b .  B e h a v .  N e u r o l .  T o x i c o l . ,  N I E H S / N I H ,  
R e s e a r c h  T r i a n g l e  P a r k ,  NC 2 7 8 3 4 .

R e p e a t e d  e l e c t r o c o n v u l s i v e  s h o c k  ( E C S )  t r e a t m e n t s  
i n c r e a s e  t h e  c o n c e n t r a t i o n  o f  d y n o r p h i n - I i k e  
i m m u n o r e a c t i v i t y  ( D N - L I )  a n d  [ m e t 5 ] - e n k e p h a l i n - l i k e  
i m m u n o r e a c t i v i t y  ( M E - L I )  i n  t h e  h y p o t h a l a m u s ,  c a u d a t e ,  a n d  

s e p t u m  w h e r e a s  t h e  c o n c e n t r a t i o n  o f  D N - L I  d e c r e a s e s  a n d  
M E - L I  i n c r e a s e s  i n  r a t  h i p p o c a m p u s  a s  m e a s u r e d  b y  
r a d i o i m m u n o a s s a y  ( R I A )  ( s e e  K a n a m a t s u  a n d  H o n g ,  t h i s  
v o l u m e ) ,  T o  e v a l u a t e  c e l l u l a r  i n t e g r i t y  a f t e r  r e p e a t e d  ECS 
a n d  t o  e l u c i d a t e  t h e  s p e c i f i c  o p i o i d  p a t h w a y s  i n v o l v e d  in  
t h e s e  p o s t - E C S  c h a n g e s ,  we  c o n d u c t e d  p a r a l l e l  
i m m u n o c y t o c h e m i c a l s t u d i e s  i n  r a t s  t r e a t e d  i d e n t i c a l l y  a s  
t h o s e  t r e a t e d  w i t h  ECS f o r  R I A  m e a s u r e m e n t s .

R a t s  w e r e  p e r f u s e d  a n d  b r a i n s  w e r e  p r e p a r e d  f o r  
i m m u n o c y t o c h e m i s t r y  ( I C C )  a s  d e s c r i b e d  ( M c G i n t y ,  e t  a l .
PNAS 8 0 : 5 8 9 ,  1 9 8 3 ) .  F r o z e n  s e c t i o n s  w e r e  i n c u b a t e d  w i t h  
a n t i s e r a  t o  d y n o r p h i n - A  ( 1 - 1 7 )  ( p r o v i d e d  b y  L .  T e r e n i u s ,  
U p p s a l a ,  S w e d e n )  o r  [ l e u 5 ) - e n k e p h a l i n  ( L E )  ( p r o v i d e d  by   
R . J .  M i l l e r ,  U .  C h i c a g o )  f o l l o w e d  b y  a v i d i n - b i o t i n 
p e r o x i d a s e  i m m u n o r e a g e n t s .  O n e  d a y  a f t e r  s i x  o r  t e n  d a i l y  
ECS t r e a t m e n t s ,  t h e  i n t e n s i t y  o f  D N - L I  a n d  L E - L I  i n  m e d i a l  
b a s a l  h y p o t h a l a m u s ,  s t r i a t o n i g i a l  ( D N - L I )  a n d  
s t r i a t o p a l l i d a l  ( L E - L I ) p a t h w a y s ,  c e l l s  a n d  f i b e r s  o f  t h e  
c e n t r a l  n u c l e u s  o f  a m y g d a l a ,  t h e  l a t e r a l  s e p t u m ,  a n d  
v e n t r a l  s t r i a t u m  ( i n c l u d i n g  t h e  o l f a c t o r y  t u b e r c l e )  w a s  
g r e a t e r  t h a n  i n  c o n t r o l  b r a i n s .  In  t h e  h i p p o c a m p a l  
f o r m a t i o n ,  a  m a r k e d  d e c r e a s e  i n  D N - L I  a n d  L E - L I  o c c u r r e d  
i n  m o s s y  f i b e r s  w h e r e a s  a  m a r k e d  i n c r e a s e  i n  L E - L I  o c c u r r e d  
i n  t h e  p e r f o r a n t  p a t h w a y  o r i g i n a t i n g  i n  e n t o r h i n a l  c o r t e x .  
T h e  d e n t a t e  g r a n u l e  c e l l s ,  f r o m  w h i c h  m o s s y  f i b e r s  a r i s e ,  
a p p e a r e d  i n t a c t  a n d  h e a l t h y  a f t e r  r e p e a t e d  ECS t r e a t m e n t s .
A n o r m a l  i n t e n s i t y  o f  D N - L I  a n d  L E - L I  w a s  o b s e r v e d  in  a l l  
a r e a s  i n c l u d i n g  h i p p o c a m p u s  14  d a y s  a f t e r  s e c e s s i o n  o f  6  
d a i l y  ECS t r e a t m e n t s .  T h e s e  d a t a  i n d i c a t e  t h a t  w i d e s p r e a d  
o p i o i d  p e p t i d e r g i c  p a t h w a y s  i n  t h e  CNS m e t a b o l i c a l l y  r e a c t  
t o  r e p e a t e d  EC S t r e a t m e n t s .  In  t h e  h i p p o c a m p u s ,  t h e  D N - L I  
c o n t a i n e d  i n  t h e  g r a n u l e  c e l l - m o s s y  f i b e r  s y s t e m  i s  
d e p l e t e d  p r o b a b l y  a s  t h e  r e s u l t  o f  i n t e n s e  s t i m u l a t i o n  by  
t h e  p r e s y n a p t i c  e n k e p h a l i n - c o n t a i n i n g  p e r f o r a n t  p a t h w a y .  
T h u s ,  p h y s i o l o g i c a l  d i s t i n c t i o n s  c a n  b e  m a d e  b e t w e e n  
n e u r o n s  c o n t a i n i n g  t h e s e  t w o  o p i o i d  p e p t i d e  f a m i l i e s  a s  a  
r e s u l t  o f  s e i z u r e s .  S u p p o r t e d  b y  N S 2 0 4 5 1  ( J . F . M . )

3 2 4  13 THE EFFECT OF MORPHINE ON BASAL RELEASE OF PROLACTIN IN 
LACTATING RATS.  J .  R a b i i ,  P .  S a f i e r * ,  L .  G r a n d i s o n . 
D e p a r t m e n t  o f  B i o l o g i c a l  S c i e n c e s ,  R u t g e r s  U n i v e r s i t y  
a n d  D e p a r t m e n t  o f  P h y s i o l o g y ,  UMDNJ, P i s c a t a w a y ,  N . J .  
0 8 8 5 4 .

T h e  a d m i n i s t r a t i o n  o f  a  s i n g l e  i n j e c t i o n  o f  m o r p h i n e  
c a u s e s  a  s i g n i f i c a n t  i n c r e a s e  i n  c i r c u l a t i n g  p r o l a c t i n  
l e v e l s  i n  m a l e  a n d  n o n - l a c t a t i n g  f e m a l e  r a t s .  One  o f  
t h e  m e c h a n i s m s  i n v o l v e d  i n  o p i a t e  i n d u c e d  p r o l a c t i n  
r e l e a s e  i s  b e l i e v e d  t o  b e  t h e  i n h i b i t i o n  o f  t h e  
t u b e r o i n f u n d i b u l a r  d o p a m i n e r g i c  n e u r o n s .  R e c e n t l y ,  a  
l a c k  o f  r e s p o n s e  o f  t u b e r o i n f u n d i b u l a r  n e u r o n s  t o  
p r o l a c t i n  f e e d b a c k  h a s  b e e n  r e p o r t e d  i n  l a c t a t i n g  r a t s  
( D e m a r e s t  e t  a l . ,  N e u r o e n d o .  3 6 : 1 3 0 ,  1 9 8 3 ) .  We h a v e  
e x a m i n e d  t h e  e f f e c t  o f  a  s i n g l e  i n j e c t i o n  o f  m o r p h i n e  o n  
b a s a l  l e v e l s  o f  p r o l a c t i n  i n  l a c t a t i n g  r a t s .  F e m a l e  
r a t s ,  b e t w e e n  f o u r  a n d  t e n  d a y s  p o s t - p a r t u m ,  w e r e  u s e d  
i n  t h i s  s t u d y .  E a c h  r a t  w a s  f i t t e d  w i t h  a n  i n d w e l l i n g  
v e n o u s  c a n n u l a  o n e  d a y  p r i o r  t o  t h e  e x p e r i m e n t .  On t h e  
d a y  o f  t h e  e x p e r i m e n t ,  dam s  w e r e  s e p a r a t e d  f r o m  t h e i r  
p u p s  a n d  t w o  h o u r s  l a t e r  w e r e  d i v i d e d  i n t o  t h r e e   
t r e a t m e n t  g r o u p s .  Two g r o u p s  r e c e i v e d  m o r p h i n e  s u l f a t e ,  
o n e  a t  a  1 0  mg/ k g  a n d  t h e  o t h e r  a t  a  15 m g / k g  d o s e   
( s u b c u t a n e o u s l y ) .  T h e  t h i r d  g r o u p  f o r m e d  t h e  s a l i n e  
c o n t r o l s .  B l o o d  s a m p l e s  w e r e  r e m o v e d  v i a  t h e  j u g u l a r  
c a n n u l a e  p r i o r  t o  a n d  a t  f o r t y  f i v e  m i n u t e s  a f t e r   
m o r p h i n e  i n j e c t i o n .  I n  c o n t r a s t  t o  t h e  s t i m u l a t o r y   
e f f e c t s  o f  m o r p h i n e  s u l f a t e  o n  p r o l a c t i n  r e l e a s e  i n  m a l e  
a n d  n o n - l a c t a t i n g  f e m a l e  r a t s ,  t h e  a d m i n i s t r a t i o n  o f  
e i t h e r  d o s e  o f  t h e  o p i a t e  d u r i n g  l a c t a t i o n  w a s  
i n e f f e c t i v e  i n  a l t e r i n g  t h e  c i r c u l a t i n g  l e v e l s  o f  t h i s  
h o r m o n e .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  
t u b e r o i n f u n d i b u l a r  d o p a m i n e r g i c  n e u r o n s ,  w h i c h  a r e  
b e l i e v e d  t o  b e  p r i m a r i l y  i n v o l v e d  i n  t h e  m a i n t e n a n c e  o f  
l o w  p r o l a c t i n  l e v e l s  d u r i n g  p u p  s e p a r a t i o n ,  a r e  n o t  
r e s p o n s i v e  t o  o p i a t e s  d u r i n g  t h i s  p e r i o d .  ( S u p p o r t e d  i n  
p a r t  b y  NIH g r a n t  DA 02227 a n d  b y  g r a n t s  f r o m  C h a r l e s  a n d  
J o h a n n a  B u s c h  M e m o r i a l  F u n d  a n d  R u t g e r s  U n i v e r s i t y  
O f f i c e  o f  R e s e a r c h  a n d  S p o n s o r e d  P r o g r a m s . )

3 2 4 .14  ALPHA-INTERFERON MODIFIES THE CHRONIC BUT NOT THE ACUTE 
MORPHINE EFFECT S,  N.  D a f n y  a n d  C.  R e y e s - V a z q u e z , 
 N e u r o b i o l o g y  D e p a r t m e n t ,  U n i v e r s i t y  o f  T e x a s  M e d i c a l  
S c h o o l  a t  H o u s t o n ,  H o u s t o n ,  T e x a s  7 7 0 2 5 ,  a n d  D e p t o .  
F i s i o l o g i a ,  F a c .  Med.  UNAM, M e x i c o  0 4 5 1 0 .

T h e  e s s e n t i a l  m e c h a n i s m s  u n d e r l y i n g  m o r p h i n e  (MOR) 
t o l e r a n c e  a n d  p h y s i c a l  d e p e n d e n c e  a r e  n o t  k n o w n .  C h a n g e s  
i n  p r o t e i n  s y n t h e s i s  o r  i n  t h e  immune s y s t e m  h a d  b e e n  
h y p o t h e s i z e d  t o  e x p l a i n  t h e  c h r o n i c  e f f e c t s  o f  o p i a t e s .  
I n t e r f e r o n  ( I F N ) h a s  a n t i p r o l i f e r a t i v e  a n d  
i m m u n o m o d u l a t i n g  a c t i o n s .  T h e  p r e s e n t  e x p e r i m e n t s  w e r e  
i n i t i a t e d  t o  s t u d y  t h e  e f f e c t s  o f  IFN o n  c h r o n i c  a n d  a c u t e  
a c t i o n s  o f  MOR. R a t s  w e r e  m a d e  M O R - d e p e n d e n t  by   
s u b c u t a n e o u s  i m p l a n t a t i o n  o f  o n e  MOR p e l l e t  c o n t a i n i n g  75  
mg MOR b a s e ;  72  h o u r s  l a t e r ,  e a c h  a n i m a l  w a s  i n j e c t e d  w i t h  
n a l o x o n e  (NAL) (1 m g / k g )  t o  a s s e s s  t h e  d e g r e e  o f  
d e p e n d e n c e  a s  m e a s u r e d  b y  t h e  o b s e r v e d  a b s t i n e n c e  
s y n d r o m e .  S e v e n  b e h a v i o r a l  m e a s u r e m e n t s  w e r e  s c o r e d :  w e t   
d o g  s h a k e s ,  s t o o l  d i s c h a r g e s ,  t e e t h  c h a t t e r i n g ,  m o t o r  
a c t i v i t y ,  c a g e  e x p l o r a t i o n  a c t i v i t y ,  s c r e a m - t o - t o u c h  
r e s p o n s e  a n d  d i a r r h e a .  IFN w a s  i n j e c t e d  ( 1 5 0  I . U . / g  b . w . ;  
i p )  1 h o u r  b e f o r e  MOR p e l l e t  i m p l a n t a t i o n  ( d a y  1 )  o r  1 
h o u r  b e f o r e  NAL i n j e c t i o n  71 h o u r s  a f t e r  MOR p e l l e t  
i m p l a n t a t i o n  ( d a y  3 ) .  I n  b o t h  e x p e r i m e n t s  i t  w a s  f o u n d  
t h a t  IFN a l t e r e d  s i g n i f i c a n t l y  t h e  NAL i n d u c e d  a b s t i n e n c e  
s y n d r o m e .  I n  a d d i t i o n ,  i n  o t h e r  e x p e r i m e n t s  t h e  e f f e c t  o f  
MOR i n j e c t i o n  ( 5  m g / k g ,  i p )  o n  r e c t a l  t e m p e r a t u r e  a n d  on  
t h e  t a i l  f l i c k  a n a l g e s i c  t e s t  w a s  s t u d i e d  b e f o r e  a n d  a f t e r  
IFN i n j e c t i o n .  I t  b e c a m e  e v i d e n t  t h a t  a l p h a  IFN t r e a t m e n t  
d i d  n o t  m o d i f y  n o r m a l  t e m p e r a t u r e  a n d  d i d  n o t  c a u s e  
a n a l g e s i a  a s  w e l l  a s  n o t  m o d i f i e d  t h e  a c u t e  e f f e c t s  o f  MOR 
o n  r e c t a l  t e m p e r a t u r e  a n d  o n  t h e  t a i l  f l i c k  a n a l g e s i a  
t e s t .  I n  c o n c l u s i o n ,  o u r  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  
a l p h a  IFN m o d i f i e s  o n l y  t h e  c h r o n i c  e f f e c t s  o f  MOR w h e r e a s  
t h e  MOR a c u t e  e f f e c t s  r e m a i n e d  u n a f f e c t e d  b y  a l p h a  IFN 
t r e a t m e n t s .
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324.15   CYCLIC AMP OR FORSKOLIN PRODUCES RAPID "TOLERANCE" TO THE 
DEPRESSANT EFFECTS OF OPIATES ON SENSORY-EVOKED DORSAL-HORN 
RESPONSES IN SPINAL CORD-DORSAL ROOT GANGLION (DRG)EXPLANTS  

S.M. C r a in ,  B. C ra in *  an d  E .R . P e t e r s o n * ,   D e p t . o f  N e u r o s c ie n c e ,  
A lb e r t  E i n s t e i n  C o l le g e  o f  M e d ic in e ,  B ro n x ,  New Y ork  10461

E x p o su re  o f  f e t a l  m ouse cord-DRG e x p la n t s  t o  m o rp h in e  
(>0.1µM ) r e s u l t s  i n  n a l o x o n e - r e v e r s i b l e , d o s e - d e p e n d e n t  
d e p r e s s io n  o f  DRG-evoked d o r s a l - h o r n  s y n a p t i c - n e t w o r k  r e 
s p o n s e s  w i t h in  a  few m in (C r a in  e t  a l  '7 7 ) .  A f t e r  c h r o n ic  
o p i a t e  e x p o s u re  (lµM ) f o r  2 -3  d a y s ,  t h e s e  d o r s a l  c o rd  r e 
s p o n s e s  r e c o v e r  an d  c an  th e n  o c c u r  e v e n  i n  >10µM m o rp h in e  
( C r a in  e t  a l  '7 9 ) .  In  t h e  p r e s e n t  s tu d y ,  when n a iv e  e x p la n t s  

w e re  t r e a t e d  w i th  f o r s k o l i n  (10-50µ M )- -  a  s e l e c t i v e  a c t i v a 
t o r  o f  a d e n y la t e  c y c la s e  (AC) (Seam on & D a ly  '81) - - f o r  10 -3 0  
m in p r i o r  t o  an d  d u r in g  e x p o s u re  t o  0.3µM  m o rp h in e ,  th e  
u s u a l  d e p r e s s a n t  e f f e c t s  on d o r s a l - h o r n  r e s p o n s e s  o f t e n  
f a i l e d  t o  o c c u r  (1 0 -3 0  m in t e s t s ) .  D ib u ty r y l  cAMP ( 10mM) 
o r  th e  m ore p o t e n t  a n a lo g ,  d i o c t a n o y l  cAMP(0. 1mM),  p ro d u c e d  
a  s i m i l a r  d e g re e  o f  " t o l e r a n c e "  t o  o p i a t e s  as  10µM f o r s k o l i n .  
W ith  h ig h  l e v e l s  o f  f o r s k o l i n  (50µM ), ev en  c o n c e n t r a t i o n s  o f  
m o rp h in e  up to  10µM w e re  f a r  l e s s  e f f e c t i v e  in  d e p r e s s in g  
c o rd  r e s p o n s e s .  T h e se  a n t i - o p i a t e  e f f e c t s  o f  e x o g en o u s  cAMP 
and  f o r s k o l i n  a r e  p r o b a b ly  b o th  m e d ia te d  by i n c r e a s e s  in  
i n t r a c e l l u l a r  cAMP. The o n s e t  o f  o p i o i d - " t o l e r a n c e "  i n  cAMP- 
o r  f o r s k o l i n - t r e a t e d  cord-DRG e x p la n t s  p r o v id e s  th e  f i r s t  
e l e c t r o p h y s i o l o g i c  s u p p o r t  f o r  t h e  h y p o th e s i s  t h a t  n e u ro n s  
may d e v e lo p  t o l e r a n c e /d e p e n d e n c e  d u r in g  c h r o n ic  o p io id  e x p o 
s u r e  by a  c o m p e n sa to ry  e n h a n ce m e n t o f  t h e i r  AC/cAMP s y s te m  
f o l lo w in g  i n i t i a l  o p i o id - d e p r e s s io n  o f  AC a c t i v i t y  ( r e v .  by 
C o l l i e r , N a t u r e ’ 8 0 ) .  P r e v io u s  e v id e n c e  r e l i e d  p r i m a r i l y  on 
b e h a v i o r a l  t e s t s  (Ho e t  a l ,  '7 3 ;  C o l l i e r  e t  a l ,  ’ 75) and  b i o 
c h e m ic a l  a n a ly s e s  i n  c e l l  c u l t u r e s  (S harm a e t  a l ,  ’ 7 5 ) .  I t  
w i l l  b e  o f  i n t e r e s t  t o  d e te r m in e  i f  d o r s a l - h o r n  t i s s u e s  o f  
cord-DRG e x p la n t s  d o , i n  f a c t ,  d e v e lo p  i n c r e a s e d  AC/cAMP 
l e v e l s  a s  th e y  becom e t o l e r a n t  d u r in g  c h r o n i c  e x p o s u re  t o  
o p i a t e s .

The i o n i c  m ech an ism s by w h ic h  i n c r e a s e d  cAMP l e v e l s  a n ta g 
o n iz e  o p i a t e  d e p r e s s a n t  e f f e c t s  a r e  n o t  known. O p io id  " t o l e r 
a n c e "  a l s o  o c c u r s  d u r in g  a c u te  e x p o s u re  o f  cord-DRG e x p la n t s  
to  4 - a m in o p y r id in e ( 4 - A P ) (C r a in  e t  a l , L i f e  S c i .  ’ 8 2 ) .  W hereas
4-AP p o t e n t i a t e s  s y n a p t i c  t r a n s m i s s io n  by d e p r e s s in g  K co n 
d u c ta n c e  an d  t h e re b y  e n h a n c in g  Ca++ i n f l u x  th ro u g h  v o l t a g e -  
d e p e n d e n t  Ca++ c h a n n e ls . ,we p o s t u l a t e  t h a t  cAMP may r e v e r s e   
o p i a t e - i n d u c e d  i n t e r f e r e n c e  w i th  AC/cAMP-r e g u l a t e d  p h o s p h o ry 
-l a t i o n - d e p e n d e n t  g a te s  in  t h e  sam e ( e . g .  R e u t e r  '7 9 )  o r  o t h e r  
c h a n n e ls  i n  t h e s e  n e u ro n s .
( S u p p o r te d  by NIDA g r a n t  DA -02031. )

324. 16  OPIOID REGULATION OF NEUROTUMOR CELL GROWTH IN  VITRO. P . J .  
M cL au g h lin  an d  I . S .  Z ag o n .  D e p t. A natom y, The M .S . H e rsh e y  
M e d ic a l  C e n te r ,  H e r s h e y ,  P e n n s y lv a n ia  17033 .

E xogenous a n d  e n d o g e n o u s  o p i o id s  h a v e  b e e n  shown to  modu
l a t e  th e  g ro w th  o f  d e v e lo p in g  n e rv o u s  t i s s u e  i n  b o th  n o rm a l  
an d  a b n o rm a l n e u r a l  m o d e ls .  O p io id  a g o n i s t s  an d  a n t a g o n i s t s  
a f f e c t  th e  c o u rs e  o f  n e u ro b la s to m a  (NB) i n  m ice  i n o c u l a t e d  
w i th  t h e s e  tu m o r c e l l s .  I n  a d d i t i o n ,  n o rm a l  g ro w th  m echa
n ism s  can  b e  a l t e r e d  by  o p i o id  e x p o s u re .  C l i n i c a l  m o d els  o f  
o f f s p r i n g  m a t e r n a l ly  e x p o s e d  to  o p i o id  a g o n i s t s ,  a s  w e l l  a s  
l a b o r a to r y  s t u d i e s  on p e r i n a t a l  a d m i n i s t r a t i o n  o f  a g o n i s t s  
an d  a n t a g o n i s t s ,  h a v e  i n d i c a t e d  an  a c t i v e  r o l e  f o r  o p i o id s  i n  
s o m a t ic  an d  n e u r o b i o l o g i c a l  d e v e lo p m e n t. I n  t h e  p r e s e n t  
s tu d y  we i n v e s t i g a t e d  th e  e f f e c t s  o f  o p i o id s  on c e l l u l a r  
e v e n ts  u n d e r  i n  v i t r o  c o n d i t i o n s ,  th e r e b y  e l i m i n a t i n g  many 
c o n fo u n d in g  i n f l u e n c e s  p r e s e n t  i n  i n t a c t  b i o l o g i c a l  s y s te m s .  
C u l tu r e s  o f  S20Y NB c e l l s  w e re  t r e a t e d  d a i l y  b e g in n in g  24 h r  
a f t e r  s e e d in g  w i th  h e r o in  a t  c o n c e n t r a t i o n s  o f  10 - 2M t o  10- 8M; 
c o n t r o l  c u l t u r e s  r e c e i v e d  e q u a l  v o lu m es o f  s t e r i l e  w a t e r .  
G row th c u rv e s  w ere  c o n s t r u c t e d  a t  v a r i o u s  p o i n t s  12 to  84 h r  
f o l l o w in g  d ru g  a d m i n i s t r a t i o n .  The a d d i t i o n  o f  h e r o i n  to  
c u l t u r e s  r e s u l t e d  i n  a  d e c re a s e  i n  c e l l  n um ber i n  a  d o s e -  
d e p e n d e n t  m an n e r . R e ta rd e d  c e l l  d i v i s i o n  w as c o n f i rm e d  by  
th y m id in e  i n c o r p o r a t i o n  s t u d i e s  an d  a n a ly s e s  o f  m i t o t i c  f i g 
u r e s .  M o rp h o lo g ic a l  d i f f e r e n t i a t i o n  a l s o  w as n o t e d  to  be 
d e c re a s e d  in  d r u g - t r e a t e d  c u l t u r e s ,  b u t  th e  e f f e c t  w as n o t  
n e c e s s a r i l y  d e p e n d e n t  on h e r o i n  d o s a g e .  The a c t i o n  o f  h e r o i n  
i n  p e r t u r b i n g  c e l l  g ro w th  w as b lo c k e d  by  c o n c o m ita n t  ad m in 
i s t r a t i o n  o f  an  o p i a t e  a n t a g o n i s t ,  n a lo x o n e .  The s t e r e o 
s p e c i f i c  e f f e c t s  o f  o p i a t e  a g o n i s t s  w e re  i n v e s t i g a t e d  b y  
t r e a t i n g  l o g a r i t h m i c a l l y  g ro w in g  c u l t u r e s  w i th  e q u im o la r  
c o n c e n t r a t i o n s  o f  l e v o r p h a n o l  o r  d e x t r o r p h a n .  L e v o rp h a n o l-  
e x p o s e d  S 20Y NB c e l l  c u l t u r e s  w ere  g ro w th  i n h i b i t e d  i n  a  
f a s h io n  s i m i l a r  to  t h a t  o b s e rv e d  when h e r o i n  was a p p l i e d ,  
w h e re a s  d e x tr o r p h a n  h a d  l i t t l e  e f f e c t  on c e l l  g ro w th . The 
r e s u l t s  o f  t h i s  s tu d y  d e m o n s tra te  t h a t  o p io id s  a l t e r  g ro w th  
p r o c e s s e s  o f  n e u ro tu m o r  c e l l s  u n d e r  i n  v i t r o  c o n d i t i o n s .  The 
g ro w th  i n h i b i t i o n  f o l lo w in g  a g o n i s t  t r e a tm e n t  a p p e a r s  t o  b e  
d o s e -d e p e n  d e n t ,  s t e r e o s p e c i f i c ,  an d  n a l o x o n e - r e v e r s i b l e ,  w i t h  
th e  lo c u s  o f  a c t i o n  p o s t u l a t e d  t o  i n v o lv e  t h e  o p i a t e  r e c e p t o r .  
T hese d a ta  s u p p o r t  th e  c o n te n t io n  t h a t ,  i n  a d d i t i o n  to  a  h o s t  
o f  f u n c t i o n s  i n  a d u l t  o r g a n is m s ,  en d o g e n o u s  o p i o id  s y s te m s  
p l a y  an  im p o r ta n t  r o l e  i n  d e v e lo p m e n ta l  e v e n t s .

S u p p o r te d  in  p a r t  by  NIH g r a n t  N S -20623.

324.17  MORPHINE PELLETS LOWER THE HYPOTHALAMIC CONTENT OF PROOPIO
MELANOCORTIN mRNA BUT NOT THAT OF PROENKEPHALIN mRNA. I .  
M o c c h e t t i * ,  O . G i o r g i ,  J .  P .  S c h w a r t z ,  W. F r a t t a  a n d  E.  
C o s t a .  L a b .  P r e c l i n .  P h a r m a c o l . ,  NIMH, S t .  E l i z a b e t h s  
H o s p i t a l ,  W a s h i n g t o n ,  D . C .  2 0 0 3 2 .

M o r p h i n e  d e p e n d e n c e  o c c u r s  w i t h o u t  c h a n g e s  i n  b r a i n  o p i a t e  
r e c e p t o r s  (Bmax o r  KD) o r  i n  CNS c o n t e n t  o f  o p i o i d  p e p t i d e s .  
I t  i s  n o t  k no w n w h e t h e r  t h e  d y n a m i c  s t a t e  o f  b r a i n  o p i o i d  
p e p t i d e s  c h a n g e s .  S i n c e  t h e  o p i o i d  p e p t i d e s  a r e  s y n t h e s i z e d  
a s  p a r t  o f  h i g h  m o l e c u l a r  w e i g h t  p r o t e i n s  w h i c h  f u n c t i o n  a s  
p r e c u r s o r s ,  we h a v e  u s e d  s p e c i f i c  cDNA p r o b e s  i n  a  h y b r i d i z a 
t i o n  a n a l y s i s  o f  t h e  mRNAs f o r  t h e s e  p r e c u r s o r s .  I n  o r d e r  t o  
c l a r i f y  w h e t h e r  a  c h a n g e  i n  o p i o i d  p e p t i d e  s y n t h e s i s  p a r t i c i 
p a t e s  i n  m o r p h i n e  t o l e r a n c e ,  we h a v e  e s t i m a t e d  t h e  d y n a m i c  
s t a t e  o f  e n d o r p h i n  a n d  e n k e p h a l i n  b y  m e a s u r i n g  o p i o i d  p e p t i d e  
s t e a d y  s t a t e  c o n c e n t r a t i o n s  a n d  s p e c i f i c  mRNA c o n t e n t s  i n  
v a r i o u s  b r a i n  a r e a s  o f  m o r p h i n e - t o l e r a n t  a n d  w i t h d r a w n  r a t s .

To i n d u c e  t o l e r a n c e ,  s l o w - r e l e a s e  m o r p h i n e  p e l l e t s  ( 7 5  mg 
e a c h )  w e r e  i m p l a n t e d  i n  r a t s  f o r  5 o r  1 0  d a y s ;  t o  p r e c i p i t a t e  
t h e  w i t h d r a w a l  s y n d r o m e ,  o n e  g r o u p  o f  a n i m a l s  r e c e i v e d  a  
s i n g l e  i n j e c t i o n  o f  n a l o x o n e  ( 1  m g / k g )  5 d a y s  a f t e r  i m p l a n t a 
t i o n ,  a n d  w a s  s a c r i f i c e d  ½ h o u r  l a t e r .

P r o e n k e p h a l i n  ( P E )  a n d  p r o o p i o m e l a n o c o r t i n  ( P OMC) mRNAs 
w e r e  a n a l y z e d  b y  n o r t h e r n  b l o t  t e c h n i q u e  i n  s t r i a t u m ,  h y p o 
t h a l a m u s ,  m i d b r a i n ,  b r a i n  s t e m  a n d  s p i n a l  c o r d .  T h e  c o n t e n t  
o f  PE mRNA a n d  e n k e p h a l i n s  d i d  n o t  c h a n g e  i n  b r a i n  s t r u c t u r e s  
o f  r a t s  k i l l e d  5 o r  10  d a y s  a f t e r  i m p l a n t a t i o n  o r  d u r i n g  
w i t h d r a w a l .  POMC mRNA w a s  d e t e c t a b l e  o n l y  i n  h y p o t h a l a m u s  
a n d  m i d b r a i n .  We o b s e r v e d  t h a t  i n  t h e  h y p o t h a l a m u s  o f  r a t s  
i m p l a n t e d  w i t h  m o r p h i n e  p e l l e t s  POMC mRNA c o n t e n t  w a s  
d e c r e a s e d  b y  4 5 % a n d  t h i s  d e c r e a s e  w a s  p a r t i a l l y  r e v e r s e d  b y  
a  s i n g l e  i n j e c t i o n  o f  n a l o x o n e .  No c h a n g e  w a s  d e t e c t e d  i n  
 β- e n d o r p h i n  l e v e l s .

O u r  r e s u l t s  t h u s  s u g g e s t  t h a t  d u r i n g  t o l e r a n c e  t h e r e  m i g h t  
b e  a  d e c r e a s e  o f  h y p o t h a l a m i c  β - e n d o r p h i n  t u r n o v e r  w h i c h  i s  
p a r t i a l l y  r e v e r s e d  d u r i n g  w i t h d r a w a l .
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3 2 5 .1  SEIZURE-PRODUCING TREATMENTS RESULT IN INCREASED 
ENKEPHALIN AND DECREASED CHOLECYSTOKININ IMMUNO- 
REACTIVITY IN MOSSY FIBERS.  C .M .G all.  D ep t. of A natom y, 
U niversity  of C alifo rn ia , Irvine, CA 92717 .

Two hippocam pal seizure-producing  tre a tm en ts , in traven 
tric u la r  kainic acid adm in istra tion  and d isc re te  lesions of th e  hilus 
induce an inc rease  in the  am ount of enkephalin-like im muno
reac tiv ity  in the ra t  hippocam pal mossy fibe r system . The 
p resen t experim en ts analyzed the  e f fe c t of these  tre a tm e n ts  on 
th e  level of enkephalin-like (ENK), dynorphin-like (DYN) and 
cholecystok in in -like (CCK) im m unoreactiv ity  in the  mossy fiber 
system  of th e  mouse hippocam pus.

A dult Swiss W ebster m ice w ere sacrificed  1) w ithout 
expe rim en ta l tre a tm e n t, 2 ) four days a f te r  th e  p lacem ent of a 
sm all u n ila te ra l e lec tro ly tic  lesion in the  hilus of the d en ta te  
gyrus, or 3) four days a f te r  in trav en tricu la r adm in istra tion  of 0.15 
to  0.25 ug kainic acid. All surgery was conducted  under 
ke tam ine /xy laz ine  anesthesia . S epara te  tissue sections w ere 
processed  for the  im m unocytochem icai localiza tion  of enkephalin, 
dynorphin A, dynorphin B, or cholecystokin in - 8  using the  
peroxidase an tiperox idase  technique.

In ag reem en t w ith previous studies on the  ra t , optim ally  
p laced  hilus lesions caused  a d ram atic , b ila te ra l inc rease  in mossy 
fibe r ENK re la tiv e  to  th e  u n tre a ted  mouse. Kainic ac id  induced a 
sim ilar inc rease . In c o n tra s t, th e  sam e hilar lesion cases 
exhib ited  a  strik ing  d ec rease  in mossy fibe r CCK re la tiv e  to  
con tro ls . The m agnitude of th e  d ecrease  in CCK corresponded 
with th e  m agnitude of th e  inc rease  of ENK w ithin a  given anim al. 
A nim als w ith th e  la rg es t ENK increase exhibited a  v irtually  
com p lete  depletion  of mossy fiber CCK . Following kainic ac id  
ad m in is tra tion  a  m ore m odest bu t defin ite  decrease  in mossy fiber 
CCK was seen . The CCK stain ing  of the  d en ta te  gyrus inner 
m olecu lar layer was not notably a ffe c te d  by th e  hilus lesion but 
appeared  reduced w ith higher kainic acid  doses. F inally , ne ithe r 
h ilar lesions nor kainic acid adm in istra tion  was found to  
substan tia lly  in fluence th e  level of mossy fiber DYN. These d a ta  
suggest th a t se izu res have la rge  and opposite influences on the 
am ount of CCK and ENK in th e  hippocam pal mossy fibe rs. It is 
no t unlikely th a t th e  m arked sh ift in th e  re la tiv e  am ounts of these  
pep tides co n trib u te s  to  changes in the  physiological a c tiv ity  
w ithin hippocam pus from  the  p re- to  post-se izu re  in terval.
(Supported by NSF g ran t BNS82-00319 and an A lfred  P . Sloan 
Fellow ship.)

325. 2  ALGESIA AND TOLERANCE FOLLOWING CONTINUOUS INTRATHECAL (IT ) 
INFUSION OF MORPHINE (MOR) AND NOREPINEPHRINE (NE) VIA MINI
OSMOTIC PUMPS.  C.W. L oom is* , B. M iln e * , F. C e rv e n k o * , and  
K. Jh a m a n d a s* . (SPON: J .V .  M i l l i g a n ) .   D e p a r tm e n ts  o f  A nes
t h e s i a  and  P h a rm a c o lo g y  and  T o x ic o lo g y ,  Q u e e n 's  U n i v e r s i t y ,  
K in g s to n ,  C anada K7L 3N6.

O p ia te s  and  α - a d r e n e r g i c  a g o n i s t s  p ro d u c e  i n t e n s e  a n a lg e s ia  
f o l l o w in g  IT  o r  e p id u r a l  a d m i n i s t r a t i o n  by  i n t e r a c t i o n  w ith  
s p i n a l  o p i a t e  an d  a - r e c e p t o r s ,  r e s p e c t i v e l y .  A l i m i t i n g  
f a c t o r  i n  t h e  c h r o n ic  u s e  o f  o p i a t e  a n a l g e s i c s  i s  th e  
d e v e lo p m e n t o f  t o l e r a n c e .  The o b j e c t i v e s  o f  t h i s  s tu d y  w ere : 
(A) t o  co m p are  t h e  c h a r a c t e r i s t i c s  o f  MOR- and N E -in d u ced  
a n a l g e s i a  and  t o l e r a n c e  f o l lo w in g  c o n t in u o u s  IT a d m i n i s t r a 
t i o n ;  and  (B) t o  d e te r m in e  i f  t h e r e  i s  c r o s s  t o l e r a n c e  t o  NE 
f o l lo w in g  c o n t in u o u s  IT  a d m i n i s t r a t i o n  o f  MOR. M ale ,
S p ra g u e -D aw ley  r a t s  (2 5 0 -3 5 0 g )  w ere im p la n te d  w i th  a  p o l y 
e th y le n e  c a t h e t e r  i n  t h e  s u b a ra c h n o id  s p a c e  o f  t h e  s p i n a l  
c o rd .  A f t e r  r e c o v e r y  ( 2 4 h ) , a  m in i -o s m o t ic  pump (ALZET 2001; 
i n f u s i o n  r a t e  1 µ l / h )  was c o n n e c te d  t o  t h e  IT  c a t h e t e r  and 
im p la n te d  s . c .  (d ay  0 ) .  F o r e x p t .  A, r a t s  r e c e i v e d  e i t h e r  
n o rm a l s a l i n e ,  MOR (10 µ g /µ l )  o r  NE (15 µ g /µ l )  f o r  7 d a y s .   
F o r e x p t .  B, r a t s  r e c e i v e d  e i t h e r  n o rm a l s a l i n e  o r  MOR 
(10 µ g /µ l )  f o r  5 d a y s ;  a l l  a n im a ls  w ere th e n  g iv e n  NE 
(15 µ g /µ l )  f o r  7 d a y s .  A n a lg e s ia  was a s s e s s e d  d a i l y  u s in g  
th e  t a i l - f l i c k  t e s t .  Body w e ig h t  an d  b e h a v io u r  w ere a l s o  
a s s e s s e d  d u r in g  t h e  t r e a tm e n t .  A s i g n i f i c a n t  a n a l g e s i c  
e f f e c t  was o b s e rv e d  on day  1 o f  IT  MOR an d  maximum a n a lg e s i a  
was o b s e rv e d  on d ay  3 . T o le ra n c e  was a p p a r e n t  by  d a y  5 b u t  
t h e  t a i l - f l i c k  l a t e n c y  d id  n o t  r e t u r n  t o  c o n t r o l  u n t i l  d ay  7. 
F o r IT  NE, maximum a n a l g e s i a  was o b s e rv e d  on d a y  1 and  t h e  
t a i l - f l i c k  l a t e n c y  r e t u r n e d  t o  c o n t r o l  on d a y  3 . No s i g n i f i 
c a n t  a n a l g e s i a  was o b s e rv e d  w i th  IT  s a l i n e .  None o f  t h e  
t r e a tm e n t s  i n f l u e n c e d  b ody  w e ig h t .  In  a n im a ls  t r e a t e d  w i th  
IT MOR f o r  5 d a y s ,  t h e  a c t i o n  o f  NE was s i g n i f i c a n t l y  
a t t e n u a t e d  when com pared  w i th  IT  s a l i n e  t r e a t e d  a n im a ls .  The 
t o l e r a n c e  t o  NE an d  t h e  a p p a r e n t  c r o s s  t o l e r a n c e  o f  NE t o  MOR 
was n o t  due t o  t h e  o x i d a t i o n  o f  NE i n  t h e  pump. T h is  s tu d y  
show s t h a t  c o n t in u o u s  IT  i n f u s i o n  o f  MOR and  NE p r o d u c e s  
s i g n i f i c a n t  a n a l g e s i a .  T o le ra n c e  d e v e lo p s  e a r l i e r  t o  NE as  
com pared  t o  MOR f o l lo w in g  IT  a d m i n i s t r a t i o n  an d  t h e r e  a p p e a r s  
t o  b e  c r o s s  t o l e r a n c e  b e tw e e n  MOR and  NE.

( S u p p o r te d  b y  th e  M e d ic a l R e s e a rc h  C o u n c il  o f  C an ad a)

3 2 5 . 3  SEPARATION OF MORPHINE ANALGESIA FROM PHYSICAL DEPENDENCE 
BY NALOXONAZINE.  G . S . F .  L i n g , J .  M a c L e o d , *  S .  L e e , S . H . 
L o c k h a r t *  a n d  G .  W. P a s t e r n a k ,  T h e  C o t z i a s  L a b o r a t o r y  o f  
N e u r o - O n c o l o y y  a n d  B i o s t a t i s t i c s ,  M e m o r i a l  S l o a n -  
K e t t e r i n y  C a n c e r  C e n t e r ,  New Y o r k ,  N .Y .  1 0 0 2 1

N a l o x o n a z i n e  i s  a  l o n y - a c t i n g mu1 o p i o i d  o i n d i n y  
s i t e  a n t a y o n i s t  w h i c h  b l o c k s  v a r i o u s  o p i o i d  e f f e c t s  
i n c l u d i n g a n a l y e s i a  a n d  c a t a t o n i a  b u t  n o t  o t h e r s  s u c h  a s  
r e s p i r a t o r y  d e p r e s s i o n .  I n  t h i s  s t u d y ,  we e x a m i n e d  t h e  
d e v e l o p m e n t  o f  p n y s i c a l  d e p e n d e n c e  f o l l o w i n g  t h e  
i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  m o r p h i n e  ( 5 0  u g / k g / m i n )  i n  
g r o u p s  o f  r a t s  a d m i n i s t e r e d  s a l i n e  o r  n a l o x o n a z i n e  ( 2 0  
mg / k g ,  i . v . )  2 4  h o u r s  e a r l i e r .  I n  c o n t r a s t  t o  t h e  m a r k e d  
e l e v a t i o n  i n  p e a k  t a i l - f l i c k  l a t e n c i e s  s e e n  i n  t h e  s a l i n e  
r a t s  ( 8 . 7 ± 0 . 4  s e c ;  n = 3 7 )  d u r i n g  t h e  f i r s t  2 h o u r s  o f  t h e  
m o r p h i n e  i n f u s i o n ,  n a l o x o n a z i n e  p r e t r e a t e d  r a t s  e x h i b i t e d  
a  m a x i m a l  t a i l - f l i c k  l a t e n c y  o f  o n l y  3 . 9 ± 0 . 3  s e c  ( n = 1 7 ) .  
A f t e r  2 4  h o u r s  o f  c o n t i n u o u s  m o r p h i n e  i n f u s i o n ,  t h e  
i n f u s i o n  w a s  t e r m i n a t e d  a n d  w i t h d r a w a l  wa s  p r e c i p i t a t e d  
w i t h  n a l o x o n e  ( 4  m y / k g ,  s . c . ) .  T e n  q u a n t a l  a n d  5 g r a d e d  
s i g n s  w e r e  m e a s u r e d  o v e r  t h e  f i r s t  h o u r  a n d  w e i g h t  l o s s  
w a s  a s s e s s e d  f o r  7 d a y s .  No s i g n i f i c a n t  d i f f e r e n c e  i n  
o n s e t ,  i n c i d e n c e  o r  s e v e r i t y  o f  s i g n s  wa s  n o t e d  b e t w e e n  
t h e  s a l i n e  ( n = 1 5 )  a n d  n a l o x o n a z i n e  ( n = 1 5 )  g r o u p s  ( p  > 
0 . 0 5 )  w i t h  t h e  e x c e p t i o n s  o f  s a l i v a t i o n  a n d  p e n i l e  
d i s c h a r g e ,  w h i c h  w e r e  s i g n i f i c a n t l y  l e s s  i n  t h e  
n a l o x o n a z i n e  g r o u p  ( p  < 0 . 0 5 ) .  Bo dy w e i g h t  l o s s  a t  2 4  
h o u r s  p o s t - n a l o x o n e  w a s  i d e n t i c a l  f o r  b o t h  g r o u p s .  In  
c o n c l u s i o n ,  b l o c k a d e  o f  mu1 s i t e s  w i t h  n a l o x o n a z i n e  a n d  
i t s  r e s u l t a n t  a n t a g o n i s m  o f  m o r p h i n e  a n a l y e s i a  h a d  l i t t l e  
e f f e c t  u p o n  t h e  p r o d u c t i o n  o f  m any  o f  t h e  s i g n s  o f  
p h y s i c a l  d e p e n d e n c e .  T h i s  r a i s e s  t h e  p o s s i b i l i t y  t h a t  
d i f f e r e n t  r e c e p t o r s  may m e d i a t e  m o r p h i n e  a n a l g e s i a  a n d  
m an y o f  t h e  s i g n s  o f  p h y s i c a l  d e p e n d e n c e .

325.4  ROLE OF CATECHOLAMINES IN TOLERANCE TO MORPHINE.
C h r i s t i n a  V anderW ende, S t a n le y  B ie le n *  an d  M a rie  T . 
S p o e r l e i n . D e p 't  P h a rm a c o l.  & Tox . , R u tg e rs  U n i v e r s i t y ,
P .O . Box 7 8 9 , P i s c a ta w a y ,  N .J .  0 8 8 5 4 .

VanderW ende an d  S p o e r l e i n  (1973) r e p o r t e d  t h a t  d opam ine  
(DA) a c t s  a s  an  a n t a g o n i s t  t o  m o rp h in e - in d u c e d  a n a l g e s i a .  
T h is  c o u p le d  w i th  t h e  r e p o r t  t h a t  c h r o n ic  m o rp h in e  l e a d s  t o  
i n c r e a s e d  tu r n o v e r  o f  DA (C lo u e t  an d  R a t n e r ,  1970) l e d  t o  
th e  s u g g e s t io n  t h a t  DA may b e  i n v o lv e d  i n  th e  d e v e lo p m e n t 
o f  t o l e r a n c e  t o  m o rp h in e . I n  th e  p r e s e n t  s tu d y ,  we e x a m in e d  
th e  e f f e c t  o f  d e p l e t i n g  c a te c h o la m in e s  (CAs) w i th  a lp h a  
m e t h y l - p - ty r o s in e  (AMPT) on th e  d e v e lo p m e n t o f  t o l e r a n c e  t o  
m o rp h in e  i n  o r d e r  t o  f u r t h e r  a s s e s s  t h i s  p o s s i b i l i t y .

M a le , S w iss  W e b s te r  m ice w ere  im p la n te d  w i th  m o rp h in e  
p e l l e t s  (75 m g )u n d er l i g h t  e t h e r  a n e s t h e s i a  t o  in d u c e  
t o l e r a n c e .  AMPT (250 m g/K g, i p ,  l x  d a i l y )  was a d m i n i s t e r e d  
s t a r t i n g  t h e  day  p r i o r  t o  t h e  p e l l e t  im p la n t  t o  r e d u c e  th e  
CA l e v e l s .  S e v e n ty  tw o h o u r s  a f t e r  th e  p e l l e t  i m p la n t ,  
t h e  a n im a ls  r e c e i v e d  a  s c  i n j e c t i o n  o f  m o rp h in e  (12 m g /K g ). 
T h i r t y  m in u te s  f o l lo w in g  th e  m o rp h in e  i n j e c t i o n ,  t h e  a n im a ls  
w e re  t e s t e d  f o r  a n a l g e s i a  u s in g  th e  t a i l  c lam p  p r o c e d u r e  
d e s c r i b e d  p r e v i o u s ly  (VanderW ende an d  S p o e r l e i n ,  1 9 7 3 ) .
O th e r  a n im a ls  r e c e i v in g  th e  c h r o n i c  t r e a tm e n t s  w e re  d e c a p 
i t a t e d  and  th e  b r a i n s  rem oved t o  d e te r m in e  DA an d  n o r e p i 
n e p h r in e  (NE) l e v e l s .

A n im als  im p la n te d  w i th  m o rp h in e  p e l l e t s  a lo n e  show ed no 
s i g n i f i c a n t  d i f f e r e n c e  i n  w h o le  b r a i n  l e v e l s  o f  e i t h e r  DA 
o r  NE when co m p ared  t o  u n t r e a t e d  c o n t r o l s .  C h ro n ic  AMPT 
re d u c e d  th e  DA an d  NE l e v e l s  by 30% an d  42%, r e s p e c t i v e l y ,  
a s  co m p ared  t o  u n t r e a t e d  c o n t r o l s .  In  t h e  g ro u p  r e c e i v i n g  
c h r o n ic  AMPT + m o rp h in e  p e l l e t ,  th e  DA an d  NE l e v e l s  w ere  
down by  36% an d  38%, r e s p e c t i v e l y ,  a s  co m p ared  t o  t h e  p e l l e t  
c o n t r o l  g ro u p .

C h ro n ic  AMPT, i t s e l f ,  c a u s e d  an  a n a l g e s i c  r e s p o n s e  w h ich  
was e q u iv a l e n t  t o  m o rp h in e  a d m i n i s t e r e d  t o  n a iv e  c o n t r o l  
a n im a ls  and  p a r t i a l l y  (50%) r e v e r s e d  th e  t o l e r a n c e  in d u c e d  
by m o rp h in e  p e l l e t  i m p l a n t a t i o n .  R e d u c t io n  o f  t o l e r a n c e  t o  
m o rp h in e  was a l s o  a p p a r e n t  i n  t h e  m o r t a l i t y  r a t e .  A lth o u g h  
no  m o r t a l i t y  o c c u r r e d  i n  t h e  m o rp h in e  p e l l e t  c o n t r o l  g ro u p ,  
t h e r e  w as a  60% m o r t a l i t y  r a t e  i n  th e  p e l l e t e d  + AMPT g ro u p .  
O nly  an o c c a s i o n a l  a n im a l  d i e d  i n  th e  AMPT c o n t r o l  g ro u p  
s u g g e s t in g  t o l e r a n c e  t o  m o rp h in e  m o r t a l i t y  was a l t e r e d .  
F u r th e r  s t u d i e s  t o  d i s t i n g u i s h  b e tw e en  DA an d  NE a r e  in  
p r o g r e s s .
(S u p p o rte d  in  p a r t  by  a  C h a r le s  an d  Jo h a n n a  B usch  R e s e a rc h  
G ra n t  -  R u tg e r s  U n i v e r s i t y . )
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325.5  PREGNANCY-INDUCED ANALGESIA: EFFECTS OF ADRENALECTOMY AND
GLUCOCORTICOID REPLACEMENT.  S .A . B aro n *  an d  A .R . G i n t z l e r .  
D e p a r tm e n t o f  B io c h e m is t r y ,  D o w n s ta te  M e d ic a l  C e n te r ,  
B ro o k ly n ,  N .Y . 1 1 2 0 3 .

I t  h a s  b e e n  d e m o n s t r a te d  t h a t  d u r in g  p re g n a n c y ,  r a t s  
show a  p r o g r e s s i v e  i n c r e a s e  i n  jum p t h r e s h o ld  w h ich  i s  
f o l lo w e d  by a n  a b r u p t  d e c r e a s e  w i t h in  24 h o u r s  a f t e r  
d e l i v e r y .  W h ile  i t  h a s  a l s o  b e e n  e s t a b l i s h e d  t h a t  t h i s  
e l e v a t i o n  i n  p a in  t h r e s h o l d  i s  m e d ia te d  by o p i o i d s ,  i t  i s  
n o t  c l e a r  w h ic h  e n d o r p h i n - c o n t a in i n g  s y s te m  i s  in v o lv e d  i n  
t h i s  phenom enon . S in c e  t h e  a d r e n a l  g la n d s  p l a y  a  r o l e  i n  
some fo rm s ' o f  o p io id - m e d ia te d  s t r e s s  a n a l g e s i a  and  s in c e  
th e y  h a v e  b e e n  show n t o  c o n ta i n  e n k e p h a l i n s , t h e  i n v o lv e 
m en t o f  t h e  a d r e n a l  g l a n d s  i n  p r e g n a n c y - in d u c e d  a n a l g e s i a  
was i n v e s t i g a t e d .

R a ts  w e re  t im e -m a te d  and  s u b je c t e d  to  b i l a t e r a l  a d r e n a l 
ec to m y  o r  sh a m -a d re n a le c to m y  on d ay  12 o f  p re g n a n c y .  The 
f l i n c h - j u m p  t e s t  w as u s e d  a s  an  in d e x  o f  p a in  t h r e s h o ld  
d u r in g  p re g n a n c y  an d  t h e  p o s t - p a r tu m  p e r i o d .

The r e s u l t s  i n d i c a t e d  t h a t  a d re n a le c to m y  d o e s  n o t  
p r e v e n t  t h e  e l e v a t i o n  i n  p a in  t h r e s h o l d  o b s e rv e d  d u r in g  
p r e g n a n c y .  H ow ever, b e c a u s e  a d r e n a l e c to m iz e d  r a t s  h av e  
h ig h  c i r c u l a t i n g  l e v e l s  o f  B - e n d o rp h in ,  t h e  i n c r e a s e d  
r e l e a s e  o f  t h i s  p e p t i d e  c o u ld  h a v e  m asked an y  a t t e n u a t i n g  
e f f e c t  o f  a d re n a le c to m y  o n  p a in  t h r e s h o l d .  T h e r e f o r e ,  
i n  a  s u b s e q u e n t  s tu d y ,  a d re n a l e c to m iz e d  p r e g n a n t  r a t s  w ere  
t r e a t e d  w i th  0 ,  160  o r  240 u g /m l o f  c o r t i c o s t e r o n e  i n  o r d e r  
t o  s u p p r e s s  p i t u i t a r y  f u n c t i o n .  The d a t a  i n d i c a t e  t h a t ,  
o v e r a l l ,  t h e  jum p t h r e s h o l d s  o f  c o r t i c o s t e r o n e - t r e a t e d  
a d re n a l e c to m iz e d  r a t s  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
fro m  th o s e  o f  s a l i n e - t r e a t e d  a d r e n a l e c to m iz e d  o r  sham - 
a d r e n a l e c to m iz e d  r a t s .  The p e r s i s t e n c e  o f  t h e  a n a l g e s i c  
r e s p o n s e  i n  t h e s e  r a t s  i n d i c a t e s  t h a t  t h e  p o s t - a d r e n a l e c to m y  
i n c r e a s e  i n  p la s m a  B -e n d o rp h in  d id  n o t  m ask an  a t t e n u a t i n g  
e f f e c t  o f  a d r e n a l  re m o v a l  on  p a in  t h r e s h o l d .

T ak en  t o g e t h e r ,  t h e s e  e x p e r im e n ts  p r o v id e  t h e  f i r s t  
d e m o n s t r a t io n  t h a t  t h e  a d r e n a l  g la n d s  do n o t  p l a y  a 
c r i t i c a l  r o l e  i n  t h e  o p io id  a n a l g e s i a  o b s e rv e d  d u r in g  
p re g n a n c y  i n  r a t s .

3 2 5 . 6   THE EFFECTS OF THE ACUTE ADMINISTRATION OF BUPRENORPHINE 
 HYDROCHLORIDE ON THE RELEASE OF ANTERIOR PITUITARY HORMONES 

IN THE RAT.  R .N . P e c h n ic k * ,  R. G eo rg e*  and  R. P o la n d *  
(SPON: I . J .  B a k ) .  D e p t . o f  P h a rm a c o lo g y , UCLA and Dept. o f  
P s y c h i a t r y ,  H arb o r  G e n e ra l  H o s p i t a l ,  Los A n g e le s ,  CA 90 0 2 4 .

B u p re n o rp h in e  h y d r o c h lo r id e  (BU P), a  m ixed  a g o n i s t -  
a n t a g o n i s t  h a s  b een  r e p o r t e d  to  be a  p o t e n t  a n a lg e s i c  in  
man t h a t  c a u s e s  n e i t h e r  p h y s ic a l  d e p e n d en c e  n o r  d y s p h o r i a .  
The p r e s e n t  s tu d y  was c o n d u c te d  in  o r d e r  to  c h a r a c t e r i z e  
th e  a n t e r i o r  p i t u i t a r y  horm one r e l e a s e  p a t t e r n  o b s e rv e d  
f o l lo w in g  th e  s y s te m ic  a d m i n i s t r a t i o n  o f  BUP in  o r d e r  to  
d e te r m in e  w h e th e r  i t  e l i c i t s  a  m o r p h in e - l ik e  (mu) o r  
e th y l k e t o c y c l a z o c i n e - l i k e  (k a p p a )  (P e c h n ic k  e t  a l . ,  
J . P . E . T . , in  p r e s s )  r e l e a s e  p r o f i l e .

M ale , S p ra g u e-D aw le y  r a t s  w ere h o u sed  u n d e r  a  1 2 /1 2  h o u r 
l i g h t - d a r k  c y c le  f o r  e ig h t  d a y s .  F o r t h r e e  d ay s  p r i o r  to  
th e  e x p e r im e n ta l  day  th e  s u b j e c t s  w ere  h a n d le d  and g iv e n  
s . c .  s a l i n e  i n j e c t i o n s  in  o r d e r  to  h a b i t u a t e  them  to  th e  
e x p e r im e n ta l  p r o c e d u r e .  On th e  day  o f  th e  e x p e r im e n t  th e  
r a t s  (48  d ay s  o l d )  w ere  ran d o m ly  a s s ig n e d  to  c o n t r o l  and 
t r e a tm e n t  g ro u p s  and r e c e iv e d  e i t h e r  th e  v e h ic l e  c o n t r o l  o r  
BUP ( 0 .1 3 ,  1 .3 2  o r  6 .6 0  m g /k g , s . c . ) .  30 m in u te s  f o l lo w in g   
i n j e c t i o n  t r u n k  b lo o d  was o b ta in e d  f o r  m ea su rem e n t o f  
c o r t i c o s t e r o n e ,  GH, PRL, l u t e i n i z i n g  horm one (LH) and 
t h y r o i d  s t i m u l a t i n g  horm one (TSH) v i a  RIA. N o n p a ra m e tr ic  
s t a t i s t i c a l  a n a l y s i s  was p e rfo rm e d  u s in g  a  m u l t i p l e  
c o m p a riso n  m ethod and th e  e x p e r im e n tw is e  e r r o r  r a t e  s e t  a t  
0 .0 5  f o r  d e te r m in in g  s i g n i f i c a n t  d i f f e r e n c e s .

BUP a d m i n i s t r a t i o n  d id  n o t  in d u c e  s t a t i s t i c a l l y  
s i g n i f i c a n t  c h a n g es  in  th e  l e v e l s  o f  c o r t i c o s t e r o n e .  T h e re  
was a  te n d e n c y  f o r  BUP i n i t i a l l y  to  i n c r e a s e  c o r t i c o s t e r o n e  
r e l e a s e  b u t  w i th  in c r e a s e d  d o s e s  o f  d ru g  t h i s  te n d e n c y  
d i s a p p e a r e d .  Serum  l e v e l s  o f  GH in c r e a s e d  w h i le  PRL 
r e l e a s e  showed a  b i p h a s i c  r e s p o n s e  p a t t e r n  w i th  s i g n i f i c a n t  
e l e v a t i o n  f o l lo w in g  th e  low d o se  and a  s i g n i f i c a n t  d e c r e a s e  
f o l lo w in g  th e  h ig h  d o s e .  Serum  LH l e v e l s  w ere  n o t  c h a n g e d . 
Serum  TSH l e v e l s  w ere  i n i t i a l l y  s i g n i f i c a n t l y  d e c re a s e d  b u t  
no c h an g e  was s e e n  a f t e r  th e  h i g h e s t  d o s e .  The r e s u l t s  
d e m o n s t r a te  th e  BUP e l i c i t s  a  m o r p h in e - l ik e  p a t t e r n  o f  
a c t i v i t y  a t  lo w e r d o s e s  b u t  t h i s  p a t t e r n  becom es 
e th y l k e t o c y c l a z o c i n e - l i k e  as  th e  d o se  i s  i n c r e a s e d .

3 2 5 . 7   A ROLE OF MUZ O P IO ID  RECEPTORS IN O P IO ID  RESPIRATORY 
 D E P R E S S I O NK. S p i e g e l , G . S . F .  L i n y  a n d  G.W. P a s t e r n a k , 
 T h e  G e o r g e  C.  Cot z i a s  L a b o r a t o r y  o f  N e u r o - O n c o l o gy , 
M e m o r i a l  S l o a n - K e t t e r i n g C a n c e r  C e n t e r ,  New Y o r k ,  N .Y .  
10021

A l t h o u g h  b l o c k a d e  o f  mu1 s i t e s  w i t h  n a l o x o n a z i n e  
m a r k e d l y  a t t e n u a t e s  m o r p h i n e  a n a l g e s i a ,  r e s p i r a t o r y ,  
d e p r e s s i o n  m e a s u r e d  w i t h  a r t e r i a l  b l o o d  g a s e s  i s  
u n a f f e c t e d .  T h e s e  s t u d i e s  s u g g e s t  t h a t  r e s p i r a t o r y  
d e p r e s s i o n  i n  t h e  r a t  d o e s  n o t  i n v o l v e  t h e  mu1 , h i g h  
a f f i n i t y ,  o p i o i d  b i n d i n g  s i t e .  To e x p l o r e  t h e  p o t e n t i a l  
r o l e  o f  mu 2 a n d  d e l t a  r e c e p t o r s  i n  t h e  r e s p i r a t o r y  
d e p r e s s i o n ,  we e x a m i n e d  t h e  e f f e c t s  o f  m o r p h i n e  a n d  t w o  
o p i o i d  p e p t i d e s ,  m e t k e p h a m i d  a n d  D - a l a 2 - D - l e u 5 -  
e n k e p h a l i n  (D AD L) ,  on  a r t e r i a l  b l o o d  g a s e s .  M e t k e p h a m i d  
i s  a  u n i q u e  o p i o i d  p e p t i d e  w i t h  v e r y  s i m i l a r  a f f i n i t i e s  
f o r  t h e  mu2 a n d  d e l t a  r e c e p t o r s .  I n  c o n t r a s t ,  m o r p h i n e  
a n d  DADL d i s c r i m i n a t e  e f f e c t i v e l y  b e t w e e n  t h e  t w o  s i t e s ,  
m o r p h i n e  b i n d i n g  9 - f o l d  m o r e  p o t e n t l y  t o  mu2 t h a n  t o  
d e l t a  r e c e p t o r s  a n d  DADL b i n d i n g  t o  d e l t a  s i t e s  6 - f o l d  
m o r e  p o t e n t l y  t h a n  mu2 . D o s e - r e s p o n s e  r e l a t i o n s h i p s  
f o r  a n a l g e s i a  w e r e  d e t e n n i n e d  a n d  e q u i a n a l g e s i c  d o s e s  o f  
m o r p h i n e  ( 3 . 5  m g / k g  i v )  a n d  m e t k e p h a m i d  ( 8  m y / k g  i v )  w e r e  
i n j e c t e d .  M o r p h i n e  a n d  m e t k e p h a m i d  h a d  v i r t u a l l y  
i d e n t i c a l  r e s p i r a t o r y  e f f e c t s :  m o r p h i n e  p r o d u c e d  a  d r o p   
i n  pO2 o f  1 7 . 3  mm Hg a n d  a  r i s e  i n  pCO2 o f  1 2 . 3  mm 
H g ,  w h i l e  m e t k e p h a m i d  d e c r e a s e d  pO2 1 9 . 3  mm Hg a n d  
r a i s e d  pCO2 9 . 9  mm H g .  F o r  c o m p a r i s o n  o f  m o r p h i n e  a n d  
DADL, d r u g s  w e r e  g i v e n  i n t r a c e r e b r o v e n t r i c u l a r l y  ( i c v )  
v i a  i n d w e l l i n g  c a n n u l a e .  U n l i k e  m e t k e p h a m i d ,  DADL 
p r o d u c e d  much  l e s s  r e s p i r a t o r y  d e p r e s s i o n  t h a n  m o r p h i n e  
a t  e q u i a n a l g e s i c  d o s e s .  M o r p h i n e  ( 1 0  u g ,  i c v )  c a u s e d  a 
r i s e  i n  a r t e r i a l  pCO2 o f  2 3 . 3  mm Hg w h i l e  DADL 
i n c r e a s e d  pCO2 b y  o n l y  1 . 7  mm H g .  T h e s e  r e s u l t s  
s u g g e s t  a  r o l e  f o r  mug r a t h e r  t h a n  d e l t a  b i n d i n g  s i t e s  
i n  o p i o i d  r e s p i r a t o r y  d e p r e s s i o n .

325.8  SPONTANEOUS MORPHINE WITHDRAWAL FROM THE SPINAL CORD AFTER 
C - l SECTION IN DEPENDENT RATS.  J . J .  B uccafusoo and D.C. 
M arsh a ll (SPON: W .J. J a c k s o n ) . D ep ts . o f  Pharm acology and 
T ox ico logy , and P s y c h ia t ry , M edical C o lleg e  o f  G eo rg ia  and 
V.A. M edical C e n te r , A ugusta , GA 30912.

The autonom ic corrponent o f  m orphine w ith d raw al can  be 
e v a lu a te d  by m easurem ent o f  th e  p o s tw ith d ra w a l in c r e a s e  
i n  mean a r t e r i a l  p r e s s u re  (MAP). In  i n t a c t  d ep en d en t r a t s  
p o s tw ith d ra w a l MAP may in c r e a s e  by a s  much a s  15-23 mmHg 
a f t e r  7-14 h r ,  r e s p e c t iv e ly ,  o f  m orphine d e p r iv a t io n  
(P harm aco l. Biochem. Behav. 1 8 :2 0 9 , 1 983 ). Our r e c e n t  
s tu d ie s  have d em o n stra ted  t h a t  th e  s p in a l  c o rd  i s  a  p o te n 
t i a l  s i t e  f o r  m e d ia tin g  t h i s  re sp o n se  s in c e ,  1 ) i n t r a th e c a l  
in j e c t i o n  o f  naloxone to  i n t a c t  dep en d en t r a t s  o r  2 ) i . v .  
i n j e c t i o n  o f  na loxone t o  s p in a l  (C -l)  t r a n s e c te d  r a t s  b o th  
e l i c i t  a  marked in c r e a s e  i n  MAP. The pu rp o se  o f  th e  p r e s e n t  
s tu d y  was t o  d e te rm in e  w h e th e r a  w ith d ra w al a s s o c ia te d  
p r e s s o r  re sp o n se  a s s o c ia te d  w ith  a b ru p t d is c o n t in u a t io n  o f  
m orphine a d m in is t r a t io n  co u ld  be o b ta in e d  in  dep en d en t 
s p in a l  t r a n s e c te d  r a t s .  R ats  w ere made d ep e n d en t by v i a  
a  c h ro n ic  i n t r a a r t e r i a l  in fu s io n  o f  m orphine (35-100 mg/kg) 
o v e r  5 d a y s . C o n tro l r a t s  re c e iv e d  o n ly  s a l i n e  in f u s io n .
On th e  day  o f  th e  ex p e rim en t m orphine was d is c o n t in u e d  and 
6 h r  l a t e r  r a t s  w ere a n e s th e t iz e d  w ith  h a lo th a n e , a r t i f i c a l 
l y  r e s p i r a t e d  and tr a n s e c te d  a t  th e  C -l l e v e l .  MAP was r e 
co rded  from an  in d w e llin g  a r t e r i a l  c a th e t e r  30 min fo llo w in g  
t r a n s e c t io n  and co n tin u e d  f o r  60 m in . MAP was e v a lu a te d  a s  
th e  peak in c r e a s e  o v e r  c o n t r o l  ( s t a b i l i z e d  p r e s s u re  j u s t  
p r i o r  t o  f i r s t  re a d in g )  and a s  th e  a v e ra g e  o f  12, 5 min 
c o n s e c u tiv e  r e a d in g s  (AMAP). By 30 min a f t e r  t r a n s e c t io n  
MAP i n  m orphine d ependen t (N=5) and s a l i n e  (N=4) g ro u p s w as, 
r e s p e c t iv e l y ,  84±8 and 67±6 mmHg. D uring th e  60 min m easure
m ent p e r io d  o n ly  a  s l i g h t ,  n o n - s ig n i f i c a n t  peak in c r e a s e  in  
MAP (6±2 irmHg) and AMAP (4±2 mmHg) was o b serv ed  in  th e  
s a l i n e  g ro u p . M orphine dep en d en t r a t s ,  h cw ever, e x h ib i te d  a  
s i g n i f i c a n t  peak in c r e a s e  i n  MAP o f  21±2 mriHg and AMAP i n 
c r e a s e  o f  14±1 mmHg. I n t r a a r t e r i a l  i n j e c t i o n  o f  naloxone 
(0 . 5  m g A g )  a t  th e  60 min p o in t  e l i c i t e d  a  second marked 
in c r e a s e  i n  MAP o f  84±4 mmHg w ith  o n ly  a  6±1 mmHg in c r e a s e  
reco rd e d  in  th e  s a l i n e  g ro u p . The o r ig i n  o f  t h i s  re s p o n s e  
was th e  co rd  i t s e l f  s in c e  p i th in g  th e  co rd  from  C -1 to  L -1 
j u s t  a f t e r  t r a n s e c t io n  in  depen d en t r a t s  a b o lis h e d  th e  su b 
s e q u e n t in c r e a s e s  i n  MAP t o  b o th  sp on taneous and n a lo x o n e - 
p r e c i p i t a t e d  w ith d ra w a l. S upported  by th e  M edical R esearch  
S e rv ic e  o f  th e  V.A.
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325.9  AMYGDALOID ALPHA-2 ADRENOCEPTORS MIGHT MODULATE OPIATE 
WITHDRAWAL.  J o n a th a n  E . F reed m an  an d  G eo rg e  K. A g h a ja n ia n , 
 D e p ts .  P s y c h ia t r y  a n d  P h a rm a c o lo g y , Y a le  U n iv . S c h . M ed ., New 
H av en , CT 0 6 5 0 8 .

The a lp h a - 2  a d r e n e r g i c  a g o n i s t  c l o n i d i n e  i s  c l i n i c a l l y  
u s e f u l  i n  r e d u c i n g  t h e  sym ptom s o f  o p i a t e  w i th d r a w a l .  We 
h a v e  e x a m in e d  r e s p o n s e s  o f  s i n g l e  a m y g d a lo id  n e u ro n s  m e d ia te d  
by  a lp h a - 2  a d r e n o c e p to r s  an d  o p i a t e  r e c e p t o r s  i n  t h e  r a t  and  
lo o k e d  f o r  a l p h a - 2 - o p i a t e  i n t e r a c t i o n s .  E x t r a c e l l u l a r  
r e c o r d i n g s  w e re  m ade i n  v iv o  u s in g  5 - b a r r e l  m i c r o e l e c t r o d e s .  
R a ts  w ere  a n e s t h e t i z e d  w i th  c h l o r a l  h y d r a t e  an d  c e l l  f i r i n g  
r a t e s  w e re  m a in t a in e d  a t  50 %  o f  maximum by m ic r o io n t o p h o r e s i s  
o f  g lu ta m a t e .

C l o n id i n e ,  a p p l i e d  m i c r o i o n t o p h o r e t i c a l l y  o r  a t  2 0 -1 0 0  
j ig /k g  i v ,  r e d u c e d  c e l l  f i r i n g .  M ic r o io n t o p h o r e s i s  o f  
n o r e p i n e p h r i n e  a l s o  r e d u c e d  f i r i n g ,  w h i le  t h e  a lp h a -1 a g o n i s t  
p h e n y le p h r in e  h a d  l i t t l e  o r  no e f f e c t .  R e s p o n s e s  w ere  
a n ta g o n iz e d  by i d a z o x a n ,  a p p l i e d  m ic r o i o n t o p h o r e t i c a l l y  o r  
a t  80 µ g /k g  i v .  ( Id a z o x a n  (RX 781 0 9 4 ) i s  an  a lp h a - 2  s e l e c t i v e  
a n t a g o n i s t  w h ic h  we fo u n d  i n  p r e v io u s  s t u d i e s  i n  r a t  l o c u s  
c o e r u l e u s  an d  d o r s a l  r a p h e  t o  h a v e  a n  a lp h a - 2  s e l e c t i v i t y  
m a rk e d ly  s u p e r i o r  t o  y o h im b in e ,  r a u w o l s c i n e ,  o r  p i p e r o x a n e . )

M ic r o io n t o p h o r e s i s  o f  m o rp h in e  o r  d - a l a ,  d - l e u - e n k e p h a l in  
a l s o  r e d u c e d  am y g d a la  c e l l  f i r i n g ,  a s  d id  m o rp h in e  a t  1 -1 0  
m g/kg  i v .  ( I n  c o n t r a s t ,  h ip p o c a m p a l n e u ro n s  w ere  a c t i v a t e d  
o r  d i s i n h i b i t e d  by  m o rp h in e ,  a s  d e s c r i b e d  by  o t h e r s . )  
N a lo x o n e  a t  50 µ g /k g  i v  a n ta g o n iz e d  t h e s e  r e s p o n s e s .  
M i c r o io n t o p h o r e t i c  n a lo x o n e  a l s o  a n ta g o n iz e d  r e s p o n s e s , b u t  
a d d i t i o n a l l y  h a d  a  n o n s p e c i f i c  l o c a l  a n e s t h e t i c - l i k e  
s u p p r e s s a n t  e f f e c t .  A f t e r  c h r o n i c  m o rp h in e  t r e a tm e n t  (7 5  mg 
p e l l e t  s c  d a i l y ,  4 d a y s )  c e l l s  w e re  fo u n d  w h ic h  w e re  a c t i v a t e d  
a b o v e  b a s e l i n e  by n a lo x o n e  a t  50 µ g /k g  i v .  T h is  i n c r e a s e  i n  
f i r i n g  w o u ld  p re s u m a b ly  acco m p an y  o p i a t e  w i th d ra w a l .

C e l l s  w e re  fo u n d  w h ic h  r e s p o n d e d  t o  m ic r o io n t o p h o r e s i s  o f  
b o th  m o rp h in e  an d  c l o n i d i n e .  S uch  c e l l s  w e re  fo u n d  m o st 
f r e q u e n t l y  i n  t h e  n u c le u s  m e d ia l  i s .  Thus c lo n i d i n e  m ig h t  
e x e r t  i t s  e f f e c t  on  o p i a t e  w i th d ra w a l  by  c o u n t e r a c t i n g  t h e  
w i th d r a w a l - in d u c e d  i n c r e a s e  i n  c e l l  f i r i n g .  O th e r  
l a b o r a t o r i e s  h a v e  show n t h a t :  ( i ) t h e  am y g d a la  i s  a n  im p o r ta n t  
b r a i n  r e g i o n  i n  m e d ia t i n g  o p i a t e  w i th d ra w a l  sy m ptom s, ( i i )  
c l o n i d i n e  r e t a i n s  i t s  e f f e c t s  o n  w i th d ra w a l  a f t e r  l e s i o n s  o f  
t h e  d o r s a l  n o r a d r e n e r g i c  b u n d le ,  an d  ( i i i )  some a m y g d a lo id  
a lp h a - 2  b in d in g  s i t e s  may be p o s t s y n a p t i c .  T a k in g  t h e s e  
r e s u l t s  t o g e t h e r  w i t h  o u r  own, a m y g d a lo id  n e u ro n s  a p p e a r  a  
p o s s i b l e  s i t e  o f  a c t i o n  f o r  c l o n i d i n e  m i t i g a t i o n  o f  o p i a t e  
w i t h d r a w a l .

325. 10  THE BEHAVIORAL EFFECTS OF SELECTED OPIATES AND PCP IN THE 
NON-DEPENDENT AND CYCLAZOCINE-DEPENDENT RHESUS MONKEY.
 J .  B e rg m a n * ,J .  H asso u n *  an d  C .R .S c h u s te r  (SPON: P .B . Dews)  
L a b o r a to r y  o f  P s y c h o b io lo g y ,  H a rv a rd  M e d ic a l  S c h o o l ,  B o s to n ,
U . S . A . ( J .B . )  a n d  D e p a r tm e n t o f  P s y c h i a t r y ,  The U n i v e r s i t y  o f  
C h ic a g o ,  C h ic a g o ,  U .S .A . ( J .H .  an d  C .R .S .)

The d e v e lo p m e n t  o f  t o l e r a n c e  t o  t h e  b e h a v i o r a l  e f f e c t s  o f  
c y c l a z o c in e  (CYC) a n d  o f  t o l e r a n c e  t o  t h o s e  o f  k e t o c y c l a 
z o c in e  (K C ), p h e n c y c l i d in e  (P C P ), n a lo x o n e  (NAL), an d  t h e  
(+ ) a n d  ( - )  i s o m e rs  o f  N - a l l y l n o r m e ta z o c in e  (NAMN) w e re  
s t u d i e d  i n  r h e s u s  m o n k ey s. E ach  d a i l y  s e s s i o n  c o n s i s t e d  o f  
s i x  r e p e t i t i o n s  o f  a  c y c l e  i n  w h ic h  an  8-m in  t im e o u t  w as 
f o l lo w e d  by a  3 -m in  p e r i o d  i n  w h ich  e v e r y  3 0 th  r e s p o n s e  
p r o d u c e d  a  fo o d  p e l l e t .  On t e s t  d a y s ,  c u m u la t iv e  d o s e s  o f  
a  d ru g  o r  v e h i c l e  w e re  i n j e c t e d  i . v .  i n  s e q u e n t i a l  t im e o u ts .  
I n i t i a l l y ,  a l l  d ru g s  d e c r e a s e d  r e s p o n d i n g  i n  a  d o s e - r e l a t e d  
m an n er. D a i ly  a d m i n i s t r a t i o n  o f  up  t o  11 m g /k g  CYC l e d  to  
a t  l e a s t  a  1 0 -3 0  f o l d  r ig h t w a r d  s h i f t  i n  t h e  CYC an d  KC 
d o s e - e f f e c t  f u n c t i o n s  an d  l e s s e r  r ig h t w a r d  s h i f t s  i n  t h e  
PCP an d  (+)NAMN f u n c t i o n s .  The e f f e c t s  o f  NAL a n d  (-)NAMN 
w e re  g e n e r a l l y  u n c h a n g e d . The r a t e - d e c r e a s i n g  e f f e c t s  o f  KC, 
b u t  n o t  o f  t h e  o t h e r  com pounds s t u d i e d ,  a p p e a r  t o  b e  
p r i m a r i l y  d u e  t o  i t s  e f f e c t s  a t  c y c l a z o c i n e - s e n s i t i v e  s i t e s  
o f  a c t i o n .

325.11  THE EFFEC TS OF A SPONTANEOUS SEIZURE ON OPIA TE 
RECEPTO R BINDING IN THE SEIZURE SEN SITIVE 
MONGOLIAN G ER B IL.  R . J . L ee* , P Lom ax a n d  R . W. 
O ls e n .  D e p t . o f  P h a rm a co lo g y , UCLA S chool o f  M e d ., 
Los A n g e le s , CA 90024. J .K .  W am sley. D e p t . o f  
P s y c h ia t r y ,  U n iv . o f  U tah  S chool o f  M e d ., S a lt L ake 
C ity ,  UT 84132.

In  p r e v io u s  s tu d ie s  from  o u r  la b o ra to r ie s  we h a v e  
d e m o n s tra te d  th a t  op io id  p e p t id e s  d e c re a s e  th e  in c id e n c e  
an d  s e v e r i ty  o f  s p o n ta n e o u s  s e iz u re s  in  o u r  e p i le p t ic  (S S ) 
s t r a i n  o f  M ongolian g e rb i l .  O p io id s  a lso  a p p e a r  to  m odu
la te  th e  e v e n ts  w h ich  s u p p r e s s  f u r th e r  s e iz u r e s  in  th e  
p o s t - ic ta l  r e f r a c to r y  p e r io d  w hich  follow s a s p o n ta n e o u s  
s e iz u r e .  Mild r e s t r a i n t  o f  th e  an im als , e x p o s u re  to  low er 
am b ien t te m p e ra tu r e s  o r  a d m in is tra tio n  o f  ACTH a n d  
a d re n a l  s te ro id s  ca n  a lso  c h a n g e  th e  in c id e n c e  a n d  p a t 
t e r n  o f  s p o n ta n e o u s  s e iz u re s  in  th e s e  an im a ls . T h u s ,  
c o n d itio n s  w h ich  m ig h t a l t e r  th e  a c t iv i ty  o f  th e  p i t u i ta r y  
p e p t id e s  in  th e  CNS seem  to  c h a n g e  th e  s e iz u re  p ro p e n 
s i ty  in  th e  SS g e rb i l ,  a n d  en d o g e n o u s  o p io id s  m ay p la y  a 
ro le  in  s u p p r e s s in g  th e  s e iz u re  d ia th e s is  in  th e  im m ediate  
p o s t - ic ta l  p e r io d .  T h e  d e n s i ty  o f  s p e c if ic  o p ia te  r e c e p to r  
b in d in g  h a s  b e e n  co m p ared  in  s e v e ra l  b r a in  r e g io n s  o f  SS 
g e r b i ls ,  p r io r  to  a n d  im m ed ia te ly  fo llow ing  a s p o n ta n e o u s  
s e iz u r e , u s in g  c r y o s ta t  s e c t io n s  o f  b r a in s  la b e le d  w ith  
[3H ]-d ih y d ro m o rp h in e  s u b je c te d  to  a u to ra d io g ra p h y  a n d  
a n a ly s e d  b y  m ic ro d e n s ito m e try . B ra in s  from  a n o n -s e iz 
in g  (S R ) s t r a in  w e re  a lso  ex a m in ed . B ra in s  rem o v ed  from  
SS g e rb i ls  b e fo re  s e iz u re  d e m o n s tra te d  g r e a t e r  o p ia te  
b in d in g  in  th e  s u p e r io r  co llic u lu s  ( 1 1 %), p e r ia q u e d u c ta l  
g r a y  (22% ), s u b s t a n t i a  n ig r a  (29%) a n d  th e  d e n ta te  g y r u s  
(12%) w hen  co m p ared  to  SR an im a ls . When th e  b r a in s  o f 
SS an im als w ere  ex am in ed  im m edia te ly  fo llow ing  a s e iz u re  
th e r e  w as a  g e n e ra l  d e c re a s e  in  b in d in g  d e n s i ty  co m p ared  
to  th e  p r e - i c ta l  p e r io d ;  b in d in g  in  th e  s u b s ta n t ia  n ig r a  
w as 18% le s s ,  fa l l in g  to  a  le v e l th e  sam e a s  th a t  in  th e  SR 
s t r a i n .  A te n d e n c y  to w a rd  lo w er b e n z o d ia z e p in e  a n d  
GABA r e c e p to r  b in d in g  h a s  b e e n  d e m o n s tra te d  in  th e  
b ra in s te m  o f  SS g e rb i ls  w h ich  in c r e a s e d  fo llow ing  a  s e i
z u r e ,  p a r t ic u l a r ly  in  th e  s u b s t a n t i a  n ig r a .  T h e se  
c h a n g e s  in  v a r io u s  m em brane r e c e p to r s  co u ld  u n d e r l ie  th e  
a b n o rm al e p i le p t ic  s ta t e  in  th e  SS s t r a i n .  I t  is  n o t y e t  
c le a r  w h e th e r  o r  n o t th e  c h a n g e  in  op io id  b in d in g  is  d u e  
to  a l te r a t io n s  in  th e  n u m b e r o f  r e c e p to r s .

325. 12  A COMPARISON OF THE ANALGESIA, RESPIRATORY DEPRES
SION, AND TASTE AVERSION OF PENTAZOCINE, MORPHINE 
AND BROMADOLINE (U -47931) IN THE RODENT.  Peggy J . K. 
D obry-Schreur,  CNS R esearch , The Upjohn Com pany, K alam azoo, 
MI 49001.

Brom adoline m a lea te  is an analgesic  of th e  n arco tic  an tagon ist 
type , w ith a  higher agon ist/an tagon is t ra tio  than  pen tazocine 's.

ANALGESIA: TAIL-SHOCK VOCALIZATION TEST. R ats w ere 
te s te d  in an up-dow n ti tra t io n  m ethod for th e  threshold  ta il-shock  
cu rren t to  e l ic i t vocaliza tion . Brom adoline (B) was abou t as p o ten t 
as codeine PO4 (C) and pen tazocine  la c ta te  (Talw inR) (P); m orphine 
SO4 (M) was m ore p o ten t. Naloxone HCl com pletely  antagon ized  
analgesia  caused by B, C , and M, bu t no t P. P was th e  only 
com pound which antagon ized  M's analgesia .

ANALGESIA: ZINGERONE TEST. A drop of zingerone suspen
sion was p laced  in to  one eye of a  mouse. Im m edia te , continuous 
forepaw  wipes a t  th e  face  w ere coun ted . M was th e  m ost p o ten t 
analgesic  (ED5 0 =1 .9  m g/kg s.c.); B m a lea te , C , and P w ere about 
equ ipo ten t (16, 15, and 13 m g/kg, respectively ).

RESPIRATORY DEPRESSION. Blood was draw n anaerob ica lly  
from  ra ts  w ith chronic ao rtic  cannulas and analyzed w ithin 4 -6  min 
for pH, pCO 2 , and pO 2  w ith  an Instrum e n ta tio n  L abo ra to ry  Model 
313 blood gas ana lyzer. M caused  sign ifican t resp ira to ry  depression; 
a r te r ia l pH and pO 2  w ere decreased  a t  3-30 m g/kg; pCO 2  was 
increased  a t  10-30 m g/kg. B also caused  resp ira to ry  depression, but 
only a t  30 m g/kg. P slightly  decreased  pH a t  10-30 m g/kg but did 
not a l te r  pCO 2 or pO 2 . P r e - in jection  con tro l values fo r 48 ra ts  
w ere pH=7.49±0.005; pCO2=25.4±0.6 mmHg; pCO2=82.1±1.6 mmHg.

TASTE AVERSION. Mice w ere o ffered  5% sucrose fo r 15 min on 
Days 1 and 2; drug was in jec ted  im m ediately  a fte rw a rd . On Day 4 
m ice w ere o ffered  sucrose solution for 10  m in, in th e  p resence of 
w ate r (only th e  consum ption of sucrose solution was m easured). All 
4 compounds caused  a  d o se-re la ted  ta s te  aversion . The doses 
causing 25% and 50% decreases  in sucrose drinking on Day 4 w ere: 
M 2.4 and 3.9 m g/kg; P 3.4 and 5.5; B 15 and 22; and C (in a  slightly  
d iffe re n t protocol) 33 and 40.

Thus, in 2 te s ts  of ana lgesia  in th e  r a t  and m ouse, B was abou t as 
po ten t as C and P, but less p o ten t than  M. B caused  less resp ira to ry  
depression than  M and m ore than  P. In ta s te  aversion (presum ed to  
be a  m easure of sub jec tive  e ffec ts ) , B was in te rm e d ia te  in potency 
betw een M and P on th e  one hand, and C on th e  o the r.
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325.13  A CHOLINERGIC ALLY-MEDIATED AROUSAL EFFECT OF CODEINE; 
POSSIBLE EXPLANATION FOR ITS ANTINARCOLEPTIC ACTION.  A   .  Horita*, M. A. Carino* and Y. S. Pae*   

D epts. o f  Pharmacol. & P sy ch ia try , Univ. Wash. Sch. o f 
Med., S e a t t le ,  WA 98195.

We rep o rted  e a r l i e r  (Neuropharmacol. 22:1183, 1983) th a t  
in tra o e re b ro v e n tr ic u la r  ( i ev) in je c tio n s  o f morphine to  
p e n to b a rb ita l-a n e s th e tiz e d  r a b b i ts  produced a ro u sa l and a 
sh o rten in g  o f th e  d u ra tio n  o f  an e s th e s ia  (a n a le p tic  e f fe c t)  
as determ ined by th e  recovery  o f th e  r ig h t in g  r e f le x .  
In travenous morphine p o te n tia te d  th e  dep ressan t e f f e c t  and 
caused le th a l  re s p ira to ry  dep ress io n . P retrea tm en t w ith 
n a ltrex o n e  prevented th e  l a t t e r  e f f e c t  and unmasked th e  
a n a le p tic  p ro p e rty , We now re p o r t  th a t  codeine i s  a lso  
e f f e c t iv e  a g a in st various  CNS dep ressan t a g en ts . One major 
d iffe re n c e  between th e  codeine- and morphine-induced 
a n a le p tic  e f f e c t  was th a t  codeine produced an a lep s is  upon 
iv  ad m n is tra tio n  and in  th e  absence o f n a ltrex o n e . Doses 
o f 1-2 mg/kg codeine were e f fe c t iv e  in  sho rten ing  the  
n a rc o sis  d u ra tio n  o f  ketam ine and diazepam. When th e  
codeine dose was inc reased  to  10 mg/kg th e  a n a le p tic  e f fe c t  
was no t lo n g er ev id e n t, but reappeared when anim als were 
p re tre a te d  w ith n a ltrex o n e . I t  i s  ev iden t th a t  a t  th e  
h ig h e r doses th e  mu- recep tor-m ediated  depressive  a c tio n  
dominated, and wheh n a ltrex o n e  blocked th i s  e f f e c t  the  
a n a le p tic  e f f e c t  was unmasked. This e f f e c t  produoed by 
both morphine and codeine was com pletely blocked by 
a tro p in e , but no t by m ethy la trop ine , p re trea tm en t. We 
conclude th a t  codeine, l ik e  morphine, produces a 
cho li nerg i cally -m ed ia ted  a ro u sa l e f f e c t .  This response i s  
more ev iden t w ith codeine because o f i t s  much weaker 
m u-receptor m ediated d ep ressan t a c t io n . We fe e l  th a t  th is  
a ro u sa l a c tio n  i s  re sp o n sib le  fo r  the  re c e n tly  repo rted  
am elio ra tiv e  e f f e c t  o f codeine in  th e  trea tm en t o f human 
narco lepsy  (Fry & Pressman, N eurol. 33 (su p p l. 2) : 176, 
1983).

325. 14  SPINAL ANALGESIA WITH FENTANYL ALTERS LOCAL SPINAL BLOOD 
 FLOW.  G. Crosby.  Dept. of A naesthesia , M assachusetts 

General H osp ita l and Harvard Med. Sch ., Boston MA 02114.
Spinal ad m in is tra tio n  of n a rc o tic  an a lg es ic s  produces 

marked segmental an a lg esia  (Yaksh, T .L ., P a in , 11:293,  
1981) w ith o u t, a t  le a s t  in  the  case of morphine, a l te r in g  
w hite m atte r sp in a l blood flow (SCBF) (Matsumiya, N ., 
Dohi, S . ,  A nesthesio logy, 57:175, 1982). Inasmuch as 
more po ten t and l ip id  so lub le  n a rc o tic s  might y ie ld  
d if f e r e n t  r e s u l t s ,  the  e f fe c t  on lo c a l sp in a l blood flow 
(LSCBF) of fen tan y l sp in a l an a lg es ia  was s tu d ied  in  
conscious male Sprague-Dawley r a t s .  Animals were 
prepared w ith  a sp in a l subarachnoid c a th e te r  (Yaksh,
T .L ., Rudy, T .A ., Physio l Behav, 17:1031, 1976) and 24-72 
h l a t e r ,  under l ig h t  h a lo th an e-n itro u s  oxide a n es th e s ia , 
fem oral a r te ry  and vein  c a th e te rs .  Rats were then 
allow ed a t  le a s t  3 h to  recover from surgery  and general 
an es th e sia  before  sp in a l an a lg esia  was induced. Four 
anim als received  an ED95 dose fo r  sp in a l an a lg esia  of 
fen tan y l (3 µg) (Yaksh, T .L ., Rudy, T .A ., J Pharmacol Exp 
T het, 202:411, 1977) and 10 µ l  o f s a lin e  flu sh  in t r a 
th e c a lly ;  6 co n tro l anim als received  only s a l in e .  The 
LSCBF of lumbar sp in a l cord was measured 10-15 min l a t e r  
w ith the au to rad iograph ic  iodo -[14C ]an tipyrine  method 
(Sakurada, O. ,  e t  a l . ,  Am J P h y s io l, 234:H59, 1978).
Data were analyzed w ith a grouped t  t e s t .  There were no 
s t a t i s t i c a l l y  s ig n if ic a n t d iffe ren c e s  in  blood p re s su re , 
a r t e r i a l  blood gases and pH, o r tem perature between the 
groups. Fentanyl produced 2-9% in c rea se s  in  s p in a l w hite 
m atte r blood flow , but only the  9% inc rea se  in  v e n tra l  
w hite m atte r was s t a t i s t i c a l l y  s ig n if ic a n t  (P < 0 .0 1 ).
In c o n tra s t ,  sp in a l gray m atte r blood flow was 
s t a t i s t i c a l l y  s ig n if ic a n t ly  increased  20-50%. Flow 
increased  le a s t  in  laminae I - I I I  (20%) and IV-VI (37%); 
46-50% in c rea se s  occurred in  laminae V II, V III , and IX. 
Like in tr a th e c a l  morphine, fen tan y l has l i t t l e  e f f e c t  on 
sp in a l w hite m atte r flow. Perhaps in tr a th e c a l  morphine 
a lso  inc rea se s  gray m atte r SCBF, but th is  has not been 
s tu d ied . Since naloxone r e v e r s ib i l i ty  of fe n ta n y l ' s 
LSCBF e f fe c t  has not y e t been attem pted , i t  i s  u n ce rta in  
whether i t  i s  mediated by sp in a l o p ia te  re c ep to rs . 
However, the  fa c t  th a t  blood flow in c rea se s  s e le c tiv e ly  
in  sp in a l gray m atte r makes a n o n -sp ec if ic  e f fe c t  of 
fen tan y l ( e .g . ,  d ire c t  v a s o d ila ta tio n )  u n lik e ly .

Supported by N .I.H . Grant GM 30502.

125. 15  DIFFERENTIAL EFFECTS OF MU, KAPPA AND DELTA AGONISTS 
ON MOTILITY OF THE CANINE SMALL INTESTINE EX VIVO.
L.D. H lrn i ng*, V .J . Hruby*, R. Hurs t*  and T .F . Burks, 
Departments of Pharmacology and Chem istry, U n ivers ity  of 
A rizona, Tucson, Arizona 85724.

Opioids a re  known to  produce phasic  co n trac tio n s  of 
th e  canine sm all in te s t in e  in  vivo or ex vivo. This 
c o n t r a c t i le  a c t iv i ty  i s  believed  to  be re sp o n sib le  fo r the 
c o n s tip a tin g  e f f e c ts  of these  agents in  vivo. However, 
th e  re cep to r subtypes involved in  the p e rip h e ra l e f fe c ts  
o f op io ids have not been fu l ly  explored . We have examined 
th e  ac tio n s  of recep to r s e le c tiv e  opio ids in  an attem pt t o 
a s c r ib e  a re cep to r subtype to  these  e f f e c ts .   D-Ala2-  
MePhe4 -G ly (o l) enkephalin  (DAGO), D-Pen2 -L-Cys5 cy c lic  
enkephalin  (DPLCE) and U-50,488H (tran s -3 ,4 -d ic h lo to -N - 
m e th y l-N -[2 -( l-p y rro lin d in y l)  cyclohexyl] benzeneacetamide 
methane su lfo n a te ) were employed as the s e le c tiv e  µ,  δ and 
κ recep to r a g o n is ts , re s p e c tiv e ly . The e f f e c ts  of these  
o p io id s  were evaluated  in  th e  canine is o la te d  in te s t in e  ex 
v ivo . Segments of bowel were removed from an esth e tized  
mongrel dogs ( e i th e r  sex, 15-40 kg .) and a r t e r i a l l y  
p erfu sed  w ith warmed (37° C), oxygenated k rebs-b icarbonate  
b u f fe r .  C o n tra c tile  responses were recorded from a la te x  
b a llo o n  secured w ith in  the lumen of the segment and 
measured as the peak in  in tra lu m in al p ressu re  produced 
fo llow ing  in t r a a r t e r i a l  ad m in is tra tio n  of the  ag o n ist. 
D ose-response l in e s  were determined fo r  each ag o n ist and 
th en  repeated  in  the same segment in  the presence of 
naloxone (0 .1 -3 .0  µg/ml) in  the  p e rfu s a te . Both DAGO and 
DPLCE (0 .2-25  µg i . a . )  produced d o se -re la ted  c o n tra c ti le  
a c t i v i t y  of the  is o la te d  segments. In c o n tra s t ,  U-50,488H 
(0 .1  -  100 µg i . a . )  fa i le d  to  produce m o til i ty  of the 
in te s t in e  segments a t  any of the  doses examined. 
Naloxone p e rfu sio n  (100 ng/ml) of the in te s t in e  segments 
s ig n i f ic a n t ly  in h ib ite d  the  response to  DAGO but did not 
a f f e c t  those to  DPLCE. The DPLCE-induced co n trac tio n s  
were in h ib ite d  by naloxone but a t co n cen tra tions  15-20 
fo ld  g re a te r  than those requ ired  to  in h ib i t  DAGO. The 
n a lo x o n e -re s is ta n t na tu re  of 6-m ediated responses has been 
p rev io u sly  repo rted  fo r the mouse vas d e fe ren s. These 
d a ta  suggest th a t  th e  c o n tra c t i le  responses to  op io ids are  
m ediated v ia  µ and δ recep to rs  in  the dog in te s t in e  and 
th a t  the  κ re cep to r is  not involved in  the d ire c t  
c o n t r a c t i le  responses induced by o p io id s . (Supported by 
USPHS g ran ts  DA02163 to  TFB and NS19972 to  VJH.)

325.16 MATERNAL-FETAL DISTRIBUTION OF OPIATES IN THE NEAR- 
TERM SHEEP AND RHESUS MONKEYS.  M .S. G olub. J .H . 
E i s e l e .  J r . *  J .H . A nderson* .  C a l i f o r n i a  P r im a te  
R esearch  C e n te r ,  U n iv e rs ity  o f C a l ifo rn ia , D avis, CA 
95616.

M a te r n a l - f e ta l  d i s t r i b u t i o n  o f the o p ia te  agents 
m o rp h in e  and a l f e n t a n i l  was s t u d i e d  in  t h r e e  
a n e s t h e t i z e d  n e a r - te rm  sheep and rh e s u s  m onkeys. 
Blood samples were o b ta in e d  from m a te rn a l and f e t a l  
a r t e r i e s  fo r  radioimmunoassay 2, 5, 10, 30 and 60 min 
a f te r  drug a d m in is tra tio n  from c a th e te rs  p laced  under 
halothane a n es th e s ia . F e ta l-m a te rn a l r a t io s  (F/M) fo r 
sheep in c re a se d  from 0 .0 4  to  0 .47  d u rin g  th e  f i r s t  
hour a f te r  bolus i . v .  in je c tio n  of 200 µg/kg morphine. 
However, in  m onkeys, F/M v a lu e s  were c o n s id e ra b ly  
h ig h e r ,  in c re a s in g  from .27 to  1 .85 . Indeed, values 
over 1 .00 , in d ic a tin g  h igher m orphine c o n c e n tr a t io n s  
in  f e t a l  th a n  m a te r n a l  p la sm a , were seen  in  two 
monkeys a t  10 m in and 60 min tim e  p o i n t s .  F o r 
a l f e n t a n i l ,  a more l i p i d  s o lu b le  and p ro te in  bound 
d ru g , F/M v a lu e s  were s im i la r  in  th e  two s p e c i e s  
ra n g in g  from 0 .1  to  0 .6  a f te r  in je c tio n  of 250 µg/kg 
in  sheep and 125 µg/kg in  m onkeys. The d a ta  a l s o  
su g g es te d  th a t  m orphine was m etabolized more ra p id ly  
in  monkey dams th a n  in  ewes and t h a t  m o rp h in e  
g lucuron ide , the p r in c ip le  m e tab o lite  of morphine, was 
more re a d ily  d is tr ib u te d  to  monkey th an  sheep f e t u s .  
We c o n c l u d e  t h a t  o p i a t e  d ru g s  w ith  low  l i p i d  
s o l u b i l i t y  and p r o te in  b in d in g  may t r a n s f e r  m ore 
r e a d i ly  from  dam to  f e tu s  in  p r im a te  th a n  in ovine 
spec ies near term . (S u p p o rted  by GM 32920, RR00169 
and Janssen Pharm aceutics).
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32 5 . 1 7   HYPOTHALAMIC O P I O I D  P E P T I D E  R E G U L A T I O N  OF BASAL AND 
STRESS-INDUCED CATECHOLAMINE SECRETION.  J . A .  K i r i t s y - R o y * 
a n d  G .R .  Van L oo n  (SPON: J . A .  D o u g h e r t y ) .   VA M e d i c a l  C e n t e r  
a n d  D e p a r t m e n t  o f  M e d i c i n e ,  U n i v e r s i t y  o f  K e n t u c k y ,  
L e x i n g t o n ,  KY 4 0 5 1 1 .

S t u d i e s  i n  t h i s  l a b o r a t o r y  h a v e  d e m o n s t r a t e d  t h a t  c e n t r a l  
a d m i n i s t r a t i o n  o f  o p i o i d  p e p t i d e s  e l e v a t e s  p l a s m a  
c a t e c h o l a m i n e  ( C A ) c o n c e n t r a t i o n s  i n  r a t s .  S i n c e  t h e  
p a r a v e n t r i c u l a r  n u c l e u s  o f  t h e  h y p o t h a l a m u s  (PVN) c o n t a i n s  a 
h i g h  l e v e l  o f  o p i o i d  b i n d i n g  s i t e s  a n d  i s  i m p o r t a n t  f o r  
r e g u l a t i o n  o f  t h e  s y m p a t h e t i c  n e r v o u s  s y s t e m ,  w e  
h y p o t h e s i z e d  t h a t  o p i o i d  p e p t i d e s  a c t  i n  t h e  PVN t o  m o d u l a t e  
b a s a l  a n d  s t r e s s - i n d u c e d  CA s e c r e t i o n .

M a l e  S p r a g u e - D a w l e y  r a t s  w e r e  s u r g i c a l l y  i m p l a n t e d  w i t h  a  
g u i d e  c a n n u l a  w h i c h  t e r m i n a t e d  2 mm a b o v e  t h e  r i g h t  PVN a n d  
w i t h  a  p o l y v i n y l  c a t h e t e r  i n  t h e  l e f t  c a r o t i d  a r t e r y  f o r  
b l o o d  s a m p l i n g  a n d  m ean a r t e r i a l  p r e s s u r e  (MAP) a n d  h e a r t  
r a t e  (HR) r e c o r d i n g .  T h i r t y  m i n u t e s  p r i o r  t o  t h e  o n s e t  o f   
d r u g  i n f u s i o n ,  a  d r u g - f i l l e d  i n n e r  c a n n u l a  wa s l o w e r e d  i n t o   
t h e  PVN t h r o u g h  t h e  g u i d e  c a n n u l a .  D r u g s  w e r e  i n f u s e d  o v e r  
2 m i n u t e s  i n  2 0 0  n l  o f  s a l i n e  i n  u n s t r e s s e d ,  f r e e l y - m o v i n g  
r a t s .  P l a s m a  CA, MAP a n d  HR w e r e  d e t e r m i n e d  5 m i n  b e f o r e ,  
a n d  2 5  a n d  3 5  m i n  a f t e r 2 PVN m i c r o i r n j e c t i o n  o f  t h e  
m u - r e c e p t o r  a g o n i s t ,  [ D - A l a 2 ,  NMe-Phe4 ,  Gl y 5- ( 0 1 ) ] e n k e p h a l i n  
(DAGO) 0 . 0 1 ,  0 . 0 3  o r  0 . 1  n m o l ,  n a l o x o n e  (N A L)  0 . 1  n m o l ,  o r  
s a l i n e .  At  38  m i n ,  t h e  a n i m a l s  w e r e  r e s t r a i n e d  i n  w i r e - m e s h  
h o l d e r s  a n d  CA, MAP a n d  HR w e r e  m e a s u r e d  2 a n d  10 m i n  l a t e r .   

DAGO c a u s e d  d o s e - r e l a t e d  i n c r e a s e s  i n  NE ( 0 . 0 3 - 0 . 1  n m o l ,  
p < 0 . 0 5 ) ,  E ( 0 . 0 1 - 0 . 1 0  n m o l ,  p < 0 . 0 5 )  a n d  HR ( 0 . 1 0  n m o l ,  
p < 0 . 0 5 ) .  No a p p a r e n t  c h a n g e s  i n  MAP w e r e  s e e n  a t  t h e  t i m e s   
s t u d i e d .  R e s t r a i n t  s t r e s s  e l e v a t e d  NE ,  E ,  MAP a n d  HR .  
DAGO, 0 . 0 1  n m o l  b u t  n o t  h i g h e r  d o s e s ,  p o t e n t i a t e d  t h e  E 
r e s p o n s e  t o  s t r e s s ,  w i t h o u t  a f f e c t i n g  t h e  o t h e r  s t r e s s  
r e s p o n s e s .  NAL a l o n e  h a d  no  e f f e c t  on b a s a l  NE ,  E ,  MAP o r  
HR, b u t  NAL d i d  e n h a n c e  t h e  E r e s p o n s e  t o  s t r e s s .

T h u s ,  u n d e r  b a s a l  c o n d i t i o n s ,  a  m u - r e c e p t o r  a g o n i s t  a c t s  
i n  t h e  PVN t o  s t i m u l a t e  c e n t r a l  s y m p a t h e t i c  o u t f l o w  a n d  
i n c r e a s e  p l a s m a  CA s e c r e t i o n .  T h e  o p i o i d  a n t a g o n i s t ,  NAL, 
d o e s  n o t  a p p e a r  t o  a l t e r  b a s a l  CA s e c r e t i o n .  H o w e v e r ,  
d u r i n g  r e s t r a i n t  s t r e s s ,  NAL a s  w e l l  a s  a  l o w  d o s e  o f  
m u - a g o n i s t  p o t e n t i a t e  t h e  s t r e s s - i n d u c e d  i n c r e a s e s  i n  p l a s m a  
E.  We c o n c l u d e  t h a t  o p i o i d  p e p t i d e s  a c t  i n  PVN t o  i n c r e a s e  
p l a s m a  CA c o n c e n t r a t i o n ,  a n d  t h a t  a n  e n d o g e n o u s  o p i o i d  
p e p t i d e  m a y  f u n c t i o n  i n  t h i s  b r a i n  s i t e  t o  r e g u l a t e  
s t r e s s - i n d u c e d  CA s e c r e t i o n .

( S u p p o r t e d  by  t h e  V e t e r a n s  A d m i n i s t r a t i o n  an d  U n i v e r s i t y  
o f  K e n t u c k y  T o b a c c o  a n d  H e a l t h  R e s e a r c h  I n s t i t u t e )
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326.1  BIPHASIC RESPONSE OF A BURSTING NEURON TO FMRF-AMIDE.
P.Ruben*,  J.W.Johnson* and S.Thompson*. (SPON:C. Cohan) 
Hopkins Marine Station, Stanford U niversity, P acific Grove, 
Ca. 93950.

The c a rd io -  and n e u ro -a c tiv e  peptide-FMRF-amide has 
been shown to  produce inh ib itio n  and excita tion  of spiking 
in  m olluscan  neurons (Stone and Mayeri, Soc. Neurosci. 
Absts. 7:636, 1981). FMRF-amide has a lso  been demonstrated 
to  increase the delayed rec tify in g  outward K+ current (IK) 
w h ile  d ecreas in g  the  c a lc iu m -a c tiv a te d  K+ c u rre n t (IC) in  
Helix  neurons (C o ttre ll, 1982, Nature 296:87-89).

We have s tu d ied  th e  e f f e c ts  of FMRF-amide on the  
spiking a c tiv ity  and ionic currents of the neuron L6, a l e f t  
upper quadran t b u rs te r  in  the  A plysia  abdominal ganglion . 
L o calized  bath  a p p lic a tio n  of the  pep tide  (10nM-10uM) 
produces a tran s ien t depolarization  followed by a sustained 
h y p e r p o la r i z a t i o n  o f L6 . These e f fe c ts  a re  q u ick ly  
re v e rs ib le  by washing with ASW. The biphasic response was 
studied using a two m icroelectrode voltage clamp. When the 
membrane p o ten tia l was held a t -40mV, FMRF-amide produced a 
tran s ien t inward current la s tin g  about 5- 10s, followed by a 
prolonged outward c u r re n t which p e r s is te d  u n t i l  wash. A 
f a s t  conductance measurement was used to  determine the sign 
and r e v e r s a l  p o te n t ia l s  of th ese  c u r re n ts  (Johnson and 
Thompson, Soc. Neurosci. Absts. 2:1187, 1983). These  
measurements reveal th a t both phases are due to  conductance 
in c re a se s . The re v e r s a l  p o te n t ia l  fo r  the  e a r ly , inward 
phase i s  about -20mV, suggestive of simultaneous inward and 
outward c u r re n ts . The re v e r s a l  p o te n t ia l  fo r  the  l a t e ,  
outward phase was found to  be c lo s e  to  th e  e q u ilib riu m  
p o te n t ia l  fo r  K+. When e x te rn a l Ca++ i s  rep laced  by Ni++ 
n e i th e r  phase of th e  FMRF-amide response i s  dim inished, 
su g g estin g  th a t  they a re  not Ca++ dependent conductances. 
The n a tu re  o f th e se  c o n d u c ta n c e s  w i l l  be d is c u s s e d . 
P re lim in a ry  o b se rv a tio n s  of FMRF-amide* s e f f e c t  on o th e r  
membrane conductances in d ic a te  th a t ,  u n lik e  in  B e ll*  
neurons, n e ither IC nor IK are s ig n if ic a n tly  altered .
Supported by th e  A lb e rta  H eritage  Foundation fo r  Medical 
Research.

3 2 6 . 2   TH Y RO T RO P IN -R E L E A S IN G  HORMONE INDUCES SPONTANEOUS BURSTING 
IN NEURONS OF THE NUCLEUS TRACTUS SOL I T A R I OUS.  M. S .  D e k i n , 
G .  B .  R i c h e r s o n * ,  a n d  P .  A .  G e t t i n g ,  D e p a r t m e n t  o r  
P h y s i o l o g y  a n d  B i o p h y s i c s ,  U n i v e r s i t y  o f  I o w a ,  Io w a  C i t y ,  
Iowa 5 2 2 4 2 .

T h y r o t r o p i n - r e l e a s i n g  h o r m o n e  ( T R H ) i n c r e a s e s  r e s 
p i r a t o r y  r a t e  a n d  a n t a g o n i z e s  t h e  d e p r e s s a n t  e f f e c t s  o f  
o p i a t e s  a n d  b a r b i t u r a t e s  on  r e s p i r a t i o n  ( H e d n e r  e t  a l . ,  
A c t a  P h y s i o l .  S c a n d . ,  1 1 7 ;  1 9 8 1 ) .  I t s  m e c h a n i s m  o f  a c t i o n ,  
h o w e v e r ,  i s  u n k n o w n .  We h a v e  e m p l o y e d  a  b r a i n s t e m  s l i c e  
p r e p a r a t i o n  f r o m  g u i n e a  p i g s  t o  s t u d y  t h e  e f f e c t s  o f  TRH on 
n e u r o n s  i n  t h e  v e n t r a l  r e g i o n  o f  t h e  n u c l e u s  t r a c t u s  
s o l i t a r i o u s  ( N T S ) .  T h i s  a r e a  i s  a  p r e m o t o r  i n t e g r a t i n g  
c e n t e r  f o r  r e s p i r a t o r y  m o v e m e n t s .  I n  t h e  s l i c e  
p r e p a r a t i o n ,  NTS n e u r o n s  f i r e d  n o n - r h y t h m i c a l  l y  a t  a 
f r e q u e n c y  o f  1 t o  2 s p i k e s / s e c  ( f i g u r e  1 A ) .  F o l l o w i n g  t h e  
a d d i t i o n  o f  2 0 0  t o  5 0 0  nM TRH t o  t h e  p e r f u s i o n  f l u i d  t h e s e  
n e u r o n s  d e v e l o p e d  a r h y t h m i c  o s c i l l a t i o n  i n  t h e i r  m e m b r a n e  
p o t e n t i a l .  T h e  o s c i l l a t i o n s  w e r e  vo l  t a g e  d e p e n d e n t , a n d  
d i s a p p e a r e d  w he n t h e  m e m b r a n e  p o t e n t i a l  w a s  c u r r e n t  c l a m p e d  
a t  - 7 0  m V . T h i s  v o l t a g e  d e p e n d e n c e  i n d i c a t e d  t h a t  t h e  
o s c i l l a t i o n  wa s  n o t  s y n a p t i c a l l y  i n d u c e d .  T h e  m a g n i t u d e  
o f  t h e  m e m b r a n e  p o t e n t i a l  o s c i l l a t i o n  i n c r e a s e d  w i t h  t i m e  
a n d  a  b u r s t i n g  p a t t e r n  w a s  e s t a b l i s h e d  ( f i g u r e  I B ) .  E a c h  
b u r s t  w a s  f o l l o w e d  b y  a  d e p o l a r i z i n g  a f t e r - p o t e n t i a l .  
B u r s t i n g  o c c u r r e d  w i t h  a  m ea n c y c l e  p e r i o d  o f  1 . 2  s e c .  T h e  
a v e r a g e  f i r i n g  r a t e  w i t h i n  t h e  b u r s t  w a s  2 5  H z .  T h e s e  d a t a  

i n d i c a t e  t h a t  T R H  i n d u c e d  
p a c e m a k e r  p r o p e r t i e s  i n  N T S  
n e u r o n s .  T h e r e  i s  e v i d e n c e  
t h a t  t h e  r e s p i r a t o r y  r h y t h m  
d o e s  n o t  o r i g i n a t e  i n  t h e  NTS. 
O u r d a t a ,  h o w e v e r ,  s u g g e s t s  t h a t  
t h e  NT S  c o u l d  b e  t r a n s f o r m e d  
i n t o  a  r h y t h m  g e n e r a t i n g  l o c u s  
i n  t h e  p r e s e n c e  o f  T R H .  
( S u p p o r t e d  b y  N I H  g r a n t  HL 
3 2 3 3 6 ) .

F i g u r e  1 .  (A ) C o n t r o l  r e c o r d  o f   
n o n - r h y t h m i c  a c t i v i t y  i n  a  NTS 
n e u r o n .  R e s t i n g  p o t e n t i a  1 w a s  
- 4 5  m V . (B )  B u r s t i n g  a c t i v i t y  i n  
s a m e  n e u r o n  a f t e r  e x p o s u r e  t o  
4 0 0  nM T R H .  S c a l e :  2 0  mV, 4 0 0  
m s e c .
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326.3  PEPTIDE MODULATION OF ACH CURRENTS IN AUTONOMIC NEURONS.
L.W. Role.  Dept. o f Anatomy & N eurobiology, Washington Univ. 
Sch. o f Med., S t. L ou is, MO 63110.

Inuminohistochemical techn iques have revealed  substance P 
(SP), enkephalin  (ENK) and som atosta tin  (SOM) in  p reg an g li
onic s t ru c tu re s  of th e  p a ra v e r te b ra l sym pathetic gang lia  in  
th e  chicken (LaValley and Ho, J .  Comp. N eurol. 213(4):406- 
413, 1983). Furtherm ore, th e  former two p ep tid es  have been 
dem onstrated in  most nerve te rm in a ls  co n tac tin g  the  neurons 
of th e  avian  c i l i a r y  ganglion (E richsen e t  a l . , J .  N eurosci. 
2s994-1003, 1982). The p o ss ib le  p resynap tic  c o - lo c a liz a tio n  
of th e se  p ep tid e s  w ith  a ce ty lch o lin e  (ACh) led  me to  examine 
whether th e  p h y s io lo g ic a l ro le  of the  p ep tides  might be to  
modulate th e  a c tio n  o f th e  ACh on th e  postg an g lio n ic  
neurons. I  have employed whole c e l l  vo ltage  and cu rren t 
clamp reco rd ing  in  in  v i t r o  lumbar sym pathetic and c i l i a r y  
ganglion neurons to  address th i s  q uestion .

In both c i l i a r y  ganglion and sym pathetic neurons SP (10 
µM) causes a dram atic enhancement of the  r a te  of ACh c u rren t 
decay in  th e  absence of any d i r e c t  e f f e c t  on membrane po ten
t i a l ,  in p u t re s is ta n c e  or vo ltage  s e n s it iv e  conductances 
(n=40). Examination of th e  steady  s ta t e  IV re la tio n s h ip  fo r  
ACh c u rre n ts  evoked in  the  presence of SP rev ea ls  a 14-fold 
decrease  in  th e  slope conductance compared w ith c o n tro l 
(R ole, PNAS, in  p re s s ) .  SOM (10-20 µM) had no d e te c ta b le  
e f f e c t  on ACh c u rre n ts  in  sym pathetic neurons. The ENK 
analog D-Ala2-methionine-ENK produced a s l ig h t  in c rease  in  
the  r a te  of ACh cu rre n t decay in  two of four sym pathetic 
neurons te s te d .

Because SP markedly in c reases  the  r a te  of inward cu rre n t 
decay in  response to  ap p lied  ACh, i t  i s  im portant to  examine 
th e  e f f e c t  of the  p ep tide  on synap tic  tran sm issio n . Sympa
th e t ic  neurons can be inn e rv a ted  in  v i t r o  u sing  exp lan ts  of 
d o rsa l s p in a l cord which con ta in  the  p regang lion ic  column of 
Terni (L. Role and R. Hume, unpublished o b se rv a tio n ). The 
inward sy nap tic  c u rre n ts  recorded in  vo ltage clamped sympa
th e t ic  neurons which have been innerva ted  in  t h i s  manner a re  
probably  ch o lin e rg ic  in  th a t  l ik e  app lied  ACh, (a) they have 
a re v e rs a l  p o te n t ia l  of -8 mV and (b) they  a re  abo lished  by 
10 µM cu ra re . In p re lim in a ry  experim ents designed to  examine 
th e  e f f e c t  o f th e  pep tid e s  on synap tic  tran sm iss io n , SP (10- 
20 µM) caused a s t a t i s t i c a l l y  s ig n if ic a n t  (p<.001 -  p <.1) 
decrease  in  sy nap tic  cu rre n t d u ra tio n  in  f iv e  of e ig h t c e l l s  
te s te d .  These r e s u l t s  in d ic a te  th a t  SP may modulate gang li
onic tran sm issio n  by in c re a s in g  th e  ra te  of ACh cu rre n t 
decay.

326.4  CORTICOTROPIN-RELEASING FACTOR: ROLE IN CENTRAL NERVOUS
SYSTEM REGULATION OF THE ADRENAL MEDULLA.  M.R. Brown, L. A. 
F ish e r . U.M. Vale and J. E. R iv ie r .  Peptide Biology Lab, 
The Salk I n s t i tu te ,  La J o l la ,  CA 92037.

C o rtic o tro p in -re le a s in g  fa c to r  (CRF) a c t s  w ith in  th e  
c en tra l nervous system (CNS) to  e l i c i t  changes In  autonomic 
nervous system a c t iv i ty  s im ila r  to  those changes produced 
by a v a rie ty  of s t r e s s fu l  s tim u li ,  e . g . , inc reased  plasma 
co n cen tra tio n s  of ep inephrine and norep inephrine, and in 
creased h e a r t r a te  and mean a r t e r i a l  p re ssu re . To examine 
the  physio log ic  ro le  of b ra in  CRF in  m ediating  s t r e s s -  
induced changes of autonomic nervous system fu n c tio n , we 
have c a r r r ie d  out experim ents using a re c en tly  ch a rac te r
ized  CRF recep to r an ta g o n is t. Pep tides were adm in istered  
in t r a c is te r n a l ly  ( ic )  in  l ig h t ly  e th e riz ed  r a t s ,  and bloods 
co lle c te d  by card iac  puncture 20 o r 40 min l a t e r .  Plasma 
catecholam ine co n cen tra tio n s  were determ ined using  a 
radioenzym atic assay .

CRF ( 1. 5 im oles, ic )  produced a s ig n if ic a n t  e le v a tio n  of 
plasma epinephrine and norepinephrine le v e ls .  Sim ultaneous 
a d m in is tra tio n  o f [G lu27 ]-CRF10-41 (25 nmoles, ic )  com
p le te ly  prevented th i s  CRF-induced e le v a tio n  of plasma 
catecholam ine le v e ls .

To determ ine i f  endogenous b ra in  CRF might be involved 
in  the  re g u la tio n  of the  adrenal medulla o r p e rip h e ra l 
noradrenerg ic  a c t iv i ty ,  th e  CRF re c ep to r an tag o n is t was 
adm in istered  to  anim als exposed to  e th e r  vapor o r sub jec ted  
to  in su lin -in d u ced  hypoglycemia. [Glu27 ]- CRF10- 14 ( 2 . 5  and 
25 nmoles, ic )  produced a dose-dependent in h ib i t io n  of 
plasma epinephrine le v e ls  but d id  not in flu en ce  plasma 
norepinephrine le v e ls  follow ing trea tm en t w ith e the r-vapo r 
or in su lin -in d u ced  hypoglycemia.

These r e s u l t s  suggest th a t  endogenous b ra in  CRF may be 
involved in  the  physio log ic  re g u la tio n  of adrenal epine
phrine sec re tio n .

326.5  EEG EFFECTS OF SUBCUTANEOUS AND INTRACEREBROVENTRICULAR 
INJECTIONS OF ARGININE VASOPRESSIN IN THE RAT.  C .L .  
E h le r s * ,  T .K . R e e d * , C . L e b ru n * , and  G .F .  Koob (SPON:  
E . L . F .  B a t t e n b e r g ) .  D i v i s i o n  o f  N e u r o l o g y  a n d  
N e u ro s c ie n c e , S c r ip p s  C l i n i c  and  R e s e a rc h  F o u n d a t io n ,  La 
J o l l a ,  CA 92037.

S e v e ra l s tu d ie s  h av e  s u g g es ted  t h a t  a rg in in e  v a s o p r e s s in  
(AVP) may a c t  c e n t r a l l y  t o  p roduce  e le c tro p h y s io  l o g i c a l  and 
b e h a v io ra l  e f f e c t s .  However, th e r e  a r e  few  r e p o r t s  o f  EEG 
e f f e c t s  o f  AVP in  u n a n e s t h e t i z e d ,  aw ake a n i m a l s .  In  t h e  
p r e s e n t  s tu d y  43 a lb in o  r a t s  were s t e r e o t a x i c a l l y  im p la n te d  
w i t h  s k u l l  e l e c t r o d e s  a n d  w e r e  a s s i g n e d  t o  t h r e e  
e x p e r i m e n t a l  g r o u p s .  The f i r s t  g ro u p  (n = 1 4 )  r e c e i v e d  
s a l i n e / 6  µg AVP s u b c u ta n e o u s ly  (S .C .) , i n  a  d o s e  known to  
r a i s e  b lo o d  p r e s s u r e .  R ats in  th e  second g roup  (n=23) w ere  
im p lan ted  w ith  in t r a c e r e b r o v e n t r i c u la r  ( i . c .v )  c a n n u la e  f o r  
c e n t r a l  i n j e c t i o n s  o f  e i t h e r  s a l i n e  o r  b e h a v io r a l ly  r e l e v a n t  
d o s e s  o f  AVP ( 0 .1 ,  0 . 5 ,  o r  1 ng). A t h i r d  g ro u p  o f  r a t s  
(n=6 ) w ere a l s o  im p lan ted  w ith  i . c . v .  c a n n u l a e ,  b u t  w ere  
g iv e n  th r e e  c e n t r a l  i n j e c t i o n s  o f  h ig h  ( 1 . 0  µg) m u l t i p l e  
d o se s  o f  AVP (p u rp o rte d  to  c a u se  co n v u ls io n s) spaced 2 and 5 
d a y s  a p a r t .  S p e c t r a l  a n a l y s i s  was u t i l i z e d  to  u n c o v e r  
whe t h e r  s i g n i f i c a n t  (Mann Whitn e y - U  p  < .0 5 ) a m p l i t u d e  o r  
f re q u e n c y  c h a r a c t e r i s t i c s  o f  th e  EEG co u ld  b e  d i s c e r n e d .  A 
s i g n i f i c a n t  d o s e  r e l a t e d  d e c re a s e  i n  h ig h  fre q u e n c y  a c t i v i t y  
(16-32 Hz) was o b se rv ed  fo llo w in g  i . c . v .  i n j e c t i o n s  o f  0 .1 ,  
0 .5  and 1 ng o f  AVP. In  a d d i t i o n ,  a t  t h e  1 ng  d o s e ,  
s i g n i f i c a n t  d e c re a s e s  in  th e  2-8 Hz and 8 -16  Hz r a n g e s  w ere  
a l s o  n o te d .  Subcu taneous d o s e s  o f  AVP (6  µ g /k g ) p ro d u c e d  
some s i m i l a r i t i e s  to  th e  1 ng i . c . v .   d o se  w ith  d e c re a s e s  in  
t h e  2-4 Hz and 8 -1 6  Hz r a n g e  r e a c h in g  s i g n i f i c a n c e .  ICV 
a d m in is t r a t io n  o f  h ig h  ( 1 .0  µg) d o s e s  o f  AVP p ro d u c e d  an  
a p p a re n t  d e c re a s e  i n  e x p lo r a to r y  b e h a v io r , a s s o c i a t e d  w ith  
som e EEG s lo w  w a v e  a c t i v i t y  a n d  a  f l a t t e n i n g  o f  t h e  
a m p litu d e  o f  th e  s i g n a l s .  S ubsequen t ICV in j e c t io n s  d id  n o t 
p ro d u ce  an y  a d d i t io n a l  EEG c h a n g e s . H ovever, a  m ore p o te n t  
b e h a v io r a l  e f f e c t  was n o te d  w ith  som e a n im a l s  d i s p l a y i n g  
b a r r e l  r o l l i n g  o r co m p le te  b e h a v io ra l  a r r e s t .  These s tu d ie s  
s u g g e s t t h a t  s i n g l e  o r  m u l t i p l e  d o s e s  o f  AVP do n o t  p ro d u c e  
a n y  EEG s i g n s  o f  e p i l e p t i c  s e i z u r e s .  In  a d d i t i o n ,  t h e  
s i m i l a r i t y  in  EEG a c t i v i t y  betw een  s . c .  i n j e c t i o n s  and  th e   
1 . 0  ng i . c . v  d o s e  s u g g e s t  a  p a r a l l e l  m e c h a n is m  f o r  
p e r ip h e r a l  and c e n t r a l  a c t i o n s  o f  AVP. H o w ev er, t h e  EEG 
e f f e c t s  s e e n  fo llo w in g  lo w -d o se  c e n t r a l  in j e c t i o n s  ( 0 .5 ,  0 .1  
ng) a r e  s u p p o r t i v e  o f  a  d i r e c t  a c t i o n  o f  AVP on n e u r a l  
s u b s t r a t e s  o f  c o g n i t i v e /b e h a v io r a l  a c t i v i t y .  (S u p p o r te d  b y  
NINCDS G ran t 20912-01 and NSF g r a n t  INT 8215308 to  GFK.)

326.6   EFFECT OF VASOACTIVE INTESTINAL POLYPEPTIDE (V IP) ON THE 
NEURONE OF CAT PARASYMPATHETIC GANGLION.  T . A k asu * ,  
P . S h in n ic k - G a l l a g h e r  an d  J . P .  G a l l a g h e r . (SPON: P .M . Adams)  
D e p t . o f  P h a rm a c o lo g y , The U n i v e r s i t y  o f  T e x a s  M e d ic a l  
B ra n c h , G a lv e s to n ,  TX 77 5 5 0 .

I n t r a c e l l u l a r  an d  v o l ta g e - c l a m p  r e c o r d in g s  w e re  made fro m  
th e  n e u ro n s  o f  c a t  v e s i c a l  p a r a s y m p a th e t i c  g a n g l i a  (VPG).
The a p p l i c a t i o n  o f  v a s o a c t iv e  i n t e s t i n a l  p o ly p e p t i d e  (V IP) 
by  p r e s s u r e  e j e c t i o n  (4 -5  m se c , 1 8 -2 0  p s i )  th ro u g h  a  m ic r o 
p i p e t t e  p l a c e d  n e a r  t h e  r e c o r d in g  e l e c t r o d e  p ro d u c e s  a  lo n g -  
l a s t i n g  d e p o la r i z i n g  r e s p o n s e  ( 1 .5 - 3  m in ) i n  VPG n e u r o n s .
The m ean a m p l i tu d e  o f  VIP d e p o l a r i z a t i o n  w as 1 1 .3  ± 4mV 
(n =3 5 ) .  The d e p o l a r i z i n g  e f f e c t  o f  VIP w as d o s e - d e p e n d e n t .  
The minimum e f f e c t i v e  c o n c e n t r a t i o n  o f  V IP , 0 .05µM , p ro d u c e d  
0.5-2m V  d e p o l a r i z a t i o n s .  A p p a re n t  a f f i n i t y  c o n s t a n t  (Km) 
e s t im a te d  from  th e  d o u b le  r e c i p r o c a l  p l o t  o f  d o s e - r e s p o n s e  
r e l a t i o n s h i p  w as 2.5µM . The VIP d e p o l a r i z a t i o n  w as f r e 
q u e n t ly  a s s o c i a t e d  w i th  a c t i o n  p o t e n t i a l s  i n  q u i e s c e n t  
n e u ro n s  and  i n c r e a s e d  th e  f r e q u e n c y  o f  t h e  a c t i v i t y  i n  
s p o n ta n e o u s ly  f i r i n g  n e u r o n s .  The VIP d e p o l a r i z a t i o n  was 
a s s o c i a t e d  w i th  a n  i n c r e a s e  i n  m em brane r e s i s t a n c e .  The 
a m p l i tu d e  o f  VIP d e p o l a r i z a t i o n  was d e c r e a s e d  by  m em brane 
h y p e r p o l a r i z a t i o n  and  e v e n tu a l ly  r e v e r s e d  i t s  p o l a r i t y  a t  
- 9 6 .8  ± 1 1 .2mV ( n = 4 ) .  The r e v e r s a l  p o t e n t i a l  e s t i m a t e d  from  
V- I  c u rv e  w as - 8 9 .1  ± 8.3mV ( n = l l ) .  An e l e v a t i o n  o f  e x t e r n a l  
K+- d e p r e s s e d  th e  VIP d e p o l a r i z a t i o n  and  lo w e r in g  e x t e r n a l  
K+ i n c r e a s e d  th e  VIP d e p o l a r i z a t i o n .  The r e v e r s a l  p o t e n t i a l  
s h i f t e d  to  a  m ore n e g a tiv e  l e v e l  i n  a  low  K+  (0.5mM) s o l u t i o n ,  
w h i le  i t  s h i f t e d  to  a  m ore p o s i t i v e  l e v e l  i n  h ig h  K+ ( 10mM) 
s o l u t i o n .  V o l ta g e -c la m p  r e c o r d in g  show ed t h a t  VIP (5 µM) 
p ro d u c e d  a n  in w a rd  c u r r e n t  ( 0 .8 3  ± 0 . 3 1nA; n=8 ) a t  th e  
h o ld in g  p o t e n t i a l  o f  -60mV. The VIP (5µM) c u r r e n t  w as a c 
co m p an ied  by  a  d e c r e a s e d  m em brane c o n d u c ta n c e  ( 2 .8  ± 0 .7 n S ;  
n =6 ) . The r e v e r s a l  p o t e n t i a l  o f  VIP c u r r e n t  w as -1 0 5  ± 1 1 .3  
mV (n =3 ) . VIP h ad  no e f f e c t  on  th e  M c u r r e n t  (Brown & Adams, 
N a tu r e ,  2 8 3 , 6 7 3 ) .

T h e se  r e s u l t s  s u g g e s t  t h a t  VIP d e p o la r i z e d  th e  n e u ro n s  o f  
VPG by s u p p r e s s in g  r e s t i n g  K+ c o n d u c ta n c e .  The s i g n i f i c a n c e  
o f  VIP r e c e p t o r s  i n  VPG n e u ro n s  i s  n o t  know n, b u t  s in c e  VIP 
i s  p r e s e n t  i n  a f f e r e n t s  c o n ta in e d  i n  t h e  p e l v i c  n e rv e  an d  i s  
p r e s e n t  i n  some VPG n e u r o n s ,  i t  i s  p o s s i b l e  t h a t  VIP may 
s e r v e  a s  an  e x c i t a t o r y  t r a n s m i t t e r  i n  a  l o c a l  r e f l e x .
S u p p o r te d  by N S16228.
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326.7  THE EFFECTS OF PITUITARY NEUROPEPTIDES ON THERMOREGULATION 
AND FEVER IN THE CONSCIOUS RABBIT.  A.M. N a y lo r* ,  
W.D. Ruwe, W .L. V e a le  an d  M. C h r é t i e n * .   D e p a r tm e n t o f  
M e d ic a l  P h y s io lo g y ,  F a c u l t y  o f  M e d ic in e ,  U n i v e r s i t y  o f  
C a lg a r y ,  C a lg a r y ,  A l b e r t a  T2N 4N1 and  P r o t e i n  and  
P i t u i t a r y  Horm one L a b o r a to r y ,  C l i n i c a l  R e s e a rc h  I n s t i t u t e  
o f  M o n tr e a l ,  M o n tr e a l ,  Q uebec H2W 1R7.

A r g in in e  v a s o p r e s s i n  (AVP) h a s  b e e n  shown to  e x e r t  
m ark ed  th e r m o r e g u l a t o r y  a c t i o n s .  M ic r o in f u s io n  o f  t h i s  
p e p t i d e  a l t e r s  n o rm a l t h e r m o r e g u la to r y  f u n c t i o n  i n  t h e  
r a t ,  w h e re a s  p e r f u s i o n  o f  AVP a t t e n u a t e s  f e v e r  o f  
b a c t e r i a l  o r i g i n  i n  t h e  s h e e p .  T h is  w o rk  w as done to  
f u r t h e r  c h a r a c t e r i z e  t h e  a c t i o n s  o f  v a s o p r e s s in  on 
t e m p e r a tu r e  r e g u l a t i o n  i n  t h e  New Z e a la n d  W h ite  r a b b i t .  
I n  a d d i t i o n ,  hum an p i t u i t a r y  g l y c o p e p t id e  (HPG P), a  
p o s t u l a t e d  com p o n en t o f  t h e  p r e c u r s o r  o f  n e u ro p h y s in 
a r g i n i n e  v a s o p r e s s i n ,  w as ex am in ed  f o r  an y  s i m i l a r  a c t i o n s  
i n  t h i s  s p e c i e s .

S t a i n l e s s  s t e e l  g u id e  t u b e s  w e re  im p la n te d  ab o v e  th e  
v e n t r a l  s e p t a l  a r e a  an d  l a t e r a l  c e r e b r a l  v e n t r i c l e  (LCV) 
o f  m a le  r a b b i t s  u n d e r  p e n t o b a r b i t o l  a n a e s t h e s i a .  AVP 
( 0 .6 2 6 - 6 .5  µ g /m l)  an d  HPGP ( 6 .5 - 1 3 .0  µ g /m l)  w e re  p e r f u s e d  
(1 6 -3 0  µ l /m in )  i n t o  t h e  v e n t r a l  s e p t a l  a r e a ,  u t i l i z i n g  
p u s h - p u l l  c a n n u la e ,  i n  c o n ju n c t io n  w i th  i n t r a v e n o u s  ( iv )  
o r  i n t r a c e r e b r o v e n t r i c u l a r  ( i c v )  a d m i n i s t r a t i o n  o f  th e  
p y ro g e n  ( S . a b o r t u s  e q u i ) . When AVP w as p e r f u s e d ,  f e v e r  
w as r e d u c e d  w h e th e r  t h e  p y ro g e n  w as a d m in i s t e r e d  
s y s t e m i c a l l y  o r  c e n t r a l l y .  P e r f u s i o n  o f  t h e  v e h i c l e  o r  
AVP by  i t s e l f  h a d  no  m e a s u r a b le  e f f e c t  on  r e s t i n g  body 
t e m p e r a t u r e .  H o w ev er, when p y ro g e n  w as a d m in i s t e r e d  
d u r in g  p e r f u s i o n  w i t h  t h e  v e h i c l e  a lo n e ,  t h e  t y p i c a l  
b i p h a s i c  p y ro g e n  f e v e r ,  a c co m p a n ie d  by  p e r i p h e r a l  
v a s o c o n s t r i c t i o n ,  w as e v o k e d . C o n v e r s e ly ,  when HPGP was 
p e r f u s e d  s i m i l a r l y ,  an  u n u s u a l ,  lo n g  l a t e n c y  h y p e r th e rm ia  
w as e l i c i t e d .  The c h a r a c t e r i s t i c s  o f  t h i s  f e b r i l e  
r e s p o n s e ,  u n l i k e  t h a t  e v o k ed  by  p y ro g e n  a lo n e ,  in c lu d e d  
m a rk e d , w h o le  b o d y  s h i v e r i n g  b u t  n o t  v a s o c o n s t r i c t i o n .

I n  c o n t r a s t  t o  p r e v i o u s  r e p o r t s  c o n c e r n in g  th e  a c t i o n  
o f  AVP o n  th e r m o r e g u l a t i o n  an d  f e v e r  i n  t h e  r a b b i t ,  t h e s e  
r e s u l t s  s u g g e s t  t h a t  t h i s  p i t u i t a r y  n e u r o p e p t id e  h a s  
m ark ed  a n t i p y r e t i c  a c t i o n  i n  t h e  r a b b i t .  T h u s , i n  
a c c o r d a n c e  w i t h  p r e v i o u s  f i n d i n g s  t h a t  h a v e  e s t a b l i s h e d  
AVP a s  a n  e n d o g e n o u s  a n t i p y r e t i c  i n  t h e  s h e e p ,  r a t ,  and 
g u in e a  p i g ,  we c o n c lu d e d  t h i s  p e p t i d e  h a s  s i m i l a r  s i t e  
s p e c i f i c  a c t i o n s  i n  t h e  r a b b i t .

S u p p o r te d  b y  MRC (C an ad a) and  AHFMR.

326.8  THE MODULATORY ROLE OF PERIPHERAL VASOPRESSIN ON BEHAVIORAL 
HABITUATION IN THE RAT IS  MEDIATED BY SEPTAL REGULATION OF 
CA4-AREA DENTATA SENSITIVITY TO CENTRAL VASOPRESSIN.  
C e rb o n e , A .* and  S a d i l e ,  A .G .  I n s t . Human P h y s i o l .  & Med.Phy
s i c s ,  1 s t  M e d .S c h . ,  U n i v .N a p le s ,  N a p le s ,  I t a l y .

We h a v e  p r e v i o u s ly  shown a  f a c i l i t a t o r y  e f f e c t  o f  a s in 
g l e  p e r i p h e r a l  p o s t - t r i a l  i n j e c t i o n  o f  v a s o p r e s s i n  on lo n g 
te rm  b e h a v io r a l  h a b i t u a t i o n  (LT-HAB) to  a  n o v e l  en v iro n m en t 
i n  t h e  a l b i n o  r a t  ( S a d i l e ,  A .G . e t  a l . , A bh.A kad.W iss.D D R , 
5 : 2 0 3 , 197 9 ) ,  a t  d o s e s  w h ich  in d u c e d  n e i t h e r  p r o a c t iv e  e f 
f e c t s  on s e n s o r im o to r  c a p a c i t i e s  n o r  v i s c e r o - g u s t a t o r y  con
d i t i o n i n g  to  s w e e t  t a s t e .  The s t e e p  r e t r o g r a d e  h y p e rm n e s ic  
g r a d i e n t  r a i s e d  th e  p o s s i b i l i t y  o f  a  c l a s s i c a l  c o n d i t i o n in g  
e f f e c t  w i th  th e  n o v e l  e n v iro n m e n t a c t i n g  a s  CS and  some v i 
s c e r a l  VP e f f e c t  a s  UCS, an  h y p o t h e s i s  d e v e lo p e d  t h e n a f t e r  
by Le M o a l, M. e t  a l .  ( N a tu r e , 2 9 1 : 4 9 1 , 1 9 8 1 ) .  T h is  f a c i l i 
t a t o r y  e f f e c t  o f  p o s t - t r i a l  VP on LT-HAB tu r n e d  o u t  to  be a 
b i p h a s i c  o n e  w i t h  i n h i b i t i o n  a t  low  ( 4 .4 n g . 100g m -1 , b .w t . )  
an d  f a c i l i t a t i o n  a t  h i g h e r  d o s e s  (4 4  o r  4 4 0 n g ) ,  w h ic h  sug
g e s t e d  a  m o d u la to ry  e f f e c t  o f  p e r i p h e r a l  VP, a t  l e a s t  upon 
t h i s  m odel o f  b e h a v io r a l  p l a s t i c i t y .  F u r th e r m o r e ,  t h e  d i f f e 
r e n t i a l  d o s e - r e s p o n s e  p r o f i l e  i n  r a t s  o f  N a p le s  H ig h  (NHE) 
and  Low E x c i t a b l e  (NLE) s t r a i n s  ( S a d i l e ,  A .G . e t  a l . , Neuro
s c i .  L e t t . ,  S7: 5 1 , 1 9 8 1 ) , d i f f e r i n g  i n  b e h a v io r a l  a r o u s a l  to  
s p a t i a l  n o v e l t y  ( S a d i l e ,  A .G . e t  a l . , S o c .  N e u r o s c i .  A b s t r . , 9 : 
6 4 3 ,  1 9 8 3 )  a n d  th e  a b i l i t y  o f  m i c r o p r e s s u r e  a p p l i e d  v a so 
p r e s s i n  t o  e l i c i t  DC s lo w  f i e l d  d e p o l a r i z a t i o n  o f  CA 4-area 
d e n t a t a  e l e m e n t s  ( lp g  to  10n g ) , s u g g e s t e d  th e  m o d u la to ry  
e f f e c t  o f  VP on b e h a v io r  t o  b e  m e d ia te d  by  t u n in g  o f  n e u ro 
n a l  e x c i t a b i l i t y , t h r o u g h  a c t i v a t i o n  o f  " h ig h  a f f i n i t y " i n  
v iv o  s y s te m s  f o r  VP, a t  l e a s t  a t  t h e  e n t o r h i n o - d e n t a t e  in 
t e r f a c e  s tu d i e d  ( S a d i l e ,  A .G . e t  a l , . B eh av . B r a in  R e s . , 5 : 
1 1 7 , 1 9 8 2 ) .  M o re o v e r , s u b c h ro n ic  e l e v a t i o n  o f  p la sm a  VP in 
c r e a s e d  t h e  s e n s i t i v i t y  o f  h ip p o c a m p a l  C A 4 -a re a  d e n t a t a  to  
V P -in d u c ed  s lo w  f i e l d  d e p o l a r i z a t i o n ,  s u g g e s t i n g  a  p o s i t i v e  
f e e d - b a c k  b e tw e e n  p e r i p h e r a l  VP a n d  h ip p o c a m p a l s e n s i t i v i t y  
t o  c e n t r a l  VP ( S a d i l e ,  A .G ., S o c .N e u r o s c i .A b s t r . , 8 : 367,  
1 9 8 2 ) , w h ic h  was a b o l i s h e d  by e l e c t r o l y t i c  l e s i o n  o f  m e d ia l  
s e p t a l  n u c le u s  (M S N )(in  p r e p a r a t i o n ) . F i n a l l y ,  t h e  i n a b i l i 
t y  o f  c e n t r a l  o r  p e r i p h e r a l  VI v a s o p r e s s o r  r e c e p t o r  a n ta g o 
n i s t  n(CH 2 ) 5M eTyr AVP to  b lo c k  th e  e f f e c t  o f  p e r i p h e r a l  VP 
upo n  LT-HAB to  s p a t i a l  n o v e l t y ,  seem s to  r u l e  o u t  t h e  in v o l 
vm ent o f  t h i s  VP r e c e p t o r  ty p e  i n  lo n g - t e r m  b e h a v io r a l  h a b i 
t u a t i o n .  O ur e x p e r i m e n t a l  e v id e n c e  s u p p o r t s  t h e  h y p o th e s i s  
o f  a  m o d u la to r y  r o l e  o f  p e r i p h e r a l  VP u p o n  s e n s i t i v i t y  o f 
h ip p o cam p u s  t o  c e n t r a l  VP o r  i t s  f ra g m e n ts  (B u r b a c h ,  J .P .H .  
e t  a l , S c i e n c e , 2 2 1 : 1 3 1 0 , 1 9 8 3 ) , th ro u g h  t h e  s e p t a l  i n p u t .

326 .9  CHARACTERIZATION OF THE THERMOREGULATORY EFFECT OF 
ARGININE VASOPRESSIN IN THE RAT.  W.D. Ruwe, A.M. N a y lo r*  
an d  W .L. V e a l e .  D e p a r tm e n t o f  M e d ic a l  P h y s io lo g y ,  F a c u l ty  
o f  M e d ic in e ,  U n i v e r s i t y  o f  C a lg a r y ,  C a lg a ry ,  A l b e r t a ,  
C an ad a  T2N 4N 1.

A r g in in e  v a s o p r e s s i n  (AVP) h a s  b e e n  show n to  h a v e  a 
v a r i e t y  o f  e f f e c t s  on  t h e r m o r e g u l a t i o n  i n  t h e  r a t  
i n c l u d i n g  h y p o th e r m ia  an d  h y p e r th e r m ia .  I n  a d d i t i o n ,  i n  
o t h e r  s p e c i e s  AVP h a s  b e e n  show n t o  s u p p r e s s  f e v e r  o f  
b a c t e r i a l  o r i g i n .  The p r e s e n t  s tu d y  w as u n d e r ta k e n  to  
m o re  f u l l y  c h a r a c t e r i z e  t h e  t h e r m o r e g u la to r y  a c t i o n  o f  
t h i s  n e u r o p e p t i d e . '

M a le , Long E v an s  r a t s  (2 8 0 -3 2 5  g) w e re  a n a e s t h e t i z e d  
w i t h  p e n t o b a r b i t o l  an d  s t a i n l e s s  s t e e l  g u id e  t u b e s  w e re  
im p la n te d  a b o v e  t h e  v e n t r a l  s e p t a l  a r e a  an d  t h e  l a t e r a l  
c e r e b r a l  v e n t r i c l e  (LCV ). B i l a t e r a l  m ic r o i n j e c t i o n s  o f  
100  n g / 0 .5  µ l  AVP i n t o  t h e  v e n t r a l  s e p t a l  a r e a  ev o k ed  a 
m ark ed  h y p e r th e r m ia  o f  m ore th a n  1 C w i t h i n  60 m in u te s  
a f t e r  m i c r o i n j e c t io n .  T h is  i n c r e a s e  i n  c o re  t e m p e r a tu r e   
w as p a r t i a l l y  a n ta g o n iz e d  by  t h e  p r i o r  a d m i n i s t r a t i o n  o f  a  
v a s o p r e s s o r  a n t a g o n i s t  d(CH2)5  D -T yr V AVP. I n  c o n f i r m a 
t i o n  o f  e a r l i e r  r e p o r t s ,  i n f u s i o n  o f  1 .0  µ g /1 0  µ l  o f  AVP 
i n t o  t h e  LCV e v o k e d  a  s h o r t - l i v e d  h y p o th e rm ia  o f  a p p r o x i 
m a te ly  1 .0 º C. S i t e s  o f  t h e  r o s t r a l  d ie n c e p h a lo n  a t  w h ic h  
P r o s t a g l a n d i n  E2 (PGE2) e v o k e d  a  h y p e r th e rm ic  r e s p o n s e  
w e re  i d e n t i f i e d  b y  m ic ro  i n j e c t i n g  100 n g / 0 .5  µ l  o f  t h i s  
th e r m o g e n ic  a g e n t  S u b s e q u e n t  p u s h - p u l l  p e r f u s io n  o f  AVP 
( 6 .5  µ g /m l a t  1 6 .0  µ l /m in )  i n  t h e s e  s i t e s  w as e f f e c t i v e  i n  
a t t e n u a t i n g  t h e  h y p e r th e r m ic  r e s p o n s e  to  a n  i n t r a c e r e b r o 
v e n t r i c u l a r  ( i c v )  a d m i n i s t r a t i o n  o f  t h i s  p u t a t i v e  m e d ia to r  
o f  f e v e r  ( 2 .0  µ g /1 0  µ l ) .

T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  e f f e c t s  o f  AVP on  th e  
t h e r m o r e g u l a t o r y  s y s te m  a r e  d e p e n d e n t  upo n  t h e  s i t e  and  
r o u t e  o f  a d m i n i s t r a t i o n .  M o re o v e r , u s e  o f  t h e  p u s h - p u l l  
p e r f u s i o n  t e c h n i q u e ,  w h ic h  may m ore c l o s e l y  a p p ro x im a te  
t h e  i n  v iv o  r e l e a s e  o f  n e u r o t r a n s m i t t e r s ,  o f f e r s  c o n f i r m a 
t o r y  e v id e n c e  t h a t  AVP may b e  i n v o lv e d  i n  t h e  s u p p r e s s io n  
o f  f e v e r .

S u p p o r te d  b y  MRC (C an ad a) an d  AHFMR. The a u th o r s  th a n k  
D r. M. M anning  f o r  k i n d ly  s u p p ly in g  t h e  AVP a n t a g o n i s t .

3 2 6 .10  SEX AND ESTROUS CYCLE DIFFERENCES IN NEUROPEPTIDE 
CONCENTRATION IN DISCRETE BRAIN REGIONS AND 
POSTERIOR PITUITARY OF THE RAT.  M. F r a n k f u r t ,  R.  
A. S i e g e l * ,  I .  S i m * ,  a n d  W. W u t t k e * ,  Ge r man  
P r i m a t e  C e n t e r ,  3 4 0 0 ,  G o e t t i n g e n ,  FRG.

M o r p h o l o g i c a l  an d  b i o c h e m i c a l  s e x  d i f f e r e n c e s  
h a v e  b e e n  r e p o r t e d  i n  s e v e r a l  r a t  b r a i n  r e g i o n s  
( G o r s k i ,  e t  a l . ,  J .  Comp.  N e u r o l . ,  1 9 3 :  5 2 9 - 5 3 9 ,  
1 9 7 9 ;  L u i n e  a n d  McEwen,  N e u r o e n d o c r i n o l g y , 3 6 :  
4 7 5 - 4 8 2 ,  1 9 8 3 ) .  T h e s e  a r e  t h o u g h t  t o  r e s u l t  f r om 
n e o n a t a l  e x p o s u r e  t o  g o n a d a l  s t e r o i d s .  F u r t h e r 
m o r e ,  n e u r o n a l  s y s t e m s  i n  t h e  a d u l t  r a t  a p p e a r  t o  
be  i n f l u e n c e d  by g o n a d a l  s t e r o i d s .  T h e r e f o r e ,  i n  
t h e  p r e s e n t  s t u d y  we h a v e  e x a m i n e d  s e x  a n d  e s t 
r o u s  c y c l e  d i f f e r e n c e s  i n  c h o l e c y s t o k i n i n  (CCK) 
a n d  s u b s t a n c e  P ( S P )  i n  d i s c r e t e  b r a i n  r e g i o n s .

Ma l e  (M) a n d  f e m a l e  ( d i e s t r o u s ,  D; e s t r o u s ,  E;  
p r o e s t r o u s ,  P)  r a t s  w e r e  d e c a p i t a t e d  a n d  t h e  
b r a i n ,  m e d i a n  e m i n e n c e  (ME) a n d  p o s t e r i o r  p i t u i t 
a r y  ( PP )  r e m o v e d  t o  l i q u i d  n i t r o g e n .  B r a i n  a r e a s  
w e r e  m i c r o d i s s e c t e d  f r o z e n  a n d  t i s s u e  e x t r a c t e d  
f o r  n e u r o p e p t i d e  r a d i o i m m u n o a s s a y .  D a t a  w e r e  
a n a l y z e d  by a n a l y s i s  o f  v a r i a n c e  o r  K r u s k a l  H - t e s t  
f o l l o w e d  by t - t e s t s .

CCK c o n c e n t r a t i o n s  w e r e  a p p r o x i m a t e l y  2 f o l d  
h i g h e r  i n  M t h a n  D f e m a l e s  i n  t h e  d i a g o n a l  b a n d  
o f  B r o c a ,  m e d i a l  p r e o p t i c  a r e a ,  v e n t r o m e d i a l  h y p o 
t h a l a m i c  a r e a ,  v e n t r a l  t e g m e n t a l  a r e a ,  e n t o r h i n a l  
a n d  c e r e b r a l  c o r t e x .  No s e x  d i f f e r e n c e s  i n  SP 
w e r e  o b s e r v e d  i n  t h e s e  a r e a s .  I n  t h e  l a t e r a l  s e p 
t u m ,  a m y g d a l a  a n d  p e r i v e n t r i c u l a r  g r e y  CCK was  
l o w e r  i n  P t h a n  i n  D. SP was  l o w e r  i n  P t h a n  i n  
b o t h  E a n d  D i n  t h e  l a t e r a l  s e p t u m ,  m e d i a l  s e p t u m ,  
l a t e r a l  p r e o p t i c  a r e a  a n d  m e d i a l  p r e o p t i c  a r e a .
I n  t h e  p e r i v e n t r i c u l a r  g r e y  a n d  v e n t r a l  t e g m e n t a l  
a r e a  SP was  l o w e r  i n  P t h a n  i n  D.

S i g n i f i c a n t  s e x  d i f f e r e n c e s  i n  CCK a n d  LH-RH 
w e r e  o b s e r v e d  i n  t h e  ME, w h i l e  SP a n d  s o m a t o 
s t a t i n  w e r e  u n c h a n g e d .  I n  t h e  PP,  o x y t o c i n  was  2 
f o l d  h i g h e r  i n  D t h a n  i n  M.

T a k e n  t o g e t h e r  t h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  
n e u r o p e p t i d e  t r a n s m i t t e r s  may be  i n v o l v e d  i n  s e x 
u a l  d i f f e r e n t i a t i o n  a s  w e l l  a s  g o n a d a l  s t e r o i d  
f e e d b a c k .
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326.11  ARGININE VASOPRESSIN (AVP) ALTERS THE MORPHOLOGY  
OF THE RAT CHOROID PLEXUS (CP) IN VITRO T. M.  
L is z c z a k ,  P .M cl. B lacky, L. F o le y , * N e u ro su rg ic a l  
S e r v ic e ,  M a ss .G e n e ra l H o s p ita l  & H arvard  M ed ical 
S c h o o l, B o s to n ,M ass. 02114. We have p r e v io u s ly  
shown t h a t  i n t r a v e n t r i c u l a r  a r g in in e  v a s o p re s s in  
(AVP) in c r e a s e s  c e r e b r o s p in a l  f l u i d  (CSF) 
a b s o rp t io n  in  th e  r a b b i t  b u t does n o t  change CSF 
f o rm a t io n .  As th e  c h o ro id  p le x u s  may be in v o lv e d  
in  b o th  fo rm a tio n  and a b s o rp t io n  o f  CSF, th e  
p r e s e n t  s tu d y  was u n d e r ta k e n  to  e v a lu a te  
m o rp h o lo g ic a l ch an g es s u g g e s t in g  w a te r  t r a n s p o r t  
in  th e  c h o ro id  p le x u s  exposed  to  AVP. C horoid 
p le x u s  was r a p i d l y  removed from  67 r a t s  and 
in c u b a te d  w ith  10-8  t o  10-12 m olar AVP in  Hanks 
b a la n c e d  s a l t  s o l u t i o n  f o r  one to  two h o u rs  a t  
24 °C. T hese c o n c e n t r a t io n s  c o rre sp o n d  to  11 ,100  
t o  1 .1 1  p g /m l. T here  w ere 3 c o n t r o l  g ro u p s : 
a n im a ls  whose c h o ro id  p le x u s  was in c u b a te d  in  AVP 
d i l u e n t ,  and a n im a ls  in c u b a te d  w ith  th e  same 
c o n c e n t r a t io n s  o f  o x y to c in ,  and ly s in e  
v a s o p r e s s in .  A f te r  i n c u b a t io n ,  t i s s u e s  w ere 
f ix e d  w ith  2 .5 %  g lu t a r a ld e h y d e , and p o s t f ix e d  
w ith  osmium t e t r o x i d e .  Some w ere c r i t i c a l  p o in t  
d r i e d  and p re p a re d  f o r  sc a n n in g  e l e c t r o n  
m ic ro sc o p y , o th e r s  w ere embedded in  E pon-812, 
s e c t io n e d  and exam ined by t r a n s m is s io n  e l e c t r o n  
m ic ro sc o p y . S t r i p s  o f  c h o ro id  p le x u s  c o n ta in in g  
100  c e l l s  w ere exam ined in  each  in c u b a t io n  f l u id  
f o r  e v id e n c e  o f  l a t e r a l  o r  s u b c e l l u l a r  f l u id  
a c c u m u la tio n . T here  was a ro u n d in g  o f  c h o ro id  
p le x u s  e p i t h e l i a l  c e l l s  and an a c c u m u la tio n  o f  
f l u i d  in  th e  l a t e r a l  and s u b c e l l u la r  sp a c e s  w ith  
in c u b a t io n  in  1 0 -8 , 10-9 and 10-12 (1 .1 1  p g /m l) 
m o lar AVP. T hese ch an g es w ere n o t  se en  in  c h o ro id  
p le x u s  in c u b a te d  w ith  ly s in e  v a s o p re s s in ,  
o x y to c in ,  o r  d i l u e n t .  T hese d a ta  su g g e s t  t h a t  
a r g in in e  v a s o p re s s in  may c a u se  f l u i d  a b s o rp t io n  
in  th e  c h o ro id  p l e x u s .

3 2 6 . 1 2   NOREPINEPHRINE-LIKE EFFECTS OF NEUROPEPTIDE Y (NPY) AND 
HUMAN PANCREATIC POLYPEPTIDE ( h P P )  ON LH RELEASE.  S a t y a   
P .  K a l r a *  a n d  W i l l i a m  R .  C r o w l e y * (S P ON: G.  F r e u n d ) Dept. 
o f  Ob - Gy n , U n i v .  F l a .  Co l .  M e d . ,  G a i n e s v i l l e ,  F L ,  3 2 6 1 0  
a n d  D e p t . o f  P h a r m a c o l  U n i v .  T e n n .  C o l .  M e d . ,  M e m p h i s ,  TN 
3 8 1 6 3

R e c e n t  i m m u n o c y t o c h e m i c a l  m a p p i n g  s t u d i e s  h a v e  r e v e a l e d  
o v e r l a p p i n g  d i s t r i b u t i o n  p a t t e r n s  f o r  NPY a n d  LH r e l e a s i n g  
h o r m o n e  n e u r o n s  a n d  a l s o  t h e  c o e x i s t e n c e  o f  NPY a n d  a d r e 
n e r g i c  t r a n s m i t t e r s  i n  n e u r o n s  i n  t h e  h y p o t h a l a m u s .  S i n c e  
a d r e n e r g i c  a g o n i s t s  e x e r t  p r o f o u n d  e f f e c t s  on  LH s e c r e 
t i o n ,  we h a v e  i n v e s t i g a t e d  w h e t h e r  NPY a n d  h P P ,  a  p o l y p e p 
t i d e  w i t h  c o n s i d e r a b l e  a m i n o  a c i d  s e q u e n c e  h o m o l o g i e s  w i t h  
NPY, may h a v e  n o r e p i n e p h r i n e - l i k e  e f f e c t s  on LH r e l e a s e .  
O v a r i e c t o m i z e d  r a t s  w e r e  i m p l a n t e d  w i t h  p e r m a n e n t  c a n n u l a e  
i n  t h e  t h i r d  v e n t r i c l e  o f  t h e  b r a i n  a n d  a l l o w e d  t o  r e c o v e r  
f o r  tw o  w e e k s .  T h e y  w e r e  d i v i d e d  i n t o  2 g r o u p s :  o n e  g r o u p  
w a s  l e f t  u n t r e a t e d  (O v x )  a n d  t h e  o t h e r  w a s  p r i m e d  w i t h  e s 
t r a d i o l  b e n z o a t e  ( E B ,  30  µ g / r a t )  a n d  p r o g e s t e r o n e  ( P ,  15 
m g / r a t ) .  Two d a y s  l a t e r ,  t h e  e f f e c t s  o f  i n t r a v e n t r i c u l a r  
NPY o r  hPP i n  s a l i n e  a n d  s a l i n e  a l o n e  ( c o n t r o l )  on  LH l e v 
e l s  w e r e  a s s e s s e d  i n  b l o o d  s a m p l e s  w i t h d r a w n  a t  0 ,  1 0 , 2 0 ,  
3 0  a n d  60  m in  f r o m  i n t r a j u g u l a r  c a n n u l a e .  NPY a n d  hPP 
( 0 . 5  o r  2 . 0  µ g)  p r o d u c e d  m a r k e d  d e c r e a s e s  i n  p l a s m a  LH 
l e v e l s  w i t h i n  1 0 - 2 0  m i n  i n  Ovx r a t s .  T h e  d e c r e a s e  i n  LH 
l e v e l s  d i s p l a y e d  a n  " a l l  o r  n o n e "  c h a r a c t e r i s t i c  s i n c e  t h e  
l o w  d o s e  ( 0 . 1  µg)  w a s  c o m p l e t e l y  i n e f f e c t i v e  w h i l e  h i g h e r  
d o s e s  o f  0 . 5 - 2 . 0  µg a t t e n u a t e d  LH r e l e a s e  i n  a  s i m i l a r  
m a n n e r .  I n  c o n t r a s t ,  NPY a n d  hPP r e a d i l y  s t i m u l a t e d  LH 
r e l e a s e  i n  E B P - p r i m e d  Ovx r a t s .  hPP ( 2  a n d  10  µg)  s i g n i 
f i c a n t l y  i n c r e a s e d  c i r c u l a t i n g  LH l e v e l s  a t  10 m i n  i n  a  
d o s e - r e l a t e d  f a s h i o n .  NPY w a s  m o r e  e f f e c t i v e  t h a n  hPP 
s i n c e  s i m i l a r  d o s e - r e l a t e d  i n c r e m e n t s  i n  p l a s m a  LH l e v e l s  
w e r e  s e e n  a t  d o s e s  o f  0 . 5  t o  2 . 0  µg a n d  t h e r e a f t e r ,  t h e  
r e s p o n s e  p l a t e a u e d  a s  5 t i m e s  h i g h e r  c o n c e n t r a t i o n s  o f  NPY 
f a i l e d  t o  f u r t h e r  a u g m e n t  LH r e l e a s e .  T h e s e  s t u d i e s  show  
t h a t  t h e  o v a r i a n  s t e r o i d  m i l i e u  may d i c t a t e  t h e  d i r e c t i o n  
o f  NPY o r  h P P - i n d u c e d  LH r e s p o n s e  i n  a  m a n n e r  s i m i l a r  t o  
t h a t  o b s e r v e d  a f t e r  i n t r a v e n t r i c u l a r  i n j e c t i o n  o f  n o r 
e p i n e p h r i n e  a n d  t h e y  f u r t h e r  r a i s e  t h e  p o s s i b i l i t y  t h a t  
NPY may p a r t i c i p a t e  i n  t h e  h y p o t h a l a m i c  r e g u l a t i o n  o f  LH 
r e l e a s e  e i t h e r  i n d e p e n d e n t l y  o r  i n  c o n c e r t ,  w h e n  c o - r e 
l e a s e d ,  w i t h  a d r e n e r g i c  t r a n s m i t t e r s .

( S u p p o r t e d  by NIH HD 0 8 6 3 4  a n d  0 0 3 6 6 ) .

326.13  ACTION OF OVARIAN HORMONES ON THE SENSITIVITY OF MIDBRAIN
CENTRAL GRAY NEURONS TO LHRH.  A. C han* , C .A . D u d ley  and  R .L . 
M oss (SPON :R . T i n d a l l ) .   D e p t .  P h y s i o l . ,  UTHSCD, D a l l a s ,  TX 
75 2 3 5 .

The m id b r a in  c e n t r a l  g r a y  (MCG) h a s  b e e n  i m p l i c a t e d  in  
t h e  e x p r e s s io n  o f  m a t in g  b e h a v io r  i n  f e m a le  r a t s .  S in c e  m i
c r o i n f u s i o n  o f  l u t e i n i z i n g  h o r m o n e - r e l e a s in g  horm one (LHRH) 
i n t o  t h e  MCG h a s  b e e n  r e p o r t e d  t o  in d u c e  m a t in g ,  an d  s in c e  
b i o a c t i v e  LHRH, im m u n o a c tiv e  LHRH, an d  n e u ro n s  s e n s i t i v e  t o  
LHRH h a v e  a l s o  b e e n  r e p o r t e d  t o  b e  p r e s e n t  i n  MCG, t h e  e n 
d o g e n o u s  d e c a p e p t id e  c o u ld  b e  e s s e n t i a l  f o r  m e d ia t in g  fe m a le  
s e x u a l  b e h a v io r .  The p r e s e n t  e x p e r im e n t  was d e s ig n e d  to  
s tu d y  t h e  i n f l u e n c e  o f  o v a r i a n  h o rm o n e s , e s t r o g e n  (E) and  
p r o g e s t e r o n e  ( P ) , on  t h e  s e n s i t i v i t y  o f  MCG n e u ro n s  t o  i o n 
t o p h o r e t i c a l l y  a p p l i e d  LHRH i n  u r e th a n e  a n e s t h e t i z e d ,  o v a r i 
e c to m iz e d  (OVX) f e m a le  r a t s .  E x t r a c e l l u l a r  p o t e n t i a l s  w ere  
r e c o r d e d  v i a  a  4 M N a C l - f i l l e d  c e n t e r  b a r r e l  (3 -8  MΩ) o f  a 
m u l t i - b a r r e l l e d  m ic r o p i p e t t e .  The o u t e r  b a r r e l s  c o n ta in e d  
one  o f  t h e  f o l l o w in g  c h e m ic a l s :  (1) LHRH (1 mM, pH 5 - 6 ) ,  (2) 
do p am in e  ( 0 .5  M, pH 3 - 4 ) ,  an d  (3 ) p r o l a c t i n  ( 0 .1  mM, pH 7 . 6 ) .  
The r e s u l t s  a r e  su m m arized  b e lo w :

T re a tm e n t A g en t 
io n to p h o 

r e s e d :

Number o f  
MCG n e u ro n s  

t e s t e d
↑ ↓ →

n % n % n %
E-P  P rim e d p r o l a c t i n 33 6 18 3 9 24 73
OVX r a t s d o p am in e 31 4 13 7 23 20 73
(n = 8 6 ) LHRH 32 3 9 1 3 41 16 50
U n t r e a t e d p r o l a c t i n 35 4 11 1 3 30 86
OVX r a t s do p am in e 19 0 0 3 16 16 84
(n= 61) LHRH 31 0 0 1 3 30 97

A t o t a l  o f  147 s i n g l e  n e u ro n s  w ere  r e c o r d e d  and  h i s t o l o g i c a l 
l y  l o c a l i z e d  i n  MCG. The m ean f i r i n g  r a t e  o f  MCG n e u ro n s  
was t h e  same i n  horm one p r im e d  and  n o n -p r im e d  a n im a ls .  F u r 
t h e r  a n a l y s i s  o f  t h e  r e s u l t s  i n d i c a t e s  t h a t  t h e r e  was a  s i g 
n i f i c a n t l y  h i g h e r  (p < 0 .0 0 1 )  p e r c e n t a g e  o f  MCG n e u ro n s  dem on
s t r a t i n g  an  i n h i b i t o r y  r e s p o n s e  t o  i o n t o p h o r e t i c a l l y  a p p l i e d  
LHRH i n  E-P  OVX r a t s  t h a n  i n  u n t r e a t e d  OVX r a t s .  S uch  a  d i f 
f e r e n c e  was n o t  o b s e rv e d  w i th  r e s p e c t  t o  p r o l a c t i n  an d  d o p a 
m in e . The ab o v e  f i n d i n g s  p r o v id e  e v id e n c e  a t  t h e  e l e c t r o 
p h y s i o l o g i c a l  l e v e l  t h a t  o v a r i a n  ho rm o n es m o d u la te  t h e  r e 
s p o n s iv e n e s s  o f  MCG n e u ro n s  t o  LHRH. The m o d u la to ry  e f f e c t  
was s p e c i f i c  i n  t h a t  r e s p o n s i v e n e s s  t o  do p am in e  and  p r o l a c 
t i n  was u n c h a n g e d . The r e s u l t s  s u g g e s t  t h a t  MCG n e u ro n s  a r e  
m ore s e n s i t i v e  t o  LHRH when t h e  h o rm o n a l s t a t u s  o f  t h e  a n im a l 
i s  t h a t  w h ich  o c c u r s  d u r in g  s e x u a l  h e a t .

S u p p o r te d  by  NIH G r a n ts  HD11814 an d  N S10434.
* P r e s e n t  a d d r e s s :  D ep t Pharm , U niv  M is s ,  J a c k s o n ,  MS.

326.14  DIFFERENTIAL ACTIONS OF LHRH AND ITS BEHAVIORALLY ACTIVE  
FRAGMENT ON HYPOTHALAMIC NEURONAL ACTIVITY.  C .A . D u d le y , M .J . 
T w ery , and  R .L . M o ss .  D e p t .  P h y s i o l . ,  UTHSCD, D a l l a s ,  TX 
75235 .

A f ra g m e n t o f  t h e  LHRH m o le c u le ,  Ac-LHRH5 - 1 0 , f a c i l i t a t e s  
m a tin g  b e h a v io r  i n  t h e  fe m a le  r a t  w h i le  h a v in g  no e f f e c t  on 
LH r e l e a s e .  The p r e s e n t  s tu d y  was d e s ig n e d  t o  com pare  t h e  
a c t i o n  o f  Ac-LHRH5 -1 0  and  LHRH on s i n g l e  u n i t  a c t i v i t y  i n  
t h e  m e d ia l  b a s a l  h y p o th a la m u s  and  t o  a s s e s s  t h e  i n f l u e n c e  o f  
e x o g e n o u s ly  a d m i n i s t e r e d  e s t r a d i o l  b e n z o a te  (EB) on t h i s  a c 
t i o n .  S in g le  u n i t  a c t i v i t y  was r e c o r d e d  th ro u g h  th e  c e n t e r  
b a r r e l  (4M NaC l) o f  a  m u l t i b a r r e l l e d  g l a s s  m ic r o p ip e t t e  
w h ich  was lo w e re d  th ro u g h  t h e  d o r s o m e d ia l  (DM) and  v e n t r o 
m e d ia l  (VM) h y p o th a la m u s  (H) o f  u r e t h a n e  a n e s t h e t i z e d ,  o v a r 
i e c to m iz e d  fe m a le  r a t s .  Ac-LHRH5-1 0  (ImM) and  LHRH (ImM) 
w ere  i o n to p h o r e s e d  th ro u g h  t h e  o u t e r  b a r r e l s .  A t o t a l  o f  
115 n e u ro n s  w ere  t e s t e d  w i th  t h e  f r a g m e n t ,  101 w ere  t e s t e d  
w i th  LHRH, and  80 w ere  t e s t e d  w i th  b o t h .  The num ber o f  n e u 
ro n s  e x c i t e d  ( ↑ ) ,  i n h i b i t e d  ( ↓) ,  o r  n o n - r e s p o n s iv e  (→) t o  
t h e  tw o d ru g s  i s  t a b l e d  b e lo w . In  n o n -p r im e d  a n im a ls ,  t h e  
m a j o r i t y  o f  n e u ro n s  w ere  n o t  a f f e c t e d  by e i t h e r  a g e n t .  EB 
p r im in g  r e s u l t e d  i n  a  s h i f t  i n  s e n s i t i v i t y  t o  Ac-LHRH5 - 1 0 , 
from  t o  4 , i n  b o th  t h e  DMH and  VMH. A s i m i l a r  s h i f t  i n  
s e n s i t i v i t y ,  i n  r e s p o n s e  t o  LHRH was o b s e rv e d  o n ly  i n  t h e  
VMH. In  n o n -p r im e d  a n im a ls ,  a  s m a l l  p e r c e n ta g e  o f  n e u ro n s  
r e s p o n d e d  d i f f e r e n t l y  t o  t h e  two a g e n ts  (e g :  Ac-LHRH5- 10↓ ;  
LHRH→) . EB p r im in g  i n c r e a s e d  t h e  p e r c e n t a g e  o f  VMH, b u t  n o t

Ac-LHRH5-10 LHRH
(n ) t e s t e d  w i th  
b o t h ,  % r e s p o n d 
in g  d i f f e r e n t l y↑ ↓ → ↑ ↓ →

Non-
DMH 3 5 27 0 7 24 ( 21) 2 7 .2

primed VMH 2 8 23 2 8 19 ( 22 ) 2 8 .5
N=13

EB DMH 1 8 14 2 2 16 (19) 3 1 .5
p r im e d VMH 2 11 11 2 14 5 (18) 5 5 .5
N=12

DMH, n e u ro n s  e x h i b i t i n g  d i f f e r e n t i a l  r e s p o n s e s .  The r e s u l t s  
d e m o n s t r a te  t h a t  Ac-LHRH5-10  can  a f f e c t  h y p o th a la m ic  n e u ro n 
a l  a c t i v i t y ,  t h a t  t h e  n e u ro n a l  r e s p o n s e  t o  t h e  f ra g m e n t  can  
b e  d i f f e r e n t  from  th e  r e s p o n s e  t o  LHRH, and  t h a t  t h e  a c t i o n  
o f  b o th  a g e n ts  i s  m o d u la te d  b y  EB. EB i n c r e a s e d  d i f f e r e n 
t i a l  r e s p o n d in g  i n  t h e  VMH b u t  n o t  i n  t h e  DMH. S t u d ie s  a t 
t e m p t in g  t o  i s o l a t e  n e u ro n s  in v o lv e d  i n  LH r e l e a s e  from  
t h o s e  i n v o lv e d  i n  m a tin g  b e h a v io r  on t h e  b a s i s  o f  p r o j e c t i o n  
p a th w a y s  an d  r e s p o n s i v e n e s s  t o  t h e  b e h a v i o r a l l y  a c t i v e  f r a g 
m ent a r e  p r e s e n t l y  i n  p r o g r e s s .  S u p p o r te d  by  NIH NS 10434 .
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526.15  SUBSTANCE P-LIKE PEPTIDE IN PREGANGLIONIC PARASYMPATHETIC 
NERVE TERMINALS OF THE BULLFROG.  C.W. B o w e rs , L .Y . J a n  
a n d  Y .N . J a n .   D e p a r tm e n t o f  P h y s io lo g y ,  UCSF, 9 4 1 4 3 .

The p r e g a n g l io n i c  t e r m in a l s  o f  th e  p a r a s y m p a th e t i c  
g a n g l i a  i n  t h e  b u l l f r o g  a t r i a l  se p tu m  e x h ib i t e d  i n t e n s e  
s t a i n i n g  f o r  s u b s ta n c e  P (S P ) u s in g  r o u t i n e  im m u n o h is to 
c h e m ic a l  m e th o d s . RI A o f  th e  se p tu m  w i th  a  d i f f e r e n t  SP 
a n t ib o d y  i n d i c a t e s  -1 pm ol o f  S P - l i k e  m a t e r i a l  p e r  s e p tu m . 
S in c e  n i c o t i n i c  c h o l i n e r g i c  t r a n s m i s s io n  o c c u r s  i n  t h e s e  
n e u ro n s  d u r in g  p r e g a n g l io n i c  s t i m u l a t i o n  and  s in c e  a l l  o f  
th e  t e r m in a l s  on th e  n e u ro n s  a p p e a r  S P -p o s i t i v e ,  i t  i s  
v e ry  l i k e l y  t h a t  a c e t y l c h o l i n e  and  a  S P - l i k e  s u b s ta n c e  
o c c u r  i n  t h e  same t e r m i n a l .  EM im m u n o c y to c h e m is try  
i n d i c a t e d  t h a t  t h e  S P - l i k e  a n t i g e n  i s  a s s o c i a t e d  o n ly  w i th  
t h e  l a r g e  d e n s e - c o r e d  v e s i c l e s  i n  t e r m in a l s  and p r e 
t e r m in a l  a x o n s .

A lth o u g h  th e  im m u n o h is to c h e m is t ry  s u g g e s t s  a  t r a n s 
m i t t e r  f u n c t i o n  o f  a  S P - l i k e  s u b s ta n c e  i n  t h i s  s y s te m , 
l o c a l  a p p l i c a t i o n  o f  S P (1 0 - 4 M) to  s e p t a l  n e u ro n s  d u r in g  
i n t r a c e l l u l a r  r e c o r d in g  d id  n o t  a f f e c t  m em brane p o t e n t i a l ,  
m em brane r e s i s t a n c e ,  c a lc iu m  c u r r e n t s  o r  t h e  sh a p e  o f  th e  
so m al a c t i o n  p o t e n t i a l .  C o n s i s t e n t  w i th  r e c e n t  r e p o r t s  o f  
SP i n c r e a s i n g  th e  r a t e  o f  d e s e n s i t i z a t i o n  o f  n i c o t i n i c  
r e c e p t o r s ,  S P (1 0 - 4 M) e n h a n ce d  th e  r a t e  o f  r e p o l a r i z a t i o n  
o f  s e p t a l  n e u ro n s  d u r in g  p r o lo n g e d  ( 300- 1000m s) c a r b a c h o l 
in d u c e d  d e p o l a r i z a t i o n s .  SP d id  n o t  a f f e c t  t h e  m a g n itu d e  
o f  s i n g l e  n e rv e - e v o k e d  EPSPs th o u g h  th e  p ro lo n g e d  summa
t i o n  o f  EPSPs a t  h ig h  f r e q u e n c ie s  was p a r t i a l l y  i n h i b 
i t e d  i n  a  m an n er s i m i l a r  to  th e  c a r b a c h o l - in d u c e d  d e p o la r 
i z a t i o n .  S y n a p t ic  r e s p o n s e s  in d u c e d  by s t i m u l a t i o n  o f  th e  
p r e g a n g l io n i c  n e rv e  a t  5 -2 0  Hz f o r  1 0 -3 0  s e c o n d s  a r e  
b lo c k e d  by c h o l i n e r g i c  a n t a g o n i s t s  i n  m o st n e u ro n s .  Some 
n e u ro n s  e x h i b i t e d  s m a l l  ( ~1mV) m em brane p o t e n t i a l  c h a n g e s  
l a s t i n g  ~1 m in i n  t h e  p r e s e n c e  o f  c h o l i n e r g i c  a n t a g o n i s t s ,  
b u t  t h e s e  e f f e c t s  c o u ld  n o t  be m im icked  by 10- 4 M SP.

R e c e n t  w ork  w i th  HPLC d e m o n s t r a te d  t h a t  t h e  S P - l i k e  a n 
t i g e n  i n  th e  se p tu m  d o e s  n o t  c o e lu t e  w i th  SP, p h y s a l 
a e m in , e l e d o i s i n  o r  b o m b es in . H ow ever, t h e  s e p t a l  a n t i g e n  
d o e s  b e h a v e  v e ry  s i m i l a r l y  t o  s u b s ta n c e  K, a  r e c e n t l y  d e s 
c r i b e d  s u b s ta n c e  P - l i k e  p e p t i d e  i s o l a t e d  from  s p i n a l  c o rd  
(K im ura  e t  a l . ,  P r o c .  J p n .  A cad. S e r .  B 5 9 , 1 01 , 1 9 8 3 ) .

The r e s u l t s  i n d i c a t e  t h a t  a  S P - l i k e  p e p t i d e ,  p o s s ib l y  
s u b s ta n c e  K, i s  p r e s e n t  i n  a  v e s i c l e  p o p u l a t i o n  o f  p r e 
g a n g l i o n i c  p a r a s y m p a th e t i c  n e rv e  t e r m in a l s  i n  th e  b u l l 
f r o g  h e a r t .  I n t r a c e l l u l a r  r e c o r d in g  t e c h n iq u e s  i n d i c a t e  
t h a t  t h e  s u b s ta n c e  i s  n o t  p r o d u c in g  e l e c t r o p h y s i o l o g i c a l  
e v e n ts  commonly a s s o c i a t e d  w i th  s y n a p t i c  t r a n s m i s s io n .

3 2 6 . 1 6  V A SO PRESSIN  HAY BE A TRANSM ITTER OF SLOW PO TEN TIA LS IN  
GUINEA PIG  INFERIOR MESENTERIC GANGLIA.  P e t e r s *  a n d   
D. L. K r e u l e n .   D e p a r t m e n t  o f  P h a r m a c o l o g y ,  U n i v e r s i t y  o f  
A r i z o n a ,  T u c s o n ,  A r i z o n a  8 5 7 2 4 .

M a m m a l i a n  p r e v e r t e b r a l  s y m p a t h e t i c  g a n g l i a  c o n t a i n  a  
v a r i e t y  o f  b i o l o g i c a l l y  a c t i v e  p e p t i d e s ,  o n e  o f  w h i c h  i s  
a r g 8 - v a s o p r e s s i n  ( A V P ) .  We r e c e n t l y  r e p o r t e d  t h a t  AVP 
a p p l i e d  by  p r e s s u r e  e j e c t i o n  p r o d u c e d  a  m e m b r a n e  d e p o l a r i 
z a t i o n  a n d  a n  i n c r e a s e  i n  i n p u t  r e s i s t a n c e  i n  a  p o p u l a t i o n  
o f  i n f e r i o r  m e s e n t e r i c  g a n g l i o n  (IMG) n e u r o n s .  T h e  p r e s e n t  
s t u d y  c o n t i n u e s  o u r  i n v e s t i g a t i o n  i n t o  t h e  e f f e c t s  o f  AVP on  
IMG n e u r o n s  a n d  o n  s l o w  s y n a p t i c  t r a n s m i s s i o n .  IM G s  f r o m  
g u i n e a  p i g s  o f  e i t h e r  s e x  w e r e  e x c i s e d  a n d  p i n n e d  i n  a  
r e c o r d i n g  b a t h  p e r f u s e d  w i t h  o x y g e n a t e d  K r e b s  s o l u t i o n  a t  
3 7 ° C .  T h e  a s s o c i a t e d  n e r v e s  w e r e  p l a c e d  i n  b i p o l a r  p l a t i n u m  
e l e c t r o d e s  f o r  s t i m u l a t i o n .  I n t r a c e l l u l a r  r e c o r d i n g s  w e r e  
m a d e  w i t h  g l a s s  m i c r o e l e c t r o d e s  h a v i n g  t i p  r e s i s t a n c e s  o f  
3 0 - 7 0  MΩ . C h o l i n e r g i c  f a s t  e x c i t a t o r y  p o s t s y n a p t i c  
p o t e n t i a l s  ( E P S P s )  w e r e  e l i c i t e d  by  s i n g l e  n e r v e  s h o c k s  ( 0 .1  
t o  0 . 4  m s ) ,  a n d  n o n c h o l i n e r g i c  s l o w  E P S P s  b y  s u p r a m a x i m a l  
r e p e t i t i v e  s t i m u l a t i o n  ( 2 0  H z ,  4 s ) .  AVP ( 0 . 5  t o  1 . 0  µ M) 
s u p e r f u s e d  o v e r  t h e  IMG c a u s e d  m e m b r a n e  d e p o l a r i z a t i o n s  
r a n g i n g  f r o m  1 . 5  t o  1 0 . 0  mV ( 5 . 1 ± 0 . 5  m V,  x ± S . E . M . )  i n  6 8 % 
( 2 1  o f  3 2 )  o f  c e l l s  t e s t e d .  D e p o l a r i z a t i o n s  w e r e  
a c c o m p a n i e d  by  i n c r e a s e s  i n  m e m b r a n e  r e s i s t a n c e  o f  24  t o  54% 
( 4 0 ± 6%) i n  4  o f  5 c e l l s ;  o n e  c e l l  s h o w e d  n o  c h a n g e  i n  
r e s i s t a n c e .  T h e  A V P - i n d u c e d  d e p o l a r i z a t i o n  w a s  n o t  a f f e c t e d  
b y  l o w - C a  ( 0 . 2 5  mM) K r e b s .  T o  d e t e r m i n e  w h e t h e r  AVP 
m e d i a t e s  s l o w  p o t e n t i a l s ,  c o n t r o l  s l o w  E P SP s  w e r e  c o m p a r e d  
t o  t h o s e  p r o d u c e d  i n  t h e  p r e s e n c e  o f  A V P. C o n t r o l  a m p l i 
t u d e s  r a n g e d  f r o m  2 . 3  t o  8 . 6  mV ( n = 9 ) .  S u b s e q u e n t  AVP 
a p p l i c a t i o n  p r o d u c e d  d e p o l a r i z a t i o n s  i n  5 o f  9 c e l l s ,  a t  t h e  
p e a k  o f  w h i c h  t h e  m e m b r a n e  p o t e n t i a l  w a s  m a n u a l l y  c l a m p e d  t o  
t h e  o r i g i n a l  l e v e l  a n d  t h e  s e c o n d  s l o w  EPSP w a s  e v o k e d .  I n  
4  o f  t h e  5 c e l l s ,  s l o w  E PSP s  p r o d u c e d  i n  t h e  p r e s e n c e  o f  AVP 
w e r e  e i t h e r  p a r t i a l l y  o r  c o m p l e t e l y  a b o l i s h e d  ( 7 3 ± 16% a t 
t e n u a t i o n ) ,  w h i l e  f a s t  E P S P  a m p l i t u d e s  w e r e  e n h a n c e d ,  
p r o b a b l y  d u e  t o  t h e  i n c r e a s e d  m e m b r a n e  r e s i s t a n c e .  S l o w  
EPSP a m p l i t u d e s  r e t u r n e d  t o  c o n t r o l  l e v e l s  a f t e r  4 0  m i n  o f  
K r e b s  w a s h o u t .  T h u s ,  AVP h a s  a  d i r e c t  e x c i t a t o r y  e f f e c t  o n  
IMG n e u r o n s .  S o m e  s l o w  E P S P s  a r e  r e d u c e d  o r  a b o l i s h e d  i n  
t h e  p r e s e n c e  o f  A V P ,  s u g g e s t i n g  t h a t  t h e  t r a n s m i t t e r  o f  
t h e s e  s l o w  E PSP s  a n d  AVP a r e  a c t i n g  on  t h e  s a m e  p o s t s y n a p t i c  
r e c e p t o r s .  T h e s e  d a t a  s u p p o r t  a  r o l e  f o r  A V P  a s  a  
t r a n s m i t t e r  o f  s l o w  p o t e n t i a l s  i n  g u i n e a  p i g  IMG. S u p p o r t  
H L 2 7 7 8 1 ,  H L0 1 1 3 6 .

326. 17  BLOOD PRESSURE RESPONSES TO VASOPRESSIN IN VASOPRESSIN- 
SENSITIZED RATS.  D. Lawrence and Q .J . P it tm a n ,  D e p t. o f  
Pharm acology & T h e ra p e u tic s ,  The U n iv e r s i ty  o f  C a lg a ry ,  
3330 H o s p i ta l  D r . ,  N.W ., C a lg a ry , A lb e r ta  T2N 4N1

The c e n t r a l  a d m in is t r a t io n  o f a rg in in e -v a s o p re s s in  
(AVP) e l i c i t s  b e h a v io u ra l and c o n v u ls iv e  e f f e c t s .  P re 
tr e a tm e n t w ith  AVP o r  AVP r e l e a s in g  s t im u l i  (hem orrhage o r 
h y p e r to n ic  s a l i n e )  r e s u l t s  in  a  su b seq u en t s u p e r s e n s i t i v i t y  
to  th e  b e h a v io u ra l and c o n v u ls iv e  e f f e c t s  o f  AVP. In  o rd e r  
to  exam ine th e  mechanism o f t h i s  s u p e rs e n s i t i v i t y ,  th e  b lood  
p r e s s u re  re s p o n s e s  to  c e n t r a l l y  and p e r ip h e r a l l y  adm in is
te r e d  AVP was t e s t e d  in  c o n t r o l  and AVP t r e a t e d  a n im a ls .
Male Sprague Dawley and Long Evans r a t s  im p lan ted  w ith  l a t 
e r a l  v e n t r i c u l a r  ca n n u lae  w ere i n j e c t e d  c e n t r a l l y  w ith  
e i t h e r  1 µg o f  AVP o r  5 µ l o f  a r t i f i c i a l  CSF. T w enty -four 
h o u rs  l a t e r ,  u nder u re th a n e  a n e s th e s ia ,  th e  fem oral b lood  
p r e s s u re  was re c o rd e d  in  c o n t ro l  and AVP t r e a t e d  a n im a ls . 
Dose re sp o n se  c u rv es  f o r  th e  c e n t r a l  and p e r ip h e r a l  p r e s s o r  
e f f e c t s  o f  AVP w ere th e n  compared betw een c o n t ro l  and AVP 
t r e a t e d  a n im a ls . The c e n t r a l  p r e s s o r  re sp o n se s  to  AVP doses 
o f  0 .3 ,  1 and 3 µg ic v  in  c o n t ro l  Long Evans r a t s  were 29 ± 
11, 36 and 37 ± 1 1  mmHg r e s p e c t iv e ly  w h ile  in  t r e a t e d  r a t s  
th e  re sp o n se  to  th e  same do ses  o f  AVP w ere reduced  to  15 ±  
3 , 29 ± 13 and 28 ± 7 mmHg r e s p e c t iv e l y .  There was l i t t l e  
d i f f e r e n c e  betw een th e  p e r ip h e r a l  p r e s s o r  re s p o n se s  to  AVP 
in  AVP t r e a t e d  o r  c o n t r o l  a n im a ls . These e f f e c t s  w ere ob
s e rv ed  in  b o th  s t r a i n s  o f  r a t .  The r e s u l t s  su g g es t t h a t  th e  
mechanism o f  AVP s u p e r s e n s i t i v i t y  i s  n o t m ed ia ted  th ro u g h  
changes in  th e  AVP r e c e p to r  i t s e l f  b u t i s  a consequence o f 
an AVP a c t io n  w hich i s  n o t a s s o c ia te d  w ith  th e  c e n t r a l  p r e s 
s o r  e f f e c t  o f  AVP.

S uppo rted  by th e  C anadian  MRC; D. Lawrence i s  an AHFMR P o s t
d o c to r a l  F e llo w .
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327.1  CONTRIBUTIONS OF THE AUTONOMIC NERVOUS SYSTEM (ANS) TO CARDIO
VASCULAR ACTIONS OF γ -MSH IN UNANESTHETIZED RATS.  M. F . 
C a l la h a n ,  R .F .  K i r b y ,  A .K . J o h n s o n ,  J .R .  L y m an g ro v e r, and  
K .A . G ru b e r*.  D e p ts .  o f  P s y c h o lo g y ,  P h a rm a c o lo g y , and  The 
C a r d io v a s c u la r  C e n te r ,  U n i v e r s i t y  o f  Io w a , Iow a C i t y ,  IA .

γ -MSH i s  a  member o f  t h e  p r o - o p i o c o r t i n  p e p t i d e  c l a s s ,  
p o s s e s s i n g  b o th  n a t r i u r e t i c  and  h y p e r t e n s iv e  a c t i o n s .  O th e r  
m em bers o f  t h i s  c l a s s  o f  p e p t i d e s  p ro d u c e  p e r i p h e r a l  SNS 
a c t i v a t i o n  c a u s in g  b o th  i n c r e a s e d  b lo o d  p ressu re (M A P ) and  
h e a r t  r a t e ( H R ) .  The s t u d i e s  r e p o r t e d  h e r e  a s s e s s  ANS c o n t r i 
b u t io n s  t o  t h e  CV a c t i o n s  o f  γ -MSH an d  t h e  d i r e c t  a d r e n e r g ic  
a g o n i s t  p h e n y le p h r in e  (PH E).

M ale S p ra g u e -D aw le y  r a t s  w e re  in s t r u m e n te d  w i th  c a t h e t e r s  
i n  t h e  r i g h t  common c a r o t i d  a r t e r y  f o r  d e t e r m i n a t i o n  o f  MAP 
& HR, and  j u g u l a r  v e in  f o r  d ru g  i n f u s i o n s .  F o l lo w in g  a d a p ta 
t i o n  to  t h e  t e s t i n g  c h a m b e r , a l l  a n im a ls  w e re  g iv e n  i n f u s 
io n s  o f  PHE (3 -5  u g / 100u l )  and  γ -MSH (1 0 -2 0  u g / 100u l )  d e 
s ig n e d  to  p ro d u c e  a  3 0 -7 0  mmHg i n c r e a s e  i n  MAP. A n im als  w ere  
t h e n  s u b je c t e d  to  o n e  o f  f o u r  e x p e r im e n ta l  p r o c e e d u r e s :  I . α1-  
a d r e n e r g i c  b lo c k a d e  ( p r a z o c in ,  0 .5 m g /k g )  I I . β 1 - a d r e n e r g i c  
b lo c k a d e  ( m e t o p r o l o l ,  l . 0m g /k g ) I I I .  c h o l i n e r g i c  b lo c k a d e  
(m e th y l  a t r o p i n e ,  0 .5 m g /k g )  IV . g a n g l i o n i c  b lo c k a d e  ( c h l o r i 
s o n d a m in e , 0 .5 m g /k g ) .  T h en , a l l  a n im a ls  w e re  t e s t e d  t o  PHE 
an d  γ -MSH. The f o l lo w in g  t a b l e  r e p r e s e n t s  t h e  ch a n g e  from  
b a s e l i n e  (x  ±  s . d . )  i n  r e s p o n s e  t o  PHE o r  γ -MSH.

B e fo re  B lo c k a d e A f t e r  B lo c k a d e
I .  α 1 - b lo c k a d e (n=7 MAP HR MAP HR

Δ  to  PHE 61 ±  17 -1 6 2  ±  65 11 ±  18 -1 3  ±  18
Δ t o  MSH 59 ±  9 17 ±  45 13 ±  8 -7  ±  69

I I .  β 1 - b lo c k a d e (n = 6 )
Δ  t o  PHE 51 ± 9 -1 0 8  ±  21 5 1  ±  8 -8 7  ±  24
Δ t o  MSH 55 ±  7 -1 9  ±  46 40 ±  26 -1 3  ±  21

I I I  C h o l in e r g i c - b lo c k a d e ( n = 6 )
Δ t o  PHE 44 ±  15 -1 0 0  ±  49 47 ±  10 -1 8  ±  24
Δ t o  MSH 44 ±  20 32 ±  35 31 ± 12 17 ±  9

IV . G a n g l io n ic -b lo c k a d e ( n = 5 )
Δ t o  PHE 66 ±  12 -1 2 9  ± 9 81 ±  14 -1 7  ±  26
Δ to  MSH 59 ±  11 13 ±  56 10 ±  10 11 ±  17

T h e se  d a t a  i n d i c a t e  t h a t  γ -MSH p r o d u c e s  a n  i n c r e a s e  i n  MAP 
by a  c e n t r a l l y  m e d ia te d  i n c r e a s e  i n  SNS a c t i v i t y  and  i n h i b i t s  
b a r o r e c e p to r  f u n c t i o n .  We a r e  c u r r e n t l y  i n v e s t i g a t i n g  th e  
h y p o t h e s i s  t h a t  γ -MSH i n h i b i t s  b a r o r e c e p to r  f u n c t i o n  by 
i n f l u e n c i n g  v a g a l  e f f e r e n t  a c t i v i t y .
( S u p p o r te d  by RCDA 1K04 HL 00804 t o  KAG)

327 .2   SOMATOSTATIN AND B50 PROTEIN PHOSPHATASE.  L .A . D o k as, E .  
A p o lo n io * ,  L . J e z io r o w s k l* ,  D. O n d re jk a *  and  D .H . C oy*. 
 M e d i c a l  C o l l e g e  o f  O h io ,  T o l e d o ,  OH 4 3 6 9 9  a n d  T u la n e  
U n i v e r s i t y ,  New O r l e a n s ,  LA 7 0 1 1 2 .

P r e in c u b a t i o n  o f  r a t  c o r t i c a l  s y n a p t i c  p la sm a  m em branes 
(SPM) f o r  30 m in w i th  [D -T rp 8 ] - s o m a to s t a t i n  ( D - T r p - S S )  
c o m p le te ly  i n h i b i t s  s u b s e q u e n t  p h o s p h o r y l a t i o n  fro m  
[ˠ -  52P]-A TP o f  t h e  p r e s y n a p t i c  p r o t e i n  B50 (4 8 ,0 0 0  d a l t o n s ,  
IEP o f  4 . 5 ) .  In  a d d i t i o n ,  when SPM a r e  p r e l a b e l e d  w i th  
[ˠ  - 5 2 P]-A TP and  th e n  in c u b a te d  w i th  D -Trp  -SS d u r in g  a 
p e r i o d  o f  d e p h o s p h o r y l a t i o n ,  t h e  p e p t i d e  d im in is h e s  t h e  
l o s s  o f  l a b e l  fro m  B 50. To d e te r m in e  th e  e n z y m a tic  b a s i s  
f o r  t h e s e  e f f e c t s ,  B50 p r o t e i n  k in a s e  and  an  a n a lo g o u s  
p r o t e i n  p h o s p h a ta s e  f r a c t i o n  f ro m  r a t  b r a i n  w ere  p u r i f i e d  
f o r  s t u d i e s  w i th  D -T rp  -S S . C rude  r a t  b r a i n  m em branes w ere  
t r e a t e d  w i th  0.5%  T r i t o n  X -100 -  75 mM KCl  and  th e  e x t r a c t  
w as c h ro m a to g ra p h e d  on a  DEAE c e l l u l o s e  co lum n u s in g  a 
0 -4 0 0  mM NaCl g r a d i e n t  a s  d e s c r i b e d  by Z w ie rs  e t  a l . ( J . 
N eurochem . 3 4 :1 6 8 9 ) .  C o n s i s te n t  w i th  t h e s e  e a r l i e r  
s t u d i e s ,  B50 and  B50 p r o t e i n  k in a s e  c o - e l u t e  a t  a b o u t  200 
mM N aC l. The m a jo r  p o r t i o n  o f  p r o t e i n  p h o s p h a ta s e   
a c t i v i t y ,  a s s a y e d  w i th  32P - la b e l e d  B50 a s  a  s u b s t r a t e ,  
s e p a r a t e s  f rom B50 -  B50 p r o t e i n  k in a s e  a t  260 mM N aC l. 
When D -Trp  -S S  i s  a d d ed  to  t h e  c o lu m n - p u r i f i e d  p r o t e i n  
p h o s p h a ta s e ,  i t  i n h i b i t s  th e  d e p h o s p h o r y l a t i o n  o f  B 50.

S u b c u ta n e o u s  i n j e c t i o n  o f  300 m g/kg o f  c y s te a m in e  
(2 -m e rc a p to e th y la m in e )  i n t o  r a t s  f o r  24 h o u r s  d e c r e a s e s  th e  
s o m a t o s t a t i n - l i k e  im m u n o re a c t iv i ty  o f  t h e  c o r t e x  by - 5 6 .0  
± 7.5% (N=3 ) ,  com pared  to  v a lu e s  f ro m  c o n t r o l  r a t s .  C oncom
mi t a n t  w i th  t h i s  a c t i o n ,  an  i n c r e a s e  i n  th e  i n  v i t r o  p h o s 
p h o r y l a t i o n  o f  B50 i s  s e e n  i n  c o r t i c a l  SPM fro m  c y s te a m in e 
t r e a t e d  r a t s .  No ch an g e  i s  s e e n  i n  t h e  p h o s p h o r y l a t i o n  o f  
an y  c y t o s o l i c  p r o t e i n  a f t e r  c y s te a m in e  a d m i n i s t r a t i o n .  The 
e f f e c t  o f  c y s te a m in e  on B50 p h o s p h o r y l a t i o n  i s  c o n s i s t e n t  
w i th  l e s s  In  v iv o  i n h i b i t i o n  o f  p r o t e i n  p h o s p h a ta s e  i n  
s y n a p t i c  m em branes due to  d im in is h e d  l e v e l s  o f  en d o g en o u s  
s o m a t o s t a t i n .  B o th  i n  v iv o  and  i n  v i t r o  a p p ro a c h e s ,  t h e r e 
f o r e ,  i n d i c a t e  one a c t i o n  o f  s o m a t o s t a t i n  i n  th e  b r a i n  i s  
t h e  i n h i b i t i o n  o f  B50 p r o t e i n  p h o s p h a ta s e .  S u p p o r te d  by 
g r a n t s  AG 04190 and BRS 5 SOI RR 05700 13 to  L .A .D . and 
g r a n t  AM 18370 t o  D .H .C . D rs .  Henk Z w ie rs  and  W illem  H. 
G is p e n  o f  th e  U n i v e r s i t y  o f  U t r e c h t ,  The N e th e r l a n d s ,  a r e  
ack n o w led g ed  f o r  t h e i r  c o l l a b o r a t i o n  i n  t h e  p u r i f i c a t i o n  o f 
B50 p r o t e i n  k in a s e  and  p h o s p h a ta s e  f r a c t i o n s .

327.3  THE EFFECTS OF IONOPHORETICALLY APPLIED SUBSTANCE K 
(SK) ON SINGLE UNIT ACTIVITY IN THE RAT SUBSTANTIA 
NIGRA (SN).  T.H.Lanthorn, T.L. O'Donohue, C.W.Shults, T.N.Chase,
J.R.Walters.  NINCDS, Bethesda, MD 20205.

Two substance P (SP) precursors were recently identified.1 One 
precursor contains only SP and the other contains SP and SK. A 
large SP-like projection from the striatum to the SN has been 
shown, but ionophoret ically applied SP has been reported to have 
weak and inconsistent excitatory effects on single cell activity in 
the SN. Recent results have shown that SK is contained in the SN in 
similar concentrations to S P / The present study was undertaken to 
determine if SK is an active compound in the SN and to complement 
ongoing anatomical investigations of SK.

SN extracellular action potentials were recorded in chloral hy
drate-anesthetized rats with 5-barrel micropipettes. The 3 drug 
barrels contained SK (0.5-lmM in water or 100mM NaCl,pH5), SP 
(ImM in 100mM NaCl,pH5), L-glutamic acid (GLU;100mM,pH7), 
GABA (ImM in l50mM NaCl,pH4) or 100mM NaCl. Release of SK was 
confirmed by RIA. In some cases SK was ejected by pressure.

SK was applied to 8 dopamine-type (DA) cells. With ejection 
currents up to 40nA (27±4) SK had no significant effect on these 
cells (<20% baseline). SP had no effect on 2 DA cells. On other SN 
cells, SK produced different effects. On 17 cells SK (up to 
l05nA;47±8) had no effect on firing rate nor on effects of GLU (n=5) 
or GABA (n=2). On 5 of these cells SP also had no effect. On 3 
cells SK had a strong inhibitory effect (complete inhibition at 1-15 
nA). On 9 cells SK was weakly inhibitory (20-40% at l5-50nA). SP 
was tested on 3 of these cells and had weak, variable effects. On 12 
cells SK had a strong excitatory effect (35-300% increases over 
basal firing rate at 8 -25nA). This excitation began 5-25 sec after 
ejection current was applied and lasted 20-60sec after ejection 
current was removed. This excitatory effect was mimicked by SP 
although SP had a longer latency (>30sec). The cells which were 
excited by SK could be differentiated anatomically. Almost invari
ably these cells were recorded in very close proximity to a DA-type 
cell; histologically they were all located in or immediately adjacent 
to the pars compacta. The distribution of SK binding in the SN is 
largely confined to the dorsal SN.2

The results suggest that ionophoresis of SK may inhibit some cells 
in the pars reticulata, although conditions for this inhibition are 
unclear. In addition, SK, and SP as well, can powerfully excite a 
population of cells in or near the pars compacta of the SN. These 
cells are not DA cells as they are usually defined but are found in 
close proximity to DA cells.

1Nawa et al., Nature 306:32, 1983
2Shults et al., Soc. for Neurosci., 1984

327.4  AN IN VIVO STUDY OF THE EFFECTS OF α-MSH ON THE FIRING RATE 
OF SINGLE NEURONS IN THE PARAVENTRICULAR NUCLEUS (PVN) OF 
THE RAT THALAMUS.  C.M. Haws and G .R . S ig g in s . (SFON: J .   
A ldenhoff). D iv . P r e c l in .  N eu rosci and E h d o c r in .,  S c r ip p s  
C l in ic  and R esearch  F o u n d a tio n , La J o l l a ,  CA.

α-m e la n o c y te -s tim u la t in g  hormone (α-MSH) i s  13 amino a c id  
p e p t i d e  d e r i v e d  f r o m  a p r o h o r m o n e  p r e c u r s o r ,  
p ro -o p ic m e la n o c o r tin  (POMC; M ains e t  a l . ,  J .  B io l .  Chem. 
251 , 4115, 1976 ). Inm u n oh istochem ical s tu d ie s  d e m o n s tra te  a 
h ig h  d e n s i t y  o f  POM C-positive c e l l  b o d ie s  i n  t h e  r e g i o n  o f  
th e  m e d io b a s a l  h y p o th a la m u s  w ith  p r o j e c t i o n s  t o  v a r i o u s  
r e g io n s  o f  t h e  b r a i n ,  i n c lu d in g  th e  PVN o f  t h e  th a la m u s  
(O'Donohue e t  a l . ,  N eu ro sc i. L e t t .  14, 2 7 1 , 1979).  The 
p o te n t  b e h a v io ra l a c t io n s  observ ed  fo llo w in g  m icro i n j e c t i o n  
o f  α-MSH and r e l a te d  p e p t id e s  i n t o  l o c a l i z e d  a r e a s  o f  t h e  
tha lam us s u g g e s t a  d i r e c t  a c t io n  o f  t h i s  p e p t id e  on th e  CNS. 
The p r e s e n t  s tu d y  w as a im ed  a t  o b s e r v in g  th e  e f f e c t s  o f  
α-MSH on th e  f i r i n g  r a t e  (FR) o f  s in g l e  neu ro n s  in  th e  EVN.

α-MSH (1 mM in  H epes b u f f e r ,  pH 7 .3 )  was a p p l i e d  b y  
p r e s s u re  e j e c t i o n  (6 -3 0  p s i )  from  5 - b a r r e l  m i c r o p i p e t t e s  
o n to  g lu ta m a te -d r iv e n  n e u ro n s  in  t h e  th a la m u s  o f  c h l o r a l  
h y d ra te  a n e s th e t iz e d  r a t s .  The p o s i t i o n  o f  t h e  r e c o r d in g  
e l e c t r o d e  was marked b y  io n to p h o r e s in g  P o n ta m in e  Sky B lu e  
( s a t u r a t e d  s o l u t i o n  i n  3M N aC l) an d  l a t e r  v e r i f i e d  
h i s t o l o g i c a l l y .  Of 37 n e u ro n e s  s t u d i e d ,  5 c e l l s  (13%) 
showed a marked " d o s e - r e la te d "  e x c i ta t io n  (se e  F igure) w hich 
was c h a ra c te r iz e d  b y  a  ra p id  o n s e t and o f f s e t  (10-20 sec), 4 
c e l l s  (1 0 %) showed a weaker b u t l o n g - l a s t i n g  i n h i b i t i o n  o f  
FR t h a t  exceeded th e  d u r a t io n  o f  a p p l i c a t i o n  b y  up  t o  240 
s e c .  The rem ain ing  c e l l s  (77%) e x h ib ite d  no re sp o n se  to  th e  
a p p l ic a t io n  o f  th e  p e p t id e  a t  up to  30 p s i ,  and th e  v e h i c l e  
a lo n e  had no e f f e c t  on an y  o f  th e  c e l l s .

These r e s u l t s  th u s  d a n o n s t r a te  t h a t  a-MSH h a s  a  d i r e c t  
a c t io n  on th e  EH o f  a  s u b -p o p u la t io n  o f  n e u ro n s  in  t h e  PVN 
o f  th e  th a la m u s . T h is  s u g g e s t s  a  p o s s i b l e  r o l e  f o r  t h i s  
p e p t id e  in  th e  CNS a s  a  n eu ro t r a n s m i t t e r  o r  c o - t r a n s m i t t e r  
r e le a s e d  w ith  o th e r  POMC p e p t id e s .  P o s s ib le  i n t e r a c t io n s  o f  
a-MSH w ith  t h e s e  o t h e r  p e p t i d e s  a r e  c u r r e n t l y  b e i n g  
i n v e s t i g a t e d .  (S u p p o r te d  b y  t h e  MRC a n d  t h e  USPHS DA 
03665.)
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32 7 . 5   ACTIONS OF CHOLECYSTOKININ OCTAPEPTIDE ON RAT SPINAL DORSAL 
HORN NEURONS IN VITRO.  J .  W i l l e t t s , *  L .  U r b a n , *  K.  M u r a s e  
a n d  M. R a n d i c  (SPON:  D .G .  E m e r y ) .   D e p t . o f  V e t .  P h y s i o l o g y   
a n d  P h a r m a c o l o g y ,  I o w a  S t a t e  U n i v e r s i t y ,  A m e s ,  I A ,  5 0 0 1 1 .   

M e m b r a n e  a c t i o n s  o f  c h o l e c y s t o k i n i n  o c t a p e p t i d e  (CCK-8 ) 
a n d  e f f e c t s  o n  t h e  C a - d e p e n d e n t  a c t i o n  p o t e n t i a l  o f  d o r s a l  
h o r n  n e u r o n s  h a v e  b e e n  i n v e s t i g a t e d  u s i n g  i n t r a c e l l u l a r  
r e c o r d i n g  t e c h n i q u e s  i n  t h e  r a t  ( 1 0 - 2 5  d a y s  o l d )  s p i n a l  c o r d  
s l i c e  p r e p a r a t i o n .  B a t h  a p p l i c a t i o n  o f  CCK- 8  ( 5  x 10 -10 t o  
10 -5 M) c a u s e d  a  r e v e r s i b l e ,  d o s e - d e p e n d e n t  d e p o l a r i z a t i o n  
a n d  a n  i n c r e a s e  i n  e x c i t a b i l i t y  ( n = 5 7 )  i n  a b o u t  h a l f  o f  t h e  
c e l l s  e x a m i n e d .  D e p o l a r i z a t i o n  w a s  a l m o s t  r e g u l a r l y  a c c o m 
p a n i e d  b y  a n  i n c r e a s e  i n  s y n a p t i c  a c t i v i t y  a n d  o c c a s i o n a l l y  
f i r i n g  o f  a c t i o n  p o t e n t i a l s .  CCK- 8  i n c r e a s e d  i n p u t  r e s i s 
t a n c e  i n  5  o f  9  t e s t e d  c e l l s ,  a n d  d e c r e a s e d  r e s i s t a n c e  i n  3 
c e l l s .  W h i l e  CCK-8 - i n d u c e d  d e p o l a r i z a t i o n  w a s  p r e s e n t  i n  
s l i c e s  o b t a i n e d  f r o m  c a p s a i c i n - t r e a t e d  r a t s  ( 5 0  m g / k g ,  s . c .  
on  d a y  2 ) ,  p r o g l u m i d e  ( D L - 4 - b e n z a m i d o - N ,  N - d i p r o p y l g l u t 
a r a m i c  a c i d ,  1 0 - 6 t o  1 0 - 5 M) r e d u c e d  o r  a b o l i s h e d  t h e  
r e s p o n s e .  A f t e r  b l o c k i n g  s y n a p t i c  a c t i v i t y  b y  p e r f u s i o n  o f  
t h e  s l i c e s  w i t h  TTX ( 1 0 - 6 M) o r  l ow  C a ,  h i g h  Mg s o l u t i o n ,  
CCK- 8  s t i l l  e v o k e d  a  d e p o l a r i z i n g  r e s p o n s e ,  a l t h o u g h  i t s  
a m p l i t u d e  a n d  d u r a t i o n  w a s  r e d u c e d .  I n  a  m e d iu m  c o n t a i n i n g  
b o t h  TTX ( 1 0 - 6 M) a n d  TEA ( 2  x 1 0 - 2 M ),  C C K - d e p o l a r i z a t i o n  
w a s  p r e s e n t  a n d  f i r i n g  o f  Ca s p i k e s  e l i c i t e d .  I n  a d d i t i o n ,  
CCK- 8  p r o d u c e d  a  r e v e r s i b l e  d e c r e a s e  i n  Ca s p i k e  d u r a t i o n .  
T h e s e  d a t a  a r e  c o n s i s t e n t  w i t h  a  p o s s i b i l i t y  t h a t  CCK- 8  may 
h a v e  a  p h y s i o l o g i c a l  r o l e  i n  p r o c e s s e s  u n d e r l y i n g  s e n s o r y  
i n f o r m a t i o n  t r a n s f e r  a n d  i n t e g r a t i o n  i n  t h e  s p i n a l  d o r s a l  
h o r n .

S u p p o r t e d  b y  NIH g r a n t  a n d  U n i t e d  S t a t e s  D e p a r t m e n t  o f  
A g r i c u l t u r e .

327.6  THYROTROPIN-RELEASING HORMONE (TRH) AND NALOXONE IN HEMOR
RHAGIC SHOCK: EFFECTS ON REGIONAL BLOOD FLOW.  S iv am , S . P . ,  
F a d e n , A . I . ,  and  F e u e r s t e i n ,  G . ;  N e u ro b io lo g y  R e s e a rc h  
U n i t ,  U n ifo rm ed  S e r v ic e s  U n i v e r s i t y  o f  th e  H e a l th  S c i e n c e s ,  
B e th e s d a ,  MD 20814 .

TRH and  n a lo x o n e  h a v e  b e e n  shown to  e n h a n c e  c a r d i o 
v a s c u l a r  r e c o v e r y  i n  v a r i o u s  e x p e r im e n ta l  sh o c k  m o d e ls , 
i n c l u d i n g  h e m o r rh a g ic  s h o c k . One o f  t h e  im p o r ta n t  f a c t o r s  
i n  t h e  r e c u p e r a t i o n  i n  h y p o v o le m ic  s h o c k  i s  t h e  r e d i s 
t r i b u t i o n  o f  b lo o d  t o  v i t a l  o r g a n s .  T h is  s tu d y  aim ed  
a t  e l u c i d a t i n g  th e  r o l e  o f  b lo o d  f lo w  to  d i s c r e t e  o r g a n s  
i n  h e m o r rh a g ic  sh o c k  and  i t s  m o d i f i c a t i o n  by  TRH and 
n a lo x o n e .  S t u d ie s  w ere  c o n d u c te d  i n  m ale  S p ra g u e -D aw le y  
r a t s  u n d e r  u r e th a n e  a n e s t h e s i a .  The b lo o d  f lo w  ( a s  m ean 
f lo w  v e l o c i t y )  th ro u g h  th e  a b d o m in a l  a o r t a  (AA ), s u p e r i o r -  
m e s e n te r i c  (MS) and  r e n a l  (RN) a r t e r i e s  w as m o n ito re d  by  
th e  d i r e c t i o n a l  p u l s e d  D o p p le r  f lo w m e te r  ( U n i v e r s i t y  o f  
Iow a B io e n g in e e r in g  R e s o u rc e  F a c i l i t y ) . Mean a r t e r i a l  
p r e s s u r e  (MAP) an d  h e a r t  r a t e  (HR) w e re  a l s o  r e c o r d e d  
c o n t i n u o u s ly  and  p r i n t e d  a t  1 m in i n t e r v a l s  on a  N o r t h s t a r  
H a z e l t i n e  c o m p u te r .  H em o rrh a g ic  s h o c k  was in d u c e d  by 
b l e e d in g  v i a  a c a r o t i d  a r t e r y  a t  t h e  r a t e  o f  3 m l/3 0 0  g 
body w e ig h t /6  m in . T h is  p r o to c o l  o f  b l e e d i n g  in d u c e d  a 
r e d u c t io n  i n  MAP ( -6 0  mmHg) and  HR (-1 7 5  b e a t s /m in )  a t  th e  
end  o f  t h e  b l e e d i n g ;  t h e  b lo o d  f lo w  to  AA, MS an d  RN 
r e g io n s  was r e d u c e d  (60  -  80% o f  c o n t r o l )  w i th  a  concom 
m i t a n t  i n c r e a s e  i n  r e s i s t a n c e .  TRH (2  m g /k g , i . a . )  o r  
n a lo x o n e  (5 m g /k g , i . a . )  w e re  i n j e c t e d  a t  t h e  en d  o f  
b l e e d i n g ,  i n  0 .5  m l s a l i n e .  C o n t r o l  g ro u p  r e c e i v e d  an  
e q u a l  am ount ( 0 .5  m l) o f  s a l i n e  w h ic h  d id  n o t  a l t e r  t h e  
c a r d i o v a s c u l a r  d e ra n g e m e n ts  w h ich  o c c u r r e d  a s  a  r e s u l t  
o f  h e m o rrh a g e . A d m i n is t r a t io n  o f  TRH s i g n i f i c a n t l y  i n 
c r e a s e d  th e  MAP and HR w h ich  was a c co m p a n ie d  by an  i n c r e a s e  
i n  b lo o d  f lo w  t o  t h e  d i s c r e t e  o r g a n s  s t u d i e d .  T h ese  
e f f e c t s  o f  TRH w ere  m ax im al a t  5 m in ( p e r c e n t  c h a n g e  o f  
b lo o d  f lo w  i n  c o n t r o l  v s .  T R H - tr e a te d  g r o u p s :  AA, - 5 2  ± 7 
v s .  -2 1  ± 2 .1 ;  MS, -4 7  ± 5 v s .  - 1 8  ± 4 .3 ;  RN, -7 8  ± 8 v s .  
- 7  ± 6 ) and  was s t i l l  s i g n i f i c a n t  a t  10 m in . T h e re  was a 
s i g n i f i c a n t  d e c r e a s e  i n  r e s i s t a n c e  w i th  t h e  i n c r e a s e  i n  
b lo o d  f lo w  i n  t h e  MS an d  RN a r t e r i e s .  N a lo x o n e  i n  t h e  
ab o v e  m odel o f  h e m o r rh a g ic  s h o c k  p ro d u c e d  an  i n c r e a s e  i n  
MAP w i th o u t  e l i c i t i n g  a l t e r a t i o n s  i n  o t h e r  p a r a m e te r s  e x 
c e p t  f o r  a  t r e n d  t o  i n c r e a s e  m e s e n te r i c  f lo w . The r e s u l t s  
s u g g e s t  t h a t  t h e  b e n e f i c i a l  e f f e c t s  o f  TRH and  n a lo x o n e  
i n  h e m o r rh a g ic  sh o c k  may i n v o lv e  d i f f e r e n t  m ec h a n ism s .

327 .7   INTERMEDIATE ROLE OF BRAIN NEUROTRANSMITTERS ON NEUROTENSIN- 
INDUCED CYTOPROTECTION.  D .E . H e rn a n d e z  and  A .J .  P r a n g e ,  J r . , 
 B i o l o g i c a l  S c ie n c e s  R e s e a rc h  C e n te r ,  D e p t . o f  P s y c h i a t r y ,  
U n iv . o f  N o r th  C a r o l i n a  S c h o o l o f  M e d ic in e ,  C h a p e l H i l l ,
N .C . 27514

We h a v e  r e p o r t e d  p r e v i o u s ly  t h a t  i n t r a c i s t e r n a l  (IC ) 
a d m i n i s t r a t i o n  o f  n e u r o t e n s in  (NT) p r o d u c e s  a  d o s e -  and  
t im e -d e p e n d e n t  r e d u c t io n  o f  c o l d - r e s t r a i n t  s t r e s s  (CRS)- 
i n d u c e d  g a s t r i c  u l c e r s  i n  r a t s  w i th o u t  a f f e c t i n g  g a s t r i c  
a c id  s e c r e t i o n  (Am er. J .  P h y s i o l . ,  G 342-G 346, 1 9 8 2 ; J .  
N e u r o s c i .  R e s . 9 :1 4 5 -1 5 7 ,  1 9 8 3 ) .  T h is  e f f e c t  o f  NT a p p e a r s  
t o  b e  m e d ia te d  by  t h e  c e n t r a l  n e rv o u s  sy s te m  b e c a u s e  p e r i 
p h e r a l  ( i . v . )  NT i s  t o t a l l y  i n e f f e c t i v e  in  t h i s  p a ra d ig m .
The p r e s e n t  s tu d y  s o u g h t  t o  c l a r i f y  t h e  c e n t r a l  m ech an ism  o f  
N T 's  c y t o p r o t e c t i v e  e f f e c t  by  u t i l i z i n g  p h a rm a c o lo g ic a l  
t r e a tm e n t s  w h ic h  a l t e r  t h e  f u n c t i o n  o f  s e l e c t e d  n e u r o t r a n s 
m i t t e r  s y s te m s .

M ale  S-D r a t s  (1 8 0 -2 2 0  g ) w e re  fo o d  d e p r iv e d  24 h r s  
p r i o r  t o  e x p e r i m e n t a t i o n  an d  th e n  p r e t r e a t e d  i n t r a c e r e b r o 
v e n t r i c u l a r l y  ( i . c . v . )  w i th  t h e  f o l l o w in g  d ru g s  ( fo l lo w e d  by  
t h e  d o s e ,  r o u t e  o f  a d m i n i s t r a t i o n  and  p r e t r e a t m e n t  i n t e r v a l ) : 
c a r b a c h o l  (2  µ g , i . c . v . ,  30 m in ) ,  a t r o p i n e  s u lp h a t e  (25  µ g , 
i . c . v . ,  30 m in ) ,  m u sc im o l (50  n g ,  i . c . v . ,  30 m in ) ,  b i c u c u l 
l i n e  Cl µ g , i . c . v . ,  30 m in ) ,  n a lo x o n e  (2 m g /k g , I . P . ,  60 m in) 
m e th y s e rg id e  (1 µ g , i . c . v . ,  30 m in ) ,  c y p r o h e p ta d in e  (1 µg , 
i . c . v . ,  30  m in ) ,  h a l o p e r i d o l  (5  µ g , i . c . v .  i n  0.3%  t a r t a r i c  
a c i d ,  30 m in ) ,  an d  m e th y lp h e n id a te  (80  µ g , i . c . v . ,  60 m in ) .  
A f t e r  t h i s ,  r a t s  w e re  t r e a t e d  w i th  IC NT (30  µ g) o r  v e h i c l e  
(10  µ l  o f  0.9%  N aC l) an d  s u b je c t e d  to  CRS f o r  3 h r  a f t e r  

w h ic h  th e y  w e re  k i l l e d  by  d e c a p i t a t i o n  and  t h e  s to m a c h s  
ex am in ed  f o r  g a s t r i c  u l c e r a t i o n s .

P r e t r e a t m e n t  w i th  i . c . v .  a g o n i s t s  and  a n t a g o n i s t s  o f  
A ch , GABA, o r  5-HT r e c e p t o r s ,  o r  w i th  I . P .  n a lo x o n e  d id  n o t  
s i g n i f i c a n t l y  a l t e r  N T-in d u c e d  c y t o p r o t e c t i o n .  H ow ever, 
i . c . v .  h a l o p e r i d o l  (5  µg) t o t a l l y  b lo c k e d  N T 's  c y to p r o t e c 
t i v e  e f f e c t ,  an d  m e th y lp h e n id a te  (80  µg) p ro d u c e d  c y to p r o 
t e c t i o n  s i m i l a r  t o  IC NT.

The p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  N T -in d u c ed  c y to p r o t e c 
t i o n  i s  n o t  m e d ia te d  by  5-H T, GABA, Ach r e c e p t o r s  o r  en d o 
g e n o u s  o p i a t e  s y s te m s  b u t  s u g g e s t  t h a t  t h i s  e f f e c t  o f  NT 
may b e  e x p r e s s e d  th ro u g h  i n t e r a c t i o n s  w i th  b r a i n  DA s y s te m s .

( S u p p o r te d  by  NIMH M H-33127, M H-32316, an d  M H -22536).

3 2 7 .8  ANTIPYRETIC ACTIVITY OF A POTENT a - M S H  ANALOG.
 J . M .  Li p t o n  a n d  M. H o l d e m a n *  (SPON: W . C l a r k ) .

P h y s i o l o g y  a n d  A n e s t h e s i o l o g y  D e p a r t m e n t s ,  S o u t h w e s t e r n  
M e d i c a l  S c h o o l ,  UTHSCD, D a l l a s ,  TX. 7 5 2 3 5 .

[ N le 4 , D - P h e 7] - α -MSH h a s  e x c e p t i o n a l  p o t e n c y  i n  c e r t a i n  
b i o l o g i c a l  a s s a y s  o f  α -MSH a c t i v i t y  s u c h  a s  s k i n  d a r k e n i n g  
i n  f r o g s ;  h o w e v e r ,  t h e r e  i s  no  e v i d e n c e  o f  s i m i l a r  e f f e c t s  
i n v o l v i n g  a c t i v i t y  w i t h i n  t h e  CNS. We d e t e r m i n e d  t h e  
a n t i p y r e t i c  a n d  h y p o t h e r m i c  p o t e n c y  o f  t h i s  a n a l o g  i n  t h e  
r a b b i t  r e l a t i v e  t o  α -MSH. 4 0  a n d  8 0  ng  o f  t h e  a n a l o g  c a u s e d  
h y p o t h e r m i a  w he n  i n j e c t e d  i n t o  a  l a t e r a l  c e r e b r a l  v e n t r i c l e  
o f  a f e b r i l e  r a b b i t s ,  w h e r e a s  20  a n d  10 n g ,  w h i c h  h a d  no 
e f f e c t  on  t h e  t e m p e r a t u r e  o f  a f e b r i l e  a n i m a l s ,  e f f e c t i v e l y  
r e d u c e d  f e v e r  i n d u c e d  by  i v  a d m i n i s t r a t i o n  o f  l e u k o c y t i c  
p y r o g e n .  T h e s e  r e s p o n s e s  i n d i c a t e  t h a t  t h e  a n a l o g  h a s  
a p p r o x i m a t e l y  10 t i m e s  t h e  p o t e n c y  o f  α -MSH. I n  c o n t r a s t ,  
i v  a d m i n i s t r a t i o n  o f  16 µg o f  t h e  a n a l o g ,  a n  e x t r e m e l y  
l a r g e  d o s e  r e l a t i v e  t o  e s t a b l i s h e d  a n t i p y r e t i c  d o s e s  o f  
α -MSH, e l i c i t e d  w e a k  a n d  v a r i a b l e  r e s p o n s e s .  S i n c e  t h i s  
a n a l o g  i s  s a i d  t o  b e  r e s i s t a n t  t o  e n z y m a t i c  d e g r a d a t i o n  by  
s e r u m  e n z y m e s  ( S a w y e r  e t  a l . ,  P r o c .  N a t l .  A c a d .  S c i . ,  7 7 : 
5 7 5 4 ,  1 9 8 0 ) ,  t h e  c o n t r a s t  b e t w e e n  t h e  e f f e c t s  o f  c e n t r a l  
a n d  p e r i p h e r a l  a d m i n i s t r a t i o n  may r e f l e c t  a  l i m i t e d  a b i l i t y  
o f  t h e  a n a l o g  t o  r e a c h  c e n t r a l  r e c e p t o r  s i t e s  w h e n  g i v e n  i v .  
T h e  m a r k e d  c e n t r a l  p o t e n c y  o f  [ N l e 4 ,  D - P h e 7 ] - α -MSH c o u l d  
r e s u l t  f r o m  i n c r e a s e d  d u r a t i o n  o f  a c t i o n  a n d / o r  g r e a t e r  
a f f i n i t y  f o r  c e n t r a l  r e c e p t o r  s i t e s  r e l a t i v e  t o  a-MSH . T he  
l a t t e r  p o s s i b i l i t y  a p p e a r s  m o r e  l i k e l y  s i n c e  t h e  d u r a t i o n  
o f  t h e  h y p o t h e r m i c  a n d  a n t i p y r e t i c  r e s p o n s e  e l i c i t e d  b y  t h e  
a n a l o g  d i d  n o t  s i g n i f i c a n t l y  e x c e e d  t h o s e  e l i c i t e d  by  
e q u i p o t e n t  d o s e s  o f  α -MSH. ( S u p p o r t e d  b y  NINCDS G r a n t  1 0 0 4 6 )
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3 2 7 .9   CYCLO (H IS -P R O ) (cH P ) REGULATES STRIATAL  
DOPAMINERGIC FUNCTION,  J . S . PETERSON* , P . W. 
KALIVAS*, AND C. PRASAD (SPOH:N.W. P ed igo ) .  
 D e p t s .  o f  M e d i c i n e , B i o c h e m i s t r y ,  F a t h o l o g y , 
a n d  P h a r a m o c o lo g y ,  L o u i s i a n a  S t a t e  U n i v e r s i t y  
M e d ic a l  C e n t e r ,  New O r l e a n s ,  L a .  7 0 1 1 2 .

cHP i s  a  c y c l i c  d i p e p t i d e  d e r i v e d  f ro m  
t h y r o t r o p i n - r e l e a s i n g  h o rm o n e  (p G lu - H is - P r o N H 2 , 
TRH) b y  i t s  l i m i t e d  p r o t e o l y s i s  ( P r a s a d  a n d  
P e t e r k o f s k y ,  J . B i o . C h e m . 2 5 1 : 3 2 2 9 ,  1 9 7 6 ) .  T h i s  
p e p t i d e  h a s  b e e n  sh o w n  t o  e l i c i t  a  v a r i e t y  o f  
b i o l o g i c  a c t i v i t i e s  i n  r o d e n t s  a n d  p r i m a t e s ,  a s  
w e l l  a s  t o  e x i s t  i n  p e r i p h e r a l  a n d  CNS 
t i s s u e s .  To u n d e r s t a n d  t h e  m e c h a n is m ( s )  o f  
a c t i o n s  o f  cHP i n  CNS, we h a v e  i n v e s t i g a t e d  t h e  
cHP e f f e c t s  o n  s t r i a t a l  d o p a m in e  (DA) 
m e t a b o l i s m .

S u b c u t a n e o u s  i n j e c t i o n s  o f  cHP ( 0 .5  m g/K g) 
t o  r a t s  l e d  t o  a  t i m e - d e p e n d a n t  d e p l e t i o n  o f  
s t r i a t a l  DA. T h i r t y  m in  f o l l o w i n g  t r e a t m e n t ,  DA 
l e v e l s  d e c l i n e d  t o  a  n a d i r  o f  1 1 4 .7  ±  1 4 .2  
p m o ls /m g  p r o t e i n  (n = 9 )  a n d  t h e n  s t e a d i l y  r o s e  
t o  c o n t r o l  ( 2 2 5  ±  31  p m o ls /m g  p r o t e i n ,  n = 5 ) 
l e v e l s  b y  tw o  h o u r s .  S u b s e q u e n t l y ,  DA l e v e l s  
w e r e  m e a s u r e d  30  m in  p o s t - c H P  i n j e c t i o n s .  
D e p l e t i o n  o f  DA i n c r e a s e d  w i t h  i n c r e a s i n g  cHP 
d o s e s  r e a c h i n g  t o  a  m ax a t  0 . 5  m g /K g . S i n c e  
cHP d i d  n o t  a l t e r  t h e  s t r i a t a l  HVA a n d  DOPAC, 
t h e  d e c r e a s e d  DA l e v e l s  c o u l d  n o t  b e  d u e  t o  
e l e v a t e d  DA r e l e a s e  o r  m e t a b o l i s m .  T h e  e f f e c t  
o f  cHP o n  t y r o s i n e  h y d r o x y l a s e  (T H ) , w as  
e v a l u a t e d  b y  m e a s u r i n g  t h e  r a t e  o f  DOPA 
a c c u m u l a t i o n  i n  s t r i a t u m .  A c c u m u la t i o n  o f  DOPA 
i n  d o p a - d e c a r b o x y l a s e  i n h i b i t o r - t r e a t e d  r a t s  
d e c r e a s e d  i n  p r o p o r t i o n  w i t h  cHP d o s e s ,  
r e a c h i n g  t o  a  m ax a t  0 . 5  m g /K g , s u g g e s t i n g  TH 
a s  t h e  p o s s i b l e  s i t e  o f  cHP a c t i o n .  H o w e v e r , 
cH P d i d  n o t  a l t e r  TH a c t i v i t y  i n  v i t r o . T h e  DA 
d e p l e t o r y  e f f e c t  o f  cHP w as  h i g h l y  s p e c i f i c  
s i n c e  TRH, a c i d  TRH o r  s e v e r a l  cHP a n a l o g u e s  
h a d  n o  e f f e c t .

I n  c o n c l u s i o n ,  o u r  d a t a  s u g g e s t  t h a t  cHP 
d e p l e t e s  t h e  s t r i a t a l  DA b y  i n h i b i t i n g  
h y d r o x y l a t i o n  o f  t y r o s i n e .  A l th o u g h  cHP i s  a  
n o t  a  d i r e c t  i n h i b i t o r  o f  TH, i t  m ay a c t  b y  
m o d u l a t i n g  t h e  n u m b e r  a n d / o r  t h e  k i n e t i c  
p r o p e r t i e s  o f  TH m o l e c u l e s .

3 2 7 .10  SARALASIN INCREASES ACTIVITY OF HIPPOCAMPAL NEURONS 
INHIBITED BY ANGIOTENSIN I I .   R.A. P a lo v c ik *  and  M .I. 
P h i l l i p s .  D ep t. o f  P h y s io l . ,  U n iv . o f  F lo r id a ,  G a in e s v i l l e ,  
FL. 32610.

A n g io te n s in  I I  h a s  been  shown t o  s p e c i f i c a l l y  e x c i te  
neu ro n s  in  s e v e ra l  a r e a s  o f  th e  r a t  b r a in  in c lu d in g  th e  
h ip p o c an p u s . I n  th e  p r e s e n t  s tu d y  we have found  a  s m a lle r  
p ro p o r t io n  o f  n eu rons  w hich w ere in h i b i t e d  by  Ang I I .  In  
e a r l i e r  s tu d ie s  w here i t  was found  t h a t  th e  Ang I I  a n ta g o 
n i s t  s a r a l a s i n  in h i b i t e d  Ang I I  e x c i t a t i o n ,  s a r a l a s i n  
a lo n e  d e c re a s e d  sp on taneous a c t i v i t y  o f  b r a in  c e l l s .  I t  
was h y p o th e s iz e d  t h a t  th e  spo n tan eo u s a c t i v i t y  w hich was 
i n h i b i t e d  r e s u l t e d  from  s t im u la t io n  by endogenous b r a in  Ang 
I I  ( P h i l l i p s  e t  a l . ,  1 9 7 7 ). However, i t  was n o t e s ta b 
l i s h e d  w hethe r th e  i n h i b i t i o n  was s p e c i f i c  f o r  Ang I I  o r  a  
g e n e ra l iz e d  d e p re s s a n t  e f f e c t  o f  s a r a l a s i n .  By a p p ly in g  
s a r a l a s i n  t o  th o s e  c e l l s  in  th e  hippocam pus w hich a r e  
i n h i b i t e d  by Ang I I ,  we have t e s t e d  f o r  e x c i t a t o r y  e f f e c t s  
o f  s a r a l a s i n .

The h ippocanpus was removed from  m ale Sprague-D aw ley 
r a t s  (150-400g) and s e c t io n e d  t r a n s v e r s e ly  in t o  0.4mm th i c k  
s l i c e s .  These w ere m a in ta in e d  in  a  c h a n te r  a t  34°C w ith  
95% O2 , 5% CO2 u nder co n tin u o u s  p e r fu s io n  (30 m l /h r )  
o f  Yamamoto's s o lu t i o n .  R obust spo n tan eo u s a c t i v i t y  c o u ld  
be re c o rd e d  a s  lo n g  a s  35 h o u rs ;  how ever, a l l  ex p e rim en ts  
w ere com pleted  by 15 h o u rs  p o s t  s e tu p .  Ang I I  and  
(S a r1- ,a l a 8 ) s a r a l a s i n  w ere a p p l ie d  t o  th e  p e r fu s io n  
medium by slow  in j e c t io n  t o  a v o id  m echan ica l a r t i f a c t s .

The spo n tan eo u s f i r i n g  r a t e s  o f  n eu rons  t e s t e d  v a r ie d  
betw een 0-43 s p ik e s / s e c .  Of 60 c e l l s ,  36 had  spo n tan eo u s 
f i r i n g  r a t e s  o f  5 .5  s p ik e s /s e c  o r  l e s s .  T h i r ty - f iv e  
neu ro n s  (o f 60) w ere e x c i te d  by Ang I I  and  fo u r  w ere in h ib 
i t e d .  S ame neu rons  w ere e x c i te d  by d o ses  o f  Ang I I  a s  low 
a s  10- 16  M. O ther neu rons  e i t h e r  showed com bined 
e x c i t a t i o n  and  i n h i b i t i o n  o r  no r e s p o n s e . C e l ls  responded  
th ro u g h o u t th e  d o se  ran g e  in  a  d o s e - re s p o n s e  f a s h io n .  
S a r a l a s in  e x c i te d  c e l l s  t h a t  w ere in h i b i t e d  by Ang I I  and  
v ic e  v e r s a .

T h is  im p lie s  t h a t  th e  e f f e c t s  o f  Ang I I  on h ip p o c a iip a l 
n eu rons  a r e  s p e c i f i c  and  s e c o n d ly , t h a t  th e  d e c re a s e  in  
sp o n tan eo u s a c t i v i t y  seen  w ith  s a r a l a s i n  i s  m ost l i k e l y  due 
t o  an  in h i b i t i o n  o f  endogenous b r a in  Ang I I .  S in ce  i n t r a 
c e l l u l a r  r e c o rd in g s  showed re s p o n s e s  t o  10- 16  t o   
10- 6 M Ang I I ,  th e  r e s u l t s  in d i c a t e  t h a t  endogenous 
Ang I I  h a s  a  p h y s io lo g ic a l  a c t io n  in  th e  h ip p o c an p u s .

(S uppo rted  by NSF g ra n t  BNS 8025969 t o  MIP and NIA 
F e llo w sh ip  1F32HL06709-01 t o  RAP.)

3 2 7 .11  STRESS INCREASES DOPAC, SUBSTANCE P , AND SUBSTANCE K IN THE 
A10 BUT NOT A9 REGIONS.  J .E .  M ag g io , A .Y . D e u tc h , M .J . Ban
n o n , S . -Y .  Tam, N. Z am ir*  an d  R .H . R o th .  Y a le  U n i v e r s i t y  
S c h o o l o f  M e d ic in e ,  New H av en , CT an d  NIMH, B e th e s d a ,  MD,  

S t r e s s  s p e c i f i c a l l y  i n c r e a s e s  t h e  d o p am in e  (DA) m e ta b o 
l i t e  3 ,4 - d i h y d r o x y p h e n y l a c e t i c  a c id  (DOPAC) i n  t h e  p r e f r o n 
t a l  c o r t i c a l  (PFC) b u t  n o t  o l f a c t o r y  t u b e r c l e  (TUO) o r  s t r i 
a t a l  d o p a m in e rg ic  p r o j e c t i o n s .  I m m u n o n e u tr a l i z a t io n  o f  s u b 
s t a n c e  P (SP) i n  t h e  v e n t r a l  t e g m e n ta l  a r e a  (VTA), s o u rc e  o f  
t h e  c o r t i c a l  DA i n n e r v a t i o n ,  b lo c k s  s t r e s s - i n d u c e d  DOPAC 
i n c r e a s e s  i n  t h e  PFC. We h a v e  t h e r e f o r e  ex am in ed  t h e  e f f e c t  
o f  s t r e s s  on b o th  SP an d  DOPAC i n  th e  m id b r a in  DA c e l l  g ro u p  
a r e a s ,  a s  w e l l  a s  i n  t h e  s t r i a t u m  an d  h a b e n u la  ( s o u r c e s  o f  
s u b s t a n t i a  n i g r a  (SN) a n d  VTA SP, r e s p e c t i v e l y ) .  I n  a d d i t i o n ,  
s u b s ta n c e  K (SK), a  t a c h y k i n in  s t r u c t u r a l l y  r e l a t e d  t o  SP 
an d  d e r i v e d  fro m  a  common p ro h o rm o n e , w as m e a s u re d .

A d u l t  m a le  r a t s  w e re  s u b j e c t e d  to  m ild  ( 0 .2  mA) f o o ts h o c k  
s t r e s s  f o r  20 m in , an d  s a c r i f i c e d  im m e d ia te ly  o r  30 m in u te s  
l a t e r .  The VTA, SN, PFC, s t r i a t u m ,  an d  h a b e n u la  w e re  d i s 
s e c t e d ,  an d  t i s s u e  l e v e l s  o f  DA, DOPAC, SP, an d  SK d e t e r 
m in e d . S t r e s s  s i g n i f i c a n t l y  i n c r e a s e d  DOPAC l e v e l s  i n  t h e  
PFC, b o th  im m e d ia te ly  an d  30 m in  a f t e r  s t r e s s  e x p o s u re .  No 
c h a n g e s  i n  e i t h e r  SN o r  s t r i a t a l  SP l e v e l s  w e re  o b s e rv e d .  In  
c o n t r a s t ,  h a b e n u la  l e v e l s  o f  SP d e c l i n e d  w h i le  VTA l e v e l s  
i n c r e a s e d  i n  r e s p o n s e  t o  s t r e s s ;  t h e s e  c h a n g e s  w ere  a c c e n t u 
a t e d  i n  a n im a ls  s a c r i f i c e d  30 m in a f t e r  s t r e s s .  DOPAC 
l e v e l s  i n  t h e  SN an d  s t r i a t u m  d id  n o t  c h a n g e  a s  a  f u n c t i o n  
o f  s t r e s s  e x p o s u r e .  H ow ever, VTA l e v e l s  o f  t h e  m e t a b o l i t e  
c h a n g e d  i n  p a r a l l e l  t o  t h e  o b s e rv e d  i n c r e a s e s  i n  PFC DOPAC 
l e v e l s .  T h e se  d a t a  i n d i c a t e  t h a t  s t r e s s  r e s u l t s  i n  a  s e l e c 
t i v e  a c t i v a t i o n  o f  t h e  SP i n p u t  t o  t h e  VTA, b u t  n o t  t o  th e  
SN. C h an g es  i n  t h e  p re su m e d  s o u r c e s  o f  m id b r a in  SP r e f l e c t  
a l t e r a t i o n s  i n  t h e  t e r m in a l  f i e l d s :  h a b e n u la  b u t  n o t  s t r i a t a ]  
SP c o n c e n t r a t i o n s  a r e  d e c r e a s e d .  F u r th e r m o r e ,  t h e  o b s e rv e d  
c h a n g e s  i n  SP l e v e l s  a r e  p a r a l l e d  by  a  s e l e c t i v e  r i s e  i n  VTA 
(b u t  n o t  SN) DOPAC l e v e l s .  P r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  
c h a n g e s  i n  r e g i o n a l  SK l e v e l s  f o l l o w  t h o s e  c h a n g e s  o b s e rv e d  
i n  SP l e v e l s .

A10 DA n e u ro n s  p r o j e c t  to  b o th  m e s o l im b ic  (TUO) an d  m eso
c o r t i c a l  (PFC) s i t e s .  S t r e s s  s e l e c t i v e l y  a c t i v a t e s  o n ly  t h e  
PFC DA t e r m in a l  f i e l d .  The s t r e s s - i n d u c e d  i n c r e a s e  i n  DOPAC 
i n  t h e  VTA s u g g e s t s  t h a t  a  l a r g e  p r o p o r t i o n  o f  t h e  DA n e u 
r o n s  i n  t h e  VTA a r e  a c t i v a t e d .  H ow ever, t h e  DA n e u ro n s  
w h ic h  p r o j e c t  to  t h e  PFC r e p r e s e n t  a  r e l a t i v e l y  s m a l l  s u b s e t  
o f  t h e  A10 c e l l  g r o u p .  T h e se  m e s o c o r t i c a l  DA n e u ro n s  may 
t h e r e f o r e  e x h i b i t  r e g u l a t o r y  f e a t u r e s  w h ic h  d i f f e r  from  
t h o s e  o f  o t h e r  DA c e l l s .  ( S u p p o r te d  i n  p a r t  by  M H -14092).

3 2 7 .12  EFFECT OF CONTINUOUS ICV INFUSION OF CHOLECYSTOKININ (CCK- 
8 S) ON SLEEP AND RESPIRATION IN THE RAT. S . D e M e s q u ita ,  
W. H. H aney* .  D e p a r tm e n t o f  P h y s io lo g y ,  M a rs h a l l  U n i v e r s i t y  
S c h o o l o f  M e d ic in e ,  H u n t in g to n ,  WV 2 5 7 0 4 -2 9 0 1 .

CCK-8 S h a s  b e e n  i m p l ic a te d  a s  a  c e n t r a l  n e rv o u s  s y s te m  
n e u r o m o d u l a t o r / t r a n s m i t t e r  an d  h a s  b e e n  i d e n t i f i e d  i n  b r a i n  
s te m  a r e a s  th o u g h t  t o  r e g u l a t e  s l e e p  an d  t h e  a u to m a t i c  c o n 
t r o l  o f  r e s p i r a t i o n .  Thus a  c h a n g e  in  t h e  l e v e l  o f  b r a i n  
CCK w ou ld  b e  e x p e c te d  t o  a l t e r  c o n t r o l  o f  s l e e p  an d  r e s p i 
r a t i o n .  T h is  s tu d y  ex am in ed  th e  e f f e c t  o f  c h r o n ic  e l e v a t i o n  
o f  CCK-8 S in  t h e  c e r e b r o s p i n a l  f l u i d  (CSF) on s l e e p  p a t t e r n  
an d  r e s p i r a t o r y  r a t e .

E ig h t  a d u l t  m ale  S p ra g u e-D aw le y  r a t s ,  418 ± 8 g (m ean ± 
S E ) , w e re  im p la n te d  w i th  c h r o n ic  EEG an d  EMG e l e c t r o d e s  in  
o r d e r  to  m o n ito r  t h e  l e v e l  o f  c o n s c i o u s n e s s .  A c a n n u la ,  
c o n n e c te d  to  an  A lz e t  m in i -o s m o t ic  pum p, was i n s e r t e d  i n t o  
t h e  r i g h t  l a t e r a l  c e r e b r a l  v e n t r i c l e .  F o u r r a t s  w e re  i n 
f u s e d  w i th  s a l i n e ;  t h e  r e m a in in g  r a t s  w e re  i n f u s e d  w i th  CCK- 
8 S , ( d o s e :  1 .1  ng  CCK-8 S /m in  f o r  f i v e  d a y s ) .  The r a t s  w ere  
m o n ito re d  e l e c t r o p h y s i o l o g i c a l l y  f o r  f o u r  h o u r s  e a c h  on  d a y s  
4 an d  5 f o l l o w in g  s u r g e r y .  A c h e s t  b a l l o o n  w as u s e d  t o  r e 
c o rd  r e s p i r a t o r y  r a t e .

Each r e c o r d  w as s c o re d  i n t o  W ake, R a p id  Eye M ovement 
s l e e p  (REM) o r  non-REM s l e e p  (NREM) s e c t i o n s  an d  t a b u l a t e d .  
R e s p i r a t o r y  r a t e  was a n a ly z e d  f o r  e i g h t  e n t i r e  REM p e r i o d s  
an d  th e  p r e c e d in g  f i v e  m in u te s  o f  NREM s l e e p  a s  w e l l  a s  
f i v e  m in u te s  o f  q u i e t  w ake f o r  e a c h  r a t .  B r e a th in g  r a t e

RESPIRATORY RATE ( b r e a t h s / m i n , mean ± SE)

GROUP WAKE NREM REM
S a l in e 108 ± 14 86 ± 7 104 ± 3
CCK-8 S 76 ± 12 66 ± 5 87 ± 7
S i g n i f i c a n c e NS P < 0 .0 5 P < 0 .0 5
s lo w e d  s i g n i f i c a n t l y  d u r in g  s l e e p  w i th  CCK-8 S . The num ber 
o f  REM p e r i o d s  o c c u r r in g  p e r  h o u r  o f  NREM s l e e p  was i n 
c r e a s e d  (P < 0 .0 5 )  fro m  3 .1  ± 0 .8  w i th  s a l i n e  t o  6 .1  ± 1 .0  
w i th  CCK i n f u s i o n .  REM p e r c e n t  w as n o t  i n c r e a s e d  w i th  CCK 
s in c e  th e  m ore n u m ero u s REM p e r i o d s  t e n d e d  to  b e  s h o r t e r  
th a n  th o s e  w i th  s a l i n e  i n f u s i o n .

C h ro n ic  i n f u s i o n  o f  CCK-8 S i n t o  t h e  CSF s i g n i f i c a n t l y  
d e p r e s s e d  r e s p i r a t o r y  r a t e  d u r in g  s l e e p  an d  in c r e a s e d  th e  
num ber o f  REM p e r i o d s  p e r  h o u r  o f  NREM s l e e p .  The r e s u l t s  
s u g g e s t  a  p o t e n t i a l  p h y s io l o g ic  r o l e  f o r  CCK-8 S i n  t h e  
b r a i n  i n  t h e  r e g u l a t i o n  o f  r e s p i r a t o r y  r a t e  a s  w e l l  a s  t h e  
i n i t i a t i o n  o f  t h e  REM s le e p  p h a s e .
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327. 13  CCK- 8 ELICITS CONTRACTION OF ISOLATED RAT PYLORUS. R a n d a l l   
B. M urphy , Jam es G ib b s , an d  G e ra rd  P . S m ith .  New Y ork U n i
v e r s i t y ,  D e p a r tm e n t o f  C h e m is t ry ,  New Y o rk , NY 10003 an d  
C o r n e l l  U n i v e r s i t y  M e d ic a l  C o l le g e ,  D e p a r tm e n t o f  P s y c h ia 
t r y ,  The New Y ork  H o s p i t a l ,  W e s t c h e s t e r  D i v i s i o n ,  Edw ard W. 
B o u rn e  B e h a v io r a l  R e s e a rc h  L a b o r a to r y ,  W h ite  P l a i n s ,  NY 10605.

B in d in g  s i t e s  f o r  CCK i n  t h e  p y l o r u s  o f  t h e  r a t  h a v e  b e e n  
d e m o n s t r a te d  a u t o r a d i o g r a p h i c a l l y  (G .T . S m ith  e t  a l ,  Am. J .  
P h y s i o l .  2 4 6 :1 2 7 ,  1 9 8 4 ) .  I t  was  s u g g e s t e d  t h a t  t h i s  t i s s u e  
may h a v e  an  im p o r ta n t  r o l e  i n  t h e  a b i l i t y  o f  e x o g e n o u s ly  
a d m i n i s t e r e d  CCK-8 t o  in v o k e  th e  c o n s t e l l a t i o n  o f  b e h a v io r a l  
e f f e c t s  w h ic h  r e s e m b le  n a t u r a l  s a t i e t y .  To t e s t  t h i s  p o s 
s i b i l i t y ,  we h a v e  e x a m in e d  t h e  c o n t r a c t i l e  r e s p o n s e  o f  t h e  
i s o l a t e d  r a t  p y l o r u s  t o  v a r i o u s  p h a rm a c o lo g ic a l  a g e n ts  i n  
v i t r o . The e x c i s e d  t i s s u e  was m a in t a in e d  a t  35°C i n  o x y g e n 
a t e d  R i n g e r 's  s o l u t i o n  c o n ta i n in g  1 mM p y r u v a t e ,  an d  1 µM 
a t r o p i n e ,  an d  d i s p l a c e m e n t  was r e c o r d e d  i s o m e t r i c a l l y .  We 
fo u n d  t h a t  CCK-8 (5 x 10 -1 0  t o  3x10 - 7 M) i n c r e a s e d  t h e  d u r a t i o n  
o f  c o n t r a c t i o n  w i th  a n  a p p ro x im a te  l o g - l i n e a r  d o s e - r e s p o n s e  
f u n c t i o n .  A l th o u g h  low  d o s e s  o f  CCK-8 a l s o  i n c r e a s e d  th e  
f r e q u e n c y  an d  a m p l i tu d e  o f  c o n t r a c t i o n s ,  t h e s e  m e a s u re s  d id  
n o t  c o r r e l a t e  w i th  t h e  r a n g e  o f  d o s e s  o f  CCK-8 t e s t e d .
S in c e  CCK-8 a c t e d  i n  t h e  p r e s e n c e  o f  a t r o p i n e  (1 x10- 6m) , 
t h i s  s u g g e s t s  t h a t  m u s c a r in i c  c h o l i n e r g i c  m ech an ism s i n  th e  
p y l o r u s  w e re  n o t  n e c e s s a r y  f o r  t h e  c o n t r a c t i l e  e f f e c t  o f  
CCK-8. P r e l i m i n a r y  p h a r m a c o lo g ic a l  a n a l y s i s  s u g g e s t s  t h a t  
s e r o t o n e r g i c  an d  c a te c h o la m in e r g ic  m ech an ism s a r e  a l s o  n o t  
n e c e s s a r y  b e c a u s e  s e r o t o n i n ,  a p o rm o r p h in e , p e r g o l i d e ,  
p a p a v e r i n e ,  s u l p i r i d e  o r  t im o lo l  d i d  n o t  a p p e a r  t o  m o d ify  
s u b s t a n t i a l l y  t h e  c o n t r a c t i l e  e f f e c t  o f  CCK-8. T h ese  d a t a  
i n d i c a t e  t h a t  t h e  i s o l a t e d  r a t  p y l o r u s  may h a v e  c o n s id e r a b l e  
u t i l i t y  a s  an  i n v i t r o  a s s a y  s y s te m  f o r  a n a ly z in g  th e  
e f f e c t s  o f  a n a lo g u e s  an d  a n t a g o n i s t s  o f  CCK.

S u p p o r te d  b y  NIMH RSDA MH70874 an d  NIH AM33248 ( J G ) ,  
NIMH RSA MH00149 an d  MH15455 (G PS), t h e  G e n e ra l  F oods F u n d , 
I n c . , an d  a  R e s e a rc h  C h a l le n g e  Fund G r a n t  fro m  New York 
U n i v e r s i t y  (RBM).

327. 14  CHRONIC LATERAL HYPOTHALAMIC LESIONS ATTENUATE THE INCREASE 
IN SERUM GASTRIN INDUCED BY INTRACISTERNAL BOMBESIN.  C .V . 
G r i j a l v a ,  Y. T a c h é , M. W. G u n io n , J .  H. W alsh*  an d  P . H. 
C o o p e r .  P s y c h o lo g y  D e p a r tm e n t,  B ra in  R e s e a rc h  I n s t i t u t e  and 
C e n te r  f o r  U lc e r  R e s e a rc h  an d  E d u c a t io n ,  UCLA, Los A n g e le s ,  
CA 90024

I n t r a c i s t e r n a l  ( IC )  i n j e c t i o n  o f  b o m b esin  in  r a t s  
r e l i a b l y  i n c r e a s e s  se ru m  g a s t r i n  l e v e l s .  I n  a  r e c e n t  s tu d y  
we r e p o r t e d  t h a t  th e  i n c r e a s e s  in  se ru m  g a s t r i n  l e v e l s  
in d u c e d  by b o m b esin  w ere  a t t e n u a t e d  f o l lo w in g  a c u te  l e s i o n s  
o f  th e  l a t e r a l  h y p o th a la m u s  (LH) o r  t r a n s a c t i o n s  p la c e d  
l a t e r a l  o r  p o s t e r i o r  to  th e  LH (T a ch é  e t  a l . ,  N euro
e n d o c r in o lo g y , in  p r e s s ) .  The p r e s e n t  s tu d y  e x am in ed  th e  
c h ro n ic  e f f e c t s  o f  b i l a t e r a l  e l e c t r o l y t i c  LH l e s i o n s  o r  
t r a n s a c t i o n s  p la c e d  a n t e r i o r ,  p o s t e r i o r  o r  l a t e r a l  to  th e  LH 
in  r a t s  on c h a n g es  in  g a s t r i c  s e c r e t o r y  f u n c t i o n s  and  p lasm a  
g a s t r i n  f o l l o w in g  IC a d m i n i s t r a t i o n  o f  b o m b es in .

T h ree  w eeks p o s t o p e r a t i v e l y  g ro u p s  o f  m ale  r a t s  w ere  fo o d  
d e p r iv e d  f o r  24 h ,  a n e s t h e t i z e d  w i th  m e th o h e x i t a l  (5 0  m g /k g , 
I P ) ,  and  th e n  im m e d ia te ly  i n j e c t e d  ( IC )  w i th  e i t h e r  b o m b esin  
(5 0 0  n g )  o r  an  e q u a l  volum e o f  s a l i n e  (10  µ l ) .  Two h o u r s  
l a t e r  th e  a n im a ls ,  a l l  c o n s c io u s ,  w ere  d e c a p i t a t e d  and  t r u n k  
b lo o d  and  g a s t r i c  c o n te n t s  c o l l e c t e d .  The volum e o f  g a s t r i c  
s e c r e t i o n  f o l lo w in g  s a l i n e  a d m i n i s t r a t i o n  was s i g n i f i c a n t l y  
lo w e r  in  r a t s  w i th  LH l e s i o n s  o r  in  n o n le s io n e d  body 
w e ig h t-m a tc h e d  c o n t r o l s  (BWC) [m eans ( m l /2 h ) ,  LH = 2 . 9 ,  BWC 
= 1 . 5 ,  Norm al = 4 . 3 ] ,  w h ich  w ere  b o th  a p p ro x im a te ly  a t  60% 
n o rm a l body w e ig h t .  H ow ever, v a lu e s  f o r  g a s t r i c  pH, a c id  
o u t p u t ,  and  se ru m  g a s t r i n  d id  n o t  d i f f e r  b e tw e en  g r o u p s .  
B om besin r e l i a b l y  d e c re a s e d  g a s t r i c  s e c r e t o r y  volum e and  
a c id  o u tp u t  and  in c r e a s e d  g a s t r i c  pH in  a l l  g ro u p s  w h ich  d id  
n o t  d i f f e r  s i g n i f i c a n t l y  on th e s e  m e a s u r e s .  G a s t r i n  l e v e l s  
a l s o  w ere  s i g n i f i c a n t l y  e l e v a t e d  in  a l l  g ro u p s  f o l l o w in g  
b o m b esin  h o w e v e r , th e  LH g ro u p  d i f f e r e d  s i g n i f i c a n t l y  from  
th e  N orm al and  BWC g ro u p s  [m eans ±  SEM ( p g /m l) ,  LH = 2 0 1 ± 3 3 , 
BWC = 31 7 ± 3 5 , Norm al = 3 8 5 ± 4 8 ] , i n d i c a t i n g  t h a t  th e  
d i f f e r e n c e s  c o u ld  n o t  be a c c o u n te d  f o r  by body w e ig h t .

T hese  r e s u l t s  a r e  i n  a g re e m e n t w i th  th o s e  from  o u r  a c u te  
s tu d i e s  (T a ch é  e t  a l . ,  in  p r e s s )  w h ich  s u g g e s t  t h a t  th e  LH 
a r e a  in  th e  r a t  i s  in v o lv e d  in  b o m b e s in - in d u c e d  a l t e r a t i o n s  
in  se ru m  g a s t r i n  b u t  n o t  g a s t r i c  s e c r e t o r y  f u n c t i o n s .

S u p p o r t :  AM 30110 (Y T ), AM 17328 (CURE), UCLA URG 3820 (CVG)

327. 15  DOES MOSSY FIBRE ACTIVITY RELEASE AN ENDOGENOUS OPIATE IN 
THE CA2/3 PYRAMIDAL LAYER?  T . D a lk a ra *  an d  K. K r n j e v i c l  
D e p ts .  o f  A n a e s th e s i a  R e s e a rc h  & P h y s io lo g y ,  M c G ill  U n iv e r 
s i t y ,  3655 Drummond S t . ,  M o n tr e a l ,  Q uebec H3G 1Y6.

A lth o u g h  i t  i s  w e ll-k n o w n  t h a t  h ip p o c a m p a l m ossy  f i b r e s  
a r e  r i c h  i n  o p i o id  p e p t i d e ,  an d  t h a t  o p i a t e s  h a v e  a  po w er
f u l  e x c i t a t o r y  a c t i o n  i n  t h e  h ip p o c a m p u s , e v id e n c e  i s  l a c k 
in g  t h a t  o p i a t e  r e l e a s e  by  m ossy  f i b r e s  s i g n i f i c a n t l y  a f f e c t s  
CA2/3 e l e c t r i c a l  a c t i v i t y .  F o l lo w in g  up on  th e  i n i t i a l  
s t u d i e s  o f  R o u t te n b e r g  e t  a l .  ( 1 9 8 4 , F e d . P r o c .  4 3 , 9 2 4 ) ,  we 
h a v e  a p p l i e d  t h e  o p i a t e  a n t a g o n i s t  n a lo x o n e  i o n t o p h o r e t i c a l l y  
i n  t h e  CA2 an d  3 r e g i o n s  o f  r a t s  u n d e r  u r e t h a n e  o r  D ia l  
a n a e s t h e s i a  w h i l e  r e c o r d in g  e x t r a c e l l u l a r l y  r e s p o n s e s  e v o k ed  
by  s t i m u l a t i o n ,  p a r t i c u l a r l y  o f  g r a n u le  c e l l s /m o s s y  f i b r e s .

S a t i s f a c t o r y  p la c e m e n t  o f  t h e  s t i m u l a t i n g  and  r e c o r d in g  
e l e c t r o d e s  w as ju d g e d  by  t h e  s t e r e o t a x i c  c o o r d i n a t e s ,  t h e  
c h a r a c t e r i s t i c  f i e l d  r e s p o n s e ,  an d  s u b s e q u e n t  h i s t o l o g i c a l  
i d e n t i f i c a t i o n  o f  e l e c t r o d e  t r a c k s ,  a s  w e l l  a s  a  P o n ta m in e  
Sky B lu e  m ark  a t  t h e  p r i n c i p a l  s i t e  o f  r e c o r d in g .

T h re e  ty p e s  o f  r e s p o n s e s  w e re  ex am in ed  e s p e c i a l l y :  1)  
s h o r t  l a t e n c y  s p ik e s  an d  PSP f i e l d s  e v o k ed  by  s i n g l e  s h o c k s ;  
2) t h e  s t r i k i n g  f a c i l i t a t i o n  o f  t h e  s p ik e  r e s p o n s e  e v o k ed  by 
a  s e c o n d  s t i m u l u s  a t  i n t e r v a l s  > 5 0 -1 5 0  ms (d e p e n d in g  on th e  
a n a e s t h e t i c ) ; an d  3) t h e  p ro n o u n c e d  p o s t - i c t a l  d e p r e s s io n  
t h a t  f o l l o w s  s t i m u l a t i o n  by  b r i e f  t r a i n s  a t  10 H z.

Even v e r y  p r o lo n g e d  a p p l i c a t i o n s  o f  n a lo x o n e  ( fro m  1 0 -5 0  
mM s o l u t i o n s  o f  n a lo x o n e  HCl  (S igm a) -  i n  0 .1 5  M s a l i n e ,  a t  
pH 6 .5 )  -  i n  d o s e s  a s  h ig h  a s  70 nA f o r  2 0 -3 0  m in  -  f a i l e d  
t o  b l o c k  c o n s i s t e n t l y  e i t h e r  t h e  d i r e c t  p o p u l a t i o n  s p ik e  
r e s p o n s e  o r  p a i r - p u l s e  f a c i l i t a t i o n ,  th o u g h  t h e  p o w e r fu l  
e x c i t a t o r y  e f f e c t  o f  a n  o p i a t e  a g o n i s t  (FK 33 -  824CH, S an
d o z ) , r e l e a s e d  fro m  th e  same e l e c t r o d e ,  was r a p i d l y  a b o l 
i s h e d  by  a s  l i t t l e  a s  14 nA o f  n a lo x o n e .  We c o n c lu d e  t h a t  
t h e  p r i n c i p a l  r a p i d l y - a c t i n g  e x c i t a t o r y  t r a n s m i t t e r  r e 
l e a s e d  b y  m ossy  f i b r e s  i s  p r o b a b ly  n o t  a n  o p i a t e .

On t h e  o t h e r  h a n d ,  i n  a  s u b s t a n t i a l  p r o p o r t i o n  o f  c a s e s  
l o n g  a p p l i c a t i o n s  o f  n a lo x o n e  g r e a t l y  re d u c e d  o r  e v e n  a b o l 
i s h e d  p a i r e d - p u l s e  f a c i l i t a t i o n .  M o re o v e r , i n  a  s m a l le r  
num ber o f  t e s t s ,  i t  c o n s i s t e n t l y  re d u c e d  b o th  t h e  i n t e n s i t y  
an d  t h e  d u r a t i o n  o f  p o s t - i c t a l  d e p r e s s io n .  T h e se  o b s e r v a 
t i o n s  s u g g e s t  t h a t  a n  o p i a t e  r e l e a s e d  b y  m ossy  f i b r e s  c a n  
h a v e  a  s i g n i f i c a n t  m o d u la to ry  a c t i o n ,  p e rh a p s  b y  a l t e r i n g  
t h e  e f f e c t i v e n e s s  o f  i n h i b i t o r y  to n e  ( Z ie g lg a n s b e r g e r  e t  a l .  
1 9 7 9 , S c ie n c e  2 0 5 , 4 1 5 ) .  I n  a d d i t i o n ,  i t  may b e  r e l e a s e d  
m ore p r e d i c t a b l y  d u r in g  s e i z u r e  a c t i v i t y ,  and  th u s  r e i n f o r c e  
t h e  p a ro x y s m a l d i s c h a r g e s  an d  th e  f o l l o w in g  p h a s e  o f  d e p r e s 
s i o n .  S u p p o r te d  by  t h e  C a n a d ia n  M e d ic a l  R e s e a rc h  C o u n c i l .

3 2 7 . 1 6   SUBSTANCE P (SP) INDUCED EXCITATION OF TRACHEOPULMONARY RE
CEPTORS AND CENTRAL CHEMOSENSITIVE STRUCTURES.  N .R .  
P r a b h a k a r ,*  M. R u n o ld ,* 1- Y. Y am am oto ,*1 C. v o n  E u l e r , * 1 J .  
M it r a  and  N .S . C h e rn ia c k *  (SPON: P .E .  C r a g o ) .  D e p t . o f  M edi
c i n e ,  C ase W e ste rn  R e s e rv e  U n iv . ,  C le v e la n d ,  OH 4 4 1 0 6 ; and  
J-Nobel I n s t i t u t e  f o r  N e u r o p h y s io lo g y ,  K a r o l in s k a  I n s t i t u t e ,  
S to c k h o lm , Sw eden.

S u b s ta n c e  P (SP) im m u n o re a c tiv e  s e n s o r y  f i b r e s  a r e  p r e s 
e n t  i n  t h e  tra c h e o p u lm o n a ry  s y s te m  (L u n d b e rg  e t  a l . ,  A c ta  
P h y s i o l .  S c a n d . 1 1 9 :2 4 3 -2 5 2 ,  1983) and  i n  t h e  v e n t r a l  m ed u l
l a r y  s u r f a c e  (VMS), i n  t h e  r e g i o n  o f  t h e  c e n t r a l  c h e m o s e n s i-  
t i v e  s t r u c t u r e s  ( D e r m ie tz e l  e t  a l . ,  C e n t r a l  N eu ro n e  E n v iro n 
m en t, S p r in g e r  V e r la g ,  2 5 1 -2 5 6 , 1 9 8 3 ) .  We s tu d i e d  t h e  r e s 
p i r a t o r y  r e s p o n s e s  w i th  e x o g e n o u s  a p p l i c a t i o n  o f  SP. In  
a n e s t h e t i z e d ,  s p o n ta n e o u s  b r e a t h in g  r a b b i t s  (n  = 1 4 ) ,  r i g h t  
a t r i a l  (RA) i n j e c t i o n  o f  SP (20  ng  to  100 n g /K g ) e l i c i t e d  an  
"a u g m en ted  b r e a t h "  (AB) w i t h in  2 -3  s e c o n d s  a f t e r  t h e  i n j e c 
t i o n .  F o l lo w in g  AB, r e s p i r a t o r y  r a t e  an d  t i d a l  p h r e n i c  am
p l i t u d e  i n c r e a s e d .  S i m i la r  i n j e c t i o n  o f  SP i n  t h e  a o r t a  
n e v e r  e l i c i t e d  AB, h o w e v e r , some i n c r e a s e  o f  p h r e n i c  a c t i v i 
t y  was p r e s e n t .  A f t e r  v a g o to m y , A B 's  o b s e rv e d  w i th  RA w ere  
a b s e n t .  RA a d m i n i s t r a t i o n  o f  an  SP a n a lo g  a n t a g o n i s t  a b o l 
i s h e d  AB' s  in d u c e d  by  t r a c h e a l  o c c lu s i o n .  R e c o r d in g s  fro m  
s e n s o r y  v a g a l  f i b e r s  show ed t h a t  b o th  " i r r i t a n t "  an d  PDG 
s e n s i t i v e  "C" f i b e r  a c t i v i t y  i n c r e a s e d  ( 4 .8  ± 0 . 2 t o  9 . 0 ±  
0 .8  im p /s  i r r i t a n t  r e c e p t o r s ,  n  = 1 6 ; 1 .6  ±  0 .2  t o  4 .1  ±  0 .7  
im p /s  PDG s e n s i t i v e  "C" f i b e r s ,  n  = 6 ) .  I n  a n e s t h e t i z e d ,  
p a r a l y z e d ,  v a g o to m iz e d  c a t s  (n  = 6 ) l o c a l  a p p l i c a t i o n  o f  SP 
on  t h e  VMS ( g e l  foam  so a k e d  i n  100 µ g /m l o r  1 m g/m l o f  SP) 
i n c r e a s e d  t h e  e f f e r e n t  a c t i v i t y  o f  p h r e n i c ,  h y p o g lo s s a l  and  
r e c u r r e n t  l a r y n g e a l  n e rv e  a c t i v i t i e s  w i t h i n  5 t o  10 s  a f t e r  
a p p l i c a t i o n .  H y p e rc a p n ic  r e s p o n s e  (3% CO2 i n  O2 ) w as i n 
c r e a s e d  i n  p r e s e n c e  o f  SP on VMS. T h e se  r e s u l t s  s u g g e s t  
t h a t  SP may b e  o f  p h y s i o l o g i c a l  im p o r ta n c e  i n  t h e  e x c i t a t i o n  
o f  t ra c h e o p u lm o n a ry  s e n s o r y  r e c e p t o r s  an d  a l s o  t h e  c e n t r a l  
chem os e n s i t i v e  s t r u c t u r e s .  (S u p p o r te d  by  NIH H L -25830; 
S w ed ish  M e d ic a l  R e s e a rc h  C o u n c i l  14X00544 and  19X 5324)
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327. 17  BENEFICIAL ACTION OF TRH IN ANAPHYLACTIC SHOCK: EFFECTS OF 
ACID-TRH AND HISTIDIL-PROLINE DIKETOPIPERAZINE.  M. H a r e l * , 
J . W. H o la d a y 1 an d  S . Am ir (SPON: R. S im a n to v ) .  D e p t. I s o to p e  
R e s . ,  W eizm ann I n s t i t u t e  o f  S c i .  R e h o v o t,  I s r a e l ,  and  
1N eu ro p h a rm . B r . D e p t .  Med. N e u r o s c ie n c e s ,  D iv . N e u ro p sy 
c h i a t . ,  W a lte r  Reed Array I n s t .  R e s . W a sh in g to n , D .C . 2 0 307 .

T h y r o t r o p i n - r e l e a s i n g  horm one (TRH, P G lu -H is -P ro  NH2 ) 
h a s  b e e n  shown t o  im p ro v e  s u r v i v a l  i n  a n a p h y la c t i c  sh o c k  in  
m ic e . In  t h e s e  s t u d i e s ,  TRH a p p e a r e d  t o  e x e r t  i t s  p r o t e c t i v e  
e f f e c t  by  a c t i n g  th ro u g h  t h e  c e n t r a l  n e rv o u s  s y s te m  (CNS) 
s in c e  s u r v i v a l  fro m  a n a p h y la x i s  was im p ro v e d  by  i n t r a c e r e -  
b r o v e n t r i c u l a r  (ICV) a d m i n i s t r a t i o n  o f  TRH a t  d o s e s  t h a t  had 
no  e f f e c t  when g iv e n  s y s t e m i c a l l y .  H ow ever, s i n c e  TRH h a s  
b e e n  shown t o  b e  d e g ra d e d  i n  t h e  b r a i n  t o  b i o l o g i c a l l y  a c 
t i v e  m e t a b o l i t e s ,  i n c l u d i n g  ac id -T R H  (TRH-OH, p G lu - H is - P r o )  
an d  h i s t i d i l - p r o l i n e  d i k e t o p i p e r a z i n e  (DKP, c y c lo  H i s - P r o ) , 
t h e  s p e c i f i c  p a r t  o f  t h e  TRH m o le c u le  i n v o lv e d  i n  t h e  c e n 
t r a l  p r o t e c t i v e  a c t i o n  r e m a in s  t o  b e  e l u c i d a t e d .  To s tu d y  
t h e  e f f e c t  o f  TRH and  i t s  m e t a b o l i t e s ,  TRH-OH and  DKP in  
a n a p h y la c t i c  s h o c k ,  ICR m ice  w ere  im m unized  w i th  b o v in e  
se ru m  a lb u m in  (BSA ). Ten d a y s  l a t e r  t h e y  w ere  c h a l l e n g e d  
i n t r a v e n o u s l y  w i th  BSA (25 u g ) f o l lo w e d  one m in l a t e r  by an 
ICV m i c r o i n j e c t i o n  o f  s a l i n e  ( c o n t r o l )  o r  s a l i n e  c o n ta i n in g   
2 .5  o r  10 ug  p e p t i d e .  The m o r t a l i t y  r a t e  was d e te r m in e d  60 
m in l a t e r .  I n t r a v e n o u s  c h a l l e n g e  w i th  25 ug  BSA p ro d u c e d  
f a t a l  sh o c k  i n  100% o f  t h e  im m unized  c o n t r o l  m ice  (n = 10) .  
ICV TRH s i g n i f i c a n t l y  im p ro v e d  s u r v i v a l ;  t h e  m o r t a l i t y  r a t e  
o f  sh o c k e d  m ice  t r e a t e d  w i th  2 .5  o r  10 ug TRH ICV was 40% 
(n= 20) an d  20% ( n = 1 0 ) ,  r e s p e c t i v e l y .  S i m i l a r l y ,  ICV TRH-OH 
s i g n i f i c a n t l y  im p ro v e d  s u r v i v a l ;  t h e  m o r t a l i t y  r a t e  f o l l o w 
in g  2 .5  o r  10 ug  TRH-OH ICV was 20%. (n= 10) an d  0% (n=10) 
r e s p e c t i v e l y .  In  c o n t r a s t ,  ICV i n j e c t i o n  o f  2 .5  o r  10 ug 
DKP h a d  no e f f e c t  on s u r v i v a l  fro m  a n a p h y la c t i c  s h o c k .  
T h e se  r e s u l t s  i n d i c a t e  t h a t  t h e  b e n e f i c i a l  e f f e c t  o f  c e n 
t r a l l y  a d m i n i s t e r e d  TRH i n  a n a p h y la x i s  d e p e n d s  on i n t e r 
a c t i o n  o f  t h e  m o le c u le  o r  i t s  d e a m id a te d  m e t a b o l i t e ,  TRH-OH, 
w i th  TRH r e c o g n i t i o n  s i t e s  i n  t h e  CNS. The r e s u l t s  f u r t h e r  
s u g g e s t  t h a t  t h e  p r e s e r v a t i o n  o f  t h e  b a s i c  TRH s t r u c t u r e  
( i . e .  p G lu - H is - P r o )  i s  a  p r e r e q u i s i t e  f o r  t h e  c e n t r a l  b e n e 
f i c i a l  e f f e c t  i n  a n a p h y la x i s .  TRH m e t a b o l i t e s  l a c k i n g  t h i s  
s t r u c t u r e  su c h  a s  DkP, a l t h o u g h  b i o l o g i c a l l y  a c t i v e  i n  many 
t e s t  s y s te m s ,  may b e  i n e f f e c t i v e  i n  i n i t i a t i n g  t h e  c e n t r a l  
a u to n o m ic  e f f e c t s  m e d ia t i n g  t h e  b e n e f i c i a l  a c t i o n  o f  TRH 
in  a n a p h y la c t i c  s h o c k .
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3 2 8 .1   DETERMINATION OF BRAIN CALMODULIN LEVELS BY HPLC. C . C .   
Lot i ' l l  i s ,  L .  A n t o n i a n * ,  C . E .  R a u h * ,  J .  C o u p e t  a n d  A . S .  L i p p a .* 
 D e p t . o f  CNS R e s . ,  M e d i c a l  R e s e a r c h  D i v i s i o n  o f  A m e r i c a n  
C y a n a m i d ,  L e d e r l e  L a b s ,  P e a r l  R i v e r ,  NY 1 0 9 6 5 .

T h e  e f f e c t s  o f  c a l c i u m  i n  c e l l u l a r  p r o c e s s e s  a r e  o f t e n  
m e d i a t e d  b y  c a l m o d u l i n  (CaM) a  s m a l l ,  g l o b u l a r ,  a c i d i c  a n d  
t h e r m o s t a b l e  c a l c i u m  b i n d i n g  p r o t e i n .  I n  t h e  b r a i n  CaM i s  
p r e s e n t  a t  n e u r o n a l  s y n a p s e s  a n d  h a s  b e e n  sh o w n  t o  b e  i n 
v o l v e d  i n  n e u r o t r a n s m i t t e r  r e l e a s e  a n d  r e c e p t o r  s e n s i t i v i t y .

T h e  e s t i m a t i o n  o f  CaM i n  b i o l o g i c a l  t i s s u e s  h a s  t h u s  f a r  
b e e n  p r i m a r i l y  a c c o m p l i s h e d  b y  e i t h e r  e n z y m e -1 i n k e d  o r  r a d i o  
i m m u n o a s s a y  ( R I A )  p r o c e d u r e s .  B o t h  o f  t h e s e  m e t h o d s  h a v e  
d i s a d v a n t a g e s  w h i c h  h a v e  m a d e  t h e  e l u c i d a t i o n  o f  t h e  r o l e  
o f  CaM i n  b o t h  n o r m a l  a n d  p a t h o l o g i c a l  n e u r o c h e m i c a l  p r o 
c e s s e s  d i f f i c u l t  a n d / o r  a m b i g u o u s .  T h e  p u r p o s e  o f  t h e  
p r e s e n t  s t u d y  w a s  t h e  d e v e l o p m e n t  o f  a  s i m p l e  a n d  e f f i c i e n t  
m e t h o d  f o r  t h e  d e t e r m i n a t i o n  o f  b r a i n  CaM l e v e l s  u s i n g  HPLC.

R a t s  w e r e  s a c r i f i c e d  b y  d e c a p i t a t i o n  a n d  b r a i n s  w e r e  
h o m o g e n i z e d  ( 1 : 5  w / v )  i n  15 mM T r i s  b u f f e r  (pH 7 . 4 )  c o n 
t a i n i n g  1 mM EGTA. F o l l o w i n g  h e a t  i n a c t i v a t i o n  ( 5  m in  a t  
9 0 ° C )  a n d  r a p i d  c o o l i n g ,  s a m p l e s  w e r e  c e n t r i f u g e d  a t   
1 0 , 0 0 0  x g  f o r  3 0  m i n  a n d  t h e  r e s u l t i n g  s u p e r n a t a n t s  s t o r e d  
a t  - 2 0 ° C  f o r  a n a l y s i s .  A l i q u o t e s  f r o m  t h e s e  s u p e r n a t a n t s  
w e r e  u s e d  t o  d e t e r m i n e  CaM b y  a n  RIA p r o c e d u r e  a n d  by HPLC. 
T h e  HPLC s y s t e m  u t i l i z e d  a n  I - 1 2 5  p r o t e i n  c o l u m n  c o u p l e d  t o  
a n  a b s o r b a n c e  d e t e c t o r  s e t  a t  a  w a v e l e n g t h  o f  2 1 4  nM. T h e  
m o b i l e  p h a s e  w a s  50  mM T r i s  b u f f e r  (pH 7 . 4 )  a n d  w a s  r u n  a t  
0 . 5  m l / m i n .

R e s u l t s  i n d i c a t e  t h a t  b r a i n  CaM c a n  b e  s e p a r a t e d  a n d  
q u a n t i f i e d  b y  HPLC. T h e  a s s a y  i s  l i n e a r  w i t h  r e s p e c t  t o  
b o t h  CaM a n d  p r o t e i n  c o n c e n t r a t i o n s  a n d  t h e  s p e c i f i c i t y  a n d  
v a l i d i t y  o f  t h i s  a s s a y  f o r  CaM i s  d e m o n s t r a t e d  by  p a r a l l e l  
r a d i o - i m m u n o a s s a y  d e t e r m i n a t i o n s  w h i c h  g i v e  e q u i v a l e n t  
r e s u l t s .

I n  s u m m a r y ,  a  s i m p l e ,  s p e c i f i c ,  s e n s i t i v e ,  i n e x p e n s i v e  
a n d  e f f i c i e n t  HPLC p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  o f  CaM 
l e v e l s  i n  b r a i n  i s  p r e s e n t e d .  T h i s  m e t h o d  e l i m i n a t e s  t h e  
n e e d  f o r  r a d i o l i g a n d ,  s p e c i f i c  a n t i b o d y  p r e p a r a t i o n  o r  
l e n g t h y  a n d  c u m b e r s o m e  p r e p a r a t i o n  a n d / o r  i n c u b a t i o n  
p r o c e d u r e s .

328.2  RELEASE OF ( 3H)-ADENOSINE FROM RABBIT RETINA.  M.T.R.  Perez* 
and B. Eh i n q e r .  Depar tment  of Ophthalmology,  Research Uni t  B 
U n i v e r s i t y  o f  Lund,  S-221 85 Lund,  Sweden.

The r e l e a s e  i n  v i t r o  o f  ( 3H)- a de nos i ne ,  ( 3H) - me t hy l - phe -  
n y l e t h y l - s d e n o s i n e  and ( 3H) - c yc l ohe xy l a de nos i ne  from t h e  r e 
t i n a  o f  l i g h t - a d a p t e d  r a b b i t s  has  been ana l yzed .  Au t o r ad i o 
g r aph i c  s t u d i e s  have shown t h a t  c e r t a i n  r e t i n a l  neurons  i n  
t he  r a b b i t  s e l e c t i v e l y  accumula t e  ( 3H) - me t h y l - p h e n y l e t h y l -  
adenos i ne  and ( 3H) - c yc l ohe xy l a de nos i ne  and t h a t  some neurons  
and g l i a l  c e l l s  i n  t h e  r a b b i t  r e t i n a  t a ke  up ( 3H) - a d e n o s i n e .

For  t h e  r e l e a s e  s t u d i e s  pigmented r a b b i t s  were i n j e c t e d  
i n t r a v i t r e a l l y  wi th  t he  d i f f e r e n t  compounds.  Af t e r  4 hours  
t h e  eyes  were en u c l e a t e d  and t h e  p o s t e r i o r  segments  were 
p l a ced  i n  g l a s s  chambers where t h e  r e t i n a e  were s upe r f u s e d  
i n  t h e  dark wi th a ba l anced  s a l t  s o l u t i o n .  Af t e r  30 mi nutes  
t h e  r e t i n a e  were s t i m u l a t e d  wi th  f l a s h i n g  l i g h t  or  wi t h  10 
t o  40mM K+ a t  37°C,  4°C and i n  a low Ca2+ p e r f u s i o n  medium. 
The c o l l e c t e d  s u p e r f u s a t e  was ana l yzed  by l i q u i d  s c i n t i l l a 
t i o n  s pe c t r ome t r y  i n  o r d e r  t o  de t e r mi ne  t h e  amount o f  r a d i o 
a c t i v i t y  r e l e a s e d .

Li ght  s t i m u l a t i o n  d i d  not  a f f e c t  t he  r e l e a s e  o f  any o f  
t he  compounds.  El eva t ed  K+ c o n c e n t r a t i o n  r e s u l t e d  i n  s i g n i 
f i c a n t  i n c r e a s e  o f  r a d i o a c t i v i t y  f o r  a l l  s u b s t a n c e s .  The K+-  
induced r e l e a s e  was a l so  found t o  be t e mper a t u r e  dependent  
and s e n s i t i v e  t o  changes  i n  t h e  Ca2+ l e v e l s .
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328.3   a u t o r a d io g r a ph ic  l o c a l iz a t io n  o f  a d e n o s in e  upta ke  s it e s  in   
RAT BRAIN USING [ 3H] NITROBENZYLTHIOINOSINE.  J -C  BISSERBE,*   
J . PATEL* and  P . J .  HARANGOS.  B i o l o g i c a l  P s y c h ia t r y  B ra n c h , 
NIMH, B e th e s d a ,  Md. 2 0 2 0 5 .

Ample e v id e n c e  i s  now a v a i l a b l e  s u g g e s t in g  a  n e u ro m o d u la 
t o r y  r o l e  f o r  a d e n o s in e  i n  t h e  p e r i p h e r a l  and  c e n t r a l  n e rv o u s  
s y s te m . I n  common w i th  o t h e r  n e u r o t r a n s m i t t e r s ,  a d e n o s in e  
i s  s t o r e d  w i t h in  n e r v e  t e r m in a l s  an d  i s  r e l e a s e d  fro m  t h e s e  
s t r u c t u r e s  i n  a  c a lc iu m  d e p e n d e n t  m an n e r . The r e l e a s e d  
a d e n o s in e  i s  b e l i e v e d  to  m e d ia te  i t s  a c t i o n  by i n t e r a c t i n g  
w i th  s p e c i f i c  a d e n o s in e  r e c e p t o r s .  Two s u c h  c l a s s e s  o f  
a d e n o s in e  r e c e p t o r s  ( r e c e p t o r  A - l  and  A -2) h a v e  b e e n  d e 
s c r i b e d  i n  t h e  p a s t  few  y e a r s  and  h a v e  s i n c e  b e e n  e x t e n s i v e l y  
c h a r a c t e r i z e d .

The a c t i o n s  o f  a d e n o s in e  a r e  t e r m in a t e d  by rem o v a l o f  
a d e n o s in e  fro m  t h e  s y n a p t i c  c l e f t .  T h is  i s  b e l i e v e d  to  be 
a c h ie v e d  l a r g e l y  a s  a  r e s u l t  o f  i t s  r e u p t a k e  i n t o  t h e  s y 
n a p t i c  t e r m i n a l s .  The r e u p ta k e  o f  a d e n o s in e  o c c u r s  v i a  an  
e n e rg y  d e p e n d e n t  n u c l e o s i d e  u p t a k e  s y s te m , w h ich  h a s  r e c e n t l y  
b e e n  d e m o n s t r a te d  c a n  b e  s p e c i f i c a l l y  l a b e l l e d  u s in g  t r i 
t i a t e d  n i t r o b e n z y l t h i o i n o s i n e  (NBI) a s  a  l i g a n d .  N B I, i s  
o n e  o f  t h e  m o s t  p o t e n t  i n h i b i t o r s  o f  a d e n o s in e  u p ta k e .  
P r e v i o u s l y ,  u s in g  r a t  b r a i n  m em b ran es , we d e m o n s t ra te d  t h a t  
n e u r o n a l  t i s s u e  i s  e n r i c h e d  w i th  NBI b i n d in g  s i t e s  and t h a t  
t h e s e  s i t e s  a r e  d i s t i n c t  fro m  t h e  a d e n o s in e  ty p e  A - l  and 
A-2 r e c e p t o r s ,  and  t h a t  d ip y r id a m o le ,  h e x o b e n d in e  and  d i l a z e p  
a r e  t h e  m o st p o t e n t  (1 0 - 9 ) i n h i b i t o r s  o f  b in d in g  i n  human 
b r a i n .

I n  t h e  p r e s e n t  s tu d y ,  we d e m o n s t r a te  t h a t  s p e c i f i c  3H-NBI 
b in d in g  c a n  b e  o b t a i n e d  u s in g  u l t r a t h i n  r a t  b r a i n  s l i c e s  
w h ic h  e x h i b i t  p r o p e r t i e s  s i m i l a r  to  t h o s e  o b t a in e d  w i th  r a t  
b r a i n  m em brane. F u r th e r m o r e ,  by p e r f o r m in g  a u th o r a d io g r a p h y , 
we a r e  a b l e  to  d e s c r i b e  t h e  p r e c i s e  l o c a l i z a t i o n  o f  NBI 
b i n d in g  s i t e s  i n  t h e  b r a i n .  H ig h  3H-NBI r e c e p t o r  d e n s i t y  
w e re  fo u n d  i n  p y r i f o r m  c o r t e x ,  t h e  s e p tu m , t h e  n u c le u s  
ac cu m b e n s , t h e  c a u d a te  p u ta m e n , some n u c l e i  o f  t h e  th a la m u s ,  
t h e  s u p e r i o r  c o l l i c u l u s ,  t h e  d o r s a l  tegm entum  a r e a ,  t h e  c e n 
t r a l  g r a y  and  s u b s t a n t i a  n i g r a .  The h i g h e s t  d e n s i t y  was 
o b s e rv e d  i n  t h e  n u c le u s  o f  t r a c t u s  s o l i t a r i u s .  By u s in g  
s e q u e n t i a l  s l i c e s  f o r  3H-NBI o r  3H-CHA ( a d e n o s in e  r e c e p t o r  
A-2 l i g a n d )  b i n d in g ,  we h a v e  b e e n  a b l e  t o  com pare  t h e  
d i s t r i b u t i o n  o f  t h e  a d e n o s in e  u p ta k e  and  a d e n o s in e  r e c e p t o r  
s i t e s  i n  t h e  r a t  b r a i n .

3 2 8 . 4   MICROMOLAR-AFFINITY ADENOSINE RECEPTORS IN BRAIN: ID EN TI   

FICATION AND CHARACTERIZATION J . H .  C h i n *  a n d  R . J .  D e L o r e n

z o  (SPON: J . R .  C o o p e r )   D e p t . o f  N e u r o l o g y ,  Y a l e  U n i v e r s i t y  
S c h o o l  o f  M e d i c i n e ,  New H a v e n ,  CT

A d e n o s i n e  i s  r e l e a s e d  i n  m i c r o m o l a r  c o n c e n t r a t i o n s  f r o m  
e l e c t r i c a l l y - s t i m u l a t e d  b r a i n  t i s s u e .  A d e n o s i n e ,  2 - c h l o r o -  
a d e n o s i n e ,  a n d  r e l a t e d  p u r i n e  c o m p o u n d s ,  i n  m i c r o m o l a r  c o n 
c e n t r a t i o n s  h a v e  p r o f o u n d  d e p r e s s a n t  a c t i o n s  o n  c e n t r a l  n e u 
r o n s .  T h e s e  e f f e c t s  a r e  b e l i e v e d  t o  r e s u l t  f r o m , p r e s y n a p t i c  
i n h i b i t i o n  o f  n e u r o t r a n s m i t t e r  r e l e a s e  p o s s i b l y  t h r o u g h  a  
r e d u c t i o n  i n  c a l c i u m  a v a i l a b i l i t y .  R e c e n t l y ,  m i c r o m o l a r  
c o n c e n t r a t i o n s  o f  a d e n o s i n e  h a v e  b e e n  s h o w n  t o  i n h i b i t  c a l 
c i u m  s p i k e s  i n  h i p p o c a m p a l  s l i c e  a n d  s u p e r i o r  c e r v i c a l  g a n 
q l i o n  ( P r o c t o r ,  W.R.  a n d  D u n w i d d i e ,  T . V . ,  N e u r o s c i .  L e t t .
3 5 :  1 9 7 - 2 0 1 ,  1 9 8 3 :  H e n o n ,  B . K .  a n d  M c A f e e ,  D . A . ,  J .  P h y s i o l .  
3 3 6 :  6 0 7 - 6 2 0 ,  1 9 8 3 ) .  A l t h o u g h  m i c r o m o l a r  c o n c e n t r a t i o n s  o f  
a d e n o s i n e  a l s o  s t i m u l a t e  a d e n y l a t e  c y c l a s e  v i a  A 2 - a d e n o s i n e  
r e c e p t o r s ,  i n c r e a s e s  i n  cAMP d o  n o t  c o r r e l a t e  w i t h  t h e  p h y 
s i o l o g i c a l  a c t i o n s  o f  a d e n o s i n e  on  n e u r o n a l  f i r i n g ,  s u g g e s t 
i n g  t h e  e x i s t e n c e  o f  a d d i t i o n a l  m i c r o m o l a r - a f f i n i t y  a d e n o 
s i n e  r e c e p t o r s  a n d / o r  a d d i t i o n a l  A 2 - r e c e p t o r  f u n c t i o n s .

We h a v e  s t u d i e d  t h e  b i n d i n g  o f  2 - c h l o r o [ 3 H ] a d e n o s i n e ,  a  
s t a b l e  a n a l o g  o f  a d e n o s i n e ,  t o  r a t  b r a i n  m e m b r a n e s  a n d  h a v e  
i d e n t i f i e d  a  m i c r o m o l a r - a f f i n i t y  a d e n o s i n e  b i n d i n g  s i t e  w i t h  
Kg = 4 . 9  uM a n d  Bmax = 6 6  p m o l /m g  a s  d e t e r m i n e d  b y  S c a t c h a r d  
a n a l y s i s .  A n u m b e r  o f  a d e n o s i n e  a n a l o g s  c o m p e t e  f o r  b i n d 
i n g  o f  2 - c h l o r o [ 3 H ] a d e n o s i n e  w i t h  a n  o r d e r  o f  p o t e n c y  
2 - c h l o r o a d e n o s i n e  > a d e n o s i n e  > 5 ' - A M P  > cAMP > 2 ' d e o x y a d e n 
o s i n e  > a d e n i n e  > h y p o x a n t h i n e  > i n o s i n e .  T h e  m e t h y l x a n 
t h i n e s  i n h i b i t e d  b i n d i n g  w i t h  a n  o r d e r  o f  p o t e n c y  8 - p h e n y l -  
t h e o p h y l l i n e  > i s o b u t y l m e t h y l x a n t h i n e  > t h e o p h y l l i n e  > c a f 
f e i n e ,  p a r a l l e l i n g  t h e i r  p o t e n c i e s  a s  a n t a g o n i s t s  o f  a d e n o 
s i n e  a c t i o n s  o n  n e r v e  c e l l  f i r i n g .  B i n d i n g  w a s  s e n s i t i v e  
t o  b o t h  b o i l i n g  a n d  t r y p s i n .  T h i s  r e p o r t  d e m o n s t r a t e s  t h e  
p r e s e n c e  o f  a  m i c r o m o l a r - a f f i n i t y  a d e n o s i n e  b i n d i n g  s i t e  i n  
b r a i n  t h a t  may r e p r e s e n t  a  p h y s i o l o g i c a l l y - s i g n i f i c a n t  c e n 
t r a l  a d e n o s i n e  r e c e p t o r .  F u r t h e r  s t u d i e s  a r e  n e c e s s a r y  t o  
d e t e r m i n e  t h e  f u n c t i o n a l  r e l a t i o n s h i p  o f  t h i s  r e c e p t o r  t o  
t h e  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  a c t i o n s  o f  a d e n o s i n e .

328.5   EFFECTS OF MELATONIN ON 3H-MUSCIMOL BINDING IN RAT BRAIN.
 F .M . Colom a* and  L .P .  N i l e s  (S p o n : E . W e r s t i u k )   D e p a r tm e n t 
o f  N e u r o s c ie n c e s ,  F a c u l t y  o f  H e a l th  S c i e n c e s ,  M cM aster 
U n i v e r s i t y ,  H a m il to n ,  O n ta r io  L8N 3Z5. C an ad a .

T h e re  i s  e v id e n c e  t h a t  t h e  c e n t r a l l y  a c t i v e  p i n e a l  
h o rm o n e , m e l a to n i n ,  w h ich  b in d s  t o  s p e c i f i c ,  h ig h  a f f i n i t y  
s i t e s  i n  t h e  CNS ( N i l e s .  S o c . N e u r o s c i .  A b s t r a c t s  1 9 8 3 ) ,  
c o m p e t i t i v e l y  i n h i b i t s  3H- d ia z e p a m  b in d in g  i n  r a t  f o r e b r a i n  
m em branes (M aran g o s e t  a l . ,  L i f e  S c i .  2 9 , 2 5 9 , 1 9 8 1 ) .   
S in c e  d ia z e p a m  a c t s  on  th e  b e n z o d ia z e p in e - ˠ - a m in o b u ty r ic  
a c id  (GABA) r e c e p t o r - io n o p h o r e  co m p lex  t o  e n h a n c e  GABA 
b i n d in g ,  we h a v e  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  m e la 
t o n i n  may a l s o  a c t  on t h i s  co m p lex  to  m o d u la te  GABA b in d 
in g  i n  r a t  b r a i n .

A l i q u o t s  o f  c ru d e  s y n a p t i c  m em brane s u s p e n s io n s  w e re  
in c u b a te d  w i th  2 .5  tiM 3H -M uscim ol and  m e la to n in  i n  v a ry in g  
c o n c e n t r a t i o n s  a t  0°C f o r  30 m in u te s .  The sa m p le s  w e re  
v a c u u m - f i l t e r e d  o v e r  W hatman GF/C f i l t e r s  and  in c u b a t io n  
tu b e s  an d  f i l t e r s  w e re  r a p i d l y  r i n s e d  w i th  4x3 ml a l i q u o t s  
o f  i c e - c o l d  0 .0 5  M T r i s - c i t r a t e  o r  T r is - H C l  b u f f e r  (pH 7 . 1 ) .  
S p e c i f i c  b i n d in g  o f  3H -M uscim ol w as d e f i n e d  a s  t o t a l  
b ound  r a d i o a c t i v i t y  m in u s t h a t  n o t  d i s p l a c e d  by  10-4 M 
o f  GABA.

P r e l i m i n a r y  s t u d i e s  i n d i c a t e  t h a t  m e l a to n i n ,  i n  Con
c e n t r a t i o n s  r a n g in g  fro m  10 - 9- 1 0 - 3 M i s  c a p a b le  o f  
e n h a n c in g  3H -M uscim ol b i n d in g  by a b o u t  20-40% , h o w e v e r , 
t h i s  e f f e c t  i s  n o t  s e e n  c o n s i s t e n t l y  w i th  T r i s - c i t r a t e  
b u f f e r .  The u s e  o f  T r is - H C l  p ro d u c e d  m ore c o n s i s t e n t  
r e s u l t s  an d  KCl (5 0  mM) a p p e a re d  to  e n h a n c e  t h e  e f f e c t s  o f  
m e la to n in  b u t  n o t  t h a t  o f  d ia z e p a m , s u g g e s t i n g  t h a t  th e  
e f f e c t s  o f  m e la to n in  may b e  C l- io n  d ep en d en t- .

M e la to n in (M ) S p e c . B in d in g  (%) D iazepam (M ) S p e c .B in d . (%)
n o n e 100 n o n e 100
1 0 - 7 120 H T 7 147
l C r 7 + 5 OmM KCl 156 10- 7+50mM KCl 121

T h e se  p r e l i m i n a r y  f i n d i n g s  s u g g e s t  t h a t  m e l a to n i n ,  l i k e  
d ia z e p a m , i s  c a p a b le  o f  e n h a n c in g  3H -M uscim ol b in d in g  
i n  v i t r o . F u t u r e  s t u d i e s  w i l l  b e  d i r e c t e d  a t  d e te r m in in g  
w h e th e r  m e l a to n i n ’ s m o d u la to ry  e f f e c t s  in v o lv e  i n t e r a c t i o n  
a t  t h e  b e n z o d ia z e p in e  b in d in g  s i t e  o r  some o t h e r  s i t e  on 
t h e  b e n z o d ia z e p in e -G A B A  r e c e p t o r - io n o p h o r e  c o m p lex .

(S u p p o r te d  by  t h e  O n ta r io  M e n ta l  H e a l th  F o u n d a t io n  and  th e  
M e d ic a l  R e s e a rc h  C o u n c i l  o f  C a n a d a ) .

328.6   EFFECT OF FORSKOLIN ON PROTEIN PHOSPHORYLATION AND INTRA
CELLULAR FREE CALCIUM IN PC I2 CELLS.  C a ro ly n  S . R abe and  
F o r r e s t  F . W eig h t  L ab  o f  P r e c l i n i c a l  S t u d i e s ,  N a t ' l .  
I n s t . on  A lc o h o l A buse & A lc o h o lis m , R o c k v i l l e ,  MD 2 0 8 5 2 .

I n c u b a t io n  o f  PC12 c e l l s  w i th  f o r s k o l i n ,  a n  a c t i v a t o r  
o f  a d e n y la t e  c y c l a s e ,  r e s u l t s  i n  e l e v a t i o n  o f  c e l l u l a r  
cAMP l e v e l s  and e n h an cem en t o f  d e p o la r i z a t i o n - d e p e n d e n t  
n e u r o t r a n s m i t t e r  r e l e a s e  ( J .  C y c l ic  N uc. R e s .  8:3 7 1 ,  
1 9 8 2 ) . We h a v e  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  c h a n g e s  
i n  p r o t e i n  p h o s p h o r y l a t i o n  a n d /o r  i n t r a c e l l u l a r  f r e e  Ca++ 
may be  a s s o c i a t e d  w i th  t h e  a c t i o n s  o f  f o r s k o l i n  i n  PC12 
c e l l s .  F o r s k o l i n - in d u c e d  c h a n g e s  i n  p r o t e i n  p h o s p h o ry l 
a t i o n  o f  i n t a c t  PC12 c e l l s  w ere  c h a r a c t e r i z e d  by l a b e l i n g  
ATP s t o r e s  w i th  32P - p h o s p h a te  ( 0 . 3 m C i/m l) f o r  45 m in . 
I n c o r p o r a t i o n  o f  32P- p h o s ph a te  i n t o  p r o t e i n  was a n a ly z e d  
u s in g  2- d im e n s io n a l  g e l  e l e c t r o p h o r e s i s  and a u to r a d io 
g ra p h y .  I n  t h e  a b s e n c e  o f f o r s k o l i n ,  a  l a r g e  num ber o f  
p r o t e i n s  w ere  p h o s p h o r y l a te d .  I n c u b a t io n  o f t h e  c e l l s  
w i th  1 uM f o r s k o l i n  p ro d u c e d  s i g n i f i c a n t  c h a n g e s  i n  t h e  
p h o s p h o r y l a t i o n  o f  f o u r  a p p ro x im a te ly  1 7 ,0 0 0  d a l t o n  p ro 
t e i n s  w i th  d i f f e r e n t  i s o e l e c t r i c  p o i n t s .  32P - p h o s p h a te  
i n c o r p o r a t i o n  i n c r e a s e d  i n  3 o f  t h e s e  p r o t e i n s .  I t  
d e c r e a s e d ,  h o w e v e r , i n  t h e  m o st b a s ic  o f  t h e  Mr = 1 7 ,0 0 0  
p r o t e i n s .  T h e se  c h a n g e s  i n  p h o s p h o r y l a t i o n  w e re  m im ick ed  
by i n c u b a t io n  o f th e  c e l l s  w i th  1 uM a d e n o s in e ,  a n o th e r  
a g e n t  w h ich  b o th  e l e v a t e s  c e l l u l a r  cAMP l e v e l s  and  en 
h a n c e s  d e p o la r i z a t i o n - d e p e n d e n t  t r a n s m i t t e r  r e l e a s e .  I n  
c o n t r a s t ,  i n c u b a t io n  o f  t h e  c e l l s  w i th  2 mM c a r b a c h o l  
(w h ich  c a u s e s  t r a n s m i t t e r  r e l e a s e )  d id  n o t  p ro d u c e  t h e s e  
c h a n g e s  i n  p h o s p h o r y l a t i o n .  F o r s k o l in - m e d ia t e d  e f f e c t s  
on i n t r a c e l l u l a r  f r e e  Ca++ w ere  s tu d i e d  u s in g  t h e  i n t r a 
c e l l u l a r l y  t r a p p e d  f lu o r e s c e n t  Ca+ +  i n d i c a t o r ,  Q u in -2 .  
I n  t h e  a b s e n c e  o f f o r s k o l i n ,  c e l l s  in c u b a te d  i n  H epes 
b u f f e r e d  s a l i n e  c o n ta i n in g  1 .8  mM Ca++ had  a n  e s t im a te d  
r e s t i n g  f r e e  Ca++ l e v e l  o f  119 nM. A d d i t io n  o f  c a r b a c h o l  
t o  a  f i n a l  c o n c e n t r a t i o n  o f  2 mM c a u se d  a  30% i n c r e a s e  
i n  t h e s e  l e v e l s  w i t h in  15 s e c .  C e l l s  e x p o se d  t o  1 uM 
f o r s k o l i n  had  no d e t e c t a b l e  i n c r e a s e  i n  r e s t i n g  f r e e  
Ca++ when m o n ito re d  o v e r  a  12 m in p e r i o d .  When f o r s k o l i n  
t r e a t e d  c e l l s  w ere  s t i m u l a t e d  w i th  c a r b a c h o l ,  no a d d i 
t i o n a l  i n c r e a s e  i n  f r e e  Ca++ a b o v e  t h a t  s e e n  i n  c o n t r o l  
c a r b a c h o l  s t i m u l a t e d  c e l l s  was d e t e c t e d .  The r e s u l t s  
s u g g e s t  t h a t  t h e  a c t i o n s  o f  f o r s k o l i n  i n  P C I2 c e l l s  may 
be a s s o c i a t e d  w i th  a l t e r a t i o n s  i n  p r o t e i n  p h o s p h o r y l a t i o n  
b u t  no a p p a r e n t  ch a n g e  i n  t h e  mean i n t r a c e l l u l a r  f r e e  
Ca+ + .
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328 .7  L-DOPA PRETREATMENT COUNTERACTS THE "NORMALIZATION" OF 
BEHAVIOR PRODUCED BY METYRAPONE TREATED HIPPOCAMPALLY- 
LESIONED RATS.  J . P .  R y an , J .E .  S p r in g e r ,  J .  J o h n s to n ,*  R . 
B o c c a n fu s o ,*  L . G l a z e r , * T. S h a m ash ,*  R .L . I s a a c s o n .  D e p t . 
o f  P s y c h o lo g y  an d  C e n te r  f o r  N e u r o b e h a v io r a l  S c i e n c e s ,  SUNY- 
B in g h a m to n , B in g h a m to n , NY 13901 .

A te m p o ra ry  " c h e m ic a l  a d re n a le c to m y "  c a n  b e  in d u c e d  by 
m e ty r a p o n e ,  a  d ru g  t h a t  b lo c k s  t h e  s y n t h e s i s  o f  c o r t i c o s t e r 
o n e  a t  t h e  11- β- h y d r o x y l a t i o n  s t e p .  Ryan e t  a l .  ( N e u r o s c i . 
A b s t . ,  1983) r e p o r t e d  t h a t  t h e  t r e a tm e n t  w i th  m e ty ra p o n e  
d e c r e a s e d  t h e  h y p e r a c t i v i t y  o f  h i p p o c a m p a l ly - l e s io n e d  an im a ls  
t o  t h e  a c t i v i t y  l e v e l  o f  c o n t r o l  a n im a ls .  The d e c r e a s e d  
h y p e r a c t i v i t y  c a n  b e  r e d u c e d  o r  e l i m i n a t e d  th ro u g h  p r e t r e a t 
m en t w i t h  c o r t i c o s t e r o n e .

I n  t h i s  e x p e r im e n t ,  we i n v e s t i g a t e d  th e  h y p o t h e s i s  t h a t  
t h e  a c t i o n s  o f  c o r t i c o s t e r o n e  t h a t  a l t e r  a c t i v i t y  l e v e l s  i n  
h ip p o c a m p a lly -d a m a g e d  a n im a ls  may b e  t h e i r  m o d u la t io n  o f  t h e  
b i o g e n i c  a m in e s .  We c h o s e  t o  ex a m in e  t h e  i n t e r a c t i o n  o f  
d o p am in e  (DA) w i t h  c o r t i c o s t e r o n e  i n  h ip p o c a m p a l ly - l e s io n e d  
r a t s  f o r  two r e a s o n s :  ( 1) c o r t i c o s t e r o n e  h a s  b e e n  fo u n d  to  
i n c r e a s e  do p am in e  t u r n o v e r  i n  t h e  b r a i n  ( Iu v o n e  e t  a l . ,  B r a in  
R e s e a rc h  1 2 0 : 5 4 5 , 1 9 7 9 ) , an d  th e  h y p e r a c t i v i t y  o f  h ip p o cam 
p a l l y - l e s i o n e d  a n im a ls  a p p e a r s  t o  i n v o lv e  a l t e r a t i o n s  i n  
d o p am in e  a c t i v i t y  ( S p r i n g e r  & I s a a c s o n ,  B r a in  R e s e a rc h  2 5 : 
1 8 2 , 1982). We r e a s o n e d  t h a t  i f  t h e  s u p p r e s s io n  o f  c o r t i c o s 
t e r o n e  s y n t h e s i s  b y  m e ty ra p o n e  p ro d u c e s  i t s  e f f e c t s  by  
a c t i o n s  on  t h e  a s c e n d in g  DA s y s te m s  th e n  t h e  b e n e f i c i e n t  
e f f e c t  c o u ld  b e  c ir c u m v e n te d  th ro u g h  p r e t r e a t m e n t  w i th  t h e  
d o p am in e  p r e c u r s o r ,  L-DOPA.

R a ts  w e re  p r e p a r e d  w i th  sh am , n e o c o r t i c a l ,  o r  h ip p o c a m p a l 
l e s i o n s  b y  a s p i r a t i o n .  The a n im a ls  w e re  t e s t e d  i n  an  o pen  
f i e l d  a p p a r a t u s  w i t h  m e ty ra p o n e  (25  m g /kg) o n l y ,  o r  L-DOPA 
p r e t r e a t m e n t  30 m in  b e f o r e  t h e  a d m i n i s t r a t i o n  o f  m e ty ra p o n e  
o r  i t s  v e h i c l e .  M e ty ra p o n e  a lo n e  d r a s t i c a l l y  re d u c e d  th e  
lo c o m o to r  a c t i v i t y  an d  r e a r i n g  o f  h ip p o c a m p a l ly - l e s io n e d  
a n im a ls .  P r e t r e a t m e n t  w i th  L-DOPA f o l lo w e d  by  t h e  v e h i c l e  
f o r  m e ty ra p o n e  i n c r e a s e d  t h e  a c t i v i t y  o f  t h e  a n im a ls  i n  a l l  
t h r e e  g r o u p s ;  h o w e v e r , o n ly  t h e  a c t i v i t y  o f  h ip p o c a m p a l-  
l e s i o n e d  a n im a ls  r e m a in e d  h ig h  e v e n  when a d m i n i s t e r e d  
m e ty ra p o n e .

The r e s u l t s  i n d i c a t e  t h a t  h ip p o c a m p a l ly - l e s io n e d  r a t s  
p r e t r e a t e d  w i th  L-DOPA a r e  m in im a l ly  a f f e c t e d  by  t h e  m e ty ra 
p o n e  - i n d u c e d  s u p p r e s s io n  o f  c o r t i c o s t e r o n e .  T h is  s u g g e s t s  
t h a t  c o r t i c o s t e r o n e  may b e  a c t i n g  a s  a  n e u ro m o d u la to r  f o r  
do p am in e  a c t i v i t y  an d  t h a t  h ip p o c a m p a l a n im a ls  a r e  m ore 
s e n s i t i v e  t o  t h i s  m o d u la to ry  e f f e c t  t h a n  c o n t r o l s .

328.8  EFFECTS OF ADENOSINE ANALOGS ON PHOSPHORYLATION OF SYNAPTIC 
MEMBRANE PROTEINS.  J .  B . R o s e n ,*  C. J .  Tow ns*, & R. F .  
B erm an . (SPON: J .  L . RAM).  B io p s y c h o lo g y  an d  N e u ro s c ie n c e   
P ro g ra m s , Wayne S t a t e  U n i v e r s i t y ,  D e t r o i t ,  MI 48 2 0 2 .

I n  a d d i t i o n  to  i t s  r o l e  i n  many b i o l o g i c a l  p r o c e s s e s ,  
a d e n o s in e  may a l s o  a c t  a s  a  n e u r o t r a n s m i t t e r  i n  t h e  b r a i n .  
I t s  p resu m ed  m ech an ism  o f  a c t i o n  i s  to  p r e s y n a p t i c a l l y  
i n h i b i t  r e l e a s e  o f  e x c i t a t o r y  n e u r o t r a n s m i t t e r s .  A d e n o s in e  
r e c e p t o r s  h a v e  a l s o  b e e n  d e s c r i b e d ,  w i th  A l r e c e p t o r s  
l a b e l e d  by  n a n o m o la r  c o n c e n t r a t i o n s  o f  1- p h e n y l - i s o p r o p y l -  
a d e n o s in e  ( 1 -P IA ) an d  l i n k e d  to  d e c r e a s e d  a d e n y la t e  c y c la s e  
a c t i v i t y ,  an d  w i th  A2 r e c e p t o r s  l a b e l e d  w i th  n a n o m o la r  
c o n c e n t r a t i o n s  o f  N -e th y 1 - c a rb o x a m id e - a d e n o s in e  (NECA) an d  
l i n k e d  to  i n c r e a s e d  a d e n y la t e  c y c la s e  a c t i v i t y .  A d e n o s in e  
h a s  b e e n  shown t o  i n h i b i t  t o t a l  p r o t e i n  p h o s p h o r y l a t i o n  i n  
s t r i a t a l  s l i c e s  ( W i l l i a m s ,  B r a in  R e s . , 1 0 9 :9 0 ,  1976) and  
th e  a d e n o s in e  a n a lo g ,  2- c h l o r o - a d e n o s in e ,  h a s  b e e n  shown to  
s t i m u l a t e  p h o s p h o r y l a t i o n  o f  s y n a p s in  I  i n  f a c i a l  n u c le u s  
s l i c e s  (D o lp h in  & G re e n g a rd ,  J .  N e u r o s c i . , 1 :1 9 2 ,  1 9 8 1 ) .
I n  t h e  p r e s e n t  s tu d y  we i n v e s t i g a t e d  th e  e f f e c t s  o f  t h e  
a d e n o s in e  a n a lo g s  1 -P IA  an d  NECA on i n  v i t r o  p h o s p h o r y l a t i o n  
o f  s y n a p t i c  m em brane p r o t e i n s  i s o l a t e d  fro m  r a t  c e r e b r a l  
c o r t e x .  R a ts  w ere  d e c a p i t a t e d ,  b r a i n s  q u i c k l y  rem o v ed , 
c o r t e x  d i s s e c t e d  on i c e ,  an d  s y n a p to so m e s  i s o l a t e d  by 
c e n t r i f u g a t i o n .  The ly s e d  s y n a p t i c  m em brane f r a c t i o n  was 
i n c u b a te d  f o r  2 m in a t  30° C. w i th  10 uM [ 32P ]-A T P , w i th  o r  
w i th o u t  cy c lic -A M P , an d  v a r i o u s  c o n c e n t r a t i o n s  ( 10nM to  100 
uM) 1 -P IA  o r  NECA. P r o t e i n s  w e re  s e p a r a t e d  by  S D S -p o ly 
a c ry la m id e  g e l  e l e c t r o p h o r e s i s .  A u to ra d io g ra m s  o f  t h e  d r i e d  
g e l s  w e re  a n a ly z e d  f o r  32P - i n c o r p o r a t i o n .  Low c o n c e n t r a 
t i o n s  o f  NECA ( 10nM) s t i m u l a t e d  p h o s p h o r y l a t i o n  o f  a  p h o s 
p h o p r o te in  b a n d  a t  a p p ro x im a te ly  14-15K  d a l t o n s ,  w h i l e  10 nM 
c o n c e n t r a t i o n s  o f  e i t h e r  1 -P IA  o r  NECA d e c r e a s e d  p h o s p h o ry 
l a t i o n  o f  p h o s p h o p ro te in s  a t  43K an d  50K by  a p p ro x im a te ly  
50% an d  30%, r e s p e c t i v e l y .  H ig h e r  c o n c e n t r a t i o n s  o f  1 -P IA  
an d  NECA (10  uM and  100 uM) s t i m u l a t e d  p h o s p h o r y l a t i o n  o f  a 
p h o s p h o p ro te in  a t  43K by a p p ro x im a te ly  10%. I n  a d d i t i o n ,  
h ig h  c o n c e n t r a t i o n s  o f  NECA ( 100uM ), b u t  n o t  1 -P IA , i n 
h i b i t e d  cyc lic -A M P  s t i m u l a t e d  p h o s p h o r y l a t i o n  o f  a  p h o sp h o 
p r o t e i n  a t  55K ( p r o t e i n  I I ) .  T h e se  d a t a  i n d i c a t e  t h a t  
a d e n o s in e  a n a lo g s  c a n  e x e r t  b i p h a s i c  an d  s e l e c t i v e  e f f e c t s  
on p h o s p h o r y l a t i o n  o f  s y n a p t i c  m em brane p r o t e i n s  d e p e n d in g  
upon s t r u c t u r e  an d  c o n c e n t r a t i o n .  ( S u p p o r te d  by  NIH g r a n t  
RR08167)

3 2 8 . 9   AN ENZYME ELECTRODE APPROACH FOR CHARACTERIZING AND 
QUANTIFYING ACETYLCHOLINESTERASE INHIBITORS OF THE 
ORGANOPHOSPHATE TYPE.  S .  M a i n e r * ,  F . C . G .  H o s k i n *  a n d   
K . S .  R a j a n ,   I I T  R e s e a r c h  I n s t i t u t e ,  C h i c a g o ,  IL 6 0 6 1 6  

An e n z y m e  e l e c t r o d e  c o n s i s t i n g  o f  D F P a s e  a t t a c h e d  t o  a  
f l u o r i d e  i o n  e l e c t r o d e  h a s  b e e n  d e v e l o p e d  f o r  t h e  q u a n t i f i 
c a t i o n  o f  d i - i s o p r o p y l - p h o s p h o r o f l u o r i d a t e  ( D F P ) ,  a n  a c e t y l  
c h o l i n e s t e r a s e  i n h i b i t o r .  I n  t h i s  s y s t e m  t h e  e n z y m e  
h y d r o l y z e s  DFP t o  p r o d u c e  a  f l u o r i d e  i o n  w h i c h  i s  t h e n  
s e n s e d  b y  t h e  e l e c t r o d e .  T h e  e n z y m e  w a s  p r e p a r e d  f r o m  s q u i d  
g a n g l i a  a n d  w a s  a t t a c h e d  t o  t h e  t i p  o f  t h e  e l e c t r o d e  b y  
u s i n g  a  d i a l y s i s  m e m b r a n e .  Two d i f f e r e n t  e l e c t r o d e  c o m b i n 
a t i o n s  w e r e  u s e d  i n  t h i s  r e s e a r c h .  By u s i n g  t h e  e n z y m e  
e l e c t r o d e  i n  c o n j u n c t i o n  w i t h  a  A g /A g C l  r e f e r e n c e  e l e c t r o d e  
t h e  t o t a l  c o n c e n t r a t i o n  o f  u n h y d r o l y z e d  DFP a n d  f r e e  F 
p r o d u c e d  b y  n o n - e n z y m a t i c  DFP h y d r o l y s i s  w a s  m e a s u r e d .  By 
u s i n g  t h e  e n z y m e  e l e c t r o d e  i n  c o n j u n c t i o n  w i t h  a  c o m b i n a t i o n  
f l u o r i d e  i o n  e l e c t r o d e  a s  t h e  r e f e r e n c e ,  t h e  " u n h y d r o l y z e d  
DFP" c o n c e n t r a t i o n  w a s  m e a s u r e d .  T h e  e l e c t r o d e  r e s p o n s e s  
r a n g e d  f r o m  32  mV t o  1 5 9  mV f o r  t h e  f i r s t  s y s t e m  a n d  f r o m  
- 1 0 0 . 6  mV t o  - 2 2 . 3  mV f o r  t h e  s e c o n d .  T h e  e l e c t r o d e  
r e s p o n s e s  w e r e  l i n e a r  o v e r  t h e  r a n g e  o f  DFP c o n c e n t r a t i o n ,  
i . e . ,  1 x 1 0 - 3 M - 1 x 1 0 - 6 M, T h e  t h e o r e t i c a l  b a s i s  o f  t h e  D F P a s e   
e l e c t r o d e  a n d  i t s  p o s s i b l e  a p p l i c a t i o n  t o  o t h e r  c h o l i n 
e s t e r a s e  i n h i b i t o r s  o f  t h e  p h o s p h o n o f l u o r i d a t e  t y p e  w i l l  b e  
d i s c u s s e d .

328 .10  EXOGENOUS ATP MODULATES QUANTAL TRANSMITTER RELEASE AT 
THE CRAYFISH NEUROMUSCULAR JUNCTION.  C .A . L i n d g r e n  
a n d  D .O . S m i t h .  D e p t . o f  P h y s i o l o g y ,  U n i v e r s i t y  o f  
W is c o n s in ,  M ad iso n , WI 5 3 7 0 6 .

S t i m u l a t i o n  o f  t h e  e x c i t o r  a x o n  t o  t h e  c r a y f i s h  
o p e n e r  m u s c l e  ( 5 0  H z , 1 m i n u t e )  c a u s e s  ATP r e l e a s e  
from  th e  m u s c l e .  I n  t h e  p e r i a x o n a l  s p a c e ,  ATP l e v e l s  
w e r e  e s t i m a t e d  t o  r i s e  b y  a s  m u c h  a s  5 mM. O ne 
p o s s i b l e  r o l e  f o r  t h i s  r e l e a s e d  ATP may be  t o  m o d u la te  
t r a n s m i t t e r  r e l e a s e  a t  e x c i t o r - o p e n e r  n e rv e  t e r m i n a l s .  
To i n v e s t i g a t e  t h i s ,  a v e r a g e  q u a n t a l  r e l e a s e ,  m, was 
m e a s u r e d  a t  s i n g l e  s y n a p t i c  s i t e s  u s i n g  f o c a l  
e x t r a c e l l u l a r  e l e c t r o d e s  a t  4°C .

A d d i t io n  o f  0 . 5 -  and 5-mM ATP t o  t h e  b a th  d e p r e s s e d  
m by  2 6 .8%  a n d  2 4 .7 % , r e s p e c t i v e l y ,  a t  s t i m u l a t i o n  
f r e q u e n c ie s  r a n g in g  from  0 .5  t o  10 Hz.

Two r e l a t e d  com pounds, a d e n o s i n e  and d i b u t y r y l  cAMP 
(dBcAMP), w e re  a l s o  e x a m in e d .  A d e n o s in e  (1mM) had no 
e f f e c t  on  m , r u l i n g  o u t  t h e  p o s s i b i l i t y  t h a t  ATP 
e x e r t s  i t s  e f f e c t  b y  f i r s t  b e i n g  h y d r o l y z e d  t o  
a d e n o s i n e .  C o n v e r s e l y ,  dBcAMP (4  mM) h a d  e f f e c t s  
s i m i l a r  t o  ATP, r e d u c i n g  m b y  4 2 .1 % . T h u s  ATP may 
a c t  by  i n c r e a s i n g  cAMP, a l t h o u g h  t h i s  r e m a i n s  t o  be 
d e te rm in e d  c o n c l u s i v e l y .

The a b i l i t y  o f  5-mM ATP t o  d e p r e s s  m i s  d e p e n d e n t  
on th e  p r e s e n c e  o f  g l u c o s e  (1 0  mM) in  th e  m edium . When 
g l u c o s e  w as a b s e n t ,  5-mM ATP o c c a s i o n a l l y  i n c r e a s e d  
m d r a m a t i c a l l y  ( u p  t o  8 7 % ) , r e m a i n i n g  e l e v a t e d  f o r  
a t  l e a s t  tw o  h o u r s .  S i n c e  o m i s s i o n  o f  g lu c o s e  l e a d s  
t o  a 53% d e p l e t i o n  o f  n e u r o n a l  ATP a f t e r  t h r e e  h o u r s ,  
one  p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  f a c i l i t a t o r y  e f f e c t  
i s  t h a t  e x o g e n o u s  ATP e n t e r s  t h e  n e r v e  an d  r e s t o r e s  
t r a n s m i t t e r  r e l e a s e  by  r e p l e n i s h i n g  i n t r a n e u r o n a l  ATP 
c o n t e n t .

The a b i l i t y  o f  ATP t o  m o d u l a t e  m i n i a t u r e  e n d - p l a t e  
p o t e n t i a l  ( m . e . p . p . )  f r e q u e n c y  a n d  s y n a p t i c  
f a c i l i t a t i o n  was a l s o  e x a m in e d .  N e i th e r  0 . 5 -  n o r  5 -  mM 
ATP had any  e f f e c t  on m . e . p . p .  f r e q u e n c y .  In  c o n t r a s t ,  
5-mM ATP i n c r e a s e d  s y n a p t i c  f a c i l i t a t i o n  due  t o  p a i r e d  
p u l s e s  (35 -m s i n t e r v a l )  a t  0 .5  Hz by 48%.

We c o n c l u d e  t h a t  d u r i n g  p e r i o d s  o f  i n t e n s e  
n e u ro m u s c u la r  a c t i v i t y  ATP i s  r e l e a s e d  from  th e  m u s c le  
and  l i m i t s  t h e  a m o u n t o f  t r a n s m i t t e r  r e l e a s e d  by th e  
p r e s y n a p t i c  n e r v e .  T he r e l e a s e d  ATP may a l s o  f u n c t io n  
in  some c a s e s  t o  r e p l e n i s h  d e p l e t e d  n e rv e  ATP, th e r e b y  
i n s u r i n g  s y n a p t i c  r e a d i n e s s .  S u p p o r t e d  by  NIH g r a n t  
NS13600 and th e  W h i te h a l l  F o u n d a t io n .
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3 2 8 .11  EFFECT OF LIGHT AND DARK ON RETINAL MELATONIN LEVELS AND 
DOPAMINE (DA) RECEPTOR NUMBER.  R . C .  L u c a s * ,  J . S .  T a k a h a s h i  
a n d  M .L .  D u b o c o v i c h .  D e p t . o f  P h a r m a c o l . N o r t h w e s t e r n  
U n i v .  M ed .  S c h . ,  C h i c a g o ,  IL 6 0 61 1 a n d  D e p t . o f  N e u r o b i o l .  
a n d  P h y s i o l . ,  N o r t h w e s t e r n  U n i v e r s i t y ,  E v a n s t o n ,  IL 6 0 2 0 1 .

P i c o m o l a r  c o n c e n t r a t i o n s  o f  m e l a t o n i n  i n h i b i t  t h e  c a l c i u m -  
d e p e n d e n t  r e l e a s e  o f  DA f r o m  t h e  r a b b i t  r e t i n a ,  b u t  n o t  
f r o m  t h e  s t r i a t u m  ( D u b o c o v i c h ,  N a t u r e  3 0 6 : 7 8 2 ,  1 9 8 3 ) .  T h e  
o b j e c t i v e  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  w h e t h e r  t h e  
l i g h t - d e p e n d e n t  p r o d u c t i o n  o f  m e l a t o n i n  r e g u l a t e s  t h e  
n u m b e r  o f  r e t i n a l  DA r e c e p t o r s  by  m o d u l a t i n g  DA r e l e a s e  i n  
Y i v o . T h e  n u m b e r  o f  DA r e c e p t o r s  wa s a s s e s s e d  by s p e c i f i c  
3 H - s p i p e r o n e  b i n d i n g  i n  w a s h e d  r a b b i t  r e t i n a l  a n d  
s t r i a t a l  m e m b r a n e s  ( J .  P h a r m a c o l .  E x p .  T h e r .  2 2 7 :  5 9 2 ,  
1 9 8 3 ) .  I m m u n o r e a c t i v e  m e l a t o n i n  wa s  m e a s u r e d  a s  d e s c r i b e d  
by  R o l l a g  a n d  N i s w e n d e r  ( E n d o c r i n o l . ,  9 8 :  4 8 2 ,  1 9 7 6 ) .   
S c a t c h a r d  a n a l y s i s  o f  3 H - s p i p e r o n e  b i n d i n g  d e f i n e d  w i t h  
a - f l u p e n t h i x o l  ( 1 0  µM) r e s u l t e d  i n  a  K d = 0 . 6 2  ± 0 . 1 4  nM a n d  
a  Bmax = 3 2 1 . 2  ± 5 4 . 5  f m o l / m g  p r o t e i n  ( n = 3 )  i n  t h e  r a b b i t  
r e t i n a .  R e t i n a l  m e l a t o n i n  l e v e l s  w e r e  d e c r e a s e d  f r o m  3 4 1 . 0  
± 1 2 9 . 1  p g / m g  p r o t e i n  ( n  = 4 ,  m i d n i g h t )  t o  3 8 . 7  ± 2 . 5  p g / m g  
p r o t e i n  ( n  = 4 ,  n o o n ) .  S i n g l e  p o i n t  m e a s u r e m e n t s  o f  
s p e c i f i c  3 H - s p i p e r o n e  ( 0 . 5 3  ± 0 . 0 2  nM) b i n d i n g  d e f i n e d  
w i t h  10 µM a - f l u p e n t h i x o l  o r  10 µM a p o m o r p h i n e  i n  t h e  
r e t i n a  w e r e  s l i g h t l y  l o w e r  a t  n o o n  t h a n  a t  m i d n i g h t .  
H o w e v e r ,  b i n d i n g  d e f i n e d  w i t h  α - f l u p e n t h i x o l  was 
s i g n i f i c a n t l y  l o w e r  i n  r e t i n a l  m e m b r a n e s  f r o m  r a b b i t s  k e p t  
1 w e e k  i n  c o n s t a n t  l i g h t  ( 1 1 7 . 7  ± 4 . 9  f m o l / m g  p r o t e i n ,  n = 
6 ) ,  t h a n  i n  m e m b r a n e s  f r o m  r a b b i t s  k e p t  1 we ek  i n  c o n s t a n t  
d a r k  ( 1 5 9 . 2  ± 6 . 7  f m o l / m g  p r o t e i n ,  n = 4 ,  p < 0 . 0 0 5 ) .   
S i m i l a r l y ,  s p e c i f i c  3 H - s p i p e r o n e  b i n d i n g  d e f i n e d  w i t h  10 
µM a p o m o r p h i n e  d e c r e a s e d  f r o m  1 9 1 . 2  ± 4 . 5  f m o l / m g  p r o t e i n  
( n = 4 ,  c o n s t a n t  d a r k )  t o  1 2 8 . 0  ± 9 . 4  f m o l / m g  p r o t e i n ,  ( n = 4 ,  
c o n s t a n t  l i g h t ,  p < 0 . 0 0 1 ) .  D e c r e a s e s  i n  b i n d i n g  ( c o n s t a n t  
l i g h t )  w e r e  a l s o  o b s e r v e d  f o r  o t h e r  a p o m o r p h i n e  
c o n c e n t r a t i o n s  ( 0 . 0 1  -  1 0 0  µM).  C o n s t a n t  l i g h t  d i d  n o t  
d e c r e a s e  t h e  r a b b i t  s t r i a t a l  s p e c i f i c  3 H - s p i p e r o n e  
b i n d i n g  d e f i n e d  w i t h  e i t h e r  10 µM a p o m o r p h i n e  o r  3 µM 
α - f l u p e n t h i x o l .  T h e  l o w  r e t i n a l  l e v e l s  o f  m e l a t o n i n  i n  
v i v o  d u r i n g  l i g h t  m i g h t  i n c r e a s e  DA r e l e a s e  a n d  c a u s e  t h e  
DA r e c e p t o r  down  r e g u l a t i o n  o b s e r v e d  i n  r e t i n a s  f r o m  
r a b b i t s  e x p o s e d  t o  c o n s t a n t  l i g h t .  T h e s e  r e s u l t s  s u p p o r t  
t h e  s u g g e s t i o n  by  D u b o c o v i c h  ( N a t u r e  3 0 6 : 7 8 2 ,  1 9 8 3 )  t h a t  
t h e  l i g h t - d e p e n d e n t  p r o d u c t i o n  o f  m e l a t o n i n  m o d u l a t e s  t h e  
a c t i v i t y  o f  DA c o n t a i n i n g  r e t i n a l  n e u r o n s  i n  v i v o .  
S u p p o r t e d  by  USPHS EY 0 4 7 8 8 .

328.12 EFFECTS OF BRANCHED-CHAIN AMINO ACIDS ON CENTRAL NERVOUS 
 S Y S T E M  CATECHOLAMINES.  J .  K. S te w a r t*  (SPON: M. F in e )   D e p t .   

o f  B io lo g y ,  V i r g i n i a  Commonwealth U n iv . ,  R ichm ond, VA 23284 
C h ro n ic  e l e v a t i o n  i n  b lo o d  c o n c e n t r a t i o n s  o f  t h e  b ra n c h e d  

c h a in  am ino a c id s  (BCAA) o c c u r s  i n  d i s e a s e s  i n  w h ic h  t h e r e  
i s  a  d e f i c i e n c y  o f  th e  enzym es t h a t  m e ta b o l i z e  th e  BCAA's 
and  in  c a t a b o l i c  c o n d i t i o n s ,  su c h  a s  d i a b e t e s  an d  t r a u m a t i c  
i n j u r y .  A lth o u g h  t h e r e  i s  e v id e n c e  t h a t  h ig h  l e v e l s  o f  th e  
BCAA's r e d u c e  t r a n s p o r t  o f  th e  c a te c h o la m in e  p r e c u r s o r  
t y r o s i n e  i n t o  t h e  b r a i n ,  t h e r e  i s  no d i r e c t  e v id e n c e  t h a t  
c h r o n ic  c h a n g es  i n  a v a i l a b i l i t y  o f  BCAA's m o d u la te  b r a i n  
c a te c h o la m in e  c o n c e n t r a t i o n s  o r  t u r n o v e r  r a t e s .  I n  t h i s  
s tu d y ,  m ale  S p ra g u e  Daw ley r a t s  w ere  f e d  d u r in g  d a y l i g h t  
h r s , 0 9 0 0 -1 7 0 0  h r s ,  and  t r e a t e d  d a i l y  w i th  e i t h e r  s a l i n e  o r  
a  m ix tu re  o f  l e u c i n e ,  i s o l e u c i n e ,  and  v a l i n e  ( 0 .4  um ol o f  
e a c h  am ino a c id  p e r  g o f  body w t)  d u r in g  a  t im e  t h a t  d i e t a r y  
am ino a c id s  w ere  a v a i l a b l e .  The am ino a c id  an d  c o n t r o l  
s o l u t i o n s  w ere  i n j e c t e d  i n t r a p e r i t o n e a l l y  e i t h e r  o n c e  d a i l y  
a t  1000 h r s  f o r  4 d a y s  o r  t h r e e  t im e s  d a i l y  a t  1000 , 1300 
and 1600 h r s  f o r  12 d a y s .  On th e  l a s t  d ay  o f  t h e  i n j e c t 
i o n s ,  two g ro u p s  o f  t h e  a n im a ls  t r e a t e d  f o r  12 d a y s  w ere  
i n j e c t e d  w i th  th e  c a te c h o la m in e  s y n t h e s i s  b l o c k e r ,  a lp h a 
m e t h y l p a r a ty r o s in e  ( a - m p t,  250 m g/kg i n i t i a l  d o s e ,  125 m g/kg 
b o o s t e r  d o s e ) ,  a t  2 h r  i n t e r v a l s .  A l l  a n im a ls  w ere  k i l l e d  
by d e c a p i t a t i o n  b e tw e en  1100 and  1230 h r s  on th e  f i n a l  d ay  
o f  t r e a tm e n t .  B r a in  s e c t i o n s  w ere  d i s s e c t e d  and  f r o z e n  on 
d ry  i c e .  C a te c h o la m in e  c o n c e n t r a t i o n s  w ere  m ea su red  by 
HPLC-EC. A d m in is t r a t io n  o f  BCAA's 3 t im e s  d a i l y  f o r  12 d a y s  
was a s s o c i a t e d  w i th  a  r e d u c t io n  i n  s te a d y  s t a t e  l e v e l s  o f  
n o r e p in e p h r in e  (NE) i n  th e  h y p o th a la m u s ,  1488 ±  64 n g /g ,  
com pared  to  c o n t r o l  l e v e l s  o f  1260 ± 5 1  n g /g  (p < 0 .0 2 ,  n=8 
r a t s  p e r  t r e a tm e n t  g r o u p ) . The a v e ra g e  f r a c t i o n a l  d e p l e t i o n  
o f  NE a t  4 and 6 h r s  a f t e r  a -m p t was a l s o  l e s s  i n  BCAA- 
t r e a t e d  a n im a ls  (28 .5% ) th a n  i n  c o n t r o l  a n im a ls  (4 3 .1 % ), 
s u g g e s t in g  a  re d u c e d  r a t e  o f  t u r n o v e r  o f  NE i n  th e  h y p o th a 
lam u s o f  r a t s  t r e a t e d  w i th  BCAA's. T h e re  w ere  no d i f f e r 
e n c e s  i n  e i t h e r  s t e a d y - s t a t e  o r  a - m p t - d e p le t e d  c o n c e n t r a 
t i o n s  o f  d opam ine  and  e p in e p h r in e  i n  t h e  h y p o th a la m u s  o f  
t h e s e  r a t s  and  no d i f f e r e n c e s  i n  l e v e l s  o f  an y  c a te c h o la m in e  
i n  t h e  p o n s . I n  c o n t r a s t  to  t h e  f i n d i n g s  i n  r a t s  t r e a t e d  
f o r  12 d a y s ,  4 d a y s  o f  t r e a tm e n t  w i th  BCAA's h ad  no e f f e c t  
on h y p o th a la m ic  c a te c h o la m in e s .  A l th o u g h  t h e s e  f i n d i n g s  
s u g g e s t  t h a t  one o r  m ore o f  th e  BCAA's m o d u la te  n o r a d r e n e r 
g i c  n e u ro n s  i n  t h e  h y p o th a la m u s ,  t h e  e f f e c t s  o f  t h e  BCAA's 
may be  m e d ia te d  by BC AA -induced m e ta b o l i c  c h a n g e s  i n  t h e  
b r a i n  o r  p e r i p h e r y .
S u p p o r te d  by  NIH g r a n t  AM 3 1 8 8 2 -0 2

3 2 8 . 13  PRE-  AND POSTSYNAPTIC EFFECTS O F AD EN OSIN E IN  TH E CA l  
REGION OF RAT HIPPOCAMPUS IN VITRO.  W.R. P r o c to r  and  T.V. 
D unw iddie,  D ept. o f Pharm acology, Univ. o f C olorado H ealth  
S c i. C tr . ,  and VA Med. R esearch  S e rv ic e , D enver, CO 80262.

A denosine has a p o te n t  d e p re s s a n t e f f e c t  on e x c i ta to r y  
s y n a p t i c  t r a n s m i s s i o n  in  r a t  h ip p o c a m p u s , b u t  th e  p r e -  
a n d / o r  p o s t - s y n a p t i c  n a t u r e  o f  t h i s  e f f e c t  h a s  n o t  been  
f i r m ly  e s ta b l is h e d .  U sing th e  r a t  h ippocam pal s l i c e  p rep a 
r a t i o n ,  we p r e v i o u s l y  r e p o r t e d  t h a t  ad e n o sin e  (10-100 uM) 
h a s  a d i r e c t  p o s t - s y n a p t i c  e f f e c t  on th e  c a lc iu m  s p ik e  
t h r e s h o l d  o f  CAI p y ra m id a l  c e l l s  o f  T T X - tre a te d  s l i c e s  
(P ro c to r  and D unw iddie, N eu ro sc i. L e t t .  35:197, 1983). The 
d e p r e s s a n t  e f f e c t  o f  a d e n o s in e  p e r f u s io n  on r e s p o n s e s  t o  
l o c a l l y  a p p l i e d  g lu t a m a te  (a p u t a t i v e  t r a n s m i t t e r  o n to  
p y ram id a l neu rons) a l s o  s u g g e s ts  a p o s t - s y n a p t ic  component 
o f  a d e n o sin e  a c t io n .

We now show  e v id e n c e  t h a t  th e  m a j o r i t y  o f  a d e n o s in e  
d e p re s s io n  on e x c i ta to r y  p o s t s y n a p t i c  p o t e n t i a l s  ( e p s p 's )  
on r a t  h ippocam pal CAI p y ram id a l neurons i s  p r e - s y n a p tic .  
A denosine has been re p o r te d  to  a c t  by in c r e a s in g  K+ conduc
t a n c e  (and  h e n c e  c a u s in g  a  s m a l l  r e s t i n g  m em brane h y p e r 
p o la r iz a t io n  a s  w e ll  a s  re d u c in g  th e  epsp  a m p litu d e ; S eg a l, 
E u r. J .  P h a rm a c o l. 79 , 193 , 1982 ; H aas , in  p r e s s ) .  In  th e  
p r e s e n t  e x p e rim e n ts , K+ conduc tance  was b locked  w ith  2.5 M 
Cs+ a c e t a t e  f i l l e d  i n t r a c e l l u l a r  r e c o rd in g  e le c t r o d e s .  We 
th e n  co m p ared  a d e n o s in e  d e p r e s s io n  o f  ep s p  a m p l i t u d e s  
(p ro d u c e d  by S c h a f f e r  c o l l a t e r a l  and  c o m m is s u ra l  f i b e r  
s t i m u l a t i o n )  t o  e p s p 's  r e c o r d e d  u s in g  2.5 M K+ a c e t a t e  
f i l l e d  e l e c t r o d e s .  S im u lta n e o u s  e x t r a c e l l u l a r  re c o rd in g s  
o f  f i e l d  e p s p 's  w e re  made t o  c o r r e c t  f o r  c h a n g e s  in  
e x t r a c e l l u l a r  f i e l d  p o t e n t i a l s  ( u s u a lly  th e  e x t r a c e l l u l a r  
f i e l d  epsp  was a p p ro x im a te ly  10-30% o f  th e  i n t r a c e l l u l a r  
re sp o n se ) . T here was no s i g n i f i c a n t  d i f f e re n c e  betw een th e  
e f f e c t  o f  a d e n o s in e  on e p s p 's  r e c o r d e d  fro m  c e l l s  w i th  K+ 
a c e ta t e  v s . Cs+ a c e ta t e  f i l l e d  e le c t r o d e s .  For exam ple, 50 
uM a d e n o s in e  p ro d u c e d  d e p r e s s io n s  o f  63±11% (K+ Ac- ) and  
68±8% (C s+ Ac- ).

Because th e  d e p re s s a n t  e f f e c t  of ad e n o sin e  i s  u n a f fe c te d  
by t r e a t m e n t s  w h ich  b lo c k  K+ c o n d u c ta n c e  in  th e  p o s t 
s y n a p tic  c e l l ,  i t  i s  u n l ik e ly  t h a t  p o s t - s y n a p t ic  e f f e c t s  o f 
t h i s  n e u ro m o d u la to r  c o n t r i b u t e  i n  a m a jo r  way t o  th e  
d e p re s s io n  o f  s y n a p tic  t r a n s m is s io n  w hich i t  e l i c i t s .  Thus, 
th e  p r im a ry  mechanism by w hich ad e n o sin e  red u ce s  s y n a p tic  
t r a n s m is s io n  would ap p e a r to  be p r e - s y n a p t ic ,  m ost p ro b ab ly  
v ia  a d i r e c t  r e d u c t io n  in  t r a n s m i t t e r  r e le a s e .

S u p p o r te d  by DA 02702 and VA 394463116 (T.V.D.) and 
g r a n t  DA 07043 (W .R.P.).

328. 14  PROCTOL IN AND OCTOPAMINE MODULATE SYNAPTIC TRANSMISSION 
AT THE SAME NEUROMUSCULAR JUNCTION IN MANDUCA SEXTA.
G. K. F i t c h * ,  L . W. K la a s s e n * ,  and  A. E. Rammer,  K an sas  
S t a t e  U n i v e r s i t y ,  M a n h a t ta n ,  KS 66506

The e f f i c a c y  o f  s y n a p t i c  t r a n s m i s s io n  a t  some 
s y n a p s e s  c a n  b e  i n f l u e n c e d  by com pounds t h a t  a r e  n o t  t h e  
c h e m ic a l  t r a n s m i t t e r .  We h a v e  i n v e s t i g a t e d  m o d u la to ry  
r o l e s  o f  two s t r u c t u r a l l y  v e r y  d i f f e r e n t  co m pounds, t h e  
b i o g e n ic  am ine o c to p a m in e  and  t h e  p e n ta p e p t id e  
p r o c t o l i n ,  a t  t h e  n e u ro m u s c u la r  j u n c t i o n  o f  a  f a s t  
m u sc le  i n  t h e  haw km oth , M anduca s e x t a . To d e te r m in e  how 
t h e s e  e f f e c t s  ch a n g e  w i th  d e v e lo p m e n t,  d o r s a l  
l o n g i t u d i n a l  m u sc le  p r e p a r a t i o n s  o f  b o th  a d u l t  m o th s  and 
p u p a e  w ere  u s e d .

I n  d e v e lo p in g  m o th s  (17  d a y s  s in c e  p u p a t io n )  s u p e r 
f u s i o n  o f  10- 6  M o c to p a m in e  c a u s e s  a  60% i n c r e a s e  i n  t h e  
a m p l i tu d e  o f  t h e  e x c i t a t o r y  j u n c t i o n  p o t e n t i a l  (E JP ) 
p ro d u c e d  i n  t h e  m u sc le  i n  r e s p o n s e  t o  a  s i n g l e  
s t i m u l a t i o n  o f  i t s  m o to r  n e u ro n .  A p p l i c a t io n  o f  
p r o c t o l i n  (10- 6  M) r e s u l t s  i n  a  77% i n c r e a s e  i n  t h e  
a m p l i tu d e  o f  t h e  E JP . I n  a d u l t  m o th s ,  h o w e v e r , a c t i o n s  
o f  t h e  two com pounds a r e  d i f f e r e n t .  I n  e x p e r im e n ts  
p e rfo rm e d  i n  low  c a lc iu m  s a l i n e ,  t h e  i n i t i a l  19 mv EJP 
w as e l e v a t e d  by p r o c t o l i n  t o  a  v a lu e  ab o v e  t h r e s h o l d  f o r  
an  a c t i v e  m em brane r e s p o n s e ,  t h u s  e l i c i t i n g  a  
c o n t r a c t i o n  o f  t h e  m u sc le  f i b e r .  A p p l i c a t io n  o f  
o c to p a m in e  to  a d u l t  m o th s  u n d e r  t h e  same c o n d i t i o n s  
r e s u l t e d  i n  no  c h a n g e  i n  t h e  EJP a m p l i tu d e .

T h e se  r e s u l t s  s u g g e s t  t h a t  c o n t r o l  o f  s y n a p t i c  
t r a n s m i s s io n  a t  t h i s  n e u ro m u s c u la r  j u n c t i o n  i s  c o m p le x , 
a t  t im e s  p o s s ib l y  i n v o lv in g  a t  l e a s t  two com pounds o t h e r  
th a n  th e  t r a n s m i t t e r ,  and  t h a t  m o d u la t io n  o f  s y n a p t i c  
t r a n s m i s s io n  c h a n g e s  a s  t h e  a n im a l d e v e lo p s .  S u p p o r te d  
by  NIH g r a n t  NS 19257.
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328.15  Can e s tro g e n  a l t e r  n e u ro n a l r e s p o n s iv e n e s s  t o  p u t a t i v e  am ino 
a c id  n e u r o t r a n s m it te r s ?   S h e ry l S . S m ith , B.D. W aterhouse 
and  D .J . Woodward, (SPON: C.M. M ic h a e l) . Dep t . o f  C e l l  
B io lo g y , U n iv . o f  T exas H e a lth  S c ie n c e  C e n te r , D a lla s ,  
T exas 75235

E v idence  b y  o th e r  i n v e s t i g a t o r s  (Heron e t  a l . , 1980) 
s u g g e s ts  t h a t  s t e r o i d s  may a l t e r  membrane m ic ro v is c o s i ty  in  
CNS t i s s u e s  b y  a c t in g  th ro u g h  n o n - re c e p to r  m echanism s. The 
p u rp o se  o f  t h i s  s tu d y  was t o  t e s t  w h e th e r E2 co u ld  a l t e r  
n e u ro n a l a c t i v i t y  o r  re s p o n s iv e n e s s  t o  i o n t o p h o r e t i c a l l y  
a p p l ie d  am ino a c id  n e u r o t r a n s m it te r s  i n  an  a r e a  n o t  r e p o r te d  
t o  c o n ta in  E2 r e c e p to r s .  Such a  r e g io n  i s  th e  ce re b e llu m , 
w hich  was s e le c te d  a s  a  model sy stem  f o r  th e s e  s tu d ie s  
b e c a u se  i t  h a s  b ee n  w e ll  c h a r a c te r iz e d  
e l e c t r o p h y s io l o g ic a l ly . E x t r a c e l lu l a r  a c t i v i t y  o f   
c e r e b e l l a r  Pur k in j e  (P) n eu ro n s  was re c o rd e d  from  h a lo th a n e  
a n e s th e t i z e d ,  a d u l t ,  o v a r ie c to m iz e d  r a t s  u s in g  m u l t ib a r r e l  
g l a s s  m ic r o p ip e ts . S pon taneous f i r i n g  r a t e  and re s p o n s e s  o f  
s in g le  u n i t s  t o  m ic ro io n to p h o re t ic  p u ls e s  ( 10s  p u ls e s  e v e ry  
4 0 s) o f  GABA (10 -50  nA ), g lu ta m a te  (GLUT, 3 -40  nA) o r  
n o re p in e p h r in e  (NE, 2-15  nA) w ere exam ined b e f o r e ,  d u r in g  
and a f t e r  io n to p h o r e t i c  (.25mM 17 B - e s t r a d io l  h e m is u c c in a te )  
o r  ju g u la r  i . v .  (1000 n g /k g  17 B - e s t r a d io l )  a d m in is t r a t io n  
o f  E 2 . S pon taneous f i r i n g  r a t e  was in c re a s e d  d u r in g  b o th  
i . v .  (4 /7  c e l l s )  and io n to p h o r e t i c  ( 7 /11 c e l l s )  E2 
a p p l i c a t i o n .  Both modes o f  E2 a d m in is t r a t io n  r e s u l t e d  i n  a  
2 t o  3 f o ld  in c r e a s e  i n  P c e l l  e x c i t a t o r y  re s p o n s e s  t o  GLUT, 
in d e p e n d e n t o f  th e  d i r e c t i o n  o f  change i n  sp on taneous f i r i n g  
r a t e .  T h is  e f f e c t  was s e e n  a s  e a r l y  a s  one m in u te  a f t e r  
io n to p h o r e t i c  a p p l i c a t i o n  o f  E2 (5 /7  c e l l s )  and 15-40 m in . 
fo llo w in g  i . v .  E2 (5 /5  c e l l s ) .  In  a l l  c a s e s ,  r e c o v e ry  t o  
th e  c o n t r o l  l e v e l  o f  re s p o n s e  was n o t  o b se rv ed  b y  30-60 m in . 
a f t e r  E2 a d m in is t r a t io n .  I n  c o n t r a s t  t o  th e  e f f e c t  o f  E2 on 
GLUT r e s p o n s iv e n e s s , GABA-mediated i n h i b i t i o n  o f  P c e l l s  was 
e i t h e r  a n ta g o n iz e d  (4 /7  c e l l s )  o r  unchanged (3 /7  c e l l s )  
fo llo w in g  E2 a p p l i c a t i o n .  I n i t i a l  r e s u l t s  a l s o  s u g g e s t an  
e f f e c t  o f  E2 on  th e  r o u t i n e ly  o b se rv ed  enhancem ent o f  GABA 
and GLUT b y  NE. I n  sunm ary, th e s e  p r e l im in a ry  s tu d ie s  
s u g g e s t th e  i n t r i g u in g  h y p o th e s is  t h a t  E2 may a l t e r  n e u ro n a l 
s e n s i t i v i t y  t o  s p e c i f i c  n e u r o t r a n s m it te r  s u b s ta n c e s  w ith in  
th e  c e r e b e l l a r  c i r c u i t r y .  F u r th e r  s tu d ie s  a r e  underw ay t o  
d e te rm in e  th e  s p e c i f i c i t y  and  th e  l o c i  o f  a c t io n  o f  th e s e  
phenom ena. B e s id e s  d i r e c t  membrane e f f e c t s ,  th e s e  a c t io n s  
o f  E2 may b e  i n d i r e c t l y  m e d ia ted  th ro u g h  in t e r a c t io n s  w ith  
th e  c e r e b e l l a r  n o ra d re n e rg ic  sy stem . (S uppo rted  by  g r a n t s  
MH09010 t o  SSS and AA3901, DA02338 and th e  B io lo g ic a l   
Humanics F o u n d a tio n  t o  DOW.)

328. 16  EVIDENCE FOR THE OCCURRENCE OF LEUKOTRIENES (LT) IN THE
CENTRAL NERVOUS SYSTEM AND FOR A NEUROENDOCRINE ROLE OF LT.  
J .A .  L in d g re n ,  A. H u l t i n g ,  S . - E .  D a h lé n ,  T. H ö k f e l t ,  S .
W ern e r and  B. S a m u e ls s o n .  D e p a r tm e n ts  o f  P h y s i o lo g i c a l  
C h e m is t ry ,  P h y s io lo g y  and  H i s to l o g y ,  K a r o l in s k a  I n s t i t u t e t  
and  D e p a r tm e n t o f  E n d o c r in o lo g y ,  K a r o l in s k a  H o s p i t a l ,  
S to c k h o lm , Sw eden.

L e u k o t r i e n e s  (LT) r e p r e s e n t  a  r e c e n t l y  d i s c o v e r e d  g ro u p  
o f  b i o l o g i c a l l y  a c t i v e  com pounds fo rm ed  fro m  a r a c h i d o n ic  
a c id  v i a  t h e  l ip o x y g e n a s e  p a th w a y . LT h a s  so  f a r  m a in ly  b e e n  
l o c a l i z e d  i n  l e u k o c y te s  and lu n g  t i s s u e .  I n  t h e  p r e s e n t  
s tu d y  a  p o s s i b l e  o c c u r r e n c e  o f  LT i n  t h e  c e n t r a l  n e rv o u s  
s y s te m  was i n v e s t i g a t e d  a s  w e l l  a s  e f f e c t s  o f  LT on r e l e a s e  
o f  hormones f ro m  t h e  a n t e r i o r  p i t u i t a r y .

S l i c e s  fro m  r a t  b r a i n  w e re  i n c u b a te d  w i th  t h e  io n o p h o re  
A23187 (5 µM) and a r a c h i d o n ic  a c id  (75 µM). A f t e r  e x t r a c t i o n  
and  p u r i f i c a t i o n  o f  t h e  i n c u b a t io n  b u f f e r ,  t h e  l i p i d  e x t r a c t  
was s u b je c t e d  to  r e v e r s e - p h a s e  HPLC. The p r o d u c t s  w ere  
d e t e c t e d  by UV a b s o rb a n c e .  T h re e  p e a k s  w i th  e l u t i o n  t im e s  
c o r r e s p o n d in g  t o  i n j e c t e d  s ta n d a r d  o f  LTC4 , LTD4 and LTE4 , 
r e s p e c t i v e l y ,  w ere  o b t a i n e d .  The m a t e r i a l  was f u r t h e r  
i d e n t i f i e d  u s in g  ra d io im m u n o a ssa y  (RIA) (LTC4 ) and  b i o a s s a y  
(LTC4 , LTD4 and LTE4 ) .

S l i c e s  fro m  v a r i o u s  r e g io n s  o f  t h e  r a t  b r a i n  w e re  i n 
c u b a t e d and LTC4- l i k e  im m u n o re a c t iv i ty  was m e a su re d  by RIA. 
I n  s l i c e s  fro m  t h e  c a u d a te  n u c le u s  i t  was shown t h a t  
io n o p h o re  in d u c e d  r e l e a s e  o f  LTC4 was d o s e  d e p e n d e n t  w i th  
a  maximum a t  5x10-6  M. The LTC4 f o rm a t io n  was m a rk e d ly  
i n h i b i t e d  by  th e  l ip o x y g e n a s e  i n h i b i t o r  NDGA (30  µM ).

I n  s tu d i e s  on d i s p e r s e d  r a t  a n t e r i o r  p i t u i t a r y  c e l l s  i n  
c u l t u r e ,  LTC4 in d u c e d  r e l e a s e  o f  LH w i th  a  m ax im al e f f e c t  
a t  10- 12 M and  o f  ACTH a t  10-1 0  M. No e f f e c t s  w ere  o b s e rv e d  
on p r o l a c t i n  and g ro w th  horm one r e l e a s e .

The p r e s e n t  s t u d i e s  p r o v id e  e v id e n c e  t h a t  LTC4 may a c t  
a s  a m e s s e n g e r  i n  t h e  c e n t r a l  n e rv o u s  s y s te m  and i n  n e u r o 
e n d o c r in e  e v e n ts .

S u p p o r te d  by S w ed ish  MRC (0 3 X -2 1 7 ; 0 3 X -6 8 0 5 ; 0 4 X -2 8 8 7 ) .

328.17  TRIFLUOPERAZINE SUPPRESSION OF EVOKED & SPONTANEOUS FIELD  
POTENTIALS IN ORGANOTYPIC HIPPOCAMPAL EXPLANTS.  J .  F o w le r & 
S.M . C r a i n ,  D e p t . o f  N e u r o s c ie n c e ,  A lb e r t  E i n s t e i n  C o l l . o f  
M e d ic in e ,  B ro n x , N .Y .

T r i f l u o p e r a z i n e ( T F P ) , a  p h e n o th i a z in e  d e r i v a t i v e  h a s  b e e n  
r e p o r t e d  t o  be a  r e l a t i v e l y  s p e c i f i c  a n t a g o n i s t  o f  t h e  Ca 
b in d in g  p r o t e i n ,  c a lm o d u l in ,  i n  i n  v i t r o b in d in g  
s tu d ie s (L e v in & W e is s  '7 6 ) & h a s  b e e n  u s e d  to  a s s e s s  t h e  r o l e  
o f  t h e  C a - c a lm o d u lin  s y s te m  i n  c e l l u l a r  f u n c t i o n .  In  c u l 
t u r e d  r a t  c a r d i a c  c e l l s ,  T F P (IC 5 0 =15uM) r e v e r s i b l y  i n h i b i t s  
s p o n ta n e o u s  c o n t r a c t i o n s ,  a l t h o u g h  r e v e r s a l  i s  n o t  
t o t a l ( K l e i n   ' 8 3 ) . In  r a t  c o r t i c a l  s l i c e s  T F P (10uM) c a u s e s  
a lm o s t  c o m p le te  i n h i b i t i o n  o f  K+ - s t i m u l a t e d  14C-GABA r e l e a s e  
(d e  B e l le r o c h e  e t  a l .  '8 2 )  & i n  s y n a p to s o m a l  p r e p a r a t i o n s  
(15uM ) p a r t i a l l y  i n h i b i t s  d e p o l a r i z a t i o n  in d u c e d  t r a n s m i t t e r  
r e l e a s e ( D e L o r e n z o  ' 8 2 ) . I n  t h e  h ip p o c a m p a l s l i c e  TFP(40uM ) 
h a s  b e e n  r e p o r t e d  t o  i n h i b i t  lo n g - t e r m  p o t e n t i a t i o n ( F i n n  e t  
a l .  ' 8 0 ) .  I n  th e  p r e s e n t  s t u d i e s ,  o r g a n o ty p ic  h ip p o c a m p a l 
e x p l a n t s ( 0 . 5 - 0 .8mm t h i c k ,  c u l t u r e d  on c o l l a g e n - c o a t e d  
c o v e r s l i p s ;  C r a in  & B o r n s te in   '7 4 )  fro m  n e o n a ta l  m ice  w ere 
u s e d  to  a s s e s s  t h e  e f f e c t s  o f  TFP on s p o n ta n e o u s  & e v o k ed  
n o rm a l & e p i l e p t i f o r m  f i e l d  p o t e n t i a l s  r e c o r d e d  from  th e  CA 
3 /2  r e g i o n s  a f t e r  2 -4  w k s . i n  c u l t u r e ( F o w le r  & C r a in  '8 2 )  
S t im u la t in g  e l e c t r o d e s  w ere  l o c a t e d  i n  th e  d e n t a t e  a r e a ( 0 .5  
m sec p u l s e s ,  5 -2 0  u a m p s ) . B a s e l in e  a m p l i tu d e s  w ere  a s s e s s e d  
i n  H a n k 's  b a la n c e d  s a l t  s o lu t io n ( B S S )  & com pared  to  th o s e  
o b t a i n e d  i n  BSS +  T F P (l-1 5 0 u M ). TFP c a u s e d  a  p r o g r e s s iv e  
d e p r e s s io n  o f  ev o k e d  & s p o n ta n e o u s  f i e l d  p o t e n t i a l s  a t  5 0 (7  
o f  10 c u l t u r e s )  & 150uM(7 o f  7 c u l t u r e s )  d u r in g  15 m in t e s t s  
w h e re a s  a t  luM , ev o k ed  & s p o n ta n e o u s  slo w -w av e  a c t i v i t y  was 
n o t  s i g n i f i c a n t l y  d i f f e r e n t  fro m  b a s e l i n e  v a l u e s .  I n  th e  
50&150uM g ro u p s  ev o k ed  o r  s p o n ta n e o u s  a c t i v i t y  c o u ld  n o t  be 
d e t e c t e d  d u r in g  t h e  1 /2  h r  i n t e r v a l  f o l l o w in g  r e t u r n  t o  
r e g u l a r  BSS ev e n  a t  s t im u lu s  s t r e n g t h s  much g r e a t e r  th a n  
u s e d  to  e l i c i t  b a s e l i n e  e v o k e d  p o t e n t i a l s  o r  i n  2 c u l t u r e s  
w i th  t h e  a d d i t i o n  o f  c o n v u ls a n t  a g e n t s ,  e . g .   
b i c u c u l l i n e ( 2 u M )  o r  k a i n i c  a c id ( 5 0 u M ) .P r e l im in a r y  t e s t s  w i th  
a n o th e r  p h e n o th i a z in e ,  c h lo r p r o m a z in e ( a t  50uM ), d id  n o t  h av e  
th e  p ro fo u n d  d e p r e s s a n t  e f f e c t s  o f  TFP an d  o n ly  p a r t l y  
a t t e n u a t e d  t h e  a m p l i tu d e  o f  ev o k ed  p o t e n t i a l s ( < 2 5 % ) .  
F u r th e r  s t u d i e s  a r e  r e q u i r e d  to  d e te r m in e  i f  t h e s e  p o t e n t  
d e p r e s s a n t  e f f e c t s  o f  TFP on h ip p o c a m p a l f i e l d  p o t e n t i a l s  
a r e  r e l a t e d  t o  s p e c i f i c  a n ta g o n is m  o f  t h e  C a -c a lm o d u lin  
s y s te m ,  o t h e r  r e c e p to r /e n z y m e  s y s te m s ( R o u f o g a l i s  '8 2 )  o r  
l o c a l  a n e s t h e t i c  e f f e c t s ( R i t c h i e  & G r e e n g a rd  ' 6 1 ) . S u p p o r te d  
by NIMH p r e d o c t o r a l  fe llo w sh ip (M H 1 5 7 8 8 )  t o  J . F .  T is s u e  
c u l t u r e  f a c i l i t i e s  w ere  p r o v id e d  by D r. M .B. B o r n s te i n .

3 2 8 .18 MODULATION OF I Ca AND LATE K CURRENTS BY INTRASOMATIC INJEC
TION OF Ca-CALMODULIN DEPENDENT KINASE IN HERMISSENDA GIANT 
NEURONS.  J .  A c o s t a - U r q u id i ,  J .T .  N e a ry , J .R .  G o ld e n r in g ,  
D .L . A lk o n , and  R . J .  D e L o re n z o .  S e c t .  N e u ra l  S y s te m s , L ab . 
B io p h y s ic s ,  NINCDS-NIH, MBL, Woods H o le ,  MA 02543 and  D e p t.  
N e u ro lo g y ,  Y a le  U n iv . S c h . M e d ., New H av en , CT 0 6 5 1 0 .

Long te rm  r e g u l a t i o n  o f  i o n i c  c h a n n e ls  by n e u r o t r a n s 
m i t t e r s , ho rm o n es an d  n e u r o r e g u l a t o r s ,  m e d ia te d  v i a  C a - c a l 
m o d u lin  d e p e n d e n t  p r o t e i n  k i n a s e s  (Ca-CAM dPKs), m ig h t  b e  i n 
v o lv e d  i n  n e u ro n a l  c i r c u i t  p l a s t i c i t y  and  i s  t h e r e f o r e  an  
a t t r a c t i v e  m odel f o r  m ech an ism s o f  l e a r n i n g  and  m em ory. P r e 
v io u s  v o l t a g e  c lam p s t u d i e s  ( S o c . N e u r o s c i . A b s t r . 9:5 6 1 ,   
1983 and  S c i e n c e , i n  p r e s s )  r e p o r t e d  r e d u c t io n  o f  e a r l y  and  
l a t e  K - c u r r e n t s  a f t e r  i o n t o p h o r e t i c  i n j e c t i o n  o f  a  s p e c i e s  
o f  Ca-CAMdPK, p h o s p h o ry la s e  k i n a s e ,  i n t o  t y p e  B p h o to r e c e p 
t o r s  an d  i d e n t i f i a b l e  g i a n t  n e u ro n s  o f  H e rm is s e n d a . A d i s 
t i n c t  Ca-CAMdPK, t u b u l i n - a s s o c i a t e d  c a lm o d u lin - d e p e n d e n t  
k i n a s e  (TACK), t h a t  p h o s p h o r y l a te s  t u b u l i n  an d  m ic r o tu b u le  
a s s o c i a t e d  p r o t e i n s  a s  m a jo r  s u b s t r a t e s  h a s  b e e n  i s o l a t e d  
an d  p u r i f i e d  f ro m  r a t  b r a i n  c y to p la s m  ( J . B i o l . Chem. 2 5 8 : 
1 2 6 3 2 ,  1 9 8 3 ) . TACK may h a v e  f u n c t i o n a l  s i g n i f i c a n c e  i n  r e g u 
l a t i o n  o f  n e u r o n a l  e x c i t a b i l i t y  and  s y n a p t i c  m o d u la t io n  ( F e d . 
P r o c . 43:2 2 6 5 ,  1 9 8 2 ) . We r e p o r t  t h a t  i o n to p h o r e t i c  (± 9 nA,  
3 -4  m in) i n j e c t i o n  o f  TACK i n t o  g i a n t  H e rm is s e n d a  n e u ro n s  
p ro d u c e d  co m p lex  e f f e c t s  on I Ca , I K(V) a n d IK ( C a ) . C hanges 
w e re  o n ly  t a k e n  a s  s i g n i f i c a n t  i f  th e y  w e re  ≥  30% o v e r  p r e 
i n j e c t i o n  v a lu e s .  F o r  I Ca : 6 /1 6  c e l l s  show ed a  p e r s i s t e n t  
(> 10 m in) r e d u c t io n  (48.26%  ± 9 . 6 ) ;  6 /1 6  show ed a  t r a n 
s i e n t  (1 -2  m in) i n c r e a s e  (91 .12%  ± 2 9 .8 )  an d  4 /1 6  no  s i g n i 
f i c a n t  e f f e c t .  F o r  I K(V ) : 5 /1 4  c e l l s  show ed a  p e r s i s t e n t  
r e d u c t io n  (47.4%  ± 4 . 3 ) ;  3 /1 4  a  t r a n s i e n t  i n c r e a s e  (35.8%   
± 2 .6 )  an d  6 /1 4  no  s i g n i f i c a n t  e f f e c t .  F o r  IK ( C a ) : 1 3 /2 4  
show ed a  p e r s i s t e n t  r e d u c t io n  ( 4 9 .3  ± 5 . 5 ) ;  3 /2 4  a  t r a n s i 
e n t  i n c r e a s e  (52.3%  ± 1 5 .7 )  and  8 /2 4  no s i g n i f i c a n t  e f f e c t .  
I d e n t i c a l  c o n t r o l  i n j e c t i o n s  o f  t h e  c a r r i e r  s o l u t i o n  p r o 
d u c e d  no  s i g n i f i c a n t  e f f e c t s  on I Ca (7 c e l l s ) ,  I K(V) (7  
c e l l s )  and  I K(Ca) (10 c e l l s ) .  D e t e c t a b le  l e v e l s  o f  TACK, 
e j e c t e d  by  s ta n d a r d  i o n t o p h o r e s i s ,  w e re  a s s a y e d  w i th  t u b u l i n  
a s  s u b s t r a t e .  P a r a l l e l  b io c h e m ic a l  s t u d i e s  r e v e a l e d  t h a t  
TACK a l t e r e d  th e  l e v e l  o f  32P i n c o r p o r a t i o n  i n  s e v e r a l  
H e rm isse n d a  n e u r a l  p r o t e i n s ,  and  i t  h a s  b e e n  shown t h a t  t h e  
H e rm isse n d a  n e rv o u s  s y s te m  c o n ta i n s  e n d o g e n o u s  p r o t e i n  
k i n a s e s  w h ich  c a n  b e  s t i m u l a t e d  by  Ca ( S o c . N e u r o s c i . ,  1 9 8 4 ) . 
F u r th e r  s t u d i e s  a r e  n e e d e d  t o  c l a r i f y  t h e  d i v e r s e  m o d u la 
t o r y  e f f e c t s  o f  TACK on I Ca  and  l a t e  K c u r r e n t s .
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328.19  AUTORADIOGRAPHIC EVIDENCE FOR MULTIPLE CNS BINDING SITES OF 
THE ADENOSINE ANALOGUES CHA AND NECA.
 K .S . Lee an d  M. R e d d in g to n .  D e p t . o f  N eu ro m o rp h o lo g y ,
Max P la n c k  I n s t i t u t e  f o r  P s y c h i a t r y ,  M a r t in s r i e d ,  W. Germ any.

A d e n o s in e  i s  a  p o t e n t  n e u ro m o d u la to r  i n  many r e g io n s  o f  
t h e  c e n t r a l  n e rv o u s  s y s te m . M u l t ip l e  r e c e p t o r  s i t e s  h av e  
b e e n  d e s c r i b e d  f o r  a d e n o s i n e ,  p r i m a r i l y  on t h e  b a s i s  o f  th e  
d i f f e r e n t i a l  a c t i o n  o f  v a r i o u s  a d e n o s in e  a n a lo g u e s  i n c l u d i n g  
No- c y c lo h e x y la d e n o s in e  (CHA) and N - e th y lc a rb o x a m id e  
a d e n o s in e  (NECA). The p r e s e n t  s tu d y  e x am in ed  th e  
d i s t r i b u t i o n  o f  t r i t i u m  l a b e l l e d  CHA and NECA u t i l i z i n g  
l i g h t  m ic r o s c o p ic  a u to r a d io g r a p h ic  t e c h n i q u e s .  The 
d i s t r i b u t i o n  o f  3H-CHA was s i m i l a r  t o  t h a t  p r e v i o u s ly  
d e s c r i b e d  by s e v e r a l  l a b o r a t o r i e s .  The b in d in g  o f  3H-NECA 
d i f f e r e d  fro m  t h a t  o f  3H-CHA b o th  q u a l i t a t i v e l y  and  
q u a n t i t a t i v e l y .  The b in d in g  o f  3H-NECA was d i s p l a c e a b l e  i n  
a  d o s e - d e p e n d e n t  m an n e r by u n l a b e l l e d  a d e n o s in e  a n a lo g u e s  
w i th  t h e  f o l l o w in g  r e l a t i v e  p o t e n c i e s  NECA: 2 - c h l o r o
a d e n o s in e  (2-CAD) 1 - p h e n y l i s o p r o p y la d e n o s in e  ( 1 -P I A ) .  T hese  
f i n d i n g s  a r e  i n  c o n t r a s t  t o  t h o s e  o b s e rv e d  w i th  3H-CHA 
b in d in g  i n  w h ic h  t h e  r e l a t i v e  c a p a c i t i e s  t o  d i s p l a c e  b in d in g  
a r e :  1 -P IA  2-CAD NECA. 3H-NECA b in d in g  was n o t  u n i fo r m ly  
i n h i b i t e d  by 1 -P IA . T h a t  i s ,  t h e  b in d in g  i n  c e r t a i n  r e g i o n s  
o f  t h e  b r a i n  s u c h  a s  t h e  CA1 r e g i o n  o f  t h e  h ip p o ca m p u s  
was a lm o s t  t o t a l l y  b lo c k e d  by 1 m ic ro m o la r  1 -P IA  w h i le  t h e  
b in d in g  i n  t h e  s t r a tu m  lu c id iu m  o f  CA3 o f  t h e  h ip p o ca m p u s  
was r e l a t i v e l y  u n a f f e c t e d .  T h is  d i f f e r e n c e  c o u ld  be due  
t o  t h e  c a p a b i l i t y  o f  1 -P IA  to  i n h i b i t  b i n d in g  a t  t h e  h ig h  
a f f i n i t y  A1 a d e n o s in e  r e c e p t o r  w h i l e  p e r m i t t i n g  b in d in g  a t  
a n o t h e r ,  lo w e r  a f f i n i t y  s i t e .  I t  i s  p o s s i b l e  t h a t  th e  
3H-NECA b in d in g  w h ich  i s  n o t  i n h i b i t e d  by low  c o n c e n t r a t i o n s  
o f  1 -P IA  r e p r e s e n t s  t h e  d i s t r i b u t i o n  o f  A2 a d e n o s in e  
r e c e p t o r s  i n  t h e  CNS. T h is  i s  s u p p o r t e d  by th e  o b s e r v a t io n  
t h a t  b r a i n  r e g i o n s  w h ich  e x h i b i t  h ig h  a d e n o s i n e - s e n s i t i v e  
a d e n y la t e  c y c l a s e  l e v e l s ,  su c h  a s  t h e  s t r i a t u m  a n d  n u c le u s  
accu m b en s a l s o  e x h i b i t  h ig h  a m o u n ts  o f  1 - P I A - i n s e n s i t i v e  
3H-NECA b in d in g .  A m ore t h o ro u g h  e x a m in a tio n  i s  c u r r e n t l y  
i n  p r o g r e s s  t o  c l a r i f y  t h e  r e l a t i o n s h i p  b e tw e en  t h e  3H-NECA 
b in d in g  s i t e s  and  t h e  d i s t r i b u t i o n  o f  a d e n o s i n e - s e n s i t i v e  
a d e n y la t e  c y c l a s e .  I n  c o n c lu s i o n ,  t h e  p r e s e n t  d a ta  p r o v id e  
a u to r a d io g r a p h ic  e v id e n c e  f o r  m u l t i p l e  b in d in g  s i t e s  f o r  
t h e  a d e n o s in e  a n a lo g u e s  CHA and  NECA. T h ese  s i t e s  d i f f e r  
b o th  i n  t e r m s  o f  t h e i r  d i s t r i b u t i o n s  and  s e n s i t i v i t y  to  
o t h e r  a d e n o s in e  a n a lo g u e s .

328. 20  ARACHIDONATE LIPOXYGENASE ACTIVITY IN RAT BRAIN SYNAPTOSOMAL
PREPARATIONS.  H .L . W h ite  an d  D .K , S t in e * .   D e p t . o f  Pharm a
c o lo g y , W ellcom e R e s e a rc h  L a b s , R e s e a rc h  T r i a n g l e  P a r k ,  NC 
2 7 7 0 9 .

L ip id  p e r o x i d a t i o n  i n  b r a i n  h a s  b e e n  a s s o c i a t e d  w i th  d e 
g e n e r a t iv e  c h a n g e s  t h a t  may p l a y  a  r o l e  i n  b o th  n o rm a l a g in g  
an d  i n  t h e  p a th o lo g y  o f  i l l n e s s e s  s u c h  a s  s e n i l e  d e m e n t ia ,  
P a r k in s o n is m ,  and  e p i l e p s y .  O x id a t iv e  m e ta b o lis m  o f  a r a c h i 
d o n ic  a c id  i n  b r a i n  may be o f  p a r t i c u l a r  im p o r ta n c e  b e c a u s e  
t h i s  u n s a tu r a t e d  f a t t y  a c id  i s  a p r e d o m in a n t  com ponen t o f  
c e r t a i n  p h o s p h o l ip id s  an d  i s  r e a d i l y  r e l e a s e d  d u r in g  th e  
p h o s p h o l ip a s e  A2 a c t i v a t i o n  t h a t  may accom pany a n o x ic  i n 
s u l t s .  I n  t h i s  s tu d y  s y n a p to s o m a l  f r a c t i o n s  fro m  r a t  b r a i n  
h o m o g en a te s  w e re  o b t a in e d  by d i f f e r e n t i a l  c e n t r i f u g a t i o n  and  
r e s u s p e n d e d  i n  a  H E P E S -sa lt  b u f f e r .  I n c u b a t io n  o f  t h e s e  
p r e p a r a t i o n s  w i th  [14 C ] a r a c h id o n a te  a t  3 7 °C , pH 7 . A, r e s u l t 
ed  i n  a  t im e -d e p e n d e n t  f o rm a t io n  o f  [ 14C] p r o d u c t s  v i a  l i p 
o x y g e n a se  and  c y c lo o x y g e n a s e  p a th w a y s .  The p r e s e n c e  o f  a  
c a lc iu m - d e p e n d e n t  5 - l ip o x y g e n a s e  p a th w a y  was o b s e rv e d  u s in g  
3 d i f f e r e n t  t h i n - l a y e r  c h ro m a to g ra p h ic  s y s te m s  an d  was v e r 
i f i e d  by th e  a c t i o n  o f  known l ip o x y g e n a s e  i n h i b i t o r s .  P r o 
d u c ts  o f  1 2 -  a n d /o r  1 5 - l ip o x y g e n a s e  w e re  a l s o  o b s e r v e d ,  a s  
w e re  c y c lo o x y g e n a s e  p r o d u c t s ,  PGD2 , PGE2 , PGF2α  and th ro m 
b o x an e  B2 . [14 C] a r a c h i d o n a t e  w as a l s o  i n c o r p o r a t e d  i n t o   
p h o s p h a t i d ic  a c id  an d  o t h e r  p h o s p h o l i p id s .

When i n c u b a t io n  m ix tu re s  w e re  c e n t r i f u g e d  b e f o r e  e x t r a c 
t i o n  o f  m e t a b o l i t e s ,  m o st o f  t h e  p r o s t a g l a n d i n s  w e re  r e 
c o v e re d  i n  t h e  m edium , w h i le  a t  l e a s t  h a l f  t h e  l ip o x y g e n a s e  
p r o d u c t s ,  m ost o f  t h e  u n m e ta b o liz e d  a r a c h i d o n a t e ,  and  a l l  
o f  th e  l a b e l l e d  p h o s p h o l i p id s ,  i n c l u d i n g  p h o s p h a t i d i c  a c i d ,  
w e re  a s s o c i a t e d  w i th  t h e  p e l l e t s .

In d o m e th a c in  ( 10µM) c a u s e d  i n h i b i t i o n  o f  c y c lo o x y g e n a s e  
p r o d u c t  f o rm a t io n  w i th o u t  s i g n i f i c a n t l y  a f f e c t i n g  th e  l i p 
o x y g e n a se  p a th w a y . B a i c a l e in  (1 0 µM ), a  known l ip o x y g e n a s e  
i n h i b i t o r ,  s e l e c t i v e l y  b lo c k e d  t h e  f o r m a t io n  o f  l i p o x y g e 
n a s e  p r o d u c t s ,  a s  d id  EDTA (5  mM). BW 755C ( 100µM) i n h i b i 
t e d  b o th  p a th w a y s  an d  a l s o  d e c r e a s e d  t h e  i n c o r p o r a t i o n  o f  
[ 14C ]a r a c h i d o n a t e  i n t o  p h o s p h a t i d i c  a c id  and  p h o s p h o in o 
s i t i d e s  w i th o u t  a f f e c t i n g  i n c o r p o r a t i o n  o f  [ 32p ]  i n o r g a n i c  
p h o s p h a te  i n t o  t h e s e  m e t a b o l i t e s .  C o n t in u in g  s t u d i e s  a r e  
d i r e c t e d  to w a rd  u n d e r s t a n d in g  t h e  s i g n i f i c a n c e  o f  a r a c h i 
d o n a te  l ip o x y g e n a s e  a c t i v i t y  i n  n o rm a l an d  a b n o rm a l n e u ro 
n a l  f u n c t i o n .
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329.1  CHANGES IN MEMBRANE FLUIDITY FOLLOWING CHRONIC STIMULATION 
OF THE PHOSPHATIDYLINOSITOL SYSTEM IN A SMOOTH MUSCLE CELL 
LINE.  M.D. D ib n e r ,  K .A . I r e l a n d * ,  E .E . R e y n o ld s * , and  
B .B . W o lfe .  C e n t r a l  R e s e a rc h  & D e v e l .  D e p t . ,  Du P o n t 
G le n o ld e n  L a b , G le n o ld e n ,  PA 19036 and Dept. o f  P h a rm a c o l.  
U n iv . o f  P e n n a . M e d ic a l  S c h o o l ,  P h i l a . , PA 1 9 104 .

The DDT1 sm o o th  m u sc le  c e l l  l i n e  h a s  a  l a r g e  p h o s p h a t i d y l 
i n o s i t o l  ( P I )  t u r n o v e r  r e s p o n s e  t o  s t i m u l a t i o n  a t  t h e  α 1 -  
a d r e n e r g i c  r e c e p t o r .  I n  t h e s e  s t u d i e s ,  c e l l  s u r f a c e  m em brane 
f l u i d i t y  w as m e a su re d  i n  c e l l s  f o l l o w in g  c h r o n ic  e x p o s u re  to  
n o r e p i n e p h r i n e  (N E ). F l u i d i t y  was d e te r m in e d  a s  th e  l a t e r a l  
d i f f u s i o n a l  r e c o v e r y  o f  t h e  f l u o r e s c e n t  l i p i d  p ro b e  D iI  
f o l l o w in g  p h o to b le a c h in g  i n  a  l a s e r - b a s e d  f l u o r e s c e n c e  p h o to 
b l e a c h i n g  s y s te m . I n  p a r a l l e l  s t u d i e s ,  P I  r e s p o n s e ,  a s  
m e a su re d  by  t h e  N E -s t im u la te d  a c c u m u la t io n  o f  ( 3H ) - i n o s i t o l -  
1 - p h o s p h a te  ( I - 1-P )  and  α 1 - a d r e n e r g i c  r e c e p t o r s  (m e a su re d  by 
125I-B E 2254  b i n d in g )  w e re  s t u d i e d .  E x p o su re  o f  c e l l s  t o  NE 
(10  µM) f o r  1 .5  h r  a t  3 7 °C l e d  t o  a  20% i n c r e a s e  i n  m em brane 
f l u i d i t y .  C o n c u r r e n t ly ,  t h e r e  w as a  35% d e c r e a s e  i n  t h e  I -  
1 -P  r e s p o n s e  t o  NE w i th  no ch a n g e  i n  α 1 - r e c e p t o r  d e n s i t y .  
F o l lo w in g  24 h r  e x p o s u re  t o  NE, b o th  th e  m em brane f l u i d i t y  
an d  I - 1-P  r e s p o n s e  c h a n g e s  w e re  tw ic e  t h o s e  s e e n  a t  1 .5  h r .  
T h e re  w as a l s o  a  35% d e c r e a s e  i n  α 1 - r e c e p t o r  n u m b ers  (w i th  
no ch a n g e  i n  t h e  r e c e p t o r  a f f i n i t y  f o r  t h e  l i g a n d ) .  I n c u b a 
t i o n  o f  c e l l s  f o r  48 h r  w i th  L i d  (10  mM), w h ic h  i n h i b i t s  
I - 1 - P p h o s p h a ta s e ,  l e d  t o  a  d e c r e a s e  i n  m em brane f l u i d i t y  by 
50%. I n  c o n t r a s t ,  t h e  r a t  C6 g lio m a  c e l l  d o e s  n o t  e x p r e s s  
a  P I  s y s te m  r e s p o n s e  t o  NE. E x p o su re  o f  t h e s e  c e l l s  t o  NE 
o r  L iC l f o r  48 h r  d id  n o t  a l t e r  m em brane f l u i d i t y .  T h u s , 
t h e r e  i s  a  c o r r e l a t i o n  b e tw e e n  c h a n g e s  i n  f l u i d i t y  and 
c h r o n i c  s t i m u l a t i o n  o f  t h e  P I  s y s te m . W h eth er a  com ponen t 
o f  t h e  P I  s y s te m  i s  r e s p o n s i b l e  f o r  t h e  a l t e r a t i o n s  i n  
f l u i d i t y  r e m a in s  t o  b e  e l u c i d a t e d .

3 2 9 . 2   ALTERATIONS IN GUANINE NUCLEOTIDE MODULATION OF AGONIST  
BINDING BY LOW PH TREATMENT.  S . P .  B a k e r  a n d  S . R .  C h i l d e r s .  
D e p t . o f  P h a r m a c o l o g y ,  U n i v .  o f  F l o r i d a ,  C o l l e g e  o f  M e d . ,  
G a i n e s v i l l e ,  FL 3 2 6 1 0 .

G u a n i n e  n u c l e o t i d e s  m o d u l a t e  a g o n i s t  b i n d i n g  t o  a  
v a r i e t y  o f  n e u r o t r a n s m i t t e r  r e c e p t o r s .  P r e v i o u s  s t u d i e s  
( C h i l d e r s  e t  a l . , L i f e  S c i .  [ 1 9 8 3 ]  3 3 , 2 1 5 )  s h o w e d  t h a t  
p r e t r e a t m e n t  o f  b r a i n  m e m b r a n e s  a t  pH 4 . 5  i n c r e a s e d  GTP 
m o d u l a t i o n  o f  o p i a t e  r e c e p t o r s .  We now r e p o r t  o n  e f f e c t s  
o f  l o w  pH p r e t r e a t m e n t  o n  m u s c a r i n i c  c h o l i n e r g i c  a n d  β -  
a d r e n o r e c e p t o r s  i n  h e a r t  an d  b r a i n  m e m b r a n e s .  M u s c a r i n i c  
r e c e p t o r s  a n d  β - a d r e n o r e c e p t o r s  w e r e  m e a s u r e d  w i t h  
( - ) - [ 3 H ] q u i n u c l i d i n y l  b e n z i l a t e  ( QNB) and ( - ) - [125i ] i o d o c
y a n o p i n d o l o l  (CYP) r e s p e c t i v e l y .  A g o n i s t  b i n d i n g  w a s  

d e t e r m i n e d  by [ 3 H ] o x o t r e m o r i n e - M  ( Oxo -M ) b i n d i n g  a n d  
c a r b a c h o l  c o m p e t i t i o n  a s s a y s  f o r  m u s c a r i n i c  r e c e p t o r s  a n d  
by  i s o p r o t e r e n o l  c o m p e t i t i o n  a s s a y s  f o r  β - a d r e n o r e c e p t o r s .  
P r e t r e a t m e n t  o f  h e a r t  m e m b r a n e s  a t  pH 4 . 5  f o r  2 0  m i n  a t  
2 5 ° C  d i d  n o t  a f f e c t  t h e  c o n c e n t r a t i o n  o f  8 - a d r e n o r e c e p t o r s  
w h e r e a s  t h e  m u s c a r i n i c  r e c e p t o r  c o n c e n t r a t i o n  wa s  r e d u c e d  
b y  17%. I n  c o n t r o l  h e a r t  m e m b r a n e s ,  G p p ( N H ) p  i n c r e a s e d  t h e  
I C5 0  v a l u e s  f o r  b o t h  c a r b a c h o l  a n d  i s o p r o t e r e n o l  by  1 7 -  
f o l d .  A f t e r  t r e a t m e n t  a t  pH 4 . 5 ,  G p p ( N H ) p  i n d u c e d  o n l y  a  
3 - f o l d  i n c r e a s e  i n  t h e  i s o p r o t e r e n o l  I C 5 0  v a l u e  a n d  h a d  no  
e f f e c t  o n  t h e  c a r b a c h o l  IC 5 0  v a l u e .  I n  a d d i t i o n ,  pH 4 . 5  
t r e a t m e n t  c o m p l e t e l y  a b o l i s h e d  Oxo-M b i n d i n g .  I n  t h e  
b r a i n ,  pH 4 . 5  t r e a t m e n t  h a d  n o  e f f e c t  o n  t h e  c o n c e n t r a t i o n  
o f  e i t h e r  r e c e p t o r .  S i m i l a r  t o  t h e  h e a r t ,  p r e t r e a t m e n t  o f  
c e r e b e l l u m  m e m b r a n e s  a b o l i s h e d  t h e  a b i l i t y  o f  G p p ( N H ) p  t o  
r e d u c e  t h e  i s o p r o t e r e n o l  IC 5 0  v a l u e .  I n  c o n t r a s t  h o w e v e r ,  
pH 4 . 5  p r e t r e a t m e n t  o f  c o r t i c a l  m e m b r a n e s  i n c r e a s e d  t h e  
G p p ( N H ) p  i n d u c e d  s h i f t  o f  t h e  c a r b a c h o l  IC 5 0  v a l u e  f r o m  
2 - f o l d  i n  c o n t r o l  m e m b r a n e s  t o  9 - f o l d  i n  t h e  t r e a t e d  p r e 
p a r a t i o n .  F u r t h e r m o r e ,  t h e  a b i l i t y  o f  G p p ( N H ) p  t o  m a x i m a l 
l y  i n h i b i t  Oxo-M b i n d i n g  wa s  i n c r e a s e d  f r o m  48% i n  c o n t r o l  
m e m b r a n e s  t o  80% i n  pH 4 . 5 - t r e a t e d  m e m b r a n e s .

T h e s e  r e s u l t s  s u g g e s t  t h a t  i n  b r a i n  m e m b r a n e s  l o w  pH 
p r e t r e a t m e n t  may i n c r e a s e  r e c e p t o r - N  p r o t e i n  (R - N )  i n t e r 
a c t i o n s  f o r  i n h i b i t o r y  c y c l a s e  s y s t e m s  a n d  d e c r e a s e  s u c h  
i n t e r a c t i o n s  f o r  s t i m u l a t o r y  c y c l a s e  s y s t e m s ,  w h i l e  R-N 
i n t e r a c t i o n s  a r e  d e c r e a s e d  f o r  b o t h  s y s t e m s  i n  h e a r t  
m e m b r a n e s .

S u p p o r t e d  by  NIH g r a n t  H L - 2 7 2 3 7  f o r  S . P .  B a k e r  a n d  PHS 
g r a n t  D A - 0 2 9 0 4  f r o m  NIDA f o r  S . R .  C h i l d e r s .
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3 2 9 .3  ALTERATIONS IN NONADRENERGIC RECEPTOR SENSITIVITY AND 
BEHAVIOR INDUCED BY CHRONIC IN-VIVO INFUSION OF FORSKOLIN.  
R . G. B row ne and  P . D. S u z d a k ,  P f i z e r  C e n t r a l  R e s e a rc h  and  
D e p t . o f  P h a rm a c o lo g y , U n iv . C o n n e c t ic u t .

F o r s k o l i n ,  a  d i t e r p e n e  i s o l a t e d  from  th e  p l a n t  c o le u s  
f o r s k o h l i i ,  h a s  b e e n  shown t o  a c t i v a t e  t h e  c a t a l y t i c  s u b u n i t  
o f  a d e n y la t e  c y c l a s e  i n  v i t r o  (Seam on and D a ly , 19 8 1 , 1 9 8 3 ) , 
r e s u l t i n g  i n  a  h o r m o n e - r e c e p to r  in d e p e n d e n t  i n c r e a s e  i n  t h e  
i n t r a c e l l u l a r  p r o d u c t i o n  o f  c y c l i c  AMP. W h ile  s t u d i e s  to  
d a t e  h a v e  u t i l i z e d  F o r s k o l i n  i n  i n - v i t r o  m o d e ls ,  t h i s  s tu d y  
w as u n d e r t a k e n  t o  a s s e s s  t h e  e f f e c t  o f  c h r o n ic  i n f u s i o n  o f  
F o r s k o l i n  on n o r a d r e n e r g i c  r e c e p t o r  s e n s i t i v i t y  and  c h a n g e s  
i n  b e h a v io r .  F o r s k o l i n  was i n f u s e d  a t  6 o r  12 u g / u l / h r  i n t o  
t h e  r i g h t  l a t e r a l  v e n t r i c l e  o f  m a le  S p ra g u e  D aw ley r a t s  v i a  
A l z e t  o s m o t ic  m in ip u m p s f o r  s e v e n  d a y s .  C h ro n ic  i n f u s i o n  o f  
F o r s k o l i n  r e s u l t e d  i n  a  d o s e  r e l a t e d  d e c r e a s e  i n  
n o r e p i n e p h r i n e  s t i m u l a t e d  a d e n y la t e  c y c la s e  i n  t h e  l im b ic  
f o r e b r a i n .  I n  a d d i t i o n ,  t h e  Bmax o f  3H-DHA b in d in g  i n  th e  
c e r e b r a l  c o r t e x  and  h ip p o ca m p u s  was d e c r e a s e d  to  40% o f  
c o n t r o l  i n  t h e  c o r t e x  a f t e r  t h e  12 u g / u l / h r  i n f u s i o n .  T h e re  
w as no  a p p a r e n t  ch a n g e  i n  th e  Kd v a lu e s .  T h u s , F o r s k o l i n  
a p p e a r s  t o  down r e g u l a t e  b e t a  a d r e n e r g i c  r e c e p t o r s ,  p o s s ib l y  
d u e  t o  c h a n g e s  i n  r e c e p t o r  p h o s p h o r y l a t i o n  and m o b i l i t y  
( L e fk o w itz ,  1 9 8 2 ) f o l l o w in g  c h r o n ic  e l e v a t i o n  o f  c y c l i c  AMP. 
A d d i t i o n a l  s t u d i e s  e x am in ed  th e  e f f e c t s  o f  c h r o n ic  F o r s k o l i n  
on a lp h a  r e c e p t o r  a c t i v i t y  (3H-PAC b i n d i n g ) ,  s i n c e  t h e s e  
r e c e p t o r s  a p p e a r  t o  b e  n e g a t i v e l y  c o u p le d  to  a d e n y la t e  
c y c l a s e .  The r e s u l t s  show  t h a t  c h r o n ic  i n f u s i o n  o f  
F o r s k o l i n  c a u s e d  a  d o se  d e p e n d e n t  i n c r e a s e  i n  th e  Bmax f o r  
3H-PAC (u p  to  153% o f  c o n t r o l ) .  The s i g n i f i c a n c e  o f  t h e s e  
o p p o s in g  c h a n g e s  i n  n o r a d r e n e r g i c  r e c e p t o r  s e n s i t i v i t y  
in d u c e d  b y  c h r o n ic  F o r s k o l i n  w i l l  b e  d i s c u s s e d  i n  r e l a t i o n  
t o  t h e  o b s e rv e d  b e h a v io r a l  e f f e c t s  ( f o r c e d  sw im m ing, 
lo c o m o to r  a c t i v i t y )  o f  c h r o n ic  F o r s k o l i n  i n f u s i o n .  The 
r e s u l t s  o f  t h e  s t u d i e s  s u g g e s t  th e  p o s s i b i l i t y  f o r  a n o v e l  
t h e r a p e u t i c  a p p ro a c h  t o  m o d u la t in g  r e c e p t o r  s e n s i t i v i t y ,  and  
t h a t  c h r o n ic  i n f u s i o n  o f  F o r s k o l i n  may b e  a  u s e f u l  m odel f o r  
s tu d v in g  th e  r o l e  o f  c y c l i c  AMP i n  t h e  c o n t r o l  n e u ro n a l  
a c t i v i t y .

329 .4  AGE AND OVARIAN HORMONES AFFECT RESPONSES qF IMIPRAMINE 
BINDING SITES TO CHRONIC ANTIDEPRESSANT TREATMENT IN 
FEMALE RATS.  M. A. W ilso n  and  E . J .  R oy .  P s y c h o lo g y  D e p t . ,  
U n iv . o f  I l l i n o i s ,  C h am p aig n , IL  61820 .

D e c re a s e d  l e v e l s  o f  b i n d in g  s i t e s  f o r  t h e  a n t i d e p r e s s a n t  
im ip ra m in e  a r e  a s s o c i a t e d  w i th  c l i n i c a l  d e p r e s s io n .  E f f e c 
t i v e  t h e r a p i e s  may i n c r e a s e  t h e  c o n c e n t r a t i o n s  o f  im ip ra m in e  
b in d in g  s i t e s .  A n im als  s t u d i e s ,  h o w e v e r , i n d i c a t e  t h a t  
c h r o n ic  t r e a tm e n t  w i t h  a n t i d e p r e s s a n t s  r e s u l t s  i n  e i t h e r  a  
r e d u c t io n  i n  im ip ra m in e  b in d in g  o r  n o  c h a n g e . We h a v e  fo u n d  
t h a t  t h e  r e s p o n s e  t o  a n t i d e p r e s s a n t  t r e a tm e n t  d i f f e r s  
q u a l i t a t i v e l y  i n  a n im a ls  o f  d i f f e r e n t  a g e s ,  p o s s i b l y  d u e  t o  
a g e - r e l a t e d  c h a n g e s  i n  d ru g  m e ta b o lis m .

We exam ined  t h e  i n t e r a c t i o n  b e tw e e n  ag e  and  c h r o n ic  a n t i 
d e p r e s s a n t  t r e a tm e n t  on im ip ra m in e  b i n d in g  i n  f e m a le  r a t s .  
F e m ale s  w e re  t r e a t e d  w i th  10 m g/kg  im ip ra m in e  ( IM IP) o r  
s a l i n e  (CONT) tw ic e  d a i l y  f o r  10 t o  20 d a y s  u n t i l  a n im a ls  
w e re  1 .5  m o n th s  o ld  (JUVENILE), 3 .5  m o n th s  (YOUNG), o r  1 4 -1 7  
m o n th s  (MIDDLE-AGED). The l e v e l  and  a f f i n i t y  o f  im ip ra m in e  
m em brane b in d in g  s i t e s  i n  t h e  h y p o th a l a m u s - p r e o p t ic  a r e a  
(HPA) w e re  th e n  d e te rm in e d  u s in g  s a t u r a t i o n  a n a l y s i s .

I n  j u v e n i l e  f e m a le s  IMIP t r e a tm e n t  in d u c e d  a  d e c r e a s e  i n  
l e v e l s  o f  im ip ra m in e  b in d in g  s i t e s .  T h is  d e c r e a s e  i n  im ip 
ra m in e  b in d in g  s i t e s  a s s o c i a t e d  w i th  c h r o n ic  IMIP t r e a tm e n t  
i s  d e p e n d e n t  on o v a r i a n  h o rm o n e s . O v a r ie c to m y  p r e v e n te d  th e  
re d u c e d  l e v e l s  o f  Im ip ra m in e  b in d in g  o b s e rv e d  f o l lo w in g  IMIP 
t r e a tm e n t  i n  j u v e n i l e  a n im a ls .  I n  young f e m a le s  IMIP t r e a t 
m ent p ro d u c e d  no  c h a n g e  i n  t h e  l e v e l s  o f im ip ra m in e  b in d in g .  
In  m id d le -a g e d  f e m a le s  IMIP t r e a tm e n t  in d u c e d  an  i n c r e a s e  in  
im ip ra m in e  b in d in g  s i t e s .  Kd v a lu e s  o f im ip ra m in e  b in d in g  
w ere  s i g n i f i c a n t l y  h ig h e r  i n  HPAs from  IMIP t r e a t e d  young 
and m id d le -a g e d  f e m a le s  com pared  t o  a g e -m a tc h e d  CONT v a l u e s .  
T h is  ch a n g e  in  a f f i n i t y ,  and t h e  c o n c o m in a n t c h a n g e  in  
o f  im ip ra m in e  b in d in g  s i t e s  r e s u l t s  fro m  t i s s u e  r e t e n t i o n  
o f  im ip ra m in e  m e t a b o l i t e s  a f t e r  IMIP t r e a tm e n t  i n  o l d e r  
f e m a le s ,  w h ic h  a c t  a s  c o m p e t i t o r  i n  t h e  b in d in g  a s s a y .  CONT 
v a lu e s  d e m o n s tra te d  t h a t  a g e  a l t e r s  im ip ra m in e  b in d in g  s i t e s  
i n  t h e  a b s e n c e  o f  a n t i d e p r e s s a n t  t r e a tm e n t .  O ld e r  a n im a ls  
h ad  i n c r e a s e d  l e v e l s  o f  im ip ra m in e  b in d in g  a lo n g  w i th  a  
d e c r e a s e  i n  a f f i n i t y .  A n a ly s is  o f  v a r i a n c e  r e v e a l e d  a  s i g 
n i f i c a n t  (p< 0 . 0 0 1 ) m ain  e f f e c t  o f  a g e  and  a  s i g n i f i c a n t  ( p < 
0 .0 0 1 )  i n t e r a c t i o n  b e tw e en  a g e  and IMIP t r e a tm e n t  on b o th  
t h e  l e v e l  and t h e  a f f i n i t y  o f im ip ra m in e  b in d in g .  The 
r e s u l t s  s u g g e s t  t h a t  ag e  a f f e c t s  t h e  m e ta b o lis m  o f i m ip r a 
m in e  w h ic h  i n d i r e c t l y  a l t e r s  t h e  o b s e rv e d  r e s p o n s e  o f  im ip 
ra m in e  b in d in g  s i t e s  t o  c h r o n ic  a n t i d e p r e s s a n t  t r e a tm e n t  i n  
r a t s .  (S u p p o rte d  by MH33577(NIMH) & PH S-5-T32 GM07143)

329. 5  DETEC TIO N  OF A M P H E T A M IN E -IN D U C E D  CHANGES IN  STRIATAL 
CALM ODULIN W IT H  A S IM P L E . IN E X P E N S IV E . RADIOIM M UNOASSAY.
 J.M. Roberts-Lewis. M. U. Welsh* and M. E. Gnegy.  Departments of Psychology, 
Anatomy and Pharmacology, University of Michigan, Ann Arbor, Ml 48109.

We describe here a procedure for the detection of nanogram quantities of 
calmodulin (CaM) in crude brain homogenates using sheep anti-CaM serum. The 
method is basically a modification of previously described CaM 
radioimmunoassays (Chafouleas et al., J. Biol. Chem.. 254, 1979; Wallace and 
Cheung, J. Biol. Chem.. 254, 1979), with the novel advantage of replacing 
protein A or second antibocty procedures with a polyethylene glycol precipitation 
of antigen- antibody complex, thereby reducing time and reagent costs.

We used this assay to measure changes in the total levels and subcellulsr 
distribution of CaM in striatal homogenates from rats chronically treated with 
amphetamine (AMPH) compared to acutely treated animals. Chronic neuroleptic 
administration, which blocks dopamine (DA) receptors and results in the 
up-regulation of striatal DAergic function, increases the total amount of CaM 
bound to striatal membranes. Conversely, acute treatment of animals with 
AMPH, which releases DA, and results in a subsensitivity of DA receptors, 
increases the cytosolic CaM content. AMPH and neuroleptics have opposite 
behavioral effects after acute administration, but paradoxically, chronic 
treatment of animals with either drug results in a behavioral supersensitivity 
to AMPH. In order to examine possible differences in the striatal CaM 
distribution between acute versus chronic AMPH, we measured the total CaM 
present in cytosolic and 27,000 x g particulate fractions of striatal homogenates 
from rats treated with repeated injections of AMPH (2.5 mg/kg I.P. daily for 5 
days) compared to a single AMPH administration  Boiled, crude tissue samples 
were incubated for 18 - 24 hours at 4°  C with sheep anti-CaM serum and 
approximately 10,000 cpm of [125I]CaM  The incubation was terminated by 
adding one ml of a 15% polyethylene glycol solution to each tube. After 
centrifugation at 5,000 x g for 15 min, supernatants were aspirated 8nd 
pellets counted for [125I] .

Our data suggest that repeated, as compared to acute, injections of AMPH lead 
to a significant decrease in the total levels of striatal CaM (425 ± 24 and 523 ± 
24 µg CaM/g tissue wet wt., respectively), with no change in the relative 
distribution of CaM between the membrane and cytosolic fractions. This suggests 
differential mechanisms for the potential role of CaM in mediating 
supersensitivity induced by chronic neuroleptic treatment versus that produced 
by chronic AMPH. The CaM radioimmunoassay described here is a simplified and 
effective method that is sensitive to alterations in CaM levels in a discrete brain 
region resulting from in vivo Pharmacological treatment.

Supported by NIMH grant 36044-03.

3 2 9 .6   APPARENT LIGAND-MEDIATED INTERNALIZATION OF ANGIOTENSIN 
RECEPTORS IN RAT BRAIN MEMBRANES.  J . B .  E r i c k s o n .  R .H .  
A b h o l d ,  a n d  J . W .  H a r d i n g ,  D e p a r t m e n t  o f  V e t e r i n a r y  a n d  
C o m p a r a t i v e  A n a to m y ,  P h a r m a c o l o g y  a n d  P h y s i o l o g y ,  
W a s h i n g t o n  S t a t e  U n i v e r s i t y ,  P u l l m a n ,  WA 9 9 1 6 4 - 6 5 2 0 .

We e x a m i n e d  t h e  p o s s i b i l i t y  t h a t  I n t e r n a l i z a t i o n  o r  
d o w n - r e g u l a t i o n  o f  t h e  a n g i o t e n s i n  r e c e p t o r  may i n p a r t  
e x p l a i n  t h e  c o m p l e x  k i n e t i c s  o f  a n g i o t e n s i n  b i n d i n g  t o  r a t  
b r a i n  m e m b r a n e .  R a d i o l i g a n d  b i n d i n g  u s i n g  1 2 5 I - S a r 1-  
I l e 8 - A I I  a n d  p u r i f i e d  P 2 t i s s u e  f r a c t i o n s ,  p r e v i o u s l y  
I n c u b a t e d  w i t h  v a r y i n g  c o n c e n t r a t i o n s  o f  A l l  ( 1 0 - 9  t o  
1 0 - 5 M) a n d  e x t e n s i v e l y  w a s h e d  t o  a s s u r e  c o m p l e t e  
d i s s o c i a t i o n  o f  b o u n d  A l l ,  e x h i b i t e d  a  50  t o  60% d e c r e a s e  
a t  t h e  h i g h e r  p r e - i n c u b a t i on  A l l  c o n c e n t r a t i o n s .  U t i l i z i n g  
a  new r a p i d  f i l t r a t i o n  t e c h n i q u e ,  we a p p e a r  t o  b e  a b l e  t o  
s e p a r a t e  m e m b r a n e - b o u n d  l i g a n d  f r o m  l i g a n d  b o u n d  t o  a  
s o l u b l e  p r o t e i n  o r  e n c l o s e d  w i t h i n  v e s i c l e s .  T h i s  
t e c h n i q u e  e m p l o y s  a  B S A - t r e a t e d  t o p  f i l t e r  a n d  a  
p o l y e t h y l e n e i mi n e  ( P E I ) - t r e a t e d  b o t t o m  f i l t e r .  I n i t i a l  
r e s u l t s  s u g g e s t  t h a t  m e m b r a n e - b o u n d  r e c e p t o r s  a r e  t r a p p e d  
by  t h e  BSA f i l t e r ,  w h i l e  s o l u b l e  o r  v e s i c u l a t e d  r e c e p t o r s  
p a s s  t h r o u g h  t h e  BSA f i l t e r  a n d  s t i c k  t o  t h e  PE I f i l t e r .  
T h i s  c o n c l u s i o n  i s s u p p o r t e d  by  t h e  o b s e r v a t i o n  t h a t  t h e  
r a t i o  o f  PE I t o  BSA b i n d i n g  I n c r e a s e s  u p o n  p o s t - i n c u b a t i on 
s o n i c a t i on  o f  t i s s u e  I n c u b a t e s  p r i o r  t o  f i l t r a t i o n .  No 
s u c h  c h a n g e  i n t h e  b i n d i n g  r a t i o  o c c u r s  i f  t h e  t i s s u e  i s 
s o n i c a t e d  p r i o r  t o  I n c u b a t i o n  w i t h  l i g a n d .  T h i s  s u g g e s t s  
t h a t  t h e  s o l u b l e  o f  v e s i c u l a t e d  c o m p o n e n t ,  w h i c h  
s p e c i f i c a l l y  b i n d s  t h e  l i g a n d ,  i s g e n e r a t e d  d u r i n g  t h e  
i n t e r a c t i o n  o f  r e c e p t o r  a n d  l i g a n d ,  a n d  d o e s  n o t  m e r e l y  
r e s u l t  f r o m  t h e  p h y s i c a l  t r e a t m e n t  o f  t h e  t i s s u e .  T h i s  
d a t a  i s  a d d i t i o n a l l y  s u p p o r t e d  by  c e n t r i f u g a t i o n  s t u d i e s  
w h i c h  I n d i c a t e  t h a t  P E I - b o u n d  s o l u b l e  o r  v e s l c u l a t e d  
r e c e p t o r s  a r e  n o t  o b s e r v e d  i n  t h e  s u p e r n a t a n t  f r a c t i o n  o f  
t i s s u e  I n c u b a t e s ,  b u t  a r e  r e a d i l y  r e l e a s e d  f r o m  t h e  
c o r r e s p o n d i n g  p e l l e t s  b y  s o n i c a t i o n  i n h y p o t o n i c  m e d i u m .  
A l t h o u g h  t h e s e  r e s u l t s  a r e  c l e a r l y  p r e l i m i n a r y ,  t h e y  a r e  
c o n s i s t e n t  w i t h  I n t e r n a l i z a t i o n  o f  r e c e p t o r - H g a n d  
c o m p l e x e s .  S u c h  a  p h e n o m e n o n  c o u l d  e x p l a i n  t h e  
t a c h y p h a l a x l s  t h a t  a c c o m p a n i e s  t h e  c e n t r a l  a d m i n i s t r a t i o n  
o f  a n g i o t e n s i n s .
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3 2 9 . 7   IN VITRO INVESTIGATIONS OF THE POTENTIAL REGULATORY ROLE OF 
SULFHYDRYL GROUPS IN MOUSE BRAIN GLUCOCORTICOID RECEPTORS. 
C . L .  D e n s m o r e ,  W.G. L u t t g e  a n d  S .M .  E m a d i a n .  D e p a r t m e n t  o f  
N e u r o s c i e n c e ,  C o l l . o f  M e d i c i n e ,  U n i v e r s i t y  o f  F l o r i d a ,  
G a i n e s v i l l e ,  F L,  3 2 6 1 0 .

G l u c o c o r t i c o i d  h o r m o n e s  h a v e  p r o f o u n d  m e t a b o l i c ,  n e u r o 
e n d o c r i n e  a n d  b e h a v i o r a l  e f f e c t s  i n  t h e  m a m m a l i a n  b r a i n  t h a t  
m ay  b e  m e d i a t e d  t h r o u g h  t h e i r  i n t e r a c t i o n s  w i t h  h i g h  a f f i n i 
t y  i n t r a c e l l u l a r  r e c e p t o r s .  T h e  b i n d i n g  c a p a c i t y  o f  t h e s e  
r e c e p t o r s  a p p e a r s  t o  b e  r e g u l a b l e  i n  v i v o  b y  f a c t o r s  t h a t  
i n t e r a c t  d i r e c t l y  w i t h  t h e  r e c e p t o r .  T h e  p r e s e n t  s t u d y  
i n v e s t i g a t e d  t h e  r e v e r s i b l e  o x i d a t i o n - r e d u c t i o n  o f  s u l f h y 
d r y l  g r o u p s  on  t h e  r e c e p t o r  a s  a  p o t e n t i a l  m e a n s  o f  g l u c o 
c o r t i c o i d  r e c e p t o r  u p -  a n d  d o w n - r e g u l a t i o n .

C D - 1 m i c e  w e r e  a d r e n a l e c t o m i z e d  a n d  o v a r i e c t o m i z e d  5 - 8  
d a y s  b e f o r e  p e r f u s i o n ,  d e c a p i t a t i o n  a n d  r e m o v a l  o f  b r a i n  a n d  
o t h e r  t i s s u e s ,  No l o s s e s  i n  [ 3 H ] d e x a m e t h a s o n e  (DEX) b i n d 
i n g  c a p a c i t y  w e r e  o b s e r v e d  i n  u n l a b e l e d  c y t o s o l  p r e p a r e d  i n  
2 0  mM HEPES (pH 7 . 6 ) ,  2 mM d i t h i o t h r e i t o l  [ D T T ] ,  2 0  mM d i s o 
d i u m  m o l y b d a t e  a n d  10% g l y c e r o l  [ w : v ]  f o r  a t  l e a s t  4 h r  e v e n  
a t  2 2 º C .  When p r e p a r e d  i n  t h e  a b s e n c e  o f  DTT, h o w e v e r ,  
b r a i n  c y t o s o l  e x h i b i t e d  a  t i m e  a n d  t e m p e r a t u r e - d e p e n d e n t  
l o s s  i n  b i n d i n g  c a p a c i t y  (60% d e c r e a s e  a f t e r  4  h r  a t  2 2 ° C ) .  
T h i s  l o s s  w a s  r e v e r s e d  c o m p l e t e l y  u p o n  a d d i t i o n  o f  DTT p r i o r  
t o  i n c u b a t i o n  w i t h  [ 3 H]DEX.  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  
w i t h  l i v e r  a n d  k i d n e y  c y t o s o l s ,  w h i c h ,  i n  c o n t r a s t  t o  p r e v i 
o u s  f i n d i n g s ,  w e r e  m o r e  d e p e n d e n t  on  DTT a d d e d  e x o g e n o u s l y  
t h a n  b r a i n  c y t o s o l .  When u n l a b e l e d  b r a i n  c y t o s o l  (±DTT ) w a s  
p r e t r e a t e d  w i t h  d e x t r a n - c o a t e d  c h a r c o a l  ( D CC ),  b o t h  t h e  
b i n d i n g  c a p a c i t y  a n d  t h e r m a l  s t a b i l i t y  o f  t h e  r e c e p t o r  w e r e  
r e d u c e d  m a r k e d l y .  S u b s e q u e n t  a d d i t i o n  o f  DTT r e s t o r e d  b i n d 
i n g  c a p a c i t y  f u l l y ,  b u t  s t a b i l i t y  a t  2 2 º C w a s  o n l y  r e s t o r e d  
p a r t i a l l y .  S u b s e q u e n t  a d d i t i o n  o f  m o l y b d a t e  w a s  w i t h o u t  
e f f e c t .  T h e s e  r e s u l t s  s u g g e s t  t h a t  DCC r e m o v e s  DTT a n d  
p r o b a b l y  o t h e r  e n d o g e n o u s  f a c t o r s  r e q u i r e d  f o r  s t a b i l i z i n g  
g l u c o c o r t i c o i d  r e c e p t o r s .  To d e t e r m i n e  w h e t h e r  t h i s  DTT- 
r e v e r s i b l e  i n a c t i v a t i o n  w a s  a s s o c i a t e d  w i t h  c h a n g e s  i n  
r e c e p t o r  s i z e  o r  s h a p e ,  a c t i v a t e d  a n d  i n a c t i v a t e d  u n l a b e l e d  
b r a i n  c y t o s o l  w a s  a p p l i e d  t o  s u c r o s e  d e n s i t y  g r a d i e n t s  w i t h  
o r  w i t h o u t  DTT r e s p e c t i v e l y .  F r a c t i o n s  w e r e  s u b s e q u e n t l y  
i n c u b a t e d  w i t h  [ 3 h ]DEX i n  t h e  p r e s e n c e  o f  DTT p r i o r  t o  
b o u n d / f r e e  s e p a r a t i o n  a s s a y s .  No d i f f e r e n c e s  i n  t h e  s e d i 
m e n t a t i o n  p r o p e r t i e s  o f  t h e  tw o  f o r m s  o f  t h e  u n o c c u p i e d  
r e c e p t o r  w e r e  f o u n d ,  s u g g e s t i n g  t h a t  t h e  i n a c t i v a t i o n -  
a c t i v a t i o n  a s s o c i a t e d  w i t h  s u l f h y d r y l  o x i d a t i o n - r e d u c t i o n  
d o e s  n o t  i n v o l v e  a  m a j o r  c h a n g e  i n  t h e  c o n f o r m a t i o n  o f  t h e  
r e c e p t o r .

3 2 9 .8  DORSAL ROOT GANGLION CELLS INDUCE SUBSTANCE P BINDING S IT E S  
ON SPINAL CORD NEURONS I N VITRO.  G . E .  H a n d e l m a n n ,  S .  F i t z 
g e r a l d * ,  a n d  P . G .  N e l s o n .   L a b .  o f  D e v e l o p m e n t a l  N e u r o b i o l 
o g y , NICHHD, N I H ,  B e t h e s d a ,  Md. 2 0 2 0 5 .

An i m p o r t a n t  i s s u e  i n  s y n a p t o g e n e s i s  i s  t h e  d e v e l o p m e n t  
a n d  r e g u l a t i o n  o f  p o s t s y n a p t i c  n e u r o t r a n s m i t t e r  r e c e p t o r s .  
E v i d e n c e  i n d i c a t e s  t h a t  i n n e r v a t i o n  o r  t h e  p r e s e n c e  o f  t h e  
a p p r o p r i a t e  n e u r o t r a n s m i t t e r  a r e  n o t  n e c e s s a r y  f o r  t h e  a p 
p e a r a n c e  o f  r e c e p t o r s ,  a l t h o u g h  t h e y  may d e t e r m i n e  t h e  d i s 
t r i b u t i o n  o f  r e c e p t o r s  on  t h e  c e l l  s u r f a c e .  T h e  p r e s e n t  e x 
p e r i m e n t s  i n d i c a t e  t h a t  t h e s e  f a c t o r s  may a l s o  i n f l u e n c e  
t h e  n u m b e r  o f  r e c e p t o r s  e x p r e s s e d .

S u b s t a n c e  P ( S P ) i s  a n  i m p o r t a n t  n e u r o t r a n s m i t t e r  i n  
s e n s o r y  p a t h w a y s .  T h e  d o r s a l  r o o t  g a n g l i o n  (DRG) c e l l s  a r e  
a  m a j o r  a f f e r e n t  s o u r c e  o f  SP i n  t h e  s p i n a l  c o r d .  S p i n a l  
c o r d  n e u r o n s  t a k e n  f r o m  e m b r y o n i c  m i c e  a n d  g r o w n  i n  t i s s u e  
c u l t u r e  d i s p l a y  b i n d i n g  s i t e s  f o r  [ 1 2 5 I ] S P .  T h e  a d d i t i o n  o f  
DRG c e l l s  t o  t h e  c u l t u r e s  a t  t h e  t i m e  o f  p l a t i n g  i n c r e a s e d  
t h e  n u m b e r  o f  b i n d i n g  s i t e s  m e a s u r e d  t h r e e  w e e k s  l a t e r ,  a l 
t h o u g h  DRG c e l l s  d o  n o t  h a v e  m e a s u r e a b l e  SP b i n d i n g  s i t e s  
t h e m s e l v e s .

EFFECTS OF DRG CELLS AND NGF ON SP BINDING TO SPINAL CORD 
CELLS IN CULTURE

DRG S p i n a l  
No NGF

C o r d
NGF

S p i n a l  C o r d  +DRG 
No NGF NGF

SP S p e c i f i c  B i n d i n g
( f m o l / u g  p r o t e i n ) 0 4 . 5 5 . 3 1 2 . 9 *  1 4 . 3 *

SP C o n t e n t
( p m o l / u g  p r o t e i n ) 1 3 . 0 4 . 8 4 . 4 1 0 . 7 *  1 6 . 7 * #

* D i f f e r e n t  f r o m  S p i n a l  C o r d ,  p < . 0 5  
# D i f f e r e n t  f r o m  No NGF, p < . 0 5

T h e  i n c r e a s e d  b i n d i n g  may b e  c a u s e d  by t h e  h i g h e r  c o n c e n 
t r a t i o n  o f  SP p r e s e n t ,  a l t h o u g h  t h e  a d d i t i o n  o f  n e r v e  g r o w t h  
f a c t o r  ( N G F ) ,  w h i c h  e n h a n c e d  SP c o n c e n t r a t i o n s ,  o n l y  s l i g h t 
l y  i n c r e a s e d  t h e  SP b i n d i n g .

T h e  a d d i t i o n  o f  DRG c e l l s  d o e s  n o t  i n f l u e n c e  t h e  n u m b e r  
o f  n e u r o n s  s u r v i v i n g .  When e x a m i n e d  by  a u t o r a d i o g r a p h y ,  t h e  
i n c r e a s e  i n  b i n d i n g  a p p e a r s  t o  b e  d u e  t o  a n  i n c r e a s e  i n  t h e  
n u m b e r  o f  s i t e s  p e r  c e l l ,  r a t h e r  t h a n  a n  i n c r e a s e  i n  t h e  
n u m b e r  o f  c e l l s  e x p r e s s i n g  s i t e s .

3 2 9 . 9   PRE VS POST-SYNAPTIC CHANGES IN SPINAL MONOAMINERGIC SYSTEMS 
AFTER SELECTIVE NEUROTOXIN LESIONS.  K. S ta u d e rm a n * ,  R.M. 
Ademe* a n d  D . J .  J o n e s .  D e p ts .  P h a rm a c o lo g y  & A n e s th e s io lo g y ,  
T he  U n iv . T e x a s  H l t h .  S c i .  C t r . , San A n to n io ,  TX 7 8 2 8 4 .

A lp h a 2 a d r e n o c e p to r s  a r e  known t o  e x i s t  i n  r a t  s p i n a l  
c o r d .  P re s u m a b ly ,  t h e s e  r e c e p t o r s  a r e  p r i m a r i l y  l o c a t e d  
p r e  an d  p o s t - j u n c t i o n a l l y  on  n o r a d r e n e r g i c  s y n a p s e s .  How
e v e r ,  e v id e n c e  i s  a c c u m u la t in g  t h a t  p r e - s y n a p t i c  i n h i b i t o r y  
a l p h a 2 r e c e p t o r s  a l s o  e x i s t  on  s e r o t o n i n  (5-H T ) n e rv e  t e r m i 
n a l s .  The p o s s i b i l i t y  t h a t  a  p o r t i o n  o f  t h e  s p i n a l  c o rd  
a l p h a 2 b i n d in g  s i t e s  r e s i d e  on  5-HT n e rv e  t e r m i n a l s  was i n 
v e s t i g a t e d  by  e x a m in in g  r a d i o l i g a n d  b i n d in g  c h a n g e s  a f t e r  
d e s t r u c t i o n  o f  s p i n a l  5-HT n e u ro n s  w i th  5 ,  7 - d ih y d r o x y t r y p t a 
m in e  ( 5 ,  7-DHT) o r  n o r a d r e n e r g i c  (NE) n e u ro n s  w i th  6 -h y d ro x y 
d o p am in e  ( 6-OHDA).  A lp h a 2 , a l p h a 1 a n d  b e t a  b i n d in g ,  [3H ] - 5 -  
HT a n d  [ 3H]-NE u p ta k e  w e re  ex a m in e d  i n  t h e  s p i n a l  c o rd  3 -1 4  
d a y s  a f t e r  i n t r a c i s t e r n a l  i n j e c t i o n s  o f  e i t h e r  5,7-D HT (150 
u g  4 5 -6 0  m in  a f t e r  25 m g /k g  d e s ip r a m in e ,  i . p . )  o r  6-OHDA 
(1 5 0  u g  4 5 -6 0  m in  a f t e r  10 m g /k g  f l u o x e t i n e ,  i . p . ) .

L ig a n d  b i n d in g  w as d e te r m in e d  a t  22°C w i th  [3H ] -p -a m in o -  
c lo n i d i n e  ( a l p h a 2 ) ,  [ 3H ]- p r a z o s i n  ( a l p h a 1 ) an d  [ 215I ] - i o d o -  
c y a n o p in d o lo l  ( b e t a ) .  N e u ro n a l  u p ta k e  o f  [3H ]-5-H T  (50  nM) 
a n d  [3H] -NE (50  nM) w as m e a s u re d  a t  37°C i n  c ru d e  s p i n a l  
c o r d  s y n a p ts o m e s  a s  d e s c r i b e d  ( N e u r o s c i  A b s t r  9 :5 6 9 ,  1 9 8 3 ) .  
E x p e r im e n ts  show ed t h a t ,  a s  e x p e c t e d ,  6-OHDA ( p lu s  f l u o x e 
t i n e )  c a u s e d  a  90-100%  d e c r e a s e  i n  [3H]-NE u p ta k e  w h i le  
h a v in g  no i n h i b i t o r y  e f f e c t  on  [3H ]-5 -H T  u p t a k e .  T h u s , 6 -  
OHDA a d m i n i s t e r e d  a f t e r  f l u o x e t i n e  p r e - t r e a t m e n t  p r o d u c e s  a  
v e r y  s e l e c t i v e  l e s i o n  o f  s p i n a l  c o r d  n e u r o n s .  C o n c o m ita n t ly ,  
t h e  Bmax o f  a l p h a 1 , a l p h a 2 a n d  b e t a  r e c e p t o r s  i n c r e a s e d ,  
i n d i c a t i n g  p o s t - s y n a p t i c  l o c a t i o n s  f o r  t h e s e  3 r e c e p t o r  s u b 
t y p e s  a t  n o r a d r e n e r g i c  s y n a p s e s .  A f t e r  5,7-D HT ( p lu s  d e s ip 
r a m i n e ) ,  [ 3H ]- 5 - HT u p ta k e  i s  d e p r e s s e d  90-100%  w h i l e  [3H]-NE 
u p ta k e  i s  u n c h a n g e d .  T h u s , 5,7-D HT a d m i n i s t e r e d  a f t e r  d e s ip 
ra m in e  p r e t r e a t m e n t  p r o d u c e s  a  v e r y  s e l e c t i v e  d e s t r u c t i o n  o f  
s p i n a l  c o r d  5-HT n e u r o n s .  F u r t h e r ,  p r e l i m i n a r y  e v id e n c e  
i n d i c a t e s  t h a t  w h i l e  5,7-D HT l e s i o n s  p ro d u c e  no  c h a n g e  i n  
e i t h e r  a l p h a 1 o r  b e t a  r e c e p t o r  b in d in g ,  t h e  num ber o f  lo w e r  
a f f i n i t y  a l p h a 2 r e c e p t o r s  a p p e a r s  t o  d e c r e a s e  a f t e r  l o s s  o f   
5-HT n e r v e  t e r m i n a l s  i n  t h e  s p i n a l  c o r d .  T h is  d a t a  s u g g e s t s  
t h e  low  a f f i n i t y  a l p h a 2 b i n d in g  s i t e s  i n  s p i n a l  c o rd  may b e  
r e l a t e d  t o  t h e  p r e s y n a p t i c  a lp h a 2 r e c e p t o r s  a l r e a d y  demon
s t r a t e d  on  5-HT n e r v e  t e r m i n a l s  i n  b r a i n  a r e a s .

S u p p o r te d  by  NINCDS 1 4 5 4 6 .

3 2 9 . 1 0   E F F E C T S  O F  A L T E R N D A T E  D A Y  
ELECTROCONVULSIVE SHOCK ON ADRENERGIC   RECEPTORS IN RAT BRAIN.  D. J o n e s ,  R.M. Ademefr L . J .  
S to n e * a n d  A .L . M i l l e r  (SPON: E . U n d e s s e r ) .   D e p ts .  A n e s th e 
s io l o g y  & P s y c h i a t r y ,  The U n iv . T e x a s  H l t h .  S c i .  C t r . ,  San 
A n to n io ,  TX 78 2 8 4 .

C h ro n ic  e l e c t r o c o n v u l s i v e  sh o c k  (ECS) h a s  b e e n  r e p o r t e d  
t o  p r o d u c e ,  a s  do m o st a n t i d e p r e s s a n t s ,  "down" r e g u l a t i o n  
o f  CNS b e t a - r e c e p t o r s  (B e rg s tro m  an d  K e l l a r ,  Na t u r e  2 7 8 : 
4 6 4 , 1 9 7 9 ) .  T h e se  i n v e s t i g a t o r s  fo u n d  no c h a n g e s  i n  a l p h a 1 
r e c e p t o r s  w i th  c h r o n ic  ECS, b u t  m ore r e c e n t  r e p o r t s  h a v e  
n o te d  m o d es t i n c r e a s e s  ( V e tu l a n i  e t  a l .  B r a in  R e s . 2 7 5 :3 9 2 ,   
1 9 8 3 ) .  In  t h e s e ,  a n d  m o st o t h e r  s t u d i e s  o f  ECS a n d  n e u ro 
t r a n s m i t t e r  s y s te m s ,  t h e  p h y s i c a l  s e i z u r e s ,  a p n e a  an d  c a r 
d i a c  s lo w in g  w e re  n o t  p r e v e n t e d ,  so  t h a t  c e r e b r a l  h y p o x ia  
an d  o l ig e m ia  p r o b a b ly  o c c u r r e d .

We s t u d i e d  r a t s  a n e s t h e t i z e d  w i th  m e t h o h e x i t a l ,  p a r a 
ly z e d  w i th  s u c c i n y l c h o l i n e ,  v e n t i l a t e d  w i th  97% O2 :3% CO2 , 
a n d  p r o t e c t e d  fro m  E C S -p ro d u c e d  v a g o to n ic  c a r d i a c  a r r e s t  o r  
s lo w in g  w i th  a t r o p i n e  m e th y l  n i t r a t e .  ECS w as g iv e n  v i a  
e a r  c l i p s  8 m in  a f t e r  a n e s t h e t i c  an d  s u c c i n y l c h o l i n e .  EEG 
r e c o r d in g s  v e r i f i e d  t h e  o c c u r r e n c e  o f  s e i z u r e  a c t i v i t y  an d  
EKG show ed no c a r d i a c  a r r e s t  o r  s lo w in g .  S ix  ECS t r e a t m e n t s  
w e re  g iv e n  on  a l t e r n a t e  d a y s .  R a ts  w e re  s a c r i f i c e d  by  
d e c a p i t a t i o n  24 h o u r s  f o l l o w i n g  t h e  l a s t  t r e a t m e n t .  B r a in s  
w e re  rem oved  an d  d i s s e c t e d  by h a n d  p r i o r  t o  im m e d ia te  a n a l 
y s i s  o r  f r e e z i n g .

C h ro n ic  ECS d id  n o t  a l t e r  [ 3H ]- n o r e p i n e p h r i n e  u p ta k e  by  
sy n a p to s o m e s  p r e p a r e d  fro m  c e r e b r a l  c o r t e x .  The Bmax o f  
c o r t i c a l  b e t a  r e c e p t o r s ,  d e te r m in e d  w i th  [ 125I ] - io d o c y a n o -  
p i n d o l o l  a s  l i g a n d ,  d e c r e a s e d  fro m  168 t o  83 fm o le s /m g  p r o 
t e i n  i n  v e n t i l a t e d  r a t s  g iv e n  c h r o n ic  ECS, a s  co m p ared  t o  a  
d e c r e a s e  fro m  129 t o  89 fm o le s /m g  p r o t e i n  i n  n o n - v e n t i l a t e d  
r a t s  g iv e n  c h r o n i c  ECS. B m a x  o f  b e t a  r e c e p t o r s  d id  n o t
c h a n g e  i n  t h e  c e r e b e l lu m .  In  t h e  v e n t i l a t e d  ECS g r o u p ,  
h y p o th a la m ic  b e t a  r e c e p t o r s  w ere  r e d u c e d  fro m  117 t o  67 
fm o le s /m g  p r o t e i n .  T h e re  w e re  no  c h a n g e s  i n  f o r  b e t a  
r e c e p t o r s  u n d e r  e i t h e r  c o n d i t i o n  i n  an y  r e g i o n .  A lpha-j r e 
c e p t o r s ,  m e a su re d  by  [3H ]- p r a z o s i n  b i n d in g ,  w e re  i n c r e a s e d  
i n  c e r e b r a l  c o r t e x  from  109 t o  140 fm o le s /m g  p r o t e i n  i n  t h e  
n o n - v e n t i l a t e d  ECS g ro u p  a n d  93 t o  116 i n  t h e  v e n t i l a t e d  
ECS g ro u p .  The d a t a  i n d i c a t e  t h a t  c h r o n ic  ECS, w hen g iv e n  
u n d e r  t h e  same c o n d i t i o n s  a s  e l e c t r o c o n v u l s i v e  t h e r a p y ,  
p r o d u c e s  "u p "  r e g u l a t i o n  o f  a l p h a 1 a n d  "down" r e g u l a t i o n  o f  
b e t a  r e c e p t o r s .  M o re o v e r , t h e  c h a n g e s  a p p e a r  t o  b e  s e l e c 
t i v e  f o r  p a r t i c u l a r  r e g i o n s  an d  do n o t  i n v o lv e  NE u p ta k e  
a l t e r a t i o n s .
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3 2 9 .11  CHRONIC MORPHINE ADMINISTRATION INDUCES DOWN-REGULATION OF 
OPIOID RECEPTORS IN THE MOUSE CNS.  R .T . M cCabe*, R . K a r le r *  
an d  J .K .  W amsley (SPON: S .A . T u r k a n i s ) .  D e p ts .  o f  P s y c h ia t r y  
an d  P h a rm a c o lo g y , U n iv . o f  U ta h , S a l t  Lake C i ty ,  UT 8 4 1 3 2 .

T o l e r a n c e ,  o c c u r r in g  i n  r e s p o n s e  t o  c h r o n ic  o p i a t e  ad m in 
i s t r a t i o n ,  may in v o lv e  a l t e r a t i o n s  i n  t h e  a f f i n i t y  a n d /o r  
num ber o f  o p i a t e  r e c e p t o r s  p r e s e n t .  A u to r a d io g r a p h ic  t e c h 
n iq u e s  h a v e  b e e n  e m p lo y ed  i n  t h e  p r e s e n t  s tu d y  to  e s t a b l i s h  
i f  an d  w h e re  t h e s e  c h a n g e s  o c c u r  i n  t h e  m ouse CNS a s  a  
r e s u l t  o f  c h r o n i c  t r e a tm e n t  w i th  m o rp h in e .  A n im als  r e c e i v e d  
d a i l y  i n j e c t i o n s  o f  m o rp h in e  (1 0 0  m g /kg) i p  f o r  21 c o n s e c u 
t i v e  d a y s .  C o n t r o l s  w e re  g iv e n  a n  e q u a l  vo lum e o f  v e h i c l e  
d u r in g  t h e  sam e t im e  p e r i o d .  B o th  g ro u p s  w e re  e x s a n g u in a te d  
on  d ay  2 2 , t h e  b r a i n  t i s s u e s  w e re  rem oved  an d  r a p i d l y  f r o z e n  
on  d r y  i c e  an d  i n d i v i d u a l  s e c t i o n s  w e re  c u t  i n  a  c r y o s t a t .  
A u to r a d io g r a p h ic  l a b e l i n g  o f  o p i o id  r e c e p t o r s  i n v o lv e d  p r e 
i n c u b a t in g  t i s s u e  s e c t i o n s  i n  b u f f e r  c o n ta i n in g  GTP an d  NaCl 
t o  r e d u c e  t h e  b i n d in g  o f  an y  e n d o g e n o u s  l i g a n d .  T h en , t h e  
t i s s u e  s e c t i o n s  w e re  i n c u b a te d  i n  0 .17M  T r is -H C l  b u f f e r  c o n 
t a i n i n g  4nM [ 3H ] -d ih y d ro m o rp h in e  (DHM). D is p la c e m e n t  o f  t h e  
s p e c i f i c  b i n d in g  w as a c c o m p lis h e d  by  t h e  a d d i t i o n  o f  10-6M 
n a lo x o n e  i n t o  t h e  i n c u b a t io n  m edium  o f  a d j a c e n t  s e c t i o n s .   
The l a b e l e d  s e c t i o n s  w e re  d r i e d  an d  a p p o s e d  to  s h e e t s  o f  LKB 
U l t r o f i l m .  A f t e r  a n  e x p o s u re  p e r i o d ,  t h e  f i l m s  w e re  d e v e lo p e d  
an d  ex a m in e d  u s in g  c o m p u t e r - a s s i s t e d  m ic r o d e n s i to m e t r y .  The 
mean r a n g e  o f  r e c e p t o r  b in d in g  i n  t h e  m o r p h i n e - t r e a t e d  m ice  
was 35-65%  lo w e r  th a n  i n  t h e  sam e a r e a s  o f  th e  v e h i c l e  t r e a t 
ed  c o n t r o l s .  T h is  d r a m a t i c  d o w n - r e g u la t i o n  w as m o st a p p a r e n t  
i n  s u c h  s t r u c t u r e s  a s  t h e  n u c le u s  t r a c t u s  s o l i t a r i u s ,  l o c u s  
c o e r u l e u s ,  n u c le u s  a m b ig u u s , n u c le u s  a c cu m b e n s , a m y g d a lo id  
n u c l e i ,  p r e o p t i c  r e g i o n ,  o l f a c t o r y  t u b e r c l e ,  v e s t i b u l a r  
n u c l e i ,  an d  c a u d a te -p u ta m e n .  A s a t u r a t i o n  c u rv e  was g e n e r a t e d  
b y  i n c u b a t in g  s e p a r a t e  s e t s  o f  s e r i a l  t i s s u e  s e c t i o n s  i n  
v a r y in g  c o n c e n t r a t i o n s  o f  [ 3H]-DHM an d  e x a m in in g  t h e  g r a i n  
d e n s i t y  a s s o c i a t e d  w i th  t h e  n u c le u s  ac cu m b e n s . S c a tc h a r d  a n 
a l y s i s  o f  t h e s e  d a t a  s u g g e s t  t h a t  an  a l t e r a t i o n  i n  t h e  a c t u 
a l  num ber o f  r e c e p t o r s  (Bm ax) i s  r e s p o n s i b l e  f o r  t h e  lo w e r  
b i n d in g .  T h e se  o b s e r v a t io n s  i n d i c a t e  t h a t  a  d o w n - r e g u la t i o n  
o f  o p i o id  r e c e p t o r  b in d in g  h a s  o c c u r r e d  i n  t h e  m ouse CNS due 
t o  c h r o n i c  m o rp h in e  t r e a t m e n t .  T h e se  c o n c lu s io n s  a g r e e  w i th  
some p r e v i o u s  r e p o r t s  b u t  a r e  a t  v a r i a n c e  w i th  o t h e r s .  The 
r o l e  o f  s p e c i e s  d i f f e r e n c e s ,  t r e a tm e n t  r e g im e n ,  t i s s u e  p r e p 
a t i o n ,  an d  a s s a y  c o n d i t i o n s  i n  t h e  d e t e r m i n a t i o n  o f  t h e  
r e s u l t s  i s  u n d e r  i n v e s t i g a t i o n .

S u p p o r te d  by  USPHS r e s e a r c h  g r a n t  DA00346.

329.12  PHARMACOLOGIC EFFECTS OF MELATONIN ON ACUTE STRESS-INDUCED 
CHANGES IN BRAIN γ -AMINOBUTYRIC ACID LEVELS AND RECEPTORS.   
L . P . NILES.  D e p a r tm e n t o f  N e u r o s c ie n c e s ,  M cM aster 
U n i v e r s i t y ,  H a m ilto n , O n ta r io  L8N 3Z5, C an ad a .

T h e re  i s  e v id e n c e  t h a t  t h e  p i n e a l  g la n d  may p l a y  a  r o l e  
i n  m a i n t a i n in g  b r a i n  h o m e o s ta s i s  i n  m am m als. The p i n e a l  
h o rm o n e , m e la to n in ,  p ro d u c e s  a n t i e p i l e p t i c  e f f e c t s  i n  hum ans 
and  e x p e r im e n ta l  a n im a ls ,  ho w ev er t h e  u n d e r ly in g  m ech an ism s 
a w a i t  c l a r i f i c a t i o n .  In  o r d e r  t o  d e te r m in e  w h e th e r  
m e l a t o n i n 's  s t a b i l i z i n g  e f f e c t  on CNS a c t i v i t y  may in v o lv e  
c e n t r a l  m o d u la t io n  o f  t h e  i n h i b i t o r y  n e u r o t r a n s m i t t e r , 
γ  - a m in o b u ty r ic  a c id  (GABA), t h e  a c u te  e f f e c t s  o f  m e la to n in  
on seru m  and b r a i n  GABA l e v e l s  and  b i n d in g  s i t e s  w ere  
e x a m in e d .

One h o u r  f o l l o w in g  i n j e c t i o n  o f  s a l i n e  o r  a  p h a rm a c o lo g ic  
d o se  (200  u g , i . p . )  o f  m e la to n in ,  c e r e b e l l a r  GABA l e v e l s  ( a s  
m ea su red  by  r a d i o - r e c e p t o r  a s s a y )  w ere  e n h a n ce d  i n  c o n t r o l s  
b u t  rem a in e d  n o rm a l i n  m e la to n in  t r e a t e d  a n im a ls .  A 
s i g n i f i c a n t  (p < 0 .0 1 )  i n c r e a s e  i n  se ru m  GABA l e v e l s  was a l s o  
fo u n d  i n  s a l i n e - t r e a t e d  a n im a ls  w h i le  m e la to n in  c a u s e d  a  
p a r t i a l  b u t  s i g n i f i c a n t  b lo c k a d e  o f  t h i s  i n c r e a s e .  The 
ab o v e  e f f e c t s  w ere  n o t  e v id e n t  two h o u r s  p o s t  i n j e c t i o n  and  
a p p e a re d  to  b e  due  t o  a  s t r e s s - i n d u c e d  r i s e  i n  GABA l e v e l s  
a s  a  r e s u l t  o f  t h e  h a n d l in g  and  i n j e c t i o n  o f  a n im a ls .

The a f f i n i t y  and  c o n c e n t r a t i o n  o f  c e r e b e l l a r  GABA 
r e c e p t o r s  l a b e l l e d  by th e  t r i t i a t e d  a g o n i s t ,  3H -m u sc im o l, 
w ere  d e c r e a s e d  o n e  h o u r  a f t e r  i n j e c t i o n  i n  s a l i n e - t r e a t e d  
a s  com pared  w i th  m e l a t o n i n - i n j e c t e d  a n im a ls .
3
H -M uscim ol B in d in g  i n  C e re b e llu m  1 H our A f t e r  I n j e c t i o n

T re a tm e n t Kd
B  max

S a l in e
M e la to n in

6 .5  nM 
3 .4  nM

970 fm ol/m g  p r o t e i n 
1130 fm ol/m g  p r o t e i n

I t  i s  q u e s t i o n a b le  w h e th e r  t h e  a b n o rm a l r e c e p t o r  b i n d in g  
s e e n  i n  c o n t r o l s  was p r i m a r i l y  due  to  c o m p e t i t iv e  i n h i b i t i o n  
by e l e v a t e d  r e s i d u a l  GABA i n  b r a i n  m em branes s in c e  th e  
p r e v i o u s ly  f r o z e n  t i s s u e s  w ere  t r e a t e d  w i th  t r i t o n  X -100 and  
w ashed  p r i o r  to  b in d in g  s t u d i e s .

T h ese  f i n d i n g s  s u g g e s t  t h a t  m e la to n in  i s  c a p a b le  o f  
a t t e n u a t i n g  th e  d i s r u p t i v e  e f f e c t s  o f  a c u te  s t r e s s  on GABA 
l e v e l s  and  r e c e p t o r s  by  a  p r e s e n t l y  unknown m ech an ism .
(S u p p o rte d  by  th e  M e d ic a l  R e s e a rc h  C o u n c i l  o f  C anada and  
th e  O n ta r io  M e n ta l  H e a l th  F o u n d a t io n . )

329.13  GABA AND BENZODIAZEPINE RECEPTOR CHANGES IN STRIATUM AND 
ITS PROJECTION AREAS AFTER MEDIAL FOREBRAIN BUNDLE LESIONS.  
H .S .  P a n ,  A .B . Young an d  J .B .  P e n n e y .  U n iv . o f  M ic h ig a n ,  
D e p t . o f  N e u ro lo g y ,  1103 E . H u ro n , Ann A r b o r ,  MI 4 8 1 0 4 .

T he d e s t r u c t i o n  o f  s t r i a t a l  GABAergic o u tp u t  c e l l s  i n 
d u c e s  GABA and  b e n z o d ia z e p in e  (BDZ) r e c e p t o r  u p - r e g u l a t i o n  
i n  g lo b u s  p a l l i d u s  (GP) and s u b s t a n t i a  n i g r a  p a r s  r e t i c u 
l a t a  ( S N r ) . D o p a m in e rg ic  n i g r o s t r i a t a l  n e u ro n s  a r e  th o u g h t  
t o  i n h i b i t  s t r i a t a l  o u tp u t  c e l l s .  The rem o v a l o f  t h e  n i g r o 
s t r i a t a l  i n p u t ,  t h e r e f o r e ,  s h o u ld  c a u s e  GABAergic s t r i a t a l  
e f f e r e n t  n e u ro n s  to  b e  o v e r a c t i v e  and s h o u ld  in d u c e  GABA 
and BDZ r e c e p t o r  d o w n - r e g u la t i o n  in  GP and SN r. Q u a n t i t a 
t i v e  a u to r a d io g r a p h y  w as u se d  to  i n v e s t i g a t e  GABA and  BDZ 
r e c e p t o r  c h a n g e s  a f t e r  6 -h y d ro x y d o p a m in e  ( 6 - OHDA) in d u c e d  
m e d ia l  f o r e b r a i n  b u n d le  (MFB) l e s i o n s .

M ale S p ra g u e -D aw le y  r a t s  (1 4 5 -1 5 0  g ) w ere  p r e t r e a t e d  
w i t h  d e s ip r a m in e  1 /2  h r  b e f o r e  6 -OHDA w as p r e s s u r e  i n j e c t e d  
i n t o  MFB. F iv e  m o n th s  a f t e r  t h e  s u r g e r y ,  r a t s  w ere  k i l l e d .  
A s l i c e  o f  s t r i a t u m  w as o b ta in e d  from  e a c h  r a t  f o r  [3 H ]do
p am in e  u p ta k e  to  e v a lu a t e  th e  l e s i o n .  O n ly  a n im a ls  w i th  a 
90% o r  b e t t e r  r e d u c t io n  i n  u p ta k e  w ere u s e d  i n  b in d in g  a s 
s a y s .  T he r e s t  o f  t h e  b r a i n s  w e re  p r o c e s s e d  f o r  a u to r a d io 
g ra p h y  a s  d e s c r i b e d  p r e v i o u s ly  (P an  e t  a l . ,  J .  N e u r o s c i .  3: 
1 1 8 9 - 1 1 9 8 ,1 9 8 3 ) .  P rew ash ed  t i s s u e  w as i n c u b a te d  i n  v a r i o u s  
c o n c e n t r a t i o n s  o f  [ 3H ]m u sc im o l o r  [ 3H ] f l u n i t r a z e p a m  (FLU) 
w i th  o r  w i th o u t  v a r i o u s  d r u g s .  D r ie d  s e c t i o n s  w ere  e x p o sed  
t o  U l t r o f i l m  3H (LK B ). A f t e r  a  1 2 -1 4  day  e x p o s u r e ,  f i l m s  
w e re  d e v e lo p e d .  D e n s i to m e tr y  w as th e n  p e rfo rm e d  to  c o n v e r t  
o p t i c  d e n s i t i e s  to  am ount o f  r a d i o l i g a n d  b o u n d .

F iv e  m o n th s  f o l lo w in g  6 -OHDA l e s i o n s ,  [ 3H ]m u sc im o l b in d 
in g  was d e c r e a s e d  i n  s t r i a t u m  (18% , p < .0 1 , p a i r e d  t - t e s t )  
and  GP (32%, p < .0 2 ) ,  b u t  i n c r e a s e d  in  SNr (60% , p < .0 1 ) .  
S i m i l a r l y ,  [ 3H]FLU b in d in g  was d e c r e a s e d  i n  s t r i a t u m  (18%, 
p < .0 5 )  and  GP (33% , p < .0 1 ) ,  b u t  i n c r e a s e d  i n  SNr (39%,  
p < . 0 1 ) .  S c a tc h a r d  a n a ly s e s  r e v e a l e d  th e  c h a n g e s  to  b e  i n 
c r e a s e s  i n  Bmax. P r e l i m i n a r y  d a t a  showed t h a t  t h e  ty p e  I  
BDZ r e c e p t o r  l ig a n d  CL 2 1 8 ,8 7 2  (1 µM) d id  n o t  a l t e r  th e   
b in d in g  a sy m m e try  o f  [3H]FLU (7 nM) i n  GP and S N r. The 
d a t a  s u g g e s t e d  t h a t  GABA and BDZ r e c e p t o r s  a r e  r e g u l a t e d  
d i f f e r e n t l y  i n  GP and SNr a f t e r  MFB l e s i o n s .  New i n t e r p r e 
t a t i o n s  o f  t h e  s t r i a t o n i g r o s t r i a t a l  c i r c u i t r y  i s  n e e d ed  to  
e x p l a i n  t h e  d i f f e r e n t i a l  r e c e p t o r  r e g u l a t i o n .  F u r th e r m o r e ,  
t h e  t r a n s - s y n a p t i c  BDZ r e c e p t o r  c h a n g e s  may a f f e c t  ty p e  I  
BDZ r e c e p t o r s  l e s s  th a n  ty p e  I I  r e c e p t o r s .

T h is  w ork was s u p p o r te d  by  NSF g r a n t  BNS-8118765 and a  
U n i v e r s i t y  o f  M ic h ig a n  m in o r i t y  f e l l o w s h ip  f o r  HSP.

3 2 9 .14   REGULATION OF NEURONAL NICO TINIC ACETYLCHOLINE RECEPTORS IN 
PC12 CELLS BY CHRONIC DEPOLARIZATION.  E.  M. D e L o r m e *  a n d  
R.  M cG ee ,  D e p t . o f  P h a r m a c o l o g y ,  G e o r g e t o w n  U n i v .  S c h .  o r  
M e d . ,  W a s h i n g t o n ,  D . C .  2 0 0 0 7

I n  g e n e r a l ,  i n c r e a s e d  r e c e p t o r  o c c u p a n c y  b y  a g o n i s t s  
r e s u l t s  i n  a  down r e g u l a t i o n  o f  t h e  r e c e p t o r .  F o r  t h e  
n e u r o n a l  n i c o t i n i c  a c e t y l c h o l i n e  (ACh) r e c e p t o r ,  a g o n i s t  
a c t i v a t i o n  p r o d u c e s  c a t i o n  f l u x  v i a  t h e  r e c e p t o r - l i n k e d  i o n  
c h a n n e l  r e s u l t i n g  i n  l o c a l  m e m b r a n e  d e p o l a r i z a t i o n .  How
e v e r ,  i t  h a s  n o t  b e e n  e s t a b l i s h e d  w h e t h e r  t h i s  m e m b r a n e  
d e p o l a r i z a t i o n  i s  an i n t e g r a l  s t e p  i n  t h e  r e g u l a t i o n  o f  
c e l l u l a r  r e s p o n s i v e n e s s  on  a  l o n g - t e r m  b a s i s .  T h e  e f f e c t s  
o f  m e m b r a n e  d e p o l a r i z a t i o n  w e r e  e x a m i n e d  u s i n g  p h e o c h r o m o 
c y t o m a  c e l l s ,  c l o n e  P C 1 2 ,  w h i c h  p o s s e s s  n e u r o n a l  n i c o t i n i c  
ACh r e c e p t o r s .  We h a v e  p r e v i o u s l y  sh o w n  t h a t  c h r o n i c  e x p o 
s u r e  o f  t h e  c e l l s  t o  an  a g o n i s t  c a u s e s  a  d e c r e a s e  i n  r e c e p 
t o r - m e d i a t e d  r e s p o n s e  w h i c h  a p p e a r s  t o  r e p r e s e n t  a  d e c r e a s e  
i n  r e c e p t o r  n u m b e r .  C h r o n i c  m e m b r a n e  d e p o l a r i z a t i o n  wa s 
a c c o m p l i s h e d  b y  e l e v a t i n g  K+ i n  t h e  n o r m a l  g r o w t h  m e d iu m  
(N a+ r e d u c e d  t o  m a i n t a i n  o s m o l a r i t y )  f o r  up  t o  14  d a v s .  To 
a s s e s s  r e c e p t o r  f u n c t i o n ,  a g o n i s t - i n d u c e d  u p t a k e  o f  8 6 Rb+ 
wa s  m e a s u r e d  f o r  20  s e c  a t  2 2 ° C  i n  Na+ - d e p l e t e d  b a l a n c e d  
s a l t  s o l u t i o n  c o n t a i n i n g  o u a b a i n  t o  i n h i b i t  Na+ , K + - A T P a s e .  
I n i t i a l  e x p e r i m e n t s  s h o w e d  t h a t  a g o n i s t - i n d u c e d  u p t a k e  o f  
8 6 Rb+ w a s  r e d u c e d  w h i l e  t h e  c e l l s  w e r e  d e p o l a r i z e d .  T h e s e  
d i r e c t  e f f e c t s  o f  d e p o l a r i z a t i o n  w e r e  r e v e r s e d  b y  a  4 5  m in  
r e p o l a r i z a t i o n  p r o c e s s ,  a l l o w i n g  d i f f e r e n t i a t i o n  b e t w e e n  
s h o r t - t e r m  a n d  l o n g - t e r m  e f f e c t s  o f  d e p o l a r i z a t i o n .  E x p o 
s u r e  o f  t h e  c e l l s  t o  e l e v a t e d  K+ c a u s e d  a  t i m e  a n d  c o n 
c e n t r a t i o n - d e p e n d e n t  d e c r e a s e  i n  r e c e p t o r  r e s p o n s i v e n e s s .  
C o n c e n t r a t i o n s  o f  K+ b e t w e e n  30  mM a n d  70  mM p r o d u c e d  
d e c r e a s e s  i n  r e s p o n s i v e n e s s  o f  40%-70% . C h a n g e s  w e r e  
o b s e r v e d  w i t h i n  1 d a y  a n d  w e r e  m a x i m i z e d  b y  7 d a y s .  Upon 
r e m o v a l  o f  e l e v a t e d  K+ f r o m  t h e  c u l t u r e  m e d iu m  c e l l s  
r e t u r n e d  t o  c o n t r o l  w i t h i n  a p p r o x i m a t e l y  2 - 3  d a y s .  As a  
f i r s t  s t e p  i n  d e t e r m i n i n g  i f  t h e  p r o p e r t i e s  o f  t h e  r e c e p 
t o r s  w e r e  t h e  s a m e  a f t e r  c h r o n i c  d e p o l a r i z a t i o n ,  t h e  c o n 
c e n t r a t i o n  d e p e n d e n c e  f o r  c a r b a c h o l - i n d u c e d  u p t a k e  o f  8 6 Rb+  
w a s  e x a m i n e d .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  s h a p e  o f  
t h e  a g o n i s t  d o s e  r e s p o n s e  c u r v e  w e r e  s e e n ,  s u g g e s t i n g  t h a t  
t h e  s e n s i t i v i t y  o f  t h e  r e m a i n i n g  r e c e p t o r s  w a s  u n a l t e r e d .  
T h e  s i m p l e s t  e x p l a n a t i o n  f o r  t h e  d e c r e a s e d  r e s p o n s i v e n e s s  
o f  t h e  c e l l s  w a s  t h a t  t h e  n u m b e r  o f  ACh r e c e p t o r s  h a d  
d e c r e a s e d .  T h e s e  r e s u l t s  s u g g e s t  t h a t  m e m b r a n e  d e p o l a r i z a 
t i o n  m a y  b e  a n  i n t e g r a l  c o m p o n e n t  i n  l o n g - t e r m  r e g u l a t i o n  
o f  t h e  n e u r o n a l  n i c o t i n i c  ACh r e c e p t o r .  S u p p o r t e d  b y  NSF 
g r a n t  BNS 82  1 6 3 0 6  a n d  NIH RCDA NS 0 0 5 6 7 .
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329.15  INHIBITION OF ACETYLCHOLINE RECEPTOR MEMBRANE INCORPORATION 
IN THE ABSENCE OF EXTRACELLULAR CALCIUM.  M A.  Wozniak* and 

 R. J. Bloch .  Depar tment  of P hys i o l ogy ,  Univ.  of Maryland 
School  of Medic ine ,  Ba l t i mor e ,  MD 21201.

The muscle c e l l  l i n e ,  BC3H-1, s y n t h e s i z e s  and i n s e r t s  
n i c o t i n i c  a c e t y l c h o l i n e  r e c e p t o r s  (AChR) i n t o  i t s  c e l l  mem
br ane .  The r a p i d  i n s e r t i o n  and d e g r a da t i on  of AChR, as 
as sayed by s p e c i f i c  125 I - α( - bunga r o t ox i n  b i nd i ng ,  makes t h i s  
c e l l  i de a l  f o r  s t udy i ng  f a c t o r s  which a l t e r  AChR metabol i sm.

In t he  p r e s ence  of co n t r o l  ( 1 . 8 mM) e x t r a c e l l u l a r  ca lcium 
(Ca2+0) ,  AChR appear  on t he  c e l l  s u r f a c e  a t  a l i n e a r  r a t e .  
When BC3H-1 c e l l s  a r e  c u l t u r ed  in medium c o n t a i n i n g  25 uM 
Ca2+0 , or i nc uba t ed  wi th cyc l ohex i mi de ,  AChR appear ance  i s  
compl e t e l y  i n h i b i t e d  a f t e r  an i n i t i a l  2 hr l ag .  Tr anspor t  
of p r e - e x i s t i n g  AChR t o  t he  s u r f a c e  appear s  normal in t he  
absence  of Ca2+ . . Half -maximal  Ca2+.  f o r  AChR appear ance  i s  
100 uM. Other  d i v a l e n t  c a t i o n s  (Ba2+ , Sr 2+ , Mg2+) do not  
s u b s t i t u t e  f o r  Ca2+. Re i ncuba t i on  of Ca2+ . - dep r i ved  c e l l s  
wi th 1.8 mM Ca2+.  r e s u l t s  in t he  r eappe a r ance  of AChR on the  
c e l l  s u r f a c e  a f t e r  a 4 hr t ime l a g .  Reappearance i s  blacked 
by c yc l ohex i mi de ,  but  i s  u n a f f e c t e d  by ac t inomycin D a t  a 
c o n c e n t r a t i o n  which b locks  80%. of 3H- u r ac i l  i n c o r p o r a t i o n  
i n t o  TCA- p r ec i p i t a b l e  m a t e r i a l .  AChR d eg r ada t i on  i s  
unchanged dur i ng  Ca2+.  d e p r i v a t i o n .  Total  p r o t e i n  and 
g l y c o p r o t e i n  s y n t h e s i s  i s  only mi nimal ly dec reas ed  ( 10-20%.) 
in t he  absence  of Ca2+ . . Autoradi ograms of me t a b o l i c a l l y 
l a b e l e d  p r o t e i n  e x t r a c t s ,  s e p a r a t e d  by SDS-PAGE, i n d i c a t e  no 
major d i f f e r e n c e s  between c on t r o l  and Ca2+ . - dep r i ved  c e l l s .

Decr eas i ng  Ca2+.  p r e f e r e n t i a l l y  and compl e t e l y  i n h i b i t s  a 
s t ep  in AChR metabol i sm p r i o r  t o  or dur ing  AChR s ubun i t  
s y n t h e s i s .  Metabol i sm of most o t h e r  p r o t e i n s  or g l yc o p r o 
t e i n s  i s  only n o n s p e c i f i c a l ly and mi l d l y  dec r e as ed .   
Suppor t ed by g r a n t s  from the  NIH (NS17282),  t he  Muscular  
Dyst rophy As s o c i a t i o n  and the  McKnight Foundat i on.

329. 16  THE ROLES OF MEMBRANE DEPOLARIZATION AND PROTEIN GLYCO  
SYLATION IN THE REGULATION OF NEURONAL MUSCARINIC 
RECEPTORS.  W. C. L i l e s *  and N. M. N a th a n so n  (SPON: A. 
B e r g e r ) .   D e p t . o f  P h a rm a c o lo g y , U n i v e r s i t y  o f  W a sh in g to n  
S c h o o l o f  M e d ic in e , S e a t t l e ,  WA, 9 8 195 .

Cel l  c u l t u r e s  o f  N lE -1 1 5 , a c lo n e d  m u rin e  n e u r o b la s 
tom a c e l l  l i n e ,  w ere em ployed  to  d e te rm in e  th e  e f f e c t s  o f  
m em brane d e p o l a r i z a t i o n  on n e u ro n a l  m u s c a r in ic  r e c e p t o r s  
(raAChR). V e r a t r i d i n e  (VTN), w h ich  c a u s e s  a p e r s i s t e n t  
a c t i v a t i o n  o f  th e  so d ium  c h a n n e l  in  e x c i t a b l e  m em b ran es , 
was u sed  to  p ro d u ce  p ro lo n g e d  d e p o l a r i z a t i o n  o f  N lE -115 
c e l l  c u l t u r e s .  When ad d ed  to  c o n f l u e n t  N lE -1 1 5  c u l t u r e s ,  
VTN in d u c e d  a b i p o l a r  r e s p o n s e  in  mAChR n u m b er. H igh 
c o n c e n t r a t i o n s  (50  µM) o f  VTN c o n s i s t e n t l y  in d u ce d  a 
r e v e r s i b l e  50-100%  i n c r e a s e  in  m embrane mAChR d e n s i t y  
w i t h in  16 h r s  a s  d e te rm in e d  by th e  b in d in g  o f  th e  m u sca
r i n i c  a n t a g o n i s t  3H - q u i n u c l i d in y l  b e n z i l a t e  ( 3H-QNB).  
T h is  i n c r e a s e  d id  n o t o c c u r  when p r o t e i n  s y n th e s i s  was 
i n h i b i t e d  by c y c lo h e x im id e  (1 0 0  µ g / µ l ) .  The VTN-in d u c e d  
i n c r e a s e  in  r e c e p t o r  num ber was p a r t i a l l y  i n h i b i t e d  by 
p r e - i n c u b a t io n  w ith  t e t r o d o t o x i n , th e  s p e c i f i c  sodium  
c h a n n e l  b l o c k e r .  H ow ever, h ig h  e x t e r n a l  K+ (7 0  µM )- 
in d u ce d  d e p o l a r i z a t i o n  a l s o  c a u se d  an in c r e a s e  in  mAChR 
n u m b er, s u g g e s t in g  t h a t  mem brane d e p o l a r i z a t i o n ,  r a t h e r  
th a n  sod ium  c h a n n e l  a c t i v i t y  p e r  s e , was r e s p o n s i b l e  f o r  
t h e  o b s e rv e d  mAChR i n c r e a s e .  Low c o n c e n t r a t i o n s  (1 0 0  µM) 
o f  VTN, on th e  o t h e r  h a n d , in d u c e d  a 20-40% d e c r e a s e  in  
mAChR d e n s i t y .  S tu d ie s  a re  c u r r e n t l y  b e in g  c o n d u c te d  to  
d e te r m in e  w h e th e r  Ca++ f lu x  o r c y c l i c  n u c l e o t id e s  a re  
in v o lv e d  in  th e  r e g u l a t i o n  o f  mAChR in  r e s p o n s e  to  mem
b r a n e  d e p o l a r i z a t i o n .

The r o l e  o f  p r o t e i n  g l y c o s y l a t i o n  in  th e  m a in te n a n c e  
o f  N lE -115  mAChR i s  a l s o  b e in g  s t u d i e d .  T u n ic am y c in  
( 0 .3 5  µ g /m l) ,  a p o t e n t  i n h i b i t o r  o f  p r o t e i n  g l y c o s y l a t i o n . 
r e d u c e d  th e  m a c ro m o le c u la r  i n c o r p o r a t i o n  o f  3H -m annose 
by  75-80% when ad d ed  to  th e  m ed ia  o f  c o n f l u e n t  c u l t u r e s ,  
w h i le  3H - le u c in e  i n c o r p o r a t i o n  rem a in e d  90-95%  o f  th e  
c o n t r o l  v a lu e .  When a d m in i s t e r e d  to  g ro w in g  c u l t u r e s ,  
tu n ic a m y c in  red u c e d  s p e c i f i c  3H-QNB m em brane b i n d in g  to  
75% o f  th e  c o n t r o l  v a lu e  a f t e r  36 h r s ;  c o m p a r is o n  w i th  
e y e lo h e x i m i d e - t r e a t e d  c u l t u r e s  i n d i c a t e d  t h a t  tu n ic a m y c in  
d id  n o t  a b o l i s h  th e  s y n th e s i s  o f  new mAChR. F u r th e r m o r e ,  
tu n ic a m y c in  i n h i b i t e d  th e  r e t u r n  o f  mAChR b y  25% f o l 
lo w in g  c a r b a c h o l- in d u c e d  d o w n - r e g u la t i o n .  S c a tc h a r d  
a n a l y s i s  d e m o n s tra te d  t h a t  tu n ic a m y c in  t r e a tm e n t  d id  n o t 
a l t e r  th e  KD o f  mAChR f o r  3H-QNB. The r a t e  o f  d i s a p 
p e a ra n c e  f o l lo w in g  c y c lo h e x im id e  a d m i n i s t r a t i o n  was n o t  
a l t e r e d  by tu n ic a m y c in  t r e a tm e n t ,  s u g g e s t in g  t h a t  g ly c o 
s y l a t i o n  d o es  n o t  a f f e c t  th e  h a l f - l i f e  o f  mAChR. 
E x p e r im e n ts  a r e  c u r r e n t l y  b e in g  c o n d u c te d  to  d e te rm in e  
w h e th e r  g l y c o s y l a t i o n  i s  in v o lv e d  in  th e  i n s e r t i o n  o f  
mAChR i n to  th e  c e l l  s u r f a c e  p lasm a  m em brane.

3 2 9 . 1 7   DECREASED PHYSIOLOGICAL SEN S IT IV I T Y  MEDIATED BY NEWLY SYN
THESIZED MUSCARINIC ACETYLCHOLINE RECEPTORS.  D.  D.  H u n t e r *  
a n d  N. M. N a t h a n s o n .  D e p a r t m e n t  o f  P h a r m a c o l o g y ,  U n i v e r s i t y  
o f  W a s h i n g t o n ,  S e a t t l e ,  WA, 9 8 1 9 5 .

T r e a t m e n t  o f  c h i c k e n  e m b r y o s  i n o v o  f o r  8  h o u r s  w i t h  
t h e  m u s c a r i n i c  a g o n i s t  c a r b a c h o l  r e s u l t s  i n  a n  85% r e d u c 
t i o n  i n  t h e  n u m b e r  o f  m u s c a r i n i c  a c e t y l c h o l i n e  r e c e p t o r s  
(mAChR) p r e s e n t  i n  a t r i a l  m e m b r a n e  h o m o g e n a t e s .  S u b s e q u e n t  
t r e a t m e n t  o f  e m b r y o s  w i t h  t h e  m u s c a r i n i c  a n t a g o n i s t  a t r o 
p i n e  r e s u l t s  i n  a  g r a d u a l  i n c r e a s e  i n  mAChR n u m b e r ,  w h i c h  
r e t u r n s  t o  c o n t r o l  l e v e l s  a f t e r  1 4  h o u r s .  T h i s  r e c o v e r y  i s  
b l o c k e d  b y  a d m i n i s t r a t i o n  o f  t h e  p r o t e i n  s y n t h e s i s  i n h i b i 
t o r  c y c l o h e x i m i d e .

M e a s u r e m e n t s  o f  t h e  n e g a t i v e  c h r o n o t r o p i c  r e s p o n s e  t o  
a p p l i e d  c a r b a c h o l  w i t h  i s o l a t e d  a t r i a  sh ow  t h a t  e v e n  a f t e r  
r e c o v e r y  o f  r e c e p t o r  n u m b e r  t o  c o n t r o l  l e v e l s ,  t h e  r e s p o n s e  
t o  a g o n i s t  i s  d i m i n i s h e d .  T h e  I C 5 0  f o r  c a r b a c h o l  i s  
s h i f t e d  a p p r o x i m a t e l y  1 0 - f o l d  f r o m  c o n t r o l s  a t  2 0  h o u r s  
a f t e r  a t r o p i n e  t r e a t m e n t ,  b u t  l e s s  t h a n  3 - f o l d  a t  2 8  h o u r s .  
T h i s  i n c r e a s e  i n  p h y s i o l o g i c a l  s e n s i t i v i t y  i s  n o t  b l o c k e d  
b y  c y c l o h e x i m i d e .  R e c e p t o r s  a t  2 0  h o u r s  h a v e  b i n d i n g  c o n 
s t a n t s  f o r  a g o n i s t s  a n d  a n t a g o n i s t s  w h i c h  a r e  i n d i s t i n 
g u i s h a b l e  f r o m  c o n t r o l s .  T h i s  i m p l i e s  t h a t  t h e r e  i s  a 
d e f e c t  i n  c o u p l i n g  o f  mAChR b i n d i n g  t o  t h e  p h y s i o l o g i c a l  
r e s p o n s e  w h e n  mAChR r e a p p e a r .

R e c o v e r y  o f  t h e  a b i l i t y  o f  mAChR t o  i n h i b i t  a d e n y l a t e  
c y c l a s e  p a r a l l e l s  r e c o v e r y  o f  t h e  b e a t i n g  r e s p o n s e ;  t h a t  
i s ,  t h e  I C 50  i s  s h i f t e d  a p p r o x i m a t e l y  1 1 - f o l d  f r o m  c o n 
t r o l s  a t  2 0  h o u r s  a f t e r  a t r o p i n e  t r e a t m e n t ,  y e t  o n l y  3 - f o l d  
a t  2 8  h o u r s .  T h u s ,  n e w l y  s y n t h e s i z e d  mAChR e x h i b i t  d e 
c r e a s e d  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  r e s p o n s e s  t o  m u s c a 
r i n i c  a g o n i s t s ,  s u g g e s t i n g  t h a t  mAChR a r e  i n i t i a l l y  
s y n t h e s i z e d  i n  a  l e s s  a c t i v e  f o r m .

P r e l i m i n a r y  r e s u l t s  i n  p r i m a r y  c u l t u r e  o f  e m b r y o n i c  
c h i c k  h e a r t  s u g g e s t  t h a t  s i m i l a r  p r o c e s s e s  o p e r a t e  i n  
v i t r o .  T r e a t m e n t  o f  c a r d i a c  c u l t u r e s  w i t h  c a r b a c h o l  r e 
s u l t s  i n  a  70% d e c r e a s e  i n  mAChR; r e m o v a l  o f  t h e  a g o n i s t  
r e s u l t s  i n  a n  i n c r e a s e  i n  s u r f a c e  mAChR t o  c o n t r o l  l e v e l s  
o v e r  1 2  h o u r s .  M e m b ra n e  h o m o g e n a t e s  o f  c e l l s  c o n t a i n i n g  
n e w l y  s y n t h e s i z e d  mAChR e x h i b i t  a  d e c r e a s e d  r e s p o n s e  t o  
a g o n i s t  i n  t h e  i n h i b i t i o n  o f  a d e n y l a t e  c y c l a s e .
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3 3 0 .1  ACTH OR IMIPRAMINE TREATMENT MODIFY B-ADRENERGIC RECEPTOR 
 COUPLING IN RAT BRAIN CORTEX  R . S .  D um an *,  S . J .  S t r a d a  a n d  

S . J .  E n n a .  D e p t s .  o f  P h a r m a c o l ,  a n d  o f  N e u r o b i o l .  a n d  A n a t . ,  
U n i v .  T e x a s  M ed .  S c h . ,  H o u s t o n ,  TX 7 7 0 2 5 ;  a n d  D e p t .  P h a r m a 
c o l . ,  Uni v .  S o u t h  A l a .  S c h .  M e d . ,  M o b i l e ,  AL 3 6 6 8 8 .

W h i l e  i t  i s  e s t a b l i s h e d  t h a t  a n t i d e p r e s s a n t  o r  ACTH a d m i n 
i s t r a t i o n  d e c r e a s e s  n o r e p i n e p h r i n e  ( N E ) - s t i m u l a t e d  cAMP a c c u 
m u l a t i o n  i n  r a t  b r a i n  c e r e b r a l  c o r t e x ,  l i t t l e  i s  known a b o u t  
w h i c h  a s p e c t  o f  t h e  r e c e p t o r - c o u p l e d  c y c l i c  n u c l e o t i d e  s y s t e m  
i s  m o s t  a f f e c t e d  by  t h e s e  s u b s t a n c e s .  A s t u d y  w a s  u n d e r t a k e n  
t o  a d d r e s s  t h i s  i s s u e  by e x a m i n i n g  t h e  i n f l u e n c e  o f  t h e s e  
t r e a t m e n t s  o n  t h e  i n d i v i d u a l  c o m p o n e n t s  o f  t h e  c y c l i c  n u c l e 
o t i d e  g e n e r a t i n g  s y s t e m  i n  b r a i n .  M a l e - S p r a g u e - D a w l e y  r a t s  
w e r e  a d m i n i s t e r e d  ACTH ( 5 0  I U / k g ,  s . c . ,  o n c e  d a i l y )  o r  i m i 
p r a m i n e  ( 1 0  m g / k g ,  i . p . ,  o n c e  d a i l y )  f o r  7 o r  21 d a y s .  E i g h 
t e e n  h r s  a f t e r  t h e  l a s t  i n j e c t i o n  t h e  a n i m a l s  w e r e  d e c a p i t a 
t e d  a n d  t h e  c e r e b r a l  c o r t e x  u s e d  t o  s t u d y  a d e n o s i n e - a n d  NE- 
s t i m u l a t e d  cAMP a c c u m u l a t i o n  a n d  f o r  p r e p a r i n g  P 2 f r a c t i o n s  
t o  e x a m i n e  a d e n y l a t e  c y c l a s e  a c t i v i t y ,  p h o s p h o d i e s t e r a s e  
(PDE ) a c t i v i t y  a n d  t h e  g u a n i n e  n u c l e o t i d e  b i n d i n g  ( G / F )  p r o 
t e i n .  A 30 %- 40% d e c r e a s e  i n  N E - s t i m u l a t e d  cAMP a c c u m u l a t i o n  
w a s  n o t e d  f o l l o w i n g  e i t h e r  7 o r  21 d a y s  o f  c o n t i n u o u s  t r e a t 
m e n t  w i t h  i m i p r a m i n e  o r  ACTH. H o w e v e r ,  a d e n o s i n e - s t i m u l a t e d  
cAMP p r o d u c t i o n  w a s  n o t  i n f l u e n c e d .  N e i t h e r  t r e a t m e n t  a l t e r 
e d  G p p ( N H ) p ,  f l o u r i d e ,  o r  f o r s k o l i n - a c t i v a t e d  a d e n y l a t e  c y 
c l a s e  a c t i v i t y  i n  P2 m e m b r a n e  f r a c t i o n s ,  n o r  w e r e  cAMP, cGMP 
o r  c G M P - s t i m u l a t e d  cAMP PDE a c t i v i t i e s  m o d i f i e d .  G /F  p r o t e i n  
w a s  e x t r a c t e d  f r o m  b r a i n  m e m b r a n e s  i n t o  c h o l a t e  a n d  i t s  
a c t i v i t y  m e a s u r e d  i n  t h e  CYC-  m u t a n t  o f  t h e  S 4 9  ly m p h o m a  c e l l .  
F l o u r i d e ,  G p p ( N H ) p  a n d  i s o p r o t e r e n o l - s t i m u l a t e d  cAMP a c c u m u 
l a t i o n  w e r e  c o m p l e t e l y  r e s t o r e d  i n  t h e s e  c e l l s  i n  t h e  p r e 
s e n c e  o f  t h e  b r a i n  e x t r a c t  w h e t h e r  o r  n o t  t h e  a n i m a l s  h a d  
b e e n  t r e a t e d  w i t h  t h e  p e p t i d e  h o r m o n e  o r  a n t i d e p r e s s a n t .
T h e s e  d a t a  i n d i c a t e  t h a t  n e i t h e r  ACTH n o r  i m i p r a m i n e  t r e a t 
m e n t s  a l t e r  t h e  a c t i v i t y  o f  b r a i n  c y c l a s e ,  G /F  p r o t e i n  o r  PDE 
u n d e r  c o n d i t i o n s  w h e r e  N E - s t i m u l a t e d  cAMP a c c u m u l a t i o n  i s  r e 
d u c e d .  T h i s  s u g g e s t s  t h e s e  a g e n t s  i n f l u e n c e  r e s p o n s i v e n e s s  
b y  a  s e l e c t i v e  a c t i o n  o n  t h e  n o r a d r e n e r g i c  r e c e p t o r  r e c o g n i t i o n  
s i t e .  G i v e n  o u r  e a r l i e r  r e p o r t  t h a t  ACTH o r  i m i p r a m i n e  t r e a t 
m e n t s  a l t e r  a g o n i s t  a f f i n i t y  f o r  a d r e n e r g i c  r e c e p t o r s ,  i t  i s  
p o s s i b l e  t h a t  t h e s e  a g e n t s  m o d i f y  t h e  c o u p l i n g  b e t w e e n  t h e  
r e c o g n i t i o n  s i t e  a n d  G / F  p r o t e i n .  T h i s  c o n c l u s i o n  i s  r e i n 
f o r c e d  by  t h e  f i n d i n g  t h a t  n e i t h e r  t r e a t m e n t  a f f e c t e d  a d e n o 
s i n e - s t i m u l a t e d  cAMP p r o d u c t i o n ,  w h i c h  w o u l d  b e  e x p e c t e d  i f  a  
c h a n g e  o c c u r e d  i n  a  p o s t - r e c o g n i t i o n  s i t e  c o m p o n e n t .  ( S u p p o r 
t e c  i n  p a r t  by  USPHS g r a n t  M H - 3 6 9 4 5 ) .

330.2  COMBINED ELECTROCONVULSIVE SHOCK ( ECS) AND TREATMENT WITH 
IMIPRAMINE ( IMI) PRODUCES A RAPID DOWN-REGULATION OF CORTI
CAL BETA-ADRENERGIC RECEPTORS.  I . A.  P a u l *. G. Duncan* R.A. 
Mue l l e r ,  and G.R. Breese (SPON: J .  T.  Wi l son)   B i o l o g i c a l  
Sc i e nces  Research Cen t e r ,  UNC School  of  Medi c i ne ,  Chapel 
H i l l ,  NC. 27514.

Among the v a r i o u s  a n t i d e p r e s s a n t  (AD) t r e a t m e n t s ,  t he r e  
i s  a c o n s i d e r a b l e  t ime l ag  between i n i t i a t i o n  of t r e a t me n t  
and the onset  of t h e r a p e u t i c  e f f e c t s .  T y p i c a l l y ,  t r i c y c l i c  
AD"s,  MAO i n h i b i t o r s ,  and a t y p i c a l  AD' s r e q u i r e  2-3 weeks of 
c on t i nuous  t r e a t men t  t o  produce s i g n i f i c a n t  e f f e c t s .  ECS 
r e q u i r e s  somewhat l e s s  t i me,  between 10-14 days  of t r e a t men t  
on a l t e r n a t e  days .  We have r e p o r t e d  p r e v i o u s l y  t h a t  f o r c e d  
swimming p o t e n t i a t e s  the e f f e c t  of IMI,  p r oduc i ng  a r a p i d  
down- r egu l a t i on  of  b e t a - a d r e n e r g i c  r e c e p t o r s  in l i mbi c  f o r e 
b r a i n  (Duncan e t  a l , Fed.  P r o c . 43 : 940 ) .  We now r e p o r t  t h a t  
s i m i l a r  e f f e c t s  can be a c h i eved  wi t h  4 days  of con c u r r e n t  
ECS and IMI t r e a t me n t .

S i ng l y  housed,  male ,  Sprague-Dawley r a t s  ( Ch a r l e s  R i v e r ) ,  
we ighi ng  between 200-250 g a t  the s t a r t  of t r e a t me n t  were 
s u b j e c t e d  to  ECS [500 V (AC) 3 50 mA f o r  210 msec]  admin
i s t e r e d  v i a  ear  c l i p s  once d a i l y  f o r  4 days .  Five mi nu t e s  
a f t e r  each t r e a t m e n t ,  an i mal s  were a d m i n i s t e r ed  s a l i n e ,  5,  
or 10 mg/kg IMI, i . p .  Animals  were s a c r i f i c e d  24 h a f t e r  
the l a s t  t r e a t ment  and the b r a i n s  were q u i c k l y  removed over  
i c e .  Cerebra l  c o r t e x ,  both s t r i a t a ,  and b r a i n s t e m were 
s e p e r a t e d  and s t o r e d  a t  - 70 º  C u n t i l  a s s ayed  wi t h  3H- 
Di hydr oa l p r eno l o l  a c co r d i ng  t o  the method of Bylund and 
Snyder  (1974.).  R e s u l t s  of t he se  a s s a y s  us i nq  c o r t e x  a re
p r e s e n t e d  below:

Treatment 3H-DHA Spec.  Binding N

Sham + Sa l i ne 1223 + 5ø 14
Shock + S a l i ne 1283 + 84 5
Sham + IMI (5 mg/kg) 1121 + 46 8
Shock + IMI <5 mg/kg) 928 + 32* 6

*p < 0 . 0 l when compared to o t he r  o r oups .
S i mi l a r  changes  were not ed  in r a t s  given 10 mg/kg IMI + ECS 
f o r  4 days .  The sham + 10 mg/kg IMI r a t s  a l s o  showed 
s i g n i f i c a n t  r ed u c t i o n  in b i nd i ng  compared t o  sham + s a l i n e .

These r e s u l t s  sugges t  t h a t  ECS can p o t e n t i a t e  the a c t i o n  
of IMI and tha t  t h i s  e f f e c t  i s  more c l e a r l y  a ppa r e n t  a t  low 
doses  than a t  high dos es .  The e f f e c t s  of ECS and of IMI do 
not  appear  to be a d d i t i v e ,  s i nce  ECS + s a l i n e  has  no e f f e c t .  
I n v e s t i g a t i o n s  are c u r r e n t l y  in p r o g r e s s  t o  de t e r mi ne  i f  
t h i s  p o t e n t i a t i o n  occ ur s  a t  doses  of IMI below 5 mg/kg.
( Suppor t ed  by HD-03110 and MH-36294) .

3 3 0 .3  EFFECTS OF CHRONIC ANTIDEPRESSANT DRUGS ON BRAIN PART BETA 
AND 3H-IMIPRAMINE BINDING IN OLFACTORY BULB LESIGNED RATS.  
J .A .  J e s b e r g e r *  an d  J . S .  R ic h a r d s o n .  D e p ts .  o f  P h a rm a c o l
ogy and  o f  P s y c h i a t r y ,  C o l le g e  o f  M e d ic in e ,  U n i v e r s i t y  o f  
S a s k a tc h e w a n ,  S a s k a to o n ,  SK S7N OWO

R e s e a rc h  d i r e c t e d  a t  u n d e r s t a n d in g  t h e  t h e r a p e u t i c  
m ech an ism s o f  a n t i d e p r e s s a n t  d r u g s  h a s  b e e n  h am p ered  b y  th e  
l a c k  o f  a  s e l e c t i v e  a n im a l m odel f o r  i n v e s t i g a t i n g  th e  
b r a i n  s u b s t r a t e s  in v o lv e d  i n  t h e  a n t i d e p r e s s a n t  a c t i v i t y .  
I t  h a s  r e c e n t l y  b e e n  r e p o r t e d  t h a t  t h e  r a t  o l f a c t o r y  b u l 
b e c to m y  m o d el e x h i b i t s  good p r e d i c t i v e  v a lu e  a s  a  s c r e e n in g  
p r o c e d u r e  f o r  a n t i d e p r e s s a n t  d ru g  a c t i v i t y .  The b u lb e c 
to m iz e d  r a t  may h a v e  a p a t h o l o g i c a l  d e f e c t  t h a t  i s  p a r t i c 
u l a r l y  s e n s i t i v e  t o  t h e  a c t i o n  o f  c l i n i c a l l y  e f f e c t i v e  
a n t i d e p r e s s a n t s .  T h is  m odel w i th  i t s  w e l l  d e f i n e d  b e h a v 
i o r a l  syndrom e w as u s e d  t o  i n v e s t i g a t e  some o f  t h e  n e u ro 
c h e m ic a l  e f f e c t s  o f  f o u r  d i f f e r e n t  s p e c i e s  o f  a n t i d e p r e s 
s a n t  d r u g s .  The r a t s  r e c e i v e d  d a i l y  i n j e c t i o n s  o f  e i t h e r  
s a l i n e ,  a m i t r i p t y l i n e ,  m ia n s e r i n ,  i p r i n d o l e ,  o r  t r a n y l c y 
p ro m in e  f o r  28 d a y s .  A f t e r  a  5 day  d r u g - f r e e  p e r i o d  t o  
i n s u r e  c l e a r a n c e  o f  r e s i d u a l  d ru g  fro m  t h e  b r a i n ,  b e h a v i 
o r a l  t e s t i n g  was p e r f o r m e d ,  t h e  r a t s  w e re  s a c r i f i c e d  by  
d e c a p i t a t i o n ,  an d  t h e  b r a i n s  w e re  r a p i d l y  rem o v e d , d i s 
s e c t e d  and  s to r e d  a t  - 8 0 °C .

O l f a c t o r y  b u lb  rem o v al i n c r e a s e d  3H - d ih y d r o a lp r e n o lo l  
b in d in g  i n  t h e  h ip p o ca m p u s  and  p o n s  b u t  c a u s e d  no c h a n g e  i n  
t h e  m id b r a in  and  h y p o th a la m u s ,  and  r e s u l t e d  i n  an  i n c r e a s e  
i n  3H - im ip ra m in e  b i n d in g  i n  t h e  m id b r a in ,  a  d e c r e a s e  i n  t h e  
h ip p o ca m p u s  and  p e n s ,  an d  no c h a n g e  i n  t h e  h y p o th a la m u s .   
I n  some c a s e s  t h e s e  c h a n g e s  w ere  r e t u r n e d  t o  c o n t r o l  l e v e l s  
by  t h e  c h r o n i c  a n t i d e p r e s s a n t  d ru g  t r e a t m e n t .  H ow ever, t h e  
s p e c i f i c  e f f e c t s  o f  e a c h  d ru g  on b e t a  an d  H - im ip ra m in e  
b i n d in g  v a r i e d  b e tw e e n  t h e  4 b r a i n  r e g i o n s  su c h  t h a t  no two 
d r u g s  h ad  i d e n t i c a l  r e s p o n s e  p r o f i l e s .  T h is  s u g g e s t s  n o t  
o n ly  t h a t  t h e  d i f f e r e n t  d r u g s  a r e  a c t i n g  on  d i f f e r e n t  
n e u ro c h e m ic a l  s u b s t r a t e s  b u t  a l s o  t h a t  t h e  d i s t r i b u t i o n  and  
s e n s i t i v i t y  o f  t h e s e  s u b s t r a t e s  v a ry  f o r  d i f f e r e n t  b r a i n  
r e g i o n s .  W h ile  t h e  i d e n t i f i c a t i o n  o f  t h e  s p e c i f i c  n e u ro 
c h e m ic a l  p a th o lo g y  i n  o l f a c t o r y  b u lb e c to m iz e d  r a t s  t h a t  i s  
s e n s i t i v e  t o  t h e  a c t i o n s  o f  an  a n t i d e p r e s s a n t  d r u g s  m u st 
a w a i t  f u t u r e  r e s e a r c h ,  t h e  p r e s e n t  r e s u l t s  s u p p o r t  t h e  v iew  
t h a t  t h e  o l f a c t o r y  b u lb e c to m y  m odel p o s s e s s e s  r e l e v a n t  and  
a t t r a c t i v e  c h a r a c t e r i s t i c s  f o r  s tu d y in g  t h e  n e u ro c h e m ic a l  
m ech an ism s i n v o lv e d  i n  a n t i d e p r e s s a n t  d ru g  a c t i o n .
S u p p o r te d  i n  p a r t  by  g r a n t s  fro m  SHRB an d  STRF.

3 3 0 .4 COMPARISON OF [ 3H ] SULPIRIDE BINDING SITES BETWEEN CASTRATED 
AND SHAM OPERATED MALE RATS BY A QUANTITATIVE AUTORADIO
GRAPHY TECHNIQUE.  T . Ryan J a s t r o w * a n d  M .E. G n eg y .  N eu ro 
s c ie n c e  P ro g ram  an d  D e p t .  o f  P h a rm a c o lo g y , U n iv . o f   
M ic h ig a n , Ann A rb o r , MI 48109

Sex ho rm o n es i n f l u e n c e  n e u r a l  d o p a m in e rg ic  s y s te m s  a t  a  
v a r i e t y  o f  s i t e s  i n c l u d i n g  t h e  do p am in e  (DA) r e c e p t o r .  
I n c r e a s e s  i n  s t r i a t a l  DA r e c e p t o r s  h a v e  b e e n  fo u n d  f o l lo w in g  
e s t r o g e n  t r e a t m e n t .  O ur l a b  d e m o n s t r a te d  t h a t  D A - s e n s i t i v e  
a d e n y la t e  c y c l a s e  (D1 r e c e p t o r  a c t i v i t y )  w as l e s s  s e n s i t i v e  
i n  s t r i a t a l  m em branes from  s e x u a l l y  im m a tu re  o r  c a s t r a t e d  
(CAS) a d u l t  m ale  r a t s  a s  o p p o se d  t o  s h a m - o p e ra te d  (SHAM) 

m ale  r a t s .  F u r t h e r ,  c h r o n ic  t r e a tm e n t  o f  r a t s  w i th  t h e  D2 
s e l e c t i v e  d ru g  s u l p i r i d e  i n c r e a s e d  t h e  s e n s i t i v i t y  o f  
a d e n y la t e  c y c l a s e  f o r  DA i n  s t r i a t a l  m em branes fro m  CAS b u t  
n o t  SHAM r a t s .  T h e se  f i n d i n g s  s u g g e s t  t h a t  s e x  h o rm o n es may 
a f f e c t  t h e  s e n s i t i v i t y  an d  p h a r m a c o lo g ic a l  p r o f i l e  o f  
s t r i a t a l  DA r e c e p t o r s .  To i n v e s t i g a t e  se x  h o r m o n e - r e l a t e d  
c h a n g e s  i n  s t r i a t a l  D2 r e c e p t o r  c h a r a c t e r i s t i c s  we e x am in ed  
[3 H] s u l p i r i d e  b in d in g  i n  CAS an d  SHAM m ale  r a t s  u s in g  a  
q u a n t i t a t i v e  a u to r a d io g r a p h y  t e c h n i q u e .

T w en ty -m ic ro n  s e c t i o n s  o f  r a t  b r a i n  w ere  th aw  m o u n ted  
o n to  g e l a t i n  c o a te d  s l i d e s .  S l i d e s  w ere  i n c u b a te d  f o r  60 m in  
a t  22°C i n  0 .5  t o  40 nM [3 H] s u l p i r i d e  i n  50 mM T r is - H C l  pH  
7 .7  and  120 mM N aC l. S l i d e s  w ere  th e n  r i n s e d  2 x 5  m in  i n  
i c e  c o ld  50 mM T r is -H C l  pH 7 . 7 ,  b low n  d r y  w i th  warm a i r  and  
a p p o se d  t o  t r i t i u m - s e n s i t i v e  LKB U l t r o  f i l m  f o r  40 d a y s .  
F i lm  was d e v e lo p e d  an d  o p t i c a l  d e n s i t i e s  w e re  d e te r m in e d  
w i th  c o m p u t e r - a s s i s t e d  m ic r o d e n s i to m e t r y .  R a d i o a c t i v i t y  was 
d e te r m in e d  by  r e g r e s s i o n  a n a l y s i s ,  c o m p a r in g  f i l m  d e n s i t i e s  
p ro d u c e d  by  s e c t i o n s  w i th  t h o s e  p ro d u c e d  b y  s t a n d a r d s .

E q u i l i b r iu m  s t u d i e s  show ed [3 H ]s u l p i r i d e  b in d in g  t o  be  
s a t u r a b l e  an d  r e v e r s i b l e .  S c a tc h a r d  a n a l y s i s  show ed a  s i n g l e  
s e t  o f  s i t e s  w i th  a  Kd o f  3 .2  nM an d  Bmax o f  447 fm ol/m g  
p r o t e i n .  R a te  c o n s t a n t s  f o r   a s s o c i a t i o n  (k 1 ) an d  
d i s s o c i a t i o n (k- 1 ) o f  5 nM [3 H]s u l p i r i d e  w e re  5 .0  x 
10-7 M-1 m in-1  an d  1 .4  x 10-1 m in- 1 , r e s p e c t i v e l y .   
The Kd c a l c u l a t e d  a s  k-1 / k 1 w as 2 .8  nM.

C o m p ariso n  o f  t h e  b in d in g  c h a r a c t e r i s t i c s  o f   
[3 H] s u l p i r i d e  b e tw e e n   CAS an d  SHAM a d u l t  m ale  r a t s  show ed  
no s i g n i f i c a n t  d i f f e r e n c e  i n  Kd o r  Bmax. CAS: Kd = 4 .4  nM,   
Bmax = 386 fm ol/m g  P , SHAM: Kd = 4 .2  nM, Bmax = 371 fm ol/m g   
P . T h e se  r e s u l t s  s u g g e s t  t h a t  re m o v a l o f  s e x  h o rm o n es d id  
n o t  a f f e c t  t h e  b in d in g  c h a r a c t e r i s t i c s  o f  D2 r e c e p t o r s .  
C h ro n ic  s u l p i r i d e  t r e a t m e n t ,  h o w e v e r , may b e  a b le  t o  m ore 
g r e a t l y  a f f e c t  t h e  b a la n c e  b e tw e e n  D1 an d  D2 r e c e p t o r s .  
Funded  by th e  S c o t t i s h  R i te  S c h iz o p h r e n ia  R e s e a rc h  P ro g ra m .
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330.5  EFFECT OF NEUROPEPTIDES ON REGULATION OF 3H- 
SPIROPERIDOL BINDING SITES.  S . M. Simasko* and G. 
A. Weiland (SPON: W. S chw ark ).   D epartm ent of Pharm a
cology, Cornell U n iv e rs ity , Ith aca , NY, 14853.

The effect of 1 week trea tm en t with n eu ro ten sin  (N T ), 
su b stan ce  P (S P ), and  th y ro tro p in -re le a s in g  hormone 
(TRH) on th e  regu la tion  of D2 dopamine recep to rs  was 
exam ined in  ra t c en tra l n e rv o u s system . The p ep tides  
were adm in istered  in trac e re b ro v e n tric u la rly  with the  use 
of Alzet mini-osmotic pum ps. The doses adm inistered  
w ere: NT, 4 u g /h r ;  SP, 3 .3 µ g /h r; TRH, 5 µ g /h r; saline 
1 µ l/h r . The day a f te r  the  pum ps were im planted th e  ra ts  
w ere d iv ided  in to  two g ro u p s : one receiv ing  haloperidol  
(2 .5  m g /k g , i . p . ,  twice daily) and the  o th e r a control 
veh ic le. Haloperidol was g iven fo r 7 d ay s. On day 8 the 
p ep tide  trea tm en t was s to p p ed . On day 9 3H -sp iroperido l 
b ind ing  was m easured  in  the  stria tum  and the  nucleus 
accum bens.

H aloperidol trea tm en t caused  3H-sp iro p e rid o l b ind ing  to 
in c rease  = 30% in  the  s tria tum  and  = 50% in  th e  nucleus 
accum bens. By them selves the  pep tid es  caused  no sign ifi
can t changes in  3H -sp iroperido l b in d in g . TRH and SP 
adm in istered  co n cu rren tly  with haloperidol was not d iffe r
en t from haloperidol by  its e lf . H ow ever, while the  effect 
o f NT given  co n cu rren tly  with haloperidol was not s ign ifi
cant u n d e r the  experim ent design  u sed  (tw o-facto r analy 
sis of va rian ce , P > 0 .0 5 ) , a t - t e s t  of ind iv idua l re su lts  
(haloperidol alone v s . haloperidol with NT) showed NT to 
p o ten tia te  th e  effec t of haloperidol in  bo th  stria tum  and 
nucleus accum bens (P  < 0 .0 5 ) . Additional experim ents 
with h ig h e r doses of NT (10 µ g /h r and 40 µ g /h r) failed 
to dem onstra te  any effec t of NT alone on regu la tion  of 
3H -sp iroperido l b in d in g .

We conclude from th e se  experim ents  th a t although  SP 
and TRH have been  shown to affect dopam inergic function 
in  ra t  b ra in  (H anson, G .R . e t a l . , J .  Pharm acol. Exp. 
T h e r . , 218:568, 1981 and Heal, D .J . and G reen, A .R .,  
N europharm acology, 18: 23, 1979) th e  effect does not  
re s u lt in  any long-term  changes in  D2 recep to r re g u 
la tion . NT has been shown to modulate many dopam inergic 
func tions in  the  CNS and th e  effec t has been  d escribed  
as neu ro lep tic -like  (Nem eroff, C .B .,  B iol. P sy ch ia t. , 15: 
23, 1980). A lthough NT alone does not cause changes in 
D2 re c ep to r num ber, it  does p o ten tia te  the  u p -reg u la tio n  
caused  by  ha loperidol. (S u p p o rted  b y  PMA Foundation, 
NSF BNS 82-15572, and  NIH BRSG 08-57 RR05 462 E -21 .)

3 3 0 .6   EFFECTS OF CYCLO( LEU-GLY) ON THE DEVELOPMENT OF SUPERSENSI
TIV ITY TO DOPAMINE AGONISTS INDUCED BY DOPAMINE AGONISTS. 
 J . Z .  F i e l d s ,  J . M .  L e e ,  K. S t e e c e * ,  R . F .  R i t z m a n n  & W.W e i n e r *  
 C h i c a g o  Med .  S c h . ,  U. o f  I L ~ a t  C h i c a g o ,  U n i v .  Mi a m i / P a r k i n 
s o n ' s  F o u n d a t i o n .

We h a v e  s h o w n  t h a t  c y c l o ( L e u - G l y ) ( c L G )  b l o c k s  t h e  d e v e l 
o p m e n t  o f  s u p e r s e n s i t i v i t y  t o  d o p a m i n e  (DA) a g o n i s t s  f o l l o w 
i n g  c h r o n i c  m o r p h i n e  o r  n e u r o l e p t i c  a d m i n i s t r a t i o n  a n d  6 - OH- 
DA l e s i o n s .  T h e s e  t r e a t m e n t s  a r e  t h o u g h t  t o  r e s u l t  i n  d i s u s e  
s u p e r s e n s i t i v i t y  a s  a  c o n s e q u e n c e  o f  " f u n c t i o n a l "  DA d e p l e 
t i o n .  On t h e  o t h e r  h a n d ,  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  a  
b e h a v i o r a l  f a c i l i t a t i o n  o c c u r s  f o l l o w i n g  DA a g o n i s t  a d m i n i 
s t r a t i o n  on  s t r i a t a l l y  m e d i a t e d  DA b e h a v i o r s .  T h e r e f o r e ,  t h e  
p o s s i b l e  p r o p h y l a c t i c  e f f e c t s  o f  cLG o n  t h i s  a g o n i s t - i n d u c e d  
s u p e r s e n s i t i v i t y  w e r e  i n v e s t i g a t e d .  M a l e  S w i s s - W e b s t e r  m i c e  
( 2 5  t o  30  g )  w e r e  d i v i d e d  i n t o  4 g r o u p s .  M i c e  w e r e  i n j e c t e d  
w i t h  e i t h e r  cLG ( 8  m g / k g ,  s . c . )  o r  V E H I C L E - 1 ( w a t e r  f o l l o w e d  
2 h l a t e r  b y  e i t h e r  a  p r i m i n g  d o s e  o f  t h e  DA a g o n i s t  a p o m o r 
p h i n e  ( APO) ( 5  m g / k g  i . p . )  o r  V E H I C L E - 2 ( s a l i n e ) . 2 4  h l a t e r ,  
a l l  a n i m a l s  w e r e  m o n i t o r e d  f o r  s t e r e o t y p i c  c l i m b i n g  b e h a v i o r  
a t  10 m in  a f t e r  a  c h a l l e n g e  d o s e  o f  APO(1 m g / k g , i . p . ) .  A t  
t h i s  t i m e  t h e  V EH -1 /A PO g r o u p  h a d  a  m ea n  s c o r e  o f  1 . 1 3 , N = 1 5  
b a s e d  on  a maximum s c o r e  o f  2 . 0  c o m p a r e d  t o  t h e  V E H - l /V E H - 2  
g r o u p s  s c o r e  o f  0 . 6 7 , N = 1 5 .  H o w e v e r ,  p r i o r  t r e a t m e n t  w i t h  cLG 
(A PO /c LG ) d i d  n o t  a l t e r  t h i s  a g o n i s t - i n d u c e d  s u p e r s e n s i t i v 
i t y  ( m e a n  s c o r e  1 . 0 , N = 1 6 ) .  P r i o r  t r e a t m e n t  w i t h  c L G (c L G /  
VEH-2)  c a u s e d  a s l i g h t  s t i m u l a t i o n  i t s e l f  ( m e a n  s c o r e  0 . 9 0 ,  
N = 9 ) .  T h e  t w o  t y p e s  o f  d o p a m i n e r g i c  s u p e r s e n s i t i v i t i e s  w i l l  
b e  d i s c u s s e d  i n  r e l a t i o n  t o  t h e  p o s s i b l e  m e c h a n i s m ( s )  o f  
a c t i o n  o f  cLG.

3 3 0 . 7   PERGOLIDE DOWN-REGULATES D -2  DOPAMINE RECEPTORS BUT FAILS TO 
BLOCK HALOPERIDOL INDUCED BEHAVIORAL SUPE RS EN SITI V IT Y.  W.C.  
K o l l e r ,  J . C .  C u r t i n  & J . Z .  F i e l d s ,  H i n e s  V.A , H i n e s  IL 6 0 141  
a n d  C h i c a g o  Med S c h .  N o r t h  C h i c a g o  IL  6 0 0 6 4 .

We p r e v i o u s l y  r e p o r t e d  ( K o l l e r  e t  a l . ,  N e u r o p h a r m a c o l . ,  1 9  
( 1 9 8 0 )  8 3 1 )  t h a t  p e r g o l i d e  a p p e a r s  t o  w o r k  o n l y  a s  a  d i r e c t -  
a c t i n g  D -2  d o p a m i n e  r e c e p t o r  (DA-R) a g o n i s t  i n  r a t s  a n d  i n  
g u i n e a  p i g s .  F u r t h e r m o r e ,  c h r o n i c  a d m i n i s t r a t i o n  ( 4  w e e k s )  o f  
a  d o s e  o f  p e r g o l i d e  ( 0 . 5  m g / k g )  t h a t  w a s  b e l o w  t h e  t h r e s h o l d  
f o r  i n d u c i n g  a n y  s t e r e o t y p y  b y  i t s e l f ,  e l i c i t e d  c h a n g e s  t h a t  
r e s u l t e d  i n  a  s u b s e n s i t i v e  r e s p o n s e  t o  a  c h a l l e n g e  d o s e  o f  
a p o m o r p h i n e  ( 0 . 2  m g / k g )  t h a t  n o r m a l l y  i n d u c e s  m a r k e d  s t e r e o 
t y p y .  S i m i l a r  e x p o s u r e  t o  o t h e r  d o p a m i n e  (DA) m i m e t i c s  s u c h  
a s  L -D OPA, b r o m o c r i p t i n e  o r  a m p h e t a m i n e ,  on  t h e  oh t e r  h a n d ,  
h a s  j u s t  t h e  o p p o s i t e  e f f e c t  - i n d u c t i o n  o f  a  b e h a v i o r a l  s u p 
e r s e n s i t i v i t y  t o  DA. T o  d e t e r m i n e  w h e t h e r  t h i s  a p p a r e n t l y  
u n i q u e  d o w n - r e g u l a t i n g  c h a r a c t e r i s t i c  o f  p e r g o l i d e  i s  g e n e r 
a l l y  o p e r a t i v e ,  we t e s t e d  w h e t h e r  p e r g o l i d e  c o u l d  p r e v e n t  o r  
r e v e r s e  t h e  b e h a v i o r a l  s u p e r s e n s i t i v i t y  t o  DA t h a t  i s  i n d u c e d  
b y  c h r o n i c  h a l o p e r i d o l  a d m i n i s t r a t i o n  ( 0 . 5  m g / k g  d a i l y  f o r  
14  d a y s ) .  S u r p r i s i n g l y ,  p e r g o l i d e  ( 0 . 5  m g / k g )  f a i l e d  t o  p r e 
v e n t  o r  r e v e r s e  t h e  b e h a v i o r a l  e f f e c t s  o f  h a l o p e r i d o l .  How
e v e r ,  p e r g o l i d e  d i d  d o w n - r e g u l a t e  t h e  D- 2 DA-R b i n d i n g  o f  
( 3 H ) s p i r o p e r i d o l  i n  s t r i a t a l  m e m b r a n e s  f r o m  t h e s e  g u i n e a  
p i g s  b y  p r e v e n t i n g  t h e  h a l o p e r i d o l  i n d u c e d  i n c r e a s e  ( + 3 6 % )  
i n  D -2  DA-R d e n s i t y .  S i n c e  c h a n g e s  i n  t h e  b i n d i n g  o f  D-2  
a n t a g o n i s t s  ( e . g .  s p i r o p e r i d o l )  f a i l e d  t o  c o r r e l a t e  w i t h  
c h a n g e s  i n  t h e  b e h a v i o r a l  r e s p o n s e  t o  DA, we c o n c l u d e  a g a i n ,  
a s  we p r e v i o u s l y  d i d  ( L e e  e t  a l . ,  L i f e  S c i . 33  ( 1 9 8 3 )  4 0 5 ) ,  
t h a t  t h e  i n t e r a c t i o n  o f  DA a n t a g o n i s t s  w i t h  s t r i a t a l  D-2 
DA-R d o e s  n o t  c o r r e l a t e  w i t h  s t r i a t a l l y  m e d i a t e d  d o p a m i n e r 
g i c  b e h a v i o r s .  C h a n g e s  i n  t h e  i n t e r a c t i o n  o f  a g o n i s t s  w i t h  
s t r i a t a l  D - 2  DA-R ( i . e .  i n h i b i t i o n  o f  ( 3 H ) s p i r o p e r i d o l  b y  
u n l a b e l l e d  DA) i s  a  b e t t e r  p r e d i c t o r  o f  c h a n g e s  i n  s t r i a t 
a l l y  m e d i a t e d  d o p a m i n e r g i c  b e h a v i o r s .

3 3 0 .8   ISOLATION-INDUCED DECREASED DOPAMINE RECEPTOR DEN SIT IE S  
REVERSED BY CHRONIC HALOPERIDOL TREATMENT.  G r a h a m  B e a n  
a n d  T y r o n e  L e e .   P s y c h o p h a r m a c o l o g y  U n i t ,  C l a r k e  I n s t i t u t e  
o f  P s y c h i a t r y ,  T o r o n t o ,  O n t a r i o ,  C a n a d a .  M5T l R 8 .

An e x p e r i m e n t  w a s  c o n d u c t e d  i n  o r d e r  t o  d e t e r m i n e  t h e  
i m p a c t  o f  t h e  s o c i a l  e n v i r o n m e n t  o n  d o p a m i n e  D2 r e c e p t o r  
d e n s i t i e s  i n  t h e  d e v e l o p i n g  r a t  b r a i n .  W e i g h t  m a t c h e d  
l i t t e r m a t e  m a l e  W i s t a r  r a t s  w e r e  r e m o v e d  f r o m  t h e i r  m a t 
e r n a l  e n v i r o n m e n t  a t  2 0  d a y s  o f  a g e  a n d  p l a c e d  i n  i s o l a t i o n  
o r  i n  g r o u p s  o f  t h r e e .  I n  b o t h  c o n d i t i o n s ,  a n i m a l s  r e c e i v e d  
e i t h e r  h a l o p e r i d o l  ( I m g / k g / d a y  f o r  4 0  d a y s ) ,  v e h i c l e  ( 0 . 1 M  
t a r t a r i c  a c i d )  o r  no  t r e a t m e n t .  S i m i l a r  d r u g  r e g i m e n s  w e r e  
a d m i n i s t e r e d  t o  a d d i t i o n a l  r a t s  h o u s e d  i n  g r o u p s  o f  t h r e e ,  
e x c e p t  t h a t  t w o  r a t s  r e c e i v e d  h a l o p e r i d o l  w h i l e  t h e  r e m a i n 
i n g  a n i m a l  r e c e i v e d  v e h i c l e  [ ' RRV' ] ,  o r  o n e  r a t  r e c e i v e d  
h a l o p e r i d o l  w h i l e  t h e  r e m a i n i n g  t w o  a n i m a l s  r e c e i v e d  v e h i c l e  
[ ' RVV' ] .  A t  t h e  e n d  o f  t h e  4 0  d a y  t r e a t m e n t  p e r i o d ,  a n i m a l s  
w e r e  s a c r i f i c e d  a n d  s t r i a t a l  t i s s u e s  p r e p a r e d  f o r  d o p a m i n e  
D2 r e c e p t o r  a s s a y  u s i n g  3 H - s p i p e r o n e  a n d  10µ M s u l p i r i d e  t o  
d e f i n e  s p e c i f i c  b i n d i n g .  S c a t c h a r d  a n a l y s e s  w e r e  p e r f o r m e d  
t o  d e t e r m i n e  t h e  d e n s i t y  (B m ax ) a n d  a f f i n i t y  (K d ) o f  d o p a 
m i n e  r e c e p t o r s .  T h e  m e a n  ±  s t a n d a r d  e r r o r  o f  t h e  Bmax v a l 
u e s  a r e  s h o w n  b e l o w :

G r o u p e d I s o l a t e d [ ' R R V ' ] [ ' R V V ' ]

HLD 2 5 8 . 9 ± 9 * 2 1 1 . 3 ± 9 # 2 2 8 . 1 ±8* 2 5 9 . 6 ± 1 5

VEH 1 9 9 . 6±11 1 5 9 . 7 ± 8 * 1 4 9 . 4 ± 7 * 1 9 9 . 5 ± 8

NTR 1 9 0 . 2 ± 8 1 4 6 . 3 ± 6 *

T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  ( p > . 0 5 )  b e t w e e n  Kd v a l 
u e s  f o r  t h e s e  t r e a t m e n t  g r o u p s .  HLD = H a l o p e r i d o l ;  VEH = 
V e h i c l e ;  NTR = No t r e a t m e n t .  *  s i g n i f i c a n t l y  d i f f e r e n t  
( p < . 0 5 )  f r o m  n o - t r e a t m e n t  a n d  v e h i c l e  t r e a t e d  g r o u p e d  h o u s e d  
a n i m a l s .  * s i g n i f i c a n t l y  d i f f e r e n t  ( p < . 0 5 )  f r o m  h a l o p e r i d o l  
t r e a t e d  g r o u p e d  h o u s e d  a n i m a l s .

O u r  p r e s e n t  r e s u l t s  t e n d  t o  s u p p o r t  t h e  v i e w  t h a t  s o c i a l  
i s o l a t i o n  m ay b e  a s s o c i a t e d  w i t h  a  d e c r e a s e  i n  d o p a m i n e  D2 
r e c e p t o r  d e n s i t i e s ,  t h a t  d a i l y  h a n d l i n g  o f  t h e  a n i m a l s  d o e s  
n o t  a t t e n u a t e  t h i s  e f f e c t  ( a s  i n  t h e  c a s e  o f  v e h i c l e  t r e a t e d  
a n i m a l s )  a n d  t h a t  c h r o n i c  h a l o p e r i d o l  t r e a t m e n t  m ay  r e v e r s e  
t h e  d e c r e a s e d  r e c e p t o r  d e n s i t i e s  t o  n o r m a l  c o n t r o l  v a l u e s .
I n  a d d i t i o n ,  i t  a p p e a r s  t h a t  r a t s  a r e  s e n s i t i v e  t o  t h e i r  
p a r t n e r ' s  t r e a t m e n t  c o n d i t i o n  a n d  t h a t  t h i s  w i l l  b e  r e f l e c t 
e d  i n  t h e  d e n s i t y  o f  c e n t r a l  d o p a m i n e  D2 r e c e p t o r s .
S u p p o r t e d  b y  NSERC & C l a r k e  I n s t i t u t e  R e s e a r c h  F u n d s .
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330 .9   SHORT-TERM EFFECTS OF LOXAPINE ON RAT BRAIN DOPAMINE AND 
SEROTONIN RECEPTORS.  Ann G o z i o t i s *  and  T y ro n e  L e e .  
P sy c h o p h a rm a c o lo g y  U n i t ,  C la rk e  I n s t ,  o f  P s y c h ia t r y ,  T o r o n to ,  
C anada M5T 1R8.

R e s u l t s  fro m  o u r  p r e v io u s  s t u d i e s  (L ee  and  T an g , S o c . 
N e u r o s c i .  A b s t . 9 ( 1 ) :3 3 , 1983) h a v e  i n d i c a t e d  t h a t  c h r o n ic  
t r e a tm e n t  o f  l o x a p in e  i n  t h e  r a t  f o r  4 t o  10 w eeks d id  n o t  
i n c r e a s e  th e  d e n s i t y  o f  b r a i n  dopam ine  (D2 ) r e c e p t o r s .  On 
th e  o t h e r  h a n d , i t  was q u i t e  p o t e n t  in  r e d u c in g  th e  num ber 
o f  s e r o t o n i n  (S 2 ) r e c e p t o r s .  I n  o r d e r  to  ex am in e  i f  t h e s e  
r e c e p t o r s  w e re  r e s p o n s iv e  t o  a c u te  o r  s u b c h ro n ic  l o x a p in e  
t r e a tm e n t  i n  t h e  same m an n e r , t h e  f o l l o w in g  i n v e s t i g a t i o n  was 
c a r r i e d  o u t .

A d u lt  m ale  W is ta r  r a t s  (1 7 5 -2 2 5  gm) w ere  d iv id e d  i n t o  s ix  
t r e a tm e n t  g ro u p s  a c c o r d in g  t o  t h e  d u r a t i o n  o f  d ru g  e x p o s u re :  
1 -d a y ,  2 - d a y ,  3 - d a y ,  5 - d a y ,  7 -d a y  and  1 4 -d a y . A n im als  w ere 
i n j e c t e d  i . p .  d a i l y  w i th  e i t h e r  l o x a p in e  (5  m g /kg) o r  v e h ic l e  
(1  ml o f  0 .1  M t a r t a r i c  a c i d ) .  T w e n ty - fo u r  h o u r s  a f t e r  t h e  
l a s t  i n j e c t i o n ,  th e y  w ere  s a c r i f i c e d  and  b r a i n  t i s s u e  homo
g e n a te s  w ere  p r e p a r e d  f o r  D2 and  S2 r e c e p t o r  a s s a y s .  3H- 
S p ip e ro n e  an d  10- 5  M s u l p i r i d e  w e re  u s e d  f o r  D2 a s s a y s  on 
s t r i a t a l  t i s s u e  an d  3H - k e ta n s e r in  and  10- 6  M c i n a n s e r i n  w ere  
u s e d  f o r  S2 a s s a y s  on f r o n t a l  c o r t i c a l  t i s s u e s .  S c a tc h a r d  
a n a ly s e s  w e re p e r fo rm e d  f o r  d e te r m in in g  r e c e p t o r  d e n s i t i e s  
(Bm ax) .

L o x a p in e  T re a tm e n t ( d a y s )
1 2 3 5 7 14

Change in  Bmax 
(% c o n t r o l ) 78 65 74 82 81 117

d2 N 25 26 10 9 9 9
P < 0 .0 1 < 0 .0 0 1  < 0 .0 1 < 0 .2 < 0 .3 < 0 .4

Change in  Bmax 
(% c o n t r o l ) 68 32 30 40 35 25

S2 N 9 9 10 10 10 10
P < 0 .0 5 < 0 .0 0 1  < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1

S h o r t - t e r m  e x p o s u re  t o  lo x a p in e  was shown to  be v e ry  p o 
t e n t  in  s i g n i f i c a n t l y  r e d u c in g  b o th  th e  D2 and  S2 r e c e p t o r  
d e n s i t i e s .  H ow ever, when th e  r a t s  w ere  t r e a t e d  f o r  5 o r  m ore 
d a y s ,  th e  c h a n g e  i n  D2 d e n s i t i e s  becam e i n s i g n i f i c a n t  w h i le  
r e d u c t io n  in  S2 was m a in t a in e d  a t  a ro u n d  25-40%  o f  c o n t r o l .  
Thus l o x a p in e  a p p e a r e d  t o  c a u s e  a t r a n s i e n t  d o p a m in e rg ic  
h y p o s e n s i t i v i t y  r a t h e r  th a n  h y p e r s e n s i t i v i t y  on s h o r t - t e r m  
e x p o s u re  i n  t h e  r a t .  The e f f e c t  in  s e r o t o n in  r e c e p t o r s  was 
a l s o  u n iq u e  to  t h i s  n e u r o l e p t i c  s in c e  h a lo p e r id o l  h a s  no 
a c t i o n  on th e  s e r o t o n i n  s y s te m . ( S u p p o r te d  by th e  R e s e a rc h  
Fund o f  t h e  C la rk e  I n s t i t u t e  o f  P s y c h i a t r y ) .

3 3 0 . 1 0   REGULATION OF [3h ]KETANSERIN BINDING TO SEROTONIN -2 RECEPTOR 
SITES IN RAT BRAIN.  C .A . S to c k m e ie r  and  K .J .  K e l l a r .  D e p t . 
o f  P h a rm a c o lo g y , G eo rg e to w n  U n iv . S ch . o f  Med. D e n t.  Wash
i n g to n ,  DC 20 0 0 7 .

[3 H ] K e ta n s e r in  s e l e c t i v e l y  b in d s  t o  a  s e r o t o n i n - 2  (5-H T-2) 
s i t e  i n  b r a i n  when m e th y s e rg id e  i s  u s e d  to  d e f i n e  n o n - s p e 
c i f i c  b in d in g  (L e y se n , 1 9 8 2 ) . H ere we h a v e  e x am in ed  th e  
e f f e c t s  o f  r e p e a t e d  a d m i n i s t r a t i o n  o f  e l e c t r o c o n v u l s i v e  
s h o c k  (E C S ), a m i t r y p t y l i n e ,  r e s e r p i n e ,  p - c h l o r o p h e n y l a la n i n e  
(PCPA) o r  p - c h l o r am p h etam in e  (PCA) on th e  b in d in g  o f  [3H ]-  
k e t a n s e r i n  ( -1  nM) to  h o m o g en a te s  o f  c e r e b r a l  c o r t e x  and  
h ip p o cam p u s  o f  m ale  S p ra g u e-D aw le y  r a t s .  S p e c i f i c  b in d in g  
was a s s e s s e d  i n  th e  p r e s e n c e  o f  2 uM m e th y s e r g id e ,  LSD o r  
300 uM 5-HT an d y i e l d e d  s i m i l a r  r e s u l t s .  C o ld  5-HT w as fo u n d  
to  i n h i b i t  [ n l k e t a n s e r i n  b in d in g  i n  t h e  c e r e b r a l  c o r t e x  and 
h ip p o cam p u s  w i th  a n  IC 50 o f  0 . 8 - 3 . 0  uM s u g g e s t i n g  a  s i m i l a r  
b in d in g  s i t e  i n  b o th  a r e a s .  H i l l  s lo p e s  i n  b o th  a r e a s  w ere  
s h a l lo w .  E le v e n  d a y s  o f  ECS (150 mA, 0 .3  s e c . ,  c o r n e a l  
e l e c t r o d e s )  i n c r e a s e d  [3H ] k e ta n s e r in  b in d in g  i n  f r o n t a l  c o r 
t e x  by  33%. H ow ever, t h e  b in d in g  i n  th e  h ip p o ca m p u s  was 
u n c h a n g e d . N e i th e r  th e  IC50 n o r  t h e  H i l l  c o e f f i c i e n t  o f  
5-HT i n  c o m p e tin g  f o r  [3H ] k e ta n s e r in  s i t e s  was a l t e r e d  by 
ECS. A m i tr y p ty l in e  (10  m g/kg  i p ,  21 d a y s )  c a u se d  a  22% 
r e d u c t io n  i n  [3 H ]k e t a n s e r i n  b in d in g  i n  w h o le  c o r t e x  w h i le  
b in d in g  i n  th e  h ip p o cam p u s  was n o t  s i g n i f i c a n t l y  a f f e c t e d .  
T re a tm e n t w i t h r e s e r p i n e  (0 .2 5  m g /k g , 10 d a y s )  c a u s e d  a  33% 
i n c r e a s e  i n  [3H ] k e ta n s e r in  b in d in g  i n  f r o n t a l  c o r t e x ,  b u t  
a g a in  no ch an g e  w as fo u n d  i n  t h e  h ip p o c a m p u s . N e i th e r  PCPA 
n o r  PCA a l t e r e d  b in d in g  when m ea su red  11 d a y s  a f t e r  i n i t i a 
t i o n  o f  t r e a t m e n t s .

In  c o n c lu s i o n ,  [3H ] k e ta n s e r in  b in d s  t o  s i t e s  i n  t h e  r a t  
c e r e b r a l  c o r t e x  and  h ip p o c a m p u s . 5-HT c o m p e te s  f o r  t h i s  
s i t e  i n  b o th  a r e a s  w i th  an  IC 50 i n  t h e  low  m ic ro m o la r  r a n g e .  
B o th  r e p e a t e d  ECS and r e s e r p i n e  i n c r e a s e  [3 H] k e t a n s e r i n  
b in d in g  i n  t h e  f r o n t a l  c o r t e x ,  b u t  n o t  t h e  h ip p o c a m p u s . I t  
a p p e a r s  t h a t  d e p l e t i n g  5-HT a lo n e  ( i . e .  PCPA, PCA) d o e s  n o t  
a l t e r  [3 H ] k e ta n s e r in  b in d in g  b u t  t h a t  t r e a tm e n t s  w i th  m ore 
w id e - s p r e a d  e f f e c t s  ( i . e .  r e s e r p i n e ,  ECS) a r e  e f f e c t i v e  i n  
a l t e r i n g  th e  s i t e s .  T h u s , 5-H T-2 s i t e s  a p p e a r  t o  be  u n d e r  
com plex  c o n t r o l .  To d e te r m in e  w h e th e r  t h e  E C S -in d u ced  
i n c r e a s e  a n d / o r  th e  t r i c y c l i c  a n t i d e p r e s s a n t - in d u c e d  d e 
c r e a s e  i n  [3H ] k e ta n s e r in  s i t e s  i s  d e p e n d e n t  on i n t a c t  5-HT 
a x o n s ,  t h e s e  t r e a tm e n t s  w ere  c a r r i e d  o u t  i n  5 ,  7 - d ih y d r o x y -  
t r y p t a m i n e - l e s i o n e d  r a t s .  The r e s u l t s  o f  t h e s e  e x p e r im e n ts  
w i l l  be  p r e s e n t e d .

3 3 0 .11  CENTRAL 5- H T  LESIONS DO NOT PREVENT THE GREATER REDUCTION OF 
5 - H T 2 BINDING CAUSED BY SUBCHRONIC CHLORPROMAZINE PLUS 
IMIPRAMINE. T . H .  A n d r e e * ,  C . Y .  L e e * ,  J . I . K o e n i g  an d  H . Y . 
M e l t z e r .  D e p t . o f  P s y c h i a t r y ,  U n i v .  o f  C h i c a g o  P r i t z k e r  S c h . 
M e d .  C h i c a g o ,  I L  6 0 6 3 7

P r e v i o u s  s t u d i e s  i n  o u r  l a b o r a t o r y  h a v e  shown  t h a t  t r e a t 
m e n t  o f  r a t s  w i t h  c h i  o r  p r o m a z i n e  (CPZ) p l u s  i m i p r a m i n e  ( I M I P )  
c a u s e s  a  g r e a t e r  r e d u c t i o n  i n  5-HT2  b i n d i n g  t h a n  e i t h e r  a g e n t  
a l o n e  ( M i k u n i  a n d  M e l t z e r ,  L i f e  S c i . ,  3 4 : 8 7 ,  1 9 8 4 ) ,  a n d  m ay  
c o n t r i b u t e  t o  t h e  e n h a n c e d  c l i n i c a l  e f f i c a c y  s e e n  w h e n  p s y c h o 
t i c a l l y  d e p r e s s e d  p a t i e n t s  a r e  t r e a t e d  w i t h  t h e  c o m b i n a t i o n  o f  
a  n e u r o l e p t i c  p l u s  a n  a n t i d e p r e s s a n t .

To  d e t e r m i n e  w h e t h e r  s e r o t o n e r g i c  n e u r o n s  w e r e  r e q u i r e d  f o r  
t h i s  e n h a n c e d  e f f e c t ,  c e n t r a l  5-HT l e s i o n s  w e r e  p r o d u c e d  i n  
r a t s .  R a t s  w e r e  a n e s t h e t i z e d ,  p r e t r e a t e d  w i t h  d e s i p r a m i n e  ( 2 5  
m g / k g )  an d  30 m i n  l a t e r  g i v e n  5 , 7 - d i h y d r o x y t r y p t a m i n e  ( 2 0 0  ug 
i n  1 0  u l )  i n t o  t h e  l a t e r a l  v e n t r i c l e .  F o u r t e e n  d a y s  l a t e r  t h e  
a n i m a l s  w e r e  t r e a t e d  t w i c e  d a i l y  w i t h  s a l i n e ,  CPZ ( 5  m g / k g ) ,  
IM I P  ( 1 0  m g / k g )  o r  CPZ p l u s  IMIP f o r  3 d a y s .  3 H - 5 - H T  ( 1 5  nM) 
u p t a k e  i n t o  c o r t i c a l  m e m b r a n e s  ( s h a m  c o n t r o l s= 5 8 2  ±  26  
f m o l / m g  p r o t / 5 m i n  ( n = 3 5 ) )  c o n f i r m e d  s u c c e s s f u l  l e s i o n i n g  w i t h  
a n  a v e r a g e  89% d e c r e a s e  i n  a l l  l e s i o n e d  ( n = 2 5 )  a n i m a l s .  T h e  
v a r i o u s  d r u g  t r e a t m e n t s  h a d  n o  e f f e c t  o n  t h i s  p a r a m e t e r .  3H- 
5- H T b i n d i n g  ( 5 -HT1 ) t o  c o r t i c a l  m e m b r a n e s  ( c o n t r o l  = 1 . 2 9  ± 
0 . 0 8  f m o l / g  t i s s u e  ( a t  1 . 0  nM 5 - H T ) )  w a s  u n a f f e c t e d  b y  e i t h e r  
t h e  d r u g  t r e a t m e n t s  o r  t h e  l e s i o n i n g ,  c o n f i r m i n g  e a r l i e r  
r e s u l t s  t h a t  t h e  5 - H T ,  b i n d i n g  s i t e  i s  n o t  i n v o l v e d  i n  t h e  
e n h a n c e d  a c t i o n  o f  CPz  + 4 M I P .

W i t h  r e g a r d s  t o  5 -H T 2 ( 3 H - s p i p e r o n e ;  S P I R O )  b i n d i n g ,  n a i v e  
( i n t a c t )  a n d  s h a m - o p e r a t e d  r a t s  g a v e  s i m i l a r  r e s u l t s  ( 3 . 6 9  ± 
0 . 2 0  f m o l / g  t i s s u e  a t  0 . 4  nM S P I R O ) .  CPZ a l o n e  p r o d u c e d  a  33 
a n d  37% r e d u c t i o n  i n  b i n d i n g  a n d  CPZ p l u s  IM I P  a  5 7  a n d  54% 
d e c r e a s e  i n  s h a m  and  l e s i o n e d  a n i m a l s ,  r e s p e c t i v e l y .  Th e 
r a t i o  o f  b i n d i n g  a t  1 . 2  a n d  0 . 4  nM S PI RO  w a s  s i m i l a r  i n  b o t h  
s a l i n e  and  d r u g - t r e a t e d  a n i m a l s  i n d i c a t i n g  a  d e c r e a s e  i n  B 
w i t h  n o  c h a n g e  i n  KD. IMIP w a s  i n e f f e c t i v e  a f t e r  t h e  3 d a y  
t r e a t m e n t  a n d  t h e  l e s i o n  i t s e l f  w a s  w i t h o u t  e f e c t  i n  a l t e r i n g  
5 - H T 2 b i n d i n g .  F r o m  t h e s e  r e s u l t s  i t  i s  c o n c l u d e d  t h a t  i n t a c t  
s e r o t o n e r g i c  n e r v e  t e r m i n a l s  a r e  n o t  r e q u i r e d  f o r  t h e  do w n - 
r e g u l a t i o n  o f  5 - H T 2 r e c e p t o r s  p r o d u c e d  b y  CPZ o r  b y  CPZ p l u s  
IMIP  a n d  c o n f i r m s  o t h e r  r e p o r t s  t h a t  5-HT n e u r o n s  a r e  n o t  
r e q u i r e d  f o r  t h e  d o w n - r e g u l a t i o n  o f  5 - H T 2 r e c e p t o r s .  T h i s  
c o n t r a s t s  w i t h  t h e  r e p o r t  t h a t  i n t a c t  5-H T t e r m i n a l s  a r e  
r e q u i r e d  f o r  t h e  d o w n - r e g u l a t i o n  o f  b e t a  r e c e p t o r s  b y  c h r o n i c  
t r i c y c l i c  a n t i d e p r e s s a n t s .  W h e t h e r  5 -H T2 r e c e p t o r s  ( o r  b i n d 
i n g  s i t e s )  a r e  p o s t - s y n a p t i c  b u t  n o t  i n f l u e n c e d  b y  s n a p t i c  5 -  
HT i s  u n c l e a r .

330.12   5 ,  7-DIHYDROXYTRYPTAMINE DOES NOT PREVENT THE DOWN REGULA
T ION OF BETA-ADRENERGIC AND SEROTONIN-2 RECEPTORS AND BEHA
VIORAL CHANGES IN FORCED SWIMMING TEST, INDUCED BY DESIPRA
MINE.
S h iq e h i r o  M a tsu b a ra *, Masahiko M ik u n i*. J u n i i  I c h ik a w a * and  
I t a r u  Y a m a sh ita *  (SPON. P. Tueting, Ph.D.).
Dep. o f  P s y c h ia t .  H o k k a id o  U n iv . S c h l .  o f  Med. S a p p o ro , 
H o k k a id o , 0 6 0 , J a p a n

R e c e n t ly ,  i t  was r e p o r t e d  t h a t  th e  down r e g u l a t i o n  o f  
b e t a - a d r e n e r g i c  r e c e p t o r  in d u c e d  by d e s ip ra m in e (D M I)  n e e d ed  
i n t a c t  s e r o t o n i n (5-HT) n e u ro n s .

We i n v e s t i g a t e d  th e  e f f e c t s  o f  5-HT n e u ro n  l e s i o n  on 
D M I-in d u ced  down r e g u l a t i o n  o f  b e t a - a d r e n e r g i c  and  S -2  r e 
c e p to r  b in d in g s  in  r a t  c e r e b r a l  c o r t e x .  We a l s o  e x am in ed  
w h e th e r  th e  d e s t r u c t i o n  o f  5-HT n e u ro n s  p r e v e n t s  t h e  b e h a 
v i o r a l  " a n t i d e p r e s s a n t "  e f f e c t  o f  DMI, u s in g  f o r c e d  swimm
in g  d e s c r i b e d  by P o r s o l t  e t  a l . ( E u r . J . P h a r m a c o l .1 9 7 8 ) .

D i f f e r e n t  fro m  P o r s o l t  who c h e c k e d  a c u te  e f f e c t s  o f  
d r u g s ,  we ex am in ed  " a n t i d e p r e s s a n t "  e f f e c t  a f t e r  10 d a y s  o f  
d ru g  a d m i n i s t r a t i o n .  Of 4 d r u g s  e x a m in e d , DM I(15m g/kg) an d  
im ip ra m in e (1 5 m g /k g ) , by w h ich  th e  d e n s i t y  o f  b o th  2 r e c e p 
t o r s  w ere  d e c r e a s e d ,  s i g n i f i c a n t l y  r e d u c e d  th e  d u r a t i o n  o f  
im m o b i l i t y ( d e s p a i r )  o f  r a t s ,  and  w ere  t h e r e f o r e  e v a lu a t e d  
a s  " a n t i d e p r e s s a n t s " .  H ow ever, c lo m ip ra m in e (1 5 m g /k g )  and  
c h lo r p r o m a z in e ( 10m g/kg) w ere  e v a lu a t e d  w i th o u t  " a n t i d e p r e 
s s a n t "  e f f e c t  i n  t h e  f o r c e d  swimm ing t e s t .  The fo rm e r  d id  
n o t  a l t e r  t h e  d e n s i t y  o f  b o th  r e c e p t o r s  an d  th e  l a t e r  d e c 
r e a s e d  th e  d e n s i t y  o f  S -2  w i th o u t  any  c h a n g e  o f  b e t a - a d r e 
n e r g i c  r e c e p t o r .

L e s io n  o f  5-HT n e u ro n s  ( i . c . v .  a d m i n i s t r a t i o n  o f  5 ,  7 -  
d ih y d ro x y t ry p ta m in e )  d e c r e a s e d  5-HT c o n te n t  in  f r o n t a l  c o r 
t e x  by a b o u t  80% a s  co m p ared  w i th  t h a t  o f  s h a m - le s io n e d  
r a t s  w i th o u t  s i g n i f i c a n t  c h a n g e s  o f  NE and  DA c o n te n t s  d e 
te r m in e d  by HPLC. Such l e s i o n  d id  n o t  a l t e r  t h e  d e n s i t y  n o t  
o n ly  o f  b e t a - a d r e n e r g i c  b u t  a l s o  o f  S -2  r e c e p t o r s .  M o re o v e r , 
D M I-in d u ced  down r e g u l a t i o n  o f  b e t a - a d r e n e r g i c  and  S -2  r e c e 
p t o r s  was n o t  a f f e c t e d  by 5-HT n e u ro n  d e s t r u c t i o n  ( p e r c e n t  
d e c r e a s e  o f  r e c e p t o r  num ber in d u c e d  by DMI w ere  29.8%  and  
25.0% f o r  b e t a - a d r e n e r g i c ,  and  29.3% and  33.0% f o r  S -2  r e 
c e p to r s  i n  s h a m - le s io n e d  and  l e s i o n e d  r a t s  r e s p e c t i v e l y ) .  
In  a c c o rd a n c e  w i th  t h e s e  f i n d i n g s , " a n t i d e p r e s s a n t "  e f f e c t  o f  
DMI in  f o r c e d  swimming t e s t  was n o t  i n f l u e n c e d  by l e s i o n  o f  
5-HT n e u ro n s .
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330.13  EFFECTS OF SINGLE INJECTION OF CHLORPROMAZINE AND/OR YOHINBIN 
ON SEROTONIN-2 RECEPTOR BINDING IN RAT CEREBRAL CORTEX. 
M a sa h ik o  M ik u n i* . S h i g e h i r o  M a ts u b a ra * ,  I t a r u  Y a m a sh ita*  
and  H e r b e r t  Y. M e l t z e r  (SPON. Jo h n  M e tz , P h .D .) ,
D e p t . o f  P s y c h i a t .  H o k k a id o  U n iv . S c h l .  o f  Med. S a p p o ro , 
H o k k a id o , 0 6 0 , J a p a n  and  D e p t . o f  P s y c h i a t .  U n iv . o f  C h ic a g o  
P r i t z k e r  S c h l .  o f  Med. C h ic a g o ,  IL  60637

We r e p o r t e d  p r e v i o u s ly  t h a t  c h r o n ic  a d m i n i s t r a t i o n  o f  
some n e u r o l e p t i c s  r e d u c e d  th e  d e n s i t y  o f  s e r o t o n in - 2 ( S - 2 )  
r e c e p t o r  b in d in g  s i t e s  a s  w e l l  a s  v a r i o u s  a n t i d e p r e s s a n t s .  
M ain i n t e r e s t  in  t h i s  f i e l d  i s  why S -2  a n t a g o n i s t s  r e d u c e  
th e  d e n s i t y  o f  S -2  r e c e p t o r  b i n d in g  s i t e s ,  w h e re a s  c h r o n ic  
t r e a tm e n t  w i th  D-2 a n t a g o n i s t s  i n c r e a s e  t h e  num ber o f  D-2 
r e c e p t o r  b in d in g  s i t e s .

We i n v e s t i g a t e d  th e  t im e  c o u r s e  o f  S -2  r e c e p t o r  num ber 
a l t e r a t i o n  in d u c e d  by s i n g l e  i n j e c t i o n  w i th  lO m g/kg o f  
c h lo rp ro m a z in e (C P Z )  a n d /o r  y o h in b in (Y O H ), o r  m ia n s e r i n (MSN). 
A n im a ls  w e re  s a c r i f i c e d  2 , 6 , and  24h a f t e r  t h e s e  s i n g l e  
i n j e c t i o n s .  The m ax im al r e d u c t io n  in  S -2  b in d in g  o c c u re d  2h 
a f t e r  th e  i n j e c t i o n  w i th  CPZ a lo n e ,  CPZ p l u s  YOH, o r  MSN by 
80%, 80%, 60%, r e s p e c t i v e l y  co m p ared  w i th  s a l i n e  c o n t r o l s .  
T h is  r e d u c t io n  in  S -2  r e c e p t o r  num ber by CPZ was n o t  i n f l u 
e n c e d  by p r e i n c u b a t i o n  o f  h o m o g en ized  t i s s u e s  w i th  T r i s  
b u f f e r  f o r  20m in a t  3 7 º C b e f o r e  c e n t r i f u g a t i o n .  By 24h th e  
d e n s i t y  o f  S -2  r e c e p t o r  b i n d in g  s i t e s  i n  CPZ t r e a tm e n t  g ro u p  
a lm o s t  r e t u r e d  t o  c o n t r o l  v a l u e s ,  w h i le  t h e  num ber o f  S -2  
r e c e p t o r s  i n  CPZ p l u s  YOH, and  MSN a lo n e  g ro u p s  w ere  s t i l l  
a b o u t  40% lo w e r  th a n  c o n t r o l s .  T h e se  r e s u l t s  s u g g e s t  th e  
a c u te  e f f e c t  o f  MSN on S -2  r e c e p t o r s ,  r e p o r t e d  by B la c k s h e a r  
e t  a l . ( J . P . E . T . , 1 9 8 2 ) ,  due  t o  t h e  i n t e r a c t i o n  w i th  a lp h a - 2 -  
a d r e n e r g i c  a n t a g o n i s t i c  p r o p e r t y  o f  MSN.

We a l s o  e x am in ed  th e  e f f e c t  o f  v a r i o u s  d o s e s  o f  CPZ on 
S -2  r e c e p t o r  d e n s i t y  a t  2h a f t e r  t h e  i n j e c t i o n .  The d e n s i t y  
o f  S -2  b in d in g  s i t e s  s i g n i f i c a n t l y  d e c r e a s e d  a t  2 , 5 , and 
10m g/kg o f  CPZ by 30%, 60%, 80%, r e s p e c t i v e l y .

I n  a d d i t i o n ,  we i n v e s t i g a t e d  w h e th e r  5 ,7 - d ih y d r o x y -  
try p ta m in e (D H T ) p r e t r e a t m e n t ( i . c . v . ) p r e v e n t  t h i s  r e d u c t io n  
in  S -2  r e c e p t o r  num ber in d u c e d  by 10m g/kg o f  CPZ, a t  2h a f t e r  
t h e  i n j e c t i o n .  The 80% r e d u c t io n  in  S -2  r e c e p t o r  num ber in  
DHT p r e t r e a t e d  g ro u p  was o b s e rv e d  a s  w e l l  a s  in  s h a m - le s io n e d  
g r o u p .

T h e se  r e s u l t s  i n d i c a t e  t h e  p o s s i b i l i t y  o f  d i r e c t  e f f e c t  
o f  CPZ on p o s t s y n a p t i c  S -2  r e c e p t o r s ,  and  o f  t h e  i n t e r a c t i o n  
w i th  a lp h a - 2 - a d r e n e r g i c  r e c e p t o r s  t o  p ro d u c e  th e  down r e g u 
l a t i o n  o f  S -2  r e c e p t o r s .

330. 14  INFLUENCE ON [3 H]-5-HYDROXYTRYPTAM INE BINDING 
SITE DEVELOPMENT IN CHICK EMBRYO BY SEROTONERGIC 
COMPOUNDS. J .S. Soblosky and I. 3eng*.  N eurochem . U nit, 
M issouri Inst. Psych iatry , D ept. B iochem ., Univ. M issouri- 
Colum bia, Sch. Med., St. Louis, MO 63139

Saturable and specific  binding s ite s  fo r [ 3H] 5- 
hydroxy tryp tam ine ( [3 H ]5-H T ) c h a ra c te rized  by a  KD of 3.5- 
4.5 nM w ere d e tec te d  in th e  chick em bryo brain and w ere shown 
to  develop linerally  as a  function  of age , w eight and p ro te in  
co n ten t. S atu ra tion  and d isp lacem ent studies using unlabeled 5- 
hydroxytryptam ine as the d isplacing ligand suggested a  single 
population of binding s ite s. D isplacem ent studies using 5- 
m e thoxy tryp tam ine , lysergic acid  d ie thylam ide (LSD) 2-brom o- 
lyserg ic acid d ie thylam ide (BOL), m ethysergide and spiperone as  
com peting  ligands suggested the  ex istence  of subclasses of 
[ 3H ] 5-HT binding s ite s  because th e  Hill co e ffic ien ts  w ere less 
than  unity . When com pared w ith the [3 H ]5-H T  binding s ite s  in 
the  ra t  fo rebrain  (5 -H T1) th e  IC 50  values of th e  drugs a re  sim ilar. 
H ow ever, d iffe ren ces  in the Hill co e ffic ie n ts  for lysergic acid 
d ie thylam ide and m ethysergide suggested th a t the  [3 H] 5-HT 
binding s ite s  in the chick em bryo brain may be m ore sim ilar to  
those found in ra t spinal cord than  ra t fo rebrain .

To study [ 3 H ]5-H T  binding s ite  regu lation  and developm ent 
various se ro tonerg ic  com pounds w ere in jected  into the  
chorioallan to ic  fluid of the eggs a t  d iffe re n t tim es during 
em bryonic developm ent. M ultiple p re tre a tm e n ts  w ith d ,l-5 - 
hydroxytryptophan, 5-hydroxytryptam ine or 2-brom o-lysergic ac id  
d ie thylam ide w ere found to  have no e f fe c ts  on e ith e r  th e  a ffin ity  
(Kq ) or num ber (Bm ax) of specific  [3 H] 5-HT binding s ite s . 
M ultiple p re tre a tm e n ts  w ith para-chlorophenylalanine w ere found 
to  inc rease specific  [3H ]5-HT binding 23% (p <.01) while m ultip le 
p re trea tm en ts  w ith lysergic acid  d ie thylam ide w ere found to  
d ec rease  specific  binding 45% (p<.01). N either of these  
p re tre a tm e n ts  a ffe c te d  Kq  values which indicated  th a t only th e  
num ber of specific  [ 3 H ]5-H T  binding s ite s  w ere a lte re d . 
Evidence was presen ted  suggesting th a t the se  e f fe c ts  w ere 
probably not due to  the am ounts of endogenous 5- 
hydroxy tryp tam ine or lysergic acid d ie thylam ide rem aining in th e  
tissue p repara tion . The overall ev idence indicated  th a t th e  chick  
em bryo brain may have a  functioning  sero tonerg ic  system  and 
th a t the chick  em bryo may be an ideal system  for th e  study of 
[3H ] 5-HT binding s ite  regulation  and developm ent.

3 3 0 .15  AUTORADIOGRAPHIC l o c a l iz a t io n  o f  a l t e r a t io n s  in  [ 3H ]-  
IMIPRAMINE, [ 3H] -SEROTONIN AND [ 3H]-KETANSERIN BINDING SITES 
IN THE RAT CNS AFTER CHRONIC IMIPRAMINE TREATMENT.  D .R . 
G e h le r t*  an d  J .K .  W amsley (SPON: J .  B a r i n g e r ) .  D e p t . o f  
P s y c h . an d  P h a r m . , U n iv . U ta h ,  S a l t  L ak e  C i t y ,  UT 8 4 1 3 2 .

T r i c y c l i c  a n t i d e p r e s s a n t s  (TCA) p ro d u c e  r a p i d  i n c r e a s e s  
i n  t h e  s y n a p t i c  a v a i l a b i l i t y  o f  m o n o am in es . Im ip ra m in e  (IM I) 
p ro d u c e s  t h i s  e f f e c t  p r i n c i p a l l y  by  an  i n h i b i t i o n  o f  t h e  
n e u r o n a l  r e u p t a k e  o f  s e r o t o n i n  (5 H T ). S in c e  t h e  c l i n i c a l  on 
s e t  o f  a c t i o n  r e q u i r e s  s e v e r a l  w e e k s , t h i s  a c u t e  e f f e c t  d o e s  
n o t  a p p e a r  t o  b e  d i r e c t l y  r e s p o n s i b l e  f o r  a n t i d e p r e s s a n t  
a c t i o n s .  A num ber o f  i n v e s t i g a t o r s  h a v e  r e p o r t e d  a  s e l e c t i v e  
" d o w n - r e g u la t i o n "  o f  t h e  5HT-2 r e c e p t o r  s u b ty p e  o c c u r s  i n  
r a t s  a f t e r  c h r o n i c  IMI a d m i n i s t r a t i o n .  T h is  r e d u c t io n  i n  
b in d in g  t a k e s  p l a c e  w i th  a  t im e  c o u r s e  s i m i l a r  t o  t h a t  r e 
q u i r e d  f o r  t h e  c l i n i c a l  r e m is s io n  o f  sym ptom s o f  d e p r e s s io n  
s e e n  i n  hum an p a t i e n t s  u n d e rg o in g  TCA t h e r a p y .  R e c e n t ly ,  
s p e c i f i c  b in d in g  s i t e s  f o r  [ 3H ]-IM I h a v e  b e e n  l o c a l i z e d  to  
s e r o t o n e r g i c  n e r v e  t e r m in a l s  i n  t h e  r a t  b r a i n .  I n t r i n s i c  t o  
a  f u n c t i o n a l  r o l e  f o r  t h e s e  b i n d in g  s i t e s  i s  t h a t  t h e  r e d u c 
t i o n  i n  5HT-2 b i n d in g  s h o u ld  o c c u r  i n  a r e a s  o f  t h e  b r a i n  co n 
t a i n i n g  a  h ig h  d e n s i t y  o f  IMI b in d in g  s i t e s .  T h e r e f o r e ,  
r e c e p t o r  a u to r a d io g r a p h y  h a s  b e e n  em ployed  t o  d e f i n e  t h e  
s p e c i f i c  b r a i n  a r e a s  e x h i b i t i n g  a l t e r a t i o n s  i n  s e r o t o n e r g i c  
b in d in g  s i t e s  f o l l o w in g  c h r o n ic  IMI t r e a t m e n t .

R a ts  w e re  a d m i n i s t e r e d  10 mg/Kg IMI tw ic e  d a i l y  f o r  3 
w e e k s .  S e c t i o n s  o f  b r a i n  t i s s u e  w e re  t h e n  l a b e l e d  w i th  [ 3H]- 
IM I, [ 3H]-5HT o r  [ 3H] - k e t a n s e r i n .  A u to ra d io g ra m s  w e re  g e n 
e r a t e d  by  a p p o s i t i o n  o f  t h e  l a b e l e d  t i s s u e  s e c t i o n s  t o  LKB 
U l t r o f i l m .  A f t e r  d e v e lo p m e n t,  t h e  g r a i n  d e n s i t i e s  p ro d u c e d  
by  t h e  s p e c i f i c a l l y  b ound  l i g a n d s  w e re  a n a ly z e d  by co m p u te r  
a s s i s t e d  m ic r o d e n s i to m e t r y .

U s in g  t h e s e  p r o c e d u r e s ,  c h r o n ic  IMI a d m i n i s t r a t i o n  was 
fo u n d  t o  in d u c e  a  m ark ed  r e d u c t i o n  i n  [ 3H ] - k e t a n s e r i n  b in d 
in g  t o  5HT-2 r e c e p t o r s  i n  s e v e r a l  b r a i n  n u c l e i  i n c l u d i n g  t h e  
a n t e r i o r  m e d ia l  and  a n t e r i o r  v e n t r a l  th a l a m u s ,  s u b s t a n t i a  
n i g r a ,  o l f a c t o r y  t u b e r c l e  and  t h e  l a t e r a l  s e p tu m . A u to r a d io 
g ram s g e n e r a t e d  by  s e r i a l  t i s s u e  s e c t i o n s  l a b e l e d  w i th  [ 3H] -  
IMI d i s p l a y e d  a n  i n c r e a s e d  g r a i n  d e n s i t y  a s s o c i a t e d  w i th  t h e  
c a u d a te -p u ta m e n ,  l a t e r a l  se p tu m  an d  o l f a c t o r y  t u b e r c l e .  The 
r e d u c t i o n s  i n  5HT-2 r e c e p t o r  b in d in g  w e re  c o n f in e d  a t  a r e a s  
c o n ta i n in g  a  h ig h  d e n s i t y  o f  IMI b in d in g  s i t e s .  T h e se  d a t a  
s u g g e s t  a  f u n c t i o n a l  r o l e  f o r  t h e  IMI b in d in g  s i t e  i n  c a u s 
in g  t h e  " d o w n - r e g u la t i o n "  o f  5HT-2 r e c e p t o r s  w h ic h  o c c u r s  
f o l l o w i n g  IMI a d m i n i s t r a t i o n .
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3 3 1 .1   BRAIN stem dysfunction after severe head trauma evidenced 
BY SOMATOSENSORY AND AUDITORY EVOKED POTENTIALS (EP’s) .
L. S ilb ert* , P. Newlon* and D. Becker.  Div. of Neurosurg.,  
Medical College or V irg in ia , Richmond, VA 23298-0001

Although coma, i t s e l f ,  is  commonly considered to be due 
to  brain  stem (BS) dysfunction, an objective account of the 
incidence and im plication of BS dysfunction in  comatose 
head-in jured  p a tien ts  is  not availab le . We have therefore 
analyzed the conduction values (CV) obtained in  59 of these 
p a tien ts  who demonstrated in ta c t somatosensory (SEL) and 
auditory (BAEP) early  latency EP's, as they re la te  to out
come. P atien ts with grossly abnormal or absent EP's were 
not included, nor were those who did not receive both te s ts .

CV's were obtained from interpeak la tencies of waves I-V 
in  the BAEP and N13-P17 (recorded a t C7) in the SEL. CV's 
were considered abnormal i f  they were ≥ 2 SD of the norma
tiv e  mean.

Of 59 p a tie n ts , 50% had normal SEL and BAEP CV's, 20% 
had BAEP abnorm alities only, 15% had SEL abnormalities 
only and 15% had delayed conduction in both m odalities. 
Outcomes of these groups are shown below:

Abnormality n
Good/ 

Moderate
Outcome (%) 

Severe/Vegetative Dead
None 29 55 17 28
BAEP only 1 2 58 8 33
SEL only 9 44 44 1 1
Both m odalities 9 33 1 1 56

These re su lts  suggest th a t even though the brain  stem 
may be grossly in ta c t ,  dysfunction as evidenced by EP con
duction delays is  ra th er common, a lb e it  tra n s ie n t in  some 
cases. Precise co rre la tions between the EP indices of 
dysfunction and c l in ic a l  measures were not found, leaving 
the neurophysiologic basis of the abnormalities in question.

The EP abnorm alities do not appear to be p a rtic u la rly  
u sefu l, by themselves, in  c lea rly  discrim inating outcome, 
although delays in both m odalities do point to a poor 
prognosis in  general. The finding th a t SEL's and BAEP's 
a re  normal a f t e r  in ju ry  in  h a lf  of the patien ts  does not 
ru le  out dysfunction in  areas not tapped by these modali
t ie s .  However, the poor outcomes seen in th is  group were 
often associated with secondary in su lt and/or d iffuse hemi
spheric damage as seen in long latency v isual and somato
sensory EP's. This work was supported in part by NIH 
Grant NS 12587.

331.2  EFFECTS OF PERFLUOROCARBON EMULSION TRANSFUSION, HYPERVOL
EMIC HEMODILUTION AND ALTERATIONS OF PROSTAGLANDIN SYNTHE
SIS ON POST-TRAUMATIC RECOVERY OF SPINAL CORD CONDUCTION 
IN RATS.  H. F. Martin, J . G. Blackburn, S. Katz and M. 
Rowland*.  Dept. Of Physiology, Medical University of 5. C ., 
Charleston, S. C. 29425.

Rats were anesthetized with pentobarbital (25 mg/kg, 
I .P .)  and ketamine (83 mg/kg, I.M.) for surg ical prepara
tion  then maintained by supplemental ketamine alone. 
Somatosensory evoked po ten tia ls  (SEP's) were recorded b i 
la te ra l ly  from stim ulation of s c ia t ic  nerves before and 
a f te r  ca lib ra ted  spinal cord trauma was produced by a 2  

weight-drop device with contact surface area of 5.4 mm2. 
SEP's were monitored a t regular in tervals during 4-6 hours 
of acute recovery. At 4-8 g-cm trauma, SEP's fu lly  recov
ered following a loss immediately a f te r  in ju ry . With 
10-16 g-cm trauma, slow recovery occurred over a 2-4 hour 
period, frequently terminated by a secondary loss a t 3 1/2- 
5 hours. With trauma of 20-24 g-cm, most animals had no 
recovery of SEP's. Thus 24 g-cm trauma was used as the 
t r i a l  level since i t  is  ju s t  above the level of variable 
recovery in the untreated animal.

Subsequent se ts of ra ts  were trea ted  with an agent to 
a l te r  a chosen hemodynamic fac to r and SEP recovery assessed 
a f te r  24 g-cm trauma. In order to reduce the contribution 
of the formed elements of the blood to vascular reactions 
a f te r  trauma, animals were transfused with perfluorocarbon 
emulsion (Oxypherol, Alpha Therapeutics) to  Hct.<10%.  
This resu lted  in most animals having p a r t ia l  recovery of 
SEP's. Hypervolemic hemodilution with 4cc of 10% Dextran- 
40 resu lted  in marked improvement in recovery in  most 
animals. I f  animals were p re -trea ted  with the cyclo
oxygenase in h ib ito r Ibuprofen (Upjohn, 15 mg/kg), most had 
p a r t ia l  recovery followed by secondary loss of SEP's by  
4-5 hours. I f  animals were p re -trea ted  with the thrombox
ane synthetase in h ib ito r Dazoxiben (Pfizer, 30 mg/kg), most 
had a maintained substan tia l recovery.

This preparation therefore appears to be a good model to 
assess  tra n s ie n t  changes in  conduction fo llow ing sp in a l 
cord trauma. These re su lts  suggest tha t a lte ra tio n s  in 
hemodynamic factors play a s ig n if ican t ro le  in recovery of 
spinal cord conduction and th a t prostaglandins, especially  
thromboxane, may mediate p a rt of the response to trauma.
(Supported by NINCDS grant # 2P01-NS11066-10)

331.3  THE EFFECTS OF SPINAL CORD INJURY ON RECORDINGS OF 
A MOTOR EVOKED POTENTIAL IN THE SPINAL CORD AND 
PERIPHERAL NERVES.  M. M cC affrey , W. 3. Levy, T. Spagnolia,
D. H. Y ork.  Division of N eurosurgery, U niversity  of Missouri 
School of M edicine, Colum bia, M issouri 65212.

In o rder to  develop an experim en ta l and clin ica l too l for 
eva luation  of c e n tra l nervous system  dam age, we have been 
m onitoring th e  co rtico sp inal evoked po ten tia l c re a te d  by 
s tim u la tion  of the  m otor co rtex , e ith e r  d irec tly  or transcran ia lly  
through th e  scalp (Levy, York, M cC affrey and T anzer, 
NEUROSURGERY, August 1984). S tim ulation  of m otor co rtex  
produces a descending signal w ith c o n tra la te ra l limb ac tiva tion  
which follow s tra d itio n a l descrip tions of m otor co rtex  pyram idal 
t r a c t  a c tiv a tio n . Adult c a ts  a re  an e sth e tized  w ith K etam ine and 
Rom pun, m ainta ined  on a  re sp ira to r, surg ica l exposures a re  done of 
the  spinal cord  in the  m id -tho racic , low th o rac ic  and lum bar a rea . 
The periphera l nerves, sc ia tic  and rad ial, a re  also exposed for 
m onitoring . R ecording e lec tro d es  a re  p laced  a t  th e se  s ites and a 
Cadw ell 7400 signal ave rager is used, w ith th e  s tim u la to r being 
e ith e r  th e  C adw ell s tim u la to r or a G rass S8 8  through an SIU 7 and 
C C U l stim ulus iso lation  u n it. C u rren ts  of 10 to  20 m illiam peres 
a re  delivered  tran sc ran ia lly  betw een  a scalp e lec tro d e  over the  c a t 
m otor c o rtex  and a  second e lec tro d e  up aga inst the  hard p a la te . 
Three types o f spinal cord  m anipulations w ere ca rried  out for 
ev a luation . In one a balloon in serted  in to  th e  epidural space a t  the 
high th o rac ic  a rea  was progressively in fla ted  and the  
som atosensory  and m otor evoked p o ten tia ls  w ere m onitored . It 
w as observed th a t  both p o ten tia ls  would f irs t sh ift th e ir  la tency  
and then  d ec rease  th e ir  am plitude as the  pressure inc reased . The 
m otor evoked po te n tia l in som e cases d em onstra ted  a  sh ift in 
am plitude befo re  th e  som atosensory  evoked po ten tia l, recovered  
m ore slow ly. H owever, a t  a  point w here th e  balloon com pression 
caused  com plete  loss of th e  som atosensory evoked po ten tia l, a 
sm all but delayed m otor evoked po ten tia l was p resen t. Secondy, a 
w eight drop techn ique was ca rried  out on th e  spinal co rd . The 
m otor evoked po te n tia l would dim inish with th e  im pact and then 
re tu rn  over a period of 5 to  15 m inutes. In some cases, a la rge 
f irs t w ave appeared  w ith loss of la te r  w aves, previously described 
as an injury po te n tia l. Thirdly, th e  spinal cord  was c u t using e ith e r 
a  CO 2 laser or a  section  of razo r b lade. The peripheral nerve 
signaP  of th e  m otor evoked po ten tia l depended en tire ly  upon 
con tinu ity  of th e  la te ra l co rtico sp inal t r a c t .  These studies a re  
ind ica tive  th a t th e  m otor evoked po te n tia l can  be used as a 
m onitoring too l in experim en ta l work for studying c e n tra l nervous 
system  injury. It is also p o ten tia lly  valuable as a  c lin ical tool.

331. 4  INTRACORTICAL LAMINAR RESPONSES TO MONOCULAR FLASH STIMULI 
M.A. Kraut* J .C . A rezzo , and H.G. V aughan, J r .   D ep t. o f  
N eu roscience  and N euro logy , A lb e rt E in s te in  C o l l . o f  Med. 
B ronx, N.Y. 1046l

In  a c o n tin u in g  e f f o r t  t o  d e f in e  th e  g e n e ra to r s  o f  th e  
s u r fa c e  re co rd e d  VEP, we have compared th e  i n t r a c o r t i c a l  
d i s t r i b u t i o n  o f f l a s h  v i s u a l  evoked p o te n t i a l s  (VEP), 
m u l t ip le  u n i t  a c t i v i t y  (MUA), and c u r r e n t  so u rce  d e n s i ty  
(CSD) in  th e  monkey s t r i a t e  c o r te x  under i p s i l a t e r a l  and 
c o n t r a l a t e r a l  m onocular c o n d i t io n s .  D ata were c o l le c t e d  
from 40 dep th  p a s s e s  in  4 u n a n e s th e tiz e d  monkeys (M. f a s c i 
c u l a r i s )  u s in g  a l6  ch a n n e l, m u l t ic o n ta c t  e l e c t r o d e ,  w ith  
c o n ta c t im pedances o f  ap p ro x im a te ly  300 kOhms and sp ac in g s  
o f 75 urn.

The MUA w ith in  lam ina  IV was th e  m easure most c l e a r ly  
d i f f e r e n t i a t e d  w ith  m onocular s t im u la t io n .  At s e v e ra l  
s i t e s ,  u n i t  f i r i n g  in c re a s e d  ap p ro x im a te ly  100%, as  compared 
to  spon taneous r a t e s ,  fo llo w in g  s t im u la t io n  o f  one ey e , 
w h ile  showing l i t t l e  o r  no in c re a s e  in  a c t i v i t y  fo llo w in g  
s t im u la t io n  o f  th e  o p p o s ite  eye . The in c re a s e d  MUA i s  
p re s e n t  from l8  to  50-60 msec fo llo w in g  s t im u la t io n .  An 
a p p ro x im a te ly  eq u a l number o f  c o n t r a l a t e r a l  and i p s i l a t e r a l  
dom inant s i t e s  were e n c o u n te red . At each  s i t e  th e  b in o c u la r  
MUA resem bled  th e  dom inant m onocular a c t i v i t y .  C u rren t 
so u rces  and s in k s  w ith in  and a d ja c e n t to  lam ina  IV c o n ta in  
o s c i l l a t i o n s  c o n s is te n t  in  freq u en c y  and phase w ith  th o s e  
seen  in  th e  MUA. The most c o n s is te n t  VEP and CSD changes 
a s s o c ia te d  w ith  m onocular s t im u la t io n  were asym m etries in  
am p litude  o f  th e  NEO and N55 com ponents t h a t  a re  a s s o c ia te d  
w ith  n e u ro n a l a c t iv a t io n  in  lam ina  IVCb (K rau t e t  a l . , 
N eu ro sc i. A b str . 9 s 1983).

Our f in d in g s  show c l e a r  h o r iz o n ta l  o c u la r  dominance 
re g io n s  w ith in  s t r i a t e  lam ina  IV in  th e  monkey to  d i f f u s e  
f l a s h .  These d a ta  a re  in  c o n fo rm ity  w ith  th e  s e g re g a t io n  
o f  m onocular c o r t i c a l  p r o je c t io n s  and re sp o n se s  o f  s in g le  
u n i t s  w ith in  lam ina  IV. The com bination  o f  MUA and VEP 
re c o rd in g s  p ro v id e s  a p h y s io lo g ic  p r o f i l e  o f  la m in a r ac 
t i v i t y  t h a t  i s  c a p ab le  o f  r e s o lv in g  th e  re sp o n se  o f  s t r i a t e  
c o r te x  v e r t i c a l l y  w ith in  th e  sub lam inae o f  th e  th a lam o 
r e c i p i e n t  la y e r  and h o r iz o n ta l ly  to  a t  l e a s t  th e  d im ensions 
o f  o c u la r  dominance r e g io n s .

S upported  in  p a r t  by NIH NRSA MH15788, and HD01799 and 
MH06723 from th e  USPHS.
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331. 5  EVOKED POTENTIAL PATTERNS IN DIFFERENT AREAS OF 
THE AUDITORY CORTEX OF THE BEHAVING CAT.
G, Karmos* M. M olnár,* V. Csépe* and I .  W inkler*
 I n s t . f o r  P sy c h o l, o f  th e  H ungarian  Acad. S c i . ,  
B u d a p e s t, H ungary, H-1394 /SPON:

The r e g i o n a l  d i f f e r e n c e s  i n  th e  ev o k ed  p o te n 
t i a l  /E P / c o m p o n en ts  o f  d i f f e r e n t  a u d i t o r y  c o r t i 
c a l  a r e a s  w ere  s t u d i e d  w i th  c h r o n i c a l l y  im p la n te d  
m u l t i e l e c t r o d e s  w h ic h  a l lo w e d  th e  s im u l ta n e o u s  
r e c o r d i n g  o f  t h e  f i e l d  p o t e n t i a l s  f ro m  th e  s u r f a c e  
and  fro m  s i x  c o n s e c u t iv e  d e p th s  o f  t h e  c o r t e x  
/K arm os e t  a l .  P h y s io l .&  B e h a v . l9 8 2 ,2 9 :5 6 7 / .  The 
s t i m u l i  w e re  c l i c k s  o r  e l e c t r i c a l  im p u ls e s  g iv e n  
t o  t h e  m e d ia l  g e n i c u l a t e  b o d y  /MGB/. T h ree  d im en 
s i o n a l  c o m p u te r  g r a p h ic s  w ere  u s e d  to  v i s u a l i z e  
th e  e v o k ed  i n t r a c o r t i c a l  p o t e n t i a l  f i e l d s .

A f te r  h a b i tu a t io n  th e  EPs re c o rd e d  from  a g iv e n  
c o r t i c a l  p o in t  were re m a rk a b ly  s t a b le  i n  i d e n t i c a l  
b e h a v io r a l  s t a t e s ,  w h ile  EPs o f  d i f f e r e n t  c o r t i c a l  
a r e a s  had w id e ly  d i f f e r e n t  waveform  p a t t e r n s .  
Changes i n  th e  an im als*  b e h a v io r ,  e .g .  i n  w a k e fu l
n e s s - s l e e p  c y c le  and d u r in g  a v e r s iv e  c o n d i t io n in g  
were accom panied  by co n sp ic u o u s  waveform  a l t e r 
a t i o n s .  In  th e  a l e r t  an im al th e  m ost c h a r a c t e r i s 
t i c  EP com ponents re c o rd e d  from  th e  s u r f a c e  o f 
th e  A .I .  a r e a  w ere th e  e a r ly  P10, N15 and th e  
m idd le  l a te n c y  P50 and N70 w aves. EPs in  A .I I .  
a r e a  c o n s is te d  o f  e a r l y  P l l ,  P20 and m idd le  l a t e n 
cy N50 and P80 com ponents . I n  drow sy and s le e p in g  
an im al b o th  th e  a m p litu d e  and th e  la te n c y  o f  th e  
m idd le  l a te n c y  com ponents in c r e a s e d  in  th e  A .I .  
a r e a ,  w h ile  i n  th e  A . I I .  a r e a  l a te n c y  in c r e a s e  o f  
th e  m idd le  la te n c y  com ponents was accom panied by 
g ra d u a l  a m p litu d e  d e c re a s e .  The e a r ly  com ponents 
d is p la y e d  o n ly  m inor am p litu d e  f l u c t u a t io n s .  Only 
th e  f i r s t  p o s i t i v e  com ponent showed phase  r e v e r s a l  
i n  th e  d e p th  o f  th e  c o r te x ,  th e  p o t e n t i a l  f i e l d s  
o f  th e  lo n g e r  l a te n c y  com ponents had more homoge
neous d i s t r i b u t i o n .

E l e c t r i c a l  s t im u la t io n  o f  th e  MGB in d u ced  EP 
p a t t e r n s  i n  th e  a u d i to r y  c o r te x  s im i l a r  to  th o se  
e l i c i t e d  by c l i c k  s t i m u l i .  The l e s io n  o f  th e  l a t e r 
a l  p a r t  o f  th e  MGB a b o l is h e d  n o t o n ly  th e  e a r ly  
b u t  a l l  th e  com ponents i n  th e  A .I .  a r e a  w hich 
q u e s t io n s  th e  r o l e  o f  th e  tim e  lo c k e d  n o n - s p e c i f i c  
r e t i c u l o - t h a l a m i c  in p u t  i n  th e  g e n e s is  o f  th e  
lo n g e r  l a te n c y  c o r t i c a l  EP com ponents.

331.6  ENHANCEMENT OF MIDDLE LATENCY AUDITORY- EVOKED POTENTIALS 
IN NORMAL HUMAN AGING  C . C . C layw orth* and D avid L . Woods 
(SPON: K. S ig v a r d t ) .  C l i n ic a l  N eu rophysio logy  L a b o ra to ry , 
D ep t. o f  N euro logy , UC D av is , VA M edical C e n te r , M artin ez , 
Ca. 94553

We ccnpared middle la ten cy  au d ito ry  evoked p o te n tia ls  
(MAEPs) in  popu la tions o f  young (age 18-35 y rs )  and e ld 
e r ly  (ages 60-70 y rs )  s u b je c ts . MAEPs were e l i c i t e d  by 
monaural and b in a u ra l c l ic k s  p resen ted  a t  rap id  ra te s  
(1 3 /sec) , and were recorded from th e  v e rtex , over tem poral 
s i t e s ,  and from the  m astoid p rocesses. In  s ix  d i f f e r e n t  
co n d itio n s  s tim u li were p resen ted  to  th e  l e f t  e a r , b in au r
a l ly ,  o r to  th e  r ig h t  e a r  a t  d i f f e r e n t  in te n s i t i e s  (50 o r  
60 dB SL).

In  a l l  cond itions the  e ld e r ly  showed a s t r ik in g  
enhancement (more than  200%) in  th e  am plitude o f  th e  Pa 
component. These d iffe ren c e s  a re  i l l u s t r a t e d  below in  th e  
grand mean ERPs from one con d itio n  (b in au ra l s tim u la tio n  
a t  50 dB above th re s h o ld ) .

The e f f e c ts  o f  th e  ea r  o f  s tim ulus d e liv e ry  on MAEP 
d is tr ib u t io n s  and th e  e f f e c ts  o f  b in a u ra l in te ra c tio n  w i l l  
a ls o  be d iscussed .

331.7  MIDDLE AND LONG-LATENCY AUDITORY EVOKED POTENTIALS IN 
PATIENTS WITH BITEMPORAL LESIONS  David L. Woods, C. C. 
Clayworth*, R. T. K night*, and G. Simpson*.  C lin ic a l  Neu
rophysio logy Laboratory, Dept. o f  Neurology, UC Davis, VA 
M edical C enter, M artinez, Ca. 94553

We recorded middle la ten cy  au d ito ry  evoked p o te n tia ls  
(MAEPs, la ten cy  range 10-70 msec) and long-la ten cy  AEPs 
(N100 and P200) in  f iv e  p a t ie n ts  (ages 39 -  82 y rs )  w ith  
b item pora l le s io n s  lo c a liz e d  by CT scan . The p a tie n ts  
showed varying  degrees o f  damage o f  prim ary au d ito ry  cor
te x  and a u d ito ry  a sso c ia tio n s  a re as , and au d ito ry  symptoms 
ranging  frem re c ep tiv e  aphasias to  t o t a l  c o r t ic a l  deaf
n ess .

MAEP reco rd ing  revealed  th re e  d i f f e r e n t  p a tte rn s  o f 
r e s u l t s :  1) Two p a t ie n ts  (A.B. and V. B.) showed normal
MAEPs w ith  sym m etrical d is t r ib u t io n s  and comparable ampli
tu d es  follow ing s tim u la tio n  o f  e i th e r  e a r . 2) Two 
p a t ie n ts  (H. H. and C .B .) w ith  more severe  involvement o f 
th e  l e f t  hemisphere showed reduced b u t symmetrical MAEPs 
fo llow ing  r ig h t  e a r  s tim u la tio n , and normal MAEPs follow 
ing  l e f t  e a r  s tim u la tio n . 3) One p a t ie n t  (L.W.) w ith  
involvement o f  m esial p a r ie ta l  a reas  o f  th e  l e f t  hemi
sphere  showed an asym m etrical red u c tio n  in  MAEP am plitudes 
on th a t  s id e . In  a d d itio n , MAEPs were sm aller follow ing 
r ig h t  than  l e f t  e a r  s tim u la tio n .

Long-latency AEPs were recorded in  four o f  th e  m 
p a t ie n ts .  Again th re e  p a tte rn s  were observed: 1) In  two 
p a t ie n ts  (A.B. and H. H .) w ith  le s io n s  r e s t r i c te d  to  the  
tem poral lobes, N100s had normal am plitudes and d is t r ib u 
t io n s .  2) In  o n e  p a t ie n t  (V. B .) , w ith  damage extending 
in to  th e  in f e r io r  p a r ie ta l  lobe, th e  N100 was reduced 
b i l a t e r a l l y .  3 ) . In  th e  rem aining p a t ie n t  (L. W.) w ith   
involvement o f  m esial p a r ie ta l  a reas  on th e  l e f t ,  N100 
am plitudes were sm all and reduced over th e  a f fe c te d  hemi
sphere.

MAEPs and long-la te n cy  AEPs were d is so c ia te d  by b ra in  
le s io n s  in  two p a t ie n ts .  In  one p a t ie n t  (V. B.) MAEPs 
were i n ta c t  b u t th e  N100 was reduced, w hile  in  ano ther (H.  
H .) e a r  asymmetries were found in  th e  MAEPs, b u t th e  N100 
was normal.

The d iscu ss io n  o f  th e se  r e s u l t s  w i l l  c en te r  on th e  neu
roanatom ical g en era to rs  o f  middle and long-la ten cy  AEPs.

3 3 1 .8  MIDLATENCY AUDITORY EVOKED RESPONSES: DIFFERENTIAL EFFECTS
OF SLEEP IN THE HUMAN.  R. E rw in , J .  B u c h w ald , D. L e t a i  and  
J . S c h w a fe l . *  B r a in  R es. I n s t . ,  M ent. R e t .  R e s . C t r . ,  D e p t. 
P h y s i o l . ,  UCLA Med. C t r . ,  Los A n g e le s ,  CA 9 0 0 2 4 .

I n  n o rm a l a d u l t  hum an s, a u d i t o r y  s t i m u l i  ev o k e  a  s e r i e s  
o f  s h o r t  l a t e n c y  ( 1 0  ms) ev o k ed  r e s p o n s e s .  T h ese  a u d i t o r y  
b r a in s te m  r e s p o n s e s  (ABRs) a r e  now known t o  b e  g e n e r a t e d  by  
t h e  a u d i t o r y  r e l a y  n u c l e i  o f  t h e  b r a in s te m  d u e ,  i n  p a r t ,  to  
s y s te m a t i c  s tu d y  o f  t h e  ABRs i n  a n im a l m o d e ls ,  e . g . ,  t h e  c a t .  
S u b s e q u e n t  t o  t h e  ABRs, m id d le  l a t e n c y  r e s p o n s e s  o c c u r  i n  
human and  a l s o  i n  t h e  c a t  m o d e l. Of p a r t i c u l a r  i n t e r e s t  i n  
t h e  c a t  i s  a  2 0 -2 5  ms p o s i t i v e  p o t e n t i a l  (w ave A) w h ic h  a p 
p e a r s  t o  r e f l e c t  a  g e n e r a t o r  sy s te m  e x te n d in g  fro m  t h e  
m e s e n c e p h a l ic  r e t i c u l a r  f o r m a t io n  upw ard  to  t h e  i n t r a l a m i n a r  
th a la m u s .  I n s o f a r  a s  t h i s  m id d le  l a t e n c y  p o t e n t i a l  d im in i 
s h e s  and d i s a p p e a r s  d u r in g  S ta g e  3 and  4 s l e e p  i n  t h e  c a t  
(C h en , e t  a l . , N e u r o s c i . A b s t . 1 0 :1 9 8 4 ) ,  a  s i m i l a r  s tu d y  o f  
m id d le  l a t e n c y  r e s p o n s e s  d u r in g  s l e e p  was u n d e r ta k e n  on  h u 
man s u b j e c t s .  M id d le  l a t e n c y  p o t e n t i a l s  w e re  r e c o r d e d  from  
a  g ro u p  o f  n o rm a l a d u l t  s u b j e c t s  d u r in g  p e r i o d s  o f  w a k e f u l 
n e s s  and s l e e p  i n  r e s p o n s e  t o  1 / s e c  c l i c k s  ( 0 .1 m s ,  50 db HL).  
Evoked p o t e n t i a l s  w e re  r e c o r d e d  fro m  t h e  v e r t e x  (C z) and b i 
p o l a r  e y e  and c h in  e l e c t r o d e s  w ere  u s e d  to  m o n ito r  e y e  move
m ent and  m u sc le  a c t i v i t y .  F o r  e a c h  b lo c k  o f  500 s t i m u l i  an  
a v e ra g e d  ev oked  r e s p o n s e  was g e n e r a t e d .  S le e p  s t a g e s  w ere  
a s s e s s e d  th ro u g h  i n s p e c t i o n  o f  o n - g o in g  EEG r e c o r d s  and 
l a t e r  c o n f irm e d  th ro u g h  s p e c t r a l  a n a l y s i s .

A s e r i e s  o f  p ro m in e n t  m id d le  l a t e n c y  co m p o n en ts  w ere  o b 
s e rv e d  i n  e a c h  w ak in g  s u b j e c t :  1) a  p o s i t i v i t y  3 0 -4 0  ms f o l 
lo w in g  s t im u lu s  o n s e t ,  2 ) a  n e g a t i v i t y  a t  4 0 -6 0  m s, 3) a  
s e c o n d  p o s i t i v i t y  a t  6 0 -7 5  m s, and  4 ) a  s e c o n d  n e g a t i v i t y  
o c c u r r in g  a t  7 5 -9 0  m s. T h ese  p o t e n t i a l s  c o r r e s p o n d  t o  t h o s e  
d e s c r ib e d  by  P i c to n  e t  a l .  (EEG 3 6 : 1 7 9 , 19 7 4 ) a s  P a ,  Nb,
P I ,  an d  N l ,  r e s p e c t i v e l y .  D u rin g  S ta g e  3 and  4 s l e e p  t h e  
a m p l i tu d e  o f  t h e  f i r s t  p o s i t i v i t y  (P a ) i n c r e a s e d .  The a m p l i 
t u d e  o f  t h e  se c o n d  p o o i t i v i t y  ( P I )  d e c re a s e d  o r  d i s a p p e a r e d  
e n t i r e l y ,  s o  t h a t  t h e  p r e c e d a n t  and  s u b s e q u e n t  n e g a t i v i t i e s  
a p p e a re d  f u s e d .  T h e se  f in d i n g s  s u g g e s t  t h a t  c e r t a i n  m id d le  
l a t e n c y  co m p o n en ts  a r e  s e n s i t i v e  t o  c h a n g e s  i n  a r o u s a l .  The 
s i m i l a r i t y  b e tw e en  t h e  human 6 0 -7 5  ms p o s i t i v i t y ,  " P I ” , and  
t h e  c a t  2 0 -2 5  ms p o s i t i v i t y ,  "w ave A ", b o th  i n  g e n e r a l  m or
p h o lo g y  an d  b e h a v io r  d u r in g  w a k in g - s le e p  s t a g e s ,  s u g g e s t s  
t h a t  t h e s e  w aves may s h a r e  a  common g e n e r a t o r  s u b s t r a t e .  
(S u p p o rte d  by  USPHS HD-05958 and  H D -04612).
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3 3 1.9  MIDLATENCY AUDITORY EVOKED RESPONSES: DIFFERENTIAL EFFECTS 
OF SLEEP IN THE CAT.  B.M . C hen*, J ,  B u ch w ald , C. S h ip le y * ,   
B r a in  R e s . I n s t . ,  M en t. R e t .  R es . C t r . ,  D e p t. P h y s i o l . ,   
UCLA Med. C t r . ,  Los A n g e le s ,  CA 9 0 0 2 4 .

In  p r e v i o u s  w ork  we h a v e  shown t h a t  a  s e q u e n c e  o f  a u d i 
t o r y  e v o k ed  p o t e n t i a l s  c a n  b e  r e c o r d e d  fro m  t h e  v e r t e x  o f  
t h e  aw ake c a t  i n  r e s p o n s e  t o  r e p e t i t i v e  c l i c k  s t i m u l a t i o n .  
The a u d i t o r y  b r a in s te m  r e s p o n s e  (ABR), o r i g i n a t i n g  w i t h in  
t h e  f i r s t  10 ms fro m  t h e  a u d i t o r y  b r a in s te m  r e l a y  n u c l e i ,  
i s  f o l lo w e d  b y  m id d le  and  lo n g  l a t e n c y  p o t e n t i a l s .  A p o s i 
t i v e  p o t e n t i a l  o f  1 0 -1 5  ms l a t e n c y  a p p e a r s  t o  b e  g e n e r a t e d  
by  p r im a ry  a u d i t o r y  c o r t e x ,  e . g . ,  t h e  r e s p o n s e  o c c u r s  a t  
t h e  l a t e n c y  o f  t h e  p r im a ry  c o r t i c a l  r e s p o n s e ,  show s s i m i l a r  
r e c o v e r y  c y c le  c h a r a c t e r i s t i c s  and  d i s a p p e a r s  w i th  b i l a t 
e r a l  a b l a t i o n  o f  a u d i t o r y  c o r t e x .  The s u b s e q u e n t  p o s i t i v e  
p o t e n t i a l  w i th  a  2 0 -2 5  ms l a t e n c y  (wave A) r e f l e c t s  a  d i f 
f e r e n t  g e n e r a t o r .  As i n d i c a t e d  by c o r r e l a t i v e  m e a s u re s  o f  
s u r f a c e  an d  d e p th  f i e l d  p o t e n t i a l  an d  s i n g l e  u n i t  l a t e n c i e s ,  
r e c o v e r y  c y c l e s ,  an d  l e s i o n  s t u d i e s ,  t h i s  g e n e r a t o r  s y s te m  
e x te n d s  from  th e  d o r s o m e d ia l  m id b r a in  r e t i c u l a r  fo rm a tio n  
t o  t h e  c e n t r e  m ed ian  an d  c e n t r a l i s  l a t e r a l i s  n u c l e i  o f  th e  
th a l a m u s .  Wave A d i s a p p e a r s  u n d e r  p e n t o b a r b i t a l  a n e s t h e s i a  
w h e re a s  t h e  p r e c e d e n t  ABRs an d  c o r t i c a l  p o t e n t i a l  do n o t .   
We h y p o th e s i z e d  t h a t  wave A, b u t  n o t  t h e  e a r l i e r  p o t e n t i a l s ,  
w ou ld  a l s o  d i s a p p e a r  d u r in g  S ta g e  3 an d  4 s l e e p ,  p e r i o d s  o f  
d e c r e a s e d  a c t i v i t y  i n  t h e  r e t i c u l a r  a r o u s a l  s y s te m . V e r te x  
r e c o r d in g s  w ere  c a r r i e d  o u t  on r e s t r a i n e d  a d u l t  c a t s  w i th  
t h e  h e a d  h e ld  i n  a  c o n s t a n t  p o s i t i o n  f o r  f r e e - f i e l d  so u n d  
s t i m u l a t i o n .  D u rin g  r e c o r d in g  s e s s i o n s  c l i c k  s t i m u l i  w ere  
p r e s e n t e d  a t  1 / s e c  an d  50 t r i a l  b lo c k s  w ere  a v e ra g e d  on a 
DEC 1 1 /2 3  c o m p u te r .  F o l lo w in g  6 awake r e c o r d in g  s e s s i o n s ,  
w h ich  sa m p le d  r e s p o n s e s  o v e r  30 t o  40 m in , t h e  c a t  was 
s l e e p  d e p r iv e d  o v e r  a  2 d ay  p e r i o d .  S u b s e q u e n t  ev o k ed  r e s 
p o n s e  r e c o r d in g s  w ere  a g a in  c a r r i e d  o u t  o v e r  a  6 t o  8 h o u r  
p e r i o d ,  d u r in g  w h ich  t h e  c a t  was a l lo w e d  t o  s l e e p  ad  l i b .  
C o n c u r re n t  EEG a c t i v i t y  was t a p e  r e c o r d e d  f o r  l a t e r  o f f 
l i n e  s p e c t r a l  a n a l y s i s .  D u rin g  S ta g e  3 an d  4 s l e e p ,  i n d i 
c a t e d  by n e c k  EMG, e y e  m ovem ent an d  EEG m e a s u r e s ,  wave A 
an d  i t s  s u b s e q u e n t  n e g a t i v i t y  d im in is h e d  o r  d i s a p p e a r e d  
c o m p le te ly .  A m id d le  l a t e n c y  com ponen t i n  t h e  hum an, " P i " ,  
a l s o  d i s a p p e a r s  d u r in g  S ta g e  3 and  4 s l e e p  (E rw in , e t  a l , 
N e u r o s c i .  A b s t .  1 0 : 1 9 8 4 ) . T hese  d a t a  s u g g e s t  t h a t  wave A 
i n  t h e  c a t ,  (and  p o s s i b l y  " P I"  i n  t h e  h u m an ) , p r o v id e s  an  
e l e c t r o p h y s i o l o g i c a l  w indow i n t o  t h e  r e t i c u l a r  a r o u s a l  
s y s te m . (S u p p o rte d  by USPHS HD -05958, and  H D -04612).

331. 1 0   CAT P 3 0 0 INDEPENDENT OF PRIMARY AUDITORY CORTEX.  J .  H a r r is o n  
’ and  J .  B u ch w ald .  B r a in  R e s . I n s t . ,  M en t. R e t .  R es . C t r . ,

D e p t.  P h y s i o l . ,  UCLA Med. C t r . ,  Los A n g e le s , CA 9 0 0 2 4 .
The human P300 p o t e n t i a l  i s  a  r e s p o n s e  t o  u n e x p e c te d  

s t i m u l i  p r e s e n t e d  ran d o m ly  w i t h in  t h e  c o n te x t  o f  e x p e c te d  
s t i m u l i .  I t  a p p e a r s  t o  m ea su re  s t im u lu s  d i s c r i m i n a t i o n ,  
s e q u e n t i a l  in f o r m a t io n  p r o c e s s in g ,  and  s h o r t - t e r m  memory and  
h a s  becom e i n c r e a s i n g l y  i n t e r e s t i n g  t o  n e u r o l o g i s t s , p s y c h 
i a t r i s t s  and  o t h e r  c l i n i c i a n s ,  s i n c e  i t  i s  a b n o rm a l i n  
some b r a i n  d i s e a s e s ,  e . g . ,  A l z h e im e r 's .  The d i a g n o s t i c  
u t i l i t y  o f  t h e  P 3 0 0 , an d  th e  c o g n i t i v e  f u n c t i o n s  i t  r e f l e c t s ,  
make t h e  q u e s t i o n  o f  i t s  g e n e r a t o r  s u b s t r a t e  p a r t i c u l a r l y  
c o m p e l l in g .  We h a v e  r e p o r t e d  (B uchw ald , J .  an d  S q u ire s , N.  
I n :  C o n d i t i o n in g , P lenum , N .Y ., (C. Woody, E d .)  5 0 3 , 1982;  
J . H a r r is o n  and  J . B uchw ald N e u r o s c i .  A b s t . 9 : 1 1 9 6 , 1983) 
an e n d o g e n o u s  r e s p o n s e  i n  t h e  awake c a t  w h ich  o c c u r s  w i th  
a  t y p i c a l  P300 p r o t o c o l ,  i s  t a s k  r e l a t e d ,  an d  shows a  m ax i
mum p o s i t i v i t y  i n  t h e  2 0 0 -5 0 0  m sec l a t e n c y  r a n g e  which*, w i th  
p r i n c i p a l  com ponen t a n a l y s i s  (PCA), show s s i g n i f i c a n t l y  d i f 
f e r e n t  f a c t o r  s c o r e s  f o r  r a r e  v e r s u s  f r e q u e n t  s t i m u l i ,  a l l  
c h a r a c t e r i s t i c s  o f  t h e  human P300 .

The p r e s e n t  s tu d y  a s s e s s e d  t h e  r o l e  o f  t h e  p r im a ry  a u d i 
t o r y  c o r t e x  a s  a  p o s s i b l e  g e n e r a t o r  o f  t h e  a u d i t o r y  P300 .
In  d a i l y  r e c o r d in g  s e s s i o n s ,  s t i m u l i  w ere  ran d o m ly  o r d e r e d  
w i th  a  lo u d  c l i c k  f r e q u e n t  (P = .8 0 ) and  s o f t  c l i c k  r a r e  (P= 
.1 5 )  d u r in g  tw o 5 0 0 - t r i a l  b l o c k s .  S t im u lu s  p r o b a b i l i t y  was 
c o u n te r - b a l a n c e d  i n  tw o o t h e r  5 0 0 - t r i a l  b l o c k s .  A 4KHz to n e  
fo l lo w e d  by e y e l i d  sh o c k  a l s o  o c c u r r e d  r a r e l y  (P = .0 5 ) and  
p r o v id e d  an  e y e l i d  c o n d i t i o n e d  r e s p o n s e  w h ich  fo c u s e d  th e  
c a t ' s  a t t e n t i o n .  PCA and p a i r e d  T -t e s t s  w ere  u s e d  t o  com
p a re  r e s p o n s e s  t o  t h e  r a r e  an d  f r e q u e n t  c l i c k  s t i m u l i  a c r o s s  
10 p r e - o p e r a t i v e  c o n t r o l  s e s s i o n s .  A s e p t ic  s u r g e r y  was th e n  
c a r r i e d  o u t  u n d e r  p e n t o b a r b i t a l  a n e s t h e s i a  an d  th e  m id 
e c t o s y l v i a n  g y ru s  (p r im a ry  a u d i t o r y  c o r t e x )  was a s p i r a t e d  
b i l a t e r a l l y .  F o llo w in g  a  2 d ay  r e c o v e r y  p e r i o d ,  r e s p o n s e s  
t o  r a r e  and  f r e q u e n t  c l i c k  s t i m u l i  w ere  a g a in  r e c o r d e d  
a c r o s s  10 s e s s i o n s .  P a i r e d  T - t e s t  c o m p a r is o n s  o f  t h e  r a r e  
v s .  f r e q u e n t  lo u d  c l i c k  r e s p o n s e s  show ed a  s i g n i f i c a n t  d i f 
f e r e n c e  b e tw een ' d a t a  p o i n t s  i n  t h e '  2 0 0 -5 0 0  m sec l a t e n c y  r a n g e  
b e f o r e  s u rg e r y ..  T h is  s i g n i f i c a n t  d i f f e r e n c e  was s t i l l  
p r e s e n t  a f t e r  s u r g e r y .  S u b s e q u e n t  h i s t o l o g y  d e m o n s t r a te d  
c o m p le te  b i l a t e r a l  a b l a t i o n  o f  t h e  m id - e c t o s y lv i a n  g y r u s ,  
w i th  a d j a c e n t  c o r t e x  s p a r e d .  T hese  r e s u l t s  s u g g e s t  t h a t  
p r im a ry  a u d i t o r y  c o r t e x  d o e s  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  
t o  a u d i t o r y  P300 g e n e r a t io n . (S u p p o rte d  by USPHS HD -05958, 
A G -04088, and  H D -04612).

331.11  AUDITORY BRAINSTEM RESPONSES (A BR 'S) IN NORMAL AND 
PAROXYSMAL WHITE LEGHORN CHICKS.  M.M. Beck and T.A. Jo n es .  
D e p ts .  o f  A n im a l S c ie n c e ,  U n iv e r s i t y  o f  N eb rask a-L in co ln , 
and O ra l  B io lo g y , U n iv e r s i t y  o f  N e b ra s k a  M e d ic a l C e n te r ,  
L in c o ln , NE 68583

The p a ro x y s m a l ( p x ) c h ic k  i s  a m u ta n t w h ich  a p p e a r s  
n o rm a l  a t  h a t c h in g  and d u r in g  th e  s u b s e q u e n t  w eek . By 
a p p ro x im a te ly  9d p o s th a tc h in g , v a r io u s  symptoms d ev e lo p , o f 
w hich  th e  m ost obv ious a r e  d ep re ssed  food in ta k e  (a n o re x ia )  
and  a u d io g e n ic  s e i z u r e s  (C o le ,  R.K., J .  H e r e d i ty  5 2 :4 7 -5 2 ,  
1961 ; K u e n z e l , W.J. and J .B . R u b e n s te in ,  Exp. Z o o l. 1 8 7 :6 3 -  
7 0 , 1 9 7 4 ) . H i s t o l o g i c a l  e v id e n c e  s u g g e s t s  t h a t  c e n t r a l  
a u d i t o r y  and v e s t i b u l a r  n u c l e i  and f i b e r  t r a c t s  b e g in  to  
d e g e n e r a te  p r i o r  to  s e i z u r e  o n s e t .  T h is  d e g e n e r a t i o n ,  
w h ic h  a f f e c t s  c e n t r a l  and p e r i p h e r a l  c o m p o n en ts  o f  b o th  
s y s t e m s ,  b ec o m es  i n c r e a s i n g l y  s e v e r e  o v e r  t im e  a l th o u g h  
a u d i t o r y  s t i m u l a t i o n  c o n t in u e s  to  e l i c i t  s e i z u r e s  (B eck ,
M.M., e t  a l . ,  B ra in  R es. 2 6 0 :1 1 -2 0 .  1 9 8 3 ). The o b s e rv e d  
a n a to m i c a l  a b n o r m a l i t i e s  p ro m p te d  th e  p r e s e n t  s tu d y  o f  
a u d i t o r y  f u n c t i o n  in  t h e s e  b i r d s .  C h ic k s  u se d  w ere  
a p p ro x im a te ly  3 .5 -w eek -o ld  px (5 )  and n o n -p x  (3 ) s i b l i n g s .  
C l i c k s  (.0 6  ms d u r a t i o n )  o f  a p p r o x im a te ly  4 0 , 5 0 , o r  60 
dBHL w ere d e l iv e r e d  m o n a u ra lly  th ro u g h  a 2.5" p l a s t i c  tu b e . 
In  each  c h ic k , s t a i n l e s s  s t e e l  w ire  e le c tro d e s  w ere su tu re d  
i n t o  th e  s k in  o v e r l y in g  th e  v e r t e x  and b a s e  o f  th e  s k u l l .  
EEG s ig n a l s  w ere a m p lif ie d  (10K), f i l t e r e d  (LF300, HF10K), 
a n d  l e d  t o  a s i g n a l  a v e r a g e r .  F o r  r e c o r d i n g s ,  512 
r e s p o n s e s  w ere  a v e ra g e d  ( 1 0 / s e c  s t i m u l a t i o n  r a t e )  to  
p roduce  ABR's. Seven m ajo r p o s i t i v e  peaks w ere i d e n t i f i e d  
in  th e  n o rm a l b i r d s .  In  a l l  b i r d s ,  h y p o th e rm ia  p ro d u c e d  
p ro g re s s iv e  d e la y s  in  peak la t e n c i e s ,  su g g e s tin g  (b u t n o t 
p r o v in g )  t h a t  th e  m a jo r  p e a k s  w ere  o r g a n iz e d  in  a s e r i a l  
f a s h io n ,  w here each  su c c e s s iv e  peak may r e p re s e n t  a c t i v i t y  
in  m ore r o s t r a l  s t r u c t u r e s .  M ajo r r e s p o n s e  d i f f e r e n c e s  
b e tw e e n  px . and n o rm a ls  o c c u r r e d  f o r  p e a k s  l a t e r  th a n  3A. 
S u b s t a n t i a l  d e c re a s e s  in  th e  a m p litu d e  o f wave 4 o cc u rre d  
in  a l l  px c h ic k s . L a te n c ie s  w ere s u b s t a n t i a l l y  lo n g e r f o r  
a l l  p e a k s  in  px  c h i c k s  when co m p ared  to  th e  n o rm a l 
c o u n t e r p a r t s  a t  e q u i v a l e n t  s t i m u l u s  i n t e n s i t i e s ,  a 
p h e n o m e n o n  p e r h a p s  d u e  i n  p a r t  t o  lo w e r  px  b o d y  
te m p e ra tu re s .

R e s e a rc h  s u p p o r te d  by U n iv e r s i ty  o f  N ebraska A g r ic u l tu r a l  
E x p e r im e n t  S t a t i o n  F unds (1 3 -0 6 1 )  and by  UNMC C o lle g e  o f  
D e n t i s t r y  R esearch  G rant #25-83.

331. 12  PRINCIPAL COMPONENT ANALYSES OF SENSORY EVOKED POTENTIALS IN 
THE DENTATE GYRUS OF THE RAT. R.E. Hampson* , T.C. F o s te r* ,  
E.P. C h r is t ia n , M.O. West and S.A. Deadwyler, Dept. of 
Physiology & Pharmacology, Bowman Gray Sch. Med., Winston- 
Salem, NC 27103

In previous s tu d ie s  we determined th a t the aud ito ry  
evoked p o te n tia l recorded from the ou ter m olecular lay e r of 
the den ta te  gyrus (OM AEP) con ta ins two prominent negative 
waves (N1 and N2) which a re  d i f f e r e n t ia l l y  a ffec ted  by 
various behavioral trea tm ents  as w ell as by le s io n s  of 
d if f e r e n t a f fe re n t f ib e r  systems to  th is  reg ion  (Deadwyler, 
e t  a l . ,  Science, 211:1181. 1981). In the  p resen t study,  
p r in c ip a l component an a ly sis  was u t i l iz e d  to  c h a rac te riz e  
the re la tio n s h ip  between the waveforms of the OM AEP and the 
cond itions under which id e n tif ie d  components a re  d if f e r e n 
t i a l l y  a lte re d  during performance of a two-tone aud ito ry  
d iscrim in a tio n  ta sk .

P r in c ip a l component an a ly sis  yielded  fiv e  basic  waveforms 
which accounted fo r over 90% of the  to ta l  variance of the  OM 
AEP waveform. Three of the basic  waveforms included 
components corresponding to  the  N1 wave. N2 waves were 
id e n tif ie d  in  a l l  f iv e  basic  waveforms, appearing la rg e  in  
those with N1 c o n trib u tio n s . A la te  p o s itiv e  wave (P2) 
appeared only in  basic  waveforms with N1 waves. Basic 
waveforms which included an N1 wave accounted fo r 42% of the 
variance, Basic waveforms which did not include an Nl, but 
re ta in ed  an N2 wave accounted fo r the remainder of the Nl 
and N2-dependent (OM AEP) waveform variance.

A second a n a ly sis  ex trac ted  p rin c ip a l components from OM 
AEPs which were so rted  and averaged on the b asis  of in d iv i
dual t r i a l  sequences (West e t  a l . ,  Neurosci. L e t t . , 28:319, 
1982). For four d if f e r e n t anim als, f iv e  basic  waveforms 
exh ib ited  combinations of Nl, N2 and P2 waves, accounting 
fo r over 80% of the variance. Three of these  basic  wave
forms showed co n s is te n t Nl and N2 am plitude changes across 
64 p ossib le  combinations of 5 - t r i a l  sequences. 28% of the 
variance was asso c ia ted  with basic  waveforms showing N2 
amplitude g rea te r than Nl am plitude. 21% of the  variance 
was a sso c ia ted  with basic  waveforms ex h ib itin g  Nl amplitude 
g re a te r  than N2 am plitude. This d i f f e r e n t ia t io n  c o rre s 
ponded to  t r i a l  sequences which could be segregated  with 
re sp ec t to  o v e ra ll p ro b a b ility  of a p o s itiv e  (N2) or nega
tiv e  (Nl) t r i a l .  Data from each animal scored by the 
weighting c o e f f ic ie n ts  showed s ig n if ic a n t sequence e f fe c ts  
( . 001≤ p . ≤.05  by ANOVA) over d if f e r e n t  types of sequence. 
These r e s u l ts  confirm our assumption as to  the independence 
of the Nl and N2 po rtions  of the OM AEP waveform.
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331. 13  EFFECTS OF OPERANTLY CONDITIONING CORTICAL SOMATOSENSORY
EVOKED POTENTIAL (SEP) AMPLITUDE ON CONTINUOUS NON-TIME- 
LOCKED MOVEMENT AND REFLEX MOVEMENT IN THE RAT.  J . P .  R o sen 
f e l d  an d  R . Dowman,  D e p t . o f  P s y c h o lo g y ,  N o r th w e s te rn  
U n i v e r s i t y ,  E v a n s to n ,  IL  60201 and NYS D e p t . o f  H e a l th ,  C t r .  
f o r  L abs and R e s e a rc h ,  A lb a n y , NY 12201

C o n tin u o u s  n o n - t im e lo c k e d  m ovem ents ( u n r e l a t e d  to  th e  
e v o k in g  s t i m u l u s )  h a v e  b e e n  shown to  d e c r e a s e  SEP a m p l i tu d e .  
(H azem ann e t  a l , EEG C l .  N euro  3 9 :2 4 7 ,  1 9 7 5 ) .  We w ere 
i n t e r e s t e d  i n  d e te r m in in g  w h e th e r  su ch  m ovement c o u ld  be 
m e d ia t i n g  o p e r a n t ly  c o n d i t i o n e d  c h a n g e s  in  SEP a m p l i tu d e .  We 
a l s o  m ea su red  r e f l e x i v e  m ovem ents o f  th e  h e a d  and u p p e r  body 
p ro d u c e d  by th e  e v o k in g  s t im u lu s  (w h ich  was in n o cu o u s  
s t i m u l a t i o n  o f  th e  s p in a l  t r i g e m i n a l  t r a c t )  d u r in g  t r a i n i n g .

R a ts  ( 6 ) w ere  rew a rd e d  w ith  e l e c t r i c a l  s t i m u l a t i o n  o f  th e  
m e d ia l  f o r e b r a i n  b u n d le  f o r  m ak ing  th e  a m p l i tu d e  o f  a 30 m sec 
s u r f a c e  p o s i t i v e  com ponen t (P 2 )  o f  th e  SEP l a r g e r  th a n  
( u p t r a i n )  o r  s m a l le r  th a n  ( d o w n t r a in )  th e  p r e d e te rm in e d  mean 
o f t h a t  c o m p o n e n t. M ovement was m o n ito re d  by a movem ent 
t r a n s d u c e r  (2  p h o n o g rap h  c a r t r i d g e s  c o n n e c te d  in  s e r i e s )  
m o u n ted  ( p e r p e n d ic u l a r  t o  one a n o th e r )  on th e  a n im a l 's  
r e c o r d in g  c a b le  n e a r  i t s  h e a d .  We h a v e  u se d  and  v a l i d a t e d  
t h i s  d e v ic e  b e f o r e  and h av e  fo u n d  i t  t o  be a r e l i a b l e  and 
v a l i d  m e a su re  o f  r e l a t i v e  am ounts o f  movem ent ( H e tz l e r  e t  a l ,  
P h y s i o l .  B eh . 2 1 :1 0 4 7 , 1 9 7 8 ) .  C o n tin u o u s  n o n - t im e lo c k e d  
m ovem ent was a n a ly z e d  by r e c t i f y i n g  and summing th e  m ovement 
t r a n s d u c e r  o u tp u t  o v e r  a  600 m sec ep o ch  o c c u r r in g  b e f o r e  
th e  d e l i v e r y  o f  th e  e v o k in g  s t i m u l u s .  L ik e w is e ,  m ovement 
t r a n s d u c e r  o u tp u t  o c c u r r in g  d u r in g  th e  200 m sec epoch 
f o l lo w in g  th e  e v o k in g  s t im u lu s  was r e c t i f i e d  and  summed.  
T h ese  two m e a s u re s  p r o v id e d  s e p a r a t e  e s t i m a t e s  o f  th e  
r e l a t i v e  am ounts o f  movem ent o c c u r r in g  d u r in g  t r a i n i n g .   
R e f le x  m ovem ent was a n a ly z e d  by a v e r a g in g  th e  m ovement 
t r a n s d u c e r  o u tp u t  i n  e x a c t l y  th e  same f a s h i o n  a s  th e  SEP.

A l l  a n im a ls  s u c c e s s f u l l y  c o n d ito n e d  ( i . e .  u p t r a i n e d  P2 
a m p l i tu d e  was l a r g e r  th a n  d o w n tra in e d  P2 a m p l i t u d e ) .  T h e re  
was no d i f f e r e n c e  i n  c o n t in u o u s  n o n - t im e lo c k e d  movement 
b e tw e e n  u p t r a i n i n g  and d o w n t r a in in g  ( P > .1 0 ) .  T h is  r e s u l t  
d e m o n s t r a te s  t h a t  c o n t in u o u s  n o n - t im e lo c k e d  movem ent i s  n o t  a 
n e c e s s a r y  m e d ia to r  o f  SEP c o n d i t i o n i n g .  R e f le x  a m p l i tu d e ,  
h o w e v e r , d id  ch an g e  w i th  t r a i n i n g .  R e f le x  a m p l i tu d e  was 
l a r g e r  i n  u p t r a i n i n g  th a n  in  d o w n t r a in in g  ( p < .0 5 ) .  T h is  
r e s u l t  d e m o n s t r a te s  t h a t  i n  a d d i t i o n  to  a l t e r i n g  n o c i c e p t iv e  
t h r e s h o ld  (Dowman e t  a l , B r a in  R e s . 2 6 9 :1 1 1 ,  1983) 
o p e r a n t ly  c o n d i t i o n in g  c o r t i c a l  SEP a m p l i tu d e  can  a f f e c t  
in n o c u o u s  s u b c o r t i c a l  r e f l e x  a c t i v i t y .

331.14  Spontaneous membrane potential fluctuations in hippocampal CA1 
cells in urethane-anesthetized rats.  L. S. Leung and C.Y. Yim. 
 Dept. of Psychology, Univ. of Western Chtario, London, Canada 
N6A5C2 and Dept. of Anaesthesia Research, McGill Univ., Montreal, 
Canada H3G1Y6.

Intracellular recordings were obtained from more than 40 hip
pocampal CA1 cells in urethane-anesthetized (1.2 g/kg i.p .)  rats, 
using potassiun acetate or chloride micropipets. Inhibitory 
postsynaptic potentials (IPSPs) were seen in many cells following 
fimbrial or alvear stimulation (at 0.1-0.2 Hz). In addition, 
many cells showed spontaneous fluctuations of the membrane poten
tia ls , of which the oscillation in the theta frequencies (3-5 Hz) 
could reach 10 mV in amplitude. The extracellular theta in the 
pyramidal cell layer seldom exceeded 0.5 mV. An extracellular 
electrode was placed in the contralateral hippocampus to record 
spontaneous EEG. The intra- and extracellular signals were 
analyzed by fast Fourier transform and autopower, cross-coherence 
and cross-phase spectra (0.5-100 Hz) were plotted. With 
acetate/chloride ion diffusion or by means of passage of hyperpo
larizing currents(1-10 nA), the evoked IPSP was reversed from a 
hyperpolarizing to a depolarizing direction. Concomitant with 
IPSP reversal, the phase of theta between intra- and 
extracellular signals also changed. Eight CA1 cells showed a 180 
degrees shift in this phase, while 3 others showed a 45-80 
degrees shift. Antidromic action potentials following alvear 
stinulati on were found in 5 out of 8 cells in the former group. 
The amplitude of the intracellular fluctuations in the theta or 
non-theta (0.5-100 Hz) range showed a direct correlation with the 
amplitude of the IPSP measured at about 10 msec following alvear 
stimulation. When irregular slow activities predominated 
(instead of theta), both intracellular and extracellular records 
gave similar power spectra except coherence between the records 
was low at a ll  frequencies. Glial cells did not have large 
transmembrane potential fluctuations.

This study reveals that physiologically identified CA1 
projection (probably pyramidal) cells possess transmembrane 
oscillations in the theta frequency, which behave like rhythmic 
IPSPs. I t  also draws that fluctuations in the membrane 
potentials at theta or non-theta frequencies are likely 
responsible for the generation of the extracellular EEG. Direct 
feedforward inhibition of CA1 cells by inhibitory intemeurons, 
or rhythmic modulation of tonic inhibition by septal afferents 
may give rise to the hippocampal theta rhythm. (Supported by MRC 
and NSERC grants).

331.15 BENZODIAZEPINE RECEPTOR ACTIVATION BY   DIAZEPAM (VALIUM)  
DISSOCIATES AND REORGANIZES HIPPOCAMPAL EEG-BODY MOVEMENT 
CORRELATIONS.  M .C a u d a r e l la ,  T .D u r k in * ,  D .G a le y * , Y . J e a n t e t*  
a n d  R . J a f f a r d * ,  L a b . N e u r o b io lo g ie :  M é d ia te u r s  e t  C o m p o rte 
m e n t ,  U n iv .  B o rd e a u x  I ,  33405 T a le n c e  C edex F r a n c e .

I n  V a n d e rw o lf  an d  c o - w o r k e r s ' t h e o r y  (B e h a v . B r a in  S c i . ,  
19 8 1 , 4 :4 5 9 )  t h e  f o l l o w in g  c o r r e l a t i o n s  (among o t h e r s )  b e t 
w een h ip p o c a m p a l EEG, c h o l i n e r g i c  m ech an ism s an d  m o to r  b e h a 
v i o r  a r e  p o s t u l a t e d :  1) W alk in g  i s  a lw a y s  a c co m p a n ie d  by 
r h y th m ic  s lo w -w a v e  a c t i v i t y  o f  7 -1 2  Hz (RSA o r  " t h e t a " )  i n  
t h e  h ip p o ca m p u s  (HPC) an d  i s  n e v e r  a s s o c i a t e d  w i th  l a r g e -  
a m p l i tu d e  i r r e g u l a r  a c t i v i t y  (LIA) w h ic h  i s  a s s o c i a t e d  w i th  
im m o b i l i t y ;  2) When RSA o c c u r s  d u r in g  im m o b i l i ty  o r  a n e s 
t h e s i a ,  i t  h a s  no  r e l a t i o n  t o  m ovem ent, i s  o f  lo w e r  f r e 
q u e n c y  (4 -6  Hz) a n d  i s  s e n s i t i v e  t o  c h o l i n e r g i c  b lo c k in g  
a g e n t s .  I n  a  s e r i e s  o f  e x p e r im e n ts  i n  w h ic h  m a le  BALB/cByJ 
m ic e  w e re  im p la n te d  s t e r e o t a x i c a l l y  w i th  b i p o l a r  p la t in u m  
e l e c t r o d e s  i n  CAl a r e a  o f  HPC w h ere  RSA a m p l i tu d e  r e a c h e d   
1 .5  mV, t h e  EEG s p e c t r a l  c h a r a c t e r i s t i c s  an d  t h e  a n i m a l 's  
m o to r  b e h a v io r  w e re  s tu d i e d  w h i le  t h e  a n im a ls  w a lk e d  on a  
2 4 -c m - lo n g  m o ving  b e l t  ( s p e e d :  2 .2  c m /s e c )  b o th  b e f o r e  an d  
a f t e r  i . p .  i n j e c t i o n s  o f  d iaz e p a m  (DZ) (V a liu m , 2 m g/kg) o r  
v e h i c l e  (T w e e n -N a C l) . M ost EEG a n a ly s e s  w e re  c a r r i e d  o u t  
o n - l i n e  b y  a  M ine 11 c o m p u te r .  The r e s u l t s  a r e  s u r p r i s i n g  
s i n c e  DZ p r o d u c e d  a  d i s s o c i a t i o n  o f  lo c o m o tio n  an d  RSA.  
O ur p r i n c i p a l  r e s u l t s :  1) U n in j e c t e d  an d  v e h i c l e - i n j . m ice  
show ed t y p i c a l  RSA (7 -8  Hz) w h i le  w a lk in g ;  2) U nder D Z , l o 
c o m o tio n  w as a lw a y s  a c c o m p a n ie d  by  L IA , n e v e r  b y  7 -8  Hz RSA 
(8 Ss ) ; 3) U n d er DZ, RSA w i th  a  s h a r p ,  n a rro w -b a n d  p e a k  a t  
4 -5  Hz w as a s s o c i a t e d  w i th  im m o b i l i ty  i f ,  an d  o n ly  i f ,  t h e  
im m o b i l i ty  im m e d ia te ly  fo l lo w e d  w a lk in g .  T h is  w as t r u e  whe
t h e r  t h e  a n im a l  i t s e l f  s to p p e d  w a lk in g  o r  t h e  e x p e r im e n te r  
s to p p e d  t h e  m o v in g  b e l t .  T h is  t h e t a  a c t i v i t y  p r e d o m in a te d  
f o r  a b o u t  30 s e c  ( d e c a y in g  r a p i d l y  a f t e r  a b o u t  10 s e c )  an d  
v i r t u a l l y  d i s a p p e a r e d  a f t e r  2 m in . T hus t h i s  ty p e  o f  RSA 
may r e p r e s e n t  some k in d  o f  s h o r t - t e r m  n e u r a l  t r a c e  o f  l o c o 
m o tio n ;  4) S c o p o la m in e  ( i . p .  1 m g /k g ) , a  c h o l i n e r g i c  b lo c k 
e r ,  g r e a t l y  r e d u c e d  t h e  D Z -in d u c ed  4 -5  Hz RSA b u t  a l s o  p a r 
t i a l l y  r e s t o r e d  7 -8  Hz RSA; 5) The i m p l i c a t i o n  t h a t  c h o l i n 
e r g i c  m ec h a n ism s  u n d e r l i e  t h e  DZ e f f e c t s  was i n v e s t i g a t e d  
b y  m e a s u r in g  N a - d e p e n d e n t , h i g h - a f f i n i t y  c h o l i n e  u p ta k e  
k i n e t i c s  i n  t h e  HPC o f  5 D Z -(2  m g/kg) a n d  4 v e h i c l e - i n j e c t 
e d  m ic e .  DZ p ro d u c e d  a  h i g h l y  s i g n i f i c a n t  b u t  u n e x p e c te d  
19% d e c r e a s e  i n  c h o l i n e  u p ta k e  v e l o c i t y .  R e s u l t s  4 an d  5 
s u g g e s t  t h a t  DZ e f f e c t s  on  HPC EEG in v o lv e  c h a n g e s  i n  s e p to -  
HPC c h o l i n e r g i c  a c t i v i t y ;  h o w e v e r , t h e  p r e c i s e  n a t u r e  o f  
t h e s e  c h a n g e s  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .

331.16  THE EFFECTS OF MOVEMENT AND TENSION ON SPONTANEOUS EEG IN 
NORMAL HUMAN SUBJECTS.  R .E. S te e n h u is .  D ep t. o f  Psycho logy , 
U niv. o f  W estern O n ta r io , London, O n ta r io , Canada, N6A 
5C2.

The e f f e c t s  o f  a v a r ie ty  o f  movements, body te n s io n  and 
th in k in g  abou t movement on spon taneous EEG were examined in  
s ix  norm al human s u b je c t s .  The EEG reco rd e d  from  th e  
o c c ip i t a l  (0 1 ) , v e r te x  (Cz) and som atosensory  (C3) le a d s  
w ith  r e fe re n c e  to  l in k e d  e a rs  (A1-A2) was a c q u ire d  o n - l in e  
by m icrocom puter. L o ga rithm ic  au to -pow er s p e c t r a ,  phase 
and coherence  s p e c t r a  between any two c h a n n e ls  were 
c a lc u la te d .

A c tiv i ty  in  th e  a lp h a  freq u en cy  band (AAB), peak 
frequency  9 .96  ± 0 .73  Hz (ran g e  7 .8 -1 0 .9  H z), was reco rd e d  
from a l l  s u b je c ts  a t  01 , Cz and C3. The maximal power was 
a t  01 in  fo u r  o f  th e  s u b je c ts  and a t  Cz in  th e  o th e r  tw o. 
AAB was co m p le te ly  su p p re sse d  by eye open ing  in  h a l f  th e  
s u b je c ts  b u t o n ly  s l i g h t l y  su p p re sse d  in  th e  o th e r s .  In  a l l  
s u b je c ts  w ith  eyes c lo s e d ,  movement and te n s io n  when 
compared to  re la x e d  im m o b ility  r e s u l t e d  in  a s l i g h t  
r e d u c t io n  o f  AAB power a t  01 , Cz and C3 (e x c e p t a t  01 , in  
one s u b je c t ) .  S u b s ta n t ia l  s u p p re ss io n  o f  AAB by movement 
and te n s io n  o cc u rre d  a t  a l l  s i t e s  in  two o f  th e  s u b je c ts  
who produced AAB w ith  eyes open . T h ink ing  ab o u t movement 
d id  n o t have a c o n s is te n t  e f f e c t  on AAB. C oherence between 
01 and Cz was s i g n i f i c a n t l y  low er th a n  betw een Cz and C3 
(p< 0 .0 0 1 ) fo r  a l l  c o n d i t io n s .  The phase r e l a t i o n s h i p  
between 01 and Cz was v a r i a b le  w h ile  Cz and C3 w ere 
c o n s i s te n t ly  in  p h ase .

In  p re v io u s  l i t e r a t u r e ,  mu and a lp h a  a c t i v i t y  have been 
d i f f e r e n t i a t e d  on th e  b a s is  o f  f req u en c y , topog raphy  and 
b e h a v io ra l r e s p o n s iv e n e s s . The b e h a v io ra l d i s t i n c t i o n  
between a lp h a  and mu a c t i v i t y  re p o r te d  by o th e r  
i n v e s t ig a to r s  was n o t found in  th e  p re s e n t  s tu d y . Eye 
opening  d id  n o t s e l e c t i v e ly  su p p re ss  o c c i p i t a l  AAB no r d id  
movement s e l e c t i v e ly  su p p re ss  c e n t r a l  AAB. The f a c t  t h a t  
th e  l a r g e s t  movement r e l a t e d  su p p re s s io n  o f  AAB o cc u rre d  
w ith  eyes open su g g es ted  an in t e r a c t io n  betw een v is u a l  
in p u t and motor o u tp u t .  C o n s is te n t w ith  p re v io u s  f in d in g s  a 
low coherence  between c e n t r a l  and o c c i p i t a l  a c t i v i t y  and a 
h ig h  coherence  between c e n t r a l  le a d s  su p p o rted  th e  p re sen ce  
o f  two g e n e ra to r s  o f  rh y th m ic a l a c t i v i t y  in  th e  a lp h a  
ra n g e , one o c c ip i t a l  and one c e n t r a l ,  (su p p o rted  by NSERC 
g ra n ts )
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131.17  TREE-STRUCTURED METHODS CLASSIFY SPATIAL PATTERNS OF BULBAR 
EEG AMPLITUDE.  K .A .G ra jsk i* , L .B reim an* , W. J .  Freem an. 
(SPON:D. W e is b la t ) .   Group in  B io p h y s ic s . D ep ts . o f  S t a t i s 
t i c s  and P h y s io lo g y . UC B erk e le y . B e rk e le y , CA 94720.

C la s s i f i c a t i o n  and R eg re ss io n  T rees  (CART) a r e  used  to  
c l a s s i f y  s p a t i a l  p a t t e r n s  o f  EEG am p litu d e  reco rd e d  in  th e  
o l f a c to r y  b u lb  o f  r a b b i t s .  In  e x p lo r in g  a c ro s s -a n im a l and 
w i t h i n - t r i a l  d i f f e r e n c e s ,  CART d em o n stra te s  th e  e f f e c t i v e 
n e s s  o f  EEG am p litu d e  a n a ly s i s .

CART im plem ents a c l a s s i f i c a t i o n  te c h n iq u e  to  r e c u r s iv e ly  
p a r t i t i o n  a  m u l t iv a r ia t e  d a ta  sp ace  (B reim an, 1984). The 
p a r t i t i o n i n g  p ro c e s s  y ie ld s  a  s e r i e s  o f  b in a ry  t r e e s  w ith  
v a ry in g  c o m p lex ity . D ata re -s a m p lin g  methods s e l e c t  a t r e e  
w hich m in im izes  co m p lex ity  and m axim izes p erfo rm an ce . CART 
makes no d i s t r i b u t i o n a l  assu m p tio n s  abou t th e  d a ta .

O s c i l l a to r y  b u r s t s  o f  f i e l d  p o t e n t i a l s  w ere re co rd e d  e p i 
d u r a l ly  from  th e  l a t e r a l  a s p e c t o f  th e  o l f a c to r y  b u lb  o f 
c h ro n ic a l ly  im p lan ted  r a b b i t s  w ith  an 8 by 8 e l e c t r o d e  
a r r a y .  Each b u r s t  i s  d is p la y e d  a s  a  c o n to u r  map o f am p litude . 
These maps r e v e a l  a c t iv e  EEG f o c i i  w ith  o v e r a l l  p a t t e r n  u n i
que to  each  an im a l. B u rs ts  from  each  o f  f iv e  r a b b i t s  a r e  r e 
p re s e n te d  a s  a 6 4 -v e c to r  o f  RMS a m p litu d e s . With d a ta  r e 
sam p lin g , CART p ro d u ces  a  t r e e  w ith  an e r r o r  r a t e  o f  0-15%. 
By n o rm a liz in g  th e  RMS v e c to r s ,  th e  s p a t i a l  s t r u c t u r e  o f  a 
b u r s t  i s  enhanced ; CART th e n  s e l e c t s  a t r e e  w ith  e r r o r  r a t e  
o f  0-1%. These r e s u l t s  co n firm  th e  o b s e rv a t io n  t h a t  w h ile  
b u r s t  am p litu d e  may v a ry ,  i t s  s p a t i a l  s t r u c t u r e  i s  s t a b l e  
(Freem an, in  p r e p a r a t io n ) .

These same r a b b i t s  a re  c l a s s i c a l l y  c o n d itio n e d  to  g iv e  a 
d i s c r im in a t iv e  re sp o n se  to  a  CS+ o d o r. B u rs ts  a re  reco rd e d  
b e fo re  and a f t e r  odor p r e s e n t a t io n .  The r e a c t io n  tim e to  an 
o l f a c to r y  cue f o r  r a b b i t s  i s  n e a r  one r e s p i r a t o r y  c y c le .  I t  
i s  h y p o th e s iz e d  t h a t  th e  c r i t i c a l  in fo rm a tio n  f o r  d is c r im i
n a t io n  l i e s  in  th e  " d e c is iv e "  b u r s t  reco rd e d  j u s t  a f t e r  odor 
p r e s e n ta t io n .  A ir - d e c i s iv e  b u r s t  p a i r s  from CS+ t r i a l s  w ith  
re sp o n se  and CS- t r i a l s  w ith o u t re sp o n se  a re  s tu d ie d .  Run
n in g  CART w ith  unno rm a lized  RMS y ie ld s  t r e e s  w ith  chance 
l e v e l s  o f  c l a s s i f i c a t i o n .  T h is  s u g g e s ts  th a t  odor d i s c r im i 
n a t io n  i s  n o t based  on b u r s t  am p litu d e  d is c r im in a t io n .  With 
n o rm a liz ed  RMS v a lu e s ,  CART a g a in  p roduces  chance le v e l  
t r e e s .  T h is  co n firm s th a t  p a t t e r n s  o f b u r s t  am p litu d e  do n o t 
change upon odo r a r r i v a l  d e s p i t e  am p litu d e  r e d u c t io n .

In  s h o r t ,  a pow erfu l new c l a s s i f i c a t i o n  te c h n iq u e  c o n 
firm s  t h a t  s p a t i a l  p a t t e r n s  o f  b u r s t  am p litu d e  a r e  s ta b l e  
and u n ique  to  each  a n im a l, b u t canno t c h a r a c te r iz e  th e  i n 
fo rm a tio n a l c o n te n t o f  a d e c is iv e  b u r s t .

3 31. 1 8   COMPARISON OF THE EFFECTS OF AN ADENOSINE AGONIST AND 
PENTOBARBITAL ON CORTICAL BLOOD FLOW AND EEG IN RATS. 
L.  T .  M e l t z e r * ,  F.  W. M a r c o u x ,  C.  C h r i s t o f f e r s e n * ,  J .  
J .  C o r d o n * ,  K. A.  S e r p a * . ( S p o n :  B u r c h f i e l )   
W a r n e r - L a m b e r t / P a r k e - D a v i s  P h a r m a c e u t i c a l  R e s e a r c h ,  Ann 
A r b o r ,  MI 4 8 1 0 5 .

A d e n o s i n e  a n d  m e t a b o l i c a l l y  s t a b l e  a d e n o s i n e  a n a l o g s  
(N6 -  l - p h e n y l  i s o p r o p y l  a d e n o s i n e ,  l - P I A )  p r o d u c e  a  v a r i e t y  
o f  p h a r m a c o l o g i c a l  e f f e c t s .  S y s t e m i c  a d m i n i s t r a t i o n  o f  
l - P I A  i n d u c e s  h y p o t e n s i o n ,  b r a d y c a r d i a ,  a n d  b e h a v i o r a l  
s e d a t i o n  ( i n h i b i t i o n  o f  l o c o m o t o r  a c t i v i t y )  i n  r o d e n t s .  
I n  t h e  b r a i n ,  a d e n o s i n e  a n d  i t s  a n a l o g s  g e n e r a l l y  h a v e  
i n h i b i t o r y  n e u r o p h y s i o l o g i c a l  e f f e c t s ,  b o t h  p r e s y n a p t i c  
a n d  p o s t s y n a p t i c .  I n  o r d e r  t o  m o r e  c o m p l e t e l y  e v a l u a t e  
t h e  c e n t r a l  e f f e c t s  o f  a d e n o s i n e ,  we a s s e s s e d  t h e  e f f e c t s  
o f  l - P I A  on  t w o  m e a s u r e s  o f  c e r e b r a l  a c t i v i t y ,  l o c a l  
c e r e b r a l  b l o o d  f l o w  (LC BF) a n d  e l e c t r o e n c e p h a l o g r a p h i c  
(EEG) a c t i v i t y .  T h e  e f f e c t s  o f  l - P I A  w e r e  c o m p a r e d  w i t h  
t h o s e  o f  t h e  CNS d e p r e s s a n t ,  p e n t o b a r b i t a l  ( P B ) . LCBF 
w a s  m e a s u r e d  b y  t h e  h y d r o g e n  c l e a r a n c e  m e t h o d  f r o m  a n  
e l e c t r o d e  i m p l a n t e d  i n  t h e  f r o n t a l  c o r t e x .  A t  l e a s t  t h r e e  
h y d r o g e n  c l e a r a n c e  c u r v e s  w e r e  t a k e n  p r e - d r u g  f o l l o w e d  
b y  t h r e e  c l e a r a n c e  c u r v e s  a t  1 5 ,  30  a n d  4 5  m i n u t e s   
p o s t - d r u g .  EEG a c t i v i t y  w a s  r e c o r d e d  d i f f e r e n t i a l l y  f r o m  
s c r e w  e l e c t r o d e s  i m p l a n t e d  b i l a t e r a l l y  o v e r  t h e  f r o n t a l  
c o r t e x .  E l e c t r o m y o g r a p h i c  (EMG) a c t i v i t y  w a s  r e c o r d e d  
d i f f e r e n t i a l l y  f r o m  b i l a t e r a l  t e m p o r a l i s  m u s c l e  w i r e  
e l e c t r o d e s .

B o t h  l - P I A  ( 0 . 1  a n d  0 . 3  m g / k g ,  IP  a n d  PB ( 3 0  m g / k g ,  
I P )  p r o d u c e d  d e c r e a s e s  i n  LCBF. T h e s e  r e s u l t s  a r e  
c o n s i s t e n t  w i t h  a  c e r e b r a l  d e p r e s s a n t  e f f e c t  o f  b o t h  l - P I A  
a n d  P B ,  t h e  m e a s u r e m e n t  o f  c e r e b r a l  b l o o d  f l o w  b e i n g  a n  
i n d i c a t o r  o f  c e r e b r a l  m e t a b o l i c  r a t e .  H o w e v e r ,  l - P I A  
a n d  PB p r o d u c e d  o p p o s i t e  e f f e c t s  on  EEG a c t i v i t y .  PB 
( 1 0  a n d  30  m g / k g ,  I P )  p r o d u c e d  a h i g h - a m p l i t u d e  EEG, 
c h a r a c t e r i s t i c  o f  a  s e d a t e d  s t a t e .  I n  c o n t r a s t ,  l - P I A  
( 0 . 1  a n d  0 . 3  m g / k g ,  I P )  p r o d u c e d  a  l o w - a m p l i t u d e  EEG, 
c h a r a c t e r i s t i c  o f  a n  a w a k e  s t a t e .  H o w e v e r ,  a f t e r  b o t h  
d r u g s ,  t h e  a n i m a l s  a p p e a r e d  b e h a v i o r a l l y  s e d a t e d ,  i . e . ,  
t h e y  l a y  s t r e t c h e d  o u t  on  t h e  c a g e  f l o o r ,  w i t h  e y e s  s l i t  
o r  c l o s e d .  T h i s  r e p r e s e n t s  a n  E E G - b e h a v i o r  d i s s o c i a t i o n  
p r o d u c e d  by  l - P I A .

T h u s ,  e v e n  t h o u g h  b o t h  PB a n d  l - P I A  p r o d u c e  d e c r e a s e s  
i n  LCBF, c o n s i s t e n t  w i t h  c e r e b r a l  d e p r e s s a n t  a c t i o n s ,  
a s  w e l l  a s  b e h a v i o r a l  s e d a t i o n ,  t h e y  p r o d u c e  o p p o s i t e  
e f f e c t s  on  c o r t i c a l  EEG. T h e  p h y s i o l o g i c a l  e f f e c t s  
r e s p o n s i b l e  f o r  t h e s e  d i f f e r i n g  EEG e f f e c t s  a r e  n o t  kn o w n .

3 3 1 . 1 9   COHERENCE ANALYSIS OF 100 HZ t o  5 0 0  HZ ELECTRICAL ACTIVITY OF 
THE BRAIN.  C.  C.  T u r b e s ,  G.  T .  S c h n e i d e r *  a n d  R.  J .  M o r g a n .   
D e p t . o f  A n a t o m y ,  C r e i g h t o n  U n i v .  S c h .  o f  M e d . ,  Om ah a ,  NE 
6 8 1 7 8  a n d  D e p t . o f  B i o p h y s i c s  a n d  P h y s i o l . ,  C o l o r a d o  S t a t e  
U n i v . ,  F t .  C o l l i n s ,  CO 8 0 5 2 1 .

I n  t h e s e  s t u d i e s  s p e c i a l  c o n c e r n  i s  g i v e n  t o  c o h e r e n c e  
s p e c t r a  o f  t h e  e l e c t r i c a l  a c t i v i t y  a t  10 0  Hz t o  5 0 0  Hz 
b e t w e e n  c e r e b r a l  c o r t i c a l  a n d  s u b c o r t i c a l  r e g i o n s  o f  t h e  
b r a i n .  S t u d i e s  i n v o l v e  c a t s  w i t h  c h r o n i c  i m p l a n t e d  
e l e c t r o d e s  i n  a r e a s  o f  t h e  c e r e b r a l  c o r t e x ,  s e p t a l  n u c l e i ,  
n u c l e u s  a c c u m b e n s  a n d  a m y g d a l a .  T h e  e l e c t r o d e s  u s e d  i n  
t h e s e  s t u d i e s  a r e  s t a i n l e s s  s t e e l  w i r e  w i t h  1 0 0 µ t o  2 0 0 µ t i p   
exposures. E lectrodes with re s is ta n c e s  of 20 MΩ or less are  
u s e d .  T h e s e  e l e c t r o d e s  a r e  c a p a b l e  o f  r e c o r d i n g  b o t h  s l o w  
w a v e  p o t e n t i a l s  a n d  m u l t i p l e  u n i t  s p i k e  p o t e n t i a l s  c o n 
c u r r e n t l y .  T h e s e  a n a l o g  s i g n a l s  a r e  r e c o r d e d  on FM t a p e  
r e c o r d e r  a n d  a n a l o g  t o  d i g i t a l  c o n v e r t e d  a n d  p r o c e s s e d  w i t h  
a  m i n i c o m p u t e r .  C r o s s  s p e c t r a l ,  c o h e r e n c e  s p e c t r a l ,  p a r t i a l  
c o h e r e n c e  a n d  c r o s s  p h a s e  s p e c t r a l  e s t i m a t e s  a r e  c a r r i e d  o u t .  
I n  t h e s e  e x p e r i m e n t s ,  m u l t i p l e  u n i t  s p i k e s  a n d  n o n - u n i t  w a v e  
p o t e n t i a l s  a r e  f o u n d  i n  t h e  100Hz  t o  5 0 0  Hz e l e c t r i c a l  
a c t i v i t y .  T h e  20 0 H z  t o  500 H z a c t i v i t y  s h o w  a p r e d o m i n a n c e  
o f  u n i t  s p i k e  p o t e n t i a l s .  T h e  c o h e r e n c e  l e v e l s  a r e  e n h a n c e d  
b e t w e e n  t h e  c e r e b r a l  c o r t e x ,  t h e  n u c l e u s  a c c u m b e n s ,  a n d  
a m y g d a l a  u n d e r  i n f l u e n c e  o f  a m p h e t a m i n e .  I n c r e a s e s  i n  
c o h e r e n c e  a n d  c h a n g e s  i n  t h e  c r o s s  p h a s e  s p e c t r u m  r e l a t e s  t o  
d o s a g e  l e v e l s  a n d  r e p e a t e d  d o s e s  o f  a m p h e t a m i n e .  I n c r e a s e s  
i n  c o h e r e n c e s  a t  2 0 0H z r e l a t e s  t o  d i s t o r t i o n  o f  c o g n i t i v e  
b e h a v i o r  i n  t h e  c a t s .

331.20  A MEASURE OF SYNCHRONY IN THE CORTICAL EEG: THE SLOW WAVE DROWSY 
STATE IS SLIGHTLY MORE SYNCHRONIZED HORIZONTALLY THAN THE LOW 
VOLTAGE FAST STATE.  T .H .B u llo c k , G.D.Lange and M.C.McClune*.
N eurobio logy U n it ,  S c rip p s  I n s t .  Oceanog. and D ep t. N eu ro sc ien ces,  
U .C .S .D ., La J o l l a ,  CA 92093.

We a s s e s s  th e  p r e v a i l in g  view  t h a t  th e  EEG i s  more sy n ch ro n iz 
ed d u r in g  s ta t e s  o f  l a rg e  slow  wave a c t i v i t y  th an  d u r in g  low v o l t 
age f a s t  a c t i v i t y  -  a view  a p p a re n tly  based  o n ly  on v i s u a l  im pres
s io n .  EEG synchrony i s  tak en  to  mean e i t h e r  th e  d eg ree  o f congru
ence among a  g iv en  p o p u la t io n  o f neurons o r  th e  number o f  neurons 
showing a  g iv en  degree  o f congruence; th e  l a t t e r  i s  b e t t e r  fo r  
com paring re g io n s ,  in d iv id u a ls  and s p e c ie s .  R ab b it c o r t i c a l  s u r f 
ace EEG was reco rd ed  in  a l e r t  and drowsy s t a t e s ,  p a r t l y  sp on tan
eo u s, p a r t l y  in  th e  h ours  fo llo w in g  10 mg/k x y la z in e  (Rompun) i-m . 
A rrays o f  20+ w ire  e le c t ro d e s  were im plan ted  v ia  sm a ll d r i l l  h o le s  
spaced 2-4 mm a p a r t ,  g iv in g  many com bina tions a t  2-17 mm se p a ra 
t io n .  The common r e fe re n c e  was in  f r o n t a l  s in u s e s .  EEG was r e 
corded in  a  q u ie t  s i t u a t i o n ,  10 c h an n els  a t  a  t im e , low p assed  to  
48 Hz, d ig i t i z e d  a t  1 6 0 /s , an a ly zed  in  epochs o f 3 .2  s by comput
in g  th e  FFT and th e  coherence f o r  a l l  p a i r s  o f  c h a n n e ls ,  av eraged  
over 2-4 m in. As we re p o r te d  b e fo re  (B u llo ck  e t  a l.1 9 8 3 ,  N eurosc. 
A b s tr .9 :1 1 9 4 ) , coh , th e  co herence f u n c t io n ,  ten d s  to  f a l l  w ith  
d is ta n c e  and w ith  freq u en cy , though n e i th e r  one i s  a  sim ple  
fu n c t io n .  P o o lin g  a l l  th e  p a i r s  o f  th e  same d i s ta n c e  betw een 
c o r t i c a l  e le c t ro d e s  p e rm itte d  p lo t t in g  coh a g a in s t  d is ta n c e  f o r  
each  freq u en cy  band. The f a l l i n g  cu rv e  m easures th e  volume o f 
t i s s u e  above a  g iv en  l e v e l  o f  co h e ren ce . For th e  bands 1 .2 -5 ,  
5 -10 , 10-20 , and 20-40 Hz th e s e  cu rv es  l i e  one under th e  o th e r ,  in  
th a t  o rd e r ;  th ey  a re  n o t m onotonic b u t ap p ear to  f a l l  s te e p ly  
w i th in  2 mm, more slo w ly  from 4-10 mm, p o s s ib ly  more r a p id ly  above 
t h a t .  The d is ta n c e s  f o r  coh= 0.5 , a t  1 .2 -5  Hz, a re  8.2mm and 5.3mm 
in  th e  "slow " and th e  "non-slow " s t a t e ,  i n  an experim en t w ith  a  
w ide m ix tu re  o f  r o s t r a l ,  c a u d a l ,  m ed ia l and l a t e r a l  e le c t ro d e s .  
The s e t s  o f p o in ts  d i f f e r  w ith  b e t t e r  th an  99.5% c o n fid e n c e . In  
t h i s  experim ent th e re  was no s ig n i f ic a n t  d i f f e r e n c e  in  th e  5-10 Hz 
band b u t in  th e  10-20 and 20- 40 Hz bands th e  "slow " and th e  "non- 
slow" p o in ts  were d i f f e r e n t  a t  b e t t e r  th an  99.5% co n fid e n c e  l e v e l .  
The same d i s ta n c e s ,  c a .8  and 5mm g iv e  coh=ca. 0 .3  a t  10-20 Hz and 
c a . 0 .2  a t  20-40 Hz. The power s p e c t r a  av eraged  f o r  a l l  th e  epochs 
and e le c t ro d e s  in  th e  "slow " s t a t e  showed >6 dB more power a t  2 Hz 
th an  in  th e  "non-slow " s t a t e ;  a  m inor peak l i e s  a t  6 Hz in  th e  
"slow " and a t  8 .5  Hz in  th e  "non-slow "; th e  l a t t e r  had l e s s  power 
a ls o  in  h ig h  frequency  ban d s. We conclude t h a t ,  a lth o u g h  th e  
p o p u lar  im p ress io n  i s  c o r r e c t ,  th e  "sy n ch ro n ized " rec o rd  i s  o n ly  
s l i g h t l y  more sy n ch ro n ized ; i t  i s  m ain ly  d i f f e r e n t  in  power spec
trum . A u s e fu l  a s sa y  i s  now a v a i la b le  to  compare o th e r  s t a t e s ,  
p a r t s  o f  th e  c . n . s .  and s p e c ie s  o f  a n im a ls .
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3 3 2 .1  SYNAPTIC CONNECTIONS OF ID EN TI FIE D NON-PYRAMIDAL NEURONS IN 
MOUSE Stnl  CORTEX.  E . L . W h i t e  a n d  G.  B e n s h a l o m * ,  F a c u l t y  o f  
H e a l t h  S c i e n c e s ,  B e n - G u r i o n  U n i v e r s i t y  o f  t h e  N e g e v ,  B e e r  
S h e v a  8 4 1 0 5 ,  I s r a e l .

T h e  f i n d i n g  t h a t  l e s i o n - i n d u c e d  d e g e n e r a t i o n  c a n  b e  u s e d  
t o  r e l i a b l y  i n d i c a t e  a l l  t h a l a m o c o r t i c a l  (T C) s y n a p s e s  i n  
l a y e r  IV o f  m o u s e  s o m a t o s e n s o r y  ( S m I )  c o r t e x  ( W h i t e ,  1 9 7 8 )  
u n d e r l i e s  t h e  p r e s e n t  s e r i e s  o f  s t u d i e s  a i m e d  a t  e l u c i d a t i n g  
q u a n t i t a t i v e  a s p e c t s  o f  TC s y n a p t i c  c o n n e c t i o n s  w i t h  m o r p h o 
l o g i c a l l y  i d e n t i f i e d  n e u r o n s .  E l e c t r o l y t i c  l e s i o n s  w e r e  m a d e  
i n  t h e  t h a l a m u s  o f  t h r e e  m o n t h - o l d  m a l e  CD/1 m i c e .  F o u r  d a y s  
l a t e r ,  b r a i n s  w e r e  f i x e d  w i t h  a l d e h y d e s ,  G o l g i  i m p r e g n a t e d  
a n d  t h e n  p r o c e s s e d  b y  t h e  g o l d  t o n i n g / d e i m p r e g n a t i o n  m e t h o d .  
L a b e l e d  n e u r o n s  h a v i n g  s o m a t a  i n  l a y e r  IV o f  t h e  m o u s e  p o s t 
e r o m e d i a l  b a r r e l  s u b f i e l d  (PMBSF) c o r t e x ,  w e r e  i d e n t i f i e d  
w i t h  t h e  l i g h t  m i c r o s c o p e  a n d  t h e n  e x t e n s i v e  p o r t i o n s  o f  t h e m  
w e r e  e x a m i n e d  w i t h  t h e  e l e c t r o n  m i c r o s c o p e .  R e s u l t s  o f  a  s e 
r i a l  t h i n  s e c t i o n  a n a l y s i s  s h o w e d  t h a t  d i f f e r e n t  n o n - s p i n y  
m u l t i p o l a r  c e l l s ,  a s  i d e n t i f i e d  b y  l i g h t  m i c r o s c o p y ,  f o r m  
v e r y  d i f f e r e n t  p a t t e r n s  o f  s y n a p t i c  c o n n e c t i o n :  Some h a d   
d e n d r i t e s  w h i c h  f o r m e d  a  h i g h  p r o p o r t i o n  o f  t h e i r  s y n a p s e s  
w i t h  TC a x o n  t e r m i n a l s ,  w h e r e a s  o t h e r  c e l l s  f o r m e d  o n l y  a  
s m a l l  p r o p o r t i o n  o f  TC s y n a p s e s  w i t h  t h e i r  d e n d r i t e s .  As f o r  
t h e  s o m a t a  o f  n o n - s p i n y ,  m u l t i p o l a r  c e l l s :  Some f o r m e d  a  h i g h  
p r o p o r t i o n  o f  TC s y n a p s e s ,  o t h e r s  much  l e s s ;  so m e  f o r m e d  m o r e  
s y m m e t r i c a l  t h a n  a s y m m e t r i c a l  s y n a p s e s ,  o t h e r  j u s t  t h e  o p p o 
s i t e .  C o m p a r i s o n s  o f  TC s y n a p t i c  i n p u t  t o  c e l l  b o d i e s  a n d  
d e n d r i t e s  s h o w e d  t h a t  so m e  c e l l s  f o r m e d  a b o u t  t h e  s a m e  p r o 
p o r t i o n s  o f  TC s y n a p s e s  w i t h  t h e i r  c e l l  b o d i e s  a s  w i t h  t h e i r  
d e n d r i t e s ,  w h e r e a s ,  f o r  o t h e r  c e l l s ,  t h e  p r o p o r t i o n  o f  TC 
s y n a p s e s  f o r m e d  w i t h  t h e i r  s o m a t a  w a s  a b o u t  d o u b l e  t h a t  f o r m 
e d  w i t h  t h e i r  d e n d r i t e s .  S t i l l  o t h e r  c e l l  b o d i e s  f o r m e d  f a r  
h i g h e r  p r o p o r t i o n s  o f  TC s y n a p s e s  t h a n  d i d  t h e i r  d e n d r i t e s .  
T h a t  d i f f e r e n t  n o n - s p i n y ,  m u l t i p o l a r  c e l l s  f o r m  s u c h  h e t e r o 
g e n e o u s  s y n a p t i c  p a t t e r n s  s u g g e s t s  t h a t  i n c l u d e d  w i t h i n  t h i s  
c l a s s i f i c a t i o n  a r e  c e l l s  w h i c h  a r e  l i k e l y  t o  h a v e  v e r y  d i f 
f e r e n t  f u n c t i o n a l  r o l e s .  We a r e  c u r r e n t l y  u s i n g  s i m i l a r  a p 
p r o a c h e s  t o  s t u d y  t h e  d i s t r i b u t i o n  o f  TC a n d  o t h e r  s y n a p s e s  
w i t h  l a y e r  IV s p i n y  s t e l l a t e  c e l l s ,  i n  p a r t ,  t o  d e t e r m i n e  i f  
c e l l s  i n  t h i s  c l a s s  a r e  a l s o  c h a r a c t e r i z e d  b y  h e t e r o g e n e o u s  
s y n a p t i c  p a t t e r n s .  A l s o  o f  i n t e r e s t  i s  t o  d e t e r m i n e  w h a t  p e r 
c e n t a g e  o f  s p i n y  s t e l l a t e  c e l l s  e x h i b i t s  t h e  n o n - r a n d o m  d i s 
t r i b u t i o n  o f  TC s y n a p s e s  p r e v i o u s l y  s h o w n  t o  c h a r a c t e r i z e  a  
s i n g l e  c e l l  o f  t h i s  t y p e .
S u p p o r t  f r o m  N . I . H .  g r a n t  NS 2 0 1 4 9 - 0 1  t o  E . L . W .

332.2  CYTOCHROME OXIDASE STAINING IN THE RAT BARREL FIELD.
 P.W. Land and  D .J .  S im o n s .  D e p t . o f  Anatom y an d  C e l l  
B io lo g y  and  D e p t . o f  P h y s io lo g y ,  U n iv . o f  P i t t s b u r g h ,  S ch . 
o f  M e d ic in e ,  P i t t s b u r g h ,  PA 15261 .

N eu ro n s  i n  l a y e r  IV o f  t h e  r o d e n t  p r im a ry  s o m a to s e n s o ry  
c o r t e x  a r e  a r r a n g e d  i n  c l u s t e r s ,  c a l l e d  " b a r r e l s , "  w h ic h  
a r e  r e l a t e d  i n  a  o n e - to - o n e  f a s h i o n  to  i n d i v i d u a l  v i b r i s 
s a e  on th e  c o n t r a l a t e r a l  m y s t a c i a l  p a d .  B a r r e l s  a r e  m ore 
d i f f i c u l t  t o  v i s u a l i z e  i n  r a t s  t h a n  i n  m ic e  w h e re  d i s t i n c t  
c e l l - s p a r s e  h o l lo w s  and  s e p t a  a r e  d e m a rc a te d  by  c e l l - d e n s e  
s id e s  (W elk e r and  W o o lsey , JCN, 1 5 8 :4 3 7 -4 5 4 ,  1 9 7 4 ) . I n  
m ic e ,  h ig h  l e v e l s  o f  t h e  m e ta b o l i c  m a rk e r  c y to c h ro m e  
o x id a s e  a r e  a s s o c i a t e d  w i th  b a r r e l  h o l lo w s  b u t  n o t  s i d e s  
o r  s e p t a  (W o n g -R iley  and  W e lt ,  PNAS, 7 7 :2 3 3 3 -2 3 3 7 ,  1 9 8 0 ) . 
The p u rp o s e  o f  t h e  p r e s e n t  s tu d y  w as t o  d e te r m in e  w h e th e r  
a  c o m p a ra b le  f u n c t i o n a l  s u b d iv i s io n  e x i s t s  i n  r a t s ,  w h ere  
t h e  b a r r e l s  a r e  c y t o a r c h i t e c t o n i c a l l y  l e s s  w e l l  d e f i n e d .

N orm al a d u l t  r a t s  o f  t h e  S p ra g u e -D aw le y  an d  L o n g -E v an s  
s t r a i n s  w e re  u s e d .  S e r i a l  s e c t i o n s  th ro u g h  t h e  b r a i n s  
w e re  c u t  t a n g e n t i a l  t o  t h e  p i a l  s u r f a c e  o v e r  t h e  b a r r e l  
f i e l d  and  r e a c t e d  w i th  d i a m in o b e n z id in e  and  c y to c h ro m e  C 
(W o n g -R iley , B r a in  R e s . , 1 7 1 :1 1 -2 8 ,  1 9 7 9 ) . Some o f  t h e s e  
s e c t i o n s  a l s o  w e re  c o u n te r s t a i n e d  w i th  t h i o n i n e .  C y to 
chrom e o x id a s e  (CO) s t a i n i n g  r e v e a l e d  d i s c r e t e  a r e a s  o f  
h ig h  e n z y m a t ic  a c t i v i t y  w h ic h  w e re  c e n t e r e d  u pon  i n d i v i d 
u a l  b a r r e l s .  A lth o u g h  much o f  t h e  CO a c t i v i t y  w as l o c a l 
i z e d  t o  t h e  b a r r e l  n e u r o p i l ,  e a c h  b a r r e l  h a d  s c a t t e r e d  
w i t h in  i t  a  num ber o f  l a r g e ,  h i g h ly  r e a c t i v e  n e u r o n s .
When t h e s e  c e l l s  w e re  s e e n  n e a r  t h e  b a r r e l  s i d e s  th e y  
f r e q u e n t l y  e x h i b i t e d  p r o x im a l  d e n d r i t e s  t h a t  w e re  d i r e c t e d  
to w a rd  t h e  b a r r e l  c e n t e r .  R a t b a r r e l s  a p p e a r  b e t t e r  
d e f in e d  i n  CO- th a n  i n  N i s s l - s t a i n e d  m a t e r i a l  i n  p a r t  
b e c a u s e  CO -poor z o n e s  b e tw e e n  b a r r e l s  i n c l u d e  b o th  t h e  
c y t o a r c h i t e c t o n i c a l l y  i n d i s t i n c t  s e p t a  and  s i d e s .  T h u s , 
p a t t e r n s  o f  n e u r o n a l  a c t i v i t y  i n  t h e  r a t  b a r r e l  f i e l d  a r e  
m ore p r e c i s e l y  o r g a n iz e d  th a n  t h e  p a c k in g  d e n s i t i e s  o f  th e  
n e u ro n s .

The a p p e a ra n c e  o f  C O -s ta in e d  b a r r e l  f i e l d s  w as e s p e 
c i a l l y  s t r i k i n g  i n  many L o n g -E v an s r a t s  w h e re  t h e  
w i th in - r o w  " s e p ta "  w e re  a s  d i s t i n c t  a s  t h o s e  b e tw e e n  ro w s . 
I n  o t h e r  a n im a ls ,  m o st o f t e n  S p ra g u e -D a w le y s , t h e  t r a n s i 
t i o n  fro m  one  b a r r e l  t o  t h e  n e x t  w i t h i n  t h e  sam e row 
f r e q u e n t l y  w as b l u r r e d .

S u p p o r te d  by NIH g r a n t s  EY05280 and  NS 19950 .

3 3 2 .3   RECEPTIVE FIELD CHARACTERISTICS OF PRIMARY SOMATOSENSORY 
CORTICOPONTINE NEURONS IN THE RAT.  C. E. Adams, J .  K. 
Chapin.  Univ. Tx. H lth . S c i. C n tr . ,  D a lla s , Tx. 75235.

As p a r t  o f  an e f f o r t  to  determ ine what k ind  o f   
in fo rm ation  i s  tra n sm itte d  v ia  th e  c e reb ro -p o n to -c e reb e lla r 
system , we have analyzed th e  re c ep tiv e  f i e ld  (RF) p ro p e r tie s  
o f  id e n t i f ie d  c o rtic o p o n tin e  c e l l s  in  th e  r a t .   
E x t ra c e l lu la r ,  s in g le  u n i t  reco rd ings  in  ha lo thane  
a n es th e tiz ed  Long-Evans r a t s  were made in  la y e r  V (1000-1700 
m icrom eters in  depth) o f  th e  forepaw and fo r e l i mlo  a re as  o f  
th e  r a t  SI co rte x  and a ls o  in  th e  dysg ranu lar zone (DZ) 
ly in g  l a t e r a l  to  th e  fo relim b a re a . B ipo lar s tim u la tin g  
e le c tro d e s  were p o s itio n ed  w ith in  th e  b a s i l a r  pons and  
c o n t r a la te r a l  SI c o rtex  in  o rd e r to  id e n t i fy ,  by antidrom ic 
a c t iv a t io n ,  c o r t i c a l  neurons p ro je c tin g  to  th o se  a re a s .  
Anatomical s tu d ie s  in  t h i s  la b o ra to ry  have shown th a t  
c a l lo s a l  as  w e ll as  co rtic o p o n tin e  connections o r ig in a te  
from w idespread reg ions  o f  th e  r a t  SI c o rte x , in c lud ing   
fo rep a w /fo re limlo a re a s  and th e  DZ. A ll u n i ts  desc rib ed  were 
recorded in  la y e r  V along th e  fo r  e l  into/DZ bo rder and were 
a c t iv a te d  a n tid rc m ic a lly  a t  a  co n s ta n t, s h o r t la te n cy  by 
b a s i l a r  po n tin e  s t im u la tio n . In  a d d itio n , 17% o f  th e se  same 
u n i ts  were a c t iv a te d  a n tid rc m ic a lly  by s tim u la tio n  o f  th e  
homologous ( fo re lin to / DZ bo rder) reg ion  o f  th e  c o n tr a la te r a l  
SI co rte x  v toile 33% o f  th e  u n i ts  responded o rth o d rcm ica lly  
to  th e  c o n t r a la te r a l  SI s t im u la tio n . Most o f  th e  
c o rtic o p o n tin e  u n i ts  in  th e  forepaw and forelin to  a reas  
e x h ib ite d  c le a r ly  d e fin a b le  R F 's , th o se  th a t  d id  n o t were 
lo c a ted  w ith in  th e  DZ where th e  neurons a re  q u i te  s e n s i t iv e  
t o  th e  e f f e c t s  o f  a n e s th e s ia  and do n o t respond to  sensory  
s t im u la tio n . R F's o f  the. rem aining co rtic o p o n tin e  u n its  
were p rim a r ily  cutaneous in  n a tu re  and heterogeneous w ith  
rega rd  t o  su rface  topography. Recorded c e l l s  were a c t iv a te d  
by s tro k in g  th e  c o n t r a la te r a l  d o rs a l forelin to  as  w e ll as  by 
movement o f  m u ltip le  c o n t r a la te r a l  and ip s i l a t e r a l  
v ib r i s s a e .  One co rtic o p o n tin e  u n i t  responded to  elbow 
fle x io n  b u t n o t to  cutaneous s tim u la tio n  o f  th e  forelin to , 
in d ic a tin g  t h a t  t h i s  u n i t  possessed  a  non-cutaneous jo in t  
RF. These o b serv a tio n s  suggest th a t  r a t  SI co rtic o p o n tin e  
neurons tra n s m it r e la t iv e ly  complex in form ation  to  th e  
b a s i l a r  pens. I t  i s  expected th a t  fu tu re  s tu d ie s  in  th e  
awake, f r e e ly  moving r a t  w i l l  p rov ide 1) a  more complete 
assessm ent o f  SI c o rtic o p o n tin e  RF c h a r a c te r i s t ic s  and 2) an 
in s ig h t  in to  th e  f i r in g  p a tte rn s  o f  th i s  c la s s  o f  c o r t ic a l  
neuron du ring  movement. (Supported by NS-18041, AA-0390 and 
th e  B io lo g ica l Humanics Foundation)

3 3 2 .4   AN EFFERENT PROJECTION FROM THE PARAMEDIAN PONTINE 
  RETICULAR FORMATION (PPRF) TO THE PREFRONTAL CORTEX IN THE 

BABOON.  D. R ic h e ,  G. B e h z a d i , L .S .  C a ld e ra z z o  F i lh o  and  
R. G u i l l o n ,   L a b o r a to i r e  d e  P h y s io lo g ie  N e rv e u s e ,  C .N .R .S . 
91190 -  G i f - s u r - Y v e t t e ,  F r a n c e .  (SPON : M. D e n a v i t - S a u b ié ) .

On t h e  b a s i s  o f  b o th  c l i n i c a l  an d  e l e c t r o p h y s i o l o g i c a l  
o b s e r v a t io n s  t h e  p r e f r o n t a l  c o r t e x  i s  i n v o lv e d  i n  n e u r a l  
e v e n ts  p r e c e d in g  ey e  m ovem ents. The PPRF i s  a l s o  r e c o g n iz e d  
to  h a v e  a  c e n t r a l  r o l e  i n  ey e  m ovem ents. I n  /t h e  p r e s e n t  
s tu d y  tw o you n g  b a b o o n s  w ere  i n j e c t e d  w i th  h o r s e r a d i s h  
p e r o x id a s e  i n  f r o n t a l  zo n e s  o f  t h e  p e r i -  a n d  p r e a r c u a t e  
c o r t e x  ( a r e a s  8 and  4 6 ) an d  a  t h i r d  one  w i th  a  m ore 
r e s t r i c t e d  i n j e c t i o n ,  l o c a t e d  i n  t h e  lo w e r  b an k  o f  t h e  
p r i n c i p a l  s u l c u s ,  i n  t h e  m id d le  t h i r d  o f  t h e  p r e a r c u a t e  
a r e a .  U s in g  t h e  s e n s i t i v e  p r o c e d u r e  o f  De O lm os, l a b e l e d  
n e u ro n s  w ere  fo u n d  w i t h in  t h e  l i m i t s  o f  t h e  PPRF. The m ore 
r o s t r a l l y  l a b e l e d  c e l l s  w e re  l o c a t e d ,  v e n t r a l  t o  t h e  
c e r e b r a l  a q u e d u c t ,  a t  t h e  l e v e l  w h ere  f i b e r s  o f  t h e  
t r o c h l e a r  n e rv e  a r e  e a s i l y  d i s t i n g u i s h e d  i n  t h e  v e n t r o 
l a t e r a l  a s p e c t  o f  t h e  c e n t r a l  g r a y .  The e x t e n t  o f  l a b e l e d  
n e u ro n s  l i e s  i n  t h e  p o s t e r i o r  r e g i o n  o f  t h e  o c u lo m o to r  
co m p lex . Some c e l l s  i n f i l t r a t e  b e tw e e n  t h e  f i b e r s  o f  t h e  
m e d ia l  l o n g i t u d i n a l  f a s c i c u l u s ,  m o s t ly  to w a rd s  t h e  m id l in e .  
V e n t r a l l y  t h e y  r e a c h e d  t h e  r a p h e  n u c le u s .  The m ore 
c a u d a l ly  l a b e l e d  c e l l s  w e re  fo u n d  a t  t h e  l e v e l  w h e re  t h e  
f i r s t  n e u ro n s  o f  t h e  ab d u c en s  n u c le u s  c a n  b e  o b s e rv e d .   
The g r e a t  m a j o r i t y  o f  t h e s e  c e l l s  w e re  i p s i l a t e r a l l y  
l a b e l e d ,  b u t  3 e v id e n t  c o n t r a l a t e r a l l y  l a b e l e d  c e l l s  w e re  
a l s o  o b s e rv e d .  T h ese  l a b e l e d  n e u ro n s  a r e  n o t  h e a v i l y  
c l u s t e r e d ,  so  t h i s  c o n n e c t io n  a p p e a r s  t o  b e  com posed  o f  
l o o s e l y  g ro u p e d  f i b e r s .  C o n t r a l a t e r a l  l a b e l e d  n e u ro n s  
t e s t i f i e  o f  a  t h i n  d e c u s s a t in g  f i b e r  sy s te m  a c r o s s  t h e  
m i d s a g i t t a l  p l a n e .

As t h i s  l a b e l e d  a r e a  c o in c i d e s  v e ry  c l o s e l y  w i th  t h e  
PPRF an d  t h i s  c o n n e c t io n  w i th  t h e  p a th w ay  r e c e n t l y  
d e s c r i b e d  b y  L e ic h n e tz  an d  S m ith  w i th  a n te r o g r a d e  
te c h n iq u e  (S o c . N e u ro s c . A b s t r .  9 ,  7 49 ,  1 9 8 3 ),  we a ssum e 
t h a t  i t  c o r r e s p o n d s  t o  t h a t  in v o lv e d  i n  h o r i z o n t a l  ey e  
m ovem ents an d  t h a t  t h e  p o n t i n e - p r e f r o n t a l  p a th w a y  
d e m o n s tra te d  h e r e  may b e  one o f  t h o s e  im p l ie d  i n  t h e  
c o n t r o l  o f  c o n ju g a te  ey e  m o v em en ts .
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332.5  HYPOTHALAMIC-CORTICAL PROJECTIONS IN THE RAT.  C.B. S ap er.
Dept o f  N euro logy , W ashington  U niv . S ch . M ed., s t .  L o u is , MO  
63110

A num ber o f  s t u d i e s  i n  t h e  l a s t  d e c a d e  h a v e  d e m o n s t ra te d  
t h a t  h y p o th a la m ic  n e u ro n s  i n n e r v a t e  t h e  c e r e b r a l  c o r t e x ,  b u t  
t h i s  p r o j e c t i o n  h a s  n o t  p r e v i o u s ly  b e e n  s tu d i e d  i n  d e t a i l .  
R e t r o g r a d e  t r a n s p o r t  o f  w h e a t g e rm  a g g lu t in in - H R P  c o n ju g a t e  
was u s e d  t o  i d e n t i f y  t h e  h y p o th a la m ic  n e u ro n s  i n n e r v a t i n g  
d i f f e r e n t  c o r t i c a l  a r e a s .  Two p o p u l a t i o n s  o f  h y p o th a la m ic -  
c o r t i c a l  p r o j e c t i o n  n e u ro n s  w e re  fo u n d  t o  i n n e r v a t e  t h e  
e n t i r e  c o r t i c a l  m a n t le  i p s i l a t e r a l l y :  1 ) n e u ro n s  s c a t t e r e d  
th ro u g h  t h e  t u b e r a l  l a t e r a l  h y p o th a la m u s  (L H A t), c l u s t e r i n g  
i n  t h e  p e r i f o r n i c a l  r e g i o n ,  t h e  z o n a  i n c e r t a ,  an d  a lo n g  th e  
m e d ia l  ed g e  o f  t h e  c e r e b r a l  p e d u n c le ;  an d  2 ) a  d e n s e  c l u s t e r  
o f  n e u ro n s  i n  t h e  p o s t e r i o r  l a t e r a l  h y p o th a la m ic  a r e a  
(LH A p), i n c l u d i n g  m any i n  t h e  su p ra m a m m illa ry  n u c l e u s .  A 
c r u d e  t o p o g r a p h ic  a r r a n g e m e n t  o f  n e u ro n s  w i t h  r e s p e c t  t o  
c o r t i c a l  f i e l d  o f  t e r m in a t io n  w as o b s e rv e d  i n  th e  p e r i 
f o r n i c a l  p a r t  o f  LHAt; a  much m ore p r e c i s e  t o p o g r a p h ic  
p a t t e r n  was fo u n d  i n  LHAp. T o g e th e r ,  t h e s e  two c e l l  g ro u p s  
c o n ta i n e d  20% m ore l a b e l e d  n e u ro n s  th a n  th e  m a g n o c e l lu l a r  
b a s a l  n u c le u s  (MBN), an d  t h e r e f o r e  c o n s t i t u t e  a  m a jo r  s o u rc e  
o f  c o r t i c a l  a f f e r e n t s .  Two much s m a l le r  h y p o th a la m ic -  
c o r t i c a l  p r o j e c t i o n  c e l l  g ro u p s  w e re  a l s o  fo u n d : 3 )  n e u ro n s  
i n  t h e  f i e l d s  o f  f o r e l  (F F ) i n n e r v a t e d  o n ly  t h e  m e d ia l  and  
l a t e r a l  f r o n t a l  c o r t e x ;  an d  4 )  n e u ro n s  i n  t h e  tu b ero m am m il
l a r y  n u c le u s  on e a c h  s i d e  o f  t h e  b r a i n  i n n e r v a t e d  th e  e n t i r e  
c e r e b r a l  c o r t e x ,  b i l a t e r a l l y .

A n te ro g r a d e  a u t o r a d io g r a p h ic  t r a c e r  e x p e r im e n ts  showed 
t h a t  LHAp a x o n s  r e a c h  t h e  c e r e b r a l  c o r t e x  v i a  tw o p a th w a y s :  
a  m e d ia l  p a th  t r a n s v e r s e d  t h e  m e d ia l  f o r e b r a i n  b u n d le  and  
r a n  th ro u g h  th e  m e d ia l  co m p o n en t o f  MBN; one  b ra n c h  
t r a v e r s e d  t h e  d o r s a l  f o r n i x  t o  i n n e r v a t e  t h e  h ip p o c a m p a l 
f o r m a t i o n ,  an d  a  s e c o n d  c o u r s e d  o v e r  t h e  g en u  o f  t h e  c o rp u s  
c a l lo s u m  t o  e n t e r  t h e  c i n g u l a t e  b u n d le ,  fro m  w h ic h  i t  d i s 
t r i b u t e d  t o  t h e  c o r t e x  on  t h e  m e d ia l  s u r f a c e  o f  th e  
h e m is p h e re .  O th e r  LHAp f i b e r s  fo rm ed  a  l a t e r a l  p a th w ay  
w h ic h  r a n  th ro u g h  t h e  l a t e r a l  p a r t  o f  MBN i n t o  t h e  e x t e r n a l  
c a p s u l e ,  fro m  w h ic h  i t  d i s t r i b u t e d  to  i n n e r v a t e  t h e  l a t e r a l  
w a l l  o f  t h e  h e m is p h e re .  F i b e r  l a b e l i n g  was h e a v i e s t  o v e r  
l a y e r s  V a n d  V I, an d  to  a  l e s s e r  e x t e n t  l a y e r  I  o f  th e  
c e r e b r a l  c o r t e x .

The h y p o th a la m u s  p r o v id e s  a  m a jo r  s o u rc e  o f  d i f f u s e  
c o r t i c a l  i n n e r v a t i o n ,  w h ic h  may be u n d e r l i e  i t s  in v o lv e m e n t 
i n  g e n e r a l i z e d  a r o u s a l ,  an d  a  v a r i e t y  o f  s p e c i f i c  b e h a v io r s .

(S u p p o r te d  by  USPHS NS18669 and  N S00631, an d  a  M cK night 
S c h o la r  A w a rd .)

3 3 2 .6  CHOLINERGIC EEG ACTIVATION OF NEOCORTEX AND HIPPOCAMPUS:  
ROLE OF SUBSTANTIA INNOMINATA AND MEDIAL SEPTAL-DIAGONAL 
BAND REGION.  D. J .  S t e w a r t ,  D. F . M acFabe* and
C. H. V a n d e rw o lf . D e p t . o f  P s y c h o lo g y ,  U n iv . W e s te rn  
O n t a r i o ,  L ondon, O n t a r i o ,  C an ad a , N6A 5C2.

S y s te m ic  i n j e c t i o n  o f  q u i n u c l i d i n y l  b e n z i l a t e  p a r t i a l l y  
a b o l i s h e d  low  v o l t a g e  f a s t  a c t i v i t y  (LVFA) i n  t h e  n e o c o r t e x  
o f  w ak in g  r a t s ,  r e s u l t i n g  i n  t h e  a p p e a ra n c e  o f  l a r g e  
i r r e g u l a r  s lo w  w av es d u r in g  Type 2 b e h a v io r s  ( e . g . ,  
i m m o b i l i t y ,  s n i f f i n g  w i th o u t  h e a d  m ovem ent, f a c e  w a s h in g ) . 
T h e se  s lo w  w aves d i d  n o t  o c c u r  d u r in g  Type 1 b e h a v io r  
( e . g . ,  w a lk in g ,  h e a d  m o v em en t) . A t r o p in e  s u l f a t e  p ro d u c e d  
a  s i m i l a r  e f f e c t  b u t  i t  was l e s s  p o t e n t  b y  a  f a c t o r  o f  
a b o u t  1 2 . I n j e c t i o n  o f  k a i n i c  a c id  i n t o  t h e  s u b s t a n t i a  
i n n o m in a ta :  a) d e s t r o y e d  l o c a l  c e l l s  w h ic h  c o n ta i n   
a c e t y l c h o l i n e s t e r a s e  (AChE) an d  r e d u c e d  AChE s t a i n i n g  i n  
t h e  i p s i l a t e r a l  n e o c o r t e x ;  and  b) p ro d u c e d  l a r g e  s lo w  w aves 
i n  t h e  i p s i l a t e r a l  n e o c o r t e x  d u r in g  Type 2 b e h a v io r  b u t  
n o t  d u r in g  Type 1 b e h a v io r .  T h ese  s lo w  w aves w ere  a b o l i s h e d  
by  s y s te m ic  i n j e c t i o n  o f  p i l o c a r p i n e .  K a in ic  a c id  
i n j e c t i o n  i n t o  t h e  th a la m u s  p ro d u c e d  e x t e n s i v e  l o c a l  c e l l  
l o s s  b u t  f a i l e d  t o  p ro d u c e  s lo w  w aves i n  t h e  n e o c o r t e x .   
The d a t a  s u g g e s t  t h a t  t h e  LVFA w h ich  i s  n o r m a l ly  p r e s e n t  
i n  t h e  n e o c o r t e x  d u r in g  w ak in g  Type 2 b e h a v io r  i s  d e p e n d e n t  
on  a  c h o l i n e r g i c  i n p u t  t o  t h e  n e o c o r t e x  from  t h e  s u b s t a n t i a  
in n o m in a ta .

A p a r a l l e l  s e r i e s  o f  e x p e r im e n ts  show ed t h a t  t h e  
( a t r o p in e  s e n s i t i v e )  r h y th m ic a l  s lo w  a c t i v i t y  (RSA) n o r m a l ly  
p r e s e n t  d u r in g  u r e th a n e  a n e s t h e s i a  c a n  b e  a b o l i s h e d  by  p r i o r  
i n j e c t i o n s  o f  i b o t e n i c  a c id  i n t o  t h e  m e d ia l  s e p t a l  and 
d i a g o n a l  b an d  r e g i o n .  The RSA a c co m p an y in g  Type 1 b e h a v io r  
i s  n o t  a b o l i s h e d .

C o r t i c a l  s lo w  w ave r e c o r d in g  i n  r a t s  w i th  n e u r o to x ic  
l e s i o n s  o f  t h e  b a s a l  f o r e b r a i n  may p r o v id e  a  p r e p a r a t i o n  
u s e f u l  i n  t h e  s e a r c h  f o r  p h a rm a c o lo g ic a l  t r e a tm e n t s  o f  
A lz h e im e r 's  d i s e a s e .

T h is  r e s e a r c h  was s u p p o r te d  b y  g r a n t  AO-118 fro m  t h e  
N a tu r a l  S c ie n c e s  and  E n g in e e r in g  R e s e a rc h  C o u n c i l .

332.7   INTRINSIC CONNECTIONS OF THE SUPERIOR TEMPORAL SULCUS  
REGION IN THE RHESUS MONKEY.  B. S e l t z e r  an d  D .N . P a n d y a .  
V .A . H o s p i t a l ,   B e d fo rd  MA 0 1 7 3 0 .

P r e v io u s  s t u d i e s  d e a l t  w i th  t h e  a r c h i t e c t o n i c s  and  a f 
f e r e n t  c o r t i c a l  c o n n e c t io n s  o f  t h e  s u p e r i o r  te m p o r a l  s u l 
c u s  (STS) ( S e l t z e r  an d  P a n d y a , ' 7 8 ;  '8 4 ) .  I n  t h e  p r e s e n t  
s tu d y ,  t h e  i n t r i n s i c  c o n n e c t io n s  o f  d i f f e r e n t  a r c h i t e c t o n 
i c  d i v i s i o n s  o f  t h e  STS w e re  i n v e s t i g a t e d  u s in g  a u t o r a d i o 
g r a p h i c  an d  HRP t e c h n i q u e s .

I n  t h e  lo w e r  b a n k , t h e  m id d le  seg m en t ( c a u d a l  a r e a s  TEa 
and  TEm) p r o j e c t s  t o  t h e  r o s t r a l  seg m en t ( r o s t r a l  a r e a s  
TEa an d  TEm) w h ic h , i n  t u r n ,  p r o j e c t s  t o  t h e  te m p o r a l  p o l e  
( a r e a  P ro ) . T h e re  i s  a l s o  a  r o s t r a l - t o - c a u d a l  s e q u e n c e  o f  
c o n n e c t i o n s :  w i t h in  a r e a s  TEa and  TEm, and fro m  b o th  o f  
t h e s e  a r e a s  t o  t h e  c a u d a l  lo w e r  b a n k  o f  t h e  s u l c u s  ( a r e a  
OAa, o r  "MT") and  o c c ip i to t e m p o r a l  c o r t e x  ( a r e a s  OA and 
TEO ). The lo w e r  b a n k  o f  t h e  STS a l s o  p r o j e c t s  l a t e r a l l y  to  
t h e  i n f e r o t e m p o r a l  r e g i o n :  fro m  r o s t r a l  s e c t o r s  t o  a r e a  
T E l; fro m  m id d le  s e c t o r s  t o  a r e a s  TE2 and  TE3.

I n  t h e  u p p e r  b a n k  t h e r e  i s  a  s i m i l a r  b i d i r e c t i o n a l  f lo w  
o f  c o n n e c t i o n s .  C a u d a l  and  r o s t r a l  s e g m e n ts  o f  a r e a s  TPO 
an d  PG a, m u lt im o d a l  z o n e s  d e e p  w i t h in  t h e  u p p e r  b a n k , a r e  
r e c i p r o c a l l y  i n t e r c o n n e c t e d .  C a u d a l  a r e a  TAa, a t  t h e  o u t e r  
e d g e  o f  t h e  u p p e r  b a n k , p r o j e c t s  t o  r o s t r a l  a r e a  TAa w h ic h , 
i n  t u r n ,  p r o j e c t s  t o  t h e  te m p o r a l  p o l e  ( a r e a  P r o ) .  T h e re  
i s  a l s o  a  r o s t r a l - t o - c a u d a l  s e q u e n c e  o f  c o n n e c t io n s  w i t h in  
a r e a  TAa. F i n a l l y ,  a r e a  TAa h a s  a d d i t i o n a l  p r o j e c t i o n s :  
m e d i a l l y ,  t o  a r e a s  TPO an d  PGa d e e p e r  w i t h in  t h e  STS; and 
l a t e r a l l y ,  t o  s u b d i v i s i o n s  o f  t h e  s u p e r i o r  t e m p o r a l  g y r u s :  
a r e a s  TS1 and  Ts2 r o s t r a l l y ;  a r e a s  Ts3 and  T p t c a u d a l l y .

R o s t r a l l y - d i r e c t e d  p a th w a y s  i n  t h e  STS o r i g i n a t e  p r i n 
c i p a l l y  i n  l a y e r  I I I  and  t e r m i n a t e ,  i n  c o lu m n a r  f a s h i o n ,  
m a in ly  i n  s u p r a g r a n u la r  l a y e r s .  C a u d a l ly - d i r e c t e d  s e q u e n 
c e s ,  by  c o n t r a s t ,  h a v e  t h e i r  c e l l s  o f  o r i g i n  i n  l a y e r s  V 
and  VI an d  t e r m i n a t e  i n  l a y e r  I  o f  t h e  t a r g e t  z o n e .  L a t 
e r a l l y -  an d  m e d i a l l y - d i r e c t e d  p a th w a y s  h a v e  a  m ix ed  p a t 
t e r n :  c e l l s  o f  o r i g i n  i n  l a m in a e  I I I ,  V, an d  V I; t e r m in a 
t i o n s  i n  b o th  s u p r a -  and  i n f r a g r a n u l a r  l a y e r s .  T h e se  b a s i c  
p a t t e r n s  r e s e m b le  t h o s e  p r e v i o u s ly  d e s c r i b e d  f o r  b o th  s u 
p e r i o r  ( G a la b u rd a  and  P a n d y a , ' 83) and  i n f e r i o r  (R o c k la n d  
an d  P a n d y a , ' 79) t e m p o r a l  r e g i o n s .  H ow ever, i n  a r e a s  TPO, 
PG a, an d  IP a  o f  t h e  STS, c e l l s  o f  o r i g i n  a r e  l o c a t e d  in  
b o th  s u p r a -  and  i n f r a g r a n u l a r  l a y e r s  r e g a r d l e s s  o f  t h e  
d i r e c t i o n  t a k e n  by  t h e i r  a x o n s .

S u p p o r te d  by V .A . H o s p i t a l ,  B e d f o rd ,  MA 
an d  N . I .H .  g r a n t  NS 16 8 4 1 .

3 3 2 .8  AUDITORY AND LIMBIC CONNECTIONS OF THE POSTERIOR  
INSULAR-RETROINSULAR CORTEX IN THE RABBIT.  J .H .  M cLean,  
J .  J o h n s o n * ,  J .  K e l l e r  and  M .T . S h i p l e y .  D e p t . o f  Anatom y 
and  C e l l  B io lo g y  an d  D e p t . o f  N e u r o s u rg e r y ,  U n i v e r s i t y  o f  
C i n c in n a t i  C o l le g e  o f  M e d ic in e ,  C i n c i n n a t i ,  OH 4 5 2 6 7 -0 5 2 1 .

R e c e n t l y ,  t h e  i n s u l a r  ( IC )  an d  r e t r o i n s u l a r  (R IC ) 
c o r t e x  h a v e  b e e n  shown t o  h a v e  c o n n e c t io n s  w i th  a r e a s  o f  
t h e  b r a i n  i n v o lv e d  i n  v a r i o u s  s e n s o r y  m o d a l i t i e s .  T h is  
c o r t i c a l  r e g i o n  a l s o  h a s  l im b ic  and  s u b c o r t i c a l  
c o n n e c t i o n s .  Thus IC  an d  RIC s e r v e  a s  im p o r ta n t  c o n d u i t s  
b e tw e e n  s e n s o r y  and  l im b ic  s t r u c t u r e s  i n  t h e  b r a i n .  I n  
g e n e r a l ,  h o w e v e r , t h e  c o n n e c t io n s  IC  and  RIC a r e  s t i l l  
p o o r ly  u n d e r s to o d .  T h is  s tu d y  h a s  a t t e m p te d  t o  d e l i n e a t e  
t h e  c o n n e c t io n s  o f  p o s t e r i o r  IC -R IC  w i th  a u d i t o r y  and  
l im b ic  s t r u c t u r e s .

S in g le  o r  m u l t i p l e  i n j e c t i o n s  o f  1% WGA-HRP t o t a l i n g  
5 0 -1 5 0  n l  w e re  p la c e d  i n  t h e  p o s t e r i o r  IC -R IC  (AP L e v e l  
7 .0 - 1 0 .0  A t l a s  o f  U rb in  and  R ic h a rd  '7 2 )  o f  m ale  a lb i n o  
r a b b i t s .  A n im als  s u r v iv e d  2 -3  d a y s ;  f r o z e n  s e c t i o n s  w ere  
p r o c e s s e d  u s in g  t h e  ch ro raogen  TMB t o  v i s u a l i z e  HRP.

I n j e c t i o n s  i n  t h e  p o s t e r i o r  IC -R IC  r e s u l t e d  i n  
r e t r o g r a d e  an d  a n te r o g r a d e  l a b e l  i n  t h e  h o m ologous 
c o n t r a l a t e r a l  c o r t e x ,  i p s i l a t e r a l  i n s u l a r  c o r t e x  a t  l e v e l s  
r o s t r a l  an d  c a u d a l  t o  t h e  i n j e c t i o n  and  i n  t h e  i p s i l a t e r a l  
a s s o c i a t i o n  a u d i t o r y  c o r t e x  (AAC). P r o j e c t i o n s  t o  and  
f ro m  p o s t e r i o r  p a r t s  o f  t h e  l a t e r a l  n u c le u s  o f  th e  
a m y g d a la  and  th e  e n t o r h i n a l  c o r t e x  a s  w e l l  a s  r e c i p r o c a l  
c o n n e c t io n s  w i th  t h e  d o r s a l ,  l a t e r a l  an d  v e n t r a l  p o r t i o n s  
o f  t h e  m e d ia l  g e n i c u l a t e  n u c le u s  w ere  o b s e r v e d .  
R e t r o g r a d e ly  l a b e l e d  n e u ro n s  w ere  a l s o  p r e s e n t  i n  t h e  
d o r s a l  r a p h e  and  lo c u s  c o e r u l e u s .  To d e te r m in e  how AAC 
p r o j e c t i o n s  t e r m in a t e  i n  t h e  IC -R IC  and i f  t h a l a m ic  
p r o j e c t i o n s  o f  AAC w ere  s i m i l a r  t o  t h o s e  o f  IC -R IC ,  
WGA-HRP was a l s o  i n j e c t e d  i n t o  th e  AAC r e g i o n  i n  r a b b i t s .  
T h e se  i n j e c t i o n s  p ro d u c e d  a n te r o g r a d e  l a b e l i n g  i n  d e e p  
l a y e r s  o f  t h e  p o s t e r i o r  IC -R IC . R e t ro g r a d e  and  
a n te r o g r a d e  l a b e l  w e re  o b s e rv e d  i n  t h e  r e g i o n  o f  t h e  
d o r s o l a t e r a l  th a l a m u s - p r e t e c tu m  an d  i n  n u c le u s  
s u p r a g e n ic u l a tu m .  T h e se  p r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  
a r e a s  o f  t h e  c o r t e x  w h ic h  p r o j e c t  t o  t h e  i n s u l a  do n o t  
h a v e  c o n n e c t io n s  i n  t h e  th a la m u s  t h a t  o v e r l a p  w i th  t h o s e  
f ro m  IC . Our r e s u l t s  s u g g e s t  t h a t  a  s e c t o r  o f  t h e  
i n s u l a r - r e t r o i n s u l a r  c o r t e x  i n  t h e  r a b b i t  h a s  c o n n e c t io n s  
w h ic h  make i t  a  p o t e n t i a l  r e l a y  f o r  a u d i t o r y  i n p u t  t o  
l im b ic  s t r u c t u r e s .

S u p p o r te d  b y : NIH N S -19730 , NINCDS 18490 ; US ARMY  
DAM D-82-C-2272 and  DOD DAA G -8 3 -G -0 0 6 4 .
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3 3 2 . 9   E F F E R E N T  C O N N E C T I O N S  O F  T H E  M E D I A L  P R E C E N T R A L  
C O M P O N E N T  O F  P R E F R O N T A L  C O R T E X  I N  T H E  R A T .   J . V .  
C o r w i n ,  R . L .  R e e p ,  A .  H a s h i m o t o  a n d  R . T .  W a t s o n .  D e p a r t m e n t s  
o f  N e u r o l o g y  a n d  N e u r o s c i e n c e ,  U n i v e r s i t y  o f  F l o r i d a ,  a n d  V e t 
e r a n ' s  A d m i n i s t r a t i o n  M e d i c a l  C e n t e r ; G a i n e s v i l l e ,  F l o r i d a  3 2 6 1 0 .

R e c e n t  f i n d i n g s  in  r a t s  i n d i c a t e  t h a t  u n i l a t e r a l  c o r t i c a l  l e s i o n s  
w h i c h  i n c l u d e  t h e  m e d i a l  p r e c e n t r a l  ( P C m )  c o m p o n e n t  o f  p r e f r o n 
t a l  c o r t e x  r e s u l t  i n  p r o n o u n c e d  h e m i s p a t i a l  n e g l e c t .  A  r e c e n t  H R P  
s t u d y  b y  u s  r e v e a l e d  s t r o n g  s i m i l a r i t i e s  b e t w e e n  t h e  a f f e r e n t s  o f  
r o d e n t  P C m  a n d  t h o s e  o f  a r c u a t e  c o r t e x ,  a  r e g i o n  o f  m o n k e y  p r e 
f r o n t a l  c o r t e x  k n o w n  t o  b e  i n v o l v e d  i n  a t t e n t i o n a l  m e c h a n i s m s .  I n  
t h e  p r e s e n t  s t u d y  w e  e x a m i n e d  t h e  e f f e r e n t  c o n n e c t i o n s  o f  P C m  
u s i n g  a u t o r a d i o g r a p h i c ,  s i l v e r  d e g e n e r a t i o n ,  a n d  H R P  t r a c i n g  
t e c h n i q u e s .

C o r t i c a l  a r e a s  t o  w h i c h  P C m  p r o j e c t s  i n c l u d e :  c o n t r a l a t e r a l   
P C m ;  i p s i l a t e r a l  r e t r o s p l e n i a l ,  v e n t r o l a t e r a l  o r b i t a l ,  s o m a t i c  
s e n s o r y ,  a n d  v i s u a l  a r e a s .  G e n e r a l l y ,  l a y e r s  I , I I I  a n d  V a r e  t h e  
m o s t  h e a v i l y  l a b e l e d .

T h e  c l a u s t r u m  w a s  l a b e l e d  b i l a t e r a l l y  b u t  c o n s i s t e n t l y  h e a v i e r  
o n  t h e  c o n t r a l a t e r a l  s i d e .  F i b e r s  r e a c h  i t  v i a  t h e  c o r p u s  c a l l o s u m /  
e x t e r n a l  c a p s u l e  a n d  t e r m i n a t e  p r e d o m i n a n t l y  i n  i t s  d o r s a l  p o r t i o n .

F i b e r s  t o  t h e  c a u d a t e  n u c l e u s  t r a v e r s e  t h e  c o r p u s  c a l l o s u m  a n d  
t e r m i n a t e  i n  t h e  d o r s a l  c e n t r a l  r e g i o n .  T h e r e  w a s  a  m o d e r a t e  
c o n t r a l a t e r a l  p r o j e c t i o n  i n  a d d i t i o n  t o  a  p r o f u s e  i p s i l a t e r a l  
t e r m i n a l  f i e l d .  A  c i r c u m s c r i b e d  l a t e r a l  r e g i o n  o f  n u c l e u s  a c c u m 
b e n s  w a s  u s u a l l y  m o d e r a t e l y  l a b e l e d .

F i b e r s  t o  t h e  t h a l a m u s  g a t h e r  a s  p a r t  o f  t h e  i n t e r n a l  c a p s u l e  
t h e n  t r a v e r s e  t h e  t h a l a m i c  r e t i c u l a r  n u c l e u s ,  i n  w h o s e  a n t e r i o r  
d o r s a l  p o r t i o n  s o m e  t e r m i n a t i o n s  a p p e a r  t o  b e  m a d e .  E x t e n s i v e  
t e r m i n a l  f i e l d  l a b e l i n g  w a s  p r e s e n t  i n  t h e s e  n u c l e i :  m e d i o d o r s a l   
( l a t e r a l  p o r t i o n ) ,  c e n t r a l  l a t e r a l ,  v e n t r o l a t e r a l ,  a n d  g e l a t i n o s u s .  
M o d e r a t e  l a b e l i n g  w a s  s e e n  t o  v a r y i n g  d e g r e e s  i n  s e v e r a l  o t h e r  
t h a l a m i c  n u c l e i  d e p e n d i n g  o n  t h e  l o c a t i o n  o f  t h e  a f f e c t e d  s i t e  
w i t h i n  P C m .

N e a r  i t s  t r a n s i t i o n  t o  t h e  c e r e b r a l  p e d u n c l e ,  f i b e r s  l e a v e  t h e  
i n t e r n a l  c a p s u l e  a n d  t e r m i n a t e  i n  z o n a  i n c e r t a .  A  f a r  l a t e r a l  
p o r t i o n  o f  d e e p  s u p e r i o r  c o l l i c u l u s  u s u a l l y  c o n t a i n e d  a  m o d e r a t e  
a m o u n t  o f  l a b e l ,  a s  d i d  t h e  i p s i l a t e r a l  ( a n d  t o  a  l e s s e r  e x t e n t ,  
c o n t r a l a t e r a l )  c e n t r a l  g r a y  o f  t h e  m i d b r a i n .

T h e  r e s u l t s  i n d i c a t e  t h a t ,  a s  f o r  t h e  a f f e r e n t s ,  t h e r e  a r e  s t r o n g  
s i m i l a r i t i e s  b e t w e e n  t h e  e f f e r e n t  c o n n e c t i o n s  o f  r a t  P C m  a n d  
m o n k e y  a r c u a t e  c o r t e x .

S u p p o r t e d  b y  t h e  G a i n e s v i l l e  V A  M e d i c a l  R e s e a r c h  D i v i s i o n  a n d  t h e  
P a u l i n e  G r e e n  F u n d .

332.10  EVIDENCE FOR A CORTICAL TO   NUCLEUS BASALIS PROJECTION:
ELECTRON MICROSCOPIC AXONAL TRANSPORT STUDY IN RAT.

W.  Lemann* an d  C .B . S a p e r  (SPON: J . L . T r o t t e r ) . D e p t.  N e u r o l ,  
an d  N e u r o l .  S u r g . , W a sh in g to n  U n iv . S c h l .  M ed ., S t .  L o u is ,   
MO 6 3 1 1 0 .

The m a g n o c e l lu l a r  b a s a l  n u c le u s  (MBN) p r o j e c t s  t o  a l l  
r e g i o n s  o f  c e r e b r a l  c o r t e x .  P r e v io u s  a x o n a l  t r a n s p o r t  s t u 
d i e s  a t  t h e  l i g h t  m ic r o s c o p ic  (LM) l e v e l  h a v e  shown l a r g e  
num bers o f  l a b e l l e d  f i b e r s  i n  p r o x im i ty  t o  MBN n e u ro n s  an d  
t h e i r  d e n d r i t i c  f i e l d s  s u g g e s t i n g  r e c i p r o c a l  i n n e r v a t i o n .
We have examined th is  question  using a new wheat germ 
agg lu tin in -con jugated  ho rserad ish  peroxidase (WGA-HRP) 
method a t  the  e lec tro n  m icroscopic (EM) le v e l.

WGA-HRP (1 0 % ,1 0 0 n l)  was i n j e c t e d  i n  i n s u l a r  an d  c in g u 
l a t e  c o r t e x  i n  a d u l t  r a t s .  F o l lo w in g  a  48 h o u r  s u r v i v a l ,  
t h e  a n im a ls  w e re  p e r f u s e d  w i th  2.5% g l u t a r a l d e h y d e - 0 .5% 
p a ra f o r m a ld e h y d e .  F i f t y  t o  100 m ic ro n  s e c t i o n s  w e re  r e a c t e d  
w i th  t e t r a m e th y l b e n z id i n e  (TMB) i n  a  m o d i f i c a t i o n  o f  t h e  
M esulam  m eth o d . The TMB p r o d u c t  was s t a b i l i z e d  by  f u r t h e r  
r e a c t i o n  w i th  d i a m i n o b e n z i d in e - c o b a l t  (DAB-Co) a c c o r d in g  t o  
a  new m eth o d  d e s c r i b e d  by  Rye e t  a l  ( J .  H is to c h e m . C y to 
c h e m ., I n  P r e s s ) . T i s s u e  b lo c k s  w e re  p r o c e s s e d  i n  t h e  u s u a l  
f a s h i o n  f o r  EM e x a m in a t io n .

EM s tu d y  show ed h e a v y  l a b e l l i n g  o f  MBN p e r i k a r y a  an d  
d e n d r i t e s  w i th  m asse s  o f  am orphous e l e c t r o n - d e n s e  m a t e r i a l  
c o v e r in g  l u c e n t  r e c t a n g u l a r  s p a c e s .  T h e se  s p a c e s  a r e  
t y p i c a l  o f  t h e  EM a p p e a r a n c e  o f  TMB c r y s t a l s .  We p o s t u l a t e  
t h a t  DAB-Co c o a t s  TMB g r a n u le s  w h ic h  a r e  s u b s e q u e n t ly  
d i s s o l v e d  i n  EM p r o c e s s in g .  P r o f u s e  l a b e l l i n g  o f  m y e l in  
i n v e s t e d  a x o n s  was s e e n  i n  t h e  v i c i n i t y  o f  l a b e l l e d  MBN 
s o m a ta . S i m i l a r  l a b e l  was fo u n d  i n  a x o n a l  t e r m in a l s  m ak ing  
s y n a p t i c  c o n t a c t  w i th  l a b e l l e d  d e n d r i t e s  an d  l e s s  f r e q u e n t 
l y  w i th  l a b e l l e d  MBN p e r i k a r y a .  T h e se  r e s u l t s  c o n s t i t u t e  
e v id e n c e  f o r  a  p r o j e c t i o n  fro m  c e r e b r a l  c o r t e x  t o  MBN i n  
r a t .  An a l t e r n a t e  e x p la n a t io n  i s  t h a t  t h e  a x o n a l  t e r m in a l s  
o r i g i n a t e  fro m  l a b e l l e d  r e c u r r e n t  c o l l a t e r a l s  o f  t h e  MBN 
n e u ro n s .  T h is  i s  u n l i k e l y  b e c a u s e  o f  t h e  n um erous l a b e l l e d  
m y e l in a t e d  a x o n s  s u g g e s t i n g  a n te r o g r a d e  t r a n s p o r t  i n  t h i s  
s y s te m .

O ur d a t a  s u g g e s t  t h a t  t h e  c e r e b r a l  c o r t e x  r e c i p r o c a l l y  
i n n e r v a t e s  MBN c o r t i c a l - p r o j e c t i o n  n e u ro n s .

(S u p p o rte d  by USPHS NS18669 an d  N S 00631, an d  M cK night 
S c h o la r  A w a rd ) .

3 3 2 .11  Q U A N T IT A T IV E  A N A L Y S IS  OF THE MEDIODORSAL THALAMIC NUCLEUS 
IN THE INTACT CAT AND AFT ER  PREFRONTAL CO RTI CAL  A B L A T I O N S .
C .  G o n z á l e z *  a n d  C .  A v e n d a ñ o .  D e p t .  M o r f o l o g í a ,  F a c .  
M e d i c i n a ,  U n i v .  A u t ó n o m a ,  M a d r i d  3 4 , S p a i n .

T h e  m e d i o d o r s a l  t h a l a m i c '  n u c l e u s  (MD) a n d  i t s  m a i n  c o r 
t i c a l  p r o j e c t i o n  t a r g e t ,  t h e  p r e f r o n t a l  c o r t e x  ( P f C ) , h a v e  
b e e n  t h e  s u b j e c t  o f  n u m e r o u s  a n a t o m i c a l ,  p h y s i o l o g i c a l  a n d  
b e h a v i o r a l  s t u d i e s  s i n c e  t h e  f i r s t  d e s c r i p t i o n  o f  t h e i r  
c o n n e c t i o n a l  r e l a t i o n s h i p  b y  V o n  M o n a k o w  ( 1 8 9 5 ) •  D e s p i t e  
t h i s  i n t e r e s t ,  h o w e v e r ,  q u a n t i t a t i v e  s t u d i e s  o n  t h e s e  i n t i 
m a t e l y  r e l a t e d  s t r u c t u r e s  a r e  s t i l l  l a c k i n g .

A s  a  f i r s t  a p p r o a c h  t o  t h i s  s t u d y ,  w e  u s e d  6  a d u l t  c a t s  
t o  m e a s u r e  t h e  v o l u m e  o f  MD a n d  t o  q u a n t i f y  t h e  n e u r o n a l  
p o p u l a t i o n  i n  t h i s  n u c l e u s .  A l s o ,  t h e  v o l u m e  o f  t h e  P f C  w a s  
c a l c u l a t e d  f r o m  6  c o n t r o l  h e m i s p h e r e s .  I n  6  f u r t h e r  a n i m a l s  
t h e  P f C  w a s  s u c t i o n e  d  b i l a t e r a l l y  a n d  3 m o n t h s  l a t e r  t h e  
v o l u m e  o f  t h e  a b l a t e d  c o r t e x ,  t h e  v o l u m e  o f  t h e  MD a n d  t h e  
n u m b e r  o f  s u r v i v i n g  n e u r o n s  i n  MD w e r e  e s t i m a t e d .  A l l  
m e a s u r e s  w e r e  m a d e  o n  p a r a f f i n  s e c t i o n s ,  a n d  t h e  v a l u e s  
o b t a i n e d  w e r e  c o r r e c t e d  f o r  s h r i n k a g e .  T h e  i n t a c t  MD h a d  a  
m e a n  v o l u m e  o f  2 4 . 7  mm3 a n d  c o n t a i n e d  o n  t h e  a v e r a g e  
2 2 8 , 0 0 0 ± 1 3 , 0 0 0  ( s . d . )  n e u r o n s .  A f t e r  a b l a t i n g  80 %  o f  t h e  
P f C  - t h e  n e i g h b o r i n g  c o r t e x  r e m a i n i n g  i n t a c t -  t h e  n u m b e r  o f  
n e u r o n s  i n  MD f e l l  t o  6 2% o f  i n i t i a l  v a l u e s ,  a n d  t h e  v o l u m e  
o f  t h i s  n u c l e u s  w a s  r e d u c e d  t o  a b o u t  8 0 % .  W h e n  t h e  c o r t e x  
s u r r o u n d i n g  t h e  P f C  ( p a r t i c u l a r l y  t h e  p r e m o t o r ,  p r e l i m b i c  
a n d  i n s u l a r  a r e a s )  w a s  i n v o l v e d  b y  t h e  l e s i o n ,  t h e  c h a n g e s  
i n  MD i n c r e a s e d  c o r r e s p o n d i n g l y ,  i n  p r o p o r t i o n  t o  t h e  

v o l u m e  o f  c o r t e x  a s p i r a t e d .  I n  o n e  c a s e ,  w i t h  m o r e  t h a n  
9 2% o f  t h e  P f C  r e m o v e d ,  p l u s  4 0  mm3 o f  n e i g h b o r i n g  p r e l  im
b i c  a n d  i n s u l a r  c o r t e x ,  s t i l l  m o r e  t h a n  1 0 0 , 0 0 0  n e u r o n s  
s u r v i v e d  i n  MD. T h e s e  d a t a ,  t o g e t h e r  w i t h  r e s u l t s  f r o m  
a n t e r o g r a d e  a n d  r e t r o g r a d e  t r a c i n g  s t u d i e s  ( o t h e r  a u t h o r s ,  
a n d  i n  p r e p a r a t i o n )  s h o w  t h a t  MD i s  n o t  o n l y  c l o s e l y  
r e l a t e d  t o  P f C ,  b u t  a l s o  c o n n e c t s  w i t h  o t h e r  c o r t i c a l  
r e g i o n s ,  s u c h  a s  t h e  p r e m o t o r ,  p r e l i m b i c  a n d  i n s u l a r  c o r 
t i c e s .  M o r e o v e r ,  t h e y  p r o v i d e  a  s t a r t i n g  p o i n t  f o r  f u r t h e r  
q u a n t i t a t i v e  s t u d i e s  o n  t h e  d e v e l o p m e n t ,  p l a s t i c i t y  a n d  
a g i n g  o f  MD a n d  P f C ,  t w o  t e l e n c e p h a l i c  s t r u c t u r e s  d i r e c t l y  
i m p l i c a t e d  i n  t h e  m o s t  c o m p l e x  a s p e c t s  o f  b e h a v i o r .

S u p p o r t e d  b y  G r a n t  n °  5 2 7 / 8 1  f r o m  F I S S S .

332.12  SENSORIMOTOR ASYMMETRIES AFTER UNILATERAL DM v s  VPL THALAMIC 
 LESIONS.  T. B a r th * .  K. H o l la n d * ,  an d  T . S c h a l l e r t .  U n iv . 

o f  T ex as  a t  A u s t in ,  TX 78 7 1 2 .
B e h a v io r a l  d e f i c i t s  t h a t  a r i s e  fro m  dam age t o  a  g iv e n  

c o r t i c a l  a r e a  a r e  n o t  a lw a y s  e v id e n t  w hen t h e  a s s o c i a t e d  
th a l a m ic  a r e a  i s  dam ag ed . The p r e s e n t  s tu d y  ex a m in e d  th e  
s o m a to s e n s o ry -m o to r  e f f e c t s  o f  u n i l a t e r a l  t h a l a m ic  l e s i o n s  
i n  two t h a l a m o - c o r t i c a l  s y s te m s  o f  t h e  r a t :  t h e  d o r s o m e d ia l   
(DM) th a la m u s  -  a n te r o m e d ia l  (AM) c o r t e x  s y s te m  an d  t h e  v e n 
t r o p o s t e r o l a t e r a l  (VPL) th a la m u s  -  s o m a to s e n s o ry  (SM) c o r t e x  
s y s te m . We show ed p r e v i o u s ly  t h a t  a f t e r  e x t e n s i v e  u n i l a t 
e r a l  dam age t o  t h e  n e o c o r t e x  t h a t  t h e  c a p a c i t y  t o  l o c a l i z e  
t a c t i l e  s t i m u l i  on t h e  c o n t r a l a t e r a l  bod y  s u r f a c e  i s  l a r g e 
l y  u n im p a i r e d .  F o r  e x a m p le , f o l l o w in g  re m o v a l  o f  t h e  AM o r  
SM c o r t e x ,  a n im a ls  w i l l  rem ove a  s m a l l  p i e c e  o f  a d h e s i v e -  
b a c k e d  p a p e r  fro m  th e  d i s t a l - r a d i a l  s u r f a c e  o f  t h e  c o n t r a 
l a t e r a l  f o r e l im b  j u s t  a s  r a p i d l y  a s  i t  w i l l  rem ove a n  id e n 
t i c a l  s t i m u l u s  fro m  t h e  i p s i l a t e r a l  f o r e l im b ,  p r o v id e d  t h a t  
t h e  s t i m u l i  a r e  p r e s e n t e d  one a t  a  t im e .  H ow ever, i f  t h e  
s t i m u l i  a r e  a p p l i e d  s im u l t a n e o u s ly ,  o n e  on e a c h  s i d e  o f  t h e  
m i d l in e ,  t h e  i p s i l a t e r a l  s t i m u l u s  i s  a lw a y s  rem oved f i r s t .

I n  c o n t r a s t  t o  a n im a ls  w i th  AM c o r t e x  l e s i o n s ,  a n im a ls  
w i th  l a r g e  u n i l a t e r a l  l e s i o n s  o f  t h e  DM th a la m u s  show ed no 
i p s i l a t e r a l  b i a s  i n  rem o v in g  b i l a t e r a l l y - a p p l i e d  a d h e s iv e  
s t i m u l i .  A n im als  w i th  u n i l a t e r a l  l e s i o n s  o f  VPL th a la m u s  
show ed a n  i p s i l a t e r a l l y - b i a s e d  asy m m etry  c o m p a ra b le  t o  t h a t  
p ro d u c e d  by  SM c o r t e x  l e s i o n s .  An im p o r ta n t  f e a t u r e  o f  t h e  
s e n s o r y  asy m m etry  f o l lo w in g  c o r t i c a l  o r  VPL th a l a m ic  l e 
s io n s  was i t s  c o m p le te  r e v e r s i b i l i t y .  S im p ly  b y  in c re m e n 
t a l l y  i n c r e a s i n g  t h e  s i z e  o f  t h e  c o n t r a l a t e r a l  (C) s t i m u l u s  
and  d e c r e a s in g  th e  s i z e  o f  t h e  i p s i l a t e r a l  ( I )  s t i m u l u s  
( i . e . ,  i n c r e a s i n g  t h e  C / I  r a t i o ) ,  t h e  o r d e r  o f  s t i m u l u s  r e 
m o v al becam e ran d o m . I n  f a c t ,  when t h e  C / I  r a t i o  w as l a r g e  
en ough  t h e  a n im a ls  c o n s i s t e n t l y  rem oved t h e  c o n t r a l a t e r a l  
s t im u lu s  f i r s t .  The minimum C / I  r a t i o  t h a t  c o n s i s t e n t l y  
n e u t r a l i z e d  t h e  i p s i l a t e r a l  b i a s  may w e l l  b e  a n  i n d e x  o f  
t h e  m a g n itu d e  o f  t h e  p e r c e p t u a l  asy m m etry  c a u s e d  by  t h e  
b r a i n  dam age . T h is  C / I  r a t i o  i n  r a t s  w i th  VPL th a la m u s  
l e s i o n s  was c o m p a ra b le  t o  t h a t  i n  r a t s  w i t h  SM c o r t e x  l e 
s i o n s ,  b u t  l a r g e r  th a n  t h a t  i n  r a t s  w i th  AM c o r t e x  l e s i o n s .
We a r e  c u r r e n t l y  c o m p a rin g  t h e  r a t e  a t  w h ic h  t h e s e  C / I  r a t i o s  
d e c l i n e  w i th  r e c o v e r y .
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3 3 2 .13   EFFECTS OF TEMPORAL CORTICAL LESIONS ON POWER SPECTRAL 
ANALYSIS OF AMYGDALA ACTIVITY IN MONKEY ( S .  SCI UREUS).    
K .H .  P e r r y m a n *  a n d  A.  K l i n g .  P s y c h i a t r y ,  VAMC S e p u l v e d a ,   
CA 9 1 3 4 3  a n d  UCLA S c h .  o f  M e d . ,  L o s  A n g e l e s ,  CA 9 0 0 2 4 .

T h i s  s t u d y  e x a m i n e s  t h e  e f f e c t s  o f  b i l a t e r a l  l e s i o n s  o f  
i n f e r i o r  t e m p o r a l  a s s o c i a t i o n  c o r t e x  (T E )  on s p e c t r a l  a n a l y 
s i s  s l o w  w a v e  e l e c t r i c a l  a c t i v i t y  a n d  r e c o r d i n g  f r o m  c h r o n i 
c a l l y  i m p l a n t e d  e l e c t r o d e s  i n  m e d i a l  a n d  l a t e r a l  a m y g d a l a  
l o c a t i o n s  o f  s q u i r r e l  m o n k e y s  i n  a )  a  c h a i r  a n d  b )  f r e e l y  
m o v i n g  i n  a  s o c i a l  g r o u p .  I n  t h e  c h a i r  c o n d i t i o n ,  s u b j e c t s  
w e r e  e x p o s e d  t o  1 ) v i s u a l  s t i m u l u s  c o n s i s t i n g  o f  a  s e r i e s  o f  
r e a r  p r o j e c t e d  s l i d e s  o f  v a r y i n g  s u b j e c t  m a t t e r ,  2 ) a  s e r i e s  
o f  a u d i t o r y  s t i m u l i  o f  c o n s p e c i f i c  p e e p s ,  a n d  3 )  n a t u r a l 
i s t i c  s t i m u l i .

I n  t h e  f r e e l y  m o v i n g  c o n d i t i o n ,  s u b j e c t s  w e r e  e x p o s e d  t o  
t h e  s a m e  a u d i t o r y  s t i m u l i  a n d  i n  a d d i t i o n  r e c o r d i n g s  w e r e  
c o r r e l a t e d  w i t h  n a t u r a l l y  o c c u r r i n g  b e h a v i o r a l  i n t e r a c t i o n s .  
D a t a  w e r e  a l s o  c o l l e c t e d  i n  s e v e r a l  s u b j e c t s  d u r i n g  s e n s o r y  
i s o l a t i o n .  F o l l o w i n g  c o l l e c t i o n  o f  d a t a  d u r i n g  t h e  a b o v e  
c o n d i t i o n s  i n  t h e  i n t a c t  s u b j e c t s ,  b i l a t e r a l  a b l a t i o n s  o f  TE 
w e r e  c a r r i e d  o u t  a n d  t h e  s u b j e c t s  r e - t e s t e d  f o r  t h e  s a m e  
s t i m u l u s  c o n d i t i o n s .

R e s u l t s  f o r  e l e c t r o d e  l o c a t i o n s  i n  t h e  i n t a c t  s u b j e c t s  
s u g g e s t  t h a t  t h e  l o w e s t  p o w e r  w a s  o b t a i n e d  u n d e r  s e n s o r y  i s o 
l a t i o n  i n c r e a s i n g  d u r i n g  b o t h  v i s u a l  a n d  a u d i t o r y  s t i m u l a t i o n  
i n  t h e  c h a i r  w h i l e  t h e  h i g h e s t  p o w e r s  f o r  a l l  f r e q u e n c y  b a n d s  
o c c u r r e d  d u r i n g  t h e  f r e e l y  m o v i n g  c o n d i t i o n .

F o l l o w i n g  t h e  TE o b l a t i o n s  t h e r e  w a s  a n  a t t e n u a t i o n  t o  
v i s u a l  s t i m u l a t i o n  i n  a l l  e l e c t r o d e  l o c a t i o n s .  F o r  a u d i t o r y  
s t i m u l a t i o n  t h e  m e d i a l  l o c a t i o n  s h o w e d  a  p o s t o p e r a t i v e  
d e c r e a s e  i n  p o w e r  w h i l e  a n  i n c r e a s e  w a s  s e e n  i n  t h e  l a t e r a l  
l o c a t i o n s .  I n  t h e  g r o u p  s i t u a t i o n  t h e r e  w a s  a  d e c r e a s e  
n o t e d  o n l y  f r o m  t h e  n u c l e u s  c e n t r a l i s  w h i l e  a l l  o t h e r  l o c a 
t i o n s  w e r e  i n c r e a s e d .  As f o r  o t h e r  b e h a v i o r s  i n  t h e  s o c i a l  
g r o u p s  t h e r e  w a s  a  g e n e r a l  d i s i n h i b i t i o n  f r o m  a l l  l o c a t i o n s  
e x c e p t  n u c l e u s  b a s a l  m e d i a l i s  a n d  b a s a l i s  a n t e r i o r .

F o l l o w i n g  c o r t i c a l  lesions of temporal pole a l l  electrode 
l o c a t i o n s  s h o w e d  a n  a t t e n u a t i o n  i n  p o w e r  t o  a l l  s t i m u l i  i n  
t h e  r e s t r a i n t  a n d  s o c i a l  c o n d i t i o n s .

T h e s e  r e s u l t s  s u g g e s t  t h a t  p r o j e c t i o n s  f r o m  TG a r e  e x c i t 
a t o r y  t o  t h e  e n t i r e  a m y g d a l a  w h i l e  TE p r o j e c t i o n s  h a v e  b o t h  
i n h i b i t o r y  a n d  e x c i t a t o r y  i n f l u e n c e s ,  t h e  l a t t e r  p r i m a r i l y  
i n  t h e  l a t e r a l  n u c l e i .

332.14  STRATEGIES FOR THREE-DIMENSIONAL IMAGING OF NEUROANATOMICAL 
OBJECTS RECONSTRUCTED FROM SERIAL SECTIONS.  W.K. Smith,  
D.S. Sch lu sse lb e rg , B.G. C ulter*  and D .J. Woodward,  Dept. 
C ell Biology, Univ. Texas H ealth  Science C t r . ,  D a lla s , TX, 
75235.  

Ongoing s tu d ie s  in  t h i s  la b o ra to ry  have considered  th e  
q u estio n  o f  which computer imaging s t r a te g ie s  appear most 
a p p ro p ria te  fo r  a  range o f  s e r i a l  re c o n s tru c t ion  problems in  
th e  neu ro sc ien ces .

In  our system, d a ta  can be c o lle c te d  from a  v a r ie ty  o f  
in p u t sou rces: l ig h t  m icroscope, e le c tro n  m icrographs,
p ro je c to r ,  photographs, tra c in g s  and m edical image d a ta  from 
Computed Tomography (CT) and Magnetic Resonance Imaging 
(MRI). P o in ts  along th e  pe rim e te rs  o f  b io lo g ic a l  s tru c tu re s  
and c e l l  p o s it io n s  make up th e  la rg e s t  p a r t  o f  th e  in p u t 
d a ta .  A h ie ra rc h ic a l  database  and a  s e t  o f  ro u tin e s  have 
been designed to  s to re  and m anipulate t h i s  b io lo g ic a l  
in fo rm ation .

S tro k e-v ec to r and s to rag e  tube g raph ics systems were th e  
i n i t i a l  dev ices used to  d is p la y  s tru c tu re s  a s  s e ts  o f  
l in e s .  The re c e n t ly  in troduced  r a s t e r  scan g raph ics  systems 
have allowed g en era tio n  o f  much more r e a l i s t i c  images 
through th e  d isp la y  o f  shaded su rfa c e s . As dem ostrated 
p rev io u s ly  (Smith, e t .  a l . , Soc. Neu ro s c i .  1983 Ab s t r .  
#106.5), th e se  su rfa c e s , which a re  generated  using
s o p h is tic a te d  l ig h tin g  and shading a lg o rith m s, can g ive  
in s ig h t in to  th e  topology and th ree-d im ensional  
re la tio n s h ip s  o f  anatom ical o b je c ts . T ransparen t su rfaces  
can a ls o  be imaged vh ich  perm it th e  exam ination o f  in t e r io r  
o b je c ts  o r o b je c ts  th a t  would o therw ise  be h idden in  a  g iven 
scene.

Another re c o n s tru c tio n  method i s  e s p e c ia lly  s u ite d  fo r  
m edical image d a ta  such as  th a t  generated  by CT and MRI. 
Since th i s  d a ta  a lread y  co n ta in s  two-dim ensional p ic tu re  
elem ents (p ix e ls ) ,  a  sim ple ex tension  in to  th re e  dim ensions 
allow s th e  c re a t io n  o f  volume elem ents (v o x e ls ). F a s t voxel 
in te rp o la tio n  and th ree-d im ensional d is p la y  a lgo rithm s e x i s t  
fo r  th i s  m edical image d a ta .  A v a r ia t io n  o f  t h i s  techn ique 

we have used inc ludes  a s la b  elem ent (s lo x e l)  fo r  d is p la y  o f  
p ro f i le s  c o lle c te d  from h is to lo g ic a l  s e c tio n s .

Our conclusion  i s  th a t  a  number o f  imaging techn iques 
must be m aintained by a cannon da tabase  and r e la te d  softw are  
packages to  d ea l w ith  th e  com plex ities  encountered in  
d i f f e r e n t  modes o f  d a ta  c o l le c t io n .  (Support from th e  
B io lo g ica l Humanics Foundation .)

SUBCORTICAL AUDITORY PATHWAY III

3 3 3 .1  ANTEROVENTRAL COCHLEAR NUCLEUS (AVCN) PROJECTIONS TO THE 
INFERIOR COLLICULUS (IC ) IN CAT. POSSIBLE SUBSTRATES FOR 
BINAURAL INTERACTIONS IN THE MIDBRAIN.  D. L. O liv e r  and 
C. K re v o lin * .  D epartm ent o f Anatomy, The U n iv e r s ity  of 
C o n n e c tic u t H ea lth  C e n te r , F arm ing ton , CT 06032.

The b in a u ra l  re s p o n s e s  o f n eu rons  in  th e  IC may in v o lv e  
s e v e r a l  ty p e s  o f n eu ro n a l c i r c u i t s .  Many re sp o n se s  may r e 
s u l t  from p r o je c t io n s  o f AVCN bushy and g lo b u la r  c e l l s  to  
th e  s u p e r io r  o l i v a r y  com plex whose n eu rons  p r o j e c t ,  in  
tu r n ,  to  th e  IC. However, b in a u ra l  i n t e r a c t io n s  a l s o  could  
r e s u l t  from d i r e c t ,  co n v e rg in g  p r o je c t io n s  from th e  coch
l e a r  n u c le i  to  th e  IC.

To i n v e s t ig a t e  t h i s  h y p o th e s is ,  we examined th e  p ro je c 
t i o n s  o f AVCN neu ro n s  and t h e i r  s y n a p tic  c o n n e c tio n s  in  
th e  IC w ith  a n te ro g ra d e  t r a n s p o r t  and LM/EM a u to r a d io g ra 
p h ic  te c h n iq u e s  2 -3  days a f t e r  3 H -leu c in e  i n j e c t io n s  in  
th e  AVCN. A ll AVCN i n j e c t io n s  produce in te n s e  l a b e l in g  in  
th e  c o n t r a l a t e r a l  IC. F ib e r s  te rm in a te  in  th e  IC ’s c e n t r a l  
n u c le u s  (ICC) in  heavy bands or p a tc h e s  o f la b e l in g  which 
p a r a l l e l  th e  f i b r o - d e n d r i t i c  la m in a e . L abeled  a f f e r e n t s  
a l s o  ex ten d  in to  l a y e r s  3 and 4 o f th e  IC ’s d o r s a l  c o r te x  
(ICDC). The v e n t r a l ,  low freq u en c y  p a r t s  o f th e  AVCN p ro 
j e c t  to  th e  l a t e r a l  p a r t  o f th e  ICC w h ile  more d o rso m ed ia l, 
h ig h e r  freq u en c y  re g io n s  o f th e  AVCN p r o je c t  to  more med
i a l  p a r t s  o f th e  ICC and ICDC. P ro je c t io n s  to  th e  i p s i l a t 
e r a l  IC a r e  p re s e n t  in  c a se s  which in v o lv e  th e  v e n t r a l  and 
m ed ia l p a r t s  o f th e  AVCN. L abeled  a f f e r e n t s  a re  la r g e ly  
c o n fin e d  to  th e  l a t e r a l  s u b d iv is io n  o f th e  i p s i l a t e r a l  ICC 
and th e  a d ja c e n t  ICDC. P re lim in a ry  e l e c t r o n  m ic ro sco p ic  
e x a m in a tio n  o f th e  la b e le d  en d in g s  in  th e  l a t e r a l  ICC shows 
th a t  th e y  a re  q u i t e  s im i la r  on bo th  s id e s .  Endings c o n ta in  
s m a l l ,  round s y n a p tic  v e s i c l e s  and form asym m etric c o n ta c ts  
on s m a l l ,  p ro b ab ly  d i s t a l  d e n d r i t e s .

Thus, th e  l a t e r a l  s u b d iv is io n  o f th e  ICC and th e  a d j a 
c e n t ICDC re c e iv e  s i g n i f i c a n t  in p u ts  from th e  AVCN on bo th  
s id e s .  O b se rv a tio n s  o f AVCN neu rons  la b e le d  a f t e r  HRP in j e c 
t i o n s  in  th e  IC in d i c a t e  t h a t  s t e l l a t e  c e l l s  a re  th e  l i k e ly  
s o u rc e  o f  b o th  th e  c o n t r a l a t e r a l  and i p s i l a t e r a l  p r o je c 
t i o n s .  These AVCN neu rons  may tr a n s m it  in fo rm a tio n  to  th e  
IC w hich d i f f e r s  m arked ly  from t h a t  in  th e  A V C N -to-superior 
o l i v e - to - I C  c i r c u i t s .  N eurons which respond  to  sm all i n t e r 
a u r a l  tim e d i f f e r e n c e s  a r e  common in  th e  l a t e r a l  p a r t  of 
th e  IC and cou ld  be d i r e c t l y  in f lu e n c e d  by b i l a t e r a l  p r o je c 
t i o n s  from th e  AVCN.

S upported  by NIH g ra n t  R23-NS18391.

3 3 3 .3  PROJECTIONS FROM COCHLEAR NUCLEUS TO INFERIOR 
COLLICULUS IN NORMAL AND UNILATERAL NEONATAL 
COCHLEAR ABLATED GERBILS.  D .R .Moore and L .M .K itzes*.  
D ep t. of A natom y, U niversity  of C alifo rn ia , Irvine, CA 92717.

The sm all pro jection  from  the  coch lear nucleus (CN) to  the 
ip s ila te ra l inferior colliculus (IC) is increased  in adu lt gerb ils 
sub jec ted  to  a  neona tal ab lation  of the co n tra la te ra l coch lea 
(Nordeen e t  a l., 3. Comp. N eurol., 214: 144, 1983). The  
d istribu tion  w ithin the  IC of the  CN pro jection  was studied  in 
norm al gerbils and in adu lt gerbils subjec ted  to  a  un ila te ra l 
ab lation  of the  coch lea a t  2 days of age. The F ink-H eim er 
technique for silver im pregnation of degenerating  axons and 
te rm ina ls  was used. The co n tra la te ra l CN of neonatally  ab la ted  
anim als and the  le f t  CN of adu lt con tro ls  w ere lesioned by 
asp ira tion . Survival tim e was 2-5 days. A djacent fro n ta l sections 
w ere stained  fo r N issl bodies and degenerating  processes. Brains 
w ere studied only if th e re  had been a  d isc re te , la rge lesion of the 
asp ira ted  CN and, in neonatally  ab la ted  anim als, com plete  
d e s truc tion  of th e  coch lea and degeneration  of th e  ips ila te ra l 
ven tra l CN. Silver im pregnated  sections w ere coded and the  
e x te n t and density  of degeneration  in the IC was assessed  a t  
1000x m agnification  by an observer unfam iliar w ith th e  codes.

G rad ien ts of degeneration  w ere seen in both IC's of all 
an im als. In norm al an im als, degeneration  was both m ore 
w idespread and heavier in the co n tra la te ra l than  in the  ips ila te ra l 
c e n tra l nucleus of IC (ICC). D egenera tion  was m ost w idespread in 
th e  ro s tra l and la te ra l p a rts  of both ICC's and in the v en tra l p a rt 
of the  c o n tra la te ra l ICC. D egenera tion  was seen in 26% of the  
ip s ila te ra l and in 73% of th e  co n tra la te ra l ICC. In ab la ted  
anim als th e re  was a  much g re a te r  s im ilarity  in the  ex te n t of 
degeneration  in the  ip s ila te ra l (57%) and co n tra la te ra l (67%) ICC. 
The sam e g rad ien ts w ere observed as in the  norm al anim als 
excep t th a t th e  d istribu tion  of degeneration  in the ip s ila te ra l ICC 
m ore closely resem bled th e  norm al co n tra la te ra l than  the  norm al 
ip s ila te ra l profile . A lthough degeneration  in the  ICC ip s ila te ra l to  
the  a sp ira ted  CN was sign ifican tly  (p<0.001) m ore w idespread in 
ab la ted  than in norm al anim als, th e  density  of silver im pregnated  
processes rem ained higher in th e  c o n tra la te ra l ICC.

These data  d em onstra te  th a t a ffe re n t p rocesses arising from  
CN are  not uniform ly d istribu ted  throughout the  ICC. They also 
confirm  th a t, in neonatally  ab la ted  gerbils, th e  pro jection  to  the 
ip s ila te ra l IC is inc reased , while th e  p ro jec tion  to  th e  
c o n tra la te ra l IC is decreased . The a lte red  pro jections a re  not 
uniform ly d is tribu ted  throughout th e  IC.

Supported by N.I.H. Fellowship F05 TWO3390 and NS-17596.
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333.3 IMMUNOCYTOCHEMICAL LOCALIZATION OF GABAERGIC ELEMENTS IN 
RAT INFERIOR COLLICULUS.  D . E .  V e t t e r *  a n d  E.  M u g n a i n j .
 D e p t . o f  B i o b e h a v .  S c i . ,  U n i v .  o f  C o n n . , S t o r r s ,  CT 0 6 2 6 8 .

G l u t a m a t e  d e c a r b o x y l a s e  (GAD) i m m u n o c y t o c h e m i s t r y  w a s  
u s e d  t o  a s s e s s  t h e  p r e s e n c e  a n d  d i s t r i b u t i o n  o f  G A B A e r g ic  
c e l l s  a n d  t e r m i n a l s  w i t h i n  t h e  r a t  i n f e r i o r  c o l l i c u l u s  ( I C ) .  
A d u l t  r a t s  w e r e  p e r f u s e d  w i t h  z i n c - a l d e h y d e  a t  pH 4 . 0  o r   
6 . 5  ( M u g n a i n i  & D a h l ,  1 9 8 3 ) .  S e r i a l  f r o z e n  S e c t i o n s  ( 2 0  urn) 
c u t  i n  t h e  3 s t a n d a r d  p l a n e s  w e r e  p r o c e s s e d  w i t h  t h e  PAP 
p r o c e d u r e  u s i n g  G A D - a n t i s e r u m  S3 ( O e r t e l  e t  a l . ,  1 9 8 1 ) .  T h e  
p a t t e r n  o f  i m m u n o s t a i n i n g  i d e n t i f i e s  a t  l e a s t  3 r e g i o n s :
(A) a  c o r t e x  s u r r o u n d i n g  m o s t  o f  IC a n d  c o n t i n u o u s  w i t h  t h e  
s a g u l u m ;  (B ) a  c e n t r a l  n u c l e u s  b o r d e r e d  m e d i a l l y  b y  t h e  
p e r i a q u e d u c t a l  g r a y  (PAG) a n d  v e n t r a l l y  b y  t h e  d o r s a l  
n u c l e u s  o f  t h e  l a t e r a l  l e m n i s c u s ;  a n d  (C ) a  m e d i o - d o r s a l  
r e g i o n  p r e s u m a b l y  c o r r e s p o n d i n g  t o  t h e  i n t e r n u c l e a r  c o r t e x  
d e s c r i b e d  b y  C a j a l .  F r e q u e n c y  o f  G A D - p o s i t i v e  c e l l  b o d i e s  
a n d  t e r m i n a l s  w a s  r a n k e d  f r o m  I t o  I V ,  t h e  l a t t e r  r e p r e 
s e n t i n g  t h e  h i g h e s t  d e n s i t y .

(A) T h e  c o r t e x  c o n t a i n s  3 l a y e r s .  T h e  s u p e r f i c i a l  l a y e r  
h a s  s p a r s e  ( I )  s m a l l  c e l l  b o d i e s  a n d  m e d iu m  d e n s i t y  ( I I )  
s m a l l  t e r m i n a l s  ( 1 . 8  µ m ) .  T h e  m i d d l e  l a y e r  c o n t a i n s  d e n s e  
( I V )  p a t c h e s  o f  l a r g e  b o u t o n s  ( 2 . 4  µ m) a n d  s m a l l - t o - m e d i u m  
s i z e  n e u r o n s  ( 1 0 - 2 0  um i n  a v e r a g e  d i a m e t e r )  c l u s t e r e d  w i t h  
n u m e r o u s  G A D - n e g a t i v e  s m a l l  c e l l  b o d i e s .  T h e  p a t c h e s  measure 
0 . 1 x 0 . 1  mm t o  0 . 1 x 1 . 5  mm. A d e n s e l y  s t a i n e d  z o n e ,  p r o b a b l y  
c o n t i n u o u s  w i t h  t h e  p a t c h e s  o f  t h e  m i d d l e  c o r t i c a l  l a y e r ,  i s  
p r e s e n t  a t  t h e  c a u d o - v e n t r a l  b o r d e r  o f  t h e  c e n t r a l  n u c l e u s .  
P r e l i m i n a r y  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  c a t  IC a l s o  
c o n t a i n s  p a t c h e s ,  b u t  t h a t  t h e y  a r e  f a r  l e s s  c o n s p i c u o u s .
T h e  d e e p  l a y e r  i s  t h i n  a n d  h a s  f e w  ( I ) t e r m i n a l s  a n d  c e l l  
b o d i e s .  (B )  T h e  c e n t r a l  n u c l e u s  d i s p l a y s  a  m e d i u m ,  a l t h o u g h  
n o t  h o m o g e n e o u s ,  d e n s i t y  ( I I - I I I )  o f  G A D - p o s i t i v e  c e l l s ,  
1 0 - 3 0  µ m i n  a v e r a g e  d i a m e t e r ,  a n d  t e r m i n a l s .  (C )  T h e  s u p e r 
f i c i a l  p a r t  o f  t h e  m e d i o - d o r s a l  r e g i o n  r e s e m b l e s  t h e  c o r t e x ,  
b u t  d o e s  n o t  c o n t a i n  d e n s e  p a t c h e s .  T h e  d e e p  p a r t ,  w h i c h  
a p p e a r s  c o n t i n u o u s  w i t h  PAG, c o n t a i n s  lo w t o  m e d iu m  d e n s i t y  
( I - I I ) o f  i m m u n o r e a c t i v e  t e r m i n a l s  a n d  h i g h  d e n s i t y  ( I I I )  
o f  c e l l  b o d i e s  1 0 - 1 4  µ m i n  a v e r a g e  d i a m e t e r .

T h u s ,  GAD-i m m u n o c y t o c h e m i s t r y  i n d i c a t e s  t h a t  GABA i s  a n  
i m p o r t a n t  t r a n s m i t t e r  i n  t h e  r a t  I C .  E x p e r i m e n t a l  a p p r o a c h e s  
c o m b i n e d  w i t h  i m m u n o c y t o c h e m i s t r y  a r e  n e c e s s a r y  t o  d i s 
t i n g u i s h  b e t w e e n  G A B A e r g ic  l o c a l  c i r c u i t  a n d  p r o j e c t i o n  
n e u r o n s  a n d  b e t w e e n  G A B A e r g i c  a x o n  t e r m i n a l s  o f  i n t r i n s i c  
a n d  e x t r i n s i c  o r i g i n .  ( S u p p o r t e d  b y  NIH g r a n t  0 9 9 0 4 . )

333.4  REGIONAL AND BILATERAL DIFFERENCES IN THE BANDING PATTERN 
 OF LATERAL SUPERIOR OLIVARY PROJECTIONS TO THE INFERIOR 

COLLICULUS. A. S h n e i d e r m a n  a n d  C r a i g  K. H e n k e l ,  (SPON: 
P .  B.  S m i t h ) ,   D e p a r t m e n t  o f  A n a t o m y ,  Wake F o r e s t  U n i v .  
Med .  C t r . ,  W i n s t o n - S a l e m ,  NC 2 7 1 0 3

T h e  a x o n a l  p r o j e c t i o n s  o f  t h e  l a t e r a l  s u p e r i o r  o l i v a r y  
n u c l e i  (LSO) t o  t h e  i n f e r i o r  c o l l i c u l u s  w e r e  e x a m i n e d  i n  
t h e  c a t  i n  o r d e r  t o  d e t e r m i n e  t h e i r  d i s t r i b u t i o n  a n d  
c o n f i g u r a t i o n  w i t h  r e s p e c t  t o  o t h e r  a f f e r e n t  p r o j e c t i o n s  
a n d  t h e  l a m i n a r  c o n t o u r s  o f  t h e  i n f e r i o r  c o l l i c u l u s .  I n  
20  c a s e s  t r i t i a t e d  l e u c i n e  o r  WGA-HRP i n j e c t i o n s  w e r e  
m a d e  s t e r e o t a x i c a l l y  i n  LSO a n d  f r o n t a l  s e c t i o n s  w e r e  
p r o c e s s e d  f o r  a u t o r a d i o g r a p h y  o r  p e r o x i d a s e  TMB h i s t o 
c h e m i s t r y .  I n  e a c h  c a s e  l a b e l e d  a x o n s  w e r e  o r g a n i z e d  
b i l a t e r a l l y  i n  b a n d s  t h a t  v a r i e d  i n  f o r m  a n d  p o s i t i o n  i n  
t h e  c e n t r a l  n u c l e u s  o f  t h e  i n f e r i o r  c o l l i c u l u s  a s  a  
f u n c t i o n  o f  t h e  l o c a t i o n  o f  t h e  i n j e c t i o n  s i t e .  LSO 
f i b e r s  w e r e  d i s t r i b u t e d  f r o m  a n  e x t r e m e  d o r s o l a t e r a l  
f i e l d  i n  t h e  i n f e r i o r  c o l l i c u l u s  i n  a  c a s e  w i t h  a n  
i n j e c t i o n  i n  t h e  l a t e r a l  t i p  o f  LSO, t o  t h e  v e n t r o m e d i a l  
b o r d e r  o f  t h e  i n f e r i o r  c o l l i c u l u s  i n  a n o t h e r  c a s e  w i t h  a n  
i n j e c t i o n  i n  t h e  m e d i a l  l i m b  o f  LSO. T h e s e  p r o j e c t i o n s  
e x t e n d e d  on  b o t h  s i d e s  t o  t h e  r o s t r a l  p r o c e s s  o f  t h e  
i n f e r i o r  c o l l i c u l u s ,  b u t  n o t  t o  t h e  c a u d a l  b o u n d a r y  o f  
t h e  c e n t r a l  n u c l e u s .  A p a r t  f r o m  t h i s  m o s t l y  e x p e c t e d  
t o p o g r a p h y ,  h o w e v e r ,  t h e  b a n d s  w e r e  o r i e n t e d  d i f f e r e n t l y  
i n  e i t h e r  t h e  v e n t r o l a t e r a l ,  l a t e r a l  o r  c e n t r a l  a n d  
m e d i a l  s u b d i v i s i o n s  o f  t h e  c e n t r a l  n u c l e u s  o f  t h e  
i n f e r i o r  c o l l i c u l u s  [ t e r m i n o l o g y  by  M o r e s t  a n d  O l i v e r ,  
1 9 8 4 ] .  F u r t h e r m o r e ,  on  t h e  i p s i l a t e r a l  s i d e  t h e  
p r o j e c t i o n  o f  LSO d i s p l a y e d  a l t e r n a t i n g  h e a v i l y  a n d  
l i g h t l y  l a b e l e d  b a n d s .  T h e  c o m p l i m e n t a r y  f i e l d  o n  t h e  
o p p o s i t e  s i d e  s o m e t i m e s  a p p e a r e d  s h i f t e d  i n  p o s i t i o n  a n d  
w a s  m o r e  d i f f u s e .  T h e  i p s i l a t e r a l  h e a v i l y  l a b e l e d  b a n d s  
w e r e  u s u a l l y  n o t  r e g u l a r l y  d e n s e  a l o n g  t h e i r  p a t h ,  b u t  
e x h i b i t e d  i n t e r m i t t e n t  d e n s e  p a t c h e s .  T h e r e  w e r e  a l s o  
o c c a s i o n a l  e x a m p l e s  o f  t h i s  o n  t h e  c o n t r a l a t e r a l  s i d e .  
I t  h a s  n o t  b e e n  e s t a b l i s h e d  w h e t h e r  t h e  p a t t e r n s  a r e  i n  
c o r r e s p o n d i n g  r e g i s t e r  o r  a l t e r n a t i n g  on  t h e  t w o  s i d e s .  
W h i l e  LSO p r o j e c t i o n s  a r e  f o u n d  i n  t h i s  s t u d y  t o  o v e r l a p  
a  b r o a d  t e r r i t o r y  o f  t h e  i n f e r i o r  c o l l i c u l u s ,  w i t h i n  t h a t  
t e r r i t o r y  t h e y  m ay  b e  s p a c e d  i n  l a m i n a e  o r  c o l u m n s  
e l a b o r a t e d  r e s p e c t i v e l y  by  t h e  b a n d s  a n d  p a t c h e s .  T h i s  
may r e f l e c t  c o m p a r t m e n t a l i z a t i o n  o f  so m e a f f e r e n t s  a n d  
s e l e c t i v e  i n t e g r a t i o n  o f  o t h e r s .

S u p p o r t e d  by  NIH G r a n t  NS 1 8 6 2 7 .

333. 5  SENSITIVITY OF SINGLE UNITS IN THE GERBIL INFERIOR 
COLLICULUS TO INTERAURAL INTENSITY DIFFERENCES AT 
DIFFERENT AVERAGE BINAURAL LEVELS.  M.N. Sem ple *and  
L.M. K itzes. * (SPON: E.A. Davis).  D ept. A natom y, Univ. 
C alifo rn ia , Irvine, CA 92717.

The in te rau ra l in tensity  d iffe rence  (IID) is a  p resum ptive cue 
fo r th e  localiza tion  of high frequency sounds. The sensitiv ity  of 
aud ito ry  neurons to  IID has com m only been assessed by 
m ainta in ing  a fixed stim ulus in tensity  a t  one ea r while varying the  
in tensity  a t  the  o the r (MFI) or less com monly, by increasing  the 
in tensity  a t  one ea r and decreasing  the  in tensity  by an equ ivalen t 
am ount a t  the  o ther, thus m aintain ing  a  constan t average  binaural 
in tensity  (ABI). It is thought th a t b ila te ra lly  exc ited  (EE) units 
a re  sensitive  to  changes in ABI but insensitive to  changes in IID, 
w hereas c o n tra la te ra lly  e x c ited /ip s ila te ra lly  inhibited (EI) units 
a re  insensitive to  changes in ABI but sensitive to  changes in IID. 
P revious studies of IID sensitiv ity  have focused on El units and 
have investiga ted  IID sensitiv ity  in a  given neuron a t  only a  single 
ABI (or MFI). In th e  p resen t study of single unit responses in the  
c e n tra l nucleus of the  in fe rio r colliculus of the gerbil, th e  e ffe c ts  
of varying not only IID, bu t also ABI and MFI w ere exam ined. 
P ure  tone bursts  w ere delivered  through ca lib ra ted  sealed  system s 
to  anim als anesth e tised  w ith N em butal and K etam ine.

S ensitiv ity  to  IID was observed in EI, EE and PB (principally 
binaural) neurons. Functions of EI units fe ll from  a m aximum a t  
IIDs w ith stronger c o n tra la te ra l stim uli (con tra  field) to  a 
m inimum a t  IIDs w ith stronger ip s ila te ra l s tim uli (ipsi fie ld). The 
m axim um  discharge ra te  was o ften  g re a te r  than the  corresponding 
m onaural c o n tra la te ra l ra te , indicating  fac ilita tio n  a t  re la tive ly  
low ip s ila te ra l levels. This observation  is p a rticu larly  evident 
w ith MFI s tim u la tion . The slope of th e  IID function  was o ften  
s tee p e r a t  high ABIs. El units showed th re e  m ajor form s of 
sensitiv ity  to  increasing  ABI: 1) th e  IID function  sh ifted   
sy stem a tica lly  tow ard  th e  co n tra  fie ld  or 2 ) tow ards the  ipsi field . 
S h ifts  in e ith e r  d irec tion  w ere o ften  of such m agnitude th a t,  
w ithin th e  acoustic  environm ent, sensitiv ity  to  IID would be 
lim ited  to  a  re s tr ic te d  range of ABIs. 3) la rge changes in ABI 
produced no sh ift in th e  IID function . In PB neurons, IID functions 
w ere usually bell-shaped, w ith m axim a a t  IIDs near ze ro , and 
sh ifted  vertica lly  as a  function  of ABI. Many EE units w ere 
insensitive to  IID, though som e revea led  ch a ra c te r is tic s  sim ilar to  
PB or El neurons. In such cases, th e re  was frequen tly  evidence of 
mixed e x c ita to ry  and inhib itory  influences arising from  both ea rs. 
These resu lts  reveal: 1) th a t IID sensitiv ity  occurs in neurons w ith 
d iverse m onaural c h a ra c te r is tic s . 2) m ost IID -sensitive neurons 
a re  also A BI-sensitive. 3) w ithin a  given b inaural c lass, sensitiv ity  
to  ABI is heterogeneous. (Supported by NS-17596.)

3 3 3 .6  EFFECTS OF EXCITANT AMINO ACIDS ON INFERIOR COLLICULUS 
NEURONAL RESPONSES TO ACOUSTIC STI M UL I.   C . L .  F a i n g o l d ,  W .E .  
H o f f m a n n *  a n d  D.M . C a s p a r y .  D e p t .  P h a r m a c o l o g y , S o u t h e r n  
I l l i n o i s  U n i v e r s i t y  S c h .  o f  M e d . ,  S p r i n g f i e l d ,  IL 6 2 7 0 8  

T h e  n e u r o t r a n s m i t t e r  m e c h a n i s m s  w h i c h  s u b s e r v e  a u d i t o r y  
r e s p o n s i v e n e s s  i n  t h e  i n f e r i o r  c o l l i c u l u s  ( I C )  a r e  n o t  w e l l  
u n d e r s t o o d .  E a r l i e r  s t u d i e s  h a v e  s h o w n  t h a t  t h e  e x c i t a n t  
a m i n o  a c i d s ,  g l u t a m a t e  a n d  a s p a r t a t e ,  w i l l  e n h a n c e  t h e  f i r 
i n g  o f  m an y  IC n e u r o n s  ( C u r t i s  a n d  K o i z u m i ,  J .  N e u r o p h y s i o l .  
2 4 : 8 0 ,  1 9 6 1 ;  W a t a n a b e  a n d  S i m a d a ,  J p n .  J .  P h y s i o l . , 2 3 : 2 9 1 ,  
1 9 7 3 ) .  T h i s  s t u d y  w a s  i n i t i a t e d  i n  l i g h t  o f  t h e  p r e v i o u s  
i o n t o p h o r e t i c  a n d  n e u r o c h e m i c a l  s t u d i e s  a n d  t h e  r e c e n t  
a v a i l a b i l i t y  o f  s p e c i f i c  a n t a g o n i s t s  f o r  t h e  e x c i t a n t  a m i n o  
a c i d s .  E x p e r i m e n t s  i n v o l v e d  S p r a g u e - D a w l e y  r a t s  i n i t i a l l y  
a n e s t h e t i z e d  w i t h  k e t a m i n e  a n d  s u b s e q u e n t l y  p a r a l y z e d  w i t h  
g a l l a m i n e  t r i e t h i o d i d e  a n d  r e s p i r e d .  T h e  a n i m a l ' s  c o m f o r t  
w a s  m a i n t a i n e d  u s i n g  a  s e m i c h r o n i c  a d a p t e r  w i t h  i n f i l t r a t i o n  
o f  l o c a l  a n e s t h e t i c .  C h a r a c t e r i s t i c  f r e q u e n c y  a n d  r e s p o n s e  
p a t t e r n s  o f  IC n e u r o n s  w e r e  e v a l u a t e d  u t i l i z i n g  p o s t s t i m u l u s  
t i m e  h i s t o g r a m s .  I o n t o p h o r e t i c  a p p l i c a t i o n  o f  g l u t a m a t e ,  
a s p a r t a t e  a n d  t h e  m o r e  s p e c i f i c  a g o n i s t ,  N - m e t h y l - D - a s p a r 
t a t e  (NMDA), c o n s i s t e n t l y  e n h a n c e d  r e s p o n s e s  t o  a c o u s t i c  
s t i m u l i  w i t h  a  r a p i d  o n s e t  a n d  o f f s e t .  T h e  t h r e s h o l d  o f  IC 
n e u r o n a l  r e s p o n s e  t o  a c o u s t i c  s t i m u l i  c o u l d  a l s o  b e  l o w e r e d  
b y  a p p l i c a t i o n  o f  e x c i t a n t  a m i n o  a c i d s .  T h e  e f f e c t  o f  
a c o u s t i c a l l y - e v o k e d  s y n a p t i c a l l y - r e l e a s e d  t r a n s m i t t e r  a s  
w e l l  a s  t h e  e f f e c t  o f  e x o g e n o u s l y  a p p l i e d  e x c i t a n t  a m i n o  
a c i d s  c o u l d  b e  b l o c k e d  b y  2 - a m i n o - p h o s p h o n o v a l e r a t e  a n d  
o t h e r  "NMDA" r e c e p t o r - s p e c i f i c  e x c i t a n t  a m i n o  a c i d  a n t a g o 
n i s t s .  T h e  " q u i s q u a l a t e "  r e c e p t o r - s p e c i f i c  a n t a g o n i s t ,  
g l u t a m a t e  d i e t h y l  e s t e r ,  d i d  n o t  a p p e a r  t o  b e  a s  e f f e c t i v e .  
B a c l o f e n ,  t h e  GABA a n a l o g  w h i c h  i s  t h o u g h t  t o  d e c r e a s e  
r e l e a s e  o f  e x c i t a n t  a m i n o  a c i d s ,  r e d u c e d  t h e  a c o u s t i c a l l y 
e v o k e d  f i r i n g  i n  IC n e u r o n s  i n  a  m a n n e r  w h i c h  d i f f e r e d  i n  
t i m e  c o u r s e  f r o m  t h a t  s e e n  p r e v i o u s l y  w i t h  GABA. T h e  
r e s u l t s  t o  d a t e  i n  t h e s e  e x p e r i m e n t s  p a r a l l e l  t h e  i o n t o p h o 
r e t i c  f i n d i n g s  i n  c o c h l e a r  n u c l e u s  w i t h  a g e n t s  a f f e c t i n g  t h e  
a c t i o n  o f  e x c i t a n t  a m i n o  a c i d s  w h i c h  s u p p o r t  a  r o l e  o f  t h e s e  
a g e n t s  i n  n e u r o t r a n s m i s s i o n  i n  c o c h l e a r  n u c l e u s  ( C a s p a r y  e t  
a l . ,  H e a r i n g  R e s . , 4 : 3 2 5 ,  1 9 8 1 ;  C a s p a r y  e t  a l . ,  H e a r i n g  
R e s . , 1 3 : 1 1 3 ,  1 9 8 4 ) .  I f  t h e  i o n t o p h o r e t i c  r e s u l t s  i n  IC c a n  
b e  s u p p o r t e d  b y  a d d i t i o n a l  n e u r o c h e m i c a l  s t u d i e s  s i m i l a r  t o  
t h o s e  d o n e  i n  c o c h l e a r  n u c l e u s ,  t h i s  w o u l d  s u g g e s t  a  
p o s s i b l e  r o l e  f o r  e x c i t a n t  a m i n o  a c i d s  i n  n e u r o t r a n s m i s s i o n  
i n  t h e  i n f e r i o r  c o l l i c u l u s . ( S u p p o r t e d  by  D e a f n e s s  R e s e a r c h  
F d n . ,  NIH NS 1 5 6 4 0 ,  SIU CRC a n d  BRSG f u n d s . )
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333.7  RESPONSES OF SPACE-SPECIFIC NEURONS IN THE OPTIC TECTUM OF 
THE OWL TO NARROW-BAND SOUNDS.  S .E . E s te r ly *   
(S P O N :J.M idd leb rooks),  D ep t. o f N eu rob io logy , S ta n fo rd  
U n iv e r s i ty ,  S ta n f o r d ,CA 94305

The a u d i to ry  sy stem  a n a ly z e s  b in a u r a l  cues f o r  sound 
l o c a l i z a t i o n  in  a f r e q u e n c y - s p e c i f i c  m anner. When d e r iv e d  
from  a s in g le  f re q u e n c y , th e s e  cues a r e  s p a t i a l l y  
am biguous, s in c e  th e  same i n t e r a u r a l  v a lu e s  can a r i s e  
from  s e v e r a l  lo c a t io n s  i n  s p a c e . To a c c u ra te ly  d e te rm in e  
th e  lo c a t io n  o f  a sound s o u rc e , th e  a u d i to ry  system  must 
e l im in a te  th e s e  a m b ig u it ie s .

A u d ito ry  u n i t s  in  th e  o p t i c  te c tu m  o f th e  b a rn  owl 
re spond  b e s t  to  broadband so u n d s, and o n ly  when th e  so u rce  
i s  lo c a te d  in  a  s in g l e ,  r e s t r i c t e d  s p a t i a l  f i e l d .  How
e v e r ,  when t e s t e d  w ith  narrow -band  (1 /3  o c ta v e  o r  to n a l)  
s t im u l i  under f r e e - f i e l d  c o n d i t io n s ,  th o s e  u n i t s  th a t  
respond  r e v e a l  th e  s p a t i a l  a m b ig u it ie s  a s s o c ia te d  w ith  
f r e q u e n c y - s p e c i f i c  c u e s . For some, d i s c r e t e  a d d i t io n a l  
e x c i ta t o r y  a re a s  a p p e a r , and th e  lo c a t io n s  o f th e s e  
a c c e s so ry  f i e l d s  v a ry  as  a f u n c t io n  o f s tim u lu s  f r e q 
uency . A lthough  th e  c e n te r  o f  th e  p rim ary  f i e l d ,  o r 
b e s t  a r e a ,  rem ains  c o n s ta n t ,  th e  b o u n d a rie s  o f t h i s  f i e l d  
va ry  a s  a fu n c t io n  o f s t im u lu s  freq u e n c y . When th e  so u rce  
o f  a  narrow -band  s tim u lu s  i s  lo c a te d  in  an  a c c e s so ry  
f i e l d ,  a sm a ll change in  th e  c e n te r  freq u en cy  may red u ce  
th e  e x c i ta t o r y  e f f e c t  o r  i n h i b i t  th e  u n i t  M oreover, 
when a new freq u en c y  i s  added to  an e f f e c t iv e  narrow -band 
s tim u lu s  th e  re sp o n se  o f th e  u n i t  may be s u p p re sse d . In  
c o n t r a s t ,  when th e  so u rc e  i s  lo c a te d  in  th e  b e s t  a r e a ,  
add ing  th e  same f re q u e n c ie s  to  th e  narrow -band  s tim u lu s  
f a c i l i t a t e s  th e  re sp o n se  o f th e  u n i t .  Thus, th e  a c c e sso ry  
f i e l d s  a s s o c ia te d  w ith  f r e q u e n c y - s p e c if i c  cues a re  
a c t i v e l y  su p p re sse d  th ro u g h  cues p ro v id e d  by o th e r  f r e q 
u e n c ie s .  The b e s t  a re a  o f a u n i t  r e p r e s e n t s  th e  one a re a  
in  sp ace  from  w hich th e  cues p ro v id e d  by a l l  e f f e c t i v e  
f r e q u e n c ie s  a r e  e x c i ta t o r y .
NIMH G ran t 5 T32 MH17047-02

3 3 3 .8  SPACE S P E C IF IC  NEURONS OF THE BARN OW L'S IN FER IO R 
COLLICULUS REQUIRE ONLY TWO FREQUENCIES TO SPE CIFY  
STIMULUS LOCATIONS.  T. T akahash i and M. K o n is h i.  
D iv is io n  o f B iology 216-76, C a lte c h , P asadena , CA 91125.

Tonal s t im u l i  appear to  em anate from a number o f   
p la u s ib le  l o c i ,  w hereas b road -band  s t im u l i  can be 
lo c a l iz e d  more p r e c i s e ly .  We d e s c r ib e  a n e u ra l c o r r e l a t e  
o f  th i s  phenomenon as i t  i s  e x h ib i te d  by th e  space  
s p e c i f i c  neu ro n , an a u d ito ry  neuron  o f  th e  b a rn  o w l's   
i n f e r i o r  c o l l i c u lu s  and p re s e n t ev id en ce  th a t  i t  r e q u ir e s  
on ly  two fre q u e n c ie s  to  s p e c ify  th e  lo c a t io n  o f  a sound  
s o u rc e . A space s p e c i f i c  neuron  i s  s e le c t i v e  fo r  
in t e r a u r a l  tim e d i f f e re n c e s  (IT D ), and i n t e r a u r a l   
i n t e n s i t y  d i f f e re n c e s  (IID ) w hich , to  th e  ow l, s ig n ify  th e  
s o u rc e 's  azim uth and e le v a t io n  r e s p e c t iv e l y .  The f i r i n g   
o f a space s p e c i f i c  neu ro n , t h e r e f o r e ,  r e p r e s e n t s  a 
p a r t i c u l a r  com bination  o f  IID and ITD and th u s ,  s p e c i f i e s  
th e  lo c a t io n  o f a  sound so u rc e .

When s tim u la te d  by i t s  b e s t  frequency  (BF) a space 
s p e c i f i c  neuron  d isc h a rg e d  m axim ally a t  a number o f  
d i f f e r e n t  ITD v a lu e s .  The d is ta n c e  betw een th e  peaks 
eq ua led  th e  s tim u lu s  p e r io d . I f  f re q u e n c ie s  low er o r 
h ig h e r  th an  th e  BF were p re s e n te d ,  th e  in te r -p e a k  
d is ta n c e ,  r e s p e c t iv e ly ,  in c re a s e d  or d e c re a s e d ; how ever, 
one ITD, th e  " c h a r a c t e r i s t i c  d e la y ,"  alw ays d is p la y e d  a 
peak . Because more th an  one ITD cau ses  maximal d is c h a rg e ,  
space s p e c i f i c  neurons cannot s p e c ify  a un ique azim uth to  
a so u rce  o f to n a l  s t im u l i .  By c o n t r a s t ,  when space 
s p e c i f c neurons were s tim u la te d  w ith  n o is e  (0 .3 -1 5  kHz, 
3dB b a n d w id th ) , they  responded m axim ally to  on ly  one ITD 
v a lu e .  The re sp o n se  v s .  ITD fu n c t io n  d is p la y e d  a m ajor 
peak a t th e  c h a r a c t e r i s t i c  d e lay  and s m a lle r  " s id e  p e a k s ,"  
(20-60% o f th e  m ajor peak) a t  ITD v a lu e s  removed from th e  
main peak by one p e r io d  o f th e  u n i t 's  BF.

A s in g le  freq u en c y , F2, p re s e n te d  along  w ith  th e  BF 
supp ressed  s id e  peaks as w ell as d id  n o is e .  Not ev e ry  F2, 
how ever, su pp ressed  s id e  p ea k s . An e f f e c t iv e  F2 p re s e n te d  
along  w ith  th e  BF reduced th e  f i r i n g  r a t e  (beyond th e  
le v e l  e l i c i t e d  by th e  BF a lo n e ) when th e  ITD eq ua led  non
c h a r a c t e r i s t i c  d e la y s ,  b u t e i t h e r  had no e f f e c t  o r 
p o te n t ia te d  th e  f i r i n g  (above th e  le v e l  e l i c i t e d  by th e  BF 
a lo n e ) when th e  ITD eq ua led  th e  c h a r a c t e r i s t i c  d e la y .  In  
IT D -s e le c tiv e  neurons whose s id e  peaks cou ld  no t be 
su p p ressed  by n o is e ,  th e  com bination  o f an F2 and BF 
e l i c i t e d  th e  same re s p o n se , r e g a rd le s s  of w hether th e  ITD 
equa led  a c h a r a c t e r i s t i c  o r n o n - c h a r a c te r i s t i c  d e la y .

3 3 3 .9  TELENCEPHALIC PROJECTIONS OF THE MEDIAL GENICULATE BODY 
IN THE OPOSSUM ( D i d e l p h i s  v i r g i n i a n a ) .   M. K u d o * ,  S .  B.  
F r o s t * ,  K.  K.  G l e n d e n n i n g ,  a n d  R .  B .  M a s t e r t o n .   D e p t .  
of Psychology, F l o r i d a  S t a t e  U n iv . ,  T a l l a h a s s e e ,  FL 
3 2 3 0 6 .

P r o j e c t i o n s  f r o m  t h e  m e d i a l  g e n i c u l a t e  b o d y  (MG) a n d  
t h e  r e l a t e d  t h a l a m i c  n u c l e i  t o  t h e  c o r t e x  a n d  t h e  b a s a l  
g a n g l i a  w e r e  s t u d i e d  i n  t h e  o p o s s u m  u s i n g  b o t h  t h e  
r e t r o g r a d e  h o r s e r a d i s h  p e r o x i d a s e  (HRP) a n d  3 H - l e u c i n e  
a u t o r a d i o g r a p h i c  m e t h o d s  a s  f o l l o w s :

1 )  S i n g l e  i n j e c t i o n s  o f  HRP w e r e  p l a c e d  i n  t h e  c o r e  
a u d i t o r y  c o r t e x  (AC) o r  t h e  c o r t i c a l  b e l t  s u r r o u n d i n g  AC. 
I n  e a c h  c a s e  r e t r o g r a d e l y  l a b e l e d  n e u r o n s  w e r e  s e e n  
m a i n l y  i n  t h e  r o s t r a l  t w o - t h i r d s  o f  MG. I n j e c t i o n s  i n  
t h e  c o r e  o f  AC r e s u l t e d  i n  l a b e l e d  n e u r o n s  i n  b o t h  t h e  
c e n t r a l  a n d  t h e  m a r g i n a l  p a r t s  o f  MG. I n  c o n t r a s t ,  
i n j e c t i o n s  i n  t h e  c o r t i c a l  b e l t  o f  AC p r o d u c e d  l a b e l e d  
n e u r o n s  c h i e f l y  i n  t h e  m a r g i n a l  p a r t s  o f  MG.

2 )  I n  o t h e r  c a s e s  i n j e c t i o n s  o f  HRP i n t o  t h e  p u t a 
men a n d  t h e  d o r s a l  p a r t  o f  a m y g d a l a  w e r e  m ad e u s i n g  
m i c r o p i p e t t e s  i n t r o d u c e d  t h r o u g h  t h e  p i r i f o r m  c o r t e x  t o  
a v o i d  p o s s i b l e  d i f f u s i o n  o f  HRP i n t o  t h e  n e o c o r t e x .  I n  
e a c h  c a s e  a  l a r g e  n u m b e r  o f  l a b e l e d  n e u r o n s  w e r e  s e e n  i n  
t h e  c a u d a l  h a l f  o f  MG. L a b e l e d  n e u r o n s  w e r e  a l s o  s e e n  i n  
t h e  n e a r b y  s u p r a g e n i c u l a t e  a n d  s u b p a r a f a s c i c u l a r  n u c l e i .

3 )  I n  s t i l l  o t h e r  c a s e s ,  i n j e c t i o n s  o f  3 H - l e u c i n e  
w e r e  p l a c e d  i n  MG. I n  e a c h  c a s e ,  h e a v y  t e r m i n a l  l a b e l i n g  
w a s  s e e n  i n  t h e  p u t a m e n ,  t h e  a m y g d a l a  a n d  t h e  c a u d a l  p a r t  
o f  t h e  c a u d a t e  n u c l e u s .  T e r m i n a l  l a b e l  w a s  h e a v y  i n  AC 
f o l l o w i n g  a  l a r g e  i n j e c t i o n  i n  MG; by  c o n t r a s t ,  t e r m i n a l  
l a b e l  i n  AC w a s  s l i g h t  f o l l o w i n g  a  r e s t r i c t e d  i n j e c t i o n  
i n  t h e  c a u d a l  p a r t  o f  MG.

T h e  r e s u l t s  s u g g e s t  t h a t  t h e r e  a r e  a t  l e a s t  t w o  p o p u 
l a t i o n s  o f  n e u r o n s  i n  MG i n  t e r m s  o f  h a v i n g  d i f f e r e n t  
p r o j e c t i o n  t a r g e t s :  t h e  r o s t r a l  p a r t  o f  MG p r o j e c t s   
c h i e f l y  t o  a u d i t o r y  c o r t e x ;  t h e  c a u d a l  p a r t  o f  MG p r o 
j e c t s  c h i e f l y  t o  b a s a l  g a n g l i a .  T h i s  i s  i n  g o o d  a c c o r 
d a n c e  w i t h  p r e v i o u s  r e p o r t s  t h a t  t h e  c a u d a l  p a r t  o f  MG 
d o e s  n o t  d e g e n e r a t e  f o l l o w i n g  l e s i o n s  i n  t h e  c o r t e x  
( B o d i a n ,  1 9 4 2 ;  D i a m o n d  a n d  U t l e y ,  1 9 6 3 ) .  H o w e v e r ,  t h e r e  
s t i l l  r e m a i n s  a  p o s s i b i l i t y  t h a t  so m e n e u r o n s  i n  MG p r o 
j e c t  t o  b o t h  t h e  c o r t e x  a n d  t h e  b a s a l  g a n g l i a  b e c a u s e  t h e  
t w o  p o p u l a t i o n s  a p p e a r  t o  o v e r l a p  a t  m i d d l e  l e v e l s  o f  t h e  
r o s t r o - c a u d a l  e x t e n t  o f  MG.

333.10  PREDICTION OF RESPONSES OF THE SQUIRREL MONKEY'S MGB CELLS 
 TO S PECIES  S PE C IF IC  VOCALIZATIONS BASED ON THEIR VOLTERRA 

KERNELS.  Y. Y e s h u r u n * ,  Z .  W o l l b e r g ,  N.  Dyn* a n d  N. A l l  o n *  . 
S ch o o l o f  M a th e m a tic a l S c ie n c e s  an d  D e p t. o f  Z o o l o g y ,  G e o r g e
S .  W i z e  F a c u l t y  o f  L i f e  S c i e n c e s ,  T e l  A v i v  U n i v . ,  R a m a t  A v i v  
ISRAEL,

S t u d i e s  o n  t h e  f u n c t i o n s  o f  t h e  CNS f r e q u e n t l y  r e s i d e s  o n  
t h e  a n a l y s i s  o f  n e u r a l  i n p u t  o u t p u t  r e l a t i o n s .  H o w e v e r ,  s u c h  
s t u d i e s  a r e  o f t e n  l i m i t e d  t o  a  q u a l i t a t i v e  a n d  s u b j e c t i v e  
i n s p e c t i o n  o f  r a w  d a t a .

S y s t e m  i d e n t i f i c a t i o n  m e t h o d s  c a n  b e  u s e d  t o  f o r m a l i z e  
t h e  s t i m u l u s - r e s p o n s e  r e l a t i o n s ,  a n d  o n e  o f  t h e m ,  t h e  
V o l t e r r a  a p p r o a c h ,  i s  e m p l o y e d  h e r e  i n  o r d e r  t o  d e s c r i b e  t h e  
t r a n s f o r m a t i o n s  t a k i n g  p l a c e  i n  n e u r o n s  o f  t h e  a w a k e  
s q u i r r e l  m o n k e y ' s  MGB. T h e  i n p u t s  a r e  n a t u r a l  v o c a l i z a t i o n s  
a n d  r e v e r s e d  v o c a l i z a t i o n s ,  a n d  t h e  o u t p u t  i s  t h e  PSTH.
F i r s t  a n d  s e c o n d  o r d e r  V o l t e r r a  k e r n e l s  o f  41  MGB c e l l s  w e r e  
c a l c u l a t e d ,  w h e r e  e a c h  c e l l  i s  a s s u m e d  t o  b e  a  m u l t i  i n p u t  
a n d  s i n g l e  o u t p u t  s y s t e m .

I n  o r d e r  t o  v a l i d a t e  t h e  f o r m a l  r e p r e s e n t a t i o n  o f  t h e  
s y s t e m  u n d e r  s t u d y ,  t h e  p r e d i c t i b i l i t y  p o w e r  o f  t h e  m o d e l  i s  
t e s t e d .  We p r e d i c t  r e s p o n s e s  o f  t h e  c e l l  t o  g i v e n  s t i m u l i  
( y o c a l i z a t i o n s ,  r e v e r s e d  v o c a l i z a t i o n s  a n d  p u r e  t o n e s ) ,  a n d  
c o m p a r e  t h e s e  p r e d i c t i o n s  t o  t h e  r e a l  r e s p o n s e s .  I t  i s  f o u n d  
t h a t  f o r  m o r e  t h e n  75% o f  t h e  r e s p o n s e s ,  t h e  p r e d i c t i o n s  
m a d e  b y  t h e  m o d e l  a r e  " c l o s e r "  ( b y  o u r  m e a s u r e )  t o  t h e  r e a l  
r e s p o n s e s  t h a n  som e a r b i t r a r i l y  c h o s e n  r e s p o n s e s .

We c o n c l u d e  t h a t  m a n y  o f  t h e  MGB c e l l s  i n  o u r  s a m p l e  c a n  
b e  c h a r a c t e r i z e d  b y  t h e i r  V o l t e r r a  k e r n e l s ,  a n d  f u r t h e r  
r e s e a r c h  o n  t h e  c e l l s '  f u n c t i o n a l  r o l e  c a n  b e  b a s e d  o n  t h e s e  
k e r n e l s .
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333.11  LOCALIZATION OF VIRTUAL SOUND IMAGES BY BARN OWLS.
A. M o ls e f f  an d  M. K o n l s h l , C a l i f o r n i a  I n s t i t u t e  o f  
T e c h n o lo g y ,  P a s a d e n a ,  CA 9 1 1 2 5 .

The o w l 's  a u d i t o r y  s y s te m  a n a ly z e s  i n t e r a u r a l  t im e  
an d  i n t e n s i t y  d i f f e r e n c e s  i n  s e p a r a t e ,  p a r a l l e l  p a th w a y s  
f o r  l o c a l i z a t i o n  o f  s o u n d . T h is  r e p o r t  p r e s e n t s  
b e h a v io r a l  e v id e n c e  f o r  t h e  s e p a r a t e  u s e  o f  t h e  i n t e r a u r a l  
c u e s  f o r  d e te r m in in g  so u n d  a z im u th  and  e l e v a t i o n .

Two tam e b a rn  o w ls  (J y t o  a l b a ) w ere  o u t f i t t e d  w i th  
e a rp h o n e s  f o r  d i c h o t i c  p r e s e n t a t i o n  o f  s o u n d ,  a  100-m s e c ,  
d u r a t i o n  n o i s e  b u r s t .  C om puter c o n t r o l l e d  p h a s e  s h i f t e r  
and  a t t e n u a t o r s  v a r i e d ,  r e s p e c t i v e l y ,  i n t e r a u r a l  t im e  and  
i n t e n s i t y  d i f f e r e n c e s .  The o w l 's  h e a d - o r i e n t i n g  r e s p o n s e  
t o  so u n d  a l lo w e d  t h e  m ea su rem e n t o f  p e r c e i v e d  l o c a t i o n s  by 
t h e  s e a r c h  c o i l  t e c h n i q u e .  The r e s u l t s  c o n f i r m  o u r  
e a r l i e r  f i n d i n g  t h a t  p e r c e iv e d  a z im u th  l o c a t i o n s  a r e  
s t r o n g l y  c o r r e l a t e d  t o  i n t e r a u r a l  t im e  d i f f e r e n c e s  ( s l o p e  
o f  t h e  l i n e a r  e q u a t i o n  d e s c r i b in g  th e  d a t a  i s :  0 .3 7   
d e g r e e s  o f  a z im u th / µ s e c  w i th  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  
0 . 9 4 ) .  T h e re  i s  a  s m a l l  e l e v a t i o n a l  com ponen t t o  th e  
r e s p o n s e  t o  i n t e r a u r a l  t im e  d i f f e r e n c e  ( - 0 .0 6  d e g re e s  o f  
e l e v a t i o n / µ s e c  w i th  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  - 0 . 2 1 ) .

The o w ls  r e s p o n d e d  to  s t i m u l i  c o n ta i n in g  o n ly  
i n t e r a u r a l  i n t e n s i t y  d i f f e r e n c e s  by o r i e n t i n g  t h e i r  h e a d s  
i n  e l e v a t i o n .  The l i n e a r  r e l a t i o n s h i p  b e tw e e n  e l e v a t i o n a l  
l o c a t i o n  an d  i n t e r a u r a l  i n t e n s i t y  d i f f e r e n c e  i s  1 .3 6  
d e g re e  o f  e le v a t io n / d B  ( c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 8 6 ) .  
T h e re  i s  a  s l i g h t  d e p e n d e n c e  o f  a z im u th  on th e  i n t e r a u r a l  
i n t e n s i t y  d i f f e r e n c e  ( 0 .5 8  d e g re e s  o f  a z im u th /d B  w i th  a 
c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 2 6 ) .  The a v e ra g e  i n t e n s i t y  
o f  t h e  b i n a u r a l  s t im u lu s  h ad  no e f f e c t  on so u n d  
l o c a l i z a t i o n .

From th e  a b o v e  o b s e r v a t io n s  we h y p o th e s i z e  t h a t  th e  
a n a to m ic a l  an d  p h y s i o l o g i c a l  s e p a r a t i o n  o f  t im e  and 
i n t e n s i t y  s e n s i t i v e  p a th w a y s  o f  t h e  o w l 's  a u d i t o r y  
b r a in s te m  m a n i f e s t  th e m s e lv e s  a s  th e  d i f f e r e n t i a l  
b e h a v io r a l  u s e  o f  t h e s e  b i n a u r a l  c u e s .
( A .M . 's  p r e s e n t  a d d r e s s  i s :  B i o lo g i c a l  S c ie n c e s  G ro u p ,  
U -4 2 , U n i v e r s i t y  o f  C o n n e c t ic u t ,  S t o r r s , CT 0 6 2 6 8 )

333.12  INTENSITY DEPENDENT LATENCY: A POSSIBLE TEMPORAL MECHANISM 
 FOR SOUND LOCALIZATION IN THE MUSTACHE BAT.  C .L . R e s le r *  

and  G.D. P o l i a k .  D e p t . o f  Z o o lo g y , U n iv . o f  T e x a s ,  A u s t in  
TX 7 8 712 .

A f r e e  f i e l d  sound  s t im u lu s  p r o v id e s  an  i n t e r a u r a l  
i n t e n s i t y  d i f f e r e n c e  o f  b e tw e en  0 -3 0  dB a t  t h e  ty m p a n i ,  
d e p e n d in g  on t h e  l o c a t i o n  o f  t h e  s o u rc e .  S in g le  u n i t  
s t u d i e s  in  t h e  i n f e r i o r  c o l l i c u l u s  (IC ) o f  b a t s  show a 
l a t e n c y  d e c r e a s e  o f  up  t o  5 m sec w i th  a 10 dB i n c r e a s e  in  
sound  i n t e n s i t y .  T h e r e f o r e  a  l a t e n c y  d i f f e r e n c e  b e tw e e n  
a s c e n d in g  i n p u t s  may e n c o d e  so u n d  d i r e c t i o n .  T h is  i n t e n s i t y  
d e r iv e d  t im e  c u e  g r e a t l y  e x c e e d s  t h e  p h y s i c a l  t im e  c u e  p r o 
v id e d  by  t h e  d i s t a n c e  b e tw e en  t h e  two e a r s ,  an d  was shown to  
en c o d e  d i r e c t i o n  a s  e f f e c t i v e l y  a s  s p ik e  c o u n t  i n  a  l o c u s t  
(M orchen e t  a l . ,  N a tu r w is s e n s c h a f t e n  6 5 :6 5 6 -6 5 7 ,  1 9 7 8 ) .

To d e te r m in e  t h e  e f f e c t  o f  t im e  c u e s  o f  t h i s  m a g n itu d e  
on EE and E l u n i t s  in  t h e  IC o f  t h e  m u s ta c h e  b a t  ( P t e ro n o tu s  
p a r n e l l i i ) , d i c h o t i c  s t i m u l i  w ere  p r e s e n t e d  w i th  s p e a k e r s  
s e a l e d  t o  e a c h  p in n a  w i th  e a r  m old com pound. S i n u s o i d a l l y  
f re q u e n c y  m o d u la te d  (SFM) to n e  b u r s t s  w ere  p r e s e n t e d  w h ich  
ev oked  p h a s e - lo c k e d  r e s p o n s e s  t o  t h e  m o d u la t in g  w avefo rm .
The i n t e n s i t i e s  a t  t h e  two e a r s  w ere  k e p t  c o n s t a n t  w h i le  
t h e  r e l a t i v e  t im e  (p h a s e )  o f  t h e  m o d u la t in g  w avefo rm  was 
v a r i e d ,  s im u la t in g  r e l a t i v e  l a t e n c y  d i f f e r e n c e s .  Time 
s h i f t s  a s  s m a ll  a s  2 -3  m sec r e a d i l y  a f f e c t e d  r e s p o n s e  r a t e s  
in  b o th  EE and E l u n i t s .

The r e s u l t  s u g g e s t s  t h a t  te m p o ra l  e v e n ts  g e n e r a t e d  by  
i n t e r a u r a l  i n t e n s i t y  d i f f e r e n c e s  i n f l u e n c e  b i n a u r a l  u n i t s  
and may p l a y  an  im p o r ta n t  r o l e  in  so und  l o c a l i z a t i o n .

3 3 3 . 1 3   LOW FREQUENCY AUDITORY S E N SIT IV I TY  OF THE PALLID BAT, 
ANTROZOUS PALLIDUS. P . E .  B r o w n * l , P.M. N a r i n s l  a n d  A . D . 
G r i  n n e l l 2  D e p t . o f  B i o l o g y 1 a n d  J e r r y  L e w i s  N e u r o m u s 
c u l a r  R e s e a r c h  C e n t e r 2 , UCLA, Los A n g e l e s ,  CA 9 0 0 2 4 .

E c h o l o c a t i n g  b a t s  a r e  known f o r  t h e i r  h i g h - f r e q u e n c y  
a u d i t o r y  c a p a b i l i t i e s ,  m a t c h i n g  t h e  u l t r a s o n i c  f r e q u e n c i e s  
i n  t h e i r  o r i e n t a t i o n  s o u n d s .  S o m e ,  h o w e v e r ,  e x h i b i t  b e h a v 
i o r  t h a t  s u g g e s t s  s e n s i t i v i t y  a t  l o w  f r e q u e n c i e s  a s  w e l l ,  
e . g . ,  i n  c a p t u r e  o f  i n s e c t s  o r  c a l l i n g  f r o g s .  U s i n g  b e h a v 
i o r a l  t e c h n i q u e s ,  P o u s s i n  a n d  Simm ons  (JASA 7 2 ,  3 4 0 ,  1 9 8 2 )  
h a v e  d o c u m e n t e d  a p e a k  o f  l o w  f r e q u e n c y  s e n s i t i v i t y  a t  
a b o u t  1 kHz i n  E p t e s i c u s  f u s c u s . P a l l i d  b a t s ,  A n t r o z o u s  
p a l l i d u s , w h i c h  u s e  h i g h  f r e q u e n c y  s i g n a l s  f o r  o r i e n t a t i o n ,  
a p p e a r  t o  u t i l i z e  l o w  f r e q u e n c y  p r e y - p r o d u c e d  s o u n d s  w h i l e  
f o r a g i n g  f o r  i n s e c t s  on  o r  n e a r  t h e  g r o u n d .  We now p r e s e n t  
n e u r o p h y s i o l o g i c a l  e v i d e n c e  t h a t  b a t s  o f  t h i s  s p e c i e s  d e 
t e c t  s o u n d s  a s  l o w  a s  1 k H z ,  a n d  a r e  e x t r e m e l y  s e n s i t i v e  
a t  9 - 1 1  k H z .

A d u l t  p a l l i d  b a t s  w e r e  a n e s t h e s i z e d  ( N e m b u t a l )  a n d  t h e  
i n f e r i o r  c o l l i c u l u s  ( I C )  e x p o s e d .  T u n g s t e n  e l e c t r o d e s  w e r e  
u s e d  t o  m a k e  m u l t i - u n i t  r e c o r d i n g s  f r o m  known d e p t h s  b e l o w  
t h e  s u r f a c e  o f  t h e  I C .  T o n e  b u r s t s  f o r  w h i c h  t h e  f r e q u e n c y  
wa s i n c r e m e n t e d  i n  1 0 0  Hz s t e p s  w e r e  p r e s e n t e d  t o  t h e  b a t  
v i a  f r e e - f i e l d  c a l i b r a t e d  l o u d s p e a k e r s  ( a n  A D S -3 0 0  w i t h  
o u t p u t  e q u a l i z e d  +5 dB f r o m  2 0 0  Hz t o  2 0  kHz a n d  a  P o l a r o i d  
u l t r a s o n i c  t r a n s d u c e r  f r o m  15 kHz t o  90 k H z ) .  F o r  e a c h  
f r e q u e n c y  t e s t e d ,  t h e  t h r e s h o l d  i n t e n s i t y  f o r  m u l t i - u n i t  
r e s p o n s e s  wa s  d e t e r m i n e d .  T h e  f r e q u e n c y  o f  p e a k  s e n s i t i 
v i t y  i n c r e a s e d  s y s t e m a t i c a l l y  w i t h  d e p t h  o f  e l e c t r o d e  
p e n e t r a t i o n .  At  o r  n e a r  t h e  s u r f a c e ,  p e a k  s e n s i t i v i t y  was 
a p p r o x i m a t e l y  0 - 1 0  dB SPL a t  9 - 1 1  k H z .  At  g r e a t e r  d e p t h s ,  
c o m p a r a b l e  s e n s i t i v i t y  w a s  s e e n  a t  f r e q u e n c i e s  a s  h i g h  a s  
4 0 - 5 0  k H z .  N e a r  t h e  s u r f a c e ,  t h r e s h o l d  r o s e  t o  a p p r o x i 
m a t e l y  70 dB SPL a t  2 kH z .  A l t h o u g h  no s e p a r a t e  l o w  f r e 
q u e n c y  p e a k  o f  s e n s i t i v i t y  w a s  s e e n ,  o u r  r e s u l t s  a r e  c o n 
s i s t e n t  w i t h  t h e  b a t s ’ p a s s i v e  u s e  o f  l o w e r  f r e q u e n c i e s  i n  
i n s e c t  c a p t u r e .

S u p p o r t e d  by NSF g r a n t  N o .  BNS 8 3 0 5 6 9 5 .

3 3 3 . 1 4   SOUND LOCALIZATION ALONG THE VERTICAL MIDLINE IN THE  
BAT:THE ROLE OF BINAURAL SPECTRAL CUES.  Z.M. F u zesse ry  
and G.D. P o lia k .   D ept. Zoology, U niv. T exas, A u s t in , TX 
78712. The d i r e c t i o n a l  s e l e c t i v i t y  o f th e  e x te rn a l  e a rs  
o f th e  m ustache b a t e x h ib i t  a pronounced freq u en cy  
dependence when m easured a t  f re q u e n c ie s  in  th e  b a t 's  
e c h o lo c a t io n  p u ls e .  The most pronounced s h i f t  o cc u rs  n ea r 
60 and 90 kHz, where d i r e c t i o n a l i t y  changes abou t 40 
d eg rees  in  e l e v a t io n .  U sing a combined c lo s ed and 
f r e e - f i e l d  s t im u la t io n  paradigm  to  examine bo th  th e  
b in a u ra l  re sp o n se  p r o p e r t ie s  and s p a t i a l  s e l e c t i v i t y  o f 
s in g le  n eu ro n s , i t  was found th a t  neurons tuned  to  th e se  
fre q u e n c ie s  e x h ib i t  a s im i la r  s h i f t ,  d em o n sta tin g  th a t  
t h e i r  e l e v a t io n a l  s e n s i t i v i t y  i s  c o n fe r re d  by t h e i r  
freq u en c y  s e l e c t i v i t y .  T h e ir  a z im u th a l s e n s i t i v i t y  i s  
d ic ta t e d  by t h e i r  s e n s i t i v i t y  to  i n t e r a u r a l  i n t e n s i t y  
d i s p a r i t i e s  ( I ID s ) .  T h e ir  s p e c t r a l  and b in a u ra l  re sp o n se  
p r o p e r t i e s ,  com bined, s y s te m a t ic a l ly  s h i f t  s p a t i a l  
s e l e c t i v i t y  a lo n g  th e  h o r iz o n ta l  and v e r t i c a l  a x e s .

A s h i f t  in  a z im u th a l s e n s i t i v i t y  i s  most pronounced in  
neurons w hich re c e iv e  b in a u ra l  in p u t ,  and whose re sp o n ses  
a r e  f a c i l i t a t e d  a t  c e r t a in  IID s . T h e ir  d eg ree  o f s p a t i a l  
s e l e c t i v i t y  was in f lu e n c e d  by s e v e ra l  f a c t o r s ,  among them 
th e  m agnitude o f f a c i l i t a t i o n ,  th e  IID  range ov er w hich 
th ey  were f a c i l i t a t e d ,  and th e  d i f f e r e n c e s  in  t h e i r  
m onaural e x c i ta to r y  th r e s h o ld s .  Some neu rons  e x h ib i te d  a 
f a c i l i t a t e d  re sp o n se  a t  some IID  v a lu e s ,  and in h i b i t i o n  
a t  o th e r  v a lu e s .  These p r o p e r t ie s  f u r th e r  enhanced 
s p a t i a l  s e l e c t i v i t y ,  and ap peared  to  a c t  as  a form of 
s p a t i a l  c o n t r a s t  enhancem ent. E q u a lly  s e l e c t i v e  were 
neurons u n re sp o n s iv e  to  m onaural s t im u la t io n ,  and w hich 
were e x c i te d  on ly  by b in a u ra l  s t im u l i  p re s e n te d  o ver a 
narrow  range o f IID  v a lu e s .  N eurons t h a t  w ere f a c i l i t a t e d  
m axim ally a t  an  IID o f ze ro  were most s e n s i t i v e  to  sounds 
on th e  v e r t i c a l  m id lin e ; in  some c a s e s ,  th e y  were 
u n re sp o n s iv e  to  sounds more th a n  13 d eg ree s  to  e i t h e r  
s id e  o f th e  m id lin e . These neurons s h i f t e d  t h e i r  
e le v a t io n a l  s e l e c t i v i t y  s y s te m a t ic a l ly  as  a  f u n c t io n  o f 
t h e i r  freq u en cy  tu n in g . Neurons tuned  n e a r  60 kHz w ere 
s e le c t i v e  fo r  sounds a t  th e  i n t e r s e c t i o n  o f  th e  
h o r iz o n ta l  and v e r t i c a l  m id l in e s ,  th o se  tun ed  n e a r  90 
kHz, f o r  sounds 40 d eg ree s  low er in  e le v a t io n .  These 
s tu d ie s  p ro v id e  p h y s io lo g ic a l  ev id en ce  th a t  th e  b a t may 
use b in a u ra l  s p e c t r a l  cues to  lo c a l i z e  sound a lo n g  th e  
v e r t i c a l  m id lin e .
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333.15 ENCODING OF AZIMUTH BY ISOFREQUENCY E-I UNITS IN THE  
MUSTACHE BAT INFERIOR COLLICULUS.  J . J .  W enstrup , Z.M. 
F u z e s s e ry , and G.D. P o l ia k .  D ep t. o f  Z oology, U niv . of 
T exas , A u s t in , TX, 78712.

The d i r e c t i o n a l i t y  o f th e  e x te r n a l  e a r  in  mammals 
can  e x e r t  a  s t r o n g , freq u en c y -d ep en d en t in f lu e n c e  upon 
th e  s p a t i a l  s e l e c t i v i t y  o f c e n t r a l  a u d i to ry  n eu ro n s . 
G iven t h i s  in f lu e n c e  o f th e  e x t e r n a l  e a r ,  what i s  th e  
c o n t r ib u t io n  o f b in a u ra l  in t e r a c t io n s  in  f u r th e r  
sh ap in g  th e  s p a t i a l  s e l e c t i v i t y  o f a u d i to ry  neurons?

In  th e  i n f e r i o r  c o l l i c u lu s  o f  th e  m ustache b a t 
( P te ro n o tu s  p a r n e l l i i ) , we made a  d e t a i l e d  s tu d y  of 
s in g le  u n i t s  w hich a r e  s e n s i t i v e  to  in t e r a u r a l  
i n t e n s i t y  d i s p a r i t i e s  (E -I  u n i t s ) ,  and w hich a r e  tuned  
to  th e  same freq u en c y  (c o r re s p o n d in g  to  th e  60 kHz 
component o f th e  b a t 's  e c h o lo c a t io n  s ig n a l ) .  The 
b in a u ra l  re sp o n se  p r o p e r t i e s  o f th e s e  u n i t s ,  examined 
u s in g  d ic h o t ic  s t im u l i ,  w ere compared to  t h e i r  
r e s p o n se s  to  sounds a t  f ix e d  p o s i t i o n s  a lo n g  th e  
a z im u th , u s in g  f r e e  f i e l d  s t im u l i .  Each u n i t  was 
t e s t e d  ov er a w ide range  o f i n t e r a u r a l  i n t e n s i t y  
d i s p a r i t i e s  and a b s o lu te  i n t e n s i t i e s .

We f in d  th a t  a l l  60 kHz E -I u n i t s  a r e  most 
s e n s i t i v e ,  and respond  b e s t ,  to  sounds o r ig in a t in g  in  
th e  c o n t r a l a t e r a l  f i e l d ,  abou t 30 d eg ree s  o f f  th e  
v e r t i c a l  m id lin e . However, th e  i p s i l a t e r a l  b o rd e r o f a 
u n i t 's  r e c e p t iv e  f i e l d  was p r im a r i ly  de te rm in ed  by th e  
p a r t i c u l a r  i n t e r a u r a l  i n t e n s i t y  d i s p a r i t y  a t  which 
i n h i b i t i o n  o cc u rs  (te rm ed  th e  in h i b i to r y  th r e s h o ld ) .  
The s t r e n g th  o f th e  in h i b i t i o n  in f lu e n c e s  how sh a rp ly  
th e  i p s i l a t e r a l  b o rd e r  was d e f in e d .  At h ig h e r  s tim u lu s  
i n t e n s i t i e s ,  th e  s p a t i a l  s e l e c t i v i t y  o f E -I neurons 
f u r th e r  depends upon how in h i b i to r y  th re s h o ld s  change 
w ith  in c r e a s in g  i n t e n s i t y ,  and upon th e  m onaural 
i n t e n s i t y - r a t e  fu n c t io n  fo r  c o n t r a l a t e r a l  sound.

These s tu d ie s  in d i c a t e  th a t  a  group o f E -I c e l l s ,  
tuned  to  th e  same f re q u e n c y , may encode az im u th a l 
p o s i t i o n  by d i f f e r e n c e s  in  th e  b o rd e rs  o f t h e i r  
r e c e p t iv e  f i e l d s ,  based  upon d i f f e r e n c e s  in  in h ib i to r y  
th r e s h o ld s .  The a c t i v i t y  w ith in  a p o p u la tio n  o f E -I 
c e l l s  w i l l  th e r e f o r e  change ac c o rd in g  to  th e  az im u th a l 
p o s i t i o n  o f a sound . We have p re v io u s ly  shown th a t  
in h i b i to r y  th r e s h o ld s  a r e  o rg a n iz e d  in  th e  60 kHz 
re g io n  o f th e  m ustache b a t i n f e r i o r  c o l l i c u l u s .  Our 
r e s u l t s  h e re  su g g e s t th a t  t h i s  o rg a n iz a t io n  may be a 
s y s te m a tic  r e p r e s e n ta t i o n  o f az im u th a l p o s i t i o n .

33 3 .1 6   CONVERGENCE OF AUDITORY AND LATERAL L I N E  PR O CE S S IN G  IN THE 
TORUS S E M ICI RC U L A R IS  OF THE TROUT ( S a l m o  g a i r d n e r i ) .   N i c o  
A . M .  S c h e l l a r t * , R u u d  C . V . J .  Z w e i j p f e n n i n g  a n d  L o e k  J . A .  
N e d e r s t i g t *  (S P O N :  E u r o p e a n  N e u r o s c i e n c e  A s s o c i a t i o n ) ,   L a b .  
o f  M e d i c a l  P h y s i c s ,  H e r e n g r a c h t  1 9 6 ,  1 0 1 6  BS A m s t e r d a m ,  T h e  
N e t h e r l a n d s .

E l e c t r o p h y s i o l o g i c a l  ( S c h e l l a r t ,  N e u r o s c i .  L e t t . , 4 2 ,  
1 9 8 3 ,  3 9 - 4 4 ) a n d  n e u r o a n a t o m i c a l  (D e  W o l f ,  S c h e l l a r t  a n d  
H o o g l a n d ,  N e u r o s c i .  L e t t . , 3 8 , 1 9 8 3 ,  2 0 9 - 2 1 3 )  s t u d i e s  r e 
v e a l e d  t h a t  t h e  t o r u s  s e m i c i r c u l a r i s  i n  t h e  m i d b r a i n  o f  t h e  
t r o u t  p r o c e s s e s  a c o u s t i c o l a t e r a l  i n f o r m a t i o n .  T h i s  p a p e r  d e 
s c r i b e s  t h e  c h a r a c t e r i s t i c s  o f  s i n g l e  u n i t  r e s p o n s e s  t o  a u 
d i t o r y  a n d  l a t e r a l  l i n e  s t i m u l a t i o n .  T h e  s t i m u l i  w e r e  t o n e  
b u r s t s  ( 7 2 0  m s e c  o n  a n d  7 2 0  m s e c  o f f ) , w h o s e  f r e q u e n c y  w a s  
s w e p t  f r o m  5 0  t o  6 5 0  H z w i t h i n  1 8 0  s e c .  A t  2 . 5  P a  s o u n d  
p r e s s u r e  o f  t h e  s t i m u l u s ,  m e a s u r e d  i n  t h e  s t o m a c h ,  t h e  f r e 
q u e n c y  d e p e n d e n t  d i s p l a c e m e n t  a m p l i t u d e  o f  t h e  l a b y r i n t h  
w a s  a r o u n d  4 0 0  n m .  T h e  t h r e s h o l d  o f  m o s t  u n i t s  w a s  n e a r  0 . 1  
P a .

T h e  h i g h  f r e q u e n c y  o r  a u d i t o r y  (A )  u n i t s  ( 3 3 % ,  N ≈ 6 6 )  a r e  
e x c l u s i v e l y  s e n s i t i v e  t o  f r e q u e n c i e s  h i g h e r  t h a n  1 2 5  H z .  T h e  
l o w  f r e q u e n c y  o r  l a t e r a l  l i n e  ( L ,  12%)  u n i t s  r e s p o n d  t o  
t o n e s  u p  t o  1 2 5  H z .  T h e  t h i r d  t y p e ,  t h e  b r o a d b a n d  ( B ,  5 5% )  
u n i t ,  s h a r e s  i t s  p r o p e r t i e s  w i t h  t h e  f o r m e r  t w o  t y p e s .  I t  i s  
i n n e r v a t e d  b y  e i t h e r  t h e  a u d i t o r y  s y s t e m  a l o n e  o r  b y  b o t h  
s y s t e m s .  T a k i n g  t h e  t h r e e  t y p e s  t o g e t h e r ,  t h e  ON u n i t s  a r e  
m o s t  c o m m o n  ( 6 5 % ) ,  t h e  OFF u n i t s  r a r e  ( 1 0 % )  a n d  m o s t l y  f o u n d  
a m o n g  A u n i t s .  T h e  r e m a i n i n g  ON / OFF u n i t s  a r e  a l l  B u n i t s .  
T h e y  s h o w  o f t e n  a  m u l t i m o d a l  s p i k e  d e n s i t y  v e r s u s  f r e q u e n c y  
c h a r a c t e r i s t i c .  T h e  g e n e r a l l y  h i g h e r  c o m p l e x i t y  o f  t h e  b e 
h a v i o u r  o f  t h e  B u n i t s  s u g g e s t s  s i m u l t a n e o u s  i n p u t  f r o m  d i s 
t i n c t  t y p e s  o f  o t o l i t h  h a i r  c e l l s  o f t e n  c o m b i n e d  w i t h  
l a t e r a l  l i n e  i n p u t .  M o s t  u n i t s  g i v e  t o n i c  o n  r e s p o n s e s  w i t h  
a  p h a s i c  o n s e t  o f  t h e  r e s p o n s e .  F o r  l o w  f r e q u e n c i e s  t h e  
l a t e n c y  i s  o n  t h e  a v e r a g e  t w o  t i m e s  l o n g e r  t h a n  f o r  h i g h  
f r e q u e n c i e s .  S o m e  u n i t s  s h o w  h a b i t u a t i o n  a n d  o n l y  s e n s i t i v e  
o n e s  e x h i b i t  p h a s e - l o c k i n g .  T h e  A u n i t s  a r e  u n i f o r m l y  d i s 
t r i b u t e d  o v e r  t h e  t o r u s .  T h e  L a n d  B u n i t s  a r e  l o c a l i z e d  i n  
t h e  c a u d a l  p a r t  o f  t h e  t o r u s ,  w h i c h  h a s  b e e n  c o n f i r m e d  b y  
a  p r e l i m i n a r y  3 H - d e o x y g l u c o s e  s t u d y .  A u t o r a d i o g r a p h i c  s e 
l e c t i v i t y  w a s  r e a l i z e d  b y  l i m i t i n g  t h e  f r e q u e n c y  r a n g e  o f  
t h e  s t i m u l u s  c o m b i n e d  w i t h  d e s t r u c t i o n  o f  e i t h e r  t h e  l a b y 
r i n t h s  o r  t h e  l a t e r a l  l i n e s .

VESTIBULAR SYSTEM II

334.1  SEMICIRCULAR CANAL AFFERENT PROJECTION IN THE VESTIBULAR 
NUCLEI OF THE BULLFROG.  V. H o n ru b ia ,  C. S u a r e z * ,  A. 
K u r u v i l l a * ,  I .  R. S c h w a r tz  and  S . S i t k o * .  D iv . o f  Head and 
N eck S u r g e r y ,  UCLA S c h o o l o f  M ed ., Los A n g e le s ,  CA 9 0 0 2 4 .

The p r o j e c t i o n  i n  t h e  CNS o f  f i b e r s  from  e a c h  o f  th e  
t h r e e  v e s t i b u l a r  c r i s t a e  was s tu d i e d  a f t e r  h o r s e r a d i s h -  
p e r o x id a s e  (HRP) l a b e l i n g  o f  t h e i r  i n d i v i d u a l  n e rv e  b u n d le s .  
F i f t e e n  s i n g l e  n e u ro n s  p h y s i o l o g i c a l l y  i d e n t i f i e d  from  th e  
a n t e r i o r  c a n a l  w e re  a l s o  l a b e l e d .

I n  t h e  v e s t i b u l a r  r o o t  t h e  p r im a ry  f i b e r s  from  th e  a n t e r 
i o r  c r i s t a  fo rm  a  s h e l l  i n  t h e  m ore r o s t r a l  s i d e  w i th  t h e  
l a r g e r  f i b e r s  l o c a t e d  d o r s a l l y  an d  t h e  s m a l l e r  v e n t r a l l y .  
H o r i z o n t a l  an d  p o s t e r i o r  c r i s t a e  f i b e r s  a r e  a r r a n g e d  i n  t h e  
same m an n er b u t  m ore c e n t r a l l y  i n  t h e  n e r v e .  The c e n t r a l  
v e s t i b u l a r  t r a c t  i s  l o c a t e d  l a t e r a l  t o  t h e  v e s t i b u l a r  n u c l e i  
th ro u g h o u t  t h e i r  l e n g t h .  I n  t h i s  t r a c k  th e  a s c e n d in g  and  
d e s c e n d in g  s e c o n d a r y  f i b e r s  from  th e  a n t e r i o r  c r i s t a  c o u r s e  
i n  a  p o s i t i o n  v e n t r a l  t o  t h e  f i b e r s  from  th e  h o r i z o n t a l  and  
p o s t e r i o r  c r i s t a e .  The p o s i t i o n  o f  t h e  t h i n  f i b e r s  i n  th e   
t r a c t  i s  l a t e r a l  t o  t h a t  o f  t h e  t h i c k  f i b e r s  f o r  e a c h  o r g a n .  
A t i r r e g u l a r  i n t e r v a l s  e a c h  f i b e r  g i v e s  m e d i a l l y  d i r e c t e d  
t e r t i a r y  f i b e r s .  The f i v e  v e s t i b u l a r  n u c l e i  ( c e r e b e l l a r ,  
s u p e r i o r ,  m e d ia l ,  v e n t r a l  and  d e s c e n d in g )  r e c e i v e  i n n e r v a 
t i o n  fro m  th e  t h r e e  c r i s t a e .  T h in  f i b e r s ’ t e r t i a r y  b r a n c h e s  
r u n  a  t o r t u o u s  c o u r s e  w i t h i n  t h e  n u c l e i  and  h a v e  n um erous 
b o u to n s  e n  p a s s a n t . The t e r t i a r y  b r a n c h e s  o f  t h i c k  n e u ro n s   
r u n  a  m ore d i r e c t  c o u r s e  b u t  h a v e  no  b o u to n s .   

The m e d ia l  v e s t i b u l a r  n u c le u s  r e c e i v e s  o n ly  s m a l l  n e rv e  
e n d in g s ,  m a in ly  fro m  th e  t h i n  c r i s t a  f i b e r s .  The d e s c e n d in g  
n u c le u s  r e c e i v e s  t h i c k  and  t h i n  f i b e r s  from  a l l  t h e  c r i s t a e .  
The c r i s t a  i n n e r v a t i o n  i n  b o th  n u c l e i  i s  g r e a t e s t  i n  t h e  
r o s t r a l  an d  c a u d a l  p o l e s .  The l a t e r a l  v e s t i b u l a r  n u c le u s  i s  
t h e  m o st p r o f u s e l y  i n n e r v a t e d  by  b o th  t h i c k  and  t h i n  f i b e r s .  
H ere  f i b e r s  from  t h e  a n t e r i o r  c a n a l  form  a  l a t e r a l - m e d i a l 
d i r e c t e d  s t r i p  i n  t h e  v e n t r a l  s i d e .  F i b e r s  from  th e  h o r i 
z o n ta l  and  p o s t e r i o r  c r i s t a e  fo rm  p a r a l l e l  b u t  o v e r l a p p in g  
s t r i p s  i n  m ore d o r s a l  p o s i t i o n s .

T here a r e  s e v e r a l  d i f f e r e n c e s  i n  th e  p ro je c t io n  o f  th ic k  
and th i n  f i b e r s  from th e  a n t e r i o r  c r i s t a .  The number o f  
te rm in a l b ran ch e s  from th e  th i c k  f i b e r s  i s  more num erous.   
One t h i c k  f i b e r  c a n  p r o v id e  m ore t h a n  200 t e r m in a l  b r a n c h e s ,  
h a l f  o f  them  i n  t h e  v e n t r a l  n u c l e u s .  T h ic k  f i b e r s  do n o t  
p r o j e c t  i n  t h e  m e d ia l  n u c l e i  and  a r e  m ore n u m ero u s i n  t h e  
r e t i c u l a r  f o r m a t io n  and  c e r e b e l lu m .

S u p p o r te d  by  g r a n t s  from  NIH (NS09823 and NS08335) and 
from  th e  P a u le y  F o u n d a t io n .

3 3 4 .2  SEMICIRCULAR CANAL AFFERENTS IN THE BULLFROG: PHYSIOLOGICAL 
CHARACTERISTICS VS. CELLULAR MORPHOLOGY OF HRP-IDENTIFIED 
NEURONS.  S . S i tk o * ,  V. H o n ru b ia ,  A. P e r e d a * ,  C. S u a re z *  and   
I .  R . S c h w a r tz  (SPON: D . S t r e l i o f f ) .   D iv . o f  Head and  Neck 
S u r g e ry ,  UCLA S c h o o l o f  M ed ., Los A n g e le s ,  CA 9 0 0 2 4 .

I n t r a - a x o n a l  r e c o r d in g  and  s u b s e q u e n t  l a b e l i n g  w i th  
h o r s e r a d i s h  p e r o x id a s e  (HRP) was p e rfo rm e d  on  a n t e r i o r  s e m i
c i r c u l a r  c a n a l  a f f e r e n t  f i b e r s  o f  th e  b u l l f r o g  v e s t i b u l a r  
n e r v e .  M o rp h o m e tric  d a t a  w ere  o b t a in e d  from  th e  f i b e r s  
c l a s s i f i e d  on  th e  b a s i s  o f  th e  c o e f f i c i e n t  o f  v a r i a t i o n  (CV) 
o f  th e  r e s t i n g  d i s c h a r g e  a c t i v i t y .

P r e v io u s l y ,  we d e te rm in e d  t h a t  t h e  s e n s i t i v i t y  o f  p r im a ry  
a f f e r e n t s  f o r  p h y s i o l o g i c a l  s t i m u l i  r a n g e s  fro m  7 t o  l e s s  
th a n  1 s p i k e / s e c / d e g / s e c / s e c .  T h ese  v a lu e s  a r e  c o r r e l a t e d  
w i th  t h e  CV (an d  h e n c e  r e g u l a r i t y )  o f  th e  r e s t i n g  d i s c h a r g e  
a c t i v i t y .  F i b e r s  w i th  h i g h e r  CV ( > 0 .5 )  h a v e  g r e a t e r  
s e n s i t i v i t y  and  th e  l a r g e s t  ax o n  d i a m e te r s  ( 7 - 1 7µ) and  
so m a ta  v o lu m e s  ( 0 .1 - 0 .6  m n r) .  I t  was a l s o  shown t h a t  th e  
p e r i p h e r a l  p r o j e c t i o n s  o f  t h e  i r r e g u l a r  n e u ro n s  e x te n d  to  
t h e  c e n t r a l  r e g i o n s  o f  t h e  s e n s o r y  e p i t h e l i u m  i n  t h e  c r i s t a .

The a n t e r i o r  s e m i c i r c u l a r  n e rv e  b r a n c h  i n  t h e  b u l l f r o g  
c o n ta i n s  a p p r o x im a te ly  1100 f i b e r s .  A x o n al d i a m e te r s  ra n g e  
from  1 -1 7y i n  s i z e ,  f o rm in g  a  c o n t in u o u s  d i s t r i b u t i o n ,  w i th  
t h e  num ber o f  f i b e r s  i n c r e a s i n g  e x p o n e n t i a l l y  w i th  
d e c r e a s in g  a x o n  d i a m e te r .  We h a v e  d e te r m in e d  t h a t  th e  
a fo r e m e n t io n e d  l a r g e ,  " i r r e g u l a r "  f i b e r s  r e p r e s e n t  l e s s  t h a n  
10% o f  t h e  t o t a l  p o p u l a t i o n .

R e c e n t ly ,  we h a v e  s u c c e e d e d  i n  l a b e l i n g  s i n g l e  a n t e r i o r  
s e m i c i r c u l a r  c a n a l  a f f e r e n t s  c h a r a c t e r i z e d  by  a  m ore r e g u l a r  
s p o n ta n e o u s  d i s c h a r g e  a c t i v i t y  p a t t e r n .  T h ese  n e u ro n s  w ere  
s e l e c t e d  f o r  h a v in g  CV v a lu e s  l e s s  t h a n  0 . 5 ,  w i th  t h e  lo w e s t  
v a lu e  b e in g  0 . 2 .  T h ese  c e l l s  a r e  p h y s i c a l l y  s m a l l e r ,  h a v in g
2- 5 µ- d ia m e t e r  a x o n s  and  so m al v o lu m e s  r a n g in g  from  0 . 0 2 5 -  
0 .1 1 0  mm3.  The n e u ro n s  o f  t h i s  s a m p le  w i th  a  lo w e r  CV 
r e p r e s e n t  a b o u t  30% o f  th e  t o t a l  p o p u l a t i o n .

We h a v e  n o t  y e t  s u c c e e d e d  i n  s t a i n i n g  s i n g l e  f i b e r s  w hose 
C V 's a r e  l e s s  th a n  0 . 2 ,  a l t h o u g h  c o m p le te  p h y s i o l o g i c a l  d a ta  
h av e  b e e n  o b ta in e d  from  f i b e r s  w i th  CV v a lu e s  e x te n d in g  down 
to  0 . 0 9 . By e l i m i n a t i o n ,  we p ro p o se  t h a t  t h e s e  f i b e r s  
r e p r e s e n t  t h e  s m a l l e s t  s e m i c i r c u l a r  c a n a l  n e u r o n s ,  w i th  
a x o n s  l e s s  t h a n  2 µ i n  d i a m e te r  and  so m a ta  o f  l e s s  th a n  0 .0 3 5  
mm3 i n  v o lu m e . T h ese  f i b e r s  a r e  t h e  m o st n u m ero u s , 
c o m p r is in g  60% o f  t h e  f i b e r  p o p u l a t i o n .

S u p p o r te d  by  g r a n t s  from  NIH (NS09823 and  NS08335) and 
from  th e  P a u le y  F o u n d a t io n .
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334. 3  ARBORIZATION PATTERNS AND ULTRASTRUCTURAL CHARACTERISTICS OF 
SYNAPTIC MORPHOLOGY IN THE FROG CRISTA.  I .R .  S chw artz ,  
V.  H onrub ia , S. S itk o *  and C. S u arez* .  Head & Neck S u rg ery , 
UCLA School o f M ed ic ine , Los A ng e le s, CA 90024.

Two d i f f e r e n t  p a t t e r n s  o f in n e rv a t io n  a re  a s s o c ia te d  w ith  
la r g e  (>7µ) (LF) and medium (> 3-≤7µ ) (MF) d ia m e te r  f i b e r s  to  
th e  f ro g  c r i s t a e .  LFs, f i l l e d  w ith  h o r s e r a d is h  p e ro x id a se  
(HRP) by b o th  e x t r a c e l l u l a r  and i n t r a c e l l u l a r  i n j e c t i o n ,  
p r o je c t  to  th e  c e n te r  o f th e  c r i s t a  a lo n g  i t s  lo n g i tu d in a l  
e x t e n t ;  a v e ra g e  2 1 . 5 /b u n d le  in  each  o f  th e  fo u r  b u n d le s  o f 
th e  v e s t i b u l a r  n e rv e  a n t e r io r  b ran ch  w hich approach  th e  
c r i s t a ;  make up 17.5% o f  th e  two c e n t r a l  bu n d le s  in n e rv a t in g  
th e  m idd le  o f th e  c r i s t a ,  and 4.4% o f th e  two l a t e r a l  bun d le s  
w hich c a r ry  th e  m a jo r i ty  o f th e  s m a l le s t  f i b e r s  (SF) (≤3/µ) 
t h a t  d i s t r i b u t e  to  th e  c r i s t a  en d s . LFs in  a l l  b u nd le s  tu rn  
v e r t i c a l l y  upward a t  th e  b ase  o f  th e  c r i s t a  to  approach  th e  
b ase s  o f th e  h a i r  c e l l s  (HC), th e n  d iv id e  in to  s e v e r a l  la rg e  
b ran ch e s  w hich in  tu rn  g iv e  o f f  s e v e r a l  s m a lle r  b ra n c h e s . 
B ranches o f LFs from th e  l a t e r a l  b u n d le s  tu rn  tow ards th e  
m idd le o f th e  c r i s t a .  LFs c o n ta c t  a l l  HCs in  t h e i r  p ro je c 
t i o n  re g io n ,  and each  HC may r e c e iv e  synapses  from more than  
one b ra n c h . HCs in  th e  c e n te r  o f th e  re g io n  re c e iv e  th e  
m ost b ra n c h e s . Both la rg e  and sm a ll d ia m e te r b ranches combine 
to  form a la c y  cup around th e  HC b ase  and send f in g e r s  up i t s  
s i d e s .  U l t r a s t r u c t u r a l l y  th e  l a r g e s t  d ia m e te r f i b e r s  and 
te rm in a ls  c o n ta in  b o th  a la r g e  co re  o f f lo c c u le n t  m a te r ia l  
su rro u n d ed  by s c a t t e r e d  m ito c h o n d ria  and c lu s t e r s  of s y n a p tic  
v e s i c l e s  b e n e a th  th e  membrane. LFs a r e  f r e q u e n t ly  found 
apposed to  HC " r ib b o n ” s y n a p se s , i . e .  th o se  w ith  p re s y n a p t ic  
dense b o d ie s . In  some c a se s  th e  o u te r  l e a f l e t s  o f membranes 
o f th e  HC and LF, o r  i t s  s y n a p tic  te rm in a l ,  a re  c lo s e ly  
apposed to  form " t i g h t "  ju n c t io n s .

MFs app roach  th e  c r i s t a e  in  a l l  n e rv e  b u n d le s . At th e  b ase  
o f th e  HCs, HRP f i l l e d  MFs a re  seen  to  tu rn  and run  a s l ig h t ly  
to r tu o u s ,  b u t u nb ranched , c e n t r a l l y  d i r e c te d  c o u rse  along th e  
le n g th  o f  th e  c r i s t a ,  c o n ta c t in g  in  ex c ess  o f 20 HCs. As yet 
th e r e  i s  no u l t r a s t r u c t u r a l  b a s is  f o r  d is t i n g u is h in g  betw een 
th e  b o u tons  a r i s i n g  from MFs and LFs. Sm all bou tons  a re  found 
c o n ta c t in g  b o th  la r g e  f i b e r s  and HCs. Some o f  th e  s m a lle r  
b o u tons  a r e  observ ed  as  e x te n s io n s  o f t h in  b ran ch e s  o f th e  
l a r g e s t  f i b e r s .  The te rm in a t io n  p a t t e r n  o f e x t r a c e l l u l a r l y  
i n j e c t e d  SFs have been  u n o b se rv ab le  l i g h t  m ic ro s c o p ic a l ly .  
There a r e  no obv ious u l t r a s t r u c t u r a l  d i f f e re n c e s  between th e  
sm a ll s y n a p tic  te rm in a ls  found a t  th e  c r i s t a  en d s , w here th e  
SFs p red o m in a te , and th o se  found a t  th e  c e n te r  o f th e  c r i s t a ;  
b u t LFs and la r g e  te rm in a ls  a r e  r a r e  a t  th e  en d s .

S upported  by NS09823, NS08335, & th e  P au ley  F oun d a tio n .

3 3 4 .4  CHANGES IN THE CHARACTERISTICS OF THE CAT'S VOR INDUCED BY 
UNILATERAL AND BILATERAL LABYRINTHECTOMY.  K. G arland* ,  
J .  Marco* and V. H onrub ia . (SPON: C.H. S aw yer).  D iv. o f  Head 
and Neck S u rg e ry , UCLA School o f  M ed ic ine , Los A nge le s, CA 
90024.

The dynamic changes o f  th e  v e s t i b u lo - o c u la r  r e f l e x  (VOR) 
resp o n se  a f t e r  s u r g ic a l ly  produced u n i l a t e r a l  la b y r in th e c 
tomy and d ru g -in d u c ed  o to t o x ic i ty  w ere s tu d ie d  in  c a t s .  The 
t e s t  s e r i e s  in c lu d e d  b o th  s in u s o id a l  (0 .0 1 2 5 -1 . 6 Hz) and 
im p u ls iv e  (30 and 50 d e g /s e c ,  CW and CCW) s t im u la t io n  o f  th e  
h o r iz o n ta l  c a n a ls .  The c a ts  w ere te s t e d  p r io r  t o ,  d i r e c t l y  
fo llo w in g , and a t  v a r io u s  i n t e r v a l s  a f t e r  t r e a tm e n t .

The r e s u l t s  o f  s in u s o id a l  s t im u la t io n  o f  5 u n i l a t e r a l l y  
la b y r in th e c to m iz e d  c a ts  i n  th e  im m ediate p o s to p e ra t iv e  
p e r io d  ( 1-5  days) showed bo th  d ec re a se d  g a in  (peak  slow  
phase eye v e lo c i ty /p e a k  c h a i r  v e lo c i ty )  and a marked asym
m etry r e f l e c te d  in  a s t r o n g e r  re sp o n se  d u rin g  a m p u llo p e ta l 
th a n  am p u llo fu g a l s t im u la t io n  o f  th e  fu n c t io n a l  c a n a l .  
R e s u lts  from im p u ls iv e  t e s t s  showed a d e c re a s e  i n  g a in  and 
tim e c o n s ta n t v a lu e s  f o r  b o th  CW and CCW d i r e c t i o n s ;  th e  
e f f e c t s  were l e s s  s i g n i f i c a n t  d u rin g  a m p u llo p e ta l s t im u la 
t i o n .  There was a p ro g re s s iv e  and s i g n i f i c a n t  re co v e ry  o f  
resp o n se  i n  th e  4 -week p o s to p e ra t iv e  p e r io d .

B i l a t e r a l  la b y rin th e c to m y  was produced in  6 c a ts  by means 
o f th e  o to to x ic  drug  g en tam ic in  (40 mg/kg IM d a i ly  f o r  14 
d a y s ) . A lthough in d iv id u a l  c a t s  v a r ie d  i n  t h e i r  s u s c e p t i 
b i l i t y  to  th e  d ru g , th e r e  was m inim al o r  no e f f e c t  f o r  th e  
f i r s t  7-10  d ay s . A f te r  day 14, o to to x ic  e f f e c t s ,  in c lu d in g  
a ta x ia  and reduced VOR g a in ,  were e v id e n t .  As th e  o to to x 
i c i t y  p ro g re s s e d , g a in  co n tin u ed  to  d e c re a s e ,  th e  change 
bein g  more s i g n i f i c a n t  i n i t i a l l y  a t  th e  low er f r e q u e n c ie s .

The tem poral co u rse  o f  th e  re sp o n se  changes observed  in  
th e se  s tu d ie s  can  be d e s c r ib e d  u s in g  th e  p a ram e te rs  o f  a 
s im p l i f ie d  pendulum model o f  v e s t i b u l a r  fu n c t io n .  T here was 
a d e c re a se  i n  b o th  th e  s e n s i t i v i t y  c o e f f i c i e n t  and th e  tim e 
c o n s ta n t o f  th e  m odel. These d a ta  a re  s im i la r  to  th o se  
o b ta in e d  in  our la b o ra to ry  from com parable g roups  o f  human 
s u b je c ts .

S upported  by g r a n t s  from NIH (NS09823 and NS08335) and 
th e  P au ley  F o u n d a tio n .

3 3 4 .5  CANAL AFFERENT INNERVATION PATTERNS INVESTIGATED WITH 
LUCIFER-YELLOW DYE TRACING.  S .F . M yers, E .R . Lew is, J .  
C aston* .  E le c t ro n ic s  R esearch  L a b ., U niv. o f  C a l i f o r n ia ,  
B e rk e le y , CA 94720.

L u c if e r  ye llo w  has  ad v an tag es  ov er o th e r  i n t r a c e l l u l a r  
t r a c e r  m o lecu les  in  th e  e a se  o f  io n to p h o re s is  w hich a llo w s  
even th e  s m a l le s t  f i b e r s  to  be f i l l e d  (<4µm). I t s  b r ig h t  
f lu o re s c e n c e  a t  th e  l i g h t  m ic ro sco p ic  le v e l  a l s o  a llo w s  th e  
l a b e le d  n erv e  f i b e r  to  be q u ic k ly  t r a c e d  and th e  
in n e rv a t io n  p a t t e r n  to  be d e te rm in ed .

Rana c a te s b e in a n a  and Rana tem poria  se rv ed  a s  th e  
e x p e rim e n ta l a n im a ls . The fro g s  were a n e s th e t iz e d  w ith  
Sodium P e n to b a rb i to l  (0 .1 2 m l/1 0 0 g ) . A sm all i n c i s io n  was 
th e n  made in  th e  mucosa o f  th e  ro o f  o f  th e  mouth and a h o le  
d r i l l e d  th ro u g h  th e  c a r t i l a g e  and bone to  expose th e  i n t r a -  
la b y r in th in e  co u rse  o f  th e  n e rv e s  to  th e  a n t e r i o r  and 
l a t e r i a l  c r i s t a e  a m p u lla r i .  D y e - f i l l in g  axons from t h i s  
app ro ach  was found to  r e s u l t  in  a  b r ig h t e r  f lu o re s c e n c e  o f 
th e  te rm in a l  a r b o r i z a t i o n s  th an  i f  th e  e ig h th  n e rv e  were 
p e n e tr a te d  i n t r a - c r a n i a l l y  a t  th e  ju n c t io n  w ith  th e  
b ra in s te m . A f te r  d y e - f i l l i n g  a  u n i t ,  th e  t i s s u e s  were 
f ix e d  in  10% fo rm a lin , d eh y d ra ted  in  a lc o h o l ,  c le a r e d  in  
m ethy l s a l i c y l a t e  and viewed on a  Z ie s s  f lu o re s c e n c e  
m ic ro sco p e .

L a b e led  nerv e  f i b e r s  ranged  in  d ia m e te r from 2 .4  to  8 .0  
pm. F ib e r s  l e s s  th a n  4 µm in  d ia m e te r w ere found to  
in n e rv a te  a l l  r e g io n s  o f  th e  n u ro e p lth e l iu m  and to  c o n ta c t  
8 -  15 h a i r  c e l l s .  L a rg e r d ia m e te r  f i b e r s  o f  6 -  8 µm have 
o n ly  been found to  in n e rv a te  th e  c e n t r a l  p o r t io n  (m iddle 
50%) o f  th e  a n t e r i o r  c r i s t a  a m p u lla r is  o r  th e  ana logous 
p o r t io n  o f  th e  l a t e r a l  am p u lla ´ s h a l f - c r i s t a .  T h is  f in d in g  
i s  in  ag reem en t w ith  th o se  o f  Gacek and Rasmussen (A nat. 
R ec. 139, 455-463 , 1961) and Dunn (J .  Comp. N eu ro l. 182, 
621-636 , 1978) who found th e  l a r g e r  d ia m e te r f i b e r s  to   
p redom ina te  in  th e  c e n t r a l  p o r t io n  o f  th e  c r i s t a .  The 
f i b e r s  in n e rv a t in g ' th e  c e n t r a l  re g io n  o f  th e  c r i s t a e  a l s o  
had f a i r l y  e x te n s iv e  in n e rv a t io n  p a t te r n s  e x te n d in g  a lo n g  
th e  c r i s t a  from 20 to  50% o f  i t s  t o t a l  l e n g th .  The m ost 
e x te n s iv e  in n e rv a t io n  p a t te r n s  w ere found in  th e  l a t e r a l  
a m p u lla 's  h a l f - c r i s t a  w hich may c o r r e l a t e  w ith  P e te r k a 's  
f in d in g s  t h a t  a f f e r e n t s  form th e  l a t e r a l  am pu lla  were 
g e n e ra l ly  more s e n s i t i v e  th a n  th o se  o f  th e  a n t e r io r  am pulla  
( Soc. N e u ro s c i. Abs. 6 , 223, 1980).

(S u p p o rted  by NINCDS G ran t NS12359.)

3 3 4 .6  BIOCHEMICAL STUDIES ON THE CHOLINERGIC NEUROTRANSMISSION OF 
THE FROG VESTIBULE.  G. M eza, P . C u a d ro s*  an d  I .  L opez *
D e p t.  N e u r o c ie n c ia s ,  C IFIC  UNAM Apdo P o s t a l  7 0 -6 0 0  04510 
M e x ic o , D. F .

E f f e r e n t  n e u r o t r a n s m is s i o n  i n  t h e  f r o g  v e s t i b u l e  i s  
p o s s i b l y  c h o l i n e r g i c  a s  e v id e n c e d  by  e l e c t r o p h y s i o l o g i c a l  
an d  h i s t o c h e m i c a l  t e c h n i q u e s .  H ow ever, no  b io c h e m ic a l  
a p p ro a c h  h a s  b e e n  e x p lo r e d  t o  a s s e s s  t h i s  a s s u m p t io n .  Some 
o f  t h e  b io c h e m ic a l  c r i t e r i a  o f t e n  u s e d  i n  t r y i n g  t o  
i m p l i c a t e  a  s u b s ta n c e  a s  a  n e u r o t r a n s m i t t e r  c a n d id a t e  a r e  
t h e  d e m o n s t r a t io n  o f  i t s  s y n t h e s i s  an d  o f  t h e  p r e s e n c e  o f  
i t s  i n a c t i v a t i n g  m ech an ism . A c e t y lc h o l in e  (Ach) i s  
s y n th e s i z e d  w i th  t h e  p a r t i c i p a t i o n  o f  c h o l i n e  a c e t y l t r a n s f e r  
a s e  (ChAT) an d  i t s  re m o v a l  fro m  t h e  v i c i n i t y  o f  t h e  s y n a p s i s  
c a r r i e d  o u t  th ro u g h  i t s  h y d r o l i s i s  by  a c e t y l c h o l i n e s t e r a s e  
(A chE ). C h o l in e ,  p r o d u c t  o f  t h i s  h y d r o l i s i s ,  i s  r a p i d l y  
t a k e n  up  by  t h e  p r e s y n a p s i s  an d  u s e d  f o r  Ach s y n t h e s i s .  
T h e r e f o r e  a s  a  m ean t o  d e m o n s t r a t e  Ach p a r t i c i p a t i o n  i n  
n e u r o t r a n s m is s i o n  we d e c id e d  t o  m e a s u re  ChAT, AchE and  
c h o l i n e  t r a n s p o r t  i n  t h e  f r o g  i s o l a t e d  v e s t i b u l e .
The c o m p le te  v e s t i b u l e  w as d i s s e c t e d  o u t  fro m  a d u l t  f r o g s  
(Rana p i p i e n s ) . ChAT w as m e a su re d  b y  t h e  Fonnum m eth o d  u s in g  
3H -A cetyIC oA  a s  s u b s t r a t e ,  i n  h o m o g en a te s  o f  t h e  f r o g  t i s s u e  
AchE w as d e te r m in e d  i n  a  m em brane f r a c t i o n  o f  t h e  f r o g  
v e s t i b u l e  by  t h e  E llm a n  m eth o d  f o l lo w in g  t h e  h y d r o l i s i s  o f  
a c e t y l t h i o c h o l i n e  u s e d  a s  s u b s t r a t e  a t  412 mn i n  t h e  
s p e c t r o p h o to m e te r .  C h o l in e  t r a n s p o r t  was a s s e s s e d  by m e a s u r in g  
t h e  u p t a k e  o f  3H - c h o l in e  ( 0 .5  uM) o f  w h o le  f r o g  v e s t i b u l e  
i n c u b a te d  i n  f r o g  R in g e r  s o l u t i o n  e i t h e r  i n  t h e  p r e s e n c e  o f  
Na o r  when t h i s  io n  w as s u b s t i t u t e d  by  c h o l i n e  c h l o r i d e .
A l l  i n c u b a t io n s  to o k  p l a c e  a t  30°C .
ChAT a c t i v i t y  w as o f  0 .0 6  n m o le s /m in /m g  p r o t e i n  an d  i t  w as 
d e p r e s s e d  by  90% when m e a su re d  i n  t h e  a b s e n c e  o f  c h l o r i d e .  
AchE w as o f  0 .0 1  n m o le s /m in /m g  p r o t e i n  an d  i t  w as i n h i b i t e d  
b y  100% when in c u b a te d  w i th  10 uM e s e r i n e .
3H - c h o l in e  w as a c c u m u la te d  by  f r o g  v e s t i b u l e  1 0 - f o l d  i n  an  
h o u r  an d  i t  w as h i g h ly  d e p r e s s e d  when Na w as o m i t te d  fro m  
t h e  i n c u b a t io n  medium o r  when i t  to o k  p l a c e  a t  4 °C .
T h e se  e v id e n c e s  s u p p o r t  t h e  in v o lv e m e n t  o f  a c e t y l c h o l i n e  i n  
n e u r o t r a n s m is s i o n  i n  t h e  f r o g  v e s t i b u l e .  E x p e r im e n ts  a im ed  
t o  l o c a t e  t h e  c e l l s  r e s p o n s i b l e  f o r  t h e  a c t i v i t i e s  o b s e rv e d  
p e rfo rm e d  i n  d i s t i n c t  o r g a n s  c o m p o s in g  t h e  f r o g  v e s t i b u l e  
a r e  p r e s e n t l y  u n d e rw a y .
S u p p o r te d  i n  p a r t  by  G r a n t  PCCBBNA020897 o f  CONACyT (M exico)
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3 3 4 .7  MORPHOLOGY OF VESTIBULAR COMMISSURAL PATHWAYS AND NEURONS 
WHICH RECEIVE VESTIBULAR COMMISSURAL INPUTS.  R. B a l ic e -  
Gordon and R. A. McCrea,  Committee on N eu ro b io lo g y , Uni v . 
o f  C h icago , C h icago , IL  60637.

The o r i g i n ,  t r a j e c t o r y  and te rm in a t io n s  o f  v e s t i b u l a r  
com m issura l n eu rons  w ere s tu d ie d  in  th e  b u l l f r o g ,  Rana 
c a te s b e ia n a , w ith  lo c a l i z e d  in j e c t i o n s  o f  WGA-HRP in t o  th e  
v e s t i b u l a r  n u c le u s  (VNuc) and by i n t r a c e l l u l a r  i n j e c t io n s  o f 
HRP in t o  v e s t i b u l a r  n e u ro n s . The r e s u l t s  o f  r e t r o g ra d e  
t r a c e r  e x p e rim en ts  su g g e s te d  th a t  v e s t i b u l a r  com m issural 
pathw ays a r i s e  from  sm a ll to  medium s iz e d  c e l l s  lo c a te d  in  
th e  m e d ia l VNuc, th e  v e n tro m e d ia l p o r t i o n  o f  th e  l a t e r a l  
VNuc and to  a  l e s s e r  e x t e n t  th e  i n f e r i o r  and s u p e r io r  VNuc. 
Com m issural axons c ro s s e d  th e  m id lin e  d o r s a l l y  and e n te re d  
th e  c o n t r a l a t e r a l  VNuc m e d ia l ly . A second group o f  commis
s u r a l  axons c ro s s e d  th e  m id lin e  more v e n t r a l l y ,  co u rsed  
d o r s o l a t e r a l l y  tow ard  th e  c o n t r a l a t e r a l  VNuc, and e n te re d  
them v e n t ro m e d ia l ly . Com m issural axons te rm in a te d  in  a l l  
p o r t io n s  o f  th e  c o n t r a l a t e r a l  VNuc. The h e a v ie s t  te rm in a 
t i o n s  w ere i n  th e  m e d ia l VNuc and l a t e r a l  VNuc, p a r t i c u 
l a r l y  i n  th o s e  a re a s  w here com m issural neu rons  w ere lo c a te d .

We have s tu d ie d  th e  m orphology o f  v e s t i b u l a r  neurons 
w hich r e c e iv e  com m issura l in p u ts  by in j e c t i n g  HRP in t o  them 
a f t e r  t h e i r  i n t r a c e l l u l a r  re sp o n se s  w ere re c o rd e d  fo llo w in g  
e l e c t r i c a l  s t im u la t io n  o f th e  i p s i l a t e r a l  and c o n t r a l a t e r a l  
v e s t i b u l a r  n e rv e s .  So f a r  we have in j e c t e d  neu rons  in  th e  
m e d ia l and l a t e r a l  VNuc w hich re c e iv e  com m issural in p u t s .  
A ll  o f th e  v e s t i b u l a r  n eu rons  w hich re c e iv e d  com m issural 
in p u ts  a l s o  re c e iv e d  m onosynap tic  in p u ts  from  th e  i p s i 
l a t e r a l  n e rv e . Most o f th e  com m issural in p u ts  we have 
observ ed  w ere EPSPs evoked a t  l a t e n c i e s  from  4 to  15 m sec.

At l e a s t  two m o rp h o lo g ica l ty p e s  o f  c e l l s  r e c e iv e  commis
s u r a l  in p u t s .  The f i r s t  ty p e  w ere la rg e  neu rons  in  th e  
l a t e r a l  VNuc whose axons p r o je c te d  i p s i l a t e r a l l y  and ca u d a l 
in  th e  l a t e r a l  v e s t i b u lo s p in a l  t r a c t .  In  m ost c a s e s ,  th e  
axons o f th e s e  c e l l s  w ere n o t o bserved  to  c o l l a t e r a l i z e  
w ith in  th e  b ra in s te m , a lth o u g h  in  one in s ta n c e  c o l l a t e r a l  
te rm in a t io n s  w ere observ ed  in  th e  f a c i a l  m otor n u c le u s . The 
second  ty p e  o f  n eu rons  had axons w hich c ro s s e d  th e  m id lin e , 
b i f u r c a t e d ,  and p r o je c te d  in  th e  MLF. F in a l ly ,  we have 
in j e c t e d  neu ro n s  w ith  medium s iz e d  som ata in  m e d ia l VNuc and 
v e n tro m e d ia l l a t e r a l  VNuc whose axons ap p e a r to  c ro s s  th e  
m id l in e .  In  some c a s e s ,  th e  axons w ere observ ed  to  c o l l a 
t e r a l i z e  w ith in - th e  i p s i l a t e r a l  VNuc. A lthough we have n o t 
been  a b le  to  fo llo w  th e  axons o f th e s e  c e l l s  to  t h e i r  te rm in 
a t io n s  in  th e  c o n t r a l a t e r a l  VNuc, t h e i r  lo c a t io n ,  s i z e  and 
t r a j e c t o r i e s  su g g e s t t h a t  th e y  g e n e ra te  com m issural pathw ays.

3 3 4 . 8   P R O JE C T I O N S  OF IN D IV I D U A L  O TO LIT H  PRIMARY AF FE RE N T S IN THE 
G E R B I L .   A . A .  P e r a c h i o ,  G . A .  K e v e t t e r ,  a n d  M . J .  C o r r e i a .   
D e p t s .  O t o l a r y n g . ,  P h y s i o l  & B i o p h y s i c s ,  A n a t . ,  M a r i n e  
B i o m e d i c a l  I n s t i t u t e ,  U n i v .  T e x a s  M e d i c a l  B r a n c h ,  G a l v e s t o n ,  
TX 7 7 5 5 0 - 2 7 7 8 .

T h e  c e n t r a l  d i s t r i b u t i o n  o f  v e s t i b u l a r  p r i m a r y  a f f e r e n t s  
i s  d i v i d e d  i n t o  t w o  m a j o r  b r a n c h e s  t h a t  h a v e  b e e n  i l l u s t r a 
t e d  b o t h  i n  e a r l i e r  s t u d i e s  o f  t h e  e n t i r e  s y s t e m  i n  G o l g i  
m a t e r i a l  ( L o r e n t e  d e  N o ,  L a r y n g o s c o p e ,  4 3 ,  1 9 3 3 : 1 - 3 8 )  a n d  
m o r e  r e c e n t l y  i n  i n v e s t i g a t i o n s  o f  t h e  p r o j e c t i o n s  o f  
i n d i v i d u a l  H R P - f i l l e d  s e m i c i r c u l a r  c a n a l  a f f e r e n t s  ( M a n n e n  
e t  a l ,  P r o c .  J a p a n  A c a d .  5 8 ,  S e r .  B ,  1 9 8 2 : 2 3 7 - 2 4 2 ) .  T h e  
m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  p r i m a r y  v e s t i b u l a r  a f f e r 
e n t s  a s s o c i a t e d  w i t h  t h e  o t o l i t h  o r g a n s  w e r e  e x a m i n e d  i n  
g e r b i l s  w i t h  i n t r a - a x o n a l  i n j e c t i o n  o f  H R P.  P r i m a r y  
o t o l i t h  a f f e r e n t  n e u r o n s  w e r e  p h y s i o l o g i c a l l y  i d e n t i f i e d  b y  
t h e i r  r e s p o n s e s  t o  c h a n g e s  i n  s t a t i c  h e a d  t i l t  p o s i t i o n  a n d  
a n  i n s e n s i t i v i t y  t o  p u r e l y  a n g u l a r  h e a d  a c c e l e r a t i o n .  
N e u r o n a l  a c t i v i t y  w a s  g e n e r a l l y  c l a s s i f i e d  i n  t e r m s  o f  t h e  
r e g u l a r i t y  o f  t h e  d i s c h a r g e  r a t e  m e a s u r e d  w h i l e  t h e  a n i m a l ' s  
h e a d  w a s  h e l d  s o  a s  t o  p o s i t i o n  t h e  l a t e r a l  s e m i c i r c u l a r  
c a n a l s  c o - p l a n a r  w i t h  t h e  e a r t h - h o r i z o n t a l .  T h e  a v e r a g e  
a r e a l  d i m e n s i o n s  o f  i d e n t i f i e d  o t o l i t h  n e u r o n a l  c e l l  b o d i e s  
w e r e  X±SD 3 6 8 . 7 ± 1 2 7 . 5  µm2 , n = 1 0 .  I r r e g u l a r l y  f i r i n g  n e u r o n s  
w e r e  g e n e r a l l y  l a r g e r  (X±SD  4 1 2 . 1 ± 1 1 8 . 5  um 2 ,  n = 7 ) .  t h a n  
r e g u l a r l y  d i s c h a r g i n g  n e u r o n s  (X ±SD 2 6 7 . 0 ± 9 4 . 7  µm2 , n = 3 ) .  
C e n t r a l  p r o j e c t i o n s  o f  s o m e  o f  t h e s e  n e u r o n s  c o u l d  b e  
t r a c e d  i n  b o t h  a s c e n d i n g  a n d  d e s c e n d i n g  b r a n c h e s .  E x t e n s i v e  
c o l l a t e r a l i z a t i o n  w a s  n o t e d .  In  t h e  d e s c e n d i n g  b r a n c h ,  
c o l l a t e r a l s  t y p i c a l l y  d e r i v e d  a t  r i g h t  a n g l e s  f r o m  a  l a r g e r  
d i a m e t e r  f i b e r  t h a t  c o a r s e d  w i t h i n  a  f a s c i c l e  o f  v e s t i b u l a r  
a f f e r e n t s  a l o n g  t h e  l o n g i t u d i n a l  b r a i n  s t e m  a x i s .  T h e s e  
c o l l a t e r a l s  e x t e n d e d  t o w a r d  t h e  m e d i a l  v e s t i b u l a r  n u c l e u s  
w h i l e  t h e  l a r g e r  f i b e r  c o n t i n u e d  c a u d a l l y  w i t h i n  t h e  d e s 
c e n d i n g  n u c l e u s .  F i b e r s  f r o m  i n d i v i d u a l  a f f e r e n t s  w e r e  
t r a c e d  t o  a r b o r i z a t i o n s  t h a t  r e s e m b l e d  t e r m i n a l  f i e l d s  i n  
t h e  f o l l o w i n g  v e s t i b u l a r  a r e a s :  l a t e r a l ,  m e d i a l  a n d  d e s c e n d 
i n g  n u c l e i .  W i t h i n  a  g i v e n  n u c l e u s ,  s e p a r a t e  a r e a s  m a y  
r e c e i v e  p r o j e c t i o n s  f r o m  c o l l a t e r a l s  o f  t h e  a s c e n d i n g  a n d  
d e s c e n d i n g  b r a n c h e s .  T h e r e f o r e ,  t h e  o t o l i t h  a f f e r e n t s ,  l i k e  
t h e  s e m i c i r c u l a r  c a n a l  n e u r o n s  c a n  i n d i v i d u a l l y  p r o j e c t  t o  
m u l t i p l e  s i t e s  i n  d i f f e r e n t  v e s t i b u l a r  n u c l e i .

( S u p p o r t e d  b y  NASA g r a n t ,  N A G 2 - 2 6 ) .

334 .9  PRIMARY AFFERENT AND VESTIBULAR EFFERENT INPUTS TO THE 
INTERSTITIAL NUCLEUS OF THE VESTIBULAR NERVE.  D.W. 
J e n s e n , J .  G o ldberg , and M. I g a r a s h i .  Program  in  Neuro
s c ie n c e  and D ep t. O to rh in o la ry n g o lo g y , B ay lo r C o lleg e  o f 
M ed ic ine , H ouston , TX. 77030.

The i n t e r s t i t i a l  n u c le u s  o f th e  v e s t i b u l a r  n e rv e , 
lo c a te d  i n  th e  v e s t i b u l a r  n e rv e  ro o t  in  th e  b ra in s te m , 
i s  a  d i s t i n c t  c e l l  group th a t  ap p e a rs  in  a l l  v e r t e b r a t e s ,  
from cyc lo stom es to  man (M ehle r, P ro g . B r. R es . 37: 55,  
1972; B ro d a l and S ad ja p o u r , J .  H irn fo rs c h u n g , 10: 299, 
1968 ). We a r e  u s in g  g u in e a  p ig s  to  s tu d y  th e  anatomy and 
p h y s io lo g y  o f t h i s  n u c le u s , ab o u t w hich v e ry  l i t t l e  i s  
known.

We have con firm ed  th a t  th e  i n t e r s t i t i a l  n u c leu s  o f th e  
v e s t i b u l a r  n e rv e  (INV) r e c e iv e s  p rim ary  a f f e r e n t  v e s t i 
b u la r  in p u t ,  by n e u ro an a to m ica l and , f o r  th e  f i r s t  tim e , 
e l e c t r o p h y s io lo g ic a l  te c h n iq u e s . I n je c t i o n s  o f h o rs e 
r a d i s h  p e ro x id a s e  o r t r i t i a t e d  le u c in e  in to  th e  v e s t i 
b u la r  g a n g lio n  r e s u l t e d  in  la b e l in g  in  th e  INV. T erm inal 
d e g e n e ra tio n  by F ink-H eim er and c u p r ic  s i l v e r  m ethods 
was a l s o  ob serv ed  in  th e  INV a f t e r  v e s t i b u l a r  ne rv e  
g an g lio n ec to m y . In  a l l  c a s e s ,  th e  v e s t i b u l a r  ne rv e  in 
p u t  to  th e  INV ap p eared  to  be as heavy as  th e  m ost dense 
in p u t  to  th e  v e s t i b u l a r  n u c l e i .

F u n c tio n a l v e s t i b u l a r  ne rv e  in p u t to  INV neu rons  i s  
s u p p o rte d  by e le c t r o p h y s io lo g ic a l  d a ta .  B ip o la r  0 .05  
m sec. c u r r e n t  p u ls e s  a p p l ie d  to  th e  s u p e r io r  b ranch  of 
th e  v e s t i b u l a r  n e rv e  evoked f i e l d  p o t e n t i a l s  and mono
s y n a p tic  s p ik e  re s p o n s e s  in  th e  INV neu rons  a t  a  0 .95  
m sec. la te n c y  compared to  1 .05  m sec, in  th e  MVN neurons 
( lo c a te d  more m e d ia l ly ) . E l e c t r i c a l  th re s h o ld s  f o r  th e  
INV f i e l d  p o t e n t i a l s  and s p ik e s  w ere th e  same as  f o r  the   
N1  f i e l d  p o t e n t i a l  in  th e  v e s t i b u l a r  n u c l e i .

In  a d d i t io n ,  a c e ty lc h o l in e s t e r a s e  (AChE) h is to c h e m is t ry  
has  r e v e a le d  a  r i c h  in p u t  to  th e  INV from th e  e f f e r e n t  
b u n d le  o f  th e  VI I I t h  n e rv e  as  i t  t r a v e l s  o u t to  th e  
in n e r  e a r .  The INV r e c e iv e s  c o l l a t e r a l s  from an  AChE 
p o s i t i v e  b u n d le , w hich i s  th e  v e n tra lm o s t of th e  v e s t i 
b u la r  n e rv e  r o o t l e t s  i n  th e  b ra in s te m , and j u s t  v e n t r a l  
to  th e  INV.

We h y p o t h e s i z e  t h a t  t h e  INV r e c e i v e s ,  i n  a d d i t i o n  to  
p r im a ry  a f f e r e n t  i n p u t ,  a n  i n p u t  fro m  v e s t i b u l a r  c e n t r i 
f u g a l  n e u r o n s .

334.10  VERTICAL EYE MOVEMENTS AND VERTICAL SEMICIRCULAR CANAL 
 RESPONSES IN CAT DURING NORMAL PITCH AND DURING PITCH WITH 

THE ANIMAL POSITIONED ON IT S  S I D E .   D . L .  T o m k o ,  C.  W a l l  a n d   
F . R .  R o b i n s o n .  D e p t s .  o f  P h y s i o l .  & Ot o l a r y n g o l . ,  U n i v .  o f  
P i t t s b u r g h  S c h .  o f  M e d . ,  P i t t s b u r g h ,  PA 1 5 2 6 1 .

D u r i n g  n a t u r a l l y - o c c u r r i n g ,  o s c i l l a t o r y  p i t c h  m o v e m e n t s  
o f  t h e  h e a d  ( e a r t h - p a r a l l e l  p i t c h ) ,  v e r t i c a l  s e m i c i r c u l a r  
c a n a l  s t i m u l i  a r e  p a i r e d  w i t h  o t o l i t h i c  s t i m u l i  b e c a u s e  
h e a d  p o s i t i o n  c h a n g e s  w i t h  r e s p e c t  t o  t h e  g r a v i t y  ( ' g ' )  
v e c t o r .  T y p i c a l l y ,  h o w e v e r ,  i n  s t u d i e s  b o t h  o f  v e r t i c a l  
e y e  m o v e m e n t s ,  a n d  o f  e i g h t h - n e r v e  a f f e r e n t s  i n n e r v a t i n g  
v e r t i c a l  c a n a l s ,  t h e  p i t c h  s t i m u l u s  i s  d e l i v e r e d  w i t h  t h e  
a n i m a l  l y i n g  o n  i t s  s i d e  ( t h a t  i s ,  a c t i v a t i n g  t h e  v e r t i c a l  
c a n a l s  w i t h  a  r o t a t i o n a l  a c c e l e r a t i o n ,  b u t  n o t  a c t i v a t i n g  
t h e  o t o l i t h s  a s  t h e y  n o r m a l l y  w o u l d  b e  b y  e a r t h - p a r a l l e l  
p i t c h ) .  I t  i s  a l r e a d y  know n t h a t  t h e  v e r t i c a l  e y e  m o v e 
m e n t s  e l i c i t e d  b y  p i t c h  d i f f e r  f r o m  t h e  h o r i z o n t a l  e y e  
m o v e m e n t s  e l i c i t e d  by  y a w ;  t h e  v e r t i c a l  v e s t i b u l o - o c u l a r  
r e f l e x  (VVOR) e l i c i t e d  b y  p i t c h  r o t a t i o n s  w h i l e  a n  a n i m a l  
i s  l y i n g  o n  i t s  s i d e  ( e a r t h - p e r p e n d i c u l a r  p i t c h )  a n d  v e r 
t i c a l  o p t o k i n e t i c  n y s t a g m u s  (VOKN) a r e  n o t  s y m m e t r i c  a s  
a r e  h o r i z o n t a l  o n e s  ( A n d e r s o n ,  D e v .  N e u r o s c i . ,  1 9 8 1 ,   
1 2 : 3 9 5 - 4 0 1 ;  M a t s u o  e t  a l . ,  B r a i n  R e s . ,  1 9 7 9 ,  l 7 6 : l 5 9 - 1 6 4 ) .  
F u r t h e r m o r e ,  t h e  kno w n  l i n e a r - a c c e l e r a t i o n  s e n s i t i v i t y  o f  
c a n a l  p r i m a r y  a f f e r e n t s  ( P e r a c h i o  & C o r r e i a ,  1 9 8 3 ,  2 8 0 :  
2 8 7 - 2 9 8 )  m i g h t  a f f e c t  t h e  d y n a m i c  r e s p o n s e  p r o p e r t i e s  o f  
v e r t i c a l  c a n a l  a f f e r e n t s  d u r i n g  e a r t h - p a r a l l e l  p i t c h .

We h a v e  t e s t e d  f i r s t ,  w h e t h e r  i n  t h e  c a t  t h e  VVOR e l i 
c i t e d  b y  e a r t h - p a r a l l e l  p i t c h  ( i . e .  c h a n g i n g  t h e  p o s i t i o n  
o f  t h e  h e a d  r e  t h e  ' g ' v e c t o r )  w o u l d  d i f f e r  f r o m  t h a t  e l i 
c i t e d  b y  e a r t h - v e r t i c a l  p i t c h  ( i . e .  w i t h  n o  c h a n g e  i n  t h e  
p o s i t i o n  o f  t h e  h e a d  r e  t h e  ' g ' v e c t o r ) ,  a s  i s  t h e  c a s e  i n  
t h e  r a b b i t  ( B a r m a c k ,  J .  P h y s i o l . ,  1 9 8 1 ,  3 1 4 : 5 4 7 - 5 6 4 ) ,  a n d  
s e c o n d ,  w h e t h e r  i n  t h e  b a r b i t u r a t e  a n e s t h e t i z e d  a n i m a l  
t h e r e  w a s  so m e d i f f e r e n c e  i n t h e  w a y  i n  w h i c h  v e r t i c a l  
c a n a l  p r i m a r y  a f f e r e n t s  r e s p o n d e d  u n d e r  t h e  s a m e  t w o  c o n 
d i t i o n s .  T h e  g a i n  o f  t h e  VVOR d i f f e r e d  b e t w e e n  t h e  tw o  
c o n d i t i o n s  a n d  t h e  d y n a m i c  r e s p o n s e  p r o p e r t i e s  o f  som e 
e i g h t h  n e r v e  n e u r o n s  i n n e r v a t i n g  v e r t i c a l  c a n a l s  a l s o  
d i f f e r e d  b e t w e e n  t h e  t w o  c o n d i t i o n s .

S u p p o r t e d  b y  NASA g r a n t  NAG 2-1 55  a n d  NIH g r a n t  N S 1 7 5 8 5 .
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334.11  O N EVALUATING DYNAMICS OF CENTRAL AND OCULAR RESPONSES IN  
THE VOR.  H .L . G a l ia n a  and  R.M. D o u g la s .  A v ia t i o n  M e d ic a l 
R e s e a rc h  U n i t ,  M c G ill  U n i v e r s i t y ,  M o n tr e a l ,  C anada  H3G 1Y6.

Head r o t a t i o n  i n  th e  d a rk  o r  th e  l i g h t  p r o d u c e s ,  v i a  th e  
v e s t i b u l o - o c u l a r  r e f l e x  (VOR), o c u la r  n y s ta g m u s  c o n s i s t i n g  
o f  s lo w  c o m p e n s a to ry  and  f a s t  r e s e t t i n g  e y e  m ovem ents. 
A ssum ing  t h a t  e a c h  co m ponen t o f  th e  ey e  m ovem ent  
r e p r e s e n t s  th e  sam p led  r e s p o n s e  o f  s e p a r a t e  s lo w  and  f a s t   
p h a s e  g e n e r a t o r s ,  e s t i m a t io n  o f  s lo w -p h a s e  r e s p o n s e  
d y n am ics  c u r r e n t l y  i n v o lv e s  1 ) sm o o th in g  o r  a v e r a g in g  o f  
f i r i n g  r a t e  i n  c e n t r a l  r e s p o n s e s ,  a f t e r  rem o v a l o f  a n  
e y e  p o s i t i o n  com p o n en t ( e . g .  L i s b e r g e r  & M ile s ,  JNP 
4 3 :1 7 2 5 ,8 0 ) ,  o r  2 ) d i f f e r e n t i a t i o n  o f  e y e  p o s i t i o n  and  
c o n s id e r a t i o n  o f  t h e  r e s u l t i n g  sm oothed  e n v e lo p e  o f  
e y e  v e l o c i t y .  Such  m eth o d s assu m e t h a t  t h e  s lo w -p h a s e  
se g m e n ts  o f  t h e  o b s e r v a t io n s  r e p r e s e n t  p i e c e s  o f  a 
c o n t in u o u s  s t e a d y - s t a t e  r e s p o n s e  w h ich  i s  o n ly  
i n t e r m i t t e n t l y  a v a i l a b l e .

I n  f a c t ,  s t e a d y  s t a t e  c o n d i t i o n s  a r e  n e v e r  r e a c h e d ,  a s  
t h e  sam e p r e m o to r  c e l l s  i n  t h e  v e s t i b u l a r  n u c l e i  (VN) 
p a r t i c i p a t e  i n  b o th  th e  s lo w  an d  f a s t  p h a s e s  o f  VOR 
r e s p o n s e s  (N akao  e t  a l ,  EBR 4 5 :3 7 1 ,8 2 ;  G a l ia n a  & 
O u t e r b r i d g e ,  JNP 5 1 : 2 1 0 ,8 4 ) .  F u r th e r m o r e ,  t h e  e y e  p o s i t i o n  
co m p o n en t on some VN c e l l  r e s p o n s e s  c a n n o t  b e  c o n s id e r e d  a s  
a n  i n d e p e n d e n t  s i g n a l .  Eye p o s i t i o n  i s  a f f e c t e d  by  p re m o to r  
VN s i g n a l s  an d  i t s  p r e s e n c e  i n  t h e  VN i m p l ie s  a  f e e d b a c k  
lo o p .  Rem oval o f  t h i s  co m p o n en t i n  a  VN c e l l  r e s p o n s e  i s  
e q u iv a l e n t  t o  o p e n in g  t h e  fe e d b a c k  lo o p ;  th e  d y n am ics  
e s t i m a t e d  fro m  t h e  r e m a in in g  p a t t e r n  o f  f i r i n g  r a t e  c a n  th u s  
b e  g r e a t l y  i n  e r r o r  fro m  th o s e  o f  t h e  c o m p le te  s y s te m .

F o r  t h e s e  two r e a s o n s ,  a  new a p p ro a c h  to  t h e  a n a l y s i s  o f  
VOR r e s p o n s e s  i s  r e q u i r e d .  A co m p u te r  a lg o r i th m  h a s   
b e e n  d e v e lo p e d  to  e x t r a c t  d y n a m ic s  fro m  i n d i v i d u a l  o r  
g ro u p s  o f  s lo w -p h a s e  r e s p o n s e  s e g m e n ts ,  b e  th e y  
n e u r a l  o r  o c u l a r .  I t  r e l i e s  on  l e a s t - s q u a r e s  
r e g r e s s i o n  w i th  r e s p e c t  to  h e a d  v e l o c i t y  and  ey e  
p o s i t i o n ,  a l l o w in g  f o r  v a r i a b l e  i n i t i a l  c o n d i t i o n s  a t  t h e  
b e g in n in g  o f  e a c h  s lo w  p h a s e  s e g m e n t.  T h eo ry  p r e d i c t s  
d i f f e r e n c e s  o f  a s  much a s  90 d e g  i n  p h a s e  w hen u s in g  t h i s  
t e c h n i q u e ,  a s  co m p ared  t o  p r e v io u s  m e th o d s , e s p e c i a l l y  i n  
th e  c a s e  o f  c e n t r a l  r e s p o n s e s .  A p p l i c a t i o n s  o f  t h e  a lg o r i th m  
w i l l  b e  i l l u s t r a t e d  w i th  s im u la t e d  VN an d  o c u l a r  d a t a ;  and 
w i th  r e a l  VOR d a t a  r e c o r d e d  f ro m  a l e r t  c a t .

( S u p p o r te d  by  MRC an d  NSERC, C anada)

334.1 2  THE ROLE OF THE LOCUS COERULEUS IN THE GAIN REGULATION OF VES
TIBULOSPINAL REFLEXES.  O .P o m p eian o , P .d 'A s c a n io  and  E . B e t t i n i .  
I s t . d i  F i s i o l o g i a  Um. ,  C a t t . I ,  U n iv . d i  P i s a , 56100 P i s a ,  I t a l y .

E x p e r im e n ts  o f  u n i t  r e c o r d in g  h a v e  shown t h a t  i n  d e c e r e b r a 
t e  c a t s  c o n t r a c t i o n  o f  lim b  e x te n s o r s  d u r in g  s id e -d o w n  r o l l  
t i l t  o f  t h e  a n im a l d e p e n d s  on b o th  an  i n c r e a s e d  d i s c h a r g e  o f  
e x c i t a t o r y  v e s t i b u lo s p in a l ( V S ) n e u r o n s  and a  r e d u c e d  d i s c h a r g e  
o f  i n h i b i t o r y  r e t i c u l o s p i n a l (R S )n e u ro n s  o f  th e  m e d u l l a ; t h e s e  
n e u ro n s  i n h i b i t  i p s i l a t e r a l  e x te n s o r  m o to n e u ro n s  th ro u g h  Ren
shaw c e l l s .E x p e r im e n ts  w ere p e rfo rm e d  to  f i n d  o u t  w h e th e r  th e  
i n h i b i t o r y  RS n e u ro n s  a r e  u n d e r  th e  t o n i c  c o n t r o l  o f  t h e  l o 
c u s  c o e r u l e u s ( L C ) a n d ,  i f  s o ,  w h e th e r  t h i s  s y s te m  i n t e r v e n e s  in  
t h e  g a in  r e g u l a t i o n  o f  VS r e f l e x e s .

In  d e c e r e b r a t e  c a t s  e l e c t r o l y t i c  l e s i o n  l im i t e d  t o  th e  LC 
o f  one s id e  n o t  o n ly  d e c re a s e d  th e  e x te n s o r  to n u s  i n  t h e  i p s i 
l a t e r a l  l im b s ,b u t  g r e a t l y  i n c r e a s e d  th e  g a in ( im p . / s e c / d e g ) o f  
t h e  m u l t i u n i t  EMG r e s p o n s e  o f  th e  c o r r e s p o n d in g  t r i c e p s  b r a c h i i  
t o  a n im a l t i l t ( 0 . 0 2 6  H z ,± 1 0 ° ) .T h is  f i n d i n g  d id  n o t  d ep en d  on 
th e  d e c r e a s e  i n  p o s t u r a l  a c t i v i t y  f o l l o w in g  th e  l e s i o n , s i n c e  
i t  was s t i l l  o b t a in e d  when an  in c r e a s e d  s t a t i c  s t r e t c h  o f  th e  
e x te n s o r  m u sc le  c o m p e n sa te d  f o r  t h e  re d u c e d  EMG a c t i v i t y . How
e v e r ,  an  i n c r e a s e d  p o s t u r a l  a c t i v i t y  and a  re d u c e d  r e s p o n s e  
g a in  o f  th e  m u sc le  t o  l a b y r i n t h  s t i m u l a t i o n  w ere e l i c i t e d  e i 
t h e r  by e l e c t r o l y t i c  l e s i o n  o f  th e  i p s i l a t e r a l  p o n t in e  teg m en 
t a l  r e g i o n , from  w hich  th e  t e g m e n t o - r e t i c u l a r  t r a c t  e n d in g  on 
th e  m e d u l la ry  i n h i b i t o r y  a r e a  o r i g i n a t e s , o r  by i.v, i n j e c t i o n  o f  
a t r o p i n e  s u l p h a t e (0 2 5 -0 5 0  m g /k g ) . I t  seem s t h e r e f o r e  t h a t  th e  
i n h i b i t o r y  RS n e u ro n s  o f  th e  m e d u lla  a r e  t o n i c a l l y  e x c i t e d  by 
a  p o n t in e  te g m e n ta l  s y s t e m , f u n c t i o n a l l y  r e l a t e d  t o  a  c h o l i n o 
c e p t i v e  m ec h a n ism . We p o s t u l a t e  t h a t  t h e  h i g h e r  th e  r e s t i n g  d i 
s c h a r g e  o f  t h e s e  p o n t in e  n e u ro n s  and t h e  r e l a t e d  i n h i b i t o r y  RS 
n e u ro n s  o f  th e  m e d u l l a , th e  g r e a t e r  w ould  be th e  d i s i n h i b i t i o n  
o f  lim b  e x te n s o r  m o to n e u ro n s  d u r in g  s id e -d o w n  t i l t ,  w h ich  i n 
c r e a s e s  th e  r e s p o n s e  g a in  o f  t h e  c o r r e s p o n d in g  m u sc le  t o  l a b y 
r i n t h  s t i m u l a t i o n .  The p o n t in e  te g m e n ta l  n e u r o n s ,  h o w e v e r ,  a r e  in  
t u r n  i n h i b i t e d  by th e  t o n i c  d i s c h a r g e  o f  p re su m a b ly  c a t e c h o l a 
m in e rg ic  n e u ro n s  l o c a t e d  in  t h e  LC ,w h ich  r e d u c e s  t h e  r e s p o n s e  
g a in  o f  lim b  e x te n s o r s  t o  l a b y r i n t h  s t i m u l a t i o n .  The LC s y s te m  
may th u s  o p e r a t e  a s  a  v a r i a b l e  g a in  r e g u l a t o r  o f  th e  m o to r o u t 
p u t  d u r in g  th e  VS r e f l e x e s .

334.13   VESTIBULO-OCULAR REFLEX GAIN CHANGES WITH CEREBELLAR  
LESIONS . RW B a lo h * , JM Furm an* , V H o n ru b la  (SPON: M B r a z i e r ) .   
D e p ts .  o f  N e u ro lo g y  an d  S u rg e ry  (Head & N e c k ) , UCLA S c h o o l 
o f  M e d ic in e ,  Los A n g e le s ,  CA 90 0 2 4 .

We s tu d i e d  t h e  d y n a m ic s  o f  t h e  v e s t i b u l o - o c u l a r  r e f l e x  
(VOR) i n  11 p a t i e n t s  w i th  c e r e b e l l a r  a t r o p h y  who had 
in c r e a s e d  a m p l i tu d e  o f  r e s p o n s e  on  o u r  s ta n d a r d  im p u lse  
r o t a t i o n a l  t e s t .  Eye. m ovem ents w e re  in d u c e d  by p r e c i s e  
v i s u a l  and  v e s t i b u l a r  s t i m u l i ,  r e c o r d e d  w i th  e l e c t r o -  
o c u lo g r a p h y  an d  a n a ly z e d  o n - l i n e  w i th  a  d i g i t a l  c o m p u te r 
(B a lo h  RW e t  a l . ,  A v ia t  S p a c e  E n v iro n  Med 5 1 : 5 6 3 , 1 9 8 0 ) .   
G a in  (p e a k  s lo w  p h a s e  e y e  v e l o c i t y / p e a k  c h a i r  v e l o c i t y )  and  
p h a s e  m e a su re d  w i th  s i n u s o i d a l  r o t a t i o n  (0 .0 1 2 5  -  0 .4  Hz) 
w e re  com pared  w i th  g a in  and  t im e  c o n s t a n t s  ( t im e  r e q u i r e d  
f o r  r e s p o n s e  t o  r e a c h  37% o f  i n i t i a l  v a lu e )  d e te r m in e d  from  
v e l o c i t y  s t e p s  ( a c c e l e r a t i o n  1 4 0 ° / s 2 ) .  Time c o n s t a n t  v a lu e s  
r a n g e d  fro m  1 .3  t o  16 s e c o n d s  (mean ±  1 S .D . ,  p a t i e n t s  -  7 .9  
±  5 .1  s e c ,  n o rm a ls  - 1 2 .2  ±  3 .6  s e c ) .  P a t i e n t s  w i th  s h o r t  
t im e  c o n s t a n t s  had  d e c re a s e d  g a in  a t  lo w  f r e q u e n c ie s  o f  
s i n u s o i d a l  r o t a t i o n  w h i le  p a t i e n t s  w i th  lo n g  t im e  c o n s t a n t s  
had  in c r e a s e d  g a in  a t  lo w  f r e q u e n c ie s .  A l l  had in c r e a s e d  
g a in  a t  h ig h  f r e q u e n c i e s .  P h a s e  l e a d  v a lu e s  a t  low  f r e q u e n 
c i e s  w e re  i n v e r s e l y  c o r r e l a t e d  w i th  t im e  c o n s ta n t  v a lu e s .   
A l l  p a t i e n t s  had  p ro fo u n d  im p a irm e n t o f  p u r s u i t ,  o p t o k i n e t i c  
n y s ta g m u s  and  f i x a t i o n  s u p p r e s s io n  o f  t h e  VOR. P h a s e  and  
t im e  c o n s t a n t s  m e a su re d  w i th  f i x a t i o n  w e re  a p p ro x im a te ly  t h e  
same a s  t h o s e  m e a su re d  w i th o u t  f i x a t i o n .  T h e re  was no 
c o r r e l a t i o n  b e tw e en  t h e  d e g re e  o f  g a z e -e v o k e d  n y s ta g m u s  (w ith  
an d  w i th o u t  f i x a t i o n )  an d  t im e  c o n s t a n t  v a l u e s .  T h e se  f i n d 
in g s  a r e  i n t e r p r e t e d  w i t h in  t h e  fram ew o rk  o f  a  l i n e a r  m odel 
o f  t h e  c e n t r a l  VOR t h a t  i n c l u d e s  a  f e e d b a c k  p a th w ay  th ro u g h  
t h e  c e r e b e l lu m .

S u p p o r te d  by  g r a n t  NS09823 fro m  NIH.

33 4 . 1 4   EFFECTS OF ACTH-LIKE NEUROPEPTIDES ON VESTIBULAR  
COMPENSATION.  U. Lüneburg* and H. F lo h r *  (SPON: C. 
R ic h te r -L a n d s b e rg ) .  D e p t. o f  N e u ro b io lo g y , U n iv e r
s i t y  o f Bremen, NW 2, 2800 Bremen 33, FRG.

V e s t ib u la r  co m p en sa tio n , i . e . ,  th e  p ro c e s s  o f 
f u n c t io n a l  re c o v e ry  from  th e  c h a r a c t e r i s t i c  p o s tu r 
a l  and locom oto r symptoms cau sed  by u n i l a t e r a l  d e 
s t r u c t i o n  o f th e  l a b y r in th  o r v e s t i b u l a r  n e rv e , i s  
m arked ly  in f lu e n c e d  by ACTH-like p e p t id e s :

1. The a c q u i s i t i o n  o f  th e  com pensated  s t a t e  can  
be a c c e le r a te d  by ACTH 4 - 1 0  (M et-G lu -H is-P h e-A rg - 
T rp-G ly) in  d o se s  o f  5-1000 µg /k g /d a y . The d o se -  
re sp o n se  r e l a t i o n s h i p  depends on th e  d e g re e  o f  com
p e n s a t io n .

2. The co m p en sa tio n  p ro c e s s  i s  slow ed down s i g 
n i f i c a n t l y  by hypophysectom y. The p ro c e s s  so im
p a ir e d  can  be r e s to r e d  to  norm al v e l o c i t y  by 
ACTH4-10 (250 u g /k g /d a y ) .

3. The ACTH4 - 9  a n a lo g u e , Met (O2 ) -G lu -H is -P h e -  
D -Lys-Phe, a c c e le r a t e s  th e  co m p en sa tio n  p r o c e s s .  
T h is  p e p t id e  i s  a b o u t 1000 tim e s  more e f f e c t iv e  
th a n  ACTH4 -1 0   High d o se s  (5 u g /k g /d ay ) a r e  l e s s  
e f f e c t i v e ,  su g g e s tin g  an in v e r te d  U -shaped d o se -  
re sp o n se  c u rv e .

4. (D-Phe7 )ACTH4 - 10  (250-1000 u g /k g /d a y ) , w hich 
c o n ta in s  a d e x t r o r o t a to r y  amino a c id  in  p o s i t i o n  7 
o f th e  ACTH4 - 1 0  m o le c u le , i n h i b i t s  th e  co m p en sa tio n  
p ro c e s s ;  i f  g iv e n  to  p a r t i a l l y  o r  f u l l y  com pensated  
an im a ls  i t  in d u c e s  a d eco m p en sa tio n , i . e . ,  a tem 
p o ra ry  re a p p e a ra n c e  o f  th e  p o s tu r a l  and loco m o to r 
d e f i c i t s .

5. γ -MSH (T y r-V a l-M et-G ly -H is-P h e -A rg -T rp -A sp - 
A rg-Phe-G ly), w hich a c t s  l i k e  (D-Phe7) ACH -  in  
some le a r n in g  p a rad ig m s, i s  w ith o u t e f f e c t  on v e 
s t i b u l a r  co m p en sa tio n .

I t  i s  co n c lu d ed  t h a t  th e  p h a rm a c o lo g ic a l e f f e c t s  
r e s u l t  from  an i n t e r a c t i o n  o f th e  g iv e n  p e p t id e s  
w ith  endogenous p e p t id e r g ic  m echanism s t h a t  a r e  
p h y s io lo g ic a l ly  in v o lv e d  in  p l a s t i c  p r o c e s s e s .
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33 4 .15  DYNAMICS OF HEAD MOVEMENTS IN NORMAL HUMANS INDUCED BY  
WHOLE BODY OSCILLATIONS.  M.  W e in r lc h .  D e p t . o f  N e u ro lo g y , 
S t a n f o r d  U n i v e r s i t y  an d  P a lo  A l to  VA M e d ic a l  C e n te r ,  P a lo  
A l to  CA 9 4 3 0 4 .

V e s t l b u l o c o l l i c  r e f l e x e s  h ave  b e e n  e x t e n s i v e l y  s tu d i e d  
i n  d e c e r e b r a t e  a n im a ls .  The s i g n i f i c a n c e  o f  t h e s e  r e f l e x e s  
i n  th e  c o n t r o l  o f  n o rm a l h e a d  m ovem ents h a s  b e e n  u n c l e a r .
The d y n am ics  o f  h e a d  o s c i l l a t i o n  in d u c e d  by w hole  body 
o s c i l l a t i o n s  o f  e i g h t  n o rm a l human s u b j e c t s  w ere s tu d i e d .  
S u b je c t s  w ere  s e a t e d  on a  v e l o c i t y  s e r v o - c o n t r o l l e d  r a t e  
t a b l e  an d  w ore a  l i g h t w e i g h t  h e lm e t  c o u p le d  to  a  r o t a r y  
v a r i a b l e  d i f f e r e n t i a l  t r a n s f o r m e r  w h ic h  t r a n s d u c e d  h e a d  
p o s i t i o n .  Head v e l o c i t y  was o b ta in e d  by d i f f e r e n t i a t i n g  
t h e  h e a d  p o s i t i o n  s i g n a l  e l e c t r o n i c a l l y  (b a n d p a s s  .0 3 -7  
H z .)  Head v e l o c i t y  an d  t a b l e  v e l o c i t y  w ere sam p led  a t  100 
Hz and  s t o r e d  on f lo o p y  d i s c s  f o r  o f f - l i n e  a n a l y s i s .  Sub
j e c t s  w ere o s c i l l a t e d  from  . 2  t o  2 Hz. b o th  w i th  t h e i r  
e y e s  o p en  an d  c lo s e d .  At e a c h  s t i m u l a t i o n  f r e q u e n c y ,  t a b l e  
v e l o c i t y  a n d  h e a d  v e l o c i t y  w ere a v e ra g e d  w i th  t e n  t r i a l s  
e a c h  o f  f i v e  s e c o n d s  d u r a t i o n .  D a ta  was a n a ly z e d  by F o u r ie r  
a n a l y s i s  an d  Bode p l o t s  o f  th e  g a in  an d  p h a se  o f  h e a d  v e l o 
c i t y  w i th  r e s p e c t  to  c h a i r  v e l o c i t y  w ere co m p u ted .

In  th e  f re q u e n c y  ra n g e  . 6 - 1 . 8  Hz. o v e r  60% o f  th e  power 
i n  th e  h e a d  v e l o c i t y  was l i n e a r l y  r e l a t e d  to  c h a i r  v e l o c i t y .  
The g a in  d a ta  can  be a c c u r a t e l y  m o d eled  w i th  a  p u r e ly  p a s 
s i v e  m odel o f  th e  h e a d  an d  n e c k ,  b u t  th e  p h a se  l a g s  o b s e rv e d  
a r e  much l a r g e r  th a n  can  be a c c o u n te d  f o r  by a  p u r e ly  p a s 
s i v e  m o d e l. G ain  an d  p h a se  d a ta  can  be f i t  by a  m odel 
i n c o r p o r a t i n g  a  v e s t l b u l o c o l l i c  r e f l e x  w h ich  a p p e a r s  to  
d i f f e r e n t i a t e  th e  s i g n a l  from  th e  s e m i - c i r c u l a r  c a n a l s .  The 
g a in  an d  p h a s e  o f h e a d  v e l o c i t y  a r e  u n a f f e c t e d  by th e  
p r e s e n c e  o f  v i s i o n .

T h u s , th e  v e s t l b u l o c o l l i c  r e f l e x  a p p e a r s  to  s u b s t a n t i a l l y  
c o m p e n s a te  f o r  th e  p a s iv e  d y n am ics  o f  th e  h e a d  and  a id  th e  
VOR i n  s t a b i l i z i n g  r e t i n a l  im ag es  d u r in g  body m ovem ents. 
U n l ik e  th e  VOR, th e  v e s t i b u l o c o l l i c  r e f l e x  a p p e a r s  u n a f f e c 
t e d  by th e  p r e s e n c e  o r  a b s e n c e  o f  v i s i o n .

T h is  w ork was s u p p o r te d  by a  V e te r a n ´ s A d m in is t r a t io n  
M e d ic a l  R e s e a rc h  G ra n t  an d  th e  BRSG p ro g ra m  a t  S ta n fo r d  
U n i v e r s i t y .

334. 16  VESTIBULAR STIMULATION VIA ARBITRARY OR RANDOM 
ROTATION FROM AN INEXPENSIVE SERVOMOTOR.
 R. S. Rem m el a n d  S. D o r o o d la n ,  B io m e d ic a l  
E n g i n e e r i n g   D e p t . ,  B o s to n  U n iv . ,  B o s to n ,  MA 0 2 2 1 5  
a n d  R. W a ld ro n ,  UAMS, L i t t l e  R o ck , A rk . 7 2 2 0 5 .

The v e s t i b u l a r  s y s t e m  s t a b i l i z e s  t h e  e y e s  o v e r  
t i m e s  a s  s h o r t  a s  1 0 - 2 0  m se c  ( n e u r o m u s c u l a r  
r e s p o n s e )  a n d  a s  l o n g  a s  1 0 - 3 0  s e c  ( c u p u l a r  t i m e  
c o n s t a n t ) .  F o r  v e s t i b u l a r  s t i m u l a t i o n  o u r  
s e r v o m o t o r  r e s p o n d s  i n  0 . 1  s e c  t o  p r o d u c e  
a r b i t r a r y  m o t io n  u n d e r  c o m p u te r  c o n t r o l  w i t h  
a c c e l e r a t i o n s  e x c e e d i n g  2 0 0  d e g / s e c / s e c  a n d  
v e l o c i t i e s  e x c e e d i n g  200  d e g / s e c .  The f r e q u e n c y  
r e s p o n s e  i s  DC t o  4 Hz w i t h  no l o a d .

The 1 /1 5  Hp D a y to n  g e a r m o t o r  ( t y p e  2Z 801A ) 
o p e r a t e s  a t  115 V a n d  c o s t s  < $ 1 0 0 . I t s  2 3 8 :1  
g e a r  r a t i o  p r o d u c e s  1 0 0  i n . - o z .  o f  t o r q u e  f o r  
r o t a t i n g  s m a l l  a n i m a l s  ( o t h e r  r a t i o s  a r e  m a d e ) .

The l i n e a r  c o n t r o l l e r  p r o d u c e s  an y  s p e e d  b e t w e e n  
f u l l  f o r w a r d  a n d  f u l l  r e v e r s e .  S h a f t  p o s i t i o n  i s  
f e d  b a c k  f ro m  a p o t e n t i o m e t e r .  The c o n t r o l l e r  i s  
a  t r a n s f o r m e r l e s s  p u l s e - w i d t h - m o d u l a t e d  a m p l i f i e r .  
T r a n s i s t o r s  s w i t c h  f i r s t  p o s i t i v e  a n d  t h e n  
n e g a t i v e  v o l t a g e s  t o  t h e  m o to r  a t  5 KHz. The d u ty  
c y c l e  f o r  p o s i t i v e  v o l t a g e  c o m p a re d  t o  n e g a t i v e  
d e t e r m i n e s  t h e  a v e r a g e  v o l t a g e  t o  th e  m o to r .

P e r f o r m a n c e  w a s  m e a s u r e d  w i t h  a w h i t e  n o i s e  
i n p u t .  By c r o s s - c o r r e l a t i n g  th e  o u t p u t  w i t h  th e  
i n p u t  a n d  a v e r a g i n g ,  u s i n g  a P D P 11 /23  c o m p u te r ,  we 
m e a s u r e d  th e  im p u l s e  r e s p o n s e ,  w h ic h  c o n s i s t e d  o f  
a  p u r e  t i m e  d e l a y  o f  0 .0 5  s e c  a n d  a  p u l s e  o f  a b o u t  
0 .1  s e c  w i d t h .  T h ro u g h  u s e  o f  a  f a s t  F o u r i e r  
t r a n s f o r m  (F F T ) o n  t h e  o u t p u t  a n d  o n  t h e  i n p u t ,  
th e  f r e q u e n c y  r e s p o n s e  w a s  m e a s u r e d .  R e s p o n s e  w a s  
f l a t  to  4 Hz a n d  t h e n  d ro p p e d  o f f .

T h is  w h i t e - n o i s e  t e c h n i q u e  may be u s e f u l  f o r  
s t u d y i n g  v e s t i b u l a r  n e u r a l  r e s p o n s e s  a n d  e y e  
m o v e m e n ts .  The m o to r  i s  r a n d o m ly  r o t a t e d  f o r  
s e v e r a l  m i n u t e s  w h i l e  t h e  c o m p u te r  d i g i t i z e s  
s i g n a l s .  The s y s t e m  im p u l s e  r e s p o n s e  o r ,  u s i n g  
t h e  FFT, t h e  B ode p l o t  i s  o b t a i n e d  f ro m  t h i s  o n e  
s e c t i o n  o f  d a t a ,  a u s e f u l  m e th o d  w h en  r e c o r d i n g  
t i m e  i s  a t  a p re m iu m !  The e x t e n s i o n  t o  n o n l i n e a r  
s y s t e m s  i s  c a l l e d  W e in e r  k e r n e l  a n a l y s i s .

The c o n t r o l l e r  a n d  m o to r  c o s t  $ 3 5 0 .
S u p p o r t e d  by NSF G r a n t  IS P - 8 0 1 1 4 4 7 .

SENSORY SYSTEM DEVELOPMENT II

335.1  METABOLIC CHANGES IN RAT INFERIOR COLLICULUS ASSOCIATED WITH 
EXPERIENTIAL FACTORS.  W .J . C l e r i c i * and  J .  C o lem an . (SPON:  
J .  K o s h ) .  D e p t . o f  P s y c h o lo g y ,  U n iv . o f  S o u th  C a r o l in a ,  
C o lu m b ia , SC 29208

P r e v io u s  w ork  d e m o n s t ra te d  a  d o r s o l a t e r a l - t o - v e n t r o m e d i a l  
g r a d i e n t  i n  t o n o to p i c  o r g a n i z a t i o n  in  c e n t r a l  n u c le u s  o f  t h e  
r a t  i n f e r i o r  c o l l i c u l u s  (C N IC ). The p r e s e n t  s tu d y  e x am in es  
m e ta b o l i c  c h a n g e s  a lo n g  t h i s  c o n tin u u m  in  17 d ay  o ld  a n im a ls  
r e a r e d  u n d e r  two c o n d i t i o n s  and  i n  n o rm a l a d u l t s .  One g ro u p  
o f  a n im a ls  was u n i l a t e r a l l y  l i g a t e d  a t  13 d a y s  an d  t h e  
o c c lu d e d  e a r  re o p e n e d  on  d ay  1 7 . T h e se  a n im a ls  w e re  i n j e c t e d  
w i t h  2 - d e o x y - D [ l - 3H] g lu c o s e  (2 0 0 µ C i/1 0 0  g .b w .)  and  s t i m u l a 
t e d  th ro u g h  t h e  p r e v i o u s ly  d e p r iv e d  e a r  w i th  a  50 kHz p u re  
to n e  a lo n g  w i th  g ro u p s  o f  n o rm a l 17 day  o ld  an d  a d u l t  r a t s .  
O th e r  l i g a t e d  17 d ay  o ld  r a t s  and  17 d ay  o ld  and  young a d u l t  
n o rm a ls  r e c e i v e d  no s t i m u l a t i o n .  P r o j e c t e d  ( c o r o n a l)  
a u to r a d io g r a p h s  w ere  sam p led  f o r  o p t i c a l  d e n s i t y  a t  5 p o i n t s  
w i t h in  e a c h  o f  5 r e g i o n s  o f  CNIC b i l a t e r a l l y  a t  4 A-P 
l o c a t i o n s .

O p t i c a l  d e n s i t y  i n  t h e  v e n tr o m e d ia l  r e g i o n  r e p r e s e n t i n g  
h ig h  f r e q u e n c ie s  i s  h ig h e r  th a n  i n  t h e  d o r s o l a t e r a l  o r  
i n t e r m e d i a t e  a r e a s  i n  u n s t im u la te d  young a d u l t s .  W ith  
s t i m u l a t i o n  t h i s  r e g i o n a l  d i f f e r e n c e  becom es ev en  g r e a t e r  on 
t h e  s i d e  c o n t r a l a t e r a l  to  ( p < .01) and  i p s i l a t e r a l  t o  ( p < .01) 
t h e  s t i m u l a t e d  e a r .  H ow ever, t h e  v e n tr o m e d ia l  a r e a  on t h e  
c o n t r a l a t e r a l  s i d e  i s  s i g n i f i c a n t l y  m ore d e n s e  th a n  t h a t  
i p s i l a t e r a l  t o  s t i m u l a t i o n .

S t im u la t io n  o f  n o n d e p r iv e d  17 d ay  o ld s  e l i c i t s  e n h a n ce d  
a c t i v i t y  i n  t h e  c o n t r a l a t e r a l  v e n tr o m e d ia l  a r e a  a s  i n  a d u l t s .  
H ow ever, i n  s t i m u l a te d  d e p r iv e d  17 d ay  o ld  r a t s  a  v e r t i c a l  
b an d  a p p e a r s  l a t e r a l l y  i n  CNIC ( o b l i q u e  t o  t h e  u s u a l  
t o n o to p i c  b a n d s )  t h a t  i s  d a r k e r  th a n  t h e  v e n tr o m e d ia l  a r e a  
( p < .0 1 ) .  I n  n o n d e p r iv e d  s t i m u l a t e d  17 d ay  o ld s  t h e  o p t i c a l  
d e n s i t y  o f  t h e  v e n tr o m e d ia l  r e g i o n  i s  h ig h e r  th a n  t h i s  
l a t e r a l  a r e a  ( p < .0 5 ) .  C o m p ariso n  o f  mean v a lu e s  b e tw e en  
d e p r iv e d  an d  n o n d e p r iv e d  17 day  o ld s  i n d i c a t e s  t h a t  
v e n t r o m e d ia l  a c t i v i t y  i s  n o t  r e d u c e d  d u e  to  d e p r i v a t i o n ,  b u t  
t h a t  t h e  l a t e r a l  a c t i v i t y  i s  e l e v a t e d  o v e r  n o rm a l .  I n s p e c t io r  
o f  a u to r a d io g r a p h s  from  s t i m u l a te d  n o rm a l 13 d ay  o ld s  r e v e a l s  
s i m i l a r  l a t e r a l  b a n d in g  o b s e rv e d  i n  d e p r iv e d  17 d ay  o l d s .  
W ith  f u r t h e r  m a t u r a t i o n  t h e  v e n tr o m e d ia l  r e g i o n  becom es 
a c t i v e  i n  p r o c e s s in g  h ig h  f r e q u e n c ie s  and  l a t e r a l  a c t i v i t y  is  
d im in is h e d .  M o n au ra l d e p r i v a t i o n  b e tw e en  p o s t n a t a l  d a y s  13 
an d  17 p o s s ib l y  r e t a r d s  m a t u r a t i o n  o f  t h e  t o n o to p i c  g r a d i e n t ,  
( D e a fn e s s  R e s e a rc h  F o u n d a t io n . )

3 3 5.2  POSTNATAL REORGANIZATION OF THE CONNECTIONS OF THE TRIGEMIN
AL GANGLION.  Tim O’ C onnor and  D erek  v a n  d e r  K ooy.  D e p t . o f  
A natom y, U n iv . o f  T o r o n to ,  T o ro n to  CANADA M5S 1A8

T r ig e m in a l  i n n e r v a t i o n  o f  m a jo r  c e r e b r a l  a r t e r i e s  i s  r e s 
p o n s ib l e  f o r  m ig r a in e  h e a d  p a in .  C e l l  b o d ie s  i n n e r v a t i n g  th e  
fo re h e a d  an d  c e r e b r a l  a r t e r i e s  a r e  fo u n d  i n  th e  same r e g io n  
i n  t h e  o p h th a lm ic  b ra n c h  o f  t h e  t r i g e m i n a l  g a n g l io n .  T h e se  
c e l l s  m o st l i k e l y  c o n v e rg e  on a  common c e l l  body i n  t h e  t r i 
g e m in a l n u c le u s ,  t h u s  r e s u l t i n g  i n  r e f e r r e d  h e a d  p a in .  How
e v e r ,  an  a l t e r n a t e  i n t e r p r e t a t i o n  o f  t h e  r e f e r r e d  p a in  i s  
o f f e r e d  by  th e  few  t r i g e m i n a l  g a n g l io n  c e l l s  t h a t  h a v e  axon  
c o l l a t e r a l s  t o  t h e  c e r e b r a l  a r t e r i e s  and  o u t  t o  t h e  s k in  o f  
t h e  f o re h e a d .  In  n e o n a ta l  r a t s ,  many m ore g a n g l io n  c e l l s  
w i th  d i v e r g e n t  axon  c o l l a t e r a l s  a r e  o b s e rv e d .  F o r  t h i s  r e a 
so n  we lo o k e d  a t  how th e  p a t t e r n  o f  c e r e b r a l  a r t e r y  i n n e r v a 
t i o n  ch an g ed  p o s t n a t a l l y ,  r e s u l t i n g  i n  t h e  p a t t e r n  s e e n  i n  
a d u l t s .  T ru e  b l u e ,  (a  r e t r o g r a d e  f l u o r e s c e n t  t r a c e r  t h a t  r e 
m ain s  i n  l a b e l l e d  c e l l  b o d ie s  f o r  m o n th s  w i th o u t  s i g n i f i c a n t  
l e a k a g e ) ,  was a p p l i e d  to  t h e  m id d le  c e r e b r a l  a r t e r y ,  i n  
p o s t n a t a l  ( 1 -6  d a y s )  r a t s .  R a ts  w ere  s a c r i f i c e d  5 ,  1 0 ,  2 2 ,  54 
and 90 d a y s  o f  a g e .  Two d a y s  p r i o r  t o  s a c r i f i c e  t h e  f r o n t a l  
b r a n c h  o f  t h e  o p h th a lm ic  n e rv e  was d i s s e c t e d  f r e e  o f  t i s s u e  
i n  s e l e c t e d  r a t s  a t  e a ch  s u r v i v a l  t im e .  D ia m id in o  y e llo w  was 
th e n  a p p l i e d  to  th e  c u t  n e rv e  j u s t  p ro x im a l  to  t h e  s u p r a o r b 
i t a l  fo ra m en . The num ber and  d i s t r i b u t i o n  o f  c e l l  b o d ie s  i n  
t h e  g a n g l i a  w e re  a s s e s s e d  f o r  e a c h  s t a g e  p o s t n a t a l l y .  R a ts  
s a c r i f i c e d  a t  d a y s  5 and  10 h ad  s i m i l a r  r e s u l t s .  The a v e ra g e  
num ber o f  t r u e  b lu e  f l u o r e s c e n t  c e l l s  p e r  g a n g l io n  was 6 6 3 . 
L a b e l le d  c e l l s  w ere  d i s t r i b u t e d  th ro u g h o u t  t h e  g a n g l i a ,  
th o u g h  th e  g r e a t e s t  num ber o f  c e l l s  w e re  fo u n d  i n  t h e  o p h th 
a lm ic  b r a n c h .  The num ber o f  l a b e l l e d  c e l l  b o d ie s  d e c re a s e d  
w i th  i n c r e a s i n g  a g e .  The num ber o f  t r u e  b lu e  l a b e l l e d  c e l l s  
a t  day  2 2 ,5 4 ,  and  90 w ere  2 1 1 ,7 9  and  52 r e s p e c t i v e l y .  W ith  
i n c r e a s i n g  a g e  t h e  num ber o f  l a b e l l e d  c e l l s  i n  t h e  m an d ib u 
l a r  and m a x i l l a r y  b ra n c h e s  showed t h e  g r e a t e s t  d e c r e a s e  w i th  
th e  r e s u l t  t h a t  m o st o f  t h e  a d u l t  m id d le  c e r e b r a l  i n n e r v a 
t i o n  i s  r e p r e s e n te d  i n  t h e  o p h th a lm ic  d i v i s i o n .  The d e v e lo p 
m ent m echan ism s r e s p o n s i b l e  f o r  t h i s  s h i f t  i n  r e p r e s e n t a 
t i o n s  a r e  unknow n. How ever i n i t i a l  r e s u l t s  from  th e  r a t s  
w i th  t h e  d a m id in o  y e llo w  a p p l i c a t i o n s  s u g g e s t  t h a t  s e n s o r y  
n e u ro n s  w i th  c o l l a t e r a l  b r a n c h e s  to  b lo o d  v e s s e l s  and  th e  
s k in  f o re h e a d  r e g io n  i n  t h e  n e o n a te ,  a r e  t h e  o n e s  e l i m in a te d  
by a d u lth o o d  and th u s  a r e  p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  d e 
c r e a s e  i n  c e l l  n u m b ers . P e rh a p s  t h e s e  m u l t ib r a n c h e d  t r i g e 
m in a l  n e u ro n s  a r e  a t  a  c o m p e t i t iv e  d i s a d v a n ta g e  d u r in g  
d e v e lo p m e n t .

335.3 WITHDRAWN
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5 3 5 .4   ORGANIZATION AND MODI FI ABI LI TY OF THE CORTICAL 
LIMB REPRESENTATIONS.   D. R. D a w s o n *  a n d  
H. P . K i l l a c k e y . (SPON: F . R i c e )   D e p t . o f  
P s y c h o b i o . ,  U n i v .  o f  C a l i f . ,  I r v i n e ,  CA 9 2 7 1 7 .

S t u d i e s  o f  r a t  s o m a t o s e n s o r y  c o r t e x  h a v e  shown 
t h a t  e a c h  h e m i s p h e r e  c o n t a i n s  a map o f  t h e  e n t i r e  
c o n t r a l a t e r a l  b o d y  s u r f a c e  ( C. We I k e r ,  J . C . N .  ' 7 6 ) .  
T h i s  s o m a t o t o p i c  map i s  o r g a n i z e d  w i t h  t h e  s n o u t  
r e p r e s e n t e d  a n t e r o - l a t e r a l l y  a n d  t h e  t o r s o  and  
h i n d l i m b s  r e p r e s e n t e d  p o s t e r o - m e d i a l l y . W i t h i n  
t h i s  ma p ,  t h e r e  i s  a l s o  a w e l l  d e f i n e d  
r e p r e s e n t a t i o n  o f  t h e  f o r e l i m b  and  f o r e p a w .

R a t  p u p s  (PND 7 - 1 0 )  w e r e  s a c r i f i c e d  u n d e r  e t h e r  
a n d  p e r f u s e d  w i t h  10% g l y c e r o l .  The  c o r t e x  was  
s e p a r a t e d  f r o m  t h e  u n d e r l y i n g  w h i t e  m a t t e r  and  
f l a t t e n e d  b e t w e e n  g l a s s  s l i d e s .  The  t i s s u e  was 
q u i c k  f r o z e n  i n  i s o p e n t a n e ,  c u t  i n  a c r o y s t a t ,  and  
r e a c t e d  f o r  s u c c i n i c  d e h y d r o g e n a s e ( S DH ) .

We f o u n d  a d i s c r e t e  a n a t o m i c a l  o r g a n i z a t i o n  i n  
b o t h  t h e  f o r e p a w  a nd  h i n d p a w  r e g i o n  o f  c o r t e x .  The  
f o r e p a w  a r e a  i s  c o m p o s e d  o f  f i v e  e l o n g a t e d  SDH 
b a n d s  o r i e n t e d  p e r p e n d i c u l a r l y  t o  t h e  l i p  and  f a c e  
r e p r e s e n t a t i o n .  F u r t h e r ,  t h e r e  a r e  i r r e g u l a r  
s u b d i v i s i o n s  w i t h i n  e a c h  b a n d .  We s u g g e s t  t h a t  
e a c h  b a n d  c o r r e s p o n d s  t o  a p e r i p h e r a l  d i g i t .  
B e t w e e n  t h e s e  b a n d s  a nd  t h e  f a c e  r e g i o n ,  a h a z y  
l i g h t l y - s t a i n e d  SDH c r e s c e n t  i s  d i s c e r n a b l e .  T h i s  
may b e  t h e  p h y s i o l o g i c a l l y  d e f i n e d  d o r s a l  paw 
r e g i o n .  M e d i a l  t o  t h e  d i g i t  b a n d s  a r e  f i v e  
i r r e g u l a r l y  s h a p e d  SDH c l u s t e r s  w h i c h  p r o b a b l y  
c o r r e s p o n d  t o  t h e  p a l m a r  p a d s .  A s i m i l a r  
o r g a n i z a t i o n  i s  f o u n d  i n  t h e  h i n d l i m b  a r e a  w i t h  
t h e  d i g i t  p a d s  a r r a n g e d  p a r a l l e l  t o  e a c h  o t h e r  a n d  
p a l m a r  p a d  c l u s t e r s  l o c a t e d  mo r e  p o s t e r i o r l y .

The  v e n t r a l  s u r f a c e  o f  t h e  h i n d p a w  i s  p r i m a r i l y  
i n n e r v a t e d  b y  t h e  s c i a t i c  n e r v e .  The  f o r e a r m  i s  
i n n e r v a t e d  b y  t h e  m e d i a n ,  r a d i a l ,  and  u l n a r  
n e r v e s .  S e c t i o n i n g  o f  t h e s e  n e r v e s  on  t h e  d a y  o f  
b i r t h  r e s u l t s  i n  a f u s i o n  o f  t h e  SDH c l u s t e r s  i n  
t h e  a s s o c i a t e d  c o r t i c a l  r e p r e s e n t a t i o n .  T h u s ,  o u r  
r e s u l t s  s u g g e s t  t h a t  t h e  r o l e  o f  t h e  p e r i p h e r y  i n  
o r g a n i z i n g  c e n t r a l  r e p r e s e n t a t i o n s  p r e v i o u s l y  
h y p o t h e s i z e d  f o r  t h e  t r i g e m i n a l  s y s t e m  a p p l i e s  t o  
o t h e r  p a r t s  o f  t h e  s o m a t o s e n s o r y  s y s t e m  a s  w e l l . 
( S u p p o r t e d  b y  NSF g r a n t  # B N S 8 1 - 2 0 6 5 8  t o  H . P . K . )

3 3 5 .5  FINE STRUCTURE IN VIBRISSAE-RELATED PORTIONS OF THE SPINAL 
TRIGEMINAL SUBNUCLEUS INTERPOLARIS IN NEONATAL RATS.
 L . S . I d e  a n d  H . P . K i H a c k e y * .  D e p t . o f  P s y c h o b i o l o g y ,   
U n i v .  o f  C a l i f . ,  I r v i n e ,  CA 9 2 7 1 7 .

We h a v e  e x a m i n e d  t h e  f i n e  s t r u c t u r e  o f  t h e  r a t ' s  
b r a i n s t e m  t r i g e m i n a l  c o m p l e x  on  p o s t n a t a l  d a y s  3 a n d  6 
(PND 0  = d a y  o f  b i r t h )  f o r  c o m p a r i s o n  w i t h  t h a t  o f  t h e  
a d u l t .  I n  t h i s  s t u d y  we s e l e c t e d  t h e  p o r t i o n  o f  
s u b n u c l e u s  i n t e r p o l a r i s  t h a t ,  i n  t h e  n e o n a t e ,  s h o w e d  
v i b r i s s a e - r e l a t e d  s e g m e n t a t i o n  p a t t e r n s  u s i n g  c y t o c h r o m e  
o x i d a s e  h i s t o c h e m i s t r y .  A t  t h e  e l e c t r o n  m i c r o s c o p i c  l e v e l  
t h e  c y t o c h r o m e  o x i d a s e - r i c h  s e g m e n t s  o f  t h i s  p a t t e r n  a r e  
r e g i o n s  w h i c h  h a v e  h i g h  c o n c e n t r a t i o n s  o f  r e a c t i v e  
m i t o c h o n d r i a  w i t h i n  n e u r o n a l  s o m a t a  a n d  d e n d r i t e s .

I n  t h e  a d u l t  r a t  t h e  s u b n u c l e u s  i n t e r p o l a r i s  i s  
c h a r a c t e r i z e d  b y  a  p o p u l a t i o n  o f  n e u r o n a l  s o m a t a  t h a t  v a r y  
w i d e l y  i n  s i z e  ( 7 - 4 0 u m ) ,  s h a p e ,  a n d  d e n d r i t i c  d i s t r i b u t i o n .  
By c o n t r a s t ,  c e l l s  i n  t h e  n e o n a t e  a r e  g e n e r a l l y  s m a l l  
( 5 - l 2 u m )  a n d  m o r e  u n i f o r m  i n  a p p e a r a n c e .  D e n d r i t e s  e m e r g e  
p r e d o m i n a n t l y  f r o m  o n e  p o l e  o f  t h e  s o m a ,  a n d  a  p r o f u s i o n  o f  
c y t o p l a s m i c  o r g a n e l l e s  i s  a s s o c i a t e d  w i t h  t h a t  p o l e .  T h e s e  
d e v e l o p i n g  n e u r o n s  a r e  m o r e  d e n s e l y  a g g r e g a t e d  t h a n  i n  t h e  
a d u l t .

T h e  n e u r o p i l  i n  t h e  n e o n a t e  c o n t a i n s  n u m e r o u s  f i n e  
u n m y e l i n a t e d  a x o n a l  p r o c e s s e s  w i t h  a  f e w  l a r g e r  a x o n s  
b e g i n n i n g  t o  a c q u i r e  m y e l i n  s h e a t h s  on  PND 6 . P r e c u r s o r s  
o f  t w o  t y p e s  o f  m a t u r e  m y e l i n a t e d  a x o n  b u n d l e s  a r e  e v i d e n t :  
" r a y s , "  s m a l l  b u n d l e s  p e n e t r a t i n g  t h e  n e u r o p i l  a t  r i g h t  
a n g l e s  t o  t h e  t r i g e m i n a l  t r a c t ,  a n d  " d e e p  a x o n  b u n d l e s , "  
l a r g e  a x o n  b u n d l e s  o r i e n t e d  r o s t r o c a u d a l l y  ( s e e  G o b e l  & 
P u r v i s , ' 7 2 ) .

I n  t h e  n e o n a t e ,  s y n a p t i c  t e r m i n a l s  a r e  l e s s  n u m e r o u s  
t h a n  i n  t h e  m a t u r e  n u c l e u s  a n d  s m a l l e r  i n  s i z e .  F u r t h e r ,  
s y n a p t i c  c o n t a c t s  a r e  l a r g e l y  r e s t r i c t e d  t o  s m a l l  d e n d r i t e s  
a n d  o t h e r  f i n e  n e u r o n a l  p r o c e s s e s  i n  t h e  n e u r o p i l .  
A x o s o m a t i c  c o n t a c t s  ( c h a r a c t e r i s t i c  o f  l a r g e r  n e u r o n s  
i n  t h e  a d u l t )  a r e  r a r e l y  s e e n  i n  n e o n a t e s .  A s u b s e t  o f  
s y n a p t i c  t e r m i n a l s  s e e n  on  PND 3 m a k e  m u l t i p l e  s y n a p t i c  
c o n t a c t s  o n t o  s m a l l  a r r a y s  o f  d e n d r i t e s .  T h e s e  a r r a y s  a r e  
m o r e  c o m p l e x  on  PND 6 w i t h  a  f e w  e x a m p l e s  o f  a x o a x o n i c  
s y n a p t i c  c o n t a c t s  s e e n  i n  a s s o c i a t i o n  w i t h  t h e m .  S u c h  
a r r a y s  a p p e a r  t o  b e  p r e c u r s o r s  o f  t h e  s y n a p t i c  g l o m e r u l i  
c h a r a c t e r i s t i c  o f  t h e  a d u l t  s u b n u c l e u s  i n t e r p o l a r i s .

S u p p o r t e d  b y  NSF g r a n t  B N S 8 1 - 2 0 6 5 8 .

335.6  INFRAORBITAL NERVE SECTION IN NEWBORN RAT ALTERS THE 
TERMINAL ARBORS OF THALAMOCORTICAL AXONS PROJECTING TO 
SOMATOSENSORY CORTEX.  K. F. Jensen and H. P. Killackey*.  
Dept. of Psychobiology, Univ. C a lif . ,  Irv ine, CA 92717.

The pattern  of thalam ocortical pro jections to the 
barre l f ie ld  of the ra t somatosensory cortex re fle c ts  the 
sp a tia l arrangement of receptors associated with the sinus 
h airs and v ib rissae  of the face. We have previously 
demonstrated th a t horseradish peroxidase (HRP) in jected  
beneath the c o r tic a l barre l f ie ld  labels axons having 
term inals in layers I I I ,  IV, and VI, a pattern  which 
corresponds to  the term inal degeneration seen a f te r  
lesions of the ventrobasal thalamus. These presumed 
thalam ocortical axons branch extensively in layer IV and 
have term inal f ie ld s  th a t correspond in size  and 
arrangement to  c o r tic a l b a rre ls . The term inal f ie ld  of a 
sing le  axon tends to  f i l l  the center of a b a rre l. Axons 
p rojecting  to  the same barre l have largely  coexstensive 
term inal f ie ld s . In the present investigation  we have 
examined the e ffe c t of neonatal nerve cut on the 
morphology of the term inal arboriza tions of these 
presumed thalam ocortical axons.

The in fra o rb ita l nerve, which innervates the v ibrissae 
pad, was cut on the r ig h t side of the face in newborn 
r a ts .  When the animals reached 30-90 days of age, 5 % 
HRP-WGA (Sigma) was in jec ted  b ila te ra l ly  in to  the white 
matter or caudate-putamen. The labeled axons were 
visualized  by the DAB-GOD method of Itoh e t .  a l .  ' 79, 
(Brain Res. 175:341).

Labeled axons in the l e f t  hemisphere appear to have 
fewer branches and a lower density of term inals than axons 
in the r ig h t hemisphere. The arboriza tions in layer IV 
are also not as profuse. In the most extreme cases, axons 
branch evenly throughout layers I I I  through VI and lack 
a dense concentration of term inals in layer IV. When 
f ib e rs  within the same area of cortex are labeled they 
can exhibit p a r t ia l ly  overlapping terminal f ie ld s . Thus, 
neonatal nerve cut a l te r s  the branching pattern  and the 
d is tr ib u tio n  of term inals of thalam ocortical axons.

Supported by NSF grant BNS 81-20658 and NIH fellowship 
NS06651.

335. 7  TOPOGRAPHIC REPRESENTATION OF VIBRISSAE FOLLICLES IN THE 
TRIGEMINAL (V) GANGLION OF NORMAL ADULT RATS AND ADULTS 
SUBJECTED TO NEONATAL TRANSECTION OF THE INFRAORBITAL (1 0 ) 
NERVE.  M. M ath* , B .G . K le in  and  R.W. R h o ad es  (SPON: H .P . 
Z e i g l e r )   D e p t . o f  A natom y, U n i v e r s i t y  o f  M e d ic in e  and  
D e n t i s t r y  o f  N . J . ,  S c h o o l o f  O s t e o p a th i c  Med. an d  R u tg e r s  
Med. S c h o o l ,  P i s c a t a w a y ,  N .J .  0 8 8 5 4 .

I t  i s  w e l l  known t h a t  dam age t o  t h e  w h is k e r  f o l l i c l e s  o r  
10 n e rv e  i n  n e o n a ta l  r o d e n t s  a l t e r s  t h e  c e n t r a l  a n a to m ic a l  
c o r r e l a t e s  o f  t h e  v i b r i s s a e .  L e ss  a t t e n t i o n  h a s  b e e n  p a id  
t o  t h e  o r g a n i z a t i o n  o f  t h e  w h is k e r  r e p r e s e n t a t i o n  i n  t h e  V 
g a n g l io n  and  t h e  way i n  w h ic h  i t  may be  c h a n g ed  by  su c h  
dam age. I n  t h i s  s t u d y ,  we h a v e  u s e d  r e t r o g r a d e  t r a n s p o r t  o f  
w h e a tg e r m - a g g lu t in in  h o r s e r a d i s h  p e r o x id a s e  an d  f l u o r e s c e n t  
t r a c e r s  ( t r u e  b l u e ,  f a s t  b l u e ,  n u c l e a r  y e l lo w  an d  d ia m in id o  
y e llo w )  t o  d e l i n e a t e  t h e  o r g a n i z a t i o n  o f  t h e  w h is k e r  r e p r e 
s e n t a t i o n  i n  t h e  V g a n g l io n  o f  b o th  n o rm a ls  an d  a n im a ls  
s u b je c t e d  to  10 n e rv e  t r a n s e c t i o n  w i t h i n  12 h r  o f  b i r t h .

I n j e c t i o n s  o f  d i f f e r e n t  t r a c e r s  i n t o  f o l l i c l e s  o f  A, C 
and E row i n  n o rm a ls  o r  t h e  u n o p e ra te d  s i d e  o f  l e s i o n e d  
r a t s  r e v e a l e d  a  c l e a r c u t  to p o g ra p h y .  C e l l s  i n n e r v a t i n g  
E -ro w  w e re  m o st nu m ero u s i n  t h e  l a t e r a l  p a r t  o f  t h e  
o p h th a lm ic - m a x i l l a r y  p o r t i o n  o f  t h e  g a n g l io n  an d  th o s e  
l a b e l l e d  by  A -row  i n j e c t i o n s  w ere  m o st n u m ero u s m e d i a l l y .  
C e l l s  p r o j e c t i n g  to  C-row  w e r e ,  f o r  t h e  m o st p a r t ,  
i n t e r p o s e d .  O v e r la p  b e tw e e n  A and  C row  o r  C an d  E row 
g a n g l io n  c e l l s  w as common, b u t  i t  w as o b s e rv e d  m uch l e s s  
o f t e n  f o r  A an d  E row  c e l l s .  I n j e c t i o n s  o f  d i f f e r e n t  
t r a c e r s  i n t o  A l and  A4 o r  C l and  C5 p r o v id e d  no c l e a r  
e v id e n c e  f o r  an  o r d e r e d  g a n g l i o n i c  r e p r e s e n t a t i o n  o f  th e  
r o s t r o c a u d a l  a x i s  o f  t h e  w h is k e rp a d .

I n j e c t i o n s  on th e  o p e r a t e d  s i d e  i n  n e o n a t a l l y  l e s i o n e d  
r a t s  l a b e l l e d  many fe w e r  g a n g l io n  c e l l s  t h a n  i n  n o r m a ls .  
T o p o g rap h y  w as a l s o  l e s s  c l e a r  t h a n  t h a t  i n  t h e  n o rm a l 
g a n g l i o n .  I n  m o st c a s e s ,  t h e  r e l a t i v e  d i s t r i b u t i o n s  o f  
g a n g l io n  c e l l s  i n n e r v a t i n g  d i f f e r e n t  row s w e re  m a in t a in e d .  
H ow ever, i n t e r d i g i t a t i o n  o f  A and  E row c e l l s  w as v e ry  
common a n d ,  i n  some a n im a ls ,  d i s t r i b u t i o n s  o f  n e u ro n s  
i n n e r v a t i n g  t h e s e  tw o row s o v e r la p p e d  c o m p le te ly .  As i n  
n o r m a ls ,  t h e r e  w as no c l e a r  e v id e n c e  o f  a  to p o g r a p h ic  
r e p r e s e n t a t i o n  o f  t h e  r o s t r o c a u d a l  a x i s  o f  w h is k e rp a d .

None o f  o u r  c a s e s  p r o v id e d  e v id e n c e  t h a t  g a n g l io n  c e l l s  
i n n e r v a te d  m u l t i p l e  f o l l i c l e s .  H ow ever, t o  d e m o n s t r a te  
to p o g ra p h y ,  w id e ly  s e p a r a t e d  f o l l i c l e s  w e re  i n j e c t e d .

S u p p o r te d  by DE06528, EY04170, EY 03546, The M arch  o f  
D im es, The UMDNJ F o u n d a t io n  (RWR) an d  NRSA NS07240 (BGK).
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3 3 5 .8  CHANGES IN THE PATTERN OF TRIGEMINAL PRIMARY 
AFFERENT TERMINATIONS IN THE BRAINSTEM OF THE RAT 
AFTER PERIPHERAL MANIPULATIONS.   C . A . B a t e s  and   
H . P . K i l l a c k e v . *  D e p t .  P s y c h o b i o l . ,  UCI ,  I r v i n e ,  
CA.  9 2 7 1 7

I n  t h e t r i g e m i n a l  c o m p l e x  o f  t h e  r a t ,  c l u s t e r s  
o f  SDH a c t i v i t y  r e p l i c a t e  t h e p a t t e r n  o f  r o w s  o f  
v i b r i s s a e  on  t h e f a c e .  R e m o v a l  o f  a r ow r e s u l t s  
i n  a d e c r e a s e  i n  SDH a c t i v i t y  w i t h i n  t h e 
a s s o c i a t e d  b r a i n s t e m  a r e a .  We s o u g h t  t o  
d e t e r m i n e  w h e t h e r  t h e c h a n g e  i n  SDH a c t i v i t y  
r e f l e c t s  a d e c r e a s e  i n  t h e a c t i v i t y  o f  o r  an  
a c t u a l  l o s s  o f  a f f e r e n t  p r o j e c t i o n s

Tbe  v i b r i s s a e  o f  r o w s  B an d  D o r  r ow C a l o n e  
w e r e  r e m o v e d  a n d  t h e  f o l l i c l e s  c a u t e r i z e d  on t h e 
d a y  o f  b i r t h  (PND 0 ) .  On PND 5 ,  t h e  t r i g e m i n a l  
g a n g l i o n  was  i n j e c t e d  w i t h  2 - 5  m i c r o l i t e r s  o f  HRP 
(4% WGA-HRP, 10% S i g m a  V I ) .  A n i m a l s  w e r e   
s a c r i f i c e d  on  PND 7 a n d  p r o c e s s e d  w i t h  t h e m e t h o d  
o f  I t o b  e t  a l .  ( B r .  R e s .  1 7 5 : 3 4 1 ,  1 9 7 9 ) .

W i t b i n  t h e  p r i n c i p l e  s e n s o r y  n u c l e u s ,  t h e r e  i s  
d e n s e  t e r m i n a l  l a b e l i n g  t h r o u g h o u t  an d  r o w s  o f  
c l u s t e r s  c a n  b e  d i s c e r n e d  i n  t h e  c a u d a l - v e n t r a l  
p o r t i o n  o f  t h e  n u c l e u s .  I n  c a s e s  w i t h  v i b r i s s a e  
r e m o v e d  a t  b i r t h ,  b a n d s  o f  l e s s  d e n s e  t e r m i n a l  
l a b e l i n g  a r e  o b s e r v e d  i n  a r e a s  w h i c h  c o r r e s p o n d  
t o  t h e  d a m a g e d  r o w s .  F u r t h e r  c a u d a l l y ,  i n  
s u b n u c l e i  i n t e r p o l a r i s  an d  c a u d a l i s  t h e  c l u s t e r s  
o f  t e r m i n a l  a r b o r i z a t i o n s  a s s o c i a t e d  w i t h  t h e  
n o r m a l  p a t t e r n  o f  HRP l a b e l i n g  a r e  a b s e n t  i n  
a r e a s  r e l a t e d  t o  t h e  d a m a g e d  r ow s  o f  v i b r i s s a e ,  
a l t h o u g h  t h e y  a r e  s t i l l  p r e s e n t  i n  t h e  a r e a s  
a s s o c i a t e d  w i t h  n o n - d a m a g e d  r o w s .

T h u s ,  w i t h i n  e a c h  o f  t h e s e  r e p r e s e n t a t i o n s ,  
t h e r e  i s  a d e c r e a s e  i n  t h e  d e n s i t y  o f  HRP l a b e l e d  
f i b e r s  a n d  t e r m i n a l s  c o r r e s p o n d i n g  t o  t h e  d a m a g e d  
r o w s  o f  v i b r i s s a e .  A l t h o u g h  i t  i s  p o s s i b l e  t h a t  
t h e  f i b e r s  o f  t h e  d a m a g e d  r o w s  a r e  s t i l l  p r e s e n t  
i n  t h e  b r a i n s t e m ,  b u t  u n a b l e  t o  t r a n s p o r t  HRP,  we 
i n t e r p r e t  t h e  d a t a  a s  d e m o n s t r a t i n g  a l o s s  o f  
t r i g e m i n a l  a f f e r e n t s  i n  t h e  a f f e c t e d  a r e a s  o f  t h e  
v i b r i s s a e  r e p r e s e n t a t i o n .
S u p p o r t e d  b y  NIMH f e l l o w s h i p  #MH08610 t o  C . A . B .  
a n d  NSF g r a n t  # B N S 8 1 - 2 0 6 5 8  t o  H . P . K .

335.9  A QUANTITATIVE ELECTRON MICROSCOPIC ANALYSIS OF THE  
INFRAORBITAL NERVE IN THE NEWBORN RAT.  A.M. S z c z e p a n ik * , 
W.E. R en eh an * and  R.W. R h o ad es  (SPON: G. K ra u th a m e r)   D e p t . 
o f  A natom y, U n iv . o f  M e d ic in e  an d  D e n t i s t r y  o f  New J e r s e y ,  
S c h o o l o f  O s t e o p a th i c  M e d ic in e  and  R u tg e r s  M e d ic a l  S c h o o l ,  
P i s c a t a w a y ,  N .J .  0 8 854 .

The i n f r a o r b i t a l  (1 0 ) n e r v e ,  a  b r a n c h  o f  t h e  m a x i l l a r y  
d i v i s i o n  o f  t h e  t r i g e m i n a l  (V) n e r v e ,  p r o v id e s  t h e  s o l e  
a f f e r e n t  i n n e r v a t i o n  o f  t h e  r o d e n t  m y s t a c i a l  v i b r i s s a e .  The 
c e n t r a l  r e p r e s e n t a t i o n s  o f  t h e s e  w h i s k e r s  h a v e  becom e an  
im p o r ta n t  m o d el f o r  t h e  s tu d y  o f  c e n t r a l  n e rv o u s  s y s te m  
d e v e lo p m e n t and  p l a s t i c i t y ,  b u t ,  s u r p r i s i n g l y ,  r e l a t i v e l y  
l i t t l e  i s  known r e g a r d in g  th e  c o m p o s i t io n  o f  t h e  n e rv e  
i t s e l f .  We ( J a c q u in  e t  a l .  B ra in  R e s . 2 9 0 :1 3 1 -1 3 5 ,  1984) 
h a v e  p r e v i o u s ly  shown t h a t  t h e  10 n e rv e  i n  a d u l t  r a t s  i s  
com posed  o f  1 9 ,7 4 0  ( s d . = 2 ,0 5 4 )  m y e l in a te d  and  1 3 ,3 1 9  ( s d . =  
1 ,1 5 9 )  u n m y e l in a te d  a x o n s .  In  t h e  p r e s e n t  s tu d y  we h a v e  
u s e d  e l e c t r o n  m ic r o s c o p ic  m eth o d s  t o  d e l i n e a t e  t h e  o r g a n i 
z a t i o n  o f  t h i s  V b r a n c h  on t h e  d ay  o f  b i r t h ,  an  a g e  a t  
w h ic h  dam age t o  t h e  n e rv e  h a s  b e e n  in d u c e d  i n  n u m ero u s 
s t u d i e s .

N e o n a ta l  r a t s  (N=3) w ere  p e r f u s e d  th ro u g h  th e  a s c e n d in g  
a o r t a  w i t h . m ix ed  a ld e h y d e s  w i t h in  6 h r  o f  b i r t h .  The IO 
n e rv e  w as t h e n  d i s s e c t e d  and  p r e p a r e d  f o r  e l e c t r o n -  
m ic ro sc o p y  u s in g  s ta n d a r d  t e c h n i q u e s .  E l e c t r o n  m ic r o g ra p h s  
w e re  t a k e n  a t  a  m a g n i f i c a t i o n  o f  1 ,2 5 0  X and  p r i n t e d  a t  a  
f i n a l  m a g n i f i c a t i o n  o f  8 ,0 0 0  X. C o m p le te  m o n ta g e s  o f  th e  
n e rv e  w ere  c o n s t r u c t e d  and  e v e ry  f i b e r  w as c o u n te d .  T h ese  
c o u n ts  w ere  r e c h e c k e d  u s in g  h i g h e r  m a g n i f i c a t i o n  ( 1 6 , 5 0 0  X) 
p r i n t s  fro m  th e  same n e r v e s .  The l a t t e r  p r i n t s  w e re  a l s o  
em ployed  f o r  m e a su re m e n ts  o f  f i b e r  s i z e .

The 10 n e rv e  i n  t h e  n ew born  r a t  c o n ta in e d  an  a v e ra g e  o f  
4 2 ,0 5 1  ( s d .= 2 ,0 8 3 )  u n m y e l in a te d  and  168 ( s d .= 4 7 )  m y e l in a te d  
a x o n s .  The a v e ra g e  d i a m e te r  f o r  t h e  u n m y e l in a te d  a x o n s  
(N = l,5 8 1 )  w as 0 .4 6  µm ( s d .= 0 .1 6 )  and  t h a t  f o r  th e  
m y e l in a t e d  f i b e r s  (N=248; m e a su re m e n ts  i n c l u d e  m y e l in  
s h e a th )  w as 1 .7 1  µm ( s d .= 1 7 ) .

T h ese  d a t a  d e m o n s t r a te  t h a t  t h e  10 n e rv e  i n  r a t  c o n ta i n s  
a p p ro x im a te ly  1 0 ,0 0 0  m ore f i b e r s  on th e  d ay  o f  b i r t h  th a n  
i t  d o e s  i n  a d u lth o o d  and f u r t h e r  t h a t  t h e  p r o p o r t i o n  o f  
m y e l in a te d  to  u n m y e l in a te d  a x o n s  a t  t h i s  a g e  i s  q u i t e  imma
t u r e .  R e s u l t s  from  a n o th e r  s tu d y  ( D a v ie s ,  A. and  L um sden, 
A. J . Comp. N e u r o l . 2 2 3 :1 2 4 -1 3 7 ,  1984) s u g g e s t  t h a t  t h e  
r e d u c t io n  i n  10 f i b e r  num ber may r e s u l t  fro m  g a n g l io n  c e l l  
d e a th  r a t h e r  th a n  r e t r a c t i o n  o f  s u p e rn u m a ry  a x o n s .

S u p p o r te d  by EY03546, EY04170, D E06528, The M arch o f  
D im es, t h e  UMDNJ F o u n d a t io n ,  and  NRSA NS07444 (WER).

3 3 5 .10   CHANGES IN NUMBERS OF DORSAL ROOT AXONS DURING DEVELOPMENT.
 R .E . C o g g e s h a l l ,  K. Chung a n d  C .E . H u ls e b o s e h .  M a rin e  B io -  
m ed. I n s t . ,  A n a t .  an d  P h y s i o l ,  an d  B i o p h y s . ,  U n iv . o f  T ex . 
Med. B ra n c h , G a lv e s to n ,  TX 77 5 5 0 .

An im p o r ta n t  p r i n c i p l e  o f  n e u r a l  d e v e lo p m e n t i s  t h a t  a 
s u r p l u s  o f  n e u ro n s  a r i s e  i n  e a r l y  d e v e lo p m e n t and  th e n  th e  
e x c e s s  d i e  t o  p ro d u c e  t h e  d e f i n i t i v e  a d u l t  n u m b e rs . By co n 
t r a s t  t o  o u r  u n d e r s t a n d in g  o f  c e l l  n u m b e rs , h o w e v e r , we know 
l i t t l e  a b o u t  c h a n g e s  i n  a x o n a l  n u m b ers  d u r in g  d e v e lo p m e n t 
and  s in c e  a x o n s  a r e  t h e  c o m m u n ica tin g  c h a n n e ls  o f  t h e  n e u 
r o n s ,  i t  i s  a l s o  im p o r ta n t  t o  d e te r m in e  how t h e i r  num bers 
c h a n g e .  I n  t h e  p r e s e n t  s tu d y ,  we h a v e  c o u n te d  a l l  a x o n s  i n  
th e  T5 and  S2 d o r s a l  r o o t s  o f  t h e  p o s t - n a t a l  r a t  and  th e  
d a t a  we h a v e  g a th e r e d  a r e  p r e s e n t e d  b e lo w .

1 w eek 10 d a y s 2 w eeks 1 m onth A d u lt

T5 6192 ---- ---- 5690 5839

S2 ---- 4281 3765 3367 2797

I n  b o th  c a s e s ,  i t  c a n  b e  s e e n  t h a t  you n g  a n im a ls  (1  week 
an d  10 d a y s )  p o s s e s s  m ore a x o n s  i n  t h e i r  d o r s a l  r o o t s  th a n  
th e  o l d e r  a n im a ls  an d  t h a t ,  p a r t i c u a r l y  i n  t h e  s a c r a l  r o o t s ,  
t h e r e  seem s t o  b e  a  s t e a d i l y  d im in is h in g  num ber o f  a x o n s  a s  
t h e  a n im a l  a g e s .  I f  we a ssu m e  t h a t  t h e  d e f i n i t i v e  num ber o f  
d o r s a l  r o o t  g a n g l io n  c e l l s  i s  d e te r m in e d  b e f o r e  b i r t h ,  and  
i f  we a l s o  a ssu m e  t h a t  f u r t h e r  d a t a  s u p p o r t  t h e s e  p r e l i m i 
n a ry  o b s e r v a t io n s  on a x o n a l  n u m b e rs , th e n  a x o n a l  nu m b ers  a r e  
c h a n g in g  lo n g  a f t e r  t h e  c e l l s  t h a t  g iv e  r i s e  t o  t h e  a x o n s  
h a v e  s t a b i l i z e d .  T hus i t  w o u ld  seem  t h a t  f a c t o r s  t h a t  
d e te r m in e  th e  n u m b ers  o f  a x o n s  a r e  d i f f e r e n t ,  a t  l e a s t  i n  a 
t e m p o r a l  s e n s e ,  f ro m  t h o s e  t h a t  d e te r m in e  t h e  n u m b ers  o f  
c e l l s .  I t  i s  o u r  o p in io n  t h a t  t h e  f a c t o r s  t h a t  d e te r m in e  
th e  n u m b ers  o f  a d u l t  a x o n s  a r e  a s  im p o r ta n t  a s  t h o s e  t h a t  
d e te r m in e  th e  num ber o f  a d u l t  n e u r o n s .

S u p p o r te d  by NIH g r a n t s  N S 10161, N S 17039, NS07377 and 
N S 11255.

3 3 5 .11 THE ENHANCED NEURAL RESPONSE INDUCED BY POSTNATAL
OLFACTORY EXPERIENCE IN NORWAY RATS IS  ODOR - S P E C I C I C .  R.  
M. C o p p e r s m i t h *  a n d  M. L e o n .   D e p a r t m e n t  o f  P s y c h o b i o l o g y ,  
U n i v e r s i t y  o f  C a l i f o r n i a ,  I r v i n e  CA 9 2 7 1 7 .

N or w ay  r a t  p u p s  d e v e l o p  a  p r e f e r e n c e  f o r  t h e  o d o r  o f  
t h e i r  m o t h e r ,  o r  an a r b r i t r a r i l y  s e l e c t e d  o d o r ,  b a s e d  on 
p o s t n a t a l  e x p e r i e n c e .  D a i l y  e x p o s u r e  t o  p e p p e r m i n t  o d o r  
d u r i n g  t h e  f i r s t  18  d a y s  o f  l i f e  w i l l  i n d u c e  b o t h  an 
a t t r a c t i o n  an d  an  i n c r e a s e d  n e u r o n a l  r e s p o n s e  i n  s p e c i f i c  
o l f a c t o r y  b u l b  g l o m e r u l i  t o  p e p p e r m i n t  o d o r .  S i n c e  i t  i s  
p o s s i b l e  t h a t  e x p e r i e n c e  w i t h  o n e  o d o r  e n h a n c e s  t h e  
g l o m e r u l a r  r e s p o n s e  t o  a n y  o d o r ,  we g a v e  p u p s  e x p e r i e n c e  
w i t h  c y c l o h e x a n o n e  o d o r  a n d  t h e n  t e s t e d  t h e m  on d a y  19 
w i t h  p e p p e r m i n t  o d o r .

On d a y s  1 t o  18 a f t e r  b i r t h ,  r a t  p u p s  r e c e i v e d  e x p o s u r e  
t o  e i t h e r  p e p p e r m i n t  o d o r  ( p e p p e r m i n t - f a m i l i a r )  o r  
c y c l o h e x a n o n e  o d o r  ( c y c l o h e x a n o n e - f a m i l i a r )  f r o m  a 
f l o w - d i l u t i o n  o l f a c t o m e t e r .  On d a y  1 9 ,  a l l  p u p s  w e r e  
i n j e c t e d  w i t h  u - 2 - d e o x y g l u c o s e  ( 2 0 0  u C i / k g )  a n d  
g i v e n  a  45  m in  t e s t  e x p o s u r e  t o  p e p p e r m i n t  i n  an  a p p a r a t u s  
t h a t  a l l o w e d  us  t o  a n a l y z e  r e s p i r a t i o n  r a t e  a n d  s n i f f  
f r e q u e n c y .  We t h e n  p r e p a r e d  a u t o r a d i o g r a p h s  o f  o l f a c t o r y  
b u l b  s e c t i o n s  a l o n g  w i t h  c a l i b r a t e d  s t a n d a r d s .  T h e  f i l m s  
w e r e  t h e n  a n a l y z e d  w i t h  a c o m p u t e r - b a s e d  i m a g e  p r o c e s s i n g  
s y s t e m  w h i c h  a l l o w e d  q u a n t i t a t i v e  c o m p a r i s o n s  b e t w e e n  
u p t a k e  s i t e s  t o  be m a d e .

P e p p e r m i n t - f a m i l i a r  p u p s  s h o w e d  e n h a n c e d  a c t i v i t y  i n  
t h r e e  l a t e r a l l y - l o c a t e d  c o m p l e x e s  o f  g l o m e r u l i ,  1 . 5 - 2 . 2  mm 
f r o m  t h e  r o s t r a l  p o l e  o f  t h e  b u l b ,  c o n f i r m i n g  o u r  p r e v i o u s  
f i n d i n g s .  T h e  sam e p e p p e r m i n t  t e s t  e x p o s u r e  g i v e n  t o  
c y c l o h e x a n o n e - f a m i l i a r  p u p s  i n d u c e d  s i g n i f i c a n t l y  l e s s  
a c t i v i t y  i n  t h e s e  sam e g l o m e r u l a r  a r e a s .

T h e  e n h a n c e d  n e u r a l  a c t i v i t y  i n  t h e  p e p p e r m i n t - f a m i l i a r  
a n i m a l s  was n o t  a  r e s u l t  o f  an i n c r e a s e d  o d o r  s t i m u l u s  t o  
t h e  o l f a c t o r y  s y s t e m  o f  t h e s e  p u p s .  T h e  o v e r a l l  n u m b e r  o f  
r e s p i r a t i o n s  f o r  b o t h  g r o u p s  o f  p u p s  w e r e  n o t  d i f f e r e n t  
d u r i n g  t h e  t e s t ,  a n d  t h e  n u m b e r  o f  h i g h  f r e q u e n c y  
r e s p i r a t i o n s  c h a r a c t e r i S t i c  o f  s n i f f i n g  w e r e  v i r t u a l l y  
i d e n t i c a l .  We h a v e  sh o w n  t h a t  e a r l y  e x p o s u r e  t o  an  o d o r  
w i l l  i n d u c e  an e n h a n c e d  o l f a c t o r y  b u l b  r e s p o n s e  s p e c i f i c  
t o  t h a t  o d o r .
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335.12  R E C E P T IV E  F IE L D  S IZ E  OF PER IP H ER A L TASTE F IB E R S  IN 
 F E T A L  AND P E R IN A T A L  S H E E P .  C . M . M i s t r e t t a  a n d  

R .M .B r a d l e y .  D e p t .  O r a l  B i o l o g y ,  Uni v . M i c h i g a n  
S c h . o f  D e n t i s t r y ,  A nn A r b o r ,  MI 4 8 1 0 9 .

S u m m a te d  r e s p o n s e s  t o  c h e m i c a l  s t i m u l i  r e c o r d e d  
f r o m  t h e  c h o r d a  t y m p a n i  n e r v e  c h a n g e  d u r i n g  
d e v e l o p m e n t  i n  s h e e p  f e t u s e s ,  l a m b s  a n d  a d u l t s .  I n  
y o u n g  f e t u s e s  N a C l  e l i c i t s  s m a l l  m a g n i t u d e  
r e s p o n s e s  a n d  NH4 C l e l i c i t s  l a r g e  r e s p o n s e s .  I n  
a d u l t s  r e s p o n s e s  t o  b o t h  o f  t h e s e  s a l t s  a r e  o f  
v e r y  l a r g e  m a g n i t u d e .  C h a n g i n g  c h e m i c a l  r e s p o n s e s  
m i g h t  r e l a t e  t o  d e v e l o p m e n t a l  d i f f e r e n c e s  i n  t h e  
n u m b e r  o f  f u n g i f o r m  p a p i l l a e  a n d  t a s t e  b u d s  
i n n e r v a t e d  b y  s i n g l e  c h o r d a  t y m p a n i  f i b e r s .  
T h e r e f o r e  we h a v e  m a p p e d  r e c e p t i v e  f i e l d s  i n  tw o  
a g e  g r o u p s :  f e t u s e s  a g e d  1 2 6 - 1 3 0  d a y s  o f  g e s t a t i o n   
( t e r m  = 1 4 7  d a y s )  a n d  p e r i n a t a l  a n i m a l s  a g e d  1 4 5  
d a y s  o f  g e s t a t i o n  t o  7 d a y s  p o s t n a t a l .  S i n g l e  
c h o r d a  t y m p a n i  f i b e r s  w e r e  d i s s e c t e d ,  r e s p o n s e s  t o   
0 .5M  NH4 C l a n d  N a C l w e r e  r e c o r d e d ,  a n d  t h e  g e n e r a l  
l o c a t i o n  o f  t h e  r e c e p t i v e  f i e l d  w a s  d e t e r m i n e d .  
T h e n  t h e  n u m b e r  a n d  l o c a t i o n  o f  p a p i l l a e  
i n n e r v a t e d  b y  t h e  f i b e r  w e r e  d e t e r m i n e d  b y  
e l e c t r i c a l l y  s t i m u l a t i n g  s i n g l e  f u n g i f o r m  p a p i l l a e  
w i t h  3 - 5  µ a m p  a n o d a l  c u r r e n t .  T h u s  f a r  s i x  s i n g l e  
u n i t s  h a v e  b e e n  s t u d i e d  i n  5 f e t u s e s  a n d  1 0  u n i t s  
i n  7 p e r i n a t a l  a n i m a l s .

N o n e  o f  t h e  f e t a l  u n i t s  r e s p o n d e d  t o  N a C l ,  b u t  
e a c h  o f  t h e m  r e s p o n d e d  t o  NH4 C l .  I n  c o n t r a s t ,  a l l  
p e r i n a t a l  u n i t s  r e s p o n d e d  t o  N a C l  a n d  NH4 C l .  T h e  
m e a n  r e c e p t i v e  f i e l d  s i z e  o f  f e t a l  u n i t s  w a s  7 .2  
p a p i l l a e  ( S .D .  ±  3 . 2 ) ,  w i t h  a  r a n g e  o f  1 t o  1 0 .   
P e r i n a t a l  u n i t s  h a d  a  m e a n  f i e l d  s i z e  o f  1 0 .3  
p a p i l l a e  ( S .D .  ± 6 . 5 ) ,  w i t h  a r a n g e  o f  2 t o  2 0 .   
T h e  d i f f e r e n c e  T n  f i e l d  s i z e  i s  n o t  s i g n i f i c a n t .

A l t h o u g h  t h e  l i k e l i h o o d  o f  o b t a i n i n g  a r e s p o n s e  
t o  N a C l i s  g r e a t e r  i n  u n i t s  f r o m  p e r i n a t a l  a n i m a l s  
t h a n  f e t u s e s ,  o u r  p r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  
t h e  r e c e p t i v e  f i e l d  s i z e  o f  t a s t e  u n i t s  i s  n o t  
d i f f e r e n t  i n  t h e s e  tw o  a g e  g r o u p s .  H o w e v e r ,  s i n c e  
t h e  n u m b e r  o f  t a s t e  b u d s  i n c r e a s e s  d u r i n g  
d e v e l o p m e n t ,  t h e  s a m e  n u m b e r  o f  p a p i l l a e  i n  
r e c e p t i v e  f i e l d s  i n  p e r i n a t a l  a n i m a l s  m i g h t  
c o n t a i n  m o r e  t a s t e  b u d s  t h a n  i n  f e t u s e s .  P a p i l l a e  
f r o m  e a c h  r e c e p t i v e  f i e l d  t h a t  h a s  b e e n  m a p p e d  
a r e  b e i n g  e x a m i n e d  t o  d e t e r m i n e  t h e  n u m b e r  o f  
t a s t e  b u d s  p e r  f i e l d .  F u r t h e r m o r e ,  m a n y  m o r e  
r e c e p t i v e  f i e l d s  m u s t  b e  m a p p e d  a n d  a d d i t i o n a l  a g e  
g r o u p s  s t u d i e d  b e f o r e  c o n c l u d i n g  t h a t  t h e r e  i s  n o  
d e v e l o p m e n t a l  d i f f e r e n c e  i n  t h e  n u m b e r  o f  p a p i l l a e  
i n n e r v a t e d  b y  a  s i n g l e  c h o r d a  t y m p a n i  f i b e r .

S u p p o r t e d  b y  N. S . F . G r a n t  BNS 8 3  -  1 1 4 9 7 .

3 3 5 .1 3   D E V E L O P M E N T  O F  C O N T R A S T  S E N S I T I V I T Y  IN  I N F A N T  
M A C A Q U E  M O N K E Y S .   R . G . B o o t h e .   I n f a n t  P r i m a t e  L a b ,  
W J - 1 0 ,  U n i v e r s i t y  o f  W a s h i n g t o n ,  S e a t t l e , W a  9 8 1 9 5

S e v e n  i n f a n t  m a c a q u e  m o n k e y s  w e r e  t r a i n e d  t o  
m a k e  o p e r a n t  d i s c r i m i n a t i o n s  i n  a  f a c e  m a s k  
t e s t i n g  c a g e .  T h e  i n f a n t s  w e r e  t r a i n e d  a n d  t h e n  
t e s t e d  w i t h  a  t w o - a l t e r n a t i v e  f o r e e d - c h o i c e  
p s y c h o p h y s i c a l  p r o c e d u r e .  T h e  i n f a n t s
d i s c r i m i n a t e d  s p a t i a l  s i n u s o i d a l l y  m o d u l a t e d  
g r a t i n g s  f r o m  h o m o g e n e o u s  f i e l d s  m a t c h e d  f o r  m e a n  
l u m i n a n c e .  A l l  t e s t i n g  w a s  b i n c o u l a r  w i t h  n a t u r a l  
p u p  i I s .

Q u a n t i t a t i v e  e x a m i n a t i o n s  o f  t h e  p s y c h o m e t r i c  
f u n c t i o n s  o b t a i n e d  f r o m  t h e s e  i n f a n t s  r e v e a l  
s i g n i f i c a n t  i m p r o v e m e n t s  i n  c o n t r a s t  s e n s i t i v i t y  
a s  a  f u n c t i o n  o f  a g e ,  b u t  n o  s i g n i f i c a n t  c h a n g e s  
i n  t h e  s l o p e s  o f  t h e  p s y c h o m e t   r i c  f u n c t i o n s .

T h e  t i m e  c o u r s e s  o v e r  w h i c h  c o n t r a s t  
s e n s i t i v i t y  i m p r o v e s  i s  n o t  t h e  s a m e  f o r  a l l  
s p a t i a l  f r e q u e n c i e s ,  a n d  t h i s  l e a d s  t o  
d e v e l o p m e n t a l  c h a n g e s  i n  s h a p e  o f  t h e  c o n t r a s t  
s e n s i t i v i t y  f u n c t i o n .  C u t o f f  f r e q u e n c i e s  i m p r o v e  
f r o m  a n  a v e r a g e  o f  4 . 5  c y / d e g  a t  5  w e e k s  o f  a g e  t o  
a n  a d u l t  a s y m p t o t e  o f  4 0  t o  5 0  c y / d e g  b y  o n e  y e a r  
o f  a g e .  P e a k  s e n s i t i v i t y  ( 1 / t h r e s h o l d  c o n t r a s t )  
i n c r e a s e s  f r o m  1 8  a t  5  w e e k s  b e t t e r  t h a n  1 0 0  b y  
o n e  y e a r .

335 .14   VISUAL FUNCTION IN GOLDFISH FOLLOWING BILATERAL TECTAL ABLA
TION.  B .E . S c h lu m p f*  an d  R .E . D a v i s .  (SPON: D .G . G r e e n ) .   
U n iv . o f  M ic h ig a n ,  N e u r o s c i .  L a b . ,  Ann A r b o r ,  MI 48109 

M ore t h a n  90% o f  g o l d f i s h  r e t i n a l  g a n g l io n  c e l l  f i b e r s  
p r o j e c t  t o  t h e  o p t i c  t e c tu m .  T h is  s t r u c t u r e  i s  n e c e s s a r y  
f o r  a  num ber o f  b e h a v io r a l  r e s p o n s e s  i n c l u d i n g  fo o d  p e l l e t  
l o c a l i z a t i o n ,  shadow  in d u c e d  d e c e l e r a t i o n  o f  r e s p i r a t i o n  
an d  t h e  o p to m o to r  r e s p o n s e  ( S p r i n g e r ,  A .D ., E a s t e r ,  S .S  & 
A g r a n o f f ,  B .W ., B r a in  R e s . , 128 :3 9 3 ,  1 9 7 7 ) .  The b e h a v io r a l  
f u n c t i o n  o f  r e t i n a l  p r o j e c t i o n s  t o  n o n t e c t a l  a r e a s ,  i n c l u d 
in g  p r e o p t i c ,  t h a l a m i c ,  h y p o th a la m ic  an d  p r e t e c t a l  n u c l e i  
( S p r i n g e r ,  A .D . & G a f f n e y ,  J . S . ,  J .  Comp. N e u r o l . , 2 0 3 :4 0 1 ,  
1 9 8 1 ) i s  p o o r ly  u n d e r s t o o d .  We i n v e s t i g a t e d  v i s i o n  i n  t e c 
tu m - a b la t e d  g o l d f i s h  (BOT) u s in g  a  b e h a v io r a l  m e th o d . V is u 
a l  r e s p o n d in g  was a s s e s s e d  by m e a s u r in g  th e  o c c u r r e n c e  o f  a  
b r a n c h i a l  s u p p r e s s io n  r e s p o n s e  t o  a  v i s u a l  s t im u lu s  (CS) 
t h a t  was c l a s s i c a l l y  c o n d i t i o n e d  to  an  e l e c t r i c  s h o c k  s t im u 
l u s  (U S ). B i l a t e r a l  o p t i c  te c tu m  a b l a t i o n  b lo c k e d  r e s p o n s e  
t o  t h e  CS i n  t h e  p r e s e n c e  o f  o v e rh e a d  i l l u m i n a t i o n  b u t  n o t  
i n  d a r k n e s s .  BOT f i s h  t e s t e d  i n  d a r k n e s s  (N=6 ) re s p o n d e d  
t o  t h e  CS when i n i t i a l l y  t e s t e d  one w eek a f t e r  s u r g e r y .  
O p t ic  n e rv e  c r u s h  b lo c k e d  r e s p o n d in g  i n d i c a t i n g  t h a t  th e  
r e s p o n s e  i s  r e t i n a l l y ,  r a t h e r  th a n  e x t r a r e t i n a l l y  m e d ia te d .  
R e c o v e ry  o f  r e s p o n s e  o c c u r r e d  2 -3  w eeks p o s ta x o to m y  (WPA) 
w h ic h  i s  s i m i l a r  t o  t h e  p o s t  c r u s h  r e c o v e r y  tim e  i n  i n t a c t -  
te c tu m  f i s h  ( D a v is ,  R .E . ,  S c h lu m p f, B .E . & K l i n g e r ,  P .D . 
N e u r o s c i .  A b s t r .  1 0 , 1 9 8 4 ) .  A d d i t i o n a l  BOT f i s h  (N=1 1 )  
w e re  t e s t e d  i n  d a rk n e s s  t o  m e a su re  t h e i r  s e n s i t i v i t y  t o  th e  
CS. D u r in g  t h e  f i r s t  s i x  w eeks f o l l o w i n g  t e c t a l  a b l a t i o n ,  
t h e  p e r c e n t  o f  f i s h  r e s p o n d in g  i n c r e a s e d  f ro m  45-100%  and 
i n d i v i d u a l s  show ed i n c r e a s e d  s e n s i t i v i t y .  F i s h  t e s t e d  i n  
t h e  p r e s e n c e  o f  o v e rh e a d  i l l u m i n a t i o n  (N=4) f a i l e d  t o  show 
r e c o v e r y  o f  r e s p o n s e  when t e s t e d  up t o  20 WPA. T h ese  
r e s u l t s  i n d i c a t e  t h a t  n o rm a l n o n t e c t a l  r e t i n a l  p r o j e c t i o n s  
c a n  m e d ia te  b e h a v io r a l  r e s p o n d in g  to  a  v i s u a l  CS. The 
i n c r e a s e  i n  s e n s i t i v i t y  an d  p e r c e n ta g e  o f  f i s h  r e s p o n d in g  
may b e  owed to  a n  i n c r e a s e  i n  i n n e r v a t i o n  o f  n o n t e c t a l  
v i s u a l  a r e a s  f o l l o w in g  r e g e n e r a t i o n  ( Y a g e r ,  D . ,  S h a rm a , S .C . 
& G r o v e r ,  B .G .,  B r a in  R e s . , 1 3 7 : 2 6 7 , 1 9 7 7 ) .  I t  may a l s o  
r e f l e c t  i n c r e a s e d  c o n d i t i o n in g  o f  v i s u a l  i n p u t  t o  n o n t e c t a l  
v i s u a l  a r e a s .  A n o th e r  p o s s i b i l i t y  i s  t h a t  r e g e n e r a t e d  a x o n s  
i n n e r v a t e  n o n v i s u a l  b r a i n  a r e a s  (S h a rm a , S .C . ,  N a t u r e , 
2 9 1 :6 6 ,  1 9 8 1 ) w h ic h  c a n  m e d ia te  t h i s  b e h a v io r a l  r e s p o n s e .

3 3 5 .1 5   ANATOMIC AND PHYSIOLOGIC DEVELOPMENT OF THE PIGEON RETI NO
TECTAL SYSTEM. P .B a g n o l i * ,  V . P o r c i a t t i * ,  A . L a n f r a n c h i*  and  C. 
Bedi n i * . (SPON:A. C a n g ia n o ) .  I n s t .  o f  P h y s io lo g y ,  U n i v e r s i t y  
and  I n s t .  o f  N e u r o p h y s io lo g y ,  C .N .R . ,  v i a  S .  Zeno 3 1 - 5 1 ,  I n s t .  o f  
B io lo g y ,  v i a  V o l ta  6 ,5 6 1 0 0  P i s a ,  D e p t .  O p h th a lm o lo g y , U .S .L .13 
L iv o r n o ,  I t a l y .

I n  t h e  p r e s e n t  s tu d y ,  t h e  d e v e lo p m e n t o f  l i g h t  ev o k ed  a c 
t i v i t y  i n  t h e  p ig e o n  r e t i n o - t e c t a l  sy s te m  was i n v e s t i g a t e d  
and  com pared  w h ith  t h e  s t r u c t u r a l  m a tu r a t i o n  o f  r e t i n a l  c e l l s  
d u r in g  t h e  f i r s t  20 d a y s  p o s t - h a t c h i n g .  The f i r s t  ERG ( e i t 
h e r  t o  f l a s h  o r  p a t t e r n - r e v e r s a l  s t i m u l a t i o n )  c a n  be r e c o r 
ded  a t  4 -6  d a y s  s im u l t a n e o u s ly  t o  t h e  a p p e a ra n c e  o f  p h o to s e 
n s i t i v e  l a m e l l a e  i n  t h e  r e t i n a l  o u t e r  s e g m e n ts .  At t h e  same 
t im e  o n ly  few  s y n a p s e s  w ere  p r e s e n t  i n  t h e  OPL an d  th e y  i n 
c r e a s e d  i n  num ber a s  t h e  l a m e l l a r  s t r u c t u r e s  c o m p le te d  t h e i r  
m a t u r a t i o n .  F l a s h  and  p a t t e r n  ERG's i n c r e a s e d  i n  a m p l i tu d e  
d u r in g  th e  f i r s t  20 d a y s  when a d u l t  w avefo rm s c a n  be r e c o r 
d e d . The s i m i l a r  o n s e t  an d  a m p l i tu d e  m a tu r a t i o n  o f  f l a s h  and  
p a t t e r n  ERG's s u g g e s t  s i m i l a r  i n t r a r e t i n a l  g e n e r a t o r s  f o r  
b o th  k in d  o f  r e s p o n s e s .  T h is  h y p o t h e s i s  i s  i n  a g re e m e n t w i th  
p r e v io u s  s t u d i e s  w h ich  s u g g e s t  t h a t  t h e  g e n e r a t o r s  o f  t h e  p i 
g eo n  p a tte rn -E R G  m ig h t b e  t h e  same o f  t h e  f l a s h  ev o k ed  b -w a
ve (H o ld en  and  V a e g a n , V is io n  R e s . ,  2 3 :5 6 1 ,1 9 8 3 ;  B a g n o l i  e t  
a l . ,  Exp. B r a in  R e s . , 5 4 : 1 ,1 9 8 4 ) .  Evoked p o t e n t i a l s  t o  p a t t e r 
n ed  and  u n p a t t e r n e d  s t i m u l i  c a n  be r e c o r d e d  from  t h e  t e c t a l  
s u r f a c e  a t  a ro u n d  8 d a y s  p o s t - h a t c h i n g .  R e t in a l  an d  t e c t a l  
a c u i t i e s  i n c r e a s e d  i n  p a r a l l e l  o f  a b o u t  1 .5  o c t a v e s ,  t o  r e 
a c h  4 - 5  c y c l e s  d eg - 1 , a t  a ro u n d  20 d a y s .  T h is  v a lu e  c o r r e s 
p o n d s  t o  t h e  p s y c h o p h y s ic a l  a c u i t y  o f  a d u l t  p ig e o n s  f o r  t h e  
l a t e r a l  v i s u a l  f i e l d .  P r e l i m i n a r y  e x p e r im e n ts  i n  lo n g  te rm  
m o n o c u la r l y  d e p r iv e d  p ig e o n s  ( B u r k h a l t e r  an d  K n ü se l u n p u b l i 
sh ed ) r e p o r t e d  a c u i t y  d e f i c i t s  o f  t h e  d e p r iv e d  e y e s .  A f u r 
t h e r  aim  o f  t h i s  s tu d y  was t o  e s t a b l i s h  w h e th e r  t h i s  e f f e c t  
m ig h t  be a t t r i b u t e d  t o  a  r e d u c t io n  o f  a c u i t y  i n  t h e  r e t i n o 
t e c t a l  s y s te m . Our r e s u l t s  d e m o n s t r a te  t h a t  r e t i n a l  an d  t e c 
t a l  r e s p o n s e s  t o  p a t t e r n e d  s t i m u l i  w ere  n o t  im p a i r e d  by mono 
c u l a r  d e p r i v a t i o n .  We c a n  c o n c lu d e  t h a t  b e h a v io u r a l  l o s s  i n  
v i s u a l  a c u i t y  d o e s  r e f l e c t  a  dam age i n  v i s u a l  r e l a y s  c e n t r a l  
t o  t h e  r e t i n o - t e c t a l  p a th w a y .
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335.16  MISALIGNMENT OF AUDITORY AND VISUAL MAPS IN THE OPTIC TECTUM 
MATCHES SOUND LOCALIZATION ERRORS IN BARN OWLS.  E . I .   
K nudsen  an d  P .F .  K n u d se n .  D e p a r tm e n t o f  N e u ro b io lo g y ,  
S t a n f o r d  U n i v e r s i t y  S c h o o l o f  M e d ic in e ,  S t a n f o r d ,  CA.

Sound l o c a l i z a t i o n  b e h a v io r  i s  a l t e r e d  i n  b a r n  o w ls  t h a t  
h a v e  h a d  o n e  e a r  p lu g g e d  b e f o r e  t h e  e ig h t h  w eek p o s t - h a t c h 
in g  (K nudsen  e t  a l . , J .  N e u r o s c i .  4: ( 4 ) ,  1984). When th e  
e a r p lu g  i s  rem oved  fro m  t h e s e  a n im a ls  th e y  m ake l a r g e  l o c a 
l i z a t i o n  e r r o r s .  I f  t h e  e a r p lu g  i s  rem oved b e f o r e  t h e  end  
o f  a  c r i t i c a l  p e r i o d ,  t h e  ow l g r a d u a l ly  c o r r e c t s  t h e  e r r o r ;  
i f  t h e  e a r p lu g  i s  rem oved  a f t e r  t h e  c r i t i c a l  p e r i o d ,  t h e  ow l 
d o e s  n o t  c o r r e c t  i t s  e r r o r .

The r e p r e s e n t a t i o n  o f  a u d i t o r y  s p a c e  i n  t h e  o p t i c  te c tu m  
a l s o  i s  a l t e r e d  by  e a r l y  m o n a u ra l  p lu g g in g  (K n u d sen ,  
S c i e n c e , 2 2 2 : 9 3 9 , 1 9 8 3 ) .  I n  a d u l t  a n im a ls  t h a t  h a v e  b e e n  
p lu g g e d  s i n c e  5 w eeks o f  a g e ,  s i n g l e  u n i t s  h a v e  a u d i t o r y  
b e s t  a r e a s  t h a t  a l i g n  w i th  t h e i r  v i s u a l  r e c e p t i v e  f i e l d s  
when th e  e a r p lu g  i s  i n  p l a c e .  When t h e  e a r p lu g  i s  rem o v ed , 
a u d i t o r y  b e s t  a r e a s  becom e m is a l ig n e d  w i th  r e s p e c t  to  v i s u a l  
r e c e p t i v e  f i e l d s .

I n  e x p e r im e n ts  r e p o r t e d  h e r e ,  b e h a v io r a l  and  n e u ro 
p h y s io l o g i c a l  e x p e r im e n ts  w e re  c o n d u c te d  to  com pare  sound  
l o c a l i z a t i o n  e r r o r s  w i th  f i e l d  m is a l ig n m e n t  o f  t e c t a l  u n i t s  
i n  t h e  same a n im a l .  The m e a su re  o f  so u n d  l o c a l i z a t i o n  was 
a  r e i n f o r c e d  h e a d  o r i e n t a t i o n  to  a  n o i s e  s o u r c e .  A u d i to ry  
b e s t  a r e a s  w e re  m e a su re d  u s in g  a  m o v a b le , f r e e  f i e l d  n o i s e  
s o u r c e .  V i s u a l  r e c e p t i v e  f i e l d s  w e re  p l o t t e d  on  a  h e m is 
p h e r i c  s c r e e n .  I n  t h r e e  o w ls ,  l o c a l i z a t i o n  e r r o r s  f o l l o w 
in g  e a r p lu g  re m o v a l  w e re  e q u a l  i n  m a g n itu d e  and  d i r e c t i o n  
t o  t h e  m is a l ig n m e n t  o f  a u d i t o r y  and  v i s u a l  f i e l d s  o f  t e c t a l  
u n i t s  w i th  f r o n t a l  r e c e p t i v e  f i e l d s .  Two o f  t h e s e  a n im a ls  
w e re  u n p lu g g e d  b e f o r e  t h e  end  o f  th e  c r i t i c a l  p e r i o d  and 
t h e i r  l o c a l i z a t i o n  e r r o r s  and  r e c e p t i v e  f i e l d  m is a l ig n m e n ts  
d e c r e a s e d  a t  c o m p a ra b le  r a t e s  o v e r  t h e  n e x t  few  w e e k s . The 
t h i r d  a n im a l  was p lu g g e d  p a s t  t h e  end  o f  th e  c r i t i c a l  p e r io d  
an d  b o th  i t s  l o c a l i z a t i o n  e r r o r  and  th e  m is a l ig n m e n t  o f  
a u d i t o r y  an d  v i s u a l  r e c e p t i v e  f i e l d s  i n  th e  te c tu m  re m a in e d  
c o n s t a n t  f o r  a t  l e a s t  6 m o n th s  a f t e r  t h e  rem o v a l o f  t h e  e a r 
p lu g .

The a g re e m e n t b e tw e e n  th e  b e h a v io r  an d  p h y s io lo g y  
s u g g e s t s  t h a t  a u d i t o r y - v i s u a l  m is a l ig n m e n t  m ea su red  i n  th e  
te c tu m  o f f e r s  a  r e l i a b l e  n e u r a l  c o r r e l a t e  o f  t h e  e x p e r i e n c e  
d e p e n d e n t  a l t e r a t i o n s  o f  so u n d  l o c a l i z a t i o n  t h a t  h a v e  b e e n  
d o cu m en ted  b e h a v i o r a l l y .

3 3 5 . 1 7   RHYTHMIC SPONTANEOUS ACTIVITY IN THE DEVELOPING AVIAN  
AUDITORY SYSTEM.  W. L i p p e .  D e p t . o f  O t o r h i n o l a r y n g o l o g y ,   
U n i v .  o f  O k l a h o m a  H e a l t h  S c i e n c e s  C e n t e r ,  O k l a h o m a  C i t y ,  OK 
7 3 1 2 6 .

M i c r o e l e c t r o d e  r e c o r d i n g s  o f  m u l t i  u n i t  a c t i v i t y  w e r e  m ad e 
i n  n u c l e u s  m a g n o c e l l u l a r i s  (NM) a n d  n u c l e u s  l a m i n a r i s  ( N L ) ,  
f i r s t  a n d  s e c o n d  o r d e r  n u c l e i  i n  t h e  a v i a n  a u d i t o r y  s y s t e m .   
T h e  p a t t e r n  o f  s p o n t a n e o u s  a c t i v i t y  i n  17 d a y  c h i c k  e m b r y o s  
w a s  c o m p a r e d  w i t h  t h a t  p r e v i o u s l y  o b s e r v e d  i n  h a t c h l i n g s .  
E m b ry o s  w e r e  s u p p o r t e d  i n  a  h u m i d i t y  a n d  t e m p e r a t u r e  
( 3 7 . 5 ° C )  c o n t r o l l e d  c h a m b e r  i n s i d e  a  s o u n d  a t t e n u a t e d  r o o m .  
T h e i r  s c a l p  w a s  i n f i l t r a t e d  w i t h  a l o c a l  a n e s t h e t i c  a n d  
s p o n t a n e o u s  m o v e m e n t s  w e r e  e l i m i n a t e d  w i t h  i n t r a m u s c u l a r  
i n j e c t i o n s  o f  F l a x e d i l .

M u l t i u n i t  r e c o r d i n g s  s h o w  t h a t  s p o n t a n e o u s  a c t i v i t y  i n  NM 
a n d  NL o f  h a t c h l i n g s  d o e s  n o t  o c c u r  w i t h  a n y  o b v i o u s  
p a t t e r n .  I n  c o n t r a s t ,  s p o n t a n e o u s  a c t i v i t y  i n  e m b r y o s  o c c u r s  
i n  b u r s t s  a t  r e g u l a r  tw o  s e c o n d  i n t e r v a l s .  T h i s  p a t t e r n  o f  
r h y t h m i c  d i s c h a r g e  h a s  n o t  b e e n  o b s e r v e d  i n  r e c o r d i n g s  f r o m  
n o n a u d i t o r y  r e g i o n s  o f  t h e  b r a i n  s t e m .  P r e l i m i n a r y  o b s e r 
v a t i o n s  s h o w  t h a t  t h e  i n t e r v a l  b e t w e e n  b u r s t s  o f  s p o n t a n e o u s  
a c t i v i t y  c h a n g e s  d u r i n g  d e v e l o p m e n t ,  b e i n g  l o n g e r  i n  16 d a y  
e m b r y o s  ( 2 . 5  s e c o n d s )  a n d  s h o r t e r  i n  18 d a y  e m b r y o s  ( 1 . 7  
s e c o n d s ) .  T h e  r h y t h m i c i t y  c a n  b e  b l o c k e d ,  e n h a n c e d  o r  r e s e t  
i n  a  p r e d i c t a b l e  m a n n e r  by  s o u n d  s t i m u l a t i o n .  I t  i s  
a b o l i s h e d  by  c o c h l e a r  r e m o v a l .  C o n t r o l  o b s e r v a t i o n s  h a v e  
s h o w n  t h a t  t h e  r h y t h m i c  p a t t e r n  i s  n o t  d u e  t o  m o v e m e n t s  o f  
t h e  e m b r y o ,  m i d d l e  e a r  m u s c l e  c o n t r a c t i o n s  o r  t h e  e m b r y o ' s  
h e a r t  b e a t .  B u r s t s  o c c u r  b i l a t e r a l l y  b u t  n o t  s i m u l t a n e o u s l y  
on  t h e  tw o  s i d e s  o f  t h e  b r a i n .  T h u s ,  t h e  r h y t h m i c i t y  i s  n o t  
c a u s e d  by  a  g e n e r a l  s y s t e m i c  f a c t o r .  I t  i s  a l s o  u n l i k e l y  
t h a t  t h e  r h y t h m i c i t y  i s  a s s o c i a t e d  w i t h  a d e t e r i o r a t e d  
c o n d i t i o n  o f  t h e  e m b r y o .  When r h y t h m i c  d i s c h a r g e s  a r e  
p r e s e n t  t h e  e m b r y o  r e m a i n s  i n  e x c e l l e n t  c o n d i t i o n ;  w h e r e a s ,  
i f  t h e  r h y t h m i c i t y  b e c o m e s  p o o r l y  d e f i n e d  o r  d i s a p p e a r s ,  
t h e  e m b r y o  d i e s  w i t h i n  a n  h o u r .

I t  i s  c o n c l u d e d  t h a t  a  r h y t h m i c  p a t t e r n  o f  s p o n t a n e o u s  
a c t i v i t y  o c c u r s  i n  NM a n d  NL d u r i n g  e m b r y o n i c  d e v e l o p m e n t  
b u t  n o t  a f t e r  h a t c h i n g .  I t ' s  m ode o f  g e n e r a t i o n  a n d  
f u n c t i o n a l  s i g n i f i c a n c e  f o r  a u d i t o r y  s y s t e m  d e v e l o p m e n t  
r e m a i n  t o  b e  d e t e r m i n e d .  ( T h e  i n i t i a l  o b s e r v a t i o n s  o f  t h i s  
p h e n o m e n o n  w e r e  m ad e w h i l e  t h e  a u t h o r  w a s  i n  t h e  D e p t . o f  
O t o l a r y n g o l o g y  a t  t h e  U n i v .  o f  V i r g i n i a  M e d i c a l  C e n t e r  a n d  
w a s  s u p p o r t e d  by  NIH g r a n t  N S 1 5 4 7 8  a n d  RCDA N S 0 0 3 0 5 t o  E.W 
R u b e l .  Work p r e s e n t l y s u p p o r t e d  by U n i v .  o f  O k l a h o m a  C o l l e g e  
o f  M e d i c i n e  Aw ard  Cl 17750 1  a n d  NIH g r a n t  N S2 0 7 2 4  t o  W. L i p p e . )

3 3 5 . 1 8   PA L M IT A T E  UPTAKE I N  V I S U A L  AND AUDITORY NEURAL PATHWAYS 
A F T E R  U N ILATERAL SENSORY D E P R I V A T I O N .   A . S .  K i m e s .  
J . C .  M i l l e r * .  J.M.  Be l l * ,  and S . I ,  Ra popo r t .  B.C.H.  
B a l t i mo r e ,  MD 21224 and NIA, NIH, Be t hesda ,  MD. 20205.

P a l m i t a t e  upt ake  i s  p r o p o r t i o n a l  to rCMRg l c and blood 
f low in the  awake r e s t i n g  r a t  b r a i n ,  i s  r educed by p e n t o 
b a r b i t a l  a n e s t h e s i a  and not  a f f e c t e d  by i nc r ea s ed  blood 
f low.  The p r e s e n t  s tudy ad d r e s s e s  the e f f e c t s  of u n i 
l a t e r a l  d e p r i v a t i o n  on the p a l mi t a t e  uptake as  measured by 
the method of  Kimes e t  a l . ( Brain Res . 274:291,  1983) on 
the v i s u a l  and a u d i t o r y  sys t ems .  The uptake of ( 14C) pa l mi 
t a t e  i n t o  a s t a b l e  compartment  of the b r a i n  a t  4 h was 
s t u d i e d  in w e l l - f e d ,  ad u l t  ma le ,  Qsborne-Mendel r a t s  which 
were s u b j e c t e d  to one of the f o l l owi ng  t h r e e  t r e a t m e n t s :   
1) U n i l a t e r a l  e n u c l e a t i o n  (n=4) ,  2 ) u n i l a t e r a l  ea r  o c c l u 
s ion  ( n=4) or 3) no t r e a t men t  (n=6) .  Femoral a r t e r i a l  and 
venous c a t h e t e r s  were implant ed under  p e n t o b a r b i t a l  a ne s 
t h e s i a .  Enuc l ea t i on  or oc c l u s i o n  was preformed whi l e  the 
r a t  was ma i n t a i n e d  under  the a n e s t h e s i a .  Rat s  were a l lowed 
4 h to r ecove r  from a n e s t h e s i a ,  f o l l owi ng  which 450 µ Ci /kg 
( 14C) pa l mi t a t e  was i n j e c t e d  i . v . ,  and t imed a r t e r i a l  blood 
s ampl es  were c o l l e c t e d .  At 4 h a f t e r  i n j e c t i o n ,  r a t s  were 
k i l l e d  and b r a i n s  were f r o z e n .  Brain r a d i o a c t i v i t y  was 
de t e r mi ned  in 40 r e g i o n s  i nc l ud i ng  those  which ar e  a s s o 
c i a t e d  w i t h , the v i s u a l  and a u d i t o r y  pathways by q u a n t i t a 
t i v e  a u t o r a d i o g r a p h y .  Plasma r a d i o a c t i v i t y  due to 
( 14C) p a l m i t a t e  was de t e r mi ned  by e x t r a c t i o n  and t h i n  l a ye r  
chr omatogr aphy.  Unes t er  i f i e d  plasma p a l mi t a t e  was d e t e r 
mined by gas  chromatography.  P a l mi t a t e  up t a ke ,  rCMRppalm, 
i n t o  the s t a b l e  b r a i n  was c a l c u l a t e d  from the equa t i on  
rCMRppalm = k Cpl asma,  where Cpl asma = plasma 
c o n c e n t r a t i o n  of p a l mi t a t e  and k,  the t r a n s f e r  c ons t a n t  
f o r  plasma p a l mi t a t e  to b r a i n ,  = C*br a i n /  

∫ O 4h C*pl asma d t , where C*brain = the r e g i ona l  b r a i n  
r a d i o a c t i v i t y  a t  4 h a n d  ∫O4 h C*plasma dt  = i n t e g r a l  
of plasma ( 14C) pa l mi t a t e  between 0 and 4 h.  There were no 
r i g h t  -  l e f t  d i f f e r e n c e s  in rCMRp a l m or k in any b r a i n  
s t r u c t u r e s  i nc l ud i ng  those  nor mal ly  a s s o c i a t e d  wi th  v i s 
ual  and a u d i t o r y  s ens o r y  pathways.  Regional  rCMRppalm' s  
and k ' s  of e i t h e r  t r e a t men t  were not  d i f f e r e n t  from 
c o n t r o l s .  rCMRg l c was measured under  the same 
expe r i ment a l  c o n d i t i o n s  d e s c r i b e d  above and the expec t ed  
dec rement s  in g lucose  u t i l i z a t i o n  were found u n i l a t e r a l l y  
in the a u d i t o r y  and v i s ua l  s t r u c t u r e s .  The p r e s e n t  s tudy 
i n d i c a t e s  t h a t  an acut e  s ens or y  d e p r i v a t i o n  does not  cause 
a de c r e a s e  in p a l mi t a t e  uptake in the neura l  pathways of 
the a f f e c t e d  s ens o r y  syst em.

3 3 5 .19  AChE REACTIVITY IN IMMATURE RAT THALAMUS: DYNAMIC 
PROPERTIES AND ONSET IN RELATION TO MIGRATION.  R.A. 
McGowan* and D.A. K ris tt (SPON: S. F reim ark).  N europath. 
Service, S tanford Univ. School of Med., S tanford, CA 94305.

In view of the  u ltra s tru c tu ra l evidence (K ris tt, D.A., 
N eurosci., 10:923, 1983) suggesting th a t im m ature  non-cholinergic 
VB neurons tran sien tly  synthesize AChE, severa l additional 
questions arise  th a t bear on the  issue of w hether th is  syn thetic  
capab ility  is vestig ia l or functional. F irs t, is AChE re a c tiv ity  
responsive to  ex trinsic  influences, i.e ., can  i t  be a lte re d  by 
experim en tal m anipulation? This question  was investiga ted  using 
pharm acohistochem ical and surgica l s tra teg ie s . It was found th a t 
(i) 18-24 hours following an ti-ch o lin este ra se  (DFP) tre a tm e n t, VB 
neurons in 6 -8  dpn ra ts  a re  equivalent to  u n tre a ted  pups in th e ir  
high levels of reac tiv ity ; (ii) a t  2 hours p o s t- tre a tm e n t AChE is 
a lm ost com pletely  inhibited; and (iii) un ila te ra l v ibrissal pad 
denerva tion  a l te rs  reac tiv ity  in ip s ila te ra l VB. VB on the  side 
c o n tra la te ra l to  th e  lesion—receiv ing  the  trigem inal input from 
the  denerva ted  v ibrissae—is qu ite  typ ica l o f 6-7 dpn VB and shows 
a  norm al d iffe re n tia l in stain ing  betw een  VBm and VB1 w ith VBm 
being less in tensely  s tained  than  VB1. However, an abnorm al focal 
reduction  in stain ing  in tensity  was seen  in th e  a re a  of VBm 
corresponding to  the  vibrissal rep resen ta tio n . There is no evidence 
o f atrophy. In th e  ip s ila te ra l VB, th e  nucleus is uniform ly darkly 
s ta ined  so th a t VBm canno t be distinguished from  VB1. This 
ind icates an  absolu te  increase in AChE reac tiv ity  in ip s ila te ra l 
VBm. Conclusions: l)  The AChE synthesized  by im m ature VB
neurons is dynam ically regu la ted  during th e  period of tra n sien t 
re ac tiv ity ; and 2) th e  vibrissal lesions suggest a  re lationship  
betw een  AChE reac tiv ity  and a f fe re n t input.

A nother question exam ined was how the  tim e course for the 
genesis of VB neurons (15 days post conception , dpc) and m igration  
com pares to  the  tim e of onset of AChE stain ing  in VB neurons. 
AChE positiv ity  has been noted  previously in som e prim itive 
neu roec toderm al ce lls  and neuroblasts during th is  period of 
neurogenesis and subsequent m igration. A ro le  for AChE in the se  
processes has th e re fo re  been postu la ted . Light m icroscopic 
observations suggest th a t a t  16-17 dpc th e  v en tra l tha lam us is 
iden tifiab le  cy toareh itec ton iea lly . This suggests th a t substan tia l 
m igration  o f VB neurons to  th e  ven tro -posterio r a sp ec t of the  
tha lam us is likely to  have occurred  by th is  d a te . No stain ing  can 
be observed un til 18-19 dpc g es ta tio n  (B irth: ca . 21 dpc). It can  be 
te n ta tiv e ly  concluded th a t AChE begins to  be synthesized  in 
su bstan tia l concen tra tions  following the  period of neurogenesis and 
m igration, i.e. in the  early  phases of ce ll d iffe re n ta tio n  and 
connectiv ity  form ation . S u p p o r t :  NSF G ra n t  BNS 8 1 -4 0 8 9 5 .
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135.20  DIFFERENTIATIONA N D  G R O W T H  O F  N E U R O F I L A M E N T  
CONTAINING NEURONES  IN NORMAL RATS AND AFTER INTRAOCULAR TRANSPLANTA
TION.  C. Ayer—Le L ie v r e * ,  D. DahL, A. B ig n a m i, H.  
B jő r k lu n d *  and A. S e i g e r .  D e p t . o f  H i s to lo g y ,  K a r o l in s k a  
I n s t . ,  S to c k h o lm , S -1 0 4 0 1 and S p in a l  Cord I n ju r y  R es . L a b . ,  
W est R oxbury  VAMC and H a rv a rd  Med. S c h o o l,  B o s to n , MA 0 2 1 3 2 .

Im m u n o re a c tiv i ty  to  n e u r o f i l a m e n t  (NF) a n t i s e ru m  f i r s t  
a p p e a r s  in  10 s o m ite s  (10 d a y s )  r a t  em bryos in  th e  v e n tro m e 
d i a l  p a r t  o f  a n t e r i o r  rh o m b e n c e p h a l ic  n e u r a l  tu b e .  N F -p o s i
t i v e  c e l l  b o d ie s  a p p e a r  one day l a t e r  in  th e  p e r i p h e r a l  
n e rv o u s  s y s te m . In  5 mm (11 d a y s )  r a t  e m b ry o s , th e  NF-immu
n o r e a c t i v e  m a t e r i a l  o n ly  form s a r in g  a ro u n d  th e  n u c l e i  o f  
c r a n i a l  s e n s o r y  g a n g l io n i c  n e u ro n e s ,  w h i le  in  th e  c o r r e s p o n 
d in g  c e n t r a l  m o to r a r e a s  o f  th e  n e u r a l  tu b e ,  c e i l  b o d ie s  a re  
f i l l e d  w i th  im m u n o re a c tiv e  m a t e r i a l .  A f t e r  16 d a y s ,  w h i le  
d i f f e r e n t i a t i n g ,  some p e r i p h e r a l  s e n s o r y  n e u ro n e s  become 
lo a d e d  w i th  an e c c e n t r i c  m eshw ork o f  NF. Such n e u ro n e s  a r e  
found in  t r i g e m i n a l ,  p e t r o u s ,  n o d o se  and d o r s a l  r o o t  g an 
g l i a .  In  some au to n o m ic  g a n g l io n  c e l l s  NF m a t e r i a l  form s a 
p e r i n u c l e a r  r i n g .  I n t e n s e l y  r e a c t i v e  f i b r e s  a r e  p r e s e n t  in  
s e n s o r y  g a n g l i a  and n e r v e s ,  in  a u to n o m ic  g a n g l i a  a n d , to  a 
l e s s e r  e x t e n t ,  in  au to n o m ic  n e r v e s .  By th e  end o f  th e  g e s t a 
t i o n  p e r i o d ,  th e  d i s t r i b u t i o n  o f  N F - im m u n o re a c t iv i ty  m im icks 
t h a t  o b s e rv e d  in  a d u l t s .

In  w ho le  m oun ts o f  a d u l t  r a t  i r i d e s ,  a d e n se  p le x u s  o f  
N F - p o s i t i v e  f i b r e s  and p ro m in e n t  b u n d le s  a r e  o b s e rv e d .  T h e se  
f i b r e s  o r i g i n a t e  in  th e  t r i g e m i n a l  g a n g l io n .  When a d u l t  
i r i d e s  a r e  t r a n s p l a n t e d  to  th e  a n t e r i o r  eye cham ber o f  a d u l t  
r e c i p i e n t s ,  t h i s  p le x u s  d i s a p p e a r s  d u r in g  th e  f o l lo w in g  4 
d a y s .  H ow ever, by th e  end o f  t h i s  p e r i o d ,  a few re g ro w in g  
N F - p o s i t i v e  f i b r e s  from  th e  h o s t  i r i s  s t a r t  r e i n n e r v a t i n g  
th e  g r a f t .  T h is  e x t r i n s i c  i n n e r v a t i o n  p r o g r e s s i v e l y  e x te n d s  
i n t o  th e  g r a f t e d  i r i s .  A f t e r  3 .5  m o n th s  th e  d e n s i t y  o f  th e  
n ew ly  form ed p le x u s  i s  s im i l a r  to  t h a t  o f  no rm al i r i d e s  b u t  
i t s  p a t t e r n  i s  d i f f e r e n t ;  th e  N F - p o s i t i v e  f i b r e s  o f  th e  
g r a f t e d  i r i s  a r e  m a in ly  t h in  and r a t h e r  o g a n iz e d  i n to  a n e t 
w ork o f  i n d iv i d u a l  o r  p a i r e d  f i b r e s .

The g ro w th  c a p a c i ty  o f  N F - p o s i t i v e  n e rv e s  from  th e  t r i g e 
m in a l  g a n g l io n  was s tu d i e d  by g r a f t i n g  f e t a l  t r i g e m i n a l  
g a n g l i a  i n to  th e  eye cham ber o f  a d u l t  r a t s .  A d e n se  h a lo  o f  
r a d i a t i n g  f i b r e s  r a p i d l y  form ed a ro u n d  th e  g a n g l io n  i n to  th e  
h o s t  i r i s .  To e l i m in a t e  i n t r i n s i c  f i b r e s  o f  th e  h o s t ,  such  
i r i d e s  and g r a f t  w ere t h e m s e lv e s ' t r a n s p l a n t e d  in to  th e  eye 
cham ber o f  new r e c i p i e n t s  f o r  3 to  4 d a y s .  In  th e s e  c o n d i 
t i o n  N F - p o s i t i v e  f i b r e s  o r i g i n a t i n g  from th e  g a n g l io n  c o u ld  
be o b s e rv e d  in  th e  f i r s t  h o s t  i r i s  a t  lo n g  d i s t a n c e s  from  
th e  g r a f t . S u p p o r te d  by S w ed ish  MRC, F re n ch  CNRS and VA.

335. 21  POLYSENSORY EVOKED POTENTIALS IN VISUAL AND PREFRONTAL AREAS 
IN THE DEVELOPING RAT IN RELATION TO BEHAVIORAL STATES. 
 G uenther H .Rose* and M ajid M irm iran*,   D ep t. o f  P sycho logy , 
Boudoin C o lle g e , B runsw ick , Maine 04011 (U .S .A .) , and N eth
e r la n d s  I n s t i t u t e  f o r  B ra in  R esea rch , Amsterdam 1095 KN 
(The N e th e rlan d s )  (SPON:ENA).

The in f lu e n c e  o f  m o d a lity  o f s t im u la t io n  (15 y sec  f l a s h ;  
10 ms, 1 0 0 0 - 6000 Hz to n e ) ,  re c o rd in g  s i t e s  ( c o r t i c a l  a re a s  
17 and 8 ) , and b e h a v io ra l s t a t e  (w ak e fu ln e ss , q u ie t  s le e p ,  
and a c t iv e  s le e p )  a s s e s se d  by EEG and EMG re c o rd in g s ,  on th e  
o c c u rre n c e , wave form , and la te n c y  o f  c o r t i c a l  evoked p o te n 
t i a l s ,  w ere a s s e s se d  in  im mature (10-20 days o f  a g e ) , ju v e n 
i l e  (25-30 days o f  a g e ) , and a d u l t  r a t s .  B eg inn ing  w ith  a 
long  la te n c y  (150-160 ms) n e g a tiv e  monopolar re sp o n se  to  
f l a s h  in  a re a  17 a t  10 days o f  age , a c h a r a c t e r i s t i c  s e 
quence o f  waveform, am p litu d e  and la te n c y  changes o c c u rre d  
as a fu n c t io n  o f  age and b e h a v io ra l  s t a t e ,  w ith  a m a tu re 
l i k e  waveform ra p id ly  ach iev ed  by 1 6 - 1 8  days o f  l i f e ;  
la te n c y  c o n tin u ed  to  d e c re a se  u n t i l  day 28. R esponses to  
to n e  in  a re a  17, as w e ll as to  l i g h t  and to n e  in  a re a  8, 
which a ls o  began a t  10 days o f  age , ten d ed  to  be more v a r 
ia b le  and w ere u s u a l ly  o f  la r g e r  la te n c y  (5 -  10 ms) .

The am p litude  o f  th e  c o r t i c a l  evoked re sp o n se  was h ig h e s t  
and th e  la te n c y  was s h o r te s t  d u rin g  a l e r t  and drowsy s t a t e s  
o f  th e  w ak e fu ln e ss . Upon t r a n s i t i o n  to  q u ie t  s le e p  th e  
la te n c y  o f  re sp o n se  was in c re a s e d ,  w h ile  d u rin g  REM-sleep i t  
was id e n t i c a l  to  t h a t  in  an a l e r t  s t a t e .

335. 22  SURGICALLY DISPLACED n V I I I  AND n V II FOLLOW NORMAL CNS  
PATHWAYS TO AN IDENTIFIED TARGET NEURON.  W .S. D av id  a n d  
P .G . M o d e l.  D e p t .  N e u r o s c i . ,  A l b e r t  E i n s t e i n  C o l l .M e d . ,    
B ro n x , NY 10461

T h e re  i s  a  p r e c i s e  o r d e r i n g  o f  s y n a p t i c  c o n n e c t io n s  i n  
t h e  v e r t e b r a t e  CNS. I n  t h e  a m p h ib ia n  M au th n er c e l l  ( M - c e l l )  
s y s te m , th e  v e s t i b u l a r  ( n V I I I )  an d  l a t e r a l  l i n e  (n V II)  
n e r v e s  fo rm  m a jo r  s o u r c e s  o f  s e n s o r y  i n p u t  t o  th e  i p s i 
l a t e r a l  M - c e l l .  I n  t h e  a x o l o t l  (Ambysto m a  m ex icanum ) , n V I I I  
s y n a p s e s  a r e  r e s t r i c t e d  to  t h e  v e n t r a l  s u r f a c e  and b r a n c h e s  
o f  th e  M - c e l l ' s  l a t e r a l  d e n d r i t e  and  n V II t e r m in a l s  a r e  co n 
f in e d  to  th e  d e n d r i t e ' s  d o r s o l a t e r a l  b r a n c h e s .  P r e v io u s  s t u 
d i e s  h a v e  shown t h a t  d i s p la c e m e n t  o f  t h e  d e v e lo p in g  e a r  and 
a s s o c i a t e d  n V I I I  an d  n V II g a n g l i a  a lo n g  th e  a n t e r o p o s t e r i o r  
a x i s ,  p r i o r  t o  n e rv e  o u tg ro w th ,  d o e s  n o t  a l t e r  t h e  s u b s e 
q u e n t  p a t t e r n i n g  o f  c o n n e c t io n s  on th e  M -c e l l  (D av id  and 
M o d e l,  1 9 8 2 ,  A n a t . R e c . ,  2 0 2 ; 4 1 a ;  D av id  and  M o d e l, 1 9 8 2 , 
S o c . N e u r o s c i .  A b s t r .   8:4 3 6 ) .  The p r e s e n t  s tu d y  d e f i n e s  
t h e  p a th w a y s  o f  t h e  e c t o p i c  n e r v e s .

H o r s e r a d i s h  p e r o x id a s e  (H R P )-l a b e l i n g  o f  a  c o n t r o l  n V I I I  
i n  a  21mm f e e d i n g  l a r v a  r e v e a l e d  a  d i s c r e t e  r o s t r o c a u d a l l y  
o r i e n t e d  t r a c t  l o c a t e d  i n  t h e  v e n t r o l a t e r a l  w h i te  m a t t e r .  
L a b e l in g  o f  a  c o n t r o l  n V II  d e m o n s t r a te d  t h r e e  a n t e r o 
p o s t e r i o r  r u n n in g  t r a c t s  i n  t h e  d o r s o l a t e r a l  n e u r o p i l .  The 
l o c a t i o n  o f  t h e s e  n V I I I  a n d  n V II t r a c t s  was s i m i l a r  t o  t h a t  
d e s c r i b e d  by H e r r ic k  (1 9 1 4 , J .C o m p .N e u r . 2 0 3 : 3 4 3 ) .  P r o 
s p e c t i v e  e a r  an d  a s s o c i a t e d  n V I I I  an d  n V II g a n g l i a  w e re  
u n i l a t e r a l l y  t r a n s p l a n t e d  r o s t r a l  o r  c a u d a l  to  t h e i r  u s u a l  
p o s i t i o n  i n  th e  em b ry o . The d i s p l a c e d  n V I I I  an d  n V II w e re  
l a b e l e d  w i th  HRP when th e  a n im a ls  h ad  r e a c h e d  21mm l a r v a l  
s t a g e s .  LM a n a l y s i s  r e v e a l e d  t r a n s p l a n t e d  e a r s  and  i p s i 
l a t e r a l  M - c e l l s  to  b e  o f  r e l a t i v e l y  n o rm a l m o rp h o lo g y . 
L a b e l l e d  n V I I I  and  n V II f i b e r s  w ere  o b s e rv e d  to  e n t e r  th e  
b r a i n  a t  e c to p i c  s i t e s .  T h e se  a x o n s  c o u r s e d  i n  t r a c t s  
i n d i s t i n g u i s h a b l e  from  th o s e  o f  t h e  c o n t r o l s .  H R P - f i l l e d  
t e r m in a l s  on th e  M -c e l l  c o u ld  b e  v i s u a l i z e d  i n  t h e  LM and EM: 
l a b e l l e d  s y n a p s e s  w e re  c o n f in e d  to  t h e  u s u a l  n V I I I  and  n V II 
t e r m in a t io n  z o n e s .  T h u s , d i s p l a c e d  n V I I I  an d  n V II a x o n s  
e n t e r  t h e  b r a i n  a t  e c t o p i c  l o c a t i o n s ,  c o u r s e  r o s t r o c a u d a l l y  
i n  c h a r a c t e r i s t i c  p a th s  an d  s y n a p s e  on th e  a p p r o p r i a t e  t a r g e t  
r e g i o n s  o f  t h e  i p s i l a t e r a l  M - c e l l .  Axon g ro w th  p a th s  a r e  
r e s t r i c t e d  an d  may o r g a n iz e  c o n n e c t i v i t y  p a t t e r n s  by  l i m i t 
in g  t h e  a c c e s s  o f  a f f e r e n t s  to  p a r t i c u l a r  t a r g e t s .
(S u p p o r te d  by NIH g r a n t s  5T32GM7288 and  N S -18823)
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336.1  BLOOD-BRAIN BARRIER (BBB) CHANGES AFTER SYSTEMIC INJECTION 
OF ALUMINUM.  Y. S. Kim*, M. H. Lee and H. M. Wisniewski* 
(SPON: G. Wen).  New York S ta te  O ffice  of Mental R etardation  
and Developmental D is a b i l i t ie s ,  I n s t i tu te  fo r Basic Research 
in  Developmental D is a b i l i t i e s ,  S ta ten  Is la n d , NY 10314.

Aluminum in  the  b ra in s  of experim ental anim als and in  
humans w ith d ia ly s is  dementia appears to  im pair cogn itive  
fu n c tio n s . I t s  ro le  in  the  pathogenesis of dementia i s  not 
yet understood. Recently i t  has been shown by Banks and 
K astin  (Lancet i i : 1227-1229, 1983) th a t  aluminum increased  
the  perm eab ility  of the  BBB of r a t s  to  small p ep tid e s . The 
purpose of our experim ents was to  determ ine whether the BBB 
a lso  shows perm eab ility  changes to  the standard  t r a c e r ,
C14-su c ro se , in  response to  aluminum.

Three groups of a d u lt male Sprague-Dawley r a t s  were 
given an i . p .  in je c tio n  of 100 mg/kg of aluminum ch lo rid e , 
aluminum la c ta te  ( in  a volume of 2 ml) or phy sio lo g ica l 
s a l in e .  Two hours l a t e r ,  0 .5  ml of s a lin e  con ta in ing  5 AiCi 
of C14-su c ro se  was in je c te d  in to  the  l e f t  femoral ve in . 
Plasma ra d io a c t iv i ty  was measured u n t i l  the anim als were 
d ecap ita ted  10 min a f te r  the tra c e r  in je c t io n , a t  which 
time b ra in  ra d io a c t iv i ty  was measured in  5 d if f e r e n t  brain  
reg io n s . The cereb rovascu lar perm eability  and su rface  area 
(PA) were ca lcu la te d  by dual compartment model (plasma 
b ra in ) of Rapoport e t  a l .  ( Brain Res. , 150: 653-657, 1978). 
As can be seen in  the ta b le  below, the PA fo r C14-sucrose  
were s ig n if ic a n t ly  e levated  in  a l l  brain  reg ions of the 
aluminum anim als compared to  co n tro l an im als. These fin d 
ings in d ic a te  th a t  acu te  exposure to  a high dose of 
aluminum a l t e r s  the  perm eab ility  of BBB in  the r a t .  Whether 
in  chronic aluminum encephalopathy the BBB i s  a lso  a lte re d  
and c o n tr ib u te s  to  the  co g n itiv e  d e fec t i s  cu rre n tly  under 
in v e s t ig a tio n .

PA (sec -1 X 106 ) Mean ±  SEM
Brain region Iso to n ic  

s a lin e  
(n=5)

Aluminum 
ch lo rid e  

(n=6)

Aluminum 
la c ta te  

(n=6)
Cortex 25.4 ± 1.3 71.9 ±  6.0* 73.5 ±  4.6*
Diencephalon 31.7 ± 3.1 62.9 ± 4.5* 75.3 ± 6.4*
Mesencephalon 38.9 ± 4.4 70.4 ±  6.0* 76.7 ±  7.5*
Cerebellum 25.2 ±  3.4 72.6 ±  6.2* 71.7 + 5.6*
Medulla 37.8 ±  3.7 73.5 ±  6.6* 81.1 ± 7.1*

* P<.01 by Newman-Keul's m u ltip le  comparison t e s t s .

336.3  NON-EQUILIBRIUM KINETICS OF IODIDE, THYROTROPIN
RELEASING HORMONE (TRH), AND ALBUMIN UPTAKE INTO 
MOUSE SPINAL CORD FOLLOWING INTRAPERTTONEAL 
INJECTION.  B.R. Brooks, E. P re is te r* , and D. Sandm ire*. 
 N eurology D ep t., U niversity  of Wisconsin M edical School and W.S. 
M iddleton VA H ospital, Madison, WI 53792.

Drug delivery  in to  the  brain  has been well studied  in an a t te m p t 
to  define th e  blood-brain b a rrie r , but the  spinal cord is a re la tiv e  
" te r ra  incognita" w ith re sp ec t to  a  num ber of drugs in genera l and 
T hyro trop in -R eleasing  H orm one (TRH) in p a r ticu la r. We studied  
the  k ine tic s  of up take  following in trap erito n ea l in jection  of 
N al125 , I125 -TRH , and I 125 -bovine serum  album in (BSA) in to  the  
p eriphera l blood com partm en t, brain, c e rv ica l and lum bar spinal 
cord o f NIH:N m ale m ice a t  fixed in tervals  up to  60 m inutes. F irs t 
o rder r a te s  of en try  in to  the  peripheral blood com partm en t a t  one 
m inute w ere 13.2% (I), 0.4% (TRH), 0.8% (BSA) of the  adm in iste red  
dose. P eak  blood levels  a t  10 m inutes w ere 61.4% (I), 3.9% (TRH), 
and 28.7% (BSA).

Tissue Uptake a t  1 Minute
% A dm inistered  Dose/M g Wet W eight Tissue (x 10-5 ) 

Mean (Std. Dev.)

Spinal Cord Brain
Lumbar Cervical

BSA 1200 (1100) 80(40) 8 (2)
TRH 470 (350) 30 (10) 10 (1)
I 2040 (90) 240 (90) 40(10)

U ptake in to  th e  brain of the  vascu lar m arker (BSA) was equ ivalen t 
to  the up take  of TRH bu t one f if th  th a t of I. The vascular m arker 
(BSA) up take  was 10 fold higher in the  ce rv ica l spinal cord and 100 
fold higher in th e  lum bar sp inal cord  than  in the  brain. I125  up take 
in to  th e  ce rv ica l sp inal cord was 3 tim es th a t of the  vascular 
m arker, and in to  the  lum bar spinal cord was nearly  2 tim es th a t of 
th e  vascu lar m arker. TRH up take , how ever, was decreased  by 61% 
and 62% in th e  ce rv ica l and lum bar spinal cord com pared to  th a t of 
the  vascu lar m arker. This d ecrease  was p roportional to  the  degra
dation  ra te  o f TRH (77.4 ± 10.7% /m in) following intravenous 
adm in is tra tion . H ow ever, seven tim es m ore TRH is p resen t in th e  
lum bar spinal cord  following in trap erito n ea l in jection  than  in tra 
venous in jection  and c o rre la te d  w ith specific  TRH re la ted  changes 
in cyc lic  nucleo tides which we have dem onstra ted  in the lum bar 
sp inal cord  of m ice. (Supported by g ran ts  from  ALSSOA and MDA.)

336.2  CEREBRAL EDEMA REDUCED BY GMl GANGLIOSIDE TREATMENT.
S .E . K a r p i a k  an d  S .P .  M ahadik.  D iv . o f N eu ro sc ien c e , NYS 
P s y c h i a t r i c  I n s t .  & the  D ep ts . P sy c h ia try  & B io c h em istry , 
C o ll . o f Phys. & S u rg ., Columbia U ., New Y ork, N.Y. 10032.

S e v e r a l  s t u d i e s  have dem onstra ted  th a t  GMl g a n g l io s id e  
a d m i n i s t r a t i o n  f a c i l i t a t e s  CNS reco v e ry  a f t e r  in ju r y .  One 
h y p o th e s i s  i s  th a t  GMl f a c i l i t a t e s  n eu ro n a l re g e n e ra t io n  in  
r e s p o n s e  to  in ju r y .  F a c i l i t a t e d  n e rv e  re g e n e ra t io n  has been 
e s t a b l i s h e d  m o rp h o lo g ic a lly  in  th e  PNS [1] bu t n o t in  th e  
CNS. O ur s t u d i e s  s u g g e s t  a l t e r n a t i v e  h y p o th e se s . We have 
show n th a t  GMl f a c i l i t a t e s  fu n c t io n a l  reco v e ry  a f t e r  an en
t o r h i n a l  l e s i o n  in  r a t  [ 2 ] . We a l s o  found th a t  a t  24hrs 
p o s t - l e s i o n  in  r a t s  t r e a te d  w ith  GMl m o r t a l i ty  r a t e  and th e  
b e h a v io r a l  d e f i c i t  w ere reduced . These e f f e c t s ,  seen w ith in  
t h e  tim e span of 2 4 h rs , could n o t be ex p la in ed  by in c re a s e d  
n e u r o n a l  s p ro u tin g . We p o s tu t l a te d  th a t  th e  f a c i l i t a t e d  r e 
c o v e ry  m ig h t  r e s u l t  fro m  d ec re a sed  t i s s u e  damage a t  the  
t im e  o f  i n j u r y .  I f  th e  damage ( c e l l  lo s s ,  f i b e r  d e g e n e ra 
t i o n )  was l im ite d  (red u ce d ) by GMl, then  th e  b e h a v io ra l d e f 
i c i t  w o u ld  be r e d u c e d  and th e  long term  reco v e ry  would be 
g r e a t e r  th a n  in  c o n t r o l s '.  Does GMl g a n g l io s id e  reduce  the  
e x te n t o f CNS damage o c c u rr in g  a f t e r  b ra in  traum a?

To e x a m in e  th i s  we a s se s se d  w hether GMl a f f e c t s  le v e ls  
o f  edema a f t e r  traum a. R ats w ere p r e t r e a te d  fo r  2 days w ith  
GMl (2 0 m g /k g /  i . m.) .  On day 3 r a t s  ( e th e r  a n e s th e s ia )  were 
l e s i o n e d  by in s e r t in g  a s t e e l  rod (3.5mm diam) in to  one ce
r e b r a l  hem isphere (bregma=O:AP-4mm;  L4mm; H5mm) and w ere g iv 
en a f i n a l  in j e c t io n  of GMl. On day 4 le v e ls  o f edema were 
m e a s u re d  in  1 ) th e  le s io n e d  hem isphere ; 2 ) a t i s s u e  punch 
w h ic h  c i r c u m s c r ib e d  the  le s io n  a rea  and 3) in  h em isp h e ric  
t i s s u e  w h ic h  e x c lu d ed  th e  le s io n  a re a  (p u n ch ). T issu e  wet 
w e ig h t  an d  d r y  w eight was used to  d e te rm in e  th e  le v e ls  of 
edem a ( Z w a t e r ) .  With GMl tr e a tm e n t, th e r e  was a re d u c t io n  
in  edem a a s  s e e n  e i t h e r  in  th e  e n t i r e  in ju re d  hem isphere 
(23% : p < 0 .0 5 )  o r  in  locus  of in ju ry  (33%: p < 0 .0 1 ) . No e f 
f e c t  was seen o u ts id e  th e  in ju re d  a r e a .  S ince exogenous gan
g l io s id e s  can sp o n tan eo u sly  " in s e r t "  in to  membranes, we pos
t u l a t e  t h a t  GMl may be a l t e r i n g  membrane p ro c e s s e s  ( l i p i d  
h y d r o l y s i s ;  p h o sp h o lip a se  a c t iv a t io n ;  le v e ls  & membrane a c 
t i o n  o f a ra c h id o n ic  a c id ;  io n ic  perm ea tio n ) a s s o c ia te d  w ith  
e d e m a . S t u d i e s  of e f f e c t s  on th e se  membrane p ro c e s s e s  may 
r e v e a l  w h ic h  membrane ev en ts  a re  th e  common mechanisms un
d e r l y i n g  t h e  m u l t ip l e  e f f e c t s  of g a n g l io s id e  a d m i n i s t r a 
t i o n .
1. G o rio  e t  a l . ,  N e u r o s c i .  8 :4 1 7 (1 9 8 3 ).
2. K a rp iak , Exp. N eu ro l. 81 :33 0 (1 9 8 3 ).

336.4  KINETICS OF NEUTRAL AMINO ACID TRANSPORT ACROSS BLOOD-BRAIN 
BARRIER IN AWAKE RATS  L .M il le r - ,  L . Braun—, W. P a rd r id g e  and W 
O ld en d o rf (SPON:A.Yuwiler).  Research S erv ice, Brentwood H osp ita l, 
Veterans Ackninistration and Depts o f N eurology and M edicine UCLA 
School o f  Medicine, Los Angeles, CA. 90073.

Penetration of the blood-brain b a rrie r  (BBB) by amino acids 
(AA) has been shown to be mediated by carrier systems localized on 
capillary endothelium. These c a rr ie r  systems were subsequently 
characterized by their ability  to transport a particular class of 
amino acids, ie neutral, basic or ac id ic , respectively . Because 
amino acid av a ila b ility  to the brain depends on transport from 
blood via membrane bound carriers i t  is  of in te re s t to  determine 
the kinetic  characteristics of the transport process. In the past 
th e  k i n e t i c  c o n s ta n ts  h av e  been  d e te rm in e d  u s in g  
pentobarbital-anesthesized animals. However, i t  has already been 
shown that anesthesia will alter not only blood flow but also the 
ra te  of glucose transport and utilization. Therefore the present 
investigation was undertaken to estimate k inetic  constants using 
awake and lig h tly  restrained  animals. Our experimental procedure 
involved anesthetizing the animals with ketamine (150mg/kg, i .m .) , 
exposing the external carotid and inserting a 12cm length of PE-10 
tubing filled  with heparin. The cannula was externalized through 
the back of the neck and animals were allowed to recover overnight 
in separate chambers. On the following day the animals were 
injected through the cannula with a 200ul  bolus of HEPES-buffered 
Ringers so lu tio n , pH 7 .5 , containing (C1 4 )AA and (H3) w ater 
reference. The animals were sacrificed within 5 sec. With each AA 
8-9 different concentrations were used from 5uM up to  4mM. Our 
results for the cortex were:

Try Tyr Phe Leu Met He His Arg
KM (uM) 50 64 78 85 101 128 140 67
Vmax
r m o l /min/gr)

23 17 27 26 25 33 28 11

Kd x 10-3 
(ml/min/gr)

36 42 20 48 36 36 28 23

These constants were obtained from computer analyses of the data 
po in ts  (each point is  the average of a t le a s t three separate 
observations) by non-linear regression. For most of the AA's 
examined the KM values are sig n ifican tly  lower than published 
values obtained using animals under pentobarbital anesthesia. Also 
the low Km values reported here compared to  previous values 
examining the en tire  forebrain suggest a g re a te r  degree o f 
se n s itiv ity  of the brain to transport competitive effects in the 
physiological range. Present results will be compared with values 
obtained from three other brain regions: hippocampus, caudate and 
thal smus/hypothal anus.
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336.6  MAJOR BLOOD-BRAIN BARRIER PHOSPHO-PROTEINS.  W. Cefalu*,  
J . Yang* and W.M. Pardridge (SPON: S.G. Diamond).  Dept. o f 
Medicine, UCLA School o f Medicine, Los Angeles, CA 90024.

The regulation  o f blood-brain b a r r ie r  perm eability is  
lik e ly  regulated in  p a rt by the phosphorylation of plasma 
menbrane and cytosol p ro teins in  brain  microvessels. In our 
i n i t i a l  attempts to  characterize major BBB phospho-proteins, 
we iso la te d  m icrovessels from r a t  and bovine brain  using a 
mechanical homogenization technique. The microvessels were 
ruptured by hypotonic ly s is  and the cytosol released with 
th is  procedure was co llec ted  and concentrated. The plasma 
membranes were separated from the basement menbranes by son
ica tio n . The plasma membrane frac tio n  was enriched in  a 
gamma glutamyl transpep tidase, a lka line  phosphatase, in su lin  
receptor binding and produced rabb it an tise ra  th a t bound to  
la te r a l  borders o f iso la ted  endothelia l c e l ls . SDS-poly
acrylamide gel e lectrophoresis (PAGE) of the r a t  o r bovine 
BBB plasma membrane frac tio n  showed th a t both species demon
s tra te d  major bands a t  46K, 68K and >200K molecular weight. 
The plasma menbranes were reacted w ith γ- 32P-ATP and incu
bated a t  30°C fo r 5 min. The phospho-proteins formed with 
th is  procedure were separated by SDS-PAGE and were analyzed 
by autoradiography. The major phospho-proteins in  the BBB 
plasma membrane frac tio n  o f e ith e r  r a t  o r bovine brain  were 
doublets a t  55K and 58K and a major phospho-protein of 
>200K. Minor phospho-proteins were also noted with molecu
la r  weights o f 19K, 46K, 72K, and >100K. SDS-PAGE analysis 
o f  the r a t  o r bovine brain  microvessel cytosol revealed 
numerous bands with su b stan tia l q u a lita tiv e  s im ila r itie s  be
tween the two species. Major bands were noted o f molecular 
weight o f 48k and 68k. The 68k p ro tein  was by fa r  the most 
abundant p ro te in  in  the BBB cytosol of e ith e r  species. The 
cytosol p ro teins were labeled with y -32P-ATP a t  30° for 5 
min and were analyzed by SDS-PAGE and autoradiography. At 
le a s t  15 d iffe re n t phospho-proteins were detected in  the 
cytosol of e ith e r  species and the major phospho-prote in  co
migrated with the major p ro te in  seen on the croomasie blue 
gels a t  molecular weight = 48K. The p rincipal cytosol pro
te in  o f molecular weight of 68K seen on the croomasie blue 
gel was not a phospho-protein. In conclusion, these studies 
demonstrate the presence of m ultiple phospho-proteins in  
both the plasma membrane and the cytosol frac tion  o f the 
blood-brain b a r r ie r . The function o f these p ro te in s, in  
p a r tic u la r , the  55K and 58K doublet in  the plasma membrane, 
and the 46K p ro te in  in  the cytosol remain to  be elucidated. 
These stud ies also demonstrate th a t the most abundant pro
te in  in  the BBB cytosol i s  a 68K non-phospho-protein.

336.6  RAPID SEQUESTRATION AND DEGRADATION OF SOMATOSTATIN ANA
LOGUES BY ISOLATED BRAIN CAPILLARIES.  J . Eisenberq*, W.M. 
Pardridge and T. Yamada* (SPON: H. Weiner).  Depts. o f Med
ic in e , UCLA School of Medicine, Los Angeles, CA 90024, and 
Univ. o f Michigan School o f Medicine, Ann Arbor, MI 48109.

The mechanism by which neuropeptides are inactivated  
a f te r  release in to  the i n t e r s t i t i a l  space i s  a t  present un
c lea r. The p o ss ib ility  th a t b ra in  microvessels may play a 
ro le  in  the rapid inactiva tion  o f neuropeptides was inves
tig a ted  in  the present s tud ies. C ap illa ries were iso la ted  
from bovine brain  with a mechanical homogenization tech
nique. 125I-ty r-l-so m ato sta tin  (SRIF) was rapid ly  metabo
lized  a t 23°C by iso la ted  brain  microvessels by aminopep
tidase  with a half-tim e of less than 2 minutes in  the pres
ence o f 1.1 mg cap illa ry  pro tein . The aminopeptidase deg
radation of tyr-l-SRIF was saturable with a KM of 76 µM and 
a Vmax of 7.4 nmol/min/mg protein . Since rapid metabolism 
of tyr-l-SRIF would prevent assessment o f endothelia l uptake 
mechanisms, another analogue of SRIF was used: 125I - ty r - 11-  
SRIF. TYR-11-SRIF was rapid ly  sequestered by microvessels. 
The sequestration process reached equilibrium  by less  than 
5 seconds a t  0°C or 37°C. The sequestration process was 
non-saturable up to  1 µg/ml SRIF and was not inh ib ited  by 
other basic  peptides. The amount of SRIF sequestered by the 
microvessels decreased with time a t  37°c. The decreased 
binding of SRIF to  the microvessels was associated w ith en
hanced formation of iodo-tyrosine as judged by HPLC analysis 
o f the medium and c e ll  ex trac t a t various times of incuba
tion . The rapid sequestration of SRIF by the microvessels 
obtained with a mechanical homogenization technique was also  
observed in  bovine brain  microvessels obtained with a d is 
pase enzymatic homogenization technique which y ields micro
vessels th a t are trypan blue negative. The microvessel 
cytoskeleton remaining a f te r  1% Triton X-100 ex trac tion  also 
rapidly bound 125I- ty r - 11-SRIF and th is  binding was re s is 
ta n t to  alkaline pH. F inally , the rapid sequestration of 
SRIF was spec ific  since microvessels bound very l i t t l e  125I -  
bradykinin, another basic peptide, and bound e sse n tia lly  no 
125 I-CCK8, an acid ic neuropeptide. In conclusion, these 
studies demonstrate th a t seme neuropeptides such as SRIF are 
rapidly sequestered by microvessels and th is  sequestration 
process would appear to  f a c i l i ta te  enzymatic degradation of 
the peptide by brain  cap illa ry  associated proteases. The 
T riton ex traction  experiment suggests the binding process 
represents a peptide in terac tio n  with the endothelia l cyto
skeleton.

336.7  MULTIPLE USES OF THE CAROTID INJECTION TECHNIQUE WITH N-ISO- 
PROPYL-p-(125 I)  IODO AMPHETAMINE (IMP) AS AN INTERNAL REFER
ENCE. G. F ie r e r*  and W.M. P a rd r id g e  (SPON: D.E. Kuh l)
Dept. o f Medicine, UCLA School of Medicine, Los Angeles, CA 
90024.

The id ea l reference fo r the caro tid  a r te ry  in jec tion  
technique i s  a substance th a t i s  100% cleared by brain  from 
blood and i s  a lso  ac tiv e ly  sequestered by b rain  such th a t 
e s se n tia lly  none of the compound effluxes back to  blood dur
ing short experimental time periods. Moreover, the re fe r
ence should be 125I -labeled  so th a t the blood-to -b ra in  
transport o f 3H and 1 4C compounds can be studied simultane
ously. A candidate fo r the idea l 125I reference i s  IMP.  
In the  present s tu d ies , quench correction  curves were f i r s t  
oonputed fo r t r ip le  isotope ( 3H, 14C, 125I) liq u id  s c in t i l 
la tio n  counting. Transport stud ies were performed in  both 
ketamine anesthetized  adu lt r a ts  and in  external caro tid  a r
te ry  ca theterized  conscious r a ts .  Three isotopes, 3H-water,
14C-butanol, and 125I-IMP, were mixed in  a ra t io  of 50/10/2 
µCi/ml in  Ringer-Hepes b u ffer and were rapid ly  in jec ted  in  a 
0.2 ml bolus in  the ca ro tid  a r te ry . Brain uptake indices 
(BUIs) were computed from the 3H /125I and the 14C /125I ra 
t io s  in  b rain  divided by the same ra t io  in  the in jec tio n  so
lu tio n  a t  5, 15, 30, and 60 seconds a f te r  in jec tio n . The In 
of the  BUI fo r water o r butanol increased lin ea rly  with 
time. The blood-to-brain  and the brain-to-blood transport 
o f water and butanol was assessed from the in te rcep t (Emax)
and slope (K), respectively :
condition Emax(HOH) Emax (but) KHOH(min- 1) Kbut(min-1)
ketamine 0.73 0.82 0.90 0.99
conscious_____ 0.55_______0 .8 7 _______0.99_________1.78
The l25I rad io ac tiv ity  in  b rain  was constant over the 60 
second time period fo r both the anesthetized and the con
scious animal. This constancy of the 125I  rad ioactiv ity  
allows fo r computation of blood-brain b a r r ie r  transport k i
ne tics  in  e ith e r  d irec tion  across the b a r r ie r  sinply from 
the BUI ra t io s .  These stud ies demonstrate th a t 125I-IMP may 
be an id ea l reference fo r use in  the caro tid  in jec tio n  tech
nique. These stud ies also  show th a t 14C-butanol i s  not 
free ly  transported  through the blood-brain b a r r ie r  in  e ith e r  
o f the two conditions studied. Therefore, there  i s  a need 
fo r e i th e r  a 3H or 14C oonpound th a t  i s  100% cleared by 
b rain  bu t i s  not sequestered by b ra in  binding systems. With 
such a oonpound, the simultaneous ex trac tion  and blood flew 
can be determined w ith the caro tid  a rte ry  in jec tio n  tech
nique in  indiv idual ra ts  a t  a sing le  time point.

336.8  IONIC HOMEOSTASIS OF THE CHOROID PLEXUS-CSF SYSTEM IN 
GANGLIONECTOMIZED OR ADRENALECTOMIZED RATS STRESSED WITH 
ACIDOSIS.  C. E. Johanson and R.E. H a rb u t* .  Dept . of 
Pharmacology, Uni v. of Utah Sch. Med., Salt Lake Ci t y, UT 
84132.

Acute systemic a c id o s is  causes s u b s ta n t ia l  changes i n 
la teral  v e n t r i c l e  choroid plexus (LVCP) e p i t h e l i a l  c e l l  
content  of K (Increased)  and Na (decreased), and a s l igh t  
reduction In CSF [K]. Such an e f f e c t  has been linked to  an 
elevated t i t e r  of ex tracellu lar  catecholamines consequent to  
Induction of blood acidosis. To t e s t  t h i s  hypothes is ,  we 
Induced acute metabolic acidosis (4.7 mmol/kg NH4CI, IP, 30 
min.) In ket amin ized (100 mg/kg) adult ,  Sprague-Dawley r a ts  
depleted  of catecholamines e i t h e r  lo ca l ly  (by s u p e r io r  
cervical gangllonectomy) or syst emically (by adrenalectomy); 
then ,  the ionic composition of CP t issues and cis ternal CSF 
was a n a ly zed  t o  a s c e r t a i n  d e d u c t i v e l y  th e  r o l e  of 
catecholamines i n the blood-CSF barrier  response to  systemic 
acid-base imbalance.

S u p e r i o r  C e r v i c a l  G ang 11 o n e c t o e y  (SCGx ) .
Both gang l ia  were s u r g ic a l ly  exposed ,  but  on ly  one 

g a n g l io n  was removed; u n i l a t e r a l  p to s i s  confirmed the  
success of the aim to  ablate functionally  the Innervation to  
one LVCP, but not to  the c o n t ra la te ra l  CP. SCGx for 6 days 
did not a l t e r  CSF [K] (3.08 mM) or [Na] (157 mM); nor did it  
a l t e r  the [K] or [NaJ In the CP of ei ther  the denervated or 
I n t a c t  s i d e .  I n j e c t i o n  of NH4Cl t o  Induce metabolic 
acidosis caused a s u b s ta n t ia l  e lev a t io n  in [K]/ [ Na]  in the 
CP t i s s u e s  o f  b o th  l a t e r a l  v e n t r i c l e s .  T h u s ,  
a c i d o s i s - Induced changes in t issue  ion content observed in 
SCGx-LVCP was the same as those in sham SCGx-LVCP.

A d r e n a i e c t o a y  ( ADRx) .
Following b ila tera l  ADRx, the  a d u l t  r a ts  had free access 

to  food and water. One day a f t e r  ADRx, the  animals were 
In jec ted  with e i t h e r  NaCl (co n t ro l )  or NH4Cl for 30 min. 
Bilateral  adrenalectomy did not block the e ffec t  of NH4Cl to  
Increase CP [K]/ [ Na] .

Thus, the r e s u l t s  from both the  " lo c a l"  and "systemic" 
adrenergic ablation experiments Indicate tha t  catecholamines 
probably do not play a major role in the unique a b i l i t y  of 
the CP t o  r e t a in  K i n the face of acute systemic metabolic 
acidosis. Supported by NIH Grant NS 13988.
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136.9 EFFECT OF TREATMENTS WHICH ALTER Na-22 UPTAKE INTO CSF ON 
Na-22 UPTAKE INTO BRAIN REGIONS PROXIMATE OR DISTANT TO THE 
VENTRICLES.  V.A. Murphy* and C.E. Johanson (SPON: A.B. 
But l e r ) .   Dept . of Pharmacology. Univ. of Utah, Salt  Lake 
Ci t y, UT 84132.

Smith, Tal. and Rapoport  (Soc. Neuroscl. , 1983) have 
shown t hat  Ion uptake from plasma Into brain regions d istant  
from the ven tr ic les  i s mostly d irect  from c a p i l l a r y  plasma 
r a t h e r  than  I n d i r e c t  from CSF; regions c lo s e r  t o  the 
ventr ic les  had greater c o n t r ib u t io n  of ion uptake from CSF. 
To determine i f uptake into certain  regions of the bra in  i s 
Influenced predominately by changes i n uptake of Na-22 by 
CSF or by cerebral c a p i l l a r i e s ,  t rea tm ents  which a l t e r  CSF 
uptake of Na-22 were administered t o  nephrect omi ed male 
a d u l t  r a t s .  Then, i sotope uptake i nto cerebra l  cor tex  
( d i s t a n t  from v e n t r i c l e s )  and medulla (near the  fourth  
ventr ic le)  as well as CSF was measured.

Na-22 0.05 mCl/kg was administered IP e i t h e r  0, 12. 24, 
3 6  42 .  or 48 min. a f t e r  t rea tm en t .  HCl or NH4Cl, 4.7 
mmol/kg; acetazol ami de, 25 mg/kg; or amllorlde, 100 mg/kg 
Injected IP were treatments used. Animals were sacrif iced 1 
hr a f te r  drug injection.  Volume of d i s t r i b u t io n  (Vd) was 
dpm/g t i s s u e  (or CSF) over dpm/g plasma H2O × 0.95. Na-22  
uptake was the product of slope and Vd a t  time 0 obtained 
from a p lo t  on a lo g - l in e a r  s c a le  of the  d i f f e r e n c e  of 
s t e a d y - s t a t e  Vd of Na-22 and Na-22 Vd, agains t time. Since 
Na-22 did not reach steady s t a t e  i n 1 hr, stable Na Vd was 
used for th is  value (mmol Na instead of dpm in Vd equation).

Acetazolami de. ami lorlde. and HCl reduced early uptake of 
Na-22 Into CSF by about 30% while NH4Cl reduced uptake by 
12%. Cerebral co r tex  uptake of Na-22 was una l te red  by 
ac e ta z o lamide, lowered 20% with amllorlde or NH4Cl, and 
decreased 30% by HCl . Uptake i nto medulla was depressed 
about 20% by a l l  treatments except HCl which reduced uptake 
by 36%.

Acet a z o i ami de does n o t  a l t e r  c e r e b r a l  c a p i l l a r y  
perm eab i l i ty ;  t h e r e f o r e  up take  i n to  d i s t a n t  r e g io n s  
minimally a f fe c te d  by reduction in CSF uptake is unaltered 
while proximate b ra in  region uptake i s reduced due t o  a 
s ign if ican t  contribution of Na from CSF. Amllorlde which 
slows Na t r a n s p o r t  by i n h ib i t ion  of Na-H exchange reduced 
d is tan t  uptake as well as proximate which suggests some Na 
transport  across cerebral cap i l la r ie s  i s by Na-H exchange. 
Acidosis (NH4Cl or HCl ) resulted In greater e ffec ts  on brain 
u p tak e  than  ex p ec ted  from changes i n CSF uptake which 
Implies t h a t  a c i d o s i s  i s changing  c e r e b r a l  c a p i l l a r y  
perm eabi l i ty  or blood flow. Supported by NIH Grant NS 
13988.

336.10  EVALUATION OF CEREBRAL ENDOTHELIAL V E S IC L E S  BY 
S ER IA L S E C T IO N IN G .  B .L .C o o m b e r  a n d  P . A . S t e w a r t .
D e p t . o f  A n a to m y ,  U n i v e r s i t y  o f  T o r o n t o ,  T o r o n t o ,  
O n t a r i o ,  CANADA. M5S 1 A 8 .

B u l k  t r a s n p o r t  o f  b l o o d - b o u r n e  s u b s t a n c e s  a c 
r o s s  e n d o t h e l i a l  c e l l s  i s  t h o u g h t  t o  o c c u r  v i a  
s h u t t l e i n g  o f  i s o l a t e d  p i n o c y t o t i c  v e s i c l e s ,  b u t  
t h e  r o l e  o f  s u c h  v e s i c l e s  i n  b u l k  t r a n s p o r t  h a s  
r e c e n t l y  b e e n  q u e s t i o n e d .  S e r i a l  s e c t i o n s  o f  
m i c r o v e s s e l  e n d o t h e l i u m  f r o m  s o m a t i c  t i s s u e s  h a s  
s h o w n  t h a t  m o s t  v e s i c l e s  a r e  c o n n e c t e d  t o  t u b u l e s  
o r  o t h e r  v e s i c l e s ,  f o r m i n g  c h a i n s  w i t h i n  t h e  c y t o 
p l a s m .  O u r  s t u d y  a t t e m p t s  t o  e l u c i d a t e  t h e  t h r e e  
d i m e n s i o n a l  a r r a n g e m e n t  o f  p i n o c y t o t i c  v e s i c l e s  
w i t h i n  t h e  e n d o t h e l i u m  o f  c e r e b r a l  m i c r o v e s s e l s .

S e r i a l  s e c t i o n s  o f  m o u s e  c e r e b r a l  c o r t e x  w e r e  
c o l l e c t e d  o n  F o r m v a r  c o a t e d  s l o t  g r i d s .  C o n s i d e r 
a b l e  c a r e  w a s  t a k e n  t o  o b t a i n  v e r y  t h i n  s e c t i o n s ,  
a n d  s e c t i o n  t h i c k n e s s  w a s  e s t i m a t e d  f r o m  i n t e r f e r 
e n c e  c o l o u r s  t o  b e  l e s s  t h a n  3 0  nm ( v e r y  d a r k  
g r e y ) . G r i d s  w e r e  e x a m i n e d  w i t h  TEM a n d  s u i t a b l e  
a r e a s  o f  m i c r o v e s s e l s  w e r e  p h o t o g r a p h e d .  A c e t a t e  
t r a c i n g s  f r o m  s u b s e q u e n t  m i c r o g r a p h s  w e r e  u s e d  t o  
f o l l o w  v e s i c u l a r  s t r u c t u r e s  t h r o u g h  a d j a c e n t  
s e c t i o n s .

A l t h o u g h  a l m o s t  a l l  v e s i c l e s  e x a m i n e d  a p p e a r e d  
a s  i s o l a t e d  s t r u c t u r e s  i n  t h e  e n d o t h e l i a l  c y t o 
p l a s m  w h e n  a  s i n g l e  s e c t i o n  w a s  e x a m i n e d ,  t h e  
m a j o r i t y  o f  th e m  w e r e  a c t u a l l y  c o n n e c t e d  t o  o t h e r  
v e s i c l e s ,  t o  g o l g i ,  o r  t o  E R - l i k e  t u b u l e  c o m p l e x e s .  
A f t e r  e x a m i n g  a d j a c e n t  s e c t i o n s ,  we e s t i m a t e  t h a t  
o n l y  o n e  t h i r d  o f  a l l  v e s i c l e s  a r e  " f r e e "  i n  t h e  
c y t o p l a s m .  F u r t h e r m o r e ,  o u r  s e c t i o n s  m ay  h a v e  
b e e n  t o o  t h i c k  t o  d e t e c t  s t r i c t u r e s  b e t w e e n  so m e  
f u s e d  v e s i c l e s ,  s o  t h e  a c t u a l  n u m b e r  o f  i s o l a t e d  
v e s i c l e s  m ay  b e  e v e n  l o w e r  t h a n  t h i s .  C o m p le x  
c l u s t e r s  o f  v e s i c l e s ,  a s  d e s c r i b e d  i n  e n d o t h e l i u m  
f r o m  o t h e r  t i s s u e s ,  w e r e  a l s o  n o t  s e e n  i n  o u r  
s t u d y .  T h e  r e s u l t s  s u g g e s t  t h a t  t h e  n u m b e r  o f  i s o 
l a t e d  p i n o c y t o t i c  v e s i c l e s  o b s e r v e d  i n  c e r e b r a l  
m i c r o v a s c u l a t u r e  e n d o t h e l i u m  m ay  b e  a r t i f a c t u a l l y  
h i g h  i f  o n l y  s i n g l e  s e c t i o n s  a r e  e x a m i n e d .

P e r s o n a l  s u p p o r t  t o  BLC f r o m  C a n a d i a n  H e a r t  
F o u n d a t  i o n .
F u n d e d  b y  t h e  MRC o f  C a n a d a .

336.11  Morphometry of Mitochondria and Endothelial Cells in Brain 
Capillaries Following Alterations in terim  [K+] l e v e l s  (SPON: H.E. 
Hirsch)  .W.H. Oldendorf, L.A. Paul*, J . Eifert*.  Brentwood VA Hosp. 
and Department of Neurology, UCLA School of Medicine, Los Angeles, CA 
90073.

The blood-brain barrier (EEB) is the result of several properties 
of the capillary endothelial ce ll. How do these cells maintain a 
stable brain extracellular (EC) milieu in the face of dramatic 
fluctuations in levels of circulating ions? Brain EC [K+] remains 
constant during wide variations in the plasma-brain [K+] gradient. 
Since th is gradient is  across the brain capillary endothelial cel l ,  
high serum [K+] is hypothesized to  increase pumping by the BBB to 
maintain normal EC levels. This changing metabolic work could be 
reflected in endothelial c e ll  morphology, p a rticu la rly  in 
mitochondria which have been shown to be 3-4 times mere numerous in 
brain capillary endothelial cells than in other capillary endothelial 
cells.

We  measured several morphologic parameters of train  capillary 
endothelial cells in white mal e New Zealand rabbits following dietary 
manipulation of their serum [K+] levels for 3 weeks. Four groups, 
based on serum [K+] levels read approximately twice weekly, were 
formed: Deficient, Low, Normal, aid High. Following the final day's 
weight and blood samples, rabbits were anesthetized aid perfused for  
transmission electron microscopy. This abstract reports on data from 
sensory motor cortex.

Capillaries were identified and photographed according to 
predetermined criteria and planimetric measurements were made with a 
rolling disk planimeter. Variables included number and area of 
mitochondria, areas of capillary lumen aid capillary diameter, area 
of endothelial cell, and proportion of endothelial cell taken up by 
mitochondria. All data were analyzed using a one-way Analysis of 
Variance pregran (BDM7D).

No differences appeared among Deficient, Low, Normal, or High 
groups in Diameter of Endothelial Cell, Diameter of Lumen, Number of 
Mitochondria per Photograph, or Proportion of Endothelial Cell Area 
Occupied by Mitochondria. The groups did differ, however, in Area of 
Endothelial Cell (p<0.01), with the size of the cell consistently 
decreasing as serum potassium increased.

Lack of antic ipated  differences in mitochondrial number or 
proportional area indicates either that pumping K+ occupies a miner 
fraction of c e ll  energy, or th a t our measurements are not 
sufficiently sensitive indicators of metabolic workload in this case. 
I t  is  also possible that plasticity in train capillaries is expressed 
by alterations in cell size, rather than in mitochondrial parameters. 
Che effect of smaller endothelial cells and constant mitochondrial 
size could be that concentrations of ATP within the c e ll  are 
increased.

336. 12  PERMEABILITY AND MORPHOLOGICAL CHANGES IN THE ENDONEURIAL 
VASCULATURE OF THE FROG SCIATIC NERVE DURING WALLERIAN 
DEGENERATION.  C .H .Latker*, A. W eerasuriya*, D.M. 
Jenkins* and S . I .  Rapoport. ( Spon: N.L. Shinowara) Lab. 
of N eurosciences, National I n s t i tu te s  on Aging, NIH, 
Bethesda, Maryland 20205.

During W alleri an degeneration an i ncrease i n 
perm eability  o f the  blood-nerve b a r r ie r  (BNB) to  Evans 
Blue albumin occurs a t  the s i t e  of the  le s io n . We 
in v e stig a ted  the  pe rm eability  and morphology of the  
endoneuri al c a p i l la r ie s  of the tra n sec te d  and 
c o n tra la te ra l  s c ia t ic  nerve o f ad u lt Rana p ip ie n s . The 
proximal stump a t  the s i t e  of tra n s ec tio n  was t ie d  to  
exclude regenerating  f ib e rs  from p e n e tra tin g  the  d is ta l  
segment. The p e rm eab ilitie s  of 14C sucrose and 
horserad ish  peroxidase (HRP) were assessed  a t  3 days to  6 
weeks a f te r  tra n s e c tio n . In the  tra n sec te d  nerve 
c a p i l la ry  perm eability  to  14C sucrose s ta r te d  to  
increase  a t  1 week and showed a 4 to  6 fo ld  in c rease  by 3 
weeks. In the  c o n tra la te ra l  nerve, an inc rease  of a t  most 
50% was seen during the  corresponding tim e p e rio d s . 
A dditional animals were in je c ted  w ith HRP, the  nerves were 
removed and processed by standard  h istochem ical methods.  
In the degenerating  segment of nerves le s io n ed , 1 and 3 
weeks e a r l i e r ,  HRP reac tio n  product (HRP-RP) f i l l e d  the  
endoneurial space. In the  corresponding c o n tra la te r a l  
nerve, HRP-RP was d e tected  only in the  p e riv a sc u la r a re a . 
Tracer was d e tected  on both the  luminal and ablumi nal 
su rfaces  of the  en d o th e lia l c e l l s ,  f i l l i n g  the  su rface  
caveolae and v e s ic u la r  p ro f i le s  w ith in  th e  c e l l s ,  and the  
in te re n d o th e lia l space. In nerves from con tro l anim als 
HRP-RP was confined to  the lumen of the  endoneurlal blood 
v e sse ls . Because the  above changes began to  appear only 
about a week a f te r  the  tra n sec tio n  i t  i s  suggested th a t  
they were re la te d  to  the degenerative  changes in  the  nerve 
and not to  the  trauma a sso c ia ted  with the  tra n s e c tio n . 
These find ing  suggest th a t  w ith in  the  endoneurial space 
vascu lar in te g r i ty  i s  dependent on in ta c t  neural 
components.
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336.13  BOVINE BRAIN CAPILLARY ENDOTHELIAL CELLS IN PRIMARY CULTURE: 
EXPRESSION OF MEMBRANE POLARITY AND γ -GLOTAMYL TRANSPEPTI
DASE ACTIVITY.  J .  Yang* and W.M. P a rd r id g e  (SPCN: D .S. 
M axw ell).  D ep t. o f  M edic ine , UCLA S choo l o f  M ed ic ine , Los 
A ng e le s, CA 90024.

B ra in  c a p i l l a r y  e n d o th e l ia  e x p re s s  u n ique  b io c h e m ic a l and 
m orpho log ic  c h a r a c t e r i s t i c s  s im i l a r  t o  p o la r iz e d  t r a n s p o r t 
in g  e p i t h e l i a l  sy s tem s . Two c h a r a c t e r i s t i c s  o f  t r a n s p o r t 
in g  p o la r iz e d  b a r r i e r  sy stem s a r e  th e  e x p re s s io n  o f  γ- g lu -  
tam yl t r a n s p e p t id a s e  (γ-GTP) and th e  asym m etric  d i s t r i b u 
t i o n  o f  s u r f a c e  a n t ig e n s  t o  a p i c a l  and b a s o l a t e r a l  mem
b ra n e s .  T hese two p r o p e r t i e s  w ere a s s e s s e d  in  b o v in e  c a p i l 
l a r y  e n d o th e l i a l  c e l l s  grown i n  p rim ary  t i s s u e  c u l tu r e  u s 
in g  th e  m ethod o f  Bowman e t  a l  (Ann. N eu ro l. 13, 396, 1983). 
In  t h i s  m ethod, m ic ro v e s s e ls  w ere o b ta in e d  from  bov in e  
b r a i n  hom ogenized w ith  a  3 h o u r t r e a tm e n t  o f  d i s p a s e / c o l 
ag e n a se , fo llo w e d  by  d e x tra n  c e n t r i f u g a t io n .  The m icro 
v e s s e l s  w ere co n v e rte d  i n to  an e n r ic h e d  e n d o th e l i a l  c e l l  
p o p u la t io n  by  an  o v e rn ig h t  co l la g e n a s e  (0.1% , 37°C) d ig e s 
t i o n ,  fo llo w e d  by  p e r o o l l  d e n s i ty  g r a d i e n t  c e n t r i f u g a t io n .  
The c e l l s  m ig ra t in g  a s  a  s in g le  band  on th e  p e r c o l l  g r a d i 
e n t  w ere c y to sp u n  o n to  g la s s  s l i d e s  and w ere a n a ly z e d  f o r  
γ -GTP a c t i v i t y  u s in g  a  h is to c h e m ic a l  te c h n iq u e  t h a t  u t i l i 
ze s  γ -g lu ta iry 1-4 -m e th o x y -2 -n ap th y lam id e  a s  s u b s t r a t e .  T h is  
c e l l  p o p u la tio n  was shewn to  be  more th a n  90% p o s i t i v e  fo r  
γ -GTP a c t i v i t y .  The e n d o th e l i a l  c e l l s  w ere p la te d  o n to  
c o l la g e n - co a te d  p e t r i  d is h e s  and w ere grown in  p rim ary  t i s 
sue  c u l tu r e  f o r  10-14 d ay s . The le v e l  o f  γ -GTP a c t i v i t y  in  
th e  c u l tu r e d  e n d o th e l i a l  c e l l s  was comp a r a b le  to  th e  a c t i 
v i t y  seen  in  r a t  C6 g liom a c e l l  l i n e  c u l tu r e s  w hich  a r e  
known t o  be p o s i t i v e  f o r  th e  enzyme. Asym m etric l o c a l i z a 
t i o n  o f  s u r f a c e  a n t ig e n s  t o  th e  l a t e r a l  c e l l  membrane o f  
th e  b r a in  e n d o th e l i a l  c e l l s  in  c u l tu r e  was shown u s in g  a  
r a b b i t  a n t i s e r a  p re p a re d  a g a in s t  b o v in e  b r a in  c a p i l l a r y  
p lasm a membranes i n  an  a v id in /b io t in /p e r o x id a s e  te c h n iq u e .  
A t a  p rim ary  a n t i s e r a  d i l u t i o n  o f  1 :100 th e  l a t e r a l  mem
b ra n e s  and c e l l - t o - c e l l  c o n ta c t  a re a s  w ere s e l e c t i v e ly  v i 
s u a l i z e d  w ith  th e  a n t i s e r a ,  w hereas  p reinm une r a b b i t  s e r a  
sh owed no asym m etric  d i s t r i b u t i o n .  T hese s tu d ie s  show t h a t  
two c h a r a c t e r i s t i c s  o f  th e  b lo o d -b ra in  b a r r i e r  i n  v iv o , γ -  
GTP a c t i v i t y  and asym m etric  s u r f a c e  a n t ig e n  d i s t r i b u t i o n ,  
a r e  m a in ta in e d  in  b o v in e  b r a i n  e n d o th e l i a l  c e l l s  in  p rim ary  
c u l tu r e .  T h is  model sy stem  sh o u ld  p rove  u s e fu l  in  f u tu r e  
s tu d ie s  o f  th e  g e n e t ic  r e g u la t i o n  o f  th e  b io c h em ica l c h a r
a c t e r i s t i c s  o f  th e  b lo o d -b ra in  b a r r i e r  phenomena in  p rim ary  
t i s s u e  c u l tu r e .

336. 14  PERINEURIUM OF FROG PERIPHERAL NERVE:A ROLE IN 
REGULATING ENDONEURIAL CALCIUM?  K.C. Wadhwani. H. 
Levitan and S.I. R apoport,  Lab. of N eurosc iences, National 
Institute on Aging, NIH, Bethesda, MD 20814

Since many functions o f p e r ip h e ra l n e rv e s , su ch  as ax o n a l 
t r a n s p o r t  a n d  e x c i t a b i l i t y ,  a r e  s e n s i t iv e  to  ca lc iu m  th e  
co ncen tra tion  of calcium  in the  e n d o n e ur i a l  s p a c e  su rro u n d in g  
th e  n e r v e  f a s i c l e s  m ay be c o n tro l le d  by th e  b lo o d -n e rv e  
barrie r . To d e te rm in e  i f  th e  n e rv e  s h e a th  (p e r in e u riu m ) is  
a c tiv e ly  involved in regu la ting  calcium  in th e  endoneurial space  
w e h a v e  e x a m in e d  t h e  f lu x  o f  4 5 C a a c r o s s  a p e r fu s e d  
perineurial c y lin d e r  i s o la te d  from  a s e g m e n t o f f ro g  s c ia t i c  
n e rv e ,  and  in to  a n e rv e  se g m e n t b a th e d  in  s i tu  in R in g e rs  
c o n ta in in g  r a d i o t r a c e r .  T he f lu x  o f  45 C a w as com pared to  
th a t  o f  3H -su c ro se  m e asu red  s im u ltaneously , since sucrose is 
thought to  p a s s iv e ly  p e rm e a te  th e  t i s s u e .  In a l l  c a se s  th e  
physiological solu tion  con tained  5 mM glucose, was a e ra te d  w ith 
95% 0 2 / 5 % C O 2 , and  b u f fe re d  w ith  H EPES to  pH 7.3. The 
m e an  p e r m e a b i l i t y  f o r  4 5 C a in f l u x  a c r o s s  t h e  i s o la te d  
p e r in e u r iu m  w as (9 .7 ±0 .6 )x l0 - 7 c m /s  (n=13) co m p a re d  to  a 
p e rm e a b il i ty  fo r 3 H -sucrose influx o f (7.0±0.4)xl0- 7 cm /s. The 
m ean p e rm e a b il ty  f o r  4 5 C a e f f lu x  w as (2 6 .6 ±6 .1 )x10- 7 cm /s 
c o m p ared  to  (1 7 .4 ±4 .6 )x1 0- 7 cm /s  fo r  sucro se . A lthough the  
perm eabilty  fo r ca lc iu m  e f f lu x  e x c e e d e d  th a t  fo r  in f lu x  th e  
m ean r a t io  o f  th e  p e rm e a b il i ty  f o r  45 C a e fflu x  to  influx in 
in d iv id u a l t i s s u e s  (2.7±0.6) was not signfican tly  d iffe re n t from 
th a t  o f sucrose (2.4±0.6). Varying th e  calcium  con cen tra tio n  in 
the  Ringers from 0 to  10mM, p e rfu sing  w ith  N a - f r e e  R in g e rs , 
and ad d in g  o u a b a in , had  no e f f e c t  on th e  flux o f calcium  or 
sucrose in e ith e r d irec tion  th rough th e  t i s s u e .  We c o n c lu d e d  
th a t  a sy m m e tr ic  f lu x  o f  t r a c e r  th ro u g h  th e  iso la ted  cylinder 
w as d u e  to  th e  sligh t (~2mm Hg) h yd rosta tic  perfusion  p ressure 
ra th e r  ac tiv e  efflux  of calcium . To d e te rm in e  th e  e x t e n t  to  
w hich  th e  p ro c e d u re  of iso la ting  th e  p erineu ria l cy linder from 
the  nerve fasic les a ffe c te d  th e  perm eab ility  c h a r a c t e r i s t i c s  o f 
th e  s h e a th  we ex a m in ed  th e  u p ta k e  o f  45Ca 3H- s u rose 
in to  the endoneurial space  a f te r  incubating  a  segm ent o f  n e rv e  
f o r  30 m in in  s i t u  in a  poo l o f  R in g e rs  c o n ta in in g  th e s e  
r a d io t r a c e r s .  A lthough th e  perm eab ility  o f th e  perineurium  to  
in f lu x  o f  ca lc iu m  and sucrose, (3.0±0.4)x10- 7 and 1.5±0.2)x10- 7 
cm /s, respective ly  (n=18), w ere about a th ird  th a t  found in th e  
is o la te d  t i s s u e ,  th e  r a t io  o f  th e  p e rm e a b il i ty  o f calcium  to  
s u c ro s e  (2 .0 ± 0 .1 ) w as n o t sig n ifican tly  d iffe re n t. The resu lts  
suggest th a t the  perineurium  is passively p erm eab le  to  c a lc iu m  
as w ell as sucrose.

3 3 6 .1 5   S P I N A L  C O R D  C O N T U S I O N  IN  T H E  R A T :  A L T E R A T I O N S  IN  
V A S C U L A R  P E R M E A B I L I T Y  T O  H O R S E R A D I S H  P E R O X I D A S E  
( H R P ) .   L . 3 .  N o b l e  a n d  3 . R .  W r a t h a l l .  D e p a r t m e n t  o f  A n a t o m y ,  
G e o r g e t o w n  U n i v e r s i t y ,  S c h o o l  o f  M e d i c i n e ,  W a s h i n g t o n ,  D . C .  
2 0 0 0 7 .

T h e  i n t e g r i t y  o f  t h e  b l o o d - s p i n a l  c o r d  b a r r i e r  t o  H R P  h a s  
b e e n  e x a m i n e d  3  h o u r s  a f t e r  a  c o n c u s s i v e  i n j u r y  p r o d u c e d  b y  a  10 
g m  w e i g h t  w h i c h  w a s  d r o p p e d  2 . 5 ,  5 . 0 ,  o r  1 7 .5  c m  o n t o  t h e  
e x p o s e d  d u r a .  H R P  w a s  d i s s o l v e d  in  0 . 9 %  s a l i n e  a n d  i n j e c t e d  
( 1 5 0 m g / k g )  i n t o  t h e  j u g u l a r  v e i n  1 0  m i n u t e s  p r i o r  t o  s a c r i f i c e  o f  
t h e  r a t .  D i p h e n h y d r a m i n e  h y d r o c h l o r i d e  ( B e n e d r y l ) ,  a  h i s t a m i n e  
a n t a g o n i s t ,  w a s  g i v e n  i n t r a p e r i t o n e a l l y  1 5  m i n u t e s  p r i o r  t o  t h e  
t r a c e r  i n j e c t i o n .

In  a d d i t i o n  t o  t h e  p h y s i c a l  d i s r u p t i o n  o f  b l o o d  v e s s e l s  a s  a  r e s u l t  
o f  t h e  m e c h a n i c a l  t r a u m a ,  e n d o t h e l i a l  c e l l s  m a y  a l t e r  t h e i r  
p e r m e a b i l i t y  t o  m a c r o m o l e c u l e s  in  r e s p o n s e  t o  t h e  t r a u m a .  
P r e v i o u s  s t u d i e s ,  u s i n g  a  t r a n s e c t i o n  m o d e l  i n  t h e  r a t ,  h a v e  
d e m o n s t r a t e d  t h a t  e n d o t h e l i a l  p e r m e a b i l i t y  t o  H R P  i s  a  t r a n s i e n t  
f e a t u r e  ( l a s t i n g  f r o m  3  t o  1 2  h o u r s )  o f  t h e  i n t r i n s i c  v a s c u l a t u r e  
a n d  o c c u r s  a t  s i t e s  w h i c h  a r e  n o t  d i r e c t l y  t r a u m a t i z e d  b y  t h e  
t r a n s e c t i o n .  O u r  p r e l i m i n a r y  o b s e r v a t i o n s  a t  t h e  l i g h t  m i c r o s c o p i c  
l e v e l  s u g g e s t  t h a t  a  s i m i l a r  v a s c u l a r  r e s p o n s e  m a y  o c c u r  a f t e r  a  
c o n c u s s i v e  i n j u r y .  C e r t a i n  v e s s e l s  e x h i b i t e d  a  h a l o  o f  r e a c t i o n  
p r o d u c t  w h i c h  e x t e n d e d  i n t o  t h e  a d j a c e n t  e x t r a c e l l u l a r  s p a c e s .  
A l t h o u g h  t h i s  d i s t r i b u t i o n  o f  H R P  w a s  o f t e n  a s s o c i a t e d  w i t h  
v e s s e l s  a t  t h e  e p i c e n t e r ,  i t  a l s o  o c c u r r e d  a r o u n d  v e s s e l s  a w a y  
f r o m  t h e  i m p a c t  s i t e .  T h e  l i m i t e d  r e s o l u t i o n  p r e c l u d e d  f u r t h e r  
r e f i n e m e n t  o f  t h e  t r a c e r  l o c a l i z a t i o n .  I n  g e n e r a l  t h e  g r a y  m a t t e r  
a p p e a r e d  t o  c o n t a i n  m o r e  r e a c t i o n  p r o d u c t  t h a n  t h e  w h i t e  m a t t e r .  
T h r e e  h o u r s  a f t e r  a  c o n c u s s i v e  i n j u r y ,  t h e r e  w a s  e v i d e n c e  o f  
r e a c t i o n  p r o d u c t  i n  t h e  i n t e r s t i t i u m  o f  t h e  g r a y  m a t t e r  u p  t o  a t  
l e a s t  2  c m  f r o m  t h e  i m p a c t  s i t e .  I t  w a s  n o t  u n u s u a l  t o  f i n d  
n e u r o n a l  u p t a k e  o f  H R P ,  e s p e c i a l l y  i n  n e u r o n s  a d j a c e n t  t o  t h e  
c e n t r a l  c a n a l  a n d  in  v e n t r a l  h o r n  m o t o n e u r o n s .  T h e  r e g i o n  o f  t h e  
d o r s a l  c o l u m n s  a s s o c i a t e d  w i t h  t h e  c o r t i c o s p i n a l  t r a c t s  w a s  
p a r t i c u l a r l y  l a b e l l e d  w i t h  b o t h  s c a t t e r e d  e r y t h r o c y t e s  a n d  
r e a c t i o n  p r o d u c t .  H R P  w a s  a l s o  p r e s e n t  in  t h e  c e n t r a l  c a n a l  a f t e r  
e a c h  i n j u r y  a n d  w a s  d e t e c t e d  u p  t o  a t  l e a s t  2  c m  f r o m  t h e  i m p a c t  
s i t e  a f t e r  t h e  5 .0  a n d  1 7 .5  c m  w e i g h t  d r o p  i n j u r i e s .  In  c e r t a i n  
c a s e s ,  t h e  e p e n d y m a  a l s o  a p p e a r e d  l a b e l l e d  w i t h  H R P .  S i n c e  
e p e n d y m a l  c e l l s  d o  n o t  p r o v i d e  a n y  s i g n i f i c a n t  b a r r i e r  t o  H R P ,  t h e  
c e n t r a l  c a n a l  m a y  a c t  a s  a  c o n d u i t  f o r  t h e  t r a n s p o r t  o f  e x o g e n o u s  
p r o t e i n s  i n t o  t h e  s u r r o u n d i n g  g r a y  m a t t e r .  U l t r a s t r u c t u r a l  s t u d i e s  
a r e  u n d e r w a y  t o  f u r t h e r  d e f i n e  t h e s e  o b s e r v a t i o n s .

( S u p p o r t e d  b y  N I H  N I N C D S  c o n t r a c t  N 0 1 - N S - 2 - 2 3 1 0 ) .

3 3 6 .1 6   THE MECHANISM BEHIND THE BLOOD BRAIN BARRIER OF THE  
COCKROACH NERVE CORD.  D .B . H enken an d  S .R . Shaw .  D e p t . o f  
P s y c h o lo g y ,  D a lh o u s ie  U n i v e r s i t y ,  H a l i f a x ,  N .S . ,  C a n a d a .

I n s e c t s  s h a r e  w i th  v e r t e b r a t e s  t h e  common p r o p e r t y  o f  
h a v in g  a  CNS p r o t e c t e d  by  a b lo o d  b r a i n  b a r r i e r .  They a l s o  
s h a r e  a  common m echan ism  a c c o r d in g  t o  a  h y p o t h e s i s  o f  lo n g  
s t a n d i n g ;  t h i s  s u p p o s e s  t h a t  a t  t h e  b o u n d a ry  b e tw e e n  b lo o d  
and  CNS, t h e  e x t r a c e l l u l a r  s p a c e s  a r e  s e a l e d  o f f  b y  t i g h t  
j u n c t i o n s  b e tw e en  s p e c i a l  c e l l s  ( p e r i n e u r i a l  c e l l s  i n  
i n s e c t s ;  r e v ie w :  Lane (1 9 8 1 ) ,  I n t .  R ev. C y t o l . 7 3 , 2 4 3 ) .  
S tu d ie s  on th e  b lo o d  r e t i n a l  b a r r i e r  o f  i n s e c t s  f a i l e d  t o  
s u p p o r t  t h i s  v ie w . We t h e r e f o r e  r e - e x a m in e d  o n e  o f  t h e  
p r e p a r a t i o n s  from  w h ich  e v id e n c e  f o r  t h e  t i g h t  j u n c t i o n  
h y p o th e s i s  was o r i g i n a l l y  d raw n , t h e  v e n t r a l  n e rv e  c o rd  o f  
t h e  r o a c h  P e r i p l a n e t a . A f t e r  e x p o s in g  t h e  c o rd  i n  s i t u  t o  a 
s a l i n e  c o n ta i n in g  i o n i c  la n th a n u m , we c o n f i rm e d  t h e  e a r l i e r  
f i n d i n g s  t h a t  t h i s  e x t r a c e l l u l a r  t r a c e r  i s  a r r e s t e d  j u s t  
b e lo w  t h e  s u r f a c e  o f  t h e  c o r d ,  i n d i c a t i n g  t h a t  t h e  d i f f u s i o n  
b a r r i e r  t h e r e  r e m a in e d  i n t a c t .  The s u p e r f i c i a l  m o n o la y e r  
fo rm ed  from  num erous p e r i n e u r i a l  c e l l s  was r e a d i l y  
i d e n t i f i e d ,  b u t  c o n ta in e d  no o b v io u s  i n t e r c e l l u l a r  
j u n c t i o n s ,  an d  was e v e ry w h e re  c ir c u m v e n te d  by  t r a c e r ,  
c o n t r a r y  t o  e x p e c t a t i o n s .  P e r i n e u r i a l  c e l l s  do n o t  
c o n t r i b u t e  t o  t h e  b a r r i e r  s y s te m . U n d e rn e a th  t h i s  l a y e r  
l i e s  a n o th e r  m o n o la y e r  o f  p r e v i o u s ly  u n r e c o g n iz e d  s h e a th  
c e l l s .  T h ese  a r e  v e ry  t h i n  b u t  e x te n d  c i r c u m f e r e n t i a l l y  f o r  
g r e a t  d i s t a n c e s ;  s i x  o f  them  a r e  s u f f i c i e n t  t o  e n c i r c l e  t h e  
c o rd  c o m p le te ly ,  l e a v i n g  o n ly  s i x  c l e f t s  f o r  d i f f u s i o n a l  
a c c e s s .  They m ake i n t e r d i g i t a t i n g  c o n t a c t s  w i th  e a c h  o t h e r  
and  form  th e  o u t e r  e d g e  o f  t h e  b a r r i e r ,  b u t  s e r i a l  EM 
s e c t i o n s  o f  t h e s e  s i t e s  f a i l e d  t o  r e v e a l  an y  t i g h t  
j u n c t i o n s ,  o n ly  e x t e n s i v e  p l e a t e d  s e p t a t e  j u n c t i o n s .  R e- 
e v a lu a t io n  o f  t h e  i l l u s t r a t i o n s  i n  t h e  l a r g e  l i t e r a t u r e  on 
th e  b a r r i e r  a l s o  f a i l e d  t o  d i s c l o s e  an y  c o n v in c in g  e x a m p le s  
o f  t i g h t  j u n c t i o n s  b e tw e e n  s u p e r f i c i a l  c e l l s  i n  t h e  c o r d .

We p r o p o s e  t h a t  a t  t h i s  o u te r m o s t  l e v e l ,  a  b a r r i e r  i s  
c r e a t e d  s o l e l y  by  a  d im e n s io n a l  e f f e c t :  e x tre m e  c o n s t r i c t i o n  
and  le n g th e n in g  o f  t h e  o v e r a l l  e x t r a c e l l u l a r  p a th w a y , a s  
t h i s  ru n s  b e tw e en  s h e a th  c e l l s  w i t h in  s e p t a t e  j u n c t i o n s .   
W ith  t h e  d im e n s io n s  m e a s u re d ,  t h e  h a l f - t i m e  t o  f i l l  t h e  
c e n t e r  o f  t h e  c o rd  w i th  L a3+ s h o u ld  b e  >7 d a y s ,  c a l c u l a t e d  
from  a n  a p p ro x im a t io n  t o  t h e  d i f f u s i o n  e q u a t i o n ;  f o r  a  
s m a l l e r ,  b i o l o g i c a l l y  im p o r ta n t  io n  l i k e  K+ , t ½  > 3 d a y s .  
T h ese  v a lu e s  a r e  e a s i l y  lo n g  en o u g h  t o  e x p la i n  t h e  
e x p e r im e n ta l  f i n d i n g s  t o  d a t e .  T h is  r e s u l t  e l i m i n a t e s  t h e  
n e e d  t o  p o s t u l a t e  s p e c i a l  o c c lu d in g  j u n c t i o n s  t o  a c c o u n t  f o r  
t h e  b a r r i e r  i n  i n s e c t s .  S u p p o r te d  by  NSERC A9593, C a n a d a .
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136. 17   EXAMINING BLOOD-BRAIN BARRIER PERMEABILITY TO HORSERADISH 
PERODIXASE AND TO α -AMINOISOBUYTRIC ACID FOLLOWING ACUTE 
HYPERTENSION: A COMPARATIVE, QUANTITATIVE, AND MORPHOLOGICAL  
STUDY.  M.D.  E l l i s o n * ,  J . T .  P o v l i s h o c k ,  a n d  R. H a y e s  (SPON:  
J .  J o h n s o n ) .   D e p t . o f  A n a t .  a n d  D i v .  o f  N e u r o l .  S u r g . ,  Med. 
C o l l . o f  V a . ,  Va .  C o m m o n w e a l t h  U n i v . ,  R i c h m o n d , VA 2 3 2 9 8 .

T h e  b l o o d - b r a i n  b a r r i e r  (BBB) s e l e c t i v e l y  r e s t r i c t s  t h e  
b l o o d - t o - b r a i n  p a s s a g e  o f  m a n y  s o l u t e s  o w i n g  t o  u n i q u e  p r o p 
e r t i e s  o f  e n d o t h e l i a l  c e l l  m e m b r a n e s .  N o r m a l  BBB f u n c t i o n  
i s  a l t e r e d  u n d e r  v a r i o u s  c o n d i t i o n s ,  a l l o w i n g  t h e  t r a n s f e r  
i n t o  b r a i n  p a r e n c h y m a  o f  s u b s t a n c e s  n o r m a l l y  e x c l u d e d .  To 
d a t e ,  t r a c e r s  m o s t  c o m m o n l y  u s e d  t o  s t u d y  c e r e b r o v a s c u l a r  
p e r m e a b i l i t y  c h a n g e s  h a v e  i n c l u d e d  h o r s e r a d i s h  p e r o x i d a s e  
(HRP) a n d  v i t a l  d y e s  b o u n d  t o  s e r u m  a l b u m i n .  To s u p p l e m e n t  
i n f o r m a t i o n  p r o v i d e d  b y  s u c h  s t u d i e s ,  a  new BBB t e c h n i q u e  
h a s  b e e n  d e v e l o p e d  e m p l o y i n g  a s  a  t r a c e r  a  s y n t h e t i c  s m a l l  
n e u t r a l  a m i n o  a c i d ,  α - a m i n o i s o b u t y r i c  a c i d  ( A I B ) ,  MW 1 0 4 .   
When r a d i o l a b e l e d  w i t h  c ,  AIB c a n  b e  u s e d  a s  a  BBB t r a c e r  
f o r  a u t o r a d i o g r a p h y .  T h e  n a t u r e  o f  t h e  t e c h n i q u e  a l l o w s  
t h e  c a l c u l a t i o n  o f  a  r e g i o n a l ,  u n i d i r e c t i o n a l  b l o o d - t o - b r a i n  
t r a n s f e r  c o n s t a n t ,  K i , f o r  A I B ,  a l l o w i n g  a  q u a n t i t a t i v e  
e x p r e s s i o n  o f  v a s c u l a r  p e r m e a b i l i t y  t o  t h e  t r a c e r  i n  a n y  
b r a i n  r e g i o n .

E m p l o y i n g  a c u t e  h y p e r t e n s i o n  a s  a  m o d e l  o f  BBB d i s r u p t i o n  
i n  r a t s ,  c h a n g e s  i n  p e r m e a b i l i t y  t o  b o t h  HRP a n d  AIB w e r e  
e x a m i n e d  i n  e a c h  a n i m a l .  E x t e n s i v e  a n a l y s e s  o f  r e g i o n a l  
t r a n s f e r  c o n s t a n t s  f o r  AIB w e r e  p e r f o r m e d .  T h e  t o p o g r a p h i c a l  
d i s t i b u t i o n  o f  t r a c e r  e x t r a v a s a t i o n  s i t e s  a n d  t h e i r  c o r r e 
l a t i o n  w e r e  s t u d i e d  f o r  e a c h  p r o b e .  T h e  d a t a  r e v e a l e d  d r a 
m a t i c  f o c a l  p e r m e a b i l i t y  i n c r e a s e s  t o  AIB i n  c e r t a i n  b r a i n  
r e g i o n s  ( K i ≥ 30  m l / g / s e c  x E5 ) w h i c h ,  i n  a d j a c e n t  s e c t i o n s  
p r o c e s s e d  f o r  HRP v i s u a l i z a t i o n ,  a l s o  s h o w e d  HRP e x t r a v a 
s a t i o n .  H o w e v e r ,  o t h e r  b r a i n  r e g i o n s  s h o w e d  m o r e  d i f f u s e l y  
d i s t r i b u t e d  a n d  s u b t l y  e l e v a t e d  AIB p a s s a g e  ( 2 < Ki < 3 0  m l / g / s e c  
x E5 ) w h e r e  no c o r r e s p o n d i n g  HRP p a s s a g e  w a s  o b s e r v e d .  I n  
a d d i t i o n a l  a n i m a l s  s u b j e c t e d  t o  a c u t e  h y p e r t e n s i o n ,  c o m p r e 
h e n s i v e  u l t r a s t r u c t u r a l  s t u d i e s  o f  c e r e b r a l  m i c r o v e s s e l s  w e r e  
u n d e r t a k e n  t o  e x a m i n e  t h e  p o s s i b l e  m o r p h o l o g i c a l  c o r r e l a t e s  
o f  t h e  o b s e r v e d  b a r r i e r  a l t e r a t i o n s .  I n t e r e n d o t h e l i a l  
j u n c t i o n s  a n d  e n d o t h e l i a l  m e m b r a n e s  a p p e a r e d  i n t a c t ;  h o w e v e r ,  
n u m e r o u s  p r o t e i n - f i l l e d  v e s i c l e s  w e r e  o b s e r v e d  i n  t h o s e  
v e s s e l s  e x t r a v a s a t i n g  p r o t e i n .  T h e  r e s u l t s  o f  t h i s  i n v e s 
t i g a t i o n  s u g g e s t  t h a t  p r o t e i n  s t u d i e s  a l o n e  d o  n o t  r e v e a l  
a l l  a s p e c t s  o f  a l t e r e d  b a r r i e r  s t a t u s  a n d  t h a t  m u l t i p l e  
m e c h a n i s m s  o f  i n c r e a s e d  BBB p e r m e a b i l i t y  may o p e r a t e  s i m u l 
t a n e o u s l y  i n  t h e  a b s e n c e  o f  f r a n k  c e l l u l a r  d i s r u p t i o n .

S u p p o r t e d  b y  NIH G r a n t s  NS 2 0 1 9 3  a n d  NS 1 2 5 8 7 .

3 3 6 . 1 8   D URAL MAST CELLS: DIST RIBUTI ON, MORPHOLOGY AND PATHOPHYSIO
LOGY.  E . L .  O r r *  a n d  J .  A s c h e n b r e n n e r * (SPON: D . J .  B a r k e r )  
D e p t s .  o f  A n a t .  a n d  B i o l . S c i . ,  T e x a s  C o l l .  O s t e o p .  M ed.  a n d  
N o r t h  T e x .  S t .  U n i v . ,  F o r t  W o r t h ,  TX. 7 6 1 0 7 .

T h e  p r e s e n c e  o f  m a s t  c e l l s  i n  t h e  m e n i n g e s  o f  s e v e r a l  
s p e c i e s  h a s  b e e n  d e m o n s t r a t e d .  I n  p a r t i c u l a r ,  t h e  d u r a  m a t 
e r  o f  t h e  m o u s e  c o n t a i n s  l a r g e  n u m b e r s  o f  m a s t  c e l l s ,  w h i c h  
m a s s i v e l y  d e g r a n u l a t e  u n d e r  c e r t a i n  e x p e r i m e n t a l  c o n d i t i o n s  
a n d  t h e r e b y  r e l e a s e  t h e i r  c o n t e n t s  ( e . g .  h i s t a m i n e )  o n t o  o r  
n e a r  t h e  b r a i n  ( O r r ,  J .  N e u r o c h e m . ,  i n  p r e s s ) .  S i n c e  h i s t a 
m i n e  ( a n d  o t h e r  m a s t  c e l l s  p r o d u c t s )  c a n  a f f e c t  n e u r o n a l  
e x c i t a b i l i t y  a s  w e l l  a s  t h e  p e r m e a b i l i t y  o f  t h e  b l o o d - b r a i n  
b a r r i e r  ( B B B ) ,  i t  s e e m s  l i k e l y  t h a t  m e n i g e a l  m a s t  c e l l s  may 
a f f e c t  b r a i n  f u n c t i o n  u n d e r  c e r t a i n  p h y s i o l o g i c a l  o r  p a t h 
o l o g i c a l  c o n d i t i o n s .  T h u s ,  t o  b e g i n  e v a l u a t i n g  t h e  s i g n i f i 
c a n c e  a n d  r o l e  o f  m e n i g e a l  m a s t  c e l l s  i n  b r a i n  f u n c t i o n ,  we 
a r e  i n v e s t i g a t i n g  t h e  n u m b e r ,  d i s t r i b u t i o n  a n d  m o r p h o l o g y  o f  
m a s t  c e l l s  i n  t h e  d u r a  m a t e r  o f  t h e  m o u s e ,  a n d  a r e  b e g i n 
n i n g  s t u d i e s  o f  t h e i r  s i g n i f i c a n c e  a f t e r  b r a i n  i n j u r y  o r  
i n s u l t .

O u r  i n i t i a l  s t u d i e s  h a v e  c o n c e n t r a t e d  o n  t h e  d u r a  m a t e r  
o v e r l y i n g  t h e  p a r i e t a l  c o r t e x .  W h o l e  a m o u n t s  o f  d u r a  w e r e  
p r e p a r e d ,  f i x e d  i n  n e u t r a l  b u f f e r e d  f o r m a l i n ,  a n d  s t a i n e d  
w i t h  a c i d i f i e d  0 .5 %  t o l u i d i n e  b l u e .  M a s t  c e l l s  w e r e  i d e n t i 
f i e d  by t h e i r  m e t a c h r o m a s i a  a n d  p r e s e n c e  o f  l a r g e  n u m b e r s  o f  
g r a n u l e s .  C o u n t s  o f  6 p a r i e t a l  d u r a l  s p r e a d s  f r o m  3 2m i c e  
i n d i c a t e d  t h a t  t h e r e  w e r e  2 7 . 3  ± 1 . 8  m a s t  c e l l s / 5 7 0 µ  o f  
d u r a  (X±SEM),  w i t h  m o s t  o f  t h e  m a s t  c e l l s  l o c a t e d  a d j a c e n t  
t o  t h e  d u r a l  b l o o d  v e s s e l s .  F u r t h e r ,  c r o s s - s e c t i o n s  o f  d u r a  
w e r e  p r e p a r e d  a n d  d e m o n s t r a t e d  t h a t  t h e  m a s t  c e l l s  w e r e  l o 
c a t e d  i n  a n  i n t e r m e d i a t e  p o s i t i o n  b e t w e e n  t h e  p e r i o s t e a l  a n d  
s u b d u r a l  s u r f a c e s  o f  t h e  d u r a .  F u r t h e r m o r e ,  t h e  l o c a l  
a p p l i c a t i o n  o f  a l i q u i d  n i t r o g e n - c o o l e d  b r a s s  r o d  t o  t h e  
s u r f a c e  o f  t h e  s k u l l  i s  a  co m m o n ly  u s e d  m o d e l  f o r  i n v e s t i g a 
t i n g  t h e  e f f e c t s  o f  b r a i n  i n j u r y  o n  ( e . g . )  b r e a k d o w n  o f  t h e  
BBB ( c . f . ,  B a k e r ,  e t  a l , J .  N e u r o p a t h  E x p .  N e u r o l  3 0 : 6 6 8 ,  
1 9 7 1 ) .  U s i n g  t h i s  p a r a d i g m ,  we h a v e  f o u n d  t h a t  d u r a l  m a s t  
c e l l s  a r e  l a r g e l y  d e g r a n u l a t e d  w i t h i n  m i n u t e s  i n  t h e  a r e a  
o f  f r e e z i n g ,  w h i l e  a d j a c e n t  m a s t  c e l l s  r e m a i n  i n t a c t .  We 
a r e  p r e s e n t l y  d e t e r m i n i n g  t h e  e x a c t  t i m e  c o u r s e  o f  d e g r a n 
u l a t i o n  a n d  t h e  c h a n g e  i n  d u r a l  a n d  c e r e b r a l  h i s t a m i n e  
l e v e l s  i n  r e l a t i o n  t o  b r e a k d o w n  o f  t h e  BBB i n d u c e d  by  c o l d  
i n j u r y .  L i g h t  a n d  e l e c t r o n  m i c r o g r a p h s  d e m o n s t r a t i n g  t h e s e  
f e a t u r e s  w i l l  b e  p r e s e n t e d .

S u p p o r t e d  by  F a c u l t y  R e s e a r c h  G r a n t  # 3 4 1 0 2 .

MONOAMINES AND BEHAVIOR: DOPAMINE

337.1  NEURAL SUBSTRATES FOR THE BEHAVIORAL OUTPUT OF JH E  NUCLEUS 
ACCUMBENS.  N R . S w erd low 1 * and  G .F .  Koob 2 . 1 M .S .T . 
P rogram , School o f  Med. U .C .S .D .,  La J o l l a ,  CA 92093 and  
2D iv . N e u ro s c i. and E n d o c r in .,  S c r ip p s  C l in ic  and R esearch  
F o u n d a tio n , La J o l l a ,  CA 92037

The " s u p e r s e n s i t i v e "  lo c o m o to r  r e s p o n s e  t o  a p o m o rp h in e  
(AFO) fo llo w in g  6OH D A -induced d e n e r v a t io n  o f  th e  n u c l e u s  
accum bens (NAc) i s  b e l ie v e d  to  b e  m ed ia ted  v ia  NAc e f f e r e n t s  
o n to  c e l l s  w i t h i n  t h e  s u b s t a n t i a  i n n o m i n a t a  ( S I ) ,  a 
p r o j e c t i o n  know n t o  c o n t a i n  t h e  t r a n s m i t t e r s  GABA, 
e n k e p h a lin  and s u b s ta n c e  P . I t  i s  n o t  known which  o f  t h e s e  
t r a n s m i t t e r s  s e rv e s  to  t r a n s m it  in fo rm a tio n  r e s p o n s ib l e  f o r  
t h i s  locom otor r e s p o n s e , n o r i s  i t  known how c e l l s  w i th in  
th e  SI t r a n s m it  t h i s  in fo rm a tio n  to  low er m o to r  c i r c u i t r y .  
We f u r t h e r  e x a m in ed  th e  n e u r o c h e m i c a l  a n d  a n a t o m i c a l  
s u b s t r a t e s  o f  th e  " s u p e r s e n s i t iv e "  locom otor r e s p o n s e .

In  o n e  e x p e r i m e n t ,  a n i m a l s  (n = 1 4 )  r e c e i v e d  6OHDA 
i n j e c t i o n s  i n t o  t h e  N Ac. O ne w eek  l a t e r ,  l o c o m o to r  
re s p o n s e s  t o  0 .1  mg/kg APO w ere m easured  on tw o s u c c e s s iv e  
days  f o l l o w in g  s c  i n j e c t i o n  o f  e i t h e r  s a l i n e  o r  5 m g/kg 
n a lo x o n e .  N a lo x o n e  p r e t r e a t m e n t s  d i d  n o t  a l t e r  t h e  
" s u p e r s e n s i t i v e "  locom otor re s p o n s e .

In  a  second e x p e rim e n t, a n im a ls  (n=18) were d iv id e d  in t o  
tw o g ro u p s  t h a t  r e c e iv e d  i n j e c t i o n s  o f  e i t h e r  6OHDA o r  
v e h ic le  in to  th e  NAc and im p lan ted  w ith  c a n n u la e  ab o v e  th e  
S I .  One week l a t e r ,  l o c o m o to r  r e s p o n s e s  t o  APO w e re  
m e a s u re d  on f o u r  s u c c e s s i v e  d a y s  f o l l o w in g  i n f u s i o n  o f  
e i t h e r  0 ,  10 , 50 o r 100 ng o f  th e  GABA a g o n i s t  m usc im o l 
in to  th e  S I .  M uscimol d e c re a s e d  th e  lo c o m o to r  r e s p o n s e  to  
APO, and a t  h ig h e r  d o s e s  p ro d u c e d  a s u b s e q u e n t  p ro lo n g e d  
d o s e -d ep en d e n t locom otor a c t i v a t i o n .

In  a  t h i r d  e x p e r i m e n t ,  a l l  a n i m a l s  r e c e i v e d  6 OHDA 
in j e c t io n s  a s  ab o v e . One g roup  (n=23) r e c e iv e d  i n j e c t i o n s  
o f  ib o t e n ic  a c id  o r  v e h ic le  in to  SI te rm in a l r e g io n s  w i th in  
t h e  p e d u n c u lo p o n t in e  n u c l e u s  (P P N ). Two o t h e r  g r o u p s  
re c e iv e d  e l e c t r o l y t i c  o r  sham le s io n s  o f  th e  m e d ia l f r o n t a l  
c o r te x  (MFC, n=14) o r d o rs o m e d ia l n u c le u s  o f  th e  th a la m u s  
(DMT, n=16). L e s io n s  o f  t h e  DMT, b u t  n o t  PPN o r  MFC, 
s i g n i f i c a n t l y  a t t e n u a t e d  th e  s u p e r s e n s i t i v e  l o c o m o to r  
re s p o n s e .

Our r e s u l t s  i n d i c a t e  t h a t  i n h i b i t i o n  o f  GABA tra n s m is s io n  
from  th e  NAc t o  t h e  S I i s  a  s u b s t r a t e  f o r  lo c o m o to r  
a c t i v a t io n  in v o lv ed  in  th e  " s u p e r s e n s i t iv e "  re sp o n se  to  APO, 
and th a t  t h i s  e f f e c t  i s  t r a n s l a t e d  to  low er m otor c i r c u i t r y  
th ro u g h  SI e f f e r e n t s  to  o r  th ro u g h  th e  DMT. T h is  c i r c u i t r y  
may be  an  im p o rta n t s u b s t r a t e  by w hich m e s o l im b ic  a c t i v i t y  
i s  t r a n s l a t e d  in to  b e h a v io r .

3 3 7 . 2   INTRA-ACCUMBENS METHYLPHENIDATE INJECTIONS FAIL TO PRODUCE 
PLACE PREFERENCE CONDITIONING.  M .T .  M a r t i n - I v e r s o n  a n d  H . C .  
F i b i g e r .  D i v .  N e u r o l .  S c i . ,  D e p t .  P s y c h i a t . ,  U n i v e r s i t y  o f  
B r i t i s h  C o l u m b i a ,  V a n c o u v e r ,  B . C . ,  C a n a d a ,  V6T 1W5.

I t  w a s  p r e v i o u s l y  r e p o r t e d  ( M a r t i  n - I  v e r s o n ,  M .T .  e t  a l . ,  
S o c .  N e u r o s c i .  A b s t r . ,  1 9 8 3 )  t h a t  t h e  l o c o m o t o r  s t i m u l a n t  
e f f e c t s  o f  s y s t e m i c a l l y  a d m i n i s t e r e d  m e t h y l p h e n i d a t e  (MPD) 
w e r e  p h a r m a c o l o g i c a l l y  d i s t i n c t  f r o m  i t s  r e i n f o r c i n g  p r o p e r 
t i e s  a s  a s s e s s e d  by  c o n d i t i o n e d  p l a c e  p r e f e r e n c e  ( C P P ) .  
F u r t h e r m o r e ,  w h i l e  s y s t e m i c a l l y  a d m i n i s t e r e d  d - a m p h e t a m i n e  
(AMP) p r o d u c e s  CPP w h i c h  c a n  b e  a t t e n u a t e d  b y  d o p a m i n e  (DA) 
a n t a g o n i s t s ,  M P D - i n d u c e d  CPP i s  m o r e  r e s i s t a n t  t o  s u c h  
t r e a t m e n t s .  E v i d e n c e  f r o m  a v a r i e t y  o f  s o u r c e s  i n d i c a t e  t h a t  
t h e  r e i n f o r c i n g  p r o p e r t i e s  o f  AMP may b e  d e p e n d e n t  u p o n  an  
a c t i o n  on  DA t e r m i n a l s  i n  t h e  n u c l e u s  a c c u m b e n s .  T h i s  
a p p e a r s  t o  b e  t r u e  f o r  b o t h  CPP ( S p y r a k i ,  C.  e t  a l . ,  B r a i n  
R e s . ,  2 5 3 : 1 8 5 , 1 9 8 2 )  a n d  i n t r a v e n o u s  s e l f - a d m i n i s t r a t i o n  
( L y n e s s ,  W.H.  e t  a l . ,  P h a r m a c .  B i o c h e m .  B e h a v . ,  1 1 : 5 5 3 , 1 9 7 9 ) .  
I n t r a - a c c u m b e n s  AMP m i c r o i n j e c t i o n s  c a n  p r o d u c e  CPP ( C a r r ,   
G .D .  a n d  W h i t e ,  N . M . ,  L i f e  S c i . ,  3 3 : 2 5 5 1 , 1 9 8 3 ) ,  w h i l e  m i c r o 
i n j e c t i o n s  i n t o  t h e  s t r i a t u m  do  n o t ,  f u r t h e r  s u g g e s t i n g  t h a t  
t h e  r e w a r d i n g  e f f e c t s  o f  AMP a r e  s p e c i f i c  t o  a c t i o n s  on  t h e  
m e s o l i m b i c  DA s y s t e m .

T h e  p u r p o s e  o f  t h e  p r e s e n t  e x p e r i m e n t  w a s  t o  d e t e r m i n e  i f  
CPP p r o d u c e d  w i t h  MPD c a n  b e  d i f f e r e n t i a t e d  f r o m  t h a t  p r o 
d u c e d  w i t h  AMP o n  t h e  b a s i s  o f  s i t e  o f  a c t i o n .  T h u s ,  t h e  CPP 
p r o c e d u r e  w a s  u s e d  t o  e x a m i n e  t h e  r e i n f o r c i n g  a c t i o n  o f  
i n t r a - a c c u m b e n s  i n j e c t i o n s  o f  MPD ( 2 0  µ g )  d i s s o l v e d  i n  0 . 5  µl  
o f  s a l i n e  i n  9 r a t s ,  a s  c o m p a r e d  t o  9 r a t s  i n j e c t e d  w i t h  
s a l i n e .  T h e  p r o c e d u r e  o f  S p y r a k i  e t  a l . ( 1 9 8 2 )  w a s  f o l l o w e d  
w i t h  3 e x c e p t i o n s :  2 p r e t e s t s  w e r e  c o n d u c t e d ,  r e l a t i v e l y  
n e u t r a l  c u e s  w e r e  u s e d  t o  d i s t i n g u i s h  t h e  t w o  s i d e s  o f  t h e  
t e s t  b o x e s ,  a n d  t h e  p o s t - c o n d i t i o n i n g  t e s t  ( T e s t  1) w a s  
f o l l o w e d  o n  a  s u b s e q u e n t  d a y  b y  a  t e s t  p r e c e d e d  w i t h  MPD o r  
s a l i n e  i n t r a - a c c u m b e n s  i n j e c t i o n s  ( T e s t  2 ) .

I t  w a s  f o u n d  t h a t  r a t s  d i d  n o t  s how  s i g n i f i c a n t  p r e f e r 
e n c e s  f o r  t h e  s i d e  o f  t h e  b o x  a s s o c i a t e d  w i t h  i n t r a - a c c u m b e n s  
MPD i n j e c t i o n s ,  e i t h e r  on  T e s t  1 o r  T e s t  2 .  H o w e v e r ,  t h e  
n u m b e r  o f  c r o s s i n g s  f r o m  1 s i d e  o f  t h e  b o x  t o  t h e  o t h e r  
i n c r e a s e d  s i g n i f i c a n t l y  a f t e r  MPD i n j e c t i o n s  o n  T e s t  2 .  T h u s ,  
w h i l e  i n t r a - a c c u m b e n s  MPD i n j e c t i o n s  a r e  e f f e c t i v e  i n  p r o 
d u c i n g  l o c o m o t o r  s t i m u l a t i o n ,  t h e y  f a i l  t o  p r o d u c e  C PP ,  a t  
l e a s t  w i t h  t h e  d o s e  a n d  r e g i m e n  u s e d  i n  t h e  p r e s e n t  s t u d y .  
T h i s  s u g g e s t s  t h a t  t h e  r e w a r d i n g  p r o p e r t i e s  o f  MPD may d e p 
e n d  on  a  l o c a l i z a t i o n  a t  som e s i t e  o t h e r  t h a n  t h e  n u c l e u s  
a c c u m b e n s .
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3 3 7 . 3  THE ROLE OF FOREBRAIN DOPAMINE IN BRAIN STIMULATION REWARD.  
R o b e r t  J .  C a r e y .  VAMC a t  S y r a c u s e ,  S y r a c u s e ,  NY 1 3 2 1 0 

I n t e r f e r e n c e  w i t h  b r a i n  d o p a m i n e  n e u r o t r a n s m i s s i o n  c a n  
s e v e r e l y  i m p a i r  b r a i n  s t i m u l a t i o n  r e w a r d  b e h a v i o r .  T he  
s i g n i f i c a n c e  o f  t h i s  i m p a i r m e n t  i n  r e w a r d  b e h a v i o r ,  h o w e v e r ,  
h a s  b e e n  a  p r o b l e m a t i c  i s s u e .  T h a t  i s ,  i t  h a s  b e e n  d i f 
f i c u l t  t o  d e c i d e  w h e t h e r  t h e  d o p a m i n e  d y s f u n c t i o n  h a s  
a t t e n u a t e d  t h e  r e w a r d  e f f e c t  o f  t h e  s t i m u l a t i o n  o r  h a s  
m e r e l y  r e n d e r e d  t h e  a n i m a l  l e s s  a b l e  t o  g e n e r a t e  t h e  b e 
h a v i o r  r e q u i r e d  t o  o b t a i n  r e i n f o r c e m e n t .  To e x p e r i m e n t a l l y  
r e - a s s e s s  t h i s  i s s u e ,  t h e  p r e s e n t  s t u d i e s  e x a m i n e s  t h e  
e f f e c t  o f  n e u r o l e p t i c  d r u g s  o n  b r a i n  s t i m u l a t i o n  r e w a r d  i n  
a n i m a l s  w i t h  u n i l a t e r a l  6 - h y d r o x y d o p a m i n e  l e s i o n s  o f  f o r e 
b r a i n  d o p a m i n e  n e u r o n s .  R a t s  w i t h  b i l a t e r a l  m e d i a l  f o r e 
b r a i n  b u n d l e  e l e c t r o d e s  w h i c h  g e n e r a t e d  c o m p a r a b l e  r a t e -  
i n t e n s i t y  f u n c t i o n s  f o r  s e l f - s t i m u l a t i o n  w e r e  a d m i n i s t e r e d  
u n i l a t e r a l  i n j e c t i o n s  o f  6 -OHDA ( 4  µ l o f  a  3 µ 1 / µ l  s o l . )  
i n t o  t h e  s u b s t a n t i a  n i g r a  a n d  v e n t r a l  t e g m e n t a l  a r e a .  I n i 
t i a l l y ,  t h e  e f f e c t  o f  t h e  s e v e r e  u n i l a t e r a l  d o p a m i n e  d e p l e 
t i o n  w a s  m a n i f e s t e d  by  a  d r a s t i c  b i l a t e r a l  d e c r e a s e  i n  s e l f 
s t i m u l a t i o n  w h i c h  g r a d u a l l y  r e c o v e r e d  o v e r  a  tw o  m o n t h  
p e r i o d .  When e q u i v e l e n t  p e r f o r m a n c e  w a s  r e - e s t a b l i s h e d  i n  
e a c h  h e m i s p h e r e  e l e c t r o d e  s i t e  t h e  r a t s  w e r e  g i v e n  e i t h e r  
0 . 1  m g / k g  h a l o p e r i d o l  o r  3 . 0  m g / k g  c l o z a p i n e .  I n  e v e r y  
c a s e ,  s e l f - s t i m u l a t i o n  w a s  s h a r p l y  r e d u c e d  i n  t h e  d o p a m i n e  
d e f i c i e n t  h e m i s p h e r e  b u t  u n a f f e c t e d  o r  e n h a n c e d  i n  t h e  d o p a 
m i n e  i n t a c t  h e m i s p h e r e .  S i n c e  t h i s  p a r a d i g m  a l l o w e d  e a c h  
r a t  t o  s e r v e  a s  i t s  own c o n t r o l  t h e  l a t e r a l i z e d  s u p p r e s 
s i o n  i n  r e w a r d  b e h a v i o r  c o u l d  n o t  b e  a t t r i b u t e d  t o  a  
m o t o r i c  d e f i c i t .  F u t h e r m o r e ,  b i o c h e m i c a l  s t u d i e s  i n d i c a 
t e d  t h a t  t h e  n e u r o l e p t i c  d r u g s  h a d  a  l a t e r a l i z e d  e f f e c t  
o n  d o p a m i n e  t u r n o v e r .  I n  c o n t r o l  r a t s ,  t h e  n e u r o l e p t i c  
d r u g s  h a d  v a r i a b l e  e f f e c t s  o n  r e w a r d  b e h a v i o r  r a n g i n g  f r o m  
s l i g h t  t o  s e v e r e  i m p a i r m e n t s .  S i g n i f i c a n t l y ,  w he n s u c h  r a t s  
w e r e  s u b s e q u e n t l y  s u b j e c t e d  t o  6 - h y d r o x y d o p a m i n e  l e s i o n s  
t h e r e  w a s  a  s t r o n g  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  n e u r o 
l e p t i c  a n d  6 - h y d r o x y d o p a m i n e  i m p a i r m e n t s  i n  r e w a r d  b e h a v i o r .  
T h u s ,  t h e  c o m b i n e d  t r e a t m e n t  o f  n e u r o l e p t i c  d r u g  a n d  u n i 
l a t e r a l  6 - h y d r o x y d o p a m i n e  l e s i o n  p r o v i d e s  a  p o w e r f u l  t e c h 
n i q u e  t o  d e m o n s t r a t e  t h a t  d o p a m i n e  h a s  a n  i m p o r t a n t  r o l e  
i n  t h e  r e w a r d  a s p e c t  o f  b r a i n  s t i m u l a t i o n  r e w a r d  b e h a v i o r .

3 3 7 .4   INTRACRANIAL S E L F - STIMULATION OF THE NUCLEUS ACCUMBENS IN 
THE RAT: EFFECTS OF INTRACRANIAL INJECTIONS OF 6 -HYDROXY
DOPAMINE AT THE SITE OF STIMULATION.  R.M, C l a v i e r  a n d  D. 
W e n * .  B i o p s y c h o l o g y  R e s e a r c h  S e c t i o n ,  C l a r k e  I n s t i t u t e  o f  
P s y c h i a t . ,  2 5 0  C o l l e g e  S t . ,  T o r o n t o ,  C a n a d a  M5T 1R8.

An e l e c t r o d e - c a n n u l a  s y s t e m  w a s  u s e d  t o  e l i c i t  i n t r a 
c r a n i a l  s e l f - s t i m u l a t i o n  ( I C S S )  f r o m  t h e  n u c l e u s  a c c u m b e n s  
i n  a d u l t  m a l e  a l b i n o  r a t s  i n  o r d e r  t o  t e s t  t h e  b e h a v i o r a l  
e f f e c t s  o f  l o c a l  i n f u s i o n s  o f  6 - h y d r o x y d o p a m i n e  ( 6 -OHDA) 
i n t o  t h e  b r a i n  a r e a  s u r r o u n d i n g  t h e  e l e c t r o d e  t i p .  ICSS 
r e s p o n d i n g  was a l l o w e d  t o  s t a b i l i z e  o v e r  a  p e r i o d  o f  a t  
l e a s t  10 d a y s .  24  h o u r s  a f t e r  t h e  l a s t  ICSS t r i a l ,  t h e  a n i 
m a l s  w e r e  g i v e n  i n j e c t i o n s  o f  p a r g y l i n e  ( S i g m a ;  50  m g / k g ,  
i . p . ) ,  a n d  30 m i n u t e s  l a t e r  t h e y  w e r e  a n a e s t h e t i z e d  a n d  
p l a c e d  i n t o  a s t e r e o t a x i c  a p p a r a t u s .  An i n j e c t i o n  c a n n u l a  
w a s  t h e n  f i t t e d  i n t o  a  g u i d e  c a n n u l a  i n  t h e  e l e c t r o d e  s y s 
t e m .  An a m o u n t  o f  6 - OHDA, r a n g i n g  f r o m  5 t o  10 u g / 2 . 5  u l  
( e x p r e s s e d  a s  t h e  b a s e )  d i s s o l v e d  i n  0 . 1 5  M N a C l , a n d  c o n 
t a i n i n g  0 . 2  mg/ml a s c o r b i c  a c i d ,  w a s  i n j e c t e d  o v e r  a  p e r i o d  
o f  15 m i n u t e s .  T h e  i n j e c t i o n  c a n n u l a  w a s  l e f t  i n  p l a c e  f o r  
5 m i n u t e s  a f t e r  t h e  i n f u s i o n .  D a i l y  t e s t i n g  f o r  ICSS a t  t h e  
s a m e  s t i m u l a t i o n  p a r a m e t e r s  a s  b e f o r e  t h e  i n f u s i o n  r e s u m e d  
24  h o u r s  a f t e r  t h e  i n f u s i o n ,  a n d  c o n t i n u e d  f o r  a t  l e a s t  7 
d a y s .  A g a i n ,  2 4  h o u r s  a f t e r  t h e  l a s t  o f  t h e s e  s e s s i o n s ,  a 
s e c o n d  i n f u s i o n  o f  6 -OHDA -  s i m i l a r  t o  t h e  f i r s t  -  w a s  a d 
m i n i s t e r e d .  T h e  a n i m a l s  w e r e  t h e n  t e s t e d  f o r  ICSS on  t h e  
f o l l o w i n g  14 d a y s .  P r e l i m i n a r y  a n a l y s i s  o f  t h e  b e h a v i o r a l  
d a t a  r e v e a l e d  t h a t  t h e r e  w a s  e s s e n t i a l l y  n o  c h a n g e  i n  ICSS 
a f t e r  t h e  f i r s t  i n j e c t i o n s ,  b u t  t h a t  a f t e r  t h e  s e c o n d  i n 
j e c t i o n s  t h e r e  w a s  a n  o v e r a l l  d r o p  i n  b a r - p r e s s i n g ,  co m 
p a r e d  w i t h  b a s e l i n e  r a t e s .  T h e  b r a i n s  o f  t h e s e  a n i m a l s  w e r e  
s u b s e q u e n t l y  p r e p a r e d  f o r  e x a m i n a t i o n  o f  t h e  s t i m u l a t i o n  
a r e a  u s i n g  t h e  f o r m a l d e h y d e - i n d u c e d  f l u o r e s c e n c e  o f  c a t e 
c h o l a m i n e s  i n  V i b r a t o m e - s e c t i o n e d  m a t e r i a l .  R e s u l t s  o f  
t h e s e  a n a t o m i c a l ,  a s  w e l l  a s  o f  p h a r m a c o l o g i c a l  s t u d i e s  
c u r r e n t l y  u n d e r  w a y ,  a r e  p r e s e n t e d .

S u p p o r t e d  by  NIH G r a n t  M H 37 3 4 6 -0 1  t o  R .M .C .

3 3 7 . 5   DOPAMINE RECEPTORS INVOLVED IN SELF-STIMULATION IN THE RAT . 
S .  N a k a j i m a .  D e p a r t m e n t  o f  P s y c h o l o g y ,  D a l h o u s i e  U n i v . ,  
H a l i f a x ,  N ova  S c o t i a ,  C a n a d a ,  B3H 4 J 1 .

T h e  s u p p r e s s i o n  o f  s e l f - s t i m u l a t i o n  p r o d u c e d  b y  n e u r o 
l e p t i c  d r u g s  h a s  b e e n  a t t r i b u t e d  t o  t h e  b l o c k i n g  o f  d o p a m i n e  
r e c e p t o r s  i n  t h e  b r a i n .  S i n c e  t h e r e  a r e  m o r e  t h a n  o n e  t y p e  
o f  d o p a m i n e  r e c e p t o r  i n  t h e  b r a i n ,  a  q u e s t i o n  w a s  a s k e d  
w h e t h e r  t h e  s u p p r e s s i o n  r e s u l t s  f r o m  t h e  b l o c k i n g  o f  e i t h e r  
D1 ( c A M P - m e d i a t e d )  o r  D2 r e c e p t o r s  o n l y ,  o r  b l o c k i n g  o f  b o t h  
r e c e p t o r s  t o g e t h e r .  R a t s  w e r e  i m p l a n t e d  w i t h  b i p o l a r  e l e c 
t r o d e s  i n t o  t h e  l a t e r a l  h y p o t h a l a m i c  a r e a ,  v e n t r a l  
t e g m e n t u m ,  d o r s a l  r a p h e ,  o r  t h e  s e p t a l  a r e a ,  a n d  t h e n  
t r a i n e d  t o  r e c e i v e  a  0 . 5  s e c  t r a i n  o f  p u l s e  s t i m u l a t i o n  by  
m a k i n g  a  c o n t a c t  w i t h  a  m e t a l  t u b e .  To t e s t  d r u g  e f f e c t s ,  
t h e  a n i m a l  w a s  l e f t  t o  r e s p o n d  f o r  3 0  m i n  p r i o r  t o  a n  i . p .  
i n j e c t i o n  a n d  6 0  m i n  t h e r e a f t e r .

S C H - 2 3 3 9 0 ,  a  d r u g  b e l i e v e d  t o  b e  a  s p e c i f i c  b l o c k e r  o f  
D1 r e c e p t o r s ,  s u p p r e s s e d  s e l f - s t i m u l a t i o n  c o m p l e t e l y  w i t h i n   
5 - 8  m i n  o f  i n j e c t i o n .  As s m a l l  a s  0 . 0 5  m g / k g  o f  S C H - 2 3 3 9 0  
p r o d u c e d  t h e  s a m e  c o m p l e t e  s u p p r e s s i o n  a s  o b s e r v e d  w i t h  25  
m g / k g  h a l o p e r i d o l  i n  a l l  a n i m a l s  r e g a r d l e s s  o f  t h e  e l e c t r o d e  
s i t e . T h e  a n i m a l s  w e r e  n o t  a s l e e p  o r  p a r a l y z e d ;  t h e r e  w a s  
n o  s i g n  o f  p a i n  o r  d i s c o m f o r t .  S u l p i r i d e ,  known  t o  h a v e  a 
m u c h  h i g h e r  a f f i n i t y  w i t h  D2 t h a n  D1 r e c e p t o r  s i t e s ,  p r o 
d u c e d  n o  e f f e c t  o n  s e l f - s t i m u l a t i o n  a t  5 0  m g / k g .  A t  1 0 0  
m g / k g ,  t h e  r a t e  o f  r e s p o n d i n g  w a s  r e d u c e d  t o  3 0 - 5 0 %  o f  t h e  
p r e - i n j e c t i o n  r a t e ,  b u t  n o n e  o f  t h e  a n i m a l s  s t o p p e d  r e s p o n d 
i n g  c o m p l e t e l y .  T h e s e  a n i m a l s  w e r e  t e s t e d  a g a i n  3 h o u r s  
a f t e r  i n j e c t i o n  f o r  3 0  m i n :  a l l  o f  t h e m  d e m o n s t r a t e d  a b o u t   
50% l e v e l  o f  r e s p o n d i n g .

T h e  r e s u l t s  s u g g e s t  t h a t  t h e  b l o c k i n g  o f  D1 r e c e p t o r s  i s  
s u f f i c i e n t  t o  c a u s e  a  c o m p l e t e  s u p p r e s s i o n  o f  s e l f - s t i m u l a 
t i o n  i n  t h e  r a t .  T h e  e f f e c t  o f  S C H - 2 3 3 9 0  c a n n o t  b e  a t t r i 
b u t e d  e n t i r e l y  t o  m o t o r  d y s f u n c t i o n  b e c a u s e  t h e  t a s k  w a s  
e x t r e m e l y  e a s y  t o  p e r f o r m .  I t  i s  m o r e  l i k e l y  t h a t  t h e  
b r a i n  s t i m u l a t i o n  w a s  n o  l o n g e r  r e w a r d i n g  w he n  D1 r e c e p t o r s  
w e r e  b l o c k e d .

( S u p p o r t e d  by  NSERC o f  C a n a d a ,  G r a n t  No.  A 0 2 3 3 .
S u l p i r i d e  w a s  p r o v i d e d  b y  D e l a g r a n g e  I n t e r n a t i o n a l ,  a n d  
S C H - 2 3 3 9 0  w a s  a  g i f t  f r o m  D r .  G.  M. M c K e n z i e . )

3 3 7 .6  DOPAMINE ANTAGONISTS PIMOZIDE AND SCH-23390 REDUCE 
HIPPOCAMPAL THETA-CONTINGENT SELF-STIMULATION WITHOUT 
IMPAIRING THE RAT’ S ABILITY TO PERFORM THE RESPONSE.  
B ry an  D. F a n t i e .  D e p a r tm e n t o f  P s y c h o lo g y ,  D a lh o u s ie  
U n i v e r s i t y ,  H a l i f a x ,  Nova S c o t i a ,  C an a d a , B3H 4 J 1 .

V a r io u s  p h a rm a c o lo g ic a l  a g e n ts  c a n  i n c r e a s e  o r  
d e c r e a s e  th e  num ber o f  r e s p o n s e s  t h a t  an  a n im a l w i l l  
p ro d u c e  in  o r d e r  t o  e a r n  some r e w a rd .  I t  i s  d i f f i c u l t  
to  i n t e r p r e t  t h e s e  c h a n g e s  i n  p e rfo rm a n c e  a s  a  d i r e c t  
m ea su re  o f  a n  a l t e r a t i o n  o f  t h e  r e w a rd in g  v a lu e  o f  th e  
r e i n f o r c e r .  F o r  i n s t a n c e ,  a  d ru g  may s u p p r e s s  
r e s p o n d in g  by  i n t e r f e r i n g  w i th  m o to r  a c t i v i t y  e v e n  i f  
i t  h a s  no e f f e c t  on  th e  m a g n itu d e  o f  t h e  r e w a rd .  T h is  
p ro b le m  h a s  p ro v ed  p a r t i c u l a r l y  tro u b le s o m e  f o r  s t u d i e s  
d e a l i n g  w i th  r e w a rd in g  i n t r a - c r a n i a l  s e l f - s t i m u l a t i o n .  
I n  o r d e r  t o  o vercom e t h i s  d i f f i c u l t y ,  I  h a v e  d e v e lo p e d  
a n  e x p e r im e n ta l  t e c h n iq u e  to  h e lp  d i f f e r e n t i a t e  
d e c re m e n ts  i n  rew a rd  from  p e rfo rm a n c e  d e f i c i t s  p ro d u c e d  
by m o to r  im p a irm e n t o r  d e c re a s e d  s e n s o r y  c a p a c i t y .  
M ale hooded  r a t s  w e re  im p la n te d  w i th  b i p o l a r  e l e c t r o d e s  
fro m  w h ich  h ip p o ca m p a l t h e t a  c o u ld  be r e c o r d e d .  A 
se co n d  b i p o l a r  e l e c t r o d e ,  a im ed  a t  th e  l a t e r a l  
h y p o th a la m ic  a r e a  o f  th e  m e d ia l  f o r e b r a i n  b u n d le ,  was 
u s e d  to  d e l i v e r  re w a rd in g  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  
b r a i n  (E S B ). I n  o r d e r  t o  e a r n  ESB th e  r a t  c o u ld  h o ld  a  
l e v e r  down f o r  3 s  o r ,  when th e  l e v e r  was r e t r a c t e d ,   
p ro d u c e  a  c o n t in u o u s  3 s t r a i n  o f  h ip p o c a m p a l t h e t a  
w a v e s . T h ro u g h o u t e a c h  3 h r  s e s s i o n ,  th e  ty p e  o f  
r e s p o n s e  r e q u i r e d  to  p ro d u c e  ESB a l t e r n a t e d  e v e ry  5 
m in . P r e l im in a r y  i n v e s t i g a t i o n s  h a v e  r e v e a l e d  t h a t  
i n j e c t i o n s  o f  SCH-23390 ( 0 .0 5  m g /k g , i . p . ) ,  a  d ru g   
r e p o r t e d  t o  b lo c k  D1 r e c e p t o r s  s p e c i f i c a l l y ,  o r  
p im o z id e  ( 0 .5  m g /k g , i . p . )  s u p p r e s s  b o th  b a r - p r e s s i n g  
and  re w a rd e d  h ip p o c a m p a l t h e t a  t r a i n s .  S i g n i f i c a n t l y ,  
t h e  u n re w a rd e d  t h e t a  t r a i n s ,  w h ic h  a r e  p ro d u c e d  when  
t h e  l e v e r  i s  a v a i l a b l e ,  do n o t  d e c r e a s e  t h u s   
d e m o n s t r a t in g  t h a t  th e  a b i l i t y  t o  p ro d u c e  h ip p o c a m p a l 
t h e t a  h a s  n o t  b e e n  im p a i r e d .  T h e r e f o r e ,  t h e  d e c r e a s e  
i n  t h e  r a t e  o f  re w a rd e d  t h e t a  t r a i n s  p ro d u c e d  by t h e s e  
d ru g s  c a n n o t  b e  a t t r i b u t e d  to  a  p e rfo rm a n c e  d e f i c i t  
s i n c e  t h e  a n im a l h a s  d e m o n s tra te d  t h a t  i t  i s  s t i l l  
c a p a b le  o f  p e r fo rm in g  th e  r e s p o n s e .

(S u p p o r te d  by NSERC o f  C anada G ra n t  No. A0233 t o  Dr
S . N a k a jim a . SCH-23390 w as k i n d l y  d o n a te d  by  S c h e r in g  
C o rp . th ro u g h  th e  c o - o p e r a t i o n  o f  Dr G.M. M c K e n z ie .)
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3 3 7 .7   EFFECTS OF 6-HYDROXYDOPAMINE LESIONS OF THE MEDIAL PREFRONT
AL CORTEX ON COCAINE SELF-ADMINISTRATION.  C S z o s t a k * ,  
M . T .  M a r t i n - I v e r s o n  a n d  H . C .  F i b i g e r  (SPON: A .  J a k u b o v i c ) .   
D i v .  N e u r o l .  S c i . ,  D e p t .  P s y c h i a t . ,  U n i v e r s i t y  o f  B r i t i s h  
C o l u m b i a ,  V a n c o u v e r ,  B . C . ,  V6 T 1W5.

D e s t r u c t i o n  o f  d o p a m i n e  (DA) n e r v e  t e r m i n a l s  o r  c e l l  
b o d i e s  i n  t h e  n u c l e u s  a c c u m b e n s  (n A ) r e s u l t s  i n  a  d i s r u p t i o n  
o f  c o c a i n e  s e l f - a d m i n i s t r a t i o n  ( C S A ) ,  s u g g e s t i n g  t h a t  t h e  nA 
p l a y s  a  c r i t i c a l  r o l e  i n  t h e  r e i n f o r c i n g  p r o p e r t i e s  o f  c o c 
a i n e  ( R o b e r t s ,  D . C . S . ,  e t  a l . ,  P h a r m a c .  B i o c h e m .  & B e h a v . ,  
1 2 : 7 8 1 ,  1 9 8 0 ;  Z i t o ,  K . A . ,  e t  a l . ,  N e u r o s c i . A b s t r .  3 3 1 . 6 ,  
1 9 8 3 ) .  6 - H y d r o x y d o p a m i n e  ( 6 -OHDA) l e s i o n s  o f  t h e  v e n t r a l  
t e g m e n t a l  a r e a  (VTA) a l s o  a t t e n u a t e  CSA ( R o b e r t s ,  D . C . S .   
& K o o b ,  G . F . ,  P h a r m a c .  B i o c h e m .  & B e h a v . ,  1 7 : 9 0 1 ,  1 9 8 2 ) .  
H o w e v e r ,  l o s s  o f  DA i n  t h e  nA f o l l o w i n g  s u c h  l e s i o n s  d o e s  
n o t  c o r r e l a t e  w i t h  t h e  o b s e r v e d  b e h a v i o r a l  d e f i c i t s ,  s u g 
g e s t i n g  t h a t  o t h e r  s t r u c t u r e s  i n n e r v a t e d  b y  t h e  VTA may b e  
i n v o l v e d  i n  t h e  m a i n t e n a n c e  o f  CSA. A c c o r d i n g l y ,  G o e d e r  & 
S m i t h  ( S c i e n c e ,  2 2 1 : 7 7 3 ,  1 9 8 3 )  r e p o r t e d  t h a t  r a t s  w i l l  r e s 
p o n d  f o r  c o c a i n e  i n j e c t e d  d i r e c t l y  i n t o  t h e  m e d i a l  p r e f r o n t a l  
c o r t e x  (MPFC) b u t  n o t  i n t o  t h e  VTA o r  nA,  s u g g e s t i n g  t h a t  
t h e  m e s o c o r t i c a l  DA s y s t e m  may b e  i n v o l v e d  i n  CSA.

To t e s t  t h i s  h y p o t h e s i s ,  r a t s  w e r e  i m p l a n t e d  w i t h  c h r o n i c  
i n d w e l l i n g  j u g u l a r  c a n n u l a e  a n d  a l l o w e d  t o  r e s p o n d  f o r  c o c 
a i n e  ( 1 . 2 5  m g / m l ; . 1 8  m l / i n f u s i o n )  a c c o r d i n g  t o  a  d i s c r e t e  
t r i a l ,  c o n t i n u o u s  r e i n f o r c e m e n t  s c h e d u l e  f o r  3 h r s / d a y .  O n c e  
r e s p o n d i n g  h a d  s t a b i l i z e d ,  r a t s  r e c e i v e d  e i t h e r  b i l a t e r a l  
i n f u s i o n s  o f  6 -OHDA ( 8  u g / 2  u l ) i n t o  t h e  MPFC, o r  a  s h a m  
o p e r a t i o n .  T e s t i n g  f o r  CSA r e c o m m e n c e d  2 d a y s  p o s t - o p e r a t i v 
e l y  a n d  c o n t i n u e d  u n t i l  s t a b l e  p e r f o r m a n c e  w a s  o b t a i n e d .   
HPLC a n a l y s i s  o f  DA a n d  s e r o t o n i n  ( 5 - H T )  l e v e l s  i n  t h e  MPFC 
nA a n d  s t r i a t u m  w a s  c o n d u c t e d  u p o n  c o m p l e t i o n  o f  b e h a v i o r a l  
t e s t i n g .

B i l a t e r a l  i n f u s i o n s  o f  6 -OHDA i n t o  t h e  MPFC r e d u c e d  DA 
c o n c e n t r a t i o n s  i n  t h i s  r e g i o n  t o  a p p r o x i m a t e l y  5% o f  c o n t r o l  
l e v e l s .  5- H T l e v e l s  w e r e  n o t  a f f e c t e d  ( 9 6 % ) .  D e s p i t e  t h e  
e x t e n s i v e  d e p l e t i o n  o f  DA, CSA w a s  n o t  d i s r u p t e d ,  s u g g e s t i n g  
t h a t  t h e  m e s o c o r t i c a l  p r o j e c t i o n  i s  n o t  e s s e n t i a l  f o r  CSA.  
As s u c h ,  r e s p o n d i n g  f o r  i n t r a - M P F C  i n f u s i o n s  o f  c o c a i n e  may 
b e  m e d i a t e d  b y  t h e  n o n - s p e c i f i c  e f f e c t s  o f  c o c a i n e  ( e . g .  
a n a e s t h e t i c  p r o p e r t i e s )  r a t h e r  t h a n  b y  d i r e c t  e f f e c t s  o n  t h e  
DA n e r v e  t e r m i n a l s .  A l t e r n a t i v e l y ,  t h e  m e s o c o r t i c a l  s y s t e m ,  
i n  c o n j u n c t i o n  w i t h  o t h e r  s y s t e m s  may b e  i n v o l v e d  i n  m o d u l a t 
i n g  t h e  r e i n f o r c i n g  p r o p e r t i e s  o f  c o c a i n e .

337.8  PHARMACOLOGICAL DISSOCIATION OF THE CUE PROPERTIES FROM 
THE REINFORCING EFFECTS OF VENTRAL TEGMENTAL BRAIN 
STIMULATION.  J .P . Druhan*. M.T. M artin -Iverson . D. 
Willcie*,  H.C. F ib ig er and A.G. P h i l l ip s  (SPON: R.  
T ees).  Dept. Psychology; Div. N eurological Sciences, 
U n iversity  of B r it is h  Columbia, Vancouver, B .C ., Canada, 
V6T 1W5.

The re in fo rc in g  p ro p e rtie s  of e le c t r i c a l  b ra in  
s tim u la tio n  (EBS) a t  some s i t e s  appear to  depend on the 
a c tiv a tio n  of dopaminergic neurons. By c o n tra s t ,  
pharm acological trea tm ents  a f fe c tin g  dopamine systems do 
not a l t e r  the d is c r im in a b il i ty  or the d e te c tio n  of EBS 
in the  l a t e r a l  hypothalamus, when the  s tim u la tio n  is  
used as a d isc r im in a tiv e  cue. The p resen t experiment 
was designed to  compare the e f fe c ts  h a lo p e rid o l and 
amphetamine on both the re in fo rc in g  and cue p ro p e rtie s  
of EBS d e liv e red  to  a region  con ta in ing  dopamine c e l l  
bod ies, the v e n tra l tegm ental area  (VTA). Rats w ith VTA 
e lec tro d es  were tra in e d  to  make a d iscrim in a ted  operant 
response on one of two lev e rs  a f te r  pu lses of high or 
low in te n s ity  EBS, to  ob ta in  one food p e l le t .  Ninety 
such t r i a l s  were given in a d a ily  sess io n , w ith v a ria b le  
20 sec i n t e r t r i a l  in te rv a ls .  Animals th a t  learned  the 
d iscr im in a tio n  were subsequently given g e n e ra liz a tio n  
t e s t s  in which in te rm ediate  cu rren t in te n s i t ie s  were 
adm inistered  on 20% of the t r i a l s .  Stimulus 
g e re ra liz a tio n  g rad ien ts  were obtained  fo r each animal 
under ba se lin e  cond itions and follow ing sep a ra te  
ad m in is tra tio n s  of .075 mg/kg ha lo p erid o l and 2.0  mg/kg 
amphetamine. The e f fe c ts  of the same doses of these  
drugs on s e lf -s t im u la tio n  were subsequently  determ ined 
during r a te - in te n s i ty  t e s t s .  H aloperidol and 
amphetamine did  not a l t e r  the  d isc r im in a tio n  of EBS in 
the  g e n e ra liz a tio n  procedure. In  c o n tra s t ,  both drugs 
had s ig n if ic a n t e f fe c ts  on s e lf -s t im u la tio n  behav ior. 
Amphetamine increased  b a r-p ress  ra te s  a t  each of the 
cu rren ts  used in the d iscr im in a tio n  procedure, w hile 
ha lo p e rid o l decreased ra te s  r e la t iv e  to  those observed 
follow ing v eh ic le  in je c tio n s .  These e f fe c ts  support 
previous rep o rts  of dopaminergic involvement in the 
rewarding p ro p e rtie s  of VTA b ra in  s tim u la tio n . However, 
the lack  of an e f fe c t  of these  drugs on d iscr im in a tio n  
performance suggests th a t  the cue p ro p e rtie s  of the EBS 
are not dependent on dopamine a c t iv i ty .

Supported by Medical Research Council of Canada.

337 .9  BEHAVIORAL AND BIOCHEMICAL STUDIES OF CENTRAL DOPAMINE 
RECEPTOR SENSITIVITY IN DIFFERENTIALLY HOUSED MICE.  C .A . 
W ilm o t. C . V anderW ende. an d  M .T. S p o e r l e i n .  D e p t.  
P h a rm a c o lo g y , R u tg e r s  U n i v . ,  P i s e a ta w a y ,  NJ 0 8 8 5 4 .

The s o c i a l  i s o l a t i o n  o f  m ale  m ice  r e s u l t s  i n  a  syndrom e 
c h a r a c t e r i z e d  by h y p e r a c t i v i t y  i n  a  n o v e l  e n v iro n m e n t ,  
i n c r e a s e d  s e n s i t i v i t y  t o  c e n t r a l  s t i m u l a n t s ,  a n  im p a ire d  
l e a r n i n g  a b i l i t y  and  a  p ro n o u n c e d  f i g h t i n g  b e h a v io r  to w a rd s  
c o n s p e c i f i c  m a le s  an d  h a s  b e e n  c o n s id e r e d  a n  a n im a l m odel 
f o r  p s y c h o n e u r o t ic  an d  l e a r n i n g  d i s o r d e r s .  W hether c h a n g e s  
i n  t h e  p r e s y n a p t i c  r e g u l a t i o n  o f  d o p a m in e rg ic  n e u ro n  
a c t i v i t y  o r  i n  t h e  p o s t s y n a p t i c  s e n s i t i v i t y  o f  dopam ine 
r e c e p t o r s  c o n t r i b u t e  t o  t h e  b e h a v io r a l  d i f f e r e n c e s  b e tw e en  
g ro u p -h o u se d (G H ) o r  i n d i v i d u a l l y - h o u s e d ( lH )  m ice  w e re  
e x a m in e d . P r e v io u s  w o rk  f ro m  t h i s  l a b  h a s  shown a n  
i n c r e a s e d  lo c o m o to r ( LMA) r e s p o n s e  t o  low  d o s e s  o f  
am phetam ine(A M ) a s  w e l l  a s  a n  i n c r e a s e d  c l im b in g  r e s p o n s e  
t o  low  d o s e s  o f  apom orph ine(A P O ) a f t e r  4 w eeks o f  
d i f f e r e n t i a l  h o u s in g (D H ) .

To ex am in e  th e  h y p o t h e s i s  o f  an  a u to r e c e p t o r  
s u b s e n s i t i v i t y  i n  IH m ic e , DH m ice  w e re  com pared  i n  t h e i r  
LMA r e s p o n s e  t o  A P O (0 .0 0 7 5 - 0 .3  m g /k g ) an d  i n  t h e  
A P O -an tag o n ism  o f  GBL-in d u c e d  DOPA a c c u m u la t io n  a f t e r  
i n h i b i t i o n  o f  a r o m a t i c  a m in o - a c id  d e c a r b o x y la s e  i n  
s t r i a t a l ,  l im b ic  an d  f r o n t a l  c o r t e x  t i s s u e .  A lth o u g h  IH 
m ice  show a  s i g n i f i c a n t l y  g r e a t e r  b a s e l i n e  LMA th a n  GH 
m ic e ,  m ice  fro m  b o th  h o u s in g  c o n d i t i o n s  w e re  r e s p o n s iv e  to  
t h e  a c t i v i t y - r e d u c i n g  e f f e c t s  o f  APO. M axim al e f f e c t s  w e re  
s e e n  a t  APO 0 .0 3 7 5  and  0 .0 7 5  m g/kg  f o r  IH an d  GH m ice  
r e s p e c t i v e l y .  A ls o ,  t h e r e  w as no d i f f e r e n c e  b e tw e en  GH and 
IH m ice  i n  t h e  APO( .0 0 7 5 - 2 .0 m g /k g ) - a n ta g o n is m  o f 
GBL-in d u c e d  DOPA a c c u m u la t io n  i n  t h e  3 b r a i n  r e g i o n s  
e x a m in e d .

The p o s s i b i l i t y  o f  a  p o s t s y n a p t i c  h y p e r s e n s i t i v i t y  
r e s u l t i n g  fro m  s o c i a l  i s o l a t i o n  w as a l s o  c o n s id e r e d .  The 
a b i l i t y  o f  A P O (.0 7 5 -0 .6  m g /k g ) t o  s t i m u l a t e  LMA a f t e r  
r e s e r p i n e  p r e t r e a t m e n t  (5 m g /k g , 3 .5  h r s . )  was s i g n i f i c a n t l y  
g r e a t e r  i n  IH m ic e .  C o n f irm in g  t h i s  b e h a v io r a l  m e a s u re ,  
3 H -S p i r o p e r id o l  b i n d in g  i n d i c a t e d  a  s i g n i f i c a n t l y  g r e a t e r  
num ber o f  h ig h  a f f i n i t y  s i t e s  i n  l im b ic  t i s s u e ,  a 
n o n s i g n i f i c a n t  i n c r e a s e  i n  f r o n t a l  c o r t e x  an d  no 
s i g n i f i c a n t  ch an g e  i n  s t r i a t a l  t i s s u e ,  w i th  no s i g n i f i c a n t  
c h a n g e s  i n  Kd. T hese  s t u d i e s  i n d i c a t e  t h a t  t h e  b e h a v io r a l  
syndrom e a s s o c i a t e d  w i th  IH m ale  m ice  may be c o n c u r r e n t  
w i t h  p o s t s y n a p t i c  dopam ine r e c e p t o r  h y p e r s e n s i t i v i t y .  
S u p p o r te d  by NIMH F e l lo w s h ip  MH08873 t o  C.A.W. an d  by th e  
C h a r le s  an d  Jo h a n n a  B usch  Fund t o  C.V.

3 3 7 .10  BEHAVIORAL RESPONSES TO APOMORPHINE DIFFER IN NEONATAL AND 
ADULT-6-HYDROXYDOPAMINE-TREATED RATS.  G .R . B r e e s e ,  A .A . 
B a u m e is te r ,  T . J .  McCown, G .D . F r y e ,  K .L . H u le b a k  and  R .A . 
M u e l l e r .  B i o l o g i c a l  S c i e n c e s  R e s e a rc h  C e n t e r ,  UNC S c h o o l o f  
M e d ic in e ,  C h a p e l H i l l ,  NC 2 7 5 1 4 .

C e n t r a l  6-hydroxydopam ine(6 -O H D A ) t r e a tm e n t  o f  a d u l t  and  
d e v e lo p in g  r a t s  r e s u l t s  i n  a  m a jo r  r e d u c t io n  o f  b r a i n  c a t e 
c h o la m in e s .  R e c e n tly ,  i t  h a s  b e e n  o b s e rv e d  t h a t  100 m g/kg 
o f  L-DOPA in d u c e s  s e l f - b i t i n g  in  a d u l t  r a t s  t r e a t e d  n e o n a 
t a l l y  w i th  6-OHDA, b u t  n o t  i n  t h o s e  a n im a ls  t r e a t e d  a s  
a d u l t s .  The p u rp o s e  o f  t h e  p r e s e n t  e x p e r im e n ts  was to  d e 
te r m in e  i f  b e h a v io r a l  r e s p o n s e s  to  a p o m o rp h in e  w ou ld  a l s o  
d i f f e r  i n  n e o n a t a l -  and  a d u l t - 6 - OHDA-t r e a t e d  r a t s .  When 
n e o n a t a l - 6 - OH D A -tre a te d  r a t s  w ere  c h a l l e n g e d  w i t h  apom or
p h in e  (1 m g/kg) a s  a d u l t s ,  th e y  e x h i b i t e d  s t e r e o t y p i e s  and  
s e l f - b i t i n g .  A d u lt-6 -O H D A -tre a te d  r a t s  d id  n o t  e x h i b i t  s e l f -  
b i t i n g ,  b u t  th e y  d id  d i s p l a y  paw t r e a d i n g  an d  h ead  n o d d in g  -  
 b e h a v io r s  n o t  o b s e rv e d  i n  n e o n a ta l -6 - O H D A -tre a te d  r a t s .  I n  
a d d i t i o n ,  th e  lo c o m o to r  r e s p o n s e  to  a p o m o rp h in e  (1 m g/kg) 
was s i g n i f i c a n t l y  g r e a t e r  i n  a d u l t - 6 - OH D A -tre a te d  r a t s  th a n  
th o s e  t r e a t e d  n e o n a t a l l y .  B r a in  d opam ine  w as m a rk e d ly  r e 
d u ced  i n  s t r i a t u m ,  n u c le u s  ac cu m b e n s , an d  o l f a c t o r y  t u b e r 
c l e s  i n  b o th  t r e a tm e n t  g r o u p s .  S e r o to n in  w as e l e v a t e d  in  
t h e  s t r i a t u m  o f  r a t s  t r e a t e d  n e o n a t a l l y  w i th  6-OHDA b u t  n o t  
i n  a d u lt -6 -O H D A - tr e a te d  r a t s .  H ow ever, we c o u ld  n o t  a t t r i 
b u te  t h e  b e h a v io r a l  c h a n g e s  a f t e r  a p o m o rp h in e  a d m i n i s t r a t i o n  
to  r e l e a s e  o f  s e r o t o n i n  i n  th e  n e o n a ta l -6 - O H D A -tre a te d  r a t s ,  
b e c a u s e  5 - h y d ro x y t ry p to p h a n  d id  n o t  in d u c e  t h e s e  b e h a v io r s  
when a d m i n i s t e r e d  t o  t h e s e  a n im a ls .  To a s s e s s  t h e  r o l e  o f  
do p am in e  r e c e p t o r s  i n  th e  s e l f - b i t i n g  o b s e rv e d  to  d o p am in e  
a g o n i s t s ,  n e o n a ta l -6 -O H D A -tre a te d  r a t s  w e re  t r e a t e d  w i th  
f l u p e n t h i x o l  o r  h a l o p e r i d o l  b e f o r e  r e c e i v i n g  L-DOPA. W h ile  
a d m i n i s t r a t i o n  o f  h a lo p e r i d o l  d id  n o t  r e d u c e  th e  i n c id e n c e  
o f  s e l f - b i t i n g ,  f l u p e n t h i x o l  b lo c k e d  t h i s  r e s p o n s e  e l i c i t e d  
by t h i s  d opam ine  a g o n i s t .  T h e se  d a t a  s u g g e s t  t h a t  t h i s  b e h a v 
i o r a l  r e s p o n s e  i s  a s s o c i a t e d  w i th  D -l r e c e p t o r s .  The d e p e n 
d e n c e  o f  th e  b e h a v io r a l  r e s p o n s e s  in d u c e d  by d o p am in e  a g o n 
i s t s  on  th e  a g e  a t  w h ich  d o p a m in e -c o n ta in in g  f i b e r s  a r e  d e 
s t r o y e d  s u g g e s t s  t h a t  a d a p t i v e  n e u r a l  m ech an ism s ( i n i t i a t e d  
by d i s r u p t i n g  d o p a m in e -c o n ta in in g  f i b e r s )  d i f f e r  i n  n e o n a te  
and  a d u l t  r a t s . ( S u p p o r te d  by HD-03310 and  MH-36294)
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337.11  REPETITIVE, CONDITIONED RESPONDING FOLLOWING TELENCEPHALIC 
CATECHOLAMINE IMBALANCE: WHOLE BRAIN AND RESTRICTED LOCUS  
COERULEUS LESIONS.  I . J .  Goodman, A. Osman* & A .J .  A z z a ro .  
D e p ts .  o f  P s y c h o lo g y  an d  N e u ro lo g y ,  W est V i r g i n i a  U n i v e r s i t y ,  
M org an to w n , WV 26506

R e p e t i t i v e ,  c o n d i t i o n e d  k ey  p e c k in g ,  p ro m o te d  by  f i x e d  i n 
t e r v a l  fo o d  d e l i v e r y ,  i s  r e p o r t e d  t o  d ro p  f o l lo w in g  t e l e n 
c e p h a l i c  d opam ine  (DA) d e p l e t i o n .  T h is  may b e  p ro d u c e d  by  th e  
d e s t r u c t i o n  o f  a v ia n  p a l e o s t r i a t a l  co m p lex  ( b a s a l  g a n g l i a )  
o r  t h e  v e n t r a l  m id b r a in  ( n u c l e u s  t e g m e n t i  p e d u n c u lo  p o n t in u s ,  
s u b s t a n t i a  n i g r a  h o m o lo g u e , an d  th e  v e n t r a l  a r e a  o f  T s a i ) .  On 
th e  o t h e r  h a n d , a  c o n d i t i o n e d  r e s p o n s e  r a t e  r i s e  i s  p ro d u c e d  
when a  d e c r e a s e  i n  b o th  DA an d  n o r e p i n e p h r i n e  (NE) fo l lo w s  
s u c h  a  l e s i o n .  The p r e s e n t  s tu d y  i n v e s t i g a t e d  th e  i n t e r a c t i v e  
t e l e n c e p h a l i c  DA-NE e f f e c t s  w i th  l e s i o n s  a t  o t h e r  b r a i n  l o c i ,  
i n  lo c u s  c o e r u l e u s  (LoC) an d  fro m  i n j e c t i o n s  i n t o  c i s t e m u m  
magnum.

I n t a c t  p ig e o n s ,  t a u g h t  t o  key  p e c k  f o r  g r a i n  r e i n f o r c e 
m e n t,  r e s p o n d e d  on  a  s c h e d u le  t h a t  h a d  r e in f o r c e m e n t  d e l i v e r 
e d  a f t e r  t h e  f i r s t  r e s p o n s e  f o l lo w in g  a  2 m in n o - r e i n f o r c e 
m ent i n t e r v a l  ( F I - 2 ) .  F o l lo w in g  th e  e s t a b l i s h m e n t  o f  s t a b l e  
r e s p o n s e  r a t e s  an d  p a t t e r n s ,  b i r d s  w e re  b i l a t e r a l l y  l e s i o n e d  
i n  LoC by e l e c t r o l y s i s  (2 mA, dc a n o d a l  c u r r e n t ,  15 s e c ) ,  6-  
h y d ro x y d opam ine  ( 6-O H D A )(8ug/2uL  s a l i n e ) , p r e t r e a t m e n t  w i th  
d e s m e th 'y l im ip ra m in e  (DMI) (15  m g /k g , i p )  fo l lo w e d  by 6-OHDA 
o r  p r e t r e a t m e n t  w i th  b u p r o p io n  (B PN )(40 m g /k g , i p )  f o l lo w e d  
by 6-HDA. O th e r  b i r d s  r e c e i v e d  i n t r a c i s t e m a l  i n j e c t i o n s  o f   
6-OHDA (2 0 0  m g/20 uL s a l i n e ) ,  p r e c e d e d  e i t h e r  by  DMI o r  BPN. 
B i r d s  w e re  r u n  an  a d d i t i o n a l  30 o r  m ore d a i l y  b e h a v io r a l  
s e s s i o n s .  A n im als  w e re  s a c r i f i c e d  an d  h ig h  p e rfo rm a n c e  l i q 
u id  c h ro m a to g ra p h y  a s s a y s  w e re  ru n  f o r  t e l e n c e p h a l i c  DA and 
NE l e v e l s .

F o r  p u r p o s e s  o f  c o m p a rin g  r e p e t i t i v e ,  o p e r a n t  r e s p o n d in g  
an d  b r a i n  CA l e v e l s ,  two s c o r e s  w e re  u s e d .  The mean d a i l y  
p e c k in g  f r e q u e n c y  o v e r  t h e  l a s t  5 day b lo c k  was t h e  b e h a v io r 
a l  s c o r e  an d  th e  CA s c o r e  u s e d  w as DA -  NE/ NE/DA. T h e se  
s c o r e s  w e re  d e te r m in e d  f o r  e a c h  s u b j e c t .  A c o n s i s t e n t  co 
v a r i a t i o n  b e tw e e n  mean p e c k in g  f r e q u e n c y  and  th e  CA in d e x  
was fo u n d ; b i r d s  w i th  h i g h e s t  p e c k in g  r a t e s  h a d  th e  h i g h e s t  
CA s c o r e s  ( h ig h e s t  r a t i o  o f  DA to  NE) an d  th o s e  w i th  t h e  
lo w e s t  p e c k in g  r a t e s  h a d  t h e  lo w e s t  CA s c o r e s .  T h is  was i n 
d e p e n d e n t  o f  t h e  s i t e  o f  l e s i o n  i n i t i a t i o n .  T h e se  r e s u l t s  a r e  
c o n s i s t e n t  w i th  r e p o r t s  s u g g e s t i n g  an  im p o r ta n t  i n t e r a c t i o n  
b e tw e e n  t e l e n c e p h a l i c  DA an d  NE t h a t  u n d e r l i e s  r e p e t i t i v e  
r e s p o n d in g  i n  o p e r a n t  an d  s t e r e o t y p i n g  c i r c u m s ta n c e s .

3 3 7 .1 2   IMPULSIVITY AND ATTENTION D E F IC IT  IN RATS. G . K .  H o d g e ,
R . D .  B e c e n t i * ,  A.  K a d a s h a w - K e l b e r * ,  A . E .  B u t t * ,  J .  S a l i n a s * ,  
R.M. De Boo*  a n d  C . R .  F r i e d l i * .  D e p t . o f  P s y c h o l o g y ,  U n i v .  
o f  New M e x i c o ,  A l b u q u e r q u e ,  NM 8 7 1 3 1 .

A t t e n t i o n  d e f i c i t  d i s o r d e r  i s  c h a r a c t e r i z e d  b y  i m p u l s i v 
i t y  a n d  i n a t t e n t i o n  ( D S M - I I I ,  1 9 8 0 ) .  6 - H y d r o x y d o p a m i n e  
( 6 -OHDA) w a s  u s e d  t o  m o d e l  t h e  d i s o r d e r .  F o l l o w i n g  d e s i p r a 
m i n e  p r e t r e a t m e n t , 5 - d a y - o l d  r a t s  w e r e  i n j e c t e d  i n t r a c i s t e r 
n a l l y  w i t h  e i t h e r  10 0  µ g / 2 5  µl o f  6 -OHDA o r  2 5  µl  o f  t h e  
a s c o r b i c  a c i d / s a l i n e  v e h i c l e .

I m p u l s i v i t y  w a s  a s s e s s e d  b y  u s i n g  a  m o d i f i c a t i o n  o f  a  DRL 
t a s k  u s e d  b y  G o r d o n  ( J .  A b n o r m .  C h i l d  P s y c h o l . , 7: 3 1 7 ,  1 9 7 9 )  
t o  d i s c r i m i n a t e  b e t w e e n  h y p e r a c t i v e  a n d  n o n h y p e r a c t i v e  b o y s .  
D e t a i l s  o f  o u r  p r o c e d u r e  a r e  d e s c r i b e d  e l s e w h e r e  ( H o d g e  
e t  a l . ,  N e u r o s c i .  A b s t r . , 9: 5 5 3 ,  1 9 8 3 ) ;  b r i e f l y ,  t h e  p u p s  
w e r e  r e q u i r e d  t o  d e l a y  a p p r o a c h i n g  t h e  dam u n t i l  a n  o v e r 
h e a d  l i g h t  came o n .  6 -OHDA i m p a i r e d  d e l a y  o f  r e s p o n d i n g  
b e t w e e n  D ay s 19 a n d  2 6  p o s t p a r t u m .  As w i t h  c h i l d r e n  t r e a t e d  
w i t h  d - a m p h e t a m i n e ,  t h e  d r u g  ( 1 .0  m g / k g )  a t t e n u a t e d  
i m p u l s i v i t y  i n  t h i s  a n i m a l  m o d e l  o f  t h e  d i s o r d e r .

L ong  t e r m  e f f e c t s  o f  6 -OHDA t r e a t m e n t  o n  a t t e n t i o n  w e r e  
a s s e s s e d  w i t h  a  m o d i f i e d  K o r n e t s k y  p r o c e d u r e  ( P s y c h o p h a r m a 
c o l o g i a , 8 : 2 7 7 ,  1 9 6 5 ) .  T r a i n i n g  b e g a n  on Day 6 4  ( a t  w h i c h  
t i m e  t r e a t e d  r a t s  w e i g h e d  l e s s  t h a n  c o n t r o l s ) .  R a t s  m a i n 
t a i n e d  a t  80% b o d y  w e i g h t  w e r e  r e q u i r e d  t o  d i s c r i m i n a t e  
b e t w e e n  c r i t i c a l  a n d  n o n c r i t i c a l  l i g h t s .  A t t e n t i o n  w a s  
o p e r a t i o n a l i z e d  a s  o m m i s s i o n  e r r o r s  ( f a i l u r e  t o  r e s p o n d  t o  
t h e  c r i t i c a l  l i g h t ) ,  i m p u l s i v i t y  a s  c o m m i s s i o n  e r r o r s  ( r e 
s p o n s e s  t o  n o n c r i t i c a l  l i g h t ) ,  a n d  l e a r n i n g  a s  s u c c e s s e s  
( r e s p o n s e s  t o  c r i t i c a l  l i g h t ) .  T h e r e  w e r e  n o  g r o u p  d i f f e r 
e n c e s  i n  n o n d r u g  p e r f o r m a n c e  b e t w e e n  D a y s  64  a n d  3 6 1 .  
R a n d o m - o r d e r e d  i n j e c t i o n s  o f  s a l i n e  o r  d - a m p h e t a m i n e  ( 0 . 2 5 ,  
0 . 5 ,  1 . 0 ,  3 . 0 ,  5 . 0  m g / k g )  w e r e  i n i t i a t e d  on  Day 2 8 9 .
C o m p a r e d  t o  s a l i n e ,  n o  d i f f e r e n c e s  w e r e  p r o d u c e d  b y  t h e  tw o  
l o w e s t  d o s e s .  A t  t h e  tw o  h i g h e s t  d o s e s ,  b o t h  g r o u p s  f a i l e d  
t o  e n g a g e  i n  g o a l - d i r e c t e d  b e h a v i o r  ( i . e . ,  m axi mum  o m m i s s i o n  
e r r o r s ,  no  c o m m i s s i o n  e r r o r s ,  no s u c c e s s e s ) .  T h i s  s a m e  l a c k  
o f  r e s p o n d i n g  wa s  s e e n  i n  t h e  6 -OHDA g r o u p  a t  t h e  1 . 0  m g / k g  
d o s e ,  a l t h o u g h  t h e  c o n t r o l s  w e r e  u n a f f e c t e d  b y  t h i s  d o s e .
One e x p l a n a t i o n  i s  t h a t  t h e  6 -OHDA p r o d u c e d  r e c e p t o r  s u p e r 
s e n s i t i v i t y ;  t h e  1 .0  m g / k g  d o s e  d i s r u p t e d  b e h a v i o r  t o  t h e  
s a m e  e x t e n t  p r o d u c e d  i n  c o n t r o l s  b y  h i g h e r  d o s e s .  H o w e v e r ,  
g r o u p  s i z e s  w e r e  s m a l l  ( 6 -OHDA, 2 ;  c o n t r o l s ,  3 ) ,  a n d  
i n c l u s i o n  o f  tw o  a d d i t i o n a l  6 - O H D A - t r e a t e d  r a t s  o f  d i f f e r e n t  
a g e s  a n d  e x p e r i e n c e  f a i l e d  t o  p r e s e r v e  t h i s  d i f f e r e n c e .

( S u p p o r t e d  b y  DHHS g r a n t  R R 0 8 1 3 9 )

337. 13  EFFECTS OF SENSORY STIMULATION ON THE ACTIVITY OF 
DOPAMINE-CONTAINING SUBSTANTIA NIGRA NEURONS IN FREELY 
MOVING CATS.  D.W. P r e u s s l e r  and  M .E. T r u l s o n .  D e p t . o f  
P h a r m a c o l . ,  M a r s h a l l  U n iv . S ch . o f  M ed ., H u n t in g to n ,  WV 
2 5701 .

Dopam ine ( D A ) - c o n ta in in g  n e u ro n s  i n  th e  s u b s t a n t i a  
n i g r a  h a v e  b e e n  i m p l i c a t e d  i n  a w id e  v a r i e t y  o f  s e n s o r y  
p r o c e s s e s .  The h y p o th e s e s  t h a t  DA n e u ro n s  p l a y  a r o l e  in  
s e n s o r y  p r o c e s s e s  d e r i v e  l a r g e l y  fro m  s i n g l e  u n i t  s t u d i e s  
i n  a n e s t h e t i z e d  r a t s  sh o w in g  t h a t  t h e s e  n e u ro n s  a r e  
r e s p o n s i v e  t o  a  v a r i e t y  o f  s e n s o r y  s t i m u l i .  S in c e  we h ave  
fo u n d  t h a t  m o n o am in e rg ic  n e u ro n s  re s p o n d  d i f f e r e n t l y  i n  
a n e s t h e t i z e d  v s .  u n a n e s t h e t i z e d ,  a n im a ls ,  we t e s t e d  a 
v a r i e t y  o f  s e n s o r y  s t i m u l i  on th e  a c t i v i t y  o f  DA 
c o n ta i n in g  n e u ro n s  i n  aw ak e , b e h a v in g  c a t s .  U n it  a c t i v i t y  
was r e c o r d e d  by m eans o f  m o v ab le  32 and  6 4 µ d i a .  N ichrom e 
w i r e s  The f o l lo w in g  s t i m u l i  w ere  t e s t e d :  N o x io u s , an   
a l l i g a t o r  c l i p  was p la c e d  on th e  t a i l  o f  th e  c a t  to  a p p ly  
m o d e ra te  p r e s s u r e ;  T a c t i l e ,  a l l  a s p e c t s  o f  th e  c a t ' s  body 
s u r f a c e  w ere s t i m u l a t e d  g e n t l y  w i th  a r u b b e r  p ro b e ;  
O l f a c t o r y ,  a  s t r e a m  o f  ammonium h y d ro x id e  s a t u r a t e d  a i r  
w as d e l i v e r e d  t h r o u g h t  a  h o l e  i n  th e  s id e  o f  th e  r e c o r d in g  
ch am b er ( t h e  s t i m u l u s  was s u f f i c i e n t l y  s t r o n g  to  c a u se  th e  
c a t  t o  w ith d ra w  and groom  th e  n o se  w i th  t h e  fo re p a w s ) ;  
A u d i to ry  s i x  c l i c k s  (1 1 0  db m ea su red  a t  t h e  c e n t e r  o f  t h e  
r e c o r d in g  c h a m b e r , 1 m sec p u l s e s )  d e l i v e r e d  a t  a r a t e  o f  
one c l i c k  e v e ry  30 s e c  th ro u g h  a  s p e a k e r  i g  t h e  cham ber 
w a l l ;  V i s u a l ,  s i x  l i g h t  f l a s h e s  ( 1 .5  x  106 c a n d le  p o w er) 
d e l i v e r e d  th ro u g h  a c l e a r  p l e x i g l a s s  w indow a t  t h e  r a t e  o f  
o ne f l a s h  e v e ry  30 s e c  by m eans o f  a  p h o t i c  s t i m u l a t o r .  
T h e re  w as no o v e r a l l  s i g n i f i c a n t  e f f e c t  o f  any  o f  t h e  5 
t y p e s  o f  s e n s o r y  s t i m u l a t i o n  t e s t e d  on th e  a c t i v i t y  o f  DA 
u n i t s ;  5 /4 6  c e l l s  t e s t e d  showed a  s i g n i f i c a n t  ch an g e  i n  
t h e i r  a c t i v i t y  w i th  n o x io u s  s t i m u l a t i o n  (+ 23-+ 34% ); 2 /4 7   
c e l l s  re s p o n d e d  t o  t a c t i l e  s t i m u l a t i o n  (+ 1 2 -+ 1 7 % ); 4 /3 6   
c e l l s  r e s p o n d e d  to  o l f a c t o r y  s t i m u l a t i o n  (+ 17-+ 20% ); 6 /4 9   
c e l l s  showed a s i g n i f i c a n t  r e s p o n s e  to  a u d i t o r y   
s t i m u l a t i o n  (+ 1 1 -+ 1 4 % ); an d  3 /4 8  c e l l s  showed a 
s i g n i f i c a n t  c h a n g e  i n  r e s p o n s e  to  v i s u a l  s t i m u l i  ( + 10-  
+17% ). T h ese  d a t a  a r e  i n  c o n t r a s t  w i th  th o s e  o f  o t h e r   
i n v e s t i g a t o r s ,  who h a v e  r e p o r t e d  t h a t  n o x io u s ,  t a c t i l e ,  
o l f a c t o r y ,  a u d i t o r y  and v i s u a l  s t i m u l i  h ave  a  p ro n o u n ce d  
e f f e c t  on DA c e l l s  i n  a n e s t h e t i z e d  r a t s .  The d i f f e r e n c e  
may b e  d u e  to  t h e  u se  o f  a n e s t h e s i a  i n  p r e v io u s  s t u d i e s ,  
s i n c e  we h a v e  r e c e n t l y  d e m o n s t r a te d  t h a t  a n e s t h e s i a  
a l t e r s  th e  r e s p o n s i v e n e s s  o f  o t h e r  m onoam ine n e u ro n s  to  
s e n s o r y  s t i m u l a t i o n .

337. 14  INTRANIGRAL INJECTIONS OF DOPAMINE AGONISTS AND 
ANTAGONISTS, GLYCINE AND MUSCIMOL INFLUENCE LOCO
MOTOR ACTIVITY.  E .A .  Ja c k s o n  a n d  P .H .  K e l l y . 
 P r e c l i n i c a l  R e s e a r c h ,  S an d o z  L t d . ,  CH-4002 B a s e l ,  
Swi tz e r l a n d .

P r e v io u s ly  we h a v e  shown t h a t  b i l a t e r a l  i n t r a n i g r a l  
i n j e c t i o n s  of d o p am in e  in to  r a t s  p r e t r e a t e d  w i th  a 
monoamine o x i d a s e  i n h i b i t o r  i n d u c e  p r o lo n g e d  s t i m u l a 
tion of locomotor a c t i v i t y ,  w h i le  b i l a t e r a l  i n t r a n i g r a l  
in j e c t i o n s  of h a l o p e r id o l  r e d u c e  th e  locomotor s t i m u l a 
tion  ev o k ed  by s y s t em ic  a m p h e ta m in e  ( B r a i n  R e s e a r c h ,  
1983, 2 78 , 366-369) .  These  r e s u l t s  s u g g e s t  t h a t  d e n d r i 
tic d o p a m in e  r e l e a s e  in th e  s u b s t a n t i a  n i g r a  may h a v e  
a f u n c t io n a l  ro le  in locomotor a c t i v i t y .  In t h e  p r e s e n t  
s t u d i e s ,  th e  ro le  of th e  s u b s t a n t i a  n i g r a  in locomotor  
a c t i v i t y  was  f u r t h e r  i n v e s t i g a t e d  u s i n g  i n t r a n i g r a l  
i n j e c t i o n s  of a v a r i e t y  of d o p a m in e r g i c  a n d  o th e r  
a g o n i s t s  a n d  n e u r o l e p t i c s .  E r g o m e t r i n e ,  e p i n i n e ,  
a m i n o - 6 , 7 - d i h y d r o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o n a p t h a l e n e  h y 
d ro b r o m id e  (ADTN), 1 , 2 , 3 , 4 - t e t r a h y d r o - 6 , 7 - d i h y d r o x y -  
i s o q u in o l in e  h y d r o c h l o r i d e  (THIQ),  muscimol a n d  g l y c i n e  
e l i c i t e d  locomotor a c t i v i t y  when in j e c t e d  in to  th e  
s u b s t a n t i a  n i g r a  p a r s  r e t i c u l a t a  b i l a t e r a l l y .  E rg o m e t
r i n e  w as  much  le ss  e f f e c t i v e  when in j e c t e d  in to  th e  
r e t i c u l a r  f o rm a t io n  im m ed ia te ly  a b o v e  th e  s u b s t a n t i a  
n i g r a .  A d d i t i o n a l l y ,  i n t r a n i g r a l  in j e c t i o n s  of g l y c i n e  o r  
muscimol e l i c i t e d  a  d e g r e e  of s t e r e o t y p e d  b e h a v i o r  in 
c o n t r a s t  to th e  e f f e c t s  of i n t r a n i g r a l  d o p a m in e  a g o n i s t s .  
Locomotor a c t i v i t y  in d u c e d  by  i n t r a n i g r a l  e r g o m e t r in e  
w as  b lo c k ed  by s y s t em ic  h a l o p e r id o l  b u t  w as  not 
a f f e c te d  by i n t r a n i g r a l  h a l o p e r i d o l .  Locomotor  a c t i v i t y  
e l i c i t e d  by  sy s t em ic  a m p h e ta m in e  w as  b lo c k e d  by  
b i l a t e r a l  i n t r a n i g r a l  α - f l u p e n t h i x o l , b u t  t h a t  e l i c i t e d  
by b i l a t e r a l  i n t r a - a c c u m b e n s  e r g o m e t r in e  w as  not  
a f f e c te d  by  α - f l u p e n t h i x ol o r  h a l o p e r id o l  in j e c t e d  in to  
th e  s u b s t a n t i a  n i g r a  p a r s  r e t i c u l a t a  b i l a t e r a l l y .  The 
r e s u l t s  p r o v i d e  f u r t h e r  e v i d e n c e  t h a t  a l t e r a t i o n s  of 
n e u r o t r a n s m i s s i o n  in th e  s u b s t a n t i a  n i g r a  e x e r t  e f f e c t s  
on locomotor a c t i v i t y .
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33 7 .15  INCREASED NIGROSTRIATAL DOPAMINE TURNOVER IS ASSOCIATED 
WITH BEHAVIORAL ACTIVATION IN NEONATAL RAT PUPS.
T. H. Moran*, K. M. Saad* , R. G. Robinson and E. M. B la ss . 
(Spon: J .  W irth ).  Dept. o f P sy ch ia try , Johns Hopkins Univ. 
Sch. o f Med., B a l t . ,  MD 21205.

In response to  a v a r ie ty  of experim ental co n d itio n s , 
neonatal pups a re  ab le  to  e x h ib it a high degree of 
b ehav io ra l com plexity . These dem onstrations o ften  req u ire  
th e  environm ental supports o f high ambient tem perature and 
some form o f e x te rn a l s tim u la tio n , re s u l t in g  in  behav ioral 
a c t iv a tio n  on the  p a r t  o f the  neonate. Recent work has 
a lso  in d ic a ted  th a t  func tion  w ith in  the  n ig r o s t r i a ta l  
dopamine (DA) system i s  dependent upon high ambient 
tem peratu re . in  order to  determ ine whether increased   
fu n c tio n  w ith in  th i s  pathway was common to  s i tu a tio n s  
which a re  b eh av io ra lly  a c t iv a tin g  to  neonatal r a t  pups, we 
examined DA tu rnover in  3 day o ld  r a t  pups in  a v a r ie ty  of 
t e s t in g  s i tu a t io n s .

In an i n i t i a l  s tudy , we examined the  e f f e c t  o f high 
ambient tem perature on s t r i a t a l  dopamine turnover by 
p re tre a t in g  pups w ith AMPT and measuring s t r i a t a l  DA 
le v e ls  0, 30, 60 and 180 minutes l a t e r  in  pups kept e i th e r  
a t  room (24°C) or n e s t (33°C) tem peratu re . Following 
AMPT p re trea tm en t, th e re  was a p rog ressive  decline  in  
s t r i a t a l  DA con cen tra tio n  over time only in  pups kept a t  
n e s t tem perature (F(3,27)=8.278, p< .001). Mimicking the 
behavior of th e  dam, a c t iv a tin g  the  pups by s tro k in g  them 
w ith a s o f t  a r t i s t  brush fo r 10 minutes re s u lte d  in  
s ig n if ic a n t ly  lower s t r i a t a l  DA concen tra tio n s  follow ing 
AMPT p re trea tm en t (t=2 .538, p<.025) and s ig n if ic a n t ly   
h igher DOPAC/DA r a t io s  in  pups w ithout AMPT p re trea tm en t 
( t =2.487, p<.025 ). Stroked pups a lso  had s ig n if ic a n t ly  
h igher le v e ls  of behav iora l a c t iv i ty  (t=*15.56, p<.001). 
In  a th i r d  experim ent, pups were allowed the  opportun ity  
fo r  independent in g estio n  of m ilk. Pups were te s te d  
fo llow ing an 8 hr d ep riv a tio n  fo r 10 m inutes. S t r i a t a l  
DOPAC/DA r a t io s  were s ig n if ic a n t ly  h igher in  pups with the  
o p p o rtun ity  fo r milk in g estio n  than l i t te rm a te  co n tro ls  
( t =2 .578, p<.025) and the  amount ingested  was c o rre la te d   
w ith DOPAC/DA le v e ls  ( r= .67 , p< .05).

These r e s u l t s  d em o n stra te  t h a t  a v a r i e ty  o f  s t im u l i  and 
t e s t i n g  s i t u a t io n s  which r e s u l t  in  b e h a v io ra l a c t iv a t io n  
in  n e o n a ta l  r a t  pups in c re a s e  DA tu rn o v e r  w ith in  th e  
n i g r o s t r i a t a l  DA system . T h is  s u g g e s ts  a r o le  f o r  t h i s  
system  in  m e d ia tin g  a c t iv a t io n  induced  b e h a v io ra l 
co m p lex ity  in  n e o n a ta l  pups .

3 3 7 . 1 6   An E t h o l o g i c a l  A p p r o a c h  t o  A p o m o r p h i n e  a n d  H a l o p e r i d o l  
I n d u c e d  D y s k i n e s i a s  i n  t h e  G u i n e a  P i g .   G.  G e r s t n e r * ,  
K. B e l l m a n  a n d  L . J .  G o l d b e r g .  D e p t s . o f  O r a l  B i o l o g y , 
K i n e s i o l o g y ,  A n a t o m y ,  a n d  Crum p I n s t i t u t e  f o r  M e d i c a l  
E n g i n e e r i n g ,  UCLA, L . A . ,  CA 9 0 0 2 4 .

T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  a n a l y z e  t h e  e f f e c t  o f  
o r a l  d y s k i n e s i a s  o n  n o r m a l  b e h a v i o r a l  f u n c t i o n i n g  o f  t h e  
g u i n e a  p i g  i n  a  r i c h  e n v i r o n m e n t a l  s e t t i n g  a n d  t o  c o n d u c t  
a  d e t a i l e d  a n a l y s i s  o f  t h e  w a y s  i n  w h i c h  t h e i r  o r a l  b e h a v 
i o r s  c h a n g e  a s  a  r e s u l t  o f  d r u g - i n d u c e d  d y s k i n e s i a s  a n d  
s t e r e o t y p i e s .  A b e h a v i o r a l  e t h o g r a m ,  i n c l u d i n g  o r a l  
b e h a v i o r s  s u c h  a s  f e e d i n g ,  d r i n k i n g ,  g r o o m i n g ,  g n a w i n g ,  
e t c .  w a s  s c o r e d  f r o m  v i d e o t a p e s  f o r  a l l  a n i m a l s  u n d e r  a  
v a r i e t y  o f  n o r m a l  a n d  d r u g  c o n d i t i o n s .  D e t a i l e d  a n a l y s i s  
o f  t h e  o r a l  p a t t e r n s  i n c l u d e d ,  a m ong o t h e r s ,  m e a s u r e s  o f  t h e  
b u r s t - p a u s e  c h e w i n g  p a t t e r n  s e e n  i n  n o r m a l  a n i m a l s ,  c h e w i n g  
r a t e ,  c h e w i n g  e f f i c i e n c y  a n d  s t e r e o t y p y .  T e n  a n i m a l s  w e r e  
a d m i n i s t e r e d  h a l o p e r i d o l  d a i l y  o n  w e e k d a y s ;  0 . 5  m g / k g  i . m .  
f o r  e i t h e r  1 0 - 1 2  w e e k s  o r  f o r  3 - 4  w e e k s .  S e v e r a l  s a l i n e  
c o n t r o l s  w e r e  a l s o  r u n .  Some a n i m a l s ,  a d d i t i o n a l l y ,  w e r e  
a d m i n i s t e r e d  a  s i n g l e  d o s e  o f  a p o m o r p h i n e ,  0 . 5  m g / k g  i . m . ,  
p r i o r  t o  a n y  d r u g  t r e a t m e n t  a n d  t h e n  a g a i n  a f t e r  b e i n g  
w i t h d r a w n  f r o m  h a l o p e r i d o l  f o r  6 - 7  d a y s .

A n i m a l s  g i v e n  h a l o p e r i d o l  f o r  e i t h e r  3 o r  1 0  w e e k s  
a n d  t h e n  w i t h d r a w n  a l t e r  t h e i r  o r a l  b e h a v i o r s  i n  a  n u m b e r  
o f  w a y s .  One c h a n g e  i s  t h a t  t h e  n o r m a l  b u r s t - p a u s e  c h e w i n g  
p a t t e r n  s e e n  w h i l e  e a t i n g  p e l l e t s  i s  d i s r u p t e d  ( p  < . 0 0 1 , 

d i f f e r e n c e  i n  d i s t r i b u t i o n  o f  n u m b e r  o f  c h e w s  p e r  
b u r s t ) .  Two d i f f e r e n t  b u r s t - p a u s e  p a t t e r n s  e m e r g e d .  Some 
a n i m a l s  c h e w e d  w i t h  u n u s u a l l y  l o n g  b u r s t s  ( e . g . ,  6 0 - 8 0  
c o n t i n u o u s  c h e w s  r a t h e r  t h a n  t h e  n o r m a l  a v e r a g e  o f  6 - 8 ) 
w h i l e  o t h e r s  p a u s e d  e v e r y  2 o r  3 c h e w s .  I n  b o t h  c a s e s  t h e  
" e f f i c i e n c y "  o f  f e e d i n g  a p p e a r e d  t o  d e c r e a s e  w h e n  t o t a l  
p e l l e t s  e a t e n ,  n u m b e r  o f  b u r s t s  p e r  p e l l e t  a n d  r a t e  o f  
p e l l e t  e a t i n g  w e r e  c o n s i d e r e d .  T h e  r a t e  o f  c h e w i n g ,  ho w
e v e r ,  (≈ 6  Hz )  a p p e a r s  u n a l t e r e d .  On t h e  o t h e r  h a n d ,  b o t h  
c o n t r o l  a n d  h a l o p e r i d o l  t r e a t e d  a n i m a l s  s h o w e d  a n  e x t r e m e  
s t e r e o t y p i c  b e h a v i o r  w h e n  g i v e n  a  s i n g l e  d o s e  o f  a p o m o r 
p h i n e .  A l l  a n i m a l s  s p e n t  7 2 - 1 0 0 %  o f  t h e  t o t a l  s e s s i o n  d o i n g  
n o t h i n g  b u t  a n  a b b r e v i a t e d  l i p p i n g  a n d  m o u t h i n g  a c t i v i t y ,  
m o s t  l i k e  e x p l o r a t o r y  b e h a v i o r .  T h i s  a c t i v i t y  i s  d i f f e r e n t  
f r o m  n o r m a l  g n a w i n g ,  e a t i n g  a n d  e x p l o r i n g  i n  i t s  s l o w  r a t e  
( 1 - 3  H z ) ,  i t s  r a r e  a p p l i c a t i o n  t o  a n y  o b j e c t  a n d  i t s  p r e 
e m p t i o n  o f  o r i e n t i n g  a n d  a l l  o t h e r  f u n c t i o n s .

S u p p o r t e d  by  NIDR g r a n t  D E4 1 6 6 .

337.17  LOW LEVELS OF HALOPERIDOL INCREASE SUCROSE CONSUMPTION IN  
RATS.  D. D eu p ree*  and  S . H s i a o .  D e p a r tm e n t o f  P s y c h o lo g y ,  
U n i v e r s i t y  o f  A r iz o n a ,  T u c so n , Az 85721

D opam ine a c t i v i t y  h a s  b e e n  shown t o  b e  c o r r e l a t e d  w i th  
t h e  b r a i n  m ech an ism s o f  p o s i t i v e  r e in f o r c e m e n t  o f  b e h a v io r .  
Dopam ine r e c e p t o r  b l o c k e r s ,  su c h  a s  h a l o p e r i d o l ,  p im o z id e ,  
and  o t h e r  n e u r o l e p t i c s ,  p ro d u c e  r e d u c t io n s  i n  r e s p o n s e  r a t e s  
o f  b e h a v io r s  a s s o c i a t e d  w i th  p o s i t i v e  r e in f o r c e m e n t  ( b a r 
p r e s s i n g  f o r  f o o d ,  w a t e r ,  an d  r e i n f o r c i n g  e l e c t r i c a l  b r a i n  
s t i m u l a t i o n ) .  T h u s , i t  h a s  b e e n  p r o p o s e d  t h a t  n e u r o l e p t i c s  
may a f f e c t  t h e  r e i n f o r c i n g  p r o p e r t i e s  o f  s t i m u l i .  I n  t h e  
p r e s e n t  s tu d y  w a te r  d e p r iv e d  r a t s  p r e v i o u s ly  t r a i n e d  to  
d r in k  fro m  g r a d u a te d  b u r e t s  w e re  g iv e n  a c c e s s  t o  a  10% 
s u c r o s e  s o l u t i o n ,  a f t e r  f i r s t  b e in g  i n j e c t e d  w i th  h a l o p e r i 
d o l  ( 0 .0 5 ,  0 .1 0 ,  o r  0 .2 0  mg/Kg i . p . )  o r  s a l i n e .  The r a t s  
g iv e n  0 .0 5  and  0 .1 0  mg/Kg h a lo p e r i d o l  d r a n k  m ore o f  th e  
s u c r o s e  s o l u t i o n  th a n  t h o s e  g iv e n  s a l i n e ,  w h i le  t h o s e  g iv e n  
0 .2 0  mg/Kg h a l o p e r i d o l  d id  n o t  d i f f e r  from  th e  s a l i n e  r a t s  
i n  s u c r o s e  c o n s u m p tio n .  I n  a  s e p a r a t e  e x p e r im e n t  i t  was 
fo u n d  t h a t  t h e s e  same d o s e s  o f  h a l o p e r i d o l  d id  n o t  a f f e c t  
w a te r  c o n s u m p tio n ,  i n d i c a t i n g  t h a t  t h e  e f f e c t  o f  h a lo p e r i d o l  
u p o n  s u c r o s e  c o n s u m p tio n  s e e n  i n  t h e  f i r s t  e x p e r im e n t  was 
n o t  d u e  t o  a  m o to r  e f f e c t .  T h e se  r e s u l t s  c o u ld  p r o v id e  
b e h a v io r a l  s u p p o r t  f o r  p h a rm a c o lo g ic a l  s t u d i e s  w h ic h  i n d i 
c a t e  t h a t  a t  low  d o s e  l e v e l s  h a l o p e r i d o l  may a c t u a l l y  a c t  
t o  i n c r e a s e  t h e  a c t i v i t y  o f  dopam ine  due  t o  s e l e c t i v e  
b lo c k a d e  o f  p r e - s y n a p t i c  do p am in e  a u t o r e c e p t o r s .
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330.1  SEROTONERGIC CONTROL OF AGGRESSIVE "STATE" BY THE ACCUMBENS/ 
PREOPTIC AREA (APOA) 1 . A ROLE FOR UPTAKE?  A . I .  B a r k a i* ,  
M. P o t e g a l ,  N. S h a r p l e s s ,  L .T . K rem zner*  and  S . K o w a lik * .
N . Y. S t a t e  P s y c h i a t r i c  I n s t . ,  A lb e r t  E i n s t e i n  C o l le g e  o f  Med
i c i n e ,  C o lu m b ia  C o l le g e  o f  P h y s i c i a n s  and  S u rg e o n s ,  N .Y .

" P r im in g "  a  f e m a le  h a m s te r  by  a l l o w in g  i t  o n e  b i t i n g  a t t a c k  
on  a  d r u g - t r e a t e d  t a r g e t  h a m s te r  r e d u c e s  t h e  l a t e n c y  o f  th e  
s u b s e q u e n t  a t t a c k .  " S a t i a t i n g "  a  h a m s te r  w i th  a  s e r i e s  o f  
t a r g e t s  u n t i l  i t  m e e ts  a  c r i t e r i o n  o f  3 s u c c e s s iv e  t a r g e t  
p r e s e n t a t i o n s  w i th o u t  a t t a c k  i n c r e a s e s  t h e  l a t e n c y  and  r e 
d u c e s  t h e  num ber o f  s u b s e q u e n t  a t t a c k s .  T h e se  b e h a v i o r a l l y  
s p e c i f i c  s h i f t s  i n  a g g r e s s iv e  s t a t e  g e n e r a l i z e  t o  n a t u r a l 
i s t i c  e n c o u n te r s  b e tw e e n  u n d ru g g e d  s u b j e c t s  ( P o te g a l  and  
t e n B r i n k ,  J CP , 1 9 8 4 , 9 8 , 6 6 ) .

The s e a r c h  f o r  t h e  n e u ro c h e m ic a l  b a s e s  o f  t h e s e  e f f e c t s  
h a s  r e v e a l e d  t h a t  14C-5HT u p ta k e  i s  re d u c e d  6 % b e lo w  c o n t r o l  
l e v e l s  i n  APOA fro m  a t t a c k - p r im e d  s u b j e c t s  w h i le  b e in g  i n 
c r e a s e d  14% a b o v e  c o n t r o l  l e v e l s  i n  a t t a c k - s a t i a t e d  s u b j e c t s  
( s e e  T a b l e ) . The d i f f e r e n c e  i n  u p ta k e  b e tw e e n  p rim e d  and 
s a t i a t e d  s u b j e c t s  m a tc h e d  f o r  t im e  o f  s a c r i f i c e  i s  h ig h ly  
s i g n i f i c a n t  [ t ( 1 4 ) = 4 . 5 ,  p < .0 0 5 ] .  W o o lf - A u g u s tin s s o n -H o fs te e  
p l o t s  o f  u p ta k e  v s  14C-5HT c o n c e n t r a t i o n  show t h a t  t h e  b e h a v 
i o r a l l y - i n d u c e d  s h i f t s  i n  u p ta k e  a r e  due to  c h a n g e s  i n  Vmax 
[ F ( 1 , 6 ) = 7 . 8 6 , p < .0 3 5 ]  b u t  n o t  Km. The n e u ro c h e m ic a l  s p e c i f 
i c i t y  o f  t h e s e  r e s u l t s  i s  i n d i c a t e d  by t h e  a b s e n c e  o f  b e tw e en  
g ro u p  d i f f e r e n c e s  i n  APOA 3H-GABA u p ta k e  Vmax (T a b le  shows 
v a lu e s  f o r  h i g h e s t  s u b s t r a t e  c o n c e n t r a t i o n )  o r  i n  t i s s u e  l e v 
e l s  o f  f l u o r o m e t r i c a l l y - d e t e r m i n e d  GABA (K rem zner e t  a l ,  Adv. 
N e u r o l .,  1979) o r  r a d i o e n z y m a t ic a l l y - d e t e r m i n e d  n o r e p in e p h r in e  
(NE) o r  d o p am in e  (D A ) ( S h a r p l e s s  and  B row n, B r a in  R e s . , 1978 , 
1 4 0 , 1 71 ; s e e  T a b l e ) .

5HT u p t a k e 1 GABA u p t a k e 2 GABA NE DA
p m o l/m g /5 m in pm o l/m g /5 m in µ m o l/g n g /g n g /g

N 45 24 13 20 20
P r im in g 4 7 .1 ±2 .3 723± 136 1 .8 7 ± .0 3 1672±153 1838±238
S a t i a t i o n 5 7 .2 ±2 .2 777± 125 1 .8 0 ± .2 3 1684± 198 1558±362
C o n t r o l 5 0 .1 ±3 .5 8 6 0 ± 172 1 .6 0 ± .4 4 1897± 128 1459±317

v a l u e s =m e a n ± s .e .m . s u b s t r a t e s = 2 µM 5 H T , 100 µM GABA2
The a b s e n c e  o f  p r im in g  o r  s a t i a t i o n - i n d u c e d  u p ta k e  c h a n g e s  

i n  f r o n t a l  c o r t e x  o r  h ip p o c a m p u s , t o g e t h e r  w i th  t h e  f a i l u r e  
o f  lo c o m o to r  a c t i v i t y  a lo n e  to  a l t e r  APOA 14C-5HT u p ta k e  su g 
g e s t s  t h a t  a g g r e s s iv e  s t a t e  may b e  s p e c i f i c a l l y  r e g u l a t e d  by 
c h a n g e s  i n  s e r o t o n i n  u p ta k e  l o c a l  t o  t h e  APOA.

S u p p o r te d  by  g r a n t s  fro m  th e  H a r ry  F ra n k  G uggenheim  F ound
a t i o n ,  NIMH (MH 33690) an d  NIH (NS 09649)

3 3 8 .2  SEROTONERGIC CONTROL OF AGGRESSIVE "STATE" BY THE ACCUMBENS/ 
PREOPTIC AREA (APOA) 2 . DIFFERENTIAL EFFECTS OF 5,7-D HT 
INJECTED INTO LATERAL AND MEDIAL APOA.  M. P o t e g a l ,  A . I .  
B a r k a i* ,  L. S k a r e d o f f *  and  J .  P opken* (SPON: H. M a h u t) .  New 
Y ork  S t a t e  P s y c h i a t r i c  I n s t i t u t e ,  New Y o rk , N .Y . 10032

The s e r o t o n i n  n e u r o to x in  5,7-D HT was i n j e c t e d  i n t o  l a t e r a l  
an d  m e d ia l  APOA to  d e te r m in e  i f  t h e  u p ta k e  c h a n g e s  r e p o r t e d  
i n  th e  p r e c e d in g  a b s t r a c t  r e f l e c t  t h e s e  a r e a s '  s e r o t o n e r g i c  
c o n t r o l  o f  a g g r e s s io n .  I n d i v i d u a l l y  h o u s e d ,  o v a r i e c to m iz e d  
h a m s te r s  w e re  s c r e e n e d  f o r  a g g r e s s io n  w i th  d r u g - t r e a t e d  t a r 
g e t  h a m s te rs  d u r in g  th e  10 h r  d a rk  p h a s e  o f  t h e  r e v e r s e d  
l i g h t  c y c l e .  A n im als  from  6 t r i p l e t s  m a tc h e d  f o r  s c r e e n in g  
s c o r e  w ere  a s s ig n e d  e q u a l l y  among m e d ia l  (M ), l a t e r a l  (L) 
and  c o n t r o l  (C) g r o u p s .  One h r  a f t e r  DMI p r e t r e a t m e n t  (25  mg 
/k g  ip )  M s u b j e c t s  r e c e i v e d  a s i n g l e  m id l in e  POA i n j e c t i o n  o f  
10 µg 5,7-D HT i n  2 µ l  c o ld  s a l i n e ,  L s u b j e c t s  r e c e i v e d  b i l a t 
e r a l  1 µ l  i n j e c t i o n s  j u s t  l a t e r a l  t o  t h e  l a t e r a l  POA, and  C 
s u b j e c t s  r e c e i v e d  s a l i n e .  On p o s t i n j e c t i o n  d a y s  4 ,  9 an d  14 
a  com bined  p r i m i n g / s a t i a t i o n  t e s t  was g iv e n :  Im m e d ia te ly  f o l 
lo w in g  an  a t t a c k  on an  i n i t i a l  " p r im in g "  t a r g e t ,  t h a t  t a r g e t  
was r e p l a c e d  by an  " e x p o s u re "  t a r g e t  f o r  1 h r .  A n o v e l  
" s w i tc h "  t a r g e t  w as th e n  a l t e r n a t e d  w i th  t h e  e x p o s u re  t a r g e t  
f o r  2 m in p e r i o d s  u n t i l  t h e  s a t i a t i o n  c r i t e r i o n  o f  3 c o n s e c 
u t i v e  a l t e r n a t i o n s  w i th o u t  an  a t t a c k  was m e t.  A n o v e l  
" p ro b e "  t a r g e t  was th e n  in t r o d u c e d  f o r  t h e  f i n a l  10 m in .

H P L C -d e te rm in ed  5HIAA l e v e l s  i n  M (40±44 n g /g )  and  L (34±  
55 n g /g )  g ro u p  APOAs w e re  s i g n i f i c a n t l y  b e lo w  C l e v e l s  (191±  
93 n g / g ) [ F ( 2 ,1 5 ) = 1 0 .5 ,  p < .0 0 1 ] .  DOPAC and  HVA w ere  u n a f f e c 
t e d .  L a t e r a l  5,7-D HT re d u c e d  a g g r e s s io n ,  m e d ia l  5,7-D HT 
in c r e a s e d  i t :  Mean a t t a c k  l a t e n c i e s  o f  L , C and  M g ro u p s  w ere  
5 . 8 ,  3 .8  and  2 .6  m in , r e s p e c t i v e l y .  Mean num ber o f  a t t a c k s  
on a l t e r n a t i o n  and  p ro b e  t a r g e t s  w ere  0 . 7 ,  4 .3  and  4 .6  f o r  
L , C an d  M g r o u p s ,  r e s p e c t i v e l y  ( f o r  L v s  M a t t a c k  n u m b er, 
t ( 5 ) = 3 .5 4 ,  p < .0 1 7 ,  w h ich  i s  s i g n i f i c a n t  ev e n  w i th  B o n f e r r o n i  
a d ju s tm e n t  o f  a  f o r  m u l t i p l e  t e s t s ) .  The i n c r e a s e  i n  a t t a c k  
l a t e n c y  an d  d e c r e a s e  i n  a t t a c k  num ber i n  t h e  L g ro u p  re se m 
b l e s  th e  c h a n g e s  f o l l o w in g  a t t a c k  s a t i a t i o n .  T h is  s h i f t  i n  
a g g r e s s iv e  s t a t e  may t h e r e f o r e  i n v o lv e  a  r e d u c t io n  i n  l a t e r a l  
APOA s e r o t o n e r g i c  a c t i v i t y ,  p o s s i b l y  m e d ia te d  by  i n c r e a s e d  
s e r o t o n i n  u p ta k e .  The M g r o u p 's  p a t t e r n  o f  r e d u c e d  a t t a c k  
l a t e n c y  acco m p a n ie d  by  o n ly  a  s l i g h t  i n c r e a s e  i n  a t t a c k  num
b e r  r e s e m b le s  t h a t  f o l l o w in g  a t t a c k  p r im in g .  C hanges in  
m e d ia l  APOA s e r o t o n e r g i c  a c t i v i t y  may b e  i n v o lv e d  i n  a t t a c k  
p r im in g .
S u p p o r te d  i n  p a r t  by a  g r a n t  fro m  th e  H a r ry  F ra n k  G uggenheim  
F o u n d a t io n

338.3   PONTO-GENICULO- OCCIPITAL (PGO) WAVES: PARAMETRIC STUDIES OF 
THEIR TEMPORAL DISTRIBUTION IN RELATION TO THE SLEEP CYCLE 
AND DORSAL RAPHE (DRN) DISCHARGE.  R. L y d ic ,  R.W. M cC arley  
and  J .A .  H o b so n .  L ab . o f  N e u r o p h y s io lo g y ,  H a rv a rd  M e d ic a l 
S c h o o l ,  B o s to n ,  MA 02115

A lth o u g h  t h e  n e u r a l  s u b s t r a t e s  u n d e r ly in g  b o th  d e s y n c h 
r o n iz e d  (D) s l e e p  an d  PGO w aves w ere  l o c a l i z e d  t o  t h e  p o n s  
w e l l  b e f o r e  1 9 6 0 , t h e  s y n a p t i c  m ech an ism s o f  PGO wave g e n 
e r a t i o n  a r e  p r e s e n t l y  u n c l e a r .  E v id e n c e  s u g g e s t s  t h a t  PGO 
w aves r e s u l t  fro m  an i n t e r a c t i o n  b e tw e e n :  ( 1) p u t a t i v e  
g e n e r a t o r  c e l l s  w i th  o u tp u t  n e u ro n s  l o c a t e d  in  t h e  p e r i -  
b r a c h i a l  r e g i o n  o f  t h e  a n t e r o d o r s a l  p o n s ;  an d  ( 2) a  m echa
n ism  d i s i n h i b i t o r y  t o  PGO w aves m e d ia te d ,  i n  p a r t ,  by  t h e  
c e s s a t i o n  o f  DRN d i s c h a r g e .

R e c e n t ly ,  a l t e r a t i o n s  i n  DRN an d  PGO wave a c t i v i t y  w ere 
d e s c r i b e d  a s  a  f u n c t i o n  o f  s l e e p  c y c le  d u r a t i o n  (Tau)  
( B r a in  R e s . 2 7 4 : 3 6 5 , 1983) and  f o r c e d  lo c o m o to r  a c t i v i t y  
(Am. J .  P h y s i o l . In  P r e s s ,  1 9 8 4 ) . To d e te r m in e  w h e th e r  th e  
t e m p o r a l  c h a r a c t e r i s t i c s  o f  PGO wave o c c u r r e n c e  a r e  com pa
t i b l e  w i th  t h e  p o s t u l a t e d  DRN d i s i n h i b i t i o n ,  t h e  p r e s e n t  
s tu d y  c h a r a c t e r i z e d  t h e  PGO-DRN r e l a t i o n s h i p  f o r  a  l a r g e  
n um ber (N=102) o f  s l e e p  c y c le s  w i th o u t  s e l e c t i o n  f o r  Tau o r  
b e h a v io r a l  p r e c o n d i t i o n s .  E ach  s l e e p  c y c le  was o p e r a t i o n 
a l l y  d e f i n e d  fro m  D en d  t o  D end  an d  c y c le s  r a n g e d  fro m  9 
t o  73 m in s ,  (mean T a u = 2 8 .8  m in s ) .  A n a ly s e s  o f  PGO wave 
d i s c h a r g e  f r e q u e n c y  w i t h in  d i s c r e t e  b e h a v io r a l  s t a t e s  r e -  
v e a le d :  Wake= 0 . 01 w a v e s / s ,  S y n c h ro n iz e d  s l e e p = 0 .0 4 ,  T r a n 
s i t i o n = 0 .3 5 , an d  D s le e p = 0 .5 9  PGO w a v e s /s .  To d e s c r i b e  t h e  
a v e ra g e  t im e - c o u r s e  o f  PGO wave a c t i v i t y ,  s l e e p  c y c le  d u r a 
t i o n  was e x p r e s s e d  a s  p e r c e n t  c y c le  c o m p le te d  (0 t o  100%). 
L e s s  t h a n  5% o f  t h e  PGO w aves o c c u r r e d  d u r in g  t h e  f i r s t  
t h i r d  o f  t h e  a v e ra g e  c y c l e ,  15% by  m id - c y c l e ,  and  63% d u r 
in g  t h e  f i n a l  t h i r d  o f  t h e  c y c le  ( c o r r e l a t i o n  ( r ) = + 0 .9 7 ) .  
R e g r e s s io n  a n a ly s e s  o f  PGO wave a c t i v i t y  (Y) a c r o s s  p e r c e n t  
c y c le  c o m p le te d  (X) r e v e a l e d  a  s t a t i s t i c a l l y  s i g n i f i c a n t  
p o s i t i v e  s lo p e  ( 2 ,7 )  w i th  94% o f  t h e  v a r i a n c e  i n  Y a c c o u n te d  
f o r  b y  t h e  f i t t e d  r e g r e s s i o n .  DRN d i s c h a r g e  was n e g a t i v e l y  
c o r r e l a t e d  ( r = - 0 .9 3 )  w i th  t h e  PGO a c t i v i t y  c u r v e .

T h u s , t h e  a v e ra g e  PGO and  DRN a c t i v i t y  p r o f i l e s  a r e  
i n v e r s e l y  c o r r e l a t e d  a c r o s s  a l l  s l e e p  c y c le  T a u s . T h e se  
r e s u l t s  a r e  c o m p a t ib le  w i th  t h e  h y p o t h e s i s  t h a t  PGO w aves 
a r e  m o d u la te d  by  DRN d i s c h a r g e .

S u p p o r te d  b y  G r a n t s :MH13923, RSDA MH280(RWM) an d  NRSA 
M H14275(RL).

3 3 8 .4   STUDIES OF THE SUBSTRATES OF THE HYPERACTIVITY PRODUCED BY 
ELECTROLYTIC LESIONS OF THE MEDIAN RAPHE NUCLEUS . D. 
W i r t s h a f t e r ,  W. M ontana & K .E . A s in .  D ep t P s y c h o lo g y ,   
U n iv . I l l i n o i s  a t  C h ic a g o . C h ic a g o , I I .  6 0 6 8 0 .

Many w o rk e rs  h a v e  shown t h a t  e l e c t r o l y t i c  l e s i o n s  o f  th e  
m ed ia n  r a p h e  n u c le u s  (MR) l e a d  t o  a  p ro n o u n ce d  i n c r e a s e  i n  
a c t i v i t y  in  n o v e l  e n v io r n m e n ts ,  b u t  l i t t l e  i s  known a s  t o  
t h e  s u b s t r a t e s  o f  t h i s  e f f e c t .  S t u d ie s  u s in g  n e u r o t o x i n s  
h a v e  shown t h a t  s e r o t o n i n  d e p l e t i o n  i s  n o t  t h e  p r im a ry  
c a u s e  o f  t h e  in c r e a s e d  a c t i v i t y  and  t h a t  dam age t o  n o n -  
s e r o t o n e r g i c  c e l l s  o r  f i b e r s  o f  p a s s a g e  m u st o c c u r  f o r  h y p e r 
a c t i v i t y  t o  b e  p r o d u c e d .  I n  t h e  c u r r e n t  s tu d y  we exam ined  
t h e  s u b s t r a t e  o f  MR l e s i o n - i n d u c e d  h y p e r a c t i v i t y  by 
s tu d y in g  lo c o m o tio n  a f t e r  p la c e m e n ts  o f  k i i i f e  c u t s  (made 
w i th  a  r e t r a c t a b l e  t u n g s t e n  k n i f e )  i n  t h e  r e g i o n  o f  t h e  MR.

C o ro n a l  k n i f e  c u t s  th ro u g h  t h e  m ain  a s c e n d in g  s e r o t o n in  
b u n d le s  a t  t h e  a n t e r i o r  b o r d e r  o f  t h e  MR p ro d u c e d  l a r g e  
d e p l e t i o n s  o f  h ip p o c a m p a l and s t r i a t a l  s e r o t o n i n  b u t  d id  
n o t  i n f l u e n c e  a c t i v i t y .  The d o r s a l  b o r d e r  o f  t h e s e  c u t s  
was a t  t h e  c e n t r a l  g r e y  an d  t h e  v e n t r a l  b o r d e r  a b o u t  0 . 8mm 
d o r s a l  t o  t h e  m e d ia l  l e m n i s c i .  M ore v e n t r a l  c u t s  a t  t h e  
same AP l e v e l  ( e x t e n d in g  d o r s a l l y  0.8mm fro m  t h e  l e m n i s c i )  
p ro d u c e d  o n ly  s m a l l  c h a n g e s  i n  s e r o t o n i n , t e n d e d  t o  d e c r e a s e  
o p en  f i e l d  a c t i v i t y ,  b u t  p ro d u c e d  s m a l l ,  s i g n i f i c a n t ,  
i n c r e a s e s  i n  t i l t  box a c t i v i t y .  C o ro n a l  c u t s  t h ro u g h  t h e  
MR a t  t h e  l e v e l  o f  t h e  v e n t r a l  t e g m e n ta l  n u c l e i  l e d  t o  
l a r g e  i n c r e a s e s  i n  o pen  f i e l d  and  t i l t  box  a c t i v i t y  s i m i l a r  
t o  t h o s e  s e e n  a f t e r  e l e c t r o l y t i c  l e s i o n s  and  d e p le t e d  
h ip p o c a m p a l b u t  n o t  s t r i a t a l  s e r o t o n i n .  C o ro n a l  c u t s  j u s t  
c a u d a l  t o  t h e  MR f a i l e d  t o  a l t e r  f o r e b r a i n  s e r o t o n i n  b u t  
d id  p ro d u c e  m o d es t i n c r e a s e s  in  o p en  f i e l d  and  t i l t  box  
a c t i v i t y .  A n im a ls  w i th  com bined  c u t s  r o s t r a l  and c a u d a l  t o  
t h e  MR d i s p l a y e d  p ro n o u n ce d  h y p e r a c t i v i t y ,  s i m i l a r  t o  t h a t  
o f  r a t s  w i th  e l e c t r o l y t i c  l e s i o n s ,  i n  b o th  t e s t s .  P a r a 
s a g i t t a l  c u t s  p la c e d  on e i t h e r  s i d e  o f  t h e  MR f a i l e d  t o  
a l t e r  e i t h e r  a c t i v i t y  o r  s e r o t o n i n  l e v e l s .

T h e se  r e s u l t s  d e m o n s t r a te  t h a t  i t  i s  p o s s i b l e  to  
d i s s o c i a t e  c h a n g e s  i n  a c t i v i t y  an d  f o r e b r a i n  s e r o t o n i n  w i th  
m id b r a in  k n i f e  c u t s .  S in c e  h y p e r a c t i v i t y  o f  t h e  m a g n itu d e  
s e e n  a f t e r  e l e c t r o l y t i c  l e s i o n s  c o u ld  b e  p ro d u c e d  by a  
c o m b in a tio n  o f  c u t s  i n  f r o n t  o f  and  b e h in d  t h e  MR, t h e  
i n d i v i d u a l  c u t s  h a v in g  much s m a l le r  e f f e c t s ,  o n e  i n t e r 
p r e t a t i o n  o f  t h e  c u r r e n t  r e s u l t s  i s  t h a t  t h e  h y p e r a c t i v i t y  
p ro d u c e d  by e l e c t r o l y t i c  l e s i o n s  may r e f l e c t  dam age t o  two 
s e p e r a t e  s y s te m s ,  o n e  o f  w h ic h  p a s s e s  th ro u g h  t h e  a n t e r i o r  
and t h e  o t h e r  t h e  p o s t e r i o r  b o r d e r  o f  t h e  MR.



MONDAY AM MONOAMINES AND BEHAVIOR: SEROTONIN 1171

338. 5 ROLE OF THE MIDBRAIN RAPHE NUCLEI IN THE ATTENUATION OF  
NEUROLEPTIC INDUCED CATALEPSY.  A .K o z lo w sk i*  D. W i r t s h a f t e r . 
and  K .E , A s in  (SPON: J .D . D a v i s ) .   D e p t . o f  P s y c h o lo g y ,  U n iv . 
o f  I l l i n o i s  a t  C h ic a g o , C h ic a g o ,  I I  60 6 8 0 .

T h e re  h a v e  b e e n  a  num ber o f  r e p o r t s  s u g g e s t in g  t h a t  
l e s i o n s  o f  t h e  m id b r a in  r a p h e  n u c l e i  a r e  a b l e  t o  a n ta g o n iz e  
v a r i o u s  a c t i o n s  o f  n e u r o l e p t i c  d r u g s  an d  t h e s e  r e s u l t s  h a v e  
b e e n  g e n e r a l l y  a t t r i b u t e d  t o  d e p l e t i o n  o f  f o r e b r a i n  s e r o t o 
n i n .  The c u r r e n t  s tu d y  a t t e m p te d  to  i s o l a t e  t h e  n e u ro n a l  
e le m e n ts  w i t h i n  t h e  r a p h e  n u c l e i  r e s p o n s i b l e  f o r  t h e  a t t e n u 
a t i o n  o f  h a l o p e r id o l - in d u c e d  c a t a l e p s y .

R a ts  w e re  t e s t e d  f o r  c a t a l e p s y  30 an d  60 m in u te s  a f t e r  
i n j e c t i o n s  o f  0 .1 5  m g/kg  h a l o p e r i d o l  ( s . c . ) .  I n  t h e  f i r s t  
e x p e r im e n t ,  e l e c t r o l y t i c  l e s i o n s  w e re  p l a c e d  i n  e i t h e r  t h e  
m ed ia n  (MR), t h e  d o r s a l  (D R ), o r  b o th  t h e  m ed ia n  and d o r s a l  
r a p h e  n u c l e i  an d  c a t a l e p s y  w as e x am in ed  f o u r  d a y s  l a t e r .   
The DR an d  MR+DR l e s i o n s  p ro d u c e d  e q u iv a l e n t  r e d u c t io n s  in  
c a t a l e p s y ,  w h i l e  t h e  MR l e s i o n s  w e re  w i th o u t  e f f e c t .  Open 
f i e l d  a c t i v i t y  w as m e a s u re d  s e v e r a l  d a y s  l a t e r  and  i t  w as 
fo u n d  t h a t  MR l e s i o n s  p ro d u c e d  a  l a r g e  i n c r e a s e  i n  locom o
t i o n  w h i l e  DR l e s i o n s  r e s u l t e d  i n  a  much s m a l le r  e f f e c t .  
B io c h e m ic a l  a n a l y s i s  show ed t h a t  DR an d  MR l e s i o n s  r e s u l t e d  
i n  d e p l e t i o n s  o f  s t r i a t a l  an d  h ip p o c a m p a l s e r o t o n i n ,  r e s p e c 
t i v e l y ,  b u t  t h e  m a g n i tu d e  o f  t h e s e  d e p l e t i o n s  d id  n o t  c o r 
r e l a t e  w i th  e i t h e r  c a t a l e p s y  o f  op en  f i e l d  a c t i v i t y .  H i s to 
l o g i c a l  e x a m in a tio n  r e v e a l e d  t h a t  t h e  d o r s a l  l e s i o n s  dam
a g e d  b o th  t h e  d o r s a l  r a p h e  n u c le u s  an d  a d j a c e n t  p o r t i o n s  
o f  t h e  v e n t r a l  c e n t r a l  g r a y .

I n  t h e  se c o n d  e x p e r im e n t ,  i n j e c t i o n s  o f  e i t h e r  t h e  
s e r o t o n i n  n e u r o t o x i n  5,7-D HT o r  t h e  e x c i t o t o x i c  a g e n t  i b o 
t e n i c  a c id  w e re  m ade i n t o  t h e  DR. A lth o u g h  t h e s e  l e s i o n s  
p ro d u c e d  s t r i a t a l  s e r o t o n i n  d e p l e t i o n s  e q u iv a l e n t  t o  t h e  
e l e c t r o l y t i c  l e s i o n s ,  n e i t h e r  l e s i o n  p ro d u c e d  any  a t t e n u a 
t i o n  o f  h a l o p e r id o l - in d u c e d  c a t a l e p s y .  H i s t o l o g i c a l  s t u d i e s  
i n d i c a t e d  t h a t  t h e  i b o t e n i c  a c id  l e s i o n s  w e re  b e t t e r  c o n 
f i n e d  to  t h e  DR th a n  t h e  e l e c t r o l y t i c  l e s i o n s  s tu d i e d  
e a r l i e r .  I n  o t h e r  s t u d i e s  we fo u n d  t h a t  t r e a tm e n t  w i th  t h e  
s e r o t o n i n  d e p l e t i n g  d ru g  p -c h lo ro a m p h e ta m in e  (10  m g /k g ) 3 
and  4 d a y s  b e f o r e  t e s t i n g  a l s o  f a i l s  t o  a t t e n u a t e  c a ta l e p s y .

T h e se  f i n d i n g s  d e m o n s t r a t e  t h a t  d i f f e r e n t  m ech an ism s 
w i t h in  t h e  r a p h e  n u c l e i  a r e  in v o lv e d  in  t h e  p r o d u c t io n  o f 
h y p e r a c t i v i t y  and  t h e  a t t e n u a t i o n  o f  c a t a l e p s y .  F u r th e r 
m o re , o u r  r e s u l t s  i n d i c a t e  t h a t  a n ta g o n is m  o f  c a t a l e p s y  
a f t e r  DR l e s i o n s  i s  n o t  s e c o n d a r y  to  s e r o t o n i n  d e p l e t i o n  
b u t  may r e f l e c t  dam age t o  f i b e r s  o f  p a s s a g e  w i t h in  t h e  a r e a  
o f  t h e  DR o r  n o n s e r o t o n e r g i c  c e l l s  l o c a t e d  a d j a c e n t  t o  i t .

338.6  CONCURRENT 5HT-1 AGONIST AND 5HT-2 ANTAGONIST ACTIVITY OF 
LISURIDE.  R .G e r b e r ,  B .S .B a rb a z ,  L .L .M a r t in *  and  J .M .L ie b m a n .  
N e u r o s c ie n c e  R e s . ,  R e s . D e p t . ,  P harm . D i v . ,  CIBA-GEIGY C o r p . ,  
Sum m it, NJ 0 7 9 0 1 .

L i s u r i d e ,  an  e r g o l i n e  d e r i v a t i v e ,  p o s s e s s e s  s e r o t o n i n  
(5HT) a g o n i s t  a c t i v i t y  i n  n e u ro c h e m ic a l  and  b e h a v io r a l  a s s a y s  
(W h ite  & A p p e l, S c ie n c e  2 1 6 :5 3 5 , 1 9 8 2 ) .  T h is  s u b s ta n c e  h a s  
o t h e r  p r o p e r t i e s ,  su c h  a s  do p am in e  a g o n ism , and  p a r t i c u l a r l y  
n o te w o r th y ,  a  l a c k  o f  h a l l u c in o g e n i c  a c t i v i t y  i n  m an. The 
p r e s e n t  e x p e r im e n ts  s u g g e s t  t h a t  l i s u r i d e  may h a v e  a  p o t e n 
t i a l l y  n o v e l  p r o f i l e  i n  b e h a v io r a l  a s s a y s  o f  5HT r e c e p t o r -  
m e d ia te d  a c t i v i t y .

I n  c o n f i r m a t io n  o f  p r e v io u s  s t u d i e s  ( S i l b e r g e l d  & H ru sk a , 
P sy c h o p h a ra m co lo g y  6 5 :2 3 3 , 1 9 7 9 ) , l i s u r i d e  p o t e n t l y  in d u c e d  
t h e  5H T -syndrom e i n  r a t s  (ED50 = 0 .3 6  m g/kg  s . c . ) .  S u r p r i s 
i n g l y ,  h o w e v e r , l i s u r i d e  a n ta g o n iz e d  5 H T P -in d u ced  h e a d  
t w i tc h e s  i n  r a t s  (ED50 = 0 .0 5  m g/kg  i . p . ) .  T h is  5HT a n ta g 
o n i s t i c  a c t i v i t y  o f  l i s u r i d e  was a p p a r e n t  a t  d o s e s  lo w e r  
t h a n  th o s e  t h a t  c a u se d  a  5 H T -syndrom e. A num ber o f  o t h e r  
p u t a t i v e  5HT a g o n i s t s ,  su c h  a s  8- h y d r o x y - 2 - ( d i - n - p r o p y l 
a m i n o ) - t e t r a l i n ,  5 - m e th o x y -N ,N -d im e th y lt ry p ta m in e ,  q u ip a z in e  
and  6- c h l o r o - 2- ( l - p i p e r a z i n y l ) - p y r a z i n e  a l l  p o t e n t l y  p r o 
d u c e d  th e  5H T -syndrom e b u t ,  u n l ik e  l i s u r i d e ,  d id  n o t  a n ta g 
o n iz e  5 H T P -induced  h ead  t w i t c h e s .  B in d in g  a s s a y s  a l s o  s u g 
g e s te d  an  u n u s u a l  p r o f i l e  f o r  l i s u r i d e .  The a b i l i t y  o f  l i s 
u r id e  to  d i s p l a c e  r a t  c o r t e x  3H-5HT b in d in g  was c o n f irm e d  
( IC 50 = 4 . 0  nM ), b u t  l i s u r i d e  a l s o  d i s p l a c e d  3H - k e ta n s e r in  
b in d in g  ( IC 50 = 6 .3  nM ). O th e r  5HT a g o n i s t s  show ed good 
d i s p la c e m e n t  o f  3H-5HT b in d in g  to  r a t  c o r t e x ,  b u t  h ad  l i t t l e  
o r  no a b i l i t y  to  d i s p l a c e  3H - k e ta n s e r in  b i n d in g .  Apomor-  
p h in e  and  b r o m o c r ip t in e  d id  n o t  in d u c e  th e  5H T -syndrom e n o r  
a n ta g o n iz e  5H T P -in d u ced  h e a d  t w i t c h e s ,  i n d i c a t i n g  t h a t  dop
am in e  a g o n ism  c a n n o t  a c c o u n t  f o r  th e  o b s e rv e d  e f f e c t s  o f  
l i s u r i d e .

T h e se  r e s u l t s  show i t  i s  p o s s i b l e  f o r  a  d ru g  to  in d u c e  
th e  5H T -syndrom e, y e t  b lo c k  5H T P -in d u ced  h e a d  t w i t c h e s .
They a r e  c o n s i s t e n t  w i th  t h e  s u g g e s t i o n  (L u c k i  e t  a l . ,  J .  
P h a rm a c o l.  Exp. T h e r .  2 2 8 :1 3 3 ,  1984) t h a t  t h e  5H T -syndrom e 
i s  m e d ia te d  by 5HT-1 r e c e p t o r s  and th e  5H T P -in d u ced  h ead  
t w i tc h e s  by 5HT-2 r e c e p t o r s .  The a p p a r e n t  s e r o t o n i n  a n ta g 
o n i s t  a c t i v i t y  o f  l i s u r i d e  may be  r e l a t e d  to  i t s  r e p o r t e d  
l a c k  o f  h a l l u c in o g e n i c  a c t i v i t y .

3 3 8 .7  5-HYDROXYTRYPTOPHAN (5 -H T P )-INDUCED HEAD-TWITCHING IN  
MICE: ANTAGONISM BY 5-HT2 RECEPTOR ANTAGONISTS. J e f f r e y   
B. M a lic k  and  E v e ly n je a n e  B. S u t to n ,  B io m e d ic a l  R e s e a rc h  
D e p t . ,  S t u a r t  P h a r m a c e u t i c a l s ,  D iv i s i o n  o f  IC I  A m e ric a s  
I n c . ,  W ilm in g to n , DE 19 8 9 7 .

R e c e n t  e v id e n c e  h a s  d e m o n s tra te d  t h e  e x i s t e n c e  o f  m ore 
th a n  one p o p u l a t i o n  o f  s e r o t o n i n  (5-H T) r e c e p t o r  s i t e s  in  
t h e  b r a i n ;  t h e  two p o p u l a t i o n s  i d e n t i f i e d  to  d a te  h av e  b e e n  
d e s ig n a t e d  5-HT1 and  5-HT2 . T h e se  t y p e s  o f  r e c e p t o r s  c a n  
b e  c l e a r l y  d i s t i n g u i s h e d  by r a d i o l a b e l l e d  l ig a n d  b in d in g  
a s s a y s  b u t  few  s t u d i e s  h a v e  u s e d  b e h a v io r a l  m o d e ls  t o  
c h a r a c t e r i z e  t h e s e  s i t e s .  R e c e n t ly ,  a g e n ts  h a v e  becom e 
a v a i l a b l e  t h a t  show s e l e c t i v e  a n ta g o n is m  a t  5-HT2 r e c e p t o r  
s i t e s  ( i . e . ,  o n ly  v e r y  w e a k ly  a c t i v e  a t  5-HT1 r e c e p t o r s ) .  
The g o a l  o f  t h e  p r e s e n t  s tu d y  was t o  com pare  t h e  e f f e c t s  o f  
s e l e c t e d  5-HT a n t a g o n i s t s  w i th  v a r y in g  a f f i n i t i e s  a t  th e  
two s i t e s  on 5-HTP in d u c e d  h e a d - t w i t c h i n g  in  m ic e ,  a 
p r o c e d u r e  commonly u s e d  t o  a s s e s s  a n t i s e r o t o n e r g i c  a c t i v i t y  
i n  v iv o  (C a m e  e t  a l . ,  B r . J .  P h a rm a c o l.  2 0 : 1 0 6 , 1 9 6 3 ) . 
A g e n ts  t h a t  h a v e  b e e n  r e p o r t e d  to  b e  p o t e n t  and s e l e c t i v e  
a n t a g o n i s t s  a t  5-HT2 r e c e p t o r s  ( e . g . ,  p i r e n p e r o n e ,  
p ip a m p e ro n e , k e t a n s e r i n )  w e re  shown t o  b e  m ore p o t e n t  a s  
h e a d - t w i t c h  a n t a g o n i s t s  th a n  th e  l e s s  s e l e c t i v e  s e r o t o n in  
a n t a g o n i s t s  ( e . g . ,  c i n a n s e r i n ,  m e t h y s e r g i d e ) . T h u s , t h e  
5-HTP in d u c e d  h e a d - t w i t c h  r e s p o n s e  i n  m ic e  a p p e a r s  t o  b e  
m e d ia te d  a t  l e a s t  i n  p a r t  by a c t i v a t i o n  o f  5-HT2 r e c e p t o r  
s i t e s .  T h e r e f o r e ,  t h i s  p r o c e d u r e  may b e  u s e f u l  f o r  
a s s e s s i n g  5-HT2 a n t a g o n i s t  a c t i v i t y  i n  v i v o .

338.8  A N TIC O N FLIC T EFFECT OF THE PU TATIV E SEROTONIN 
RECEPTOR AGONIST 8 -O H -D P A T .  J . A .  E n e e l .  S .  
H j o r t h * ,  K . S v e n s s o n * ,  A . C a r l s s o n * a n d  S . L i l j e
q u i s t .   D p t .  P h a r m a c o l . ,  U n i v .  o f  G ö t e b o r g ,  B o x  
3 3 0 3 1 , S - 4 0 0  33  G ö t e b o r g ,  S w e d e n .

A c c u m u l a t i n g  e v i d e n c e  f r o m  a n i m a l  e x p e r i m e n t s  
i m p l i c a t e  t h e  s e r o t o n i n  n e u r o n s  i n  t h e  c o n t r o l  o f  
b e h a v i o r  s u p p r e s s e d  b y  a v e r s i v e  s t i m u l a t i o n .  T h u s ,  
d r u g s  t h a t  i n t e r f e r e  w i t h  t h e  5 - h y d r o x y t r y p t a m i n e  
( 5 - H T )  s y s t e m ,  h a v e  b e e n  s h o w n  t o  p r o d u c e  a r e l e a 
s e  o f  b e h a v i o r a l  s u p p r e s s i o n .  8 - H y d r o x y - 2 - ( d i - n - p -  
r o p y l a m i n o )  t e t r a l i n  ( 8 -O H -D P A T ) w a s  r e c e n t l y  c h a 
r a c t e r i z e d  a s  a  c e n t r a l l y  a c t i n g  5 -H T  a g o n i s t  
( H j o r t h  e t  a l . ,  1 9 8 2 ) .  T h i s  p r o m p t e d  u s  t o  i n v e s 
t i g a t e  t h e  e f f e c t  o f  8 -O H -D P A T  o n  b e h a v i o r a l  s u p p 
r e s s i o n ,  u s i n g  a  m o d i f i e d  V o g e l ' s  c o n f l i c t  p a r a 
d i g m .

A d m i n i s t r a t i o n  o f  8-O H -D P A T  p r o d u c e d  a n  i n c r e a 
s e  i n  t h e  n u m b e r  o f  s h o c k s  a c c e p t e d .  T h i s  a n t i 
c o n f l i c t  e f f e c t  o f  t h e  p u t a t i v e  5 - H T - a g o n i s t  
8 -O H -D PA T w a s  u n e x p e c t e d  s i n c e  p r e v i o u s  r e p o r t s  
h a v e  s h o w n  t h a t  m a n i p u l a t i o n s  k n o w n  t o  r e d u c e  5 -H T  
n e u r o t r a n s r a i s s i o n  c a n  p r o d u c e  a n t i c o n f l i c t  e f f e c t s  
w h e r e a s  t r y p t a m i n e r g i c  a g o n i s t s  t e n d  t o  s u p p r e s s  
b e h a v i o r  b e l o w  c o n t r o l  l e v e l s .  I n  a g r e e m e n t  w i t h  
t h o s e  r e p o r t s  we f o u n d  t h a t  p r e t r e a t m e n t  w i t h  t h e  
5 -H T  s y n t h e s i s  i n h i b i t o r  PCPA f o r  t h r e e  d a y s  p r o 
d u c e d  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  n u m b e r  o f  
a c c e p t e d  s h o c k s .  8 -O H -D P A T  a n t a g o n i z e d  t h e  
P C P A - in d u c e d  r e l e a s e  o f  p u n i s h e d  b e h a v i o r ,  i n  f a c t  
t o  s u c h  a n  e x t e n t  t h a t  t h e  n u m b e r  o f  a c c e p t e d  
s h o c k s  w a s  b e lo w  t h a t  o f  s a l i n e - t r e a t e d  c o n t r o l s .  
T h u s  i n  n a i v e  a n i m a l s  8 -O H -D P A T , e x c e r t i n g  a n t i 
c o n f l i c t  e f f e c t s ,  a c t e d  l i k e  a  5 - H T - a n t a g o n i s t  
w h e r e a s  i n  s u b c h r o n i c a l l y  P C P A - p r e t r e a t e d  a n i m a l s  
w i t h  p r e s u m a b l y  s u p e r s e n s i t i v e  5 -H T  r e c e p t o r s  
8 -O H -D P A T , d e c r e a s i n g  t h e  n u m b e r  o f  a c c e p t e d  
s h o c k s ,  a c t e d  l i k e  a  5 - H T - a g o n i s t .

T a k e n  t o g e t h e r  t h e s e  d a t a  i n d i c a t e  t h a t  i n  t h e  
p r e s e n t  b e h a v i o r a l  p a r a d i g m  8 -O H -D P A T  a c t s  l i k e  a 
p a r t i a l  5 - H T - a g o n i s t  w i t h  a  lo w  d e g r e e  o f  i n t r i n 
s i c  a c t i v i t y ,  w h i c h  i s  u n m a s k e d  w h e n  t h e  5 - H T - r e 
c e p t o r s  a r e  m ad e  s u p e r s e n s i t i v e .  T h u s  t h e s e  d a t a  
p r o v i d e  f u r t h e r  s u p p o r t  f o r  t h e  h y p o t h e s i s  t h a t  
t h e  i n t r i n s i c  a c t i v i t y  o f  a  p a r t i a l  a g o n i s t  m ay b e  
r e l a t e d  t o  t h e  a d a p t i v e  s t a t e  o f  t h e  r e c e p t o r  
( C a r l s s o n , 1 9 8 3 ) .
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338.9  BRAIN MONOAMINE CHANGES WITH INESCAPABLE SHOCK.  D . J .  
A n d e r s o n * ,  J . O .  J o h n s o n ,  P . T .  L e y r a * ,  F . A .  H e n n .  
D e p a r t m e n t  o f  P s y c h i a t r y  a n d  B e h a v i o r a l  S c i e n c e ,  SUNY a t  
S t o n y  B r o o k ,  S t o n y  B r o o k ,  NY 1 1 7 9 4

T h e  e f f e c t s  o f  i n e s c a p a b l e  s h o c k  on  b r a i n  m o n o a m i n e  
l e v e l s  i n  s i x  r e g i o n s  o f  r a t  b r a i n  w e r e  s t u d i e d  u s i n g  
H P L C / E C .  We h a v e  p r e v i o u s l y  r e p o r t e d  a n  i n c r e a s e  i n  
b e t a - a d r e n e r g i c  r e c e p t o r  d e n s i t y  i n  t h e  h i p p o c a m p i  o f  r a t s  
w h i c h  h a v e  d e v e l o p e d  " l e a r n e d  h e l p l e s s n e s s " .  (ASN A b s t .  
3 4 0 . 9 ,  1 9 8 3 ) .  O t h e r s  h a v e  r e p o r t e d  c h a n g e s  i n  m o n o a m i n e  
l e v e l s  u s i n g  t h e  t r i a d i c  y o k e d  c o n t r o l  p a r a d i g m  
( H e l l h a m m e r ,  e t .  a l . ,  ASN A b s t .  1 6 2 . 1 ,  1 9 8 3 ) .  T h e  p r e s e n t  
s t u d y  a s s e s s e d  t h e  p o s s i b i l i t y  t h a t  u p - r e g u l a t i o n  o f  
b e t a - a d r e n e r g i c  r e c e p t o r s  m ay  b e  r e l a t e d  t o  c h a n g e s  i n  
m o n o a m i n e  l e v e l s .

M a l e ,  a d u l t  r a t s  w e r e  s u b j e c t e d  t o  r a n d o m i z e d ,  
u n c o n t r o l l a b l e  f o o t  s h o c k  f o r  f o r t y  m i n u t e s  ( 0 . 8 m A ) .  
T w e n t y - f o u r  h o u r s  a f t e r  t h e  t r a i n i n g  s e s s i o n  t h e s e  r a t s  
w e r e  t e s t e d  u n d e r  t h e  s a m e  c o n d i t i o n s  e x c e p t  e s c a p e  b y  b a r  
p r e s s  w a s  p r e s e n t e d  f o r  15 t r i a l s .  T h e  r e s p o n s e  d e f i c i e n t  
g r o u p  f a i l e d  t o  e s c a p e  1 1 - 1 5  t i m e s ,  w h i l e  t h e  Low g r o u p  
h a d  0 - 5  f a i l u r e s .  A c o n t r o l  g r o u p  w a s  f o r m e d  b y  r a t s  w h i c h  
w e r e  t e s t e d  b u t  h a d  no  i n e s c a p a b l e  s t r e s s o r .  A n a i v e  
g r o u p  w a s  n e i t h e r  t r a i n e d  n o r  t e s t e d .

Two t o  f o u r  h o u r s  a f t e r  t h e  t e s t i n g  s e s s i o n ,  t h e  r a t s  
w e r e  s a c r i f i e d  b y  d e c a p i t a t i o n  a n d  t h e  b r a i n s  d i s s e c t e d .  
T h e  l o c u s  c o e r u l e u s ,  s e p t u m ,  t h a l a m u s ,  a n t e r i o r  n e o c o r t e x ,  
h i p p o c a m p u s  a n d  h y p o t h a l a m l u s  w e r e  s o n i c a t e d  i n  0 .2 M  
p e r c h l o r i c  a c i d ,  c e n t r i f u g e d ,  a n d  s t o r e d  a t  - 7 0 ° C .  NE,  
E P I ,  DOPAC, DA, 5 -H IAA a n d  5 -H T  l e v e l s  w e r e  d e t e r m i n e d  f o r  
e a c h  b r a i n  a r e a .  We f o u n d  n o  s i g n i f i c a n t  c h a n g e s  i n  NE 
l e v e l s  i n  a n y  o f  t h e  b r a i n  a r e a s .  When N E /5 -H T  r a t i o s  a r e  
c o m p a r e d ,  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  H i g h s  a n d  Lows 
a r e  f o u n d  i n  t h e  h y p o t h a l a m u s  ( p < . 0 1 ) ,  t h e  l o c u s  c o e r u l e u s  
( p < . 0 1 )  a n d  t h e  a n t e r i o r  n e o c o r t e x  ( p < . 0 5 ) .  T he  
s u s c e p t i b l e  g r o u p ,  w h o s e  b e h a v i o r  r e s e m b l e s  d e p r e s s i o n ,  
h a d  r a t i o s  l o w e r  t h a n  c o n t r o l  a n d  n a i v e  g r o u p s ,  w h i l e  t h e  
r e s i s t a n t  g r o u p  h a d  h i g h e r  r a t i o s .  T h i s  p a t t e r n  w a s  f o u n d  
i n  a l l  b r a i n  a r e a s  i n v e s t i g a t e d  e x c e p t  t h a l a m u s .  T h e s e  
a c u t e  e f f e c t s  t o  m i l d  s h o c k  d o  n o t  r e f l e c t  c h a n g e s  s e e n  i n  
b e t a - a d r e n e r g i c  r e c e p t o r s  u s i n g  t h i s  p a r a d i g m  i n d i c a t i n g  
o t h e r  p o s t s y n a p t i c  f a c t o r s  a r e  r e g u l a t i n g  t h i s  r e c e p t o r  
u n d e r  t h e s e  c o n d i t i o n s .  H o w e v e r ,  t h e s e  d a t a  i n d i c a t e  t h a t  
a n  i m b a l a n c e  i n  N E -  5 - H T  l e v e l s  m a y  b e  i n v o l v e d  i n  
p r o d u c i n g  t h e  e f f e c t s  s e e n  i n  t h e  l e a r n e d - h e l p l e s s n e s s  
m o d e l  o f  d e p r e s s i o n .

EFFECTS OF p-CHLOROPHENYLALANINE ON LEARNED HELPLESSNESS IN THE RAT.
3 3 8 . 1 0  E.  E dw ards, J .  Jo h n so n , D.  A n d e rso n , P .  Leyra and F .A . H enn.  D e p t.  o f  

P s y c h ia t r y  and  B e h a v io ra l  S c ie n c e ,  SUNY a t  S to n y  B rook , NY 11794.
R e c e n t ly ,  i t  h a s  been  p ro p o se d  t h a t  s t r e s s o r s  such  a s  i m m o b il iz a t io n ,  

f i g h t i n g  and sh o ck  a f f e c t  t h e  l e v e l s  and  tu r n o v e r  o f  s e r o to n in  (5 -H T ). 
T h is  s u g g e s ts  t h a t  s e r o to n e r g i c  m echanism s may b e  i n v o lv ed  i n t h e  
m e d ia t io n  o f  t h e  e f f e c t s  o f  i n e s c a p a b le  sh o ck  on su b s e q u e n t  b e h a v io r .

L i t t l e  i s  known, h o w e v er, o f  t h e  r o l e  o f  5-HT In t h e  d e v e lo p m e n t o f  
e s c a p e  d e f i c i t s  o b s e rv e d  i n t h e  le a rn e d  h e l p l e s s n e s s  phenom enon. T h is  
s tu d y  ex a m in e s  t h e  e f f e c t  o f  a  p o t e n t  5-HT d e p t e t o r ,  
p - c h lo r o p h e n y la l a n in e  (PCPA) on i n e s c a p a b le  s h o c k - in d u c e d  d e f i c i t s  i n 
r a t s  s u b s e q u e n tly  t e s t e d  w ith  a  sh o ck  e s c a p e  p a ra d ig m .

PCPA was a d m in is te r e d  l . p  on a t h r e e  day  c o u r s e  (3X 100mg / k g ) .  M otor 
a c t i v i t y  m ea su rem en ts  w ere c a r r i e d  o u t  96 h r s .  a f t e r  t h e  l a s t  PCPA 
I n j e c t io n  p r i o r  t o  p re s h o c k  t r e a tm e n t  and a l s o  a f t e r  t h e  sh o c k  e s c a p e  
t a s k .  F iv e  d ay s  a f t e r  t h e  l a s t  PCPA i n j e c t i o n ,  t h e  r a t s  w ere p r e t r e a t e d  
w ith  random  sh o c k s  ( . 8mA) f o r  f o r t y  m in u te s  and th e n  t e s t e d  on a  s h o ck  
e s c a p e  t a s k  24 h o u rs  l a t e r .  Four g ro u p s  (N = 2 0 ra ts /g ro u p )  w ere 
g e n e r a t e d :  PCPA-no sh o ck  (P -N S ); PCPA-i n e s c a p a b i e  sh o ck  ( P - I S ) ,  c o n t r o l  
s a l i n e - n o  sh o ck  (C-NS) and c o n t r o l  s a l i n e  In e s c a p a b le  sh o ck  ( C - I S ) .  
A f te r  b e h a v io ra l  t e s t i n g ,  t h e  r a t s  w ere s a c r i f i e d  and m onoam ine l e v e l s  
i n t h e  r a p h e ,  c o r t e x , 3 h ip p o ca m p u s , sep tum  and  h y p o th a lam u s  w ere 
d e te rm in e d  by HPLC/EC. 3H-5HT and 3H -sp Ir o p e r i do l b in d in g  w ere u sed  t o  
e x am ine t h e  s t a t u s  o f  t h e  p o s t s y n a p t i c  S1 and  S2 r e c e p t o r s .

PCPA-t r e a t ed r a t s ,  r e g a r d l e s s  o f  sh o ck  p r e - t r e a t m e n t ,  d e m o n s tra te d  
s i g n i f i c a n t l y  l e s s  f a i l u r e s  i n sh o ck  e s c a p e  t e s t i n g  th a n  no d ru g  and 
n a iv e  c o n t r o l s  (3 .8 ± 1 . 7  f a i l u r e s ,  P-CS and  P - IS  v s  11. 3± 1 .5  f a i l u r e s ,  
h e l p l e s s  r a t s ) .  T h is  r e d u c t io n  In t h e  le a rn e d  h e l p l e s s n e s s  e f f e c t  was 
n o t  due t o  t h e  r a t s  h e ig h te n e d  r e a c t i v i t y .  M otor a c t i v i t y  In d ic e s  
( c r o s s i n g s ,  r o a r i n g s )  o f  PCPA t r e a t e d  r a t s  p a r a l l e l e d  t h a t  o f  c o n t r o l s  
( 7 .8 ± 1 .8 ;  6 .5 5 ±1 .5 ,  PCPA v s 9 .2 ±3 .4 ;  4 .0 ±2 .2  c o n t r o l s ) .

B ra in  5-HT/5HIAA l e v e ls  w ere s i g n i f i c a n t l y  re d u c e d  i n PCPA t r e a t e d  
r a t s  a s  com pared t o  c o n t r o l s .  A 50% d e c r e a s e  was s e e n  i n t h e  r a p h e ,  
h y p o th a lam u s  and sep tum  w h ile  c o r te x  and h ippocam pus e x h i b i t e d  up t o  80% 
d e c r e a s e  i n 5HT c o n te n t  a s  com pared t o  c o n t r o l s .  NE, E P I, DA l e v e l s  
w ere unchanged  r e g a r d l e s s  o f  PCPA and  sh o ck  t r e a t m e n t .

S c a tc h a rd  a n a l y s i s  o f  3H -SPIP b in d in g  r e v e a l e d  no  s i g n i f i c a n t  ch a n g e s  
i n t h e  r e c e p t o r s  o f  PCPA t r e a t e d  r a t s  a s  com pared  t o  c o n t r o l s .  
Conv e r s e l e y ,  r e c e p t o r s  d e m o n s tra te d  a  s i g n i f i c a n t  d e g r e e  o f  
s u p e r s e n s i t i v i t y  d i s p la y e d  a s  an I n c r e a s e  In r e c e p t o r  a f f i n i t y  (Kd 
d e c re a s e d  s i g n i f i c a n t l y  : P-CS and  P - IS  7 .3 5 ± 1 .0 5  nM vs C-NS and  C -IS  
1 2 .0 ± 1 .0  nM NS and IS h ip p o cam p u s ; P-CS and  P -IS  7 .2 5 ± .2 5  nM v s  C-NS and 
C -IS  1 2 .8 7 ± 1 .2  nM c o r t e x ) .

The f i n d in g s  o f  t h e  e x p e r im e n ts  o u t l i n e d  h e r e  s u p p o r t  t h e  
I n t e r p r e t a t i o n  o f  t h e  le a rn e d  h e l p l e s s n e s s  phenomenon on t h e  b a s i s  o f  
m e d ia t io n  v ia  t h e  s e r o to n e r g i c  s y s te m .

3 3 8 . 1 1   RAPHE HYPERACTIVITY: ATTENUATION WITH DEPLETION OF DOPAMINE 
IN THE CAUDATE AND NUCLEUS ACCUMBENS.  L .L . W ing, K .E . A s in  
an d  D. W i r t s h a f t e r .  D e p t . o f  P s y c h o lo g y ,  U n i v e r s i t y  o f  
I l l i n o i s  a t  C h ic a g o , Box 4 3 4 8 , C h ic a g o , I L ,  6 0 6 8 0 .

I t  h a s  b e e n  w e l l - e s t a b l i s h e d  t h a t  e l e c t r o l y t i c  l e s i o n s  o f  
t h e  m ed ia n  r a p h e  n u c le u s  p ro d u c e  h y p e r a c t i v i t y .  We h a v e  r e 
p o r te d  p r e v i o u s ly  t h a t  d e p l e t i o n  o f  f o r e b r a i n  d o p am in e  (DA) 
w i th  t h e  n e u r o to x in  6-h y d ro x y d o p a m in e  ( 6-OHDA) in  r a t s  i n 
h i b i t e d  t h e  p r o d u c t io n  o f  h y p e r a c t i v i t y  by e l e c t r o l y t i c  
m ed ia n  r a p h e  l e s i o n s  g iv e n  s u b s e q u e n t ly .

The p u r p o s e  o f  t h e  p r e s e n t  s tu d y  was t o  i n v e s t i g a t e  i f  
d e p l e t i o n s  o f  DA i n  t h e  b a s a l  f o r e b r a i n  a b o l i s h  t h e  h y p e r 
a c t i v i t y  p ro d u c e d  by p r i o r  e l e c t r o l y t i c  l e s i o n s  o f  t h e  
m ed ia n  r a p h e  (MR). We a l s o  exam ined  t h e  r e s p o n s e s  o f  t h e s e  
r a p h e - l e s i o n e d , D A -d e p le te d  a n im a ls  t o  v a r i o u s  d o s e s  o f  t h e  
DA a g o n i s t  a p o m o rp h in e  (A PO ).

T h i r t y - t h r e e  a d u l t  m a le  S p ra g u e  D aw ley r a t s  s e rv e d  a s  
s u b j e c t s .  T w en ty -o n e  w e re  g iv e n  a  l e s i o n  o f  t h e  MR n u c le u s  
by p a s s i n g  a  1 mA c u r r e n t  f o r  8 s e c o n d s .  T w elve o t h e r  r a t s  
w e re  s h a m - o p e ra te d .  One w eek p o s t - o p e r a t i v e l y ,  a c t i v i t y  was 
m e a su re d  i n  a n  o p en  f i e l d  f o r  5 m in u te s  an d  a l s o  i n  a  t i l t -  
box f o r  1 h o u r .  H a l f  o f  t h e  s h a m - o p e ra te d  a n im a ls  and  13 o f  
MR l e s i o n e d  r a t s  w e re  g iv e n  b i l a t e r a l  i n f u s i o n s  o f  6-OHDA 
(4 u l ;  6 .5  u g / u l )  i n t o  t h e  a n t e r i o r  l a t e r a l  h y p o th a la m u s ,  
c a u d a l  t o  t h e  a c cu m b e n s . The r e s t  o f  t h e  s h a m -o p e ra te d  and 
MR l e s i o n e d  a n im a ls  w ere  g iv e n  i n f u s i o n s  o f  t h e  0.1%  a s c o r b 
a t e  v e h i c l e  a lo n e ,  t h u s  r e s u l t i n g  in  4 g r o u p s :  S h a m -V e h ic le ,  
S h am -6 -OHDA, MR- V e h ic l e  an d  MR-6-OHDA.

T w elve  d a y s  f o l l o w in g  i n j e c t i o n ,  a l l  a n im a ls  w e re  t e s t e d  
a g a in  i n  t h e  o p en  f i e l d  an d  o n e  d ay  l a t e r  i n  t h e  t i l t - b o x e s .  
They w e re  th e n  ru n  i n  t h e  t i l t - b o x e s  on  a l t e r n a t e  d a y s  u n d e r  
t h e  f o l l o w in g  c o n d i t i o n s :  s a l i n e ;  1 .5 m g /k g  am p h e ta m in e ; 0 .0 3  
m g/kg  APO; 0 .1 2  m g/kg  APO; 0 .2 4  m g/kg  APO; s a l i n e ;  and  0 .0 6  
m g/kg  APO.

6 -OHDA i n j e c t i o n s  a b o l i s h e d  t h e  e f f e c t  o f  MR l e s i o n s  on 
o p en  f i e l d  a c t i v i t y  and  r e d u c e d ,  b u t  d id  n o t  c o m p le te ly  e l im 
i n a t e  t h e  h y p e r a c t i v i t y  i n  t h e  f i r s t  p o s t - o p e r a t i v e  t i l t - b o x  
a c t i v i t y  t e s t .  H ow ever, when t e s t e d  two d a y s  l a t e r  u n d e r  
s a l i n e ,  t h e  h y p e r a c t i v i t y  a p p e a re d  t o  b e  e l i m i n a t e d ,  and  
a c t i v i t y  d id  n o t  d i f f e r  b e tw e e n  M R-6-OHDA an d  S h am -6 -OHDA 
g r o u p s .  APO p ro d u c e d  a  d o s e  d e p e n d e n t  i n c r e a s e  i n  a c t i v i t y  
i n  a n im a ls  t r e a t e d  w i th  6-OHDA, t h e  m a g n itu d e  o f  w h ich  was 
n o t  a l t e r e d  by p r e v io u s  r a p h e  l e s i o n s .

T h e se  r e s u l t s  a r e  c o m p a t ib le  w i th  t h e  n o t io n  t h a t  MR 
l e s i o n - i n d u c e d  h y p e r a c t i v i t y  may r e s u l t  fro m  a l t e r a t i o n s  i n  
DA t u r n o v e r  w i t h in  t h e  b a s a l  f o r e b r a i n .

3 3 8 . 12  PATTERNS OF PLATELET SEROTONIN (5 H T)  UPTAKE AS INFLUENCED 
BY CATECHOLAMINES.  R . F .  W a l k e r *  a n d  L.  H u m p h r i e s *  ( S P ON.  
B.  P e r e t z ) .   D e p a r t m e n t s  o f  A n a to m y  a n d  P s y c h i a t r y ,  U n i v .  
o f  K e n t u c k y  M e d i c a l  C e n t e r ,  L e x i n g t o n ,  KY 4 0 5 3 6 .

T h e  a b i l i t y  o f  p l a t e l e t s  t o  a c c u m u l a t e  5HT i s  o f t e n  d i s 
t u r b e d  i n  p a t i e n t s  w i t h  p s y c h i a t r i c  i l l n e s s .  A l t h o u g h  t h e  
m e c h a n i s m  b y  w h i c h  m e n t a l  s t a t e  a l t e r s  p h y s i o l o g i c  p r o p e r 
t i e s  o f  p l a t e l e t s  i s  u n k n o w n ,  t h e  s t r u c t u r e s  p o s s e s s  a d r e n o 
r e c e p t o r s  t h a t  c o u l d  r e c e i v e  n e u r a l  s i g n a l s  f r o m  s y m p a 
t h e t i c  f i b e r s  i n n e r v a t i n g  t h e  v a s c u l a t u r e .  A s i m i l a r  r e 
l a t i o n s h i p  b e t w e e n  t h e  a u t o n o m i c  n e r v o u s  s y s t e m  a n d  β 
a d r e n e r g i c  r e c e p t o r s  on  p i n e a l o c y t e s  i s  w e l l  e s t a b l i s h e d  
f o r  r e g u l a t i o n  o f  s e r o t o n i n  m e t a b o l i s m .  I n  t h e  p r e s e n t  
s t u d y ,  we e x a m i n e d  d a i l y  p a t t e r n s  o f  5HT u p t a k e  i n  p l a t e l e t s  
f r o m  h o s p i t a l i z e d  p s y c h i a t r i c  p a t i e n t s  a s  a  p r e l u d e  t o  i n 
v e s t i g a t i n g  p o s s i b l e  f u n c t i o n a l  i n t e r a c t i o n s  b e t w e e n  p l a t e 
l e t  a d r e n o r e c e p t o r s  a n d  t h e  a b i l i t y  o f  t h e s e  s t r u c t u r e s  t o  
a c c u m u l a t e  5HT. C o n t r o l s  s e l e c t e d  f r o m  t h e  h o s p i t a l  s t a f f  
h a d  o n e  o f  t w o  u p t a k e  p a t t e r n s .  A " s y m m e t r i c a l "  p a t t e r n ,  
s t a t i s t i c a l l y  a s s o c i a t e d  ( p < 0 . 0 5 )  w i t h  y o u n g  s u b j e c t s  ( < 3 0  
y e a r s )  h a d  i n c r e a s e d  u p t a k e  ( p < 0 . 0 1 )  a t  1 4 0 0 h  c o m p a r e d  w i t h  
0 9 0 0 h  o r  1 6 0 0 h .  O l d e r  c o n t r o l s  ( > 3 5  y e a r s )  h a d  " a s c e n d i n g "  
p a t t e r n s  w i t h  i n c r e a s i n g  u p t a k e  f r o m  0 9 0 0 h - 1 6 0 0 h .  P a t t e r n s  
w e r e  n o t  l i n k e d  t o  s e x .  U p t a k e  w a s  m o r e  v a r i a b l e  i n  u n m e d 
i c a t e d  p s y c h i a t r i c  p a t i e n t s  who h a d  " i n v e r t e d "  o r  " d e s c e n d 
i n g "  p r o f i l e s  i n  a d d i t i o n  t o  t h e  a f o r e m e n t i o n e d  p a t t e r n s .  
T r e a t m e n t  w i t h  c a t e c h o l a m i n e  n e u r o l e p t i c s  n o r m a l i z e d  5HT 
u p t a k e  i n  p a t i e n t s  w i t h  c e r t a i n  d i a g n o s e s .  When c a t e c h o l 
a m i n e s  w e r e  c o i n c u b a t e d  w i t h  p l a t e l e t s  f r o m  u n m e d i c a t e d  
p a t i e n t s  w i t h  t h e s e  d i a g n o s e s ,  5HT u p t a k e  w a s  n o r m a l i z e d  
i n  v i t r o .  S i n c e  CNS c a t e c h o l a m i n e  d e f i c i t s  a n d  a b e r r a n t  
5HT u p t a k e  o c c u r  i n  c e r t a i n  p s y c h i a t r i c  i l l n e s s e s ,  t h e  f i n d 
i n g s  o f  t h i s  s t u d y  s u g g e s t  t h a t  m o n o a m i n e r g i c  s i g n a l s  i n f l u 
e n c e  p l a t e l e t  5HT u p t a k e .  S u c h  s i g n a l s  may r e a c h  p l a t e l e t s  
a d r e n o r e c e p t o r s  v i a  t h e  s y m p a t h e t i c  n e r v o u s  s y s t e m ,  t h u s  
p r o v i d i n g  a n  i m p o r t a n t  l i n k  f o r  c o m m u n i c a t i o n  b e t w e e n  t h e  
b r a i n  a n d  v a s c u l a r  s t r u c t u r e s . S u p p o r t e d  b y  A G 0 2 8 6 7 ( R F W ) .
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338.13  DIFFERENTIAL EFFECTS OF MAGNESIUM DEFICIENCY ON OFFENSIVE 
AND DEFENSIVE AGGRESSIVE BEHAVIOR.  K.M. K a n ta k  an d  B. 
T u r n b u l l .  L a b . o f  B e h a v io r a l  N e u r o s c ie n c e ,  D e p t . o f  
P s y c h o lo g y ,  B o s to n  U n i v e r s i t y ,  B o s to n ,  MA 0 2 2 1 5 .

P r e v io u s  r e s e a r c h  from  o u r  l a b o r a t o r y  h a s  d e m o n s tra te d  
t h a t  l i m i t i n g  d i e t a r y  m agnesium  (Mg) t o  15% o r  25% o f  t h e  
d a i l y  r e q u i r e m e n t  l e a d s  t o  r e d u c t io n s  i n  o f f e n s iv e  t h r e a t  
an d  a t t a c k  b e h a v io r  i n  m a le  m ic e .  T h e se  c h a n g e s  w ere  
m e a su re d  3 w eek s and  7 w eeks a f t e r  i n i t i a t i o n  o f  th e  
v a r i o u s  d i e t s .  A d d i t i o n a l l y ,  a f t e r  8 w eeks on  t h e s e  
d i e t s ,  r e d u c t io n s  i n  a p o m o rp h in e - in d u c e d  s n i f f i n g  and 
1 -a m p h e ta m in e - in d u c e d  lo c o m o tio n  w e re  m e a s u re d .  I n  t h e  
p r e s e n t  e x p e r im e n t s ,  a  w e e k ly  t im e - c o u r s e  o f  t h e  e f f e c t s  
o f  t h e  15% r e q u ir e d -M g  d i e t  o r  t h e  100% r e q u i r e d -  Mg 
c o n t r o l  was e s t a b l i s h e d  f o r  o f f e n s i v e  t h r e a t  an d  a t t a c k  
b e h a v io r s  i n  r e s i d e n t  m a le  m ic e  and  f o r  d e f e n s i v e  e s c a p e  
an d  u p r i g h t  p o s t u r i n g  b e h a v io r s  i n  i n t r u d e r  m a le  m ic e . 
C o n c o m ita n t ly ,  a  w e e k ly  t im e - c o u r s e  o f  t h e  e f f e c t s  o f  t h e  
15% o r  100% re q u i r e d - M g  d i e t s  on a p o m o rp h in e - in d u c e d  
s n i f f i n g ,  1- a m p h e ta m in e - in d u c e d  lo c o m o tio n  and  q u i p a z i n e -  
in d u c e d  s e r o t o n i n  sy n d ro m e w ere  ex am in ed  t o  c o r r e l a t e  th e  
c h a n g e s  i n  a g o n i s t i c  b e h a v io r s  w i th  c h a n g e s  i n  d o p a m in e , 
n o r e p i n e p h r i n e  an d  s e r o t o n i n  f u n c t i o n ,  r e s p e c t i v e l y .

R e s u l t s  d e m o n s t r a te d  t h a t  i n  r e s i d e n t  m ic e ,  t h r e a t  and  
a t t a c k  b e h a v io r  w e re  d e c r e a s e d  b e g in n in g  3 w eeks a f t e r  
i n i t i a t i o n  o f  t h e  15% r e q u ir e d -M g  d i e t  and  c o n t i n u i n g  
th ro u g h  t h e  8 t h  w eek o f  t e s t i n g .  I n  i n t r u d e r  m ic e ,  e s c a p e  
and  u p r i g h t  p o s t u r i n g  w ere  i n c r e a s e d  b e g in n in g  5 w eeks 
a f t e r  i n i t i a t i o n  o f  th e  15% r e q u ir e d - M g  d i e t  and c o n t i n u i n g  
th ro u g h  t h e  8 t h  w eek o f  t e s t i n g .  In  a d d i t i o n ,  t h e s e  
c h a n g e s  i n  o f f e n s i v e  an d  d e f e n s i v e  b e h a v io r s  o c c u r r e d  
i n d e p e n d e n t ly  o f  g e n e r a l  a c t i v i t y  l e v e l  and  body w e ig h t  
l e v e l .  The t im e  c o u r s e  o f  c h a n g e s  i n  d ru g - in d u c e d  
b e h a v io r s  show ed d i f f e r e n c e s  among n e u r o t r a n s m i t t e r  
s y s te m s .  R e d u c t io n s  i n  n o r e p i n e p h r i n e  and  s e r o t o n in  
r e l a t e d  b e h a v io r s  w e re  o b s e rv e d  b e g in n in g  a f t e r  1 w eek o f  
e x p o s u re  t o  t h e  15% re q u ir e d - M g  d i e t .  I n  c o n t r a s t ,  a 
r e d u c t io n  i n  do p am in e  r e l a t e d  b e h a v io r  was o b s e rv e d  
b e g in n in g  a f t e r  5 w eeks o f  e x p o s u re  t o  t h e  15% r e q u i r e d -  
Mg d i e t .  T h e se  d a t a  i n d i c a t e  t h a t  o f f e n s iv e  b e h a v io r  and  
d e f e n s i v e  b e h a v io r  a r e  d i f f e r e n t i a l l y  a f f e c t e d  by a 
d e f i c i e n c y  o f  m agnesium  i n  t h e  d i e t .  F u r th e r m o r e ,  t h e r e  
a r e  t im e  d i f f e r e n c e s  t o  th e  o n s e t  o f  t h e s e  e f f e c t s .  T h ese  
d i f f e r e n c e s  may s te m  from  t h e  d i v e r s e  t im e  c o u r s e  c h a n g e s  
i n  b r a i n  n e u r o t r a n s m i t t e r  f u n c t i o n s  w i th  m agnesium  
d e f i c i e n c y .
S u p p o r te d  by B o s to n  U n i v e r s i t y  fu n d s  f o r  F a c u l t y  R e s e a rc h .

3 3 8 . 1 4   PHARMACOLOGICAL EFFECTS OF MAGNESIUM ON AGGRESSIVE  
BEHAVIOR.  S .E .  I z e n w a s s e r  and  K.M. K a n ta k .  L a b . o f  
B e h a v io ra l  N e u r o s c ie n c e ,  D e p t .  P s y c h o lo g y ,  B o s to n  
U n i v e r s i t y ,  B o s to n ,  MA 0 2 2 1 5 .

P r e v io u s l y  t h i s  l a b o r a t o r y  h a s  r e p o r t e d  t h a t  t h e  
r e s t r i c t i o n  o f  d i e t a r y  m agnesium  t o  15% o r  25% o f  t h e  
d a i l y  r e q u i r e m e n t  re d u c e d  o f f e n s i v e  a g g r e s s io n  i n  m ale  
m ic e  ( i n  t h e  r e s i d e n t - i n t r u d e r  p a ra d ig m ) .  A lso  r e p o r t e d  
w ere  c o n c o m ita n t  d e c r e a s e s  i n  do p am in e  an d  n o r e p in e p h r in e  
f u n c t i o n in g ,  m ea su red  by t h e  am ount o f  s t e r e o ty p y  s e e n  
f o l lo w in g  a p o m o rp h in e  an d  th e  am ount o f  lo c o m o tio n  in d u c e d  
by 1 -a m p h e ta m in e , r e s p e c t i v e l y .  I n  t h e  p r e s e n t  s tu d y ,  t h e  
e f f e c t s  o f  m agnesium  e x c e s s  ( r e s u l t i n g  from  c h r o n ic  
i n j e c t i o n s  o f  m agnesium  c h l o r i d e )  on o f f e n s i v e  b e h a v io r  
w e re  e x a m in e d .

A f t e r  s t a b l e  b a s e l i n e s  o f  o f f e n s i v e  b e h a v io r  w e re  
a c h ie v e d ,  m ale  m ic e  w ere  i n j e c t e d  d a i l y  w i th  s u b c u ta n e o u s  
i n j e c t i o n s  o f  e i t h e r  m agnesium  c h l o r i d e  (3 0  m g /k g , 60 m g /k g  
o r  125 m g /k g ) o r  s a l i n e  ( a s  a  c o n t r o l )  f o r  two w e e k s . The 
m ic e  w ere  t e s t e d  f o r  o f f e n s i v e  a g g r e s s io n  f i v e  m in u te s  
p o s t - i n j e c t i o n  on d a y s  1 , 4 ,  8 and  1 5 . They w e re  a g a in  
t e s t e d  on d ay  2 9 , tw o w eeks a f t e r  t h e  l a s t  i n j e c t i o n .

T h o se  m ic e  r e c e i v i n g  m agnesium  c h l o r i d e  showed 
d o s e -d e p e n d e n t  i n c r e a s e s  i n  o f f e n s iv e  t h r e a t  and  a t t a c k  
b e h a v io r s  a s  com pared  t o  t h e  s a l i n e  c o n t r o l s  f o l l o w in g  
a c u te  a d m i n i s t r a t i o n ,  w i th  lo w e r  d o s e s  l e a d i n g  t o  g r e a t e r  
i n c r e a s e s  i n  b e h a v io r  th a n  h ig h e r  d o s e s .  C h r o n i c a l ly ,  
t h e r e  w ere  d o s e - r e l a t e d  d e c r e a s e s  i n  o f f e n s i v e  b e h a v io r  i n  
t h a t  t h o s e  a n im a ls  r e c e i v i n g  a  d a i l y  d o s e  o f  125 m g /k g  
e x h ib i t e d  a  d e c r e a s e ,  w h e re a s  t h o s e  r e c e i v i n g  e i t h e r  
60 m g /k g  o r  30 m g /k g  b eh a v ed  a t  c o n t r o l  l e v e l s .  The 
am ount o f  o f f e n s i v e  b e h a v io r  was e q u a l  f o r  a l l  g ro u p s  on 
d ay  2 9 , i n d i c a t i n g  t h a t  t h e  c h r o n ic  e f f e c t  i s  r e v e r s i b l e .

T h u s , a c u t e l y  a d m i n i s t e r e d ,  m agnesium  f a c i l i t a t e s  
o f f e n s iv e  a g g r e s s io n  w h i l e  c h r o n i c a l l y ,  h i g h e r  d o s e s  
d e c r e a s e  an d  lo w e r  d o s e s  h a v e  no e f f e c t  on o f f e n s i v e  
b e h a v io r .  T h e se  d a ta  and  o u r  p r e v io u s  d a t a  w i th  m agnesium  
d e f i c i e n c i e s  s u g g e s t  a n  i n v e r t e d  U -sh a p e  f u n c t i o n  to  
m a g n e s iu m 's  i n f l u e n c e  upon  b e h a v io r .  A d d i t i o n a l l y ,  s i n c e  
a g g r e s s io n  h a s  b e e n  l i n k e d  t o  t h e  n e u r o t r a n s m i t t e r s  DA, NE 
and  5-HT and  m agnesium  h a s  b e e n  shown t o  be  an  im p o r ta n t  
c o f a c t o r  f o r  t h e  a c t i v i t y  o f  t h e s e  n e u r o t r a n s m i t t e r s ,  i t  
i s  p o s s i b l e  t h a t  th e  e f f e c t s  s e e n  h e r e  a r e  r e l a t e d  t o  
c h a n g es  i n  o n e  o r  m ore o f  t h e s e  s y s te m s .

S u p p o r te d  by B o s to n  U n i v e r s i t y  fu n d s  f o r  F a c u l t y  R e s e a rc h .
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339.1  IN VIVO ELECTROCHEMICAL COMPARISONS OF THE EFFECTS OF 
CHRONIC INESCAPABLE SHOCK VERSUS ELECTROCONVULSIVE SHOCK 
TREATMENT IN RATS.  C.W. H ughes and  H .J .  P o t t i n g e r * . 
 P s y c h ia t  D e p t . U niv Kans Sch Med, K a n sa s  C i ty ,  KS 6 6 1 0 3 .

V a r io u s  i n e s c a p a b le  ( I S )  an d  e l e c t r o c o n v u l s i v e  sh o ck  
(ECS) p a ra d ig m s  h av e  b een  p ro p o se d  a s  a n im a l m o d e ls  o f  human 
n e u r o p s y c h i a t r i c  d i s o r d e r s .  B e h a v io ra l  d e f i c i t s  from  a c u te  
IS  h a v e  b een  l in k e d  t o  c e n t r a l  c h a n g e s  i n  m o n o am in erg ic  
s y s te m s .  A cu te  ECS, a s  w e l l ,  a l t e r s  c e n t r a l  m ono am in es . 
The c e n t r a l  a d ju s tm e n t s  t o  c h r o n ic  IS  and  ECS t r e a tm e n t  h av e  
b e e n  p o s tu l a t e d  t o  be a n a lo g u e s  t o  c h r o n ic  ECT and 
p h a rm a c o lo g ic  t r e a tm e n t  i n  h um ans. To a s s e s s  m onoam ine 
d i f f e r e n c e s  b e tw een  IS  an d  ECS and  th e  i n v iv o  p r o g r e s s io n  
o f  m onoam ine r e s p o n s i v i t y  o v e r  t im e ,  we m e a su re d  c h a n g e s  i n  
p eak  c o n c e n t r a t i o n  o f  m o noam ines, d u r a t i o n  o f  t h e  r e s p o n s e s ,  
and  r e g i o n a l  v a r i a t i o n s  w i th  i n  v iv o  e l e c t r o c h e m i s t r y .

M ale S p ra g u e-D aw le y  r a t s  w e ig h in g  2 5 0 -3 7 0  gms w ere  
s t e r e o t a x i c a l l y  im p la n te d  i n  t h e  a n t e r i o r  c a u d a te  ( A .C .) ,  
n u c le u s  accum bens ( N .A . ) ,  and  bed  n u c le u s  (B .N .)  w i th  
c a rb o n -e p o x y  p a s t e  w o rk in g  e l e c t r o d e s .  A NOVA-3 
m in ic o m p u te r  c o n t r o l l e d  c h ro n o a m p e ro m e tr ic m e a s u re m e n ts .  
F o u r  g ro u p s  w ere  t e s t e d  f o r  tw o w eek s e a c h :  IS  = d a i l y  g r id   
s h o c k ,  SHAM = IS  p r o c e d u r e  w i th o u t  s h o c k ,  ECS = d a i l y  
e l e c t r o c o n v u l s i v e  t r e a t m e n t ,  and  u n t r e a t e d .  Each a n im a l was 
m o n ito re d  e l e c t r o c h e m i c a l l y  e v e ry  o t h e r  day  f o r  two h o u r s  
p r i o r  t o  and  f o u r  h o u r s  f o l l o w in g  t r e a t m e n t .  D ata  i s   
p r e s e n t e d  f o r  t h e  i n i t i a l  e x p o s u re  and  2 w eeks a f t e r  
b e g in n in g  t r e a tm e n t .

C o n t r o l  n=12 SHAM n=6 IS  n =6 ECS n=3
Dav P eak Dur Dur P eak Dur P eak Dur

N .A .1 
14

0
0

0
0

17
17

18
12

53
60

36
240

70
147

90
198

A .C . 1
14

0
13

0
12

12
40

15
63

50
80

63
240

- 17 
1 1 2 .

36
240

B .N . 1
14

0
0

0
0

16-- 12-- 77
113

60
240

14
42

15
98

P eak  Change = m ic ro m o la r  c o n e ,  i n c r e a s e  fro m  b a s e l i n e .
D u r a t io n  = t o t a l  m in u te s  t o  r e t u r n  t o  b a s e l i n e .

U n t r e a te d  r a t s  show no s i g n i f i c a n t  p o t e n t i a t i o n  in  
r e s p o n s e  from  b a s e l i n e  w i th  c h r o n i c  in  v iv o  r e c o r d i n g .  The 
a v e r a g e  i n c r e a s e  i n  p eak  and  d u r a t i o n  from  b a s e l i n e  f o r  t h e  
o t h e r  g ro u p s ,  r e s p e c t i v e l y ,  w e re :  SHAM = 100% and  233%; IS   
= 115% & 470%; and  ECS = 400% & 470%. T h e se  c h a n g e s  i n   
m onoam ine r e s p o n s i v e n e s s  a p p e a r  t o  r e f l e c t  b o th  t r e a tm e n t  
d i f f e r e n c e s  a s  w e l l  a s  a  p r o g r e s s iv e  ch a n g e  in  
n e u r o t r a n s m i t t e r  a v a i l a b i l i t y  w i th  t h e  g r e a t e s t  c h a n g e s  
o v e r t im e  r e f l e c t e d  i n  ECS t r e a t m e n t .

339 .2   SENSITIZATION OF NOREPINEPHRINE ACTIVITY FOLLOWING ACUTE 
AND CHRONIC STRESS.  J i l l  I rw in  and  Hymie A n ism an .  D e p t .  
P s y c h o lo g y ,  C a r le to n  U n i v e r s i t y ,  O tta w a , C a n a d a .

A cu te  e x p o s u re  t o  an  u n c o n t r o l l a b l e  s t r e s s o r  
i n c r e a s e s  th e  t u r n o v e r  o f  b r a i n  n o r e p in e p h r in e  (N E ).
W ith  a  s t r e s s o r  o f  s u f f i c i e n t  s e v e r i t y ,  u t i l i z a t i o n  may 
e x c e e d  s y n t h e s i s ,  r e s u l t i n g  i n  a  n e t  r e d u c t io n  o f  NE 
c o n c e n t r a t i o n s .  A lth o u g h  th e  NE r e d u c t io n  i s  t r a n s i e n t ,  
s u b s e q u e n t  r e e x p o s u r e  to  a  l i m i t e d  am ount o f  s t r e s s  w i l l  
p ro v o k e  a r a p i d  and  m arked  d e c l i n e  o f  t h e  t r a n s m i t t e r .  
Thus i t  was s u g g e s te d  t h a t  th e  m ech an ism s s u b s e r v in g  th e  
s t r e s s o r - i n d u c e d  NE a l t e r a t i o n s  a r e  s u b j e c t  t o  
c o n d i t i o n in g  o r  s e n s i t i z a t i o n  p r o c e s s e s .  C o n t r a r y  t o  th e  
e f f e c t s  o f  a c u te  s t r e s s ,  c h r o n ic  s t r e s s  e n g e n d e r s  a 
c o m p e n s a to ry  i n c r e a s e  o f  NE s y n t h e s i s ,  and a s  a  r e s u l t ,  
l e v e l s  o f  th e  t r a n s m i t t e r  may m eet o r  e x c e e d  th o s e  o f  
n o n s t r e s s e d  a n im a ls .

S e v e ra l  e x p e r im e n ts  e v a lu a t e d  NE a c t i v i t y  upon 
s t r e s s o r  r e e x p o s u r e  a t  b r i e f  (2 4  h r )  and  lo n g  (1 4  d a y s )  
i n t e r v a l s  f o l l o w in g  a p p l i c a t i o n  o f  an  a c u te  o r  c h r o n ic  
s t r e s s  re g im e n .  In  h y p o th a lm u s  and  h ip p o cam p u s  a  m arked  
i n c r e a s e  o f  NE u t i l i z a t i o n  ( a s  m ea su red  by MHPG 
a c c u m u la t io n )  was p ro v o k ed  by a  l im i t e d  am ount o f  sh o c k  
(w h ich  i n  i t s e l f  had  l i t t l e  e f f e c t )  i n  m ice  t h a t  w ere 
p r e v i o u s ly  e x p o sed  to  an  a c u te  s t r e s s  s e s s i o n .  In  
a n im a ls  t h a t  r e c e iv e d  r e p e a t e d  e x p o s u re  to  sh o c k  o v e r  14 
c o n s e c u t iv e  d a y s ,  MHPG c o n c e n t r a t i o n s  re m a in e d  e l e v a t e d  
o v e r  a  24 h r  p e r i o d .  R e e x p o su re  to  th e  s t r e s s o r  f u r t h e r  
i n c r e a s e d  u t i l i z a t i o n  o f  NE, b u t  i n  c o n t r a s t  t o  th e  
a c u te  s t r e s s  g r o u p ,  NE c o n c e n t r a t i o n s  w ere  a l s o  
e l e v a t e d .  B r i e f  sh o c k  r e e x p o s u r e  14 d a y s  a f t e r  an  a c u te  
s t r e s s  s e s s i o n  in d u c e d  a  m arked  d e c l i n e  o f  NE l e v e l s ,  
w h e re a s  th e  same t r e a tm e n t  a p p l i e d  t o  c h r o n i c a l l y  
s t r e s s e d  a n im a ls  r e s u l t e d  i n  i n c r e a s e d  NE and MHPG 
c o n c e n t r a t i o n s .  Thus i t  a p p e a r s  t h a t  t h e  m echan ism s 
r e s p o n s i b l e  f o r  th e  NE a l t e r a t i o n s  e n g e n d e re d  by b o th  
a c u te  and  c h r o n ic  s t r e s s o r  a p p l i c a t i o n  a r e  s u b j e c t  to  
s e n s i t i z a t i o n  ( o r  c o n d i t i o n in g )  p r o c e s s e s .  W h ereas a c u te  
s t r e s s  i n c r e a s e s  v u l n e r a b i l i t y  t o  NE r e d u c t i o n ,  c h r o n ic  
s t r e s s  p r e d i s p o s e s  th e  o rg a n is m  to  i n c r e a s e d  
c o n c e n t r a t i o n s  upon s u b s e q u e n t  a v e r s i v e  s t i m u l a t i o n .
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3 3 9 .3  ROLE OF FOREBRAIN NOREPINEPHRINE (NE) IN STRESS-INDUCED  
DEFICITS IN CHOICE PERFORMANCE.  T .R . M in o r* , M.A. P e l l e y -  
m o u n te r* ,  an d  S .F .  M a ie r .  D e p t . o f  P s y c h . ,  U n iv . o f  
C o lo r a d o ,  B o u ld e r ,  CO 8 0 3 0 3 .

We h a v e  shown p r e v i o u s ly  t h a t  e x p o s u re  t o  i n e s c a p a b le ,  
b u t  n o t  e s c a p a b le  e l e c t r i c  sh o c k  im p a i r s  l a t e r  c h o ic e - e s c a p e  
l e a r n i n g .  The d e f i c i t  o c c u r s  o n ly  when a  s a l i e n t  t a s k - i r r e l 
e v a n t  c u e  i s  p r e s e n t  d u r in g  c h o ic e  t e s t i n g  an d  i s  c h a r a c t e r 
i z e d  by  a n  i n a b i l i t y  to  i g n o r e  t h e  i r r e l e v a n t  c u e .  E x p e r i 
m en ts  r e p o r t e d  h e r e  ex am in ed  th e  p o s s i b i l i t y  t h a t ’ t h i s  e ffe c t  
r e s u l t s  fro m  NE d e p l e t i o n  in  t h e  a s c e n d in g  d o r s a l  t e g m e n ta l  
b u n d le  (ADTB) d u r in g  e x p o s u re  t o  i n e s c a p a b le  s h o c k .

R a ts  w e re  e x p o s e d  t o  0 ,  4 0 , 8 0 , o r  120 i n e s c a p a b le  t a i l  
s h o c k s  i n  an  a t t e m p t  t o  p ro d u c e  g ra d e d  NE d e p l e t i o n  among 
g r o u p s .  T w e n ty - fo u r  h r  l a t e r ,  r a t s  fro m  e a c h  sh o c k  c o n d i t i o n  
r e c e i v e d  5 o r  100 c h o ic e - e s c a p e  t r i a l s  i n  t h e  p r e s e n c e  o f  an  
i r r e l e v a n t ,  i n t r a m a z e  l i g h t  c u e .  M onoam ines (NE, DA, 5-HT) 
i n  h ip p o ca m p u s  an d  t e l e n c e p h a l o n  w e re  m ea su red  f o r  r a t s  r e 
c e iv i n g  5 c h o ic e  t r i a l s .  Of i n t e r e s t  w as w h e th e r  g ro u p  
d i f f e r e n c e s  i n  NE i n  t h e s e  p r o j e c t i o n  a r e a s  o f  t h e  ADTB 
em erg ed  e a r l y  i n  t r a i n i n g ,  and  i f  s o ,  w e re  th e y  p r e d i c t i v e  
o f  o v e r a l l  c h o ic e  p e r fo rm a n c e  i n  e a c h  s h o c k  c o n d i t i o n .

DA an d  5-HT d id  n o t  d i f f e r  among g r o u p s .  A f t e r  5 c h o ic e  
t r i a l s ,  t e l e n c e p h a l o n  NE w as c o m p a ra b le  i n  0 -  and  4 0 - sh o c k  
g r o u p s ,  b u t  w as re d u c e d  by  20 an d  27%, r e s p e c t i v e l y ,  i n  8 0 -  
an d  1 2 0 -sh o c k  g r o u p s .  D e p le t i o n  o f  h ip p o c a m p a l NE o c c u r r e d  
o n ly  i n  t h e  1 2 0 -sh o c k  c o n d i t i o n .  C h o ic e  p e rfo rm a n c e  p a r a l 
l e l e d  t h e s e  c h a n g e s  i n  NE. W h ereas  t h e  4 0 - s h o c k  g ro u p  p e r 
fo rm ed  a s  w e l l  a s  n o - s h o c k  c o n t r o l s ,  m o d e ra te  an d  s e v e r e  
im p a irm e n t o c c u r r e d ,  r e s p e c t i v e l y ,  i n  t h e  8 0 -  and  120- s h o c k  
c o n d i t i o n s .

S u b s e q u e n t  s t u d i e s  h a v e  e x te n d e d  t h e s e  o b s e r v a t io n s .  B i
l a t e r a l  6-h y d ro x y d o p a m in e  l e s i o n s  o f  th e  ADTB m im icked  th e  
e f f e c t s  o f  i n e s c a p a b le  s h o c k .  P e r fo rm a n c e  o f  l e s i o n e d  r a t s  
w as im p a i r e d  o n ly  when an  i r r e l e v a n t  c u e  w as p r e s e n t  on 
c h o ic e  t r i a l s .  V e h ic le  c o n t r o l s  w e re  u n im p a ire d  r e g a r d l e s s  
o f  c u e  c o n d i t i o n .  F u r t h e r ,  t h e  c h o ic e  d e f i c i t  c a n  b e  p r e 
v e n te d  by  b i l a t e r a l  m ic r o in f u s io n  o f  c h lo r d i a z e p o x i d e  i n t o  
t h e  r e g i o n  o f  n .  l o c u s  c o e r u l e u s ,  t h e  o r i g i n  o f  t h e  ADTB, 
j u s t  b e f o r e  e x p o s u re  t o  i n e s c a p a b le  s h o c k .

T h e se  d a t a  a r e  c o n s i s t e n t  w i th  t h e  n o t io n  t h a t  t h e  ADTB 
i s  i n v o lv e d  i n  a t t e n t i o n - l i k e  p r o c e s s e s  an d  s u g g e s t  t h a t  
d e f i c i t s  i n  s t i m u l u s  s e l e c t i o n  f o l lo w in g  e x p o s u re  t o  i n e s 
c a p a b le  s h o c k  may a r i s e  fro m  s t r e s s - i n d u c e d  d e p l e t i o n  o f  
f o r e b r a i n  NE.

3 3 9 .4  NEONATAL FOREBRAIN NOREPINEPHRINE LOSS ELIMINATES REARING 
EFFECTS IN THE RAT.  B .A . P a p p a s ,  M. S a a r i * ,  J .  S m y th e * , 
L . O 'S h e a * , S . M u rth a * , K. S ta n g e *  and  R. I n g s * ,  P s y c h o l .  
D e p t . ,  C a r le to n  U n iv . ,  O tta w a , O n t . ,  KI S 5B6 and  N i p i s s i n g  
U n iv . C o l le g e ,  N o rth  B ay, O n t.

The e f f e c t s  o f  r e s t r i c t e d  v i s u a l  e x p e r i e n c e  d u r in g  
" c r i t i c a l  p e r i o d s "  r e q u i r e  i n t a c t  c o r t i c a l  NE (K a sa m a tsu  e t  
a l . ,  J . N e u r o p h y s io l . ,  1 9 8 1 ) .  We h av e  a l s o  r e c e n t l y  shown 
t h a t  n e o n a ta l  6-OHDA d e p l e t i o n  o f  f o r e b r a i n  NE i n  r a t s  
e l i m i n a t e s  e n r i c h e d  r e a r i n g  e f f e c t s  on b e h a v io r  an d  s e v e r a l  
m e a s u re s  o f  r e g i o n a l  b r a i n  w e ig h t  and  c a te c h o la m in e  l e v e l s  
(O 'S h e a  e t  a l . ,  E u ro p . J .  P h a rm a c o l . ,  1 9 8 3 ) .  We f u r t h e r  
e x am in ed  t h i s  by d e t a i l e d  b e h a v io r a l  t e s t i n g  and  HPLC a s s a y  
o f  r e g i o n a l  b r a i n  m onoam ines and  m e t a b o l i t e s .

Newborn m ale  r a t s  w ere  a d m i n i s t e r e d  s c  6-OHDA o r  v e h i c l e  
(VEH ), r e a r e d  fro m  25 t o  60 d a y s  i n  i s o l a t e  ( IR )  o r  e n r i c h e d  
- s o c i a l  (ER) c o n d i t i o n s  and  w ere  th e n  t e s t e d  i n  e i t h e r  th e  
L a s h le y  Type I I I  o r  Hebb W il l ia m s  m a z e s . The l a t t e r  g ro u p  
was s a c r i f i c e d  f o r  HPLC a s s a y .  B e h a v io ra l  t e s t i n g  and  
a s s a y s  w ere p e rfo rm e d  b l in d  t o  t r e a t m e n t s .  The a s s a y s  a r e  
a s  y e t  in c o m p le te  and  w i l l  be  r e p o r t e d  a t  t h e  m e e t in g .

ER im p ro v ed  L a s h le y  m aze p e rfo rm a n c e  o f  th e  VEH b u t  n o t  
th e  6-OHDA r a t s .  In  f a c t ,  p e rfo rm a n c e  o f  b o th  th e  ER and  IR  
6-OHDA g ro u p s  was e q u iv a l e n t  t o  t h a t  o f  th e  ER VEH r a t s  and 
a l l  o f  t h e s e  g ro u p s  show ed p e r fo rm a n c e  s u p e r i o r  to  t h a t  o f  
th e  IR  VEH r a t s .  S i m i l a r l y ,  f o r  t h e  Hebb W il l ia m s  m az e , th e  
VEH ER a n im a ls  made fe w e r  e r r o r s  th a n  d id  t h e  VEH i s o l a t e s .  
No d i f f e r e n c e s  w ere o b s e rv e d  b e tw e en  th e  ER an d  IR  6-OHDA 
r a t s .  H ow ever, b o th  6-OHDA g ro u p s  s o lv e d  th e  p ro b le m s  a s  
e f f i c i e n t l y  a s  d id  t h e  ER VEH r a t s  and  m ore e f f i c i e n t l y  th a n  
d id  t h e  VEH i s o l a t e s .  T h u s , ER e n h a n ce d  p ro b le m  s o lv i n g  
a b i l i t y  i n  n o rm a l r a t s  b u t  f a i l e d  t o  do so  i n  n e o n a ta l  NE 
d e p le t e d  r a t s .  S i g n i f i c a n t l y ,  h o w e v e r , b o th  e n r i c h e d  and  
i s o l a t e d  NE d e p le t e d  r a t s  showed p ro b le m  s o lv i n g  a b i l i t y  
w h ich  was a s  good a s  t h a t  o f  th e  VEH e n r i c h e d  r a t s .

We c o n c lu d e  t h a t  NE d e p l e t i o n  e l i m i n a t e s  th e  e f f e c t s  o f  
i s o l a t e d  r a t h e r  th a n  e n r i c h e d  r e a r i n g .  S e c o n d , th e  
i n t e r p r e t a t i o n  o f  e n r i c h e d  r e a r i n g  e x p e r im e n ts  s h o u ld  fo c u s  
n o t  on th e  b e h a v io r a l / m o r p h o l o g ic a l  e f f e c t s  o f  e n r ic h m e n t  
(w h ich  a p p ro x im a te s  th e  n o rm a l h a b i t a t  o f  th e  r a t )  b u t  on 
th e  e f f e c t s  o f  im p o v e r is h m e n t ( w h ic h ,  i n  t h e  a n i m a l 's  n o rm a l 
h a b i t a t  w ould  be a n  a b e r r a n t  r e a r i n g  s t a t e ) .  F i n a l l y ,  th e  
r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  f o r e b r a i n  NE i s  
e s s e n t i a l  t o  th e  c o n s e q u e n c e s  o f  r e s t r i c t e d  e n v ir o n m e n ts  a s  
s u g g e s te d  by K asa m a tsu  e t  a l .

3 3 9 .5  THE EFFECT OF NOREPINEPHRINE DEPLETION BY XYLAMINE ON  
INVESTIGATORY BEHAVIOR AND ON BRAIN WEIGHTS WITH ENRICHED 
REARING. S .  B e n l o u c i f ,  M.R .  R o s e n z w e i g  a n d  E L .  B e n n e t t   
D e p t . o f  P s y c h o l o g y  a n d  L a w r e n c e  B e r k e l e y  L a b . ,  U n i v e r s i t y  
o f  C a l i f o r n i a ,  B e r k e l e y ,  CA 9 4 7 2 0 .

C u r r e n t  r e s e a r c h  h a s  i m p l i c a t e d  t h e  c a t e c h o l a m i n e  n e u r o 
t r a n s m i t t e r  n o r e p i n e p h r i n e  (NE) i n  i n v e s t i g a t o r y  b e h a v i o r  
( F l i c k e r  & G e y e r ,  1 9 8 2 ) ,  a r o u s a l ,  a n d  l e a r n i n g  a n d  m em or y  
( K e t y ,  1 9 7 0 ,  1 9 7 2 ) ,  a n d  n e u r a l  p l a s t i c i t y  ( K a s a m a t s u  e t  
a l . ,  1 9 8 1 ) .  T h e  v i e w  t h a t  NE i s  i n v o l v e d  i n  l e a r n i n g  a n d  
n e u r a l  p l a s t i c i t y  i s  s u p p o r t e d  b y  r e c e n t  r e p o r t s  t h a t  d e 
p l e t i o n  o f  b r a i n  NE b y  6 - h y d r o x y d o p a m i n e  ( 6 -OHDA) r e d u c e s  
t h e  b r a i n  w e i g h t  i n c r e a s e s  n o r m a l l y  i n d u c e d  b y  e n r i c h e d  
r e a r i n g  ( M i r m i r a n  e t  a l . ,  1 9 8 3 ;  O ' S h e a  e t  a l . ,  1 9 8 3 ) .  T h i s  
e x p e r i m e n t  e x a m i n e d  t h e  r o l e  o f  a r o u s a l  a n d  i n v e s t i g a t o r y  
b e h a v i o r  i n  m e d i a t i n g  t h i s  NE e f f e c t  on  b r a i n  w e i g h t s  a n d  
l e a r n i n g .  R a t s  w e r e  a d m i n i s t e r e d  t h e  p e r m a n e n t  NE d e p l e t o r  
x y l a m i n e  ( N - 2 - c h l o r o e t h y l - N - e t h y l - 2 - m e t h y l b e n z y l a m i n e )  o r  
s a l i n e  a t  w e a n i n g  a n d  a s s i g n e d  t o  e i t h e r  e n r i c h e d  (E C) o r  
s t a n d a r d  h o u s i n g  c o n d i t i o n s .  B e h a v i o r  w a s  o b s e r v e d  i n  b o t h  
a  n o v e l  i n v e s t i g a t i o n  a r e n a  a n d  t h e  home c a g e .  X y l a m i n e  
(XYL) t r e a t e d  a n d  c o n t r o l  r a t s  f r o m  t h e  s t a n d a r d  c o n d i t i o n  
w e r e  t e s t e d  f o r  a c q u i s i t i o n  a n d  r e t e n t i o n  m e a s u r e d  b y  a 
s p a t i a l  l e a r n i n g  t a s k .  B r a i n s  o f  t h e  XYL t r e a t e d  a n d  c o n 
t r o l  r a t s  f r o m  EC w e r e  w e i g h e d  i n  o r d e r  t o  d e t e r m i n e  w h e t h 
e r  NE d e p l e t i o n  c o u l d  c o u n t e r a c t  t h e  b r a i n  w e i g h t  c h a n g e s  
t h a t  a r e  n o r m a l l y  i n d u c e d  b y  e n r i c h e d  r e a r i n g .  R e s u l t s  r e 
v e a l e d  t h a t  XYL t r e a t m e n t  d e c r e a s e d  b o t h  i n v e s t i g a t o r y  b e 
h a v i o r  i n  t h e  n o v e l  a r e n a  a n d  a l s o  t e n d e d  t o  d e c r e a s e  home 
c a g e  a c t i v i t y .  B r a i n  w e i g h t s  f o r  X Y L - t r e a t e d  r a t s  i n  EC 
w e r e  a l s o  r e d u c e d  r e l a t i v e  t o  t h o s e  o f  c o n t r o l  r a t s  i n  EC. 
A c q u i s i t i o n  o f  t h e  l e a r n i n g  t a s k  w a s  u n a f f e c t e d  b y  NE d e 
p l e t i o n .  I t  i s  s u g g e s t e d  t h a t  t h e  d e c r e a s e  i n  b r a i n  w e i g h t s  
f o u n d  b y  t h i s  l a b o r a t o r y  a n d  o t h e r s  w i t h  NE d e p l e t i o n  i s  
d u e  i n  p a r t  t o  a  s e c o n d a r y  e f f e c t  o f  a d e c r e a s e  i n  i n v e s 
t i g a t o r y  b e h a v i o r ,  r a t h e r  t h a n  s o l e l y  t o  a  p r i m a r y  e f f e c t  
o f  NE o n  n e u r a l  g r o w t h .
S . B .  w a s  s u p p o r t e d  b y  NIMH t r a i n i n g  g r a n t  2 - T 3 2 - M H 1 5 8 6 0 .  
T h i s  w o r k  w a s  s u p p o r t e d  b y  NIMH g r a n t  1 - R 0 1 - M H 3 6 0 4 2 - 0 1 A 1 .
We t h a n k  D r .  A r t h u r  C h o ,  U C L A , f o r  x y l a m i n e .

339.6  LOCUS COERULEUS UNIT ACTIVITY IN CAT: BEHAVIORAL AND STATE  
CORRELATES.  B. L. J a c o b s ,  K. Rasmussen and D. M o rila k .  
N eu ro sc i. P r o g . ,  P r in c e to n  U n iv .,  P r in c e to n ,  NJ.

R e c e n tly , s e v e r a l  s tu d ie s  have exam ined th e  a c t i v i t y  o f  
lo c u s  co e ru le u s  (LC) neu rons  in  b ehav ing  a n im a ls . We r e p o r t  
h e re  on a  s e r i e s  o f  ex p e rim en ts  t h a t  c o n tin u e s  t h i s  l i n e  o f  
i n v e s t ig a t io n  in  th e  c a t .  The p r e s e n t  s tu d y  fo c u s s e s  on th e  
b e h a v io ra l and s t a t e  c o r r e l a te s  o f  LC n e u ro n a l a c t i v i t y ,  w ith  
a  p a r t i c u l a r  em phasis on a f f e c t ,  a r o u s a l ,  and movement. The 
fo llo w in g  two a b s t r a c t s  d e a l w ith  th e  e f f e c t  o f  a n x io ly t i c  
and an x io g en ic  a g e n ts ,  and m orph ine , r e s p e c t iv e l y .  S in g le  
u n i t  a c t i v i t y  was re c o rd e d  by means o f  movable 32 and 64 ym 
d ia ,  i n s u la te d ,  n ichrom e w ire s  im p lan ted  in  two b u n d le s  o f  
s ix  each  above th e  LC (P 4 .0  L 3 . 0 H - 1 .9 ) .  N eurons in  th e  
a r e a  o f  th e  LC were i n i t i a l l y  i d e n t i f i e d  as  n o ra d re n e rg ic  by 
t h e i r  lo n g  d u ra t io n  a c t io n  p o t e n t i a l s ,  slow  and somewhat 
r e g u la r  d is c h a rg e  p a t t e r n ,  e x c i t a t i o n  -  i n h i b i t i o n  re sp o n se  
to  paw o r  t a i l  p in c h ,  and com plete  c e s s a t io n  o f  a c t i v i t y  
d u rin g  REM s le e p .  T h is  i d e n t i t y  was con firm ed  f u r th e r  by th e  
com plete  s u p p re s s io n  o f  n e u ro n a l a c t i v i t y  fo llo w in g  a 
sy stem ic  i n j e c t i o n  o f  a  low dose o f  th e  a g o n is t  c lo n id in e  
(25 µg /k g  i . p . ) .  F in a l ly ,  a l l  n eu rons  d is p la y in g  such 
c h a r a c t e r i s t i c s  were h i s t o l o g i c a l l y  l o c a l i z e d  w ith in  th e  LC 
( t h i s  c h a r a c t e r i s t i c  a c t i v i t y  was n o t en c o u n te re d  on p e n e tr a 
t i o n s  o u ts id e  o f  th e  LC). D uring an u n d is tu rb e d  q u ie t  w aking 
s t a t e ,  LC neu rons  d is c h a rg e  a t  a  slow  r a t e  (x= 0 .9  s p ik e s /s e c )  
w ith  a somewhat r e g u la r  p a t t e r n .  T h is  a c t i v i t y  can be d r iv e n  
by sim ple  sen so ry  e v e n ts  ( c l i c k  o r  f l a s h )  w ith  l a t e n c i e s  o f  
~ 40-50 msec and d u ra t io n s  o f  ~ 100-200 m sec. T y p ic a l ly ,  under 
th e s e  c o n d i t io n s ,  one sp ik e  i s  e l i c i t e d  by  each  s tim u lu s  
p r e s e n ta t io n .  The m agnitude o f  t h i s  s en so ry -ev o k ed  u n i t  
re sp o n se  can  be m odula ted  by c o n d i tio n s  t h a t  e i t h e r  d i s t r a c t  
th e  a n im a l 's  a t t e n t io n  away from  th e s e  s t im u l i  ( e .g .  
d e c re a se d  by r a t s  i n  th e  e x p e rim e n ta l cham ber) o r  u nder 
c o n d i tio n s  i n  w hich th e  an im als  fo cu s  upon th e  s t im u l i  ( e .g .  
in c re a s e d  by c o n d i t io n in g  t r i a l s ) .  G en era l a c t i v a t io n  o f  th e  
c a t o r  in c re a s e d  m otor a c t i v i t y ,  f o r  exam ple, e a t i n g ,  d r in k 
in g ,  o r  ru n n in g  on a  t r e a d m i l l ,  p ro d u ces  a t  most a  m odest 
in c r e a s e  in  d is c h a rg e  r a t e .  However, when th e  a c t i v a t io n  has  
an added a f f e c t iv e  com ponent, f o r  exam ple, a i r  p u f f  t o  th e  
fa c e  o r  c o n d itio n e d  em o tio n a l re sp o n se  (CER) t r a i n i n g ,  th e r e  
i s  o f te n  a  d ram a tic  in c r e a s e  in  LC u n i t  a c t i v i t y  ( p h a s ic a l ly ,  
up to  1 5 - f o ld ,  t o n i c a l l y ,  up t o  5 - f o ld ) .  In  s u p p o rt o f  
p re v io u s  i n v e s t i g a t o r s ,  th e s e  d a ta  and th o s e  p r e s e n te d  i n  th e  
fo llo w in g  a b s t r a c t  i n d i c a t e  t h a t  LC u n i t  a c t i v i t y  i s  p o s i 
t i v e l y  c o r r e l a te d  w ith  a f f e c t  a n d /o r  autonom ic a c t iv a t io n .
(S u p p o rted  by NIMH g ra n t  MH 23433).
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3 3 9 .7  LOCUS COERULEUS UNIT ACTIVITY IN BEHAVING CATS: EFFECT OF 
ANXIOLYTIC AND ANXIOGENIC DRUGS.  K. R a sm u sse n , D. M o r i la k ,  
a n d  B .L . J a c o b s ,  P r o g .  N e u r o s c i . ,  P r in c e t o n  U n i v . ,  P r i n c e t o n ,  
N J.

N o r a d r e n e r g ic  n e u ro n s  i n  t h e  a r e a  o f  t h e  l o c u s  c o e r u l e u s  
(LC) h a v e  b e e n  h y p o th e s i z e d  t o  p l a y  a  c r i t i c a l  r o l e  i n  
a n x i e t y .  T h is  h a s  b e e n  p a r t l y  s u p p o r t e d  b y  s t u d i e s  s h o v in g :  
l )  a n x io g e n ic  d r u g s ,  e . g .  y o h im b in e ,  i n c r e a s e  LC u n i t  a c 
t i v i t y  i n  c h l o r a l  h y d r a t e  (CH) a n e s t h e t i z e d  r a t s ;  an d  2 ) 
a n x i o l y t i c  d r u g s ,  e . g .  d ia z e p a m , d e c r e a s e  LC u n i t  a c t i v i t y  
i n  CH a n e s t h e t i z e d  r a t s .  I n  a n  e x t e n s i o n  o f  t h e s e  s t u d i e s ,  
v e  h a v e  e x a m in e d  t h e  e f f e c t s  on LC u n i t  a c t i v i t y  o f  y o h im b in e  
an d  d ia z e p a m  i n  f r e e l y  m ov in g  c a t s .  The g e n e r a l  m e th o d o lo g y  
a n d  t h e  c r i t e r i a  f o r  i d e n t i f y i n g  n e u ro n s  a s  NE, a s  w e l l  a s  
t h e i r  r e s p o n s e  t o  s e n s o r y  s t i m u l i  a r e  d e s c r i b e d  i n  t h e  
p r e c e d i n g  a b s t r a c t .  S p o n ta n e o u s  u n i t  a c t i v i t y  an d  u n i t  
r e s p o n s e  t o  s e n s o r y  s t i m u l i  ( c l i c k  o r  f l a s h )  w ere  ex am in ed  
b e f o r e  an d  a f t e r  d ru g  a d m i n i s t r a t i o n .  Y oh im bine h y d r o c h lo 
r i d e  (2  m g/kg  i . p . ) ,  a  d ru g  w h ic h  i s  p re su m e d  t o  b e  a n x io 
g e n ic  i n  b o t h  a n im a ls  an d  m an , l e d  t o  b e h a v i o r a l  a c t i v a t i o n  
o f  t h e  c a t  an d  p r o d u c e d  a n  i n c r e a s e  i n  s p o n ta n e o u s  LC u n i t  
a c t i v i t y  (~ 8 0 %) .  I n  a d d i t i o n ,  y o h im b in e  p ro d u c e d  a  r e l a t i v e 
l y  l a r g e r  i n c r e a s e  i n  t h e  LC u n i t  r e s p o n s e  t o  s e n s o r y  s t i m u l i  
(~ 2 0 0 %) .  S i m i l a r  r e s u l t s  on  LC u n i t  a c t i v i t y  ( i . e .  i n c r e a s e d  
s p o n ta n e o u s  a c t i v i t y  a n d  r e l a t i v e l y  l a r g e r  i n c r e a s e d  s e n s o r y  
r e s p o n s e )  w ere  o b t a i n e d  a f t e r  c o n d i t i o n e d  e m o t io n a l  r e s p o n s e  
(CER) t r a i n i n g  ( a  c o n d i t i o n  w h ic h  i s  p r e s u m a b ly  a n x i e t y -  
i n d u c i n g ) .  D ia z ep a m , a  b e n z o d ia z a p in e  a n x i o l y t i c ,  ( 0 .1  -  2 
m g/kg  i . p . )  d i d  n o t  p ro d u c e  a  s i g n i f i c a n t  d e c r e a s e  i n  t h e  
s p o n ta n e o u s  a c t i v i t y  o f  LC n e u ro n s  a s  w o u ld  h a v e  b e e n  e x p e c t 
e d  f ro m  s t u d i e s  o f  CH a n e s t h e t i z e d  r a t s .  H ow ever, a t  a  d o se  
t h a t  p r o d u c e d  no  b e h a v io r a l  s i g n s  o f  s e d a t i o n  o r  a t a x i a ,  
d ia z e p a m  ( 0 .2 5  m g/kg  i . p . )  g r e a t l y  d e c r e a s e d  ( ~ 90%) t h e  
s e n s o r y  e v o k e d  u n i t  r e s p o n s e  o f  LC n e u r o n s .  T h ese  d a t a  may 
e x p la i n  how d ia z e p a m  c a n  b e  a n x i o l y t i c  w i th o u t  b e in g  s e d a t i n g  
i . e .  i t  d o e s  n o t  a f f e c t  t h e  s p o n ta n e o u s  a c t i v i t y  o f  LC 
n e u ro n s  b u t  i t  d o e s  d r a m a t i c a l l y  d e c r e a s e  t h e  r e s p o n s iv e n e s s  
o f  t h e s e  n e u ro n s  t o  e n v ir o n m e n ta l  s t i m u l i .  R e c i p r o c a l l y ,  
a n x io g e n ic  a g e n ts  may a c t  i n  p a r t  b y  p r o d u c in g  a  r e l a t i v e l y  
l a r g e r  e f f e c t  on  s e n s o r y  e v o k e d  u n i t  a c t i v i t y  o f  LC n e u ro n s  
a s  co m p ared  t o  t h e i r  e f f e c t  on  s p o n ta n e o u s  LC u n i t  a c t i v i t y .  
T h e se  d a t a  s u p p o r t  t h e  g e n e r a l  h y p o t h e s i s  t h a t  t h e  LC p l a y s  
a n  i m p o r ta n t  r o l e  i n  a f f e c t  a n d /o r  a u to n o m ic  a c t i v a t i o n .  In  
p r e l i m i n a r y  e x p e r im e n ts  on  s e r o t o n e r g i c  n e u ro n s  i n  t h e  d o r s a l  
r a p h e  n u c l e u s , we h a v e  a l s o  o b s e rv e d  p r e f e r e n t i a l  e f f e c t s  
u p o n  s e n s o r y  e v o k e d  u n i t  r e s p o n s e s  u n d e r  t h e s e  e x p e r im e n ta l  
c o n d i t i o n s . (S u p p o r te d  b y  NIMH g r a n t  MH 2 3 4 3 3 ) .

339.3  LOCUS COERULEUS UNIT ACTIVITY IN BEHAVING CATS: SYSTEMIC  
MORPHINE HAS NO EFFECT.  D. M o r i la k ,  K. R a sm u sse n , a n d  B .L . 
J a c o b s .  P ro g .  N e u r o s c i . ,  P r in c e t o n  U n i v . ,  P r i n c e t o n ,  N J.

N o r a d r e n e r g ic  (NE) n e u ro n s  i n  t h e  a r e a  o f  t h e  l o c u s  
c o e r u l e u s  (LC) h a v e  b e e n  i m p l i c a t e d  i n  s e v e r a l  a s p e c t s  o f  
t h e  a c t i o n  o f  o p i a t e s .  T h is  i s  c o n s i s t e n t  w i th :  t h e  d e n se
a g g r e g a t io n  o f  o p i a t e  b i n d in g  s i t e s  i n  t h e  LC o f  t h e  r a t ;  
t h e  d e c r e a s e  i n  LC u n i t  a c t i v i t y  p r o d u c e d  by  m o rp h in e  
a d m i n i s t e r e d  t o  a n e s t h e t i z e d  r a t s ;  an d  t h e  f i n d i n g  t h a t  t h e  
otg a g o n i s t  c lo n i d i n e  a l l e v i a t e s  t h e  sym ptom s o f  o p i a t e  w i t h 
d ra w a l  i n  s e v e r a l  s p e c i e s .  In  t h e  c o u r s e  o f  o u r  s t u d i e s  on 
LC s i n g l e  u n i t  a c t i v i t y  i n  f r e e l y  m ov in g  c a t s ,  we ex a m in e d  
t h e  e f f e c t s  o f  s y s te m ic  a d m i n i s t r a t i o n  o f  m o rp h in e . The 
g e n e r a l  m e th o d o lo g y  an d  t h e  c r i t e r i a  f o r  i d e n t i f y i n g  n e u ro n s  
a s  NE a r e  d e s c r i b e d  i n  a  p r e c e d in g  a b s t r a c t  (B .L . J a c o b s  e t  
a l . ) .  A f t e r  a  b a s e l i n e  r e c o r d in g  p e r i o d ,  d u r in g  w h ic h  LC 
u n i t  a c t i v i t y  w as sa m p le d  i n  a  v a r i e t y  o f  b e h a v io r s  an d  
s t a t e s ,  c a t s  w ere  a d m i n i s t e r e d  m o rp h in e  s u l f a t e  ( 0 .5 ,  2 .0  o r  
4 .0  m g/kg  i . p . )  an d  u n i t  a c t i v i t y  was c o n t i n u a l l y  ex a m in e d  
f o r  t h e  n e x t  h o u r  a n d  t h e n  p e r i o d i c a l l y  sa m p le d  f o r  t h e  n e x t  
tw o  h o u r s .  None o f  t h e  d o s e s  o f  m o rp h in e  p r o d u c e d  a  s i g n i f 
i c a n t  d e c r e a s e  i n  LC u n i t  a c t i v i t y  fro m  t h e  b a s e l i n e  l e v e l  
(X = 0 .9  s p i k e s / s e c ;  t o t a l  N = 12). I n  f a c t ,  o v e r  h a l f  o f  t h e  
c e l l s  show ed a  s i g n i f i c a n t  i n c r e a s e  i n  a c t i v i t y  (Md=48%). 
The tw o  h i g h e s t  d o s e s  p ro d u c e d  c l e a r c u t  s ig n s  o f  a n a l g e s i a  
a s  m e a s u re d  b y  s e v e r a l  d i f f e r e n t  t e s t s  ( e . g .  t a i l  f l i c k  an d  
f o r m a l in  t e s t ) .  I n  o r d e r  t o  t r y  t o  r e c o n c i l e  o u r  r e s u l t s  
w i th  t h e  p r e v io u s  r e p o r t s  t h a t  m o rp h in e  s i g n i f i c a n t l y  
d e c r e a s e d  t h e  a c t i v i t y  o f  LC n e u ro n s  i n  c h l o r a l  h y d r a t e  (CH) 
a n e s t h e t i z e d  r a t s  ( e . g .  K o rf  e t  a l . , 1 9 7 4 ) ,  v e  c o n d u c te d  
s i m i l a r  s t u d i e s  i n  t h e  c a t .  Somewhat s u r p r i s i n g l y ,  CH 
a n e s t h e s i a  a lo n e  ( 2 0 0 -3 0 0  m g/kg  i . p . )  p ro d u c e d  a  s i g n i f i c a n t  
i n c r e a s e  (2 -4  f o ld )  i n  LC u n i t  a c t i v i t y .  When m o rp h in e  ( 2 .0  
m g/kg) was t h e n  a d m i n i s t e r e d ,  i t  p ro d u c e d  a  s i g n i f i c a n t  
d e c r e a s e  i n  LC u n i t  a c t i v i t y ,  b u t  one  w h ic h  d i d  n o t  go b e lo w  
t h e  p r e - a n e s t h e t i c  b a s e l i n e .  T h u s , m o rp h in e ’ s d e p r e s s io n  o f  
LC u n i t  a c t i v i t y  i n  r a t s  may b e  a t  l e a s t  p a r t i a l l y  a t t r i b 
u t a b l e  t o  an  i n t e r a c t i o n  w i th  CH a n e s t h e s i a  ( s e e  B r a in  R e s . 
(1 9 8 4) 2 9 1 :6 3 - 7 2 ) .  H ow ever, t h e s e  d i s c r e p a n t  d a t a  may a l s o  
be  a c c o u n te d  f o r  b y  im p o r ta n t  s p e c i e s  d i f f e r e n c e s .  I n  c a t ,  
NE n e u ro n s  i n  LC a r e  much m ore s p a t i a l l y  d i s p e r s e d  t h a n  i n  
t h e  r a t , w h ere  t h e y  fo rm  a  com pact hom ogeneous n u c l e u s . 
T h is  d i s p e r s i o n  may a l t e r  t h e  r e s p o n s e  o f  c a t  LC n e u ro n s  t o  
m o rp h in e  a n d /o r  CH. I t  i s  a l s o  w e l l  known t h a t  c a t s  may 
m a n i f e s t  a  m an ia  r e s p o n s e  t o  h ig h  d o s e s  o f  m o rp h in e  w h e re a s  
r a t s  a r e  e x c l u s i v e l y  s e d a t e d  b y  v a r i o u s  d o s e s  o f  m o rp h in e . 
( S u p p o r te d  b y  N .I .M .H . g r a n t  MH 2 3 4 3 3 ) .

3 3 9 . 9   NEUROCHEMICAL CORRELATES OF DOMINANCE BEHAVIOR IN THE  
SQUIRREL MONKEY.  K. A.  G r e e n e * ,  C.  L.  C o e * ,  K.  F .  F a u l l ,  
R. J .  K i n g ,  J r . ,  J .  D. B a r c h a s ,  a n d  S .  L e v i n e .  D e p t .  oT 
P s y c h i a t r y ,  S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  CA 9 4 3 0 5 .

M o n o a m in e  m e t a b o l i t e s  w e r e  m e a s u r e d  i n  m a l e  s q u i r r e l  
m o n k e y  c i s t e r n a l  CSF i n  a n  e f f o r t  t o  e x a m i n e  t h e  e f f e c t  o f  
d o m i n a n c e  b e h a v i o r  on CNS n e u r o t r a n s m i t t e r  t u r n o v e r .

P a i r s  o f  a n i m a l s  w e r e  e v a l u a t e d  i n  t h r e e  c o n d i t i o n s :  
s t a b l e  p a i r s ,  r e c e n t l y  f o r m e d  p a i r s ,  a n d  p a i r  s e v e r a n c e .   
T h e  s t a b l e  c o n d i t i o n  c o n s i s t e d  o f  a n i m a l s  p a i r e d  f o r  a t  
l e a s t  4  w e e k s  p r i o r  t o  e x p e r i m e n t a l  m a n i p u l a t i o n  a n d  
p r o v i d e d  s t a b l e  d o m i n a n c e  r e l a t i o n s h i p s  a s  a  c o n t r o l .  I n  
t h e  r e c e n t l y  f o r m e d  p a i r  c o n d i t i o n ,  a n i m a l s  w e r e  
i n d i v i d u a l l y  h o u s e d  f o r  a t  l e a s t  4 w e e k s  a n d  w e r e  t h e n  
p a i r e d  a t  t h e  i n i t i a t i o n  o f  t h e  e x p e r i m e n t .  I n  t h e  l a s t  
c o n d i t i o n ,  a n i m a l s  i n i t i a l l y  p a i r e d  f o r  a t  l e a s t  4 w e e k s  
p r i o r  t o  e x p e r i m e n t a t i o n  w e r e  s e p a r a t e d  f r o m  t h e i r  
r e s p e c t i v e  p a i r e d  a n i m a l  a n d  h o u s e d  i n d i v i d u a l l y  a t  t h e  
i n i t i a t i o n  o f  t h e  e x p e r i m e n t .  F o l l o w i n g  k e t a m i n e  
a d m i n i s t r a t i o n ,  CSF s a m p l e s  w e r e  o b t a i n e d  f r o m  t h e  
c i s t e r n a  o f  a l l  a n i m a l s  d u r i n g  t h e  l a s t  w e e k  o f  t h e  4 - w e e k  
c o n d i t i o n i n g  p e r i o d  f o r  b a s e l i n e  m e a s u r e m e n t s  a n d ,  e i g h t  
d a y s  l a t e r ,  a t  o n e  d a y  p o s t  m a n i p u l a t i o n .  A t  t h e  s am e o r  
s i m i l a r  t i m e s ,  p a i r e d  a n i m a l s  w e r e  a s s e s s e d  f o r  d o m i n a n c e  
u s i n g  t h e  w a t e r  t e s t ,  f o o d  t e s t ,  o r  s e x  t e s t .

M e a s u r e m e n t s  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  m e t a b o l i t e s  
DOPAC a n d  HVA ( d e r i v e d  f r o m  d o p a m i n e ) ,  MHPG ( d e r i v e d  f r o m  
n o r e p i n e p h r i n e  a n d  e p i n e p h r i n e )  a n d  5-HIAA ( d e r i v e d  f r o m  
s e r o t o n i n )  w e r e  m ad e u s i n g  GC/MS. T h e  o n l y  s i g n i f i c a n t  
f i n d i n g s  t h a t  e m e r g e d  i n v o l v e d  MHPG; a  s i g n i f i c a n t  a s s o c i a 
t i o n  b e t w e e n  s u b o r d i n a n t  s t a t u s  a n d  h i g h  l e v e l s  o f  MHPG 
( n = 9 ,  p < 0 . 0 2 ,  W i l c o x o n  p a i r e d  d i f f e r e n c e  t e s t )  a n d  a  
s i g n i f i c a n t  i n t e r a c t i o n  b e t w e e n  h o u s i n g  c o n d i t i o n s  ( p a i r e d  
v s .  i s o l a t e d )  a n d  s o c i a l  s t a t u s  ( d o m i n a n t  v s .  s u b o r d i n a n t )  
w i t h  r e s p e c t  t o  c o n c e n t r a t i o n s  o f  MHPG ( F ( 1 , 1 6 ) = 6 . 1 7 ,  
p < 0 . 0 2 5 ) .  F u r t h e r m o r e ,  t h e  s u g g e s t i o n  t h a t  d o m i n a n c e  i s  
a n  i m p o r t a n t  v a r i a b l e  i n  d e t e r m i n i n g  CSF MHPG c o n c e n t r a 
t i o n s  i s  s u p p o r t e d  b y  t h e  f a c t  t h a t  i n  t h e  t h i r d  c o n d i t i o n ,  
i n  w h i c h  t h e  a n i m a l s  w e r e  i n i t i a l l y  p a i r e d  a n d  t h e n  
i s o l a t e d ,  m e a n  v a l u e s  o f  MHPG i n c r e a s e d  i n  d o m i n a n t  m a l e s  
u p o n  i s o l a t i o n  w h i l e  t h e  s a m e  p a r a m e t e r  d e c r e a s e d  i n  t h e  
s u b o r d i n a n t  m a l e s  wh en  t h e y  w e r e  i s o l a t e d  f r o m  t h e i r  
d o m i n a n t  c o u n t e r p a r t s ;  a f t e r  p a i r  s e v e r a n c e  CSF MHPG no 
l o n g e r  r e f l e c t e d  t h e  f o r m e r  d o m i n a n c e  r e l a t i o n s h i p s .

T h e s e  d a t a  p r o v i d e  e v i d e n c e  f o r  a n  a s s o c i a t i o n  b e t w e e n  
d o m i n a n c e  b e h a v i o r  a n d  c e n t r a l  n o r a d r e n e r g i c  a c t i v i t y  i n  a 
n o n h u m a n  p r i m a t e  s p e c i e s .

3 3 9 . 1 0   YOHIMBINE-PRECIPITATED ABSTINENCE SYNDROME FOLLOWING CONTI
NUOUS INFUSION OF CLONIDINE.  D. H. M a l i n ,  R.  J .  E x l e y * ,   
R.  F,  H a m i l t o n * ,  a n d  R. J .  T o w n s e n d * .  U n i v .  o f  H o u s t o n -  
Cl e a r  L a k e ,  H o u s t o n ,  TX 7 7 0 5 8 .

T h e  a l p h a - 2  a d r e n e r g i c  a g o n i s t  c l o n i d i n e  h a s  a  n u m b e r  o f  
o p i a t e - l i k e  a c t i o n s .  M i g h t  c h r o n i c  s u p p r e s s i o n  o f  n o r a d r e 
n e r g i c  a c t i v i t y  by  c l o n i d i n e  p r o d u c e  a  d e p e n d e n c e - l i k e  
s t a t e ?  A p r e v i o u s  s t u d y  f r o m  o u r  l a b o r a t o r y  d e m o n s t r a t e d  
m an y  o p i a t e - a b s t i n e n c e - l i k e  b e h a v i o r s  i n  r a t s  o n e  d a y  a f t e r  
t e r m i n a t i o n  o f  5 d a y s  o f  c o n t i n u o u s  c l o n i d i n e  i n f u s i o n .

T h e  a l p h a - 2  a n t a g o n i s t  y o h i m b i n e  r e v e r s e s  t h e  e f f e c t s  o f  
c l o n i d i n e .  T h e  p r e s e n t  e x p e r i m e n t  d e t e r m i n e d  w h e t h e r  y o h i m 
b i n e  i n j e c t i o n s  i n  c l o n i d i n e  i n f u s e d  r a t s  c o u l d  p r e c i p i t a t e  
a n  i m m e d i a t e  w i t h d r a w a l  s y n d r o m e ,  a n a l o g o u s  t o  n a l o x o n e  
a f t e r  m o r p h i n e  e x p o s u r e .

T e n  f e m a l e  r a t s  w e r e  h a b i t u a t e d  t o  a n  02 c o n s u m p t i o n  
c h a m b e r  a n d  t h e i r  b a s e l i n e  c o n s u m p t i o n  w a s  d e t e r m i n e d .  T h e y  
w e r e  t h e n  s u b c u t a n e o u s l y  i m p l a n t e d  w i t h  A l z e t  2 0 0 1  m i n i p u m p s  
u n d e r  e t h e r  a n e t h e s i a .  F i v e  r a t s  r e c e i v e d  pumps  f i l l e d  w i t h  
s a l i n e  a l o n e ,  w h i l e  f i v e  w e r e  i n f u s e d  c o n t i n u o u s l y  w i t h  
0 . 0 3 3  m g / k g / h r  c l o n i d i n e .  A f t e r  1 2 0  h o u r s ,  e a c h  r a t  w a s  
o b s e r v e d  15 m i n .  f o r  s t a n d a r d  b e h a v i o r a l  s i g n s  s e e n  i n  
o p i a t e  w i t h d r a w a l  a n d  i t s  02  c o n s u m p t i o n  r e t e s t e d .  E a c h  r a t  
w a s  t h e n  c h a l l e n g e d  w i t h  3 m g / k g  y o h i m b i n e  i . p .  a n d  r e t e s t e d  
10  m i n .  l a t e r  f o r  b e h a v i o r s  a n d  02  c o n s u m e d .  As T a b l e  1 
s h o w s ,  b o t h  g r o u p s  i n i t i a l l y  h a d  f e w  b e h a v i o r a l  s i g n s  a n d  
n e a r - b a s e l i n e  02 r a t e s .  Y o h i m b i n e ,  h o w e v e r ,  p r o d u c e d  s i g n i 
f i c a n t  i n c r e a s e s  i n  b o t h  b e h a v i o r a l  a b s t i n e n c e  s i g n s  ( p a r t i 
c u l a r l y  a b d o m i n a l  w r i t h e s )  a n d  02 c o n s u m p t i o n  i n  t h e  c l o n i 
d i n e  i n f u s e d  g r o u p .  A d d i t i o n a l l y  so m e  s e i z u r e s  w e r e  n o t e d .

T a b l e  1 A b s t i n e n t - L i k e  S i g n s  02  a s  % o f  B a s e l i n e
S a l i n e  C l o n i d i n e  S a l i n e  C l o n i d i n e

P r e - Y o h i m b i n e  3 . 0 ± 1 . 4  1 . 2 ± 0 . 5 8  1 0 5 ± 3 . 8 8 %  9 5 ± 9 .7 %
P o s t - Y o h i m b i n e  2 . 6 ± 0 . 8 7  1 3 . 6 ± 1 . 4 3 *  9 8 ± 7 . 0 5 %  1 3 6 ± 9 . 4 % *
* S i g n i f i c a n t l y  d i f f e r e n t  f r o m  s a l i n e  c o n t r o l s .

A s e c o n d  e x p e r i m e n t  e m p l o y e d  s i m i l a r  p r o c e d u r e s  e x c e p t  
f o r  a  c l o n i d i n e  i n f u s i o n  r a t e  o f  0 . 0 1  m g / k g / h r .  Y o h i m b i n e  
i n j e c t i o n  r e s u l t e d  i n  s i g n i f i c a n t  n u m b e r s  o f  a b s t i n e n c e  
s i g n s  a n d  c l o n i c  s e i z u r e s  i n  c l o n i d i n e  i n f u s e d  r a t s .  S u d d e n  
r e l e a s e  f r o m  c h r o n i c  s u p p r e s s i o n  o f  n o r a d r e n e r g i c  a c t i v i t y  
a p p e a r s  t o  p r o d u c e  c e r t a i n  e f f e c t s  o r d i n a r i l y  a s s o c i a t e d  
w i t h  o p i a t e  o r  a l c o h o l  a b s t i n e n c e  s y n d r o m e .

S u p p o r t e d  b y  U. o f  H o u s t o n - C l e a r  L a k e  O r g a n i z e d  R e s e a r c h  
F u n d .  C l o n i d i n e  d o n a t e d  by  B o e h r i n g e r  I n g e l h e i m ,  L t d .
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339. 11  THE EFFECTS OF ALPHA2-ANTAGONISTS ON AMPHETAMINE- 
INDUCED INCREASES IN LOCOMOTION AND STEREOTYPY.  D. 
L u ttinger and M.E. D urivage.*  D epartm en t of Pharm acology, 
S te rlin g -Winthrop R esearch  In s titu te , R ensselaer, NY 12144

Alphag adrenerg ic  an tagon ists  have been extensively  u tilized  
as a  pharm acological tool to  study th e  e f fe c ts  m ediated  via a lpha2-  
ad renerg ic  rece p to rs . We w ere in te re s ted  in studying the behavioral 
e f fe c ts  o f a lpha2 an tagon is ts . This study was designed to  investi
g a te  the in te rac tio n s  of a lpha2 an tagon ists  on am phetam ipe-induced 
behaviors.

Male Swiss-W ebster m ice (Taconic Farm s) weighing 14-35 gms 
group housed w ith food and w ate r ad libitum  w ere used. Both 
locom otor a c tiv ity  (d istance travelled ) and s te reo ty p ies  (number) 
w ere m easured w ith Columbus Instrum ent O pto-V arim ex cages (41.4 
x 42.3 cm ). The a lpha2-an tagon is ts  w ere in jected  s .c . 15 m inutes 
befo re  an i.p. in jection  o f 3 m g/kg d -am phetam ine. The m ice w ere 
then  placed in the ac tiv ity  cages and allow ed 25 m inutes to  
h ab itu a te  a t  which point locom otor ac tiv ity  and ste reo ty p ies  w ere 
assessed during the subsequent 10 m inutes.

A m phetam ine, when adm in iste red  alone, rou tinely  increased  
both the d is tance  trav e lled  and the num ber o f ste reo ty p ies . The 
a lpha2-ad ren e rg ic  an tagon is ts  RX781094, rauw olseine, RS 21361, 
to lazm ine  and yohim bine a tte n u a te d  the  am phetam ine e f fe c t on 
d is tance  trav e lled  in a do se-re la ted  m anner. The m inim ally e f fe c t
ive dose o f RX781094 and rauw olseine was ≤  1 m g/kg and for 
yohim bine was ≤  3 mg/kg. Tolazoline was ac tiv e  a t  10 mg/kg. RS 
21361 was also ac tiv e ; how ever, a t  a  higher dose (100 m g/kg). Thus, 
th e  re la tiv e  po tencies for th e  a lp h a , an tagon ists  w ere com parable 
to  those repo rted  in o the r te s ts . The antagon ists  a t ten u a ted  the 
am phetam ine induced increases in locom otor ac tiv ity  o ften  a t  doses 
which did not a f fe c t  locom otor a c tiv ity  when given alone. In te re s t
ingly am phetam ine induced s te re o ty p ies  w ere only a ffe c te d  a t  
higher doses o f th e  an tagon ist which also inhibited th e  num ber of 
s te re o ty p ie s  when given alone. C lonidine, an a lp h a , ad renerg ic  
agon ist, which alone dec reases  locom otor a c tiv ity  and s tereo typy  
did not a f fe c t  am phetam ine induced increases in behavior. Cory
nan th ine , an isom er of yohim bine which is re la tive ly  se lec tive  for 
a lp h a1 rece p to rs , was inactive  in th is  p rocedure . Thus fu rth e r 
suggesting  the e f fe c t observed w ith the  com pounds is due to  alpha-2 
adrenerg ic  antagonism .

These e ffe c ts  w ere qualita tiv e ly  sim ilar to  those observed 
w ith th e  a ty p ica l an tipsycho tic  agen t, c lozapine . Typical an tipsy
cho tic  agen ts (e.g ., haloperidol) rou tine ly  inhibit am phetam ine ac 
tions on bo th  locom otor a c tiv ity  and ste reo ty p y  a t  com parable 
doses. The p resen t d a ta  w ith the  a lpha2 adreneg ic antagon ists  
suggest th a t  th ey  may rep re sen t a n o v e l class o f an tipsycho tic  
com pounds w ith a reduced risk of ex trapy ram idal side e ffe c ts .

3 3 9 . 1 2   ENDURING CHANGES IN BEHAVIOR PRODUCED BY AMPHETAMINE.
T e r r y  E.  R o b i n s o n .  D e p a r t m e n t  o f  P s y c h o l o g y  & N e u r o s c i e n c e  
L a b o r a t o r y  B u i l d i n g ,  T h e  U n i v e r s i t y  o f  M i c h i g a n ,  Ann A r b o r ,  
MI 4 8 1 0 4 - 1 6 8 7 .

Hum ans who a r e  f r e q u e n t l y  e x p o s e d  t o  p s y c h o m o t o r  
s t i m u l a n t  d r u g s  s o m e t i m e s  d e v e l o p  a  p s y c h o t i c - l i k e  s t a t e  
t h a t  i s  n e a r l y  i n d i s t i n g u i s h a b l e  c l i n i c a l l y  f r o m  p a r a n o i d  
s c h i z o p h r e n i a .  P a r t l y  f o r  t h i s  r e a s o n  t h e r e  h a s  b e e n  a 
g r e a t  d e a l  o f  i n t e r e s t  i n  t h e  n e u r o b e h a v i o r a l  e f f e c t s  o f  
d r u g s  l i k e  a m p h e t a m i n e  (AMPH),  a n d  p a r t i c u l a r l y  i n  t h e  
l o n g - l a s t i n g  e f f e c t s  o f  r e p e a t e d  e x p o s u r e  t o  AMPH. T h e r e  
a r e  m any  s t u d i e s  s h o w i n g  t h a t  so m e  o f  t h e  m o t o r  s t i m u l a n t  
e f f e c t s  o f  AMPH a r e  p r o g r e s s i v e l y  e n h a n c e d  w i t h  r e p e a t e d  
a d m i n i s t r a t i o n .  H o w e v e r ,  t h e  d e v e l o p m e n t  o f  e n d u r i n g  
c h a n g e s  i n  b r a i n  a n d  b e h a v i o r  p r o d u c e d  b y  AMPH may b e  
i n f l u e n c e d  b y  a  v a r i e t y  o f  v a r i a b l e s  t h a t  a r e  n o t  w e l l  
u n d e r s t o o d .  I n  t h e  e x p e r i m e n t s  r e p o r t e d  h e r e  we e x a m i n e d  
t h e  i n f l u e n c e  o f  s i n g l e  v s .  m u l t i p l e  i n j e c t i o n s ,  i n t e r - t e s t  
i n t e r v a l ,  s e x ,  g o n a d a l  h o r m o n e s  a n d  c o n d i t i o n i n g  o n  t h e  
d e v e l o p m e n t  o f  b e h a v i o r a l  s e n s i t i z a t i o n  ( ' r e v e r s e  
t o l e r a n c e ' ) ,  by  q u a n t i f y i n g  r o t a t i o n a l  b e h a v i o r  i n  r a t s  
w i t h  u n i l a t e r a l  6 - h y d r o x y d o p a m i n e  l e s i o n s  o f  t h e  s u b s t a n t i a  
n i g r a .  T h e  r e s u l t s  i n d i c a t e  t h a t :  ( 1 )  a  s i n g l e  i n j e c t i o n  
o f  a  l o w  d o s e  o f  AMPH e n h a n c e s  t h e  r o t a t i o n a l  b e h a v i o r  
i n d u c e d  b y  a  s e c o n d  i n j e c t i o n  o f  AMPH g i v e n  u p  t o  12  w e e k s  
l a t e r ;  ( 2 )  m u l t i p l e ,  w e e k l y  i n j e c t i o n s  o f  AMPH p r o d u c e  a  
p r o g r e s s i v e  e n h a n c e m e n t  i n  r o t a t i o n a l  b e h a v i o r ,  o v e r - a n d -  
a b o v e  t h a t  p r o d u c e d  b y  a  s i n g l e  i n j e c t i o n ;  ( 3 )  u n d e r  som e 
c o n d i t i o n s  g r e a t e r  s e n s i t i z a t i o n  i s  p r o d u c e d  by  w e e k l y  
t h a n  by  d a i l y  AMPH i n j e c t i o n s ,  s u g g e s t i n g  a  k i n d l i n g - l i k e  
p h e n o m e n o n ;  ( 4 ) f e m a l e  r a t s  s h o w  a m o r e  r o b u s t  s e n s i t i z a t i o n  
t h a n  m a l e s  f o l l o w i n g  s i n g l e  o r  m u l t i p l e  i n j e c t i o n s  o f  AMPH; 
( 5 ) t h i s  s e x  d i f f e r e n c e  may b e  d u e  t o  t h e  s u p p r e s s i o n  o f  
s e n s i t i z a t i o n  by  a n  a n d r o g e n ,  b e c a u s e  r e m o v a l  o f  t e s t i c u l a r  
h o r m o n e s  p o t e n t i a t e s  s e n s i t i z a t i o n ;  a n d  ( 6 ) t h e  l o n g -  
l a s t i n g  s e n s i t i z a t i o n  o f  r o t a t i o n a l  b e h a v i o r  p r o d u c e d  by  
i n f r e q u e n t  i n j e c t i o n s  o f  AMPH c a n  n o t  b e  e x p l a i n e d  by  
d r u g - e n v i r o n m e n t  c o n d i t i o n i n g  e f f e c t s ,  b u t  i s  p r o b a b l y  d u e  
t o  a  p e r s i s t e n t  A M P H - i n d u c e d  c h a n g e ( s )  i n  b r a i n  c a t e c h o l a 
m i n e  s y s t e m s .  T h e  r e s u l t s  i l l u s t r a t e  a n  i n t r i g u i n g  
e x a m p l e  o f  n e u r o p l a s t i c i t y  t h a t  may h a v e  c o n s i d e r a b l e  
c l i n i c a l  r e l e v a n c e .

S u p p o r t e d  by  G r a n t  #MH37277

3 3 9 . 1 3   A M P H E T A M I N E  C O N D I T IO N E D  T A S T E  A V E R S IO N  P R O D U C E D  B Y  
M I C R O I N J E C T I O N  IN T O  A R E A  P O S T R E M A  R E G I O N .   G .D .  C a r r  
a n d  N .M .  W h i t e ,  D e p t . o f  P s y c h o l o g y ,  M c G i l l  U n i v e r s i t y ,  1 2 0 5  D r .  
P e n f i e l d  A v e . ,  M o n t r e a l ,  Q u e b e c ,  C a n a d a  H 3 A  1B 1

A m p h e t a m i n e  is  k n o w n  p r i m a r i l y  f o r  i t s  r e w a r d i n g  p r o p e r t i e s ,  
b u t  a  c o n t r a s t i n g  e f f e c t  is  t h e  t e n d e n c y  o f  a n i m a l s  t o  s h o w  a n  
a v e r s i o n  t o w a r d s  t a s t e s  t h a t  h a v e  p r e v i o u s l y  b e e n  p a i r e d  w i t h  t h e  
d r u g .  T h i s  e f f e c t  is  k n o w n  a s  a  c o n d i t i o n e d  t a s t e  a v e r s i o n  ( C T A )  
a n d  c a n  a l s o  b e  p r o d u c e d  b y  n o x i o u s  t r e a t m e n t s  ( e g .  l i t h i u m )  a n d  
b y  o t h e r  r e w a r d i n g  d r u g s  ( e g .  m o r p h i n e ) .  W h i le  t h e  C T A  t o  t o x i n s  
c a n  b e  b l o c k e d  b y  l e s i o n s  o f  a r e a  p o s t r e m a ,  t h e s e  l e s i o n s  d o  n o t  
a f f e c t  t h e  C T A  t o  a m p h e t a m i n e  ( B e r g e r ,  e t  a l . , 3 .  c o m p ,  p h y s i o l .  
P s y c h o l . , 8 2 :  4 7 5 - 4 7 9 ,  1 9 7 3 ) .  O n e  c l u e  t o  t h e  s u b s t r a t e  o f  t h e  
e f f e c t  is  t h a t  t h e  a m p h e t a m i n e  C T A  c a n  b e  a t t e n u a t e d  b y  
s e l e c t i v e  l e s i o n s  o f  b r a i n  d o p a m i n e  ( W a g n e r ,  e t  a l . , P h a r m a c o l .  
B i o c h e m .  B e h . , 1 4 :  8 5 - 8 8 ,  1 9 8 1 ) .  W e t h e r e f o r e  e x a m i n e d  t h e  a b i l i t y  
o f  a m p h e t a m i n e  m i c r o i n j e c t i o n s  i n t o  s e v e r a l  b r a i n  s i t e s  c o n t a i n i n g  
d o p a m i n e  t o  p r o d u c e  a  C T A .  R a t s  w i t h  s u r g i c a l l y  i m p l a n t e d  
c a n n u l a e  a i m e d  a t  t h e  n u c l e u s  a c c u m b e n s ,  c a u d a t e  n u c l e u s ,  
a m y g d a l a ,  o r  a r e a  p o s t r e m a  r e g i o n  d r a n k  a  m a p l e  s u c r o s e  s o l u t i o n  
f o r  1 5  m i n u t e s  a n d  w e r e  i m m e d i a t e l y  m i c r o i n j e c t e d  w i t h  10 o r  2 0  
u g  d - a m p h e t a m i n e  ( i n  0 . 5  u L )  o r  0 . 5  u L  s a l i n e .  T h e  n e x t  d a y  ( t e s t )  
t h e y  w e r e  o f f e r e d  t h e  m a p l e - s u c r o s e  s o l u t i o n  in  t h e  a b s e n c e  o f  t h e  
d r u g .  I n j e c t i o n  o f  a m p h e t a m i n e  i n t o  t h e  a c c u m b e n s ,  c a u d a t e  o r  
a m y g d a l a  p r o d u c e d  n o  s i g n i f i c a n t  c h a n g e  in  t e s t  d a y  c o n s u m p t i o n  
r e l a t i v e  t o  t h e  s a l i n e  c o n t r o l s .  H o w e v e r  t h e  a m p h e t a m i n e  i n j e c t e d  
i n t o  t h e  r e g i o n  o f  a r e a  p o s t r e m a  c a u s e d  a  s i g n i f i c a n t  ( t ( 1 2 ) = 3 . 4 8 ,  
p < . 0 0 5 )  d e c r e a s e  in  c o n s u m p t i o n  o f  t h e  p a i r e d  f l a v o u r  r e l a t i v e  t o  
s a l i n e - i n j e c t e d  c o n t r o l s .  A  s l i g h t l y  s t r o n g e r  a v e r s i o n  w a s  p r o d u c e d  
b y  u s i n g  t h r e e  f l a v o u r - d r u g  p a i r i n g s  ( t ( 1 2 ) = 4 .8 2 ,p < .0 0 1 ) .  T h e  C T A  
d i d  n o t  o c c u r  in  a  g r o u p  in  w h i c h  t h e  c a n n u l a e  w e r e  a i m e d  1 m m  
a n t e r o - v e n t r a l l y  t o  t h e  e f f e c t i v e  s i t e .  W e  i n t e r p r e t  t h e  r e s u l t s  a s  
s u g g e s t i n g  a  r o l e  f o r  t h e  a r e a  p o s t r e m a  r e g i o n  in  m e d i a t i n g  
a m p h t a m i n e - i n d u c e d  C T A .  T h i s  i s  c o n s i s t e n t  w i t h  f i n d i n g s  o f  
e n d o g e n o u s  d o p a m i n e  in  t h e  a r e a  p o s t r e m a  a n d  s u r r o u n d i n g  
s t r u c t u r e s .  T h e  f a c t  t h a t  l e s i o n s  o f  t h e  a r e a  p o s t r e m a  i t s e l f  d o  n o t  
b l o c k  a m p h e t a m i n e  C T A  i n d i c a t e s  t h a t  t h e  s t r u c t u r e  i s  n o t  c r i t i c a l  
f o r  t h e  e f f e c t .  C o m b i n e d  w i t h  t h e  p r e s e n t  f i n d i n g s ,  i t  s u g g e s t s  
t h a t  s t r u c t u r e s  in  t h e  r e g i o n  a r o u n d  t h e  a r e a  p o s t r e m a  s u c h  a s  t h e  
n u c l e u s  o f  t h e  s o l i t a r y  t r a c t  a r e  i n v o l v e d  in  t h e  e f f e c t .

3 3 9 .1 4   DISSOCIATION OF SCOPOLAMINE AND D-AMPHETAMINE-INDUCED 
HYPERACTIVITY.  R . E .  D a v i s ,  J . P .  S y m o n s ,  S .  Y o d e r  a n d  
J . G .  M a r r i o t t .   W a r n e r - L a m b e r t / P a r k e - D a v i s  P h a r m a c e u t i c a l  
R e s e a r c h ,  Ann A r b o r ,  MI.  4 8 1 0 5 .

C a t e c h o l a m i n e  a g o n i s t s  s u c h  a s ,  d - a m p h e t a m i n e ,  a n d  
t h e  a n t i c h o l i n e r g i c ,  s c o p o l a m i n e ,  e l i c i t  e x c e s s i v e  a n d  
s t e r e o t y p e d  m o t o r  a c t i v i t y .  T h i s  d r u g - i n d u c e d  a c t i v i t y  
g e n e r a l l y  h a s  b e e n  s t u d i e d  i n  l a r g e  o p e n  f i e l d s .  I t  
i s  d i f f i c u l t  t o  d i s t i n g u i s h  b e t w e e n  t h e s e  t w o  t y p e s  o f  
d r u g - i n d u c e d  h y p e r a c t i v i t y  i n  t h i s  e n v i r o n m e n t  w i t h o u t  
d e t a i l e d  a n d  p r o l o n g e d  b e h a v i o r a l  a n a l y s e s .  We h a v e  
d e v e l o p e d  a  s i m p l e  a n d  r a p i d  m e t h o d  t o  r e l i a b l y  d i s t i n g u i s h  
b e t w e e n  m o t o r  a c t i v i t y  i n c r e a s e s  i n d u c e d  b y  c a t e c h o l a m i n e  
a g o n i s t s  a n d  a n t i c h o l i n e r g i c s .  T h i s  m e t h o d  i s  b a s e d  
on  d i f f e r e n c e s  i n  o p e n  f i e l d  l o c o m o t o r  a c t i v i t y  a n d  
s w im m in g  a c t i v i t y  p a t t e r n s  e l i c i t e d  b y  t h e s e  a g e n t s .

M a l e ,  h o o d e d ,  L o n g - E v a n s  r a t s  w e r e  a d m i n i s t e r e d  
i n t r a p e r i t o n e a l l y ,  e i t h e r  t h e  c a t e c h o l a m i n e  a g o n i s t ,  
d - a m p h e t a m i n e  ( 0 . 3 2 ,  1 . 0  3 . 2  m g / k g )  o r  t h e  a n t i c h o l i n e r g i c ,  
s c o p o l a m i n e  ( 0 . 1 ,  0 . 3 2 ,  1 . 0  m g / k g ) .  T h i r t y  m i n u t e s  l a t e r  
t h e s e  a n i m a l s  w e r e  p l a c e d  i n  a  w h i t e  p l a s t i c  e n c l o s u r e  
( 1 3 3  x 1 33  x 67 c m ) .  F o r  s w i i n n i n g  a c t i v i t y  t e s t s  t h e  
e n c l o s u r e  w a s  f i l l e d  t o  a  d e p t h  o f  33  cm w i t h  c o l d  w a t e r  
( 2 2  C ) .  F o r  o p e n  f i e l d  a c t i v i t y  t e s t s  t h e  e n c l o s u r e  
w a s  e m p t y .  A c t i v i t y  w a s  m o n i t o r e d  c o n t i n u o u s l y  f o r  t h e  
n e x t  5 m i n s  u s i n g  a  c o m p u t e r i z e d  v i d e o t r a c k i n g  s y s t e m .  
T h e  t o t a l  d i s t a n c e  t r a v e l e d  a n d  t h e  p a t t e r n  o f  a c t i v i t y  
w a s  r e c o r d e d  f o r  e a c h  a n i m a l  a n d  s e r v e d  a s  t h e  d e p e n d e n t  
m e a s u r e .

I n  t h e  o p e n  f i e l d  d - a m p h e t a m i n e  i n c r e a s e d  t h e  t o t a l  
d i s t a n c e  t r a v e l e d  w h i l e  s c o p o l a m i n e  a t  t h e s e  d o s e s  d i d  
n o t .  C o n v e r s e l y ,  s c o p o l a m i n e  d r a m a t i c a l l y  i n c r e a s e d  
t o t a l  s w im m in g  d i s t a n c e  w h i l e  d - a m p h e t a m i n e  d i d  n o t  a l t e r  
t h i s  f o r m  o f  a c t i v i t y .  I n  a d d i t i o n ,  t h e  p a t t e r n  o f  
s w im m in g  a c t i v i t y  e l i c i t e d  b y  s c o p o l a m i n e  w a s  e x t r e m e l y  
s t e r e o t y p e d  a n d  t h i g m o t a x i c .

T h e s e  d a t a  d e m o n s t r a t e  c l e a r l y  t h a t  s w i m m i n g  a n d  o p e n  
f i e l d  l o c o m o t o r  a c t i v i t y  a r e  d i f f e r e n t i a l l y  s e n s i t i v e  
t o  s c o p o l a m i n e  a n d  d - a m p h e t a m i n e .  T h i s  d i f f e r e n t i a l  
s e n s i t i v i t y  p r o v i d e s  a  m e a n s  f o r  r a p i d l y  d i s t i n g u i s h i n g  
t h e s e  f o r m s  o f  d r u g  e l i c i t e d  h y p e r a c t i v i t y  a n d  s u g g e s t s  
t h a t  s w im m in g  a c t i v i t y  a n d  o p e n  f i e l d  l o c o m o t i o n  a r e  
c o n t r o l l e d  b y  d i f f e r e n t  n e u r o c h e m i c a l  s y s t e m s .
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339.15  CHOLINERGIC CONTROL OF SOCIAL PLAY.  J .  P a n k s e p p ,  
T .L .  S a h l e y *  a n d  L .N . N o r m a n s e l l * .   D e p t . o f  
P s y c h . ,  B o w lin g  G r e e n  S t a t e  U n i v e r s i t y ,  B o w lin g  
G r e e n ,  OH 4 3 4 0 3

S o c i a l  p l a y  ( a s  a s s a y e d  i n  r a t s )  i s  h i g h l y  
s  m s i t i v e  t o  d i v e r s e  e n v i r o n m e n t a l  a n d  
p h a r m a c o l o g i c a l  m a n i p u l a t i o n s .  S i n c e  m any  d r u g s  
c a n  r e d u c e  p l a y ,  c r i t e r i a  a r e  n e e d e d  t o  s i f t  
s p e c i f i c  c o n t r o l s  f r o m  o t h e r  d i s r u p t i v e  
i n f l u e n c e s .  S p e c i f i c  f u n c t i o n s  a r e  i m p l i c a t e d  
w h en  a g o n i s t s  a n d  a n t a g o n i s t s  h a v e  o p p o s i t e  
e f f e c t s  a s  w e l l  a s  w hen  t h e y  c a n c e l  e a c h  o t h e r s  
e f f e c t s .  By s u c h  a  c r i t e r i o n ,  o n l y  b r a i n  o p i o i d s  
p r e s e n t l y  h a v e  a d e q u a t e  s u p p o r t  f o r  s p e c i f i c  
m o d u l a t o r y  c o n t r o l  o f  p l a y ,  f o r  o p i a t e  a g o n i s t s  
i n c r e a s e  a n d  a n t a g o n i s t s  d e c r e a s e  p l a y .  We now 
r e p o r t  s i m i l a r  t r e n d s  f o r  t h e  n i c o t i n i c  
c h o l i n e r g i c  s y s t e m .

S o c i a l  p l a y  o f  L o n g -E v a n s  r a t s  w as  s t u d i e d  b y  
m e a s u r e m e n t  o f  p i n n i n g  b e h a v i o r  d u r i n g  
p a i r e d - e n c o u n t e r s  f o l l o w i n g  t r e a t m e n t  w i t h  v a r i o u s  
c h o l i n e r g i c  d r u g s .  N i c o t i n e  (N IC ) ( . 1 2 5 - . 5  m g /k g )  
s y s t e m a t i c a l l y  r e d u c e d  p l a y  (dow n 2 5 -8 0 % ) , w h i l e  
t h e  sam e  lo w  d o s e s  o f  m e c a m y la m in e  (MEC) m o d e s t l y  
i n c r e a s e d  p l a y  (u p  20 t o  70% d e p e n d in g  o n  
c o n d i t i o n s ) .  D o s e s  o f  MEC a b o v e  1 .5  m g /k g  r e d u c e d  
p l a y .  E f f e c t s  o f  MEC w e re  m o re  a p p a r e n t  f o l l o w i n g  
m i l d  s o c i a l  d e p r i v a t i o n  t h a n  i n  c h r o n i c a l l y  
i s o l a t e d  a n i m a l s .  T he a l m o s t  t o t a l  s u p p r e s s i o n  o f  
p l a y  b y  0 . 5  m g /k g  o f  N IC  c o u l d  b e  r e v e r s e d  
c o m p l e t e l y  b y  0 .5  m g /k g  MEC b u t  n o t  b y  
s c o p o l a m i n e ,  w h ic h  b y  i t s e l f  r e d u c e d  p l a y .  W hen 
o n e  a n i m a l  o f  a  p l a y  p a i r  w a s  t r e a t e d  w i t h  0 .5  
m g /k g  o f  N IC , i t  t e n d e d  t o  b e c o m e  s u b m i s s i v e ;  MEC 
h a d  no  c l e a r  e f f e c t  o n  p l a y  d o m i n a n c e .

T h e s e  r e s u l t s  s u g g e s t  s p e c i f i c  m o d u l a t i o n  o f  
p l a y  b y  n i c o t i n i c  c h o l i n e r g i c  s y n a p s e s .  I t  i s  
n o t e w o r t h y  t h a t  a n o t h e r  s o c i a l  b e h a v i o r ,  
s e p a r a t i o n  in d u c e d  d i s t r e s s  v o c a l i z a t i o n ,  i s  a l s o  
m o d u l a t e d  b y  t h e  sam e s y s t e m  ( S a h l e y ,  E u r . J . 
P h a r m a c o l . ,  1 9 8 1 , 7 2,  2 6 1 ) ,  s u g g e s t i n g  p o s s i b l e  
c o n v e r g e n t  i n f l u e n c e s  o f  t h e s e  s y s t e m s  o n  s o c i a l  
a f f e c t .  H o w e v e r , w h i l e  o p i a t e s  d e c r e a s e  c r y i n g  a n d  
i n c r e a s e  p l a y ,  n i c o t i n e  d e c r e a s e s  b o t h ,  a n d  MEC 
i n c r e a s e s  p l a y  w i t h o u t  a f f e c t i n g  c r y i n g ,  w h i l e  
n a l o x o n e  d e c r e a s e s  p l a y  a n d  i n c r e a s e s  t h e  t e n d e n c y  
t o  c r y .

339.16  DOPAMINERGIC SUBSTRATES OF PLAY.  J .  C ox* , L.  
S c h o e n * .  L. N o rmansel l  * , J .  R o s s i  I I I ,  S. S i v i y ,  
and J .  P a n k s e p p .  D e p t . o f  P s y c h . ,  B o w l in g  G reen  
S t a t e  U n i v e r s i t y ,  Bowling Green, OH 43403

P re v io u s  work has  e s t a b l i s h e d  t h a t  b o th  s t i m u 
l a n t s  and n e u r o l e p t i c s  d e c r e a s e  r a t  p l a y ,  a s  
m e a s u r e d  by p i n n i n g  i n  a p a i r e d - e n c o u n t e r  
p r o c e d u r e ,  b u t  t h e  r o l e s  o f  dopamine(DA) and 
n o r e p i n e p h r i n e (NE) i n  t h e s e  e f f e c t s  n e e d  t o  be 
c l a r i f i e d .  The d o s e  r e s p o n s e  c h a r a c t e r i s t i c s  o f  
d -  a n d  1 - a m p h e t a m i n e  w e r e  q u i t e  s i m i l a r ,  
s u g g e s t i n g  t h a t  t h e  r e d u c t i o n  in  p l a y  p roduced  by 
s t i m u l a n t s  may be m e d i a t e d  l a r g e l y  by NE i n  t h e  
b r a i n .  Hal o p e r i o d o l  (0 .1  m g / k g ) ,  t e s t e d  i n  
i n t e r a c t i o n  w i th  t h e  lo w e s t  e f f e c t i v e  dose  o f  1- 
a m p h e ta m in e  (0.25 mg/kg) d i d  n o t  r e v e r s e  p l a y  
i n h i b i t i o n .  C l o n i d i n e  was fo u n d  t o  be h i g h l y  
e f f e c t i v e  i n  r e d u c i n g  p l a y  ( a t  d o s e s  ab o v e  1 
u g / k g )  a n d  t h i s  e f f e c t  c o u l d  be  p a r t i a l l y  
r e v e r s e d  by th e  a l p h a - 2  a n t a g o n i s t  yoh im bine  (0.5 
m g /k g ) .

O th e r  e v i d e n c e  s u g g e s t s  t h a t  DA a c t i v i t y  
f a c i l i t a t e s  p l a y .  Low d o s e s  o f  d - a m p h e t a m i n e , 
b u t  n o t  1 - a m p h e ta m in e  (0.25 mg/kg) g r a d u a l l y  
p r o m o te  p l a y  d o m in a n c e .  C o n v e r s e l y ,  a low d o s e  
o f  h a l o p e r i d o l  (O.lmg/kg) g iv e n  to  one an im a l  of  
e a c h  p l a y  p a i r  r e d u c e s  t h a t  a n i m a P s  d o m in a n c e .  
L i k e w i s e ,  w hen  d o m i n a n t  r a t s  o f  p l a y  p a i r s  
r e c e i v e  h a l o p e r i d o l  ( .0 5  o r  .1 m g / k g ) ,  t h e  
e s t a b l i s h e d  d o m in a n c e  r e l a t i o n s h i p s  c o l l a p s e .  
F u r t h e r ,  a s l i g h t  i n c r e a s e  i n  p l a y  i s  o b t a i n e d  
when b o t h  p a r t n e r s  r e c e i v e  a p o m o r p h in e  (0.5 
rng /kg).  L i k e w i s e ,  p r e l i m i n a r y  d a t a  show t h a t  
b i l a t e r a l  6-OHDA l e s i o n s  o f  th e  v e n t r a l  t e g m e n ta l  
a r e a  of  p r e -w e a n l in g  r a t s  r e d u c e s  s u b s e q u e n t  p la y  
s u b s t a n t i a l l y ,  h o w e v e r ,  t h i s  may be  d u e  t o  
c o n c u r r e n t  w e ig h t  r e d u c t i o n .

T h e s e  r e s u l t s  i m p l i c a t e  b r a i n  DA c i r c u i t r y  i n  
t h e  f a c i l i t a t i o n  o f  s o c i a l  p l a y .  S i n c e  s o c i a l  
p l a y  i s  a  r e w a r d i n g  a c t i v i t y ,  a s  i n d i c a t e d  b y  t h e  
w i l l i n g n e s s  o f  a n i m a l s  t o  n e g o t i a t e  m a z e s  f o r  
o p p o r t u n i t i e s  t o  p l a y ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  
c e r t a i n  a s p e c t s  o f  s o c i a l  r e w a r d  a r e  e l a b o r a t e d  
b y  d o p a m i n e r g i c  s u b s t r a t e s  i n  t h e  b r a i n .

339.17  CENTRAL CHOLINE INJECTIONS REVERSE BEHAVIORS INDUCED BY 
HIPPOCAMPAL DAMAGE.  J .  E . S p r in g e r ,  J .  P . R yan,  
J .  J o h n s to n ,*  an d  R. L . I s a a c s o n .   D e p a r tm e n t o f  P s y c h o lo g y  
an d  C e n te r  f o r  N e u r o b e h a v io r a l  S c i e n c e s ,  SUNY-B in g h a m to n , 
B in g h a m to n , NY 13901 .

We p r e v i o u s l y  r e p o r t e d  t h a t  s y s te m ic  c h o l in e  t r e a tm e n t  
r e v e r s e s  some o f  t h e  o p en  f i e l d  b e h a v io r s  s e e n  f o l lo w in g  
h ip p o c a m p a l dam age ( S p r i n g e r  and  I s a a c s o n ,  (1 9 8 3 )  N e u r o s c i . 
A b s . 9 , 5 5 4 ) .  I t  w as s u g g e s t e d  t h a t  t h e  e f f e c t s  o f  
c h o l i n e  m ig h t  b e  c e n t r a l l y  m e d ia te d  s in c e  p r e t r e a t m e n t  ( i c v )  
w i th  h e m ic h o lin iu m -3  (a  p u r p o r t e d  b lo c k e r  o f  c h o l i n e  u p ta k e )  
b lo c k e d  t h e  b e h a v io r a l  e f f i c a c y  o f  c h o l i n e .  T h e r e f o r e ,  we 
i n i t i a t e d  e x p e r im e n ts  t o  f u r t h e r  c h a r a c t e r i z e  th e  p o s s i b l e  
c e n t r a l  e f f e c t s  o f  c h o l i n e  i n  a n im a ls  w i th  h ip p o c a m p a l 
d am ag e .

R a ts  r e c e i v e d  e i t h e r  sham , c o r t i c a l ,  o r  h ip p o c a m p a l 
l e s i o n s  by  a s p i r a t i o n .  A ls o ,  e a c h  a n im a l  w as im p la n te d  
u n i l a t e r a l l y  w i th  a  s t a i n l e s s  s t e e l  c a n n u la  a im ed  a t  th e  
v e n t r i c u l a r  r e g i o n .  S t a r t i n g  a t  6 o r  27 d a y s  a f t e r  s u r g e r y ,  
t h e  a n im a ls  w ere  o b s e rv e d  f o r  4 c o n s e c u t iv e  d a y s  i n  an  op en  
f i e l d .  E ach  a n im a l  r e c e i v e d  1 .0  µl  o f  s a l i n e  v e h i c l e ,  o r   
0 . 0 1 , 0 . 1 , o r  1 .0  µg o f  c h o l i n e  c h lo r i d e  i n j e c t e d  th ro u g h  
th e  v e n t r i c u l a r  c a n n u la .  Ten m in . l a t e r  t h e  a n im a ls  w e re  
o b s e rv e d  i n  t h e  o p en  f i e l d  f o r  a  p e r i o d  o f  10 m in s .

A t t h e  e a r l y  p o s t - s u r g e r y  t e s t  s e s s i o n ,  c h o l i n e  a t  th e  
0 .1  a n d  1 .0  µg d o s e s  r e v e r s e d  t h e  h ig h  l e v e l s  o f  lo c o m o to r  
a c t i v i t y  n o r m a l ly  s e e n  f o l lo w in g  h ip p o c a m p a l dam age. I n  
t h e s e  b r a i n  dam aged a n im a ls ,  t h e s e  two d o s e s  o f  c h o l i n e  a l s o  
i n c r e a s e d  th e  am ount o f  t im e  t h e  a n im a ls  s p e n t  p e r f o r m in g  
e a c h  r e a r  an d  h o le - p o k e .  T h ese  t im e s  a r e  u s u a l l y  s u b s ta n 
t i a l l y  r e d u c e d  a f t e r  h ip p o c a m p a l a b l a t i o n .  A t t h e  l a t e r  
p o s t - s u r g e r y  t e s t  s e s s i o n  c h o l i n e  was a l s o  e f f e c t i v e ,  b u t  
o n ly  a t  th e  1 .0  µg d o s e .

I t  i s  s u g g e s t e d  t h a t  some o f  t h e  b e h a v io r s  s e e n  f o l lo w in g  
a b l a t i o n  o f  t h e  h ip p o c a m p a l f o r m a t io n  may b e  a t t r i b u t a b l e  
t o  s e c o n d a r y  c h a n g e s  i n  some c e n t r a l  c h o l i n e r g i c  s y s te m .
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340.1  IDENTIFICATION OF AN IMMUNOREACTIVE ANALOGUE OF ERYTHROCYTE 
SKELETAL PROTEIN 4 .1  IN PIG BRAIN.  S .R . Goodman*, I .S .  
Zage n , L.A . C a s o r ia * , and D.B. Coleman* (SPON: T.A . L lo y d ) . 
M.S. H ershey Med. C t r . ,  P e n n sy lv an ia  S ta t e  U niv. H ershey , PA 
17033

RBC p r o te in  4 .1  i s  an  e s s e n t i a l  component o f th e  e ry th ro 
c y te  membrane s k e le to n ,  w hich s tr e n g th e n s  th e  i n t e r a c t io n  
betw een  s p e c t r i n  and a c t in  by form ing a s p e c t r i n - 4 .1 - a c t in  
te r n a r y  com plex. The e ry th ro c y te  membrane s k e le to n  i s  
r e s p o n s ib le  f o r  c o n t r o l l i n g  re d  c e l l  sh ap e , e l a s t i c i t y ,  and 
membrane s t r u c t u r a l  s t a b i l i t y .  B ra in  c o n ta in s  ag im u n o 
r e a c t iv e  ana lo g u e  o f s p e c t r i n ,  w hich i s  an ~1x 106 Mr , (αβ) 2 
te tr a m e r  (α=240 K D al, β=235 K D a l) , and can c r o s s l in k  a c t in  
f i l a m e n ts  b iv a l e n t ly  by b in d in g  end-on to  th e  f - a c t i n .  In  
t h i s  s tu d y ,  im m unoautoradiography u t i l i z i n g  a  m o n o sp ec ific  
a n t i - p ig  rb c  p r o te in  4 .1  an tib o d y  has dem o n stra ted  s ta in in g  
o f an  87K D al 4 .1  im m unoreactive an a logue in  p ig  b r a in  
membranes. Two d im en s io n a l t r y p t i c  p e p t id e  a n a ly s is  o f 
p r o te in  4 .1  im m u n o p rec ip ita ted  from t r i t o n  X-100 s o lu b i l iz e d  
p ig  rb c  and b r a in  m embranes, d em o n stra ted  a 50% o v e rla p  
betw een rb c  and b r a in  p r o te in  4 .1 .  We have lo c a l i z e d  b r a in  
p r o te in  4 .1  w ith in  p ig  ce re b e llu m  by in d i r e c t  im m unofluores
c e n t o b s e rv a t io n  u t i l i z i n g  th e  a n t i - p ig  rb c  4 .1  a n t ib o d y .
Low m a g n if ic a t io n  o b s e rv a t io n  o f s ta in e d  10 ym s e c t io n s  
in d ic a te d  b r ig h t  s t a in in g  o f g ra n u le  c e l l s  in  th e  i n t e r n a l  
g ra n u le  l a y e r ,  w ith  low l e v e l  s t a in in g  o f  th e  m o lecu la r and 
m e d u lla ry  l a y e r s .  H igher m a g n if ic a t io n  o b s e rv a t io n  re v e a le d  
b r ig h t  s t a i n in g  o f th e  c o r t i c a l  cy top lasm  o f i n t e r n a l  
g ra n u le  neu rons  and P u rk in je  n eu ro n s , w ith  no o b s e rv a b le  
s ta i n in g  o f  t h e i r  n u c l e i .  In  th e  m e d u lla ry  la y e r  a lth o u g h  
th e r e  was no s ta in in g  o f m y e lin , th e r e  d id  ap p ear to  be 
f a i n t  s t a i n in g  o f  th e  c o r t i c a l  cy top lasm  of g l i a l  c e l l s .
The s ta i n in g  p a t t e r n  o b served  w ith  a n t i - r b c  4 .1  IgG and 
a n t i - r b c  s p e c t r i n  IgG app eared  to  be i d e n t i c a l  in  th e  p ig  
ce re b e llu m . As b r a in  p r o te in  4 .1  i s  im m uno log ica lly  and 
s t r u c t u r a l l y  r e l a t e d  to  rb c  p r o te in  4 .1 ,  and b ecau se  o f i t s  
c o - l o c a l i z a t i o n  w ith  b r a in  s p e c t r i n  in  n e u ra l  c e l l s ,  b r a in  
p r o te in  4 .1  may p la y  a s im i la r  f u n c t io n a l  r o l e  to  i t s  rb c  
a n a lo g u e .

T h is  work was su p p o rte d  by NIH g ra n ts  NS19357 and HL26059 
to  S .R . Goodman and NS21246 to  I .S .  Zagon. S .R . Goodman i s  
an E s t .  I n v e s t ,  o f th e  Am. H ea rt A ssoc.

340.2  ULTRASTRUCTURAL STUDIES OF MEMBRANE SPECIALIZATIONS IN THE 
GOLDFISH PREOPTIC AREA. W.A.  G reg o ry , D. H. H a l l , and M. V. L . 
B e n n e tt ,  D ep t. N eu ro sc ien c e , A lb e r t E in s te in  C o l l .  M ed., 
Bronx, NY 10461.

P re o p tic  n e u ro s e c re to ry  c e l l s  o f f i s h ,  and homologous 
mammalian c e l l s ,  a re  u n u su a l in  hav ing  la r g e  a r e a s  o f 
d i r e c t  soma to  soma a p p o s i t io n  w ith o u t in te rv e n in g  g l i a .  
The amount o f a p p o s i t io n  can be a f f e c te d  by p h y s io lo g ic a l  
s t a t e  in  r a t s  ( e .g .  l a c t a t i o n ,  H atton  & Tw eedle, B ra in  R es . 
B u l l . ,  8 , 197, 1982). In  r a t s  d u rin g  l a c t a t i o n ,  o x y to c in -  
c o n ta in in g  n e u ro s e c re to ry  c e l l s  f i r e  sy n ch ro n o u s ly , 
a lth o u g h  th e  deg ree  o f  s y n c h ro n iz a tio n  has n o t been 
d e te rm in ed . E le c t ro to n ic  c o u p lin g  v ia  gap ju n c t io n s  
m e d ia tes  synchronous f i r i n g  in  many in s ta n c e s ,  b u t i t  has 
a ls o  been proposed th a t  d i r e c t  a p p o s i t io n s  w ith o u t gap 
ju n c t io n s  cou ld  se rv e  th e  same fu n c t io n .  In  p a r t  to  a d d re ss  
th i s  prob lem , th e  f in e  s t r u c t u r e  o f  th e  a p p o s i t io n a l  
re g io n s  was s tu d ie d  in  g o ld f i s h .  When b ra in s  were f ix e d  
w ith  4.0% g lu ta ra ld e h y d e  in  0.1M c a c o d y la te  b u f f e r  (pH 
7 .2 ) ,  o sm ic a te d , en b lo c  s ta in e d  in  u ra n y l a c e t a t e ,  and 
embedded in  Epon, d e f i n i t i v e  gap ju n c t io n s  were nev e r seen  
betw een n eu ro n s , a l th o u g h  th ey  were common betw een g l i a .  
The a d d i t io n  o f  ru then ium  red  to  th e  g lu ta ra ld e h y d e  gave 
r i s e  to  o c c a s io n a l zones o f c lo s e  a p p o s i t io n  betw een 
n eu ro n s . These s t r u c t u r e s  had a p en ta la m in a r  ap p e a ra n c e , 
w h ile  g l i a l  gap ju n c t io n s  were h e p ta la m in a r  a s  in   
g lu ta ra ld e h y d e  f ix e d  m a te r i a l .  Because o f  t h e i r   
p e n ta lam in a r  appearance  and absence  in  c o n v e n tio n a l ly  f ix e d  
m a te r i a l ,  th e se  c lo s e  a p p o s i t io n s  a re  p ro b ab ly  a r t i f a c t s .  
C ytoplasm ic b r id g e s  were o c c a s io n a l ly  seen  between  
n e u ro s e c re to ry  c e l l s  in  c o n v e n tio n a l ly  f ix e d  m a te r i a l ,  as   
w e ll a s  in  ru then ium  red  p lu s  g lu ta ra ld e h y d e  and osmium 
p e rfu sed  m a te r i a l .  The b r id g e s ,  w hich o f te n  ap p ear  
a r t i f a c t u a l ,  a re  a p o t e n t i a l  m o rp h o lo g ica l s u b s t r a te  f o r  
th e  p o s t f ix a t io n a l  m ig ra tio n  o f HRP o r  f lu o r e s c e n t  dyes 
th a t  b ind  to  p r o te in s ,  and cou ld  acco u n t f o r  th e  r e p o r te d  
HRP c o u p lin g  betw een th e se  neurons (R eaves, Cumming &  
Hayward, N eu ro sc ie n c e , 7 ,  1545, 1982 ). In  f r e e z e  f r a c t u r e   
a n a ly s i s ,  1 0 0 -2 0 0  nm d ia m e te r  gap ju n c t io n s  a re  f r e q u e n t .  
S ince th e y  a re  la rg e  enough to  be v i s i b l e  in  th in  s e c t io n s ,  
they  a re  p ro b ab ly  lo c a te d  between g l i a .  Thus, i f  th e  
n e u ro s e c re to ry  c e l l s  a re  coup led  by gap ju n c t io n s ,  th e  
ju n c t io n s  must be too  sm all to  be v i s i b l e  in  th in  s e c t io n ,  
and canno t in v o lv e  la rg e  a g g re g a te s  o f p a r t i c l e s . Gap 
ju n c t io n s  o f few p a r t i c l e s  canno t be e x c lu d ed .

340.3  A POSSIBLE ROLE FOR THE PLASMA MEMBRANE IN THE 
REGULATION OF l-GLUTAMYL TRANSPEPTIDASE.  J.L. Flagg- 
New ton* and L.E. DeBault  University of Oklahoma Health 
Sciences Cento*, Oklahoma City, Oklahoma, 73190.

Rat C6 glioma cells were maintained in culture in a series of 
growth media which varied fundamentally in terms of their serum 
concentration and primary carbon source. Th e e ffec t of these 
param eters on r -glutamyl transpeptidase (r-GTP), a membrane 
bound enzyme, was investigated in order to establish their role in 
its phentotypic expression. The specific response of the cells to 
growth media were found to be passage dependent. For high, but 
not low passage cells, growth in medium containing 10% fe ta l 
bovine serum (FBS) plus glucose as the primary carbon source 
resulted in substantial increases in r-GTP. Only in the presence of 
1% FBS plus galactose did both high, as well as low passage cells, 
exhibit a significant enhancement of r-GTP. Irrespective of the 
source of carbon or cell passage, maximal rises in r-GTP were 
consistently observed during peroids of little  or no cell growth. 
Concomitant with the media related enhancement of r-GTP was a 
substantial enhancement of glutathione, both reduced as well as 
oxidized species. The apparent relationship between r-G T P  and 
glutathione, the cells' dynamic thiol redox system, was further 
investigated by exposure of cells to agents known to modulate, 
directly or indirectly, intracellular levels of the thiol. Exposure 
to te rtia ry  butyl hydroperoxide sodium selenite, and vinblastine 
sulfate as well as to isoproterenol or cyclic adenosine 
monophosphate (cAMP) resulted in moderate to marginal 
increases in r-GTP. Only in one case, cell growth in glial 
conditioned medium, did r-GTP induction occur independently of 
modulations in cellular glutathione. While these results show a 
strong correlation between r-GTP induction and rises in cellular 
glutathione, caution must be exercised in suggesting a direct role 
for the thiol in the enhancement of r-GTP activity  in cells. Media 
factors which a lte r the cellular redox s ta te , as indicated by 
fluctuations in glutathione, may in e ffec t, alter the redox s ta te  of 
the plasma membrane. Thus, the altered membrane rather than 
glutathione itself may be the source of the observed media 
related modulations in r-GTP.

340.4   INTRACELLULAR INVESTIGATION OF INJURY POTENTIALS AFTER 
NEURITE TRANSECTION NEAR THE CELL BODY IN CULTURE.
J .H .  L u c a s* , G.W. G ro ss  an d  J .B .  K i r k p a t r i c k .   D e p t . o f  
B io lo g y ,  T e x a s  W oman's U n iv . ,  D e n to n , TX 76204 an d  D e p t . o f  
P a th o lo g y ,  B a y lo r  C o l le g e  o f  M e d ic in e ,  H o u s to n , TX 7 5 2 3 5 :

We h a v e  r e c e n t l y  r e p o r t e d  a  m u l t i p l e  s h o t ,  low  e n e rg y  
m ethod  o f  l a s e r  c e l l  s u r g e r y  a t  337 nm f o r  p r o d u c in g  p o i n t  
l e s i o n s  w i th  h ig h  p r e c i s i o n  i n  m o n o la y e r  c u l t u r e s  (G.W. 
G ro s s ,  J .H .  L u c a s  an d  M .L . H ig g in s ,  J .  N e u r o s c i .  3 :1 9 7 9 ,  
1 9 8 3 ) .  D u r in g  t r a n s e c t i o n  we h a v e  o b s e rv e d  n a r r o w in g  o f  
t h e  t a r g e t  a r e a  an d  d i s a p p e a r a n c e  o f  c y t o s k e l e t a l  e le m e n ts .  
The u l t r a s t r u c t u r a l  c h a n g e s  a r e  s i m i l a r  t o  t h o s e  d e s c r i b e d  
in  s t u d i e s  o f  m e c h a n ic a l  t ra u m a  and  a r e  p r o b a b ly  r e l a t e d  
t o  i n c r e a s e s  o f  f r e e  i n t r a c e l l u l a r  Ca+2 . A c c o r d in g ly ,  we 
a r e  a p p ly in g  t h i s  m eth o d  t o  t h e  s tu d y  o f  t r a n s e c t i o n  tra u m a  
t o  s i n g l e  n e u ro n s  by  o b s e r v in g  i n j u r y  p o t e n t i a l s  (IP )  
d u r in g  an d  a f t e r  p r o c e s s  a m p u ta t io n .  We a r e  a l s o  i n v e s t i g a 
t i n g  t h e  r e s p o n s e s  o f  i n j u r e d  c e l l s  t o  p h a rm a c o lo g ic a l  
i n t e r v e n t i o n s  w h ich  may e n h a n c e  m em brane p o t e n t i a l  (MP) 
r e c o v e r y  and  c e l l  s u r v i v a l .

N e u r i t e s  from  m ouse s p i n a l  n e u ro n s  (3 -5  w eeks in  
c u l t u r e )  w e re  a m p u ta te d  a t  d i s t a n c e s  o f  1 0 - 2 0 0  um from  t h e  
p e r i k a r y a .  The r e s u l t i n g  c h a n g e s  i n  MP v a r i e d  from  t o t a l  
l o s s  t o  n e a r  r e c o v e r y .  H ow ever, d a t a  from  c e l l s  t r a u m a t i z e d  
in  n o rm a l c u l t u r e  medium h a v e  n e v e r  shown c o m p le te  r e c o v e 
r i e s  d u r in g  a  30 m in . t im e  sp a n  f o l lo w in g  s u r g e r y .  The 
t im e  c o u r s e  o f  t h e  IP  i s  a  f u n c t i o n  o f  d i s t a n c e  o f  t h e  
l e s i o n  from  t h e  c e l l  b o d y . I n  t h e  v i c i n i t y  o f  30 um t h e r e  
i s  a  s u r p r i s i n g l y  s t e e p  r i s e  o f  t h e  IP  m a g n i tu d e .  W ith in  
t h i s  d i s t a n c e  l e s i o n s  p ro d u c e  g r e a t e r  t h a n  85% MP l o s s e s .  
Beyond 30 um a n  i n i t i a l  d e p o l a r i z a t i o n  p e a k  i s  u s u a l l y  
f o l lo w e d  b y  a  lo w e r  s te a d y  p l a t e a u .  I n  t h i s  r e g i o n  t h e  
s u r p r i s i n g l y  s te a d y  IP  n e v e r  e x c e e d s  50% MP l o s s  an d  
a p p e a r s  t o  d e c r e a s e  e x p o n e n t i a l l y  w i th  t h e  l e s i o n  d i s t a n c e .

C y to c h a la s in  B a d d e d  0 .5  h  p r i o r  t o  s u r g e r y  (10 u g /m l)  
h a s  no o b v io u s  e f f e c t  on  t h e  IP  t im e  c o u r s e  a t  an y  
d i s t a n c e .  H ow ever, t h e  n e u r o f i l a m e n t  p r o t e a s e  i n h i b i t o r  
l e u p e p t i n  (ImM) a d d e d  1 h  b e f o r e  s u r g e r y  h a s  r e s u l t e d  i n  
c o m p le te  r e p o l a r i z a t i o n  i n  s e v e r a l  i n s t a n c e s  a f t e r  15 r a in . 
A lth o u g h  p r e l i m i n a r y ,  t h e s e  d a t a  s u g g e s t  t h a t  t h e  m a in t e 
n a n c e  o f  c y t o s k e l e t a l  s t a b i l i t y  may p l a y  a n  im p o r ta n t  r o l e  
i n  t h e  r e c o v e r y  from  t h i s  t y p e  o f  l e s i o n .  On t h e  o t h e r  
h a n d , a c to m y o s in - m e d ia te d  c o n t r a c t i l e  e v e n ts  do  n o t  a p p e a r  
t o  p l a y  a  m a jo r  r o l e  i n  e i t h e r  t h e  i n j u r y  o r  r e c o v e r y  
p r o c e s s e s .

S u p p o r te d  by  NIH G ra n t  R01NS20679
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340.5  EFFECTS OF PHOSPHOLIPASE A2 (PLA2) AND OTHER 
ENZYMES ON BULLFROG SCIATIC NERVE.  J.W . Kasckow, 
L.G. Abood, W.P. H o ss  and R.M . H erndon, C tr . Brain Res., 
U aiv. R o ch este r Sch. Med. & D en t., R o ch e ste r, NY 14642.

The e f fe c ts  of purified  PLA 2 from  bee venom and o ther 
enzym es w ere investiga ted  in an in v itro  physiologic assay  using 
frog  s c ia tic  nerve. S cia tic  nerves w ere th readed  through a 
p lex ig lass cham ber which con ta ined  wells for s tim ula ting , 
reco rd ing  and ground e lec tro d es  along w ith a  w ell in  which the 
d eshea thed  nerve  could be exposed to  various enzym es. Incuba
tion  w ith  1% trypsin  in R ingers for 3 hr had no e f fe c t on 
conduction . Lower co n cen tra tions  o f chym otrypsin and p ro tease  
also had no e f fe c t. N erves w ere then  tre a te d  w ith 1% trypsin  
fo r 3 hr and incubated  w ith various glycosidases, PLA2 or nor
m al R ingers. Incubation  w ith only R ingers caused a  d ec rease  in 
th e  com pound ac tion  p o te n tia l (CAP) heigh t o f only 9.2 ± 3% 
(m ean ± s tanda rd  deviation) from  the  orig inal value as m easured  
b efo re  add ition  of R ingers. Incubation  w ith  1 m g/m l β-  
g lucosidase caused  a  dec rem en t of 5.6% and incubation  w ith 2- 
3 m g /m l0 -ga lac to s idase  caused  a  dec rem en t o f 33%. Increasing  
c o n c en tra tio n s  of PLA2 y ie ld  a  typ ica l dose response curve: 
PLA 2 co n cen tra tions  of 0.2 m g/m l, 0.4 m g/m l and 0.8 m g/m l 
each  caused  the  heigh t of the CAP to  decrease  by 2.5 ± 3%,  
29.5 ±  2% and 77.3 ± 1%, resp ec tiv e ly , re la tiv e  to  its  value 
b e fo re  PLA2 addition . The e f fe c ts  a t  the  h ighest dose w ere 
irrev ersib le ; th e  dec rem en t in CA P height caused  by the 2 hr 
incubation  could no t be rev ersed  by a  fu rth e r 1 h r wash w ith 
2 m g/m l album in. Incubation  a t 0.8 m g/m l PLA2 along w ith 
2 m g/m l album in caused a  d ec re m en t in CA P heigh t of only 
7.5%, a  finding which suggests th a t the hydroly tic  p roducts are  
involved. We a re  now investiga ting  th e  e ffe c ts  o f th e  m etabolic  
p roducts  o f PLA2. 10 m g/m l arachidonic acid caused  a 63% 
drop in the  heigh t of the  CAP; o le ic acid  had no e f fe c t a t the 
sam e concen tra tions . A t concen tra tio n s  of L-α - lysophatidyl- 
choline (m ostly pa lm itic  and s te a r ic  acids) in excess of 
1 m g/m l, th e re  occurred  conduction block as well as ex tensive 
m yelin  dam age. M orphologic analysis of PLA2 e f fe c ts  dem on
s tra te  paranoda l disruption a t the  light m icroscopic level. A t 
th e  EM level, th e  paranodal dam age is ch a ra c te r iz e d  by bub
bling and vesiculation  a t the cytoplasm ic loops and increased  
inc idence of Schm id t-L an term ann  c le f ts  w ith  in ta c t 
axolem m as.

(Supported by 5 T32 G-M 07356 to  JWK from  NIH and 
RG 1194-B-2 to  RMH from  N ational MS Society.)

340.6  PROTEIN- AND CALCIUM-CATALYZED AGGREGATION AND FUSION OF 
ISOLATED CHROMAFFIN GRANULES.  Stephen J .  M orris*,  Neuro
tox ico logy  Sec tion , NINCDS, NIH, Betnesda MD, 20205, USA

S i n c e  o u r  f i r s t  o b s e r v a t i o n s  t h a t  c h r o m a f f i n  g r a n u l e s  
w i l l  a g g r e g a t e  a n d  f u s e ,  i n  t h e  p r e s e n c e  o f  C a 2 + , we h a v e  
b e e n  s t u d y i n g  t h e  m o r p h o l o g y  a n d  k i n e t i c s  o f  t h e s e  e v e n t s  a s  
a  p o s s i b l e  m o d e l  f o r  e x o c y t o s i s .  An e x t e n s i v e  a n a l y s i s  
s h o w e d  t h a t  g r a n u l e s  a g g r e g a t e  w i t h  n e a r  d i f f u s i o n - c o n 
t r o l l e d  k i n e t i c s  a n d  t h a t  K+ w o u l d  a g g r e g a t e  t h e  mem
b r a n e s  t o  a  l i m i t e d  e x t e n t  ( 1 ) .  We r e p o r t  t h e  d e v e l o p m e n t  
o f  a  r e a l - t i m e  a s s a y  f o r  g r a n u l e  f u s i o n  a n d  c o m m e n t  o n  t h e  
a b i l i t y  o f  p r o t e i n s  t o  a c t  a s  c a t a l y s t s  f o r  f u s i o n  e v e n t s .

C h r o m a f f i n  g r a n u l e s  w e r e  l a b e l l e d  w i t h  s m a l l  u n i l a m e l 
l a r  v e s i c l e s  (SUV) m a d e  f r o m  NBD a n d / o r  l i s s a m i n e  r h o d a m i n e  
s u l f o n y l  p h o s p h a t i d y l  e t h a n o l a m i n e  a s  d o n o r  a n d  a c c e p t o r  
f l u o r o p h o r e s .  T h e  m e c h a n i s m  s e e m e d  t o  b e  f u s i o n  o f  t h e  SUV 
w i t h  t h e  g r a n u l e  m e m b r a n e  r a t h e r  t h a n  t r a n s f e r  o f  l a b e l .

K i n e t i c s  o f  g r a n u l e - g r a n u l e  f u s i o n  c a n  b e  f o l l o w e d  
e i t h e r  b y  r e s o n a n c e  e n e r g y  t r a n s f e r  f r o m  d o n o r  t o  a c c e p t o r  
f l u o r o p h o r e s ,  o r  b y  d o n o r  q u e n c h i n g .  F u s i o n  r a t e s  a r e  5 - 1 0  
f o l d  s l o w e r  t h a n  a g g r e g a t i o n ,  d e m o n s t r a t i n g  t h a t  a g g r e g a t i o n  
i s  n o t  r a t e - l i m i t i n g  a n d  s u g g e s t i n g  e x t e n s i v e  m e m b r a n e  
r e a r r a n g e m e n t s  a r e  n e e d e d  a f t e r  c o n t a c t .  F u s i o n  o f  f r e s h l y  
p r e p a r e d  g r a n u l e s  c a n  b e  i n i t i a t e d  b y  mM c o n c e n t r a t i o n s  o f  
c a l c i u m ;  m a g n e s i u m  i s  l e s s  e f f e c t i v e ;  Mg-ATP h a s  n o  e f f e c t .  
F u s i o n  i s  i n h i b i t e d  b y  K - g l u t a m a t e ,  a n d  s e v e r a l  o r g a n i c  a n d  
i n o r g a n i c  c a t i o n s  a n d  a n i o n s .  T h e s e  c o n d i t i o n s  a r e  q u i t e  
d i f f e r e n t  f r o m  t h o s e  r e p o r t e d  f o r  p r o m o t i o n  a n d  i n h i b i t i o n  
o f  e x o c y t o s i s  o f  g r a n u l e  c o n t e n t s  f r o m  p e r m e a b i l i z e d  
c h r o m a f f i n  c e l l s  ( 2 ) .  We c o n c l u d e  t h a t  t h e  m e m b r a n e  f u s i o n  
s e e n  h e r e  i s  a c t i v a t e d  b y  a  d i f f e r e n t  m e c h a n i s m .

T h e  p r o t e i n  s y n e x i n  l o w e r s  t h e  C a 2 + - K m f o r  a g g r e 
g a t i o n  t o  2 0 0  u M ( 3 )  b u t  a l s o  a g g r e g a t e s  a n d  f u s e s  a  v a r i e t y  
o f  a r t i f i c i a l  p h o s p h o l i p i d  m e m b r a n e s  ( 3 , 4 ) .  S y n e x i n  I I ,  
a l s o  i s o l a t e d  f r o m  a d r e n a l  m e d u l l a  a n d  l i v e r ,  h a s  s i m i l a r  
Ca2 + - s p e c i f i c  a g g r e g a t i o n  a c t i v i t i e s  a l t h o u g h  i t  s h a r e s  n o   
p e p t i d e s  w i t h  S y n e x i n  I a n d  s h o w s  q u a l i t a t i v e l y  d i f f e r e n t  
a g g r e g a t i o n  k i n e t i c s  ( 5 ) .  C a l e l e c t r i n ,  i s o l a t e d  f r o m  t h e  
s a m e  s o u r c e s ,  w i l l  a g g r e g a t e  g r a n u l e s  ( 6 ) .  We h a v e  t e s t e d  
t h e  a b i l i t y  o f  s e v e r a l  p r o t e i n s  t o  p e r f o r m  t h e s e  f u n c t i o n s ,  
w h i c h  q u e s t i o n  t h e  s p e c i f i c i t y  o f  s y n e x i n ( s )  i n  e x o c y t o s i s .  

1 .  M o r r i s  e t  a l ,  J  A u t o n o m i c  N e r v  S y s  7 ( 1 9 8 3 )  1 9 - 3 3 .  2 .   
K n i g h t  a n d  B a k e r ,  J  Memb B i o l  68  ( 1 9 8 2 )  1 0 7 - 1 4 0 .  C r e u t z  e t   
a l ,  JBC 2 5 3  ( 1 9 7 8 )  2 8 5 8 - 2 8 6 6 .  4.  M o r r i s  a n d  H u g h e s ,  BBRC 91 
( 1 9 7 9 )  3 4 5 - 3 5 0 .  5 .  Hong e t  a l ,  JBC 2 5 6  ( 1 9 8 1 )  3 6 4 1 - 3 6 4 4 .  6 .  
O d e n w a l d  a n d  M o r r i s ,  BBRC 1 1 2  ( 1 9 8 2 )  1 4 7 - 1 5 4 .  7 . S u d h o f  e t   
a l ,  B i o c h e m i s t r y  23  ( 1 9 8 4 )  1 1 0 3 - 1 1 0 9 .

3 4 0 .7 A NEW IMMUNOLOGICAL APPROACH TO THE FRACTIONATION OF 
PHOTORECEPTOR MEMBRANES: IMMUNOAFFINITY PARTITIONING.
A .S. P o la n s , L. L a b ie n ie c  P in te l* ,  S .D . F lanagan# and 
D .S, P aper-m aster* .  D ep t. o f  P a th o lo g y , VA M edical C e n te r , 
West H aven, CT 06516, Y ale M edical S choo l, New Haven, CT 
06510 and #D iv. o f  N eu ro sc ien c es , Beckman R esearch  
I n s t i t u t e  o f  th e  C ity  o f  Hope, D u a rte , CA 91010.

Im m u n o affin ity  p a r t i t i o n in g  i s  a method by which  
membranes a re  s e l e c t i v e ly  f r a c t io n a te d  dependen t upon 
t h e i r  u n ique  a n t ig e n ic  co m p o sitio n . Membranes a re  
in c u b a te d  s e q u e n t ia l ly  w ith  p rim ary  a n tib o d y  (Ab) o f  
d e f in e d  s p e c i f i c i t y ,  b io t in y la te d  an tiim m unog lobu lin  
(BtnAb) and f i n a l l y  an aqueous polym er system  c o n s is t i n g  
o f  4.3% d e x tra n  and 3.6% p o ly e th y le n e  ox ide  tp o ly (E tO )]  in  
b u f f e r .  The two polym ers s e p a ra te  in t o  a to p ,   
p o ly (E tO ) - r ic h  phase  and a bottom , d e x t r a n - r ic h  p h a se . 
S t r e p t a v id i n ,  a b io t in  b in d in g  p r o te in ,  i s  c o n ju g a ted  to  
po ly (E tO ) [S A vpoly(E tO )] and added to  th e  phase  m ix tu re . 
A b r id g e  betw een membrane-Ab-BtnAb-SAvpoly(EtO) i s  form ed, 
th u s  p a r t i t i o n i n g  th e  s p e c i f i c  membrane to  th e  to p  p h a se .

M onoclonal Ab 1D4 (a  g i f t  o f  R. Molday, U .B .C .) b in d s  
to  th e  C - te rm in a l o f  o p s in ,  exposed to  th e  cy to p la sm ic  
s u r fa c e  o f  th e  d is c  membrane, and p a r t i t i o n s  70-80% o f  
b io s y n th e t ic a l l y  la b e le d  f ro g  rod o u te r  segm ent membranes 
(ROS) to  th e  to p  p h a se . In  th e  absence o f  1D4 o r  o th e r  
b r id g e  com ponen ts, ROS p a r t i t i o n  to  th e  bottom  phase  o r 
i n t e r f a c e .  Nonimmune IgG in  p la c e  o f  1D4 o r  ex c ess  f r e e  
b io t in  b lo c k s  p a r t i t i o n i n g ,  th u s  d em o n stra tin g  th e  
s p e c i f i c i t y  o f  th e  b r id g in g  r e a c t io n s .  In  c o n t r a s t  to  
1D4, a sheep  a n t io p s in  a n tib o d y  which b in d s  m ostly  to  th e  
N -te rm in a l o f  o p s in ,  in  th e  i n t e r i o r  o f  th e  d i s c ,  
p a r t i t i o n s  ROS o n ly  upon d is ru p tio n  o f  th e  membrane by 
d e te rg e n ts  o r  s to r a g e  a t  4º C. Im m unoaffin ity  p a r t i t i o n i n g  
th e r e f o r e  n o t o n ly  f r a c t i o n a t e s  membranes, b u t i s  a sim p le  
method f o r  a s s e s s in g  th e  o r ie n ta t io n  o f  a m olecu le w ith in  
th e  membrane. To t h i s  end we a re  p re p a r in g  a n t ib o d ie s  to  
p e p tid e  seq u en ce s  o f  o p s in  and a re  d e te rm in in g  t h e i r  
e f f i c a c y  in  p a r t i t i o n i n g  v a r io u s  ROS p r e p a r a t io n s .  The 
dependence o f  p a r t i t i o n i n g  upon th e  p h y s ic a l s t a t e  o f  th e  
membrane, a n t ig e n  d e n s i ty  and f a c to r s  such as  d iv a le n t  
c a t io n  c o n c e n tr a t io n  a l s o  i s  be ing  in v e s t ig a t e d .

Our o b je c t iv e  i s  to  f r a c t i o n a t e  p h o to re c e p to r  membranes 
and a d d re s s  q u e s t io n s  o f  m o lecu lar s o r t in g  and how th e  
r e s u l t a n t  d i s t r i b u t i o n  o f  m o lecu les r e l a t e s  to  f u n c t io n .
S upported  by USPHS g ra n t s  EY-00845, RR-05841, NS-18854 and 
th e  V e te ra n s  A d m in is t r a tio n .

340.8 THERMOTROPIC BEHAVIOR OF BINARY MIXTURES OF GLYCOSFHINGOLI 
PIDS WITH DIPALMITOYLPHOSPHATIDYLCHOLINE.
B. M ag q io * , T . A r ig a * ,  J .M . S t u r t e v a n t * ,  R .K . Yu.  D e p a r t 
m en ts  o f  N e u ro lo g y  & C h e m is t ry .  Y a le  U n i v e r s i t y .  CT 0 6 5 1 0 .

To g a in  a  b e t t e r  u n d e r s t a n d in g  o f  t h e  p r o p e r t i e s  an d  o r 
g a n iz a t io n  o f  g l y c o s p h i n g o l i p id s  on  c e l l  m em brane s u r f a c e ,  
we h a v e  r e c e n t l y  s tu d i e d  b y  h ig h  s e n s i t i v i t y  d i f f e r e n t i a l  
s c a n n in g  c a lo r im e t r y  t h e  t h e r m o t r o p ic  b e h a v io r  o f  b i n a r y  
m ix tu r e s  o f  d i p a l m i t o y lo h o s p h a t i d y l c h o l in e  (DPPC) w i th  
n e u t r a l  (G a lC e r, G lc C e r , p h r e n o s i n e ,  k e r a s i n e ,  Gg4C e r)  o r  
a n io n i c  ( s u l f a t i d e ,  GM3 , GM1 , GD1a ) g l y c o s p h i n g o l i p id s  o v e r  
t h e  e n t i r e  c o m p o s i t io n  r a n g e .  I n  a l l  s y s te m s ,  t h e  p r e t r a n s 
i t i o n  o f  DPPC was c o m p le te ly  a b o l i s h e d  an d  t h e  c o o p e r a t i v i t y  
o f  t h e  m ain  t r a n s i t i o n  d e c r e a s e d  s h a r p l y  a t  g l y c o l i p i d  mo
l a r  f r a c t i o n s  b e tw e e n  0 . 1 - 0 . 2 .  A l l  m ix ed  s y s te m s  r e v e a l e d  
co m p lex  n o n - id e a l  p h a s e  d ia g r a m s .  R e g io n s  o f  i s o t h e r m a l  
m e l t i n g ,  i n d i c a t i n g  l a t e r a l  p h a s e  s e p a r a t i o n  i n  t h e  g e l  and  
l i q u i d - c r y s t a l l i n e  p h a s e s , w ere  fo u n d  f o r  m ix tu r e s  o f  DPPC 
w i th  G a lC e r , G lc C e r , p h r e n o s in e  o r  s u l f a t i d e .  T h is  mono
t e c t i c  b e h a v io r  was p r e s e n t  on  t h e  g l y c o l i p i d - r i c h  s id e  o f  
t h e  t e m p e r a tu r e - c o m p o s i t i o n  d ia g ra m ;  c o m p le te  m i s c i b i l i t y  
i n  b o th  t h e  s o l i d  an d  l i q u i d  p h a s e s  w as fo u n d  i n  t h e  DPPC- 
r i c h  r e g i o n .  S y s tem s  c o n s t i t u t e d  w i th  Gg4C er o r  g a n g l i o 
s i d e s  show ed a lm o s t  c o m p le te  m i s c i b i l i t y  e x c e p t  f o r  g ly c o 
s p h i n g o l i p i d s  a t  m o la r  f r a c t i o n s  o f  l e s s  t h a n  0 .0 5  w h ere  
s o l i d  p h a s e  i m m i s c i b i l i t y  w as p r o b a b ly  p r e s e n t .  A t low  
p r o p o r t i o n s  o f  g l y c o s p h i n g o l i p i d s ,  t h e  s y s te m s  c o n s t i t u t e d  
w i th  G a lC e r , G lc C e r , p h r e n o s i n e ,  k e r a s i n e ,  s u l f a t i d e  o r  GD1a 
w ere  s h i f t e d  t o  t e m p e r a t u r e s  lo w e r  t h a n  th o s e  e x p e c te d  
f o r  t h e  i d e a l  s y s te m s .  As t h e  m o la r  f r a c t i o n  o f  t h e  g ly c o 
s p h in g o l ip i d  w as i n c r e a s e d ,  t h e  d e v i a t i o n  fro m  t h e  i d e a l  
b e h a v io r  w as r e d u c e d ,  e x c e p t  f o r  t h e  m ix tu r e s  o f  DPPC an d  
GD1a f o r  w h ic h  t h e  o p p o s i t e  was o b s e r v e d .  F o r  m ix tu r e s  o f  
DPPC w i th  g a n g l i o s i d e s  GM3 o r  GM1 t h e  s y s te m s  h a d  h i g h e r  
t e m p e r a tu r e s  t h a n  t h o s e  e x p e c t e d  f o r  t h e  i d e a l  s y s te m s .   
The c a l o r i m e t r i c  t r a n s i t i o n  e n t h a l p i e s  o f  m ix tu r e s  o f  DPPC 
w i th  n e u t r a l  g l y c o s p h i n g o l i p id s  w e re  lo w e r  t h a n  t h o s e  e x p e c 
t e d  f o r  an  i d e a l  s y s te m . C o n v e r s e ly ,  t h e  t r a n s i t i o n  e n t h a l 
p i e s  w ere  h i g h e r  th a n  i n  t h e  i d e a l  c a s e  f o r  g a n g l i o s i d e s -  
DPPC s y s te m s . T h u s , a  new t r a n s i t i o n  p r o c e s s  o c c u r r e d  i n  
t h e  l a t t e r  m ix tu r e s  a t  m o la r  f r a c t i o n s  o f  g a n g l i o s i d e s  b e 
tw e e n  0 . 1  an d  0 . 6 , d e p e n d in g  on t h e  p a r t i c u l a r  g a n g l i o s i d e .  
(S u p p o rte d  by  NIH G r a n ts  N S -1 1 8 5 3 , GM -04725, NSF G ra n t  
PCM-8117341 an d  NMSS G r a n ts  RG 1 2 8 9 -B -3  an d  FG 6 4 4 - A - l ) .



1180 MEMBRANE STRUCTURE AND FUNCTION MONDAY AM

340.9 DOES PROTEIN KINASE C ACTIVITY REGULATE NEURAL 
PLASTICITY AND ITS TIME-DEPENDENT PROCESSES? R.B. 
Nelson*, R.F. Akers*, and A. Routtenberg. (Spon: 
S. Chan) Cresap Neuroscience Laboratory, North
western U niversity , Evanston IL 60201.

The molecular regulation  o-f neural p la s t ic i ty  
should re f le c t  the  d iffe re n t temporal require
ments of th is  process. Our laboratory has 
implicated the phosphorylation of Protqin FI 
(MW 47kD, IEP 4.5) in such p la s t ic i ty  (Fed.Proc. 
42, p.755, 1983; Behav.Neur. B iol. 1984). Protein 
FI in v i t r o  phosphorylation i s  increased in ra t  
hippocampal formation 5 min. a f te r  the induction 
of long-term p o ten tia tio n  (LTP), or 3 days 
following long-term enhancement (LTE; Lovinger e t 
a l . . th i s  meeting). Protein FI kinase is  
stim ulated by Ca2+ and phosphatidyl serine , but 
not by calmodulin or cAMP. Moreover, P rotein FI 
serves as a su b stra te  for exogenously added Ca++ 
and phospholipid dependent pro tein  kinase C 
(Takai e t a l . . J .B io l. Chem. 1977) but not for 
calmodulin-dependent kinases. We propose tha t 
Protein  FI phosphorylation i s  stim ulated follow
ing LTP and LTE by the physiological ac tiva tion  
of kinase C. I t  i s  fu rth er suggested th a t 
previously described mechanisms of kinase C 
ac tiv a tion  may reg u la te  the  d iffe re n t durations 
of these forms of p la s t ic i ty .  For example, kinase 
C i s  t r a n s ie n t ly  activated  by d iacy lglycerol 
formation or Ca++. More prolonged activ a tion  of 
kinase C occurs by (a) tran sloca tio n  of the 
enzyme from cytosol to  membrane, and (b) 
p ro te o ly tic a lly -d ire c te d  lib e ra tio n  of the en
zyme's c a ta ly tic  subunit from i t s  regulatory  
subunit. This proposal suggests the p o ss ib ility  
th a t p o s t- tra n s la tio n a l mechanisms of p rotein  
modification not involving de novo p ro tein  
synthesis may be s u ff ic ie n t for the regulation  of 
neural p la s t ic i ty  with d iffe re n t temporal 
domains. (Supported by MH25281 and AFOSR 83-0335 
to  A.R.)

3 4 0 .10  CALCIUM-DEPENDENT, GANGLIOSIDE STIMULATED PHOSPHORYLATION IN 
RAT BRAIN MEMBRANE.  R . K .  Y u ,  J . R .  G o l d e n r i n g ,  L . C .  O t i s *  
a n d  R . J .  D e L o r e n z o . (S P O N . :  Z .  S m i t h )   D e p t  o f  N e u r o l o g y ,  
Y a l e  U n i v .  S c h o o l  o f  M e d i c i n e ,  New H a v e n  CT 0 6 5 1 0 .

C a l c i u m  i o n  h a s  b e e n  r e c o g n i z e d  a s  a n  i m p o r t a n t  r e g u l a t o r  
o f  p h o s p h o r y l a t i o n  t h r o u g h  i t s  i n t e r a c t i o n  w i t h  c a l m o d u l i n -  
d e p e n d e n t  a n d  p h o s p h o l i p i d - d e p e n d e n t  k i n a s e s .  G a n g l i o s i d e s  
a r e  c o m p l e x  g l y c o l i p i d s  w h i c h  h a v e  h i g h  a f f i n i t y  f o r  c a l c i u m  
i o n .  I n  t h e  p r e s e n c e  o f  c a l c i u m  i o n ,  a  b o v i n e  b r a i n  g a n g 
l i o s i d e  m i x t u r e  ( w i t h  m a j o r  c o m p o n e n t s  GM1, G D l a ,  G D l b ,  a n d  
G T l b ) s t i m u l a t e s  t h e  p h o s p h o r y l a t i o n  o f  a  n u m b e r  o f  r a t  b r a i n  
m e m b r a n e  p r o t e i n s  w i t h  m o l e c u l a r  w e i g h t s  o f  a p p r o x i m a t e l y  
42K D a ,  50K D a ,  60K D a ,  80K D a ,  140K Da a n d  h i g h e r  m o l e c u l a r  
w e i g h t  s p e c i e s .  S t i m u l a t i o n  o f  p h o s p h o r y l a t i o n  b y  g a n g l i o 
s i d e s  w a s  t o t a l l y  d e p e n d e n t  on  t h e  p r e s e n c e  o f  c a l c i u m  i o n .  
H o w e v e r ,  i n  t h e  a b s e n c e  o f  a d d e d  c a l c i u m  i o n ,  t h e  c a l c i u m  
s a l t  o f  b o v i n e  b r a i n  g a n g l i o s i d e s  p r e p a r e d  by  e x t e n s i v e  d i 
a l y s i s  f u l l y  a c t i v a t e d  t h e  m e m b r a n e  p h o s p h o r y l a t i o n .  I n 
d i v i d u a l  g a n g l i o s i d e s  w e r e  t e s t e d  f o r  s t i m u l a t i o n  o f  mem
b r a n e  p h o s p h o r y l a t i o n  w i t h  t h e  f o l l o w i n g  v a l u e s  f o r  h a l f  
m a x i m a l  s t i m u l a t i o n :  G T l b ,  24  uM; G D l a ,  3 3  uM; G D l b ,  25  uM; 
a n d  GM1, 1 5 0  uM. S u l f a t i d e ,  a s i a l o - G M l ,  c e r e b r o s i d e ,  s i a l i c  
a c i d ,  p h o s p h a t y d y l s e r i n e  a n d  p h o s p h a t i d y l  i n o s i t o l  d i d  n o t  
e l i c i t  a n y  s t i m u l a t i o n  o f  m e m b r a n e  p h o s p h o r y l a t i o n  a t  a n y  
c o n c e n t r a t i o n s .  T h u s ,  s t i m u l a t i o n  r e q u i r e d  b o t h  t h e  l i p i d  
a n d  s i a l i c  a c i d  p o r t i o n s  o f  g a n g l i o s i d e s ,  w i t h  d i s i a l o  a n d  
t r i s i a l o  g a n g l i o s i d e s  d i s p l a y i n g  h i g h e r  s t i m u l a t o r y  c a p a 
c i t y .  T h e  p a t t e r n  o f  c a l c i u m - d e p e n d e n t  g a n g l i o s i d e  s t i m u 
l a t e d  p h o s p h o r y l a t i o n  w a s  q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  o b 
s e r v e d  w i t h  c a l c i u m - c a l m o d u l i n - d e p e n d e n t  p h o s p h o r y l a t i o n .  
H o w e v e r ,  w h i l e  c a l m o d u l i n - d e p e n d e n t  p h o s p h o r y l a t i o n  w a s  i n 
h i b i t e d  w i t h  a n  I C ( 5 0 )  o f  a p p r o x i m a t e l y  5 uM t r i f l u o p e r a 
z i n e ,  g a n g l i o s i d e  s t i m u l a t e d  p h o s p h o r y l a t i o n  w a s  i n h i b i t e d  
w i t h  a  much  h i g h e r  I C ( 5 0 )  o f  5 0 0  uM t r i f l u o p e r a z i n e .  T h i s  
i n h i b i t i o n  o f  g a n g l i o s i d e  s t i m u l a t e d  p h o s p h o r y l a t i o n  a t  
r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  t r i f l u o p e r a z i n e  i s  i n 
d i c a t i v e  o f  i n h i b i t i o n  o f  g e n e r a l  l i p o p h i l i c  p r o p e r t i e s .   
No c a l c i u m - d e p e n d e n t  g a n g l i o s i d e  s t i m u l a t e d  p h o s p h o r y l a t i o n  
w a s  o b s e r v e d  i n  t h e  p r e s e n c e  o f  GTP r a t h e r  t h a n  ATP.  T h e  
d a t a  i n d i c a t e  t h a t  g a n g l i o s i d e s  c a n  s t i m u l a t e  r a t  m e m b r a n e  
p h o s p h o r y l a t i o n  f o l l o w i n g  t h e  b i n d i n g  o f  c a l c i u m  i o n  t o  t h e  
g a n g l i o s i d e  m o l e c u l e s  s u g g e s t i n g  t h a t  c a l c i u m - g a n g l i o s i d e  
i n t e r a c t i o n  may h a v e  a n  i m p o r t a n t  r o l e  i n  r e g u l a t i n g  mem
b r a n e  p r o c e s s e s .

340.11  GLYCOSPHINGOL IPID  BIOSYNTHESIS DURING MYOGENESIS IN VITRO: A 
COMPARATIVE STUDY.  P . E .  B u s e * ,  E . L .  H og a n a n d  K .C .  L e s k a w a * .  
D e p a r t m e n t  o f  N e u r o l o g y ,  T h e  M e d i c a l  U n i v e r s i t y  o f  S o u t h  
C a r o l i n a ,  C h a r l e s t o n ,  SC 2 9 4 2 5

P r e v i o u s l y ,  we r e p o r t e d  s t a g e - s p e c i f i c  c h a n g e s  i n  t h e  b i o 
s y n t h e s i s  o f  m e m b r a n e  g l y c o s p h i n g o l i p i d s  ( G S L s )  d u r i n g  t h e  
d i f f e r e n t i a t i o n  o f  c h i c k  e m b r y o  m u s c l e  c e l l s  i n v i t r o  
( H o g a n ,  C h i e n  a n d  L e s k a w a ,  S o c .  N e u r o s c i . ,  B o s t o n ,  MA, 
1 9 8 3 ) .  D u r i n g  t h e  i n i t i a l  s t a g e s  o f  m y o b l a s t  f u s i o n ,  s i g   
n i f i c a n t  i n c r e a s e s  i n  b i o s y n t h e s i s  o f  t r i o s y l c e r a m i d e  a n d  
t h e  F o r s s m a n  h a p t e n  w e r e  o b s e r v e d .  Now we h a v e  s i m i l a r l y  
a n a l y z e d  t h r e e  o t h e r  i n v i t r o  m y o g e n i c  m o d e l s :  t h e  r a t  L6  
m u s c l e  c e l l  l i n e  a n d  tw o  c l o n e s  i s o l a t e d  f r o m  d i s s o c i a t e d  
m o u s e  h i n d  l i m b  m u s c l e ,  t h e  G - 7  a n d  t h e  G - 8  l i n e s .  C e l l s  i n  
c u l t u r e  w e r e  d i v i d e d  i n t o  f o u r  m y o g e n i c  s t a g e s :  a  r e p l i c a   
t i n g  s t a g e  ( R ) ,  w he n s i n g l e  m y o b l a s t s  a r e  a c t i v e l y  
d i v i d i n g ;  c o n f l u e n c y  ( C ) ,  w he n  c e l l  m e m b r a n e s  b e c o m e  o p 
p o s e d ;  p o s t - c o n f l u e n c y  ( P C ) ,  w he n m u s c l e  c e l l s  i n i t i a t e  
f u s i o n ;  a n d  a  f i n a l  p h a s e  w h e r e  m u l t i n u c l e a t e d  m y o t u b u l e s  
p r e d o m i n a t e  (M T ).  GSL b i o s y n t h e s i s  w a s  a s s e s s e d  u s i n g  3H - 
g a l a c t o s e  a s  a p r e c u r s o r ,  t h e  p r o d u c t s  b e i n g  r e s o l v e d  b y  TLC 
a n d  a u t o r a d i o g r a p h y .

R a t  L6 c e l l s  b i o s y n t h e s i z e d  l a r g e  a m o u n t s  o f  g a n g l i o s i d e  
GM3 d u r i n g  a l l  p h a s e s .  M a j o r  n e u t r a l  GSL p r o d u c t s  w e r e  
l a c t o s y l c e r a m i d e  a n d  p a r a g l o b o s i d e  ( n L c 0 s e 4 C e r ) .  Few s i g 
n i f i c a n t  c h a n g e s  d u r i n g  m y o g e n e s i s  w e r e  o b s e r v e d .

M o u s e  G - 7  m y o b l a s t s  b i o s y n t h e s i z e d  G l c C e r ,  L a c C e r ,  CTH 
( G b 0 s e 3 C e r ) ,  n L c 0 s e 4 C e r  a n d  n L c 0 s e 5 C e r  d u r i n g  t h e  R p h a s e .  
Upon c o n f l u e n c y ,  b i o s y n t h e s i s  o f  G l c C e r  i n c r e a s e d  a n d  
n L c 0 s e 5 C e r  b i o s y n t h e s i s  s t o p p e d .  When t h e  c e l l s  b e g a n  
f u s i n g  ( P C ) ,  G l c C e r  b i o s y n t h e s i s  a b r u p t l y  e n d e d .  G -7  myo
t u b u l e s  (MT) b i o s y n t h e s i z e  p r e d o m i n a n t l y  L a c C e r .  C h a n g e s  i n  
g a n g l i o s i d e  b i o s y n t h e s i s  i n c l u d e d  a  d e c r e a s e  i n  GM3 d u r i n g  
m y o g e n e s i s ,  a n d  i n c r e a s e s  i n  G D la  a n d  2 g a n g l i o s i d e s  o f  t h e  
p a r a g l o b o s i d e  s e r i e s ,  MG-IV a n d  MG-VI.

M o u se  G - 8  m y o b l a s t s  b i o s y n t h e s i z e d  n L c 0 s e 4 C e r  a s  t h e  
m a j o r  n e u t r a l  GSL d u r i n g  r e p l i c a t i o n  ( R ) .  D u r i n g  m y o g e n e 
s i s ,  t h e r e  w e r e  s i g n i f i c a n t  i n c r e a s e s  i n  L a c C e r  a n d  
G b 0 s e 3 C e r .  As w i t h  G - 7  c e l l s ,  MG-IV b i o s y n t h e s i s  i n c r e a s e d  
w i t h  m y o g e n e s i s ,  b u t  GM3 a n d  MG-VI d i d  n o t  c h a n g e  s i g n i f i 
c a n t l y .

T h e s e  r e s u l t s  s u b s t a n t i a t e  t h a t  t h e r e  a r e  s t a g e - s p e c i f i c  
a l t e r a t i o n s  i n  GSL b i o s y n t h e s i s  d u r i n g  m u s c l e  c e l l  d i f f e r e n 
t i a t i o n ,  b u t  t h e s e  c h a n g e s  a r e  n o t  u n i v e r s a l  a n d  a r e  u n i q u e  
t o  e a c h  i n v i t r o  m y o g e n i c  m o d e l .

S u p p o r t e d  b y  t h e  M u s c u l a r  D y s t r o p h y  A s s o c i a t i o n .

3 4 0 . 1 2   Na+ , K+ - A T P a s e  AND C a 2 + , Mg2+ - A T P a s e  ACTIVITY IN KIDNEY 
TI SS UES  OF DAHL RATS. J . H .  Rho a n d  Y . Y . T .  T e n g * .  D e p a r t 
m e n t  o f  M e d i c i n e ,  S c h o o l s  o f  M e d i c i n e  a n d  P h a r m a c y ,  
U n i v e r s i t y  o f  S o u t h e r n  C a l i f o r n i a ,  L os  A n g e l e s ,  CA 9 0 0 3 3

B o t h  Da h l  s a l t - s e n s i t i v e  a n d  s a l t - r e s i s t a n t  r a t s  w e r e  
s p l i t  i n t o  tw o  d i f f e r e n t  d i e t a r y  g r o u p s  a n d  w e r e  f e d  a  d i e t  
w i t h  e i t h e r  0 .4 %  o r  8 . 9 4 %  NaCl f o r  3 t o  4 w e e k s .  T h e  
d e t e r g e n t  3 - ( 3 - c h o l a m i d o p r o p y l  d i m e t h y l a m m o n i o ) - l - p r o p a n e  
s u l f o n a t e  ( C H A P S ) - p u r i f i e d  m e m b r a n e  f r a c t i o n s  o f  o u t e r  
m e d u l l a  p o r t i o n  o f  D a h l  r a t s  f r o m  e a c h  d i e t  g r o u p  w e r e  p r e 
p a r e d  b y  t h e  p r o c e d u r e  d e s c r i b e d  b y  J o r g e n s o n  ( B i o c h i m .  
B i o p h y s .  A c t a  3 5 6 , 3 6 - 5 2 ,  1 9 7 4 ) ,  a n d  t h e  A T P a s e  a c t i v i t i e s  
w e r e  a s s a y e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  b y  G l y n n  
a n d  K r a l i s h  ( i n  M e m b r a n e  A d e n o s i n e  T r i p h o s p h a t a s e s  a n d  
T r a n s p o r t  P r o c e s s e s .  E d .  R.  B r o n k ,  L o n d o n ,  B i o c h e m  S o c .  
1 9 7 4 ) .

Mean v a l u e s  f o r  t h e  f o u r  g r o u p s  a r e  e x p r e s s e d  a s  µ m o l e s  
o f  i n o r g a n i c  p h o s p h o r u s  h y d r o l y z e d  p e r  mg p r o t e i n  p e r  
m i n u t e  o f  i n c u b a t i o n  t i m e .  A h i g h  s a l t  d i e t  d o e s  s t i m u l a t e  
t h e  Na + , K+ - A T P a s e  a c t i v i t i e s  o f  t h e  k i d n e y  i n  b o t h  s t r a i n s  
f r o m  2 3  t o  25% b u t  t h e  e n z y m a t i c  a c t i v i t y  o f  t h e  s a l t -  
s e n s i t i v e  s t r a i n  o n  a  h i g h  s a l t  d i e t  i s  a b o u t  14% l e s s  
( p < 0 . 0 5 )  t h a n  t h a t  o f  t h e  s a l t - r e s i s t a n t  s t r a i n .

I n  c o n t r a s t  t h e  C a2 + , Mg2 + - A T P a s e  a c t i v i t y  o f  D a h l  s a l t -  
s e n s i t i v e  r a t s  w a s  h i g h l y  e n h a n c e d  ( 2 4 . 7 % )  by  a  h i g h  s a l t  
d i e t  i n  c o m p a r i s o n  t o  t h a t  o f  D a h l  s a l t - r e s i s t a n t  r a t s  
( 8 . 6 %) o n  t h e  s a m e  h i g h  s a l t  d i e t .  S u c h  d i f f e r e n t i a l  e n 
h a n c e m e n t  o f  t h e  Ca2 + , Mg2+ - A T P a s e  a c t i v i t y  i n  D a h l  r a t s  
may b e  r e s u l t e d  a s  a n  a d a p t i v e  m e c h a n i s m  t o  i n c r e a s e d  
i n t r a c e l l u l a r  C a 2+ l e v e l s  i n  t h e  s a l t - s e n s i t i v e  r a t s .



MONDAY AM MEMBRANE STRUCTURE AND FUNCTION 1181

3 4 0 .13  EFFECTS OF GLIAL CELL DEFICIENCY ON DEVELOPING AXOLEMMA- OF 
RAT DORSAL FUNICULUS.  J .A .  B la c k * . T . J .  S im s . S .G . Waxman 
an d  S .A . G i lm o re .  D e p t . o f  N e u ro lo g y ,  S t a n f o r d  U n iv . S ch . o f  
M ed ., V .A . Med. C t r . ,  P a lo  A l t o ,  CA 94305 an d  D e p t.  A natom y, 
U n iv . o f  A rk a n s a s  f o r  Med. S c . ,  L i t t l e  R ock, AR 7 2 205 .

I r r a d i a t i o n  o f  t h e  lu m b o s a c ra l  s p i n a l  c o rd  o f  3 - d a y - o ld  
r a t  w i th  400 0  r  p r o f o u n d ly  d e c r e a s e s  t h e  d e v e lo p in g  g l i a l  
c e l l  p o p u l a t i o n ,  w h i le  s p a r i n g  n e u r o n a l  e le m e n ts .  At b i r t h ,  
a x o n s  o f  t h e  r a t  d o r s a l  f u n i c u l u s  (DF) a r e  e s s e n t i a l l y  a l l  
n o n - m y e l in a t e d .  N um erous m y e l in a t e d  f i b e r s  a r e  p r e s e n t  by 
14 d a y s  i n  n o rm a l r a t s .  I r r a d i a t i o n  a t  3 -d a y s  o f  ag e  
r e s u l t s  i n  a  c o n s i s t e n t  r e d u c t io n  i n  o l ig o d e n d r o c y t e s  and  
a s t r o c y t e s ,  w h i le  a x o n s  do n o t  a p p e a r  t o  b e  e f f e c t e d  by t h i s  
p r o c e d u r e .  T h u s , t h e  s t r u c t u r e  o f  d e v e lo p in g  axolem m a may 
b e  s t u d i e d  i n  t h e  a b s e n c e  o f  n o rm a l a x o - g l i a l  i n t e r a c t i o n s .

C o n t r o l  an d  i r r a d i a t e d  1 9 - d a y - o ld  r a t s  w ere  p e r f u s e d  
w i th  2% g l u t a r a l d e h y d e  and  2% p a ra f o r m a ld e h y d e  in  0 .1 4  M 
p h o s p h a te  b u f f e r .  T i s s u e  f o r  t h i n  s e c t i o n  an d  f r e e z e -  
f r a c t u r e  i n v e s t i g a t i o n  w as p r o c e s s e d  a c c o r d in g  t o  c o n v e n 
t i o n a l  m e th o d s  (B la c k  e t  a l . ,  1 9 8 1 ) .

At 1 9 - d a y s  o f  a g e ,  t h e  DF o f  c o n t r o l  a n im a ls  a r e  w e l l -  
p o p u la t e d  w i th  m y e l in a t e d  f i b e r s .  M ost l a r g e  c a l i b e r  a x o n s  
(>1 µm d ia m e te r )  a r e  m y e l in a t e d  a t  t h i s  s t a g e ,  an d  nu m ero u s 
s m a l l e r  c a l i b e r  a x o n s  re m a in  n o n - m y e l in a t e d .  In  c o n t r a s t ,  
t h e  DF o f  i r r a d i a t e d  a n im a ls  a t  1 9 -d a y s  o f  a g e  h a v e  few  
f i b e r s  t h a t  a r e  m y e l in a t e d ,  d e s p i t e  t h e  p r e s e n c e  o f  nu m ero u s 
l a r g e  c a l i b e r  a x o n s .  The num ber o f  f i b e r s  w i t h in  t h e  DF 
d o e s  n o t  a p p e a r  t o  b e  a l t e r e d  by i r r a d i a t i o n .

A n a ly s is  o f  f r e e z e - f r a c t u r e  r e p l i c a s  o f  c o n t r o l  n o n 
m y e l in a t e d  (C n-m ) an d  i n t e m o d a l  (C in )  axolem m a, and  i r 
r a d i a t e d  ( I  o )  axolem m a d e v o id  o f  m y e l in ,  r e v e a l  t h e  f o l 
lo w in g  in tra m e m b ra n o u s  p a r t i c l e  (IMP) d e n s i t i e s  (mean± SEM):

P - f a c e E - fa c e
C o n d i t io n (IM P/ym 2 ) (IM P/ym2 )

C n-m 704± 8 2 .4 542± 6 2 .2
C in 2015± 2 5 1 .6 123± 1 4 .0
I  0 1218± 1 3 3 .4 295±4 4 .2
P l o t s  o f  a p p a r e n t  a x o n a l  d i a m e te r  v e r s u s  IMP d e n s i t y  f o r  

i r r a d i a t e d  f i b e r s  ( I  o )  i n  t h e  a b s e n c e  o f  m y e lin  d i s c l o s e  
t h a t ,  on t h e  P - f a c e ,  i n c r e a s i n g  a x o n a l  d i a m e te r  i s  accom 
p a n ie d  by  i n c r e a s i n g  IMP d e n s i t y .  F o r t h e s e  f i b e r s ,  l a r g e  
a x o n s  (>1 ym d i a . )  h a v e  a  h ig h  IMP d e n s i t y  ( 2 2 5 8 - 1 9 8 .6 ) ,  
w h e re a s  s m a l l e r  f i b e r s  (< 0 .5  ym d i a . )  h a v e  a  much lo w e r  IMP 
d e n s i t y  (9 2 2 ±1 1 9 .9 ) .  T h e se  d a t a  s u g g e s t  t h a t  axo lem m al 
d i f f e r e n t i a t i o n  may o c c u r  i n  t h e  a b s e n c e  o f  g l i a l  i n t e r 
a c t i o n .  ( S u p p o r te d  b y :  SGW-NIH N S -1 5 3 2 0 , NMSS RG -1231, and  
M e d ic a l  R es . S v c . , VA; SAG-NIH N S -o4761)

340. 14  G lu ta m a te  R e c e p to r  R e g u la t i o n  by  th e  C y t o s k e l e t a l  P r o t e i n  
F o d r in .  R. S im an , M. B a u d ry , an d  G. L y n c h .  D e p t . o f  
P s y c h o b io lo g y ,  U n iv . o f  C a l i f o r n i a ,  I r v i n e ,  Ca. 9 2 717 .

The m o st r e c e n t l y  d e s c r i b e d  c y t o s k e l e t a l  sy s te m  o f  
n e u ro n s  i s  a  subm em braneous l i n i n g  c o n s i s t i n g  o f  t h e  r o d 
sh a p ed  p r o t e i n  f o d r i n .  I n  many o f  i t s  p r o p e r t i e s ,  f o d r i n  
c l o s e l y  r e s e m b le s  s p e c t r i n ,  t h e  p r i n c i p a l  com ponen t o f  t h e  
c y to s k e l e t o n  o f  e r y t h r o c y t e s .  S p e c t r i n  i s  known t o  e x e r t  
t ra n sm e m b ra n e  c o n t r o l  o v e r  c e l l  s u r f a c e  p r o t e i n s ,  b u t  t h e  
f u n c t i o n a l  r o l e  o f  n e u r o n a l  f o d r i n  i s  l e s s  c l e a r .  We t e s t e d  
t h e  p o s s i b i l i t y  t h a t  f o d r i n  r e g u l a t e s  t h e  d i s t r i b u t i o n  o f  
s y n a p t i c  m em brane p r o t e i n s ,  i n  a  m anner s i m i l a r  t o  i t s  
e r y t h r o c y t e  c o u n t e r p a r t .  We f o c u s e d  on a  p o s s i b l e  i n t e r a c 
t i o n  b e tw e en  f o d r i n  and  b in d in g  s i t e s  f o r  t h e  p u t a t i v e  
n e u r o t r a n s m i t t e r  L - g lu t a m a te ,  s i n c e  t h e  num ber o f  g lu ta m a te  
b i n d in g  s i t e s  i n c r e a s e s  f o l l o w in g  a c t i v a t i o n  o f  t h e  c a lc iu m -  
s t i m u l a t e d  p r o t e a s e  c a lp a i n  I ,  an  enzym e f o r  w h ic h  f o d r i n  
i s  a  s u b s t r a t e .

A f o d r i n - g l u t a m a te  b in d in g  s i t e  i n t e r a c t i o n  w as t e s t e d  
f o r  by  e x a m in in g  th e  e f f e c t  o f  a n t i b o d i e s  t o  p u r i f i e d  r a t  
b r a i n  f o d r i n  on Na+ - in d e p e n d e n t  g lu ta m a te  b i n d in g  t o  r a t  
b r a i n  s y n a p t i c  m em branes. A n t i f o d r i n  d id  n o t  a l t e r  g l u t a 
m ate  b in d in g  t o  h ip p o c a m p a l o r  c o r t i c a l  m em branes m ea su red  
i n  T r is -H C l  b u f f e r .  H ow ever, a n t i f o d r i n  c o m p le te ly  p r e v e n 
t e d  t h e  i n c r e a s e  i n  g lu ta m a te  b in d in g  in d u c e d  by  m ic ro m o la r  
c a lc iu m  c o n c e n t r a t i o n s .  T h is  b lo c k a d e  o f  Ca2+- s t i m u l a t e d  
g lu ta m a te  b i n d in g  d id  n o t  r e s u l t  fro m  c a lc iu m  c h e l a t i o n  by 
a n t i f o d r i n  and  w as n o t  o b s e rv e d  w i th  p re-im m u n e  se ru m . 
A n t i f o d r in  was e f f e c t i v e  when a d d e d  b e f o r e  b u t  n o t  a f t e r  
c a lc iu m . T hus a n t i f o d r i n  d o e s  n o t  d i r e c t l y  m o d ify  g lu ta m a te  
b i n d in g  b u t  r a t h e r  i n t e r f e r e s  w i th  t h e  p r o c e s s  by  w h ich  
c a lc iu m  i n c r e a s e s  b i n d in g .  The b lo c k a d e  o f  Ca2+- s t i m u l a t e d  
g lu ta m a te  b in d in g  d id  n o t  d e p e n d  on f o d r i n  c r o s s - l i n k i n g  
s in c e  m o n o v a le n t  Fab f r a g m e n ts  w ere  e q u a l l y  e f f e c t i v e .  The 
d o s e - r e s p o n s e  f o r  a n t i f o d r i n  p r e v e n t io n  o f  Ca2+ - s t i m u l a t e d  
g lu ta m a te  b in d in g  w as v i r t u a l l y  i d e n t i c a l  t o  t h a t  f o r  i n h i b 
i t i o n  o f  ( 125I ) - a n t i f o d r i n  b in d in g  t o  s y n a p t i c  m em b ran es , 
i n d i c a t i n g  a  s t r o n g  c o r r e l a t i o n  b e tw e en  th e  c a p a c i t y  o f  
a n t i f o d r i n  t o  a t t a c h  t o  f o d r i n  and  to  b lo c k  Ca2+- s t i m u l a t e d  
g lu ta m a te  b in d in g .  F o d r in  t h u s  e x e r t s  t ra n sm e m b ra n e  c o n t r o l  
o v e r  s y n a p t i c  m em brane p r o t e i n s .  T h o se  d o s e s  o f  a n t i f o d r i n  
t h a t  b lo c k e d  Ca2+ - s t i m u l a t e d  g lu ta m a te  b in d in g  a l s o  i n h i b i 
t e d  Ca2+- in d u c e d  f o d r i n  p r o t e o l y s i s .  T h e se  r e s u l t s  s u g g e s t  
t h a t  c a lc iu m - in d u c e d  p r o t e o l y s i s  o f  f o d r i n  l e a d s  t o  t h e  
i n c r e a s e  i n  g lu ta m a te  b in d in g  s i t e  d e n s i t y .  M o d i f i c a t io n  o f  
t h e  f o d r i n  c y to s k e l e t o n  by  c a lc iu m  c o u ld  be a  m o le c u la r  
m echan ism  t h a t  u n d e r l i e s  v a r i o u s  fo rm s  o f  s y n a p t i c  p l a s t i c i t y .

ACETYLCHOLINE II

341.1 ACTION OF ACETYLCHOLINE AND MUSCARINE ON NEURONS 
OF CAT SENSORIMOTOR CORTEX IN VITRO.  M.C. Chubb*, P.C. 
Schwindt and W.E. Crill (SPON: P.D. Swanson) .  VA Med. Ctr., 
Seattle, WA 98108, and Depts. Physiol. Biophys. and Medicine 
(Neurol.), Univ. of Washington Sch. of Med., Seattle, WA 98195.

The action of acetylcholine (Ach) and muscarine (Muse) on 
neurons in layer V of cat sensorimotor cortex were studied in brain 
slices using current clamp and single microelectrode voltage 
clamp. Ach and Muse were applied either as droplets to the slice 
surface (5-100 mM in saline) or in the perfusate (10 µM) with 
equivalent results. The depolarization produced by either agent 
was usually modest (ca. 5 mV), but a marked change in firing 
behavior was always apparent. The slow afterhyperpolarization 
components that follow a period of repetitive firing in these cells 
(see abstract by Schwindt, Spain, Stafstrom, Chubb and Crill, this 
volume) were replaced by a prolonged afterdepolarization (ADP) of 
variable amplitude lasting up to several seconds. If initially 
subthreshold, the ADP could be made to "summate" by repetitive 
stimulation, and to reach spike threshold in some cells. After the 
ADP reached threshold, repetitive firing commenced in the 
absence of further stimulation and could be halted only temporarily 
during the application of hyperpolarizing injected current pulses. 
If Muse was applied following tetrodotoxin (TTX), the Musc- 
dependent ADP could still be evoked by strong, prolonged 
depolarization; sometimes, repetitive Ca++ spikes (cobalt sensitive) 
occurred during and persisted after the depolarization, an effect 
never seen in the presence of TTX alone. Application of TTX and 
10 mM tetraethylammonium also resulted in the appearance of 
repetitive Ca++ spikes during sufficient depolarization. Under 
these conditions, following repetitive Ca++ spikes, the Musc- 
dependent ADP could reach 20 mV amplitude and last up to 80 sec. 
Two Musc-sensitive outward current components were identified in 
cells examined under voltage clamp. One component had slow 
onset and was first activated strongly ca. 30 mV positive to RP. 
This component resembles the m-current of Brown and Adams 
(Nature, 1980). The onset of the other component was too fast for 
the single electrode voltage clamp to measure accurately. 
Although compatible with altered firing behavior, the depression of 
outward currents is insufficient to account for the appearance of 
the Musc-dependent ADP, which requires the presence of an inward 
ionic current near resting potential, it is hypothesized that the 
ADP is generated in part by inward currents resulting from 
prolonged, Ca++-dependent depolarization of dendrites secondary 
to depression of outward currents by Muse and initiated by 
adequate somatic depolarization.

Supported by the Veterans Administration and NIH grants 
NS06408 and NSI6792.

341.2   CHOLINERGIC STIMULATION OF GLIAL CELL ARACHIDGNIC ACID AND 
PHOSPHATIDIC ACID METABOLISM.  J . J .  DeGe o r ge +1. P.  
M orell2 ., K. McCarthy+3 . and E. L a p e tin a +4.
Univ. o f  N orth C a ro l in a  a t  Chapel H i l l ,  B io l . S c i .  Res.
C tr . and D ept. o f  B iochem .2, and P h a re .3, Chapel 
H i l l ,  N.C. 27514 and The W eileone R esearch  L a b o ra to r ie s  
D ept. o f  Mol. B i o l .  4, RTP, N.C. 27709.

The p o te n t ia l  involvem ent o f  a ra c h id o n ic  a c id  (AA) 
m e ta b o l i te s  in  n e u ro tra n sm is s io n  w ith in  th e  c e n t r a l  n e rv o u s  
system  (CNS) h as  r e c e iv e d  re c e n t  a t t e n t i o n  ( f o r  rev iew ; 
Wolf, L . , J .  Neurochetn. 38 :1 . 1962). We have exam ined 
th e  e f f e c t s  o f  c h o l in e r g ic  s t im u la t io n  on th e  m etabo lism  o f  
endogenous PA by g l i a  u s in g  C62B c e l l s  a s  a  m odel. When 
C62B c e l l s  w ere in c u b a te d  f o r  16 h r  w ith  6 µM [1 - 14C] 
AA in  th e  p re se n c e  o f  5% f e t a l  b ov ine  serum  more th a n  85% 
o f  th e  r a d i o a c t i v i t y  was in c o rp o ra te d  in to  c e l l u l a r  l i p i d s ;  
l e s s  th a n  3% o f  th e  rem ain ing  f r e e  [1-14C] AR was c e l l   
a s s o c ia te d .  T reatm ent o f  th e  la b e le d  c e l l s  w ith  
a c e ty lc h o l in e  o r  i t s  s t a b l e  an a lo g  c a rb a c h o l s t im u la te d  th e  
l i b e r a t i o n  o f  PP from e s t e r i f i e d  p o o ls . The  
l e v e l s  o f  l i b e r a t e d  AA peaked w ith in  2 min and re tu rn e d  t o  
b a sa l l e v e ls  by 5 min. T h is  p ro c e s s  was d ose  dependen t 
o v er th e  ran g e  o f  0 .01  -  5 .0  µM and was s e l e c t i v e l y  
blocked by th e  m u sc a rin ic  a n ta g o n is t  a t r o p in e ,  bu t 
u n a l te re d  by th e  n i c o t in i c  a n ta g o n is t  d - tu b o c u ra r in e .  The 
in c re a s e d  l i b e r a t i o n  o f  [1-14C] PP was accom panied by an  
in c re a s e  o f  [ 1- 14C]  AA la b e le d  p h o s p h a tid ic  a c id  and th e  
fo rm a tio n  o f  a  [1-14C] AA m e ta b o l i te  ( t e n t a t i v e ly  
i d e n t i f i e d  a s  th e  lip o x y g en ase  p ro d u c t 5 ,1 2  FETE). The 
l i b e r a t i o n  o f  PA and th e  fo rm a tio n  o f  5 ,  12 HETE w ere 
b locked  by d ru g s  which in h i b i t  p h o sp h o lip a se  A2 a c t i v i t y  
( t r i f lu o p e r a z in e  o r  m e p acrin e ). Thus, s t im u la t io n  o f  
m u sc a rin ic  c h o l in e r g ic  r e c e p to r s  on C62B c e l l s  i s  
a s s o c ia te d  w ith : 1) in c re a s e d  fo rm a tio n  o f  p h o s p h a tid ic   
a c id ,  s u g g e s tin g  a c t iv a t io n  o f  p h o sp h o lip a se  C, 2) 
l i b e r a t i o n  o f  PP from c e l l u l a r  p h o sp h o lip id  s t o r e s  v ia  
a c t i v a t io n  o f  p h o sp h o lip a se s  o f  th e  A2 ty p e , and 3) 
m etabolism  o f  p a r t  o f  t h i s  l i b e r a t e d  AA t o  h yd roxy la te d  
d e r iv a t iv e s  know to  r e g u la te  c e l l  f u n c t io n  in  o th e r  c e l l  
ty p e s . E xperim en ts a r e  p r e s e n t ly  in  p ro g re s s  t o  d e te rm in e  
i f  c h o l in e rg ic  s t im u la t io n  o f  p rim ary  g l i a l  c e l l s  e l i c i t s  a  
s im i la r  c a sca d e  o f  AA m etabo lism , and to  exam ine th e  
e f f e c t s  o f  th e  AA m e ta b o l i te s  formed on g l i a l  and n eu ro n a l 
f u n c t io n . S upported  by USPHS g ra n t s  NS07166, MS11615, 
HD03110 and NS20212.
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341.3  CHOLINERGIC PATHWAYS I I :  BASAL FOREBRAIN AND PONTINE  
TEGMENTUM INNERVATE THE INTERPEDUNCUIAR NUCLEUS IN THE RAT.
L. L. B u tc h e r , N. J .  W bolf, and F . Ecke n s t e i n .  B ra in  
R esea rc h  I n s t i t u t e  and D ep t. o f  P sy ch o lo g y , U n iv e r s i ty  o f  
C a l i f o r n i a ,  Los A n g e le s , CA 90024.

S im u ltan eo u s v i s u a l i z a t i o n  o f  c h o l in e - O - a c e ty l t r a n s f e r 
a s e  (ChAT ) - l ik e  im m u n o rea c tiv ity  and r e t r o g ra d e ly  t r a n s 
p o r te d  f lu o r e s c e n t  p rop id ium  io d id e  (P I)  in  numerous c e l l s  
o f  th e  b a s a l  f o r e b r a in  and p o n tin e  tegmentum d e l in e a t e s  a t  
l e a s t  two s i g n i f i c a n t  so u rc e s  o f  c h o l in e r g i c  in p u t t o  th e  
i n t e rp e d n c u la r  n u c leu s  and su rro u n d in g  v e n t r a l  te g m e n ta l 
a r e a .

F o llo w in g  t r a c e r  in fu s io n s  i n t o  th e  in te rp e d u n c u la r  
n u c le u s  P I - l a b e l l e d  som ata in  th e  b a s a l  f o r e b r a in  t h a t  w ere 
a l s o  im m unoreactive f o r  ChAT w ere p r e f e r e n t i a l l y  found in  
th e  h o r iz o n ta l  lim b o f  th e  d ia g o n a l band ( f o r  te rm in o lo g y , 
s e e  B ig l  e t  a l . ,  B ra in  R es . B u l l . , (3:727, 1982 ), magno
c e l l u l a r  p r e o p t ic  a r e a ,  and s u b s t a n t i a  in n c m in a ta . In  seme 
p a r t s  o f  th e  h o r iz o n ta l  lim b o f  th e  d ia g o n a l band and th e  
m a g n o c e llu la r  p r e o p t ic  a r e a  g r e a t e r  th a n  50% o f  th e  ChAT- 
la b e l l e d  c e l l s  ap p eared  to  p ro v id e  a f f e r e n t s  t o  th e  i n t e r 
p e d u n c u la r  n u c le u s .  A few c h o l in e r g i c  p r o je c t io n  c e l l s  w ere 
a l s o  found in  th e  v e r t i c a l  lim b  o f  th e  d ia g o n a l band and in  
n u c le u s  b a s a l i s .  P I - l a b e l l e d  c e l l s  t h a t  w ere n o t r e a c t iv e  
f o r  ChAT w ere a l s o  o b se rv ed  in  th e  v e r t i c a l  and h o r iz o n ta l  
lim b s o f  th e  d ia g o n a l band , m a g n o c e llu la r  p r e o p t ic  a r e a ,  
and  s u b s t a n t i a  in n o m in a ta .

Many P I - l a b e l le d  c e l l s  w ere found in  th e  d o r s o l a t e r a l  
te g m e n ta l n u c le u s  fo llo w in g  in fu s io n s  o f  t r a c e r  i n to  th e  
in te rp e d u n c u la r  n u c le u s . A pprox im ately  h a l f  o f  th e  P I -  
l a b e l l e d  c e l l s  in  th e  d o r s o l a t e r a l  te g m e n ta l n u c leu s  con
ta in e d  ChAT. F u rth e rm o re , th e  m a jo r i ty  o f  C hA T -contain ing  
c e l l s  a t  c a u d a l le v e l s  o f  th e  d o r s o l a t e r a l  te g m e n ta l n u c le 
u s  w ere P I - l a b e l l e d .  A few ChAT and P I c o - l a b e l  le d  c e l l s  
w ere a l s o  found in  th e  c a u d a l p a r t s  o f  th e  p ed u n c u lo p o n tin e  
te g m e n ta l n u c le u s .

The in te rp e d u n c u la r  n u c leu s  r e c e iv e s  in p u t  from  b o th  th e  
c h o l in e r g i c  b a s a l  f o r e b r a in  and th e  c h o l in e r g i c  p o n tin e  t e g 
mentum. T h is  i s  u n l ik e  m ost b r a in  r e g io n s  ( e . g . ,  n e o c o rte x , 
th a la m u s)  w hich a p p e a r t o  b e  in n e rv a te d  p r e f e r e n t i a l l y  from  
one o r  th e  o th e r  c h o l in e r g i c  p r o je c t io n  sy stem .

[S u p p o rt: NS-10928 to  L .L .B .]

314.4  CHOLINERGIC PATHWAYS I I I :  PROJECTIONS FROM THE CHOLINERGIC 
PONTINE TEGMENTUM TO THE THALAMUS, TECTUM, BASAL FOREBRAIN, 
AND BASAL GANGLIA OF THE RAT.  S . R. McGurk, N. J .  W bolf,  
F . E c k e n s te in , and L. L. B u tc h e r .  B ra in  R esea rch  I n s t i t u t e  
and D ep t. o f  P sycho logy , U n iv e r s i ty  o f  C a l i f o r n i a ,  Los 
A n g e le s , CA 90024.

B iochem ical s tu d ie s  have in d ic a te d  th a t  th e  th a la rru s  and 
th e  te c tu m  r e c e iv e  c h o l in e r g ic  in p u ts  from  th e  m id b ra in  
r e t i c u l a r  fo rm a tio n  (Hoover & Ja c o b o w itz , B ra in  R es . , 
170:1 1 3 , 1979). D ata in  th e  p r e s e n t  r e p o r t  in d i c a t e  t h a t  
such  c h o l in e r g ic  p r o je c t io n s  d e r iv e  from  a  g roup  o f  c h o l in e -  
O - a c e ty l t r a n s f  e r a s e  (ChAT)-c o n ta in in g  and a c e ty lc h o l in e s 
t e r a s e  (AChE)- in t e n s e  neurons in  th e  p ed u n c u lo p o n tin e   
te g m e n ta l n u c leu s  and th e  d o r s o l a t e r a l  te g m e n ta l n u c le u s . 
The c h o l in e r g i c  p o n tin e  tegmentum a l s o  was found t o  in n e r 
v a te  c e r t a in  b a s a l  f o r e b ra in  a re a s  and b a s a l  g a n g l io n ic  
s t r u c t u r e s .

The f lu o r e s c e n t  t r a c e r s  Evans B lue (EB) and p rop id ium  
io d id e  (P I)  w ere in fu s e d  in to  v a r io u s  s i t e s  in  th e  t h a l a 
mus, te c tu m , b a s a l  f o r e b r a in ,  and b a s a l  g a n g l ia .  B ra in s  
in fu s e d  w ith  EB w ere su b se q u e n tly  s ta in e d  f o r  AChE a c c o rd 
in g  to  th e  pharm aco h is to ch em ica l method ( s e e  B u tc h e r , in  
Handbook o f  Chem ical N euroanatom y, 1 :3 ,  1983, E l s e v ie r )   
and b r a in s  in fu s e d  w ith  P I w ere r e a c te d  w ith  a n t i s e r a  
d i r e c t e d  a g a in s t  ChAT.

ChAT- la b e l  le d  and A C hE-intense neu rons  in  th e  p ed u n cu lo 
p o n tin e  te g m e n ta l n u c leu s  p r o je c te d  p re d o m in an tly  t o  th e  
m id lin e  and p o s te r i o r  th a la m ic  n u c l e i ,  s u p e r io r  c o l l i c u l u s ,  
g lo b u s  p a l l i d u s ,  e n to p ed u n cu la r  n u c le u s , and su b th a lam ic  
n u c le u s . O nly a  few c h o l in e rg ic  p ed u n c u lo p o n tin e  te g m e n ta l 
neu rons  p ro v id e d  in p u ts  t o  a n t e r io r  th a la m ic  n u c le i  and c e r 
t a i n  b a s a l  f o r e b ra in  a r e a s .  The c h o l in e r g i c  n eu rons  o f  th e  
d o r s o l a t e r a l  te g m e n ta l n u c leu s  c o n t r ib u te d  l a r g e ly  t o  th e  
in n e rv a t io n  o f  th e  fo llo w in g  b a s a l  f o r e b r a in  a r e a s :  th e  med
i a l  s e p ta l /d i a g o n a l  band r e g io n ,  m a g n o c e llu la r  p r e o p t ic  
a r e a ,  and l a t e r a l  hypo tha lam us, as  w e ll  a s  t o  th e  a n t e r io r  
and m id lin e  th a lam u s.

The r e s u l t s  o f  th e  p r e s e n t  s tu d y  s u g g e s t t h a t  th e  a scen d 
in g  p r o je c t io n s  o f  th e  c h o l in e r g ic  p o n tin e  tegmentum a r e  
more w id esp read  th a n  p r e v io u s ly  b e l ie v e d .  F u rth e rm o re , a  
rough topo g rap h y  was o b serv ed  f o r  th e s e  a scen d in g  c h o l in e r 
g ic  p ro je c t io n s  w ith  th e  d o r s o l a t e r a l  te g m e n ta l n u c leu s  
in n e rv a t in g  more r o s t r a l  s t r u c t u r e s  and th e  peduncu lopon
t i n e  te g m e n ta l n u c leu s  more c a u d a l a r e a s .

[S u p p o rt: NS-10928 t o  L .L .B .]

341.5  CHOLINERGIC PATHWAYS I :  PROJECTIONS FROM THE BASAL FORE- 
BRAIN TO THE LIMBIC TELENCEPHALON IN THE RAT. N. J .  W bolf,  
F . E c k e n s te in ,  and L. L. B u tc h e r .  B ra in  R esea rch  I n s t i t u t e  
and D ep t. o f  P sy ch o lo g y , U n iv e r s i ty  o f  C a l i f o r n ia ,  Los 
A n g e le s , CA 90024.

C h o lin e rg ic  p r o je c t io n s  t o  r e g io n s  o f  th e  l im b ic  t e l e n 
c e p h a lo n  w ere s tu d ie d  by  m ic ro s c o p ic a l ly  a s s e s s in g  th e  c e l l 
u l a r  c o - l o c a l i z a t i o n  o f  th e  f lu o r e s c e n t  t r a c e r  p rop id ium  
io d id e  (P I)  and  im m unoh is tochem ically  d em o n stra ted  c h o l in e -  
O - a c e ty l t r a n s f  e r a s e  (ChAT) .  P I was in fu s e d  in t o  th e  o l f a c 
to r y  b u lb ,  am ygdala, h ippocam pus, su b icu lu m , and th e  e n to 
r h i n a l ,  p y r ifo rm , c i n g u la t e ,  and in s u l a r  c o r t i c e s .

Numerous n eu rons  in  th e  m e d ia l s e p t a l  n u c leu s  and th e  
v e r t i c a l  and h o r iz o n ta l  lim bs o f  th e  d ia g o n a l band ( f o r  
b a s a l  f o r e b r a in  te rm in o lo g y  u s e d , s e e  B ig l e t  a l . ,  B ra in  
R es , B u l l . , 8 :7 2 7 , 1982) d em o n stra ted  p r o je c t io n s  t o  th e  
h ip p o c an p u s . Of th e s e  o v e r 60% a l s o  c o n ta in e d  ChAT. B asa l 
f o r e b r a in  n eu rons  t h a t  p r o je c te d  t o  th e  o l f a c to r y  b u lb  w ere 
found in  th e  h o r iz o n ta l  lim b  o f  th e  d ia g o n a l band and th e  
m a g n o c e llu la r  p r e o p t ic  a r e a ;  l e s s  th a n  10% o f  th e  b a s a l  
f o r e b r a in  c e l l s  p r o je c t in g  t o  th e  o l f a c to r y  b u lb  w ere 
im m unoreactive f o r  ChAT. The d i s t r i b u t i o n  o f  P I - l a b e l l e d ,  
ChAT- p o s i t i v e  c e l l s  p r o je c t in g  to  th e  am ygdala was s im i la r  
t o  t h a t  r e p o r te d  p r e v io u s ly  (Wbolf & B u tc h e r , B ra in  R es . 
B u l l . , 8 :7 5 1 , 1 982 ).

The h o r iz o n ta l  lim b  o f  th e  d ia g o n a l band c o n ta in e d  c e l l s  
c o - l a b e l l e d  f o r  P I and ChAT fo llo w in g  in fu s io n s  o f  t r a c e r  
i n t o  th e  su b icu lu m  and e n to r h in a l  c o r t i c e s .

The c in g u la t e  c o r te x  re c e iv e d  ChAT -c o n ta in in g  p r o je c 
t i o n s  from  th e  m a g n o c e llu la r  p r e o p t ic  a r e a ,  th e  s u b s t a n t i a  
in n c m in a ta , and th e  n u c le u s  b a s a l i s .  A lmost a l l  o f  th e  
b a s a l  f o r e b r a in  c e l l s  t h a t  p ro je c te d  to  th e  c in g u la t e  c o r 
te x  c o n ta in e d  ChAT. P y rifo rm  and in s u l a r  c o r t i c e s  r e c e iv e d  
s im i l a r  p r o je c t i o n s  from  ChAT- p o s i t i v e  c e l l s  in  th e  h o r iz o n 
t a l  lim b  o f  th e  d ia g o n a l  b an d , m a g n o c e llu la r  p r e o p t ic  a r e a ,  
s u b s t a n t i a  in n c m in a ta , and th e  n u c le u s  b a s a l i s .  The c a u d a l 
m a g n o c e llu la r  p r e o p t ic  a r e a  c o n ta in e d  P I - l a b e l l e d  c e l l s  f o l 
low ing  p y r ifo rm  c o r t e x  in fu s io n s  t h a t  w ere n o t oo - la b e l l e d  
f o r  ChAT.

As in t im a te d  above , th e  c h o l in e r g i c  in n e rv a t io n  o f  th e  
l im b ic  c o r t e x  i s  o rg a n iz e d  in  a  c ru d e  to p o g ra p h ic  f a s h io n .  
The m ost r o s t r a l  c e l l s  in  th e  c h o l in e r g i c  b a s a l  fo r e b ra in  
p r e f e r e n t i a l l y  p r o je c te d  t o  a l l o c o r t i c a l  r e g io n s , w hereas 
th o s e  more c a u d a ll y  s i t u a t e d  p r e f e r e n t i a l l y  in n e rv a te d  in s u 
l a r  and p r o i s o c o r t i c a l  f i e l d s .

[S u p p o rt: NS-10928 t o  L .L .B .]

351. 6  CEREBROSPINAL FLUID (CSF) CHOLINE LEVELS ARE ELEVATED IN 
YOUNG ADULT DOWN SYNDROME SUBJECTS.  J .  H o d e s ,*  A. Kay. * M. 
S c h a p ir o *  I .  H a n in , U. Kopp* S . R a p o p o r t , N. C u t le r  (SPON:
C. G rad y )  L a b o r a to r y  o f  N e u r o s c ie n c e ,  NIA, NIH, 10/6C 103 
B e th e s d a ,  Md. 20205 and U. o f  P i t t s b u r g h ,  W e s te rn  
P s y c h i a t r i c  I n s t i t u t e  and C l i n i c ,  3801 O 'H a ra  S t . ,  P i t t s 
b u rg h ,  PA. 15261

Down syndrom e (DS) i s  t h e  m ost common c o n g e n i t a l  a b n o r 
m a l i t y  w ith  known e t i o l o g y ,  a f f e c t i n g  th e  b r a i n  and  c a u s in g  
m e n ta l  r e t a r d a t i o n .  B r a in s  o f  young a d u l t  DS s u b j e c t s  show 
no c o n s i s t e n t  a b n o r m a l i t i e s ,  b u t  b r a i n s  o f  DS s u b j e c t s ,  
o l d e r  th a n  35 y e a r s ,  show s e n i l e  p l a q u e s ,  n e u r o f i b r i l l a r y  
t a n g l e s ,  g r a n u l o v a c u la r  d e g e n e r a t i o n ,  and re d u c e d  a c t i v i t y  
o f  c h o l in e  a c e t y l t r a n s f e r a s e  and a c e t y l c h o l i n e s t e r a s e .

We exam ined  c h o l in e  c o n c e n t r a t i o n s  (c o n e )  in  CSF from  13 
(8 M, 5 F) DS s u b j e c t s  and 15 M n o rm a l c o n t r o l s  t o  s e e  i f  
t h i s  p u t a t i v e  m ark e r  o f  CNS c h o l i n e r g i c  f u n c t i o n  was a l  
t e r e d .

M ale v o l u n t e e r s ,  5 aged  2 0 -3 5  y r  (mean 2 7 ) and 10 ag ed  
61 -7 7  y r  (m ean=70) w ere  s c re e n e d  f o r  th e  a b s e n c e  o f  p r im a ry  
o r  s e c o n d a ry  b r a i n  d i s e a s e  o r  f o r  c o n d i t i o n s  t h a t  m ig h t 
c o n t r i b u t e  t o  b r a i n  d y s f u n c t io n .  As w e l l ,  10 DS s u b j e c t s  
w i th  p ro v en  t r i s o m y  21 [5 M, 5 F ] aged  2 1 -3 4  y r  (m ean=27) 
and 3 M aged 4 7 -6 3  y r  (mean 5 5 ) w ere s i m i l a r l y  s c r e e n e d .  
S u b je c t s  w ere a d m i t te d  t o  t h e  ward 3 d a y s  p r i o r  to  lu m b ar 
p u n c tu r e  (LP) and f e d  a d i e t  low  in  m o n o am in erg ic  p r e c u r 
s o r s .  S u b j e c t s  w ere  o f f  m e d ic a t io n s  f o r  2 w k s . LP was 
p e rfo rm e d  in  th e  l a t e r a l  rec u m b a n t p o s i t i o n  b e tw e en  0 8 :3 0  -  
1 0 :0 0  f o l lo w in g  8 -1 0  h o u r s  o f  s t r i c t  b e d r e s t .  CSF s a m p le s  
w ere c o l l e c t e d ,  t h e  f i r s t  12 cc  w ere p o o le d  and 1 c c  a l i 
q u o ts  w ere f ro z e n  and s to r e d  a t  -7 0 °C  u n t i l  c h o l i n e  d e t .  
C h o l in e  a s s a y  was p e rfo rm e d  on GC/MS a c c o r d in g  t o  H anin  and 
S k in n e r ,  A n a l. B io c h e m ., 6 6 , 1975.

Norm al s u b je c t s  showed age  d e p e n d e n t  i n c r e a s e s  in  CSF 
c h o l i n e  cone  ( r = 0 .7 6 ;  p < 0 .0 1 ) .  As w e l l ,  t h e  young  (2 0 -3 5  
y r )  DS s u b j e c t s  show ed s i g n i f i c a n t l y  h ig h e r  ( p < 0 .0 5 )  CSF 
c h o l i n e  cone  ( 3 . 4 ±50 0 .5 9  n m o le s /m l)  th a n  th e  young n o rm a ls  
( 2 . 4 ±30 0 .3 9  n m o le s /m l) .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  CSF 
c h o l i n e  cone w ere  d e t e c t e d  in  t h e  2 o l d e r  g r o u p s .

E l e v a t i o n s  o f  CSF c h o l i n e  co n e  in  young DS s u b j e c t s  may 
r e f l e c t  i n c r e a s e s  in  t h e  a c t i v i t y  o f  t h e  c e n t r a l  c h o l i n e r g i c  
s y s te m . T h is  f i n d i n g  i s  c o n s i s t a n t  w i th  t h e  r e p o r t  o f  
i n c r e a s e d  c e r e b r a l  g lu c o s e  u t i l i z a t i o n  in  DS (S c h w a r tz  e t  
a l . ,  S c ie n c e  2 2 1 , 1 9 8 3 ) . P e rh a p s  an i n c r e a s e d  g l o b a l  
c e r e b r a l  m e ta b o l ic  r a t e  in  t h e s e  s u b j e c t s  may b e  r e s p o n s i b l e  
f o r  th e  a p p a re n t  i n c r e a s e s  in  c h o l i n e  c o n e . G ra n t#  MH 26320 
t o  I .H .
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341.7   CHOLINERGIC AND OPIATE INVOLVEMENT IN THE ANTINOCICEPTIVE 
EFFECT OF DIISOPROPYLFLUOROPHOSPHATE.  L . G.  C o s t a ,  a n d  S . D .  
M u r p h y * .  D e p a r t m e n t  o f  E n v i r o n m e n t a l  H e a l t h ,  U n i v e r s i t y  o f  
W a s h i n g t o n ,  S e a t t l e ,  WA 9 8 1 9 5 .

P r e v i o u s  s t u d i e s  ( K o e h n  e t  a l , E u r .  J .  P h a r m a c o l .  6 1 ,   
1 6 7 ,  1 9 8 0 ;  Z o r n ,  C o s t a ,  a n d  M u r p h y ,  T o x i c o l o g i s t  3 ,  1 4 ,   
1 9 8 3 ;  4 ,  1 7 1 ,  1 9 8 4 )  h a v e  s h o w n  t h a t  t h e  a c e t y l c h o l i n e s t e r a s e  
i n h i b i t o r  d i i s o p r o p y l f l u o r o p h o s p h a t e  (D FP ) e x e r t s  a n  a n t i 
n o c i c e p t i v e  e f f e c t  i n  l a b o r a t o r y  a n i m a l s ,  w h i c h  i s  a n t a g o 
n i z e d  b y  m u s c a r i n i c  a n t a g o n i s t s  a n d  b y  t h e  o p i a t e  a n t a g o n i s t  
n a l o x o n e .  T h i s  s u g g e s t s  a n  i n v o l v e m e n t  o f  b o t h  t h e  
c h o l i n e r g i c  a n d  t h e  o p i a t e  s y s t e m  i n  D F P - i n d u c e d  a n t i n o c i 
c e p t i o n .  I n  t h e  p r e s e n t  s t u d y  we h a v e  f u r t h e r  i n v e s t i g a t e d  
t h e  a n t i n o c i c e p t i v e  e f f e c t  o f  DFP u s i n g  a  t a i l - i m m e r s i o n  
t e s t .  DFP ( 3  o r  6  m g / k g ,  i p ,  i n  c o r n  o i l )  c a u s e d  a  d o s e  
d e p e n d e n t  a n t i n o c i c e p t i o n  i n  m i c e  w h i c h  w a s  a n t a g o n i z e d  by  
t h e  m u s c a r i n i c  a n t a g o n i s t  s c o p o l a m i n e  (1 m g / k g . )  N a l o x o n e  
( 2  m g / k g )  a n t a g o n i z e d  t h e  a n t i n o c i c e p t i v e  e f f e c t  o f  t h e  
h i g h e s t  d o s e  o f  DFP ( 6  m g / k g )  b u t  d i d  n o t  a f f e c t  t h e  a n t i 
n o c i c e p t i o n  c a u s e d  b y  3 m g / k g  DFP.  T h e  h y p o t h e r m i c  e f f e c t  
o f  b o t h  d o s e s  o f  DFP w a s  a n t a g o n i z e d  b y  s c o p o l a m i n e  b u t  n o t  
b y  n a l o x o n e .  T w e n t y - f o u r  h o u r s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  
DFP,  c o l o n i c  t e m p e r a t u r e  h a d  r e t u r n e d  t o  c o n t r o l  v a l u e s  i n  
m i c e  t r e a t e d  w i t h  3 o r  6  m g / k g  DFP.  R e a c t i o n  t i m e  i n  a n i 
m a l s  w h i c h  r e c e i v e d  3 m g / k g  DFP d i d  n o t  d i f f e r  f r o m  c o n t r o l .  
H o w e v e r ,  r e a c t i o n  t i m e  w a s  s t i l l  s i g n i f i c a n t l y  h i g h e r  t h a n  
c o n t r o l  i n  m i c e  a d m i n i s t e r e d  6 m g / k g  DFP 2 4 h  e a r l i e r .  
A d m i n i s t r a t i o n  o f  n a l o x o n e  2 4  h a f t e r  6 m g / k g  DFP a n t a g o 
n i z e d  t h i s  r e s i d u a l  a n t i n o c i c e p t i v e  e f f e c t ,  w h i l e  
s c o p o l a m i n e  c a u s e d  o n l y  a  s l i g h t  r e d u c t i o n  i n  r e a c t i o n  t i m e .

T h e s e  r e s u l t s  s u g g e s t  t h a t  a n t i n o c i c e p t i o n  i n d u c e d  b y  a  
l o w  d o s e  o f  DFP i s  p r i m a r i l y  d u e  t o  a  c h o l i n e r g i c  m e c h a n i s m ,  
w h i l e  h i g h e r  d o s e s  a p p e a r  t o  a f f e c t  a l s o  t h e  o p i a t e  s y s t e m .  
S i n c e  we h a v e  s h o w n  ( Z o r n  e t  a l , 1 9 8 4 )  t h a t  DFP ( 6  m g / k g )  
i n c r e a s e s  m e t - e n k e p h a l i n  l e v e l s  i n  t h e  b r a i n ,  i t  i s  
p o s s i b l e  t h a t  h i g h e r  d o s e s  o f  DFP m i g h t  i n t e r f e r e  w i t h  
e n k e p h a l i n  m e t a b o l i z i n g  e n z y m e s .  T h i s  w o u l d  a g r e e  w i t h  
i n  v i t r o  s t u d i e s  s h o w i n g  t h a t  h i g h e r  c o n c e n t r a t i o n s  o f  DFP 
a r e  r e q u i r e d  t o  i n h i b i t  t h e  p e p t i d a s e  a c t i v i t y  o f  a c e t y l 
c h o l i n e s t e r a s e  ( C h u b b  e t  a l , N e u r o s c i .  5 , 2 0 6 5 ,  1 9 8 0 ;  1 0 ,  
1 3 6 9 ,  1 9 8 3 )  t h a n  i t s  e s t e r a s e  a c t i v i t y ( S u p p o r t e d  i n  p a r t  
b y  NIEHS g r a n t  ES 0 3 4 2 4 ) .

341.8  CHOLINERGIC (CH) RECEPTORS IN THE RAT OLFACTORY BULB:  
NICOTINIC (N) AND MUSCARINIC (M) CHOLINERGIC RECEPTORS ARE 
SEGREGATED AND COINCIDE WITH ACETYLCHOLINESTERASE (AChE).
G. B la h a , W. B la i r ,  W.T. N lc k e ll  and M.T. S h ip le y .  
U n iv e r s i ty  o f C in c in n a t i  C o lleg e  o f M ed ic ine , C in c in n a t i ,  
OH 45267-0521.

We r e p o r t  t h a t  th e  a d u l t  r a t  o l f a c to r y  b u lb  h as  a  
d i s t i n c t i v e  p a t te r n  o f  AChE s t a i n in g .  High le v e l s  a re  
p r e s e n t  in  th e  g lo m e ru la r  l a y e r ,  th e  deep h a l f  o f th e  
e x t e r n a l  p le x ifo rm  la y e r  ( e p l )  and th e  i n t e r n a l  p le x ifo rm  
la y e r  ( i p l ) .  L e v e ls  a r e  s l i g h t l y  low er in  th e  s u p e r f i c i a l  
h a l f  o f e p l  and in  p a r t s  o f th e  g ra n u le  c e l l  l a y e r .  There 
a r e  no i n t r i n s i c  c h o l in e r g ic  (Ch) neu rons  in  th e  b u lb ; th e  
m ajo r so u rce  o f Ch in p u t  a r i s e s  in  th e  d ia g o n a l band (DB) 
(M acrid e s , e t . a l . , '8 1 ; Van Ooteghem, e t . a l . , ' 8 3 ) .  In  DB 
a t  l e a s t  88%  of a l l  AChE + neu rons  c o n ta in  ChAT 
( Eckens t e i n & S o fro n iew , '8 3 ) ,  s t r o n g ly  i n d i c a t in g  th a t  
th e y  a r e  c h o l in e r g i c .  A n terog rade  t r a n s p o r t  o f WGA-HRP 
io n to p h o re se d  in t o  DB la b e le d  f i b e r s  and te rm in a ls  in  i p l ,  
e p l  and w ith in  th e  g lo m e ru li .

C h o lin e rg ic  r e c e p to r  s i t e s  w ere lo c a l i z e d  u s in g  th e  
a u to ra d io g ra p h ic  te c h n iq u e  o f (Young and K uhar, '7 9 ) .  The 
l ig a n d  f o r  n i c o t in i c  (N) re c e p to r s  was 125I - α -
b u n g a ro to x in  ( α-B T); l ig a n d s  f o r  m u sc a rin ic  (M) r e c e p to r s  
w ere 3H -scopolam ine (Scop) and 3H-QNB.

α-BT b in d in g  i s  a lm o st e x c lu s iv e ly  r e s t r i c t e d  to  th e  
g lo m e ru li .  In  s e c t io n s  in c u b a te d  p r io r  to  f i x a t io n  th e r e  
was o c c a s io n a l ly  α-BT b in d in g  in  th e  deep h a l f  o f e p l .  By 
c o n t r a s t ,  Scop and QNB b in d in g  was low in  g lo m e ru li and 
v e ry  h ig h  th ro u g h o u t e p l  and i p l  w ith  some b in d in g  in  th e  
g ra n u le  c e l l  la y e r  ( g e l ) .

These r e s u l t s  su g g e s t t h a t  n i c o t in i c  r e c e p to r s  a re  
lo c a l i z e d  m ain ly  in  th e  g lo m e ru li w h ile  m u sc a rin ic  
r e c e p to r s  a re  p re s e n t  in  e p l ,  i p l  and in  some p a r t s  o f 
g e l .  Such s t r i c t  la m in a r s e g re g a t io n  o f N and M r e c e p to r s  
w ith in  th e  same n e u ra l  s t r u c t u r e  has  n o t been  re p o r te d  f o r  
any o th e r  p a r t  o f th e  b r a in .  These r e s u l t s  s u g g e s t t h a t  
DB-Ch in p u ts  may a c t  upon two fu n d am en ta lly  d i f f e r e n t  
r e c e p to r s  ( " f a s t "  and "s lo w ") a t  two d i f f e r e n t  l e v e l s  o f 
f u n c t io n a l  p ro c e s s in g  in  MOB. The d i s t r i b u t i o n  o f N and M 
r e c e p to r s  p r e c i s e ly  m atches th e  d i s t r i b u t i o n  o f AChE 
in d ic a t in g  th a t  t h i s  enzyme i s  a r e l i a b l e  m arker f o r  Ch 
sy n ap ses  in  th e  b u lb .

S upported  by: NIH NS 19730, NINCDS 18490; US ARMY
DAMD-82-C-227 2 and DOD DAA G -83-G -0064.

341. 9   AN INTRACELLULAR STUDY OF THE EFFECTS OF ACETYLCHOLINE ON 
NEONATAL RAT DORSAL HORN NEURONS IN VITRO.  R .C . Ma* and  
N . J .  Dun,  D ep t. o f  P h a rm a co l., L oyola U niv . Med. C t r . ,  
Maywood, IL 60153

I n t r a c e l l u l a r  r e c o rd in g s  w ere o b ta in e d  from d o r s a l  horn  
neu ro n s  in  th e  lam ina  I I I -V  o f  th e  n e o n a ta l  (5 -18  days o ld )  
r a t  s p in a l  co rd  s l i c e s .  S u p e rfu s io n  o f  a c e ty lc h o l in e  (ACh, 
 0.1 -1  mM) caused  a  membrane d e p o la r iz a t io n  in  n e a r ly  ev e ry  
d o r s a l  h o rn  n eu ron  t e s t e d  and th e  re sp o n se  was m arkedly  po
t e n t i a t e d  by th e  a n t i - c h o l in e s t e r a s e  a g e n t ,  e s e r in e   
(0 .5  µM). The A Ch-induced d e p o la r iz a t io n  p e r s i s te d  in  low 
C a/h ig h  Mg s o lu t i o n .  However, th e  e x c i ta t o r y  p o te n t i a l s  
t h a t  o c c u rre d  sp o n ta n e o u s ly  in  th e  d o r s a l  h o rn  c e l l s  were 
r e v e r s ib l y  a b o lis h e d  by low Ca s o lu t i o n .  Four ty p e s  o f 
c h o l in e r g i c  re sp o n se s  cou ld  be d is t in g u is h e d  on th e  b a s is  
o f t h e i r  s u s c e p t i b i l i t y  to  n i c o t in i c  and m u s c a rin ic  a n ta g 
o n i s t s .  In  th e  f i r s t  ty p e  w hich r e p re s e n t s  th e  m a jo r i ty  o f  
neu ro n s  sam p led , th e  ACh d e p o la r iz a t io n  was co m p le te ly  and 
r e v e r s ib l y  b lo c k ed  by n i c o t i n i c  a n ta g o n is ts  hexamethonium 
(0 .1  mM) o r  d - tu b o c u ra r in e  (50 µM), and i r r e v e r s i b l y  by 
a -b u n g a ro to x in  (1 µM ). Second, th e  d e p o la r iz a t io n  was 
m arked ly  reduced  by n i c o t in i c  a n ta g o n is ts  and th e  r e s id u a l  
re sp o n se  co u ld  be co m p le te ly  a b o lis h e d  by a t ro p in e  (1 µM). 
T h ird ,  th e  ACh d e p o la r iz a t io n  was g r e a t ly  a t te n u a te d  by 
a t ro p in e  and th e  rem ain ing  sm a ll d e p o la r iz a t io n  cou ld  be 
e l im in a te d  by n i c o t i n i c  a n t a g o n is t s .  F in a l ly ,  m u sc a rin ic  
a g o n is t s  caused  a  h y p e rp o la r iz a t io n  w hich was r e v e r s ib ly  
b lo c k ed  by low C a/h igh  Mg s o lu t io n  and te t r o d o to x in  (1 µM) 
i n  a  v e ry  few c e l l s  sam pled , s u g g e s tin g  th a t  th e  re sp o n se  
may be caused  by th e  r e l e a s e  o f  a second  t r a n s m i t t e r .  The 
n i c o t i n i c  d e p o la r iz a t io n  was accom panied in  m ost c a se s  by 
a  d e c re a s e  o f  in p u t  r e s i s ta n c e  and h y p e rp o la r iz a t io n  i n 
c re a se d  th e  r e s p o n s e . W hereas, th e  m u s c a r in ic  d e p o la r 
i z a t i o n  was a s s o c ia te d  w ith  an in c re a s 'e  o f  in p u t  r e s i s ta n c e  
i n  a  number o f  c e l l s . The m u s c a r in ic  h y p e rp o la r iz a t io n  was 
a s s o c ia te d  w ith  a d e c re a s e  i n  membrane r e s i s ta n c e  and mem
b ra n e  h y p e r p o la r iz a t io n  reduced  th e  r e s p o n s e . The r e s u l t s  
su g g e s t t h a t  d o r s a l  h o rn  neu ro n s  a re  endowed w ith  n i c o t in i c  
and m u s c a r in ic  r e c e p to r s  th e  d i s t r i b u t i o n  o f  w hich may v a ry  
from  c e l l  to  c e l l ,  and th e  e l e c t r o p h y s io lo g ic a l  c h a r a c te r 
i s t i c s  o f  th e  n i c o t in i c  and m u s c a rin ic  d e p o la r iz a t io n  o r  
h y p e r p o la r iz a t io n  a re  s im i la r  in  many r e s p e c t s  to  th o s e  r e 
p o r te d  in  th e  p e r ip h e r a l  au tonom ic n e u ro n s . (S uppo rted  by 
NIH G ran t NS 18710)

341.10   EFFECTS OF DIAZEPAM ON SOMAN AND ATROPINE INDUCED CHANGES 
IN LEVEL OF ACETYLCHOLINE IN RAT BRAIN AREAS.  T . - M .  S h i h  
a n d  B . A .  B a r n e y *  ( S P ON: J . A .  R o m a n o ) .  US Army  Med .  R e s .
I n s t .  Che m . D e f . ,  A b e r d e e n  P r o v i n g  G r o u n d ,  MD 2 1 0 1 0

I n  a d d i t i o n  t o  a t r o p i n e  ( ATR) a n d  o x i m e s ,  d i a z e p a m  (D IA ) 
h a s  o c c a s s i o n a l l y  b e e n  a d d e d  t o  t h e  t r e a t m e n t  r e g i m e n  f o r  
a n t i c h o l i n e s t e r a s e  ( A n t i C h E )  p o i s o n i n g ,  p r i n c i p a l l y  f o r  i t s  
a b i l i t y  t o  s u p p r e s s  s e i z u r e  a c t i v i t y  a n d  c o n v u l s i o n s .  E l e 
v a t e d  l e v e l s  o f  a c e t y l c h o l i n e  (ACh) i n d u c e d  b y  A n t i C h E  i n  
t h e  c e n t r a l  n e r v o u s  s y s t e m  h a v e  b e e n  t h o u g h t  t o  b e  r e s p o n s i 
b l e  f o r  t h e  s e i z u r e  a n d  c o n v u l s i o n s .  A l t h o u g h  b o t h  so m a n  
( G D ) ,  a  p o t e n t  A n t i C h E ,  a n d  ATR, a  m u s c a r i n i c  a n t a g o n i s t ,  
a f f e c t  t h e  c h o l i n e r g i c  s y s t e m ,  t h e  a c t i o n s  p r o d u c e d  b y  t h e s e  
t w o  s u b s t a n c e s  a r e  m a r k e d l y  d i f f e r e n t .  We h a v e  a t t e m p e d  t o  
e x a m i n e  ( 1 )  t h e  e f f e c t s  o f  DIA on ACh l e v e l s  i n  t h e  a b s e n c e  
o r  p r e s e n c e  o f  GD o r  ATR i n  d i s c r e t e  r a t  b r a i n  a r e a s  a n d  ( 2 )  
t h e  a c t i o n  o f  DIA on  t h e  c h o l i n e r g i c  s y s t e m .  R a t s  w e r e  
t r e a t e d  w i t h  n o r m a l  s a l i n e  ( 0 . 5  m l / k g ,  s . c . ) ,  DIA ( 2 . 5  o r   
5 . 0  m g / k g ,  i . m . ) ,  GD ( 1 0 0  µ g / k g ,  s . c . )  a n d  ATR ( 1 6  m g / k g ,  
i . m . )  a l o n e  o r  i n  c o m b i n a t i o n .  T h i r t y  m in  a f t e r  t r e a t m e n t ,  
a n i m a l s  w e r e  k i l l e d  b y  m i c r o w a v e  r a d i a t i o n  f o c u s e d  o n  t h e  
h e a d .  B r a i n s  w e r e  d i s s e c t e d  i n t o  b r a i n s t e m  ( B )  c o r t e x  ( C ) ,  
h i p p o c a m p u s  ( H ) ,  m i d b r a i n  (M) a n d  s t r i a t u m  ( S )  a n d  ACh w a s  
q u a n t i t a t i v e l y  a n a l y z e d  b y  g a s  c h r o m a t o g r a p h / m a s s  s p e c t r o 
m e t r y .  ACh w a s  s i g n i f i c a n t l y  i n c r e a s e d  b y  GD b u t  d e c r e a s e d  
b y  ATR i n  b r a i n  a r e a s  C,  H,  M a n d  S .  DIA a l o n e  p r o d u c e d  a  
d o s e - r e l a t e d  i n c r e a s e  o f  ACh i n  C,  M a n d  S ;  a  d e c r e a s e  i n  B,  
a n d  n o  c h a n g e  i n  H. E x c e p t  i n  B,  n e i t h e r  d o s e  o f  DIA b l o c k 
e d  t h e  G D - i n d u c e d  ACh e l e v a t i o n ,  b u t  b o t h  d o s e s  o f  DIA r e 
v e r s e d  t h e  A T R - i n d u c e d  ACh r e d u c t i o n .  N e i t h e r  ATR a l o n e  n o r  
DIA a t  a  d o s e  o f  2 . 5  m g / k g  p l u s  ATR r e v e r s e d  t h e  e l e v a t e d  
ACh l e v e l s  p r o d u c e d  b y  GD. DIA,  h o w e v e r ,  a t  5 . 0  m g / k g ,  wh en  
c o m b i n e d  w i t h  ATR a n d  GD, d i d  b r i n g  t h e  ACh b a c k  t o  c o n t r o l  
l e v e l s .  I n  a l l  i n s t a n c e s ,  t h e  l e v e l s  o f  ACh i n  t h e  B o f  
r a t s  t r e a t e d  w i t h  t h e  DIA w e r e  c o n s i s t e n t l y  a n d  s i g n i f i c a n t 
l y  l o w e r  t h a n  c o n t r o l .  T h e s e  d a t a  s u g g e s t  t h a t  ACh l e v e l s  
a r e  d i f f e r e n t i a l l y  a f f e c t e d  b y  DIA i n  d i f f e r e n t  b r a i n  r e 
g i o n s ,  p e r h a p s  d e p e n d e n t  on  t h e  d e n s i t y  o f  G A B A e r g i c  i n n e r 
v a t i o n .  DIA d o e s  n o t  a f f e c t  i n c r e a s e d  ACh l e v e l s  i n d u c e d  b y  
GD, b u t  r e v e r s e s  t h o s e  c h a n g e s  p r o d u c e d  b y  ATR, i n d i c a t i n g  a  
p r e s y n a p t i c  a c t i o n  o f  DIA,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  a t  
c h o l i n e r g i c  t e r m i n a l s .  R e v e r s a l  o f  GD i n d u c e d  ACh e l e v a t i o n  
b y  t h e  h i g h  d o s e  o f  DIA p l u s  ATR m i g h t  p a r t i a l l y  b e  r e s p o n s i 
b l e  f o r  D I A ' s  a n t i c o n v u l s i v e  e f f e c t s  i n  A n t i C h E  p o i s o n i n g .
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34 1.1 1  TOXICITY AND TISSUE CHOLINESTERASE ACTIVITY FOLLOWING
SOMAN, ATROPINE AND H I - 6  TREATMENT.  T . A .  K o v i a k * ,  T . - M . 
S h i h ,  O. B . S m i t h * ,  A. K a m i n s k i s * ,  a n d  C . E .  W h a i l e y .  US Army 
M ed.  R e s .  I n s t .  Chem . De f . ,  A b e r d e e n  P r o v i n g  G r o u n d ,  M a r y 
l a n d  2 1 0 1 0 .

C o m b i n e d  t r e a t m e n t  w i t h  a t r o p i n e  s u l f a t e  (ATS) a n d  H I - 6  
h a s  b e e n  s h o w n  t o  b e  e f f e c t i v e  i n  p r o t e c t i n g  r a t s  a n d  m i c e  
f r o m  a p p r o x i m a t e l y  5 LD50 o f  o r g a n o p h o s p h o r u s  s o m a n  i n t o x i 
c a t i o n .  T h e  p r i m a r y  a n t i d o t a l  a c t i o n  o f  H I - 6  i s  t h o u g h t  t o  
b e  d u e  t o  r e a c t i v a t i o n  o f  t h e  s o m a n - i n h i b i t e d  c h o T i n e s t e r a s e  
( C h E ) .  We h a v e  c o n d u c t e d  a  s e r i e s  o f  s t u d i e s  i n  r a t s  t o  
e v a l u a t e  t h e  p r o t e c t i v e  e f f e c t s  o f  H I - 6  a l o n e  o r  i n  c o m b i n a 
t i o n  w i t h  ATS on b o t h  s o m a n - i n d u c e d  t o x i c i t y  a n d  s o m a n -  
i n d u c e d  d e p r e s s i o n  o f  t i s s u e  ChE a c t i v i t y .  I n  t h e  2 4 - h r  
s o m a n  l e t h a l i t y  s t u d y ,  t r e a t m e n t  w i t h  H I - 6  ( 1 2 5  m g / k g ,  i . p . )  
a l o n e  a n d  ATS ( 1 6  m g / k g ,  i . m . )  a l o n e  a f f o r d e d  p r o t e c t i v e  
r a t i o s  (P R )  o f  2 . 5  a n d  1 . 2 ,  r e s p e c t i v e l y .  T h e  c o m b i n a t i o n  
o f  ATS p l u s  H I - 6  p r o v i d e d  a  PR o f  5 . 5 .  I n  t h e  ChE s t u d y ,  
r a t s  w e r e  k i l l e d  3 0  m i n  p o s t - t r e a t m e n t ,  a n d  t o t a l  ChE a c t i v 
i t y  w a s  a n a l y z e d  b y  a n  a u t o m a t e d  c o l o r i m e t r i c  m e t h o d .  Soman 
( 1 0 0  µ g / k g ,  s . c . )  p r o d u c e d  a  m a r k e d  d e p r e s s i o n  o f  ChE i n  a l l  
t i s s u e s  s t u d i e d ,  e x c e p t  i n  l i v e r  a n d  d u o d e n u m ,  w h e r e  no 
c h a n g e  f r o m  c o n t r o l  v a l u e s  o c c u r r e d .  T r e a t m e n t  w i t h  H I - 6  
o r  ATS a l o n e  d i d  n o t  a f f e c t  t i s s u e  ChE l e v e l s .  T h e  % o f  ChE 
i n h i b i t i o n  f o l l o w i n g  s o m a n  (1 0 0  u g / k g ,  s . c . )  a n d  so m a n  p l u s  
H I - 6  t r e a t m e n t ,  r e s p e c t i v e l y ,  i n  t h e  t i s s u e s  w e r e  a s  f o l 
l o w s :  p l a s m a  9 3 . 6 ,  5 3 . 2 ;  r e d  b l o o d  c e l l s  8 7 . 4 ,  2 6 . 2 ;  b r a i n 
s t e m  7 5 . 2 ,  7 2 . 3 ;  c e r e b r a l  c o r t e x  7 6 . 3 ,  7 0 . 2 ;  h i p p o c a m p u s  
8 6 . 1 ,  8 6 . 0 ;  m i d b r a i n  7 5 . 0 ,  7 0 . 2 ;  c e r e b e l l u m  8 1 . 3 ,  7 7 . 0 ;  
s t r i a t u m  5 6 . 6 ,  5 0 . 7 ;  l u n g  9 5 . 4 ,  8 7 . 1 ;  d i a p h r a g m  7 0 . 0 ,  3 8 . 0 ;  
i n t e r c o s t a l  m u s c l e  5 3 . 8 ,  3 1 . 2 ;  s k e l e t a l  m u s c l e  4 7 . 5 ,  2 3 . 0 ;  
h e a r t  7 6 . 5 ,  6 9 . 2 ;  a o r t a  6 5 . 7 ,  7 . 4 ;  s a l i v a r y  g l a n d  6 9 . 1 ,
3 6 . 4 ;  a d r e n a l  g l a n d  7 1 . 5 ,  5 9 . 3 ;  k i d n e y  5 9 . 7 ,  3 8 . 8 ;  a n d  
s p l e e n  5 4 . 4 ,  3 5 . 0 .  A d d i t i o n  o f  ATS t o  H I - 6  t r e a t m e n t  d i d  
n o t  p r o v i d e  f u r t h e r  r e d u c t i o n  o f  ChE i n h i b i t i o n  a l r e a d y  a f 
f o r d e d  b y  H I - 6  a l o n e  i n  s o m a n  t r e a t e d  t i s s u e s ;  t h e  a d d i t i o n 
a l  c e n t r a l  p r o t e c t i o n  p r o v i d e d . b y  ATS a d m i n i s t r a t i o n  wa s  
h o w e v e r  i m p o r t a n t  f o r  s u r v i v a l .  T h e s e  r e s u l t s  s u g g e s t  t h a t  
H I - 6  a l o n e  c a n  p r o t e c t  a g a i n s t  so m a n  t o x i c i t y  t o  a  c e r t a i n  
d e g r e e ,  a n d  t h a t  t h i s  p r o t e c t i v e  e f f e c t  o f  H I - 6  m ay  b e  a t 
t r i b u t e d  t o  i t s  a b i l i t y  t o  r e a c t i v a t e  s o m a n  i n h i b i t e d  p e r i 
p h e r a l  t i s s u e  ChE a c i t i v t y .

341. 12  RATE. PATTERN AND TIME-COURSE OF CARBACHOL-INDUCED PONTO- 
GENICULO-OCCIPITAL (PGO) WAVES. H .A . Baghdoyan* R.W. 
M cC arley  and  J .A .  H o b so n .  L ab . o f  N e u r o p h y s io l . ,  H a rv a rd  
M e d ic a l S c h o o l ,  B o s to n , MA 0 2 1 1 5 .

C h o l in e r g i c  m ic r o s t i m u l a t i o n  o f  t h e  r e t i c u l a r  f o rm a t io n  
(RF) p ro d u c e s  a  s t a t e  c h a r a c t e r i z e d  by  t h e  m a jo r  e l e c t r o 
g r a p h ic  and  b e h a v io r a l  p a r a m e te r s  o f  d e s y n c h r o n iz e d  (D) 
s l e e p .  The i n d u c t i o n  o f  t h i s  s t a t e  by  m i c r o i n j e c t i o n  o f  
c a rb a c h o l  (D ca rb ) i s  s p e c i f i c  t o  t h e  p o n t in e  RF, and  t h e  
ty p e  o f  e l e c t r o g r a p h i c  syndrom e p ro d u c e d  i s  d e p e n d e n t  upon  
t h e  s i t e  o f  d ru g  a d m i n i s t r a t i o n  w i t h in  t h e  p o n s .  The p u r p o s e  
o f  t h i s  s tu d y  i s  t o  q u a n t i t a t i v e l y  c h a r a c t e r i z e  t h e  r a t e ,  
p a t t e r n  and  t im e - c o u r s e  o f  PGO wave a c t i v i t y  p ro d u c e d  by  
c a rb a c h o l  m i c r o i n j e c t i o n  i n t o  t h e  p e r i - a b d u c e n s  r e g i o n .

C a ts  w ere  im p la n te d  w i th  s ta n d a r d  p o ly g r a p h ic  r e c o r d in g  
e l e c t r o d e s  f o r  s c o r i n g  s t a t e  and  s t a i n l e s s  s t e e l  g u id e  tu b e s  
a im ed  a t  t h e  p o n t in e  RF f o r  m i c r o i n j e c t i o n  o f  c a r b a c h o l  (4ug 
in  5 0 0 n l s a l i n e ) .  B a s e l in e  (no i n j e c t i o n )  r e c o r d in g s  s e rv e d  
a s  c o n t r o l s .  The PGO r a t e  by  b e h a v io r a l  s t a t e  a n a l y s i s  
show ed t h a t  a f t e r  c a r b a c h o l ,  PGO f r e q u e n c y  was i n c r e a s e d  
d u r in g  w ak in g  (W) fro m  0 .0 1  w a v e s /s e c  t o  0 .6 3  w /s  and  d u r in g  
D s l e e p  from  0 .5 0  w /s  t o  2 .0 0  w / s .  The p a t t e r n  a n a l y s i s  r e 
v e a le d  t h a t :  t h e  num ber o f  PGO wave c l u s t e r s  ( ≥  3 w av es) was 
i n c r e a s e d  from  142 d u r in g  p h y s i o l o g i c a l  D s l e e p  t o  412 d u r 
in g  D carb  (+190% ), t h e  n o . o f  p a i r s  was d e c r e a s e d  fro m  100 
t o  40 (-60% ) and  t h e  n o . o f  s i n g l e  PGO w aves was r e d u c e d  
fro m  234 t o  34 ( -8 5 % ). P a t t e r n  a n a l y s i s  a l s o  show ed a  r e g u 
l a r  a l t e r n a t i o n  b e tw e e n  c l u s t e r s  o f  h ig h  and  low  a m p l i tu d e ,  
w i th  a  m ean num ber o f  6 .6  c l u s t e r s  a l t e r n a t i n g  in  s e q u e n c e  
( r a n g e :2 - 2 3  c l u s t e r s / s e q u e n c e ) . Such  r e g u l a r  a l t e r n a t i o n s  
a l s o  w ere  s t a t e - d e p e n d e n t ,  o c c u r r in g  d u r in g  e p i s o d e s  o f  
D carb  b u t  n o t  d u r in g  W o r  b a s e l i n e .  T im e -c o u rs e  a n a l y s i s  
was o b t a in e d  by  o p e r a t i o n a l l y  d e f i n i n g  an  e p o c h  fro m  D en d  
t o  D en d  ( o r  D carb  end  t o  D carb  en d ) and  e x p r e s s in g  t h e  d u r 
a t i o n  o f  e a c h  ep o ch  a s  a  p e r c e n t  o f  ep o ch  c o m p le te d  ( 0 - 100%). 
U n d er c o n t r o l  c o n d i t i o n s  PGO wave a c t i v i t y  was m ax im al a t  
80% i n t o  t h e  ep o ch  and f o l lo w in g  a d m i n i s t r a t i o n  o f  c a r b a 
c h o l  m axim al PGO wave a c t i v i t y  was r e a c h e d  by  50% i n t o  t h e  
ep o ch  and  r e m a in e d  a t  p e a k  l e v e l  u n t i l  t h e  end  o f  t h e  e p o c h .

T h e se  a n a ly s e s  p r o v id e  t h e  f i r s t  q u a n t i t a t i v e  d a t a  on PGO 
wave a c t i v i t y  e v o k ed  by m i c r o s t i m u l a t i o n  o f  c a r b a c h o l  i n t o  
t h e  p e r i - a b d u c e n s  a r e a .  F u r th e r  a n a ly s e s  o f  PGO a c t i v i t y  
p ro d u c e d  by  c h o l i n e r g i c  m i c r o s t i m u l a t i o n  o f  m ore r o s t r a l   
p o n t in e  s i t e s  w i l l  p r o v id e  im p o r ta n t  i n f o r m a t io n  a b o u t  t h e  
o p t im a l  r e g i o n  f o r  c h o l i n e r g i c  e v o c a t io n  o f  D s l e e p .  
S u p p o r te d  by  g r a n t s :  MH 13923 and  NRSA 14275 t o  HAB.

3 4 1 . 1 3   S P E C I F I C  BINDING OF [ 3 H]-HEMICHOL IN IUM-3 TO RAT BRAIN 
MEMBRANES.  K. S a n d b e r g  a n d  J . T .  C o y l e .  T he J o h n s  H o p k i n s  
M e d i c a l  S c h o o l ,  D e p t .  P s y c h i a t r y ,  D i v .  C h i l d  P s y c h . ,  
B a l t i m o r e ,  MD 2 1 2 0 5 .

H e m i c h o l i n i u m - 3  ( H C h - 3 )  i s  a  p o t e n t  a n d  s p e c i f i c  i n h i b i t o r  
o f  t h e  h i g h  a f f i n i t y  u p t a k e  p r o c e s s  f o r  c h o l i n e  l o c a l i z e d  on  
c h o l i n e r g i c  n e u r o n s .  I n  t h i s  i n v e s t i g a t i o n ,  t h e  s p e c i f i c  
b i n d i n g  o f  L3 H ] - H C h - 3  ( 1 2 0  C i / m m o l ;  NEN) t o  c r u d e  s y a n p t i c  
m e m b r a n e s  (Mb ) p r e p a r e d  f r o m  r a t  b r a i n  w a s  c h a r a c t e r i z e d .  
T h e  l i g a n d - M b  c o m p l e x  w a s  i s o l a t e d  b y  r a p i d  f i l t r a t i o n  w i t h  
a  B r a n d e l l  C e l l  H a r v e s t e r  o n  g l a s s  f i b e r  f i l t e r s  ( # 3 2 ;  
S c h e i c h e r t  a n d  S c h u e l l ) ,  w h i c h  h a d  b e e n  p r e - s o a k e d  i n  0 . 1 %  
( v / v )  p o l y e t h y l e n i m i n e  s o l u t i o n  t o  r e d u c e  n o n - s p e c i f i c  
b i n d i n g .  S p e c i f i c  b i n d i n g  w a s  d e f i n e d  a s  t h e  t o t a l  b i n d i n g  
m i n u s  t h a t  o c c u r r i n g  i n  t h e  p r e s e n c e  o f  1 0 0  µM H C h - 3 .

S p e c i f i c  b i n d i n g  o f  [ 3 H ] - H C h - 3  ( 1 0  nM) r e a c h e d  e q u i l i b r i u m  
b y  30  m i n  a t  t h e  pH o p t i m u m  o f  8 . 0  i n  5 0  mM g l y c y l g l y c i n e  
b u f f e r  c o n t a i n i n g  2 0 0  mM N a C l .  T h e  t e m p e r a t u r e  o p t i m u m  w a s  
2 5 ° C  a n d  s p e c i f i c  b i n d i n g  w a s  a b o l i s h e d  b y  p r i o r  h e a t  d e n a 
t u r a t i o n  o f  t h e  Mb.  S p e c i f i c  b i n d i n g  o f  [ 3 H ] - H C h - 3  e x h i b i 
t e d  t i s s u e  l i n e a r i t y  b e t w e e n  2 0 0 - 6 0 0  µq p r o t e i n .  U n d e r  t h e s e  
c o n d i t i o n s ,  t h e  s p e c i f i c  b i n d i n g  o f  [ J H ] - H C h - 3  t o  f o r e b r a i n  
Mb w a s  s a t u r a b l e  a n d  r e v e r s i b l e ;  S c a t c h a r d  a n a l y s i s  r e v e a l 
e d  a  KD o f  3 6 - 4 0  nM, Bma x  o f  3 1 2  f m o l e s / m g  p r o t e i n  w i t h  a  
H i l l  c o e f f i c i e n t  o f  1 . 0 .

C h o l i n e  d i s p l a c e d  [ 3 H] - H C h - 3  b i n d i n g  w i t h  a  IC5 0  o f  45 µM. 
A t  1 0 0  µM c o n c e n t r a t i o n ,  t h e  f o l l o w i n g  i n h i b i t i o n  o f  t h e  
s p e c i f i c  b i n d i n g  o f  [ 3 H ] - H C h - 3  w a s  o b s e r v e d  w i t h  c h o l i n e  
a n a l o g u e s :  N - i s o p r o p y l c h o l i n e  (5 8%  ± 6 ) ;  N - b u t y l c h o l i n e   
(3 5%  ± 2 ) ;  N - e t h y l c h o l i n e  ( 5 9  ± 6 ) ;  b e n z y l c h o l i n e  ( 3  ± 1 % ) ;  
t h i s  p r o f i l e  c o r r e l a t e s  w i t h  t h e  p o t e n c y  o f  t h e s e  a n a l o g u e s  
t o  i n h i b i t  [ 3 H ] - c h o l i n e  u p t a k e .  T he s p e c i f i c  b i n d i n g  o f  
[ 3 H ] - H C h - 3  e x h i b i t e d  a n  u n e v e n  r e g i o n a l  d i s t r i b u t i o n  i n  t h e  
a d u l t  r a t  b r a i n  w i t h  t h e  f o l l o w i n g  v a l u e s  ( p m o l e s / m g  p r o 
t e i n ) :  s t r i a t u m ,  5 0 . 2  ± 6 . 9 ;  h i p p o c a m p u s , ,  1 4 . 1  ±  2 . 3 ;  c o r 
t e x ,  1 6 . 5  ± 3 . 2 ;  c e r e b e l l u m ,  6 . 8  ± 1 . 1 ;  m i d b r a i n - h y p o t h a l a 
m u s ,  5 . 2  ± 1 . 0 ;  p o n s - m e d u l l a ,  3 . 9  ± 0 . 5 .

T h e s e  p r e l i m i n a r y  f i n d i n g s  s u g g e s t  t h a t  [ 3 H ] - H C h - 3  b i n d s  
t o  t h e  c a r r i e r - s i t e  m e d i a t i n g  t h e  h i g h  a f f i n i t y  u p t a k e  o f  
c h o l i n e  o n  c h o l i n e r g i c  n e u r o n s ;  t h u s ,  t h i s  l i g a n d  m ay  b e  a  
u s e f u l  p r o b e  f o r  i n v e s t i g a t i n g  t h e  p r e s y n a p t i c  c o m p o n e n t  o f  
c h o l i n e r g i c  n e u r o n s .

S u p p o r t e d  b y  USPHS r e s e a r c h  g r a n t  N S - 1 8 4 1 4  a n d  RSDA T y p e  
I I  M H - 0 0 1 2 5 .

3 4 1 .1 4   CHARACTERIZATION OF PHOSPHOLIPASES INVOLVED IN RECEPTOR- 
MEDIATED ARACHIDONIC ACID RELEASE.  C .  F o r r a y ,  M. M c K i n n e y ,  
a n d  E .  R i c h e l s o n .   D e p t .  P h a r m a c o l o g y  an d  P s y c h i a t r y ,  Mayo 
F d n .  an d  Mayo C l i n i c ,  R o c h e s t e r ,  MN 5 5 9 0 5 .

R e c e n t l y ,  we d e m o n s t r a t e d  t h a t  i n  t h e  m u r i n e  n e u r o b l a s 
t o m a  c l o n e  N 1 E - 1 1 5 ,  m u s c a r i n i c  ( M l )  an d  h i s t a m i n e  (H1 ) r e 
c e p t o r s  s t i m u l a t e  c y c l i c  GMP f o r m a t i o n  t h r o u g h  a  m e c h a n i s m  
t h a t  i n v o l v e s  a r a c h i d o n i c  a c i d  r e l e a s e  an d  m e t a b o l i s m  b y  a  
l i p o o x y g e n a s e  p a t h w a y  ( S n i d e r  e t  a l . ,  i n  p r e s s ,  P N A S ).  To 
g a i n  i n s i g h t  i n t o  t h e  s e q u e n c e  o f  e v e n t s  t h a t  l e a d s  f r o m  
r e c e p t o r  a c t i v a t i o n  t o  t h e  r e l e a s e  o f  a r a c h i d o n i c  a c i d ,  we 
s t u d i e d  t h e  l o c a l i z a t i o n  a n d  p r o p e r t i e s  o f  p h o s p h o l i p a s e  
C (P LC ) a n d  A2 (PLA2 ) .  PLC a c t i v i t y  wa s  m e a s u r e d  b y  t h e  f o r 
m a t i o n  o f  [ 1 4 C ] d i a c y l g l y c e r o l  (DAG) f r o m  2 - [ 14 C ] -  
a r a c h i d o n o y l  p h o s p h a t i d y l  i n o s i t o l  ( P I )  o r  t h e  r e l e a s e  o f  
[ 3 H]m - i n o s i t o l  p h o s p h a t e  ( I P )  f r o m  [ 3 ] P I .  T he  h i g h e s t  s p e 
c i f i c  a c t i v i t y  o f  PLC w a s  f o u n d  i n  t h e  1 0 0 , 0 0 0  x g s u p e r n a 
t a n t  ( 1 0 - f o l d  v s .  t o t a l  c e l l  h o m o g e n a t e ) .  O p t i m a l  a c t i v i t y  
o f  t h e  e n z y m e  wa s o b t a i n e d  a t  pH 5 . 5  w i t h o u t  d e t e r g e n t s  a n d  
a t  pH 7 . 4  i n  t h e  p r e s e n c e  o f  1mM DOC. T h e  e n z y m e  was a c 
t i v e  i n  ImM EDTA, b u t  Ca++ g r e a t l y  e n h a n c e d  i t s  a c t i v i t y  
(K m= 0.3mM).  I n c u b a t i o n  o f  t h i s  c y t o s o l i c  f r a c t i o n  o f  p h o s 
p h a t i d y l  i n o s i t o l  4 - p h o s p h a t e  ( P I P )  o r  p h o s p h a t i d y l  i n o s i t o l  
4 , 5 - b i s - p h o s p h a t e  ( P I P 2 ) i n h i b i t e d  t h e  f o r m a t i o n  o f  
[ 1 4 C]DAG w i t h o u t  l o w e r i n g  t h e  t o t a l  DAG f o r m e d ,  t h e  o r 
d e r  o f  p r e f e r e n c e  b e i n g  P I P 2 < P I P < P I  a s  e s t i m a t e d  f r o m  t h e  
r a t i o  o f  i n o s i t i d e / P I  n e e d e d  t o  i n h i b i t  b y  50% t h e  [ 1 4 C ] -  
DAG f o r m a t i o n .  T he  1 2 , 0 0 0  x g p e l l e t  c o n t a i n e d  s u b s t a n t i a l  
PLC a c t i v i t y ,  o p t i m a l  a t  pH 7 . 4  w i t h o u t  d e t e r g e n t s ;  i t  h a d  
s i m i l a r  s e n s i t i v i t y  t o  Ca+ + . S o l u b l e  PLC a c t i v i t y  wa s i n h i 
b i t e d  b y  m e p a c r i n e  (MEP) ( I C 50  = 60µM) p - b r o m o p h e n a c y l -  
b r o m i d e  (BPB) ( I C 50 = 3 5 µ M ) ,  an d  s e r i n e  e s t e r a s e  i n h i 
b i t o r s  ( S E I ) .  T h e  m e m b r a n e  b o u n d  PLC a c t i v i t y  d i f f e r e d  
o n l y  i n  t h a t  much  h i g h e r  c o n c e n t r a t i o n s  o f  MEP (5mM) w e r e  
n e e d e d  t o  o b t a i n  i n h i b i t i o n .  PLA2 a c t i v i t y  w a s  d e t e c t e d  
m a i n l y  i n  p a r t i c u l a t e  f r a c t i o n s .  T he  1 2 , 0 0 0  x g p e l l e t  
c o n t a i n e d  a  Ca++ s e n s i t i v e  PLA2 a c t i v i t y ,  h o w e v e r  lOmM 
Ca++ s t i m u l a t e d  a  t w o - f o l d  i n c r e a s e ,  i n  s h a r p  c o n t r a s t  
t o  t h e  1 8 - f o l d  i n c r e a s e  i n  PLC a c t i v i t y .  PLA2 a c t i v i t y  
wa s  a l s o  i n h i b i t e d  b y  MEP, BPB a n d  S E I .  We a r e  c u r r e n t l y  
c h a r a c t e r i z i n g  DAG l i p a s e  a c t i v i t y .  O u r d a t a  c l e a r l y  
d e m o n s t r a t e d  t h a t  i n h i b i t o r s  s h o w  no  s p e c i f i c i t y  f o r  e i t h e r  
PLC o r  PLA2 . T h e  f a c t  t h a t  MEP, BPB a n d  S E I  b l o c k e d  t h e  
a b i l i t y  o f  m u s c a r i n i c  a g o n i s t s  t o  s t i m u l a t e  c y c l i c  GMP f o r 
m a t i o n  s t r o n g l y  s u p p o r t  t h e  i n v o l v e m e n t  o f  t h e s e  p h o s p h o l i 
p a s e s  i n  r e c e p t o r  m e d i a t e d  e v e n t s .  ( S u p p o r t e d  b y  Mayo F d n .  
a n d  USPHS G r a n t  MH 2 7 6 9 2 ) .
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341.15  REDUCTION OF CORTICAL CHOLINE ACETYLTRANSFERASE (CAT) ACTIV
ITY FOLLOWING INJECTIONS OF ETHYLCHOLINE MUSTARD AZIRIDINIUM 
ION (AF64A) INTO THE NUCLEUS BASALIS OF MEYNERT (NBM).  
R. E. Arbogas t*  and M. R. Kozlowski.  Department of M edicinal 
Sciences, P f iz e r  C entra l Research, Groton, CT 06340.

A la rg e  p o rtio n  of the ch o lin e rg ic  in n e rv a tio n  of the 
co rtex  appears to  a r is e  from c e l l  bodies loca ted  in  the 
nucleus b a s a l is  of Meynert. AF64A, a compound thought to  
have s e le c t iv e ly  to x ic  e f fe c ts  on ch o lin e rg ic  neurons, has 
been rep o rted  to  produce a hypofunction of ch o lin e rg ic  t e r 
m inals in  the co rtex  when in je c ted  in to  the la te r a l  ven
t r i c l e s  (Mantione e t  a l . ,  Science 213, 579, 1981). The 
p re sen t study re p o rts  the e f fe c ts  o f AF64A on one measure of 
c o r t ic a l  c h o lin e rg ic  func tion ing , CAT le v e ls ,  follow ing i t s  
i n je c t io n  d i r e c t ly  in to  the  nbM.

Male Sprague-Dawley r a t s  were given s te re o ta x ic  in je c 
tio n s  o f e i th e r  1 or 10 µ l of AF64A (0.02 nm oles/µl) or i t s  
v e h ic le  ( is o to n ic  s a lin e ;  pH 7 .4) u n i la te r a l ly  a t two s i t e s  
along the  ro s tro cau d al ax is  of the nbM. C o rtic a l le v e ls  of 
CAT were measured 7 to  14 days l a te r  as an in d ican t of the 
fu n c tio n a l le v e l of ch o lin e rg ic  te rm ina ls  in  the cortex . 
A ce ty lch o lin e s te ra se  (AChE) h is tochem istry  was used to  ex
amine the ch o lin e rg ic  neurons of the nbM, which s ta in  dark ly  
fo r  AChE.

In je c tio n s  of 1 µ l of AF64A in to  the nbM produced a no
tic e a b le  lo ss  of both d iffu se  AChE s ta in in g  as w ell as 
densely  labe led  c e l l  bodies in  the region  of the i p s i l a te r a l  
nbM. These in je c tio n s  a lso  produced an 8% decrease in  CAT 
a c t iv i ty  in  the c e n tra l p o rtio n  of the ip s i l a t e r a l  cortex  
when compared to  the c o n tra la te r a l  co rtex . C o rtic a l le v e ls  
o f dopamine and sero to n in  were not a ffe c te d . In je c tio n s  of 
10 µ l of AF64A produced a s u b s ta n tia l  lo ss  of AChE a c t iv i ty  
and darkly  s ta in ed  c e l l  bodies in  the nbM, w ith only a small 
area  of n o n -sp ec if ic  damage ad jacen t to  the cannula t ip .  In 
a d d itio n , CAT a c t iv i ty  was reduced 17% in  the i p s i l a t e r a l  
co rtex . Vehicle in je c tio n  (1 or 10 µ l) had no e f fe c t  on 
e i th e r  AChE s ta in in g  w ith in  the nbM or c o r t ic a l  CAT le v e ls .

These r e s u l t s  dem onstrate th a t in je c tio n s  of low concen
tr a t io n s  of AF64A d ir e c t ly  in to  the nbM can decrease co r
t i c a l  CAT le v e ls ,  presumably by destroy ing  the cho lin e rg ic  
nbM neurons w hile producing l i t t l e  n o n -sp ec if ic  damage.

3 41. 16   HIGH -AFF INIT Y BINDING OF [ 3 H ] HEMICHOLINIUM-3 ( [ 3 H ] H C - 3 )  
IN THE MAMMALIAN CENTRAL NERVOUS SYSTEM; A SELECTIVE MARKER 
FOR HIGH-AFF INI TY CHOLINE UPTAKE S IT E S   T .W .  V l c k r o y ,  W. R .  
R o e s k e  a n d  H . I .  Y a m a m u r a .  D e p a r t m e n t s  o f  P h a r m a c o l o g y  a n d  
I n t e r n a l  M e d i c i n e ,  U n i v .   o f  A r i z o n a ,  T u c s o n ,  A r i z o n a  8 5 7 2 4 .

Among t h e  v a r i o u s  e l e m e n t s  o f  t h e  m a m m a l i a n  CNS p a r e n 
c h y m a ,  c h o l i n e r g i c  n e u r o n s  d i s p l a y  t h e  u n i q u e  a b i l i t y  t o  
a c c u m u l a t e  c h o l i n e  v i a  a  h i g h - a f f i n i t y  t r a n s p o r t  m e c h a n i s m .  
P r e v i o u s  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  h i g h - a f f i n i t y  c h o 
l i n e  u p t a k e  (HACU) i s  t h e  p r i m a r y  r o u t e  b y  w h i c h  c h o l i n e  
e n t e r s  p r e c u r s o r  p o o l s  w h i c h  a r e  u s e d  f o r  t r a n s m i t t e r  s y n 
t h e s i s  a n d  t h a t  HACU i s  c l o s e l y  a s s o c i a t e d  w i t h  I m p u l s e -  
d e p e n d e n t  a c e t y l c h o l i n e  r e l e a s e .  Among t h e  a g e n t s  t h a t  i n 
t e r f e r e  w i t h  HACU, h e m i c h o l i n i u m -3  ( H C - 3 )  i s  o n e  o f  t h e  
m o s t  p o t e n t  a n d  s e l e c t i v e  i n h i b i t o r s  k n o w n .  I n  t h i s  r e p o r t ,  
we d e s c r i b e  t h e  m e m b r a n e  b i n d i n g  p r o p e r t i e s  o f  [ 3H ] H C - 3 .

[ 3H ] H C - 3  b i n d i n g  w a s  s t u d i e d  i n t w i c e  w a s h e d  h o m o g e n a t e s  
o f  r a t  CNS t i s s u e s .  T h e  i n c u b a t i o n  m i x t u r e  w a s  p r e p a r e d  i n 
p h o s p h a t e - b u f f e r e d  m e d i u m  ( p H  7 . 4 )  a n d  i n c u b a t i o n s  w e r e  
c a r r i e d  o u t  f o r  2 0  m i n  a t  2 5 ° C .  M e m b r a n e - b o u n d  a n d  f r e e  
r a d i o a c t i v i t y  w e r e  s e p a r a t e d  b y  r a p i d  f i l t r a t i o n  a n d  s p e c i 
f i c  b i n d i n g  w a s  e s t i m a t e d  b y  a d d i n g  lµM u n l a b e l l e d  H C - 3 .

P r e l i m i n a r y  s t u d i e s  i n d i c a t e  t h a t  [ 3H ] H C - 3  b i n d i n g  i s  
e n t i r e l y  d e p e n d e n t  u p o n  t h e  p r e s e n c e  o f  N a C l . B i n d i n g  I n 
c r e a s e s  w i t h  NaCl c o n c e n t r a t i o n s  u p  t o  a  max im um  a t  o r  n e a r  
t h e  NaCl  c o n c e n t r a t i o n  o f  e x t r a c e l l u l a r  f l u i d .  C h l o r i d e  
s a l t s  o f  o t h e r  m o n o v a l e n t  c a t i o n s  a n d  m o s t  o t h e r  s o d i u m  
s a l t s  w e r e  m uch  l e s s  e f f e c t i v e .  D i r e c t  s a t u r a t i o n  a n a l y s i s  
o f  [ 3 H] HC-3 b i n d i n g  a n d  I n d i r e c t  c o m p e t i t i o n  s t u d i e s  ( H C - 3  
v s .  [ 3 H ] H C - 3 )  y i e l d e d  s i m i l a r  e s t i m a t e s  f o r  a  h o m o g e n o u s  
p o p u l a t i o n  o f  h i g h - a f f i n i t y  ( a p p a r e n t  Kd  = 1 . 9  nM) a n d  
s a t u r a b l e  ( B max = 1 8 4 ±2 3  f m o l e s / m g  p r o t . )  [ 3 H ] H C-S  b i n d i n g  
s i t e s  i n  s t r i a t a l  m e m b r a n e s .  S t u d i e s  o f  t h e  r e g i o n a l  d i s t r i 
b u t i o n  o f  [ 3 H ] H C - 3  b i n d i n g  s i t e s  r e v e a l e d  t h e  f o l l o w i n g  
a p p a r e n t  d e n s i t y  p r o f i l e :  s t r i a t u m  >> h i p p o c a m p u s  > c e r e b r a l  
c o r t e x  > c e r e b e l l u m .  I n  a d d i t i o n ,  t h e  b i n d i n g  o f  [ 3H ] H C - 3  
w a s  r e l a t i v e l y  I n s e n s i t i v e  t o  s e v e r a l  m e t a b o l i c  I n h i b i t o r s  
b u t  w a s  m a r k e d l y  r e d u c e d  a t  l o w e r  t e m p e r a t u r e s .

I n  c o n c l u s i o n ,  s p e c i f i c  b i n d i n g  o f  t h e  p o t e n t  HACU I n h i b 
i t o r  [ 3 H ] H C - 3  h a s  b e e n  s t u d i e d  a n d  d e m o n s t r a t e s  a  s t r o n g  
c o r r e l a t i o n  ( i o n i c  d e p e n d e n c e ,  a p p a r e n t  a f f i n i t y ,  r e g i o n a l  
d i s t r i b u t i o n ,  e t c . )  w i t h  p r e v i o u s l y  p u b l i s h e d  d a t a  f o r  HACU 
i n  r a t  b r a i n  s y n a p t o s o m e s . I n  v i e w  o f  t h e s e  a n d  o t h e r  r e 
s u l t s ,  I t  a p p e a r s  t h a t  h i g h - a f f i n i t y  b i n d i n g  o f  [ 3 H ] HC -S  i s  
a  s e l e c t i v e  m a r k e r  f o r  s i t e s  r e l a t e d  t o  HACU a n d  a s  s u c h  
r e p r e s e n t s  a n  i m p o r t a n t  l i g a n d  f o r  m o n i t o r i n g  t h i s  s p e c i f i c  
f u n c t i o n a l  p r o c e s s  o f  c h o l i n e r g i c  n e r v e  t e r m i n a l s .
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3 4 2 . 1   CHOLINERGIC PHARMACOLOGY OF RAT SPJNAL DORSAL HORN NEURONS 
IN VITRO.  K.  M u r a s e ,  J .  W i l l e t t s *,  L .  U r b a n , * a n d  M  
R a n d l e .  D e p t . o f  V e t .  P h y s i o l o g y  a n d  P h a r m a c o l o g y ,  I o w a  
S t a t e  U n i v e r s i t y ,  A m e s ,  IA 5 0 0 1 1 .

A l t h o u g h  t h e  p r e s e n c e  o f  c h o l i n e  a c e t y l  t r a n s f e r a s e ,  
a c e t y l c h o l i n e s t e r a s e  a n d  m u s c a r i n i c  a n d  n i c o t i n i c  
c h o l i n e r g i c  r e c e p t o r s  h a s  b e e n  d e m o n s t r a t e d  i n  t h e  s p i n a l  
d o r s a l  h o r n ,  m e m b r a n e  a c t i o n s  o f  v a r i o u s  c h o l i n o m i m e t i c  
a g e n t s  a n d  t h e  c h o l i n e r g i c  p h a r m a c o l o g y  o f  d o r s a l  h o r n  
n e u r o n s  h a v e  n o t  b e e n  e x t e n s i v e l y  s t u d i e d .

R e s p o n s e s  o f  d o r s a l  h o r n  n e u r o n s  t o  b a t h  a p p l i c a t i o n  o f  
m u s c a r i n i c  a n d  n i c o t i n i c  a g o n i s t s  a n d  a n t a g o n i s t s  a s  w e l l  a s  
ACh w e r e  r e c o r d e d  i n t r a c e l l u l a r l y  u t i l i z i n g  t h e  r a t  ( 1 0 - 2 5  
d a y s  o l d )  s p i n a l  c o r d  s l i c e  p r e p a r a t i o n  (K .  M u r a s e  a n d  M. 
R a n d i c ,  J ,  P h y s i o l . ,  3 3 4 , 1 4 1 - 1 5 3 ) .  M e m b ra n e  r e s i s t a n c e  w a s  
m e a s u r e d  e i t h e r  b y  c o n t i n u o u s  h y p e r p o l a r i z i n g  c u r r e n t  p u l s e s  
o r  b y  c o n s t r u c t i o n  o f  IV p l o t s  b e f o r e ,  d u r i n g  a n d  a f t e r  d r u g  
a p p l i c a t i o n .

ACh ( 5 x 1 0 -5 - 1 0 -3 M) d e p o l a r i z e d  ( 2 . 4 ± 1 . 0 m V ,  a t  1 0 -4 M, 
m e a n ± S . D . ,  n = 1 3 )  a n d  i n c r e a s e d  e x c i t a b i l i t y  o f  a b o u t  h a l f  o f  
t h e  t e s t e d  c e l l s  ( n = 4 3 ) .  D e p o l a r i z a t i o n  w a s  a c c o m p a n i e d  b y  
a  s m a l l  d e c r e a s e  i n  m e m b r a n e  i n p u t  r e s i s t a n c e .  N i c o t i n e  
( 1 0 - 6  1 0 - 4 M) d e p o l a r i z e d  ( 5 . 3 ± 3.2mV a t  1 0 -5 M, n = 2 1 )  8 7 % o f  
c e l l s  ( n = 3 7 )  a n d  a l s o  d e c r e a s e d  m e m b r a n e  i n p u t  r e s i s t a n c e .  
W h i l e  A C h - i n d u c e d  h y p e r p o l a r i z a t i o n  w a s  o b s e r v e d  i n  a  f e w  
c e l l s ,  a c e t y l - β - m e t h y l c h o l i n e  ( 5 x 1 0 -5 - 1 0 -4 M) i n d u c e d  h y p e r 
p o l a r i z a t i o n  ( 2 . 9 ± 1 .4 mV a t  5 x 1 0 -4 M, n = 7 ) ,  a s s o c i a t e d  w i t h  a  
d e c r e a s e  i n  i n p u t  r e s i s t a n c e ,  i n  2 5 % o f  c e l l s  ( n = 3 6 ) .  I n  
a d d i t i o n ,  a c e t y l - β - m e t h y l c h o l i n e  i n d u c e d  d e p o l a r i z a t i o n  
( 4 . 0 ± 2 . lmV a t  5 x 1 0 - 4  M, n = 9 ) ,  a s s o c i a t e d  w i t h  i n c r e a s e d  i n p u t  
r e s i s t a n c e  i n  3 9 % o f  c e l l s .  C a r b a m y l - β - m e t h y l c h o l i n e ( 1 0 -4 M) 
s i m i l a r l y  i n d u c e d  b o t h  d e p o l a r i z i n g  a n d  h y p e r p o l a r i z i n g  r e 
s p o n s e s .  C u r a r e  ( 1 0 -6 M) a n d  d i h y d r o - 3 - e r y t h r o i d i n e ( 5 x 1 0 -5 M) 
r e v e r s i b l y  b l o c k e d  n i c o t i n e - i n d u c e d  d e p o l a r i z a t i o n  w i t h o u t  
d e t e c t a b l y  c h a n g i n g  t h e  m e m b r a n e  p o t e n t i a l .  A t r o p i n e ( 1 0 -6 M) 
a b o l i s h e d  t h e  r e s p o n s e s  t o  m u s c a r i n i c a g o n i s t s  a n d  ACh- 
e v o k e d  h y p e r p o l a r i z a t l o n .  I n  TTX ( 1 0 -6 M ),  ACh,  n i c o t i n e  a n d  
a c e t y l - 3 - m e t h y l c h o l i n e  s t i l l  i n d u c e d  d e p o l a r i z a t i o n  w i t h  t h e  
c h a n g e s  i n  i n p u t  r e s i s t a n c e  d e s c r i b e d  a b o v e .  I n  TTX a n d  TEA 
( 2 x 1 0 -2 M ),  ACh a n d  a c e t y l - β - m e t h y l c h o l i n e  i n d u c e d  
d e p o l a r i z i n g  r e s p o n s e s  a n d  s p o n t a n e o u s  f i r i n g  o f  Ca s p i k e s .

T h e  r e s u l t s  i n d i c a t e  t h a t  A C h - s e n s i t i v e  r a t  d o r s a l  h o r n  
n e u r o n s  h a v e  b o t h  n i c o t i n i c  a n d  m u s c a r i n i c  r e c e p t o r s .  T h e  
r e s p o n s i v e n e s s  o f  n e u r o n s  t o  b o t h  n i c o t i n i c  a n d  m u s c a r i n i c  
a g o n i s t s  a n d  t h e  s u s c e p t i b i l i t y  o f  r e s p o n s e s  t o  r e s p e c t i v e  
a n t a g o n i s t s  s u g g e s t s  t h e  p r e s e n c e  o f  d i s t i n c t  r e c e p t o r s  on  
i n d i v i d u a l  d o r s a l  h o r n  c e l l s . S u p p o r t : N I H , D e p t .  A g r i c u l t u r e .

342 .2   DECREASE AND RECOVERY OF ACETYLCHOLINE RELEASE FROM RAT 
CEREBRAL CORTEX DURING SIMULATED HYPOGLYCEMIA IN VITRO.
J .M . G o r e l l  and B. C z a r n e c k l* .  D e p t . o f  N e u ro lo g y ,  H enry  
F o rd  H o s p i t a l ,  D e t r o i t ,  MI 48 2 0 2 .

To s tu d y  a  p o s s i b l e  ch an g e  i n  b r a i n  a c e t y l c h o l i n e  (ACh) 
r e l e a s e  d u r in g  s im u la t e d  h y p o g ly c e m ia  (HG) jin  v i t r o , c e r e 
b r a l  c o r t e x  (CX) s l i c e s  fro m  a d u l t  m ale  S p ra g u e -D aw le y  r a t s  
w ere  p r e i n c u b a te d  (10  m in) and  in c u b a te d  (15  m in ; 0 .0 1  µM 
[3 H ] c h o lin e )  a t  37°C i n  K rebs-H C O3 b u f f e r  (K -b) c o n ta i n in g  
5mM g lu c o s e  ( g l c )  w h i le  g a s s e d  (95% 0 3 : 5% CO2 ) . D u rin g  HG 
i n d u c t i o n ,  s l i c e s  w e re  s u p e r f u s e d  w i th  g a s s e d  K-b c o n ta i n in g  
e i t h e r  c o n t r o l  (5mM) o r  lo w e re d  ( 0 .2 5 ,0 .1 ,0 .0 5 m M ) g lc ,  and 
r e l e a s e  o f  [3H]ACh t o  17mM KCl  s t i m u l a t i o n  was t e s t e d  a t  2 0 , 
4 0 ,6 0  and 80 m in o f  HG o r  c o n c u r r e n t  5mM g l c  e x p o s u re .  I n  
HG r e c o v e r y ,  s l i c e s  p r e v i o u s ly  p r e i n c u b a te d  and  in c u b a te d  in  
5mM g l c  K-b w e re  g a s s e d  c o n t in u o u s ly  w h i le  e x p o sed  t o  e i t h e r  
0 .2 5  o r  O.lmM g l c  K-b f o r  60 m in b e f o r e  a  r e t u r n  t o  5mM g lc  
K-b in  5 . 4mM KCl . R e c o v e ry  o f  [3H]ACh r e l e a s e  t o  17mM KCl  
s t i m u l a t i o n  was t e s t e d  a t  1 0 ,2 0  and  30 m in  t h e r e a f t e r ,  and  
com pared  w i th  c o n c u r r e n t , c o n t in u o u s ly  5mM g l c - e x p o s e d  co n 
t r o l s .  F r a c t i o n a l  r a t e s  o f  [ 3H]ACh r e l e a s e  d u r in g  5 .4  and 
17mM KCl  p e r i o d s  w e re  c a l c u l a t e d  and e x p re s s e d  a s  a % o f  
c o n c u r r e n t  c o n t r o l s  ( n = 3 - 6 / e x p e r i m e n t ) .

T h e re  was a  [ g l c ] -d e p e n d e n t  d e c r e a s e  i n  [ 3H]ACh r e l e a s e  
fro m  CX d u r in g  HG a t  60 and 80 m in w i th  0 .2 5  mM g l c  (60  m in : 
71±9%,X±SEM, n = 6 , p < .0 2 ;  80 m in:80±4% , n= 6 , p < .0 0 1 )  and  0 .1  
mM g l c  (60  m in :56±6% , n= 6 , p < .0 0 1 ;8 0 m in : 50±11% , n = 3 , p < .0 2 ) .  
D u rin g  HG w i th  0 .0 5  mM g l c ,  t h e r e  w as an  e a r l i e r  (20  m in : 
80±1%, n = 6 , p < .0 0 1 )  and g r e a t e r  f a l l  (60  m in :40±4% , n = 6 , 
p < .0 0 1 )  i n  [ 3h ]ACh o u t p u t .  D u rin g  r e c o v e r y  a f t e r  60 m in o f  
HG, CX e x p o se d  to  0.25mM g l c  i n c r e a s e d  [ 3H]ACh r e l e a s e  to  
87±8% o f  c o n t r o l  (p v s .  c o n t r o l  N .S . )  a f t e r  10 m in o f  5mM 
g l c ,  b u t  CX e x p o se d  to  O.lmM g l c  r e a c h e d  j u s t  71±4% (p  v s .  
c o n t r o l  <  .0 0 1 )  o f  c o n t r o l  a f t e r  30 m in o f  5mM g l c .  T h e re  
was no d i f f e r e n c e  i n  s p o n ta n e o u s  (5.4mM KCl ) [ 3H]ACh o u tp u t  
f ro m O .l  and 5mM g lc - e x p o s e d  CX a t  60 m in , b u t  t h e  a d d i t i o n  
o f  10 µM 3 ,4 - d i a m i n o p y r i d in e  (DAP) i n c r e a s e d  s p o n ta n e o u s  
[3H]ACh r e l e a s e  fro m  t h e s e  v a lu e s  by 13 (n= 3) o r  34% (n= 3) 
i n  5 o r  O.lmM g l c  ( p < .0 1 ) ,  r e s p e c t i v e l y .  10 µM D A P's e f f e c t  
i n  HG CX w as m ax im a l, b u t  5mM g l c - t r e a t e d  t i s s u e  r e q u i r e d  
ImM DAP to  a c h ie v e  t h e  same d e g re e  o f  r e s p o n s e .  T h ese  e a r l y  
d a t a  s u g g e s t  t h a t  s p o n ta n e o u s  ACh r e l e a s e  from  HG CX i s  m ore 
s e n s i t i v e  t o  m eans o f  a u g m e n tin g  t r a n s n e u r o n a l  Ca++ i n f l u x  
to  p ro m o te  ACh r e l e a s e .  The d e c r e a s e  i n  ACh r e l e a s e  from  HG 
CX may be  a  f u n c t i o n a l l y  im p o r ta n t  m ech an ism  i n  t h e  p ro d u c 
t i o n  o f  h y p o g ly c e m ic  e n c e p h a lo p a th y . ( S u p p o r te d  by  Fund f o r  
H enry  F o rd  H o s p i t a l  and  t h e  G o s s e t t  F u n d ) .
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3 4 2 .3  INTRACEREBROVENTRICULAR AF64A ALSO REDUCES ACETYLCHOLINE 
RELEASE FROM RAT HIPPOCAMPAL SLICES.  S.M . L e v e n te r * ,  D. 
M cKeag*, M .C la n c y * , E . W u lf e r t* ,  an d  I .H a n i n .  W e s te rn  
P s y c h i a t r i c  I n s t i t u t e  an d  C l i n i c ,  D e p t . o f  P s y c h i a t r y ,  U n iv . 
o f  P i t t s b u r g h  S c h . o f  M e d ., P i t t s b u r g h ,  PA 15260 an d  UCB 
s . a .  P h a r m a c e u t i c a l  S e c to r ,  B r u s s e l s ,  B e lg iu m .

The e f f e c t  o f  e th y l c h o l i n e  m u s ta rd  a z i r i d i n i u m  ion(A F64A ) 
on r a t  c e n t r a l  c h o l i n e r g i c  f u n c t i o n  was i n v e s t i g a t e d .  S even 
o r  21 d a y s  f o l l o w in g  b i l a t e r a l  s t e r e o t a x i c  i . c . v .  a d m in is 
t r a t i o n  o f  v e h i c l e  o r  AF64A (3 n m o l e s / 3 µ l / s i d e ) , s t r i a t u m ,  
h ip p o ca m p u s  an d  c o r t e x  w e re  rem oved an d  a n a ly z e d  f o r  c h o l in e  
a c e t y l t r a n s f e r a s e  (ChAT) a c t i v i t y ,  h i g h - a f f i n i t y  c h o l i n e  
t r a n s p o r t  (HAChT) an d  [ 3H] QNB b i n d in g .

In  a d d i t i o n ,  K+- s t i m u l a t e d  a c e t y l c h o l i n e  r e l e a s e  (KAChR) 
fro m  s u p e r f u s e d  h ip p o c a m p a l s l i c e s  was s t u d i e d .  F o l lo w in g  
i n c u b a t io n  w i th  [ 3 H] c h o l i n e  (0 . 1µm, 30 m in ) ,  h ip p o c a m p a l 
s l i c e s  ( 0 . 5mm t h i c k )  w e re  m oun ted  i n  ch am b ers  an d  s u p e r f u s e d  
w i th  KRB b u f f e r .  A f t e r  50 m in u te s  o f  s t a b i l i z a t i o n ,  th e  
b u f f e r  w as c h a n g e d  to  one c o n ta i n in g  40mM KCl  ( 2 x 5  m in ) .  
T h is  c a u s e d  a  l a r g e  [ 3H] e f f l u x ,  d e te r m in e d  by TLC to  co n 
s i s t  m a in ly  o f  [ 3H]  ACh. The sum o f  t h e s e  two s t i m u l a t i o n s  
r e p r e s e n te d  KAChR.

KAChR w as r e d u c e d  to  24% o r  35% o f  c o n t r o l ,  7 , o r  21 d a y s  
p o st-A F 6 4 A  t r e a t m e n t ,  r e s p e c t i v e l y  (p <  . 0 0 1 ) .  H ip p o cam p al 
ChAT a c t i v i t y  w as a l s o  r e d u c e d ,  t o  58% o f  c o n t r o l ,  b o th  7 
an d  21 d a y s  post-A F 6 4 A  t r e a tm e n t  (p < . 0 0 1 ) ;  h o w e v e r , s t r i 
a t a l  an d  c o r t i c a l  ChAT w e re  u n c h a n g e d . H ip p o cam p a l HAChT 
w as r e d u c e d  7 an d  21 d a y s  p o s t - t r e a t m e n t ,  to  33.0%  (p <  .0 2 )  
o r  48.0%  (p <  .0 0 1 )  o f  c o n t r o l ,  r e s p e c t i v e l y .  H ip p o cam p al 
[ 3H] QNB b in d in g  was u n c h a n g ed  7 d a y s  po st-A F 6 4 A  t r e a tm e n t ;  
h o w e v e r , 21 d a y s  p o st-A F 6 4 A  t r e a tm e n t ,  t h e r e  was a  s m a l l  
(11%, p <  .0 1 )  d e c r e a s e  i n  h ip p o c a m p a l [ 3H] QNB b i n d in g .  
N e i th e r  HAChT n o r  [ 3 H] QNB b in d in g  i n  s t r i a t u m  and  c o r t e x  
w ere  a l t e r e d  by  AF64A t r e a tm e n t .

U nder th e  s p e c i f i c  c o n d i t i o n s  o f  t h i s  s t u d y ,  th e  e f f e c t s  
o f  AF64A a p p e a r  t o  b e  s e l e c t i v e  f o r  th e  h ip p o c a m p u s . In  
a d d i t i o n  to  A F 64A 's r e d u c t io n  o f  HAChT an d  ChAT a c t i v i t y ,   
ACh r e l e a s e  fro m  h ip p o c a m p a l s l i c e s  was s i g n i f i c a n t l y  r e 
d u c e d  by AF64A t r e a tm e n t  i n  v i v o . T h ese  d a t a ,  u s in g  a  low  
d o se  o f  i . c . v .  AF64A, f u r t h e r  e m p h a s iz e  t h e  v a lu e  o f  u s in g  
AF64A a s  a  s e l e c t i v e  t o o l  f o r  i n d u c in g  a  p e r s i s t e n t  c h o l i n 
ergic hypofunction in vivo.

T h is  r e s e a r c h  was s u p p o r t e d  i n  p a r t  by NIMH G ra n t  No. 
MH34893 an d  a  g r a n t  fro m  th e  UCB s . a .  P h a r m a c e u t i c a l  S e c to r .

The a u th o r s  w is h  to  th a n k  D r. A. F i s h e r  f o r  p r o v id in g  th e  
AF64A u s e d  i n  t h e s e  s t u d i e s .

3 4 2 .4  EFFECT OF d l -2(4-PHENYLPIPERIDINO) CYCLOHEXANOL ON THE 
SUBCELLULAR STORAGE AND RELEASE OF ACETYLCHOLINE IN MOUSE 
BRAIN  P .T .  C a r r o l l   D e p t .  P h a rm a c o l.  T ex as  T ech  U n iv . H e a l th  
S c ie n c e s  C e n t e r ,  L u b b o ck , TX 7 9430 .

The d ru g  d l  -  2 ( 4 - p h e n y l p ip e r id i n o )  c y c lo h e x a n o l  (AH  
5183) i n h i b i t s  (K i = 40 nM) th e  a c t i v e  t r a n s p o r t  o f  a c e t y l 
c h o l in e  (ACh) i n t o  i s o l a t e d  s y n a p t i c  v e s i c l e s  p r e p a r e d  from  
t h e  e l e c t r i c  o rg a n  o f T o rp ed o  c a l i f o r n i c a  ( P a r s o n s  e t d l . ,  
1984) . I n  t h e  p r e s e n t  s tu d y ,  i t  was o f  i n t e r e s t  t o  d e t e r 
m in e  w h e th e r  AH 5183 w ould  be e q u ip o t e n t  i n  r e d u c in g  th e  
am ount o f  ACh r e l e a s e d  from  b r a i n  t i s s u e ;  a l s o  how i t  m ig h t  
e f f e c t  su c h  a r e d u c t i o n .  The r e s u l t s  i n d i c a t e d  t h a t  a  34 nM 
c o n e , o f  AH 5183 r e d u c e d  th e  K in d u c e d  r e l e a s e  o f  ACh by 
56%. I t  w as som ew hat l e s s  p o t e n t  i n  r e d u c in g  t h e  s p o n ta n e 
o u s o r  v e r a t r i d i n e - i n d u c e d  r e l e a s e  o f  ACh. S u r p r i s i n g l y ,  i t  
f a i l e d  t o  a l t e r  t h e  s u b c e l l u l a r  l e v e l s  o f  ACh d u r in g  h ig h  K 
d e p o l a r i z a t i o n .  H ow ever, i t  e l e v a t e d  th e  l e v e l  o f  ACh in  
t h e  c ru d e  v e s i c u l a r  f r a c t i o n  (P 3) f r a c t i o n  d u r in g  v e r a t r i 
d in e  d e p o l a r i z a t i o n  by th e  same p e r c e n ta g e  a s  i t  i n h i b i t e d  
t h e  v e r a t r i d i n e  in d u c e d  r e l e a s e  o f  ACh. A ls o ,  i t  t e n d e d  to  
s e l e c t i v e l y  e l e v a t e  t h e  l e v e l  o f  c h o l i n e  in  t h e  P 3 f r a c t i o n  
d u r in g  b o th  h ig h  K+ and v e r a t r i d i n e  d e p o l a r i z a t i o n .  AH-5183 
i n h i b i t e d  th e  r e p l e t i o n  o f  t h e  P3 f r a c t i o n  w i th  new ly  
s y n th e s i z e d  ACh m ore so  th a n  th e  c y to p la s m ic  f r a c t i o n .  
S im u l ta n e o u s ly ,  i t  r e d u c e d  th e  am ount o f  e x t r a c e l l u l a r  
c h o l in e  a v a i l a b l e  f o r  r e u p t a k e .  A lth o u g h  AH 5183 r e d u c e d  
t h e  a c c u m u la t io n  o f  e x t r a c e l l u l a r  c h o l i n e  by th e  P3 f r a c t i o n  
a t  some c o n c e n t r a t i o n s  (170  nM t o  17 uM ), i t  d id  n o t  do so  
a t  34 nM. A ls o ,  i t  d id  n o t  i n h i b i t  e i t h e r  t h e  s o lu b l e  o r  
m em brane-bound  f r a c t i o n  o f  ChAT a t  t h i s  c o n e .  I t  i s  c o n 
c lu d e d  t h a t  AH-5183 i s  a  v e ry  p o t e n t  i n h i b i t o r  o f  ACh 
r e l e a s e  fro m  b r a i n  b u t  i t s  e x a c t  m ech an ism  o f  a c t i o n  i n  
c a u s in g  t h i s  i n h i b i t i o n  c a n n o t  p r e s e n t l y  b e  d e te r m in e d .  
H ow ever, t h e  r e s u l t s  o b t a in e d  i n  t h i s  s tu d y  te n d  to  s u g g e s t  
t h a t  AH-5183 a c t s  on v e s i c u l a r  s t o r e s  o f  ACh t o  r e d u c e  th e  
r e l e a s e  o f  ACh fro m  b r a i n  t i s s u e .  ( S u p p o r te d  i n  p a r t  by NSF 
g r a n t  BNS 8 1 1 7 9 7 5 ) .

342.5 PURIFICATION OF MEMBRANE BOUND CHOLINE ACETYLTRANSFERASE 
FROM HUMAN BRAIN.  J .H .  P en g ,* E .G . M cGeer and  P .L .  McGeer 
(SPON: S .C .S u n g ) .   K insm en L a b o r a to r y  o f  N e u r o lo g ic a l  
R e s e a rc h ,  U n i v e r s i t y  o f  B r i t i s h  C o lu m b ia , V a n c o u v e r , B .C . ,  
C a n a d a , V6T 1W5.

M embrane bound  c h o l i n e  a c e t y l t r a n s f e r a s e  (mChAT) was 
p u r i f i e d  fro m  p e l l e t  f o l l o w in g  th e  e x t r a c t i o n  from  human 
c a u d a te  an d  p u tam en  o f  s o lu b l e  ChAT (sChAT) w i th  50 mM 
p o ta s s iu m  p h o s p h a te  b u f f e r ,  pH 7 . 4 ,  and  c e n t r i f u g a t i o n  a t  
h ig h  s p e e d .  mChAT w as s o l u b i l i z e d  fro m  p e l l e t  w i th  1%
T r i t o n  X -100 i n  t h e  same b u f f e r  f o r  p r e p a r a t i o n  o f  sChAT. 
A f t e r  c e n t r i f u g a t i o n ,  mChAT was p r e c i p i t a t e d  w i th  ammonium 
s u l f a t e  a t  35-65% s a t u r a t i o n .  S in c e  mChAT w as q u i t e  
u n s t a b l e  i n  t h e  p r e s e n c e  o f  p r o ta m in e  s u l f a t e ,  t h e  c ru d e  
enzym e w as a p p l i e d  d i r e c t l y  o n to  a  D E A E -S epharose colum n 
w i th o u t  t r e a tm e n t  w i th  t h i s  c h e m ic a l .  mChAT was b a s i c  and 
p a s s e d  th ro u g h  t h e  co lum n u n r e t a r d e d ;  i t  w as f u r t h e r  
s u b je c t e d  to  h y d r o x y l a p a t i t e  and  p h o s p h o c e l l u lo s e  c h ro m a to 
g r a p h y .  F i n a l l y ,  mChAT was a p p l i e d  t o  a  C o A -S ep h aro se  
a f f i n i t y  co lum n an d  w as e l u t e d  w i th  1 mM CoA i n  10 mM 
so d iu m  p h o s p h a te  b u f f e r ,  pH 7 .2  c o n ta i n in g  2 mM EDTA, 2 mM 
 β- m e r c a p to e th a n o l  and  10% g l y c e r o l .  The f i n a l  p r e p a r a t i o n  
o f  mChAT h a s  a  s p e c i f i c  a c t i v i t y  o f  2 8 .5  m ol ACh fo rm ed  p e r  
m in  p e r  mg p r o t e i n .  The p u r i f i e d  mChAT m ig r a te d  a s  two 
b a n d s  on S D S -p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  w i th  
m o le c u la r  w e ig h ts  o f  6 7 ,0 0 0  an d  5 2 ,0 0 0  d a l t o n s ,  r e s p e c t i v e l y .  
mChAT h a s  a  pH optim um  o f  8 . 0 - 8 . 3 .  The Km( s )  f o r  a c e ty l -C o A  
an d  c h o l i n e  w e re  e s t i m a t e d  to  b e  a b o u t  1 6 .5  µM an d  330 µM, 
r e s p e c t i v e l y .

Im m unoblo t a u to r a d io g r a p h y  show ed t h a t  an  a n t i s e r u m  
p r e p a r e d  p r e v i o u s ly  a g a i n s t  sChAT a l s o  c r o s s - r e a c t e d  w i th  
b o th  b a n d s  o f  mChAT, i n d i c a t i n g  t h a t  b o th  fo rm s  o f  t h i s  
enzym e a r e  r e l a t e d .  F u r th e r m o r e ,  F a b -S e p h a ro s e  c h ro m a to 
g ra p h y  (N eu ro ch em . R e s . ,  1983) c o u ld  b e  u s e d  f o r  t h e  
p u r i f i c a t i o n  o f  mChAT and  t h i s  p r e p a r a t i o n  a l s o  r e s o lv e d  
i n t o  two b a n d s  on  o u r  SDS g e l .  P r e p a r a t i o n  o f  a  m o n o c lo n a l 
a n t ib o d y  t o  mChAT i s  i n  p r o g r e s s .

S u p p o r te d  by  MRC o f  C an ad a .

3 4 2 .6   EFFECTS OF LITHIUM AND CHOLINERGIC AGENTS DEPEND ON  
CHOLINERGIC PROJECTIONS TO HIPPOCAMPUS AND CINGULATE CORTEX

M. P .  H o n c h a r ,  M. T .  P r i c e ,  J .  W. O l n e y  a n d  W. R.  S h e r m a n . *
D e p a r t m e n t  o f  P s y c h i a t r y ,  W a s h i n g t o n  U n i v e r s i t y  S c h o o l  

o f  M e d i c i n e ,  S t .  L o u i s ,  MO 6 3 1 1 0

S y s t e m i c  a d m i n i s t r a t i o n  o f  Li  Cl  t o  r a t s  e l e v a t e s  c o r t i c a l  
l e v e l s  o f  D -m yo- i n o s i t o l - 1 - p h o s p h a t e  ( M I P ) ,  w h i c h  i s  a  p r o 
d u c t  o f  p h o s p h o i n o s i t i d e  m e t a b o l i s m  ( S h e r m a n ,  W.R.  e t  a l ,  J .  
N e u r o c h e m .  3 6 : 1 9 4 7 ,  1 9 8 1 ) .  We h a v e  f o u n d  l i t h i u m  ( L i )  t o  
b e  a  u s e f u l  t o o l  t o  i d e n t i f y  a c t i v i t y  a t  p h o s p h o i n o s i t i d e -  
d e p e n d e n t  r e c e p t o r s  i n  v i v o .  S u b c u t a n e o u s  a d m i n i s t r a t i o n  o f  
t h e  c h o l i n e r g i c  d r u g s  p h y s o s t i g m i n e  o r  m e c a m y l a m i n e ,  r e s u l t s  
i n  a n  i n c r e a s e  i n  c o r t i c a l  MIP t h a t  i s  g r e a t l y  e n h a n c e d  by  
Li  ( H o n c h a r ,  M . P .  e t  a l ,  S c i e n c e , 2 2 2 : 3 2 3 ,  1 9 8 3 ;  S o c .  
N e u r o s c i .  A b s t . ,  9: 9 6 0 ,  1 9 8 3 ) .

A11 r a t s  r e c e i v e d  Li  Cl 3 m e q / k g  s . c . ,  som e a n i m a l s  
r e c e i v e d  e i t h e r  p h y s o s t i g m i n e  ( 0 . 4  m g / k g ,  1 h r  s u r v i v a l )  o r  
m e c a m y l a m i n e  ( 5 0  m g / k g ,  2 h r  s u r v i v a l ) .  A l l  r a t s  w e r e  
k i l l e d  a t  2 5 . 5  h r s  a f t e r  l i t h i u m .  I n  so m e r a t s  a  k n i f e  c u t  
i n  t h e  c i n g u l a t e  r a d i a t i o n  a n d  f i m b r i a  s e v e r e d  t h e  c h o l i n 
e r g i c  p r o j e c t i o n s  t o  c i n g u l a t e - p a r i e t a l  c o r t e x  a n d  h i p p o 
c a m p u s .  M e a s u r e m e n t s  o f  MIP l e v e l s  i n  t h o s e  r e g i o n s  w e r e  
p e r f o r m e d  4 d a y s  a f t e r  s u r g e r y .  T h e  l e s i o n  d e c r e a s e d  
c h o l i n e  a c e t y l t r a n s f e r a s e  a c t i v i t y  by  8 0 % i n  c o r t e x  a n d  by  
69% i n  h i p p o c a m p u s .

I n  c o r t e x  Li  p r o d u c e d  a  4 - f o l d  a n d  L i  + p h y s o s t i g m i n e  a  
1 0 - f o l d  e l e v a t i o n  i n  MIP a b o v e  t h e  l e v e l s  i n u n t r e a t e d  r a t s .  
T h e  e f f e c t s  o f  b o t h  t r e a t m e n t s  w e r e  a b o l i s h e d  by  t h e  l e s i o n .  
Li  + m e c a m y l a m i n e  t r e a t m e n t  p r o d u c e d  a n  8 - f o l d  MIP i n c r e a s e  
t h a t  w a s  r e d u c e d  t o  3 - f o l d  by  t h e  l e s i o n .

I n  h i p p o c a m p u s  t h e  e f f e c t s  o f  t h e s e  d r u g s  on MIP l e v e l s  
w e r e  o f  l o w e r  m a g n i t u d e .  N e v e r t h e l e s s ,  t h e  l e s i o n s  a g a i n  
r e d u c e d  t h e  e l e v a t i o n  o f  MIP e x c e p t  i n  t h e  c a s e  o f  L i  p l u s  
m e c a m y l a m i n e  w h e r e  l e s i o n i ng  p r o d u c e d  n o  c h a n g e .

T h e s e  f i n d i n g s  s u p p o r t  t h e  i n t e r p r e t a t i o n  t h a t  t h e  MIP 
e l e v a t i n g  e f f e c t s  o f  Li  a n d  L i  + p h y s o s t i g m i n e  d e p e n d  on  
r e l e a s e  o f  ACh f r o m  p r e s y n a p t i c  t e r m i n a l s .  T h e  r e l a t i v e  
i n s e n s i t i v i t y  t o  l e s i o n i ng  o f  t h e  e f f e c t  o f  Li  + m e c a m y l 
a m i n e  on  MIP l e v e l s  s u g g e s t s  t h a t  a t  l e a s t  p a r t  o f  t h e  
e f f e c t  o f  m e c a m y l a m i n e  i s  p o s t s y n a p t i c  a n d  i n d e p e n d e n t  o f  
t h e  e x t r i n s i c  c h o l i n e r g i c  i n n e r v a t i o n .  I t  i s  o f  i n t e r e s t  t o  
n o t e  t h a t  a  s i n g l e  k n i f e  c u t  o f  t h e  c i n g u l a t e  r a d i a t i o n  
e l i m i n a t e s  t h e  m a j o r i t y  o f  t h e  e x t r i n s i c  c h o l i n e r g i c  
i n n e r v a t i o n  o f  t h e  c i n g u l a t e - p a r i e t a l  c o r t e x . S u p p o r t e d  b y  
USPHS g r a n t s  N S - 0 5 1 5 9 ,  A A - 0 3 5 3 9  a n d  RSA M H -3 889 4  (JWO) .
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342.7  AFFERENT CONNECTIONS OF NUCLEUS BASALIS IN RAT.  J .H . H aring  
and R.Y. Wang.  D epartm en ts o f Anatomy and P harm acology, S t .  
L ou is  U n iv e r s i ty  School o f M ed ic ine , S t .  L o u is , MO 63104.

C e n tra l  c h o l in e r g ic  system s a r i s i n g  from n eu rons  o f th e  
n u c le u s  b a s a l i s (NB) p r o je c t  th ro u g h o u t th e  n eo c o rte x  and 
a r e  th o u g h t t o  p a r t i c i p a t e  in  a number o f f u n c t io n a l  
p ro c e s s e s  in  b o th  th e  norm al and p a th o lo g ic  b r a in .  In  
p a r t i c u l a r ,  th e  s e l e c t i v e  d e t e r io r a t i o n  o f NB c h o l in e rg ic  
neu rons  i s  a m a jo r consequence of A lzh e im er’s d is e a s e .  
A lthough th e  e f f e r e n t  co n n e c tio n s  of NB have been th e  
s u b je c t  o f s e v e ra l  r e c e n t s tu d ie s ,  l i t t l e  i s  known 
c o n c e rn in g  i t s  a f f e r e n t  in p u ts .  We have used  h o rs e ra d is h  
p e ro x id a s e  (HRP) t o  i d e n t i f y  s o u rc e s  o f a f f e r e n t  p r o je c t io n s  
t o  NB.

S te r e o ta x ic  p lacem en ts  of HRP o r  WGA-HRP w ere made in  NB 
o f  Sprague-D aw ley r a t s  (2 2 5 -2 5 0 g ). The enzyme was d e l iv e re d  
e i t h e r  by p r e s s u re  i n j e c t i o n  ( 1 0 -2 0  n l )  w ith  a m ic ro p ip e t te  
a t ta c h e d  to  a  H am ilton  s y r in g e  o r by io n to p h o re s is .  I f  th e  
i n j e c t i o n  was l im ite d  to  th e  m ed ia l g lobus  p a l l i d u s ,  w here in  
NB neu ro n s  a r e  lo c a te d ,  s p a r s e  l a b e l in g  (1 -5  c e l l s /n u c le u s )  
was seen  in  th e  fo llo w in g  re g io n s : c a u d a te  n , cen trom ed ian  
n , v e n tro m e d ia l n , su b th a lam ic  n , zona in c e r t a ,  
p a r a f a s c i c u l a r  n , s u b s t a n t i a  n ig r a  p a rs  com pacta, v e n t r a l  
te g m e n ta l a r e a ,  m e se n cep h a lic  r e t i c u l a r  fo rm a tio n , p o n tin e  
r e t i c u l a r  fo rm a tio n  p a rs  o r a l i s ,  p a r a b ra c h ia l  n , d o r s a l  
rap h e  n and lo c u s  c e ru le u s .  In  a d d i t io n ,  m odera te  la b e l in g  
(20 -30  c e l l s / s e c t i o n )  was seen  in  f r o n ta l  c o r te x  
c o rre sp o n d in g  to  a re a s  8 and 10 of K r ie g e r . C o r t i c a l  neurons 
la b e le d  from NB appeared  to  be lo c a te d  m ain ly  in  la y e r s  IV 
and V and in c lu d e d  b o th  pyram idal and g ra n u le  c e l l  ty p e s .

The p re s e n t  s tu d y  has dem o n stra ted  th a t  NB re c e iv e s  
in p u ts  from a v a r i e ty  of re g io n s  th ro u g h o u t th e  n e u ra x is .  
B ecause th e  r a t  NB i s  s i tu a te d  in  th e  m ed ia l a s p e c t of th e  
g lo b u s  p a l l i d u s ,  a l l  s u b c o r t i c a l  n u c le i  i d e n t i f i e d  in  t h i s  
s tu d y  as  b e in g  a f f e r e n t  t o  NB a l s o  have co n n e c tio n s  w ith  
g lo b u s  p a l l i d u s .  Thus th e  r a t  NB ap p e a rs  to  r e p re s e n t  a 
s u b s e t of p a l l i d a l  neu rons w ith  reg a rd  to  s u b c o r t i c a l  
a f f e r e n t  c o n n e c tio n s . However, th e  p re se n c e  of a f f e r e n t  
p r o je c t io n s  o r ig in a t in g  in  f r o n ta l  c o r te x  ap p e a rs  to  be 
u n iq u e  to  th e  m ed ia l p a l l i d a l  re g io n  and NB. T h is  
o b s e rv a t io n  s u g g e s ts  t h a t  th e  r a t  NB may be r e c ip r o c a l ly  
r e l a t e d  t o  i t s  c o r t i c a l  t a r g e t s .

Supported  by USPHS g ra n t s  AG 04421 and MH 00378.

342.8  REGULATION AND CHARACTERIZATION OF ACETYLCHOLINESTERASE
ISOFORMS IN SEPTAL AND HIPPOCAMPAL CULTURES.  K .__ M  
Schegg*. K. J .  F u tam achi*  and J .  H. Peacock (snon : L. J .   
T i r r i ) .   U. o f  Nevada School o f  M ed ic ine , Reno, NV 89557.

R eg u la tio n  o f iso fo rm s o f a c e ty lc h o l in e s t e r a s e  (AChE) 
h as been w e ll d e s c r ib e d  fo r  p e r ip h e r a l  c h o l in e rg ic  synapses  
b u t n o t f o r  c e n t r a l  n e u ro t ra n s m is s io n .  In  th e  mammalian 
b r a i n ,  AChE d is a p p e a rs  a f t e r  i n t e r r u p t i o n  o f  th e  s e p ta l  
c h o l in e rg ic  p r o je c t io n  to  th e  hippocam pus su g g e s tin g  th a t  
iso fo rm s o f  AChE may be r e g u la te d  by s e p ta l  n e u ro n s . T h is 
h y p o th e s is  can be t e s t e d  in  c u l tu r e  w here AChE iso fo rm s may 
be c h a ra c te r iz e d  in  h ippocam pal c u l tu r e s  a lo n e  and th e n  
compared to  th o s e  in  s e p ta l  o r  sep toh ippocam pal c o c u l tu r e s ,  
b o th  o f  w hich deve lop  c h o l in e rg ic  sy n a p se s .

D is so c ia te d  s e p ta l  a n d /o r  hippocam pal t i s s u e  from mice 
16-18 days g e s ta t io n  were grown in  c u l tu r e  f o r  7 -9  d ay s . 
AChE was e x t r a c te d  from th e  c u l tu re d  c e l l s  o r  t i s s u e s  ta k en  
d i r e c t l y  from m ice o f  th e  same ag e . The r e s u l t i n g  e x t r a c t  
was assay ed  fo r  AChE and c e n tr ifu g e d  on i s o k in e t i c  su c ro se  
g r a d i e n t s .  T y p ic a l s p e c i f i c  a c t i v i t i e s  f o r  p la te s  o f  medium 
d e n s i ty  were 1-5 jum oles/m in p e r  p l a t e ;  hippocam pal a c t i v i t y  
was g e n e ra l ly  abou t h a l f  o f  th a t  o f septum  a lo n e  o r  septum  
c u l tu re d  w ith  h ippocam pus. AChE was e x t r a c te d  u s in g  t r i s  
b u f f e r s  c o n ta in in g  h ig h  s a l t  p lu s  e i t h e r  0.5% T r i to n  X-100 
o r 1% sodium c h o la te .  Both o f th e s e  b u f f e r s  e x t r a c te d  
n e a r ly  100% AChE from in t a c t  t i s s u e s  b u t ,  from c u l tu r e s ,  
o n ly  84-95% w ith  T r i to n  X-100 and 95-100% w ith  c h o la te .  
Sucrose g r a d ie n ts  o f e x t r a c t s  formed from th e  3 ty p e s  o f 
c u l tu r e s  and from f e t a l  t i s s u e s  a l l  showed s ig n i f i c a n t  
peaks a t  4 .5S  and 10S w ith  a sh o u ld e r  a t  abou t 7S. Both 
s e p ta l  and sep toh ippocam pal e x t r a c t s  y ie ld e d  AChE p r o f i l e s  
w ith  a la rg e  10S peak th a t  c o n s t i tu te d  abou t 59% o f  t o t a l  
a c t i v i t y .  P r o f i l e s  o f h ippocam pal e x t r a c t s ,  how ever, 
showed on ly  24% o f th e  a c t i v i t y  ip  th e  10S peak . These 
r e s u l t s  were indep en d en t o f th e  e x t r a c t io n  b u f f e r  used  and 
o f th e  p re sen ce  o r  ab sence  o f h o rse  serum in  th e  medium. 
Experim en ts w ith  e c h o th io p h a te  in d ic a te d  th a t  v i r t u a l l y  a l l  
4 .5S  AChE in  sep toh ippocam pal and h ippocam pal c u l tu r e s  was 
in  th e  i n t e r i o r  o f th e  c e l l  w h ile  abou t 2/3  o f 10S a c t i v i t y  
was e x t e r i o r .

In  sum, septum ap p e ars  to  r e g u la te  AChE iso fo rm  
co m position  in  hippocam pus; th e  mechanism o f  t h i s  
r e g u la t io n  i s  c u r r e n t ly  b e in g  in v e s t ig a t e d .

Supported  by th e  V ete ra n s  A d m in is tra tio n  and th e  R obert 
Z. Hawkins F o u n d a tio n .

342.9  C ircadian  V ariation in the Effects of Imipramine on the Choli
n e rg ic  Enzyme System of V arious Rat B rain R egions. Magdi R.  
I. Soliman*, M ervin E. Williams*, Timothy Allen* and 
C harles A. W alker.  College of Pharm acy, F lo rida  ASM 
U n iv e rs ity , T a llahassee, FL 32307

Im ipram ine has been shown to a lte r the circad ian  rhythm  of 
m uscarin ic  acetylcholine recep to rs  in the ra t b ra in . The p re sen t 
investigation  was conducted to s tudy the d iu rna l variations in 
the effects of Im ipram ine on choline acety ltransferase  (ChAT) 
and ace ty lcho linesterase  (AChE) activities of various ra t b ra in  
reg ions . Male Sprague-D aw ley ra ts  (150 - 200 g) adapted to a 
12 h light: 12h dark  illum ination cycle w ere used  in th is  s tu d y . 
Im ipram ine (10 m g/kg) was adm inistered  i .p .  to ra ts  e ith e r at 
the beg inn ing  of the ligh t phase (07: 00 h) or at the beginning  
of the dark  phase (19:00 h). Control ra ts  w ere in jected  with 
saline . The animals w ere sacrificed  by decapitation four 
ho u rs  la te r . The hypothalam us, h ippocam pus, c e reb ra l cortex 
and m idbrain w ere d issected  and th e ir  ChAT and AChE activ
ities  w ere determ ined by spectrophotom etric a ssay s. Im ipra
mine adm in istered  at the beg inn ing  of the ligh t phase  resu lted  
in a s ign ifican t inc rease  in  ChAT activ ity  of the cortex  and 
hypothalam us which was accompanied by a s ignificant increase  
in AChE activity  of the m id b ra in . No significant changes in 
ChAT o r AChE activity  w ere observed  in o ther b ra in  regions 
s tu d ied . H ow ever, when Imipramine was adm inistered  at the 
beg inn ing  of the dark  p h a s e , it significantly  inh ib ited  ChAT 
activity  in the cortex  and hypothalam us and significantly  
decreased  AChE activity  of the hypothalam us. These re su lts  
c learly  indicate that Imipramine affects the cholinerg ic 
enzyme system  of specific ra t b ra in  regions and that these 
effects are  d iu rna lly  controlled (Supported by NASA Grant 
NSG 2029)

342. 10  FUNCTIONAL AND NEUROCHEMICAL CORTICAL CHOLINERGIC IMPAIR
MENT FOLLOWING NEUROTOXIC LESIONS OF THE NUCLEUS BASALIS 
MAGNOCELLULARIS (NBM) IN THE RAT.  S .R . E l-D efraw y* ,  
F. Coloma*, K. Jham andas*, R .J . Boegman, R .J . Beni n g e r , 
and B.A. W irsch ing* . D epartm ent of Pharm acology and 
T ox ico logy , and D epartm ent o f P sycho logy , Q ueen 's  
U n iv e r s i ty ,  K in g s to n , O n ta r io , Canada K7L 3N6.

Q u in o lin ic  a c id  (QUIN), an endogenous try p to p h a n  
m e ta b o l i te ,  in j e c t e d  in to  th e  b r a in  p roduces k a in ic  a c id  
(K A )-like  n e u ro to x ic  a c t io n .  We have in v e s t ig a t e d  th e  
e f f e c t  o f QUIN and KA on c o r t i c a l  c h o l in e rg ic  fu n c t io n  
fo llo w in g  s te r e o ta x ic  i n j e c t i o n  in to  th e  NBM and in t o  
th e  f r o n to - p a r i e t a l  c o r te x  o f r a t s .  The r e l e a s e  of 
3H -a c e ty lc h o lin e  ( 3H-ACh) from  c o r t i c a l  s l i c e s ,  h igh  
a f f i n i t y  c h o lin e  u p ta k e  (HACU) and a c e ty lc h o l in e s t e r a s e  
(AChE) a c t i v i t y  was m easured 7 days fo llo w in g  u n i l a t e r a l  
in j e c t io n s  of s a l i n e  ( c o n t r o l ) ,  QUIN (6 0 , 150 and 300 
nm oles) o r  KA (4 .7  nm oles) i n to  th e  NBM. These p a ram e te rs  
were a l s o  examined 7 days a f t e r  u n i l a t e r a l  i n j e c t io n s  o f 
s a l i n e ,  QUIN (300 nm oles) o r  KA (9 .4  nm oles) i n t o  th e  
f r o n to - p a r i e t a l  c o r te x .

In  an im als th a t  re c e iv e d  in j e c t io n s  o f QUIN o r  KA in to  
th e  NBM, th e  po tass ium -evoked  r e l e a s e  of 3H-ACh, HACU and 
AChE was s ig n i f i c a n t ly  reduced  when compared w ith  s a l i n e -  
in j e c t e d  an im a ls . H is to lo g ic a l  ex am in a tio n  o f s ta in e d  
b ra in  s e c t io n s  showed a marked lo s s  of c e l l  b o d ie s  in  
th e  re g io n  o f th e  NBM and th e  g lobus p a l l id u s .  However, 
d e s p i te  a la rg e  h i s to l o g ic a l  le s io n ,  th e  c o r t i c a l  
c h o l in e rg ic  f u n c t io n  and b io ch em ica l m arkers were on ly  
p a r t i a l l y  red u ced . In  an im als in j e c t e d  w ith  QUIN o r  KA 
in t o  th e  f r o n to - p a r i e t a l  c o r te x ,  th e  r e l e a s e  o f 3H-ACh,  
HACU and AChE was n o t s ig n i f i c a n t ly  a f f e c te d  when compared 
w ith  c o n t r o l s ,  a lth o u g h  h i s to l o g ic a l  ex am in a tio n  showed 
marked lo s s  o f c o r t i c a l  neu ro n s .

The r e s u l t s  d em o n stra te  th a t  QUIN, an endogenous 
m e ta b o l i te ,  p roduces a d e f i c i t  in  c o r t i c a l  c h o l in e r g ic  
fu n c t io n .  The to x ic  e f f e c t s  of t h i s  ag e n t on c o r t i c a l  
c h o l in e rg ic  f u n c t io n ,  as r e f l e c te d  in  im p aired  ACh r e l e a s e ,  
a re  due to  i t s  a c t io n  on c h o l in e rg ic  c e l l  b o d ie s  in  th e  
NBM. The c o r t i c a l  s l i c e  p r e p a ra t io n  from Q U IN -trea ted  
an im a ls , showing im pairm ent o f ACh r e l e a s e ,  may be a u s e fu l  
model f o r  a s s e s s in g  th e  a c t io n  o f d rugs d es ig n e d  to  im prove 
c h o l in e rg ic  fu n c t io n .

[S u p p o r te d  by a  g r a n t  fro m  The O n ta r io  M e n ta l  H e a l th  
F o u n d a t io n . ]
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342.11  QUINOLINIC ACID NEUROTOXICITY ANTAGONIZED BY KYNEURINIC  
ACID.  R . J .  Boegm an, K. J h a m a n d a s* , S .R . E l-D e f ra w y * , and 
R .J .  B e n in g e r .  D e p a r tm e n ts  o f  P h a rm a c o lo g y  an d  T o x ic o lo g y ,  
an d  P s y c h o lo g y ,  Q u e e n 's  U n i v e r s i t y ,  K in g s to n ,  O n t a r i o ,  
C anada K7L 3N6.

Q u i n o l in i c  a c id  (QU IN ), a  n a t u r a l l y  o c c u r r in g  p o te n t  
a g o n i s t  o f  t h e  N - m e th y l - D - a s p a r t a te  ty p e  am ino a c id  
r e c e p t o r ,  c a u s e s  n e u ro n  c e l l  d e a th  a f t e r  a p p l i c a t i o n  t o  th e  
s t r i a t u m  o r  h ip p o c a m p u s . C o - i n j e c t i o n  o f  t h e  t r y p to p h a n  
m e t a b o l i t e  k y n e u r i n i c  a c id  (KYNA) w i th  QUIN ( 3 :1 )  p r e v e n t s  
t h e  d e v e lo p m e n t o f  n e u r o n a l  l e s i o n s  [ F o s t e r  an d  S c h w a rc z , 
S o c . N e u r o s c i .  A b s t .  9 : 1 1 8 5 , 1 9 8 3 ] .  We h av e  e x am in ed  
th e  d o s e - r e s p o n s e  p r o t e c t i v e  e f f e c t  o f  KYNA on QUIN 
n e u r o t o x i c i t y  f o l l o w in g  i n j e c t i o n  i n t o  t h e  n u c le u s  b a s a l i s  
by  m e a s u r in g  c o r t i c a l  3H - a c e ty l c h o l i n e  (ACh) r e l e a s e  and  
c h o l i n e  a c e t y l t r a n s f e r a s e  (CAT) a c t i v i t y .

R a ts  r e c e i v e d  a  1 µ l  u n i l a t e r a l  i n j e c t i o n  o f  QUIN 
( 6 0 ,  9 0 , 120 o r  150 n m o l)  a lo n e  o r  d i f f e r e n t  m o la r  r a t i o s  
o f  QUIN t o  KYNA ( 1 : 0 ,  1 : 0 .5 ,  1 : 1 ,  1 : 2 ,  1 : 3 ) .  CAT was 
m ea su red  i n  c o r t i c a l  h o m o g en a te s  w h i le  K (3 5  m M )-evoked 
3H-ACh r e l e a s e  was from  c o r t i c a l  s l i c e s  (3 0 0  µm) 
p r e - i n c u b a t e d  w i th  3H - c h o l in e .

Body w e ig h t  d e c r e a s e d  by 60 g w i t h in  3 d a y s  o f  QUIN, b u t  
r e t u r n e d  to  p r e - i n j e c t i o n  v a lu e s  by d ay  7 . C o - i n j e c t i o n  
o f  KYNA w i th  QUIN p r e v e n te d  th e  m arked  d e c r e a s e  i n  body 
w e ig h t .  QUIN a lo n e  p ro d u c e d  a  d o s e -d e p e n d e n t  d ro p  i n  
CAT w i th  a  m ax im al d e c r e a s e  o f  53% a t  120 n m o l. A 50% 
r e d u c t i o n  i n  3H-ACh r e l e a s e  was o b ta in e d  a t  120 nm ol 
QUIN. C o - i n j e c t i o n  o f  QUIN p lu s  KYNA d id  n o t  p ro d u c e  th e  
n e u ro c h e m ic a l  c h a n g e s  o b s e rv e d  w i th  QUIN a lo n e .  T h u s , a 
0 . 5 : 1-KYNA:QUIN o n ly  g av e  a  17% d e c r e a s e  i n  CAT, w h i le  
1 : 1 ,  2 :1  an d  3 :1  a f f o r d e d  n e a r l y  c o m p le te  p r o t e c t i o n .  In  
c o n t r a s t  t o  th e  d e c re a s e d  r e l e a s e  o f  3H-ACh fro m  c o r t i c a l  
s l i c e s  o b s e rv e d  w i th  QUIN, KYNA w i th  QUIN ( 3 :1 )  a l lo w e d  
m ax im al ACh r e l e a s e .

I n  c o n t r a s t  t o  F o s t e r  an d  S ch w arcz  who o b ta in e d  78% 
p r o t e c t i o n  by a  1 :1  r a t i o  o f  QUIN:KYNA, we o b t a i n e d  83% 
p r o t e c t i o n  a t  a 1 : 0 .5  r a t i o .  Our r e s u l t s  i n d i c a t e  t h a t ,  
i n  a d d i t i o n  to  d e c r e a s in g  CAT, QUIN a l s o  c a u s e s  a  p a r a l l e l  
r e d u c t i o n  i n  ACh r e l e a s e  and  t h a t  KYNA, a  t r y p to p h a n  
m e t a b o l i t e ,  p r o t e c t s  a g a i n s t  t h e  n e u ro c h e m ic a l  an d  
f u n c t i o n a l  d e f i c i t  p ro d u c e d  by QUIN.

[ S u p p o r te d  by t h e  O n ta r io  M e n ta l  H e a l th  F o u n d a t io n . ]

342 .1 2  EFFECTS OF SCOPOLAMINE AND NUCLEUS BASALIS LESIONS ON  
WORKING AND REFERENCE MEMORY IN THE RAT.  R . J .  B e n in g e r ,  K. 
Jh am an d as * ,  R . J .  Boegman a n d  S .R . E l-D e f ra w y * .  D e p ts .  o f  
P s y c h o lo g y  an d  P h a rm a c o lo g y / Q u e e n 's  U n iv . ,  K in g s to n ,   
C an a d a , K7L 3N6.

W ork ing  memory r e f e r s  t o  r e c a l l  o f  r e c e n t  e v e n ts  o f  
t r a n s i e n t  im p o r ta n c e  w h e re a s  r e f e r e n c e  memory r e f e r s  t o  
i n f o r m a t io n  s t o r e d  o v e r  t h e  lo n g  te r m .  A c c u r a te  p e r fo rm a n c e  
on a  d e la y e d  a l t e r n a t i o n  t a s k  i n  a  T-m aze r e q u i r e s  w o rk in g  
memory ( r e c a l l  o f  m o st r e c e n t l y  v i s i t e d  arm ) an d  r e f e r e n c e  
memory (k n o w led g e  t h a t  fo o d  i s  i n  a rm s) w h e re a s  a c c u r a t e  
p e rfo rm a n c e  on  a  s p a t i a l  d i s c r i m i n a t i o n  i n  a  T -m aze r e q u i r e s  
m a in ly  r e f e r e n c e  m em ory. To t e s t  t h e  h y p o t h e s i s  t h a t  
c h o l i n e r g i c  s y s te m s  a r e  d i f f e r e n t i a l l y  i n v o lv e d  i n  w o rk in g  
an d  r e f e r e n c e  m em ory, t h e  e f f e c t s  o f  t h e  a n t i c h o l i n e r g i c  
s c o p o la m in e  ( 0 ,  0 .3 ,  0 .6  m g /k g , i . p . )  an d  o f  u n i l a t e r a l  
d e s t r u c t i o n  o f  t h e  c o r t i c i p e t a l  c h o l i n e r g i c  c e l l s  o f  t h e  
n u c le u s  b a s a l i s  (NB) w i th  k a i n i c  a c i d  ( 4 .7  n m o les  i n  1 µ l )  
w ere  e v a lu a t e d  i n  t h e s e  t a s k s .  I n  t h e  a l t e r n a t i o n  t a s k  (21 
t r i a l s  p e r  d a ) ,  r a t s '  (n = 1 5 ) c h o ic e  a c c u r a c y  w as d e c r e a s e d  by  
a  3 0 - s e c  d e la y  b e tw e en  t r i a l s  ( p < .0 0 1 )  a n d  by  s c o p o la m in e  
( p < .0 3 ) ,  t h e  h i g h e r  d o se  p r o d u c in g  t h e  l a r g e s t  im p a irm e n t 
(p < .0 3 ) .  S p a t i a l  d i s c r i m i n a t i o n  a c c u r a c y  was n o t  
s i g n i f i c a n t l y  a f f e c t e d  by  d e la y  o r  s c o p o la m in e . F o r  NB 
l e s i o n e d  r a t s  (n = 1 1 ) ,  a c q u i s i t i o n  o f  a l t e r n a t i o n  was 
im p a i r e d  ( p < .0 5 )  i n  c o m p a r is o n  t o  sham l e s i o n e d  (n = 1 8 ) an d  
u n o p e ra te d  c o n t r o l  r a t s  (n = 6 ) .  H ow ever, a l l  r a t s  e v e n t u a l l y  
r e a c h e d  t h e  c r i t e r i o n  o f  2 da  a t  75% o r  b e t t e r  c o r r e c t  a f t e r  
w h ich  a  3 0 - s e c  d e la y  was i n s e r t e d  b e f o r e  h a l f  t h e  t r a i l s .  
A g a in , t h e r e  was a  d e la y  e f f e c t  (p < .0 0 1 )  a n d  a  g ro u p  by  
d e la y  i n t e r a c t i o n  ( p < .0 2 ) ;  c h o ic e  a c c u r a c y  o f  t h e  NB g ro u p  
was im p a i r e d  a t  t h e  0 - s e c  d e la y  ( p < .0 1 )  b u t  g ro u p s  d id  n o t  
d i f f e r  s i g n i f i c a n t l y  a t  t h e  30 s e c  d e l a y ,  p o s s i b l y  b e c a u s e  
c o n t r o l  p e r fo rm a n c e  w as n e a r  c h a n c e .  S p a t i a l  d i s c r i m i n a t i o n  
a c c u r a c y  was n o t  s i g n i f i c a n t l y  a f f e c t e d  b y  d e la y  o r  NB 
l e s i o n s .  A ssa y s  o f  c o r t i c a l  c h o l i n e  a c e t y l t r a n s f e r a s e  (CAT) 
a c t i v i t y  show ed a  g r e a t e r  t h a n  40% d e c r e a s e  on  t h e  NB 
l e s i o n e d  s id e  co m p ared  t o  t h e  i n t a c t  s i d e  w i th  no 
s i g n i f i c a n t  ch a n g e  i n  h ip p o c a m p a l CAT. T h e se  r e s u l t s  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  c h o l i n e r g i c  s y s te m s ,  p o s s i b l y  
t h e  b a s a l o c o r t i c a l  p a th w a y  a r e  i m p o r t a n t ly  i n v o lv e d  i n  
w o rk in g  memory b u t  n o t  r e f e r e n c e  m em ory. (S u p p o r te d  b y  
OMHF).

432.13  THE RECRUITMENT OF SODIUM-DEPENDENT, HIGH-AFFINITY CHOLINE 
CARRIERS IN RAT FOREBRAIN SYNAPTOSOMES.  R . J . R y l e t t  and   
E .H .C o lh o u n * .  D e p a r tm e n t o f  P h a rm a c o lo g y  and  T o x ic o lo g y ,  
U n i v e r s i t y  o f  W e ste rn  O n t a r i o ,  L ondon , O n t a r i o ,  N6A 5C1.

F o l lo w in g  i n c r e a s e d  c h o l i n e r g i c  n e u r o n a l  a c t i v i t y  i n v iv o  
o r  d e p o l a r i z a t i o n  o f  s y n a p to so m e s  i n  v i t r o  t h e r e  i s  an i n 
c r e a s e  i n  t h e  v e l o c i t y  o f  s o d iu m -d e p e n d e n t ,  h i g h - a f f i n i t y  
c h o l i n e  t r a n s p o r t .  T h is  e f f e c t  may d ep en d  upon  t h e  b i o a v a i l 
a b i l i t y  o f  c h o l i n e  c a r r i e r s  i n  t h e  t e r m in a l  m em brane b u t  t h e  
u n d e r l y i n g  m e c h a n ism (s)  h a s  y e t  t o  b e  r e s o l v e d .  In  o u r  l a b 
o r a t o r y ,  c h o l i n e  m u s ta rd  a z i r i d i n i u m  io n  (ChM Az) h a s  p ro v e d  
t o  be  a  u s e f u l  n e u ro c h e m ic a l  p ro b e  and  l i g a n d  f o r  i n v e s t i g a 
t i o n s  r e l a t e d  t o  t h e  h i g h - a f f i n i t y  t r a n s p o r t  o f  c h o l i n e  i n  
s y n a p to s o m e s .  The d a t a  r e p o r t e d  b e lo w  show s t h a t  ChM Az may 
p r o v id e  e v id e n c e  o f  a d d i t i o n a l  c h o l i n e  c a r r i e r s  i n  K+ - d e p o l 
a r i z e d  s y n a p to s o m e s .  R a t f o r e b r a i n  s y n a p to s o me s  w ere  in c u b a 
t e d  i n  r e g u l a r  K re b s -R in g e r  (KR) s o l u t i o n  (K+ ,5  mM) o r  h ig h  
K+ -KR (K+ ,4 0  mM) f o r  10 m in th e n  e x p o s e d  t o  ChM Az ( 0 .9  µM) 
f o r  10 m in b e f o r e  so d iu m -d e p e n d e n t  3H - c h o l in e  t r a n s p o r t  a c 
t i v i t y  was m o n ito re d  i n  r e g u l a r  K+ ; p r i o r  d e p o l a r i z a t i o n  in  
c o n t r o l  sy n a p to s o m e s  p ro d u c e d  a  40% i n c r e a s e  i n  c h o l i n e  
t r a n s p o r t  v e l o c i t y .  In  s y n a p to s o m e s  p r e i n c u b a te d  i n  r e g u l a r  
KR, ChM Az ( 0 .9  uM, 10 m in) c a u s e d  41% i n h i b i t i o n  o f  c h o l i n e  
u p t a k e .  Thi s b lo c k a d e  was i n c r e a s e d  t o  58% by  p r i o r  d e p o la r 
i z a t i o n  (K+ ,4 0  mM) o f  t h e  n e rv e  e n d in g  p a r t i c l e s .  T h is  c o u ld  
o c c u r  i f  a  g r e a t e r  num ber o f  c a r r i e r s  w ere  e x p o se d  t o  t h e  
o u t e r  m em brane s u r f a c e  o f  t h e  sy n a p to s o m e s  p e r  u n i t  t im e  f o r  
a l k y l a t i o n  by  ChM A z. In  o t h e r  a l i q u o t s  o f  s y n a p to s o m e s ,  t h e  
p r o t o c o l  was r e v e r s e d ;  t h a t  i s ,  s y n a p to s o m e s  w e re  e x p o se d  t o  
ChM Az b e f o r e  d e p o l a r i z a t i o n .  In  s y n a p to s o m e s  i n  w h ich  h ig h -  
a f f i n i t y  c h o l i n e  u p ta k e  was b lo c k e d  by  ChM A z, K+ - d e p o l a r i 
z a t i o n  p ro d u c e d  a  s t i m u l a t i o n  o f  c h o l i n e  t r a n s p o r t .  In  
sum m ary, i t  w o u ld  a p p e a r  t h a t  t h e  i n c r e a s e d  v e l o c i t y  o f  
s y n a p to s o m a l  c h o l i n e  t r a n s p o r t  in d u c e d  by  d e p o l a r i z a t i o n  
c o u ld  b e  m e d ia te d  by  a  r e c r u i t m e n t  o f  c a r r i e r s  o r  by  m ove
m ent o f  c a r r i e r s  fro m  t h e  i n s i d e  s u r f a c e  o f  t h e  m em brane to  
t h e  o u t e r  s u r f a c e  a t  a  f a s t e r  r a t e .
( S u p p o r te d  by  a  g r a n t  from  t h e  M e d ic a l R e s e a rc h  C o u n c i l  o f  
C an ad a)

34 2 . 14  SYNTHESIS AND RELEASE OF 14C-ACETYLCHOLINE PRODUCED FROM 
 14C-GLUCOSE AND INTRATERMINAL CHOLINE POOLS.  T . J .  C a r l t o n * ,  
E . H .  C o l h o u n *  a n d  R . J .  R y l e t t  ( S P ON. M.A.  Cook) .   D e p a r t m e n t  
o f  P h a r m a c o l o g y  a n d  T o x i c o l o g y ,  U n i v e r s i t y  o f  W e s t e r n  
O n t a r i o ,  L o n d o n ,  O n t . ,  C a n a d a ,  N6 A 5C l .

I n  o u r  l a b o r a t o r y ,  t h e  e f f i c i e n c y  o f  a c e t y l a t i o n  o f  
c h o l i n e  f o l l o w i n g  h i g h - a f f i n i t y  t r a n s p o r t  w a s  m a r k e d l y  d i f f 
e r e n t  i n  s y n a p t o s o m e s  p r e p a r e d  f r o m  r a t  a n d  g u i n e a - p i g  f o r e 
b r a i n  ( R y l e t t ,  e t  a l . ,  S o c .  N e u r o s c i .  9 , 9 7 1 ,  1 9 8 3 ) .  T h e  
p r e s e n t  s t u d y  wa s  p e r f o r m e d  t o  a s s e s s  t h e  u t i l i z a t i o n  o f  
c h o l i n e  f r o m  a n  i n t r a t e r m i n a l  p o o l  i n  ACh s y n t h e s i s  u s i n g  
14C - g l u c o s e  a s  a  t r a c e r ;  h i g h - a f f i n i t y  c h o l i n e  t r a n s p o r t  wa s 

b l o c k e d  by  h e m i c h o l i n i u m - 3  ( H C - 3 )  o r  b o t h  h i g h  a n d  l o w -  
a f f i n i t y  t r a n s p o r t  w e r e  i r r e v e r s i b l y  b l o c k e d  by  c h o l i n e  m u s 
t a r d  a z i r i d i n i u m  i o n  (C hM A z ).  F o l l o w i n g  a  30  m i n  i n c u b a t i o n  
w i t h  14 C - g l u c o s e  (7 0uM ) c o n t r o l  s y n a p t o s o m a l  14C-ACh v a l u e s  
w e r e  3 1 4 . 5 ± 2 7 . 3  p m o l /m g  p r o t e i n / 3 0  m i n  ( x ± S . E . M . )  f o r  r a t  
a n d  2 6 0 . 5 ± 3 4 . 5  i n  t h e  g u i n e a - p i g .  S a m p l e s  i n c u b a t e d  w i t h  HC- 
3 ( 1 0 uM) o r  p r e - i n c u b a t e d  w i t h  ChMAz ( 1 0 0  uM f o r  10 m i n )  
s h o w e d  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  s y n a p t o s o m a l  14C-ACh c o n 
t e n t  w h e n  c o m p a r e d  t o  c o n t r o l  v a l u e s  o r  w h e n  c o m p a r e d  b e t w e e n  
s p e c i e s .  I t  w a s  f o u n d  t h a t  i n t r a t e r m i n a l  c h o l i n e  c a n  b e  u s e d  
f o r  t h e  s y n t h e s i s  o f  ACh t o  a  s i m i l a r  e x t e n t  u n d e r  c o n d i t i o n s  
w h e r e  c h o l i n e  t r a n s p o r t  h a s  b e e n  b l o c k e d  b y  known i n h i b i t o r s  
o f  t h e  c a r r i e r  m e c h a n i s m .  S u b c e l l u l a r  f r a c t i o n a t i o n  s t u d i e s  
w e r e  p e r f o r m e d  t o  c o m p a r e  c y t o p l a s m i c  v e r s u s  o c c l u d e d  i n c o r 
p o r a t i o n  o f  14C-ACh b e t w e e n  t h e  s p e c i e s .  I n  r a t  b r a i n  s y n a p 
t o s o m e s  6 8 . 2 ± 2 . 2 1 %  o f  t h e  14C-ACh s y n t h e s i z e d  w a s  r e c o v e r e d  
i n  t h e  c y t o p l a s m i c  f r a c t i o n  ( S 3 ) c o m p a r e d  t o  6 1 . 0 ± 1 .95% i n  
t h e  S 3 f r a c t i o n  f r o m  g u i n e a - p i g  s y n a p t o s o m e s .  T h e  a m o u n t  o f  
v e s i c u l a r  i n c o r p o r a t i o n  i n  t h e  r a t  a n d  g u i n e a - p i g  w h e n  co m 
p a r i n g  c o n t r o l s  t o  HC-3 o r  C h M A z - t r e a t e d  s a m p l e s  d i d  n o t  d i f 
f e r  s i g n i f i c a n t l y  b e t w e e n  t h e  s p e c i e s  n o r  b e t w e e n  t h e  t r e a t 
m e n t  g r o u p s .  A n a l y s i s  o f  s p o n t a n e o u s l y  r e l e a s e d  14C-ACh i n  
c o n t r o l  s a m p l e s  s h o w e d  v a l u e s  o f  0 . 6 4 ± 0 . 0 6  p m o l /m g  p r o t e i n /  
m in  f r o m  r a t  s y n a p t o s o m e s  c o m p a r e d  t o  0 . 2 0 ± 0 . 0 3  f o r  t h e  
g u i n e a - p i g  ( p < 0 . 0 0 5 ) .  S p o n t a n e o u s  r e l e a s e  o f  14C-ACh w a s  s i g 
n i f i c a n t l y  r e d u c e d  b y  8 5 . 5 %  i n  HC -3 s a m p l e s  a n d  by  8 2 . 7 %  i n  
ChMAz s a m p l e s  i n  t h e  r a t  ( p < 0 . 0 0 5 ) .  I n  t h e  g u i n e a - p i g  t h e  
c o r r e s p o n d i n g  r e d u c t i o n s  w e r e  5 6 . 6 %  a n d  6 3 . 3 %  r e s p e c t i v e l y  
( p < 0 . 0 0 5 ) .  D e c r e a s e d  s p o n t a n e o u s  r e l e a s e  o f  14C-ACh r e l e a s e  
i n  HC-3 o r  C h M A z - t r e a t e d  s a m p l e s  w a s  n o t  d u e  t o  a  d i f f e r e n c e  
i n  s u b c e l l u l a r  d i s t r i b u t i o n  o f  n e w l y - s y n t h e s i z e d  14C -A C h , b u t  
i n d i c a t e s  t h a t  i n h i b i t o r s  o f  c h o l i n e  t r a n s p o r t  c a n  i n h i b i t  
s p o n t a n e o u s  r e l e a s e  i n  t h e  a b s e n c e  o f  i n t r a c e l l u l a r  14C-ACh 
c h a n g e s .
( S u p p o r t e d  by  t h e  M e d i c a l  R e s e a r c h  C o u n c i l  o f  C a n a d a ) .



MONDAY AM ACETYLCHOLINE in  1189

342.15  THE RELATIVE SELECTIVITY OF ANTICHOLINERGIC ANTIPARKINSONIAN  
DRUGS FOR M1 AND M2 MUSCARINIC RECEPTOR SUBTYPES.
Robert E. Burke. S. Fahn .   Department of Neurology,
C o lleg e  o f P h y s ic ia n s  and S u rgeons, Colum bia U n iv e r s i ty ,   
New Y ork, New York 10032

The r e c e p to r  b in d in g  o f  c l a s s i c  m u s c a r in ic  a n ta g o n is ts  
i s  a d e q u a te ly  d e s c r ib e d  by a o n e - s i t e  m odel, bu t th e  b in d in g  
o f  th e  n o v e l  a n t a g o n i s t ,  p i r e n z e p i n e ,  i s  n o t .  I t s  b in d in g  
p r o p e r t i e s  s u p p o r t  th e  c o n c e p t  o f  m u s c a r in ic  r e c e p t o r  
s u b ty p e s ,  M1 and  M2. A u to r a d io g r a p h ic  s t u d i e s  h av e  show n 
th a t  f o r e b r a in  m u s c a r in ic  r e c e p t o r s  a r e  p r e d o m in a n t ly  M1 , 
w h e re a s  h i n d b r a i n  r e c e p t o r s  a r e  p r e d o m in a n t ly  M2 (M ash , 
P o t t e r ,  1982; Wamsley e t  a l  1984).

W h ile  th e  a n t i c h o l i n e r g i c  a n t i p a r k i n s o n i a n  d ru g s  a r e  
re c o g n iz e d  to  d i f f e r  in  p o ten cy , th e  p o s s i b i l i t y  th a t  they  
may a l s o  d i f f e r  i n  t h e i r  s e l e c t i v i t y  f o r  th e  m u s c a r in ic  
su b ty p es  h as  n o t been s tu d ie d  in  d e t a i l .  We have exam ined 
th e  s e l e c t i v i t y  o f th e se  d rugs by s tu d y in g  t h e i r  a b i l i t y  to  
d is p la c e  3H(-)QNB from  r a t  f o r e b r a in  (p red o m in an tly  M1) and 
h i n d b r a i n  ( p r e d o m i n a n t l y  M2) m e m b ra n e  p r e p a r a t i o n s .  
Membranes (2 6 .0  ± .5 µ p ro te in /4 .0  ml in c u b a te )  and 3H(-)4 QNB 
(120 pM) w ere in c u b a te d  (37°C, 60 m in u te s  in  50mM NaKPO4 , pH 
7 .4 ) i n  th e  p r e s e n c e  o f  v a r y i n g  c o n c e n t r a t i o n s  o f d ru g s .  
The Ki f o r  each  d rug  fo r  f o r e b r a in  and h in d b ra in  membranes 
w as c a l c u l a t e d  fro m  IC50 ´ s u s in g  th e  Cheng and  P r u s o f f  
e q u a tio n  and e x p e r im e n ta l ly  d e te rm in ed  ´s f o r  3H (-) QNB 
i n  f o r e b r a i n  (KD= 22 pM) and  h in d b r a in  (KD= 28 pM). We 
ex p re s s e d  s e l e c t i v i t y  f o r  M1 as a r a t i o  o f Ki h in d b ra in /K i 
f o r e b r a i n .  As e x p e c te d ,  p i r e n z e p in e  had  th e  g r e a t e s t  
s e l e t i v i t y  w i th  a r a t i o  o f  8 . 6 . A l l  d ru g s  s t u d i e d  had  a 
h ig h e r  a f f i n i t y  f o r  f o r e b r a i n  r e c e p t o r s ;  th u s  th e  lo w e s t  
s e l e c t i v i t y  r a t i o  was 2.1 (o rp h e n a d r in e ) .

We fo u n d  t h a t  t h e s e  d ru g s  v a r i e d  up to  3 - f o l d  i n  
s e l e c t i v i t y .  In  d e s c e n d in g  o r d e r  o f  s e l e c t i v i t y  ( d ru g ,  
K iH /K iF ): b i p e r i d e n  ( A k i n e t o n ) ,  6 . 8 ; t r i h e x y p h e n i d y l  
(A rta n e ) , 6 .4; s co p o la m in e , 5.5; d ex e tim id e  (T rem blex), 4 .3 ; 
b e n z t r o p in e  ( C o g e n t in ) ,  4 .2 ; a t r o p i n e ,  3 .3 ; p r o c y c l i d i n e  
(K em adrin), 2 .9; e th o p ro p a z in e  (P a r s id o l) ,  2.4 ; o rp h en ad rin e  
( D i s i p a l ) ,  2 .1 .

The v a ry in g  s e l e c t i v i t y  among th e se  drugs in d i c a t e s  they  
may d i f f e r  i n  t h e r a p e u t i c  in d e x ,  d e p e n d in g  on w h e th e r  
b e n e f i t  i s  m e d ia te d  a t  M1 o r  M2. The d e v e lo p m e n t o f  e v e n  
m ore s e l e c t i v e  d ru g s  w i l l  n o t o n ly  p e r m i t  m ore s e l e c t i v e  
t r e a t m e n t ,  b u t w i l l  p r o v id e  i n f o r m a t i o n  a b o u t th e  b r a i n  
r e g io n  w here b e n e f i t  i s  m e d ia ted .

S uppo rted  by The D yston ia  M edical R esearch  F oundation .

342.16  IN VIVO AND IN VITRO EFFECT OF TETRACAINE ON 
MEM BRANE-BOUND ACETYLCHOLINESTERASE ACTIVITY.
M. K. Poddar  and S . J .  Hague*.  D epar tm ent  o f  B io
c h e m i s t r y ,  U n i v e r s i t y  o f  C a l c u t t a ,  U n i v e r s i t y  
C o l le g e  o f  S c i e n c e ,  35 B. C. Road, C a lc u t t a - 7 0 0 0 1 9  
I n d i a .

I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  o f  a s i n g l e  dose 
o f  t e t r a c a i n e ( 2 5  m g /k g ,  ip )  t o  r a t s  p ro d u ces  a t im e  
d e p e n d e n t  (30-240  min) s i g n i f i c a n t  s t i m u l a t i o n  o f  
a c e t y l c h o l i n e s t e r a s e ( AChE) a c t i v i t y  (20 .7 -40 .0% ) in  
b r a in  sy n a p to so m e . E r y t h r o c y t e  membrane-bound AChE 
a c t i v i t y ,  on t h e  o t h e r  hand,  i s  s i g n i f i c a n t l y  i n 
h i b i t e d ( 2 0 . 8 - 3 4 . 2%) under  s i m i l a r  c o n d i t i o n s  o f  
t r e a t m e n t .  T e t r a c a i n e ,  under  i n  v i t r o  c o n d i t i o n ,  
p ro d u ces  a s i g n i f i c a n t  and c o n c e n t r a t i o n  dependen t   
r e v e r s i b l e  i n h i b i t i o n  o f  AChE a c t i v i t y  i n  s y n a p t o -  
some(4.4-100%) and e r y t h r o c y t e  membrane(1 6 . 0 - 100%) 
a t  c o n c e n t r a t i o n s  25-300  µM and 5 0 -4 0 0  µM r e s p e c 
t i v e l y .  The IC 5 0  v a l u e s  o f  t e t r a c a i n e  i n  s y n a p t o 
somal and e r y t h r o c y t e  membrane-bound AChE a r e  88 

and 2 0 0  µM r e s p e c t i v e l y .  T e t r a c a i n e  a t  s u b - i n h i b i 
t o r y  c o n c e n t r a t i o n s  (10 µM) p ro d u ces  a s m a ll  but 
s i g n i f i c a n t  s t i m u l a t i o n  (8. 7 - 2 3 . 0%) o f  AChE a c t i v i 
t y  i n  synaptosome but n o t  i n  e r y t h r o c y t e  membrane. 
L inew eaver-B urk  p l o t s  i n d i c a t e  t h a t  t h e  Km(2 .5mM) 
o f  synap tosom al  AChE i s  i n c r e a s e d ( 1 00-500%) w i th  
t h e  i n c r e a s e  o f  t e t r a c a i n e  c o n c e n t r a t i o n s (50-150 
µM ) and l i k e w i s e  t h e  Km o f  e r y t h r o c y t e  membrane 
( 0 . 68mM) i s  i n c r e a s e d ( 124.5-546 .9% ) w i th  th e  i n c r 
ease  o f  d rug c o n c e n t r a t i o n s (100-300  µM). I n  bo th  
th e  membranes Vmax o f  AChE r em a in s  u n a l t e r e d  under  
s i m i l a r  c o n d i t i o n  o f  t r e a t m e n t  w i th  t e t r a c a i n e .

P r e s e n t  r e s u l t s  s u g g e s t  t h a t  t e t r a c a i n e ,  dep en 
d in g  on i t s  c o n c e n t r a t i o n ,  p ro d u c e s  a b i p h a s ic  
a c t i o n  on AChE in  n e u r o n a l  membrane but  n o t  i n  non 
n e u ro n a l  membrane.
( S u p p o r te d  by I n d i a n  C o u n c i l  o f  M e d ica l  R e s e a r c h ,  
New D e l h i , I n d i a . )

NEUROTOXICITY II

343.1  THE RELATIVE POTENCY OF ALKALOID ANTIMITOTIC DRUGS AS 
INHIBITORS OF GOLDFISH OPTIC NERVE REGENERATION IN VIVO. 
 R .E . D av is , B .E . Schlumpf and P .D . K l in g e r .  Uni v . o f M ich i
gan , Ann A rbo r, MI 48109.

E xpe rim en ts  w ere c a r r i e d  o u t to  i n v e s t i g a te  th e  re g e n e r
a t in g  g o ld f i s h  o p t i c  ne rv e  as  a  p r e p a ra t io n  f o r  s c re e n in g  
d ru g s  f o r  ad v e rse  e f f e c t s  on n e u ro n a l c i r c u i t  deve lopm ent. 
R e g e n e ra tio n  was induced  by u n i l a t e r a l  r e t r o b u lb a r  o p t ic  
n e rv e  c ru s h  and th e  o p p o s ite  eye was k e p t i n t a c t .  The tim e 
to  re c o v e ry  o f  v is io n  was m easured , as an index  o f  re g e n e r
a t i o n  and n e u r o to x ic i ty ,  by a  c l a s s i c a l  c o n d i tio n in g  method 
th a t  p e rm its  s e q u e n t ia l  and m onocular t e s t i n g  w ith in  i n d i 
v id u a l s .  The CS c o n s is te d  o f th e  up-down movement o f a sp o t 
o f  re d  l i g h t ,  th e  US was an e l e c t r i c a l  body-shock , and th e  
re sp o n se  index  o f c o n d i t io n in g  was th e  o cc u rre n ce  o f a b ran 
c h i a l  s u p p re s s io n  re sp o n se  (SR) d u rin g  th e  CS-US i n t e r v a l .  
The m ov ing -spo t SR i s  m ed ia ted  by v i s u a l  in p u t to  th e  o p t ic  
te c tu m  (S ch lum pf, B .E . and D av is , R .E . N e u ro sc i. A b s t r .  10, 
19 8 4 ). O p tic  n e rv e  c ru s h  f i s h  showed v is u a l  re co v e ry  a t  
betw een 14 to  25 days postaxotom y (30°C ). T h is i s  s im i la r  
to  th e  tim e in t e r v a l  re q u ire d  f o r  e x te n s iv e  axona l ingrow th  
to  th e  c o n t r a l a t e r a l  o p t i c  te c tum  (S p r in g e r ,  A.D. & Agra
n o f f ,  B.W ., B ra in  R es . , 128;405 , 1977). The a lk a lo i d s ,  c o l 
c h i c in e ,  p o d o p h y llo to x in  (S igm a), v in b l a s t in e  s u l f a t e  and 
v i n c r i s t i n e  s u l f a t e  ( L i l l y ) ,  w hich a re  v a ry in g ly  p o te n t as 
i n h i b i to r s  o f m i to s i s ,  m ic ro tu b u le s  and ax o n a l t r a n s p o r t  
(H anson, M. & E dstrom , A ., I n t .  Rev. C y to l . S u p p l . , 7:373 , 
1978) w ere a d m in is te re d  sem iw eekly by ip  in j e c t i o n  b eg in n in g  
th e  day p r io r  to  o p t ic  ne rv e  c ru s h . Each in h ib i te d  reco v e ry  
o f  re sp o n se  w ith  th e  e x p e rim e n ta l eye a t  doses t h a t  d id  n o t 
i n h i b i t  m a in tenance  o f re sp o n se  w ith  th e  c o n t ro l  ey e . The 
50% e f f e c t iv e  dose  (and 95% c o n fid en ce  l i m i t s )  in  d e c re a s in g  
o rd e r  of po ten cy  was v i n c r i s t i n e ,  0 .02  (0 .0 0 4  to  0 .0 3 4 ) 
µg /g  body w t . ,  p o d o p h y llo to x in , 0 .06  (0 .0 3  to  0 .1 7 )  µg /g , 
c o l c h ic in e ,  0 .0 8  (0 .0 6  to  0 .1 )  µg /g ,  and v in b l a s t in e ,  0 .53  
(0 .1 8  to  1 .0 )  µ g /g . L u m ico lch ic in e  (Sigma) o r  p ic ro p o d o -  
p h y llo to x in  (W ilson , L. & F r ie d k in ,  M ., B io c h e m is try , 4
2463, 1966), w hich a r e  much l e s s  p o te n t i n h i b i to r s  o f  m icro 
tu b u le s  o r  ax o n a l t r a n s p o r t  th a n  t h e i r  iso m e rs , had no 
e f f e c t  on r e g e n e r a t io n .  T hus, i n h i b i t i o n  o f axona l t r a n s 
p o r t  o r  m ic ro tu b u le s  cou ld  be re s p o n s ib le  f o r  th e  in h i b i t i o n  
by sy s te m ic  c o lc h ic in e  o r  p o d o p h y llo to x in  o f  o p t ic  ne rve  
r e g e n e r a t io n .  These ex p e rim en ts  show th a t  th e  b e h a v io ra l 
a s s a y  o f o p t i c  ne rv e  re g e n e ra t io n  can s c re e n  m o lecu les  th a t  
may im p a ir  n e u ro n a l c i r c u i t  developm ent in  v iv o  and m easure 
t h e i r  r e l a t i v e  p o te n cy .

3 4 3 . 2   I N  V IV O  L E A D  T R E A T M E N T  I N C R E A S E S  T H E  B I N D I N G  O F  C A L C IU M  A N T A 
G O N I S T S  B I N D I N G  T O  R A T  S T R I A T A L  M E M B R A N E S  -   S .  G o v o n i , A . R i u s *   

  
L. L u c c h i* , F . B a t t a i n i ,  M. T ra b u c c h ia .   I n s t i t u t e  o f  P h arm aco  
lo g y  an d  P h a rm a c o g n o sy , U n i v e r s i t y  o f  M ila n  an d  C h a i r  o f  T o- 
x i c o lo g y ,  2nd U n i v e r s i t y  o f  Rome, I t a l y .

Lead i n t o x i c a t i o n  m o d if ie s  v a r i o u s  n e u ro c h e m ic a l  p a r a m e te r s ;  
t h e  e f f e c t  o f  l e a d  on n e u r o t r a n s m is s i o n  may be a t  l e a s t  p a r 
t i a l l y  due t o  an  i n t e r f e r e n c e  w i th  t h e  a v a i l a b i l i t y  o f  c a lc iu m  
f o r  n e u r o t r a n s m i t t e r  r e l e a s e .  In  v i t r o  d a t a  on s t r i a t a l  s y n a p 
to so m e s  i n d i c a t e  t h a t  l e a d  p o t e n t i a t e s  c a lc iu m  d e p e n d e n t  do p a 
m ine r e l e a s e .  I n  a d d i t i o n ,  l e a d  may d e c r e a s e  t h e  a f f i n i t y  o f  
m i to c h o n d r ia  f o r  c a lc iu m  l e a d i n g  t o  an  i n t r a c e l l u l a r  ac cu m u la
t i o n  o f  t h i s  i o n ,  p o s s ib l y  h a rm fu l  f o r  t h e  n e u ro n  i t s e l f .  On 
t h i s  l i n e  we i n v e s t i g a t e d  w h e th e r  c h r o n i c  i n  v iv o  l e a d  e x p g s u 
r e  a l t e r s  t h e  b in d in g  c h a r a c t e r i s t i c s  o f  H - N i t r e n d ip in e  (3 H- 
-NDP), a  l ig a n d  u s e d  f o r  s tu d y in g  c a lc iu m  c h a n n e ls  i n d i f f e r e n t  
t i s s u e s  i n c l u d i n g  th e  b r a i n .  P r e g n a n t  S p ra g u e -D aw le y  r a t s  we
r e  u s e d .  A n im als a t  day  16 o f  p re g n a n c y  w ere  g iv e n  l e a d  a c e t a  
t e  (1360  ppm) i n  t h e i r  d r in k i n g  w a te r .  T h re e  w eeks a f t e r  b i r t h  
t h e  y oung  r a t s  w ere s e p a r a t e d  from  th e  m o th e rs  an d  d iv id e d  by 
s e x .  They c o n t in u e d  on th e  same d r in k i n g  s o l u t i o n  w h ich  h ad  
b een  s u p p l i e d  t o  t h e i r  m o th e r s .  At 6 -8  w eeks o f  a g e  a n im a ls  
w ere k i l l e d  by d e c a p i t a t i o n ,  s t r i a t a l  t i s s u e  d i s s e c t e d  and  
u s e d  f o r  b i n d in g  s t u d i e s  a c c o r d in g  t o  G o u ld , M urphy an d  Sny
d e r  ( P .N .A .S . ,7 9 ,  3 6 5 6 ,1 9 8 2 ) .  I n  c o n t r o l  t i s s u e  t h e  b in d in g  
o f  H-NDP was d e p e n d e n t  on th e  p r e s e n c e  o f  c a lc iu m  i o n s .  In  
v i t r o ,  l e a d  s h a r e d  th e  a c t i o n  o f  c a lc iu m  i n  e n h a n c in g  H-NDP 
b i n d in g  t o  c ru d e  s y n a p t i c  m em brane p r e p a r a t i o n s ,  a l t h o u g h  i t  
was more p o t e n t  on a  m o la r  b a s i s .  I n  v iv o  l e a d  e x p o s u re  e n 
h a n c e d  3H-NDP b in d in g  t o  s t r i a t a l  s y n a p t i c  m em brane p r e p a r a 
t i o n s  ( fro m  9 3 ±13 t o  138±14 fm o le s /m g  p r o t e i n ;  KD w ere  unmodi  
f i e d ) . T h is  e f f e c t  was l o s t  when m em branes w ere w ashed  w i th  
EDTA-EGTA (10  uM e a c h )  i n d i c a t i n g  t h a t  t h e  i n c r e a s e d  b i n d in g  
was p r o b a b ly  due t o  t h e  p e r s i s t e n c e  o f  l e a d  i n  t h e  s y n a p t i c  
m em branes o f  t r e a t e d  r a t s .  The p r e s e n t  r e s u l t s  s t r e n g h te n  th e  
c o n c e p t  o f  an  i n t e r a c t i o n  o f  l e a d  an d  c a lc iu m  a t  n e u ro n a l  l e  
v e l  a t  m em brane s i t e s  r e g u l a t i n g  c a lc iu m  e n t r y .  The o b s e rv e d  
a l t e r a t i o n s  o f  3H-NDP b in d in g  may be r e l e v a n t  t o  t h e  c h a n g e s  
i n  n e u r o t r a n s m i t t e r  f u n c t i o n  o b s e rv e d  a t  s t r i a t a l  l e v e l  f o l 
lo w in g  l e a d  e x p o s u re . (S u p p o r te d  by CNR c o n t r a c t  8 3 0 2 9 7 6 5 6 ) .
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343.3   DSP4 REDUCES ENDOGENOUS NORADRENALINE IN SLICES OF RAT  
CEREBRAL CORTEX BY STIMULATING IT S  RELEASE.  M. E . L a n d a * , 
M .C. R u b io *  a n d  G. J a im - E tc h e v e r r y .  I n s t .  I n v e s t i g a c i o n e s  
F a rm a c o ló g i c a s , CONICET and I n s t .  B io lo g í a  C e l u l a r ,  F a c .  de 
M e d ic in a ,  1121 B uenos A i r e s ,  A r g e n t in a .

DSP4 ( N - ( 2 - c h l o r o e t h y l ) - N - e th y l-2 - b r o m o b e n z y la m in e )  i s  a  
n e u r o t o x i c  com pound t h a t  b l o c k s  n o r a d r e n a l i n e  (NA) u p ta k e  
a n d  d e p l e t e s  e n d o g e n o u s  NA i n  th e  CNS and  i n  th e  p e r i p h e r y .  
The a l k y l a t i n g  com pound p ro d u c e s  t h e s e  e f f e c t s  a f t e r  
s y s t e m ic  i n j e c t i o n  ( J a im - E tc h e v e r r y ,  G. an d  Z i e h e r ,  L .M .,  
B r a in  R e s . , 1 8 8 : 5 1 3 , 1 9 8 0 ; J o n s s o n ,  G. e t  a l . ,  E u r . J .  
P h a r m a c o l . , 7 2 : 1 7 3 , 1 9 8 1 ) . I n  o r d e r  t o  i n v e s t i g a t e  th e  
m ec h a n ism  o f  t h e  NA d e p l e t i n g  a c t i o n  o f  D SP4, s l i c e s  fro m  
t h e  c e r e b r a l  c o r t e x  o f  r a t s ,  w e re  in c u b a te d  i n  th e  p r e s e n c e  
o f  t h e  com pound. When DSP4 w as p r e s e n t  i n  t h e  i n c u b a t io n  me
d iu m  a t  a  c o n c e n t r a t i o n  o f  10-5 M f o r  60 m in ,  c o r t i c a l  NA 
w as d e p le t e d  b y  40 %. T h is  e f f e c t  w as b lo c k e d  b y  10-5  M 
d e s ip r a m i n e .

The d e p l e t i n g  a c t i o n  o f  DSP4 on  en d o g e n o u s  NA in  th e  
c o r t e x  c o u ld  b e  due t o  an  a l t e r a t i o n  o f  t h e  s y n t h e s i s  o r  
m e ta b o l i s m  o f  NA o r  to  s t i m u l a t i o n  o f  i t s  r e l e a s e .  To 
i n v e s t i g a t e  t h e  l a t t e r  p o s s i b i l i t y ,  s l i c e s  l a b e l e d  i n  v i t r o  
w i t h  3H-NA (4  x  10- 7  M) w e re  i n c u b a t e d  in  t h e  p r e s e n c e  o f  
10- 5 M DSP4 f o r  60 m in . I n  t h i s  c o n d i t i o n ,  t h e  s p o n ta n e o u s  
o u t f l o w  o f  r a d i o a c t i v i t y  w as m a rk e d ly  e n h a n c e d  d u r in g  
e x p o s u r e  t o  DSP4 as  w e l l  a s  d u r in g  th e  s u b s e q u e n t  w a s h in g s .  
T he r a d i o a c t i v i t y  r e l e a s e d  by  DSP4 w as e s s e n t i a l l y  a c c o u n te d  
f o r  by  NA an d  3 , 4 - d ih y d r o x y p h e n y lg ly c o l  (DOPEG). The r e l e a s e  
o f  r a d i o a c t i v i t y  w as i n d e p e n d e n t  o f  t h e  c o n c e n t r a t i o n  o f  
Ca+ +  i n  th e  m edium . S in c e  t h e  r e l e a s e  o f  r a d i o a c t i v i t y  w as 
n o t  o b s e rv e d  a f t e r  en d o g e n o u s  NA was d e p le t e d  b y  r e s e r p in e  
p r e t r e a t m e n t  o f  th e  r a t s ,  t h a t  r a d i o a c t i v i t y  a p p a r e n t ly  
o r i g i n a t e s  f ro m  t h e  v e s i c u l a r  p o o l .

T h u s , NA d e p l e t i o n  c a u s e d  by  DSP4 seem s to  b e  d u e  to  an  
e n h a n c e m e n t o f  i t s  r e l e a s e  fro m  th e  v e s i c u l a r  p o o l .  T h is  i s  
f u r t h e r  s u p p o r t e d  b y  t h e  l a c k  o f  e f f e c t  o f  DSP4 on th e  en  
en zy m es r e l a t e d  to  NA s y n t h e s i s .  O nly  m onoam ine o x id a s e  
a c t i v i t y  was r e d u c e d  by  h ig h  c o n c e n t r a t i o n s  o f  DSP4. The 
r e s u l t s  o b t a i n e d  a l s o  i n d i c a t e  t h a t  f i x a t i o n  o f  DSP4 t o  th e  
NA t r a n s p o r t  s y s te m  i s  n e c e s s a r y  b u t  n o t  s u f f i c i e n t  t o  p ro d  
p r o d u c e  t h e  a c u t e  NA d e p l e t i o n  an d  th e  c h a r a c t e r i s t i c  l o n g 
te rm  a c t i o n s  o f  t h e  com pound.
( S u p p o r te d  b y  CONICET an d  SUBCYT, A r g e n t in a )

343.4   ACUTE PHYSIOLOGICAL RESPONSES OF MOLLUSCAN NEURONS TO 
COPPER. W .F. W o n d e rlin  and  D. W e in r e ic h ,   D e p t . o f  
P h a rm a c o lo g y  & E x p . T h e r a p e u t i c s ,  U n iv . o f  M a ry la n d  S c h . 
o f  M ed ., B a l t im o r e ,  MD 21 2 0 1 .

D u r in g  p r e l i m i n a r y  i n v e s t i g a t i o n  o f  c o p p e r 's  e f f e c t s  on 
c h e m i c a l l y - g a t e d  i o n i c  c o n d u c ta n c e s  i n  i d e n t i f i e d  n e u ro n s  
o f  A p ly s ia  c a l i f o r n i c a , we o b s e rv e d  t h a t  i o n i c  c o p p e r  ( 1 -  
100 µM) c o n s i s t e n t l y  d e p o la r i z e d  th e  n e u r o n a l  m em brane 
p o t e n t i a l  and  o c c a s i o n a l l y  p ro d u c e d  c e l l  d e a th .  We 
s u b s e q u e n t ly  i n v e s t i g a t e d  th e  b a s i s  o f  t h e s e  e f f e c t s  by 
s tu d y in g  th e  r e s p o n s e s  o f  A p ly s ia  n e u ro n s  t o  c o p p e r  s a l t s  
(CUC12 and  CuSO4 ) u n d e r  c u r r e n t- c la m p e d  and  v o l t a g e -  
c lam p ed  c o n d i t i o n s  u s in g  s ta n d a r d  i n t r a c e l l u l a r  
m ic r o e l e c t r o d e  t e c h n i q u e s .

E x t e r n a l  a p p l i c a t i o n  o f  c o p p e r ,  1 µM an d  g r e a t e r ,   
p ro d u c e d  a  r a p i d  an d  r e v e r s i b l e  m em brane d e p o l a r i z a t i o n ,  a  
d e c r e a s e d  in p u t  r e s i s t a n c e  ( R I ) ,  and  an  in c r e a s e d  s lo p e  o f  
t h e  c u r r e n t / v o l t a g e  ( I /V )  c u rv e  (n = 7 1 ) .  The t im e  c o u r s e  
o f  t h e s e  e f f e c t s  was p a r a l l e l e d  by an  i n c r e a s e d  in w a rd  Na+  
c u r r e n t .  The c o p p e r - a c t i v a t e d  Na+  c u r r e n t  was r e s t r i c t e d  
to  th e  c e l l  som a, an d  was n o t  o b s e rv e d  w i th  i n t r a c e l l u l a r  
r e c o r d in g s  from  a x o n s  i s o l a t e d  fro m  t h e i r  c e l l  som a. 
I n t r a c e l l u l a r  s o m a t ic  i n j e c t i o n  o f  c o p p e r ,  by c o n t r a s t ,  
p ro d u c e d  a  h y p e r p o l a r i z a t i o n ,  an  i n c r e a s e  i n  R I , and  a  
d e c r e a s e d  s lo p e  o f  t h e  I /V  c u r v e .  T h is  d i f f e r e n t i a l   
e f f e c t  o f  c o p p e r  i n d i c a t e s  t h a t  t h e  c o p p e r - a c t i v a t e d  Na+ 
c u r r e n t  r e s u l t s  fro m  c o p p e r ’ s i n t e r a c t i o n  w i th  a  t a r g e t  
s i t e  l o c a t e d  on th e  e x t e r n a l  s u r f a c e  o f  t h e  so m a l 
m em brane.

The c o p p e r - a c t i v a t e d  Na+ c u r r e n t  was n o t  a n ta g o n iz e d  by 
t e t r o d o t o x i n  (100  µM), p r o c a in e  (1 mM), N iC l2 (5 mM ), 
c u r a r e  (1  mM), h e x a m e th o n iu m (1  mM), s t r y c h n i n e  
(5 0 0  µM), d i t h i o t h r e i t o l  (100 µM), o r  s u p e r o x id e  d i s m u ta s e  
(100  µ g /m l) .  The c o p p e r - a c t i v a t e d  Na+  c u r r e n t  w as 
p a r t i a l l y  b lo c k e d  (60-70% ) by l i d o c a i n e  (1 mM) and  h ig h -  
Ca+  (55  mM) s e a  w a t e r .  The c o p p e r - a c t i v a t e d  Na+  c u r r e n t  
c a n n o t  be a c c o u n te d  f o r  b y : ( 1 ) i n t e r a c t i o n  o f  c o p p e r  w i th  
known v o l t a g e -  o r  c h e m i c a l l y - g a t e d  i o n i c  c o n d u c ta n c e s ;  ( 2 ) 
i n h i b i t i o n  o f  t h e  N a/K -A T Pase; o r  ( 3 )  g e n e r a l i z e d  
i n c r e a s e s  i n  membrane p e r m e a b i l i t y  r e s u l t i n g  from  c o p p e r -  
in d u c e d  l i p i d  p e r o x i d a t i o n .  T h e se  r e s u l t s  s u p p o r t  th e  
c o n c lu s io n  t h a t  c o p p e r  a c t i v a t e s  a  u n iq u e  Na+ c o n d u c ta n c e  
i n  m o llu s c a n  n e u ro n s .

343.5  DOXORUBICIN, A SUICIDE TRANSPORT AGENT IN THE 
PERFORANT PATH SYSTEM.  G. Bing* and P.D . C olem an. 
D ep artm en t of A natom y, U niversity  of R ochester, R ochester, 
NY 14642.

Suicide tra n sp o rt is a  techn ique being developed to  produce 
highly se le c tiv e  neuronal loss in specific  s ite s  of the  nervous 
sy stem . The m ethod involves delivering  a  cy to tox ic  agen t to  th e  
axon te rm ina ls  of a  neuronal population. The cy to tox ic  agen t is 
taken  up by th e  te rm in a ls  and tran sp o rted  back to  th e  ce ll body 
w here i t  causes d ea th  of th e  neuron (Wiley e t  a l., 1982). 
D oxorubicin is one such ag en t. To ch a ra c te r iz e  its  neuro tox icity  
in CNS suicide tra n sp o rt doxorubicin was studied  in th e  p e rfo ran t 
pathw ay, i.e ., re tro g ra d e  tra n sp o rt from  th e  o u te r tw o-th ird s of 
th e  m olecular layer of th e  d e n ta te  gyrus to  layer II neurons of 
la te ra l en to rh inal co rtex .

A to ta l  of 44 m ale F344 r a t  brains w ere exam ined a t 1 h r., 2 
h r., 4 h r ., 1 day, 2 days, 4 days, 7 days, 11 days, 20 days, 30 days, 
3 m onths, and 6 m onths a f te r  in jection  of 100 nl of 10% 
doxorubicin in to  th e  m olecular layer of th e  dorsal blade of th e  
d e n ta te  gyrus. Animals w ere sac rificed  by in jection  w ith an 
overdose of nem butal i.p . and perfusion w ith 10% neu tra l 
fo rm alin . A fte r c ry op ro tec tion  w ith 30% sucrose, frozen  sections 
w ere cu t a t  20 um . Sections w ere coun te rs ta in ed  w ith 0.00001% 
nuclear yellow .

As ea rly  as 1 hour following in jec tion , th e  cytoplasm  of some 
neurons in th e  ip s ila te ra l layer II of la te ra l en to rh inal c o rtex  
w ere labeled  w ith th e  b rillian t orange color of doxorubicin 
f luo re scence . N uclei w ere  labeled  w ith fluorescence  by 24 
hours. One w eek a f te r  doxorubicin in jec tion , th e  orange nuclear 
labeling  in layer II appeared  s c a t te re d  and d iffuse and some glial 
ce lls  w ere labeled . A t 20-30 days following doxorubicin in jection  
loss of m any layer II neurons of en to rh inal c o rtex  could be seen 
in Nissl s ta ined  sec tions . A t th is  tim e doxorubicin could be seen 
in th e  w alls of blood vessels . By 3 m onths m ost neurons (up to  
70%) in layer II of la te ra l  en to rh inal co rtex  w ere lost as revea led  
by Nissl s ta in . Some layer II neurons w ere s till labeled  by a  
f luo rescence  th a t  resem bled  th a t of doxorubicin.

It is concluded th a t  doxorubicin is a  useful agen t for suicide 
tra n sp o rt . Its neuro tox ic ac tion  could be a  useful too l to  
se lec tiv e ly  kill a  specific  group of neurons in th e  CNS. In 
add ition , its  flu o re scen t p roperty  and rapid axonal tra n sp o rt may 
m ake doxorubicin a usefu l agen t for re tro g ra d e  tra n sp o rt in 
neuroana tom ical s tud ie s. Supported by g ran t AG 1121 from  th e  
N ational In s titu te  on Aging.

343.6  EFFECT OF ORGANOPHOSPHATES ON MUSCARINIC RECEPTOR 
BINDING IN PC12 CELLS.  G.B. Viana*, L.H. Davis*, and F .C . 
K auffm an.  Dept. Pharmacology & Experim ental T herapeu tics, 
University of M aryland School of M edicine, B altim ore, MD 21201.

Rat pheochrom ocytom a PC12 ce lls  w ere used as a  model to 
explore mechanisms associa ted  with decreases in m uscarinic 
recep to r binding produced by organophosphates. Exposure of native 
ce lls t o 50µM soman or sarin  fo r 24 hr caused a  40-60% decrease  
in N-[3H]-m ethylscopolam ine ([ 3 H]-NMS) binding m easured in in ta c t 
ce lls . A similar d ecrease  was noted  in ce lls exposed to  the 
ca rbam ate , pyridostigm ine (100 µM) or DFP (500 µM); how ever, two 
other organophosphates, tabun , and VX low ered binding only 5- 
20%. Transform ation of the ce lls  by prior exposure to NGF (50 ng 
7S/ml) for 3 days increased  binding and p o te n tia ted  the e ffe c ts  of 
organophosph a tes .

Soman N-[3H]NMS Binding
Exposure f mol/mg prote in m olecules/cell

Control 0 31.8 3040
1 hr 27.3 2340

24 hr 18.9 2140

NGF 0 39.8 5480
1 hr 29.5 2740

24 hr 19.2 2220
In co n tras t to  results w ith native ce lls , tabun and VX decreased  
m uscarinic recep to r binding to  the same ex ten t as soman and 
sarin in N G F -treated  ce lls . The four organophosphates te s te d  
caused significant decreases in ch o lineste rase  ac tiv ity ; how ever, 
changes in m uscarinic binding produced by these  compounds do 
not appear to  occur secondarily  to  changes in acety lcho line . 
C arbachol (100 µM) caused  a 50-60% decrease  in [3H]-NMS 
binding in 10 min and th is  d ecrease  was antagonized  by a trop ine 
(1 µM). D ecreases in m uscarinic ligand binding produced by 
organophosphates w ere much slower (hours) and not an tagonized 
by a trop ine . Thus, decreases in m uscarinic recep to r binding 
induced by organophosphates do not occur via rapid recep to r 
desensitiza tion  mechanisms. R ecep to rs rem aining a f te r  organo
phosphate tre a tm en t d iffe red  in both a ffin ity  and number. 
Carbachoi displacem ent curves ind icated  th a t IC50 values w ere 
significantly  lower in ce lls  exposed to  organophosphates, but w ere 
com parable in native and N G F-transform ed ce lls . D ecreases in 
m uscarinic recep to r binding produced by organophosphates a re  
re la tive ly  specific  since these  compounds did not a lte r  the 
specific  ac tiv itie s  of a  number of in trace llu la r enzym es. 
Supported in p art by USAMRDC C on trac t No. DAMD-17-81-C- 
1279 and B razilian National R esearch  Council (CNPq).
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343.7  PROGRESSIVE HIPPOCAMPAL ELECTRICAL CHANGES FOLLOWING  
MULTIPLE INFUSION OF ALUMINUM CHLORIDE.  M ichael D onad io .*  
Moon He L ee. L aura S c o tt*  and Henryk  W isn iew sk i* ;  New York 
S ta t e  I n s t i t u t e  f o r  B asic  R esea rch  in  D evelopm ental 
D i s a b i l i t i e s ,  S ta te n  I s la n d ,  N.Y. 10314

An e le v a te d  aluminum c o n te n t in  th e  b r a in  i s  b e l ie v e d  to  
be n e u ro to x ic  and has been c la im ed  to  be r e l a t e d  w ith  
c e r t a in  CNS d e g e n e ra tiv e  c o n d i tio n s  in c lu d in g  s e n i l e  and 
p r e s e n i le  dem en tia  o f th e  A lzheim er ty p e . In  e x p e rim en ta l 
an im als  ( r a b b i t s ,  c a t s ,  f e r r e t s )  i t  has been dem o n stra ted  
t h a t  su b a rach n o id  i n j e c t i o n  o f aluminum s a l t s  r e s u l t s  in  
p ro g re s s iv e  en cep h a lo p a th y  a s s o c ia te d  w ith  n e u r o f i b r i l l a r y  
d e g e n e ra t io n ,  s im i la r  b u t n o t i d e n t i c a l  to  th o s e  seen  in  
humans. In  a d d i t io n ,  an im als  have a l s o  shown le a rn in g  
d e f i c i t s .  The s p e c i f i c  r o le  o f aluminum in  th e  fu n c t io n a l  
im p a irm en ts , how ever, cou ld  n o t be e s ta b l is h e d  w ith  t h i s  
an im al m odel, b ecau se  i t  p roduces  n o t on ly  w idesp read  
n e u ro p a th o lo g ic a l  changes b u t o th e r  n e u ro lo g ic a l  symptoms as 
w e l l .  In  th e  p r e s e n t  s tu d y , u s in g  a r e p e a te d  slow in fu s io n  
p ro c e d u re , we a tte m p te d  to  l o c a l i z e  th e  aluminum e f f e c t s  in  
th e  b r a i n .  A du lt m ale f e r r e t s  w ere c h ro n ic a l ly  im p lan ted  
w ith  10 c o r t i c a l  and two p a i r s  o f b i l a t e r a l  h ippocam pal 
d e p th  e l e c t r o d e s  su rro u n d in g  an in j e c t i o n  c a n n u la . A f te r  a 
b a s e l in e  EEG re c o rd in g  and c o n t ro l  in fu s io n  w ith  r in g e r s ,  
one o f th e  hippocam pi r e c e iv e d  tw ice  a week a 5 u l in fu s io n  
o f 1% A lC l3 ( lu l /m in )  f o r  3 w eeks. The o th e r  s id e  was g iven  
th e  same volume o f pH-adju s te d  r i n g e r s .  Changes in  th e  b r a in  
e l e c t r i c a l  a c t i v i t y  in  th e  aluminum in fu s e d  hippocampus 
in c lu d e d : ( 1) Im m ediate re d u c t io n  in  th e  am p litu d e  o f th e  
hippocam pal t h e ta  a c t i v i t y ;  (2 ) Loss o f h ippocam pal th e ta  
a c t i v i t y .  F u r th e r  aluminum tre a tm e n t r e s u l t s  in  e l e c t r i c a l  
a c t i v i t y  c h a ra c te r iz e d  by o c c a s io n a l sp ik e s  o r sp ik e  and 
s l ow w aves, and in  some ca se s  low v o lta g e  f a s t  waves in  th e  
l a t e  s ta g e  o f e n c ep h a lo p a th y , (3 ) A ppearance of h ig h  
am p litu d e  sp ik e s  (up to  1000 uV) and e p i le p t i f o rm  
d is c h a rg e s ,  and (4 ) C o r t i c a l  EEG showing a d ec re a sed  amount 
o f f a s t  w aves, w h ile  slow waves in c re a s e d .  The r in g e r s  
in fu s e d  s id e ,  on th e  o th e r  hand, showed no d i s t i n c t i v e  
changes u n t i l  th e  v e ry  l a t e  s ta g e ,  and o f te n  th e  th e ta  
a c t i v i t y  was p re s e rv e d  u n t i l  th e  an im als  w ere s a c r i f i c e d  o r 
d ie d .  N e u ro p a th o lo g ic a l ex am in a tio n  re v e a le d  no m assive 
n e u r o f i b r i l l a r y  changes a t  th e  in j e c t i o n  s i t e  o r in  th e  
c e re b r a l  c o r t e x .  The d a ta  su g g es t th a t  g ra d u a l accum u la tio n  
o f aluminum r e s u l t s  in  p ro g re s s iv e  changes in  th e  b r a in  
e l e c t r i c a l  a c t i v i t y .  The im p lic a t io n  o f th e  f in d in g s  w i l l  be 
d is c u s s e d  in  r e l a t i o n  to  th e  fu n c t io n a l  changes re p o r te d  
w ith  A lz h e im e r 's  p a t i e n t s .

343.8   REGIONAL 3H-SPIPERONE BINDING IN RESPONSE TO SUB-ACUTE SOMAN 
INTOXICATION.  J . J .  V a ld es, N.A. C h es te r* and T.-M . S h ih .  
CRDC and USAMRICD, A berdeen P rov ing  G round ., MD. 21010.

S u b -acu te  exposu re  to  a n t i - c h o l in e s te r a s e  compounds i n 
d u ce s , in  humans, c o g n i t iv e  and em o tio n a l d e f i c i t s  which in 
c lu d e  memory lo s s ,  w ith d ra w a l, d e p re s s io n , a n x ie ty  and emo
t i o n a l  l a b i l i t y .  N e u ro le p t ic  d rugs  used  to  t r e a t  s im i la r  
c l i n i c a l  c o n d i t io n s  b in d  to  s e ro to n e rg ic  (S2) and dopam iner
g ic  (D2) r e c e p to r s .  I t  i s  th e r e f o r e  l i k e ly  th a t  th e s e  "n eu ro 
l e p t i c "  r e c e p to r s  m ed ia te  th e  c o g n i t iv e  and em o tio n a l con
sequences o f s u b -a c u te  a n t i - c h o l in e s te r a s e  in to x ic a t io n .  
S e ro to n e rg ic  neu rons  in  th e  rap h e  n u c le i  r e g u la te  c h o l in e rg ic  
system s in  th e  hippocampus (H IP ), s t r ia tu m  (STR) and c o r te x  
(COR), and th e  dopam inerg ic n i g r o - s t r i a t a l  pathway makes 
s y n a p tic  c o n ta c t  w ith  STR c h o l in e rg ic  in te rn e u ro n s .  3H- 
sp ip e ro n e  b in d s  to  bo th  S2 and D2 re c e p to r s  in  th e  COR and 
STR, r e s p e c t iv e ly ,  and i s  an id e a l  l ig a n d  w ith  w hich to  
probe th e  n e u ro le p t ic  r e c e p to r s  in  th e s e  sy stem s. To a s s e s s  
p o s t - s y n a p t ic  re sp o n se  to  c h o l in e rg ic  i n t o x ic a t io n ,  r a t s  
w ere a d m in is te re d  soman (50 u g /k g , s . c . )  th r e e  tim es w eekly 
fo r  fo u r  w eeks. S y n ap tic  membranes were p rep a re d  from HIP, 
STR and COR from r a t s  k i l l e d  1 h r ,  1 day and 3 days a f t e r  
th e  f i n a l  soman in j e c t io n .  K in e t ic s  o f sp ip e ro n e  b in d in g  (7 - 
200 x 10-11 M) was a s s e s se d  u s in g  10 uM e i t h e r  m danserine  o r 
h a lo p e r id o l  to  i d e n t i f y  b in d in g  to  s e ro to n e rg ic  (S2 - HIP & 
COR) o r  dopam inerg ic (D2 - STR) r e c e p to r s .  In  some in s ta n c e s ,  
b o th  d is p la c e r s  were added to g e th e r  to  ex c lu d e  th e  p o s s i b i l 
i t y  th a t  b o th  re c e p to r s  were b e in g  a s s e s s e d .  S c a tch a rd  a n a l 
y s i s  p ro v id e d  g ra p h ic a l  r e p r e s e n ta t i o n  and k in e t i c  c o n s ta n ts  
were d eterm ined  by com puter a n a ly s i s .  A n a ly s is  o f  COR b in d 
ing  re v e a le d  a n o n - l in e a r  p lo t  i n d i c a t iv e  o f  two p o p u la 
t io n s  o f b in d in g  s i t e s .  Soman tre a tm e n t in c re a s e d  Kd o f  th e  
h igh  a f f i n i t y  component a t  1 h r  a f t e r  th e  f i n a l  in j e c t i o n  
w ith  a r e tu r n  to  norm al by 1 day . B ind ing  in  HIP was l i n e a r ,  
in d i c a t iv e  o f  a s in g le  p o p u la tio n  o f s i t e s  w hich soman r e 
duced by ap p ro x im a te ly  50%. T h is r e d u c t io n  in  number o f 
b in d in g  s i t e s  was s t i l l  e v id e n t on day 3 , th e  l a s t  day o f 
th e  s tu d y . B ind ing  in  STR was n o n - l in e a r  and in d ic a te d  two 
p o p u la tio n s  o f  b in d in g  s i t e s .  Soman in c re a s e d  th e  Kd o f  th e  
h ig h  a f f i n i t y  component and t h i s  change was s t i l l  e v id e n t by 
day 3. The lo s s  o f HIP r e c e p to r s  and th e  d e c re a se d  a f f i n i t y  
o f  s u rv iv in g  COR and STR re c e p to r s  su g g e s ts  t h a t  pharm aco
lo g ic  m a n ip u la tio n  o f th e s e  system s w ith  n e u r o le p t ic  d rugs 
m ight m odulate  th e  s u b -a c u te  t o x i c i t y  o f  soman.

343. 9  TREMORGENIC MYCOTOXINS ALTER SYNAPTIC TRANSPORT OF GABA AND 
GLUTAMATE.  N.A. C h e s t e r * , J . J .  V a ld e s , an d  R .J .  C o le * (SPON: 
H. P o p o lo w ) .  CRDC, TOX BR, APG, MD 2 1 0 2 0 , an d  U .S .  D e p t .  
A g r i c u l t u r e ,  D aw son, GA 3 1 7 4 2 .

Symptoms o f  m y c o to x ic o s i s  i n  b o th  hum ans and  c a t t l e  o f t e n  
i n c l u d e  t r e m o r s  an d  s e i z u r e s .  T h e se  n e u r o l o g i c  m a n i f e s t a
t i o n s  r e s u l t  from  i n g e s t i o n  o f  t r e m o r g e n ic  m y c o to x in s  d e 
r i v e d  fro m  common f u n g i .  The n e u r o t o x i c  m ech an ism s o f  t h e s e  
p o t e n t  t r e m o rg e n s  a r e  o b s c u r e , b u t  a r e  th o u g h t  t o  i n v o lv e  
p e r t u r b a t i o n  o f  s y n a p t i c  t r a n s p o r t  o f  am ino a c id  n e u r o t r a n s 
m i t t e r s .  We t h e r e f o r e  e v a lu a t e d  t h e  c o n s e q u e n c e s  o f  i n t o x i 
c a t i o n  f o r  b r a i n  r e g i o n s  a s s o c i a t e d  w i th  d i f f e r e n t  a s p e c t s  
o f  t r e m o r g e n ic  sy m p to m o lo g y . S y n a p to so m e s  w e re  p r e p a r e d  from  
r e g i o n a l  b r a i n  t i s s u e  o f  a lb i n o  r a t s  t r e a t e d  w i th  a  s i n g l e  
d o s e  o f  d i m e t h y l s u l f o x i d e  v e h i c l e  o r  a  t r e m o r g e n ic  d o s e  o f  
a f l a t r e m  (3 m g/kg  i . p . )  o r  v e r r u c u lo g e n  (1 m g/kg  i . p . ) .  In  
v i t r o  t o x i n  e f f e c t s  w ere  a s s e s s e d  b y  i n c u b a t in g  i n t a c t  s y n 
a p to s o m e s  w i th  t h e  v e h i c l e  o r  t r e m o r g e n s .  U p ta k e , s p o n ta 
n e o u s  e f f l u x ,  an d  K + - s t im u la t e d  r e l e a s e  o f  t r i t i a t e d  gamma- 
a m in o b u ty r ic  a c i d  o r  g lu ta m a te  w ere  a s s e s s e d  i n  h ip p o c a m p a l 
(H IP ) , s t r i a t a l  (STR ), an d  c o r t i c a l  (COR) s y n a p to s o m e s .  V e r
r u c u lo g e n  an d  a f l a t r e m  e x e r t  nu m ero u s e f f e c t s  on s y n a p t i c  
u p ta k e  an d  r e l e a s e  w h ic h  d e p e n d  on b r a i n  r e g io n  an d  r o u te  o f  
a d m i n i s t r a t i o n .  The m o st c o n s i s t e n t  e f f e c t  w as d e c r e a s e d  u p 
t a k e  o f  b o th  t r a n s m i t t e r s  f o l l o w in g  i n  v i t r o  t o x i n  e x p o s u re ,  
w i th  a f l a t r e m  b e in g  a  m ore p o t e n t  i n h i b i t o r  an d  t h e  HIP b e 
in g  m o st s e n s i t i v e .  The i n  v iv o  e f f e c t s  w ere  s m a l l e r  b u t  
c o n s i s t e n t  w i th  t h e s e  r e s u l t s .  COR an d  STR r e l e a s e  m echa
n ism s  w e re  r e c i p r o c a l l y  r e s p o n s i v e  t o  b o th  v e r r u c u lo g e n  and  
a f l a t r e m ,  w i th  COR an d  HIP sh o w in g  d e p r e s s io n ,  an d  STR e l e 
v a t i o n ,  o f  s t i m u l a t e d  r e l e a s e .  T h e se  d a t a  i n d i c a t e  t h a t  
t r e m o rg e n s  e x e r t  t h e i r  e f f e c t s  a t  t h e  s y n a p t i c  l e v e l  v i a  
m o d u la t io n  o f  am ino  a c id  n e u r o t r a n s m i t t e r s ,  an d  e x te n d  p r e 
v io u s  r e p o r t s  o f  d i f f e r e n t i a l  s e n s i t i v i t i e s  o f  c o r t i c a l  and  
s u b c o r t i c a l  s t r u c t u r e s .

343.10  IN VIVO AND IN VITRO RESISTANCE TO GLUTAMATE AND KAINATE IN 
A  POPULATION OF LUCIFER YELLOW LABELED RETINAL NEURONS FROM 
CHICK EMBRYOS.  G.D. Zeevalk and A.G. Hyndman,  Rutgers 
Univ., Department of Biological Sciences, Piscataway, N.J. 
08854.

Lucifer yellow is known to label a d is t in c t  population 
of ce l ls  in the developing chick ret ina at 11 days in vivo. 
These ce l ls  are found in the innermost par t of the inner 
nuclear layer (amacrine ce l ls )  and as a single layer of 
ce l ls  in the ganglion cell  layer (displaced amacrines). 
Cells within these regions are the ta rgets  for glutamate 
and ka ina te  tox ic i ty .  We have found, however, tha t  most 
luc ifer  yellow positive ce l ls  in the retina are not lost  
following in vivo exposure to glutamate or kainate. Eleven 
and 12 day chick embryos were given intraocular injections 
of e i ther  100 nmoles kainate or 1 umole glutamate and 
allowed to develop another 20 hours before luc ife r  yellow 
labeling. Histologically, the injected eyes showed swelling 
of ce l ls  in the inner part of the inner nuclear layer, 
extensive swelling and vacuolization of the inner plexiform 
layer and swelling of some of the ce l ls  in the ganglion 
cell  layer. In contrast ,  luc ife r  yellow fluorescence of 
toxin treated  retinas was similar  to controls although the 
density of labeling in certain regions was s l igh t ly  reduced 
and there was loss of label from some displaced amacrines. 
In ovo injections of 10 umoles kainate or 167 mmoles 
glutamate and reincubation for  48 hours or longer, as well 
as the in v itro  incubation of whole eyes in 5 mM glutamate 
or 0.2 mM kainate gave similar  resu l ts .

In v i t r o , luc ife r  yellow labeled approximately 2-3% of 
retinal neurons from 11 day embryos and did not change when 
labeled at  e i the r  24, 48 or 72 hours. This is the same 
percent of the population tha t  is  labeled in vivo. When 
cultured retinal neurons were treated with e i ther  5 mM 
glutamate or 0.2 mM kainate at 48 hours i n v itro  and then 
incubated an additional 24 hours before labeling, the 
number of neurons taking up luc ife r  yellow was not changed 
appreciably from controls even though there was a 50% 
decrease in the total  number of neurons surviving toxin 
treatment. This is consistent with the toxin resistance of 
the luc ife r  yellow positive ce l ls  seen in vivo. Studies to 
corre la te  the fluorescent population in v itro  with those in 
vivo are being performed. Also being investigated is the 
high a f f in i ty  uptake p rofi le  of these luc ife r  yellow 
labeled, tox in-res is tan t  ce l ls  which should further  our 
understanding of the mechanisms underlying the resistance 
of these neurons to the toxins.
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34 3 .11  DIFFERENTIAL EFFECTS OF AGE OF ADMINISTRATION ON MSG-INDUCED 
REPRODUCTIVE DISTURBANCES IN MALE AND FEMALE MICE.
June E. Barnhart* and William J. P izz i .  Neuropsychology Lab 
Northeastern I l l in o is  University, Chicago, IL 60625.

Neonatal administration of monosodium glutamate (MSG) 
has been shown to produce lesions in the brains of various 
mammals, with neuronal damage most often being reported to 
occur in the arcuate nucleus of the hypothalamus. Con
comitant with th is  CNS damage, there have been numerous 
reports of somatic and behavioral d e f ic i ts  that  become 
manifest in adulthood, including obesity, stunted body 
lengths, reproductive dysfunction, abnormal ac t iv i ty  
levels ,  and reduced seizure thresholds. Furthermore, re
duced weights of endocrine glands have been reported in 
rodents of both sexes, suggesting that neonatal admini
s tra t ion  of MSG resu lts  in an impairment of hypothalamic- 
hypophysial regulation.

I t  has also been demonstrated that  when mice are treated 
l a te r  in the course of development these animals show mixed 
e f fe c ts ,  with somatic and behavioral abnormalities taking 
longer to occur or not occurring at a l l .  This suggests 
that  the MSG-induced changes may be an age dependent 
phenomenon linked to the development of the blood-brain- 
barr ier .

The present report examines the reproductive capacity 
of male and female mice treated with MSG as neonates (days 
2 through 11) or as juveniles (days 25 through 34).
Neonates of both sexes consistently demonstrated repro
ductive dysfunction; however, only male mice treated with 
MSG as juveniles developed reproductive de f ic i t s .  Neonatal 
treatment with MSG resulted in s ignif icantly  lowered 
weights of p i tu i ta ry  and thyroid of both sexes, as well as 
tes tes  or ovaries. Several studies in our lab show that  in 
juvenile mice treated with MSG, only the males showed a 
reproductive or behavioral d e f ic i t  with a concomitant re
duction in the weights of the p i tu i ta ry ,  thyroid, and 
te s te s .  These results  suggest that  development of the 
blood-brain-barrier  offers only limited protection against 
the excitotoxic amino acids. The poss ib i l i ty  that  males 
may be more sensitive than females a t  th is  age deserves 
further  investigat ion.

(Supported by a grant from the Committee on Organized 
Research, Northeastern I l l in o is  University)

NEUROTOXICITY III

34 4 .1  POSTNATAL DENDRITIC AND SYNAPTIC MATURATION IN RATS EXPOSED 
TO HALOTHANE IN UTERO. E.  U e m u ra ,  W. P .  I r e l a n d ,  E.  D. 
L e v i n ,  a n d  R. E . B ow m an.  D e p t . o f  V e t .  A n a t . ,  I o w a  S t a t e  
U n i v e r s i t y ,  A m es, IA 5 0 0 1 1 , and  D e p t. o f  P s y c h .,  U n i v e r s i t y  
o f  W is c o n s in ,  M a d iso n , WI.

D e n d r i t i c  b r a n c h e s  and  s y n a p s e s  w e re  q u a n t i t a t e d  i n  128 
r a t s  a t  5 ,  2 1 , 34 a n d  95 p o s t n a t a l  d a y s  i n  t h e  e n t o r h i n a l  
c o r t e x  an d  s u b ic u lu m . T h e se  r a t s  w e re  o f f s p r i n g  o f  m o th e r s  
t h a t  h a d  b e e n  s u b j e c t e d  t o  f o u r  d i f f e r e n t  l e v e l s  o f  
h a l o t h a n e  w h i l e  t h e y  w e r e  g e s t a t i n g .  T h e  e x p o s u r e  
c o n d i t i o n s  w e re  c o n t r o l ,  i n t e r m i t t e n t  h a lo t h a n e  (25 ppm o r  
100 ppm h a lo t h a n e ,  8 h o u r s / d a y ,  5 d a y s /w e e k )  and  c o n t in u o u s  
h a l o t h a n e  (2 5  ppm  h a l o t h a n e ,  24 h o u r s / d a y ,  7 d a y s /w e e k ) .  
T h e  c o n t r o l  g r o u p  h a d  l o n g e r  a n d  m o re  d e n d r i t i c  b r a n c h e s  
t h a n  a n y  o f  t h e  h a l o t h a n e  e x p o s e d  g r o u p s  (p  < 0 . 0 0 1 ) . 
D e n d r i t i c  g ro w th  i n  t e r m s  o f  b ra n c h  n u m b ers  and  l e n g t h ,  was 
m o s t  a d v a n c e d  i n  t h e  c o n t r o l  g r o u p s ,  f o l l o w e d  by  t h o s e  
g r o u p s  e x p o s e d  t o  25 ppm h a l o t h a n e  i n t e r m i t t e n t ,  25 ppm 
c o n t in u o u s  an d  100 ppm h a lo th a n e  i n t e r m i t t e n t  (p  < 0 .0 0 1 ). 
T he l a t t e r  tw o  e x p o s u re  c o n d i t i o n s  e x e r t e d  i d e n t i c a l  e f f e c t s  
on  d e n d r i t i c  g ro w th  and s y a n p t i c  p o p u l a t i o n .  The o r d e r  o f  
t h i s  d e n d r i t i c  g ro w th  l e v e l  e s t a b l i s h e d  a t  5 p o s t n a t a l  d a y s  
r e m a in e d  t h e  sam e th ro u g h o u t  t h e  f i r s t  95 p o s t n a t a l  d a y s  i n  
b o t h  t h e  c o r t e x  a n d  s u b i c u l u m .  T h u s ,  t h e  d e l a y  i n  t h e  
i n i t i a l  d e n d r i t i c  g r o w t h  c a u s e d  b y  h a l o t h a n e  w a s  n o t  
c o m p e n s a t e d  b y  i n c r e a s e d  r a t e  o f  g r o w t h  i n  t h e  t r e a t e d  
g r o u p s  a t  l a t e r  a g e s .  D e l a y e d  s y n a p t o g e n e s i s  c a u s e d  by  
h a l o t h a n e  w a s  a l s o  d e t e c t e d  b y  t h e  e l e c t r o n  m i c r o s c o p i c  
o b s e r v a t i o n  o f  g ro w th  c o n e s .  G ro w th  c o n e s  w e re  d e t e c t e d  i n  
h a l o t h a n e  e x p o s e d  r a t s  up  t o  34 d a y s  a s  c o m p a r e d  w i t h  21 
d a y s  i n  t h e  c o n t r o l .  T h e  s y n a p t i c  d e n s i t y  i n  h a l o t h a n e -  
e x p o s e d  r a t s  d i d  n o t  r e a c h  t h e  c o n t r o l  l e v e l  e v e n  a t  95 
d a y s ,  s u g g e s t i n g  t h e  e n d u r i n g  e f f e c t s  o f  h a l o t h a n e  o n  t h e  
e a r l y  s y n a p to g e n e s i s  and  d e n d r i t i c  g ro w th .

344. 2  AGE VARIATION IN RAT BRAIN CORTICAL NA, K-ATPASE ACTIVITY 
AND THE INHIBITORY ACTIONS OF ERYTHROSIN B.
S.M. A n d e rs o n .  N e u r o to x ic o lo g y  S e c t i o n ,  N a t io n a l  I n s t i t u t e  
of N e u r o lo g ic a l  an d  C o m m u n ica tiv e  D i s o r d e r s  an d  S t r o k e ,  
N a t io n a l  I n s t i t u t e s  o f H e a l th ,  B e th e s d a ,  M ary lan d  2 0 2 0 5 .

N a,K -A TPase i n  p a r i e t a l  c o r t e x  f ro m  b r a i n s  of m ale  
g e n e t i c a l l y  h e te r o g e n e o u s  (N IH /N ) r a t s  was s t u d i e d .  Two 
ag e  r a n g e s  w ere  e x a m in e d : th e  n e o n a ta l  d e v e lo p m e n t s t a g e s  
( 5 ,  1 0 , 1 5 , 2 0 , and  30 d a y s  o ld )  and  a d u l t  m a tu r a t i o n  ( 3 0 ,  
6 0 , 9 0 , 120 , an d  240 d a y s  o l d ) .  M easu rem en ts  of N a ,  K-ATPase 
c a t a l y t i c  a c t i v i t y  i n d i c a t e  t h a t  t h e r e  i s  a  f i v e - f o l d  
i n c r e a s e  i n  enzym e a c t i v i t y  b e tw e e n  f i v e  an d  tw e n ty  d a y s  
of a g e .  The same l e v e l  of N a,K -A TP ase a c t i v i t y  i s  fo u n d  
i n  th e  p a r i e t a l  c o r t i c a l  m em brane p r e p a r a t i o n s  f ro m  tw e n ty ,  
t h i r t y ,  and s i x t y  d ay  o ld  a n im a ls .  A s m a l l  i n c r e a s e  i n  
enzym e a c t i v i t y  i s  fo u n d  i n  s i m i l a r  p r e p a r a t i o n s  f ro m  120 
d ay  o ld  a n im a ls  b u t  s i g n i f i c a n t l y  lo w e r  enzym e a c t i v i t y  i s  
fo u n d  i n  b r a i n  p r e p a r a t i o n s  f ro m  a n im a ls  g r e a t e r  th a n  240 
d a y s  o ld  (2 8  p e r c e n t  lo w e r  th a n  30 and  60 d a y  o ld  l e v e l s ) .

A c l a s s i c a l  p a t t e r n  of l i g a n d - r e c e p t o r  b in d in g  k i n e t i c s  
i s  n o t  a p p a r e n t  i n  d a t a  f ro m  o u r  o u a b a in  b in d in g  s t u d i e s  
on c o r t i c a l  m em brane p r e p a r a t i o n s  of f i v e  d a y - o ld  r a t s .  
S a t u r a t i o n  i s o th e rm s  and  A u g u s t in s s o n  p l o t s  of [3H ]o u a b a in  
( 0 .2 5  -  300 nM) b in d in g  to  c ru d e  s y n a p t i c  t i s s u e  p r e p a r a 
t i o n s  f ro m  p a r i e t a l  c o r t e x  of r a t s  10 d a y s  of a g e  s u g g e s t  
o n ly  o n e  o u a b a in  b in d in g  s i t e ;  w h e re a s  two o u a b a in  b in d in g  
s i t e s  a r e  d e m o n s t r a b le  i n  t i s s u e  p r e p a r a t i o n s  f ro m  m ore 
m a tu re  a n im a ls .  A c o m p a r is o n  of A r r h e n iu s  p l o t s  of 
te m p e ra tu re -e n z y m e  a c t i v i t y  d a t a  o b t a in e d  f ro m  10 and  30 
d ay  o ld  a n im a ls  s u g g e s t  d i f f e r e n t i a l  p h o s p h o l ip id  c o n te n t  
i n  p a r i e t a l  c o r t i c a l  m em branes d u r in g  p o s t n a t a l  d e v e lo p 
m e n t.  D e s p i te  t h e s e  a p p a r e n t  s t r u c t u r a l  d i f f e r e n c e s  i n  
s y n a p t i c  m em brane N a , K-A TPase f ro m  p a r i e t a l  c o r t e x  b e tw e e n  
10 an d  30 d a y - o ld  r a t s ;  p r e l i m i n a r y  d a t a  s u g g e s t  a  s i m i l a r  
p a t t e r n  of i n h i b i t i o n  of N a , K -A TPase c a t a l y t i c  a c t i v i t y  and  
[3H] o u a b a in  b in d in g  by e r y t h r o s i n  B (U .S .F .D .& C . Red # 3 ) .
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344 .3 CHOROID PLEXUS IN MAN: A PROTECTIVE SINK FOR HEAVY METALS?   
L . A. H e r s h e y ,  C. O. H e r s h e y * , A. W. V a m e s*  a n d  T . Wong- 
mon g k o l r i t * .  D e p t s . o f  N e u ro lo g y ,  M e d ic in e  an d  P a th o lo g y ,  
C ase  W e ste rn  R e s e rv e  U n iv . S c h . o f  Med. & SOHIO R e s e a rc h  
& Dev e lo p m e n t C e n t e r ,  C le v e la n d ,  O h io  4 4 106

In  human c h o r o id  p l e x u s , l e a d  c o n c e n t r a t i o n s  h a v e  b e e n  
r e p o r t e d  t o  c o r r e l a t e  l i n e a r l y  w i th  age  ( F r ie d h e im , e t  a l ,  
L a n c e t , 19 8 3 ) .  T h e se  a u th o r s  s u g g e s t  t h a t  c h o r o id  p l e x u s  
a c t s  a s  a  p r o t e c t i v e  s i n k f o r  h e a v y  m e t a l s .  T hey a l s o  s u g 
g e s t  t h a t  c h e l a t i n g  a g e n ts  may b e  u s e f u l  i n  s t r o k e  s u r v i 
v o r s  b e c a u s e  o f  t h e  r e p o r t e d  c o r r e l a t i o n  b e tw e e n  l e a d  e x 
p o s u re  an d  CNS v a s c u l a r  d i s e a s e .

To t e s t  t h e s e  h y p o t h e s e s , we u s e d  i n d u c t i v e l y  c o u p le d  
a rg o n  p la s m a  e m is s io n  s p e c t r o s c o p y  t o  m e a su re  19 t r a c e  
e le m e n ts  an d  4 m a jo r  e le m e n ts  i n  c h o r o id  p l e x u s  o f  18 r a n 
dom n e c r o p s i e s  (a g e s  3 9 - 9 0 ) .  I f  t h e  c h o r o id  p l e x u s  a c te d  
a s  a  p r o t e c t i v e  s i n k ,  t h e n  h e a v y  m e ta l  c o n c e n t r a t i o n s  s h o u ld  
i n c r e a s e  a s  a  f u n c t i o n  o f  a g e .  C h e la t i o n  t h e r a p y  s h o u ld  be 
recom m ended f o r  s t r o k e  p a t i e n t s  o n ly  i f  t h o s e  w i th  v a s c u l a r  
d i s e a s e  h a v e  i n c r e a s e d  h e a v y  m e ta l  c o n c e n t r a t i o n s  i n  t h e i r  
c h o r o i d  p l e x u s .

We fo u n d  t h a t  o n ly  p a t i e n t s  o v e r  t h e  ag e  o f  70 h a d  l e a d  
c o n c e n t r a t i o n s  i n  c h o r o id  p l e x u s  g r e a t e r  t h a n  2 PPM. T hese  
c o n c e n t r a t i o n s  c o r r e l a t e d  b e t t e r  w i th  p h o s p h o ru s  c o n te n t  
t h a n  w i th  a g e .  No ag e  c o r r e l a t i o n  was fo u n d  f o r  c o p p e r ,  
i r o n  o r  z i n c .  T h e se  d a t a  do n o t  s u p p o r t  t h e  h y p o t h e s i s  t h a t  
c h o r o i d  p le x u s  a c t s  a s  a  p r o t e c t i v e  s in k  f o r  h e a v y  m e t a l s .

When p a tie n ts  w ith and w ithout CNS v ascu la r d isease  were 
compared, we found no d iffe ren ces  between concen trations of 
le a d , copper, iron  o r zinc in  choroid p lexus. Thus, we can
not support the  use of c h e la tin g  agents in  the treatm ent of 
s tro k e  su rv iv o rs.

3 4 4 .4  T H E  EFFECTS OF  2 ,4 -D I C H L O ROHENOXYACETIC ACI D (2 ,4 -D )  ON 
THE CONTRACTILE PROPERTIES OF REINNERVATED RAT MUSCLE.  
R .F .  M a y er , E . T o y o sh im a  and  S .R .  M ax.  V e te ra n s  
A d m i n i s t r a t i o n  M e d ic a l  C e n te r  & D e p t . o f  N e u r o lo g y ,  
U n iv .  o f  M a ry la n d  S c h . o f  M e d .,  B a l t i m o r e ,  MD 2 1 2 0 1 .

We h a v e  s tu d i e d  th e  e f f e c t s  o f  2 ,4 -D  on th e  i s o m e t r i c  
c o n t r a c t i l e  p r o p e r t i e s  o f  s k e l e t a l  m u s c le  d u r in g  
r e i n n e r v a t i o n  a f t e r  n e rv e  c r u s h .

E x te n s o r  d i g i t o r u m  lo n g u s  m u s c le s  o f  a d u l t  m a le  
F i s h e r  r a t s  (1 6 0 -2 6 0  g) w e re  s t i m u l a t e d  w i t h  i n d i r e c t  
p e r o n e a l  n e rv e  an d  d i r e c t  m u s c le  e l e c t r i c  s h o c k s  i n  v iv o  
(38°C ) a t  1, 10 , 17 and  24 d a y s  a f t e r  c r u s h in g  th e   
p e r o n e a l  n e rv e  1 cm fro m  th e  m u s c l e .  The 2 ,4 -D  (100 
m g /k g  b o d y  w e ig h t ,  d i s s o l v e d  in  em ul p h o r / e t h a n o l / H2O) 
w as i n j e c t e d  i . p .  6 d a y s /w e e k  f o r  24 d a y s ;  c o n t r o l s  
r e c e i v e d  v e h i c l e .

F u n c t io n a l  r e i n n e r v a t i o n  o f  th e  h in d  lim b  was  
o b s e rv e d  8 -9  d a y s  a f t e r  n e rv e  c r u s h ,  an d  c o m p le te  
r e c o v e r y  o v e r  3 w eeks was s i m i l a r  i n  2 ,4 -D  and 
c o n t r o l s .  T w itc h  t e n s i o n  ( P t)  to  d i r e c t  s t i m u l a t i o n  
ch a n g ed  l i t t l e  o v e r  th e  24 d ay  p e r i o d  in  2 ,4 -D  and  
c o n t r o l s ,  w h i l e  P t  to  i n d i r e c t  s t i m u l a t i o n  w as 11% o f  
i n t a c t  v a lu e s  a t  10 d a y s ,  58% a t  17 d a y s  and  78% a t  24 
d a y s  in  2 ,4 -D ;  r e c o v e r y  w as s i m i l a r  i n  c o n t r o l s .  
T w i t c h / t e t a n u s  r a t i o s  ( P t /P o )  to  d i r e c t  and  i n d i r e c t  
s t i m u l i  w e re  i n c r e a s e d  (150%) a t  d ay  10 b o th  in  2 ,4 -D  
and  c o n t r o l s ,  b u t  a t  d ay  2 4 , th e  P t /P o  r e m a in e d  50% 
h i g h e r  in  2 ,4 -D  th a n  c o n t r o l s .  T w itc h  t e n s i o n  e x p r e s s e d  
a s  gram s f o r c e / g  m u s c le  w e ig h t  ( g /g )  to  d i r e c t  (D) and  
i n d i r e c t  ( I )  s t i m u l i  w as g r e a t e r  in  2 ,4 -D  (D, 7 .1  g / g ;  
I ,  6 .3  g /g )  th a n  in  c o n t r o l s  (D, 4 .5  g / g ;  I ,  3 .8  g / g ) .

T h e se  c h a n g e s  i n d i c a t e  t h a t  2 ,4 -D  d o e s  n o t  i n t e r f e r e  
w i th  th e  p r o c e s s  o f  n e rv e  r e g e n e r a t i o n  and  r e i n n e r v a t i o n  
o f  m u s c le  f o l l o w in g  c ru s h  b u t  i t  d o e s  p ro d u c e  a  m y o p a th y  
in  w h ic h  th e  tw i tc h  t e n s i o n / g  m u s c le  w e ig h t  i s  i n c r e a s e d  
a s  i s  th e  P t /P o  s u g g e s t in g  b o th  p r o l i f e r a t i o n  and  
d i s r u p t i o n  o f  m y o f i la m e n ts . ( S u p p o r te d  b y  a  g r a n t  f r a n  
t h e  V e te ra n s  A d m i n i s t r a t i o n  R e s e a rc h  S e r v i c e . )

344.5  EFFECT OF ACRYLAMIDE ON GAPDH ACTIVITY IN THE RAT 
OPTIC SYSTEM.  M. I. SABRI and P. S. SPENCER,  Institute of 
Neurotoxicology, Departments of Neuroscience, Neurology and 
Pathology, Albert Einstein College of Medicine, New York, N.Y. 
10461.

The inhibition of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) and neuron specific enolase by acrylamide, a potent 
neurotoxin, has been studied by several investigators. It has been 
suggested that acrylamide causes axonal degeneration by inhibiting 
the GAPDH-dependent axonal transport systems. Whether GAPDH 
inhibition, an event known to block axonal tranport in vitro, is the 
cause or the result of nerve-fiber degeneration in acrylamide 
neuropathy is unclear. We have examined the relationship between 
GAPDH inhibition and the onset of nerve-fiber degeneration in 
optic pathways and tibial nerves of acrylamide-treated animals. 
Male Sprague-Dawley rats (270-290 g) received acrylamide (35 
mg/kg i.p.), 5 days/week for periods up to four weeks. Mild signs 
of acrylamide neuropathy (stiffened tails, foot splay, and hind-limb 
weakness) appeared after 14 days and, by 4 weeks, rats displayed 
severe hind-limb paralysis. Animals were decapitated after 1,2,3 
and 4 weeks of acrylamide treatment; optic nerves and tracts were 
dissected, divided into 5 mm segments and stored at -80°C. In 
some experiments, tibial nerves were also sampled to compare the 
effect of acrylamide on GAPDH activity in the two systems. 
Tissue was homogenized in pyrophosphate buffer (pH 8.0), 
centrifuged at 10,000 x g for 2 min and GAPDH activity 
determined in the supernatant. Selected acrylamide-treated rats 
were systemically perfused with phosphate buffered glutaraldehyde 
and the nerves under study excised for neuropathological 
examination.

Preliminary results show that GAPDH activity in optic nerves 
and tracts is uninhibited for up to four weeks of acrylamide 
treatment. By contrast, there was a 35% reduction in GAPDH 
activity in sciatic nerves from the same animals. Light- 
microscope examination revealed nerve-fiber degeneration in tibial 
nerves and branches, but optic nerves and tracts from acrylamide- 
treated rats appeared normal. These results are consistent with 
our earlier data that acrylamide altered GAPDH activity in sciatic 
nerves but not in brain homogenates. The morphological and 
biochemical data obtained in this study confirm that peripheral 
nerves are more susceptible to acrylamide and that nerve-fiber 
change in optic tracts is a late event. Experiments are underway 
to study the proximal-distal gradient of GAPDH activity in the 
optic system and in sciatic nerves to examine more closely the 
relationship between GAPDH distribution and nerve-fiber 
degeneration in experimental acrylamide neuropathy. Supported 
in part by NIOSH 00851 and NINCDS NS 19611.

344.6  THE EFFECTS OF LEAD POISONING ON PYRAMIDAL CELL DENDRITE 
DEVELOPMENT OF MOTOR CORTEX IN THE NEONATAL RAT -  A GOLGI 
STUDY.  D. L o rto n , W .J. Anderson and P. K unk ler* .  In d ia n a  
U niv. Sch . M ed., T e rre  H aute C tr .  f o r  Med. E d .; In d ia n a  
S ta te  U n iv ., L ife  S c ie n ces  D e p t.,  T e rre  H au te , In  47809.

Rat pups from p reg n an t Long-Evans r a t s  were g iv e n  th e  
s ta n d a rd  dose 600 mg o f  le a d  a c e ta t e  p e r  kg o f  body w eigh t 
(P r e s s ,  1977) ev e ry  24 hou rs b eg in n in g  one day a f t e r  b i r t h  
u n t i l  cu m u la tiv e  do ses  o f  2400 mg/Kg (4 d o se s )  were 
a d m in is te re d  v ia  stom ach in tu b a t io n .  The b r a in s  were 
removed a t  30 days o f  age and p ro cessed  u s in g  a m od ified  
G olgi-Cox te c h n iq u e . The body w eig h ts  o f  th e  le a d  t r e a te d  
r a t s  were n o t s ig n i f i c a n t l y  low er th a n  c o n t ro l  r a t s  a t  10 
and 30 days o f  ag e . The b ra in  w eig h ts  o f  th e  le a d  t r e a te d  
group  were s i g n i f i c a n t l y  g r e a t e r  th a n  th e  b r a in  w e ig h ts  o f  
c o n t r o l  r a t  a t  10 and 30 d ay s . Camera lu c i da d raw ings o f  
pyram idal c e l l s  from  m otor c o r te x  o f  c o n t r o l  r a t s  c o n ta in e d  
s i g n i f i c a n t l y  (54%) more secondary  and t e r t i a r y  b ran ch e s  
e x ten d in g  l a t e r a l l y  from  th e  p rim ary  a p ic a l  d e n d r i te  th a n  
p y ram idal c e l l s  o f  le ad ed  r a t s .  No d i f f e r e n c e  in  th e  
h e ig h t o f  th e  py ram idal c e l l s  from  le a d  t r e a te d  and c o n t ro l  
r a t s  was observed  in  th e  c o r te x .  The d e n d r i t i c  b ran ch e s  
were numbered a c co rd in g  to  t h e i r  b ran ch in g  p o in t  away from 
th e  soma. There was a s i g n i f i c a n t  r e d u c t io n  in  th e  number 
o f  4 , 5 , 6 and 7 o rd e r  b ran ch es  ex te n d in g  from  th e  a p i c a l  
d e n d r i te  and 3 and 4 o rd e r  b ran ch es  ex te n d in g  from th e  
b a s a l  d e n d r i te s  in  th e  le a d  t r e a te d  r a t s .  The le n g th s  
o f  each  d e n d r i t i c  b ran ch  a t  each  o rd e r  was m easured fo r  
b o th  a p ic a l  and b a s a l  d e n d r i t e s .  The mean d e n d r i t i c  
le n g th  was reduced  by 19% in  b a s a l  d e n d r i te s  and by 28% in  
a p i c a l  d e n d r i t e s .  M easurements o f  d e n d r i t i c  m a te r ia l  by 
th e  S c h o ll method (1959) re v e a le d  s im i la r  r e s u l t s .  Lead 
t r e a te d  r a t s  had a 17% re d u c t io n  in  th e  b a s a l  d e n d r i te s  and 
an 36% re d u c t io n  in  th e  a p i c a l  d e n d r i t i c  m a te r i a l .  The 
number o f  s p in e s  p e r  mu on p y ram ida l c e l l s  o f  e x p e rim e n ta l 
r a t s  d id  n o t s ig n i f i c a n t l y  d i f f e r  from th e  number on 
py ram idal c e l l s  o f  th e  m otor c o r te x  o f  e x p e rim e n ta l r a t s  a t  
a p o in t  15 mu above th e  soma. These r e s u l t s  s u g g e s t th a t  
n e o n a ta l  le a d  exposu re  a l t e r s  th e  d e n d r i t i c  f i e l d  in  
p y ram idal c e l l s  o f  r a t  m otor c o r te x  and may red u ce  th e  
a b i l i t y  o f  neurons to  re c ie v e  and co n se q u e n tly  in t e g r a t e  
in fo rm a tio n . T h is  may be re s p o n s ib le  f o r  th e  d im in ish ed  
le a rn in g  c a p a c i t i e s ,  h y p e r a c t iv i ty ,  r e s t l e s s n e s s  and th e  
reduced  a d a p tiv e  b e h a v io ra l p a t t e r n s  g e n e ra l ly  observed  
fo llo w in g  le a d  p o is o n in g .
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344.7  Inhibition of Respiration by Inorganic Lead In Cultured 
Astrocytes and Neurons.  D Holt zman and J Olson  Dept of 
Neurol, Tulane Univ Sch of Med, New Orleans LA 70112

Inhibition of aerobic energy metabolism may be Important 
in the pathogenesis of cellular Pb toxicity in the develop
ing brain (Holt zman et  al., Virch Arch 387:147, 1980). i n 
situ and in culture, the neuron is more sensitive to Pb 
toxicity than the astrocyte (Nguyen et  al., SEM, 1982:891). 
We now report  the effects of Pb on respiration in neurons 
and as trocytes from primary culture.

Astrocytes and granular neurons were cultured from the 
neonatal r a t  brain (Olson and Holt zman, J Neuroscl Res 
5:497, 1980; Jameson et  al. J Neurochem 42:470, 1984). For 
long-term exposures, lead acetate  (PbAc2) was added to the 
culture medium for 4 days beginning af ter  14 days (astro
cytes) or 4 days (neurons) in culture. Respiration was 
measured polarographically in cell suspensions with glucose 
as substra te. For brief exposures, PbAc2 was f irs t  added to 
cell suspensions in the respiration chamber.

After 4 days exposure to 1µ g/ml, the maximal respira
tory capacity (dini t rophenol-st i mulat ed respiration) was 
inhibited in neurons and astrocytes (27% inhibition in each 
cell type compared to controls, p < .01). Prolonged exposure 
to lower Pb concentrations did not affect  cell respiration. 
When PbAc2  was added (0.1-10/µg Pb/ml) to neuronal suspen
sions, the DNP-st i mulat ed respiration also was inhibited by 
about 25% . Compared to neurons, PbAc2 added to suspensions 
of astrocytes produced less inhibition of DNP-st i mulat ed 
respiration a t  the higher concentrations ( 10% a t  1 0 µ g 
Pb/ml, 8% at  1µ g Pb/ml) and no Inhibition at  0.1/ µg Pb/ml. 
The high Pb ( 10/µg Pb/ml) produced no effects on respiration 
in suspensions of astrocytes pre-exposed to low Pb concen
trations for 4 days In culture.

In summary, aerobic energy metabolism is inhibited by 
lower concentrations of Pb in neurons than in astrocytes 
from primary culture.  This difference is consistent with the 
lower concentrations of Pb which al ter  surface morphology 
and viability in cultured neurons compared to astrocytes 
(Nguyen et  al., 1982). it  also supports the proposal tha t ,  
both in  vitro and in  vivo as trocyte resistance to Pb toxi
city depends upon the capacity to sequester Pb in non- 
mitochondrial sites; i.e., lysosomes and nuclei (Holt zman et  
al., Neurotoxicology, in press). This capacity of the cul
tured astrocyte to sequester Pb may be increased by pre
vious Pb exposure, perhaps by induced synthesis of a trans
port or binding protein. (Supported by NIH grant ES 03241).

3 4 4 . 8   E F F E C T S  OF TRIM E T H Y L T IN  ON INCREMENTAL REPEATED A C Q U I S I T I O N  
( L E A R N I N G )  IN THE R A T .   M . G .  P a u l e  a n d  D . E .  M c M i l l a n * .  
P h a r m a c o d y n a m i c s  B r . ,  D i v .  T e r a t .  R e s . ,  N a t .  C e n t e r  
To x i c o l .  R e s . ,  J e f f e r s o n ,  AR 7 2 0 7 9  a n d  D e p t .  P h a r m a c o l . ,  
U n i v .  A r k .  M e d .  S c i . ,  L i t t l e  R o c k ,  AR 7 2 2 0 5 .

We a d m i n i s t e r e d  t h e  n e u r o t o x i c a n t ,  t r i m e t h y l  t i n  c h l o r i d e  
(T M T )  k n o w n  t o  c a u s e  l e s i o n s  i n  t h e  h i p p o c a m p u s  a n d  a s s e s s 
e d  t h e  e f f e c t s  o f  s u c h  t r e a t m e n t  o n  l e a r n i n g  i n  t h e  r a t .  
A d u l t  m a l e  S p r a g u e - D a w l e y  r a t s  w e r e  t r a i n e d  t o  p e r f o r m  a n  
i n c r e m e n t a l  r e p e a t e d  a c q u i s i t i o n  ( I R A )  t a s k  f o r  f o o d .  A t  
t h e  b e g i n n i n g  o f  e a c h  d a i l y  s e s s i o n  ( M o n d a y  t h r o u g h  
F r i d a y ) ,  r e s p o n s e s  o n  o n l y  o n e  o f  t h r e e  l e v e r s  p r o d u c e d  
f o o d .  A f t e r  m e e t i n g  c r i t e r i o n  ( 4 0  e r r o r l e s s  s e q u e n c e s )  o n  
O n e  l e v e r ,  t h e  t a s k  w a s  ' i n c r e m e n t e d '  s o  t h a t  s e q u e n t i a l  
r e s p o n s e s  o n  t w o  l e v e r s  w e r e  r e q u i r e d  a n d  s o  o n  u p  t o  a  
m a x i m u m  o f  f i v e  s e q u e n t i a l  r e s p o n s e s .  E a c h  n e w  r e q u i r e d  
r e s p o n s e  w a s  a d d e d  i n  f r o n t  o f  t h e  p r e v i o u s l y  p e r f o r m e d  
s e q u e n c e .  S e q u e n c e s  o f  r e q u i r e d  l e v e r  p r e s s e s  c h a n g e d  
d a i l y .  T h e  e f f e c t  o f  a  s i n g l e  i . p .  i n j e c t i o n  o f  k n o w n  
n e u r o t o x i c  d o s e s  ( 3  r a t s  r e c e i v e d  7 . 5  a n d  2  r e c e i v e d  8 . 7  
m g / k g  TMT) o f  t r i m e t h y l t i n  c h l o r i d e  (T M T )  o n  s t a b l e  IRA 
b e h a v i o r  w a s  s t u d i e d .  TMT a d m i n i s t r a t i o n  r e s u l t e d  i n  
a l t e r a t i o n s  o f  b o t h  r e s p o n s e  e f f i c i e n c y  a n d  r a t e  w h e r e a s  
v e h i c l e  ( s a l i n e )  i n j e c t i o n s  h a d  n o  e f f e c t  o n  t h e s e  p a r a m e t 
e r s .  R e s p o n s e  e f f i c i e n c i e s  w e r e  d e c r e a s e d  i n  a l l  5 s u b 
j e c t s  a n d  t h e s e  d e c r e m e n t s  w e r e  m a x i m a l  2 - 3  w e e k s  a f t e r  TMT 
i n j e c t i o n  f o r  m o s t  a n i m a l s .  P e r f o r m a n c e  r e c o v e r e d  i n  3  o f  
t h e s e  r a t s  w i t h i n  1 - 5  w e e k s ;  v a l u e s  f o r  t h e  o t h e r  2  a n i m a l s  
d i d  n o t  r e t u r n  t o  p r e - T M T  l e v e l s  f o r  a t  l e a s t  3  m o n t h s .  
D e c r e a s e d  e f f i c i e n c i e s  r e s u l t e d  f r o m  s i m u l t a n e o u s  i n c r e a s e s  
i n  b o t h  w i t h i n -  a n d  b e t w e e n - s e q u e n c e  e r r o r s .  I n c r e a s e s  i n  
b e t w e e n - s e q u e n c e  e r r o r s  t o o k  l o n g e r  t o  r e c o v e r  t h a n  w i t h -  
i n - s e q u e n c e  e r r o r s .  IRA r e s p o n s e  r a t e s  i n c r e a s e d  i n  o n e  
a n i m a l  i m m e d i a t e l y  a f t e r  TMT i n j e c t i o n  a n d  r e m a i n e d  e l e v a t 
e d  f o r  5 w e e k s .  R a t e  i n c r e a s e s  w e r e  n o t e d  i n  3 o f  t h e  
o t h e r  4  r a t s  b u t  t h e s e  c h a n g e s  w e r e  n o t  s e e n  u n t i l  2 - 4  
w e e k s  a f t e r  TMT e x p o s u r e .  TMT e f f e c t s  o n  IRA b e h a v i o r  
a p p e a r  t o  f o l l o w  t h e  p r e v i o u s l y  r e p o r t e d  t i m e  c o u r s e  o f  
l e s i o n  d e v e l o p m e n t  i n  t h e  r a t  h i p p o c a m p u s .  T h e s e  f i n d i n g s  
a r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  t h e  h i p p o c a m p u s  m a y  
h a v e  a  r o l e  i n  l e a r n i n g  p h e n o m e n o n .

3 4 4 .9   TRIMETHYLTIN (TMT) INDUCED ALTERATIONS OF MUSCARINIC 
RECEPTOR BINDING A FFI N IT Y  AND MONOAMINE TURNOVER IN MOUSE 
BRAIN. S . F .  A l i ,  W. S l i k k e r ,  J r . *  a n d  G . D .  N e w p o r t * .  
P h a r m a c o d y n a m i c s  B r a n c h ,  D i v i s i o n  o f  T e r a t o g e n e s i s  
R e s e a r c h ,  N a t i o n a l  C e n t e r  f o r  T o x i c o l o g i c a l  R e s e a r c h ,  
J e f f e r s o n ,  AR 7 2 0 7 9 .

O u r  l a b o r a t o r y  p r e v i o u s l y  r e p o r t e d  t h a t  a c u t e  TMT a d m i n 
i s t r a t i o n  p r o d u c e s  a  d o s e - d e p e n d e n t  d e c r e a s e  i n  m u s c a r i n i c  
r e c e p t o r  b i n d i n g  i n  m o u s e  f r o n t a l  c o r t e x  a n d  h i p p o c a m p u s .
I n  o r d e r  t o  d e t e r m i n e  i f  t h e  d e c r e a s e  w a s  d u e  t o  a  c h a n g e  
i n  r e c e p t o r  a f f i n i t y  o r  d e n s i t y ,  a  S c a t c h a r d  a n a l y s i s  wa s 
p e r f o r m e d .  M a l e  C 5 7 B 1 / 6 N  m i c e ,  8 - 1 0  w e e k s  o l d  w e r e  a d m i n 
i s t e r e d  a  s i n g l e  o r a l  d o s e  o f  0 ,  1 o r  3 m g / k g  T M T - h y d r o x i d e  
d i s s o l v e d  i n  d e i o n i z e d  w a t e r  a n d  s a c r i f i c e d  2 ,  7 a n d  14 
d a y s  l a t e r .  T h e  b r a i n s  w e r e  q u i c k l y  r e m o v e d ,  d i s s e c t e d  a n d  
f r o z e n  a t  - 7 0 ° C  f o r  f u r t h e r  a n a l y s i s  o f  m u s c a r i n i c  r e c e p 
t o r s  o v e r  a  ( 3 H ) - Q u i n u c l i d i n y l  b e n z i l a t e  (QNB) c o n c e n t r a 
t i o n  r a n g e  o f  0 . 0 2  t o  2 . 0  nM. Two d a y s  a f t e r  TMT t r e a t 
m e n t ,  t h e  Kd f o r  ( 3 H)-QNB i n  f r o n t a l  c o r t e x  i n c r e a s e d  
f r o m  0 . 1 0 8  nM ( c o n t r o l )  t o  0 . 2 9 1  nM ( 1 m g / k g )  a n d  0 . 2 8 4  nM 
( 3  m g / k g )  w h i l e  t h e  n u m b e r  o f  r e c e p t o r s  r e m a i n e d  r e l a t i v e l y  
c o n s t a n t  ( 1 4 0 7 - c o n t r o l  t o  1 4 9 6  -  1 m g / k g  a n d  159 1 -  3 m g / k g  
p m o l e / g  o f  p r o t e i n ) .  A g r a d u a l  r e t u r n  t o  c o n t r o l  b i n d i n g  
a f f i n i t y  w a s  s e e n  o v e r  t h e  n e x t  t w o  w e e k s .  I n  t h e  h i p p o 
c a m p u s  a  s i m i l a r  d e c r e a s e  i n  ( 3 H) QNB a f f i n i t y  w a s  s e e n  
o n l y  a t  t h e  3 m g / k g  d o s e  1 a n d  2  w e e k s  a f t e r  TMT t r e a t m e n t .  
I n  t h e  c a u d a t e  n u c l e u s ,  we p r e v i o u s l y  f o u n d  a  s i g n i f i c a n t  
d e c r e a s e  i n  5 - h y d r o x y i n d o l e a c e t i c  a c i d  (5 - H I A A )  a n d  homo
v a n i l l i c  a c i d  (HVA) c o n c e n t r a t i o n s  2 w e e k s  a f t e r  TMT t r e a t 
m e n t  w i t h o u t  a n y  a l t e r a t i o n s  i n  s e r o t o n i n  o r  d o p a m i n e  c o n 
c e n t r a t i o n s .  I n  o r d e r  t o  d e t e r m i n e  i f  TMT a l t e r e d  m e t a b o 
l i t e  e f f l u x ,  m i c e  w e r e  d o s e d  w i t h  0 o r  3 m g / k g  p . o .  
T M T - h y d r o x i d e .  Two w e e k s  l a t e r ,  p a r g y l i n e  ( 7 5  m g / k g  i . p . )  
w a s  a d m i n i s t e r e d  a n d  t h e  m i c e  w e r e  s a c r i f i c e d  a t  0 ,  3 0  a n d  
6 0  m i n .  C o n c e n t r a t i o n s  o f  m o n o a m i n e s  a n d  t h e i r  m e t a b o l i t e s  
i n  t h e  c a u d a t e  n u c l e u s  w e r e  m e a s u r e d  u s i n g  H PLC/EC.  
E l i m i n a t i o n  r a t e s  o f  5 -H IAA a n d  HVA w e r e  n o t  a l t e r e d  b y  TMT 
t r e a t m e n t ;  t h e r e f o r e ,  t h e  d a t a  s u g g e s t  t h a t  t h e  l o w e r  c o n 
c e n t r a t i o n s  o f  m o n o a m i n e  m e t a b o l i t e s  p r e v i o u s l y  s e e n  2 
w e e k s  a f t e r  TMT t r e a t m e n t  w e r e  d u e  t o  a  d e c r e a s e  i n  m o n o 
a m i n e  t u r n o v e r .  T h e  d e c r e a s e  i n  m u s c a r i n i c  r e c e p t o r  a f f i n 
i t y  f o r  ( 3 H)-QNB i n  f r o n t a l  c o r t e x  a n d  h i p p o c a m p u s  a n d  
t h e  d e c r e a s e  i n  t h e  r a t e  o f  s e r o t o n i n  a n d  d o p a m i n e  t u r n o v e r  
i n  t h e  c a u d a t e  n u c l e u s  i n d i c a t e  t h e  i n v o l v e m e n t  o f  t h e s e  
t h r e e  n e u r o t r a n s m i t t e r  s y s t e m s  i n  T M T - i n t o x i c a t i o n .

344.10  EFFECTS OF TRIMETHYLTIN IONTOPHORESIS ON MOUSE 
HIPPOCAMPAL SL IC E S.   D.L. A r m s t r o n g , S . F a r i a s * .  

 M. J. Wayn e r  T . Wi l l i a lm s* .  a n d  H .L .  R e a d * .  
D i v i s i o n  o f  L i f e  S c i e n c e s ,  U n i v e r s i t y  o f  T e x a s  a t  
San A n t o n i o ,  San  A n t o n i o ,  TX 78285

T r i m e t h y l t i n  (TMT) i s  a  p o t e n t  a n i m a l  a n d  
hum an n e u r o t o x i n  w h o s e  m e c h a n i s m  o f  a c t i o n  i s  
u n k n o w n .  P a t h o l o g y  s t u d i e s  h a v e  r e v e a l e d  
n e c r o s i s  i n  t h e  p y r i f o r m  c o r t e x ,  a m y g d a l o i d  
n u c l e u s ,  b r a i n  s t e m ,  a n d  h i p p o c a m p u s  f o l l o w i n g  
a c u t e  a n d  c h r o n i c  e x p o s u r e .  T h i s  s e l e c t i v e  
t o x i c i t y  s u g g e s t s  t h a t  TMT m i g h t  b e  i n t e r a c t i n g  
w i t h  m a c r o m o l e c u l a r  c o m p o n e n t s  p r e s e n t  o n l y  i n  
c e r t a i n  n e u r o n s .  T he  p u r p o s e  o f  t h i s  s t u d y  w as  
t o  ex am in e  t h e  r e s p o n s e s  o f  c e l l s  f r o m  d i f f e r e n t  
r e g i o n s  o f  t h e  h i p p o c a m p u s  t o  t h e  d i r e c t  
i o n t o p h o r e t i c  a p p l i c a t i o n  o f  TMT. C e l l s  i n  
r e g i o n s  m o s t  s e n s i t i v e  t o  t h e  t o x i n  w o u l d  b e  
e x p e c t e d  t o  d i s p l a y  c o n s i s t e n t  c h a n g e s  i n  
e l e c t r i c a l  a c t i v i t y  i f  TMT a f f e c t s  s p e c i f i c  
r e c e p t o r  o r  enzyme s y s t e m s  o f  t h e s e  c e l l s .

F o u r - b a r r e l  m i c r o e l e c t r o d e s  w e re  u s e d  t o  a p p l y  
0.5  M t r i m e t h y l t i n  c h l o r i d e  i n  0 .15  M N a C l ,  1 .0  M 
g l u t a m a t e ,  and  .15 M NaCl a s  a c o n t r o l  e j e c t i o n .  
T h e  b a r r e l  u s e d  f o r  e x t r a c e l l u l a r  r e c o r d i n g  
c o n t a i n e d  3 M N aC l .  G r a n u l e  c e l l s  i n  t h e  d e n t a t e  
g y r u s  w e r e  u n a f f e c t e d  b y  TMT o r  d i s p l a y e d  
e x c i t a t i o n .  T h e  e x c i t a t o r y  r e s p o n s e  w a s  
im m e d ia t e  and i n c r e a s e d  i n  m a g n i t u d e  and  d u r a t i o n  
a s  e j e c t i o n  c u r r e n t s  o f  5 ,  1 0 ,  15 a n d  20  nA w e r e  
s e q u e n t i a l l y  a p p l i e d .  P y r a m i d a l  c e l l s  i n  t h e  CA3 
r e g i o n  o f  t h e  p y r a m i d a l  c e l l  l i n e  d i s p l a y e d  a 
d e c r e a s e  i n  s p o n t a n e o u s  a c t i v i t y  i n  r e s p o n s e  t o  
TMT a p p l i c a t i o n  u s i n g  e j e c t i o n  c u r r e n t s  o f  5 -2 0  
nA. I n i t i a l  s a m p l e s  o f  r e s p o n s e s  o f  CA2 and  CA1 
p y r a m i d a l  c e l l s  i n d i c a t e s  t h e y  a r e  e x c i t e d  by  TMT 
a n d  m o r e  d a t a  i s  b e i n g  c o l l e c t e d  o n  t h e s e  
r e g i o n s .

I f  t h e  i n h i b i t i o n  o f  s p o n t a n e o u s  a c t i v i t y  o f  
CA3 c e l l s  by  TMT i s  m e d i a t e d  v i a  a  s p e c i f i c  
r e c e p t o r  i n t e r a c t i o n  p h a r m a c o l o g i c a l  a g e n t s  
s h o u l d  e n a b l e  u s  t o  b l o c k  o r  e n h a n c e  t h e s e  
e f f e c t s .  E x p e r i m e n t s  a r e  b e i n g  c a r r i e d  o u t  t o  
c h a r a c t e r i z e  r e c e p t o r s  o n  CA3 p y r a m i d a l  c e l l s  
t h a t  m ig h t  m e d i a t e  TMT's d e p r e s s a n t  e f f e c t s .
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344. 11  FURTHER INVESTIGATIONS INTO THE INHIBITION OF OXIDATIVE 
ENZYMES BY ACRYLAMIDE (ACR).  D. W. S i c k le s *  and  B. D. 
G o l d s t e i n . (SPON: M. J .  M u lr o y ) .  D e p a r tm e n ts  o f  Anatomy 
an d  P h a rm a c o lo g y  an d  T o x ic o lo g y ,  M e d ic a l  C o l le g e  o f  
G e o rg ia  A u g u s ta  GA 30 9 1 2 .

A c ry la m id e  (ACR) monomer i s  a  n e u r o t o x i c  c h e m ic a l  
w h ic h  p r o d u c e s  a  c e n t r a l - p e r i p h e r a l  d i s t a l  a x o n o p a th y  by 
a n  unknow n m ech an ism . One h y p o t h e s i s  s u g g e s t s  i n h i b i t i o n  
o f  enzym es r e s p o n s i b l e  f o r  e n e rg y  t r a n s f o r m a t i o n  a s  t h e  
k e y  s i t e  o f  a c t i o n .  A c ry la m id e  i n h i b i t s  c e r t a i n  g ly c o 
l y t i c  enzym es a s  w e l l  a s  N A D H -te tra z o liu m  r e d u c t a s e  
(NADH-TR) f o l lo w in g  c h r o n ic  d o s in g .  The c u r r e n t  s tu d y  
e x a m in e s  t h e  t im e  c o u r s e  o f  c h a n g e  i n  NADH-TR a c t i v i t y  
f o l l o w i n g  a  s i n g l e  50 m g/kg  d o s e  o f  ACR. E ig h te e n  a d u l t  
(2 5 0 -3 2 5 g )  m ale  S p ra g u e -D aw le y  r a t s  w e re  a n e s t h e t i z e d  
w i th  B r e v i t a l  (60  m g /kg) 1 8 -2 2  h o u r s  p r i o r  t o  s a c r i f i c e .  
The l e f t  s o l e u s  (S O L ), com posed  o f  84% s lo w  o x i d a t i v e  (SO) 
m u sc le  f i b e r s ,  w as i n j e c t e d  w i th  3 .5  µ l  o f  25% h o r s e r a d i s h  
p e r o x i d a s e  (H RP); t h e  r i g h t  t e n s o r  f a s c i a  l a t a  (T F L ), 
com posed  o f  94% f a s t  g l y c o l y t i c  (FG) f i b e r s ,  was g iv e n   
1 0 .5  µ l  o f  t h e  same HRP s o l u t i o n .  A s i n g l e  50 m g/kg  
i n t r a p e r i t o n e a l  d o s e  o f  ACR w as g iv e n  0 . 5 ,  1 ,  6 , 1 2 , 2 4 , 
4 8 ,  72 o r  96 h o u r s  p r i o r  t o  s a c r i f i c e .  The s p i n a l  c o rd s  
w e re  rem oved an d  p r o c e s s e d  f o r  h i s t o c h e m i c a l  d e m o n s t r a t io n  
o f  HRP and  NADH-TR a c t i v i t y .  Q u a n t i t a t i o n  o f  t h e  NADH-TR 
a c t i v i t y  i n  e a c h  α -m o to n e u ro n  w as d o n e  w i th  a  Z e i s s  Zonax 
MPMO3 m ic r o d e n s i to m e te r ,  t h e  r e s u l t s  g iv e n  a s  a v e ra g e  
o p t i c a l  d e n s i t y  (O .D .)  u n i t s  ( p r o p o r t i o n a l  t o  enzym e 
a c t i v i t y ) .  The mean O.D. o f  s o le u s  α -m o to n e u ro n s  d e 
c r e a s e d  f ro m  c o n t r o l  l e v e l s  o f  0 .4 3 5  (n= 41) t o  0 .3 4 5  (4 0 ) 
i n  30 m in u te s  an d  t o  a  lo w  o f  0 .2 7 3  (1 2 2 ) one  h o u r  a f t e r  
t h e  s i n g l e  d o s e .  The a c t i v i t y  re m a in e d  lo w , 0 .2 8 3  to  
0 .3 0 4  ( 2 9 2 ) ,  o v e r  24 h o u r s  fo l lo w e d  by  a  g r a d u a l  r e t u r n  
t o  n o rm a l l e v e l s  o f  0 .4 2  (1 0 0 ) a t  72 t o  96 h o u r s .  The 
NADH-TR a c t i v i t y  i n  FG m o to n e u ro n s  w as n o t  s i g n i f i c a n t l y  
c h a n g e d . T h e r e f o r e ,  ACR d i r e c t l y  i n h i b i t s  enzym es r e s p o n  
s i b l e  f o r  NADH o x i d a t i o n ;  t h e  s e l e c t i v i t y  f o r  SO m oto
n e u ro n s  i s  l i k e l y  d u e  t o  i t s  n o r m a l ly  h ig h  o x i d a t i v e  
m e ta b o li s m . T h e se  enzym e a c t i v i t y  c h a n g e s  o c c u r  p r i o r  to  
an y  c h a n g e s  i n  a x o p la s m ic  t r a n s p o r t  s u g g e s t i n g  a  p r im a ry  
s i t e  o f  a c t i o n .  The r e e s t a b l i s h m e n t  o f  n o rm a l enzym e 
l e v e l s  i n d i c a t e s  t h e  s y n t h e t i c  m a c h in e ry  i s  n o t  i r r e v e r  
s i b l y  dam aged by  ACR.
S u p p o r te d  by  BRSG S-07R R O S365-21, N SI8664 an d  a  g r a n t  
f ro m  t h e  C a llo w a y  F o u n d a t io n .

344.12  ORAL POLYCHLORINATED BIPHENYL EXPOSURE INDUCES REGIONAL 
 CHANGES IN BRAIN SEROTONIN METABOLISM.  K.O. B ro s c h * , R .F . 

S e e g a l ,a n d  B. Bush* (S p o n : J .  P e c k ) .   C t r .  f o r  L abs &
R e s e a rc h ,  NYS D e p a r tm e n t o f  H e a l th ,  A lb a n y , NY 12 2 0 1 .

P o l y c h lo r in a t e d  b ip h e n y l s  (PC B s) a r e  w id e s p re a d ,  
p e r s i s t e n t  e n v ir o n m e n ta l  c o n ta m in a n ts  t h a t  h a v e  b e e n  r e p o r t e d  
to  c a u se  n e u r o l o g i c a l  c o m p la in t s  in  i n d u s t r i a l  w o rk e rs  and 
o t h e r s  e x p o se d  to  PCBs ( F i s c h b e in ,  e t  a l . ,  A nn. NY Acad 
S c i . ,  3 2 0 :7 0 3 ,1 9 7 9 ;  C h ia ,  L . & Chu, E .L . ,  P ro g .  C l in .   
B i o l .  R e s . ,  1 3 7 :1 1 7 ,  1984) and  n e u ro c h e m ic a l  c h a n g e s  in  
l a b o r a to r y  a n im a ls  (A g ra w a l,  A. e t  a l . ,  T o x ic o l .  L e t t . , 
 7:417  1 9 8 1 ) .  We r e p o r t  e v id e n c e  o f  a l t e r a t i o n s  i n  c e n t r a l  
s e r o t o n in  m e ta b o lis m  i n  a d u l t  r a t s  f o l l o w in g  a  s i n g l e  o r a l  
e x p o s u re  to  a  com plex  m ix tu re  o f  PCB c o n g e n e r s .

A d u lt  m ale  r a t s  w ere o r a l l y  g av ag ed  w i th  e i t h e r  c o rn  o i l  
( c o n t r o l s )  o r  c o rn  o i l  c o n ta i n in g  e q u a l  w e ig h ts  o f  A r o c lo r s  
1254 and 1260 c a l c u l a t e d  to  y i e l d  a  f i n a l  d o s e  o f  e i t h e r  500 
o r  1000 m g/kg o f  t o t a l  PCBs. A n im als  w ere s a c r i f i c e d  e i t h e r   
1 ,3 ,7  o r  14 d a y s  a f t e r  g a v a g e ,  t h e i r  b r a i n s  r a p i d l y  rem oved 
and f r o n t a l  c o r t e x  (F C ), h ip p o cam p u s  (H C ), h y p o th a la m u s  (H T ), 
l a t e r a l  o l f a c t o r y  t r a c t  (LOT) and  b r a in s te m  (BS) d i s s e c t e d  
f r e e .  B r a in  r e g io n s  w ere h o m o g en ized  in  0 .2 N  p e r c h l o r i c  a c id  
c o n ta i n in g  100m g/L EGTA and a n a ly z e d  f o r  s e r o t o n in  (5 -H T ) and 
5 - h y d ro x y in d o le  a c e t i c  a c id  (5-H IA A ) c o n c e n t r a t i o n s  by 
h ig h -p e r fo r m a n c e  l i q u i d  c h ro m a to g ra p h y  w i th  e l e c t r o c h e m i c a l  
d e t e c t i o n .

5-HT c o n c e n t r a t i o n s  w ere s i g n i f i c a n t l y  r e d u c e d  in  FC and 
HC, u n a f f e c te d  in  HT and BS and e l e v a t e d  i n  LOT. 5HIAA/5-HT 
r a t i o s  w ere s i g n i f i c a n t l y  e l e v a t e d  in  a l l  b r a i n  a r e a s  e x c e p t  
f o r  HT and LOT. C hanges i n  5-HT c o n c e n t r a t i o n s  w ere  m ost 
e v id e n t  d u r in g  th e  f i r s t  s e v e r a l  d a y s  f o l lo w in g  e x p o s u re  to  
PCBs w h i le  5HIAA/5-HT r a t i o s  re m a in e d  e l e v a t e d  th ro u g h o u t  th e  
14d e x p e r im e n t .

T h ese  r e s u l t s :  ( 1 )  d e m o n s t r a te  t h a t  th e  m a tu re  n e rv o u s  
sy s te m  i s  s e n s i t i v e  to  a  b r i e f  e x p o s u re  t o  PCBs; and  ( 2 )  
f u r t h e r  e m p h a s ize  th e  n eed  to  ex am in e  s e v e r a l  b r a i n  r e g i o n s  
f o r  n e u ro c h e m ic a l  ch an g e  in  o r d e r  to  d e te r m in e  th e  a c t i o n  o f 
p u t a t i v e  n e u r o t o x i n s .

3 4 4 .13  ALTERATIONS IN NERVOUS SYSTEM-SPECIFIC PROTEINS, BEHAVIOR 
AND MORPHOLOGY ARE ASSOCIATED WITH THE DEVELOPMENT OF 
CEREBELLAR HYPOPLASIA IN THE GUNN RAT.  J .P .  O 'C a l la g h a n *  
and D .B . M i l l e r .  N e u r o to x ic o lo g y  D iv i s i o n ,  U .S . E n v iro n 
m e n ta l  P r o t e c t i o n  A gency , R e s e a rc h  T r ia n g l e  P a r k ,  NC 2 7 7 1 1 .

T o x ic a n t - in d u c e d  i n j u r y  t o  t h e  n e rv o u s  s y s te m  i s  a s s o c i 
a te d  w i th  co m p lex  b io c h e m ic a l ,  f u n c t i o n a l  and m o rp h o lo g ic a l  
r e s p o n s e s .  In  o r d e r  t o  c h a r a c t e r i z e  and q u a n t i f y  t h e s e  
r e s p o n s e s ,  we a r e  e x a m in in g  c h a n g e s  i n  n e rv o u s  s y s te m -  
s p e c i f i c  p r o t e i n s  (N S S P )(O 'C a l la g h a n  and M i l l e r ,  T re n d s  
P h a rm a c o l.  S c i .  4 . 3 8 8 , 1 9 8 3 ) , b e h a v io r  and m o rp h o lo g y  
t h a t  a r e  a s s o c i a t e d  w i th  e x p o s u re  to  known n e u r o t o x i c a n t s .
In  t h e  p r e s e n t  s tu d y ,  e n d o g e n o u s  c e r e b e l l a r  n e u r o t o x i c i t y  
was a s s e s s e d  in  t h e  Gunn r a t ,  an  a u to s o m a l r e c e s s i v e  m u ta n t  
t h a t  e x h i b i t s  d e g e n e r a t i o n  o f  P u r k in j e  c e l l s  and s u b s e q u e n t  
g l i o s i s  d u e  t o  h e r e d i t a r y  h y p e r b i l i r u b in e m ia .  NSSP m e a s u re 
m en ts  c o n s i s t e d  o f  ( 1 ) G - s u s t r a t e ,  th e  e n d o g e n o u s  s u b s t r a t e  
o f  cGMP d e p e n d e n t  p r o t e i n  k i n a s e  t h a t  i s  s p e c i f i c  t o  c e r e 
b e l l a r  P u r k in j e  c e l l s ,  (2 )  s y n a p s in  I ,  t h e  e n d o g e n o u s  su b 
s t r a t e  o f  cAMP d e p e n d e n t  p r o t e i n  k i n a s e  t h a t  i s  a s s o c i a t e d  
w i th  s y n a p t i c  v e s i c l e s ,  a p p a r e n t ly  i n  a l l  s y n a p s e s  and (3 )  
g l i a l  f i b r i l l a r y  a c i d i c  p r o t e i n  (GFAP), a p h o s p h o p ro te in  
s p e c i f i c  t o  f i b r o u s  a s t r o c y t e s .  Q u a n t i f i c a t i o n  o f  t h e s e  
p r o t e i n s  and o f  cAMP and cGMP was a c h ie v e d  by rad io im m u n o 
a s s a y  o r  im m u n o b in d in g  to  n i t r o c e l l u l o s e  ( J a h n ,  e t  a l .  PNAS 
8 1 :  1 6 8 4 , 1 9 8 4 ) .  F u n c t io n a l  co m p e te n ce  was a s s e s s e d  w i th  
m e a s u re s  o f  lo c o m o to r  a c t i v i t y  and a l e a r n in g  and memory 
t a s k .  C e r e b e l l a r  w e ig h ts  and l i g h t  m ic ro sc o p y  w ere  th e  
i n d i c e s  o f  m o rp h o lo g y . In  c o m p a r is o n  to  v a lu e s  o b t a in e d  
from  h e te r o z y g o u s  ( J j )  c o n t r o l s ,  th e  c o n c e n t r a t i o n  o f  G- 
s u b s t r a t e  and cGMP in  th e  c e re b e l lu m  o f  h o m o zy g o tes  ( j j )  
was re d u c e d  by 77% and 35%, r e s p e c t i v e l y ,  w h e re a s  c e r e b e l l a r  
s y n a p s in  I  and cAMP w ere  u n a f f e c t e d .  GFAP c o n c e n t r a t i o n  
i n  t h e  c e re b e l lu m  o f  j j  r a t s  was i n c r e a s e d  380% ab o v e  t h a t  
o f  c o n t r o l s ,  a f i n d i n g  s u g g e s t i v e  o f  an a s t r o c y t i c  r e s p o n s e  
t o  e x c e s s  b i l i r u b i n .  M o to r ic  co m p e te n ce  o f  n e o n a ta l  j j  r a t s  
a s s e s s e d  in  an  o p e n - f i e l d  was d e c re a s e d  in  c o m p a r is o n  to  
c o r r e s p o n d in g  J j  c o n t r o l s ;  a s  young a d u l t s  j j  r a t s  w ere  
h y p e r a c t iv e  when t e s t e d  i n  a f i g u r e - 8  m aze . P e rfo rm a n c e  
o f  j j  r a t s  i n  an  8 -arm  r a d i a l  m aze d id  n o t  r e v e a l  l e a r n in g  
and memory d e f i c i t s .  C e r e b e l l a r  t i s s u e  o b ta in e d  from  
s u b j e c t s  w i th  e l e v a t e d  serum  b i l i r u b i n  w ere  r e d u c e d  i n  w et 
w e ig h t  and showed l i g h t  m ic r o s c o p ic  e v id e n c e  o f  P u r k in j e  
c e l l  l o s s ,  f i n d i n g s  c o n s i s t e n t  w i th  t h e  n e u r o to x ic  e f f e c t s  
a s s o c i a t e d  w i th  h y p e r b i l i r u b in e m ia  i n  th e  Gunn r a t .  Our 
r e s u l t s  d e m o n s t r a te  th e  u s e  o f  a m u l t i e n d p o i n t  s t r a t e g y  f o r  
c h a r a c t e r i z a t i o n  and q u a n t i f i c a t i o n  o f  n e u r o t o x i c i t y .

344. 14  EFFECTS OF METHYLPYRIDINES ON CENTRAL NERVOUS SYSTEM 
( CNS) EXCITABILITY AS INDEXED BY SEIZURE PARAMETERS.
L . J .  B u r d e t t e *  and R .S . D yer (SPON: M. A b o u -D o n ia) 
 N o r th ro p  S e r v ic e s  I n c .  and U .S . E n v iro n m e n ta l  P r o t e c t i o n  
A gency, R e s e a rc h  T r ia n g l e  P a r k ,  NC 27711

A lth o u g h  a n t i c o n v u l s a n t  e f f e c t s  o f  p y r id i n e  a r e  
d o c u m e n te d , l i t t l e  i s  known a b o u t  m e t h y l p y r i d in e  (MP) 
com pounds, d e s p i t e  t h e i r  p r e v a l e n c e  a s  b y p r o d u c ts  o f  
coke  o p e r a t i o n s  and a s  o r g a n ic  i n t e r m e d i a t e s  i n  t h e  
m a n u fa c tu re  o f  t e x t i l e  and p h a r m a c e u t i c a l  p r o d u c t s .
CNS e x c i t a b i l i t y  was a s s e s s e d  in  M P - tr e a te d  r a t s  by 
s tu d y in g  p e n t y l e n e t e t r a z o l  (PTZ) s e i z u r e s  and h ip p o 
cam pal a f t e r d i s c h a r g e s  (AD ). M ale L o n g -E v an s r a t s  
w ere  i n j e c t e d  i . p .  w i th  s a l i n e  o r  100 m g/kg o f  2 - ,   
3 -  o r  4-MP ( n = 2 0 /g r o u p ) . R a ts  i n j e c t e d  i . p .  w i th  0 ,   
1 0 0 , 200 o r  300 m g/kg  p y r id i n e  (n = 2 0 /g ro u p )  w ere  
i n c lu d e d  i n  PTZ s t u d i e s .  T e s t i n g  was i n i t i a t e d  one 
h o u r  a f t e r  d o s in g .  S e i z u r e  l a t e n c y ,  d u r a t i o n  and 
s e v e r i t y  w ere  s c o re d  f o l lo w in g  a 50 m g/kg  i . p .  PTZ 
i n j e c t i o n .  P r im a ry  AD t h r e s h o l d ,  and th e  d u r a t i o n  o f  
t h e  AD, t h e  p o s t i c t a l  d e p r e s s io n  and th e  reb o u n d  AD 
w ere  d e te rm in e d  in  r a t s  w i th  b i p o l a r  e l e c t r o d e s  im p la n te d  
in  t h e  d o r s a l  h ip p o c a m p u s . The a n t i c o n v u l s a n t  p r o p e r t i e s  
o f  p y r id i n e  w ere  c o n f i r m e d ,  a s  i n d i c a t e d  by th e  a b s e n c e  
o f  s e i z u r e s  and th e  s i g n i f i c a n t l y  i n c r e a s e d  s e i z u r e  
l a t e n c y  and d e c re a s e d  s e i z u r e  d u r a t i o n  and s e v e r i t y  
e x h ib i t e d  by r a t s  d o se d  w i th  300 and 200 m g /k g , r e s p e c 
t i v e l y .  S i m i l a r l y ,  a c u te  e x p o s u re  t o  2 -  and 3-MP 
in c r e a s e d  s e i z u r e  l a t e n c y  and d e c re a s e d  s e i z u r e  s e v e r i t y ;  
a c u te  4-MP t r e a tm e n t  d id  n o t  a f f e c t  PTZ s e i z u r e s .  A l
th o u g h  AD p a ra m e te r s  w ere  u n ch an g ed  by any  o f  t h e  MP com
p o u n d s , th e  p r e s e n c e  o f  u n u s u a l ly  co m p lex  s p ik e  a c t i v i t y  
d u r in g  th e  a f t e r d i s c h a r g e  ( r a t e d  by two ju d g e s  b l i n d  to  
e x p e r im e n ta l  c o n d i t i o n )  was s i g n i f i c a n t l y  m ore l i k e l y  
f o l lo w in g  a c u te  3 -  o r  4-MP e x p o s u r e .  The d a t a  i n d i c a t e  
t h a t  2 -  and 3-MP n o t  o n ly  s h a r e  some CNS d e p r e s s a n t  p r o 
p e r t i e s  w i th  p y r i d i n e ,  b u t  a l s o  may be m ore p o t e n t  s in c e  
e f f e c t s  w e re  o b s e rv e d  a t  a lo w e r  d o s a g e .
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34 4 .15    PYRIDINE AND METHYLPYRIDINES AFFECT BRAINSTEM AUDITORY 
EVOKED RESPONSES.  R a e l y n  J a n s s e n *  a n d  R o b e r t  S .  D y e r  
(SPON: M i c h a e l  I .  G a g e ) .   N e u r o p h y s i o l o g y  B r a n c h ,  Ne u r o 
t o x i c o l o g y  D i v i s i o n ,  U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  
A g e n c y ,  R e s e a r c h  T r i a n g l e  P a r k ,  NC 2 7 7 1 1 .

P y r i d i n e  (PYR) h a s  c e n t r a l  n e r v o u s  s y s t e m  (CNS) d e 
p r e s s a n t  p r o p e r t i e s ,  b u t  i t s  e f f e c t s  on s e n s o r y  e v o k e d  
p o t e n t i a l s  h a v e  n o t  b e e n  r e p o r t e d .  L e s s  i s  known a b o u t  t h e  
e f f e c t s  o f  m e t h y l p y r i d i n e  c o m p o u n d s  on  t h e  n e r v o u s  s y s t e m ,  
d e s p i t e  a  y e a r l y  p r o d u c t i o n  v o l u m e  o f  a b o u t  1 m i l l i o n  l b s .   
We i n v e s t i g a t e d  t h e  e f f e c t s  o f  a c u t e  a d m i n i s t r a t i o n  o f  PYR 
a n d  2 - ,  3 - ,  a n d  4 - m e t h y l  p y r i d i n e  (2 M P , 3MP, 4MP) on  b r a i n 
s t e m  a u d i t o r y  e v o k e d  r e s p o n s e s  (BAE Rs) i n  r a t s .

L o n g - E v a n s  r a t s  w e r e  i m p l a n t e d  w i t h  s k u l l  s c r e w  e l e c 
t r o d e s  a n d  t e s t e d  w i t h o u t  a n e s t h e t i c  a w e e k  a f t e r  s u r g e r y .  
T h e  t e s t  c o m p o u n d ,  o r  s a l i n e ,  w a s  a d m i n i s t e r e d  i . p .  1 h o u r  
b e f o r e  t e s t i n g .  D o s a g e s  w e r e :  (PYR) 0 ,  1 0 0 ,  2 0 0  o r  3 0 0  
m g / k g ; ( 2 M P , 3MP, 4MP) 0 o r  1 00  m g / k g .  C l i c k  s t i m u l i  o f  
5 0  u s  d u r a t i o n  w e r e  p r e s e n t e d  a t  a  r a t e  o f  1 0 / s  a n d  a t  a 
l e v e l  o f  90  dB max rm s  s p l . L a t e n c i e s  a n d  a m p l i t u d e s  o f  
t h e  w a v e f o r m s  r e s u l t i n g  f r o m  a v e r a g i n g  5 12 r e s p o n s e s  w e r e  
r e c o r d e d .  M u l t i v a r i a t e  B o n f e r r o n i - c o r r e c t e d  a n a l y s e s  w e r e  
p e r f o r m e d  o n :  ( 1 ) p e a k  l a t e n c i e s ,  ( 2 ) i n t e r p e a k  l a t e n c i e s   
( b r a i n s t e m  c o n d u c t i o n  t i m e ) ,  a n d  ( 3 ) p e a k - t o - p e a k  a m p l i 
t u d e s .

T h e  3 0 0  m g / k g  d o s e  o f  PYR s i g n i f i c a n t l y  p r o l o n g e d  l a 
t e n c i e s  o f  a l l  c e n t r a l l y - g e n e r a t e d  ( b r a i n s t e m )  p e a k s  w i t h 
o u t  a f f e c t i n g  l a t e n c i e s  o f  p e a k s  r e p r e s e n t i n g  p e r i p h e r a l  
f u n c t i o n  ( i n n e r  e a r  o r  a u d i t o r y  n e r v e ) .  T h i s  c e n t r a l  
e f f e c t  wa s  a l s o  r e f l e c t e d  i n  i n t e r p e a k  l a t e n c i e s .  A m p l i 
t u d e s  o f  a  p e r i p h e r a l  p e a k  a n d  s e v e r a l  c e n t r a l  p e a k s  w e r e  
i n c r e a s e d .  A l l  t h r e e  MP c o m p o u n d s  i n c r e a s e d  a m p l i t u d e s  o f  
so m e o f  t h e  c e n t r a l  p e a k s ,  a l t h o u g h  t h e  p e a k s  a f f e c t e d  
v a r i e d  a c r o s s  c o m p o u n d s .  2MP p r o l o n g e d  p e r i p h e r a l  a n d  
c e n t r a l  p e a k s  a n d  i n t e r p e a k  l a t e n c i e s .  T h e r e  wa s a  n o n 
s i g n i f i c a n t  t r e n d  t o w a r d  p r o l o n g e d  l a t e n c i e s  i n  t h e  3MP 
g r o u p ,  a n d  i n t e r p e a k  l a t e n c i e s  w e r e  s i g n i f i c a n t l y  i n c r e a s e d .  
4MP d i d  n o t  a f f e c t  e i t h e r  p e a k  o r  i n t e r p e a k  l a t e n c i e s .

2MP a n d  3MP, l i k e  PYR, p r o d u c e d  l a t e n c y  i n c r e a s e s ,  
w h i c h  a r e  s i g n s  o f  CNS d e p r e s s i o n .  The p r e s e n c e  o f  
m e t h y l  g r o u p s  p r e v e n t e d  t h e  p e r i p h e r a l  a m p l i t u d e  i n c r e a s e  
s e e n  w i t h  PYR. On t h e  o t h e r  h a n d ,  PYR l e f t  p e r i p h e r a l  
l a t e n c i e s  u n c h a n g e d ,  w h e r e a s  2MP p r o l o n g e d  t h e m ,  a n d  3MP 
p r o d u c e d  a  t r e n d  t o w a r d  p r o l o n g e d  l a t e n c i e s .  T h u s ,  t h e  
n a t u r e  o f  d e p r e s s i o n  v a r i e d  w i t h  t h e  c o m p o u n d .
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345.1  INHIBITION BY ACRYLAMIDE OF PERIKARYAL RESPONSES TO 
SCIATIC NERVE TRANSECTION.  M. S. Miller and P. S. Spencer. 
 Institute of Neurotoxicology, Dept s. of Neuroscience and 
Pathology, Albert Einstein College of Medicine, Bronx, NY 10461.

Repeated exposure of humans or laboratory animals to 
monomeric acrylamide (ACMD) results in a central-peripheral 
distal axonopathy which involves long, large-diameter sensory and 
motor axons. There is strong evidence that alterations in axonal 
transport may underlie ACMD-induced axonopathy. Repeated 
administration of ACMD results in marked deficits in both antero
grade and retrograde axonal transport. Single doses of ACMD, 
equivalent to repeated doses that precipitate neuropathy, produce 
dose-dependent deficits in the rate of retrograde transport in 
sensory and motor axons. These changes in retrograde axonal 
transport precede the onset of functional or morphologic signs of 
neuropathy. Several studies have indicated that retrograde 
transport may be a means by which perikaryal responses to 
peripheral axon lesions are initiated. Thus, ACMD may impair 
regenerative functions of neuronal perikarya, possibly by disrupting 
a retrogradely transported signal which normally activates the 
reparative response. The ultimate effect of altered retrograde 
axonal transport would then be to impair axon repair and mainten
ance processes, leading to axonal compromise and degeneration.

This hypothesis is addressed by the measurement of ornithine 
decarboxylase (ODC, EC 4.1.1.17) activity and rate of total RNA 
synthesis in L5 dorsal root ganglia (DRG) following induction of 
non-specific axon damage by unilateral sciatic nerve transection. 
Within 24 h of nerve transection, ODC activity in ipsilateral DRG 
increased approximately 25-fold from values for contralateral 
DRG. Induction of ODC activity was maximal 48 hours post
axotomy (approx. 40-45 fold induction), and was still elevated at 9 
days post-axotomy. ODC activity in contralateral DRG was 
unchanged at all times measured. Rate of 3H-uridine incorporation 
into the trichloroacetic acid-insoluble fraction of axotomized 
neuronal perikarya was increased 2.4-fold. Single and repeated 
dosing with ACMD monomer (50 mg/kg, ip) resulted in marked 
attenuation of the induction of perikaryal ODC activity and rate of 
3H-uridine incorporation associated with nerve transection. 
Additional data suggest that ACMD does not act directly on 
perikarya of afferent neurons in DRG to inhibit induction of ODC 
following axotomy.

These data are consistent with the hypothesis that ACMD- 
induced central-peripheral distal axonopathy is the result of 
impaired or misdirected repair processes, rendering neurons incap
able of initiating appropriate responses to sub-lethal axon damage.

Supported by NIH grants OH00851, NS19611 and NIH 
postdoctoral fellowship NS07063 (MSM).

345.2  INFLUENCE OF CHRONIC EXPOSURE TO INORGANIC LEAD ON  
VALPROATE-INDUCED GAMMA-AMINOBUTYRIC ACID ACCUMULATION.
S . M. L a s l e y .  D e p a r tm e n t o f  P h a rm a c o lo g y , T ex as  C o l le g e  o f  
O s t e o p a th i c  M e d ic in e ,  F o r t  W o rth , TX 76 1 0 7 .

P r e v io u s  s t u d i e s  ( S i l b e r g e l d ,  E . K. e t  a l . , J .  N eu ro ch em . 
3 4 :1 7 1 2 , 1 980 ; Memo, M. e t  a l . ,  T o x ic o l .  L e t t . ,  6 :4 2 7 ,  1980) 
h a v e  s u g g e s t e d  a  r o l e  f o r  g a m m a -a m in o b u ty r ic  a c id  (GABA) i n  
t h e  CNS n e u r o t o x i c i t y  r e s u l t i n g  fro m  c h r o n ic  d e v e lo p m e n ta l  
e x p o s u re  t o  i n o r g a n i c  l e a d  ( P b ) , b u t  a  d i r e c t  a s s e s s m e n t  o f  
tu r n o v e r  h a s  n o t  b e e n  m ade. T h is  s tu d y  ex am in ed  t h e  r e g 
i o n a l  GABA a c c u m u la t io n  i n  e x p o se d  an d  c o n t r o l  r a t s  r e s u l t 
i n g  fro m  th e  a d m i n i s t r a t i o n  o f  v a l p r o i c  a c id  (VPA ), a n  i n 
h i b i t o r  o f  GABA m e ta b o lis m  w hose a c t i o n  i s  r e l a t i v e l y  s p e c i 
f i c  f o r  n e rv e  e n d in g s  ( G a le ,  K. an d  I a d a r o l a ,  M. J . ,  S c ie n c e  
2 0 8 :2 8 8 ,  1 9 8 0 ) .

At p a r t u r i t i o n  L o n g -E v an s dams r e c e i v e d  0.2%  Pb a c e t a t e  
i n  t h e  d r in k i n g  w a te r  th u s  e x p o s in g  t h e  s u c k l i n g  p u p s  t o  Pb 
v i a  m a te r n a l  m i l k .  C o n t r o l  dams r e c e i v e d  d i s t i l l e d  w a t e r .  
P ups w e re  w eaned t o ,  and  m a in ta in e d  o n , t h e  sam e s o l u t i o n  
g iv e n  t h e i r  dam u n t i l  s a c r i f i c e .  A t 1 5 0 -1 7 0  d a y s  r a t s  w e re  
i n j e c t e d  w i th  e i t h e r  400 m g/kg i . p .  VPA o r  i s o t o n i c  s a l i n e ,  
s a c r i f i c e d  by  th e  n e a r - f r e e z i n g  m e th o d , an d  b r a i n s  rem oved 
an d  d i s s e c t e d  i n  a  c r y o s t a t  a t  - 2 0 ° C . T i s s u e  sa m p le s  w e re  
d e r i v a t i z e d  by  o - p h th a l d ia l d e h y d e  and  b e ta - m e r c a p to e th a n o l  
an d  a n a ly z e d  by  l i q u i d  c h ro m a to g ra p h y  w i th  g r a d i e n t  e l u t i o n  
an d  f l u o r e s c e n c e  d e t e c t i o n  to  d e te r m in e  am ino a c id  c o n t e n t .

B lo o d  Pb v a lu e s  d e te r m in e d  a t  90 d a y s  o f  a g e  w e re  5 5 .6  ± 
1 2 .5  and  3 .8  ±  2 .1  µ g / d l  i n  e x p o se d  and  c o n t r o l  a n im a ls ,  r e 
s p e c t i v e l y  (m ean ±  SD, N = 16 f o r  e a c h  g r o u p ) .  No P b -  
in d u c e d  c h a n g e s  w e re  o b s e rv e d  i n  t h r e e  b r a i n  a r e a s  r i c h  i n  
GABA s y n a p s e s  -  s u b s t a n t i a  n i g r a ,  g lo b u s  p a l l i d u s ,  v e n t r a l  
t e g m e n ta l  a r e a  -  a s  a  r e s u l t  o f  e i t h e r  e x p o s u re  a lo n e  ( s a l 
i n e  a n im a ls )  o r  i n  c o n ju n c t io n  w i th  t h e  a d m i n i s t r a t i o n  o f  
VPA. N e i th e r  w e re  e x p o s u r e - r e l a t e d  c h a n g e s  fo u n d  i n  a s p a r 
t a t e ,  g lu ta m a te  o r  t a u r i n e  c o n c e n t r a t i o n s  i n  t h e s e  r e g i o n s .  
S in c e  t h e  GABA n e u ro n s  ex am in ed  a r e  m a jo r  co m p o n en ts  o f  
b r a i n  p a th w a y s  s u b s e r v in g  m o to r  a c t i v i t y ,  t h e s e  f in d i n g s  
s u g g e s t  t h a t  c h r o n ic  e x p o s u re  t o  low  am o u n ts  o f  Pb v i a  t h e  
l a c t a t i n g  dam m o d el d o e s  n o t  r e s u l t  i n  a l t e r a t i o n s  i n  n e u 
r o n a l  a c t i v i t y  i n  t h e s e  p a th w a y s ,  i n  a g re e m e n t w i th  r e c e n t  
i n v e s t i g a t i o n s  r e p o r t i n g  no e f f e c t  o f  c h r o n ic  e x p o s u re  on 
s p o n ta n e o u s  lo c o m o to r  a c t i v i t y  e m p lo y in g  th e  sam e e x p o s u re  
p r o to c o l  (Z e n ic k ,  H. e t  a l . , T o x ic o l .  A p p l.  P h a rm a c o l . , 6 4 : 
5 2 , 1 9 8 2 ) . ( S u p p o r te d  i n  p a r t  by  NIH g r a n t  E S 0 1 5 6 6 ) .
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345.3   2 , 4 - D I T H I O B I U R E T  DEPRESSES TRANSMITTER RELEASE AT THE RAT 
NEUROMUSCULAR JUNCTION.  M H. W e i l e r  a n d  R . E .  P e t e r s o n * .  
U n i v e r s i t y  o f  W i s c o n s i n - M a d i s o n ,  S c h o o l  o f  P h a r m a c y ,
M a d i s o n ,  WI 5 3 7 0 6 .

2 , 4 - d i t h i o b i u r e t  (DTB) i n d u c e s  a n  a s c e n d i n g  m u s c u l a r  
w e a k n e s s  i n  r a t s .  I t  h a s  b e e n  d e m o n s t r a t e d  t h r o u g h  s t u d i e s  
o f  s k e l e t a l  m u s c l e  c o n t r a c t i l e  r e s p o n s e s  t o  d i r e c t  a n d  i n 
d i r e c t  s t i m u l a t i o n  t h a t  t h e  e f f e c t s  o f  DTB a r e  p r e j u n c t i o n a l  
a n d  a p p a r e n t l y  c a u s e  a  r e d u c t i o n  i n  a c e t y l c h o l i n e  ( ACh) 
r e l e a s e  a t  t h e  n e u r o m u s c u l a r  j u n c t i o n  ( A t c h i s o n  e t  a l . ,  
N e u r o t o x . ,  2 : 3 2 9 ,  1 9 8 1 ) .  T h e  p u r p o s e  o f  t h e  p r e s e n t   
i n v e s t i g a t i o n  w a s  t o  e v a l u a t e  t h e  e f f e c t s  o f  DTB o n  s y n a p t i c  
t r a n s m i s s i o n  i n  t h e  e x t e n s o r  d i g i t o r u m  l o n g u s  (EDL) o f  t h e  
r a t .  R a t s  w e r e  t r e a t e d  d a i l y  w i t h  DTB (1  m g / k g / d a y  X 6 
d a y s ,  i . p . )  o r  0 . 9 %  NaCl ( 1  m l / k g / d a y  X 6 d a y s ,  i . p . ) .  On 
t h e  s i x t h  d a y ,  t h e  EDL a n d  1 cm o f  a s s o c i a t e d  p e r o n e a l  n e r v e  
w a s  d i s s e c t e d  a n d  p l a c e d  i n  a n  o x y g e n a t e d  p h y s i o l o g i c a l  
s a l i n e  (pH  7 . 3 ,  3 7 ° C ) .  M i n i a t u r e  e n d p l a t e  p o t e n t i a l s  
( m . e . p . p . s )  a n d  e v o k e d  e n d p l a t e  p o t e n t i a l s  ( e . p . p . s )  w e r e  
r e c o r d e d  i n t r a c e l l u l a r l y  w i t h  3 M KCl - f i l l e d  m i c r o e l e c t r o d e s .  
T h e  f r e q u e n c y  (X ± S . E . )  o f  m . e . p . p . s  i n  D T B - t r e a t e d  EDLs 
w a s  0 . 5 0  ± 0 . 0 6  s e c - 1 ( n = 1 3 ) ,  a  r a t e  w h i c h  w a s  s i g n i f i c a n t l y  
l e s s  ( p  < . 0 0 1 )  t h a n  t h a t  o f  t h e  c o n t r o l  m u s c l e s  ( 0 . 9 8  ±  
0 . 1 1  s e c - 1 ; n = 1 4 ) .  T h e r e  w e r e  no  D T B - r e l a t e d  c h a n g e s  i n  
m u s c l e  m e m b r a n e  r e s i s t a n c e  o r  i n  r e s t i n g  p o t e n t i a l .  
S t a t i s t i c a l  a n a l y s i s  o f  e . p . p . s  m e a s u r e d  i n  c u r a r i z e d  
( 1 0 - 7 M) p r e p a r a t i o n s  i n d i c a t e d  t h a t  t h e  m e a n  q u a n t a l  c o n 
t e n t  (m) w a s  s i g n i f i c a n t l y  d e p r e s s e d  i n  t h e  D T B - t r e a t e d  
m u s c l e s .  A t  s t i m u l a t i o n  r a t e s  o f  1 , 1 0 ,  2 0  a n d  50  Hz t h e  
e s t i m a t e d  v a l u e s  o f  m i n  t h e  D T B - t r e a t e d  p r e p a r a t i o n s  w e r e ,  
r e s p e c t i v e l y ,  21% ( n = 4 ) ,  25% ( n = 8 ) ,  45% ( n = 8 ) a n d  51% ( n = 5 )  
t h a t  o f  t h e  e s t i m a t e d  q u a n t a l  c o n t e n t  o f  t h e  c o n t r o l s .  I t  
i s  c o n c l u d e d  t h a t  s p o n t a n e o u s  a n d  e v o k e d  t r a n s m i t t e r  r e l e a s e  
a r e  d e p r e s s e d  i n  D T B - t r e a t e d  r a t s . ( S u p p o r t e d  by  NIH G r a n t  
E S 0 1 9 0 6  a n d  A G 0 1 5 7 2 . )

345.4  INVOLVEMENT OF DOPAMINERGIC AND SEROTONERGIC SYSTEMS IN TRI
ETHYLLEAD NEUROTOXICITY.  D .L . D eH aven, D.W. S c h u lz ,  T . J .   
W alsh*  and  R .B . M ailm an .  B i o l .  S c i .  R e s . C t r .  an d  C u r r .  i n  
N e u r o b io l .  an d  T o x i c o l . ,  U n iv . N o r th  C a r o l i n a  S c h o o l o f  
M e d ic in e ,  C h a p e l H i l l ,  NC 2 7 5 1 4 .

T r i e t h y l l e a d  (TEL) i s  a n  o rg a n o m e ta l  t h a t  p ro d u c e s  a  v a r i 
e t y  o f  n e u r o b e h a v io r a l  a l t e r a t i o n s .  The p r e s e n t  s e r i e s  o f  
e x p e r im e n ts  a t t e m p te d  to  e l u c i d a t e  th e  n e u ro c h e m ic a l  s e q u e 
l a e  f o l l o w in g  e x p o s u re  t o  TEL.

M ale F i s c h e r - 3 4 4  r a t s  w e re  a d m i n i s t e r e d  a  s i n g l e  d o s e  o f  
TEL ( 7 .8 8  m g /k g , s c )  o r  v e h i c l e  ( d i s t i l l e d  w a te r )  and  w e re  
s a c r i f i c e d  by  d e c a p i t a t i o n  a t  7 d a y s  p o s t - d o s i n g .  S t r i a tu m ,  
n u c le u s  accu m b e n s , o l f a c t o r y  t u b e r c l e ,  f r o n t a l  c o r t e x  and  
h ip p o cam p u s  w ere  r a p i d l y  d i s s e c t e d  and  r e g i o n a l  c o n c e n t r a 
t i o n s  o f  NE, DA, DOPAC, HVA, 5-HT and  5-HIAA w e re  a s s e s s e d .  
I n  a d d i t i o n ,  b in d in g  to  3H - s p ip e r o n e  r e c e p t o r s  i n  s t r i a t u m ,  
3H- 5-HT r e c e p t o r s  i n  h ip p o c a m p u s , an d  D A - s t im u la te d  a d e n y l 
a t e  c y c l a s e  a c t i v i t y  i n  s t r i a t u m ,  f r o n t a l  c o r t e x  and  o l f a c 
t o r y  t u b e r c l e  w e re  d e te r m in e d .

T re a tm e n t  w i th  TEL s i g n i f i c a n t l y  d e c r e a s e d  t h e  c o n c e n t r a 
t i o n s  o f  DA i n  h ip p o ca m p u s  and  DOPAC i n  s t r i a t u m .  C oncen
t r a t i o n s  o f  NE w e re  d e c re a s e d  i n  h ip p o ca m p u s  an d  f r o n t a l  
c o r t e x .  S e r o to n in  l e v e l s  w e re  d e c r e a s e d  i n  s t r i a t u m  an d  
f r o n t a l  c o r t e x ,  an d  5-HIAA c o n c e n t r a t i o n s  w e re  d e c r e a s e d  i n  
h ip p o cam p u s  and  e l e v a t e d  i n  n u c le u s  ac cu m b e n s . The Bmax f o r  
DA r e c e p t o r s  i n  s t r i a t u m  w as e l e v a t e d  26% i n  T E L - t r e a te d  
r a t s ,  w h i l e  s e r o t o n i n  r e c e p t o r s  w e re  u n c h a n g e d . F i n a l l y ,  
t h e  Vmax f o r  D A -s t im u la te d  a d e n y la t e  c y c l a s e  a c t i v i t y  w as 
e l e v a t e d  i n  o l f a c t o r y  t u b e r c l e  an d  d e c r e a s e d  i n  s t r i a t u m ,  
w h i le  t h e  w as s l i g h t l y  i n c r e a s e d  i n  o l f a c t o r y  t u b e r c l e .

T h e se  d a t a  i n d i c a t e  t h a t  TEL p r i m a r i l y  a f f e c t s  d o p a m in e r 
g i c  s y s te m s  i n  t h e  b r a i n ,  an d  t h a t  t h e s e  e f f e c t s  may b e  r e 
l a t e d  to  t h e  b e h a v io r a l  a l t e r a t i o n s  t h a t  o c c u r  f o l l o w in g  
e x p o s u re  t o  TEL. (S u p p o r te d  i n  p a r t  by  E S -01104  an d  ES- 
07126)

3 4 5 . 5   PHARMACOLOGICAL PROBES OF HIPPOCAMPAL DAMAGE PRODUCED BY
NEONATAL T R I ETHYL LEAD EXPOSURE.  R.M. B o o z e ,  H .A .  T i l s o n * , 
S . C .  B o n d y ,  Z.  A n n a u ,  a n d C . F .  M a c t u t u s .  L a b .  B e h a v .  N e u r o l .  
T o x i c o l . ,  N I H - N I EHS, R e s e a r c h  T r i a n g l e  P a r k ,  NC 2 7 7 0 9 ,  a n d  
T h e  J o h n s  H o p k i n s  U n i v e r s i t y ,  B a l t i m o r e ,  MD 2 1 2 0 5 .

H i p p o c a m p a l  l e s i o n s  p r o d u c e  a l t e r a t i o n s  i n  a  n u m b e r  o f  
b r a i n  r e g i o n s ,  p a r t i c u l a r l y  i n  t h e  d o p a m i n e r g i c  b a s a l  g a n 
g l i a  s y s t e m s  a n d  t h e  c h o l i n e r g i c  s e p t a l - h i p p o c a m p a l  p a t h w a y .  
As n e o n a t a l  t r i e t h y l  l e a d  (T EL ) e x p o s u r e  p r o d u c e s  r e l a t i v e l y  
s e l e c t i v e  h i p p o c a m p a l  d a m a g e ,  we e x a m i n e d  t h e  f u n c t i o n a l  
s t a t u s  o f  d o p a m i n e r g i c  a n d  c h o l i n e r g i c  s y s t e m s .

O f f s p r i n g  o f  F i s c h e r - 3 4 4  dam s  w e r e  n e o n a t a l l y  e x p o s e d  t o  
TEL c h l o r i d e .  A t  f i v e  d a y s  o f  a g e ,  o n e  p u p  o f  e a c h  s e x  p e r  
l i t t e r  w a s  a d m i n i s t e r e d  a  s . c .  i n j e c t i o n  o f  e i t h e r  d i s t i l l e d  
w a t e r ,  4 . 5 -  o r  9 . 0 - m g / k g  TEL.  T h e  f o u r t h  p u p  o f  e a c h  s e x  
w a s  a n  u n d e r n o u r i s h e d  c o n t r o l  a n i m a l .  Upon m a t u r a t i o n  t o  
a d u l t h o o d ,  a n i m a l s  w e r e  h a b i t u a t e d  t o  a c t i v i t y  c h a m b e r s  o v e r  
f o u r  d a y s .  B a s e l i n e  a c t i v i t y  d i f f e r e n c e s  w e r e  e v i d e n t  a s  
t h e  f e m a l e  T E L - t r e a t e d  a n i m a l s  w e r e  m o r e  a c t i v e  i n  a  d o s e -  
d e p e n d e n t  m a n n e r  t h a n  c o n t r o l  a n i m a l s .  A l l  a n i m a l s  w e r e  
t h e n  a d m i n i s t e r e d  0 . 1  a n d  1 . 0 - m g / k g  a p o m o r p h i n e  i n  a  c r o s s 
o v e r  d e s i g n .  S t e r e o t y p i c  b e h a v i o r  p r o d u c e d  b y  a p o m o r p h i n e  
w a s  n o t  a f f e c t e d  b y  t h e  e a r l y  T E L - t r e a t m e n t .  I n  a d d i t i o n ,  
a l t h o u g h  a p o m o r p h i n e  s i g n i f i c a n t l y  a l t e r e d  l o c o m o t o r  a c t i v 
i t y ,  t h e r e  w e r e  no  T E L - i n d u c e d  a l t e r a t i o n s  i n  d r u g  s e n s i 
t i v i t y .  Two w e e k s  a f t e r  a p o m o r p h i n e  t e s t i n g ,  1 . 0 - m g / k g  
s c o p o l a m i n e  a n d  1 . 0 - m g / k g  m e t h s c o p o l a m i n e  w e r e  g i v e n  i n  a 
c r o s s - o v e r  d e s i g n .  A c t i v i t y  t e s t i n g  r e v e a l e d  a  d i f f e r e n t i a l  
e f f e c t  o f  t h e  t w o  d r u g s  a s  s c o p o l a m i n e  i n c r e a s e d  a c t i v i t y ,  
w h e r e a s  m e t h s c o p o l a m i n e  d e c r e a s e d  a c t i v i t y .  O n l y  t h e  TE L-  
e x p o s e d  f e m a l e  a n i m a l s  w e r e  i n c r e a s e d  i n  s e n s i t i v i t y  t o  
s c o p o l a m i n e  i n d e p e n d e n t  f r o m  e a r l y  u n d e r n u t r i t i o n  e f f e c t s ,  
p e r i p h e r a l l y - m e d i a t e d  e f f e c t s ,  o r  b a s e l i n e  d i f f e r e n c e s .  I n  
c o n t r a s t  t o  t h e  a c t i v i t y  d a t a ,  b o t h  s c o p o l a m i n e  a n d  m e t h 
s c o p o l a m i n e  h a d  s i m i l a r  e f f e c t s  o n  a u d i t o r y  s t a r t l e  r e s p o n 
s i v e n e s s .  F o l l o w i n g  s c o p o l a m i n e  t e s t i n g ,  t h e  a n i m a l s  w e r e  
s a c r i f i c e d  f o r  r e c e p t o r  b i n d i n g  a s s a y s .  I n c r e a s e d  h i p p o 
c a m p a l  3 [H ]-Q N B b i n d i n g  w a s  a s s o c i a t e d  w i t h  t h e  i n c r e a s e d  
b e h a v i o r a l  s e n s i t i v i t y  o f  T E L - t r e a t e d  a n i m a l s .

I n  s u m m a r y ,  n e o n a t a l  T E L - e x p o s u r e  w a s  f o u n d  t o  p r o d u c e  
l o n g - t e r m  a l t e r a t i o n s  i n  b e h a v i o r a l  r e a c t i v i t y .  H o w e v e r ,  
t h e s e  a l t e r a t i o n s  d o  n o t  a p p e a r  t o  b e  m o d u l a t e d  b y  d o p a 
m i n e r g i c  s y s t e m s ,  b u t  may b e  m o d u l a t e d  b y  c h o l i n e r g i c  m a n i 
p u l a t i o n s  i n  a  g e n d e r - s p e c i f i c  a n d  t a s k - s p e c i f i c  m a n n e r .  
R e c e p t o r  b i n d i n g  a s s a y s  f u r t h e r  c o n f i r m e d  t h e  a l t e r a t i o n s  
i n  c h o l i n e r g i c  s y s t e m  f u n c t i o n i n g .
( S u p p o r t e d  i n  p a r t  b y  ES 0 7 0 9 4 )

345.6  EEG CORRELATES OF TRIMETHYLTIN NEUROTOXICITY.  J .K in so ra* .  
J .F rench . J .G .M arrio tt and D.Robertson* (SPON:P.Poschel),  
Pharmacology, W arner-Lambert/Parke-Davis, Ann Arbor, MI 
48105.

S e lec tiv e  damage to  hippocampal pyramidal c e l l s  has been 
repo rted  follow ing acu te  exposure to  t r im e th y l t in  (TMT). 
These s tu d ie s  have shown th a t  m orphological changes a re  
maximal 10 days a f t e r  dosing. The p resen t study examined 
th e  EEG c o r re la te s  of TMT induced neuronal damage.

Male, Long-Evans r a t s  were c h ro n ica lly  im planted in  
c o rtex , hippocampus and s tria tu m  w ith b ip o la r  recording  
e le c tro d e s . Following 2 weeks of recovery , b a se lin e  EEG 
reco rd ings were o b ta ined . A computer was used to  determ ine 
and ev alu ate  the  power spectrum a sso c ia ted  w ith  the  EEG 
changes produced by TMT. An o ra l dose of 3 mg/kg TMT was 
then given to  6 r a t s  over 3 consecu tive  days. Brain 
e l e c t r i c a l  a c t iv i ty  was evaluated  over 17 days post TMT, 
record ing  every o th e r day fo r  1 hour. Each sample 
co n sis ted  of 1024 p o in ts  of d ig it iz e d  EEG data  obtained  
over 12 secs and 3 such samples were F ou rier transform ed 
and then averaged to  give an e stim ate  of 36 secs of the  
EEG sp ec tra  from each channel, approxim ately every 15 min.

From day 1 to  day 7 p ost-dosing , in c rea s in g  a c t iv i ty  in  
the  th e ta  band (4-6 Hz) and decreasing  a c t i v i t i e s  in  the  
d e lta  (0-4 Hz) and be ta  (16-50 Hz) bands were observed in  
the  hippocampus. No s im ila r ly  p rog ressive  changes were 
found in  th e  co rtex  or s tr ia tu m . Theta a c t iv i ty ,  which 
dominated the  post TMT hippocampal reco rd s , was blocked by 
an in je c tio n  of a tro p in e  (50 mg/kg IP) on day 3 and day 7 
fo r about an hour. Only 3 anim als surv ived  beyond day 7 
and record ings from these  anim als continued fo r  10 more 
days. The am plitude of the  hippocampal EEG declined  
s te a d ily  from day 7 u n t i l  about day 11. On day 17, the  
su rv iv ing  anim als were perfused  in t r a - c a r d ia l ly  w ith 
s a lin e  followed by a 10% formaldehyde s o lu tio n .
Subsequent h is to lo g y  revealed  a l l  e le c tro d es  were a t  the  
in tended lo c a tio n s .  L ight microscope e v a lu a tio n  (250X) 
found complete d e s tru c tio n  of the  CA1 pyramidal c e l l  a rea  
but no damage was ev iden t in  co rtex  or s tr ia tu m .

The r e s u l t s  in d ic a te  th a t  graded changes in  hippocampal 
EEG a re  c o rre la te d  w ith TMT induced n e u ro to x ic ity . The 
inc rea se  in  hippocampal th e ta  a c t iv i ty  may be r e la te d  to  
an e x c ito to x ic  mechanism and i t s  s e n s i t iv i ty  to  a tro p in e  
suggests c h o lin e rg ic  involvement in  the  neuronal damage 
produced by TMT.
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345 .7  EFFECTS OF METHYLMERCURY ON NUCLEOSOMES OF HUMAN AND MOUSE 
FETAL ASTROCYTES IN VITRO: A STUDY WITH FLUORESCENT PROBE.
B. H. C h o i,  L . A. T e n g e ls e n *  an d  H. S im p k in s * .  D e p t . o f  P a 
t h o lo g y ,  U n iv . o f  C a l i f o r n i a  I r v i n e ,  I r v i n e ,  CA 9 2 7 1 7 .

I t  i s  w id e ly  r e c o g n iz e d  t h a t  m e th y lm e rc u ry  (MeHg) i s  h ig h 
l y  n e u r o t o x i c  and  h a s  a  g r e a t e r  a f f i n i t y  f o r  t h e  d e v e lo p in g  
c e n t r a l  n e rv o u s  s y s te m  th a n  t h a t  o f  a d u l t s .  N e u r o lo g ic a l  
dam age o c c u r s  i n  human f e t u s e s  when e x p o se d  to  MeHg i n  u t e r o .  
The p a th o g e n e s i s  o f  t h e  n e u r o l o g i c a l  dam ages i s  l a r g e l y  u n 
know n. The p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  w as t o  s tu d y  th e  
i n t e r a c t i o n  o f  MeHg w i th  n u c le o s o m e s  o f  human and m ouse f e t a l  
a s t r o c y t e s  i n  c u l t u r e  w i th  t h e  f l u o r e s c e n t  p r o b e ,  N - ( 3 - p y r e 
n e )m a le im id e ,  w h ic h  i s  s p e c i f i c  f o r  h i s t o n e  H3.

P u re  m o n o la y e r  c u l t u r e s  o f  human f e t a l  a s t r o c y t e s  (HFA) 
w e re  e s t a b l i s h e d  fro m  c e r e b r a l  c o r t e x  o f  a n  11-w e e k -o ld  f e t u s  
and  m a in t a in e d  f o r  m ore th a n  2 ½ y e a r s  i n  c u l t u r e .  Mouse 
f e t a l  a s t r o c y t e s  (MFA) w e re  s i m i l a r l y  p r o p a g a te d  fro m  f e t a l  
m ic e  a t  d a y  16 o f  g e s t a t i o n .  The c u l t u r e s  w e re  e x p o sed  to  
0 .0 1  mM m e th y lm e r c u r ic  c h lo r i d e  (MMC) f o r  6 h o u r s  a lo n g  w i th  
c o n t r o l s .  A f t e r  t h e  i n c u b a t io n  t h e  c e l l s  w e re  h a r v e s t e d  by 
t r y p s i n i z a t i o n  and  n u c le o s o m e s  w e re  p r e p a r e d .  The n u c le o s o 
mes w e re  th e n  r e a c t e d  w i th  0 t o  200 nM N -p y re n e  m a le im id e  f o r  
25 m in u te s  a t  room  t e m p e r a t u r e .  The p r o t e i n s  o f  t h e  t r e a t e d  
an d  c o n t r o l  n u c le o s o m e s  w e re  a n a ly z e d  b y  SDS p o ly a c r y la m id e  
g e l  e l e c t r o p h o r e s i s .

A c o n s i s t e n t  d e c r e a s e  ( 2 5  -  3 5 % )  i n  t h e  N - ( 3 -p y r e n e )  ma
l e im id e  f l u o r e s c e n c e  o f  t h e  M M C -treated  n u c le o s o m e s  was ob 
s e r v e d  b o th  i n  hum an an d  MFA when com pared  w i th  t h e  c o n t r o l s .  
E x p o s u re s  t o  0.1%  SDS f o r  15 m in u te s  c a u s e d  an  i n c r e a s e  o f  
f l u o r e s c e n c e  i n  t h e  c o n t r o l  g r o u p s ,  h o w e v e r , t h e  M M C -treated  
n u c le o s o m e s  show ed no c h a n g e  i n  t h e  f l u o r e s c e n c e  p a t t e r n .  
T h e se  d a t a  i n d i c a t e  t h a t  MeHg i s  c o - v a l e n t l y  b ound  to  h i s t o n e  
H3 o f  n u c le o so m e  i n  h i g h ly  s p e c i f i c  m an n er when e x p o se d  to  
f e t a l  a s t r o c y t e s .

( s u p p o r t e d  i n  p a r t  b y  NIEHS G ra n t  ES 02928 )

3 4 5 .8  CORTICAL DEMYELINATION IN NEWBORN KITTENS AFTER LOW-DOSE 
X- IR RA D IA T ION. W . J .  A n d e r s o n . I n d i a n a  U n i v .  S c h .  M e d . ,  
T e r r e  H a u t e  C t r .  f o r  Med.  E d u c . ,  1 35 H o l m s t e d t  H a l l ,
T e r r e  H a u t e ,  IN 4 7 8 0 9 .

I n  a  p r e v i o u s  r e p o r t  ( A n d e r s o n  & S t r o m b e r g ,  1 9 7 7 ) ,  o u r  
l a b o r a t o r y  r e p o r t e d  v e r y  b r i e f l y  o f  a  s e v e r e  d e m y e l i n i z a
t i o n  i n  k i t t e n s  i r r a d i a t e d  a t  b i r t h  a n d  a t  o n e  w e e k  o f  a g e .  
T h i s  r e p o r t  w a s  b a s e d  u p o n  k i t t e n s  who d i e d  o f  s e i z u r e s  
p r i o r  t o  a g e  70  d a y s ,  t h e  a g e  a t  w h i c h  a l l  o t h e r  k i t t e n s  
w e r e  s a c r i f i c e d .  A t  t h a t  t i m e  we h y p o t h e s i z e d  t h a t  t h o s e  
c h a n g e s  w e r e  d u e  t o  d i s r u p t i o n  o f  g l i o g e n e s i s  a t  t h o s e  
e a r l y  a g e s .  T h i s  r e p o r t  i s  b a s e d  u p o n  a  c o n t i n u a t i o n  o f  
o u r  e a r l i e r  f i n d i n g s  u t i l i z i n g  k i t t e n s  7 0  d a y s  o l d .  T h i s  
s t u d y  u t i l i z e d  l o w  l e v e l  x - i r r a d i a t i o n  a t  w e e k l y  i n t e r v a l s  
b e g i n n i n g  a t  b i r t h .  S i x  f r a c t i o n a t e d  d o s e s  o f  200R  a n d  
150R w e r e  g i v e n  o v e r  a  p e r i o d  o f  t w o  w e e k s  f o r  e a c h  a g e  
g r o u p .  R a d i a t i o n  t r e a t m e n t  g r o u p s  c o n s i s t e d  o f  b o t h  w h o l e -  
h e a d  a n d  l o c a l i z e d  c o r t i c a l  r a d i a t i o n .  O u r  r e s u l t s  i n d i 
c a t e  t h a t  a l l  a n i m a l s  i r r a d i a t e d  a t  b i r t h  s h o w e d  s e v e r e  
d e m y e l i n i z a t i o n  o f  t h e  c o r t i c a l  w h i t e  m a t t e r  w i t h  t h e  p o s 
t e r i o r  o c c i p i t a l  c o r t e x  h a v i n g  l e u k o m a l a c i a  c a v i t a t i o n  i n  
t h e  w h i t e  m a t t e r .  An a n a l y s i s  o f  t e n  k i t t e n s ,  70 d a y s  o f  
a g e ,  d i s p l a y e d  i d e n t i c a l  p a t t e r n s  o f  d e g e n e r a t i o n  w i t h  o n l y  
t h e  f r o n t a l  c o r t e x  s h o w i n g  a n y  v a r i a t i o n .  M i c r o s c o p i c  
a n a l y s i s  r e v e a l e d  no a l t e r a t i o n s  i n  a n y  a r t e r i e s  o r  c a p i l 
l a r i e s ,  b u t  d i s t e n d e d  v e i n s  w e r e  f o u n d  i n  a r e a s  o f  l e u k o 
m a l a c i a .  P a t t e r n s  o f  n o r m a l  m y e l i n a t e d  f i b e r s  a d j a c e n t  t o  
d e m y e l i n a t e d  f i b e r s  w e r e  f o u n d  i n  m an y  g y r i ,  a n d  e s p e c i a l l y  
i n  t h e  c o r p u s  c a l l o s u m .  N o r m a l  n u m b e r s  o f  g l i a  w e r e  f o u n d  
i n  t h e  m y e l i n a t e d  f i b e r s ,  w h i l e  a  s p a r c i t y  o f  g l i a  w e r e  
f o u n d  i n  d e m y e l i n a t e d  a r e a s .  A t  e a r l i e r  a g e s  a  s i m i l a r  
r e p l i c a t i o n  o f  t h i s  d e m y e l i n a t i o n  w a s  p r e s e n t .  An a n a l y s i s  
o f  a  s e p a r a t e  s e r i e s  o f  k i t t e n s  who r e c e i v e d  l o c a l  c e r e 
b e l l a r  i r r a d i a t i o n  r e v e a l e d  n o  c o r t i c a l  d e m y e l i n i z a t i o n  
i n d i c a t i n g  t h a t  t h e  x - r a y  a n d  n o t  t h e  a n a e s t h e t i c  w a s  t h e  
t o x i c  a g e n t .  T h e  o n e - w e e k  e x p e r i m e n t a l  g r o u p  r e v e a l e d  
m i n o r  d e m y e l i n i z a t i o n  i n  f o u r  o u t  o f  t e n  k i t t e n s .  No d e 
m y e l i n i z a t i o n  w a s  s e e n  i n  a n y  o t h e r  a g e  g r o u p .  I t  i s  o u r  
c o n c l u s i o n  t h a t  t h e  d e m y e l i n i z a t i o n  w a s  d u e  t o  d a m a g e  o f  
p r e s u m p t i v e  s t e m  o l i g o d e n d r o g l i a  c e l l s  w h i c h  r e s u l t  i n  a  
p e r m a n e n t  c o n d i t i o n  o f  d e m y e l i n i z a t i o n .

345.9  NICOTINE BEHAVIORAL EFFECTS IN RATS WITH KAINIC ACID 
LESIONS OF THE NUCLEUS BASALIS.  D.M. Benson and C. Ksir.  
D ept. of Psychology, Univ. o f Wyoming, Laram ie, WY  82071.

R ats w ith  kain ic  ac id  lesions o f th e  nucleus basalis have 
previously  been  rep o rted  to  dem onstra te  an  enhanced locom otor 
stim ulation  e f fe c t of n ico tine  com pared to  con tro l r a ts  (C. K sir & 
D .M . B e n s o n ,  P s y c h o p h a r m a c o lo g y ,  8 1 , 2 7 2 - 2 7 3 ,  1 9 8 3 ) . 
M easurem ents o f n ico tine  e f fe c ts  on a c tiv ity  w ere based on d a ta  
from p h o tocell cages. The cu rre n t experim ent em ployed de ta iled  
observations o f each  r a t  in  an  e f fo r t to  fu r th e r  ch a ra c te r ize  the  
d iffe re n t behav io ral e f fe c ts  of n ico tine  in  kain ic ac id  lesioned 
ra ts .

Six adu lt male hooded ra ts  w ere an e sth e tized  and given 
in jec tions  of kain ic  ac id  (0.15 ug in  0 .5  u l in  each  side) in  the 
reg ion  of th e  nucleus basalis  of M eynert (1.0 mm caudal to  
bregm a, 3.0 mm la te ra l  to  midline, and  7.6 mm below th e  skull 
su rface). Six o th e r  r a t s  w ere given sim ilar in jec tions of the 
a r t if ic ia l  CSF veh icle . Beginning 9 days a f te r  surgery , each  r a t  
w as p laced  in  a  50 cm cube made of c le a r  ac ry lic  w ith a  w hite 
pap e r f loo r and w as observed fo r 20 m inutes. O bservation  sessions 
w ere rep e a te d  tw ice  p e r  w eek fo r  each  r a t .  Im m ediately p rio r to  
each  session the  r a t  was given an  in jec tion  of e i th e r  saline o r of 
nico tine  su lfa te  (0.1, 0.2 o r  0.4 mg/kg, s .c .). Half th e  ra ts  in  each  
group w ere g iven th e  in jec tions  in  o rd er of ascending 
co n cen tra tio n , th e  o th e r  ha lf in  descending concen tra tion . The 
observer did n o t know which dose was in jec ted  fo r each  te s t . 
Behaviors w ere reco rded  in  re a l tim e on a  m icrocom puter 
keyboard .

N icotine produced d o se -re la te d  dec re a se s  in  rea rin g  and 
sn iffing  a t  re s tr ic te d  a re a s  o f th e  flo o r o r w alls in  bo th  groups. 
D o se -re la ted  in c reases  in  a i r  sn iffing  w ere seen  in  bo th  groups. 
N icotine inc reased  freez in g  behav io r in  th e  con tro l group and 
exp lo ra tion  in  th e  kain ic  ac id  lesion group. At the  h ighest dose of 
n ico tine  th e  tw o groups showed s ign ifican tly  d iffe re n t am ounts of 
th e se  tw o behaviors. Thus, a f t e r  n ico tine  th e  kain ic ac id  ra ts  
spen t a  la rg e r  am ount o f tim e engaging in  fo rw ard  locom otion 
w ith  th e  body ex tended , and  usually  accom panied by sn iffing .

R ats  w ith  sim ilar lesions w ere te s te d  in  pho tocell a c tiv ity  
cages, in  w hich 0.2 mg/kg n ico tine  produced a  g re a te r  a c tiv a tio n  
in  th e  kain ic  ac id  group. This behavioral a c tiv a tio n  was blocked 
by 1.0 m g/kg mecamylamine g iven 15 m inutes p rio r to  the 
n ico tine . These re su lts  in d ica te  th a t r a t s  w ith kain ic  ac id  lesions 
of th e  nucleus basalis  a re  d iffe re n tia lly  sensitive to  the  
behav io ra l e f fe c ts  o f n ico tine  ac tin g  a t  c lassica l n ico tin ic  
rece p to rs .

34 5 . 1 0   DRAMATIC NEUROTOXICITY OF NEONATAL INTRACEREBRAL INJECTION 
OF TUBULIN-BINDING AGENTS.  R. H. D y c k ,  I .  Q.  W h i s h a w ,  &  
R.  J .  S u t h e r l a n d ,   D e p t . o f  P s y c h o l o g y ,  U n i v .  o f  L e t h b r i d g e ,  
L e t h b r i d g e ,  A l b e r t a ,  C a n a d a ,  T I K 3M4.

I n t r a c e r e b r a l  m i c r o i n j e c t i o n  o f  m i c r o t u b u l e  d i s r u p t i n g  
a g e n t s  c a n  c a u s e  b l o c k a d e  o f  a x o n a l  t r a n s p o r t  p r o c e s s e s  a n d  
c e l l  d e a t h  i n  c e r t a i n  s u s c e p t i b l e  n e u r o n a l  p o p u l a t i o n s .  
S e v e r a l  s t u d i e s  h a v e  n o t e d  t h a t  g r a n u l e  c e l l s  i n  t h e  h i p p o 
c a m p a l  f o r m a t i o n ,  c e r e b e l l u m ,  a n d  o l f a c t o r y  b u l b  d e g e n e r a t e  
f o l l o w i n g  e x p o s u r e  t o  c o l c h i c i n e .  D i f f e r e n t  n e u r o n a l  p o p u 
l a t i o n s  w i t h i n  t h e s e  a n d  o t h e r  s t r u c t u r e s  s u r v i v e  s i m i l a r  
d o s a g e s .  I n  t h e  c o u r s e  o f  s t u d i e s  o f  b e h a v i o u r a l  e f f e c t s  
o f  h i p p o c a m p a l  g r a n u l e  c e l l  d e s t r u c t i o n ,  we h a v e  f o u n d  t h a t  
i n t r a c e r e b r a l  m i c r o i n j e c t i o n s  o f  c o l c h i c i n e  h a v e  a  d r a m a t i 
c a l l y  g r e a t e r ,  a n d  l e s s  p r e f e r e n t i a l ,  n e u r o t o x i c i t y  d u r i n g  
t h e  i m m e d i a t e  n e o n a t a l  p e r i o d .

We c o n d u c t e d  f o u r  e x p e r i m e n t s  t o  e x a m i n e  t h e  s u s c e p t i 
b i l i t y  o f  n e o n a t a l  r a t  b r a i n  t o  t h e  n e u r o t o x i c  e f f e c t s  o f  
t u b u l i n  b i n d i n g  a g e n t s .  We t e s t e d  t h e  e f f e c t s  o f :
1 . v a r y i n g  t h e  d o s a g e  o f  c o l c h i c i n e  i n j e c t e d  i n t o  t h e  h i p p o 
c a m p a l  f o r m a t i o n  i n  a d u l t s  a n d  n e o n a t a l  r a t s ,  2 . v a r y i n g  t h e  
i n j e c t i o n  s i t e  w i t h i n  t h e  n e o n a t a l  f o r e b r a i n ,  3 v a r y i n g  t h e  
a g e  a t  w h i c h  c o l c h i c i n e  i s  i n j e c t e d ,  a n d  4 .  t h e  r e l a t i v e  
p o t e n c i e s  o f  c o l c h i c i n e ,  B - l u m i c o l c h i c i n e ,  v i n c r i s t i n e ,  a n d  
v i n b l a s t i n e  w e r e  a s s e s s e d  i n  n e o n a t e s .

I n  n e o n a t e s ,  we f o u n d  t h a t  a s  l i t t l e  a s  1 . 0  µg o f  
c o l c h i c i n e  c a u s e s  d e g e n e r a t i o n  o f  t h e  e n t i r e  f o r e b r a i n  a n d  
t h a t  15 n g  c a u s e s  c l e a r  n e u r o n a l  d e g e n e r a t i o n  i n  t h e  h i p p o 
c a m p u s  a n d  n e o c o r t e x .  T h e r e  d i d  n o t  a p p e a r  t o  b e  a n y  
d i f f e r e n t i a l  s u s c e p t i b i l i t y  a t  t h e  s i t e s  t e s t e d .  T h e  s u s 
c e p t i b i l i t y  t o  c o l c h i c i n e - i n d u c e d  c e l l  d e a t h  d e c l i n e s  w i t h  
a g e .  F i n a l l y ,  we f o u n d  t h a t  i n  t e r m s  o f  r e l a t i v e  n e o n a t a l  
n e u r o t o x i c i t y  t h e  r a n k i n g  w a s  v i n c r i s t i n e  > c o l c h i c i n e  > 
v i n b l a s t i n e  > B - l u m i c o l c h i c i n e .

T h i s  p h e n o m e n o n  h a s  i m p o r t a n t  i m p l i c a t i o n s  f o r  p r o c e s s e s  
i n  p o s t n a t a l  n e u r o n a l  d e v e l o p m e n t  a n d  h a s  p o t e n t i a l  f o r  u s e  
a s  a  t e c h n i q u e  f o r  i n v e s t i g a t i n g  b e h a v i o u r a l  c o n s e q u e n c e s  
a n d  n e u r o n a l  r e o r g a n i z a t i o n  f o l l o w i n g  n e o n a t a l  b r a i n  d a m a g e .
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345.11  CONDUCTION PROPERTIES AND POTASSIUM CHANNEL BLOCKADE IN 
DEMYELINATED PERIPHERAL NERVE.  E.F. T a rg* and J.D. Kocsi s , 
 Dept. of Neurology, Stanford  U niversity  Medical School and 
Veterans A dm in istra tion  M edical C enter, Palo A lto, CA 94304. 
In  a d d i t io n  to  im p u lse  b lo ck ad e  and s lo w in g , a number o f  
h y p e r e x c i t a b i l i t y  e v e n t s  h av e  b e en  s u g g e s te d  f o r  
dem yelinated axons. In tra -ax o n a l and whole nerve record ings 
were used to  ev a lu a te  th ese  events in  is o la te d  dem yelinated 
n e rv e s . We in d u ced  d e m y e lin a t io n  by ly s o l e c i t h i n  (LPC) 
m ic ro in je c tio n  in to  r a t  s c i a t i c  nerve, and removed a 1-2 cm 
segm ent 5 -7  days l a t e r .  The ends o f  th e  n e rv e  w ere p la c ed  
a c r o s s  b ip o la r  e le c t r o d e s  used  f o r  e i t h e r  s t im u la t io n  o r 
reco rd ing . The fo ca l LPC le s io n  was p o s itio n ed  in  the  c en te r 
of a reco rd ing  chamber superfused  w ith  Ringer so lu tio n . The 
m onophasic compound a c t io n  p o te n t ia l  recorded from normal 
nerve in  our chamber c o n s is ts  of a d is c re te  la rg e  am plitude 
n e g a t iv ity .  Recordings through a s i t e  o f dem yelination  a re  
reduced in  am plitude, w ith  m u ltip le  components la s t in g  over 
10ms. The r e f r a c t o r y  p e r io d  was i n c r e a s e d  in  th e  
dem yelinated nerves, and the  frequency-fo llow ing  a b i l i ty  of 
th e  l a t e  component was much a tte n u a te d  as compared to  normal 
a reas  o f nerve. S ing le  axon record ings were obtained using 
g l a s s  m ic ro e le c t ro d e s .  For a g iv e n  im p a lem en t, l a t e n c i e s  
w ere s h o r t  (0. 1- 0. 3ms) f o r  p ro p a g a tio n  th ro u g h  th e  nonde
m yelinated  segment, w hile much longer (4- 12ms) through the  
l e s i o n .  The a b s o lu te  r e f r a c to r y  p e r io d  f o r  s in g le  axons, 
recorded through the  le s io n , was tw ice  th a t  fo r  normal nerve 
segm ents. Spontaneously a c t iv e  axons, or m u ltip le  d ischarge 
fo l lo w in g  a s in g le  im p u lse  w ere n o t seen  in  d em y e lin a ted  
n e rv e , no r d id  we f in d  ev id e n ce  f o r  c r o s s - t a l k  o r im p u lse  
r e f l e c t i o n ,  w h ich  had b een  p r e d i c t e d  f o r  re g io n s  o f  
d e m y e lin a t io n . W ith a p p l i c a t i o n  o f th e  p o ta ss iu m  channe l 
b lo c k e r  4 -a m in o p y r id in e  (4-AP) to  th e  l e s i o n  s i t e ,  th e r e  
was an enhancem ent in  th e  t r a n s - l e s i o n  compound re sp o n se . 
A pplication  to  non-demyeli nated segments o f the  same nerve 
had l i t t l e  e f f e c t .  Although 4-AP inc reased  the  am plitude and 
d u ra t io n  o f  th e  t r a n s - l e s i o n  re s p o n se , th e  freq u e n c y 
fo llow ing  c a p a b i l i t ie s  of the  slow response component were 
reduced, w ith in d iv id u a l axons rem aining re f ra c to ry  fo r  more 
th a n  20ms. F o llo w in g  4-AP a p p l i c a t i o n ,  sp o n tan eo u s  f i r i n g  
and m u l t ip l e  s p ik e  d is c h a rg e  w ere p re s e n t .  Our r e s u l t s  
in d ic a te  th a t  the  prim ary conduction abnorm ality  in  is o la te d  
d e m y e lin a ted  p e r ip h e r a l  n e rv e  i s  co n d u c tio n  b lo ck  and 
s lo w in g . H y p e r e x c i t a b i l i ty  as  ev id en ced  by sp o n tan eo u s 
a c t i v i t y  and m u l t ip l e  d is c h a rg e  w ere n o t seen  u n le s s  4-AP 
was a p p l i e d ,  h o w e v e r , in  th e  p r e s e n c e  o f  4-A P, th e  
f r e q u e n c y - fo l lo w in g  a b i l i t y  was red u ced . These r e s u l t s  
s t r e s s  the  im portance of potassium  conductance in  m odulating 
im pulse a c t iv i ty  in  dem yelination .
S u p p o r te d  i n  p a r t  by a  g r a n t  fro m  th e  NIH, and  th e  M e d ic a l 
R esearch  S e rv ic e  o f  th e  V.A.

3 4 5 .12  5-AMINO-2 , 4-DIHYDROXY-α -METHYLPHENETHYLAMINE PROVIDES MORE 
  SELECTIVE NORADRENERGIC DESTRUCTION THAN 6 -HYDROXYDOPAMINE.  

P . L in * ,  R. R h ag av an * , R .E . L e h r * , R.M. K o s trz e w a ,  S . S a s a *, 
and  C .L . B la n k .  D e p t . o f  C h e m is t ry ,  U n i v e r s i t y  o f  O k lahom a, 
N orm an, OK 7 3019 .

We h a v e  r e c e n t l y  c o m p le te d  th e  s y n t h e s i s  o f  t h e  e i g h t  
d i f f e r e n t  6-h y d ro x y d o p a m in e  d e r i v a t i v e s  i n  w h ic h  th e  r i n g  
i s  s u b s t i t u t e d  a t  th e  2 , 4 ,  an d  5 p o s i t i o n s  w i th  t r i h y d r o x y  
o r  a m in o d ih y d ro x y  s u b s t i t u e n t s  and  th e  s i d e  c h a in  i s  e i t h e r  
e th y la m in e  o r  α - m e th y le th y la m in e .  P r e l i m i n a r y  t e s t i n g  by 
b o th  b io c h e m ic a l  and  h i s t o f u o r e s c e n c e  h a s  shown a  few  o f  
t h e  d e r i v a t i v e s  t o  b e  m ore s e l e c t i v e  th a n  6-h y d ro x y d o p a m in e  
when u s e d  f o r  n o r a d r e n e r g i c  d e s t r u c t i o n .

When u s in g  a  d o se  o f  10 µ g ( f r e e  b a s e ,  i n t r a c e r e b r a l ,  
m ouse) o f  e i t h e r  5 - a m in o - 2 ,4 - d ih y d r o x y - α - m e th y lp h e n e th y l -  
a m in e ( I )  o r  6-h y d ro x y d o p a m in e (6-HDA) t h e  f o l l o w in g  r e s u l t s  
w ere  o b t a in e d :

N e u r o t r a n s m i t t e r ,  % C o n t r o l s  (±  SEM)
N e u ro to x in NE DA 5-HT

I 26±3*** 101±4 103±5

6-HDA 40±8*** 86± 1 *** 93± 8

C o n t r o ls 100±8 100+2 100±4

*** P < 0 .0 0 1  com pared  t o  c o n t r o l s .

T h u s , i t  a p p e a r s  t h a t  t h i s  c o m p o u n d (I)  i s  s u p e r i o r  to  
6 -HDA i n  i t s  a b i l i t y  t o  e f f e c t  n o r a d r e n e r g i c  d e s t r u c t i o n .  
I t  p r o v id e s  e q u iv a l e n t  o r  g r e a t e r  l o s s  o f  NE n e u ro n s  th a n  
6-HDA w h i le  n o t  e f f e c t i n g  th e  DA o r  5-HT n e u r o n s .
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346 . 1   COMPUTER CONTROLLED SIMULATION OF D-AMPHETAMINE SELF
ADMINISTRATION PATTERNS.  W.H. L y n e s s ,  A .P . L e c c e s e  and  
J .H .  P i r c h .  D e p a r tm e n t o f  P h a rm a c o lo g y , T e x a s  T ech  
U n i v e r s i t y  H e a l th  S c ie n c e s  C e n t e r ,  L u b b o ck , TX, 79 4 3 0 .

A c o m p u te r iz e d  d r u g - d e l iv e r y  s y s te m  c a p a b le  o f  s im u la 
t i n g  t h e  s e l f - a d m i n i s t r a t i o n  p a t t e r n  d i s p l a y e d  by a n im a ls  
g iv e n  a c c e s s  t o  any  s e l f - a d m i n i s t e r e d  d ru g  i s  d e s c r i b e d .  
R a ts  a llo w e d  to  s e l f - a d m i n i s t e r  d -am p h e ta m in e  by  a c t i 
v a t i o n  o f  a p n e u m a tic  d e v ic e  (W eeks, PB&B, 7 , 5 5 9 , 1977) 
w h ic h  d e l i v e r s  0 .1 2 5  m g /k g / in j  d -a m p h e ta m in e  w i l l  p r e s s  
an  o p e r a n t  l e v e r  an  a v e ra g e  o f  15 t im e s  d u r in g  th e  f i r s t  
h a l f  h o u r  and  th e n  6 t o  8 t im e s  p e r  h o u r  f o r  t h e  r e m a in in g  
7 ½ h o u r s  o f  t h e  8 h o u r  d a i l y  s e s s i o n .  A Tim ex S i n c l a i r  
1000® m ic ro c o m p u te r  w as l in k e d  v i a  a B y te-B ack®  c o n t r o l  
m o d u le  and  a s ta n d a r d  44 p in  e d g e - c o n n e c to r  to  a  s e t  o f  
tw e lv e  p n e u m a tic  s y r i n g e s  and  w as program m ed to  s im u la t e  
t h e  p a t t e r n  o f  d -am p h e ta m in e  s e l f - a d m i n i s t r a t i o n  d i s p l a y e d  
by  r a t s .  T h u s , th e  d e v ic e  a d m i n i s t e r s  15 i n j e c t i o n s  a t  2 
m in u te  i n t e r v a l s  and  th e n  a d m i n i s t e r s  an  i n j e c t i o n  e v e ry  
8 o r  10 m in u te s .  The p ro g ra m  f o r  t h i s  p a r t i c u l a r  p a t t e r n  
o f  a d m i n i s t r a t i o n  i s  p r o v id e d  a s  w e l l  a s  a  m o d i f i c a t i o n  
w h ic h  e n a b le s  t h e  c o m p u te r iz e d  a p p a r a t u s  to  b e  u s e d  f o r  
s e l f - a d m i n i s t r a t i o n  s t u d i e s .  E l e c t r i c a l  d ia g ra m s  a r e  
p r o v id e d  to  e l u c i d a t e  t h e  c o m p u te r - a p p a r a tu s  i n t e r f a c e  
f o r  b o th  c o m p u te r iz e d  d e l i v e r y  and  s e l f - a d m i n i s t r a t i o n  
a p p l i c a t i o n .  The d e v ic e  e n a b le s  s tu d y  o f  th e  e f f e c t s  o f  
c h r o n ic  d ru g  a d m i n i s t r a t i o n  w i th o u t  a s su m in g  t h a t  t h e  
e f f e c t s  o f  a s i n g l e  l a r g e  i n j e c t i o n  s im u la t e  t h o s e  o f  
c h r o n ic  s m a l l  d o s e s .  D a ta  a r e  p r e s e n t e d  w h ich  d e m o n s t r a te  
m ark ed  d i f f e r e n c e s  i n  t h e  r e c o v e r y  o f  b r a i n  m onoam ines 
and m e t a b o l i t e  l e v e l s  s u b s e q u e n t  to  c o m p u te r iz e d  d ru g  
d e l i v e r y  and a s i n g l e  l a r g e  b o lu s  o f  d -a m p h e ta m in e .

346.2  ALPHA-METHYL-PARA-TYROSINE BLOCKS METHAMPHETAMINE-INDUCED  
DEGENERATION IN THE RAT SOMATOSENSORY CORTEX.  D .L . Commins* 
L .S .  S e id e n  and  C .R . S c h u s te r  (SPON: P .C . H o ffm a n n ) .  D e p t . 
o f  P h a rm a c o l.  & P h y s i o l .  S c i . ,  U n iv . o f  C h ic a g o ,  C h ic a g o ,
IL 6 0 6 3 7 .

A s i n g l e  h ig h  d o s e  o f  m etham phet am in e  (MA) (100  m g /k g ,  s c )  
p ro d u c e s  s ig n s  o f  n e u r o n a l  d e g e n e r a t i o n  i n  t h e  r a t  s o m a to 
s e n s o r y  c o r t e x .  When s t a i n e d  by  t h e  F in k -H e im e r  m e th o d , 
t h e  a f f e c t e d  a r e a  c o n ta i n s  d e g e n e r a t i v e  d e b r i s  o f  e i t h e r  
d e n d r i t i c  o r  a x o n a l  o r i g i n  s u r r o u n d in g  s c a t t e r e d  a r g y r o p h i l
i c  n e u ro n s .  The a f f e c t e d  p e r i k a r y a  a r e  m o st o f t e n  l o c a t e d  
i n  la m in a  I I I  o f  s o m a to s e n s o ry  c o r t i c a l  a r e a  2 a s  d e f i n e d  
by  K r ie g  ( J .  Comp. N e u r o l .  8 4 :2 4 1 ,  1 9 4 6 ) .  M ost o f  t h e  d e g 
e n e r a t i v e  d e b r i s  i s  l o c a t e d  d o r s a l  t o  t h e  a f f e c t e d  p e r i 
k a ry a  i n  la m in a e  I I  an d  I I I .  H ow ever, t h i n  d e g e n e r a t i n g  
p r o c e s s e s  (p ro b a b ly  a x o n s )  a r e  o f t e n  fo u n d  i n  la m in a e  IV 
and V, r u n n in g  p a r a l l e l  to  t h e  c or t i c a l  la m in a e .  P r e t r e a t 
m ent w i th  a lp h a - m e t h y l - p a r a - t y r o s i n e  (AMT), a  c a te c h o la m in e  
s y n th e s i s  i n h i b i t o r ,  b lo c k s  t h e  l o n g - t e r m  n e u ro c h e m ic a l  
(W agner e t  a l . ,  B r a in  R e s . 1 7 9 :2 8 5 ,  1 9 8 3 ; H o tc h k is s  an d  G ibb 
JPET 2 1 4 :1 5 7 ,  1 980) an d  h i s t o l o g i c a l  c h a n g e s  ( R i c a u r t e  e t  
a l . ,  B r a in  R e s . ,  i n  p r e s s )  p ro d u c e d  i n  th e  c a u d a te  b y  a d 
m i n i s t r a t i o n  o f  MA. T h e se  n e u ro c h e m ic a l  d e f i c i t s  i n c l u d e  
lo n g - t e r m  dopam ine  d e p l e t i o n s  an d  s u p p r e s s io n  o f  b o th  t r y p 
to p h a n  h y d r o x y la s e  and  t y r o s i n e  h y d r o x y la s e  a c t i v i t i e s .  I n  
th e  p r e s e n t  s tu d y ,  t h e  a b i l i t y  o f  AMT t o  p r e v e n t  MA-in d u c e d  
n e u r o n a l  d e g e n e r a t i o n  i n  th e  s o m a to s e n s o ry  c o r t e x  w as a s 
s e s s e d .  R a ts  r e c e i v e d  i n j e c t i o n s  o f  AMT (150  m g /k g , s c )  o r  
s a l i n e  one  h r  p r i o r  an d  s i x  h r s  s u b s e q u e n t  t o  a  s i n g l e  i n 
j e c t i o n  o f  e i t h e r  MA (100 m g /k g , s c )  o r  s a l i n e .  The s u b 
j e c t s  w e re  p e r f u s e d  two d a y s  l a t e r .  B r a in  s e c t i o n s  w e re  
s t a i n e d  by  th e  F in k -H e im e r  m ethod  f o l lo w e d  by  c o u n t e r - s t a i n 
in g  w i th  c r e s y l  v i o l e t .  N e u r o d e g e n e r a t iv e  c h a n g e s  w e re  
p r e s e n t  i n  t h e  s o m a to s e n s o ry  c o r t e x  o f  a l l  a n im a ls  t h a t  
r e c e i v e d  MA a lo n e .  T re a tm e n t  w i th  AMT m a rk e d ly  a t t e n u a t e d  
th e  e f f e c t  o f  MA i n  b o th  c e l l  b o d ie s  an d  p r o c e s s e s .  T h e se  
f i n d i n g s  s u g g e s t  t h a t  t h e  M A -induced d e g e n e r a t i o n  o b s e rv e d  
i n  t h e  s o m a to s e n s o ry  c o r t e x  i s  m e d ia te d  v i a  a  c a te c h o la m in 
e r g i c  o r  s e r o t o n e r g i c  m ech an ism . C a te c h o la m in e rg ic  an d  s e r 
o t o n e r g i c  n e u ro n s  h a v e  n o t  b e e n  r e p o r t e d  t o  e x i s t  i n  t h e  
c e r e b r a l  c o r t e x .  Thus MA may p ro d u c e  n e u r o n a l  d e g e n e r a t i o n  
i n  t h e  c o r t e x  by  a c t i n g  on  c a te c h o la m in e r g ic  o r  s e r o t o n e r 
g i c  n e u ro n s  p r e s y n a p t i c  t o  t h e  a f f e c t e d  c o r t i c a l  c e l l s .
T h is  r e s e a r c h  s u p p o r t e d  by  PHS D A -00250; D .C .:  5T32-MH- 
14274 T r a in i n g ;  L . S . :  RSA M H-10562.
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346.3  6-HYDROXYDOPAMINE IS  FORMED FROM DOPAMINE IN VIVO AFTER 
ADMINISTRATION OF METHYLAMPHETAMINE.  L .S .  S e id e n  and  
G. V osm er. U n iv . o f  C h ic a g o ,   D e p t .  P h a rm a c o l . an d  P h y s i o l .  
S c i e n c e s ,  C h ic a g o ,  IL  6 0 6 3 7 .

A d m i n i s t r a t i o n  o f  m e th am p h e tam in e  (MA) i n  l a r g e  d o s e s  o r  
f o r  p r o lo n g e d  p e r i o d s  o f  t im e  c a u s e s  i r r e v e r s i b l e  d e p l e t i o n  
o f  d opam ine  (DA) i n  s e v e r a l  r a t  b r a i n  a r e a s  due t o  t h e  d e 
g e n e r a t io n  and  l o s s  o f  DA n e rv e  t e r m in a l s  ( R i c a u r te  e t  a l . ,  
B r a in  R e s . ,  i n  p r e s s ) .  The m ech an ism  o f  MA-in d u c e d  DA 
n e u r o n a l  t o x i c i t y  i s  n o t  u n d e r s to o d .  The n e u r o t o x i c  e f f e c t s  
o f  MA may r e s u l t  fro m  t h e  n o n - e n z y m a tic  c o n v e r s io n  o f  DA to  
6-OHDA s i n c e  DA c a n  b e  n o n - e n z y m a t i c a l l y  c o n v e r te d  t o  t r i 
h y d r o x y p h e n e th y la m in e s ,  among w h ic h  6-OHDA i s  a  p o s s i b l e  
o x i d a t i v e  m e t a b o l i t e  (S en o h  e t  a l . ,  J .  Amer. Chem. S o c . 8 1 : 
6 2 3 6 -4 0 , 1 9 5 9 ) .  I n  t h e  f i r s t  e x p e r im e n t ,  m a le  r a t s  w e re  i n 
j e c t e d  w i th  MA (100  m g/kg s . c . )  o r  s a l i n e  and  s a c r i f i c e d  a t  
0 . 5 ,  1 ,  1 . 5 ,  2 ,  4 ,  8 , 1 6 , an d  24 h r s  a f t e r  i n j e c t i o n .  Amine 
a n a l y s i s  w as d one  w i th  h ig h  p e rfo rm a n c e  l i q u i d  c h ro m a to 
g ra p h y  w i th  e l e c t r o c h e m i c a l  d e t e c t i o n .  R a ts  t r e a t e d  w i th  MA 
fo rm ed  6-OHDA i n  t h e  c a u d a te  n u c le u s  b e tw e e n  0 .5  an d  2 h r s  
a f t e r  i n j e c t i o n .  The v a lu e s  f o r  6-OHDA w e re  0 .5  h r s :  0 .2 0  ±  
1 7 ; 1 h r :  39 ±  .3 1  an d  2 h r :  24 ±  .2 1 ,  ng/m g t i s s u e .  I n  a  
se c o n d  e x p e r im e n t ,  r a t s  w e re  i n j e c t e d  w i th  6-OHDA (150 u g , 
i v t . )  an d  s a c r i f i c e d  a t  0 . 5 ,  1 ,  2 ,  and  4 h r s  a f t e r  i n j e c t i o n .  
H ere  t h e  l e v e l s  o f  6-OHDA w e re  o f  t h e  same m a g n itu d e  a s  
t h o s e  s e e n  a f t e r  MA a d m i n i s t r a t i o n .

We p r o p o s e  t h a t  MA (100  m g/kg d o s e )  c a u s e s  m a s s iv e  r e l e a s e  
o f  DA fro m  t h e  c y to p la s m ic  b o u n d  p o o l ,  and  i n h i b i t s  mono
am in e  o x id a s e  (MAO). U nder c o n d i t i o n s  o f  i n c r e a s e d  r e l e a s e  
a c co m p a n ie d  b y  MAO i n h i b i t i o n ,  n o n -e n z y m a tic  f o rm a t io n  o f  
t r i h y d r o x y p h e n e th y la m in e s  i s  f a v o r e d .  The 6-OHDA th u s  
fo rm ed  a t  t h e  s y n a p s e  c a n  a c t  l i k e  e x o g e n o u s ly  a d m in i s t e r e d  
6-OHDA b y  b e in g  t a k e n  up i n t o  th e  c e l l  t h e r e b y  c a u s in g  
n e u r o n a l  d e g e n e r a t i o n .  The f a c t  t h a t  e x t e r n a l  a d m i n i s t r a 
t i o n  o f  6-OHDA a s  w e l l  a s  fo rm ed  6-OHDA a r e  o f  t h e  same 
o r d e r  o f  m a g n itu d e  a d d s  f u r t h e r  w e ig h t  to  t h e  a rg u m e n t t h a t  
t h e  fo rm ed  6-OHDA s e e n  a f t e r  MA a d m i n i s t r a t i o n  i s  r e s p o n s i b l e  
f o r  t h e  d e g e n e r a t i o n  o b s e rv e d  i n  DA t e r m in a l s  a f t e r  MA 
a d m i n i s t r a t i o n .

We a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h e  e f f e c t s  o f  a lp h a 
m e t h y l ty r o s in e  a d m i n i s t r a t i o n  to  d e te r m in e  w h e th e r  6-OHDA 
f o r m a t io n  c a n  b e  b lo c k e d .  S u p p o r te d  by PHS-5 PO1 DA -00250, 
P r o j e c t  IV : L .S .  i s  t h e  r e c i p i e n t  o f  an  RSA MH-1 0 5 6 2 .

346.4  EFFECT OF SUBACUTE LOW DOSE SOMAN EXPOSURE ON THE BEHAVIORAL 
 EFFECTS OF ATROPINE.  H. E . Modrow* , J . H . M cDonough, an d  M. Z . 

M ays* . (SPON. B .A . D o n z a n t i)   U .S . Army M e d ic a l  R e s e a rc h  
I n s t i t u t e  o f  C h e m ic a l D e f e n s e ,  APG, MD 2 1 0 1 0 .

We h a v e  p r e v i o u s ly  r e p o r t e d  t h a t  c h r o n ic  e x p o s u re  to  
t h e  o rg a n o p h o s p h a te  com pound, som an, l e a d s  t o  a  r e d u c t io n  
in  b lo o d  an d  b r a i n  c h o l i n e s t e r a s e  a c t i v i t y  an d  th e  num ber 
o f  b r a i n  m u s c a r in i c  r e c e p t o r s .  O th e r s  h a v e  r e p o r t e d  t h a t  
su c h  a  r e d u c t io n  in  r e c e p t o r s  s h o u ld  b e  m a n i f e s t e d  by  an  
i n c r e a s e d  s e n s i t i v i t y  t o  t h e  b e h a v io r a l  e f f e c t s  o f  a n t i c h o 
l i n e r g i c s .  The p r e s e n t  s tu d y  w as d e s ig n e d  to  d e te r m in e  
w h e th e r  r a t s  r e p e a t e d l y  e x p o sed  t o  soman d e v e lo p e d  an  
e n h a n ce d  s e n s i t i v i t y  t o  t h e  b e h a v io r a l  e f f e c t s  o f  a t r o p i n e .

R a ts  (N= 27) w e re  t r a i n e d  to  s t a b l e  p e r fo rm a n c e  b a s e l i n e s  
on a  two com ponen t [ f i x e d  r a t i o  (FR) 10 -  e x t i n c t i o n ]  
o p e r a n t  t a s k  f o r  m i lk  r e in f o r c e m e n t .  An a t r o p i n e  ( v e h ,  1 .0 ,  
1 .8 ,  3 . 2 ,  5 .6 ,  1 0 .0  m g /k g , im .)  d o s e  e f f e c t  c u rv e  w as f i r s t  
d e te rm in e d  in  a l l  a n im a ls .  E ach  s u b j e c t  th e n  r e c e i v e d  35 
µg /k g  soman s c .  3 t im e s /w k  f o r  4 wk. The d ay  a f t e r  t h e  l a s t  
soman d o s e  an d  a t  4 an d  8 wk l a t e r ,  g ro u p s  o f  a n im a ls  w ere  
t e s t e d  w i th  o n e  o f  f o u r  p r e v i o u s ly  t e s t e d  d o s e s  o f  a t r o p i n e  
( 1 .8 ,  3 .2 ,  5 .6  and  1 0 .0  m g /k g , i m . ) .

The i n i t i a l  a t r o p i n e  d o s e  e f f e c t  c u rv e  showed o r d e r l y  
d o s e  r e l a t e d  d e c r e a s e s  in  FR 10 r e s p o n d in g  f o r  t h e  3 . 2 ,  5 .6  
an d  1 0 .0  m g/kg d o s e s  o f  a t r o p i n e .  A t r o p in e  h a d  no  e f f e c t  
on e x t i n c t i o n  r e s p o n d in g  d u r in g  t h i s  o r  an y  p h a s e  o f  t h e  
e x p e r im e n t .  The 35 µg /k g  d o s e  o f  soman h ad  no d i s r u p t i v e  
e f f e c t  on FR 10 o r  e x t i n c t i o n  r e s p o n d in g  th ro u g h o u t  t h e  
s u b a c u te  i n j e c t i o n  p h a s e .  The a t r o p i n e  d o s e  e f f e c t  c u rv e  
f o r  FR 10 r e s p o n d in g  showed t h a t  t h e r e  was a  s i g n i f i c a n t ,  
and  p a r a l l e l ,  s h i f t  t o  t h e  l e f t  on t h e  d ay  im m e d ia te ly  a f t e r  
t h e  l a s t  d o s e  o f  som an. H ow ever, t h e  d o s e  e f f e c t  c u rv e s  
a t  4 an d  8 wks w e re  t h e  same a s  t h e  i n i t i a l  c u rv e  d e te r m in e d  
b e f o r e  t h e  s e r i e s  o f  soman i n j e c t i o n s .

P r e v io u s  w ork  h a s  d e m o n s t r a te d  t h a t  a  s i m i l a r  reg im en  
o f soman e x p o s u re  p ro d u c e s  >80% r e d u c t io n  in  b o th  b lo o d  and  
b r a i n  c h o l i n e s t e r a s e  an d  30% r e d u c t io n  in  b r a i n  m u s c a r in i c  
r e c e p t o r s ,  an d  t h a t  b o th  enzym e l e v e l s  an d  r e c e p t o r  n u m b ers  
a p p ro a c h  c o n t r o l  v a lu e s  24 d a y s  a f t e r  e x p o s u re .  The p r e s e n t  
r e s u l t s  show t h a t  p e r fo rm a n c e  was m a in t a in e d  a t  n o rm a l l e v e l s  
th ro u g h o u t  t h e  s u b a c u te  e x p o s u re  p e r i o d  d e s p i t e  t h e  m ark ed  
a l t e r a t i o n  in  n e u ro c h e m ic a l  p a r a m e te r s .  H ow ever, o n e  day  
a f t e r  t h e  s u b a c u te  p h a s e  t h e r e  was an  e n h a n ce d  s e n s i t i v i t y  
to  a n t i c h o l i n e r g i c s  p r o b a b ly  d u e  t o  t h e  r e d u c t io n  in  m u sc a r 
i n i c  r e c e p t o r s .  T h is  e n h a n ce d  s e n s i t i v i t y  w as n o t  e v id e n t  
4 o r  8 wks l a t e r ,  c o n s i s t e n t  w i th  t h e  r e c o v e r y  o f  r e c e p t o r s  
n u m b ers  an d  enzym e a c t i v i t y  a f t e r  r e p e a t e d  soman e x p o s u re .

346.5  DECREASED SLEEP IN RATS FOLLOWING ACUTE INJECTIONS 
OF DI-ISOPROPYL-FLUOROPHOSPHATE (DFP).  C. A twood, J r . * , 
G. M eighen*, J. G nad t, and G . V. Pegram .  N eurosciences P rogram , 
Univ. of A labam a in Birm ingham , Birm ingham , AL 35294.

We have shown ra ts  to  have inc reased  REM sleep  follow ing 
chronic adm in is tra tion  of DFP, an  " irreversib le" 
ace ty lch o lin e ste rase  inh ib ito r (Gnadt and Pegram , Soc. N eurosc i. 
Abs. Vol. 9, 1983). To study th e  e ffe c ts  of ac u te  dosing of ra ts  
w ith  D FP on sleep  p aram ete rs, w e did th e  follow ing experim en t.

From  fem a le  Sprague-D aw ley ra ts , 200-300 gms, we recorded 
neoco rtica l and dorsal hippocam pal EEGs and e ith e r m ovem ent or 
EMG, follow ing an ac u te  i.p . in jection  of D FP a t 1.25 m g/kg (low 
dose), 2.0 m g/kg, o r 2.5 m g/kg (2.0 and 2.5 a re  both considered high 
doses and w ere com bined). To one-half of th e  experim en ta l ra ts , 
we also gave 3.0 m g/kg of a trop ine  su lfa te  subcutaneously 30 m in. 
befo re  th e  DFP inj. to  te s t  i ts  ab ility  to  a llev ia te  th e  sym ptom s of 
DFP to x id ty .  All ra ts  w ere  given a baseline recording  and then  had 
recordings on th e  in jec tion  day, post-in j. day 1, and post-in j. day 3. 
All records la s ted  7½ hours.

In each  case , w e saw a  dose-dependent d ecrease  in both stages 
of sleep , slow wave (SWS) and REM, following th e  acu te  inj. of 
DFP. On the  in jec tion  day, th e  m eans of %SWS and %REM w ere 
sign ifican tly  less th a n  th e  contro l m eans. This d ecrease  in sleep  is 
probably due to  th e  illness and d iscom fort caused  by acu te  D FP 
poisoning. We fu rth e rm o re  found th a t  a trop ine a t 3.0 m g/kg (a dose 
which has no independent e ffe c t on sleep) did not a llev ia te  these  
sym ptom s to  th e  e x te n t th a t  th e  ra ts  s lep t a sign ifican tly  g rea te r 
portion  of th e  record , although th e re  was a  trend  in th a t d irec tion . 
F inally , th e  recovery  tim e of sleep p aram ete rs  in  D F P -tre a te d  ra ts  
was fo un d  to  be dose-dependent, showing a  re tu rn  to  baseline levels 
w ithin 3 days:

C ontro l 1.25 DFP 2.50 DFP
NA(9) WA(6) NA(6) WA(6) NA(4) WA(6)

% sw s 41.0 ± 53.4 + 4.9 ± 15.5 ± 0.48 ± 5.4 ±
7.6 2.3 4.2 5.6 0.48 5.3

* ** * **
%REM 9.5 ± 8.2 ± 0.0 ± 1.7 ± 0.18 ± 0.25 ±

1.2 1.2 0.0 1.4 0.18 0.25
* * ♦ ** * *

values = m ean  ±SEM; () = N; NA = no atropine; WA = with atrop ine  
* = p <0.01; * *  = p  < 0.001
Supported by USARDC C o n trac t DAMD 17-83-C-3040.

346.6  CHANGES IN MOLECULAR FORMS OF ACETYLCHOLINESTERASE IN RAT 
STRIATUM FOLLOWING HALOPERIDOL TREATMENT. S .P . M ah ad ik , 
A . K o r e n o v s k y  * & S . K a r p ia k  (SPON: W.C. C la r k ) .   D iv . o f  
N e u r o s c i e n c e ,  NYS P s y c h i a t r i c  I n s t . ,  D e p ts .  P s y c h ia t r y  & 
B i o c h e m i s t r y ,  C o l l . o f  P h y s . & S u r g . ,  C o lum bia U . , N .Y .,  
N .Y. 10032.

E x t r a p y r a m id a l  s i d e - e f f e c t s  in d u c e d  by c h r o n ic  h a l o p e r
i d o l  t r e a t m e n t  c a n  b e  a m e l i o r a t e d  w i th  a n t i c h o l i n e r g i c  
a g e n t s .  T h i s  s u g g e s t s  t h a t  re d u c e d  s t r i a t a l  d o p a m in e rg ic  
a c t i v i t y  e n h a n c e s  c h o l i n e r g i c  a c t i v i t y ,  w h ich  m o st p r o b a b 
ly  c o n t r i b u t e s  to  th e  e x tr a p y r a m id a l  s i d e - e f f e c t s .  H a lo p e r
i d o l  t r e a tm e n t  r e d u c e s  l e v e l s  o f  a c e t y l c h o l i n e  s u b s t a n t i a l 
l y  ( 1 , 2 ) .  T h is  d e c r e a s e  c o u ld  be c a u se d  by an  i n c r e a s e  in  
a c e t y l c h o l i n e s t e r a s e  (AChE) r e s u l t i n g  from  in c r e a s e d  ch o 
l i n e r g i c  t r a n s m i s s io n .

To t e s t  t h i s  h y p o t h e s i s  we h a v e  s tu d i e d  th e  l e v e l s  o f  
t o t a l  AChE a n d  i t s  4 s  a n d  1 0s m o le c u la r  fo rm s . The 10s 
[ " f u n c t i o n a l " ]  form  i s  p r e d o m in a n t ly  m em brane a s s o c i a t e d  
a n d  e n r i c h e d  i n  s y n a p s e s .  The 4 s  [ " p r e c u r s o r " ]  fo rm  i s  
f o u n d  o n l y  in  low c o n c e n t r a t i o n s .  A d u lt  m ale  S p rag u e/D aw - 
l e y  r a t s  (2 5 0 g )  w e re  t r e a t e d  f o r  e i t h e r  one o r  t h r e e  w eeks 
w i t h  d a i l y  i n j e c t i o n s  o f  h a l o p e r i d o l  ( 2 m g /k g ,  i . m . ) .  S t r i 
a t a  w e r e  d i s s e c t e d  from  d ru g  t r e a t e d  r a t s  and s a l i n e  co n 
t r o l s .  M e m b ra n e  AChE w a s  e x t r a c t e d  a t  25° w i th  b u f f e r  
( 1 0 mM N a p h o s p h a te , 0.2mM EDTA, 50mM MgC12, 320 mM s u c r o s e ,  
1% T r i t o n ,  pH 7 . 0 ) .  The t r u e  AChE was d e te r m in e d  by i n 
h i b i t i n g  p s e u d o e s t e r a s e s  w i th  IS O -OMPA. T o ta l  AChE was d e 
t e r m i n e d  i n  e x t r a c t s  and 10s and  4 s  fo rm s w e re  d e te rm in e d  
a f t e r  s e p a r a t i o n  on s u c ro s e  g r a d i e n t s .  I n  r a t s  t r e a t e d  f o r  
o n e  w e e k  t o t a l  AChE a c t i v i t y  i n c r e a s e d  an  a v e ra g e  o f  11%, 
t h e  1 0 s  f o rm  i n c r e a s e d  26% a n d  t h e  4 s  form  showed no 
c h a n g e . In  a n im a ls  t r e a t e d  f o r  3 w e e k s , t o t a l  AChE i n c r e a s 
e d  35% , th e  1 0 s  fo rm  i n c r e a s e d  150% and th e  4 s  fo rm  showed 
n o  c h a n g e .  T h e  i n c r e a s e  in  th e  10s fo rm  s u p p o r t s  th e  h y 
p o t h e s i s  t h a t  s y n a p t i c  AChE i n c r e a s e s  in  r e s p o n s e  to  i n 
c r e a s e d  a c e t y l c h o l i n e  r e l e a s e  f o l lo w in g  n e u r o l e p t i c  b lo c k 
a d e  o f  d o p a m i n e r g i c  t r a n s m i s s io n .  S in c e  th e  i n c r e a s e  in  
t h e  1 0 s f o rm  i s  l a r g e r  t h a n  t h e  i n c r e a s e  i n  t h e  t o t a l  
A C hE , we b e l i e v e  e n d o g e n o u s  i n h i b i t o r s  may e x i s t  t h a t  a r e  
rem oved by s u c ro s e  g r a d i e n t  s e p a r a t i o n .

1. G uyenet e t  a l . ,  N aunyn-Schm iedebergs A rch. Exp. P a th .  
P h arm ak . 2 8 8 :3 2 9  ( 1 9 7 5 ) .

2 . Coyle & Cam pochiaro. J .  Neurochem. 2 7 :6 7 3  (1 9 7 6 ) .
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346.7  DOSE-RESPONSE RELATIONSHIPS IN GROWTH, ANALGESIA, STARTLE, 
 AND ACTIVITY CHANGES SEEN IN RATS TREATED NEONATALLY WITH  

MONOSODIUM L-GLUTAMATE.  N. M. W ise*  an d  K. R. K in g .  D e p t . o f  
P s y c h o lo g y ,  Kenyon C o l le g e ,  G a m b ie r, OH 43022

T re a tm e n t  o f  n e o n a ta l  r a t s  w i th  m onosodium  L -G lu ta m a te  r e 
s u l t s  i n  t h e  f o r m a t io n  o f  d i s c r e t e  b r a i n  l e s i o n s ,  r e t i n a l  
dam age , an d  a b n o r m a l i t i e s  o f  g ro w th  and  b e h a b io r .  T y p ic a l  
f i n d i n g s  i n c l u d e  s t u n t e d  g ro w th ,  o b e s i t y ,  re d u c e d  f e r t i l i t y ,  
i n c r e a s e d  e x c i t a b i l i t y ,  and  t a i l  a u to m u t i l a t i o n .  R e c e n t ly ,  
i t  h a s  a l s o  b e e n  r e p o r t e d  t h a t  MSG r a t s  show i n c r e a s e d  s e n s 
i t i v i t y  t o  p a in  and  a  re d u c e d  a b i l i t y  to  re s p o n d  to  s t r e s s  
w i th  a n a l g e s i a .

W h ile  t h e r e  h a v e  b e e n  s t u d i e s  e x a m in in g  how d i f f e r e n t  
d o s e s  o f  MSG a f f e c t  c e l l  l o s s ,  t h e r e  h a s  b e e n  l i t t l e  r e 
s e a r c h  r e l a t i n g  d o s e  t o  t h e  v a r i o u s  p h y s i c a l  an d  b e h a v io r a l  
c h a n g e s  m e n tio n e d  a b o v e . I t  was t h e  p u r p o s e  o f  t h i s  s tu d y  to  
ex am in e  th e  e f f e c t s  o f  d i f f e r e n t  d o s e s  o f  MSG on a  v a r i e t y  
o f  m e a s u r e s .  D o ses  ra n g e d  fro m  t h e  w id e ly  u s e d  4 mg/gm (on  
a l t e r n a t i n g  d a y s  o v e r  t h e  f i r s t  t e n  d a y s  o f  l i f e )  down to  a 
s i n g l e  i n j e c t i o n  o f  2 mg/gm on d ay  tw o .

A lth o u g h  t h e  r e s u l t s  a r e  n o t  y e t  c o m p le te ,  some i n t e r e s t 
in g  f i n d i n g  h a v e  b e e n  n o t e d .  As e x p e c t e d ,  t h e  m o st p ro fo u n d  
c h a n g e s  h a v e  o c c u re d  i n  t h o s e  a n im a ls  r e c e i v in g  th e  h i g h e r  
d o s e s ,  w i th  c o m p a r a t iv e ly  w e a k e r  e f f e c t s  s e e n  i n  th o s e  
t r e a t e d  w i th  s m a l l e r  d o s e s .  S u m m a riz in g , MSG a n im a ls  show: 
a  r e d u c t io n  i n  b o d y  w e ig h t  (w i th  s m a l le r  s t a t u r e ,  b u t  g r e a t e r  
a d i p o s i t y ) ,  2 ) an  i n c r e a s e  i n  a c t i v i t y  (m a le s  o n ly )  and  i n  
r e a r i n g  b e h a v io r ,  3 ) a  r e d u c t io n  in  s t a r t l e  l a t e n c y  ( fe m a le s  
o n ly )  and  s t a r t l e  m a g n itu d e  (m a le s  o n l y ) , and  4) t a i l  a u to 
m u t i l a t i o n  (15% o f  h i g h e s t - d o s e  a n i m a l s ) .

A c u r i o u s  p a t t e r n  o f  r e s u l t s  was fo u n d  i n  t h e  m e a s u re s  o f  
a n a l g e s i a .  MSG r a t s  w e re  fo u n d  to  b e  h y p o a lg e s i c  when t e s t e d  
w i th  t h e  t a i l - f l i c k  t e s t ,  b u t  when t e s t e d  w i th  th e  h o t - p l a t e  
( p a w lic k )  t e s t  t h e s e  sam e a n im a ls  p ro v e d  to  b e  h y p e r a l g e s i c . 
S in c e  o t h e r s  h a v e  fo u n d  h y p e r a l g e s i a  u s in g  o t h e r  t e s t s ,  i t  
seem s t h a t  t h e  i n c r e a s e d  t a i l - f l i c k  l a t e n c i e s  may s im p ly  r e 
f l e c t  a  l o c a l  i n s e n s i t i v i t y  o f  t h e  t a i l .  T h is  n o t  o n ly  e x 
p l a i n s  t h e  d i s c r e p e n c y  b e tw e e n  t h e  two p a in  t e s t s ,  b u t  a l s o  
o f f e r s  an  e x p la n a t io n  f o r  th e  w e ll-k n o w n  t a i l  a u to m u t i l a t i o n  
w h ich  o c c u r s  i n  MSG r a t s .

346.8  NICOTINE BEHAVIORAL ACTIVATION AND CNS NICOTINIC 
BINDING INCREASE AFTER A FEW SMALL DAILY DOSES OF 
NICOTINE.  C. Ksir, R.L. Hakan* and K .J. K ellar.  D ept. of 
Psychology, Univ. of Wyoming, Laram ie, WY 82071 and D ept. of 
Pharm acology, G eorgetow n Univ.

R ats te s te d  in  pho tocell a c tiv i ty  cages and given rep e a te d  
daily  adm in istra tions o f n ico tine show increasing  levels  of 
behav io ral a c tiv a tio n  (e.g. P.B.S. C larke & R. Kumar, Br. J. 
Pharm ac., 80 , 587, 1983). This inc rease  in  th e  stim ulant 
p roperties  o f  n ico tine has been  in te rp re te d  as  re f lec tin g  
to le ran ce  to  a  com peting d ep ressan t ac tio n  of n ico tine . However, 
re ce n t rep o rts  ind ica te  th a t chronic exposure to  la rg e  doses of 
n ico tine produce an  inc rease  in th e  num ber of CNS n ico tin ic  
rece p to rs  (R.D. S chw artz & K.J. K ellar, Science, 220, 214, 1983; 
M.J. Marks, J.B. Burch, & A.C. Collins, J . Pharm ac. exp. T h e n ., 
226, 817, 1983). The c u rren t experim ents w ere ca rr ie d out to  
determ ine if  the  low doses of n ico tine th a t produce enhanced 
behavioral a c tiv a tio n  when g iven daily  would also produce 
inc reases  in CNS nico tin ic  re c e p to r  numbers.

Adult male r a ts  w ere ad ap ted  to  pho tocell te s t  cages fo r  one 
hour p rio r to  each  day 's  te s t . Each r a t  was then  given a  s .c. 
in jec tion  of e i th e r  saline o r n ico tine su lfa te  (0.1, 0.2 o r  0.4 
mg/kg) and rep laced  in  the  te s t  cage. A lte rna te ly  b reaking  the  
fro n t and re a r  pho tocell beam in  each  cage reco rded  a  "cage 
crossing". Each r a t  rece ived  the  same drug each  day  fo r  five 
days. Six r a ts  w ere given saline, six w ere given 0.1 mg/kg, five 
w ere given 0.2 mg/kg, and six w ere given 0.4 mg/kg n ico tine . 
Five or six hours a f te r  the la s t te s t  session each  r a t  was k illed  
by decap ita tion , and its  brain  was quickly rem oved and frozen  on 
d ry  ice . The brains w ere la te r  thaw ed, d issec ted , and assayed fo r 
acety lcho line binding to  n ico tin ic  rece p to rs  according  to  the 
m ethod of S chw artz and K ellar (Molec. P harm ac., 22, 56, 1982).

Cage crossings in  th e  f ir s t  te n  m inutes af te r  in jec tion  
inc reased  over days in  the  n ico tine groups, w hile rem aining 
re la tiv e ly  stab le  in  the  saline group. By th e  f if th  day  th e re  w as a  
c lea r  d o se -re la ted  stim ulant e f fe c t of n ico tine . A m ixed-design 
ANOVA found s ign ifican t e ffe c ts  of group, days, and group x  days 
in te rac tio n  (all p s < 0.001). The th re e  n ico tine groups w ere all 
found to  have sign ifican tly  inc reased  numbers of n ico tin ic  binding 
s ite s  in the  ce reb ra l co rtex  (+21% fo r  the 0.1 mg/kg group, +18% 
fo r  the  0.2 m g /k g  group, and +26% fo r the 0.4 m g/kg group).

These resu lts  dem onstra te  th a t even a  few  daily  in jec tions o f 
low doses of n icotine can  re su lt in upregu lation  of n ico tin ic  
rece p to rs  in  th e  ce reb ra l co rtex . This upregu lation  may be 
responsible fo r the  enhanced behav io ral a c tiv a tio n  produced by 
the  same doses of n icotine .

3 4 6 .9   PHARMACOLOGY OF HALOPERIDOL-INDUCED ORAL MOVEMENTS IN RATS:  
A MODEL OF TARDIVE DYSKINESIA.  W il l ia m  W. S a n t  I I I ,  D e p t .  
P s y c h o l . ,  UCLA, L .A . ,  CA 9 0 0 2 4 .

We an d  o t h e r s  h a v e  d e m o n s t r a te d  i n c r e a s e d  o r a l  m ovem ents 
i n  r a t s  d u r in g  a n d /o r  a f t e r  v a r i o u s  d u r a t i o n s  o f  c h r o n ic  
n e u r o l e p t i c  a d m i n i s t r a t i o n .  I t  h a s  b e e n  p r o p o s e d  t h a t  t h e s e  
n e u r o l e p t i c - i n d u c e d  o r a l  m ovem ents may b e  ho m o lo g o u s t o  
human t a r d i v e  d y s k in e s i a  (T D ). I f  t h i s  i s  t r u e  t h e n  t h e s e  
o r a l  m ovem ents s h o u ld  b e  s u p p r e s s e d  by  a n  a u g m e n ta t io n  o f  
n e u r o l e p t i c  d o s a g e  a n d ,  a c c o r d in g  t o  m o st i n v e s t i g a t o r s ,  
s h o u ld  b e  e x a c e r b a te d  by  a n t i p a r k i n s o n i a n  a n t i c h o l i n e r g i c s ,  
s u c h  a s  t r i h e x y p h e n i d y l .  T h u s , we e x am in ed  t h e  e f f e c t s  o f  
h a l o p e r i d o l  ( 0 .0 5  m g /kg) and  t r i h e x y p h e n i d y l  (2 m g/kg) on 
c h r o n i c  h a l o p e r id o l - in d u c e d  o r a l  m ovem ents d u r in g  h a l o p e r i 
d o l  a d m i n i s t r a t i o n .

T w en ty , f e m a le ,  S p ra g u e -D aw le y  r a t s  w i th  a  m ean body  
w e ig h t  o f  286 gm w e re  d i v id e d  i n t o  tw o g r o u p s .  One g ro u p  
r e c e i v e d  h a l o p e r i d o l  an d  l a c t i c  a c id  i n  t h e i r  d r in k i n g  w a te r  
(0 .0 1 0 5  mg h a lo p e r id o l / m l )  f o r  49 w e e k s , w h i le  t h e  o t h e r  
g ro u p  r e c e i v e d  l a c t i c  a c id  a lo n e .  A t v a r i o u s  t im e s  d u r in g  
and  f o l l o w i n g  h a l o p e r i d o l  a d m i n i s t r a t i o n  t h e  f re q u e n c y  and 
d u r a t i o n  o f  t h e  f o l l o w in g  o r a l  m ovem ents w e re  s c o r e d :  o r a l  
m ovem ents a lo n e  (OM), an d  t re m o r  o f  t h e  m a s s e te r  r e g io n  w i th  
o r  w i t h o u t  ac co m p a n y in g  o r a l  m ovem ents (TRO) .

I n  a n im a ls  r e c e i v i n g  h a l o p e r i d o l  c h r o n i c a l l y ,  OM d u r a t i o n  
b u t  n o t  TRO d u r a t i o n ,  w as e l e v a t e d  39 w eeks a f t e r  i n i t i a t i o n  
o f  d ru g  a d m i n i s t r a t i o n  b u t  n o t  b e f o r e .  T r ih e x y p h e n id y l  r e 
d u c e d  OM d u r a t i o n  and  TRO d u r a t i o n  i n  h a l o p e r i d o l  a n im a ls ,  
b u t  h ad  no  e f f e c t  i n  c o n t r o l s .  H a lo p e r id o l  i n j e c t i o n  c a u se d  
a  m ark ed  d e c r e a s e  i n  OM d u r a t i o n ,  b u t  n o t  TRO d u r a t i o n ,  i n  
a n im a ls  r e c e i v i n g  h a l o p e r i d o l  c h r o n i c a l l y ,  w h e re a s  t h e s e  
m e a s u re s  w e re  u n a f f e c t e d i n  c o n t r o l  r a t s .

Some o f  t h e s e  r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  c h r o n ic  
n e u r o l e p t i c - i n d u c e d  o r a l  m ovem ents i n  r a t s  a r e  hom o lo g o u s t o  
human TD. F i r s t ,  OM d u r a t i o n  w as n o t  e l e v a t e d  u n t i l  39 w eeks 
a f t e r  t h e  i n i t i a t i o n  o f  h a l o p e r i d o l  a d m i n i s t r a t i o n .  S e c o n d , 
OM d u r a t i o n  w as s u p p re s s e d  by  a d m i n i s t r a t i o n  o f  a d d i t i o n a l  
h a l o p e r i d o l .  The f a c t  t h a t  t h e  e l e v a t i o n  o f  OM d u r a t i o n  was 
a b o l i s h e d  by  a c u te  t r i h e x y p h e n i d y l  a d m i n i s t r a t i o n  r u n s  c o u n t 
e r  t o  t h e  c o n v e n t i o n a l  n o t io n  o f  t h e  e f f e c t s  o f  a n t i c h o l i n 
e r g i c s  on  TD. H o w ev er, t h e r e  a r e  a  num ber o f  r e p o r t e d  c a s e s  
o f  hum an TD w h e re  t h e  sym ptom s o f  TD w e re  p o t e n t l y  s u p p r e s 
s e d  by  a n t i c h o l i n e r g i c s .

T h e se  r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  c h r o n ic  n e u ro 
l e p t i c - i n d u c e d  o r a l  m ovem ents i n  r a t s  a r e  a t  l e a s t  p a r t i a l l y  
h o m o lo g o u s t o  human TD.

346.10  EFFECTS OF CHRONIC NALTREXONE ON OPIATE BINDING IN  
DOPAMINERGIC BRAIN REGIONS AND ON OPIATE REINFORCEMENT.
 M.T. B ard o  and  J .L .  N e is e w a n d e r .  D e p t . o f  P s y c h o lo g y ,  
U n i v e r s i t y  o f  K e n tu c k y , L e x in g to n ,  KY 4 0 5 0 6 .

C h ro n ic  e x p o s u re  to  o p i a t e  a n t a g o n i s t s  p ro d u c e s  a  
c o m p e n s a to ry  i n c r e a s e  i n  o p i a t e  r e c e p t o r s  i n  t h e  b r a i n .   
S in c e  o p i a t e  r e c e p t o r s  a r e  th o u g h t  t o  h a v e  a  m o d u la to ry  
r o l e  i n  t h e  n e u r o t r a n s m is s i o n  o f  d opam ine  s y s te m s ,  c h r o n ic  
o p i a t e  r e c e p t o r  a n ta g o n is m  m ig h t  b e  e x p e c te d  p o t e n t i a t e  
m o rp h in e - in d u c e d  b e h a v io r s  t h a t  a r e  m e d ia te d  by d o p a m in e . 
R e c e n t e v id e n c e  i n d i c a t e s  t h a t  o p i a t e  r e in f o r c e m e n t  in v o lv e s  
a  d o p a m in e rg ic  s u b s t r a t e .  The p r e s e n t  s tu d y  t h e r e f o r e  e x 
am ined  t h e  e f f e c t s  o f  c h r o n ic  e x p o s u re  to  t h e  o p i a t e  a n t a 
g o n i s t  n a l t r e x o n e  on o p i a t e  b in d in g  i n  m a jo r  d o p a m in e rg ic  
r e g i o n s  i n  b r a i n  an d  on  m o rp h in e  r e i n f o r c e m e n t .

A d u l t  m ale  S p ra g u e-D aw le y  r a t s  w e re  im p la n te d  s u b c u ta 
n e o u s ly  f o r  10 d a y s  w i th  a  s lo w - r e l e a s e  p e l l e t  o f  n a l t r e x o n e  
(10  mg f r e e  b a s e ) .  The p e l l e t  was t h e n  rem oved an d  o n e  day  
l a t e r  t h e  a n im a ls  w e re  d e c a p i t a t e d .  C o n t r o l  a n im a ls  w ere  
t r e a t e d  s i m i l a r l y ,  e x c e p t  no p e l l e t  was im p la n te d .  B r a in s  
w ere  d i s s e c t e d  i n t o  s u b s t a n t i a  n i g r a / v e n t r a l  teg m en tu m , 
s t r i a t u m ,  o l f a c t o r y  t u b e r c l e ,  and  m e d ia l  p r e f r o n t a l  c o r t e x .  
Each t i s s u e  r e g io n  was a s s a y e d  f o r  s p e c i f i c  b in d in g  o f  
.6 6nM 3H - n a lo x o n e .

I n  an  in d e p e n d e n t  e x p e r im e n t ,  r a t s  w e re  im p la n te d  w i th  
a  n a l t r e x o n e  p e l l e t  an d  t e s t e d  f o r  m o rp h in e  r e in f o r c e m e n t  
e i t h e r  w i th  t h e  p e l l e t  i n t a c t  o r  rem o v ed . C o n t r o l  a n im a ls  
w ere  t r e a t e d  s i m i l a r l y ,  e x c e p t  no p e l l e t  was im p la n te d .
The r e i n f o r c i n g  e f f i c a c y  o f  m o rp h in e  (5 m g /kg) was a s s e s s e d  
u s in g  t h e  c o n d i t i o n e d  p l a c e  p r e f e r e n c e  p r o c e d u r e .

S p e c i f i c  b i n d in g  o f  . 66nM 3H -n a lo x o n e  i n  c o n t r o l  a n i 
m a ls ,  e x p re s s e d  a s  fm ol/m g  w e t w e ig h t ,  was 3 .1  i n  s u b s t a n t i a  
n i g r a / v e n t r a l  teg m en tu m , 6 .0  i n  s t r i a t u m ,  2 .9  i n  o l f a c t o r y  
t u b e r c l e ,  and 3 .3  i n  m e d ia l  p r e f r o n t a l  c o r t e x .  C h ro n ic  
n a l t r e x o n e  t r e a tm e n t  i n c r e a s e d  s p e c i f i c  3H -n a lo x o n e  b in d in g  
by 52% i n  s u b s t a n t i a  n i g r a / v e n t r a l  teg m en tu m , 54% i n  s t r i a 
tu m , 28% i n  o l f a c t o r y  t u b e r c l e ,  and  27% i n  m e d ia l  p r e f r o n t a l  
c o r t e x .  D e s p i te  t h i s  i n c r e a s e  o f  o p i a t e  b in d in g  i n  d o p am in 
e r g i c  r e g i o n s ,  c h r o n ic  n a l t r e x o n e  t r e a tm e n t  d id  n o t  a l t e r  
s i g n i f i c a n t l y  t h e  c o n d i t i o n e d  p l a c e  p r e f e r e n c e  o b s e rv e d  
w i th  5 m g/kg  m o rp h in e . N o n e th e le s s ,  c o n d i t i o n e d  p l a c e  p r e 
f e r e n c e  t o  m o rp h in e  was b lo c k e d  c o m p le te ly  i n  a n im a ls  
t e s t e d  w i th  an  i n t a c t  p e l l e t .  The p r e s e n t  r e s u l t s  s u g g e s t  
t h a t  o p i a t e  r e in f o r c e m e n t  a s s e s s e d  by c o n d i t i o n e d  p l a c e  
p r e f e r e n c e  may n o t  b e  s u b j e c t  to  s u p e r s e n t i z a t i o n .
(S u p p o r te d  by  NIH-BRSG g r a n t  R R 0 7 1 1 4 -4 ).
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346.11  BEHAVIORAL EFFECTS OF SCOPOLAMINE AND LITHIUM ADMINISTRATION  
IN RATS: ROLE OF THE AREA POSTREMA. K .- P .  O sse n k o p p , C. 
S u th e r l a n d *  an d  R. L . L adow sky .  D e p t .  P sy c h o lo g y , U n iv e r s i ty  
o f  W e ste rn  O n t a r i o ,  L ondon, O n t a r i o ,  C an ad a , N6A 5C2.

The a r e a  p o s tr e m a  (A P ), a  c i r c u m v e n t r i c u l a r  o rg a n  i n  th e  
f o u r t h  v e n t r i c l e ,  h a s  b e e n  shown t o  be a  c h e m o re c e p to r  f o r  
b lo o d  b o rn e  t o x in s  ( B o r is o n ,  L i f e  S c i . , 1974 , 14 , l8 0 7 ) .  
S e v e r a l  s t u d i e s  h a v e  shown t h a t  AP i s  t h e  c e n t r a l  chemo
r e c e p t o r  f o r  i n j e c t e d  to x in s  u s e d  to  e s t a b l i s h  c o n d i t i o n e d  
t a s t e  a v e r s i o n s  (CTA) i n  a n im a ls  w i th o u t  an  e m e tic  r e f l e x ,  
su c h  a s  r a t s . AP a b l a t i o n  h a s  b een  shown t o  a b o l i s h  CTAs 
in d u c e d  by i n j e c t i o n s  o f  m e th y lsc o p o la m in e  and  L iC l and  we 
w an ted  t o  know i f  o t h e r  b e h a v io r a l  e f f e c t s  p ro d u c e d  by t h e s e  
d r u g s  m ig h t  a l s o  b e  m e d ia te d  by  AP.

S u b j e c t s  w ere  a d u l t  m ale  h o oded  r a t s  k e p t  on a  23 h r /d a y  
w a te r  d e p r i v a t i o n  s c h e d u le .  I n  E x p e r im e n t 1 r a t s  w ere  g iv e n  
th e r m a l  c a u t e r y  l e s i o n s  o f  AP o r  sham l e s i o n s .  F o l lo w in g  a 
2 week r e c o v e r y  p e r io d  b o th  g ro u p s  o f  a n im a ls  w ere i n j e c t e d  
w i th  e i t h e r  1 m g/kg  ( i . p . )  s c o p o la m in e  m e th y l  n i t r a t e  (SMN) 
o r  1 m g/kg  ( i . p . )  s c o p o la m in e  h y d r o c h lo r id e  (SHC). P a i r i n g  
o f  t h e s e  d ru g  i n j e c t i o n s  w i th  a  s a c c h a r in  t a s t e  r e s u l t e d  i n  
s t r o n g  CTAs i n  sham l e s i o n e d  r a t s  b u t  n o t  i n  AP l e s i o n e d  
a n im a ls .  B o th  AP an d  sham l e s i o n e d  r a t s  e x h ib i t e d  c o m p a ra b le  
h y p e r a c t i v i t y  f o l l o w in g  SHC and  b o th  g ro u p s  showed s m a l l  
r e d u c t io n s  i n  a c t i v i t y  f o l l o w in g  SMN i n j e c t i o n s .  I n  E x p e r i 
m ent 2 AP and  sham l e s i o n e d  r a t s  w ere t e s t e d  f o r  CTA fo rm a 
t i o n  when L iC l (0 .1 5 M , 10 m l/k g )  was a d m in i s t e r e d  by i . p .  
i n j e c t i o n  o r  by i n t r a g a s t r i c  i n t u b a t i o n .  Sham l e s i o n e d  r a t s  
a c q u i r e d  s t r o n g  CTAs w i th  b o th  r o u t e s  o f  a d m i n i s t r a t i o n .  AP 
l e s i o n e d  a n im a ls  f a i l e d  to  fo rm  an y  CTAs. I n  E x p e r im e n t 3 
AP an d  sham  l e s i o n e d  r a t s  w ere f a m i l i a r i z e d  w i th  t h e  i n g e s
t i v e  e f f e c t s  o f  0.15M  L iC l and  N aC l. On th e  t e s t  d a y s  th e  
r a t s  w ere  g iv e n  a c c e s s  t o e i t h e r  L iC l o r  NaCl f o r  1 h r .  

  When g iv e n  L iC l t h e  AP l e s i o n e d  r a t s  d r a n k  s i g n i f i c a n t l y  
m ore t h a n  t h e  sham l e s i o n e d  a n im a ls .  F o l lo w in g  L iC l i n g e s 
t i o n  t h e  sham l e s i o n e d  g ro u p  e x h ib i t e d  s i g n i f i c a n t  d e c re m e n t 
i n  r e a r i n g  a c t i v i t y  w h e re a s  t h e  AP l e s i o n e d  g ro u p  d id  n o t .  
T h e re  w ere no  s i g n i f i c a n t  d i f f e r e n c e s  i n  i n t a k e  and  r e a r i n g  
d u r in g  a c c e s s  t o  NaCl b e tw e en  t h e  g r o u p s .  T h u s , AP m e d ia te d  
CTAs in d u c e d  by  i . p .  i n j e c t i o n s  o f  SMN, SHC and L iC l ,  and  by 
i n t r a g a s t r i c  L iC l .  AP a l s o  m e d ia te d  L iC l in d u c e d  h y p o a c t iv 
i t y  b u t  n o t  SHC in d u c e d  h y p e r a c t i v i t y .

(S u p p o r te d  by N a tu r a l  S c ie n c e s  and  E n g in e e r in g  R e s e a rc h  
C o u n c i l  g r a n t  U0151 t o  K .- P .  O ssen k o p p )

346.12  THE EFFECTS OF PRENATAL INJECTIONS OF METHYLAZOXYMETHANOL  
(MAM) ON REARING BEHAVIOR IN DEVELOPING RATS.  M.A. H e n a u l t , 
P .R . S a n b e rg , T .H . M oran , an d  J .T .  C o y le .  B e h a v io r a l  N eu ro 
s c i e n c e  L a b o r a to r y ,  D e p t . o f  P s y c h o lo g y ,  O hio  U n iv . ,  A th e n s ,  
OH 45701 an d  D e p ts .  o f  N e u r o s c ie n c e  & P s y c h i a t r y ,  Jo h n s  
H o p k in s  U n iv . S ch . M ed ., B a l t im o r e ,  MD 2 1 2 0 5 .

P r e g n a n t  r a t s  w h ich  r e c e i v e d  i n j e c t i o n s  o f  t h e  a n t i m i t o 
t i c  a g e n t  MAM on day  15 o f  g e s t a t i o n  (E15) p ro d u c e  o f f s p r i n g  
w h ich  h a v e  m arked  h y p o p la s i a  o f  t h e  t e l e n c e p h a l o n  an d  a  
h y p e r i n n e r v a t io n  o f  a s c e n d in g  n e u r o t r a n s m i t t e r  s y s te m s  to  
th e  f o r e b r a i n  ( J o h n s to n  & C o y le , J .  N eu ro ch em . 3 4 :1 4 2 9 ,   
1 9 8 0 ) . The o f f s p r i n g  o f  MAM i n j e c t e d  r a t s  d i s p l a y  a  num ber 
o f  b e h a v io r a l  d e f i c i t s  i n c l u d i n g  d e c r e a s e d  b e h a v io r a l  o r g a n 
i z a t i o n  f o l lo w in g  s t i m u l a t i o n  o f  th e  MFB, d e c r e a s e d  
ap o m o rp h in e  s t e r e o t y p y ,  an d  h y p e r k i n e s i s .  The p r e s e n t  s tu d y  
e x te n d e d  t h e s e  f i n d i n g s  by i n v e s t i g a t i n g  th e  e f f e c t s  o f  MAM 
on o p e n - f i e l d  r e a r i n g  b e h a v io r  i n  d e v e lo p in g  r a t s .

P re g n a n t  r a t s  w ere  i n j e c t e d  i . p .  on E15 w i th  e i t h e r  20 
m g/kg  o f  MAM o r  s a l i n e .  The o f f s p r i n g  w ere  th e n  d iv id e d  
i n t o  one o f  f o u r  g ro u p s :  MAM m a le s ,  MAM f e m a le s ,  C o n t r o l  
m a le s ,  C o n t r o l  f e m a le s .  A t 1 0 ,1 5 ,2 0 ,2 5 ,  o r  30 d a y s  o f  a g e ,  
r a t s  w ere  p l a c e d  i n t o  c o m p u te r iz e d  A nim al A c t i v i t y  M o n ito r s  
(O m n ite ch , I n c . )  f o r  15 m in u te s .  D u rin g  t h i s  t im e  v a r i o u s  
m e a s u re s  o f  v e r t i c a l  a c t i v i t y  ( r e a r i n g  b e h a v io r )  w e re  a n a 
ly z e d  by  th e  D ig is c a n  c o m p u te r .  I n  a d d i t i o n ,  a n  o b s e r v e r  
c o u n te d  th e  num ber o f  r e a r s .  S t a t i s t i c a l  d i f f e r e n c e s  b e tw e e n  
g ro u p s  w ere  a n a ly z e d  u s in g  ANOVA t e c h n i q u e s .

The r e s u l t s  i n d i c a t e d  t h a t  r e a r i n g  b e h a v io r  a p p e a r e d  
a ro u n d  Day 15 and  th e n  i n c r e a s e d  i n  an  a lm o s t  l i n e a r  f a s h i o n  
th ro u g h  Day 3 0 , w i th  a  s l i g h t  d e c r e a s e  a t  Day 2 5 . F u r t h e r 
m o re , t h e  t o t a l  t im e  s p e n t  r e a r i n g  an d  th e  a v e ra g e  d u r a t i o n  
o f  e a c h  r e a r  i n c r e a s e d  from  Day 10 th ro u g h  Day 3 0 . A lth o u g h  
t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e en  d ru g  g r o u p s ,  
MAM r a t s  te n d e d  to  r e a r  m ore th a n  c o n t r o l s  th ro u g h  Day 2 5 , 
w h e re a s  a t  Day 30 t h i s  t r e n d  was r e v e r s e d .  A c ro s s  a g e ,  MAM 
r a t s  s p e n t  m ore t o t a l  t im e  r e a r i n g  an d  r e a r e d  f o r  s h o r t e r  
d u r a t i o n s  th a n  c o n t r o l s .  F i n a l l y ,  d i f f e r e n c e s  b e tw e e n  s e x e s  
w ere  fo u n d  i n  b o th  t h e  t o t a l  t im e  an d  th e  a v e ra g e  d u r a t i o n  
o f  t h e  r e a r i n g  r e s p o n s e .

T h e se  f i n d i n g s  s u p p o r t  a  r o l e  f o r  t h e  t e l e n c e p h a l o n  i n  
th e  m e d ia t io n  o f  t h e  r e a r i n g  r e s p o n s e .  H ow ever, t h e  m o d e ra te  
d e f i c i t s  s e e n  i n  MAM r a t s  may i n d i c a t e  c o m p e n s a tio n  o f  f u n c 
t i o n  d u e  to  n e u r o p l a s t i c  e v e n ts  w i t h in  th e  l e s i o n e d  t e l e n 
c e p h a lo n ,  a n d /o r  t h e  im p o r ta n c e  o f  o t h e r  n e u r a l  s y s te m s  in  
th e  c o n t r o l  o f  r e a r i n g  b e h a v io r .  S u p p o r te d  by MH26654, th e  
P r a t t  F a m ily  and  F r ie n d s  HD g r a n t ,  OURC, an d  th e  T o u r e t t e  
Syndrom e A s s o c i a t i o n .

346.13  BEHAVIORAL EVALUATION OF PERINATAL PCB EXPOSURE 
IN RHESUS MONKEYS: FIXED-INTERVAL PERFORMANCE 
AND REINFORCEMENT OMISSION.  P .C . Mele* and 
R . E .  Bowman ,  SPON:  V.  D e N o b le .  P rim a te  L a b .,  
U niv . o f  W isc o n s in , M adison, WI 53706

P e r i n a t a l  ex p o su re  to  p o ly c h lo r in a te d  b i 
p h e n y ls  (AROCLOR 1248) a l t e r e d  locom oto r 
a c t i v i t y  o f  rh e s u s  monkeys f o r  up to  4 y r s .  o f  
a g e . R e la t iv e  to  c o n t r o l s ,  monkeys whose 
m o th ers  w ere fe d  0 .5  ppm PCBs th ro u g h o u t g e s t a 
t i o n  and n u r s in g  ( c o n c u r re n t  e x p o su re )  showed 
lo co m o to r h y p e r a c t i v i t y  when t e s t e d  a t  12 mo. o f  
a g e . Monkeys whose m o th ers  w hich had been ta k e n  
o f f  a 2 .5  ppm d i e t  (p o s t  e x p o su re )  showed lo c o 
m otor h y p e r a c t i v i t y  a t  12 , 36 and 48 mo. o f  a g e .

F u r th e r  e v a lu a t io n  o f  th e s e  monkeys began a t  
a p p ro x im a te ly  42 mo. o f  a g e . Monkeys were 
t e s t e d  u n d er a s e r i e s  o f  f i x e d - i n t e r v a l  s c h e 
d u le s  o f  food  r e in fo rc e m e n t :  FI  30 se c  (10 s e s 
s i o n s ) ;  F I 60 , 300 and 600 se c  (15 s e s s io n s   
e a c h ) ;  F I 60 (30 s e s s io n s ) .  E n v iro n m en ta l c h a l 
le n g e  was co n d u c ted  w ith  a r e in fo rc e m e n t-o m is 
s io n  p h ase  d u r in g  w hich 25% o f  th e  sc h e d u le d  
r e i n f o r c e r s  w ere random ly o m itte d  (10 s e s s io n s ) .  
P e rfo rm an ce  m easu res in c lu d e d  o v e r a l l  re sp o n se  
r a t e  (RR), in d ex  o f  c u r v a tu r e  (IC) and p o s t  
r e in fo rc e m e n t  p au se  (PRP). RR and PRP d id  n o t 
d i f f e r  betw een  g ro u p s . Under FI 300 and 600 IC 
was s l i g h t l y  tho u g h  c o n s i s t e n t l y  low er f o r  PCB 
th a n  c o n t r o l  m onkeys. The t r a n s i t i o n  from  FI 30 
to  60 p ro d u ced  g r e a t e r  v a r i a b i l i t y  in  RR and IC 
o f  th e  0 .5  ppm th a n  th e  c o n t r o l  g ro u p . D uring  
re in fo rc e m e n t  o m iss io n  s e s s io n s  th e r e  were no 
betw een  g ro u p  d i f f e r e n c e s  f o r  F Is  fo llo w in g  
re in fo rc e m e n t  d e l i v e r y .  For F Is  fo llo w in g  r e i n 
fo rc e m e n t o m iss io n  th e  2 .5  ppm g roup  had a s i g 
n i f i c a n t l y  h ig h e r  RR and g r e a t e r  in te r a n im a l  
v a r i a b i l i t y  in  RR th a n  th e  c o n t r o l  g ro u p ; RR 
in c r e a s e s  fo l lo w in g  r e in fo rc e m e n t o m iss io n  were 
c o r r e l a t e d  ( r= . 98 , p < .0 2 ) w ith  lo co m o to r h y p e r   
a c t i v i t y  m easured  a t  4 y r s .  o f  a g e . T hese d a ta  
i n d i c a t e  a l t e r e d  r e a c t i v i t y  in  PCB-exposed mon
k e y s .

346.14  LINDANE POTENTIATES HIPPOCAMPAL POTENTIALS EVOKED BY STIMU
LATION OF THE PREPYRIFORM CORTEX (PPC ).  L. Zimmer* and D. 
Woolley* (SPON: R. D ag irm a n jia n ) .  D ep t. of Animal P h y s io l . ,  
U niv. o f C a l i f . ,  D av is , CA 95616.

Lindane ( γ-h ex ac h lo ro cy c lo h ex an e )  i s  a t o p i c a l  p e s t i c id e  
p re s e n t ly  used  in  b o th  human and v e te r in a r y  m ed ic in e . I t  i s  
a ls o  a p o te n t c o n v u lsa n t a g e n t, whose mechanisms of a c t io n  
a re  under a c t iv e  in v e s t ig a t io n .  Because th e  co n v u lsa n t e f 
f e c t s  o f l in d a n e  may be due to  an a c t io n  on th e  lim b ic  sy s
tem , we used  th e  evoked p o te n t i a l  (EP) te c h n iq u e  to  d e t e r 
mine i t s  e f f e c t s  on 3 lim b ic  pathw ays. The e f f e c t s  of a 
s in g le  dose (30 mg/kg p e r  o s )  were s tu d ie d  in  r a t s  w ith  
c h ro n ic a l ly  im p lan ted  e l e c t r o d e s .  Only m inim al s e iz u re  ac 
t i v i t y ,  p r im a r i ly  m yoclonic, whole body j e r k s ,  was observed  
and was maximal abou t 1 h r  a f t e r  d o s in g . EPs e l i c i t e d  in  
th e  d e n ta te  gyrus (DG) by s t im u la t io n  o f th e  PPC were p o te n 
t i a t e d  as soon as  1 h r  and fo r  as  long  as  14 days a f t e r  l i n 
d ane . Maximal p o te n t ia t io n  ave rag ed  tw o -fo ld  and o cc u rre d  
a t  e i t h e r  12 o r  24 h r s ,  a f t e r  which am p litu d es  g ra d u a l ly  de
c l in e d .  The EP was p o te n t ia te d  even in  th o se  r a t s  in  which 
s e iz u re s  d id  n o t o c c u r. D uring th e  p re t re a tm e n t p e r io d ,  
p a ire d  p u lse  s t im u la t io n  w ith  an in t e r s t im u lu s  I n te r v a l  
( I S I )  o f 40 msec produced marked p o te n t ia t io n .  A f te r  l i n 
dane , when b o th  th e  f i r s t  and second re sp o n se s  were p o t e n t i 
a te d ,  p o p u la tio n  s p ik e s  (PSs) appeared  in  th e  second r e 
sponse in  75% o f th e  a n im a ls , w hereas PSs nev e r appeared  
d u rin g  th e  c o n t ro l  p e r io d .  We a l s o  s tu d ie d  th e  e f f e c t s  of 
lin d a n e  on EPs e l i c i t e d  in  th e  DG by s t im u la t io n  o f th e  d o r
s a l  p e r fo r a n t  p a th  (P P ), b ecause  th e  PP i s  p ro b ab ly  th e  
f i n a l  l i n k  betw een PPC and DG, and on EPs evoked in  h ip p o 
campal s u b f ie ld  CA3 by s t im u la t io n  of th e  DG. In  bo th  sy s 
tem s, th e  slow  EPs were n o t a f f e c te d  by l in d a n e .  However, 
sm all b u t s i g n i f i c a n t  in c r e a s e s  in  th e  am p litu d e  o f  PSs w ere 
observed  12 h r s  a f t e r  l in d a n e .  In  a d d i t io n ,  a second PS ap
pea red  in  th e  CA3 EP. The in c r e a s e  in  PS am p litu d e  and th e  
appearance  o f an a d d i t io n a l  PS cou ld  have r e s u l t e d  from  r e 
duced i n h i b i t i o n .  However, r e c u r r e n t  in h i b i t i o n  in  th e s e  2 
sy stem s , t e s t e d  by th e  p a i re d  p u ls e  method w ith  an  IS I  o f 20 
m sec, was n o t a f f e c te d  by l in d a n e .  Thus, o f th e  th r e e  p a th 
ways t e s t e d ,  th e  on ly  slow  EP w hich was p o te n t ia te d  by l i n 
dane was t h a t  e l i c i t e d  in  th e  DG by PPC s t im u la t io n .  The 
r e l a t i v e l y  lo n g -te rm  p o te n t ia t io n  o f th e  PPC—evoked DG r e 
sponse i s  ve ry  s im i la r  to  th a t  produced by d i e l d r i n ,  a s  r e 
p o rte d  p re v io u s ly  by t h i s  la b o r a to r y ,  and d e m o n stra te s  a g a in  
th e  marked p ro p e n s ity  f o r  t h i s  pathway to  p o t e n t i a t e . (Sup
p o rte d  by NIH g ra n t  ES-01503 to  DW and fe l lo w sh ip  number 
ES-05145 to  LZ .)
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146. 15  TRIMETHYLTIN (TMT) SELECTIVELY POTENTIATES HIPPOCAMPAL 
POTENTIALS EVOKED BY STIMULATION OF THE PREPYRIFORM CORTEX 
(P P C ).  D. W o o lle y * , L . Zimm er* an d  Z . H asan  (SPON: V.  
V i j a y a n ) .   D e p t . o f  A n im al P h y s i o l . ,  U n iv . o f  C a l i f . ,  
D a v is ,  CA 9 5 6 1 6 .

TMT i s  a  h i g h ly  t o x i c  compound w h ic h  p ro d u c e s  some s ig n s  
o f  p o is o n in g  c h a r a c t e r i s t i c  o f  l im b ic  s y s te m  d y s f u n c t io n .  
To d e te r m in e  w h ic h  l im b ic  p a th w a y s  a r e  a f f e c t e d  by TMT, th e  
a v e ra g e d  ev o k ed  p o t e n t i a l  (AEP) t e c h n iq u e  was u s e d .  The 
e f f e c t s  o f  a  s i n g l e  d o se  o f  TMT c h l o r i d e  ( 7 .5  m g/kg  p e r  o s )  
on  AEPs w e re  s tu d i e d  i n  30 r a t s  b e a r in g  c h r o n i c a l l y  im p la n t 
ed  e l e c t r o d e s .  T h is  d o se  p ro d u c e d  l i t t l e  o r  no s e i z u r e  
a c t i v i t y ,  b u t  d id  p ro d u c e  t r e m o r s .  Of t h e  6 p a th w a y s  s tu d 
i e d ,  o n ly  t h e  EP e l i c i t e d  i n  t h e  d e n ta t e  g y ru s  (DG) by s t im 
u l a t i o n  o f  t h e  PPC w as p o t e n t i a t e d  a f t e r  TMT. P o t e n t i a t i o n  
w as m ax im al 5 d a y s  a f t e r  TMT, w h ic h  a l s o  was a b o u t  th e  t im e  
t h a t  t i n  r e a c h e d  p e a k  l e v e l s  i n  b r a i n .  A f t e r  t h e  t im e  o f  
p e a k  p o t e n t i a t i o n ,  a m p l i tu d e s  o f  t h e  P P C -evoked  DG r e s p o n s e  
d e c l i n e d  so  t h a t  by 15 d a y s  a f t e r  TMT v a lu e s  w ere  o n ly  48% 
o f  c o n t r o l  a m p l i tu d e s .  S u r p r i s i n g l y ,  t h e  DG r e s p o n s e  
e l i c i t e d  by s t i m u l a t i o n  o f  t h e  p e r f o r a n t  p a th  (P P ) was n o t  
p o t e n t i a t e d  a t  any  t im e  a f t e r  TMT, e v e n  th o u g h  th e  PP i s  
b e l i e v e d  to  r e p r e s e n t  t h e  f i n a l  l i n k  i n  th e  p a th  from  PPC 
t o  DG. F iv e  d a y s  a f t e r  TMT, w hen th e  P P C -evoked  DG  
r e s p o n s e  was m a x im a lly  p o t e n t i a t e d ,  t h e  P P -e v o k e d  DG  
r e s p o n s e  w as o n ly  65% o f  p r e t r e a t m e n t  v a lu e s .  F u r th e r m o r e ,  
t h e  r e s p o n s e  e v o k ed  i n  t h e  PPC by s t i m u l a t i o n  o f  th e   
l a t e r a l  o l f a c t o r y  t r a c t  was n o t  s i g n i f i c a n t l y  a l t e r e d  d u r 
in g  20 d a y s  a f t e r  TMT. R e sp o n se s  e v o k ed  i n  t h e  CA3 su b 
f i e l d  o f  t h e  h ip p o cam p u s  by s t i m u l a t i o n  o f  e i t h e r  DG o r  th e  
c o m m iss u ra l  p a th w ay  m a rk e d ly  d e c l i n e d  a f t e r  TMT, w h e re a s  
a m p l i tu d e  o f  th e  a n t id r o m ic  r e s p o n s e  i n  CA3 e v o k ed  by s tim u 
l a t i o n  o f  th e  l a t e r a l  sep tu m  (LS) d e c l in e d  o n ly  20% a  few  
d a y s  a f t e r  TMT and th e n  r e c o v e r e d .  R e c u r r e n t  i n h i b i t i o n  
w as r e d u c e d  i n  t h e  DG d u r in g  p a i r e d  p u l s e  s t i m u l a t i o n  o f  
t h e  PP a  few  d a y s  a f t e r  TMT. T aken  t o g e t h e r ,  th e  f i n d i n g s  
i n d i c a t e  t h a t  re d u c e d  i n h i b i t i o n  may h a v e  c o n t r i b u t e d  to   
t h e  TM T -induced p o t e n t i a t i o n  o f  th e  P P C -evoked  DG r e s p o n s e .  
P a r a l l e l  n e u r o p a t h o lo g i c a l  s t u d i e s  i n d i c a t e  t h a t  th e  
d e c l i n e  i n  a m p l i tu d e s  o f  th e  AEPs was due to  n e u ro n a l  
n e c r o s i s .  The s e l e c t i v e  p o t e n t i a t i o n  by TMT o f  o n ly  th e  
PP C -ev o k ed  DG r e s p o n s e  s u p p o r t s  o u r  p r e v io u s  r e p o r t s  t h a t  
t h i s  sy s te m  i s  p a r t i c u l a r l y  p l a s t i c  and  h i g h ly  s u s c e p t i b l e  
t o  l o n g - l a s t i n g  p o t e n t i a t i o n  by c e r t a i n  t o x i c  a g e n t s .  
( S u p p o r te d  by NIH g r a n t  E S -01503 t o  DW, f e l l o w s h ip  ES-05145 
t o  LZ, and  a  f e l l o w s h ip  from  J o r d a n  to  ZH .)

3 4 6 .16  CHRONIC MANGANESE INTAKE INDUCES CHANGES IN THE MOTOR ACTIVITY
 OF RATS.  E . B o n i l l a .  INBIOMED-FUNDACITE and I n s t i t u to  

de I n v e s t ig a c i o n e s  C l í n i c a s .  A p a r ta d o  3 76 . M aracaibo, Vene
z u e l a .

C h ro n ic  m anganese  p o is o n in g  h a s  b e e n  fo u n d  t o  in d u c e  im
p o r t a n t  c h a n g e s  i n  t h e  b r a i n  c o n te n t  o f  some b io g e n ic  am in es  
and  th e  a c t i v i t i e s  o f  t h e i r  s y n t h e s i z i n g  enzym es. Dopamine 
(DA) i s  in v o lv e d  i n  c e n t r a l  r e g u l a t i o n  o f  m o to r a c t i v i t y .  
B r a in  L - ty r o s in e  h y d r o x y la s e  a c t i v i t y  an d  DA c o n c e n t r a t i o n s  
i n c r e a s e  i n  t h e  f i r s t  3 m o nths o f  m anganese  i n t a k e .  H ow ever, 
c o n t in u e d  m an g an ese  a d m i n i s t r a t i o n  p ro d u c e d  a  m ark ed  d e 
c r e a s e  i n  t h e  c o n c e n t r a t i o n s  o f  DA an d  i n  t h e  a c t i v i t y  o f  
L - ty r o s in e  h y d r o x y la s e .  We i n v e s t i g a t e d  m o d i f i c a t i o n s  i n  
t h e  b e h a v io r  o f  a d u l t  r a t s  when e x p o s e d  t o  d i f f e r e n t  c o n 
c e n t r a t i o n s  o f  m anganese  i n  t h e  d r in k i n g  w a te r .

E x p e r im e n ts  w ere  c a r r i e d  o u t  on m ale  S p ra g u e -D aw le y  r a t s  
w e ig h in g  150 t o  250 g  an d  f e d  ad  l i b i t u m  w i th  r a t  l a b o r a t o r y  
chow ( P r o t i n a l - M a r a c a i b o ) . They w e re  p l a c e d  on s o l u t i o n s  o f  
m anganse c h lo r i d e  ( 0 .1  an d  5 .0  mg Mn2+ /m l)  i n  t h e i r  d r in k i n g  
w a te r .  C o n t r o l  r a t s  r e c e i v e d  d i s t i l l e d  an d  d e m in e r a l iz e d  
w a te r .  S p o n ta n e o u s  m o to r a c t i v i t y  was m ea su red  u s in g  an  
O p to -V a rim ex -M in o r  u n i t  (Colum bus I n s t r u m e n t s ,  C o lum bus, 
O h io ) .  A P r i n t i n g  C o u n te r  M odel 800 (Colum bus I n s t r u m e n t s )  
was h o o k ed  up t o  t h e  O p to -V a rim ex -M in o r  s o  t h a t  a c t i v i t y  
r e c o r d s  w ere  o b t a i n e d  a u to m a t i c a l l y .

S p o n ta n e o u s  m o to r a c t i v i t y ,  m ea su red  i n  6 0 -m in  w e e k ly  
s e s s i o n s  d u r in g  8 m o n th s , show ed a  s i g n i f i c a n t  i n c r e a s e  
d u r in g  th e  1 s t .  m o n th . F u r th e r  e x p o s u re  d id  n o t  a f f e c t  th e  
m o to r a c t i v i t y  t o  6 m o n th s . B u t,  on m on th s  7 an d  8 a  s i g 
n i f i c a n t  r e d u c t io n  was o b s e rv e d  co m p ared  w i th  c o n t r o l s .
B o th  h y p e r - a n d  h y p o a c t i v i t y  w ere  n o t  d o s e -d e p e n d e n t  a s  th e  
r e s u l t s  o b t a in e d  i n  b o th  g ro u p s  o f  m a n g a n e s e -e x p o s e d  r a t s  
w ere s i m i l a r .  T h ese  f i n d i n g s  s h o u ld  make h e a l t h  a u t h o r i t i e s  
aw are  o f  t h e  p o t e n t i a l  in v o lv e m e n t  o f  low  d o s e s  o f  m an g an ese  
i n  t h e  d e v e lo p m e n t o f  e a r l y  b e h a v io r a l  p ro b le m s  lo n g  b e f o r e  
t h e  i r r e v e r s i b l e  n e u r o lo g ic  damage i s  e s t a b l i s h e d .

346. 17  THE LONG-TERM COGNITIVE EFFECTS OF NEONATAL LEAD EXPOSURE 
IN MONKEYS.  E. D. Levin*and R. E. Bowman. Psychology P r i 
mate L ab .,  Univ. o f  W isconsin, Madison, WI 53715

Two cohorts  o f rhesus monkeys were exposed to  ch ron ic , 
moderate le v e ls  o f lead  during  the  f i r s t  year a f t e r  b i r th .  
They were te s te d  as a d u lts  on delayed s p a t ia l  a l te rn a tio n  
(DSA), a s p a t i a l  memory t e s t .  The f i r s t  coho rt con tained  
3 c o n tro ls ,  3 low -lead , and 3 h ig h -lead  monkeys. The low 
and h igh  lead  groups re s p e c tiv e ly  had been given 0.29 & 0.88 
mg/kg/day lead  a c e ta te  o ra l ly  fo r  the  f i r s t  year a f te r  
b i r t h .  The second cohort con tained  8 c o n tro ls  and 8 lead - 
tre a te d  monkeys. The le a d - tre a te d  group received  1.0 
mg/kg/day o f lead  a c e ta te  o ra lly  fo r  the  f i r s t  year a f te r  
b i r t h .

The monkeys in  the  f i r s t  cohort were te s te d  when they 
were about n ine  years  o f  age and th e  monkeys in  the  second 
cohort were te s te d  when they were about f iv e  years  o f age. 
The blood lead  co n cen tra tio n s  in  th e  lead  groups o f  both 
coho rts  had re tu rn ed  to  normal long be fo re  the  p re sen t t e s t 
ing. The DSA te s t in g  took p lace  in  a Wisconsin General 
T esting  Apparatus using  two red  wooden squares as s tim u li 
and choco late  b i t s ,  f ro o t loops and M&Ms as re in forcem ents. 
The p o s it io n  o f  th e  reward was a l te rn a te d  between the  r ig h t  
and l e f t  hand response s i t e s  on successive  t r i a l s .  Delays 
o f 5, 10, 20 o r 40 seconds were imposed between t r i a l s .  
E igh t in s tan ce s  o f  each delay  were used in  a sess io n .  
Blocks o f e ig h t se ssio n s  were used fo r  the  a n a ly sis  o f  a c 
q u is i t io n .  N either cohort showed le a d -re la te d  d iffe ren ces  
on p e rcen t c o rre c t  over the  course o f a cq u is it io n  a t  any o f 
the  d e lay s. The da ta  a re  a lso  being analyzed fo r  response 
s t r a te g ie s  and lo n g est t r a in s  o f  c o rre c t  and in c o rre c t 
t r i a l s .  These monkeys a re  undergoing a s e r ie s  o f  DSA s e s 
s ions under th e  in flu en ce  o f ag o n ists  and a n tag o n is ts  o f 
the  dopaminergic and ch o lin g e ric  systems to  determ ine i f  
th ese  drug s t re s s e s  would uncover a more su b tle  e f f e c t  o f 
le ad . DSA has been found in  our lab  to  show long-term  
e f f e c ts  to  e a r ly  l i f e  exposure to  h ighe r le v e ls  o f lead .  
I t  a lso  has shown long-term  e f fe c ts  to  e a r ly  l i f e  exposure 
to  low le v e l p o ly ch lo rin a ted  b ipheny ls . On the  o th e r hand, 
the  monkeys in  th e  p re sen t cohorts  do no t appear to  show a 
s im ila r  degree o f  impairment.

The monkeys in  th is  experim ent were t re a te d  in  accord
ance w ith  th e  humane p ra c tic e s  p re sc r ib ed  by th e  S ociety  o f 
N eurosciences. This re sea rch  was supported by NIEHS g ran t 
# ESO-1062.

346. 18  FLAVOR AVERSIONS INDUCED BY LEAD ARE ATTENUATED BY  
CHELATORS.  D .B . P e e l e ,*  R .C . M a c P h a i l ,*  J .D .  F arm er*  
(SPON: L . R e i t e r ) .   N e u r o to x ic o lo g y  D i v i s i o n ,  U .S . 
E n v iro n m e n ta l  P r o t e c t i o n  A gency , R e s e a rc h  T r i a n g l e  P a r k ,   
NC 27711

A s e r i e s  o f  e x p e r im e n ts  a s s e s s e d  th e  f l a v o r  a v e r s i o n  
in d u c e d  by le a d  a c e t a t e  a lo n e  o r  i n  c o m b in a tio n  w i th  one 
o f  two m e ta l  c h e l a t o r s  i n  an a t t e m p t  t o  a n ta g o n iz e  th e  
a v e r s i v e  p r o p e r t i e s  o f  l e a d .  The f i r s t  t h r e e  e x p e r im e n ts  
a s s e s s e d  th e  f l a v o r  a v e r s i o n  in d u c e d  by l e a d  a c e t a t e  
( 6 2 .5 - 5 0 0  m g /kg) and two m e ta l  c h e l a t o r s ,  d im e r c a p r o l  
(BAL, 6 -4 8  m g /kg) and d i m e r c a p to s u c c in ic  a c id  (DMSA,  
2 5 -2 0 0  m g /k g ) . A f t e r  i n t a k e s  h ad  s t a b i l i z e d  on a r e 
s t r i c t e d  w a t e r - a v a i l a b i l i t y  s c h e d u le  (30  m in /d a y ) ,  m ale  
L o n g -E v an s r a t s  ( 6 /g r o u p )  w ere  g iv e n  3 0 -m in  a c c e s s  t o  a 
0.1% s a c c h a r in  s o l u t i o n  fo l lo w e d  20 m in  l a t e r  by e i t h e r  
p . o .  a d m i n i s t r a t i o n  o f  l e a d  o r  i . p .  a d m i n i s t r a t i o n  o f  BAL 
o r  DMSA. P r e f e r e n c e  f o r  w a te r  v s  s a c c h a r in  s o l u t i o n  was 
a s s e s s e d  72 h r  l a t e r  by p r e s e n t in g  b o th  f l u i d s  and m e a s u r 
in g  i n t a k e .  Lead a c e t a t e  and b o th  m e ta l  c h e l a t o r s  p ro d u c 
ed d o s e - r e l a t e d  f l a v o r  a v e r s i o n s  ( i . e . ,  s u p p r e s s io n  o f  
r e l a t i v e  s a c c h a r in  i n t a k e ) ;  th e  ED50s f o r  l e a d ,  BAL and 
DMSA w ere  a p p ro x im a te ly  1 0 0 , 2 4 , and 100 m g /k g , r e s p e c 
t i v e l y .

The f o u r t h  e x p e r im e n t  em ployed  a s i m i l a r  d e s ig n  in  
w h ich  r a t s  ( 9 /g r o u p )  w ere  g iv e n  e i t h e r  l e a d  (1 2 5  m g /k g ) 
a lo n e  o r  i n  c o m b in a tio n  w i th  e i t h e r  BAL (6 -2 4  m g /k g ) o r  
DMSA (2 5 -1 0 0  m g /kg) f o l lo w in g  s a c c h a r in  c o n s u m p tio n .  As 
in  t h e  f i r s t  e x p e r im e n t ,  r a t s  r e c e i v in g  l e a d  a lo n e  a v o id e d  
s a c c h a r in  w h i le  t h o s e  r e c e i v in g  th e  so d iu m  a c e t a t e  v e h i c l e  
p r e f e r r e d  s a c c h a r in .  R a ts  r e c e i v in g  b o th  le a d  a c e t a t e  and 
e i t h e r  o f  th e  c h e l a t o r s  showed i n t e r m e d i a t e  p r e f e r e n c e  
s c o r e s .  An a n a l y s i s  o f  v a r i a n c e  r e v e a l e d  a s i g n i f i c a n t  
a t t e n u a t i o n  o f  th e  l e a d - in d u c e d  a v e r s i o n s  by  b o th  c h e 
l a t o r s .  T o ta l  f l u i d  c o n su m p tio n  on th e  t e s t  day  d id  n o t  
v a ry  s y s t e m a t i c a l l y  b e tw e e n  t r e a tm e n t  g r o u p s .  T h is  a t 
t e n u a t i o n  o f  a l e a d - in d u c e d  f l a v o r  a v e r s i o n  d e m o n s t r a te s  
t h e  u t i l i t y  o f  f l a v o r - a v e r s i o n  c o n d i t i o n in g  i n  a s s e s s i n g  
th e  i n t e r a c t i o n  o f  h e a v y  m e ta l s  and h e a v y -m e ta l  c h e l a t o r s .
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34 6 . 19  PRO -  AND ANTI-CONVULSANT EFFECTS OF HEXACHLOROCYCLOHEXANE  
ISOMERS IN RATS GIVEN MAXIMAL ELECTROSHOCK.  V. S t e in * ,  R .S . 
N a ra n g * , L . W ils o n * , R .A . W aniew sk i and  W. S h a in , (S p o n :  
T . G a le n o )   NYS D e p t . o f  H e a l th ,  C t r .  f o r  L abs & R e s . ,   
A lb a n y , NY 12201

G a m m a -h e x a c h lo ro c y c lo h e x a n e  (HCH)- - l in d a n e  i s  an i n s e c t i 
c id e  t h a t  h as  c o n v u ls a n t  p r o p e r t i e s  in  m an. D u rin g  i t s  sy n 
t h e s i s  a  num ber o f  o t h e r  n o n - i n s e c t i c i d a l  iso m e rs  a r e  m ade. 
HCH iso m e rs  d i f f e r  by th e  c h a i r  c o n fo r m a t io n  o f  th e  h e x a n e  
r i n g  and th e  a x i a l  v s .  e q u a t o r i a l  p o s i t i o n s  o f  th e  C l 
a to m s . T h ese  s t u d i e s  w ere  d e s ig n e d  to  t e s t  th e  e f f e c t s  o f  4 
HCH iso m e rs  on m ax im al e l e c t r o c o n v u l s i v e  sh o c k  (MES) in d u ce d  
s e i z u r e s .  R a ts  w ere  i n j e c t e d  w i th  v a r i o u s  c o n c e n t r a t i o n s  o f 
a lp h a ,  b e t a ,  d e l t a  and gamma HCH iso m e r  in  d i m e t h y ls u l f o x i d e  
(DMSO). I n i t i a l  e x p e r im e n ts  w ere  p e rfo rm e d  to  e s t a b l i s h  
th e  o v e r t  t o x i c i t y  (L D -5 0 ) and b e h a v io r a l  e f f e c t s  o f  th e  
i s o m e r s .  The gamma and d e l t a  iso m e rs  w ere  fo u n d  to  h av e  
tim e  and d o se  d e p e n d e n t  e f f e c t s  on th e  b e h a v io r a l  r e s p o n s e  
o f  th e  a n im a ls .  Gamma-HCH was a  p o w e r fu l  c o n v u ls a n t  
(LD -50=15 m g /k g , EC-50=8 m g /k g ) . D elta-H C H  c a u se d  
h y p e r e x c i t a t i o n  (LD -50=150 m g /k g , EC-50=30 m g /k g ) . The 
o t h e r  i so m e rs  c a u se d  no s t e r e o t y p i c  c h a n g e s  in  b e h a v io r .  
S in c e  c o n v u ls a n t  and b e h a v io r a l  c h a n g es  w ere  o b s e rv e d  as 
e a r l y  a s  2 .5  m in a n im a ls  w ere  t e s t e d  a t  2 m in a f t e r  
i n j e c t i o n  and  a g a in  a t  1 ,6 ,2 4  and 72 h r s .  A n im als  w ere 
sh o c k ed  and f i v e  e le m e n ts  o f  s e i z u r e  w ere o b s e rv e d :  
f o r e l im b  f l e x i o n ,  h in d lim b  f l e x i o n ,  e x te n -  s io n ,  d u r a t i o n  o f 
t o t a l  t o n u s ,  and  r e c o v e r y  t im e .  A t one h o u r  th e  gamma 
iso m e r  s i g n i f i c a n t l y  i n c r e a s e d  t o t a l  t o n u s .  The a lp h a  
iso m e r  i n c r e a s e d  t o t a l  to n u s  and  r e c o v e r y  tim e  a t  6 h r .  The 
b e t a  iso m e r  h ad  no s i g n i f i c a n t  e f f e c t .  The d e l t a  iso m e r  
s i g n i f i c a n t l y  re d u c e d  t o t a l  to n u s  a t  2 m in . The d e l t a  iso m e r  
a l s o  c a u se d  a  s i g n i f i c a n t  i n c r e a s e  in  t o t a l  to n u s  a t  1 h r .   
To e s t a b l i s h  b r a i n  c o n c e n t r a t i o n s  o f  HCH, a n im a ls  w ere 
i n j e c t e d  a s  d e s c r i b e d  f o r  b e h a v io r a l  s t u d i e s  and  b r a i n  and 
l i v e r  s a m p le s  ta k e n  f o r  a n a l y s i s .  HCH iso m e rs  w ere 
s e p a r a t e d  u s in g  g as  c h ro m a to g ra p h y  and m ea su red  w i th  an 
e l e c t r o c h e m i c a l  d e t e c t o r .  F o r a lp h a ,  d e l t a ,  and  gamma 
iso m e rs  th e  h i g h e s t  c o n c e n t r a t i o n s  w ere o b s e rv e d  a t  2 m in 
a f t e r  i n j e c t i o n  in  b o th  l i v e r  and b r a i n .  L iv e r  c o n te n t  was 
h i g h e r  th a n  b r a i n  u n t i l  72 h r  when b o th  t i s s u e s  had  n e a r l y  
e q u a l  c o n c e n t r a -  t i o n s .  W hile  th e  c o n c e n t r a t i o n  o f  th e  b e ta  
iso m e r  was s i m i l a r  to  th e  o t h e r s  a t  2 m in t h i s  iso m e r 
c o n t in u e d  to  be c o n c e n t r a t e d  o v e r  th e  72 h r  p e r io d  o f  s tu d y .  
The r a p i d  e f f e c t s  o f  th e  HCH iso m e rs  and t h e i r  r e l a t i v e  
a n t i -  and  p r o - c o n v u l s a n t  p r o p e r t i e s  o b s e rv e d  in  t h i s  s tu d y  
may b e  a  r e s u l t  o f  r a p i d  d i s t r i b u t i o n  in  DMSO.

346.20  EFFECTS OF SINGLE AND REPEATED DOSES OF TOXOCARA CANIS IN 
MICE.  L. J .  D r a s k i* .  J .  B a e k * , R. G. B u r r ig h t * ,  and  P . J .  
D o n o v ick ,  D e p t . o f  P sy c h o lo g y  and  C e n te r  f o r  N e u r o b e h a v io r a l  
S c i . ,  SUNY a t  B in g h a m to n , NY 1 3 9 0 1 , and  R. H. C y p e s s * , D e p t . 
o f  P r e v .  M ed ., C o r n e l l  U n iv . ,  I t h a c a ,  NY 1 4 8 5 0 .

The common p a r a s i t i c  roundw orm , T o x o c a ra  c a n i s , c o m p le te s  
i t s  l i f e  c y c le  i n  t h e  d o g . The eg g s  o f  t h i s  p a r a s i t e  a r e  
p a s s e d  by  th e  d o g 's  f e c e s  i n t o  t h e  e n v iro n m e n t and  may b e  
i n g e s t e d  by a  v a r i e t y  o f  m am m als. I n  a b b e r a n t  h o s t s ,  su c h  a s  
m ice  and  h u m an s, l a r v a e  m ig r a te  th ro u g h  t h e  v i s c e r a l  o rg a n s  
and  th e  c e n t r a l  n e rv o u s  s y s te m  w h ere  th e y  may re m a in  v i a b l e  
f o r  y e a r s .  The f a c t  t h a t  t h e r e  i s  no known c u re  f o r  t h i s  
i n f e c t i o n  i s  c o m p l ic a te d  f u r t h e r  when o n e  c o n s id e r s  t h e  w o rld  
w id e  d i s t r i b u t i o n  o f  d o m e s t ic  d ogs and  th e  lo n g - t e r m  v i a 
b i l i t y  o f  T. c a n is  e g g s  i n  t h e  e n v iro n m e n t .

P r e v io u s l y  we r e p o r t e d  t h a t  i n f e c t i o n  a l t e r e d  m o to r  a c t i 
v i t y ,  p a s s i v e  a v o id a n c e  p e r f o r m a n c e ,  and  s e n s o r y  r e a c t i v i t y  
o f  m ic e . I n  t h e  p r e s e n t  e x p e r im e n t ,  we e x am in ed  th e  b e h a v 
i o r a l  e f f e c t s  o f  T . c a n is  a s  a  f u n c t i o n  o f  te m p o ra l  d i s t r i 
b u t io n  o f  i n f e c t i o n .  I n t u b a t i o n s  o c c u r r e d  b i -w e e k ly  u n t i l  
m ic e  r e c e i v e d  f o u r  d o s e s  o f  T . c a n i s  e g g s  a n d /o r  s a l i n e  i n  
o n e  o f  th e  f o l l o w in g  o r d e r s :  1 ) 1000 e g g s  i n i t i a l l y  f o l lo w e d  
by 3 s a l i n e  i n t u b a t i o n s ;  2) s a l i n e  3 t im e s  an d  th e n  1000 eg g s  
3) 250 eg g s  e a c h  t im e ;  4) s a l i n e  o n ly .  A p p ro x im a te ly  t e n  
w eeks a f t e r  th e  f i r s t  i n t u b a t i o n ,  a c t i v i t y  was m e a su re d  i n  an  
o p en  f i e l d  b e f o r e  and  a f t e r  a  one  m in u te  c o ld  w a te r  sw im . I n  
th e  f i r s t  o p en  f i e l d ,  h o r i z o n t a l  e x p l o r a t i o n  ( s q u a r e  c r o s s e s )  
was n o t  s t a t i s t i c a l l y  d i f f e r e n t  among g r o u p s ,  b u t  v e r t i c a l  
e x p l o r a t i o n  ( s t a n d - u p s )  was s e v e r e ly  re d u c e d  i n  t h e  T . c a n is  
g ro u p  i n f e c t e d  by a  s i n g l e  d o s e  o f  1000 eg g s  a t  t h e  o n s e t  
o f  th e  e x p e r im e n t .  The r e p e a t e d  d o sa g e  g ro u p  and  th e  g ro u p  
r e c e i v in g  1000 e g g s  a s  a  f i n a l  d o se  w e re  n o t  d i f f e r e n t i a l l y  
e f f e c t e d  r e l a t i v e  to  c o n t r o l s .  When t e s t e d  i n  t h e  o p en  f i e l d  
16 m in u te s  a f t e r  a  s t r e s s f u l  one  m in u te  sw im , a l l  g ro u p s  
show ed a  re d u c e d  num ber o f  c r o s s e s  and  s t a n d - u p s .  H ow ever, 
b o th  s i n g l e - d o s e  T o x o c a ra  g ro u p s  c r o s s e d  f e w e r  s q u a r e s  t h a n  
c o n t r o l s .  I n  c o n t r a s t ,  t h e  r e p e a t e d l y  i n f e c t e d  g ro u p  w as n o t  
i n h i b i t e d  on t h i s  m e a su re  o f  h o r i z o n t a l  e x p l o r a t i o n  w hen 
com pared  to  c o n t r o l s .  H ow ever, m e a s u re s  o f  v e r t i c a l  e x p lo r a 
t i o n  w e re  d e c re a s e d  i n  a l l  T . c a n is  g r o u p s .

T h ese  d a t a  s u g g e s t  t h a t  a t  l e a s t  some e f f e c t s  o f  T. c a n is  
may b e  d im in is h e d  a s  a  f u n c t i o n  o f  p r i o r  e x p o s u re  t o  t h i s  
p a r a s i t e .  T h is  " s e n s i t i z a t i o n "  e f f e c t  may h a v e  im p o r ta n t  p u b 
l i c  h e a l t h  i m p l i c a t i o n s ,  p a r t i c u l a r l y  f o r  c h i l d r e n  w i th  known 
p i c a  f o r  d i r t  and w h ere  r e p e a t e d  e x p o s u re  i s  th e  m o st l i k e l y  
r o u t e  o f  i n f e c t i o n .

3 4 6 . 2 1   INCREASED S US CEP TI BIL IT Y TO CHEMICALLY-INDUCED SEIZURES 
AFTER EXPOSURE TO ORGANIC LEAD.  H . S .  S w a r t z w e l d e r .  Duke 
U n i v e r s i t y  a n d  V .A .  M e d i c a l  C e n t e r s ,  D u r h a m ,  N . C .  2 7 7 0 5 .

O r g a n i c  l e a d s  a r e  e n v i r o n m e n t a l l y  u b i q u i t o u s  d u e  t o  t h e i r  
p r i m a r y  u s e  a s  f u e l  a d d i t i v e s .  D e s p i t e  e x t e n s i v e  p r o d u c t i o n  
o f  o r g a n i c  l e a d  f o r  t h i s  p u r p o s e ,  l i t t l e  i s  known  a b o u t  t h e  
p o s s i b l e  t o x i c  e f f e c t s  o f  t h e s e  c o m p o u n d s .  A l t h o u g h  t h e  
t e t r a a l k y l  l e a d s  a r e  m e t a b o l i z e d  q u i c k l y  i n  b i o l o g i c a l  
s y s t e m s ,  t h e i r  t r i a l k y l  m e t a b o l i t e s  p e r s i s t  f o r  c o n s i d e r a b l y  
l o n g e r  p e r i o d s .  I n  f a c t  t r i e t h y l  l e a d  (T EL ) h a s  a  h a l f - l i f e  
o f  up  t o  e i g h t  d a y s  i n  b r a i n .  T h u s  t h e  t r i a l k y l  l e a d s  may 
p o s e  a  r e a l i s t i c  e n v i r o n m e n t a l  t h r e a t ,  a n d  f u r t h e r  t h i s  
t h r e a t  m ay  b e  a  n e u r o t o x i c  o n e .

P r e v i o u s l y  we h a v e  u s e d  t h e  s u s c e p t i b i l i t y  t o  s e i z u r e s  a s  
a n  i n d e x  o f  g e n e r a l  n e u r o t o x i c i t y  i n d u c e d  b y  a  v a r i e t y  o f  
p u t a t i v e  n e u r o t o x i n s .  I n  t h e  p r e s e n t  s t u d y  t h e  r e s p o n s i v e 
n e s s  o f  r a t s  t o  a  c h a l l e n g e  d o s e  o f  p e n t y l e n e t e t r a z o l e  (P T Z ) 
w a s  a s s e s s e d  a f t e r  e x p o s u r e  t o  TEL.

S e v e n t y - t w o  m a l e  r a t s  o f  t h e  F i s c h e r - 3 4 4  s t r a i n  w e r e  
h o u s e d  on  a  1 2 : 1 2 - h  l i g h t / d a r k  c y c l e  w i t h  c o n t i n u o u s  a c c e s s  
t o  f o o d  a n d  w a t e r  t h r o u g h o u t  t h e  e x p e r i m e n t  w i t h  t h e  e x c e p t 
i o n  o f  PTZ c h a l l e n g e  t e s t s .  T h e  e x p e r i m e n t  w a s  d e s i g n e d  s o  
t h a t  s e p a r a t e  g r o u p s  o f  12 r a t s  e a c h  w e r e  t r e a t e d  w i t h  7 . 8 8  
m g / k g / m l  o f  TEL s . c .  a t  1 ,  7 ,  14 a n d  2 8  d a y s  b e f o r e  t h e  
s i n g l e  c h a l l e n g e  w i t h  PTZ.  I n  a d d i t i o n ,  t w o  c o n t r o l  g r o u p s  
w e r e  g i v e n  i n j e c t i o n s  o f  t h e  s a l i n e  v e h i c l e  a t  1 a n d  2 8  d a y s  
p r i o r  t o  PTZ c h a l l e n g e .  On t h e  a p p r o p r i a t e  d a y s  t h e  r a t s  
w e r e  g i v e n  a  s i n g l e  i n j e c t i o n  o f  PTZ ( 3 5  m g / k g / 2 . 0  ml I . P . ) .  
I m m e d i a t e l y  a f t e r  t h e  i n j e c t i o n ,  t h e  r a t  w a s  p l a c e d  i n  a  
s o u n d - a t t e n u a t i n g  c h a m b e r  a n d  o b s e r v e d  f o r  10  m i n .  E a c h  r a t  
w a s  a s s i g n e d  a  s e i z u r e  s c o r e  o n  a  n u m e r i c a l  s c a l e  f r o m  1 t o  
5 d e p e n d i n g  u p o n  t h e  s e v e r i t y  o f  e p i l e p t i f o r m  r e s p o n s e  
o b s e r v e d .

A s m a l l  i n c r e a s e  i n  s e i z u r e  s u s c e p t i b i l i t y  w a s  o b s e r v e d  
r e l a t i v e  t o  c o n t r o l s  i n  t h e  r a t s  w h i c h  w e r e  t e s t e d  o n e  d a y  
a f t e r  e x p o s u r e  t o  TEL .  T h i s  e f f e c t  w a s  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  H o w e v e r ,  a t  D a ys  7 ,  14  a n d  2 8  a f t e r  e x p o s u r e ,  
t h e  T E L - t r e a t e d  r a t s  r e c e i v e d  m a r k e d l y  h i g h e r  s e i z u r e  s c o r e s  
t h a n  d i d  c o n t r o l s .  T h e s e  r e s u l t s  s u g g e s t  t h a t  TEL p r o d u c e s  
a  n e u r o t o x i c  e f f e c t  w h i c h  i s  e v i d e n t  a s  e a r l y  a s  o n e  d a y  
a f t e r  a  s i n g l e  e x p o s u r e .  M o r e o v e r ,  t h e  CNS o f  t h e  T EL - 
t r e a t e d  r a t  a p p e a r s  t o  b e  c o m p r o m i s e d  f o r  a t  l e a s t  f o u r  we ek s  
a f t e r  a  s i n g l e  s y s t e m i c  d o s e  o f  t h i s  o r g a n i c  l e a d .

346.22  PERSISTING ALTERATIONS IN BEHAVIOR AND BRAIN NEUROCHEMISTRY 
FOLLOWING CONTINUOUS LOW-LEVEL LSD.  G. E l l i s o n  and W. K ing , 
J r . *   D ep t. o f  P sycho logy , UCLA, Los A ngeles CA 90024.

D-amphetamine a d m in is tr a t io n  to  an im als  can  in d u ce  a 
lo n g - l a s t in g  a l t e r a t i o n  in  ca u d a te  dopamine te rm in a ls  
s u g g e s tiv e  o f  a  s e l e c t i v e  and p e r s i s t i n g  n e u r o to x ic i ty .  T h is 
e f f e c t  i s  p a r t i c u l a r l y  s t r i k i n g  when th e  d rug  i s  p r e s e n t  in  
b r a in  f o r  p ro lo n g ed  p e r io d s ,  such  as  when a d m in is te re d  v ia  
s lo w -re le a s e  p e l l e t s  o r  in  com b inatio n  w ith  d ru g s  w hich 
i n h i b i t  amphetamine breakdow n. In  th e  p r e s e n t  s tu d y  we 
in v e s t ig a t e d  w hether com parable n e u ro to x ic  e f f e c t s  cou ld  be 
d e te c te d  in  b r a in  a f t e r  co n tin u o u s  a d m in is t r a t io n  o f  th e  
h a l lu c in o g e n  LSD.

In  an i n i t i a l  s tu d y , groups o f r a t s  w ere im p lan ted  w ith  
osm otic  minipumps w hich d e l iv e r e d  80ug o f  LSD t a r t r a t e  
e v e r  a  7 day p e r io d ,  o r  w ere g iv e n  7 d a i ly  LSD i n j e c t i o n s ,  
each  o f  11.4 ug , o r  w ere im p lan ted  w ith  c o n t r o l  p e l l e t s .   
When te s t e d  30 days a f t e r  te rm in a t io n  o f  d rug  t r e a tm e n t ,  
o n ly  th e  r a t s  a d m in is te re d  co n tin u o u s  LSD d i f f e r e d  from  th e  
c o n t r o ls :  th e y  w ere i n a c t iv e  in  open f i e l d  t e s t s  and , when 
t e s t e d  w ith  s o c ia l  p a r t n e r s ,  showed in c re a s e d  h u d d lin g .

In  o rd e r  to  de te rm in e  w hich b r a in  s t r u c t u r e s  m ed ia ted  
t h i s  p e r s i s t i n g  b e h a v io ra l  a l t e r a t i o n ,  s im i la r l y  p re p a re d  
r a t s  w ere s a c r i f i c e d  30 days a f t e r  LSD tre a tm e n t;  r e g io n a l  
HPLC a ss a y s  o f  5HT, 5HIAA, DA, DOPAC, and HVA w ere made in  
F ro n ta l  c o r te x ,  Hippocampus, C auda te , and Nuc. Raphe. No 
c o n s is te n t  d i f f e r e n c e s  w ere found ex c ep t in  Hippocampus, 
w here th e  minipump an im als  had d e c re a se d  5HT l e v e l s .

In  a  th i r d  s tu d y , s im i la r l y  p re p a re d  an im als  w ere s tu d ie d  
30 days a f t e r  d rug  c e s s a t io n  u s in g  a u to ra d io g ra p h y  o f common 
l ig a n d s .  F rozen  b r a in  s e c t io n s  w ere in c u b a te d  in  t r i t i a t e d  
s p i r o p e r id o l ,  5HT, o r  LSD, w ashed, d r ie d ,  and s to r e d  a g a in s t  
U l t r a f i lm  p l a t e s .  When deve loped  and q u a n t i f ie d  u s in g  an 
o p t i c a l  d e n s ito m e te r , la r g e  in c r e a s e s  in  LSD b in d in g  in  o n ly  
th e  minipump an im als  w ere found in  a  v a r i e ty  o f fo r e b ra in  
s t r u c t u r e s  (F ro n ta l c o r te x ,  am ygdala, septum , n u c le u s  
accumbens) b u t n o t in  l a t e r a l  g e n i c u la t e ,  hypo tha lam us, 
s u b s t a n t i a  n ig r a ,  v i s u a l  c o r te x ,  and o th e r  b r a in  r e g io n s .

C o n tin u o u sly  a d m in is te re d  LSD in d u c es  l o n g - l a s t in g  
changes in  b e h a v io r  and in  f o r e b ra in  b in d in g  o f LSD, w hereas 
th e  same amount o f  LSD a d m in is te re d  in  d a i ly  i n j e c t i o n s  does 
n o t .  The e x a c t mechanisms u n d e r ly in g  t h i s  e f f e c t  rem ain  to  
be d e te rm in ed . We h y p o th e s iz e  t h a t  LSD i s  p o te n t  in  in d u c in g  
lo n g - l a s t in g  a l t e r a t i o n s  in  humans in  p a r t  m ere ly  b ecau se  o f 
i t s  p ro longed  a c t io n .



MONDAY AM NEUROTOXICOLOGY 1205

34 6 . 2 3   IMPAIRED ACQU ISIT ION OF A DELAYED REINFORCEMENT AUTOSHAPED 
BEHAVIOR AND REDUCED MUSCARINIC CHOLINERGIC LIGAND BINDING 
IN HIPPOCAMPI OF RATS TREATED WITH TRIMETHYLTIN.  C . A . C o h e n * , 
R . B . M e s s i n g ,  a n d  S . B .  S p a r b e r * .   D e p t . o f  P h a r m a c o l o g y ,
M e d i c a l  S c h o o l ,  U n i v e r s i t y  o f  M i n n e s o t a ,  M i n n e a p o l i s ,  MN55455  

D e f i c i t s  i n  m a z e  l e a r n i n g  a n d  h i p p o c a m p a l  l e s i o n s  h a v e  
b e e n  r e p o r t e d  f o l l o w i n g  i n j e c t i o n  o f  5 . 0 - 7 . 5  mg TMT/kg ( D y e r  
e t  a l . ,  N e u r o b e h .  T o x .  T e r a t .  1 9 8 2 ,  4 : 1 4 1  ; S w a r t z w e l d e r  e t  a l . ,  

i b i d ,  1 6 9 ;  W a l s h  e t  a l . ,  i b i d ,  1 7 7 ) ,  t o  r a t s .  W e i g h t  l o s s  a n d  
o t h e r  s i g n s  o f  t o x i c i t y  a r e  a s s o c i a t e d  w i t h  h i g h  d o s e s .

An e x p e r i m e n t  w i t h  3 . 0  a n d  6 . 0  mg TMT/kg  p . o .  r e s u l t e d  i n  
d o s e - d e p e n d e n t  r e d u c t i o n s  i n  t h e  h i p p o c a m p a l  b i n d i n g  o f  t h e  
m u s c a r i n i c  a n t a g o n i s t  3 H-QNB 5 m o n t h s  a f t e r  a n  i n j e c t i o n  o f  
t h e  o r g a n o t i n .  H o w e v e r ,  no  e v i d e n c e  o f  a l t e r e d  a c q u i s i t i o n  
o r  p e r f o r m a n c e  o f  a u t o s h a p e d  l e v e r  t o u c h  b e h a v i o r  
m a i n t a i n e d  b y  f o o d  r e i n f o r c e m e n t  w a s  e v i d e n t  p r i o r  t o  
d e c a p i t a t i o n  f o r  3 H-QNB b i n d i n g  s t u d i e s .  A m o r e  d i f f i c u l t  
a u t o s h a p e d  t a s k ,  i n  w h i c h  a  6 s e c o n d  d e l a y  w a s  i n t e r p o s e d  
b e t w e e n  r e t r a c t i o n  o f  t h e  l e v e r  a n d  t h e  d e l i v e r y  o f  t h e  
f o o d  p e l l e t  ( n o n c o n t i n g e n t  o r  c o n t i n g e n t  u p o n  a  t o u c h  
r e s p o n s e )  w a s  u s e d  i n  t h e  s e c o n d  e x p e r i m e n t .  T he l e v e r  wa s  
i n s e r t e d  i n t o  t h e  c h a m b e r  o n  a  4 5  s e c o n d  r a n d o m  t i m e  
s c h e d u l e , a n d  w a s  w i t h d r a w n  e i t h e r  w h e n  t h e  a n i m a l  t o u c h e d  
i t ,  o r  n o n c o n t i n g e n t l y  a f t e r  15  s e c o n d s .  R a t s  w e r e  g i v e n  
s a l i n e  o r  TMT ( 3 , 6  o r  7 . 5  m g / k g ) .  T e n  d a y s  l a t e r ,  a n d  
d u r i n g  p a r t i a l  f o o d  d e p r i v a t i o n ,  2 3  d a y s  l a t e r ,  no  e f f e c t s  
o f  TMT o n  m o t o r  a c t i v i t y  w e r e  f o u n d  i n  t h e  sa m e  c h a m b e r s  
l a t e r  u s e d  f o r  a u t o s h a p i n g  ( L i c h t b l a u  a n d  S p a r b e r , i b i d , 5 5 7 ) .  
As e x p e c t e d ,  b o d y  w e i g h t  l o s s ,  c o n v u l s i o n s ,  a n d  i r r i t a b i l i t y  
w e r e  a s s o c i a t e d  w i t h  i n j e c t i o n  o f  7 . 5  mg T M T /k g ,  b u t  o v e r t  
s i g n s  o f  t o x i c i t y  w e r e  a b s e n t  a t  l o w e r  d o s e s .  T h i r t y  d a y s  
a f t e r  t r e a t m e n t ,  a n i m a l s  w e r e  e x p o s e d  t o  a  s i n g l e  12  t r i a l  
a u t o s h a p i n g  s e s s i o n ;  s e s s i o n  2 w a s  r u n  5 d a y s  l a t e r ,  a n d  
s e s s i o n s  3 - 7  w e r e  r u n  d a i l y  t h e r e a f t e r .  T h e  h i g h e s t  d o s e  o f  
TMT ( 7 . 5  m g / k g )  d i d  n o t  s i g n i f i c a n t l y  i m p a i r  a u t o s h a p e d  
r e s p o n d i n g  o f  t h e  g r o u p  r e l a t i v e  t o  c o n t r o l s ,  b u t  
p e r f o r m a n c e  w a s  c h a r a c t e r i z e d  a s  m o r e  v a r i a b l e ,  r a t s  t h a t  
c o n v u l s e d  t e n d i n g  t o  a c q u i r e  t h e  r e s p o n s e .  T h e  tw o  l o w e r  
d o s e s  c a u s e d  a  d o s e  d e p e n d e n t  r e t a r d a t i o n  ( 3 . 0  m g / k g )  o r  
b l o c k a d e  ( 6 . 0  m g / k g )  o f  a c q u i s i t i o n .  E x p e r i m e n t s  a r e  b e i n g  
c o n d u c t e d  t o  a s c e r t a i n  t h e  n a t u r e  o f  t h e  a p p a r e n t  U - s h a p e d  
f u n c t i o n  o f  t h e  d o s e - r e s p o n s e  c u r v e  f o r  TMT u p o n  d e l a y e d  
r e i n f o r c e m e n t  b e h a v i o r .  S u p p o r t e d  b y  USPHS T 3 2 D A 0 7 0 9 7 ,  
K 0 7 E S 0 0 1 2 3 ,  M i n n e s o t a  M e d i c a l  F o u n d a t i o n .

346.24  SEX DIFFERENCES IN THE RESPONSE TO ANTIDEPRESSANT TREATMENTS 
 E l le n  S to ts k y * , M ali I s r a e l i *  and Anat B iegon,  Weizmann 
I n s t i t u t e  o f  S c ie n c e , R ehovot, I s r a e l .

C l in ic a l  s tu d ie s  have shown t h a t  fem ales have a h ig h e r  
in c id e n c e  o f  d e p re s s io n  th a n  m ales w h ile  th e y  b e n e f i t  le s s  
from a n t id e p re s s a n t  d rug  th e ra p y . E le c t ro c o n v u ls iv e  shock 
(ECS) appears  to  be e q u a l ly  e f f e c t iv e  in  b o th  s e x e s . We have 
s tu d ie d  th e  e f f e c t  o f  two weeks a d m in is tr a t io n  o f  A m itr ip ty 
l i n e  (Ami, 10 m g/kg/day) o r  10 days o f  ECS ( 100v /a n im a l/d a y , 
th rough  e a r  c l ip s )  on β a d re n e rg ic  and S2- s e ro to n e rg ic  r e 
c e p to rs  in  f r o n ta l  c o r t i c e s  from male and fem ale r a t s ,  in  
an a ttem p t to  f in d  a p o s s ib le  n eu rochem ical c o r r e l a t e  f o r  
th e s e  o b s e rv a t io n s .  We f in d  t h a t  fem ale  r a t s  have s i g n i f i 
c a n t ly  h ig h e r  le v e ls  o f  c o r t i c a l  β a d re n e rg ic  r e c e p to r s  th a n  
m a les . Bmax u s in g  s c a tc h a rd  a n a ly s is  o f  3H-DHA b in d in g  d a ta  
was 94±11.1 fm oles/m g p r o te in  fo r  c o n tro l  fem ales and 
75±6 .5  fm oles/m g p . in  m a les , p < 0 .0 5 , mean o f  7 ex p e rim e n ts . 
However, th e  fem ales d id  n o t respond  to  Ami by a s ig n i f i c a n t  
re d u c t io n  in  β a d re n e rg ic  r e c e p to r  number, w h ile  th e  ex 
p e c te d  d ec re a se  (16%, s ig n i f i c a n t  a t  p< 0.05) was observ ed  
in  th e  m a les . S2 r e c e p to r  number in  th e  m ales d e c re a s e d  con
s id e r a b ly  fo llo w in g  Ami (30%, p < 0 .0 1 ) . A gain , th e r e  was no 
e f f e c t  on th e  fe m a le s .

ECS r e s u l t e d  in  a s ig n i f i c a n t  d e c re a se  in  th e  Bmax o f  β 
a d re n e rg ic  r e c e p to r s  in  b o th  sex es  (20% re d u c t io n ,  s i g n i f i 
ca n t a t  p<0.0 2 ) .  S2 r e c e p to r s  w hich were s i g n i f i c a n t l y  i n 
c re a se d  in  th e  m ales fo llo w in g  ECS (36%, p<0.05) were n o t 
s i g n i f i c a n t l y  a l t e r e d  in  th e  fem a le s . Thus i t  ap p ears  t h a t  
c o r t i c a l  β a d re n e rg ic  r e c e p to r s  in  fem ale r a t s  a re  r e s i s t a n t  
to  th e  in d u c tio n  o f  s u b s e n s i t i v i t y  by Ami b u t n o t by ECS. S2 
r e c e p to r s  in  fem ales a re  n o t changed by e i t h e r  t r e a tm e n t .
I f  such a t r e n d  e x i s t s  a l s o  in  humans, i t  may c o n t r ib u te  
to  th e  p o o re r  re sp o n se  o f  fem ale p a t i e n t s  to  t r i c y c l i c  
a n t id e p r e s s a n t s .

OTHER DRUGS OF ABUSE

3 4 7 . 1   PHENCYCLIDINE (PCP) BINDING IN THE NUCLEUS ACCUMBENS (NAc)  
AND PCP-INDUCED HYPERACTIVITY ARE DECREASED FOLLOWING 6-  
HYDROXYDOPAMINE ( 6-OHDA)LESIONS OF THE MESOLIMBIC DOPAMINE 
SYSTEM.  E. F r e n c h .  G . V a n t i n i * .P .C o n t r e r a s * .C .P i l l a p i l  and  
R .Q u i r io n .   M a ry la n d  P s y c h i a t r i c  R e s .  C t r . ,  B a l t i m o r e ,  MD 2 1 2 2 8 , 
NINCDS, B e th e s d a ,  MD 20205 an d  D o u g la s  H o s p i ta l  R e s .  C t r .   
V e rd u n , C an ad a .

R e c e n t ly  we p u b l i s h e d  t h a t  6-OHDA l e s i o n s  o f  t h e  NAc b lo c k 
ed  PCP an d  a m p h e tam in e  b u t n o t  c a f f e i n e  o r  s c o p o la m in e - in d u c 
ed  h y p e r a c t i v i t y .  T h u s , i t  was c o n c lu d e d  t h a t  PCP e l i c i t s  
lo c o m o to r  h y p e r a c t i v i t y  t h r o u g h  a  DA p r e s y n a p t i c  m echan ism  
i n  t h e  NAc. S in c e  s p e c i f i c  h ig h  a f f i n i t y  PCP b in d in g  s i t e s  
h a v e  b een  shown t o  e x i s t  in  t h e  NAc, t h e  p r e s e n t  s tu d y  was 
d e s ig n e d  t o  e v a lu a t e  t h e  p o s s i b i l i t y  t h a t  d e s t r u c t i o n  o f  DA 
m e s o l im b ic  t e r m i n a l s  w ou ld  a l s o  be a c c o m p a n ie d  by a  l o s s  o f  
PCP b i n d in g .

R a ts  w ere  a n e s t h e t i z e d  an d  i n j e c t e d  b i l a t e r a l l y  w i th  6 OHDA 
( 4 u g /u l )  i n t o  t h e  v e n t r a l  t e g m e n ta l  a rea (V T A )(1u l )  o r  N A c(2u l) 
an d  s a c r i f i c e d  2 1 -2 8  d l a t e r .  (H)PCP b in d in g  was m ea su red  
in  t h e  NAc, s t r i a t u m  an d  h ip p o cam p u s  a s  d e s c r ib e d  e ls e w h e r e  
( i n  s u b m is s io n ) .

F o l lo w in g  6-OHDA i n j e c t i o n s  i n t o  t h e  VTA t h e r e  was a  s i g 
n i f i c a n t  d e c r e a s e  in  t h e  num ber o f  NAc PCP b i n d in g  s i t e s  
(421 fm o le s/m g  p r o t )  co m p ared  t o  v e h i c l e  i n j e c t e d  r a t s  (773 
fm o le s/m g  p r o t ) .  6-OHDA i n j e c t e d  d i r e c t l y  i n t o  t h e  NAc p r o 
du c e d  an  ev e n  g r e a t e r  l o s s (74%) o f  PCP b in d in g  ( c o n t r o l s :   
872 v s  l e s i o n :2 2 4  fm o le s/m g  p r o t ) .  A lth o u g h  t h e  Kd v a lu e s  
w e re  a l s o  h i g h e r  i n  l e s i o n e d  r a t s  t h e  e x a c t  s i g n i f i c a n c e  o f  
t h i s  o b s e r v a t io n  r e m a in s  t o  be d e te r m in e d .  S t r i a t a l  an d  h i p 
p o c a m p a l PCP b i n d in g  was n o t  s i g n i f i c a n t l y  c h a n g ed  f o l lo w in g  
VTA o r  NAc 6-OHDA. B o th  l e s i o n e d  g ro u p s  a l s o  show ed a  h i g h ly  
s i g n i f i c a n t  d e p l e t i o n  o f  NAc DA c o n t e n t .  An a d d i t i o n a l  g ro u p  
o f  r a t s ( n = 5 )  was u s e d  f o r  b o th  PCP b in d in g  a n a l y s i s  an d  a s 
s e s s m e n t  o f  lo c o m o to r  r e s p o n s iv e n e s s  ( p h o to c e l l  e q u ip p e d  
c a g e s )  t o  P C P (5 m g /k g ) ,c a f f e i n e ( 10m g /k g ) an d  s c o p o la m in e  ( 1 .5  
m g /kg) f o l l o w in g  6 -OHDA l e s i o n  o f  t h e  VTA. A g a in , com pared  
t o  c o n t r o l s  PCP b in d in g  s i t e s  w ere  fo u n d  t o  b e  s i g n i f i c a n t l y  
r e d u c e d  a s  w as P C P -in d u c e d  h y p e r a c t i v i t y .  In  c o n t r a s t ,  c a f f 
e in e  an d  s c o p o la m in e  s t i l l  e l i c i t e d  h y p e r a c t iv e  b e h a v io r .  In  
a  m ore r e c e n t  e x p e r im e n t ,  lo c o m o to r  m e a s u re s  w ere  made in  a  
g ro u p  o f  r a t s  14 -22  d a y s  f o l l o w in g  b i l a t e r a l  k a in i c  a c id  i n 
j e c t io n  ( 1u g / u l )  i n t o  t h e  NAc. A l l  3 s t i m u l a n t  d ru g s  p ro d u c e d  
h y p e r a c t i v i t y .  In  t h e s e  k a in a t e  l e s i o n e d  r a t s  PCP b i n d i n g ,  DA 
an d  CAT c o n te n t  a r e  now b e in g  a s s e s s e d .

T h ese  d a ta  s u g g e s t  t h a t  PCP e l i c i t s  i t s  lo c o m o to r  s t i m u l a t 
in g  e f f e c t s  v i a  an  i n t e r a c t i o n  w i th  PCP r e c e p t o r s  l o c a t e d  
m o s t ly  on t e r m i n a l s  o f  m e s o lim b ic  DA f i b e r s . ( s u p p o r te d  byPMA)

347.2  AGONIST AND ANTAGONIST ACTIONS OF PHENCYCLIDINE 
(PCP) DERIVATIVES ON PCP RECEPTORS AND BEHAVIOR. P. C. 
Contreras*, M. F. Rafferty*, A. E. Jacobson*, K. C. Rice*, R. 
Quirion and T. L. O’Donohue,  ETB, NINCDS, LC, NIADDK, NIH, 
Bethesda, MD 20205 and Douglas Hosp. Res. Ctr, Verdun Quebec, 
Canada H4H IR3.

We correlated receptor binding and behavioral potencies of a 
series of PCP analogs to develop a method for testing the agonist or 
antagonist actions of PCP analogs and endogenous peptides (Quirion 
et al., in press), which bind to PCP receptors. Stereotypy and ataxia 
were determined at various times after intraventricular 
administration of PCP, PCP analogs and saline to rats using a 
behavioral rating scale (Sturgeon et al., Eur. J . Pharmacol. 59:169,  
1979). Peak effects of PCP and a series of agonists, which bind to 
the PCP receptor, occurred in a dose-dependent manner 5 min after 
injection. The ability of PCP analogs to induce stereotypy was 
stereoselective as dexoxadrol and (+)PCMP were more potent than 
their levo isomers, levoxadrol and (-)PCMP. The fact that only 
levoxadrol was more potent than dexoxadrol in producing ataxia 
indicates that ataxia is not a good index of PCP binding. The 
behavioral effects were not due to interactions with mu, kappa or 
delta opioid receptors because naloxone pretreatment did not alter 
the ED50 of PCP for inducing stereotypy or ataxia. Pretreatment 
of rats with Metaphit (I umol/rat), a PCP analog that alkylates PCP 
receptors (Rafferty et al., in press), had dramatic actions on PCP- 
induced behavior. One hr after Metaphit pretreatment, which alone 
did not produce a significant degree of stereotypy or ataxia, the 
ED50 of PCP for inducing stereotypy was increased 9-fold, but the 
ED50 of PCP for inducing ataxia was only slightly increased. 
Twenty-four hr after Metaphit pretreatment, the ED50 of PCP for 
inducing stereotypy and ataxia was increased 3- and 2-fold, 
respectively. Scatchard analysis of PCP binding to a crude 
membrane preparation obtained from the brains of rats pretreated 
with Metaphit or saline 24 hr before sacrifice showed a significant 
decrease in Bmax of treated versus control rats. In conclusion, 
these results indicate that stereotypy induced by PCP agonists is a 
good indicator of PCP receptor interactions, but ataxia is a poor 
indicator because ataxia is mediated by more than just an 
interaction with PCP receptors. Also, the ability of Metaphit to 
antagonize the behavioral effects of PCP suggests that it may not 
only be a useful tool in elucidating the mechanism of action of PCP 
and treating PCP-induced psychosis, but may also be a general 
antipsychotic.
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347 .3  CLINICAL AND PHARMACOKINETIC ASPECTS OF PHENCYCLIDINE (PCP) 
ABUSE.  D .A . G o r e l i c k ,  J .N .  W ilk in s * ,  G .B . S m ith *  and  B .E . 
D e r r ic k * .   P s y c h ia t r y  S e r v .  & C l in .  P s y c h o p h a rm a c o l.  U n i t ,  
W est LA VA Med. C e n t e r ,  Los A n g e le s ,  CA 9 0 0 7 3 .

R e c e n t  s t u d i e s  u s in g  a  h i g h ly  s e n s i t i v e  g a s  c h ro m a to g ra 
p h i c  a s s a y  w i th  n i t r o g e n /p h o s p h o r u s  d e t e c t i o n  (GC-N /P) h a v e  
r e p o r t e d  PCP i n  bod y  f l u i d s  o f  h a l f  o r  m ore o f  u n s e l e c t e d  
p s y c h i a t r i c  p a t i e n t s  p r e s e n t i n g  t o  a  l a r g e ,  u rb a n  h o s p i t a l .  
The c l i n i c a l  s i g n i f i c a n c e  o f  t h e s e  f in d i n g s  an d  t h e i r  a p p l i 
c a b i l i t y  t o  o t h e r  p a t i e n t  p o p u l a t i o n s  re m a in  u n c l e a r ,  i n  
p a r t  b e c a u s e  o f  u n c e r t a i n t y  o v e r  t h e  p e r s i s t e n c e  o f  PCP i n  
t h e  b o d y . I n  t h i s  s t u d y ,  u r i n a r y  PCP s c r e e n in g  was d o n e  on 
155 c o n s e c u t iv e  i n p a t i e n t s  a d m i t te d  o v e r  a  9 -m o n th  p e r i o d  to  
a  v o l u n ta r y  VA s u b s ta n c e  a b u s e  t r e a tm e n t  p ro g ra m . U r in e s  
c o l l e c t e d  on a d m is s io n  (an d  w e e k ly  t h e r e a f t e r  i f  P C P -p o s i
t i v e )  w e re  a s s a y e d  f o r  PCP u s in g  GC-N/P ( s e n s i t i v i t y  = 0 . 1  
n g / m l ) . F o r ty - tw o  (27%) p a t i e n t s  h ad  PCP d e t e c t e d  i n  t h e i r  
a d m is s io n  u r i n e  (m ean l e v e l  = 7 5 5 .9  n g /m l ,  r a n g e  = 0 .1 3 -  
1 2 ,0 2 8  n g / m l ) .  Of t h e s e ,  28 g a v e  a  h i s t o r y  o f  PCP u s e ,  
w h i l e  14 i n i t i a l l y  d e n ie d  i t .  ( I n  a d d i t i o n ,  14 (9%) p a 
t i e n t s  w i th  P C P -n e g a t iv e  u r i n e  g a v e  a  h i s t o r y  o f  PCP u s e . )  
T h e re  w as a  s i g n i f i c a n t  i n v e r s e  c o r r e l a t i o n  b e tw e e n  s e l f - r e 
p o r t e d  t im e  s i n c e  l a s t  PCP u s e  and  i n i t i a l  u r i n e  PCP l e v e l  
( r  = - 0 . 4 8 ,  d f  = 3 1 , p < . 0 1 ) .  V i s u a l  i n s p e c t i o n  o f  t h e  
g ra p h  o f  t h e s e  2 v a r i a b l e s  s u g g e s t e d  a  b i p h a s i c  e l i m i n a t i o n  
p r o c e s s :  a  m ore r a p i d  i n i t i a l  p h a s e  w i th  a  h a l f - l i f e  o f  5 -7  
d a y s ,  and  a  s lo w e r  s e c o n d  p h a s e  w i th  a  h a l f - l i f e  o f  m ore 
th a n  30 d a y s .  A c tu a l  PCP l e v e l s  becam e u n d e te c t a b l e  by 4 
w eek s o f  a d m is s io n  i n  a l l  e x c e p t  5 p a t i e n t s  s u s p e c t e d  o f  PCP 
r e u s e  on c l i n i c a l  g r o u n d s .  T w enty p a t i e n t s  ( a l l  w i th  PCP- 
p o s i t i v e  u r i n e )  m et D S M -III c r i t e r i a  f o r  PCP a b u s e .  T h ese  
a b u s e r s  h a d  sm oked PCP f o r  a  m ean o f  7 y e a r s ,  w i th  7 sm oking  
i t  d a i l y .  They a l s o  f r e q u e n t l y  a b u s e d  o t h e r  d r u g s :  a lc o h o l  
(n  = 9 ) ,  m a r i ju a n a  ( 7 ) ,  s t i m u l a n t s  ( 3 ) ,  an d  o p i a t e s  ( 2 ) .   
PCP a b u s e r s  d i f f e r e d  f ro m  n o n - a b u s iv e  u s e r s  i n  h a v in g  h i g h e r  
PCP l e v e l s  a t  a d m is s io n  (m ean = 1 5 1 3 .7  v s .  4 1 .0  n g / m l ) ,  m ore 
r e c e n t  PCP u s e  ( 4 .6  v s .  1290 d a y s  b e f o r e  a d m is s io n ) ,  y o u n g e r  
a g e  ( 3 1 .6  v s .  4 0 .2  y e a r s ) ,  and  m ore a r r e s t s  (2  v s .  0 . 8 ) .  
T h e se  f i n d i n g s  i n d i c a t e  t h a t  d e t e c t a b l e  PCP l e v e l s  may p e r 
s i s t  i n  body  f l u i d s  f o r  s e v e r a l  w eeks a f t e r  i t s  l a s t  u s e ,  
an d  s u g g e s t  t h a t  r o u t i n e  u r i n a r y  s c r e e n in g  o f  s u b s ta n c e  
a b u s e  p a t i e n t s  u s in g  a  s e n s i t i v e  PCP a s s a y  may d e t e c t  a  s i g 
n i f i c a n t  m in o r i t y  who i n i t i a l l y  d en y  PCP u s e .

(We  th a n k  t h e  n u r s i n g  s t a f f  o f  w ard  257A f o r  t h e i r  h e lp  
i n  c o l l e c t i n g  u r i n e  s a m p le s . )

3 4 7 .4   ONE-WAY GENERALIZATION OF CLONIDINE TO COCAINE 
IN RATS TRAINED ON A DISCRIMINATIVE STIMULUS 
PARADIGM.  D. M. Wood*, M. W. E m m e tt-O g le sb y , 
S . Y aden* and  H. L al .  D e p a r tm e n t o f   
P h a rm a c o lg y , T ex as  C o l le g e  o f  O s t e o p a th i c  
M e d ic in e ,  F o r t  W o rth , T ex as  76107

R a ts  w e re  t r a i n e d  t o  d i s c r i m i n a t e  t h e  s t im u 
l u s  p r o p e r t i e s  o f  e i t h e r  c o c a in e  o r  c l o n i d i n e  
u s in g  a  tw o - l e v e r  c h o ic e  p a ra d ig m  in  w h ich  fo o d  
r e in f o r c e m e n t  was d e l i v e r e d  f o r  r e s p o n s e s  on 
t h e  c o r r e c t  l e v e r :  f o r  t h e  c o c a in e  g ro u p ,  one   
l e v e r  was c o r r e c t  a f t e r  c o c a in e  (10 m g /kg ) 
i n t r a -  p e r i t o n e a l  ( i . p . )  i n j e c t i o n ,  and  th e  
o t h e r  l e v e r  was c o r r e c t  a f t e r  s a l i n e  i n j e c t i o n ;  
f o r  t h e  c l o n i d i n e  g ro u p  o n e  l e v e r  w as c o r r e c t  
a f t e r  c l o n i d i n e  ( 0 .0 2  m g /kg ) i . p .  i n j e c t i o n ,  
an d  t h e  o t h e r  l e v e r  was c o r r e c t  a f t e r  s a l i n e  
i n j e c t i o n .  A f t e r  c o c a in e  t r a i n i n g ,  in  a 
d o s e - d e p e n d e n t  m a n n e r , c o c a in e  ( 2 .5 - 1 0  m g /kg ) 
w as g e n e r a l i z e d  t o  t h e  c o c a in e  l e v e r .  A f t e r  
c l o n i d i n e  t r a i n i n g ,  in  a d o s e - d e p e n d e n t  m a n n e r ,  
c l o n i d i n e  ( 0 .0 0 5 -  0 .0 2  m g /k g ) was g e n e r a l i z e d   
t o  t h e  c l o n i d i n e  l e v e r .  In  a d d i t i o n ,  
y o h im b in e ,  an a l p h a -2  a n t a g o n i s t  b lo c k e d  th e  
c l o n i d i n e  g e n e r a l i z a t i o n .  In  t e s t s  o f   
c r o s s - g e n e r a l i z a t i o n ,  c o c a in e  was n o t   
g e n e r a l i z e d  t o  t h e  c l o n i d i n e  s t i m u l u s ;  h o w e v e r , 
c l o n i d i n e  was g e n e r a l i z e d  a t  low  d o s e s  t o  t h e  
c o c a in e  s t i m u l u s ,  and  t h i s  g e n e r a l i z a t i o n  was 
b lo c k e d  by y o h im b in e .  The o n e-w ay  g e n e r a l i 
z a t i o n  ( c l o n i d i n e  t o  t h e  c o c a in e  s t i m u l u s ,  b u t  
n o t  c o c a in e  t o  t h e  c l o n i d i n e  s t i m u l u s )  s u g g e s t s  
t h a t  c l o n i d i n e  h a s  a t  l e a s t  tw o d i s c r e t e   
s t im u lu s  c o m p o n e n ts : a  m a jo r  co m p o n en t t h a t  i s   
n o t  c o c a i n e - l i k e  in  c h a r a c t e r ,  and  a  m in o r 
co m p o n en t t h a t  c an  be d e t e c t e d  by c o c a i n e -  
t r a i n e d  s u b j e c t s .  In  a d d i t i o n ,  t h e  y o h im b in e  
b lo c k a d e  d a t a  s u g g e s t  t h a t  b o th  co m p o n e n ts  o f  
t h e  c l o n i d i n e  s t im u lu s  a r e  m e d ia te d  v i a  a l p h a - 2  

r e c e p t o r s .

S u p p o r te d  in  p a r t  by AOA G ra n t  8 2 -1 1 -0 4 5  and  
NHLBI G ra n t  T32-HL07465

347.5  EFFECTS OF 6-HYDROXYDOPAMINE LESIONS OF THE MEDIAL  
PREFRONTAL CORTEX ON INTRACRANIAL COCAINE 
SELF-ADMINISTRATION.  N .E . GOEDERS a n d  J . E .  SMITH. 
 P s y c h i a t r y  R e s e a r c h  U n i t ,  D e p a r tm e n t s  o f  P s y c h i a t r y  a n d  
P h a rm a c o lo g y ,  L o u i s i a n a  S t a t e  U n i v e r s i t y  M e d ic a l C e n t e r ,  
S h r e v e p o r t ,  LA 7 1 1 3 0 .

T h e r e s p o n s e - c o n t i n g e n t  d e l i v e r y  o f  c o c a i n e  t o  r e c e p t o r s  
i n  t h e  m e d ia l  p r e f r o n t a l  c o r t e x  i n i t i a t e s  a  r e i n f o r c i n g  
s t i m u l u s  t h a t  i s  m e d ia te d  in  p a r t  th r o u g h  i n t e r a c t i o n s  w i th  
D2 - d o p a m in e r g i c  r e c e p t o r s  (G o e d e r s  a n d  S m i th ,  S c i e n c e ,  
2 2 1 :7 7 3 ,  1 9 8 3 ) .  T h is  e x p e r im e n t  w as d e s ig n e d  t o  d i r e c t l y  
i n v e s t i g a t e  t h e  in v o lv e m e n t  o f  t h e  p r e s y n a p t i c  d o p a m in e r g ic  
i n n e r v a t i o n s  o f  t h i s  b r a i n  r e g io n  i n  t h i s  b e h a v i o r .  M ale  
F i s c h e r  F -3 4 4  r a t s  w e re  s t e r e o t a x i c a l l y  I m p la n te d  
u n i l a t e r a l l y  w i th  g u id e  c a n n u la e  i n t o  t h e  m e d ia l  p r e f r o n t a l  
c o r t e x .  T he a n im a l s  w e re  a l lo w e d  t o  i n t r a c r a n i a l l y  
s e l f - a d m i n i s t e r  1 0 0  n l  m i c r o i n f u s i o n s  o f  c o c a in e  HCl  by  
l e v e r - p r e s s i n g  d u r i n g  8 - h o u r  s e s s i o n s  c o n d u c te d  e v e r y  t h i r d  
d a y .  I n d i v i d u a l  d o s e - r e s p o n s e  c u r v e s  w e re  g e n e r a t e d ,  an d  
t h e  c o n c e n t r a t i o n  r e s u l t i n g  in  maximum r a t e s  o f  r e s p o n d i n g  
( 5 0  t o  9 0  p m o l)  w as d e t e r m in e d  a n d  u t i l i z e d  f o r  e a c h  r a t .  
When s t a b l e  b a s e l i n e s  o f  d r u g - i n t a k e  w e re  o b s e r v e d ,  e a c h  
a n im a l  r e c e i v e d  a  u n i l a t e r a l  6 -h y d ro x y d o p a m in e  l e s i o n  (4  u g  
i n  0 . 2  u l  d e l i v e r e d  o v e r  6  m in )  a t  t h e  s i t e  o f  c o c a i n e  
s e l f - a d m i n i s t r a t i o n .  T he l e s i o n  d e c r e a s e d  d r u g - i n t a k e  t o  
v e h i c l e  l e v e l s  a n d  f l a t t e n e d  t h e  d o s e - r e s p o n s e  c u r v e  f o r  
e a c h  a n i m a l .  R e s p o n d in g  w as r e i n i t i a t e d  b y  s u b s t i t u t i n g  
d o p a m in e  (3 0 0  p m o l)  f o r  c o c a i n e  i n  t h e  m i c r o i n j e c t i o n  
s y s t e m s ,  a n d  t h i s  e f f e c t  w as a t t e n u a t e d  w i th  e q u im o la r  
c o n c e n t r a t i o n s  o f  t h e  D2 r e c e p t o r  a n t a g o n i s t  s u l p i r i d e .  The 
s u b s t i t u t i o n  o f  s e r o t o n i n  (3 0 0  p m o l)  d i d  n o t  m a i n t a i n  
r e s p o n d i n g  a t  r a t e s  g r e a t e r  t h a n  v e h i c l e .  T h e s e  d a t a  
s u g g e s t  t h a t  t h e  d o p a m in e r g ic  i n n e r v a t i o n s  o f  t h e  m e d ia l  
p r e f r o n t a l  c o r t e x  a r e  c r i t i c a l  f o r  i n t r a c r a n i a l  
s e l f - a d m i n i s t r a t i o n  o f  c o c a i n e .  T he d ru g  p r o b a b ly  i n t e r a c t s  
w i t h  p r e s y n a p t i c  r e c e p t o r s  on  d o p a m in e r g ic  t e r m i n a l s  t o  
i n h i b i t  t h e  r e u p t a k e  o f  d o p a m in e  (K en n e d y  a n d  H a n b a u e r ,  J .  
N e u r o c h e m .,  4 1 : 1 7 2 ,  1 9 8 3 ) .  T he i n c r e a s e d  s y n a p t i c  c o n t e n t  
o f  t h e  n e u r o t r a n s m i t t e r  f o l l o w i n g  c o c a in e  a d m i n i s t r a t i o n  may 
r e s u l t  i n  a  p o t e n t i a t i o n  o f  a c t i v i t y  a t  p o s t s y n a p t i c  D2  
r e c e p t o r s  f o r  t h e  i n i t i a t i o n  o f  a  r e i n f o r c i n g  
s t i m u l u s .  S u p p o r t e d  in  p a r t  by  USPHS G r a n t  M H-09222 (NEG) 
a n d  USPHS G r a n t  D A -01999  ( J E S ) .

347.6  MESOCORTICAL DOPAMINE SYSTEM LESIONS DISRUPT  
COCAINE REINFORCED CONDITIONED PLACE PREFERENCE.
W. I s a a c ,*  J .  N e isw an d er,*  T. L a n d e rs ,*  R. A lc a la ,*   
M. Bardo and A. Nonneman (SPON: R. Y o k e l) .  D e p t . o f 
P sy ch o lo g y , U niv. o f  K en tucky , L e x in g to n , KY 4 0506

The r e in f o r c in g  e f f i c a c y  o f  c o c a in e  i s  th o u g h t 
to  in v o lv e ,  a t  l e a s t  i n  p a r t ,  m e s o c o r t ic a l  dopam in
e r g ic  n e u ro n s . C ocaine r e in fo rc e m e n t  i s  a t t e n u a te d  
by dopam ine a n ta g o n is ts  such  a s  p im o z id e , a s  w e l l  
a s  by l e s io n s  o f  th e  v e n t r a l  te g m e n ta l a r e a .  R a ts  
w i l l  s e l f - a d m i n i s t e r  c o c a in e  a p p l ie d  d i r e c t l y  i n to  
th e  m e d ia l p r e f r o n t a l  c o r te x  b u t  n o t  i n to  n u c le u s  
accum bens o r  th e  v e n t r a l  te g m e n ta l a r e a  (G oeders & 
S m ith , S c ie n c e , 221 : 773- 775. 1983).  The p r e s e n t  
e x p e r im e n ts  a s s e s s e d  w h e th e r  l e s io n s  o f  m e s o c o r t i 
c a l  t a r g e t  r e g io n s  a t t e n u a t e  c o c a in e  re in fo rc e m e n t .

Male S p ra g u e-D aw ley r a t s  w ere a n e s th e t i z e d  w ith  
c h lo r a l  h y d ra te  and th e  p r e f r o n t a l  c o r t i c a l  t a r g e t  
o f  th e  m e s o c o r t ic a l  dopamine p r o j e c t i o n  was rem ov
ed by s u c t io n .  A t l e a s t  one week p o s to p e r a t i v e ly  
h a l f  th e  r a t s  i n  each  group  r e c e iv e d  c o c a in e  r e i n 
fo rc e d  p la c e  p r e fe re n c e  c o n d i t io n in g .  E v ery  o th e r  
day  th e s e  a n im a ls  r e c e iv e d  a  su b c u ta n e o u s  i n j e c t i o n  
o f  c o c a in e  ( 2 .5 ,  5 . 0 , o r  1 0 .0  mg/Kg) and were 
p la c e d  i n  a sm a ll cham ber w ith  w h ite  w a l l s ,  w ir e -  
mesh f l o o r  and p in e  b e d d in g  f o r  20 m in. On a l t e r 
n a te  days th e s e  a n im a ls  w ere i n j e c t e d  w ith  s a l in e  
and p la c e d  i n  a  sm a ll cham ber w ith  b la c k  w a l l s ,  
g r id  f l o o r  and c e d a r  b e d d in g  f o r  20 m in. The o th e r  
h a l f  o f  th e  a n im a ls  i n  each  g roup  r e c e iv e d  s a l in e  
i n j e c t i o n s  b e fo re  b e in g  p la c e d  i n  e i t h e r  cham ber. 
A f te r  2 , 6 , 8 , o r  12 d ru g -p la c e m e n t p a i r i n g s  a l l  
a n im a ls  w ere g iv e n  f r e e  a c c e s s  to  b o th  cham bers f o r  
10 m in. Time s p e n t i n  each  cham ber was r e c o rd e d .

The sham o p e ra te d  r a t s  i n j e c t e d  w ith  c o c a in e  
s p e n t  s i g n i f i c a n t l y  more tim e i n  th e  c o c a in e -  
a s s o c ia te d  en v iro n m en t th a n  th e  sham o p e ra te d  r a t s  
i n j e c t e d  w ith  s a l in e  o n ly . How ever, th e  tim e 
s p e n t  i n  th e  c o c a in e - a s s o c ia te d  en v iro n m en t d id  n o t 
d i f f e r  from  th e  tim e s p e n t  i n  th e  s a l i n e - a s s o c i a t e d  
en v iro n m en t f o r  th e  a n im a ls  w ith  p r e f r o n t a l  l e s io n s .  
T h is  la c k  o f  p la c e  p re fe re n c e  c o n d i t io n in g  i n  th e  
l e s io n  s u b je c t s  was e v id e n t  a t  each  dose o f  c o c a in e  
t e s t e d .
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3 4 7 .7  COCAINE CONDITIONING IN THE PLACE PREFERENCE PARADIGM:  
EFFECTS OF ENVIRONMENTAL REARING CONDITIONS . S. S c h e n k * , T . 
H u n t* ,  R. M alv ech k o * , A. R o b e r ts o n *  an d  Z. A m it.  C o n c o rd ia  
U n i v e r s i t y ,  D e p t . o f  P s y c h o lo g y ,  M o n tr e a l ,  Q u eb ec , H3G 1M8.

T h is  e x p e r im e n t  w as d e s ig n e d  t o  com pare  t h e  e f f e c t s  o f  
i s o l a t i o n  an d  a g g r e g a t io n  h o u s in g  on  t h e  c o c a in e - in d u c e d  
c o n d i t i o n e d  p l a c e  p r e f e r e n c e .  R a ts  w e re  o b t a in e d  a t  w ean in g  
( 21±2 d a y s )  an d  h o u se d  e i t h e r  i n  i s o l a t i o n  o r  i n  g ro u p s  o f  
4 p e r  m e ta l  c a g e  f o r  a  p e r i o d  o f  6 w e e k s . The c o n d i t i o n e d  
p l a c e  p r e f e r e n c e  p a ra d ig m  c o n s i s t e d  o f  3 p h a s e s .  I n  t h e  f i r s t  
t h e  r a t s  w e re  h a b i t u a t e d  to  t h e  e x p e r im e n ta l  a p p a r a t u s .  On 
e a c h  o f  4 d a y s ,  th e y  w e re  p e r m i t t e d  15 m in . a c c e s s  t o  a  t e s t  
bo x  c o n s t r u c t e d  o f  p lyw ood  w i th  a  P l e x i g l a s  t o p .  The bo x  was 
d e s ig n e d  so  t h a t  t h e r e  w e re  two d i s t i n c t  e n v ir o n m e n ts ;  t h e  
f l o o r  an d  w a l l s  on  e a c h  s i d e  w e re  u n iq u e .  The f l o o r  was 
b a la n c e d  s u c h  t h a t  i f  t h e  r a t  m oved to  o n e  end  o f  t h e  b o x , 
t h e  f l o o r  t i l t e d  s l i g h t l y ,  d e p r e s s in g  a  s w i tc h  t h a t  a c t i v a t e d  
a  t im in g  m ec h a n ism . The am ount o f  t im e  s p e n t  i n  e a c h  cham ber 
w as m e a s u re d  an d  t h e  m ean t im e  on  t h e  l a s t  two d a y s  s e rv e d  a s  
t h e  p r e - c o n d i t i o n i n g  b a s e l i n e  s c o r e .  D u rin g  th e  s e c o n d  p h a s e ,  
t h e  r a t s  w e re  i n j e c t e d ,  on  e a c h  o f  4 d a y s ,  w i th  c o c a in e  HCl  
( 0 ,0 3 1 ,  0 .6 2 5 ,  1 .2 5  o r  2 .5  m g /k g , i . p . )  an d  c o n f in e d  t o  t h e i r  
i n i t i a l l y  n o n p r e f e r r e d  s i d e  o f  t h e  t e s t  cham ber f o r  15 m in .  
I n  t h e  l a s t  p h a s e  ( 1 d a y )  t h e  r a t s  w e re  i n j e c t e d  w i th  v e h i c l e  
s o l u t i o n  an d  a g a in  p e r m i t t e d  f r e e  a c c e s s  t o  t h e  e n t i r e  
t e s t i n g  ch am b er f o r  15 m in . The am ount o f  t im e  s p e n t  i n  t h e  
e n v iro n m e n t  i n  w h ic h  t h e  r a t s  e x p e r ie n c e d  th e  c o n s e q u e n c e s  
o f  t h e  d ru g  on  c o n d i t i o n in g  d a y s  was com pared  to  t h e  am ount 
o f  t im e  s p e n t  i n  t h a t  e n v iro n m e n t d u r in g  h a b i t u a t i o n .

R e s u l t s  i n d i c a t e d  t h a t  g ro u p -h o u s e d  a n im a ls  w e re  m ore 
s e n s i t i v e  t o  c o c a in e  i n  t h i s  p a ra d ig m  th a n  w ere  t h e i r  i s o l a 
t i o n  h o u se d  c o u n t e r p a r t s .  M axim al p l a c e  p r e f e r e n c e  e f f e c t s  
w e re  o b t a i n e d  i n  t h e  a g g r e g a t e d  r a t s  u s in g  t h e  lo w e s t  d o se  
o f  c o c a in e  t e s t e d  ( 0 .3 1  m g /k g ) .  I n  c o n t r a s t ,  t h e  i s o l a t i o n -  
h o u s e d  r a t s  f a i l e d  t o  i n c r e a s e  t h e  p e r c e n ta g e  o f  t im e  s p e n t  
i n  t h e  c o n d i t i o n e d  e n v iro n m e n t ev e n  a t  t h e  h i g h e s t  d o s e  
t e s t e d  ( 2 .5  m g /k g ) .  A 2-w ay ANOVA (d o se  X h o u s in g  c o n d i t i o n )  
p e r fo rm e d  on  t h e  d i f f e r e n c e  s c o r e s  ( p r e - c o n d i t i o n i n g  -  p o s t 
c o n d i t i o n in g  t im e )  y i e l d e d  a  s i g n i f i c a n t  m ain  e f f e c t  o f  
h o u s in g  ( F ( l , 7 0 ) = 5 . 6 4 ,  p < .0 5 ) .  Thus t h e  r e a r i n g  e n v iro n m e n t 
i s  an  i m p o r ta n t  f a c t o r  t h a t  c a n  i n f l u e n c e  th e  s e n s i t i v i t y  o f  
a d u l t  r a t s  t o  t h e  e f f e c t s  o f  c o c a in e  i n  t h e  p l a c e  p r e f e r e n c e  
p a ra d ig m . We h a v e  p r e v i o u s ly  shown t h i s  t o  a l s o  b e  t r u e  when 
h e r o i n  i s  u s e d  a s  t h e  c o n d i t i o n in g  a g e n t .  T h is  may i n d i c a t e  
a  g e n e r a l i z e d  e f f e c t  o f  e a r l y  h o u s in g  c o n d i t i o n s  on  th e  
s e n s i t i v i t y  o f  m a tu re  r a t s  t o  d e p e n d e n c e - in d u c in g  d r u g s .

347.8  D ISSOCIATION OF THE EFFECTS OF d-AMPHETAMINE ON 
THE DETECTION OF INTRACRANIAL STIM U LA TIO N  FROM 
IT S  PSYCHOMOTOR EFFECTS.  J .E .G .  W i l l i a m s  a n d  
C. K o r n e t s k v .  L a b o r a t o r y  o f  B e h a v i o r a l  P h a r m a c o lo g y ,  
B o s to n  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  B o s to n ,  MA 
0 2 1 1 8 .

D e t e c t i o n  t h r e s h o l d s  f o r  i n t r a c r a n i a l  e l e c 
t r i c a l  s t i m u l a t i o n  w e re  m e a s u r e d  t o  d e t e r m i n e  t h e  
r e l a t i v e  e f f e c t s  o f  d - a m p h e ta m in e  o n  t h e  a t t e n 
t i o n - d i s c r i m i n a t i o n  c a p a b i l i t i e s  i n  t h e  r a t .  I n  
a d d i t i o n  t o  t h r e s h o l d  d e t e r m i n a t i o n s ,  i n t e r t r i a l  
r e s p o n d i n g  a n d  l a t e n c y  o f  r e s p o n s e  a s  a m e a s u r e  
o f  t h e  p s y c h o m o to r  e f f e c t s  o f  d - a m p h e ta m in e ,  w e re  
r e c o r d e d .  The t h r e s h o l d  l e v e l  o f  s t i m u l a t i o n  f o r  
d e t e c t i o n  a s  e m p l o y e d  i n  t h i s  p r o c e d u r e  i s  b y  
i t s e l f  n e i t h e r  p o s i t i v e l y  n o r  n e g a t i v e l y  r e i n 
f o r c i n g ;  h o w e v e r ,  t h i s  l e v e l  o f  s t i m u l a t i o n  c a n  
b e  u s e d  a s  a d i s c r i m i n a t i v e  s t i m u l u s  i n  a  s i m p l e  
i n s t r u m e n t a l  t a s k .

M a le  a l b i n o  r a t s  ( C D F - C h a r l e s  R i v e r  L a b o r a 
t o r i e s )  w e re  s t e r e o t a x i c a l l y  i m p l a n t e d  w i t h  tw o  
b i p o l a r  s t a i n l e s s  s t e e l  e l e c t r o d e s  a im e d  a t  t h e  
m e s e n c e p h a l i c  r e t i c u l a r  f o r m a t i o n  (MRF) a n d  t h e  
m e d i a l  f o r e b r a i n  b u n d l e - l a t e r a l  h y p o t h a l a m i c  a r e a  
(M F B -L H ). F o l l o w i n g  s u r g e r y ,  t h e  a n i m a l s  w e r e  
t r a i n e d  t o  m a k e  a n  i n s t r u m e n t a l  r e s p o n s e  t o  a 
n o n - c o n t i n g e n t  0 .5  s e c  MRF s t i m u l a t i o n  c u e  ( S 1 ) . 
R e s p o n d in g  t o  t h e  c u e  w i t h i n  5 s e c  w as m a i n t a i n e d  
b y  t h e  d e l i v e r y  o f  a r e i n f o r c i n g  c o n t i n g e n t  
s t i m u l u s  ( S 2 )  t o  t h e  M FB-LH a r e a .  A b s o l u t e  
d e t e c t i o n  t h r e s h o l d s  w e re  d e t e r m i n e d  by  v a r y i n g  
t h e  c u r r e n t  i n t e n s i t y  o f  t h e  b r a i n  s t i m u l a t i o n  
c u e  ( S 1 ) a c c o r d i n g  t o  a  m o d i f i c a t i o n  o f  t h e  
p s y c h o p h y s i c a l  m e th o d  o f  c o n s t a n t  s t i m u l i .  The 
c o n t i n g e n t  s t i m u l u s  ( S 2 )  r e m a i n e d  a t  a  f i x e d  
h i g h l y  r e w a r d i n g  i n t e n s i t y  l e v e l .  P r e l i m i n a r y  
r e s u l t s  i n d i c a t e  t h a t  d - a m p h e t a m i n e  ( 0 . 0 6 - 1 . 0  
m g /k g )  c a u s e d  d o s e  r e l a t e d  m o n o to n ic  i n c r e a s e s  i n  
i n t e r t r i a l  r e s p o n d i n g  w h i l e  t h e  sam e d o s e  r a n g e  
c a u s e d  a s l i g h t  b u t  n o n - s i g n i f i c a n t  l o w e r i n g  o f  
t h e  d e t e c t i o n  t h r e s h o l d  a t  d o s e s  o f  0 . 0 6 - 0 . 2 5  
m g /k g .  I n  t h r e e  o f  t h e  f o u r  a n i m a l s  t e s t e d ,  a 
s i g n i f i c a n t  r i s e  i n  t h e  d e t e c t i o n  t h r e s h o l d  w a s  
s e e n  a t  d o s e s  o f  0 .5  o r  1 .0  m g / k g .  C h a n g e s  i n  
a t t e n t i o n - d i s c r i m i n a t i o n  a s  m e a s u r e d  b y  t h e  
d e t e c t i o n  t h r e s h o l d  w e re  c l e a r l y  d i s s o c i a t e d  f ro m  
i n c r e a s e s  i n  p s y c h o m o to r  a c t i v i t y  an d  p r e v i o u s l y  
r e p o r t e d  e f f e c t s  o n  r e w a r d  t h r e s h o l d s .  ( E s p o s i t o ,  
R. ,  e t  al . ,  P s y c h o p h a r m a c o l o g y , 6 9 : 1 8 7  -  1 9 1 ,   
1 9 8 0 ) .
( S u p p o r t e d  i n  p a r t  b y  NIDA g r a n t  D A 0 2 3 2 6  a n d  b y  
NIDA R e s e a r c h  S c i e n t i s t  A w ard [CK] D A 00099).

347 .9   ACTH1-24 EFFECTS ON D-AMPHETAMINE SELF-ADMINISTRATION AND 
THE DYNAMICS OF BRAIN DOPAMINE IN RATS.  A .P . L e c c e s e  and 
W.H. L y n e s s .  P h a rm a c o lo g y  D e p a r tm e n t,  T ex as  Tech  
U n i v e r s i t y  H e a l th  S c ie n c e s  C e n t e r ,  L u b b o c k , TX, 7 9 4 3 0 .

E x p e r im e n ts  a im ed a t  d e te r m in in g  th e  n e u r a l  b a s i s  o f  
re w a rd  h a v e  p r e v i o u s ly  f o c u s e d  on th e  r o l e  o f  n e u ro 
t r a n s m i t t e r s  and  h a v e  o n ly  r e c e n t l y  b eg u n  to  i n v e s t i g a t e  
t h e  r o l e  o f  p e p t i d e s .  The p r e s e n t  e x p e r im e n t  i n v e s t i g a t e d  
t h e  e f f e c t  o f  ACTH1- 2 4 on d -a m p h e ta m in e  s e l f - a d m i n i s 
t r a t i o n  i n  r a t s . . A n im a ls  w e re  t r a i n e d  d a i l y  (8  h o u r  
s e s s i o n s )  t o  p r e s s  a l e v e r  w h ic h  a c t i v a t e d  a s y s te m  t h a t  
a d m in i s t e r e d  0 .1 2 5  m g/kg  o f  i n t r a v e n o u s  am p h e ta m in e .
A f t e r  a c h ie v e m e n t o f  a s t a b l e  s e l f - i n j e c t i o n  f r e q u e n c y ,  
s u b j e c t s  w e re  i n j e c t e d  s . c .  w i th  1 0 ,  20 o r  40 µ g /8 0  µ l  
ACTH1- 2 4 im m e d ia te ly  p r i o r  t o  p la c e m e n t i n  t h e  a p p a r a t u s .  
The 20 µg and  40 µg d o s e s  o f  t h e  p e p t i d e  f ra g m e n t in d u c e d  
a s t a t i s t i c a l l y  s i g n i f i c a n t  a t t e n t u a t i o n  o f  d -am p h e ta m in e  
s e l f - i n j e c t i o n  w h ich  l a s t e d  f o r  2 d a y s .  C o n t r o l  r a t e s  o f  
r e s p o n d in g  w e re  a c h ie v e d  by 5 t o  10 d a y s  a f t e r  t h e  p e p t i d e  
t r e a t m e n t .  An e x p e r im e n t  was c o n d u c te d  to  e v a lu a t e  
p o s s i b l e  n e u ro m o d u la to ry  e f f e c t s  o f  th e  p e p t i d e  f ra g m e n t .  
Tw enty  f o u r  h r .  a f t e r  ACTH 1- 2 4 , HVA was e l e v a t e d  in  th e  
c a u d a t e .  When b o th  a p o m o rp h in e  and ACTH 1- 24 w ere  
a d m i n i s t e r e d ,  t h e  c o m b in a tio n  lo w e re d  HVA in  th e  c a u d a te  
t o  a g r e a t e r  d e g re e  t h a n  a p o m o rp h in e  a lo n e .  The p e p t i d e  
f r a g m e n t ,  when com bined  w i th  h a l o p e r i d o l ,  a t t e n u a t e d  th e  
h a lo p e r id o l - in d u c e d  i n c r e a s e s  o f  DOPAC and HVA i n  b o th  th e  
c a u d a te  and  n u c le u s  accu m b e n s . I t  w as t e n t a t i v e l y  co n 
c lu d e d  t h a t  t h e  n e u ro m o d u la to ry  a c t i o n  o f  ACTH1- 24 on 
d o p a m in e rg ic  n e u ro n s  may r e s u l t  i n  an  i n c r e a s e  i n  t h e  
r e w a rd in g  q u a l i t y  o f  d -am p h e ta m in e , th u s  r e n d e r in g  c o n t r o l  
l e v e l  s e l f - i n f u s i o n s  s u p e r f lu o u s .  H ow ever, g iv e n  th e  
s p e c t ru m  o f  p h y s io l o g ic  a c t i v i t y  o f  ACTH1- 24 i n  t h e  b o d y , 
e x a c t  m ech an ism s in v o lv e d  i n  t h e  r e s p o n s e  s u p p r e s s io n  
re m a in  t o  b e  e l u c i d a t e d .

3 4 7 .10  A COMPARISON OF THE REWARDING PROPERTIES OF "FREE" VERSUS
"EARNED" AMPHETAMINE. M.M. La Cerra*  and A. E t ten b e rg  (SPON: 
G. A u s t in ) .   Dept. Psychology, U n iv e r s i t y  o f  C a l i f o r n i a ,   
San ta  B arba ra ,  CA. 93106

Labora to ry  s t u d i e s  o f  drug re in fo rc e m e n t  have , a lm os t ex
c l u s i v e l y ,  involved  i n v e s t i g a t i o n s  o f  the  neurochemical  sub
s t r a t e s  d i r e c t l y  a f f e c t e d  by the  a d m i n i s t r a t i o n  o f  th e  r e i n 
f o r c e r .  Such re s e a r c h  has ignored th e  b eh a v io ra l  o r  o p e r a n t  
response  t h a t  g e n e r a l l y  precedes  th e  d e l i v e r y  o f  the  drug in 
th e se  ex p e r im en t s .  i t  is  presumed t h a t  th e  r esponse  is  im
p o r t a n t  only  as an index o f  th e  r e i n f o r c i n g  q u a l i t y  o f  the  
d rug .  However, t h e r e  is a growing l i t e r a t u r e  t h a t  s u g g e s t s  
t h a t  th e  response  i t s e l f  might c o n t r i b u t e  to  th e  rewarding 
e f f e c t s  o f  p o s i t i v e  r e i n f o r c e r s .  In a v a r i e t y  o f  s i t u a t i o n s ,  
an imals  p r e f e r  w a te r ,  food o r  b r a i n - s t i m u l a t i o n  rewards when 
they a r e  s e l f - a d m i n i s t e r e d  (ea rned)  as  opposed to  when they  
a r e  p rovided  n o n c o n t in g e n t ly  ( f r e e ) .  In the  p r e s e n t  s tudy 
we in v e s t i g a t e d  whether  c o n t in g e n t  drug re in f o rc e m e n t  might 
a l s o  be more rew arding than the  same r e i n f o r c e r  d e l i v e r e d  
n o n c o n t in g e n t ly .

Ten male a l b in o  r a t s  served  as s u b j e c t s .  On a g iven  day 
h a l f  th e  r a t s  ran down a s t r a i g h t  a l l e y  to  a d i s t i n c t i v e  
goal box where each rece iv ed  a 1 .0  mg/kg i . p .  i n j e c t i o n  of  
d-amphetamine. For some animals  th e  goal box was b la c k  in 
c o l o r ,  had a smooth P l e x i g l a s  f l o o r  and an a c e t i c  ac id  od o r .  
For o th e r s  th e  goal box was w h i te ,  had a s o f t  f l o o r  o f  anim
al bedding and co n ta in ed  no a c e t i c  ac id  o d o r .  On a l t e r n a t e  
days each animal was in j e c t e d  w i th  th e  same dose o f  amphet
amine and p la ced  in to  th e  o p p o s i t e  co lo red  chamber to  the 
one t h a t  they had run to  on the  p rev io u s  day. The goal boxes 
and t e s t  p rocedures  were co u n te rb a la n ced  and in each case  
the  r a t s  remained in th e  t e s t  environmen t f o r  30 min p o s t -  
i n j e c t i o n .

Every fo u r  days a 10 min p la ce  p r e f e r e n c e  t e s t  was con
ducted  by p la c in g  an animal in to  a r e c t a n g u l a r  box t h a t  o f 
fe r e d  him a ch o ice  between th e  two environments  t h a t  he had 
ex p e r ien ce d  du r in g  t r a i n i n g .  P r io r  to  th e  ex p e r im en t ,  a p r e 
l im in a ry  p r e f e r e n c e  t e s t  confi rmed  t h a t  an im als  did  not have 
in h e r e n t  p r e f e r e n c e s  f o r  one o r  th e  o t h e r  s i d e  o f  the  t e s t  
box. However, once t r e a tm e n t  had commenced, t h e r e  was a 
h ig h ly  r e l i a b l e  s h i f t  in p la ce  p r e f e r e n c e  f o r  the  e n v i r o n 
ment in which r a t s  had r ece iv ed  c o n t in g e n t  amphetamine over  
the  environment in which they  had rece iv ed  n o n co n t in g en t  
amphetamine. The s i z e  o f  t h e s e  p r e f e r e n c e s  remained s t a b l e  
over  16 days o f  drug t r e a tm e n t .  These d a t a  su g g es t  t h a t  r e 
sponse  f a c t o r s  can c o n t r i b u t e  to  th e  rewarding  e x p e r i e n c e  
produced by p o s i t i v e  r e i n f o r c i n g  p s y c h o a c t iv e  d ru g s .
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347 . 11  HALLUCINOGENIC AMPHETAMINE SELECTIVELY DESTROYS BRAIN
SEROTONIN NERVE TERMINALS.  G .A . R i c a u r t e * . L .S .  S e i den  
and  C .R . S c h u s te r  (SPON: R . J .  D i n e r s t e i n ) .  D e p t .  P h a rm a c o l . 
and  P h y s i o l .  S c i . ,  U n iv . o f  C h ic a g o ,  C h ic a g o , IL 6 0 6 3 7 .

3 ,4 -M e th y le n e d io x y a m p h e ta m in e  (MDA) i s  a  s y n t h e t i c  am
p h e ta m in e  d e r i v a t i v e  w h ic h  p o s s e s s e s  h a l l u c in o g e n i c  a s  w e l l  
a s  p sy c h o m o to r  s t i m u l a n t  a c t i v i t y .  I t  i s  a  p o p u la r  i l l i c i t  
d ru g  w i t h in  t h e  d ru g  s u b c u l t u r e .  The p u rp o s e  o f  t h i s  s tu d y  
was t o  a s s e s s  t h e  n e u r o t o x i c  e f f e c t s  o f  MDA on th e  dopam ine 
(D A ), s e r o t o n i n  (5HT) an d  n o r e p i n e p h r i n e  (NE) s y s te m s  i n  
t h e  r o d e n t  b r a i n .  M ale  a lb i n o  r a t s  w e re  a d m in i s t e r e d  
v a r i o u s  s u b c u ta n e o u s  d o s e s  o f  MDA e v e ry  12 h o u r s  f o r  4 d a y s  
and  k i l l e d  2 w eeks l a t e r .  R e g io n a l  b r a i n  m onoam ine l e v e l  
d e t e r m i n a t i o n s  a t  t h i s  t im e  show ed t h a t  MDA, i n  d o s e s  a s  
low  a s  5 m g /k g /d a y  x  4 ,  p ro d u c e d  a  s e l e c t i v e  l o n g - l a s t i n g  
d e p l e t i o n  o f  5HT i n  v a r i o u s  b r a i n  r e g i o n s  (h ip p o c a m p u s , 
s t r i a t u m )  w i th o u t  a f f e c t i n g  t h e  l e v e l  o f  DA o r  NE. T h is  
p e r s i s t e n t  5HT d e p l e t i o n  was a c co m p a n ie d  b y  a  l o s s  o f  5HT 
u p ta k e  s i t e s  and  a  d e c re m e n t i n  5 - h y d r o x y i n d o le a c e t i c  a c id  
c o n c e n t r a t i o n .  F u r th e r m o r e ,  t h e s e  5HT n e u ro c h e m ic a l  d e f 
i c i t s  w e re  c o r r e l a t e d  w i th  m o rp h o lo g ic a l  e v id e n c e  o f  5HT 
t e r m in a l  d e g e n e r a t i o n .  F i n a l l y ,  i t  was fo u n d  t h a t  r e p e a t e d  
d o s e s  o f  MDA w e re  n o t  n e c e s s a r y  t o  in d u c e  5HT n e u r o t o x i c 
i t y  a s  a  s i n g l e  10 m g/kg  d o s e  o f  MDA was s u f f i c i e n t  to  
p ro d u c e  c o m p a ra b le  5HT n e rv e  t e r m in a l  d e g e n e r a t i o n .  T h ese  
r e s u l t s  d e m o n s t r a te  t h a t  MDA, th e  p r o to t y p e  o f  t h e  g ro u p  
o f  r i n g - s u b s t i t u t e d  am p h e ta m in e s  w i th  h a l l u c in o g e n i c  
a c t i v i t y ,  d e s t r o y s  r a t  b r a i n  5HT n e rv e  t e r m in a l s  an d  r a i s e s  
th e  q u e s t i o n  o f  w h e th e r  MDA u s e  by  man r e s u l t s  i n  b r a i n  
5HT n e rv e  t e r m in a l  d e s t r u c t i o n .  G .A .R . s u p p o r t e d  by  USPHS 
5 GM -07190; L .S .S .  an d  C .R .S . by  DA-00250 an d  D A -00085.

3 4 7 .12   INFLUENCE OF HIERARCHIAL RANK ON BEHAVIORAL RESPONSE TO  
CHRONIC d - AMPHETAMINE TREATMENT IN SELECTED MEMBERS OF STUMP- 
TAIL MACAQUE SOCIAL COLONIES. R . F . S c h l e m m e r ,  J r .  &  J . M . D a v i s .  
I l l i n o i s  S t a t e  P s y c h i a t r i c  I n s t i t u t e ,  C h i c a g o ,  IL 6 0 6 1 2

F r e q u e n t ,  r e p e a t e d  a d m i n i s t r a t i o n  o f  a m p h e t a m i n e  o f t e n  
l e a d s  t o  t h e  d e v e l o p m e n t  o f  a m p h e t a m i n e  p s y c h o s i s ,  a  s y n d r o m e  
s i m i l a r  t o  p a r a n o i d  s c h i z o p h r e n i a .  S u b s e q u e n t l y ,  b e h a v i o r  i n 
d u c e d  by  c h r o n i c  a d m i n i s t r a t i o n  o f  a m p h e t a m i n e  t o  a n i m a l s  i s  
co m m o n ly  u s e d  a s  a n i m a l  m o d e l  o f  s c h i z o p h r e n i a .  A m p h e t a m i n e -  
i n d u c e d  b e h a v i o r  i n  s e l e c t e d  m e m b e r s  o f  p r i m a t e  s o c i a l  c o l o 
n i e s  h a s  b e e n  a  p a r t i c u l a r l y  r e l e v a n t  m o d e l  d u e  t o  t h e  s i m i 
l a r i t y  o f  s e v e r a l  b e h a v i o r a l  c h a n g e s  t o  hu man  s c h i z o p h r e n i c  
b e h a v i o r .  L i k e  hum an a m p h e t a m i n e  p s y c h o s i s  t h e r e  a p p e a r s  t o  
b e  so m e v a r i a t i o n  i n  r e s p o n s e  b e t w e e n  i n d i v i d u a l  s u b j e c t s .
One p o s s i b l e  e x p l a n a t i o n  c o m e s  f r o m  r e c e n t  r e p o r t s  f r o m  s e 
v e r a l  l a b o r a t o r i e s  w h i c h  s u g g e s t  t h a t  h i e r a r c h i a l  r a n k  w i t h 
i n  a  s o c i a l  c o l o n y  may b e  a n  i m p o r t a n t  d e t e r m i n a n t  o f  b e h a 
v i o r a l  r e s p o n s e  t o  d - a m p h e t a m i n e  (AMPHET ) .  T h i s  r e p o r t  d o c u 
m e n t s  r a n k - d e p e n d e n t  c h a n g e s  i n d u c e d  by  c h r o n i c  AMPHET t r e a t 
m e n t  i n  15  f e m a l e  m e m b e r s  o f  s e v e n  a d u l t  S t u m p t a i l  m a c a q u e  
( M a c a c a  a r c t o i d e s ) s o c i a l  c o l o n i e s .  E a c h  e x p e r i m e n t  b e g a n  w i t h  
o b s e r v a t i o n  o f  u n d r u g g e d  b e h a v i o r .  T h i s  w a s  f o l l o w e d  by  
c h r o n i c  a d m i n i s t r a t i o n  o f  d - a m p h e t a m i n e .  1 . 6  mg ( b a s e ) / k g  i n  
t i m e - r e l e a s e  f o r m ,  n a s o g a s t r i c a l l y  e v e r y  12 h r s  f o r  12 c o n s e 
c u t i v e  d a y s .  Two m e m b e r s  f r o m  e a c h  c o l o n y  o f  4 - 5  a n i m a l s  r e 
c e i v e d  d r u g  t r e a t m e n t .  A " b l i n d "  o b s e r v e r  q u a n t i t a t e d  & r e 
c o r d e d  t h e  b e h a v i o r  o f  e a c h  m o n k e y  i n  t h e  c o l o n y  f o r  6 0  m in  
e a c h  d a y .  H i e r a r c h i a l  r a n k  w a s  d e t e r m i n e d  d a i l y  b y  t h e  o b s e r 
v e r  u s i n g  r e c o g n i z e d  d e t e r m i n a n t s  o f  r a n k  i n  t h i s  s p e c i e s .  
P r e d o m i n a n t  b e h a v i o r a l  c h a n g e s  s e e n  w i t h  c h r o n i c  AMPHET Tx 
i n c l u d e d  t h e  i n d u c t i o n  o f  s t e r e o t y p e d  b e h a v i o r ,  i n c r e a s e d  
c h e c k i n g ,  s o c i a l  w i t h d r a w a l ,  i n c r e a s e d  s u b m i s s i v e  b e h a v i o r ,  
a n d  i n c r e a s e d  s c r a t c h i n g .  R a n k - d e p e n d e n t  c h a n g e s  n o t e d  w e r e  
a s  f o l l o w s .  D o m i n a n t  f e m a l e s :  1 )  e x h i b i t e d  s o c i a l  f o r m s  o f  
s t e r e o t y p y  w h e r e a s  l o w e r  r a n k i n g  f e m a l e s  d i d  n o t ,  2 ) h a d  s i g 
n i f i c a n t  i n c r e a s e s  i n  s u b m i s s i v e  g e s t u r e s  w h e r e a s  l o w e s t  r a n k -  
f e m a l e s  d i d  n o t ,  3 )  d e v e l o p e d  s t e r e o t y p e d  t h r e a t e n i n g  b e h a 
v i o r ,  a n d  4 )  h a d  s i g n i f i c a n t  i n c r e a s e s  l o c o m o t i o n .  L o w e r  
r a n k i n g  s u b o r d i n a n t  f e m a l e s :  1 ) b e c a m e  s p a t i a l l y  i s o l a t e d  
e a r l y  i n  AMPHET Tx & 2 )  h a d  s i g n i f i c a n t l y  l a r g e r  i n c r e a s e s  i n  
s e l f - g r o o m i n g .  A M P H E T -i n d u c e d  i n c r e a s e s  i n  g e n e r a l  a c t i v i t y ,  
o v e r a l l  s t e r e o t y p y ,  c h e c k i n g ,  a n d  s c r a t c h i n g  d i d  n o t  a p p e a r  
t o  be r a n k - d e p e n d e n t .  T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  h i e r a r 
c h i a l  r a n k  i s  a n  i m p o r t a n t  v a r i a b l e  i n  s e v e r a l  p r o m i n e n t  b e 
h a v i o r a l  c h a n g e s  i n d u c e d  i n  S t u m p t a i l  m a c a q u e  m o n k e y s  by  
c h r o n i c  d - a m p h e t a m i n e  t r e a t m e n t .

347 .13   COCAINE ANTAGONISM OF r -AMINOBUTYRIC ACID ACTION ON 
CULTURED HIPPOCAMPAL NEURONS.  S .A . C o h e n .  D e p a r tm e n ts  o f  
A n e s th e s io lo g y  an d  P a th o lo g y ,  M ount S i n a i  S c h o o l o f  M e d ic in e ,  
New Y o rk , New Y ork  10029 .

C o c a in e  h a s  b e e n  u s e d  c l i n i c a l l y  f o r  y e a r s ,  b u t  i t s  
i l l i c i t  a b u s e  f o r  c e n t r a l  n e rv o u s  s y s te m  (CNS) s t i m u l a t i o n  
h a s  i n c r e a s e d  d r a m a t i c a l l y  r e c e n t l y .  D e s p i te  e x t e n s i v e  
i n v e s t i g a t i o n  t h e  c e l l u l a r  m ech an ism s o f  c o c a i n e 's  CNS 
s t i m u l a t o r y  e f f e c t s  re m a in  unknow n. The p r e s e n t  r e s e a r c h  
d e s c r i b e s  c o c a i n e 's  a n ta g o n is m  o f  t h e  a c t i o n  o f  t h e  p u t a t i v e  
i n h i b i t o r y  CNS n e u r o t r a n s m i t t e r  r-a m in o b u t y r i c  a c id  (GABA).

P r im a ry  d i s s o c i a t e d  c e l l  (PDC) c u l t u r e s  o f  h ip p o c a m p a l 
n e u ro n s  (HN) p r e p a r e d  fro m  14 -1 6  day  o ld  m ouse f e t u s e s  w e re  
s t u d i e d  e l e c t r o p h y s i o l o g i c a l l y  a f t e r  1 -3  w eeks i n  c u l t u r e .   
HN w e re  p e n e t r a t e d  f o r  i n t r a c e l l u l a r  r e c o r d in g  w i th  g l a s s  
m i c r o p i p e t t e s .  M ic r o io n t o p h o r e t i c  p i p e t t e s  i d e n t i c a l  t o  
t h o s e  u s e d  f o r  v o l t a g e  r e c o r d in g  w e re  f i l l e d  w i th  GABA 
(0 .5 M , pH 2 . 9 ) .  C o c a in e  (100  nM) w as a d d e d  t o  a  c a r r i e r  
s o l u t i o n  i d e n t i c a l  t o  t h e  RS an d  d e l i v e r e d  fro m  s m a l l  b o r e  
p i p e t t e s  w h ic h  w e re  p r o g r e s s i v e l y  b r o u g h t  t o  w i t h i n  5 um o f  
a n  im p a le d  HN.

The a v e ra g e  r e s t i n g  m em brane p o t e n t i a l  (RMP) o f  HN was 
- 5 1 .8 2 ± 9 .8 1  mV (m ean ±  S . D . ) .  A l l  HN t e s t e d  w e re  s e n s i t i v e  

 t o  i o n t o p h o r e t i c a l l y  a p p l i e d  GABA. GABA r e s p o n s e s  fro m  a  
s i n g l e  c e l l  w e re  s t a b l e  o v e r  t im e .  C o c a in e  a p p l i e d  by 
p a s s i v e  d i f f u s i o n  d im in is h e d  t h e  GABA r e s p o n s e .  The GABA 
r e s p o n s e  w as d e p r e s s e d  a s  a  f u n c t i o n  o f  c o c a in e  c o n c e n t r a 
t i o n .  As t h e  c o c a in e  p i p e t t e  w as a d v a n c e d  to w a rd s  t h e  HN 
som a, t h e  GABA r e s p o n s e  p r o g r e s s i v e l y  d e c l i n e d  u n t i l  i t  was 
c o m p le te ly  a b o l i s h e d .  T h is  e f f e c t  was l o n g  l a s t i n g ;  when 
t h e  c o c a in e  p i p e t t e  w as w i th d ra w n , t h e  c e l l  r e m a in e d  
u n r e s p o n s iv e  t o  t h e  sam e d o s e  o f  GABA f o r  a b o u t  t h r e e  
m in u te s .  The r e s p o n s e  s lo w ly  i n c r e a s e d  i n  a m p l i tu d e  w i th  
t im e .  I n  some c a s e s  c o c a in e  c a u s e d  a n  i n c r e a s e  i n  RMP 
a f t e r  t h e  GABA r e s p o n s e  was a t t e n u a t e d .

S in c e  GABA i s  t h o u g h t  t o  b e  a n  i n h i b i t o r y  n e u r o t r a n s 
m i t t e r  i n  HN, t h e  r e s u l t s  s t r o n g l y  s u p p o r t  t h e  h y p o t h e s i s  
t h a t  c o c a in e  a c t s  a s  a  m o d u la to r  o f  n e u r o t r a n s m i s s io n  i n  
t h e  h ip p o c a m p u s . A lth o u g h  a  v a r i e t y  o f  com pounds h a v e  b e e n  
show n t o  a l t e r  c h o l i n e r g i c  s y n a p t i c  f u n c t i o n ,  t h i s  i s  th e  
f i r s t  d e m o n s t r a t io n  i n  w h ic h  a  l o c a l  a n e s t h e t i c  m o d u la te d  
GABA m e d ia te d  r e s p o n s e s .  T h u s , t h e  a c t i o n  o f  c o c a in e  i s  
q u a l i t a t i v e l y  s i m i l a r  t o  a  v a r i e t y  o f  o t h e r  a g e n ts  w h ic h  
p ro d u c e  n e u r o n a l  e x c i t a b i l i t y .  T h is  may a c c o u n t  n o t  o n ly  
f o r  c o c a i n e 's  CNS e u p h o r ig e n ic  a c t i o n  b u t  a l s o  f o r  i t s  
a b i l i t y  t o  p ro d u c e  s e i z u r e s .

347.14  ALTERATIONS IN GLUCOSE UPTAKE IN BRAIN IN DIAZEPAM-DEPENDENT 
AND DIAZEPAM-WITHDRAWING RATS.  C h e ry l  A. M a r i e t t a * ,  M ic h a e l  
J .  E c k a r d t ,  K e r ry  L . Z b ic z * ,  and  F o r r e s t  F .  W e ig h t .   L a b . o f  
P r e c l i n i c a l  S tu d ie s  an d  L a b . o f  C l i n i c a l  S t u d ie s ,  N a t ' l .  
I n s t . on A lc o h o l A buse and  A lc o h o lis m , R o c k v i l l e ,  MD 20852 

D iazepam  c a n  p ro d u c e  p h y s i c a l  d e p e n d e n c e  a s  r e v e a l e d  by 
w i th d ra w a l  symptoms c h a r a c t e r i z e d  by h y p e r a c t i v i t y  ( R a s to g i ,  
e t .  a l . ,  J  P s y c h ia t  Res 1 3 : 6 5 ,  1 9 7 6 ) .  We i n v e s t i g a t e d  t h e  
e f f e c t  o f  d iaz e p a m  d e p e n d e n c e  and  w i th d ra w a l  on c e r e b r a l  
g lu c o s e  m e ta b o lis m  u s in g  2 - d e o x y -D [14C] g lu c o s e  (2-D G ) a s  
a  m e ta b o l i c  t r a c e r .  F em ale  S p ra g u e -D aw ley  r a t s  w ere  r e n 
d e re d  p h y s i c a l ly  d e p e n d e n t  by o r a l  a d m i n i s t r a t i o n  o f  a  
d iaz e p a m  s u s p e n s io n  tw ic e  a  d a y ,  s e v e n  d a y s  a  w eek , on  a  
r a p i d l y  i n c r e a s i n g  d o s a g e  s c h e d u le  fro m  20 m g /k g /d a y  to  
100 m g /k g /d a y , th e n  m a in ta in e d  on  100 m g /k g /d a y  f o r  5 
w e e k s . P h y s i c a l  d e p e n d en c e  was i n d i c a t e d  by th e  a p p e a r a n c e  
o f  a  w i th d ra w a l  syndrom e c h a r a c t e r i z e d  by t r e m o r s ,  h y p e r 
a c t i v i t y  and  w e ig h t  l o s s .  The sym ptom s s t a r t e d  a p p ro x 
i m a te ly  36 t o  40 h o u r s  a f t e r  t h e  l a s t  d o s e  and  p e a k e d  12 
t o  20 h o u r s  a f t e r  t h e  o n s e t  o f  sym p to m s. A n im als  w ere  
p r e p a r e d  f o r  t h e  d e te r m i n a t i o n  o f  l o c a l  b r a i n  g lu c o s e  
u p ta k e  u s in g  th e  2-DG m ethod  o f  S o k o lo f f  e t .  a l .  ( J .  N eu ro 
chem , 2 8 : 8 9 7 , 1977) e i t h e r  2 h o u r s  a f t e r  t h e  l a s t  d o s e  o f  
d ia z e p a m  ( d e p e n d e n t )  o r  when a  m ax im al w i th d ra w a l  r e s p o n s e  
was n o te d  ( w i th d r a w in g ) .  The a u to r a d io g r a p h s  fro m  d e p e n d 
d e n t  r a t s  a p p e a re d  s i g n i f i c a n t l y  l i g h t e r  th a n  t h e  c o n t r o l s ,  
i n d i c a t i n g  a  d e c r e a s e  i n  2-DG u p t a k e .  The d e c r e a s e  i n  
u p ta k e  a p p e a re d  t o  be a  g e n e r a l i z e d  d e p r e s s io n  o f  u p ta k e  
a s  no s p e c i f i c  l o c a l i z e d  c h a n g e s  i n  u p ta k e  p a t t e r n s  w ere  
o b s e rv e d  when c o m p a rin g  th e  d e p e n d e n t  and  c o n t r o l  r a t s .  
A lth o u g h  t h e  a u to r a d io g r a p h s  o f  w i th d ra w in g  r a t s  d id  n o t  
a p p e a r  t o  show a  g e n e r a l i z e d  c h a n g e  i n  2-DG u p t a k e ,  l o c a l 
i z e d  c h a n g e s  w ere  o b s e rv e d :  c o lu m n a r  a r e a s  o f  i n c r e a s e d   
u p t a k e  w e re  a p p a r e n t  i n  t h e  f r o n t a l  s e n s o r im o to r  c o r t e x ,  
o v o id  a r e a s  o f  i n c r e a s e d  u p ta k e  c o u ld  be s e e n  i n  t h e  
c e r e b e l lu m ,  and th e  l a t e r a l  g e n i c u l a t e  o f  t h e  w i th d ra w 
in g  r a t  show ed i n c r e a s e d  u p ta k e  i n  t h e  d o r s a l  p o r t i o n .  
The l o c a l i z e d  a r e a s  o f  i n c r e a s e d  u p ta k e  s e e n  i n  a u t o r a d i o 
g r a p h s  fro m  w ith d ra w in g  r a t s  w e re  n o t  a p p a r e n t  i n  e i t h e r  
t h e  c o n t r o l  o r  d e p e n d e n t  r a t s .  O ur r e s u l t s  a r e  c o n s i s t e n t  
w i th  a  d e c r e a s e  i n  CNS a c t i v i t y  i n  d e p e n d e n t  r a t s .  D u rin g  
b o th  e th a n o l  and  p h e n o b a r b i t a l  w i th d ra w a l  t h e r e  i s  a  g e n 
e r a l i z e d  i n c r e a s e  i n  2-DG u p ta k e  (C a m p b e ll,  e t .  a l . , B r a in  
R e s , 237 : 5 7 1 , 1 982 ; M a r i e t t a ,  e t .  a l . ,  N e u ro s c i  Abs 9 , 
1 2 3 8 , 1 9 8 3 ) . Our r e s u l t s  i n d i c a t e  t h a t  t h e r e  d o e s  n o t  
a p p e a r  t o  be a  g e n e r a l i z e d  i n c r e a s e  i n  u p ta k e  o f  2-DG d u r 
in g  w i th d ra w a l  fro m  d ia z e p a m .
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3 4 7.15  LABELLING OF CANNABINOID BINDING S I T E S  IN BRAIN WITH A 
3H-QUATERNARY AMMONIUM ANALOGUE OF DELTA- 8  THC. J . S .
N y e ,  H . H .  S e l t z m a n * ,  C . G .  P i t t *  a n d  S . H.  S n y d e r .   D e p t . o f  
N e u r o s c i e n c e ,  J o h n s  H o p k i n s  U n i v e r s i t y ,  S c h .  o f  M e d i c i n e ,  
B a l t i m o r e ,  MD 2 1 2 0 5 ;  * R e s e a r c h  T r i a n g l e  I n s t i t u t e ,
R e s e a r c h  T r i a n g l e  P a r k ,  NC 2 7 7 0 9 .

We h a v e  s t u d i e d  t h e  i n  v i t r o  b i n d i n g  o f  3 H - 5 1- t r i m e t h y l  
am monium d e l t a - 8  THC ( 3 H-TMA) t o  r a t  n e u r o n a l  
m e m b r a n e s .  TMA i s  a  p o s i t i v e l y  c h a r g e d  a n a l o g u e  o f  THC 
m o d i f i e d  i n  t h e  a l i p h a t i c  s i d e - c h a i n ,  a  p o r t i o n  o f  t h e  
m o l e c u l e  n o t  i m p o r t a n t  f o r  i t s  p s y c h o a c t i v i t y .  U n l a b e l l e d  
TMA i n h i b i t s  f i e l d - s t i m u l a t e d  c o n t r a c t i o n s  o f  t h e  g u i n e a  
p i g  i l e u m  a t  l o w  c o n c e n t r a t i o n s  ( I C 5 0  = 0 . 9  µM) a n d  i n  
t h e  s a m e  p r e s y n a p t i c  m a n n e r  a t  d e l t a - 9  THC.

3 H-TMA b i n d s  s a t u r a b l y  t o  b r a i n  m e m b r a n e  
p r e p a r a t i o n s .  TMA b i n d i n g  i s  r e v e r s i b l e ,  s e n s i t i v e  t o  
p r o t e a s e s ,  b o i l i n g  a n d  s h o w s  a  pH maximum a r o u n d  7 .  
A d d i t i o n a l l y ,  t r e a t m e n t  o f  m e m b r a n e s  w i t h  n u m e r o u s  
d e t e r g e n t s ,  i n c l u d i n g  T r i t o n  X - 1 0 0  a n d  CHAPS, w i l l  
s o l u b i l i z e  t h e  s i t e s  w i t h o u t  a l t e r i n g  t h e i r  
p h a r m a c o l o g i c a l  p r o p e r t i e s .

D e l t a - 9  THC c o m p e t i t i v e l y  i n h i b i t s  3 H-TMA b i n d i n g  
p o t e n t l y  (K i = 10  nM) a n d  s t e r e o s e l e c t i v e l y .  W h i l e  many  
c a n n a b i n o i d s  a l s o  i n h i b i t  TMA b i n d i n g ,  no  o t h e r  d r u g  o r  
u n r e l a t e d  c o m p o u n d  t e s t e d  s o  f a r  h a s  c o m p a r a b l e  p o t e n c y .  
F o r  m an y  c a n n a b i n o i d s  p o t e n c y  i n  b e h a v i o r a l  a n d  
p h y s i o l o g i c a l  t e s t s  p a r a l l e l s  t h e i r  p o t e n c y  a t  t h e  
3 H-TMA b i n d i n g  s i t e .  H o w e v e r ,  s e v e r a l  b e h a v i o r a l l y  
i n a c t i v e  c a n n a b i n o i d s  s u c h  a s  c a n n a b i n o l  a n d  c a n n a b i d i o l  
a r e  a c t i v e  a t  t h e  b i n d i n g  s i t e .  T h e s e  d r u g s  may b e h a v e  a s  
a n t a g o n i s t s  t o  d e l t a - 9  THC a s  s u g g e s t e d  b y  p h y s i o l o g i c a l  
a n d  b e h a v i o r a l  s t u d i e s  ( K r a n t z  e t  a l . ,  Am. J .  P h a r m . ,  
1 9 7 1 : 1 4 9 - 1 5 2 ,  1 9 7 1 ;  K a r n i o l  a n d  Car T i n i ,  
P s y c h o p h a r m a c o l o g i a ,  3 3 : 5 3 - 7 0 ,  1 9 7 3 ;  K a r n i o l  e t  a l . ,  E u r .  
J .  P h a r m a c o l . ,  2 8 : 1 7 2 - 7 7 ,  1 9 7 4 ) .

347.16  GTP REVERSES THE EFFECTS OF Δ9-TETRAHYDROCANNABINOL ON THE 
BINDING OF ANTAGONISTS TO THE β-ADRENERGIC RECEPTOR. C ec ilia  
J . H illa rd  and Alan S. Bloom.  Dept. o f Pharmacology and Tox
ico logy , Medical College o f W isconsin, Milwaukee, WI 53226.

We have dem onstrated p rev io u sly  th a t  Δ9-te trah y d ro can 
nabinol (THC) increases  th e  b inding o f an tag o n ists  to  the  
β-ad renerg ic  re cep to r o f mouse cereb ra l c o r t ic a l  membranes 
(H illa rd , C .J . and Bloom, A .S ., Soc. Neurosci A bst. 7: 448, 
1981). In th e  presence o f 10 µM THC, 3H -dihydroalprenolol 
( 3H-DHA) binding is  described  by a r ig h t - s h i f te d ,  c u rv i
l in e a r  Scatchard p lo t .  3H-DHA binding in th e  presence o f 
THC was best f i t  to  two binding s i t e s ,  a high a f f in i ty  s i t e  
with a KD=0.06 nM, accounting fo r  10% o f the  binding and a 
low a f f in i ty  s i t e  with a KD=6 .7  nM, accounting fo r  90% o f 
the  b ind ing . In th e  presence o f v eh ic le  a lone, th e  KD was 
2.61 nM.

The binding of d l -propranolo l (PROP) was a ffec ted  by 
THC in an analogous manner. PROP displacem ent curve in th e  
presence o f 10 µM THC had an IC50 o f 16.2 nM, compared to   
32.0 nM in th e  presence o f v e h ic le . The H ill c o e f f ic ie n t was 
0.58 in th e  presence o f THC, which is  in d ic a tiv e  o f m u ltip le  
s i t e s .  Nonlinear curve f i t t i n g  techniques confirm  a two s i t e  
model with a high a f f in i ty  s i t e  (KI =0.08 nM) accounting 
fo r 16% of the  to ta l  s i t e s  and a low a f f in i ty  s i t e  (KI =5.96 
nM) accounting fo r  84% o f th e  to ta l  s i t e s .  PROP binding in 
the  presence o f v eh ic le  alone was best described  by a one 
s i t e  model (KI =6.55 nM).

One exp lanation  fo r  th e  appearance o f th i s  high a f f in i ty  
s i t e  i s  THC s t a b i l i z a t i o n  o f th e  r e c e p to r  Ns p ro te in  
complex. In th i s  s i tu a t io n ,  an tag o n ists  would bind to  both 
the  low a f f in i ty ,  uncoupled recep to r and th e  high a f f in i ty  
"precoupled" rec ep to r . I f  th i s  hypothesis is  c o r re c t ,  the  
high a f f in i ty  s i t e  seen in th e  presence o f THC ought to  
d isappear in th e  presence o f GTP.

GTP rev e rses  th e  e f fe c ts  o f THC on both 3H-DHA binding 
and on PROP b inding . In th e  presence o f GTP and THC, 3H-DHA 
binding is  to  a s in g le  s i t e ,  as dem onstrated by a lin e a r  
Scatchard p lo t (KD=2.93 nM). PROP displacem ent curve in 
th e  presence o f THC and GTP has an IC50  o f 31.3 nM and a 
H ill c o e f f ic ie n t o f 0 .85 . Nonlinear curve f i t t i n g  of the  
da ta  in d ic a te s  a s in g le  s i t e  with a KI=4.68 nM.

These r e s u l t s  in d ic a te  th a t  the  e f fe c t  o f THC on antago
n is t  binding to  th e  8 -ad renerg ic  re cep to r is  c o n s is ta n t with 
a h y p o th e s is  o f  THC s t a b i l i z a t i o n  o f a h igh  a f f i n i t y ,  
r e c e p to r  Ns p reco u p led  s t a t e  and th a t  t h i s  s i t e  i s  GTP 
s e n s i t iv e ,  s im ila r to  the  te rn a ry  complex binding s i t e .
(Supported by USPHS Grant DA-00124).

347. 17  (± ) -CATHINONE AFFECTS DOPAMINE AND 5-HYDROXYTRYPTAMINE
NEURONS IN RAT BRAIN.  J .A .  N i e l s e n .  P h a rm a c o lo g y  P ro g ra m , 
N o r t h e a s t e r n  O hio  U n i v e r s i t i e s  C o l le g e  o f  M e d ic in e ,  R o o ts -  
to w n , OH 4 4 2 7 2 .

(± ) - C a th in o n e  i s  a n  a c t i v e  i n g r e d i e n t  i n  t h e  l e a v e s  o f  t h e  
k h a t  s h r u b .  (± ) - C a th in o n e  a f f e c t s  b e h a v io r  ( S c h e c h te r  e t  a l . . 
P h a rm a c o l.  B iochem . B eh av . 2 0 :1 8 1 ,  1 9 8 4 ) ,  n e u ro c h e m is t ry  and 
e l e c t r o p h y s i o lo g y  (M ereu  e t  a l . , L i f e  S c i .  3 2 :1 3 8 3 , 1983) i n  
a  m an n er s i m i l a r  t o  t h e  s t i m u l a n t s  a m p h e ta m in e , c o c a in e  and  
m e th y lp h e n id a te .  The p r e s e n t  s tu d y  e x te n d e d  t h e s e  s t u d i e s  
by e v a l u a t i n g  t h e  e f f e c t s  o f  (± ) - c a t h i n o n e  on  do p am in e  (DA), 
5 - h y d ro x y t ry p ta m in e  (5 -H T ) , and  n o r e p i n e p h r i n e  (NE) n e u ro n s  
i n  s e v e r a l  r a t  b r a i n  r e g i o n s  in v i v o .

The i n  v iv o  r a t e  o f  DA, 5-HT and  NE s y n t h e s i s  was d e t e r 
m in ed  i n  t h e  n u c l e i  c a u d a tu s  p u tam en  (C P ) , accum bens (N A ), 
a m y g d a lo id e u s  c e n t r a l i s  (A C ), s e p t i  l a t e r a l i s  (S L ) , p r e o p t i 
c u s  p a r s  s u p r a c h i a s m a t i c a  (PSCN ), and  d o r s o m e d ia l i s  (h y p o 
th a l a m i )  (DMN) o f  m a le  r a t s  (1 7 5 -2 2 5 g )  by m e a s u r in g  t h e  co n 
c e n t r a t i o n  o f  d ih y d r o x y p h e n y la l a n in e  (DOPA) and 5 - h y d ro x y -  
t r y p to p h a n  (5-H TP) a f t e r  t h e  a d m i n i s t r a t i o n  o f  NSD 1015 
(1 0 0  m g /k g , i . p . )  a n  i n h i b i t o r  o f  a ro m a t ic  L -am in o  a c id  d e 
c a r b o x y l a s e  ( N ie l s e n  et: a l . , L i f e  S c i .  3 3 :1 8 9 9 , 1 9 8 3 ) . Con
c e n t r a t i o n s  o f  DA, 5-H T, NE, an d  t h e i r  m a jo r  m e t a b o l i t e s  
d ih y d r o x y p h e n y la c e t ic  a c id  (DOPAC), 5 - h y d r o x y i n d o le a c e t i c  
a c id  (5 -H IA A ), and  3 -m e th o x y -4 - h y d ro x y p h e n y le th y le n e  g l y c o l  
(MHPG), r e s p e c t i v e l y ,  w e re  a n a ly z e d  by h ig h  p r e s s u r e  l i q u i d  
c h ro m a to g ra p h y  c o u p le d  t o  a n  e l e c t r o c h e m i c a l  d e t e c t o r .

(± ) - C a th in o n e  d e c r e a s e d  DOPAC i n  a  t im e -  an d  d o s e - r e l a t e d  
m an n er i n  t h e  CP, NA, AC, an d  SL w i th  t h e  p e a k  e f f e c t  o c c u r 
in g  3 0 -6 0  m in u te s  a f t e r  a  d o s e  o f  6 m g/kg  ( i . p . ) .  (± ) - C a th
in o n e  h ad  no e f f e c t  on DOPAC i n  t h e  PSCN o r  DMN. The d ru g  
a l s o  d e c r e a s e d  t h e  a c c u m u la t io n  o f  DOPA i n  t h e  CP, NA, AC, 
a nd  SL, b u t  i n  t h e  PSCN an d  DMN t h e i r  was no e f f e c t .  (± ) -  
C a th in o n e  a l s o  d e c r e a s e d  5-HIAA and  5-HTP i n  t h e  CP, NA, AC, 
and  SL, b u t  w as w i th o u t  e f f e c t  i n  t h e  PSCN and  DMN. (± ) - C a th 
i n o n e  w as l e s s  p o t e n t  i n  a f f e c t i n g  t h e  5-HT n e u ro n s  a s  com
p a re d  t o  t h e  DA n e u r o n s .  F i n a l l y ,  (± ) - c a th i n o n e  d id  n o t  a l t e r 
t h e  am ount o f  MHPG i n  an y  r e g i o n  s t u d i e d .

T h e se  r e s u l t s  s u g g e s t  t h a t  (± ) - c a t h in o n e :  1) a f f e c t s  DA 
n e u ro n s  i n  f o r e b r a i n ,  b u t  n o t  h y p o th a lm ic  r e g i o n s ;  2 ) a l t e r s  
f o r e b r a i n ,  b u t  n o t  h y p o th a la m ic  5-HT n e u ro n s  l e s s  p o t e n t l y  
t h a n  DA n e u r o n s ;  and  3 ) d o e s  n o t  a f f e c t  NE n e u ro n s .  
(S u p p o r te d  by  N o r t h e a s t e r n  O hio  U n i v e r s i t i e s  C o l le g e  o f  Med
i c i n e  BMS g r a n t  2380 an d  NIDA g r a n t  0 3 5 9 1 -0 1 ) .

3 4 7 . 18   EFFECT OF THC ON MEDIAL SEPTAL FACILITATION OF THE FACIA 
DENTATA SPIKE RESPONSE TO PERFORANT PATH STIMULATION. N . J .  
P o n t z e r , *  a n d  D.M. W i l k i s o n *  (SPON: M . J .  H o s k o ) .   D e p t . o f  
P h a r m .  a n d  To x . ,  M e d i c a l  C o l l e g e  o f  W i s c o n s i n ,  M i l w a u k e e ,  
WI 5 3 2 2 6 .

A l t h o u g h  t h e  p r e c i s e  m e c h a n i s m s  b y  w h i c h  t e t r a h y d r o c a n 
n a b i n o l  (THC) p r o d u c e s  i t s  u n i q u e  b e h a v i o r a l  e f f e c t s  a r e  
n o t  k n o w n ,  t h e r e  i s  e v i d e n c e  s u g g e s t i n g  an  i n v o l v e m e n t  o f  
c e n t r a l  c h o l i n e r g i c  s y s t e m s .  THC h a s  b e e n  s h o w n  t o  d e c r e a s e  
a c e t y l c h o l i n e  r e l e a s e ,  t u r n o v e r  a n d  u p t a k e  i n  t h e  c o r t e x  
a n d  h i p p o c a m p u s ,  p o s s i b l y  b y  a  p r e - s y n a p t i c  a c t i o n .  H i p p o 
c a m p a l  t h e t a  r h y t h y m ,  w h i c h  may b e  i n  p a r t  m e d i a t e d  b y  
c h o l i n e r g i c  s e p t o - h i p p o c a m p a l  p r o j e c t i o n s  i s  s e n s i t i v e  t o  
d i s r u p t i o n  b y  THC. B o th  t h e  h i p p o c a m p u s  a n d  c e n t r a l  c h o 
l i n e r g i c  s y s t e m s  h a v e  b e e n  i m p l i c a t e d  i n  l e a r n i n g  a n d  
m e m o r y .  THC a n d  a n t i - c h o l i n e r g i c  a g e n t s  p r o d u c e  s i m i l a r  
d e f i c i t s  i n  s h o r t  t e r m  m e m o r y .  I t  w a s  t h u s  o f  i n t e r e s t  t o  
s t u d y  t h e  e f f e c t  o f  THC o n  c h o l i n e r g i c  m o d u l a t i o n  o f  
h i p p o c a m p a l  f u n c t i o n .  O t h e r  w o r k  i n  t h i s  a r e a  h a s  s h o w n  a 
d i r e c t  a u g m e n t a t i o n  o f  t h e  m o n o s y n a p t i c  r e s p o n s e  a t  CAl  a n d  
d e n t a t e  i n  v i t r o  a n d  a t  CAl  i n  v i v o  b y  THC.

M a l e  S p r a g u e - D a w l e y  r a t s  ( 2 5 0 - 4 0 0 g ) w e r e  a n e s t h e t i z e d  
w i t h  u r e t h a n e  ( 1 . 5 - 2 . 0  g / k g ) ,  m o u n t e d  i n  a  s t e r e o t a x i c  
f r a m e  a n d  t h e  s k u l l  o p e n e d  o v e r  t h e  p e r f o r a n t  p a t h  ( P P ) ,  
f a c i a  d e n t a t a  ( D )  a n d  m e d i a l  s e p t a l  ( M S ) .  C o n c e n t r i c  
b i p o l a r  s t i m u l a t i n g  e l e c t r o d e s  w e r e  p l a c e d  i n t o  PP a n d  MS 
a n d  a n  i n s u l a t e d  t u n g s t e n  w i r e  r e c o r d i n g  e l e c t r o d e  i n t o  
D. V a r i o u s  l e n g t h  ( 1 5 - 1 0 0  m Se c)  an d  f r e q u e n c y  ( 1 0 0 - 2 5 0  Hz)  
t r a i n s  o f  c o n d i t i o n i n g  s t i m u l i  w e r e  d e l i v e r e d  t o  MS 
i m m e d i a t e l y  p r e v i o u s  t o  PP s t i m u l a t i o n .  T h r e e  l e v e l s  o f  
PP a n d  MS s t i m u l a t i o n  w e r e  u s e d .  Two c o n t r o l  p e r i o d s  a n d  
t h r e e  p e r i o d s  15 m i n  p o s t  c u m u l a t i v e  THC i . v .  ( 1 ,  3 a n d  10 
m g / k g ) ,  w e r e  m e a s u r e d .  E i g h t  s u c c e s s i v e  e v o k e d  d e n t a t e  
r e s p o n s e s  w e r e  a v e r a g e d  a n d  t h e  p o p u l a t i o n  s p i k e  m e a s u r e d  
b y  c o m p u t e r  a f t e r  h i g h  p a s s  d i g i t a l  f i l t e r i n g  ( 1 6 0  Hz)  t o  
e l i m i n a t e  t h e  l ow  f r e q u e n c y  EP SP .  S t i m u l i  w e r e  d e l i v e r e d  a t  
0 . 2  Hz .

Low d o s e s  o f  THC a p p e a r e d  t o  d e c r e a s e  o r  a b o l i s h  t h e  
p o p u l a t i o n  s p i k e  a u g m e n t a t i o n  p r o d u c e d  b y  p r i o r  MS s t i m u l a 
t i o n .  I n  some a n i m a l s ,  THC d i r e c t l y  a u g m e n t e d  t h e  p o p u l a 
t i o n  s p i k e  i n  t h e  a b s e n c e  o f  MS s t i m u l a t i o n .  A v a r i a b l e  low 
a m p l i t u d e  d i r e c t  r e s p o n s e  t o  MS s t i m l u a t i o n  a t  t h e  d e n t a t e  
w a s  a l s o  a b o l i s h e d  i n  a  f e w  a n i m a l s  i n  w h i c h  t h i s  w a s  
m e a s u r e d .  An a c t i o n  o f  THC t o  d i r e c t l y  a u g m e n t  m o n o s y n a p t i c  
r e s p o n s e  i n  t h e  h i p p o c a m p u s  w h i l e  d e c r e a s i n g  t h e  f a c i l i t a 
t i o n  p r o d u c e d  b y  MS s t i m u l a t i o n  c o u l d  a c c o u n t  f o r  some o f  
i t s  b e h a v i o r a l  a c t i o n s .
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147.19 THE EFFECT OF THE GABA AGONIST MUSCIMOL ON 5-MeODMT-INDUCED 
BEHAVIORAL CHANGES ON SELECTED MEMBERS OF A PRIMATE SOCIAL 
COLONY.  C.  N a w a r a ,  R . F .  S c h l e m m e r ,  J r . ,  W . J .  H e i n z e * .  J . M . 
D a v i s .  I l l . S t a t e  P s y c h i a t r i c  I n s t i t u t e ,  C h i c a g o ,  IL 6 0 6 1 2 .

5 - M e t h o x y  N , N - d i m e t h y l t r y p t a m i n e  (5-MeODMT) i s  a  h a l l u c i 
n o g e n  w h i c h  i n d u c e s  s e v e r a l  b e h a v i o r a l  c h a n g e s  i n  p r i m a t e s  
w h i c h  h a v e  b e e n  p r o p o s e d  a s  a  m o d e l  f o r  t h e  s t u d y  o f  p s y c h o 
t i c  p r o c e s s e s .  We h a v e  p r e v i o u s l y  r e p o r t e d  t h a t  5-MeODMT- 
i n d u c e d  e m e r g e n t  b e h a v i o r s  c a n  b e  s i g n i f i c a n t l y  i n f l u e n c e d  
b y  p h a r m a c o l o g i c  a l t e r a t i o n  o f  s e v e r a l  n e u r o t r a n s m i t t e r  s y s 
t e m s ,  p a r t i c u l a r l y  b y  s e r o t o n i n  a n d  d o p a m i n e  a n t a g o n i s t s .   
T h e  p r e s e n t  s t u d y  e x a m i n e d  t h e  i n f l u e n c e  o f  t h e  GABA a g o n i s t  
m u s c i m o l  (MUS) on  5-MeODMT-i n d u c e d  p r i m a t e  b e h a v i o r .  I n 
t e r e s t i n g l y ,  i n t o x i c a t i o n  w i t h  so m e GABA a g o n i s t s  s u c h  a s  
MUS a l s o  r e s u l t s  i n  h a l l u c i n a t i o n s ,  y e t  a n  i n t e r a c t i o n  b e 
t w e e n  t h e s e  a g e n t s  a n d  r e c o g n i z e d  h a l l u c i n o g e n s  h a s  n o t  b e e n  
t e s t e d .  I n  t h e  s t u d y ,  MUS a n d  5-MeODMT w e r e  a d m i n i s t e r e d  
a l o n e  a n d  i n  c o m b i n a t i o n  t o  4  s e l e c t e d  m e m b e r s  o f  a n  a d u l t  
S t u m p t a i l  m a c a q u e  s o c i a l  c o l o n y .  T h e  e x p e r i m e n t  b e g a n  w i t h  
o b s e r v a t i o n  o f  n o n - d r u g g e d  b e h a v i o r  (BASE) f o l l o w e d  b y  d r u g  
t r e a t m e n t .  E a c h  m o n k e y  r e c e i v e d  5-MeODMT ( 0 . 2 5  m g / k g )  a n d  
MUS ( 1 . 0  m g / k g )  a l o n e  a n d  i n  c o m b i n a t i o n  i . m .  i n  a  c r o s s 
o v e r  d e s i g n .  Two m o n k e y s  r e c e i v e d  d r u g  t r e a t m e n t  p e r  d a y  
w h i l e  t h e  o t h e r  t w o  a n i m a l s  r e c e i v e d  s a l i n e .  A 6 0  m i n .  
b e h a v i o r a l  o b s e r v a t i o n  w a s  c o n d u c t e d  by  a  " b l i n d "  o b s e r v e r  
b e g i n n i n g  5 m i n  a f t e r  5-MeODMT o r  s a l i n e  i n j e c t i o n  ( 2 0  
m i n u t e s  a f t e r  MUS a d m i n i s t r a t i o n ) .  G i v e n  a l o n e ,  5-MeODMT 
i n d u c e d  t w o  e m e r g e n t  b e h a v i o r s ,  l i m b  j e r k s  a n d  b o d y  s h a k e s .  
T h i s  h a l l u c i n o g e n  a l s o  s i g n i f i c a n t l y  i n c r e a s e d  c h e c k i n g  a n d  
f o o d  f o r a g e  a n d  d e c r e a s e d  s o c i a l  g r o o m i n g .  MUS s i g n i f i c a n t l y  
d e c r e a s e d  s o c i a l  g r o o m i n g  a n d  a c t i v i t y  a n d  i n d u c e d  e m e s i s .  
H o w e v e r  MUS d i d  n o t  s i g n i f i c a n t l y  a l t e r  o t h e r  b e h a v i o r s .   
G i v e n  i n  c o m b i n a t i o n  MUS f a i l e d  t o  a l t e r  m o s t  5-MeODMT- 
i n d u c e d  b e h a v i o r .  Limb j e r k s  a n d  b o d y  s h a k e s  w e r e  s t i l l  
s i g n i f i c a n t l y  i n c r e a s e d  f r o m  BASE l e v e l s  b u t  w e r e  n o t  s i g n i 
f i c a n t l y  d i f f e r e n t  f r o m  5-MeODMT a l o n e .  C h e c k i n g  s c o r e s  a l s o  
r e m a i n e d  s i g n i f i c a n t l y  e l e v a t e d  f r o m  BASE, w h i l e  s o c i a l  
g r o o m i n g  w a s  e l i m i n a t e d  b y  t h e  c o m b i n a t i o n .  T h e s e  r e s u l t s  
s u g g e s t  t h a t  GABA s y s t e m s  d o  n o t  a p p e a r  t o  p l a y  a  m a j o r  r o l e  
i n  t h e  m o d u l a t i o n  o f  p r i m a t e  b e h a v i o r  i n d u c e d  b y  t h e  h a l l u c i 
n o g e n  5-MeODMT. F u r t h e r ,  t h e s e  t w o  h a l l u c i n o g e n i c  a g e n t s  do  
n o t  a p p e a r  t o  e x e r t  t h e i r  b e h a v i o r a l  e f f e c t s  t h r o u g h  a  co m 
mon p h a r m a c o l o g i c  m e c h a n i s m  i n  p r i m a t e s .

347.20  EVIDENCE FOR SPONTANEOUS, BUT NOT PRECIPITATED, WITHDRAWAL 
FROM NICOTINE IN RATS.  M. W. Enmett-Oglesby, C. M. H a rr is ,  
N. G. Robinson* and H. Lal .  Department o f Pharmacology, 
Texas C ollege o f O steopath ic  M edicine, F t Worth, TX 76107.

Previous work from th i s  lab o ra to ry  has dem onstrated th a t  
w ithdraw al f r om diazepam o r morphine i s  a sso c ia ted  w ith  th e  
occurrence o f an in te ro c e p tiv e  s tim ulus th a t  has a  p ro p erty  
s im ila r  to  th a t  o f th e  anxiogen ic  drug p e n ty le n e te traz o l 
(PTZ). This experim ent te s te d  whether w ithdraw al from 
ch ron ic  n ic o tin e  would a lso  produce a s im ila r  in te ro c e p tiv e  
s tim u lu s . Rats were tra in e d  to  p re s s  a  le v e r  u sing  food as 
a  re in fo rc e r .  They were then tra in e d  to  d isc r im in a te  an 
in je c tio n  o f PTZ, 20 mg/kg, from an in je c tio n  o f s a l in e ,  
using  a tw o-lever choice procedure in  which th e  c o r re c t  
le v e r  was determ ined by in je c tio n  co n d itio n  and was r e in 
fo rced  under a f ix e d - r a t io  10 schedu le . P r io r  to  ch ron ic  
in je c tio n  co n d itio n s , r a t s  chose the  PTZ le v e r  follow ing 
PTZ in a  dose-dependent manner, and n ic o tin e  was p a r t i a l l y  
g en era lized  to  th e  PTZ stim ulus w ith  38% of su b jec ts  
s e le c tin g  th e  PTZ le v e r  follow ing 0.64 mg/kg n ic o tin e . 
Diazepam, 5 mg/kg, blocked th e  stim ulus produced by PTZ and 
th e  PTZ-like s tim ulus produced by n ic o tin e . Mecamylamine, 
5 .0  mg/kg a ls o  blocked th e  PTZ-like s tim ulus o f n ic o tin e . 
Chronic n ic o tin e  was given fo r  22 days. Rats received  
n ic o tin e  by subcutaneous in je c tio n  a t  doses o f 0 .64 mg/kg 
t i d  on day 1 and 1.25 mg/kg t i d  on succeeding days. During 
ch ron ic  a d m in is tra tio n , mecamylamine (1 .25 , 2 .5  o r 5 .0   
mg/kg) d id  no t in c rea se  th e  s e le c tio n  o f th e  PTZ le v e r .  In 
c o n tra s t ,  a  PTZ-like stim ulus was p re sen t in  approxim ately 
35% o f su b jec ts  8-hours a f te r  n ic o tin e  in je c t io n s .  At 24 
and 48 hours a f t e r  te rm ina tion  o f chron ic  n ic o tin e , 50% of 
s u b jec ts  s e le c te d  th e  PTZ le v e r  when in je c te d  w ith  s a l in e ,  
and th i s  stim u lus was d e te c te d  to  a  le s s e r  degree over th e  
nex t 4 weeks. During th i s  tim e, th e  w ithdraw al s tim ulus 
was shown to  be a d d itiv e  w ith  th e  stim ulus produced by PTZ, 
and was blocked by e i th e r  diazepam o r  tr iazo lam , confirm ing 
t h a t  th e  p a r t i a l  g e n e ra liz a tio n  was an accu ra te  d e te c tio n  
o f a PTZ-like s tim ulus occurring  during  spontaneous w ith 
draw al. Thus, th e se  r e s u l t s  confirm  th a t  th e  d isc r im in a tio n  
o f PTZ has broad u t i l i t y  fo r  in v e s t ig a tin g  su b je c tiv e  
a sp ec ts  o f drug w ithdraw al in  anim als.

Supported in  p a r t  by ADA G rant 82-11-045.
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348.1  INFUSION OF VASOACTIVE INTESTINAL PEPTIDE INTO THE THIRD  
VENTRICLE INHIBITS PULSATILE LH SECRETION IN OVARIECTOMIZED 
RATS. M .J. Alexander*, D.K. C lifto n * , and R. A. S te in e r ,  
Departments of Physiology and B iophysics, and Ob-Gyn, 
U n ivers ity  of Washington, S e a t t le ,  WA 98195

A number of re cen t s tu d ie s  provide evidence im p lica tin g  
v asoac tive  i n te s t in a l  pep tide  (VIP) in  synap tic  fu n c tio n , 
e i th e r  as a tra n s m itte r  or neurom odulator. V IP-like 
im m unoreactivity has a lso  been dem onstrated in  b ra in  
reg ions im p lica ted  in  the  reg u la tio n  of gonadotropin
re le a s in g  hormone (GnRH) s e c re tio n . In  a d d itio n , VIP has 
been rep o rted  to  in flu en ce  lu te in iz in g  hormone (LH) 
s e c re tio n . T herefore, we te s te d  the  hypothesis th a t  VIP 
a c ts  a t  th e  b ra in  to  a l t e r  p u ls a t i le  GnRH re le a s e , as 
r e f le c te d  in  p u ls a t i le  LH sec re tio n .

We im planted chronic th ir d -v e n tr ic u la r  cannulae in  
long-term  ovariectom ized (OVX) r a t s  a t  le a s t  7 days p r io r  
to  t e s t in g .  D iscrete  300µ1 blood samples were taken from 
conscious, un re s tra in ed  animals a t  5 min in te rv a ls  fo r  a 
t o t a l  of 4 h r .  Each sample was rep laced  w ith an equal 
volume of a blood replacem ent m ixture. Immediately 
fo llow ing a co n tro l b leed ing  period  of 2 h r ,  s a lin e  or VIP 
( in  s a lin e  a t  a  dose of 2nm ole/l5 µl / h r )  was in fused  in to  
th e  th ir d  v e n tr ic le  ( icv ) fo r  2 h r .  VIP in fu s io n  (n=6 ) 
re s u lte d  in  a 78% decrease in  LH pulse frequency (from 5 . 8 
± 0 .7  to  1.2 ± 0 .4  p u lses /2  h r ; p < 0 .001) ,  a 58% decrease 
i n mean plasma LH le v e ls  (from 8 . 6  ± 1 .1  to  3 . 5 ± 0 .6  ng 
RP2/ml; p< 0 .0 0 1 ), and no s ig n if ic a n t change in  LH pulse 
am plitude when compared w ith p re in fu s io n  v a lu es. S a line  
in fu s io n  (n=5 ) y ie lded  no s t a t i s t i c a l l y  s ig n if ic a n t changes 
in  any of these  param eters. To asse ss  whether VIP had a 
d i r e c t  p i tu i ta r y  e f f e c t ,  we challenged V IP -trea ted  animals 
w ith  GnRH ( 10ng/m l, iv )  ju s t  before  the  end of the  icv  
in fu s io n . We observed a pronounced inc rea se  in  plasma LH 
le v e ls  (from 3 . 0  ± 1 .1  to  1 4 . 5  ± 2 . 3  ng/ml) in  response to  
th i s  challenge .

These r e s u l t s  dem onstrate th a t  ic v  in fu s io n  of VIP in  
OVX r a t s  profoundly i n h ib i ts  LH pu lses as i t  reduces mean 
plasma LH le v e ls .  The potency of th e  VIP dose used in  th is  
study was a t  le a s t  one o rder o f magnitude g re a te r  than th a t  
ex h ib ited  by norepinephrine in  a p rev iously  rep o rted  study 
of s im ila r  design . That exogenous GnRH e l ic i t e d  an LH 
response in  V IP -trea ted  anim als argues ag a in s t a d ir e c t  
e f f e c t  of VIP on the  p i tu i ta r y  gonadotropes in  th i s  experi
ment. Conclusion: VIP may a c t as an im portant in h ib ito ry  
n e u ro tran sm itte r fo r  the  re g u la tio n  of GnRH s e c re tio n .

348. 2  APOMORPHINE-INDUCED INHIBITION OF PULSATILE LH RELEASE IN  
MSG-TREATED RATS.  P . A. R ose*  and  R. F . W e ic k * ,  D e p a r tm e n t 
o f  P h y s io lo g y ,  U n i v e r s i t y  o f  W e ste rn  O n t a r i o ,  L ondon ,  
C an ad a , N6A 5C1. (SPON: R. R. S h iv e r s )

The r o l e  o f  d opam ine  i n  t h e  r e g u l a t i o n  o f  l u t e i n i z i n g  
horm one (LH) s e c r e t i o n  h a s  b e e n  w id e ly  d e b a te d .  A d m in is t r a 
t i o n  o f  t h e  do p am in e  r e c e p t o r  a g o n i s t  ap o m o rp h in e  r e s u l t s  i n  
a  t r a n s i e n t  b u t  m arked  i n h i b i t i o n  o f  p u l s a t i l e  LH d i s c h a r g e s  
(D ro u v a , S .V . an d  G a l lo ,  R .V . , E n d o c r in o lo g y  9 9 :6 5 1 ,  1 9 7 6 ) .  
N e o n a ta l  m ale  r a t s  w e re  t r e a t e d  w i th  m o n o s o d iu m -L -g lu ta m a te , 
w h ich  h a s  b e e n  shown t o  dam age t h e  a r c u a t e  n u c l e i  an d  d e 
c r e a s e  d opam ine  s t o r e s  i n  t h e  m e d io b a s a l  h y p o th a la m u s ;  co n 
t r o l  r a t s  w e re  t r e a t e d  w i th  e q u io s m o la r  i n j e c t i o n s  o f  s a l i n e .  
The r a t s  w e re  c a s t r a t e d  a s  a d u l t s ,  c h r o n i c  v e n o u s  c a t h e t e r s  
w e re  i n s t a l l e d ,  and  b lo o d  sa m p le s  w e re  t a k e n  e v e ry  5 m in u te s  
f o r  a  3 h o u r  p e r i o d .  A f t e r  one  h o u r  o f  b lo o d  s a m p l in g ,  t h e  
a n im a ls  w e re  g iv e n  an  i . p .  i n j e c t i o n  o f  e i t h e r  a  s m a l l  d o s e  
o f  ap o m o rp h in e  ( 0 .8  m g/kg) o r  an  e q u iv a l e n t  vo lum e o f  s a 
l i n e .  LH was m ea su red  i n  t h e  b lo o d  sa m p le s  by  RIA. S a l in e  
i n j e c t i o n  d id  n o t  a f f e c t  p u l s a t i l e  LH p a t t e r n s  o r  LH c o n c e n 
t r a t i o n s .  A lth o u g h  ap o m o rp h in e  h a d  no  e f f e c t  on  LH p a t t e r n s  
i n  t h e  r a t s  w h ic h  h ad  r e c e i v e d  n e o n a ta l  s a l i n e  t r e a t m e n t ,  
t h e r e  was a  s t r i k i n g  i n h i b i t i o n  o f  c i r c u l a t i n g  LH l e v e l s  i n  
t h e  MSG t r e a t e d  r a t s ,  w h ic h  l a s t e d  8 3 .4  ± 8 .3  m in (m ean ± 
S . E . ) .  T h e se  r e s u l t s  s u g g e s t  t h a t  t h e  d e p l e t i o n  o f  d o p am in e  
w h ic h  fo l lo w e d  th e  MSG t r e a tm e n t  r e s u l t e d  i n  a  s u p e r s e n s i 
t i v i t y  t o  t h e  d opam ine  a g o n i s t .  F u r th e r m o r e ,  t h e y  ad d  t o  
t h e  e v id e n c e  i m p l i c a t i n g  t u b e r o i n f u n d i b u l a r  d o p am in e  a s  an  
i n h i b i t o r y  r e g u l a t o r  o f  LH s e c r e t i o n .
(S u p p o r te d  by  MRC o f  C a n a d a .)
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348.3  NALOXONE DISINHIBITS PULSATILE LH SECRETION DURING ESTRUS 
OF THE RAT ESTROUS CYCLE BUT DOES NOT STIMULATE LH RELEASE 
DURING LACTATION.  S.R. Fox, M.T. Hoefer* and M.S. Smith*.  
Dept. Physiology, Un iv.  P it tsb u rg h , P it tsb u rg h , PA 15261.

These s tu d ie s  examined the  involvement o f endogenous 
op io id s in  the  in h ib it io n  o f basal p u ls a t i le  LH sec re tio n  
during e s tru s  o f the e s tro u s  cycle  and during la c ta t io n .  
The p a tte rn  o f LH sec re tio n  was described  by c o lle c tin g  
blood samples every 10 min fo r  4h from chronic  venous 
c a th e te rs  and analyzing  the plasma fo r  LH co n cen tra tio n s . 
The lack  of p u ls a t i le  LH sec re tio n  during e s tru s  (mean LH,  
7 .5 ng/m l) was n o t due to  a suppression  o f p i tu i ta r y  re s 
ponsiveness to  GnRH since  the  p u ls a t i le  ad m in is tra tio n  o f 
the  op io id  a n ta g o n is t naloxone (0 .5  ng /pu lse  every 50 min) 
to  e s tro u s  anim als induced an LH pulse in  response to  each 
pulse o f naloxone (LH peak am plitude = 3 6 ± 7 ng/m l). To 
determ ine w hether continuous naloxone in fu sio n s  could 
unmask endogenous p u ls a t i le  GnRH sec re tio n  on e s tr u s ,  
naloxone was adm in istered  v ia  a second chronic venous 
c a th e te r  (load ing  dose, 1 mg; in fu s a te ,  0.7 m g/hr). In 
response to  con tinuously  e lev a ted  le v e ls  o f naloxone, 12 of 
17 e s tro u s  anim als e x h ib ited  d i s t i n c t  pu lses o f LH sec re 
t io n .  The LH pulse  am plitude o f 65 ± 6 ng/ml was somewhat 
g re a te r  than the average LH pulse am plitude observed during 
the  r a t  e s tro u s  cy c le . However, the LH in te rp u ls e  in te rv a l 
o f 56 ± 4 min in  the  naloxone-infused  e s tro u s  anim als was 
s im ila r  to  the 50 ± 4 min in te rv a l p rev iously  described  by 
us fo r  the endogenous LH pu lses occurring  during the  o th e r 
days of the  r a t  e s tro u s  cy c le . The e f f e c t  o f naloxone 
a d m in is tra tio n  during la c ta t io n  was stud ied  on day 10 
postpartum  in  females nursing  2 pups. LH re le a se  before 
and a f t e r  naloxone trea tm en t in  females nursing  2 pups was 
n o n p u lsa tile  (mean = 6 ng/m l). The lack o f response to 
naloxone was no t due to  an in a b i l i ty  o f the p i tu i ta ry  to  
respond to  GnRH. A dm inistration  of p u ls a t i le  GnRH (0 .4  
ng /pu lse  every 50 mi n) re s u lte d  in  LH pu lses o f 21 ± 3 
ng/m l. These re s u l t s  dem onstrate th a t  desp ite  the  s im ila r 
i t i e s  in  the p a tte rn  of LH re le a se  in  both l a c ta tin g  and 
e s tro u s  r a t s ,  d if f e r e n t  mechanisms u n d erlie  the  in h ib it io n  
o f LH pu lses found during these  2 physio log ical s ta t e s .  
During la c ta t io n ,  p u ls a t i le  LH sec re tio n  i s  in h ib ite d  by a 
naloxone in s e n s it iv e  mechanism. In c o n tra s t ,  during e s tr u s ,  
the  in h ib i t io n  o f p u ls a t i le  LH re le a se  may be due e n t i r e ly  
to  op io id  mechanisms ac tin g  to  in h ib i t  the synap tic  re le a se  
o f  GnRH b u t no t to  modulate GnRH pulse frequency.

348.4  PRENATAL DEVELOPMENT OF LHRH NEURONS IN THE HYPOTHALAMUS 
OF THE GALAGO CRASSICAUDATUS AND THE RHESUS MACAQUE.
O.K. Ro n n e k l e iv ,   D.L. H ess* , J.A . R esko and   
W.E. E llin w o o d * (SPON: W.R. Woodward).  Or. H ea lth  
S c ie n ces  U niv., P o r tla n d , Or. 97201, and Or. R eg ional 
P r im a te  Res. C tr . ,  B eaverton , Or. 97006.

P re v io u s ly  we have shown a marked sex  d i f f e re n c e  in  
serum  g o n ad o tro p in  c o n c e n tra t io n s  in  f e t a l  rh e s u s  maca
ques , and have d e m o n stra ted  t h a t  th e  g o n ad a l-h y p o th a lam o - 
p i t u i t a r y  n e g a tiv e  feedback  system  i s  f u l l y  o p e ra t iv e  as  
e a r ly  as  m id g e s ta t io n . L i t t l e  i s  known ab o u t th e  ontogeny 
o f h y p o th a lam ic  p e p t id e s  in  e i t h e r  t h i s  s p e c ie s  o r  in  
p ro s im ia n s  a l s o  r e p o r te d  h e re . In  t h i s  s tu d y  we have used 
im m unoh istochem ical m ethods to  d e te rm in e  th e  tim e  o f  ap
p ea ran ce  o f  LHRH neurons in  th e  h ypo tha lam us, and a l s o  th e  
o c c u rre n ce  o f  c e l l s  in  th e  p i t u i t a r y  c o n ta in in g  LH and 
FSH. The g a lag o  f e tu s e s  ranged  in  age from  abou t 36 to  
128 days (n=25) and th e  rh e s u s  f e tu s e s  from  47-140 days 
(n=6). In  each  ex p e rim en t th e  b ra in  was im m ed ia te ly  r e 
moved from  th e  s k u l l ,  d iv id e d  in to  1 mm th ic k  c o ro n a l o r 
s a g i t t a l  b lo c k s  and im m ersed in  th e  4% p ara fo rm ald eh y d e  
f o r  3 h r s .  The p i t u i t a r i e s  w ere f ix e d  f o r  2 h r s .  
F o llo w in g  f ix a t io n  th e  t i s s u e  b lo c k s  w ere r in s e d  o v e rn ig h t 
in  phosphate  b u f fe r  c o n ta in in g  10% s u c ro s e . T h e re a f te r ,  
th e  b r a in  and p i t u i t a r y  t i s s u e s  w ere s e c t io n e d  on a c ry o 
s t a t ,  mounted on g e l a t i n iz e d  s l i d e s  and p ro c e sse d  by th e  
PAP method f o r  LHRH, LH and FSH. The LHRH a n tis e ru m  (EL- 
14) was used  a t  a d i l u t i o n  o f  1:2000, hLH and hFSH ( β-  
s u b u n its )  a t  1:800. A lthough few in  num ber, d i s t i n c t i v e  
LHRH neu rons  w ere p re s e n t  in  th e  hypo tha lam us o f  40 -day - 
o ld  galag o  f e tu s e s .  F u rth e rm o re , e x te n s iv e  LHRH n eu ro n a l 
s t a i n  was found in  th e  hypo tha lam us o f  a  4 7 -d a y -o ld  rh e s u s  
fem a le . The c e l l  b o d ie s  w ere s c a t t e r e d  d o r s a l ,  r o s t r a l ,  
and cau d a l to  th e  o p t i c  ch iasm . In  b o th  g a lag o  and rh e s u s  
f e tu s e s  th e r e  was a g ra d u a l in c re a s e  in  th e  number o f  LHRH 
neurons observed  in  th e  hypo tha lam us w ith  in c r e a s in g  age. 
By 120 days o f  g e s ta t io n  very  h ig h  c o n c e n tr a t io n  o f  LHRH 
neurons w ere found in  th e  p r e o p t ic  a re a  and a  la r g e  number 
o f c e l l  b o d ie s  w ere a l s o  lo c a te d  in  th e  a r c u a te  and th e  
l a t e r a l  tu b e r a l  re g io n  o f  th e  MBH.

E xam ina tion  o f  p i t u i t a r i e s  from  40-50 day g a lag o  and 
rh e s u s  f e tu s e s  showed no g o n ad o tro p in  s t a i n in g ,  a l th o u g h  
l i g h t  s t a in in g  was o bserved  by 60 days and t h i s  in c re a s e d  
in  i n t e n s i t y  by 80 days. These d a ta  su p p o rt th e  h y po the
s i s  t h a t  h y p o th a lam ic  r e g u la t i n g  f a c t o r s  ap p ear b e fo re  o r 
co n c u rre n t w ith  th e  s y n th e s is  o f p i t u i t a r y  horm ones.
S upported  by NIH g ra n ts  NS18848 and HD16793.

3 4 8 .5  RESPONSE OF IDENTIFIED MEDIAL BASAL HYPOTHALAMIC NEURONS TO 
NOREPINEPHRINE AND ESTROGEN: AN IN VITRO ELECTROPHYSIOLOG I -  
CAL STUDY T . P .  C o n d o n * , O .K ,  Ro n n e k l e i v  a n d  M . J .  K e l l y   
D e p t .  o f  P h y s i o l o g y ,  O r e g o n  H e a l t h  S c i .  U . ,  P o r t l a n d ,  OR 

B o t h  n o r a d e n e r g i c  i n p u t  a n d  e s t r o g e n  f e e d b a c k  a r e  c r i t i 
c a l  c o m p o n e n t s  i n  t h e  c o n t r o l  o f  g o n a d o t r o p i n  s e c r e t i o n  i n  
t h e  m am m al .  P r e s e n t l y ,  we h a v e  u t i l i z e d  t h e  i n  v i t r o  h y p o 
t h a l a m i c  s l i c e  p r e p a r a t i o n  f r o m  t h e  f e m a l e  g u i n e a  p i g  t o  
s t u d y  t h e  e f f e c t s  o f  n o r e p i n e p h r i n e  (NE) a n d  1 7 β - e s t r a d i o l  
( E 2 ) on  t h e  e l e c t r i c a l  e x c i t a b i l i t y  o f  LHRH n e u r o n s  w h i l e  
s i m u l t a n e o u s l y  m e a s u r i n g  t h e  p e p t i d e r g i c  o u t p u t  f r o m  t h e  
s l i c e s .  I n t a c t  c y c l i n g  a n d  o v a r i e c t o m i z e d  E 2 - p r i m e d  g u i n e a  
p i g s  w e r e  d e c a p i t a t e d  a n d  4 0 0 - 6 0 0  µm s a g i t t a l  h y p o t h a l a m i c  
s l i c e s  w e r e  p r e p a r e d  ( K e l l y  e t  a l . ,  B r a i n  R e s .  B u l l . 1 2 ( 2 ) :   
1 9 8 4 ) .  A f t e r  2 h r  e q u i l i b r a t i o n  i n  t h e  c h a m b e r  b o t h  t h e  
r e c o r d i n g  a n d  c o l l e c t i o n  o f  t h e  e f f l u e n t  m e d iu m  ( 1 5  m in  
s a m p l e s  o f  8 0 0 - 1 2 0 0  µ l )  w e r e  i n i t i a t e d .  P r o c i o n  y e l l o w  
( P Y ) - f i l l e d  a n d  K C L / K C i t r a t e - f i l l e d  e l e c t r o d e s  w e r e  
u t i l i z e d  f o r  i n t r a c e l l u l a r  r e c o r d i n g s  f r o m  a r c u a t e  (ARC) 
a n d  c e l l - p o o r  z o n e  (CPZ) n e u r o n s .  NE ( 1 0 - 7  t o  1 0 - 4 M) a n d  
E2 ( 1 0 - 8 M) w e r e  a p p l i e d  v i a  t h e  m e d i u m .  M o s t  o f  t h e  c e l l s  
w e r e  i n j e c t e d  w i t h  PY a n d  t h e  s l i c e s  w e r e  f i x e d  a n d  p r o c e s 
s e d  f o r  LHRH i m m u n o c y t o c h e m i s t r y .  T w e n t y  ARC-CPZ n e u r o n s  
w e r e  r e c o r d e d  (RMP‘ s  o f  - 4 0  t o  -7 0m V)  a n d  t e s t e d  w i t h  NE. 
Two o f  t h e  c e l l s  w e r e  d r i v e n  o r t h o d r o m i c a l l y  by m e d i a n  
e m i n e n c e  s t i m u l a t i o n .  A n u m b e r  o f  c e l l s  e x h i b i t e d  
e l e c t r o p h y s i o l o q i c a l  c h a r a c t e r i s t i c s  o f  p e p t i d e r g i c  n e u r o n s  
( p l a t e a u  p o t e n t i a l s  w i t h  b u r s t s ;  a f t e r h y p e r p o l a r i z a t i o n s ) .  
F o u r t e e n  o f  t h e  t e s t e d  n e u r o n s  e x h i b i t e d  a  d o s e - d e p e n d e n t  
i n h i b i t i o n  o f  s p o n t a n e o u s  a c t i v i t y .  F o u r  N E - i n h i b i t e d  
c e l l s  w e r e  t e s t e d  w i t h  E2 a n d  w e r e  i n h i b i t e d  (N =2 ) o r  
u n e f f e c t e d  ( N = 2 ) .  F o u r  o t h e r  ARC-CPZ n e u r o n s  w e r e  e x c i t e d  
b y  NE a n d  t w o  o f  t h e s e  w e r e  f o u n d  t o  b e  i n h i b i t e d  by E2 .  
T h e  r e m a i n i n g  t w o  ARC-CPZ n e u r o n s  t e s t e d  w i t h  NE w e r e  n o t  
e f f e c t e d .  T h e  m a j o r i t y  o f  t e s t e d  n e u r o n s  w e r e  PY 
i d e n t i f i e d  a n d  o n e  o f  t h e s e  c e l l s  ( i n h i b i t e d  by  b o t h  NE a n d  
E2 ) w a s  i m m u n o r e a c t i v e  f o r  LHRH. F u r t h e r m o r e ,  t h e  r e l e a s e  
o f  t h e  p e p t i d e  i n  v i t r o  a p p e a r s  t o  b e  s i m i l a r  t o  i n  v i v o  
LHRH r e l e a s e  a n d  d e p e n d e n t  on t h e  s t e r o i d  m i l i e u .  T h e s e  
s t u d i e s  d e m o n s t r a t e  t h a t  t h e  m a j o r i t y  o f  ARC-CPZ n e u r o n s  
a r e  i n h i b i t e d  by  NE a n d  t h a t  NE a n d  E2 a c t i o n s  a r e  e x e r t e d  
on  n e u r o n s  w i t h i n  t h e  m e d i a l  b a s a l  h y p o t h a l a m u s .   
E x p e r i m e n t s  a r e  i n  p r o g r e s s  t o  a s c e r t a i n  t h e  e x a c t  n a t u r e  
o f  t h e  i n h i b i t i o n  a n d  how i t  a f f e c t s  t h e  n e u r o s e c r e t o r y  
r e l e a s e  o f  LHRH.
( S u p p o r t e d  by  PHS G r a n t s  NS 1 8 9 8 9  a n d  F e l l o w s h i p  HD 0 6 3 3 2 )

3 4 8.6  COITAL STIMULI CONTROLLING LUTEINIZING HORMONE SECRETION 
IN THE FEMALE FERRET.  R .S .  C a r r o l l * ,  M .S . E r s k i n e ,  L .A . 
L u n d e l l* ,  P .C . D o h e r ty  and  M .J .  Baum.  D e p t . o f  N u t r i t i o n  
& Food S c i e n c e ,  M . I .T . ,  C a m b rid g e , MA 0 2 1 3 9 .

A s e r i e s  o f  e x p e r im e n ts  f o c u s s e d  on t h e  b e h a v io r a l  
s t i m u l i  c o n t r o l l i n g  p i t u i t a r y  l u t e i n i z i n g  horm one (LH) 
s e c r e t i o n  and  o v u l a t i o n  i n  t h e  f e m a le  f e r r e t .  An i n i t i a l  
e x p e r im e n t  i n v e s t i g a t e d  w h ic h  c o i t a l  s t i m u l i  fro m  t h e  m ale  
a r e  r e q u i r e d  to  in d u c e  o v u l a t i o n .  I t  was fo u n d  t h a t  f e m a le  
f e r r e t s  o v u la t e d  ( v e r i f i e d  by  c o u n t in g  c o r p o r a  l u t e a )  o n ly  
i f  t h e  m ale  a c h ie v e d  an  i n t r o m i s s i o n ;  n e c k  g r i p p i n g ,  m oun t
in g  an d  p e l v i c  t h r u s t i n g  b e h a v io r  w i th o u t  an  i n t r o m i s s i o n  
by  th e  m ale  f a i l e d  t o  in d u c e  o v u l a t i o n .  S u b s e q u e n t  
e x p e r im e n ts  i n v e s t i g a t e d  t h e  e f f e c t  o f  g o n a d o tr o p in  r e l e a s 
in g  horm one (GnRH) on LH s e c r e t i o n ,  and  t h e  t im in g  and  
m a g n itu d e  o f  t h e  c o i t u s - i n d u c e d  LH s u r g e  a s s o c i a t e d  w i th  
o v u l a t i o n .  B lo o d  was w ith d ra w n  fro m  fe m a le s  v i a  i n t r a 
j u g u l a r  c a n n u la e  a f t e r  i n f u s i o n  o f, GnRH a s  w e l l  a s  i n  
v a r i o u s  m a t in g  s i t u a t i o n s .  LH w as m e a su re d  by  rad io im m u n o 
a s s a y .  I t  w as fo u n d  t h a t  i n f u s i o n  o f  GnRH (4µ g) c a u s e d  a  
t h r e e - f o l d  i n c r e a s e  i n  p la s m a  LH, w h ic h  p e a k e d  i n  a b o u t  15 
m in u te s  an d  r e t u r n e d  t o  b a s e l i n e  a f t e r  an  a d d i t i o n a l  45 
m in u te s .  A f t e r  m a t in g  s i g n i f i c a n t  p e a k s  i n  p la s m a  LH 
o c c u r r e d  o n ly  w hen an  i n t r o m i s s i o n  w as a c h ie v e d  b y  t h e  s tu d  
m a le .  The LH p e a k  d id  n o t  o c c u r  u n t i l  t h r e e  h o u r s  p o s t -  
c o itu m  and on a v e ra g e  l a s t e d  5 .7  h o u r s  ( 5 /5  f e m a le s ) .  No 
LH s u rg e  o c c u r r e d  i n  2 /2  f e m a le  f e r r e t s  i n  w h ic h  o n ly  t h e  
c o p u la t o r y  b e h a v io r s  p r i o r  to  i n t r o m i s s i o n  w e re  a l lo w e d  to  
o c c u r .  T h is  i s  t h e  f i r s t  s y s te m a t i c  s tu d y  t o  show t h a t  
i n t r o m i s s i o n  p e r  s e , and  n o t  o t h e r  c o u r t s h i p  b e h a v io r s ,  i s  
r e q u i r e d  f o r  t h e  o v u l a t o r y  s u r g e  o f  LH i n  a  r e f l e x  
o v u l a t o r .

(S u p p o r te d  by  U. S . P u b l i c  H e a l th  S e r v ic e  g r a n t s  HD- 
1 3 6 3 4 , M H-15761, and  M H -00392.)
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3 4 8 .7  SEX DIFFERENCES IN THE RESPONSE OF LHRH NEURONS TO GONADEC- 
TOMY IN THE RAT: THREE-DIMENSIONAL COMPUTER ANALYSES.  J . C .  
K i n g ,  G.  K u g e l * ,  D. Z a h n i s e r * ,  K. W o o l e d g e * ,  D. D a m a s s a  a n d  
B.  Al e x s a v i c h * .   D e p a r t m e n t  o f  A n a t o m y  a n d  C e l l u l a r  B i o l o g y ,  
T u f t s  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e  a n d  T h e  I m a g e  A n a l y s i s  
L a b o r a t o r y ,  T u f t s - N e w  E n g l a n d  M e d i c a l  C e n t e r ,  B o s t o n ,  MA 
02111.

C o n c e n t r a t i o n s  o f  p l a s m a  LH i n  r a t s  i n c r e a s e  f o l l o w i n g  
g o n a d e c t o m y  i n  a  s e x  d e p e n d e n t  m a n n e r .  W h e r e a s  t h e  r i s e  i n  
LH i s  i m m e d i a t e  i n  m a l e s ,  i t  i s  d e l a y e d  b y  3 - 4  d a y s  i n  f e 
m a l e s .  I n  t h i s  s t u d y  we  e x a m i n e d  t h e  r e s p o n s e  o f  p r e o p t i c /
h y p o t h a l a m i c  LHRH n e u r o n s  t o  g o n a d e c t o m y  u s i n g  t h e  p e r o x i 
d a s e - a n t i p e r o x i d a s e  u n l a b e l l e d  (PA P)  i m m u n o c y t o c h e m i c a l  
t e c h n i q u e .  I t  w a s  t h e  p u r p o s e  o f  t h e  s t u d y  t o  a s c e r t a i n :   
1)  t h e  d e t e c t a b i l i t y  o f  LHRH w i t h i n  n e u r o n a l  p e r i k a r y a  a t  
v a r i o u s  t i m e s  f o l l o w i n g  g o n a d e c t o m y  i n  b o t h  m a l e  a n d  f e m a l e  
r a t s  a n d  2 )  w h e t h e r  t h e r e  w a s  a  d i f f e r e n c e  i n  t h e  d i s t r i b u 
t i o n  o f  LHRH a t  t h e s e  t i m e s  i n  m a l e  c o m p a r e d  t o  f e m a l e  
r a t s .  T h e  p o s i t i o n  o f  LHRH i m m u n o p o s i t i v e  n e u r o n s  w e r e  
m a p p e d  o n  s e c t i o n s  f r o m  t h e  K o n i g  a n d  K l i p p e l  a t l a s  a n d  
d i g i t i z e d .  T h e  e n t i r e  p o p u l a t i o n  o f  LHRH n e u r o n s  w a s  r e 
c o n s t r u c t e d  i n  t h r e e  d i m e n s i o n s  u s i n g  t h e  MOVIE-BYU p r o 
g r a m .  I m a g e s  f o r  g r o u p s  o f  4  m a l e  a n d  4  f e m a l e  r a t s  s a c r i 
f i c e d  1 d a y ,  6 d a y s  a n d  3 w e e k s  f o l l o w i n g  g o n a d e c t o m y  w e r e  
d i s p l a y e d  on  a  h i g h  r e s o l u t i o n  TV s y s t e m .  C o m p a r i s o n s  o f  
t h e s e  i m a g e s  i n d i c a t e  t h a t  t h e  d e p l e t i o n  o f  LHRH f r o m  n e u 
r o n a l  p e r i k a r y a  i s  much  m o r e  r a p i d  i n  m a l e  t h a n  f e m a l e  
r a t s .  T h e  d e t e c t a b i l i t y  o f  LHRH w i t h i n  n e u r o n s  i s  c o n s i s 
t e n t  w i t h  a n  e a r l y  d e p l e t i o n  f r o m  p e r i k a r y a  o f  t h e  m a l e  d u e  
t o  a u g m e n t e d  s e c r e t i o n  f o l l o w e d  b y  i n c r e a s e d  s y n t h e s i s  o v e r  
a  t h r e e - w e e k  p e r i o d .  T h e  d e p l e t i o n  o f  LHRH f r o m  p e r i k a r y a  
o f  f e m a l e s  a p p e a r s  t o  b e  d e l a y e d ,  p o s s i b l y  r e f l e c t i n g  com 
p l e x  m o d u l a t i o n  o f  s e c r e t i o n  b y  f a c t o r s  i n  a d d i t i o n  t o  
g o n a d a l  s t e r o i d s .  F u r t h e r m o r e ,  t h e  d i s t r i b u t i o n  o f  LHRH 
n e u r o n s  d i f f e r e d  b e t w e e n  t h e  s e x e s  s u g g e s t i n g  a  h e t e r o 
g e n i t y  o f  a c t i v i t y  w i t h i n  t h i s  p o p u l a t i o n .  T h e  a n t i s e r u m  
u s e d  f o r  t h e s e  a n a l y s e s ,  A - R 4 1 9 - o b t a i n e d  f r o m  A.  A r i m u r a ,  
r e c o g n i z e s  t h e  d e c a p e p t i d e  e x t e n d e d  a t  b o t h  t h e  N- a n d  C- 
t e r m i n a l s  a s  w e l l  a s  t h e  d e c a p e p t i d e  i t s e l f .  T h e s e  r e s u l t s  
may r e f l e c t  t h e  d y n a m i c s  o f  i n t r a n e u r o n a l  p r o c e s s i n g  o f  a  
p u t a t i v e  p r e c u r s o r  f o r m  o f  t h e  a c t i v e  h o r m o n e  f o l l o w i n g  
g o n a d e c t o m y .  T h i s  w o r k  w a s  s u p p o r t e d  b y  t h e  NIH 1K 0 4 H D 0 0 3 5 2 ,  
5K0 4H D0 048 5 a n d  t h e  NSF PC M 810 32 43.

3 4 8 .8  EFFECTS OF LHRH AGONISTS UPON LHRH NEURONS: IMPLICATIONS  
FOR FERTILITY REGULATION.  M. M. V a le n c a * , C .A . J o h n s to n ,  A. 
N e g r o - V i la r  (SPON: K . - J .  C h a n g ) .  R ep . N e u ro e n d o . S e c t . ,  L a b . 
R e p ro d . D e v e l .  T o x . ,  NIEHS, NIH, R e s . T r i .  P a r k ,  NC 2 7 7 0 9 .

P ro lo n g e d  t r e a tm e n t  w i th  s u p e r a c t i v e  a g o n i s t s  o f  LHRH 
s u p p re s s  t e s t i c u l a r  o r  o v a r i a n  f u n c t i o n  in  many s p e c i e s ,  i n 
c lu d in g  th e  hum an. S e v e r a l  r e p o r t s  h av e  a n a ly z e d  th e  a c 
t i o n s  o f  d i f f e r e n t  LHRH a g o n i s t s  b o th  a t  th e  p i t u i t a r y  and 
g o n a d a l  l e v e l s ,  b u t  l i t t l e  i s  known a b o u t p o s s i b l e  c e n t r a l  
a c t i o n s  t h a t  t h e s e  p e p t i d e s  may h av e  to  m o d ify  r e p r o d u c t i v e  
f u n c t i o n s .  The p r e s e n t  s t u d i e s  w ere  d e s ig n e d  to  a d d r e s s  
t h a t  s p e c i f i c  q u e s t i o n ,  i . e . ,  a r e  t h e r e  c e n t r a l  e f f e c t s  o f  
LHRH a n a lo g s  f o l lo w in g  t h e i r  s y s te m ic  a d m i n i s t r a t i o n  in  
re g im e n s  t h a t  r e s u l t  i n  t e s t i c u l a r  r e g r e s s io n ?  A d u l t  i n t a c t  
m ale  r a t s  (S p ra g u e -D a w le y , 7 0 -9 0  d a y s  o f  a g e )  w ere  g iv e n  
e i t h e r  v e h ic l e  o r  an  L H R H -agon ist [D -A la 6, D e s-G ly  10] LHRH 
e th y la m id e ,  a t  a  d a i l y  d o se  o f  100 ng s . c .  f o r  10 c o n s e c u 
t i v e  d a y s .  The m e d ia l  p r e o p t i c  (MPO) , s u p r a c h ia s m a t i c  
(SC N ), m e d ia l  s e p t a l  (M S), r o s t r a l  (ANr ) and c a u d a l  a r c u a t e  
(ANC) n u c l e i  and th e  m ed ian  e m in en ce  (ME) w ere  m ic r o d is -  
s e c t e d ,  and LHRH was m ea su red  by ra d io im m u n o a ss a y . T r e a t 
m ent w i th  th e  LHRH-A r e s u l t e d  in  t e s t i c u l a r  a t r o p h y ,  r e d u c e d  
s e x  a c c e s s o r y  o rg a n  w e ig h ts ,  and low  t e s t o s t e r o n e  l e v e l s  i n  
p la sm a  and t e s t i c u l a r  i n t e r s t i t i a l  f l u i d .  A f t e r  LHRH-A 
t r e a tm e n t  ANr  and  ANC show ed 2 -4  f o ld  i n c r e a s e s  i n  LHRH 
l e v e l s ,  w h e re a s  l e v e l s  in  ME w ere s i g n i f i c a n t l y  d e c r e a s e d .   
To a v o id  c h a n g e s  in  t e s t o s t e r o n e  s e c r e t i o n ,  th e  LHRH-A was 
a d m in i s t e r e d  to  a n im a ls  o r c h id e c to m iz e d  im m e d ia te ly  p r i o r  to  
t h e  f i r s t  LHRH-A i n j e c t i o n .  C o n t r o l  a n im a ls  w ere  o r c h id e c 
to m iz e d  and g iv e n  th e  s a l i n e  v e h i c l e .  D i f f e r e n t  g ro u p s  o f 
a n im a ls  w ere s a c r i f i c e d  a t  2 ,  7 ,  and 10 d a y s  a f t e r  th e  i n i 
t i a t i o n  o f t r e a tm e n t .  A t a l l  t im e s  a f t e r  LHRH-A t r e a tm e n t ,  
h i g h ly  s i g n i f i c a n t  in c r e m e n ts  i n  LHRH l e v e l s  w e re  a g a in  s e e n  
i n  ANr  and ANC. T h e se  c h a n g es  w ere s e l e c t i v e  f o r  th e  
a r c u a t e  n u c le u s ,  s in c e  a l l  o t h e r  a r e a s  exam ined  c o n ta i n in g  
e i t h e r  LHRH c e l l  b o d ie s  o r  n e rv e  f i b e r s  and t e r m in a l s  showed 
no ch an g e  in  LHRH l e v e l s .  The r e s u l t s  i n d i c a t e  t h a t :  1 )  
t h e  e f f e c t s  o f  th e  s y s te m ic  a d m i n i s t r a t i o n  o f  th e  LHRH-A 
upon  b r a i n  LHRH n e u ro n s  may r e f l e c t  a  d i r e c t  c e n t r a l  a c t i o n  
o f  th e  p e p t i d e ,  s in c e  th e y  w ere  o b s e rv e d  a l s o  i n  o r c h id e c 
to m iz e d  a n im a ls ,  w h ich  p r e c lu d e d  any  i n t e r a c t i o n  w i th  t e s t i 
c u l a r  p r o d u c t s ;  and  2 ) th e  s p e c i f i c  e f f e c t s  o f  LHRH-A upon 
t h e  a r c u a t e  n u c le u s ,  an  im p o r ta n t  a r e a  c o n c e rn e d  w i th  th e  
r e g u l a t i o n  o f  g o n a d o tr o p in  s e c r e t i o n ,  s u g g e s t  t h a t  th e  a n t i 
g o n a d a l  a c t i v i t y  o f  LH R H -analogs may in v o lv e  a  c e n t r a l  
( h y p o th a la m ic )  a c t i o n ,  i n  a d d i t i o n  to  th e  w e l l  known 
p i t u i t a r y  and t e s t i c u l a r  s i t e s  o f  a c t i o n .

3 4 8 .9  GABA REGULATION OF LUTEINIZING HORMONE SECRETION AND HYPO
THALAMIC CATECHOLAMINE ACTIVITY IN THE FEMALE RAT.  B .A . 
A d le r  and  W.R. C ro w le y .  D e p t . o f  P h a rm a c o lo g y , U n iv . o f  
T e n n e s s e e  C e n te r  f o r  H e a l th  S c i e n c e s ,  M em phis, TN 3 8 1 6 3 .

R e c e n t  e v id e n c e  s u g g e s t s  t h a t  g a m m a -a m in o b u ty r ic  a c id  
(GABA)- c o n t a i n i n g  n e u ro n s  may i n h i b i t  t h e  r e l e a s e  o f  l u 
t e i n i z i n g  horm one (LH) u n d e r  c e r t a i n  c i r c u m s t a n c e s .  The 
p r e s e n t  e x p e r im e n ts  t e s t e d  1) w h e th e r  GABA a g o n i s t s  b lo c k  
t h e  LH s u r g e  in d u c e d  i n  o v a r i e c to m iz e d  r a t s  by  e s t r a d i o l  
b e n z o a t e  (EB) f o l lo w e d  by  p r o g e s t e r o n e  ( P ) , and  2) w h e th e r  
t h e s e  a g e n ts  a f f e c t  t h e  d e p l e t i o n  o f  h y p o th a la m ic  c a t e c h o l 
a m in e s  a f t e r  s y n t h e s i s  i n h i b i t i o n ,  a  m e a su re  o f  c a t e c h o la 
m in e r g ic  a c t i v i t y .  O v a r ie c to m iz e d  r a t s  r e c e i v e d  EB, f o l 
low ed  2 d a y s  l a t e r  by  P . C o n c o m ita n t  w i th  P , r a t s  r e c e i v e d  
e i t h e r  s a l i n e ,  t h e  GABA B a g o n i s t ,  b a c l o f e n ,  o r  t h e  GABA 
a g o n i s t ,  m u sc im o l. O th e r  a g o n i s t - t r e a t e d  r a t s  r e c e i v e d  a ' 
s e c o n d  i n j e c t i o n  4 h l a t e r ,  o r  w e re  a d d i t i o n a l l y  t r e a t e d  
w i th  t h e  GABA A a n t a g o n i s t ,  b i c u c u l l i n e ,  o r  t h e  p u t a t i v e  
GABA B a n t a g o n i s t ,  5 - a m i n o v a l e r a t e .  A d d i t i o n a l  e x p e r im e n ts  
t e s t e d  t h e  e f f e c t s  o f  t h e s e  a g e n ts  on LH r e l e a s e  i n  o v a r i 
e c to m iz e d ,  h o rm o n a l ly  u n t r e a t e d  r a t s  o r  i n  r a t s  r e c e i v in g  
e x o g e n o u s  LH-RH. The LH s u r g e  in d u c e d  by  EB p l u s  P w as 
b lo c k e d  by  a d m i n i s t r a t i o n  o f  e i t h e r  b a c lo f e n  o r  m u sc im o l. 
B i c u c u l l i n e  o r  5 - a m in o v a le r a t e  w e re  i n e f f e c t i v e  i n  p r e v e n t 
in g  t h e  e f f e c t  o f  b a c lo f e n ,  b u t  p a r t i a l l y  a n ta g o n iz e d  th e  
e f f e c t  o f  m u sc im o l. N e i th e r  b a c lo f e n  n o r  m u sc im o l s i g n i f i 
c a n t l y  a l t e r e d  LH r e l e a s e  i n  o v a r i e c to m iz e d  r a t s  o r  i n  r a t s  
r e c e i v i n g  LH-RH. The EB p l u s  P - in d u c e d  LH s u r g e  i s  known 
t o  b e  d e p e n d e n t  u pon  h y p o th a la m ic  c a te c h o la m in e  a c t i v i t y .   
I n  o t h e r  s t u d i e s ,  EB p l u s  P - t r e a t e d  r a t s  w e re  g iv e n  s a l i n e ,  
b a c lo f e n  o r  m u sc im o l w i th  P an d  s a c r i f i c e d  3 h  l a t e r .  One 
h o u r  b e f o r e  d e c a p i t a t i o n ,  o n e  h a l f  r e c e i v e d  th e  c a t e c h o la 
m in e  s y n t h e s i s  i n h i b i t o r ,  a lp h a  m e th y l  t y r o s i n e  (AMT). 
B a c lo fe n  and  m u sc im o l s i g n i f i c a n t l y  d e c r e a s e d  t h e  c o n c e n t r a
t i o n s  o f  n o r e p i n e p h r i n e  and  e p in e p h r in e  i n  t h e  m e d ia l  p r e 
o p t i c  an d  m e d ia l  b a s a l  h y p o th a la m ic  a r e a s  an d  p r e v e n te d  
t h e i r  d e c l i n e  a f t e r  AMT, s u g g e s t i n g  d e c r e a s e d  c a te c h o la m in e  
t r a n s m i s s i o n .  Dopam ine was u n a f f e c t e d .  T h e se  r e s u l t s  
s u g g e s t  t h a t  a n  i n t r a h y p o th a l a m ic  GABAergic s y s te m  may d e 
p r e s s  LH r e l e a s e ,  p e rh a p s  i n  p a r t  by  d e c r e a s in g  a c t i v i t y  
i n  h y p o th a la m ic  n o r a d r e n e r g i c  an d  a d r e n e r g i c  s y s te m s  t h a t  
r e g u l a t e  LH-RH n e u r o s e c r e t i o n .  T h is  may o c c u r  a t  GABA B 
r e c e p t o r s  l o c a t e d  on c a te c h o la m in e  n e rv e  t e r m i n a l s .

S u p p o r te d  by  NIH HD -13703 and NIH RCDA HD-00366

348.10  STIMULATION OF LUTEINIZING HORMONE RELEASE BY QUINOLINIC  
ACID IN THE ADULT FEMALE RAT.  M.D. J o h n s o n ,  W.O. W h e ts e l l ,  
J r . ,  B .L . C a r r o l l * ,  and  W.R. C ro w le y .   D e p t . o f  P h a rm a c o lo g y , 
U n iv . o f  T e n n e s se e  C e n te r  f o r  H e a l th  S c i e n c e s ,  M em phis, TN 
38163 and  D e p t . o f  P a th o lo g y ,  V a n d e r b i l t  U n iv . S c h . o f  Med. 
N a s h v i l l e ,  TN 3 7 232 .

The p r e s e n t  s t u d i e s  ex am in ed  w h e th e r  t h e  t r y p to p h a n  m e ta 
b o l i t e ,  q u i n o l i n i c  a c id  (QU IN ), a  r e c e n t l y  i d e n t i f i e d  en d o 
g en o u s  e x c i t a t o r y  am ino a c i d ,  o r  o t h e r  a g o n i s t s  a t  e x c i t a t o 
ry  am ino a c id  r e c e p t o r  s u b ty p e s  a f f e c t  t h e  r e l e a s e  o f  l u 
t e i n i z i n g  horm one (LH) i n  a d u l t ,  o v a r i e c to m iz e d ,  e s t r o g e n -  
p r im e d  fe m a le  r a t s .  F e m ale s  w e re  g iv e n  50 ug o f  e s t r a d i o l  
b e n z o a t e ,  s c ,  2 w eeks a f t e r  o v a r ie c to m y .  Two d a y s  l a t e r ,  
r a t s  r e c e i v e d  i n t r a c i s t e r n a l  i n j e c t i o n s  o f  e i t h e r  a c i d i c  
s a l i n e  v e h i c l e ,  QUIN (250 o r  500 n m o l) , N -m e th y l-D L -a s p a r 
t a t e  (NMA; 250 o r  500 n m o l) ;  m onosodium  g lu ta m a te  (G lu ; 1 .0  
u m o l) , o r  p y r o g lu ta m a te  (p G lu ; 1 .0  u m o l) . A d d i t i o n a l  a n i 
m a ls  t r e a t e d  w i th  QUIN o r  NMA r e c e i v e d  a t  t h e  sam e t im e  
e i t h e r  2 -a m in o -7 -p h o s p h o n o h e p ta n o ic  a c id  (APH) o r  k y n u r e n ic  
a c id  (KYA), b o th  a n t a g o n i s t s  a t  NMDA-prefe r r i n g  am ino a c id  
r e c e p t o r s ,  o r  g lu ta m a te  d i e t h y l  e s t e r  (GDEE), an  a n t a g o n i s t  
a t  q u i s q u a l a t e - p r e f e r r i n g  am ino a c id  r e c e p t o r s .  A n im als  
w e re  k i l l e d  5 m in  a f t e r  d ru g  t r e a t m e n t ,  an d  se ru m  LH c o n c e n 
t r a t i o n s  w e re  d e te r m in e d  by  d o u b le  a n t ib o d y  r a d io im m u n o a ss a y . 
A d m i n is t r a t io n  o f  QUIN o r  NMA r e s u l t e d  i n  a  d o s e -d e p e n d e n t  
i n c r e a s e  i n  se ru m  LH l e v e l s .  C o a d m in i s t r a t i o n  o f  APH 
b lo c k e d  t h e s e  e f f e c t s ,  and  t h e  QUIN s t i m u l a t i o n  o f  LH w as 
a l s o  a n ta g o n iz e d  by  KYA. N e i th e r  G lu  n o r  pG lu  i n c r e a s e d  LH 
r e l e a s e ,  and  GDEE f a i l e d  t o  p r e v e n t  t h e  e l e v a t i o n  o f  LH by  
QUIN. I n  o t h e r  s t u d i e s ,  s u b c u ta n e o u s  a d m i n i s t r a t i o n  o f  NMA 
o r  QUIN f a i l e d  t o  s i g n i f i c a n t l y  s t i m u l a t e  LH r e l e a s e .   
L ig h t  m ic r o s c o p ic  e v a lu a t io n  o f  t h e  h y p o th a la m u s  show ed no 
m o rp h o lo g ic  d i s t u r b a n c e s  r e s u l t i n g  fro m  QUIN o r  NMA ad m in 
i s t r a t i o n .  T h e se  r e s u l t s  s u g g e s t  t h a t  QUIN, o r  o t h e r  en d o 
g e n o u s  e x c i t a t o r y  am ino a c id s  may s t i m u l a t e  LH r e l e a s e  i n  
a d u l t  f e m a le  r a t s  v i a  an  a c t i o n  a t  c e n t r a l  NM DA-prefe r r i n g  
r e c e p t o r s .  I n  s u b s e q u e n t  s t u d i e s ,  d e p l e t i o n  o f  b r a i n  c a t e 
c h o la m in e s ,  a c h ie v e d  by  p r e t r e a t m e n t  w i th  a  d o p a m in e -B -h y 
d r o x y la s e  i n h i b i t o r ,  d id  n o t  p r e v e n t  t h e  i n c r e a s e  o f  LH i n 
d u c e d  by  i n t r a c i s t e r n a l  QUIN. H ow ever, a d m i n i s t r a t i o n  o f  
t h e  s e r o t o n i n  s y n t h e s i s  i n h i b i t o r ,  p - c h l o r o p h e n y l a l a n i n e ,  o r  
t h e  s e r o t o n i n  a n t a g o n i s t ,  m e th y s e r g id e ,  a t t e n u a t e d  t h e  QUIN, 
b u t  n o t  NMA, s t i m u l a t i o n  o f  LH r e l e a s e .  T h u s , QUIN may i n 
c r e a s e  LH r e l e a s e  v i a  an  i n t e r a c t i o n  w i th  c e n t r a l  s e r o t o n e r 
g i c  s y s te m s .
S u p p o r te d  by  H D -06433, HD-13 7 0 3 , and  N S -20409 fro m  NIH
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348.11  INTRAGASTRIC CANNULATION IS A RELIABLE METHOD 
FOR ETHANOL ADMINISTRATION FOR NEUROENDOCRINE 
STUDIES.  W. Les Dees* and Gerald P. Kozlowski.  
Department o f  Physiology, University of Texas Health 
Science Center a t Dallas, Dallas, TX 75235

Stress has been shown to alter the release of LH, FSH 
and prolactin (Prl) in the rat (Ajika et a l . ,  Endo. 
90:707, 1972); th u s, commonly used methods for short-term  
ethanol (ETOH) delivery such as i .p . or gastric gavage 
injections introduce the possibility that hormonal responses 
of individual animals could vary according to their ability 
to cope with the s tre s s . Therefore, when using the rat to 
study the effects of ETOH on the hypothalamo-hypophysial
axis it would be important to utilize a method of ETOH 
delivery which is reliable, but would minimize stress . In 
this regard , 14 day ovariectomized rats weighing 300-350g 
were surgically implanted with a permanent intragastric 
cannula. ETOH was given either by an ETOH-saline  
solution, or via a liquid diet. Rats receiving the  
ETOH-saline solution (3.0g ETOH/Kg) were injected via the 
gastric  cannula every 8 h r. for 3 consecutive days. 
Control animals received injections of saline only. Both 
groups received Lab Chow and water ad libitum. Each 
animal receiving the liquid diet regimen ( B io-Serve, Inc.) 
was provided with 40 ml of the ETOH or the isocaloric 
control diet ad libitum during the lights-off period, 
followed by 40 ml of the respective diet via the gastric 
cannula (4 injections of 10 ml each) equally divided over 
the lights-on period. Additional control animals were 
cannulated and maintained on Lab Chow and water, but 
were left untreated . Rats were decapitated 1 1/2 h r. after 
the last injection, serum collected, and blood ETOH levels 
determined by an enzymatic method (Sigma). Serum LH, 
FSH and Prl were analyzed by RIA. Results indicated that 
both groups of ETOH-treated rats showed significantly 
lower LH levels with significantly higher Prl levels when 
compared to control animals. Conversely, ETOH failed to 
alter FSH levels. No differences were detected between 
control groups. These results suggest that ETOH can 
differentially alter gonadotropin secretion, supporting the 
hypothesis that there may be a separate neural control 
mechanism governing FSH release. Also, this method of 
ETOH delivery minimizes possible stress induced changes 
in serum hormone levels, making it a reliable method for 
determining short-term  effects of ETOH on the hypothalamo- 
hypophysial-axis. Supported by AA06014.

348.12   SEQUENTIAL BLOOD SAMPLING SYSTEM FOR THE DETERMINATION OF 
PITUITARY HORMONE SECRETION PROFILES.  D . I .  W h itm o y er.  D e p t . 
o f  Anatomy an d  L ab . o f  N e u ro e n d o c r in o lo g y ,  B r a in  R e s e a rc h  
I n s t i t u t e ,  UCLA S c h o o l o f  M e d ic in e ,  Los A n g e le s ,  CA 90024 .

S t u d ie s  o f  t h e  c o r r e l a t i o n s  b e tw e en  c e n t r a l  n e rv o u s  
s y s te m  e l e c t r i c a l  a c t i v i t y  an d  a n t e r i o r  p i t u i t a r y  horm one 
s e c r e t i o n  r e q u i r e  d e t a i l e d  t im in g  in f o r m a t io n  a b o u t  e v e n ts  
i n  b o th  s y s te m s .  C o n tin u o u s  m o n i to r in g  o f  e l e c t r i c a l  a c t i 
v i t y  i s  e a s i l y  a c c o m p lis h e d  b u t  no  m eth o d s  e x i s t  f o r  p e r 
fo rm in g  a  s i m i l a r  o p e r a t i o n  on  t h e  c o n c e n t r a t i o n  o f  horm ones 
c i r c u l a t i n g  i n  b lo o d .  H ow ever, t h e  t im e  c o u r s e  o f  horm one 
r e l e a s e  c a n  b e  a p p ro x im a te d  by  r a d io im m u n o a ss a y  m ea su rem e n ts  
on  d i s c r e t e  b lo o d  s a m p le s .  I n  t h e  c a s e  o f  l u t e i n i z i n g  
horm one (L H ), f r e q u e n t  s a m p l in g  i s  r e q u i r e d  t o  i n s u r e  t h a t  
t h e  s e q u e n c e  o f  horm one d e t e r m i n a t i o n s  a d e q u a te ly  d e s c r i b e s  
t h e  u n d e r ly in g  c o n t in u o u s  p r o c e s s .

The s y s te m  c o n s i s t s  o f  2 i n t e r c o n n e c t e d  l o o p s .  The f i r s t  
o n e  i s  a  s i mp l e  c lo s e d  lo o p  w h ich  u s e s  a  p e r i s t a l t i c  pump 
t o  c o n t in u o u s ly  c i r c u l a t e  b lo o d  fro m  a n d  t o  t h e  c h r o n i c a l l y -  
im p la n te d  u n a n e s t h e t i z e d  r a t  v i a  a  d o u b le - lu m e n  c a n n u la  
i n s e r t e d  i n t o  t h e  r i g h t  a t r i u m .  C r o s s t a l k  b e tw e e n  t h e  i n p u t  
an d  o u t p u t  s tr e a m s  i s  m in im iz e d  by  t h e  r a p i d  b lo o d  f lo w  i n  
t h e  a t r i u m .  R e c o n s t i t u t e d  w h o le  b lo o d  i s  d e l i v e r e d  i n t o  t h e  
r e t u r n  l i n e  on  a  s a m p le -b y - s a m p le  b a s i s  t o  c o m p e n sa te  f o r  
t h e  vo lum e o f  b lo o d  rem oved  fro m  t h e  lo o p .  A p o s i t i v e -  
d i s p la c e m e n t  m e te r in g  pump rem o v es a  w h o le  b lo o d  sa m p le  o f  
known volum e fro m  t h e  f i r s t  lo o p  an d  d e l i v e r s  i t  i n t o  t h e  
s e c o n d  lo o p .  I n  t h i s  o p e n  lo o p ,  a s s a y  b u f f e r  i s  a d d e d  an d  
t h e  b o lu s  o f  sa m p le  p l u s  b u f f e r  i s  p u s h e d  o u t  th ro u g h  t h e  
e x i t  l i n e  by  a  l o w - p r e s s u r e  s t r e a m  o f  n i t r o g e n  g a s .  The 
l i n e  i s  c o n n e c te d  t o  a  f r a c t i o n  c o l l e c t o r  w h ich  a d v a n c e s  i n  
sy n c h ro n y  w i th  t h e  c y c l i n g  o f  t h e  sa m p le  m e te r in g  pum p. A t 
t h e  e n d  o f  t h e  t r i a l ,  p r im a ry  a n t i s e r u m  i s  ad d e d  t o  t h e  
t u b e s  an d  th e y  a r e  t a k e n  th ro u g h  a  d o u b le - a n t ib o d y  r a d i o 
im m unoassay  p r o c e d u r e  w h ich  i s  s p e c i a l i z e d  f o r  w h o le  b lo o d  
s a m p le s  b u t  u s e s  s t a n d a r d  NIADDK r e a g e n t s  f o r  r a t  LH.

The c u r r e n t  v e r s i o n  o f  t h i s  a u to m a t i c  s y s te m  a l lo w s  
i n t e r - s a m p l e  i n t e r v a l s  r a n g in g  fro m  many m in u te s  down t o  
a b o u t  20 s e c o n d s .  S am p les  t a k e n  fro m  l o n g - t e r m  o v a r i e c 
to m iz e d  r a t s ,  a t  a  r a t e  o f  1 p e r  m in u te ,  c l e a r l y  r e f l e c t  
t h e  e p i s o d i c  o r  p u l s a t i l e  n a tu r e  o f  LH s e c r e t i o n  known t o  
o c c u r  i n  su c h  a n im a ls .  T y p i c a l l y  t h e  r a p i d  r i s i n g  p h a s e  i s  
d e f i n e d  by 2 o r  3 p o i n t s  an d  t h e  e n s u in g  e x p o n e n t i a l - l i k e  
d e c a y  i s  d e l i n e a t e d  by  10 o r  m ore p o i n t s .
(S u p p o rte d  by  NIH g r a n t  N S 01162.)

3 4 8 .13 EFFECT OF ISOCARBOXAZID ON GROWTH HORMONE.
V .S .W ahby* , E . L .G i l l e r  an d  K .C o h en * .  D e p ts .  o f  
P s y c h i a t r y  an d  E n d o c r in o lo g y ,  VA M e d ic a l  C e n te r  
an d  Y a le  U n i v e r s i t y ,  W est H av en , CT 06516

BACKGROUND: T r i c y c l i c  a n t i d e p r e s s a n t s  c a n  r a i s e  b lo o d  GH  
l e v e l s .  I t  i s  n o t  known w h e th e r  m onoam ine o x id a s e  (MAO) 
i n h i b i t o r s  e . g .  i s o c a r b o x a z i d  ( M a r p la n ) , h a v e  t h e  same 
e f f e c t .

METHODS: Ten m a le  s u b j e c t s  a g e s  3 0 -5 5  w i th  m a jo r  d e p r e s s iv e   
d i s o r d e r  who h a v e  b e e n  on  d o s e s  o f  i s o c a r b o x a z i d  b e tw e en  
2 0 -6 0  m g /d ay  f o r  a t  l e a s t  t h r e e  m o n th s  w e re  s t u d i e d .  A l l  
s u b j e c t s  w e re  o f  n o rm a l w e i g h t ,  n o n d i a b e t i c ,  n o n - a l c o h o l i c  
an d  w i t h  no  e v id e n c e  o f  o t h e r  s y s te m ic  d i s e a s e  o r  e n d o c r in o 
p a th y .  L iv e r  an d  t h y r o i d  f u n c t i o n  t e s t s  w e re  n o rm a l .  The 
p a t i e n t s  w e re  known t o  b e  r e l i a b l e  an d  c o m p l ia n t  i n  t a k i n g  
t h e i r  m e d i c a t i o n .  T h e i r  p l a t e l e t  MAO l e v e l s  w e re  2 .9 - 2 5 .6  
nm ol/m g p r o t e i n / h r .  T h re e  p a t i e n t s  w e re  s im u l t a n e o u s ly  on 
d ia z e p a m  5 -2 0  mg p o / d .  A l l  o t h e r  p a t i e n t s  w e re  on  no  m ed i
c a t i o n s  o t h e r  t h a n  i s o c a r b o x a z i d .  B lo o d  w as draw n  a t  8 :3 0  am 
b e f o r e  b r e a k f a s t  an d  a f t e r  a  n o rm a l o v e r n i g h t  s l e e p ,  f o r  a  
b a s e l i n e  GH l e v e l  m e a s u re d  by  RIA.

RESULTS: Two p a t i e n t s  (20%) h a d  a  s m a l l  b u t  s i g n i f i c a n t   
e l e v a t i o n  i n  b a s a l  GH l e v e l s .  I n  o n e  p a t i e n t  t h i s  may b e  
p a r t i a l l y  a  d ia z e p a m  e f f e c t .  The r e s t  o f  t h e  p a t i e n t s  (80%) 
h a d  no  s i g n i f i c a n t  GH e l e v a t i o n s .

CONCLUSION: The MAO i n h i b i t o r  i s o c a r b o x a z i d  ( M a r p la n ) ,  
u n l i k e  t r i c y c l i c s ,  may o n ly  h a v e  a  m in o r  e f f e c t  o f  GH 
s e c r e t i o n  i n  p a t i e n t s  w i th  MDD. An i n t r i g u i n g  p o s s i b i l i t y  
i s  t h a t  a  f u n c t i o n a l  d i s t u r b a n c e  i n  c e n t r a l  n o r a d r e n e r g i c  
n e u ro n s  i n  some MDD p a t i e n t s  may h a v e  r e s u l t e d  i n  t h e  
b l u n t i n g  o f  an  o t h e r w i s e  s i g n i f i c a n t  GH r e s p o n s e  t o  t h e  d r u g .  
A s i m i l a r  f i n d i n g  w i th  d e s ip r a m in e  w as r e p o r t e d  by  L aakm ann. 
F u r th e r  w ork  i s  n e e d e d  t o  v e r i f y  t h i s  p r e l i m i n a r y  f i n d i n g  
i n  l a r g e r  s a m p le s  o f  p a t i e n t s  an d  h e a l t h y  c o n t r o l s  o f  b o th  
s e x e s  s t r a t i f i e d  by  a g e ,  bod y  w e ig h t ,  MAO d o s e ,  c l i n i c a l  
s t a t e  a t  t h e  t im e  o f  t e s t i n g  an d  an y  o t h e r  s i g n i f i c a n t  
f a c t o r s .

34 8 .14  MULTIPLE INJECTIONS OF GROWTH HORMONE RELEASING FACTOR (GRF) 
 DECREASE BASAL GROWTH HORMONE (GH) AND SOMATOMEDIN (Sm)  

CONCENTRATIONS IN SHEEP.  M.A. D e l l a - F e r a ,  F .C .  Buonomo*  and 
C.A. B a i l e .  N u t r i t i o n  Chem. D iv . ,  Monsanto , S t .  L o u i s ,  MO 
63137

GRF i s  a p o t e n t  and s p e c i f i c  r e l e a s o r  of GH in a v a r i e t y  
of s p e c i e s .  P rev io u s  r e s u l t s ,  however, show t h a t  the 
r esp o n se  to  GRF d e c l i n e s  w ith  each s ubsequen t  t r e a tm e n t  when 
m u l t i p l e  i n j e c t i o n s  a re  g iv e n .  Our o b j e c t i v e  was to  
de te rm ine  the f req u en cy  th a t  GRF co u ld  be a d m in i s t e r e d  to  
lambs w i th o u t  the  deve lopment of r e f r a c t o r i n e s s .  T re a tm e n ts  
were .016 nmol /Kg hpGRF( 40) i n j e c t e d  IV ev e ry  4, 8 ,  or  24 hr 
f o r  3 days (N=12, 15 Kg b . w . ) .  Plasma GH was measured  (RIA) 
a t  - 1 5 ,  0 , 5, 15, 30 and 60 min (GRF g iven  a t  0 ) .  Sm was 
measured  (RIA) a t  0 and 120 min p o s t  i n j e c t i o n .  D ecreased  
r e s p o n s iv e n e s s  to  GRF deve loped even in the group i n j e c t e d  
once eve ry  24 h r s .  Peak plasma GH l e v e l s  (+5 min) d e c re a s e d  
from 105 ng/ml on day 1 to  35 and 19 ng/ml on days  2 and 3, 
r e s p e c t i v e l y .  Lambs in j e c t e d  eve ry  8 hr showed no 
s i g n i f i c a n t  re sp o n se  to  GRF by the second i n j e c t i o n  on the 
f i r s t  day (peak a f t e r  1s t  in j e c t i o n :1 0 5 n g / m 1 ; peak a f t e r  2nd 
i n j e c t i o n : 2 9  n g /m l) ,  and d id  not r e c o v e r  d u r in g  th e  3 day 
t r e a tm e n t  p e r i o d .  Lambs i n j e c t e d  eve ry  4 h r s  showed a 
s i m i l a r  d ec re as e  in resp o n se  to  GRF as  th o se  i n j e c t e d  eve ry  
8 h r s .  All t h r e e  g roups  a l s o  showed a d e c re a s e  in b asa l  GH 
c o n c e n t r a t i o n s  ( p r e i n j e c t i o n )  over  the  t h r e e  day t r e a tm e n t  
p e r i o d .  In lambs i n j e c t e d  ev e ry  24 h r s  b a sa l  GH d e c re a s e d  
from 23 (day 1) to  17 ng/ml (day 3; p < .0 5 ) .  In lambs 
in j e c t e d  every  4 or 8 hr  GH d ec re as ed  from 27 and 29 ng/ml 
(day 1) to  15 and 12 ng/ml (day 3; p < .0 1 ) ,  r e s p e c t i v e l y .  
Somatomedin a l s o  d ec re as ed  by days 2 and 3 in lambs i n j e c t e d  
eve ry  4 or 8 h r s  w i th  GRF (days  1, 2 , 3, r e s p e c t i v e l y :  4 . 6 ,  
3 . 0 ,  2 .4  IU/ml in lambs i n j e c t e d  eve ry  4 h r ;  3 . 9 ,  2 . 5 ,  2 .5  
IU/ml in lambs i n j e c t e d  eve ry  8 h r .  V alu es  w i th i n  a 
t r e a tm e n t  d i f f e r  between d ay s ,  p < .0 5 ) .  IV b o lu s  i n j e c t i o n s  
of GRF in young lambs, th u s ,  ca use  a l o n g - l a s t i n g  and 
d ram at ic  d e c re as e  in p i t u i t a r y  r e s p o n s iv e n e s s  to  su b se q u en t  
i n j e c t i o n s  of GRF, and p o s s i b ly  to  endogenous GRF, as  
ev id en ced  by the d ec re as e  in basa l  plasma GH and Sm l e v e l s .  
The mechanisms invo lved  in the d ec re as ed  p i t u i t a r y  
r e s p o n s iv e n e s s  may inc lude  in c r e a s e d  s o m a t o s t a t i n  s e c r e t i o n ,  
GRF r e c e p t o r  d o w n - r e g u la t io n ,  changes  in p o s t - r e c e p t o r  
mechanisms invo lved  in GH s e c r e t i o n ,  s u p p r e s s io n  of 
endogenous GRF s e c r e t i o n  or d e c re as e  in GH s y n t h e s i s .
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348.15  A POSSIBLE ROLE FOR DIACYLGLYCEROL IN REGULATING GROWTH  
HORMONE RELEASE FROM ANTERIOR PITUITARY CELLS.  A.M. 
J u d d * , K . K o ik e * , T . Yasutnoto* and R.M. M acLeod.  D e p t . o f  
I n t e r n a l  M e d ic in e ,  U n iv . o f  V i r g in i a  S c h . o f  M ed ., 
C h a r l o t t e s v i l l e ,  VA 22908.

G row th  horm one r e l e a s i n g  f a c t o r  i n c r e a s e s  p i t u i t a r y  
g ro w th  horm one (GH) r e l e a s e  and p h o s p h a t id y l  i n o s i t o l  ( P I )  
m e ta b o lis m . D i a c y lg l y c e r o l  (D G ), one o f  t h e  m e ta b o l ic  
p r o d u c ts  o f  p h o s p h o l ip a s e  C (PL-C ) h y d r o ly s i s  o f  P I ,  i s  a 
p o t e n t  s t i m u l a t o r  o f  a Ca2 +  and p h o s p h o l ip id - d e p e n d e n t  
p r o t e i n  k i n a s e  (PK C ). A s tu d y  was p e rfo rm e d  t o  d e te r m in e  
w h e th e r  PKC i s  in v o lv e d  in  m ech an ism s r e g u l a t i n g  GH 
r e l e a s e .  P r im a ry  c u l t u r e s  o f  a n t e r i o r  p i t u i t a r y  c e l l s   
w ere  i n c u b a te d  f o r  15 m in u te s  w i th  s y n t h e t i c  DG 
( 1- o l e o l y - 2 - a c e t y l - g l y c e r o l )  o r  p h o rb o l  m y r i s t a t e  a c e t a t e  
(PMA), a p o t e n t  s t i m u l a t o r  o f  PKC. DG in c r e a s e d  th e  
r e l e a s e  o f  GH in  a  c o n c e n t r a t i o n - d e p e n d e n t  m anner 
( C o n t r o l ,  108 ± 10 ng  GH; 50 u g /m l DG, 592 ± 65 ng GH; 500 
u g /m l DG, 1180 ± 33 ng GH). S i m i l a r  r e s u l t s  w ere  o b t a in e d  
w i th  PMA ( C o n t r o l ,  1 1 6 ± 62 ng GH; 100 nM PMA, 525 ± 50 ng 
GH; 1 uM PMA, 1096 ± 131 ng  GH). In  a n o th e r  s tu d y  PL-C 
was ad d ed  t o  p i t u i t a r y  c e l l  c u l t u r e s  t o  l i b e r a t e  
e n d o g e n o u s  DG and i t  was found  t h a t  PL-C i n c r e a s e d  GH in  a 
d o s e - r e l a t e d  m an n er o v e r  t h e  r a n g e  o f  100 t o  1000 mU/m l.  
In  s e v e r a l  t i s s u e s ,  t h e  e f f e c t s  o f  DG on PMA w ere  e n h a n ce d  
by s u b - t h r e s h o l d  c o n c e n t r a t i o n s  o f  Ca2+ io n o p h o re  
A 23187. We found  t h a t  400 nM A23187, a d o se  t h a t  d o e s  n o t  
a f f e c t  GH r e l e a s e  by  i t s e l f ,  e n h a n ce d  (200%) GH s e c r e t i o n  
in d u c e d  by e i t h e r  DG o r  PMA. L ik e w ise  2 n g /m l m a i t o to x i n ,  
a Ca2+ c h a n n e l  a c t i v a t o r  w h ich  a t  t h i s  c o n c e n t r a t i o n  h a s  
no  e f f e c t  on p r o l a c t i n  r e l e a s e ,  e n h a n ce d  (200%) b o th  DG- 
and PM A -induced p r o l a c t i n  r e l e a s e .

T h e se  d a t a  s u g g e s t  t h a t  th e  h y d r o ly s i s  o f  p h o s p h o l ip id  
t o  DG may a c t i v a t e  PKC, t h a t  s u b s e q u e n t ly  a c t s  in  c o n c e r t  
w i th  s m a l l  c h a n g e s  in  c y to p la s m ic  Ca2+ , and th u s  may 
p l a y  a r o l e  i n  th e  r e g u l a t i o n  o f  GH r e l e a s e .

[S u p p o rte d  by  USPHS G r a n ts  CA-07535 and AM 32632 and 
USPHS F e l lo w s h ip  A -3 2 -C A 0 7 1 3 7 .]

3 4 8 . 16  ONTOGENY OF NORADRENERGIC REGULATION OF GROWTH HORMONE 
SECRETION IN RATS.  L.  A. B e r o  a n d  C.  M. Kuhn ( S p o n :  T.  
S l o t k i n ) .   D e p t . o f  Pharmacology, Duke U n i v . ,  Med.  C t r . ,  
D u r h a m ,  N. C.  2 7 7 0 1 .

I n  a d u l t  r a t s ,  t h e  n o r a d r e n e r g i c  s y s t e m  p l a y s  a  r o l e  i n  
p u l s a t i l e  g r o w t h  h o r m o n e  (GH) s e c r e t i o n .  B l o c k a d e  o f  
n o r a d r e n e r g i c  r e c e p t o r s  o r  d i s r u p t i o n  o f  n o r e p i n e p h r i n e  
s y n t h e s i s  p r e v e n t s  e p i s o d i c  b u r s t s  o f  GH r e l e a s e .  S t i m u 
l a t i o n  o f  α2 a d r e n e r g i c  r e c e p t o r s  i s  t h o u g h t  t o  m e d i a t e  
t h e s e  e f f e c t s .  In  a d d i t i o n ,  a n  α1 m e c h a n i s m  w h i c h  i n h i b i t s  
GH r e l e a s e  h a s  b e e n  p o s t u l a t e d .  The  p r e s e n t  s t u d i e s  
d e m o n s t r a t e  t h a t  i m m a t u r e  r a t s  p o s s e s s  a n  α2 s t i m u l a t o r y  
m e c h a n i s m  w h i c h  i s  a c t i v e  e v e n  i n  t h e  a b s e n c e  o f  e p i s o d i c  
s u r g e s  o f  GH. An α1 i n h i b i t o r y  m e c h a n i s m  may a l s o  e x i s t  
i n  n e o n a t a l  r a t s .  We a l s o  o f f e r  e v i d e n c e  t h a t  o p i a t e s  a c t  
t h r o u g h  an  α2 s t i m u l a t o r y  p a t h w a y  t o  i n c r e a s e  GH s e c r e t i o n  
i n  i m m a t u r e  a n d  a d u l t  r a t s .

I n  t h e  f i r s t  s t u d y ,  t h e  e f f e c t  o f  a d r e n e r g i c  a g o n i s t s  an d  
a n t a g o n i s t s  was e x a m i n e d  i n  d e v e l o p i n g  r a t s .  D o s e  r e s p o n s e  
c u r v e s  w e r e  o b t a i n e d  f o r  a  s e r i e s  o f  α1 a n d  α2 a g o n i s t  a n d  
a n t a g o n i s t s .  Ten  d a y  o l d  r a t  p u p s  w e r e  s a c r i f i c e d  a f t e r  s c  
a d m i n i s t r a t i o n  o f  d r u g  a n d  p l a s m a  s a m p l e s  w e r e  a n a l y z e d  f o r  
GH b y  r a d i o i m m u n o a s s a y .  C l o n i d i n e ,  a n  a g o n i s t  s p e c i f i c  f o r  
α 2  r e c e p t o r s  a t  l o w  d o s e s ,  s i g n i f i c a n t l y  i n c r e a s e d  GH l e v e l s  
a t  5 0  µ g / k g .  A h i g h  ( n o n s p e c i f i c )  d o s e  o f  c l o n i d n e  ( 2 5 0  
µ g / k g )  d e c r e a s e d  GH. An i n t e r m e d i a t e  d o s e  o f  1 5 0  µ g / k g  d i d  
n o t  a l t e r  GH l e v e l s .  T he  α1 a g o n i s t s ,  p h e n y l e p h r i n e  a n d  
m e t h o x a m i n e ,  s u p p r e s s e d  GH a t  t h e  h i g h e s t  d o s e  a n a l y z e d  ( 2 . 5  
m g / k g ) .  The α1 a n t a g o n i s t  p r a z o s i n ,  d i d  n o t  a l t e r  GH l e v e l s  
a t  a n y  d o s e .  I n  c o n t r a s t ,  t h e  α2 a n t a g o n i s t  y o h i m b i n e ,  a t  
t h e  h i g h e s t  d o s e  o f  2 . 5  m g / k g ,  s i g n i f i c a n t l y  d e c r e a s e d  GH.

N o r a d r e n e r g i c  i n v o l v e m e n t  i n  o p i a t e  i n d u c e d  GH s e c r e t i o n  
w a s  e x a m i n e d  i n  1 0  d a y  o l d  a n d  31  d a y  o l d  r a t s .  Y o h i m b i n e  
o r  p r a z o s i n  was a d m i n i s t e r e d  o n e  h o u r  b e f o r e  m e t h a d o n e  a n d  
r a t s  w e r e  s a c r i f i c e d  3 0  m i n u t e s  f o l l o w i n g  m e t h a d o n e .  Yo
h i m b i n e  s i g n i f i c a n t l y  a t t e n u a t e d  t h e  GH i n c r e a s e  i n d u c e d  by 
m e t h a d o n e ,  w h i l e  p r a z o s i n  d i d  n o t .  P r a z o s i n  o r  y o h i m b i n e  
a l o n e  d i d  n o t  a l t e r  b a s a l  GH l e v e l s  a t  t h e  d o s e s  u s e d .

O u r  f i n d i n g s  s u g g e s t  t h a t  n o r a d r e n e r g i c  m e c h a n i s m s  p a r 
t i c i p a t e  i n  t h e  r e g u l a t i o n  o f  GH s e c r e t i o n  i n  n e o n a t a l  r a t s  
a s  w e l l  a s  a d u l t  r a t s .  A t o n i c a l l y - a c t i v e  α 2 s y s t e m  i s  
d e m o n s t r a b l e  i n  n e o n a t e s  d e s p i t e  t h e  a b s e n c e  o f  GH s u r g e s .  
T h e  o p i a t e  r e s p o n s e  o f  GH a p p e a r s  t o  b e  m e d i a t e d  t h r o u g h  
t h i s  m e c h a n i s m .  N e u r a l  r e g u l a t i o n  o f  s u r g i n g  may d e v e l o p  a s  
a  s e p a r a t e  p a t h w a y  o r  b e c o m e  s u p e r i m p o s e d  on  t h e  n e o n a t a l  
c i  r c u i t .

3 4 8 .17  GONADAL STEROID MODULATION OF GROWTH HORMONE-RELEASING 
FACTOR-STIMULATED GROWTH HORMONE SECRETION.
G .F . McCormick* , W .J. M il la rd ,  T.M. B adger, and J .B .  
M a r tin .  D ep ts . o f  N eurology and G ynecology, M ass. Gen.
H o sp ., V incen t Res. L a b s . ,  B oston , MA 02114.

H ypothalam ic grow th  h o rm o n e -re lea s in g  f a c t o r  (GRF) i s  
e s s e n t i a l  f o r  spon taneous p u l s a t i l e  grow th hormone (GH) 
s e c r e t i o n .  The p a t te r n  o f  p u l s a t i l e  s e c r e t io n  i s  s t r i k i n g 
ly  s e x u a l ly  d im orph ic  in  th e  r a t .  We have in v e s t ig a t e d  th e  
in f lu e n c e  o f gonada l s t e r o i d s  upon G R F -stim ula ted  GH s e c r e 
t i o n .  In  a l l  ex p e rim en ts  age-m atched Sprague-D aw ley r a t s  
were u se d . A ll s tu d ie s  w ere perform ed 6 to  8 weeks a f t e r  
c a s t r a t i o n .  In  th e  f i r s t  expe rim en t fo u r  g roups were com
p a re d : Normal m a le s , c a s t r a te d  (CAST) m a le s , norm al
fe m a le s , and o v a riec to m ize d  ( OVX) fem ales (n= 8, each  
g ro u p ) . P a i r s  o f r a t s  were a n e s th e t iz e d  w ith  p e n to b a rb i
t a l ,  35 mg/kg i p ,  to  n o rm a liz e  plasm a GH le v e l s  and perm it 
i n s e r t i o n  o f  ca n n u la s  in t o  th e  r ig h t  a t r iu m . Blood sam ples 
were drawn a t  15 m inu te i n t e r v a l s ,  b eg in n in g  45 m inu tes 
a f t e r  PB a d m in is t r a t io n .  A f te r  th re e  b a s e l in e  sam p les , 10 
ug /kg  human p a n c re a t ic  GRF 1-44 (GRF-44) was g iv en  iv .  In 
a l l  r a t s  plasm a GH v a lu e s  peaked w ith in  5 to  10 m inu tes 
a f t e r  GRF a d m in is t r a t io n .  The a re a  under th e  GH peak was 
s i g n i f i c a n t l y  g r e a t e r  in  m ales th a n  fe m a le s . C a s tr a t io n  
d e c re a se d  th e  re sp o n se  in  m ales and o variec tom y  in c re a s e d  
th e  re sp o n se  in  fe m a le s . P i t u i t a r y  c o n te n t o f  GH c o r r e la te d  
p o s i t i v e ly  w ith  th e  m agnitude o f  G R F-stim ula ted  GH s e c r e 
t i o n :  norm al m ales -  762.4  ± 3 3 .2 ; CAST m ales -  566.1 ± 
2 7 .8 ; OVX fem ales  -  472 .5  ± 5 1 .6 ; and norm al fem ales  -   
341.1 ± 24 .1  ug GH/mg s o lu b le  p r o te in .  In  a second group 
o f  e x p e rim e n ts , plasm a le v e l s  o f  gonada l s t e r o i d s  were 
m a n ip u la ted  by su bcu taneous im p la n ta tio n  o f  s t e r o i d - f i l l e d  
s i l a s t i c  c a p s u le s .  Four g roups o f r a t s  were u sed : CAST 
m ales g iv en  t e s to s t e r o n e  (T ) , CAST m ales g iv e n  e s tro g e n  
(E ) , OVX fem ales  g iv en  T , and OVX fem ales  g iv en  E (n =8 , each 
g ro u p ) . S i l a s t i c  im p la n ts  were r e lo c a te d  ev e ry  2 weeks fo r  
8 w eeks. GRF-44, 10 ug /kg  i v ,  was g iv en  by th e  same 
p ro to c o l d e s c r ib e d  above . M ales and fem ales t r e a t e d  w ith  T 
had s i g n i f i c a n t l y  g r e a t e r  peak a re a s  th a n  m ales and fem ales 
t r e a t e d  w ith  E. T tr e a tm e n t was a s s o c ia te d  w ith  h ig h e r  
p i t u i t a r y  c o n te n t o f GH and f a s t e r  grow th  r a t e s .  In  
c o n c lu s io n , T in c r e a s e s  and E d e c re a s e s  p i t u i t a r y  GH 
c o n te n t and th e  m agnitude o f  G R F-stim ula ted  GH s e c r e t io n .  
S upported  by NIH G rant AM 26252 and T eacher I n v e s t ig a to r  
Award NS00727-03.

348. 18  THIRD VENTRICULAR INJECTIONS OF NEUROPEPTIDE Y DECREASE LH 
AND GH SECRETION IN OVARIECTOMIZED RATS.  J .K . McDonald,  
M.D. Lumpkin*, W.K. Samson* and S.M. McCann. (JKM)  D ep t. 
of A n a t.,  Emory U niv. Sch. of M ed., A tla n ta ,  GA 30322 and 
D ept. of P h y s i o l . ,  U .T .H .S .C .D ., D a lla s ,  TX 75235.

In  1982, N eu ropep tide  Y (NPY) was i s o la te d  from p o rc in e  
b ra in  by Tatem oto and c o l le a g u e s .  NPY ap p ears  to  be th e  
endogenous p e p tid e  which acco u n ts  fo r  d e s c r ip t io n s  of av ian  
and bovine p a n c re a t ic  p o ly p e p tid e  (APP & BPP) im m unoreacti
v i t y  in  th e  b ra in  (Card et  a l . , 1983, Olschowka et  a l . ,  
1981). We have re p o r te d  th a t  th i r d  v e n t r i c u l a r  (3V) in j e c 
t i o n  o f APP & BPP d e c re a se  plasm a GH and LH in  o v a r ie c to 
mized (OVX) r a t s  (McDonald & Lumpkin, Endo Soc A bst 285, 
1983). We r e p o r t  h e re  th e  e f f e c t s  of 3V i n j e c t io n  o f NPY on 
plasm a LH, GH and FSH in  co n sc io u s  OVX r a t s .  NPY ( 5 ,2 ,0 .5  
and 0 .0 2 µ g /2 .0 µ l s a l i n e ,  P e n in s u la )  o r an eq u a l volume of 
s a l i n e  was in je c te d  v ia  c h ro n ic a l ly  Im plan ted  3V cannu lae  
and blood (0 .6  ml) w ithdraw n th rough  an in d w e llin g  ju g u la r  
cannu la  im m ediately  b e fo re  (0 ) and 5 ,  1 5 , 3 0 ,  60 and 120 min 
a f t e r  i n j e c t i o n .  NPY (5µg) reduced  p lasm a LH a t  1 5 , 3 0 , 60 and 
120 min v s . p r e t r e a t me n t le v e ls  (P < .0 5 , .0 0 5 , .0 0 1 , .001) 
and a ls o  v s . s a l i n e - in j e c t e d  c o n tro ls  a t  3 0 , 60 and 120 min 
(P < .025 , .0 0 5 , .0 0 5 ) . 2 and 0 .5 µg NPY produced s im i la r   
e f f e c t s ,  how ever, some reco v e ry  from in h i b i t i o n  was observed  
between 60 and 120 m in. The 0.02µg dose caused  a n o n s ig n i
f i c a n t  d e c lin e  in  LH a t  a l l  tim es v s .  c o n t r o l s .  R ats  
r e c e iv in g  5 o r 2µg NPY d is p la y e d  a s u s ta in e d  re d u c t io n  in  GH 
a t  s e v e ra l  tim es v s . c o n t r o l s .  I n je c t i o n  o f s a l i n e  o r 5µg 
NPY reduced  GH from 0 to  5 min and tre a tm e n t w ith  NPY p re 
ven ted  th e  su bsequen t r i s e  in  GH le v e l s  m easured in  con
t r o l s .  In  a n o th e r  ex p e rim en t, plasm a GH in  s a l i n e - in j e c t e d  
r a t s  d id  n o t d e c l in e  to  th e  same e x te n t  from 0 to  5 min, 
how ever, in fu s io n  o f NPY (2µg) produced an  i mmediate 
re d u c t io n  in  GH le v e ls  which rem ained below c o n t ro l  v a lu es  
(60 min, P<.025) fo r  th e  d u ra t io n  o f th e  sam pling  p e r io d .  
0 .5  and 0.02µg NPY had no e f f e c t  on GH, and NPY (2 and 
0.02µg) had no e f f e c t  on plasm a FSH.

These r e s u l t s  p ro v id e  th e  f i r s t  in d ic a t io n  th a t  NPY may 
be inv o lv ed  in  th e  c e n t r a l  r e g u la t io n  of LH and GH s e c re 
t i o n .  In  view of th e  an a to m ica l d i s t r i b u t i o n  o f NPY in  
hypo tha lam ic  neurons and b ra in s te m  c a te c h o la m in e rg ic  a f f e r 
e n t s ,  NPY may a f f e c t  LHRH, SRIF and GHRH neurons e i t h e r  
d i r e c t l y  o r th rough  neurom odulato ry  e f f e c t s  on ca tech o lam in 
e rg ic  te rm in a ls  in v o lv ed  in  r e le a s in g  hormone s e c r e t io n .  We 
have r e c e n t ly  o b ta in e d  d a ta  which in d i c a t e  th a t  NPY stim u
l a t e s  LH and GH s e c r e t io n  from p e rfu se d  columns o f a n t e r io r  
p i t u i t a r y  c e l l s . (S uppo rted  by NIH HD-09988 and AM-10073).
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348.19  STIMULATION OF GROWTH HORMONE SECRETION BY BETA-ADRENERGIC 
RECEPTOR ACTIVATION IN INTACT AND HYPO THALAMUS-LESIONED 
  RATS.  R. J . Kr i e g   J r.  S .N. Perki ns*.  A.D .  Rogol* and M.J .  
C ronin.  Dept. Anatomy, Medical College V a., Richmond, VA 
23298, and D epts. P h y s io l.,  P e d ia tr ic s  and Pharm acol., 
Univ. Va. School of M edicine, C h a r lo tte s v il le ,  VA 22908.

Previous in  v i t r o  s tu d ie s  have shown th a t  be ta -ad ren er
g ic  s tim u la tio n  of p e rifu sed  r a t  a n te r io r  p i tu i ta ry  c e l l s  
r e s u l t s  in  growth hormone (GH) re le a se  ( Neuroendocrinology 
37 :473, 1983). To determ ine whether th is  response e x is ts  
in  v ivo , we in v e s tig a te d  the e f fe c t  of a b e ta -ad ren erg ic  
ag o n is t ( iso p ro te re n o l)  on GH re le a se  in  ad u lt male r a t s .  
A fte r i n t r a - a t r i a l  c a th e te r  im p lan ta tions on Day 0 , h a lf  
the anim als received  le s io n s  designed to  i s o la te  the p i t u i 
ta ry  gland from the basa l hypothalamus. The le s io n s  were 
made by lowering a t r ia n g u la r ,  3mm Halasz k n ife  to  the base 
of the hypothalamus and ro ta t in g  i t  sev e ra l tim es; only 
r a t s  in  which s ig n if ic a n t  p o rtio n s  of the b asa l hypothala
mus were destroyed were included in  the a n a y ls is .  On Day 
4, anim als were an es th e tiz ed  w ith p e n to b a rb ita l (40mg/kg) 
to  in h ib i t  som atosta tin  re le a se  in  the unlesioned r a t s ,  and 
seq u en tia l blood samples w ith sa lin e  replacem ent were taken 
a t  -10 , 0 , +2, +4, +6 and +10 min. E ith er s a lin e , isopro
te ren o l (200ug/kg), or human p an crea tic  GH re le a s in g  
fa c to r-4 0 -OH (GRF, 400ng/ra t) was infused  immediately a f te r  
the time 0 sample. Plasma hormones were measured by RIA. 
Whereas b asa l le v e ls  of p ro la c tin  remained unchanged in  the 
lesioned  r a t s ,  b asa l GH le v e ls  were s ig n if ic a n tly  lower in  
lesioned  versus  unlesioned anim als on Day 4 (p=0.020). 
S a lin e  in fu s io n  did  not a l t e r  GH sec re tio n  in  e ith e r  group. 
With one exception  among 21 r a t s ,  iso p ro te ren o l induced an 
in c rease  in  c irc u la tin g  GH in  both unlesioned (p =0.014) and 
hypothalam us-lesioned (p=0.005) anim als (compared to  p re in 
fu s ion  le v e ls  a t  time 0 .)  GH sec re tio n  was e levated  a t  the 
e a r l i e s t  time p o in t measured (+2 min) and decreased th e re 
a f te r  to  reach  co n tro l le v e ls  by the 10 min sample. GRF 
induced a 5 -fo ld  g re a te r  re le a se  of GH a t  +2 min than did 
is o p ro te re n o l. These r e s u l t s  suggest th a t be ta -ad ren erg ic  
ag o n is ts  can induce GH re le a se  in  v iv o , and th a t the hypo
thalamus may not be necessary fo r th is  e f f e c t .  Our 
previous in  v i t r o  r e s u l t s  demonstrated a d ire c t  and 
s p e c if ic  s tim u la to ry  a c tio n  of iso p ro te ren o l and epineph
r in e  on a n te r io r  p i tu i ta ry  GH sec re tio n . The complimentary 
data  from these in  v ivo and in  v i t r o  approaches re in fo rce  
our hypothesis  th a t ep inephrine may a c t as a GRF sepa ra te  
from the GRF p ep tid e . (Supported by 5T32HL07284, RCDA 
NS00601, NS18409, AM32632)

348.20  PROKARYOTIC EXTRACYTOPLASMIC ADENYLATE CYCLASE EVOKES 
GROWTH HORMONE AND PROLACTIN RELEASE FROM NORMAL AND CLONAL 
PITUITARY CELLS.  M.J. Cronin. A.D. Rogol* . J .  Weiss*. A.A. 
Weiss* and  E.L. Hewlett*.  The U n ivers ity  of V irg in ia  School 
of M edicine, C h a r lo t te s v i l le ,  V irg in ia , 22908.

We have been in te re s te d  in  the  a sso c ia tio n  of cAMP 
metabolism w ith growth hormone (GH) and p ro la c tin  (P rl)  
re le a se  from a n te r io r  p i tu i ta r y  (AP) c e l l s .  One c r i te r io n  
to  prove a lin k  between the  cAMP-generating system and a 
b io lo g ic a l event i s  th a t  th e  response must occur when 
ac tiv a te d  c a ta ly t i c  adeny late  cyclase  (AC) i s  added. 
U nfo rtunate ly , eukaryotic  AC is  la b i le  when e x trac ted  and 
has not been fu n c tio n a lly  re c o n s ti tu te d  in to  a c e l l .  To 
circumvent th is  o b s tac le , we employed a novel and 
chem ically robust extracytoplasm ic AC (ECAC), synthesized  
by b a c te r ia  of the  genus Bordete l l a  (H ew lett, E .L ., e t a l .  
PNAS 73 :1926. 1976). We asked whether w ild type B o rd e te lls 
p e r tu s s is  e x tra c ts ,  e x h ib itin g  marked ECAC enzymatic 
a c t iv i ty ,  a ffec ted  r a t  AP c e l l s  in  v i t r o . C e llu la r  cAMP 
and hormone re le a se  were measured by RIA. In primary 
c u ltu re s  of male AP c e l l s  and GH4C1 c lo n a l c e l l s ,  ECAC 
induced a dose-dependent in c rease  in  cAMP con ten t (1 .2  -  
2.8 o rders  of magnitude) as w ell as GH and P r l re le a se  (0.3 
-  2 o rders  of magnitude) a t 1 and 2 h r .  These changes were 
d e te c ta b le  a t 5 min, the  e a r l i e s t  time s tu d ie d , and 
continued fo r  a t  le a s t  24 h . cAMP le v e ls  increased  up to  
the  h ig h est con cen tra tio n  of ECAC imposed, w hile hormone 
re le a se  was maximal a t  lower le v e ls  of ECAC. These e f fe c ts  
were apparen tly  n e ith e r  permanent nor to x ic  because c e l l s  
responded ap p ro p ria te ly  to  o the r secretagogues 1 day a f te r  
a 2 h ECAC challenge and washout of the  ECAC. In GH3 
c e l l s ,  cho lera  tox in  and fo rsk o lin  e f f e c ts  on cAMP le v e ls  
were a d d itiv e  w ith those of ECAC, in d ic a tin g  th a t  ECAC does 
not a c t iv a te  n a tiv e  AC. With a l l  of th ese  ag en ts, the  
c e l l s '  maximal sec re to ry  response was in d is t in g u is h a b le .  
S im ilar e x tra c ts  from B o rd e te lla  p a ra p e r tu s s is , which does 
not produce p e r tu s s is  tox in  but does syn thesize  ECAC, a lso  
increased  cAMP le v e ls  and hormone r e le a s e .  In  c o n tra s t ,  
e x tra c ts  of mutant s t r a in s  of B o rd e te lla  p e r tu s s is , which 
do not produce ECAC or o th e r v iru len ce  f a c to r s ,  did not 
in c rease  cAMP accum ulation. These s tu d ie s  dem onstrate fo r 
the  f i r s t  time th a t  endocrine c e l l s  can serve as ta rg e ts  
fo r  th is  novel b a c te r ia l  AC and a re  c o n s is ta n t w ith  the  
hypothesis th a t  cAMP p a r tic ip a te s  in  the  pathway of GH and 
P rl re le a s e .  (Supported by RCDA 1K04NS00601, NS18409, 
AM32632, The DuPont, R ockefeller & P r a t t  Foundations, 
AI18000 & AM22125)

348.21  REPEATED ECS AND MORPHINE TOLERANCE: EFFECTS UPON NEURO
ENDOCRINE PARAMETERS.  G .L. B elenky , J .R .  K enner*, L. 
C a rd e n a le s - Or t i z * , L. P enn ing ton* , W. Gamble*, E. Mougey, 
J .L .  M eyerhoff ,  and J.W . H oladay.  D ep t. o f  Med. N e u ro s c i. ,  
W a lte r Reed Army I n s t . o f  R esea rc h , W ashington , DC 20307.

We have d em o n stra ted  t h a t  r e p e a te d  e le c tro c o n v u ls iv e  
shock (ECS) s e n s i t i z e s  r a t s  to  th e  o p io id  e f f e c t s  o f mor
p h in e , and th a t  th e  in d u c tio n  o f  m orphine to le r a n c e  s e n s i 
t i z e s  r a t s  to  th e  o p io id - l ik e  e f f e c t s  o f a s in g le  ECS. We 
have d em o n stra ted  t h a t  r e p e a te d  ECS and th e  in d u c tio n  o f 
m orphine to le r a n c e  p roduce an in c r e a s e  in  o p io id  r e c e p to r s  
in  whole r a t  b r a in .  In  th e  p r e s e n t  s tu d y  we compare th e  
e f f e c t s  o f  r e p e a te d  and s in g le  ECS and th e  in d u c tio n  o f  
m orphine to le r a n c e  in  male Sprague-D aw ley r a t s  w eighing  
betw een 250-300g upon n eu ro en d o c rin e  p a ram e te rs  -  a d re n a l 
w e ig h t , plasm a c o r t i c o s te r o n e ,  p i t u i t a r y  w e ig h t, and plasm a 
p r o l a c t i n .  R epeated  ECS (ECS g iven  d a i ly  f o r  n in e  d ays; 
s a c r i f i c e  on day 10) in c re a s e d  a d re n a l w eigh t over sham
re p e a te d  ECS c o n t r o l  r a t s  (RECS 6 3 .8mg±2. 7sem, Sham RECS 
54.0m g±1. 6sem; t= 2 .6 8 ,   d f= 78 , p= .0 0 9 ) , and ov er r a t s   
r e c e iv in g  a  s in g le  ECS on th e  f i r s t  day (RECS 63.8m g±2.7sem , 
1 s t  day ECS 53.7mg±3.6sem ; t= 2 .7 8 , d f=78, p= .0 0 7 ) , and r a t s  
r e c e iv in g  a s in g le  ECS on th e  9 th  day (RECS 6 3 .8mg±2.7sem, 
9 th  day ECS 55.9mg±2.4sem; t= 2 .1 6 , d f= 78, p = .0 3 3 ) . Induc
t i o n  o f m orphine to le r a n c e  (by p e l l e t  im p la n ta tio n )  had no 
e f f e c t  on a d re n a l w e ig h t. R epeated  ECS r a i s e d  plasm a 
c o r t i c o s te r o n e  ov er sh am -rep ea ted  ECS c o n t ro l  r a t s  (RECS 
11.0m icrogram s/100m l±2.0sem , Sham RECS 6.4m icrogram s/100m l 
±0.9sem ; t =2 .2 1 , df=78, p = .0 3 ) . A s in g le  ECS on e i t h e r  th e  
1 s t  o r  th e  9 th  day , o r  th e  in d u c tio n  o f  m orphine to l e r a n c e ,  
were w ith o u t e f f e c t  on plasm a c o r t i c o s te r o n e .  In d u c tio n  o f  
m orphine to le r a n c e  d ec re a sed  a n t e r io r  p i t i u i t a r y  w eigh t over 
p la c e b o - p e l le t  im p lan ted  c o n t r o l  r a t s  (M orphine p e l l e t 
im p lan ted  1.44mg±.07sem , P lacebo  p e l le t - im p la n te d  1.70mg 
± .13sem ; t= 2 .0 7 , df= 78, p= .0 4 ) . R epeated  o r s in g le  ECS had 
no e f f e c t  upon a n t e r io r  p i t u i t a r y  w e ig h t. N e ith e r  re p e a te d  
ECS no r in d u c tio n  o f m orphine to le r a n c e  had any e f f e c t  upon 
com bined in te rm e d ia te  and p o s t e r i o r  p i t u i t a r y  w e ig h t. 
In d u c tio n  o f m orphine to le r a n c e  low ered  plasm a p r o la c t i n  in  
com parison  to  p la c e b o - p e l le t  im p lan ted  c o n t ro l  r a t s  
(M orphine p e l le t - im p la n te d  4 .4ng /m l± .68sem , P la c e b o -p e l le t  
im p lan ted  12.9ng/m l±2.3sem ; t= 2 .5 4 , d f= 78, p = .0 1 ) . N e ith e r  
r e p e a te d  nor s in g le  ECS had any e f f e c t  on plasm a p r o la c 
t i n .  Thus, w h ile  re p e a te d  ECS and in d u c tio n  o f  m orphine 
to le r a n c e  sh a re  common e f f e c t s  upon o p io id  r e c e p to r s ,  t h e i r  
e f f e c t s  upon n eu ro en d o c rin e  p a ra m a te rs  a r e  d i s im i l a r .

3 4 8 .2 2   ARE ACUTE OPIATE-INDUCED ALTERATIONS IN TSH SECRETION IN 
THE RAT SECONDARY TO CHANGES IN BODY TEMPERATURE?  W . J . 
L i t t o  a n d  J .  R a b i i .  D e p a r t m e n t  o f  B i o l o g i c a l  S c i e n c e s  a n d  
t h e  B u r e a u  o f  B i o l o g i c a l  R e s e a r c h ,  R u t g e r s  U n i v e r s i t y ,  
P i s c a t a w a y ,  N . J .  0 8 8 5 4 .

I t  h a s  p r e v i o u s l y  b e e n  sh o w n  t h a t  o p i a t e  a g o n i s t s  s u c h  
a s  m o r p h i n e  s u l f a t e  (MS) a c u t e l y  i n h i b i t  TSH s e c r e t i o n  i n  
a d u l t  m a l e  r a t s .  S u c h  s t u d i e s ,  h o w e v e r ,  h a v e  f o c u s e d  o n  a  
s i n g l e  d o s e  o f  MS o r  o t h e r  a g o n i s t s ,  a n d  m e a s u r e m e n t  o f  
TSH a t  a  s i n g l e  t i m e  p o i n t  a f t e r  a d m i n i s t r a t i o n .  I n  o r d e r  
t o  c h a r a c t e r i z e  t h e  a c u t e  TSH r e s p o n s e  t o  MS i n  m o r e  
d e t a i l ,  we h a v e  g e n e r a t e d  a  d o s e - r e s p o n s e  c u r v e  c o n s i s t i n g  
o f  f i v e  d o s e s  o f  MS r a n g i n g  f r o m  0 . 1  t o  2 0  m g / k g  b o d y  
w e i g h t  ( i . v . ) ,  a n d  m e a s u r e m e n t  o f  p l a s m a  TSH a t  3 0  a n d  60  
m i n .  T h e  l o w  d o s e s  o f  MS p r o d u c e d  s i g n i f i c a n t  i n h i b i t i o n  
o f  TSH w i t h  t h e  m a g n i t u d e  o f  t h e  i n h i b i t i o n  d e c r e a s i n g  a s  
t h e  a m o u n t  o f  MS i n c r e a s e d .  S i n c e  MS h a s  b e e n  s h o w n  t o  
h a v e  a  b i p h a s i c  e f f e c t  on  b o d y  t e m p e r a t u r e  i n  r a t s ,  w i t h  
l o w  d o s e s  p r o d u c i n g  h y p o t h e r m i a  a n d  h i g h e r  d o s e s  c a u s i n g  
h y p e r t h e r m i a ,  c o u p l e d  w i t h  t h e  f a c t  t h a t  h y p o t h e r m i a  
s t i m u l a t e s  TSH r e l e a s e ,  we h y p o t h e s i z e d  t h a t  t h e  r e s u l t i n g  
h y p o t h e r m i a  i n  a n i m a l s  r e c e i v i n g  h i g h  d o s e s  o f  MS c o u l d  b e  
o f f s e t t i n g  t h e  i n h i b i t i o n  o f  TSH r e l e a s e  t h a t  w a s  o b s e r v e d  
a t  l o w  d o s e s .  C o n v e r s e l y ,  s i n c e  i t  h a s  b e e n  s h o w n  t h a t  
h y p e r t h e r m i a  w i l l  s h u t  o f f  TSH s e c r e t i o n ,  h y p e r t h e r m i a  
a f t e r  l o w  d o s e s  o f  MS c o u l d  b e  c a u s i n g  i n h i b i t i o n  o f  TSH 
r e l e a s e .  I n  o r d e r  t o  e x a m i n e  t h e s e  p o s s i b i l i t i e s ,  b o d y  
t e m p e r a t u r e  w a s  m o n i t o r e d  a f t e r  MS a d m i n i s t r a t i o n .  T h i r t y  
m in  a f t e r  1 m g / k g  MS, TSH w a s  s i g n i f i c a n t l y  l o w e r  t h a n  
p r e i n j e c t i o n  l e v e l s ,  w h i l e  b o d y  t e m p e r a t u r e  w a s  
s i g n i f i c a n t l y  e l e v a t e d .  T h i r t y  m i n  a f t e r  2 0  m g / k g  MS, TSH 
l e v e l s  w e r e  u n c h a n g e d ,  w h i l e  b o d y  t e m p e r a t u r e  w a s   
s i g n i f i c a n t l y  d e p r e s s e d .  I n  o r d e r  t o  d e t e r m i n e  w h e t h e r   
c h a n g e s  i n  TSH i n d u c e d  b y  MS w e r e  p r e c e d e d  b y  a l t e r a t i o n s  
i n  b o d y  t e m p e r a t u r e ,  b o t h  v a r i a b l e s  w e r e  m o n i t o r e d  a t  
5 - m i n  i n t e r v a l s  f o r  t h e  f i r s t  15 m i n  a f t e r  d r u g  
a d m i n i s t r a t i o n .  A t  5 a n d  15 m i n  a f t e r  1 m g / k g  MS, TSH w a s  
s i g n i f i c a n t l y  d e c r e a s e d ,  w h i l e  t h e  a t t e n d a n t  h y p e r t h e r m i a  
w a s  n o t  m a n i f e s t e d  u n t i l  3 0 m i n .  I t  c a n  b e  c o n c l u d e d  t h a t  
t h e  i n h i b i t i o n  o f  TSH a f t e r  1 m g / k g  MS i s  n o t  c a u s e d  b y  a n  
i n c r e a s e  i n  b o d y  t e m p e r a t u r e .  T h e  d e g r e e  t o  w h i c h   
h y p e r t h e r m i a  a f t e r  l o w  d o s e  MS c o n t r i b u t e s  t o  t h e  
i n h i b i t i o n  o f  TSH r e l e a s e ,  h o w e v e r ,  r e m a i n s  t o  b e  
d e t e r m i n e d . ( S u p p o r t e d  i n  p a r t  b y  NIH G r a n t  DA02 227 a n d  
g r a n t s  f r o m  C h a r l e s  a n d  J o h a n n a  B u s c h  M e m o r i a l  F u n d . )



1216 REGULATION OF PITUITARY FUNCTION V MONDAY AM

348.23   FUNCTIONAL COUPLING OF AN OPIATE-SEROTONERGIC MECHANISM IN  
THE MATURATION OF THE PROLACTIN, BUT NOT THE PRO-OPIOMELANO- 
CORTIN RESPONSE TO ETHER STRESS AND MORPHINE.  C .A . J o h n s to n  
and  A. N e g r o - V i la r .  R e p ro d . N eu ro e n d o . S e c t . ,  L ab . R e p ro d . 
D e v e lo p .  T o x . ,  NIEHS, NIH, R e s . T r i . P a r k ,  NC 27709

Our l a b o r a t o r y  h a s  shown t h a t  th e  m a tu r a t i o n  o f  th e  p ro 
l a c t i n  (PRL) r e s p o n s e  to  e t h e r  s t r e s s ,  w h ich  i s  p r e s e n t  in  
p r e p u b e r t a l  (36  day  o ld )  and a d u l t  r a t s  b u t  n o t  in  i n f a n t i l e  
(13  day  o ld )  r a t s ,  i s  a s s o c i a t e d  w i th  an e n h a n c e d  s e r o t o n in  
(5 -H T ) m e ta b o lis m  in  th e  m e d io b a s a l  h y p o th a la m u s  (MBH). On 
th e  o t h e r  h a n d , m o rp h in e  can  en h a n ce  PRL r e l e a s e  and 
i n c r e a s e  5-HT m e ta b o lis m  in  th e  MBH a t  a l l  s t a g e s  o f  d e v e l 
o p m en t. T h is  s tu d y  a n a ly z e d  th e  d e g re e  to  w hich  e n d o g en o u s 
o p i a t e  and 5-HT s y s te m s  p a r t i c i p a t e  in  th e  r e g u l a t i o n  o f  th e  
n e u r o e n d o c r in e  r e s p o n s e  to  e t h e r  s t r e s s .  B e c a u se  n o r e p i 
n e p h r in e  (NE) m e ta b o lis m  i s  i n c r e a s e d  f o l lo w in g  e i t h e r  e th e r  
s t r e s s  o r  m o rp h in e , we e v a lu a t e d  th e  p o s s ib l e  r o l e  o f  t h i s  
NE a c t i v a t i o n  in  th e  n e u r o e n d o c r in e  r e s p o n s e  to  e th e r  
s t r e s s .  I n f a n t i l e  and  p r e p u b e r t a l  m ale  r a t s  w ere t r e a t e d  a s  
f o l l o w s :  a )  c o n t r o l ;  b )  n a lo x o n e ;  c ) e t h e r  s t r e s s  (3  m in ) ;   
d )  n a lo x o n e  fo l lo w e d  by e t h e r  s t r e s s ;  e )  m o rp h in e ; f )  n a l 
o x o n e  fo l lo w e d  by m o rp h in e . 5-HT and NE m e ta b o lis m  w ere 
e v a lu a t e d  u s in g  HPLC w i th  e l e c t r o c h e m i c a l  d e t e c t i o n .  P la sm a  
PRL, ACTH, and β- e n d o r p h in  ( β- e n d )  w ere m ea su red  by RIA. 
M o rp h in e  and e t h e r  s t r e s s  b o th  i n c r e a s e d  5-HT and NE m etab o 
l i s m  in  th e  MBH and p la sm a  PRL, ACTH, and β-e n d  in  p re p u b e r 
t a l  r a t s .  S i m i l a r  r e s u l t s  w ere o b s e rv e d  in  i n f a n t i l e  r a t s  
w i th  th e  im p o r ta n t  e x c e p t io n  t h a t  e th e r  s t r e s s  d id  n o t a l t e r  
p la sm a  PRL o r  5-HT m e ta b o lis m  i n  th e  MBH. N a lo x o n e  a lo n e  
d id  n o t  a l t e r  5-HT and NE m e ta b o lis m  o r  p lasm a  l e v e l s  o f 
PRL, ACTH, o r  β-en d  b u t  p r e v e n te d  e v e ry  m o rp h in e - in d u c e d  
a l t e r a t i o n  in  b o th  i n f a n t i l e  and p r e p u b e r t a l  a n im a ls .  
F u r th e r m o r e ,  n a lo x o n e  p r e v e n te d  b o th  th e  i n c r e a s e  i n  MBH 
5-HT m e ta b o lis m  and in  p lasm a  PRL c a u se d  by e t h e r  s t r e s s  in  
p r e p u b e r t a l  a n im a ls .  H ow ever, n a lo x o n e  d id  n o t  p r e v e n t  th e  
e t h e r  s t r e s s - i n d u c e d  i n c r e a s e s  in  NE m e ta b o lis m  o r  p ro 
o p io m e l a n o c o r t i n - d e r i v e d  p e p t i d e s  (POMC’ s )  i n  e i t h e r  age 
g r o u p .  The r e s u l t s  d e m o n s t r a te  t h a t  A) an  en d o g en o u s o p i a t e  
s y s te m  i s  in v o lv e d  i n  th e  s t r e s s - i n d u c e d  r e l e a s e  o f  PRL b u t  
n o t  POMC's; B) b o th  th e  m o rp h in e  e f f e c t  and th e  en d o g en o u s  
o p i a t e  e f f e c t  d u r in g  e t h e r  s t r e s s  on PRL s e c r e t i o n  r e q u i r e  a  
m a n d a to ry  i n c r e a s e  in  5-HT m e ta b o lis m  in  th e  MBH; C) th e  
c o u p l in g  o f  th e  e n d o g e n o u s  o p i a t e r g i c  and 5-HT n e u ro n a l  
s y s te m s  o c c u r s  som etim e b e tw e en  day 13 and day  36 p o s t -  
n a t a l l y ;  D) th e  e th e r  s t r e s s - i n d u c e d  c h a n g e s  in  NE m etab o 
l i s m  may be r e l a t e d  to  th e  r e l e a s e  o f  POMC’ s and do n o t  
r e q u i r e  an  e n d o g en o u s  o p i a t e  s y s te m .

3 4 8 . 2 4   REGULATION OF HYPOTHALAMIC BETA-ENDORPHIN RELEASE IN THE RAT.
J . I .  K o e n i g ,  H . Y .  M e l t z e r  a n d  G . A .  G u d e l s k y .  D e p t .  o f  
P s y c h i a t r y ,  U n i v .  o f  C h i c a g o  a n d  I l l . S t a t e  P s y c h i a t r i c  
I n s t . ,  C h i c a g o ,  I L .  6 0 6 3 7 .

Im m u n o c y to  c h e m i c a l  s t u d i e s  i n  t h e  r a t  h a v e  r e v e a l e d  t h a t  
b e t a - e n d o r p h i n  n e u r o n a l  p e r i k a r y o n  r e s i d e  w i t h i n  t h e  m e d i o 
b a s a l  h y p o t h a l a m u s  and o n e  o f  t h e  p r o j e c t i o n s  o f  t h e s e  
n e u r o n s  i s  t o  t h e  m e d i a n  e m i n e n c e .  P r e v i o u s  s t u d i e s  h a v e  
d e m o n s t r a t e d  t h a t  b e t a - e n d o r p h i n  i s  p r e s e n t  i n  h y p o p h y s e a l  
p o r t a l  b l o o d .  H o w e v e r ,  o n l y  l i m i t e d  d a t a  a r e  a v a i l a b l e  on 
t h e  f a c t o r s  w h i c h  i n f l u e n c e  t h e  r e l e a s e  o f  b e t a - e n d o r p h i n  
i n t o  t h e  p o r t a l  v e s s e l s .  T h e  c u r r e n t  s t u d i e s  w e r e  u n d e r t a k e n  
t o  e l u c i d a t e  t h e  f a c t o r s  c o n t r o l l i n g  b e t a - e n d o r p h i n  r e l e a s e .  
H y p o p h y s e a l  p o r t a l  b l o o d  w a s  c o l l e c t e d  f r o m  u r e t h a n e -  
a n e s t h e t i z e d  m a l e  r a t s .  T he  b l o o d  s a m p l e s  w e r e  c o l l e c t e d  on 
i c e  i n  p l a s t i c  t u b e s  c o n t a i n i n g  t r a s y l o l .  B e t a - e n d o r p h i n  
l e v e l s  w e r e  d e t e r m i n e d  b y  RIA u s i n g  a n  a n t i s e r u m  d i r e c t e d  
a g a i n s t  human b e t a - e n d o r p h i n  w h i c h  c r o s s - r e a c t s  c o m p l e t e l y  
w i t h  r a t  b e t a - e n d o r p h i n .  T h i s  a n t i s e r u m  h a s  l i m i t e d  c r o s s 
r e a c t i v i t y  w i t h  b e t a - L P H  a n d  d o e s  n o t  r e c o g n i z e  m e t -  o r  l e u -  
e n k e p h a l i n  o r  a l p h a -  o r  g a m m a - e n d o r p h i n .  S e r i a l  d i l u t i o n s  o f  
r a t  p i t u i t a r y  s t a l k  p l a s m a  w e r e  p a r a l l e l  t o  t h e  b e t a -  
e n d o r p h i n  s t a n d a r d  c u r v e ,  c o n f i r m i n g  t h a t  b e t a - e n d o r p h i n  and 
n o t  c r o s s - r e a c t i n g  m a t e r i a l s  w e r e  b e i n g  m e a s u r e d .  B e t a -  
e n d o r p h i n  c o n c e n t r a t i o n s  i n  p i t u i t a r y  s t a l k  p l a s m a  w e r e  2 . 5 8  
± 0 . 7 7  n g / m l ;  s y s t e m i c  l e v e l s  o f  b e t a - e n d o r p h i n  i n  t h e  sa m e  
a n i m a l s  w e re  0 . 4 7  ± 0 . 0 7  n g / m l .  T h e s e  s y s t e m i c  l e v e l s  o f  
b e t a - e n d o r p h i n  w e r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  l e v e l s  
f o u n d  i n  u n a n e s t h e t i z e d , d e c a p i t a t e d  r a t s  ( 0 . 1 1  ± 0 . 0 2  
n g / m l ) .  S t i m u l a t i o n  o f  t h e  o p i a t e  r e c e p t o r s  b y  m o r p h i n e  h a s  
b e e n  r e p o r t e d  t o  e l e v a t e  s y s t e m i c  b e t a - e n d o r p h i n  l e v e l s .  I n  
c on t r a s t ,  m o r p h i n e  i n f u s i o n  ( 3  m g / k g , i . v . )  r e s u l t e d  i n  a  62% 
s u p p r e s s i o n  o f  b e t a - e n d o r p h i n  l e v e l s  i n  p o r t a l  p l a s m a .  I n  
a d d i t i o n ,  c a p s a i c i n  h a s  r e c e n t l y  b e e n  s h o w n  t o  d e c r e a s e  h y p o 
t h a l a m i c  b e t a - e n d o r p h i n  c o n t e n t  b y  a n  unkno wn  m e c h a n i s m .  T he  
i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  c a p s a i c i n  ( 1 0  u g )  on d a y s  
1 a n d  3 r e s u l t e d  i n  a  d e c r e a s e  i n  s t a l k  p l a s m a  c o n c e n t r a t i o n  
o f  b e t a - e n d o r p h i n  t o  0 . 8 3  ± 0 . 1 1  n g / m l  ( p <  0 . 0 2 5 )  on d a y  4 .  
S y s t e m i c  l e v e l s  o f  b e t a - e n d o r p h i n ,  h o w e v e r ,  w e r e  u n a l t e r e d  b y  
c a p s a i c i n  t r e a t m e n t .  T h e s e  s t u d i e s  s u g g e s t  t h a t  h y p o t h a l a m i c  
b e t a - e n d o r p h i n  i s  r e l e a s e d  i n t o  t h e  h y p o p h y s e a l  p o r t a l  c i r c u 
l a t i o n ,  a n d  t h e  m e c h a n i s m s  r e g u l a t i n g  t h e  r e l e a s e  o f  h y p o 
t h a l a m i c  b e t a - e n d o r p h i n  d i f f e r  f r o m  t h o s e  w h i c h  r e g u l a t e  
b e t a - e n d o r p h i n  r e l e a s e  f r o m  t h e  p i t u i t a r y  g l a n d .


	14th Annual Meeting, Anahem, Calif, Part 2 (1-115)
	14th Annual Meeting, Anahem, Calif, Part 2 (116-214)
	14th Annual Meeting, Anahem, Calif, Part 2 (215-319)
	14th Annual Meeting, Anahem, Calif, Part 2 (320-338)
	14th Annual Meeting, Anahem, Calif, Part 2 (339-350)
	14th Annual Meeting, Anahem, Calif, Part 2 (351-542)

